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Boi HaumHaere mayuars Gusmuky. Uro rakoe dpusamka u 3a-
uyeM ¢€ HYKHO H3ydarh?

Du3MKa M3y4aeT BCe SIBICHMS, NMPOHCXOMSUIHE B HEXHBOK
npuposie. JTa Hayka oOBSICHAET, OTKYIa TOABRIAIOTCS B Hebe
o0JaKa W MouYeMY M3 HHX MIET JIOXKIb, OTYEr0 BO3ZHHKAIOT
MOJHWH M IPCMHT I'POM, MOYeMY JEIKHEC CHEKHHKH MaiaioT
HA 3eMII0, 2 TAKENHH BOIIYIINBIA AP NOAHMMAETCH B He-
60. Du3MKa HE TONBKO OOBACHAET NPOMCXOMSILIME B MHpE
SIBJCHUS, HO M HAXOMMT CHOcoObl MX IPaKTHUCCKOIO IPH-
meHenusi. Ha ocHoBe u3yueHMsi NPHPOAHBIX sBACHMH M du-
JHYECKMX 3aKOHOB M300peTeHBl aBTOMOOMAM M CaMOAETHI,
NEKTPHYCCKHE PCHEPATOPBI M NCKTPOMOTOPHI, KHHO, MAarHu-
TohoHB, Na3epel, PaIMo, TeleBHieHHe, MOGHIbHBIE Teredo-
HBI, KOMIBIOTEPbI, TEASCKONbl H KOCMHYECKHE Kopabiu.

B npouuioM npodeccHOHANBHBIC 3HAHMS M YMEHMS Nepe-
JABANHCH MOYTH 0C3 W3MCHCHHUH OT IOKOACHHS K NOKOJICHHIO
Ha nporsikeHun cronernit. CeronHsi 3a BpeMsl XH3HH OJHO-
IO YeAOBEKA MHP TEXHWKH BOKPYT HEro MeHsieTcss Tak GhicT-
PO, KaK HHUKOIJIa paHee B MCTOPHH uenopedectsa. ‘lenobek,
KoTopuiif B Hayane XX B. €31 Ha JIOWAAM M IS POCHY-
HIMBAHMUS 3BYKO3aNMCH 3apojmi naredon, B nanbHeHiem
JOMKEH ObLI HAYYHTHCH NMONB30BATHCH ABTOMOOHIEM, CaMONE-
TOM, cTepeo(OHHUECKMM NPOMIPLIBATENEM, MarHHTOMOHOM,
CD-nineepom, dudm-naMaThio. Yenoseky HeoOGXOMHMO J10-
BOJLHO MHOTO 3HATh M3 (DH3IMKH JUISI YCTelHOro W 6e30-
MACHOIrO MOAB3OBAHUS COBPEMCHHOH OBITOBOH TEXHHUKOH,
CPEICTBAMM TPAHCIIOPTa M CBS3H, KOMIBIOTEPHON TeXHHUKOH.

A B Oynyluem 4eioBeka OXHIAIT ellé Gonee 3HATHTE b~
Hble nepemeHsl. JloOuTbes yenexa B ObICTPO MCHSIOLICMCSH
MHPE YIa€TCsl TeM, KTO IMOCTOSHHO €ro H3ydaeT, yMmeeT pac-
MO3HABaTh NPUYHHB W CAEACTBHA SIBICHHHA, BHIABAATH 3aKO-
HOMEPHOCTH TPOHCXOMSIIMX M3MEHEHHH W TUIAHHPOBATH CBOM
JICHCTBHSL B COOTBETCTBHM € TOCTABACHHBLIMU LeasiMu. Onbir
H3ydenus GUIMKH NOMOXET OBAAAETH METOJAMH MOIHAHMS
OKpyXallero mMupa, Gonee MoAC3HbIMH WISt MI060I0 MeNope-
Ka, YeM npoctoift Habop roroBbIX 3HAHMMA.

Vray6nénHoe usyueHmne M3HKH He €IHHCTBEHHO BO3MOX-
HBIH cnoco® pa3sBuTHS HHTEUIEKTYAABHBIX criocoGHocTe i
gesiopeka. KoMmy-T1o Gojice MHTCPECHBI, HANpPHUMEp, 3aHATHS
MATeMATHKOM WiK GHonorHel, H3yyeHne KOMIbIOTePHBIX 1IPO-
rpaMM WiK usrotopienue mozeneh. Jlannpit yue6uuk no-
CTPOCH TaK, YTOOK UM ObUIO YIOOHO MONB3OBATHCH KaK yua-
IIHMCS, Y KOTOPBIX (PM3MKA — OAMH M3 JIOOUMBIX NPCAMCTOB,
TAK M YYALIMMCSl, MHTEPECYIOUIHMCH NPYIHMH YUeOHBIMH
npeameramu. JUist 3TOro MarepHan Kaxnoro naparpada paine-
NEH HA JIBe YACTH — MMeeT aBa passopora. Ha nepsom passo-
pore (aBe CTPaHMILI) NPUBEIEH MaTepuan, KOTOPLIM AOMKEH
OBJANeTh Kaxanh yyenwk. Marepuan proporo paspopora
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MpeaucnoBue

(crenyiomme ABe CTPAHMIBI) TPENHA3HAYECH LA YIaUIHXCs,
NPOSIBASIIONINX TOBBIICHHBIH MHTEpeC K (HIMKC U KCIAKOIIHX
PacCUIMPHTB M YIIYOMTh CBOH 3HAHMA.

B conepxanme naparpadoB BKAIOYEHB! KCTIEPHMEHTANb-
HBIE 3a0aHH JUTSE YYAlIMXcst pasHoH (hopMBbl OpraHH3alMK:
camocTosTenbHasl pabora, pabora B rpynne, pabora B nape, a
TAKKe MPOEKTHBIE, TBOPYECKME M HMHAMBHAYAILHLIE JANAHMS.
Jas 3aKpersieHusi M3ydeHHOIo MATepHala M CAMOKOHTPOIS
NaHsl Borpochkl M 3anavn. JlonoaHuTensiyio HHGOPMALHIO 110
TeMe¢ MOXHO HAWTH IO CChUIKAM HA JIHTEpPaTypy M cailTsl B
Hurepuere. Jlna nonroroBku pedepartos W coobmenud yua-
IHMCS Ha BBIDOP NPEUTOXKCHBI TEMBI.

Jlnsi MPOBEPKYM YCBOSHMS YUAUIMMMCS MOJYYEHHBIX 3HAHWM
H yMeHHH B KOHIIE TeM JaHbl YeThipe TecTa M B KoHle yyel-
HHKA — MTOroBBIM Tect 3a Kype 7 Kaacca.

Teer cocTouT M3 NPOCTHIX 3a1a4, JUISl PCLICHHS KOTOPBIX
He TpebyioTes cinoxHble Bhiuncaenud. K kaxioi sanave nano
HECKONBKO BapHaHTOB OTBETa, M3 KOTOPHIX HYXHO BHIOpaTh
MPaBUAbHbBIA,

Ecimn tect comepxur 3ananue B GopMe HE3aKOHUEHHOIO
NpeIOKEHUS, TO HYKHO H3 NpPeIoOXKeHHbIX 3aBepiieHui
BHIOPaTL NpPaBHABHOES,

B HeKkoOTOpEIX 3alaHMAX B KAYeCTBE BO3MOXKHBIX OTBETOB
NPEIAraloTcs YTBEPAICHHS, KAKI0e M3 KOTOPHIX B MPUHIIM-
¢ ABIAETCS BEPHBIM ¢ TOMKH 3peHHst (DMIHKH, HO TOABKO O~
HO M3 9THX YTBEpXKICHHIH SIBASICTCS NPABHIBHBIM OTBETOM Ha
sonpoc sananmsi. [MosTomy Beerna HyXHO OYCHL BHHMATENb-
HO YMTATh YCIOBHE 31a4M M BO3MOXHBLIC BAPHAHTHI OTBETA.

JUisi NOATOTOBKM K TECTOBOMY KOHTPOIKO HYXHO NPOCMOT-
peTh BeCh MaTePHAN TEMBI 10 YYeGHHKY, MOATOTOBHTH OTBETH
Ha KOHTPOJIBHBIE BOMPOCH K HM3YHeHHLIM naparpadam, o3Ha-
KOMHTHCSI ¢ peteHnsiMi 3anaq, Tlocne BuimonHenns 3ananmui
TEMaTHUCCKOTO TECTA HYXHO MPOBEPHTH PEIUCHHC 110 KOJaM
NPaBHILHLIX OTBETOB B KoHie yueOnuka. Jlonymennsie ommn6-
KM CHeAYeT NPOAHANM3HPOBATL H NPH HEOOXOINMMOCTH Bep-
HYTHCH K HM3YUCHUK) COOTBCTCTBYIOUIMX TCM.
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Puc. 1.1, Marimrioe npHTssKenme

Puc. 1.2. Pamyra

Duzuka. Oxkono 2500 aer Tomy Hazan yenoBeveckoe 06-
HICCTBO NOCTUTNIO TAKONO YPOBHSA DPAa3BHTHS, UTO HeGoabias
YACTh JIOACH MONYYHIA BO3MOXHOCTD 3aHHUMATLCSl H3YUYCHHEM
ycTpoiictBa okpyxaiouero mupa. OnHoit M3 Hayk o npupoae
Obuta dusuka. Cinoso «hH3MKa» NPOMIOULIO OT IPEUECKOro
cnopa physis — npupona.

Muznka W3ydaer nNpocTeHiine W BMecTe ¢ TeM HanbGolee
O0LIHE 3AKOHOMCPHOCTH SBJACHHUH NIPUPOILI, CBOHCTBA H CTPO-
CHHME MATCPHH, 3aKOHBI ¢€ ABHACHHA. OIHHM H3 NepBBHIX
¢usukos B Espone cumraercs apesHerpeveckmnit dumnocod,
PONOHAYANBHUK AHTHYHOW W Booble esponedckolt dunoco-
dum u naykw Panec (oK. 625547 no H. 3.), KuBWHH B
ropose Munere. OH HAOMIONAN NPHTSDKEHHE KENE3a MATHHTOM
(puc. L1), 2MeKTpHUCCKOS NPHTSKCHUE JNEMKUX TeA SHTApEM
MocaAe ero HATHpaHWsi W MHOTHe aApyrue (H3HUecKHe saBle-
nus. Cpean coBpeMenHMKOB OH MPOCIABUICS MpecKa’aineM
CONHEYHOro 3aTMenHa B 585 r. 1o w. 9.

DOusnueckne ssienns. Jo6ble H3MEHEHHS B HEXHBOM
npuposie HasuinaloT Gunueckumu sacuuamu. Miorve du-
JHUECKHE SBICHHS YCNOBEK MOXET HabIonaTh ¢ MOMOLILIO
opraHoB dyBcTB. Bocxol colHIa M NMOABICHHC Palyrd nociae
JIOXKISI, BO3HHKHOBCHHE 00JIaKa H 3BYK IPOMa, TCYCHHME BOIIHI
B peKe ¥ NpeBpalieHue BOABI B JEA 3HMOH — BCE 3TO npume-
pui busmveckux spaeHni.

Habumonenue, runoresa w onwir. Isiaa Ha panyry B He-
0e, 4enoBEK NPOBOAMT HAGIIOJCHHE NPHPOIHOTO SBICHHA.
Tlpennonoxenne yenoseka o ToM, 4yro paayra (puc. 1.2) Bos-
HHKAeT B KalUBIX NOXIS NpH pasioxXeHuu Genoro cpera or
ConHua B CBET pasHbIX LBCTOB, HA3BIBAIOT HAYYHOH rHIoTe-
30i. Crneumanbioe pasGpui3rMBaHHe BOABLI ISl HAGIIONEHMs
Payr# HA3LIBAIOT ONBITOM HIH SKCHEPHMEHTOM JLIsi IPOBEp-
ki runoressi. OcHopoi GHIMKK SBASIOTCH HAGMIONEHHsS W
akenepuMenThl. [109TOMY (BH3HKY Ha3BIBAKOT KCHEPHMEH-
TAALHOH HAYKOH.

Jlas wero Hymubl HAOAIONCHHA, THIOTE3bI W ONBITHI.
HsyueHne cBOMCTB OKPYXAIOIICIO MHPAa HEOOXOAMMO UeloBe-
Ky JUISI 3allMThl CBOCH XHM3HHM OT OIACHBIX NPHPOMHBIX SIBlIC-
Huit, g yarydiwenus eé ycaosuit. Mosnnus criocobra yours
YyeJoBeKa, OT e€ yiapa MOXeT BOSHHKHYTH moxap. Urobul ybe-
peubcsi OT MOJHMH, HALO 3HATh, OTYEro oHa ObIBAeT, KAKOBbI
eé cpolicta. [IpeanoNoXxuB, YTO MEKTPHUECKHE MCKPH 110
CBOCH NPHPOIE NTOAOGHB MOJHHUSIM, MOXHO B OIIBITAX H3YUUTH
CBOMCTBA 5THX MAJIEHBKHMX MOJHMI ¥ paspaborath crnocobbl
3aWMTEE OT HacTosimx monumit (puc. 1.3). Ha ochose onwi-
TOB ¢ MCKpaMH Obll M306PETEH MOJNHHEOTBOI.

Yuéuwe 3anumMalorcs GUINKOH HE TONBKO U1 M3MEHEHHS
VCAOBHH XHU3HM JOACH, HO U s Toro, urobel sanasars [lpu-
pojie BCE HOBbIC BOMPOCH W MONYYaTh OT HEE 3aMbIC/IOBATHIC
OTBETHI.
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Puc. 1.3. Monuus

Hayunoe orkpbrrue. MHora Bo BpeMsi ONBITOB 110 H3yde-
HHIO M3BCCTHBIX NPHPOIHBIX SIBICHHH 0OHapyKHBacTCs HOBOC
duandeckoe spaeHue. Tak nenaercs HAYYHOE OTKPBITHE.
Hanpumep, npu BHINOJHEHHH AaTCKUM DU3HKOM DperenoM B
1820 r. onwiTa MO HATPEBAHHIO MPOBONA INCKTPHUCCKHM TO-
KOM ObUIO 3aMEUEHO, YTO HaXosasicss BOJIM3H NpoBoda Mar-
HUTHAS CTPE/AIKA IPU TIPONYCKAHWM ToKa nosepHynack. Tak
ObUIa OTKPHTA CIIOCOGHOCTH DMEKTPHUECKOrO TOKa HeHCTBO-
BaTh HA MAarHHTHYIO CTPEiKY.

Duzuaeckue npubopsr. DusnieckumMu NPUOOPAMHM HA3bI-
BalOT M3rOTOBJACHHBIC YC/OBCKOM YCTPOHCTBA, NpeHa3HAYCH -
HBIC JUIS M3McpeHHs GU3MUCcKuX BeanumH. DH3MUCCKHMMU
npubopaMu SBISIIOTCH M3MEpUTebHas AuHelKa s cpaBHe-
HHSl pa3MepoB Tell, Bechl JUIs CPaBHEHHs CHOCOGHOCTH Ten
npumirueaTbes K 3emiae (puc. 1.4), Ma3MepHTENbHbIH LIWIMHAD
ISt onpeneieHus obséma Ten mobol dopMmbl, cCeKyHIOMep
JUISE M3MCPCHHSI BPEMCHH, TCPMOMCTD JUISI H3MCPCHHS TeMile-
paTypel Tej, MarHWTHasi CTpeaKa juisi oOHAPYKEHHS MarHuT-
HOTO TOMSi, HEJOCTYNHOIO OpPraHaM HYBCTB HYENOBEKA, CTeK-
ASHHAA JIHH3a, CrocoGHas NaBath YBEAHYCHHBIE WAH YMEHb-
HeHHbIe W3obpaxenus npeameros (puc. 1.5).

Puc. 1.4. Becn

Puc. L5. Jiunza

Bonpochk!

1. Y10 mayyaer Ppusmka?

2. Yro HaswBaIT (PUIMYECKUM
apneHueM?

3. ina yYero HyxHs ¢uanyec-
Kue npubopul?

4. Yem otnuyaetrcs ¢uamyec-
KU ONLIT, UNKW 3KCNEePUMEHT,
OT HaGnAeHUA NPUPOAHOTO
agneHun?

5. MNpuseauTe npuMmepsl Ha-
ONIOAGHUA NPUPOAHLIX ABNE-
HUR W PU3MYECKUX ONLITOR,
3ayemM HYXHL HabnoaeHus, M-
noTess U GUaniecKue onbITLI?
6. Y10 Ha3LIBAIOT HAYYHLIM OT-
KpbiTUOM?
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3adeM M KaK BHINOAHAIOT onbithl. ONbIT B GHIMKE BHINOAHACTCHS B TOM CAYuae,
ecan obHapyxuBaetcs npobaema, Tpelyioimias U CBOETo pPellieH s HKCIepHMEHTAIb-
HOTO HCCIENOBAHUA NPHPOIHOro Apierud. Ilepen BLIMONHEHHEM ONBITA OOLIYHO Bbi-
CKA3LIBACTCH MMIOTE3a O €r0 BOIMOKIIOM PE3YJILTATE MM JIAXe HECKONBKO PaTIUIHBIX
runoTes. DKCNepuMenT NoJKeH ObiTh CIUIAHHPOBAH W BLINOJANEH TaK, YToOH ero
Pe3yALTATLHl MOIIM JaTh OTBET Ha BONPOC, Kakas W3 rumores npapuabias. Ilocae Boi-
MOJHEHHS] IKCIEPUMEHTa HeoOXOIMMA 3alTHCh ero pesyiNbTaToB. 3aKaHUMBACTCH JKCIe-
pUMEHT opMYIHMpoBaHMeM BLIBOAOB. PAcCMOTPMM NOCHENOBATENLHOCTL IKCIEPHMEH-
TATLHOTO M3YMEHHs NPHPOIHONO ABIEHMSI Ha KOHKPETHOM IpHUMepe.

[7 7-" : R

Puc. 1.6. Onwir Fanwies

Hayuenue spiaenns nagenus tei. (Ilocranoska npoGne-
Mmul.) Bee Buaenw simienue namenms ten Ha semmo. Pacemor-
PHM 9TO 1IPOCTOC MPUPOAHOC SIBJICHHE W BBISICHUM, KakKHe
NPOGAEMB! MOFYT BO3HHKATDH 1IPH €10 BHUMATEILHOM M3YUCHUH.

Y MeHs B pyKe JBC MOHETHl — OHA MAJCHbKasl, Apyrasi
Gonbiiast. OTTyckalo oiHY MOHeTy — oHa nagaer Ha noia. Or-
NYCKAK0 APYIYIO — ¥ oHa nanaer Ha nou. Iagenue ten — duau-
geckoe snnenue. Kakosa npuanna sroro sisnenms? Tlpuannoit
MaJCHUS BCEX TEA Ha 3eMIIO SIBASIETCS 3EMHOC NPHUTSDKEHWE.

A Teneps npobaema I: ecnd OTNYCTHTH GOABINYVIO W Ma-
NEHBKYK) MOHETH OIHOBPEMEHHO C ONHHAKOBOH BHICOTHI, TO
KAaKasi M3 HMX paHblle AONeTHT 10 nosa?

IMoaymakime 1 nonpoOGyitte pemwmTh 3Ty MPOGIEMY HAH Bbl-
CKAXHTE CBOIO THNoTesy. (POPMYJIHPOBKY MMIOTE3sl HAYHHAIOT
cinoBaMu: «$l npeanonaraio, uro...» Wan <5 aymaio, uro...».

Bo3MOXHB TPH THIOTEIBE:

1) panbie noneTuT o nonxa Gonbinas MoHeTa, TAK KaK OHa
TSERENee;

2) paHblle JONETHT MAJEHBKAS MOHETA, TAK KaK JIErkue Te-
na nerde NPHBECTH B JIBHXCHHE;

3) Gosbluasi H MANEHBKAS MOHETHI JIONETHT OJHOBPEMEHHO.

Ecnn BBl BRIOPAIH NEPBYIO FHIIOTE3Y, TO OKA3AIMCH M-
HOMBILUIEHHUKAMH JIpeBHerpeveckoro ¢unocoda u yuéHoro
ApHCTOTENSI, YUHTENsl BEAHKOTO NMoNKoBoaua Asexcanipa Ma-
KepoHekoro. MHeHue ApHcroTensi O 3aKOHaX [MANCHHS Tel
CUMTANOCH NPAaBIIBHBIM Ha npotsikeHun nourn 2000 ner.

Kakas #3 runores o NaucHHM Tl NPaBHIbHAs, YUCHBIC
CHOPHIH MHOIHE CTOJNCTHS. DTH CHOPBl ObUIH 3aKOHUYCHBI 110C-
Je Toro, Kak npumepHo B 1590 r. wranbsHckuil yuéuniit ['a-
auneo FaanaeH BLINONHWI ONBIT 10 HAGKIONCHMIO MALEHMS
¢ BBHICOKOH HAKAOHHOM (nazawoiueh) GaluHM JBYX LIAPOE, OIHH
M3 KOTOpBIX ObUI BO MHOIO pa3 Tsxenee apyroro (puc. 1.6).

e Y add

Puc. 1.7. OnuIT ¢ ABYMS MOHETAMH

PaGoraoM caMOCTOSTONMLHO
HaGmiopeuve spneuMs najeHwsa ten

O6opynosanne: MoHeTH 5 pybneid u 5 koneex.

BOALWYIO ¥ MANGHLKYIO MOHOTH OTIYCTUTE OAHOBPAMEHHO C
OMHAKOBOW BLICOTHLI HAA NOMOM W NOCTApaifTect 3aMeTHTL, Of-
HOBPEMEHHO N OHW AOCTUraloT nona (puc. 1.7). MOMEHT CToMK-
HOBEHMS MOXHO 3aPerMCcTPUPOBaTL NO 3BYKY YAAPA MOHET O Non.

CHavana oTnycTuTe MOHeTLl OHOBPEMEHHO C PasHOW BLICO-
Tol. [py STOM Bbl AOMKHLI YCALILATL ABA 38YKA YAAPOR.

3arem OTNYCTUTE MOHETH! OHOBPEMEHHO C OIMHAKOBOW Bbi-
COTEl M NONpoGYIHTe 3aMeTHTh, CABILUHL NW fBAa 3ByKa YNApos
MOHET, UK CNBILEH TONLKO OAMH 3BYK yaapa.
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OnuT NoKazan, 4ro 9TH WAPH JOCTHIAIOT MOBEPXHOCTH
3eMAH npakTHyeckH oanospemenno. C onwirop laawaes B
(hU3MKE OCHOBHBIM METONOM NPOBEPKH THMIIOTE3 CTan 9KCrie-
PMMEHTATBLHBIH METOIL.

Onuir Fanwies ¢ NaAOWHMKA ApaMK M Ball COOCTBEH-
HBIH ONBIT ¢ PasHLIMH MOHETAMM JIOKA3AMH NpaBHALHOCTH
TPETHEH TUIMOTe3H O ABMCHUM NAJCHMS TeJ Ha 3eMIIO: TSKE-
Able W AErKHe Tesia NajaloT Ha 3eMJI0 ¢ OIMHAKOBOH BHLICOTHI
3a oauHakosoe Bpemsi. Ho Ha sToM mpobnemsi, cBsizaHHbBIE C©
SIBICHHEM MANeHHS Tel, He KOHUMIMCH.

IlpoGaema 2. A Tenepb BO3LMHTE MOHETY M Hefoublloe
mrvube nepo (puc. 1.8). Kak Bbi jgymaere, OHM yNauyT ¢ oM~
HaKoBo# BbicoTH 3a oxuHakosoe Bpems? Cdopmynupylite
CBOIO TMIIOTE3Y W NPOBEpbTe ¢€ Ha OlbITe.

OnsiT nmo HaGMOACHHIO NAJCHHUS ¢ OIMHAKOBOW BBICOTH
MOHETH M IITHYBEIO Nepa MOKA3BIBACT, YT0 MOHETa JOCTHIA-
€T 10JIa 3HAYUTCIBHO PaHblle fepa. Hror Pe3yABTaT NPHBO-
JIHT K BOZHMKHOBEHHIO TpeTheH npoGieMbl NMpH H3yYeHHH SIB-
JACHMS MANeHUs Ten.

HlpoGaema 3. ONHIT ¢ ABYMS pasHbIMH MOHETAMM MOKa-
3ai, uTo COALIIOE W MaACHBKOE Teda NaalT ¢ OAWHAKOBOH
BHICOTHI HA 3eMIK) 32 OJIMHAKOBOE BPEMSI, a OIBIT ¢ MOHETOMH
W TEpoM MoKa3ald, uTO MOHETa NalaeT ¢ TOH Xe BHICOTH 3a
Gonee KopoTkoe Bpewmsi, ueM Jérkoe nepo. Kakol xe obumit
BHIBO/l MOXHO C/ENaTh O SBJAEHHMH NafieHus Tel, echH JBa
ONBITA JAIOT POTHBONONOKHBIE Pe3ynbTaTh?

IMomous pemennio TpeThel npobiaeMsl Moxer npubop,
HasbiBaeMblii TpyGko#t Heiorona (puc. 1.9). Dro crexinsinnas
Tpy6Ka, B KOTOPOH HaxoisATCH KYyCOUeK CBMHIA, Kycouek
npobku M nruube nepo. Tpybka MoXeT NPHCOSMMHATLCH
HUIAHTOM K BO3AYIIHOMY HACOCY.

Ilpu nepeBopauMBaHnK TPYOKH XOPOIUIO BHAHO, YTO MpPH
MaaeHHH ¢ OAMHAKOBOH BHICOTH MEPBLIM JOCTHIAET JAHA TPYO-
KH KYCOUCK CBMHIIA, 3aTCM KYyCOUCK NHPOOKM M I110CAC HHX
HTHYLE [1CPO.

MOXHO NpeANoNOXUTb, 4TO NPpHYMHOH Gosce aoaroro
BPCMCHH TAUCHHS [ICpa sIBISCTCH BIMSIHME Ha HEIro COIpo-
THBJICHHS Bo3ayxa. UToOB NPOBEPHTE 3TO NPEUANIONOKCHHE,
HYAKHO BBIKAYaTh BOZJYX M3 TPYOKHM BOJAYLIHBIM HACOCOM M
MOBTOPHTH OTILIT.

PaGoraem B rpynne

O3HakoMbTeCh € YCTPOWCTBOM M NPHUHUMNOM AeHCTBUA
BO3AYLWHOIO HACOCA, UMEIOLWEroc B KabuHeTe dH3nKn.

OpmH M3 Bac JONMXeH NOAroTOBWTL Paccka3d O NpUHLANe
JAeiicTBMA Hacoca, APYTOi AOMKEH COMPOBOXAATL paccka3 fe-
el ycTpoiicTBa Hacoca W ero AeiCTBMA.

MoaroToBkTe ANA NEMOHCTPAUMM Ha YPOKe OfkT NO Ha-
6mogennio ceoboaHOro NageHWs CBUHUOBOW APOGMHKM M
NTUYLEro Nepa B CTEKNAHHOM LMAWHAPe. 3aTem NOBTOpUTE
ONLIT C TeM Xe UWAWHAPOM NOCNe BHIKAYUBAHWA M3 Hero
BO3MYXA.

W

Puc. 1.8. Onur ¢ MOHETOH
H nepoM

\a/

Puc. 1.9. Tpyoka Helorona

1. Kakylo runoresy MOXHO Bbi-
ckasarth 0 npuuuHe Gonee aon-
roro NafeHusi NTILero nepa?
2. Kakoi SKCNepPUMEHT HYXHO
NOArOTOBKUTL U BLINONHUTL ANS
NPOBEPKU STOR runoTesu?




0 duUsnyeckne BenuuMHbl. UamepeHue ANUHLI

1 m = 1/40000000
=t

Puc. 2.2. M3MepeHne JUIHHBL YlaBa

0603HaAYOHUS oMHNLL
ANMHb

1merp —1m

1 caHtumeTp = 0,01 M = 1 cm
1 munaumerp = 0,001 m =
=1 MM

1 knomerp = 1000 M = 1 kM

Mduszmueckue cpokcrsa rea. Jlioboe 1eno no ceoum du-
IUUECKHM CBOHCTBAM UEM-TO CXONHO C OIHHMH TEIaMH M
HYEM-TO OTAMYAETCS OT APYHMX Ted. XapakrepHcTHKH Tel H
NPHPOAHBIX TMPOLECCOB, H3MEPSICMBbIC KOAHUYCCTBCHHO, Ha-
3bIBAKOTCH dmau'lecxmm BEJHYHHAMH.

Hsmepenne wimpbl. [IpH onMcanum NpeaMeroB Mul Ha-
3BIBACM MX JUIMHY, BBICOTY, INHPHHY, PACCTOSHHC MCKIY Te-
namu. Paccrosinme, wiM JaMHa, — (U3NUECKas BEAHUMHA.

B noBcenHeBHOM XH3IHM PACCTOSIHMA MOXHO M3MEpSITh
maramn. TOYHOCTS H3MEPEHHMs PACCTOAHMI B IIAraX HE COOT-
BETCTBOBANA MOTPEOHOCTIM HAYKH, TEXHHKH H IOBCEIHEBHOH
npakTHkn gaxe B XIX 8. B 1799 r. o ®panumu 3a enuuuniy
H3MEPEHHS PACCTOAHMS GBI TIPHHATA O/IHA COPOKAMWIITHOH-
Hasi 71075 JUIMHBI 3EMHOTO MEPHWIMaHa, MPOXONSIIEro uepes
Mapux (puc. 2.1). Dry emuuuily AIMHLL Haspanu semp (ot
JIPEBHErPEYECKOrO CIOBA «METPOH», YTO 03HAYAET eMepas).
B HacTosiiiiee BpeMsi METP MCTIONB3YETCH B KAYECTBE OCHOBHOW
ENMHULB JUTHHBI BO BCEX CTpaHax.

Merp. Jlns u3Mepenusi pasMepoB TpPeJIMETOB H PaccTos-
HUH OLUT H3TOTOBNEH STANOH METPa M3 CIUIaBa MPHAMS H
TUIATHHEL. Omia coTas JIoJA METpa Ha3biBaeTCsl canmumMemp,
OHA THICSYHAA JIONS — mMuasmemp. Bonpuiwe paccrosiHus
HI!M:PSI‘KYI’CH KuromMempamu.

eBOIMOKHO Ha BeeH 3emae JUisi WIMEpPEHHs! JUTHHBI NOMb-
30BATHCH OIHWM STanoHoM Metpa. [102TOMY HIrOTOBHMAH He-
CKOJIbKO KOIHMH 3TATOHA MeTpa, a 110 KONHSM 3TANI0HA M3ro-
TABINBAIOT H3MCPUTCIbHLIC WHCTPYMCHTHI.

JUisi MaMepeHusi paccTOSHHI MCTIONB3YIOT M3MCPUTEALHBIC
JIeHTH (pUc. 2.2), H3MEPHTEABHBIC JIHHEHKH ¢ CAHTHMCETPOBbI-
MH ¥ MHJUTHMCTPOBBIMH JiesicHusiMi. HeGonbiume npeamerst ¢
TOUHOCTBIO JI0 JICCATHIX M COTHIX fAofeil MHLTHMETpa M3Meps-
10T IITAHTCHUMPKYJIEM HIH MHKPOMETPOM.

PaGoraem caMOCTOATENBHO
Mamepenne anuHbl
OGopyaoBaHHe: W3IMEPUTEeNLHas NuHelKa, WaMepuTensHas

TOPAAOK BLINOAKEHNS 3aliaHnst

1. JUn51 H3MEPEHUS JUIWHLI | Wara BCTaHLTe BIIOTHYIO CIIM-
HOW K CTeHe W NPoMaMTe OT Hed OOLIMHLIM WAroM NATL Waroe
no npsimoid. MNMonoxuTe Wa Mnon Kapawnaw BrNOTHYIO K MSITKe
HOMM, KOTOpas caenana NaTeil war. C NoMOWLI0 N3MEePUTEL-
HOM NeHTH M3MepLTe pPaccTosHKe L OT CTeHs! A0 KapaHaawa v
BLIMMCAUTE ANMHY CBOEro wWwara. PeaynsTarsl amMepeHuid sanu-
wuTe 8 Tadnuuy.
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2. YToObl MAMEPUTL PACCTOSHWE S MEXAY KOHUAMWU Nasb-
LEB PacCTABNEHHLIX PYK, OAWH YYEHUK Pa3fBUraeT Pyku ropu-
30HTANbHO, APYro M3MEPAET PacCcTofHME S U3MepPUTeNbHON
neHToi (puc. 2.3). 3aTem OHWU MEHAIOTCA ponamu. PeayneTaTsl
U3MepeHuid 3anuiumTe B TaONULY. PaccTosHue MeXIy KOHUAMW
NanbUes PaccTaBNeHHbX PYK B3pOCNOro Yenoseka Ha Pycu wa-
3LIBANOCH CaxeHb. CaxeHb Obila Mepoi ANMHDI.

3. JInsi MBMepPeHUs1 PaAcCCTORHKSI O MEXAY KOHUAMK 60NLLIO-
rO U YKa3aTeNbHoro Nankues pyku (Yerseprs) koHel 60NbLwWworo
nanbua ycTaHoBWTO Ha HY/IeBOW WTPKX wWKaNL NUHEHKHW W
caenaiite OTCYET B CTOPOHY KOWLUA YKasaTenLHoro nansua
(pMc. 2.4). Peaynstatel M3MEPeHWA 2anuwuTe B Tabnuuy.

3anOMHUTE Pe3yNLTaTLl CBOMX MaMepeHuid. Ouu MOTyT
NPUIOANTLCA, €CNKU BAPYT BOSHUKHET HEOOXOAWMOCTL XOTH Obl
NPUONUSUTENLHO UIMEPUTL Pa3MEPB! KAKUX-TO NPeAMETOR MK
PACCTOAHWA, @ HUKAKMX M3MEPUTENBHLIX CPEACTB Yy Bac He Oy-
net. BocnonbayiTeck B TaKOM CNy4Yae CBOMMM LUAraMu, pasma-
XOM PYK, HeTBepTbIO. MHOMA HeOBXOAMMO Takke 3HaTh, Kakue
Q1B TOYKW HA Ballem Tene HAXOASTCHt HAa PaccTosHuM 1 M.
Y B3pOCNOro MyX4nHbi CPEAHEro pocTa 910 paccrofHue or
KOHU@ BONBILIOIO NANbLUA FOPUIOHTANBHO PACIONOXEHHON Npa-
BOW pYKM A0 Kpasi EBOrO Mnsieya. 3Has ABe TOUKM Ha CBOEM
TeNe, HaXONAWMEcs Ha PAcCTOAHMM 1 M, Bb BCErZia Npu Heob-
XOIMMOCTH M3rOTOBWTE «KOMNMWIO STANOHA METPa» U3 HATK, NEH-
Tol, MANKK.

Puc. 2.3. Caxens

Pic. 2.4. Yerseprs

HekoTopbie crapbie pycckue
U 3apyGeXHbIE EAUHULLI JIMHBI

pepuiok = 4,445 cm

apmmn = 16 sepmkos = 0,7112 M
caxeHb = 3 apmmHa = 2,1336 m

pepcta = 500 caxeneit = 1066,8 M
mokiM = 2,54 ¢cm

byt = 12 moiimos = 30,48 cm

apa = 3 dyra = 36 mokmos = 91,44 cm
mopckast Muasi = 1852 m

1. MNouemy HyxHa eauHasn cuc-
TeMa Mep [VIMHB BO BCexX

2. Kakve npupoiHbleé OCHOBH!
BLIMpaNUCL cHavana as eam-
HAL JUIAHLI?

3. Y10 nocnyxuno nNpupoaHo#R
OCHOBOW U191 eAMHMLLI ANUHLL,
HA3BaHHOW MeTpom?
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Puc. 2.5. MaMepenne pandyca
3eMaH

HUcropus merpa. TlorpeSHOCTE ONPEAeasTh pasMephbl
MPEJIMETOB M PACCTOSIHHS MEXIY HMMM BO3HMKAA Y YeloBeKa
B mybokoH apepnoctd. Ha nporsikenuu ThicsueneTHi Kax-
fIasi CTPaHa MMeNa CBOM Mephl JUTMHBL DT0 YCIOKHSNO pas-
BHTHE TOPropuiX cBsized mexuy rocyaapcrsamu. Ilepsoit cuc-
TeMol Mep, npuHsaTod B 1875 . B KavecTe MeXAYHAPOIHOH
cHCTeMsl, Obu1a MeTpuueckas cucrema mep. OcHoBHOMN enuHu-
el JUIMHBL B MeTpHueckoi cucreme mep Obut merp. Camo
HaspaHue nepsoit MexJyHaposHO# CHCTeMBI Mep TTPOM3OILIO
OT chaoBa eMmeTps. B KauecrTse sranoHa IMHH Gbina B3TA
JUIMHA 3@MHONO MEPHIMAHA KAaK MPHUPOJHAs, HEM3MEHHAsi M B
Jofoe BpeMsl BOCCTaHaBAHBacMas Mepa JuiMHB. Ha ochose
HIMEPEHHH JUIHHB MCPHIMAHA M3MOTOBHAM STANOH METpa H
cilaii Ha xpaHeHue B apxus Dpaniysckol pecnybnukn. Dror
ITANOH CTAIH HA3bIBaTh apXMBHBIM MetpoM. Jlis menonssoba-
HHSl METpa B KauyecTBE CAMHMULI JUIHHBI B CTpPaHax, NPUHIB-
LIMX METPHUCCKYIO CHCTEMY, ObUIH M3rOTOBJACHBI KOIIHH 9Ta-
JIOHA METPa W3 MPOTHOTO CIIaBa TIATHHBI M WPWIKSL.

Kak wsmepwau panmyc 3emam. Ileppoc uamepenue pa-
auMyca 3eMAHM  BBINOJHMA TIpeuccKui  yucubiit Dparocden
(276—195 rr. 1o H.2.). OH y3HAA OT KYNLIOB, Y4TO OAHH B
FOMY, B JiCHb JIETHETO COMHLECTOSIHUA, B erunerckom 1. Cuene
(reneps r. Acyan) CoaHie B NOMICHL OCBELIAET JHO CAMOIo
PIYGOKOrO KOJNOAUA, T.€. MPOXOMAMT Yepe3 TOUKY 3eHUTa.
B aror nenn Dparochen B 1. AJCKCAHAPHM, PACTIONOKEHHOM
NOYMTH TOYHO Ha OLHOM reorpaduueckoM MepHiHaHe ¢
r. CueHol, M3Mepus B NOJIEHBL YIIOBOE PaccTosiiHe OT
Connua 10 ToukH 3ennta (puc. 2.5). Dro paccrosnme okasza-
nock pashbiv 7,2°, wan 1/50 or 360°. Orciona o cienan Boi-
po, uto paccrosiiive ot Cuenbl 10 AJCKCanapHn cocTapiser
1/50 gacth 3eMHOH OKPYAXHOCTH. Y3HaB OT KYIIOB, 4TO pac-
CTOsIHME OT Mexcaunpuu no Cuenn pasno 5000 ermnerckux
CAMHHIL JUIMHEL — CTaIMi, Dpartocden BLIMHUCINA JUIMHY 3eMHO-
ro mMepuwamana: 5000 crammit - 50 = 250 000 cranmit.

Io HekoTOpEIM cBeleHMAM, cTanus ObUla paBHA NPUMEPHO
157 m. B sr10oM ciyuae jutMHA 3eMHOIO MepuiMaHa, no Dparo-
cdeny, pasia npusepto 39 000 kM, yro oueHb GiM3KO K pe-
3YABTATAM COBPEMCHHBIX M3MepeHi, Takum obpasom, yke Go-
see 2000 jet TOMY Hazajl ACTPOHOMBI WMENH [IpaBUJIbHBIC
npejacTaBicHust 0 GopMe W pasMepax 3eMiH.

Cospemennoe onpeneienwe merpa. Ilo cospeMeHHBIM
HAYYHBIM JIAHHBIM, [UTMHA 3¢MHOTO MEpPHIMAHA HE OCTaércH
CTPOTO MOCTOSHHOM M3-3a MepeMelieHHH KOHTHHEHTOB M0
TUIaHeTe, MOJHATHH W ONYCKaHWH YY4acTKOB CYIIH OTHOCHTENb-
HO ypoBHS Mopsi. TL1aTMHOMPHAKEBHH TANOH TakKXe NojiBep-
Ken wmamenenuam. Tloucku crniocoba coananms HEHIMEHHOTO
MPHPOIHOTO ITANOHA JUIMHBI TIPHBEAH K BHIOOPY HOBOTO Cro-
coba onpesienenus enHnnn JuiHHb. CospeMentol Gpu3nKoM
YCTAHOBAEHO, YTO CKOPOCTH PACHPOCTPAHEHMSl CBETA B BAKYy-
YME HE 3aBHCHT OT ABHXEHHS MCTOYHMKA WIH MPHEMHMKA
CBETa, HE M3MEHsETCH M ¢ TeueHuem BpemeHu. OHa pasHa
299 792 458 m/c. Iosromy ¢ 1983 r. B MexkayHaponHoi cuc-
'reme CAMHHIl TPHHATO CHAGAYIOUIEE ONpelelicHHe MeTpa:

— 9TO PACCTOSIHHE, KOTOPOE CBET MPOXOAHMT B BAKyyMe 3a
1/299 792 458 nonw cexyuast (puc. 2.6). Takoe onpenenchHue
MCTPa HC M3MCHMIO Pa3MEP CAMHMLbIL JUIMHBI, HO CBA3AIO
€€ ¢ HCM3MCHHOM NPHPONHOH IOCTONHHOH BCAHMYHMHOM,
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Puc. 2.6. Onpeaenenne MeTpa uepe3 CKOPOCTh PacnpocTpaHeHHs
CBETAa B BAKYyMe

BOCITPOU3BOIMMONH NPH HAIMYMH HCOBXOIMMBIX NPHBOPOB ¢
BBICOKOH TOYHOCTBIO B JIIOGOM MecTe ¥ B JI0GOC BpeMms.

I'aBHBIM Pe3yibTaTOM 9TON0 W3MCHCHUS SIBISICTCH TOBbI-
IICHHE TOUHOCTH H3MepeHHsi paccrosHui. Ha ocHoBe uame-
PECHHH JUIMHBI 3¢MHONO MEPHIMaHa JUIMHA Merpa Obia ornpe-
jiesieHa ¢ touHoctsio fio 0,06 mMm. [UimHa MeraminuecKkoro
npoToTHna MeTpa B 1889 r. Obina onpeaeneHa ¢ TOTHOCTHIO 10
0,002 mm. Onpenenenne metpa B 1983 1. uepes cKopocTh cBe-
Ta MPHBEAO K NMOBHIIEHHKO TOYTHOCTH H3MEPEHMS JUTHHBI NIPH-
mepHo B 3000 pa3z. MeTp Tenepb onpenensiercsi ¢ olMOKoH He
Gonee 0,0000037 MM.

PaGotaem camMocTofTeNbHO

Onpepenesme UeHb IeNIeHns LWKanb
H3aMepHTenbHoro npubopa

Conepxanmne paGoTs
MHorue uamepuTentHbie NPUOOPH WMeloT wxany. Lkana
MOXET UMETHL BU/AL NPAMONA NONOCH IMHUA, KaK Ha U3MEepUTeNb-
HOW NuHelike K TepMomeTpe, MO0 BUA NONOCKH NMHWA, pac-
NONOXEHHLIX NO OKPYXHOCTW, Kak Ha 4acax. OObIMHO UWdpbI,
SHAYCHWUS M3MEPAEMbIX BEIMYMH, HAHOCATCA Ha
WKaNe He NPOTUR KAXAON NMHWK WKank!. ECu nokasanus npu-
Bopa NPUXOASTCA HA OAHY M3 NIMHWIA LKA, NPOTUB KOTOPOWH
HET UAPLI, TO JUIA HAXOXACHUA SHAYCHUS U3MEPSEMON BeNu-
YWHBL HYXHO 3HaTh LEHY Aenedus wkansl. Llewoi penexns
WKanbl HA3LIBAGTCHA PA3HOCTL 3HAYEHMIA BONMYMHLI, COOTBET-
CTBYIOWMX [IBYM COCEAHWM OTMETKaMm wWKansl. “YT1obul onpene-
T LUeHY AeNeHUs WKanbl, HYKHO HaiTW PasHoCTL Mexay co-
COAHMMM YMCNAMK HA LWKANe W Pas3flenuTs eé Ha YKCROo Aene-
HMIA WKaNE Mexay NUHUSAMKW, COOTBETCTBYIOLWMMYK BLIGPAHHLIM
Yyyucnam Ha wkane.

Hanpumep, ecnu Ha WKane WU3MepUTeNLHON NUHENKN MexX-
AY NHHUAMK, COOTBETCTRYIOUMMKU umudpam 27 n 28, umeertcs
pecats aeneqwid (cm. puc. 1.5), TO NS HaXOXAEHUA LUEHb ae-
NEeHUA LWKaNLI HAXOAMM PA3HOCTLE MEXY COCEAHWMMU 3HAYEHU-
AMK M3MEPAEMOI BEAWYMHL!, YKA3aHHLIMKM YUCHAMW, W [ieNum

@8 Ha YMCno fleneHmit:
28 cm - 27 cm

10

Onpenennre ueHy AENEHUN WKLl HIMepHTenbHoH
SIMHEHKN, TEPMOMETPA W MIMEPHUTENIBHOIO LMNNHAPA.

=0, cM=1 Mm.

Bonpocs!

1. MNoyemy pasmepsl 3emnu B
HacToslee BpeMs nepecTany
NPUHWMATL 332 OCHOBY NPW Bbi-
Gope eauMHULLL [NUHLI?

2. 410 CRyxuT NPUPOAHOR OC-
HOBOW eAMHMUL!I ANWHLI B Ha-
crofuee spema?

3. Kakylo npaktuuyeckyio LeH-
HOCTL MMEeT HOBMLIA cnocod
onpepeneHun merpa?




-1 UamepeHne BpeMeHU

2
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Puc. 3.1. ConHeunsie vackl

OGo3HaYCHHS eMHHLL
BpeMeHn

1 cexynpa — 1 ¢

1 munyra = 60 ¢ = 1 MuH

1 yac = 60 MU =3600 ¢ = 14

1 cymen = 24 4 = 1440 MuH =
=86 400 ¢ = 1 cyt.

1. Yem omnuyaerTca duanvec-
Kan BeAMUYMHA «BPeMSs OT M-
3IMYECKON BEAMYMHBI «ANKUHA»?
2. Kak namepsior spems?

3. Y70 NPUHATO CEroaHsa 3a oc-
HOBHYIO @MHULY BpemeHn?

4. C Kakmm NPUPOAHLIM MepPHo-
[AMYECKUM NPOLBCCOM CBA3AHA
eAMHMLIA BPOMEHW cexyHna?

Bpems. Duzndeckas BEAHUMHA BPEMsl HIBECTHA KAKIOMY
UENOBEKY, chaemsueMy 3a Tem, Kak wiaér spems. Ho rae sro
BpeMsi, Kotopoe MaMepsior? MoXHO MoayMarh, 4To MOHSTHE
<BPEMSi> CYLLECTBEHHO OTANYACTCH OT MOHATHS «UIMHA», TAK
KaK JUTHHY Teaa Kak Oyaro Obl BHAHO, a BPEMsi HHKTO HC BHU-
nen. Ho winmy, Kak ¥ BpeMsi, HEAb3sl HH YBHICTH, HH [OILY-
narb. Ymulm MOXHO TOABKO HPCAMECT — ITANOH MCTpa, JiK-
Heliky, Ho kako# npeamer MoXHO BeIOpaTh B KauecTse 37a-
JIOHA JUIsl HM3MCPCHHH BPCMCHM M KAaK H3MCPUTb BpeMsl C
noMouslo 3roro sranona? Téna, NpUroaHoOro mwist MCHOABL3O-
BaHHA B Ka4ueCTBE 3TANOHA BPEMEHH, B INMPHPONE HE CYUIECT-
BYET, TAK KaK BpeMsl SRJISIETCH XapaKTepHCTHKOH (hH3HYeCKHX
MpOLECCOB, a4 HE TeJl. XDA BpEMEHH MbI 3aMeEUaeM Mo H3Me-
HEHWAM B OKPYXAKOIIEM MHpe.

H3smepenne spemenn. JlioGbie M3Mepenns BpeMeHH OCHO-
BaHbl Ha (QU3HYECKHX SIBNCHHAX, NMEPHONHYECKH CMEHSIONIMX
apyr apyra. HauGonee BaXHBIH JUISl KM3HH 9EOBEKA TEPHO-
JIMYECKHH npoliece — cMeHa A W Hour. MHTepsan BpeMenu
OT O/IHOTO BOCXO[A COMHIA 10 CACAYIONIEro JAIOIH HA3BalH
CYTKAMH.

B IpeBHOCTH Ui M3MCPEHHSI BPEMCHH HCIIONB30BATH CONl-
HEUHBIC Yachl, B KOTOPLIX BPEMsi ONPCUC/SLIOCH M0 MOJOKe-
HHIO TeHM OT Kakoro-to rnpeamera (puc. 3.1). B XVII B. no-
SIBUIMCE Yackl ¢ MasTHUKOM. CerofiHsi MasiTHUKOBBIC Yachl
MOYTH MONHOCTBIO BHITECHEHB! §oJlee TOYHBIMM, HANEXHBIMH
W YIOGHEIMM 3EKTPOHHBLIMH HacaMu.

Cekynna. 3a 0OCHOBHYIO €IMHHILY BPEMEHH CEroiHs TpH-
nata cekymna. Ocnosnolt HasniBaeTcst elMHMUIA (DU3HUECKOH
BEHYHHBI, Yepe3 KOTOPYIO BHIPAKAIOTCH OCTANBHBIE eMHHHIIB
9ToH BenHuHHBl. bonee KpYNHBIMH €AHHHLIAMH BPEMEHH SIB-
nsioTCs MHHYTa, pasHas 60 ¢, wac, papubii 60 MuH, B cyT-
KM, paBHbie 24 4. JUIHTENBHOCTD STANOHHOH CEKYHIBI OTpe-
NENSIETCs ¢ MOMOLIBIO EKTPOHHOTO NMpUGopa, HA3BIBAEMOTO
ATOMHBIMM YaCaMH,

[Morpemunocru uamepenwnit. [Ipn KaxaoM M3MEpeHHH 110~
6ot (hH3HUECKOH BEeAHUMHLI BO3MOXKHB HeOoablime OHOKH.
Ouu moryr GuITh OBYCAOBICHB HECOBEPLIEHCTBOM H3MepH-
TensHoro npubopa (abGcomorHo TouHsXx Npubopos He OwiBa-
er!), olMOKOH SKCIepUMEHTATOPA MAM BAHAHMEM BHEUIHHX
TPHYHH.

OumbkH, He W3MEHSIONIMECS NPH BHINOAHEHHH TOBTOP-
HBIX WIMEpPeHWH, Ha3bIBAKTC! CHCTEMATHYCCKHMH Morpei-
HocTaMH HaMeperui. OumbKH, WIMEHSIONMECH OT OJIHOTO
HIMEPEHHSI K JAPYTOMY, HA3BLIBAKOTCH CAYYAHHBIMH norpem-
HOCTAMM H3IMEPEHHH.

apumernueckoe 3navenue. JUisi yMeHbUICHHA
CHyUaHHBIX MOrpEIIHOCTEH HM3MepeHHH B (u3MKe 0OBIYHO
NOBTOPAIOT M3MCPCHMH HECKOABKO Pa3 B OJWHAKOBBIX YCAOBH-
X M HaXOmNT cpeaHee apudmerHueckoe 3Hauenue. CpeaHuM
apHOMETHYSCKHM 3HAUCHHEM M3 Al YHCeN d), 4, ..., d, HA3BI-
BAETCH YHCIO @, PABHOE

= atayt. tay

"
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Cryualibie oLMOKH NpU H3MEPEHnsX ObIBAIOT U B CTOPO-
HY VBEIHUYEHHS, M B CTOPOHY YMEHBIICHHS MCTHHHOIO 3Have-
Hust. Tlpy CAOXEHHH HECKOABKMX MOBTOPHBIX PE3VILTATOB M3~
MEPEHHH MOIPEIHOCTH ¢ NMOJOXMTENbHBIM 3HAKOM CKAANbIBa-
I0TC ¢ TMOrPECUIHOCTAMM € OTPHLATCJbHBIM 3HAKOM M HX
obuwas cymma ymenbiuaerest. [loaromy cpeasee apudnmerniucc-
KOC 3HAYCHHC PC3YJBTATOB HCCKOJNBKHX M3MCPCHMH MMceT
MCHBUIYIO CHYYaHHYIO MOIPEIIHOCTD M3MCPCHHH, Yem Goib-
IUHHCTBO OJIMHOYHBIX M3MCPCHMIA.

| SxcnepumenTanbHoe 3agaiue 3.1

PaGoTtaem cCaMOCTONTENLHO
HamepeHne BpeMeHn Mex/ly ABYMS yaapamu nynsca

O00pyIoBaHNE: CEKYHIOMEP MK HaChl C OTCYETOM CeKyH/.

Hamepbre Bpems Mexay ABYMS yaapamum Baluero
nynsca.

lMopsaoK BLINONHEHNSI 330aHHS

1. Ansi M3MepeHns BpeMeHW Mexay ABYMS yAapaMu nynsLca
NPUIOTOBLTE Yachl C COKYHAHOW CTPenkoi mnu wahpossie Yacsl
C OTCc4éTOM cexyHs. Hauyynaifte KoOHUMKaMWM Nansuee npasoi
PYKM NYNLC HA 3anacTee neeoi pyku (puc. 3.2). Korpa cexyun-
Han cTpenka coenapsT ¢ uudpoil 12 Ha yacax UAKM C NOKa3aHK-
amu 00 ¢ Ha UMPPOBLIX Yacax, CoCYWTATe YMCNO YAAPOB CBO-
ero nynsca 3a 1 muH. Paagenute Bpems W3MepeHus t Ha nony-
YeHHOE B 3KCMepuMeHTe 4ucno yaapoe N nynsca W nonyuute
3HaYeHWe BpemeHn T Mexy [ABYMA yaapaMu Balero nynsca.
Peaynstathl MamepeHuii U BHMUCNIEHWIH 3anuiuTe B TaGnuLLy.

Bpems t, ¢ Yucno ynapos N Bpema T, ¢

Cpepuee apudmernyeckoe T, €

15

1. Kakme norpewHocT Haswl-

BAIOTCH CMCTEMATU4ECKMUMK NO-
MW M3MepeHWiA?

2. Kakve norpewHocTy Hassl-

BAIOTCA CAy4aiHLIMK norpetu-

HOCTAMM M3MepeHnii?

3. MoyeMy npu u3MepeHusx

duanyeckux BenuyuH OuiBaloT

cnyyaiiHble norpewHocTH?

4. Kak MOXHO YMEHLIWMTL Chy-

yaliHele NOrpeliHOCT MaMepe-

HUA?

Puc. 3.2. Mameperne myanca

2. MNoeTopuTe M3MepeHusi euld aBa pasa U sanuuuTe pe-
3YNLTaTHl U3MEpeHWit U BulvMcneHuii B TaGamuy. Hallpure cpen-
Hee apudmeTmyeckoe aHauenve Bpemenn T, mexay yaapamu
nyasca, JIns aT0r0 CROXKTE TPW 3HAYEHUS BPeMeHu T, nonyyeH-
HLIO NPU M3MEPEHWSIX, W pasfenyre cymmy wa 3. Peaynbrars
BLNMCNIOHWIA 3anuwmMTe B TaGnuLLy.

Mouemy cuéT ypapos nynsca
BOAGTCS 1 MUH, @ He 5 WM
10 ¢?
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b

Puc. 3.3. lNecounuie Yack

Prc. 3.4. Bonsiiuie vachl

Bpemsa, ero uamepexve u
XpaHeuue [/ SHuMknonenua
ANS nerted, acTpOHOMMA. —
M.: ApawTa+, 2001. —T. 8. —
C. 296—315.

Conneunpte wackl. CMEHA [HS M HOYM M3-32 BHAMMOIO
ssmxenns ColHia NPOMCXOMHT BCIEACTBHE BpallieHHst 3eMin
BoKpyr cpoelt oc. TlooToMy uisi MaMepenusi BpeMeHH B CyT-
Kax elMHHLeH BpeMelH SBAseTcs NMEepHol BpallieHus 3emiH
BOKpYT cBoel ocH. HMamepsats Bpems no HabmiofenHsM 3a
ConHueM 1 3Bé31aMu MO HemHorue. K ToMy xe conmed-
HBle Yackl paboTanH TOJLKO JHEM NPH OTCYTCTBHH 0GJIAKOB H
HMH HEBO3MOXHO OBLUIO M3MEpPATh KOPOTKHE MHTepPBAIH Bpe-
menu. Tosromy yxe B APEBHOCTH JUIsi M3MEPeHMsI HeDOABIIHX
MPOMEXYTKOB BpeMeHH ObUIM pa3paboTaHbl MPOCTHIE YCTPOii-
CTBA, HA3LIBACMBIC NMECOMHBIMH M BOASIHBIMH YACAMM.

Iecounsie u Boasmeie wackl. llecounnie wack waMeps-
JOT BpeMs 1o OGLEMY TecKa, NMepechilalonerocsi H3 BepXHero
BOPOHKOOOGPa3sHOro cocyla B HHXHMH cocyn. Takue wacwl
NPUMEHSIIOT M Cceifuac, Hanpumep B NPOLEAYPHBIX KabGuHeTax
GONBHML, HA KyXHe, rje GoabUION TOUHOCTH H3MEPEeHMs Bpe-
smenu He tpebyercs (puc. 3.3). Boasnwie uwacw (puc. 3.4) —
KJENCWIpsl ([10-IPeyuecKy — MOXHTHTENM BOAbI) ONpeIeasuin
BpeMsi o 0OBEMY BOJBI, BHITEKAKOWIEH M3 cocyaa uepes
manenbkoe orsepctue. C Tex nop mamaTs 06 MCHoNb3OBa-
HHM KJICHICHIP XpaHHT BeipaxcHue «C TexX 1op MHOIo Boibl
VICKI05.

Masrnukossie yacel. M3obperenne Gonee TOMHBIX YacoB
CTANO BO3ZMOXKHBEIM TOCKE TOro, Kak NpH HaGNIONEHHH Kava-
HHit miocTpsl B cobope Nanune#t (puc. 3.5) samerwn, yro npo-
JIOKHTENBHOCTE OJIHOTO  KoneGanus — nepHon KoneGanui —
HE M3MEHSETCS NPH YMEHBUICHWH WIH YBEJIMUYCHWH pa3Mmaxa
Kauanwid. Jlas w3amepenus nepuona xoaeGaHuit AOCTPH OH
ucnoassoBan cobersennnii nynse. Heszasnenmo or lanmnes B
1656 r. wacw ¢ mastHukoM (puc. 3.6) cosnan roaraHmcKui
yucHsih Xpuctuan [witrenc. Tounocrs xona atux ua-
coB cocrapmsia 510 ¢ B cyrkd. B KapMaHHbIX, HApYYHBIX H
HACTOJBHBIX YacaX KavyalomHics MasTHHK ObUI 3aMCHCH Oa-
JIAHCHPOM — KOJAECHKOM, KOTOPOC IMCPHOMMYUCCKH BpallacTcs
BOKPYI' OCH TOJl JACHCTBHCM CIHPANBHOH TNPYXHHBI.

CosznannsiMun B XX B, 0c0o00 TOUHBIMH udacamu Oblio
YCTAHOBACHO, YTO 3eMis BpallacTes BOKPYI' CBOCH ocH Hepas-
HoMepHO. E€ ppauleHHe TOPMO3AT NPHIMBLI, BBI3bIBAEMbIC
npurspkerueM Jlyuol u Contua, B pesyibrare npoaosKHrelb-
HOCTh CYTOK YBEIHUHBACTCS n'feuuepuo Ha 0,001 ¢ 3a crone-
THe. Ha cKOpocTh BpaleHmsi 3eMiIH OKa3biBaloT BAMSHHE H3-
MEHEHMSl PACTIPEIACICHHS BELICCTBA BHYTPH 3eMAH BO BpeMmsi
semnerpsacernid. Tlocie HEKOTOPLIX KPYIHbIX 3eMiIeTpsiceHmi
MPOACIKHTENLHOCT CYTOK CKaykoM Mensuiach na 0,004 c.

Mopckoit xponomerp. C pasBHTHCM MOpPCIUIABAHMS BO3-
HHKJIA NpaKTHICCKasl NoTpebHOCTh B ONpEacAcHHN reorpadm-
UYCCKMX KOOPAMHAT KopaOiisi B orkpbitoM mope. [Lisi onpene-
JICHUSE IOJTOTH MeCTa HabJIONCHUS HYKHO OIPCACAHTH 110
CoNHIlY MOMEHT BpeMEHM 12 9 M UMETh TOUHbBIE HAChI, KOTO-
Phi¢ MOKA3LIBAOT BpemMst HA TPHHBHUCKOM MeEpHAMAHE.

Tak kak 3emas genaer noAHuH 0GOPOT BOKPYI OCH 34 CyT-
ki (24 4), 10 1 u coorpercreyer 15° Ilpn Mamepenun ppeme-
xg B ;isaﬂca;(\ yrofn Ak nopopora 3emiM 3a BpeMs Al paBeH

57 AL
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Ecau Bpemsi Ha vacax, WAYIUHMX 110 FPHHBHYCKOMY BpeMe-
HH, Ha Af Goabiue 12 4, TO 9TO 3HAYMT, YTO 3eMis BpallaeT-
Al B TeYEHHE BPeMEHW Af MOCAe HACTYILIEHHS MONYAHS Ha
I'punBuyckoM mMepuamane. Mecto HaGmioneHus HAXOAHTCH Ha
aoarore A 15°Ar x 3anany ot I'pHHBHYCKOro MepuaMana.
Ecam spemsi £, na IpuipuucKoM Mepuianane Ha Af MeHbile
12 4, T0 210 :malm'r 410 3eMast N0JKHA elé BpalaThes B
TeYeHHE BPeMeHM Af 10 HACTynaeHus noayaHs Ha I'punsHu-
cKoM Mepuanane. Mecto HaGMoAeHHs HAXOAMTCH HA AOATOTe

= 15°Ar x BocTOKYy OT I'pHHBHUCKOIO MepMaHaHa.

TouHocTs OnpeneaeHmns AOATOTH 3aBUCHT OT TOYHOCTH XO-
ja acoB. OwmMOKa B H3MEPCHHM BpeMEHH Ha | MMH B 9KBa-
TOPHANBHOK 30HE NPHBEIET K OLIHOKE B ONPEACNCHHH MECTO-
noxoxeHust Kopadus Ha 28 k!

B 1714 r. bpHTaHCKMit napjaaMeHT M3-3a GONBIIMX M0TEPh
KopaOJiel B pesy/ibTare HENpaBHIBHOIO ONPEHCACHHS HUX Mec-
Tononoxenusi oovsasun npus 20 000 dyuros 3a cosnanwue
yeTpoHeTBa, ¢nocoBHOTO ONpeeitTh NOATOTY CyIAHA B A060H
TOUKE 3eMIH ¢ TOUHOCTHKO 10 noarpamyca. JUist aroro Tpeto-
BaJOCh CO3[aTh Yachl, WAYIIHE C NOTPElIHOCTBIO He Oonee
2 ¢ B cytkd. Takwe vacel, HA3BAHHBIE MOPCKHM XPOHO-
merpom (puc. 3.7), nepBeiM co3fan aHraHYaHuH JIXoH
Xappucoun. B 1735 r. on npencrasun Koponepckomy oGie-
CTBY CBOM TiepBH MOpcKOH XxpoHomerp maccod 35 kr, nos-
BOJSABIIMH OnpeaensTs NOJOXEHHE CYIHA C TOYHOCTHKO N0
150 kM. Or uzo6perarensi moTpeGOBANH CYIECTBEHHO YMEHB-
WHTH pasMepsl xponosmerpa. HoBwi Xponomerp jauameTpom
12 cm 6w ucnwran B 1761 r., ero norpelIHOCTL HE NPEeBbI-
wana 1/5 ¢ B gens, uro 6wzio B 10 pas Tounee Tpebyemoro
st KoHkypea. Onnako cBoit npu3 XappucoH NHOAY4HJI TOMb-
ko B 1773 r. nocne monaun nernuuu xKopoaw leopry I1IL

Aromubiii oTanon spemenn. Hepasnomepnocts spauie-
HHsl 3eMJIM 3aCTaBHAA YYCHBIX OTKA3aThCsl OT MCIIONB3OBAHMS
fiepHo/a BpalleHns 3eMAH BOKPYr CBOCH OCH B KauecTse MpH-
ponHoit cauuMisl Bpemenn. C 1972 r. B pane crpaH cucrema
M3MEPEHHMs] BPEMEHH OCHOBAHA HA MPHMEHEHHH ATOMHOrO
craHaapTa ppeMeHH. B 5ToM cranpapre B KauecTe NpHpo-
HOTO 9TANOHA MCTIONB3OBAH TEPHON HINYUCHHSI aTOMa Le3unsl,
HaGAAaeMoro npu onpeaenénnbix yeaopusx. Ilpu nepexone
K ATOMHOMY CTAHIAPTY BPEMEHH ¢ GONBILOH CTENEHBIO TOMHO-
CTH OMPEleTHIH, CKONBKO KONeOaHHH copepliaeTess B aTome
1e3nd 3a OJIHY AcTPOHOMMUECKYIo ceKyiay. C TounocThio 0
OIHONO MEPHONA HTO YHCAO OKasanoch pasibiM 9 192 631 770.
Orciona ¥ OGBUIO NPHHATO HOBOE ONpeieNeHne CeKyHIb.
Cekynna — ppems, pasnoce 9 192 631 770 nepuonam
HIIYUCHHA aTtoma nesus. Takum obpasoM, npH nepexose K
HOBOMY Croco0y onpeiesieHusi CeKYHB €€ pasmep He u3Me-
HMACS.

Hcnonb3oBanue aroMHOrO 3TaNOHa BPEeMEHH IPHMBEIO K
GOBUIOMY TIOBBILICHHIO TOUHOCTH M3mepernii spemenn. lep-
BBIE MAsITHMKOBBLIC Yackl MOIJIM OTCTABaTh HWAM YXOUWTH Brie-
pén 3a cyrku npumepro Ha 10 ¢, B XVIII B. owmbka xpoHo-
MeTpoB coctaBisiia npumepHo | ¢ 3a 3 ausi. B XX B. kBap-
LeBble Yachl MMeaH omMOKy xoita He Gonee | ¢ 3a 30 ser, a
LEe3HeBbIH aTOMHBIH CTAHIAPT BPCMCHH XPaHWT BpEMSI C 0-
rpeiHocTbio He Gonee 1 ¢ 3a 15 man ser.

Puc. 3.5. Tamren natmonaer
KoJIeGanus JNOCTpH B coope

Puc. 3.7. Xponomerp
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Puc. 3.8. BUuT Apxmmena

PaGoraem
CaMOCTOSNTeNIbHO

PaccmoTtpute cxemy ycor-
polcTBA MasITHUKOBLIX 4Yacos
Ha pucyHke 3.6,

OOLACHUTE  HaaHauyeHue
MafTHMKR ¥ TMPK B Takux
yacax.

Movyemy MasTHUK B 4acax
He OCTaHaBNMBaeTcA?

MDUMKA W TeXHHMKA. 3HaueHue (UIMKHM UL YeloBeye-
CKOM LMBHIM3ALMM HE OFPAHUUHBACTCS MO3HAHHEM MHpa He-
*uBoH npuponst. Mayuenme Guanueckux spaeHHH OTKpPBUIO
NEpell YEN0BEKOM BOIMOXHOCTH CO3MAHMS YCTPOHCTB, MALUMH
W npubopoB, paHee HE CYLIECTBOBABIUMX B npupote. Bosnuk
MHMP TCXHHKH.

OuHMM M3 [CPBBIX JOCTHACHHS (DU3HMKH UL PasBHTHA
TEXHHUKH HCIIONb30BAJ JIPCBHEIPEYCCKHH YUEHBIH H M300pera-
Tens Apxumen (ox. 287212 rr. mo H.3.). OH H300pén
BHHT JUISI TIOABEMA Boabl HA noast (puc. 3.8), MalmHbl ¥ yCT-
poMCTBA JUIsl NIePeMEISHNS THKENBIX TPY30B, BOCHHBIC Malll-
HBl Ui MeTaHKs cTpent ¥ Kamuei. C NoMOWBIO H3rOTORIEH-
HOM MM MAlIMHBL APXHMEI OIHMH IIEPeMEcTH M0 CYIIe TPEX-
MAuTOBOE CYJIHO ¢ TpY30M, nocie vero ckasan: ¢/laltre mue
TOUKY onophl, H s casuiy 3emmiol> Tak oM Xoren nokasarsh
HEOrpaHHYEHHbIE BOIMOXKHOCTH MOAYYCHUs BHIWTPHINA B CH-
Jie ¢ MOMONILIO MPOCTHIX MEXaHHIMOB.

Korna pumasive B3suin CHpakyssl B ocany, ApXHMEI H3ro-
TOBWI FPOMAIHEIE PHIYATH, C MOMOIIBI KOTOPBIX ¢ KPEMocT-
HEIX CTEH Ha KOpaGAW HENpusTeasi ONYCKaIWCh KpPKOUbs,
NOIXBATHIBABIINE HOC KopaO/is M TNOAHWMABIIWE €ro BBEpX.
?a'r!:m}xg)lox OTHYCKAACA, KopaO/ib NMepeBOPAUHBAICH M TOHYI
puc. 3.9).

Hranesanen Jleconapao na BuHuM, XuBwMi Ha py-
exe XV XVI BB., 6bU1 OIHHM W3 MEPBHIX YYEHBIX, [TOCTOSH-
HO MCIOJB30BABUINX ONBITH 110 M3YUEHHIO NPUPOAHBIX SIBiC-
Huit juis usobperenusi pasHOOOPA3HLIX YCTPOHCTB — OT BOEH-
HBIX OpyaHii 0 NPOeKTOB NapallioTa ¥ BepToAéTa.

Hsyuenne 30eKTPHUECKMX M MArHMTHBIX SIBACHMIA TpuBe-
N0 K M300pPETeHHIO INCKTPHUECKHX TeHEepaTopoB M MOTOPOB,
WNEKTPHUECKOTO OCBEIeHMsI, PAIHO, TeAeBHICHHS, MOOHIL-
HOH cBiA3KM, 0e3 KOTOpHIX TPYAHO MpeacTasuTh cebe Xu3Hb
coppemeritioro yenopeka. Cerofnsi MHpP TeXHMKHM HE TONBKO
HIMEHWI YCIOBHS KH3HH MOXeH Ha 3eMmie, HO M [an veno-
BEKY BOIMOXKHOCTH MCCIENOBATL KOCMUUECKOE TPOCTPAHCTBO
(puc. 3.10) u apyrue maaHetsl CoaHEMHOM CHCTEMBI.

Puc. 3.10. KocMmuueckasi cTaHims
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MexaHuyeckoe ABUXeHUe

Puc. 4.1. Yanka B nonére

Puc. 4.2. CEpOHHTHCT Ha BoJHe

Pue. 4.3. bor Conua Pa
NOCKUIAET YACTHILLI CBeTa
(Erumer, oK. 2500 r. 1o H.3.)

Mexanuueckoe ABHKECHME.

WameHeHue nonoXeHus OfHOro Tena OTHOCUTENbHO
NpYrux Ten HasbLiBaeTCH MexaHUiecKum NauxeHueM.

Jpixenne apromoGis, noaér nruust (puc. 4.1), nsixe-
HHE MOPCKOH BOJHEI M CKOJAbXeHHe CEphHMHIMCTA 10 BOAHE
(puc. 4.2) ABAMIOTCH NPHMEPAMH MEXAHMYECKOTO JBHIKSHHSI.

TpaekTopus JABHKCHHSA.

HenpepoigHas NUHWUA, KOTOPYIO ONUCLIBAET Teno npu
CBOBM NBUXEHWW, HAZLIBAGTCA TPaeKkTopuein.

Ecii pasmepsl [BUXYIICIOCsl TeAa NPeHEOPEKHUMO Maibi
10 CPaBHCHHIO ¢ TPOHACHHBIM PACCTOSHUEM, TO JIBHXCHHC
Tella MOXKHO PaccMaTpHBaTh Kak JABHXCHHC TOUKH. [IBHKylie-
€csl TeJ0 B TAKMX CAYUasX HA3LIBAIOT MATEPHAILHOH TOUKOI.
Hanpumep, nasuxenne 3eman Bokpyr CosiHlla MOXHO pac-
CcMaTpUBaTh KaK JIBHXKEHME MaTepHanbHOM TOYKH, TaK Kak
IHHA 3eMHoH opOMTH oKojio | MWUIMapaa KHIOMETPOB,
a JMaMeTp 3eMiH «BCero JHiibs OKOMO 13 Thic. KMAOMETPOB,
T.e. nout B 100 Thic. pa3 menbile.

Tpaektopuu MoryT OuiTh paznuunsiMi. Hanpusmep, tpaek-
TOPMH YaCTHIL cBeTa — npsiMbie JuHuK (puc. 4.3), KTOPHS
neuxkenust Jlynnt Bokpyr 3eman — okpykHocTh (puc. 4.4).
JlprKeHHE, MPH KOTOPOM TPACKTOPHH JABHKCHMS BCEX TOUEK
TeNa ONHHAKOBbI, HAILIBACTCS MOCTYNATEABHBIM JBHAKCHHEM.

e -——m——\\
e
—

Puc. 4.4. Tpackropus aBHKcHHs JIyHL

Iyrs.
AnuHa TPaekTopuK ABMXEHWA Tena Ha3bliBaeTcs NyTém.

Iyre oGosnavaercs Oyksoit 5. Ecam M3pecreH TOAbKO
NPOHIEHHBIH TENOM NYTh §, TO HEM3IBECTHO, B KAKOM HANpap-
JICHMH JABHIAIOCH TENO MO 3T0H TpaekTopuH, (PH3HUecKHe Be-
JHUHHBL, ONpENeNsieMble TONLKO YMcioM 0e3 yKazaHusl Ha-
NPABACHHMS B POCTPAHCTHE, HA3KIBAIOTCH CKAJSIPHBIMH BeJH-
yunamu. [lyrs — ckansipHas BeaHuMHa.

OTHOCHTEIBHOCTD JIBHAKeHHs. TpacKTOpHs JIBHACHHS H
NyTh 3aBHCAT OT Mecta HaGmonenuns. Koria asrolyc npoxo-
IMT 1yTh 50 KM OTHOCHTE/IBHO 3¢MHOH 1OBEPXHOCTH, MYTh CH-
JSILIEro B HEM MACCaXHpa OTHOCHTENBHO 3emun pasex 50 xuM,
a OTHOCHTENBHO aBTOGYCa MYTh MACCAXKMPA PaBeH HYIIO.

usnueckHe BeIMUMHBI, 3aBUCsiMe oOT BhiGopa MecTa
HaOGMOACHHS, HAILIBAIOTCH OTHOCHTEABHLIMH BEJHYMHAMM.
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Tpaekropus ABHAKEHHS MOGOrO Tena W NPOUACHHBIK TenOoM
NYTh — OTHOCHTEAbHBIC BEAMYMHBL. BHI TpaekTopuu M 3Havue-
HHE NYTH JABMKCHHS Tela 3aBUCAT OT BeIGOpa Tena, OTHOCH-
TEALHO KOTOPOro Habmomarens HenoasxeH. Teno, koropoe
CUMTACTCS HCMOIBHAHBIM H OTHOCHTEABHO KOTOPOIO PaccMar-
PHBAIOTCS [IBHACHHS APYIHX TCJ, Ha3bIBACTCH TEJOM OTCYETA.

3aBHCHMOCTD TPACKTOPHH JBHMKEHHS oT BbiDopa Teia
orcuéra. Jlisi oOHAPYKCHHS 3aBHCHMOCTH TPaCKTOPHH JBH-
KCHHSI OT BRIOOpA TeNa OTCYETA MOXHO BHINIONHHTL CACAYIO-
mre onwbitel. [ToasecuM muacTvkoBylo GYTBUIKY € BOJOH Ha
JIBYX JUIMHHBIX HUTSIX M HCIOJb3yeM e€ B KauecTBe MasTHHKA.
K MasTHUKY pPe3HHOBBIMHM KOJNBIUAMHM NPUKPEIIHM KHCTh, Ha
CTONIE MOJ MAassTHUKOM mnomecTHM Juct Genoit Gymarn. HaGe-
PEM Ha KHCTh akBapenbHylo Kpacky. OTKIOHHM MasTHHK Ha
5—10 cM or nonoxenusi pasHoBecHsi W ornyctHM. Kuers 3a
O/IHO KonebaHWe HapHCYeT OTpe3oK npsamoi (puc. 4.5).

Ha6epém HOBYIO MOPIMIO KPACKH Ha KHCTh, OTKJIOHHM Ma-
STHHK, OTIYCTHM €0 ¥ OIHOBPEMEHHO HAYHEM paBHOMcpHO
nepeMeniaTh JHCT GyMard B HanNpaBACHHH, NepPneHIMKys
HOM TUIOCKOCTH KauaHui MastHuka. KHeTh 3a oo Kone
HHe H:pucye'r Ha GyMare KpHBYIO, Ha3bIBacMYK cuuycounon
(puc. 4.6).

_ OkcnepuMeHTanbHoe saganme 4.1

PaGotaem caMoOCTOATENbHO

OOOPYAOBAHME: HATL, NUHEHKA.
Ha pucyHke 4.7 NpeAcTasneHa TPaeKTopus ABKKEHHA XyKa
OT TOuKM A A0 ToMkM 6. MamepeTe MyTh, NPOAAEHHIA XYKOM.

Puc. 4.7. TpaekTopus ABIKEHMS KyKa

 Muam bHOe 3apanve 4.2

PaGoracm CaMOCTOSTENLHO

BenocuneaucT ABMXETCA NO FOPU3OHTANLHOW NPAMOR N0-
pore. HapucyiiTe TPaeKTOPMIO ABMKEHUA TOYKM A, OTMEYEHHOM
Ha KOnece BeNOCMNeaa BO Bpems ABWKEHMA Benocuneaa, or-
HOCUTENBHO:

1) XyKa, CHOSILLEro Ha OCK Koneca,

2) Mypasbsi, CHASILErO B Touke B Ha Konece;

3) yenoseka, CTOAWEro Ha OBOYMHE [IOPOrW.

1. Y10 Ha3siBaeTcH TPAeKTOPWU-
el penxeHua?

2. Yro Takoe nyTh?

3. Kakne ¢puanyeckme Benuymn-
Hbl HA3bLIBAIOTCH CKANAPHBLIMU
penuynHamm? lNpuseaure npu-
MEPbLI CKANSIPHBLIX BENMMNH.

4. lNpueeanTe NpUMeps! OTHO-
CUTENLHOCTU TPAeKTOpUW JIBW-
XeHUs Tena.

Puc. 4.5

Pre. 4.6
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Kuxoun A. K. 06 oaHom
cruxorgoperHud A, C.  [lyw-
kuHa // Ksaurt, — 1984, —
N2 10. — C. 25—26.

http://wvav.physbook.ru/
index.php/Kvant

OrHocurenbHocTs ABHKeHns. Kak HU CTPaHHO, 1OHs-
THE O JBUXCHHH Ten Henpocroe. Hekoropeie Myapeust apes-
HOCTH CUMTAIHM, YTO ABHXCHHA Tl B NYCTOTE HE MOXET ObITh
(prc. 4.8). Onvu M3 HMX, 3€HOH, TaK JOKA3HIBAA HEBOIMOK-
HOCTb ABMXCHHUS Ten: «Ecim nycroe npocTpaHcTso cyiuecTsy-
€T ¥ B HEM JICTHT CTpeNia, TO B JI000H MOMCHT BPEMCHM OHa
HAXOMMTCH B ONpPeAeNéHHOM Mecte npoctpanctsa. Ecan crpe-
JIa HAXOMMTCS B ONPCHCAEHHOM MECTC IPOCTPAHCTBA, TO OHA
HenonsuxHa B HEM. ClaenosareibHo, B A000H MOMCHT Bpe-
MEHM CTpeia HeNOIBHKHA».

Puc. 4.8. Jlersimasi crpena HenoABHxHA

PacckaswiBalor, 9TO Uil ONPOBEPKCHHS YTBEPKICHUS 3e-
HOHA O HEBOSMOXHOCTH ABHXeHus dunocod luoren cran
MOAYA XOAWTh, TAKUM 00pazoM A0KA3biBasi BOIMOKHOCTD [IBH-
*eHus. OnHako Mo MNoBody TAKoro crnocofa onpoBepKeHHs
JIOTHYECKHX NOBOAOB MHTepecHo Boickazancs A, C. [lymkun
B CTHXOTBODEHWH «/|BHAEHHES.

JlBrxkenbst Het, cKasan Mynapent Gpanarsiid.
Jlpyroit cMomuan M crai npei HHM XOUHTb.
CuuibHee Gbl He MO OH BO3PA3HTh;

XBATWAH BCE OTBET 3aMBICTOBATHIN.

Ho, rocniona, 3abGapHbiil cayuail ced

Jpyro# npuMep Ha NaMsTh MHE NPHBOIMT:
Benb Kaxibii NeHb Npel HAMH COMHIE XOMIHT,
Onnako x npas ynpameii Faninedd.

B 9TOM CTHXOTBOPEHMH 110Ka3aHO, UTO KaXyullascsi ove-
BHJIHOCTh OOBSICHEHHH HEKOTOPLIX HaOMIOMACMbIX SBACHHHA He
BCETIA MOXET ObITh MPH3HAHA NOKA3ATENECTBOM HMCTHHHOCTH
3THX O00bicHeHHH. Ha npoTsikeHHH ThiCAveNeTHH I He
COMHEBATUCH B TOM, urto CoNHIE ABHAKETCA 1Mo HeGOCBOIMY
(puc. 4.9), a 3emas wenonpuxua, Toasko ¢ XVI B, nocne ybe-
quTensHbx gosonoe Konepuuka, lanwnes W JpyrMx vVUEHBIX
JKOH CTANH TIOCTENEHHO NPHUBHIKATE K MBICAH O HENOIBHK-
noctw Connmna w spamenun 3emum (puc. 4.10).
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Ho necrsurensio nm Connue Henoasuxno? HaGmone-
Hus actpoHomon nokasanu, yro Connue npubiamxaercs K oi-
HHM 3BE3AM M YIAASeTCs OT JPYTrHX.

A ecau yrererh Nojwibiie U NOCMOTPeTh OTTYIA, KaK JIbH-
KYTCSl BCe 3BE3JIbI, KOTophie Mbl BHAMM Ha Hebe? Takoi onbir
MOXHO BHITIOJIHKTEL Mbichenno. B cospeanum Amipomensi cpe-

JIH 3BE31 eCTh MAJIEHBKOE CBETALIESCs MATHO, HE MOXoXee Ha
3Be3ly. DTO NATHO Ha3BaaM TyMaHHocTbio Anapomenst. Ha h
dbororpaduu TymannocT Anapomensl, ciaenaHsoif ¢ mno- ‘"
MOILBIO GOJBLUIOTO TeNECKONa, BHAHO, Y4TO 3TO He 006JaKo ra-
33, a CKOIUIeHMe MWIHApAoB 3BE31. Takue cKoreHust 38831
HasbiBalT rajakTukaMu. 'anakmuka B Anapomelie Tak aaie-
Ka, 9TO CBeT OT Heé 10 3emau WACT 2 MAH JieT.

JUist M3MepeHmid GONBIIKMX PAcCTOSIHWI B ACTPOHOMHM MC-
MOAB3YETCSl CJIMHMLIA, HA3LIBACMasi CBETOBbIM rojsom. Csero-
BBIM TOJIOM HA3BLIBACTCS PACCTOSHME, KOTOPOE IPOXOJMT CBET B
BaKyyMme 3a oauH roj. Tak Kak ceer 3a | ¢ NpoxoaMT paccro-
siie okono 300 000 KM, To CBETOBOH rojl paBeH TIPHMEPHO:

1 cB. roa = 300 000 km - 365 - 24 - 60 - 60 =~
=9 500 000 000 000 km,

T. €. 9,5 MWUIHOHOB MHIIHOHOB KWIOMETPOB.

Ecam ¢ onHOH M3 TIaHET y 3Be3Nkl B TYMAHHOCTH AHIpPO-

Meflbl KTO-TO CMOTPHT Ha Halll «KOCMHYECKHI IOM», TO BHJIAT
Connue Kak onny npuMepHo 13 200 Mapa 3831 CHCTEMBI, MO~
Xoxeil Ha ranakTiky B Annpomene. Jlnamerp nucka nameit Ia-
nakTHkH npumepno 100 000 cp. seT, T. €. CBET OT OAHOTO Kpasi Pic. 4.10. CyrouHoe BpamieHHe
ranakTHKH JIo Ipyroro foxonut 3a 100 000 ner. Bee 38e3m Ha- 3emm
wei Fanakmuku asuxyTes Bokpyr eé uentpa. ConHue nBixker-
csi BOKpYr uieHTpa ['afakTuK# M0 OKPYXHOCTH PAIMYCOM OKO-
10 25 ThiC. CB. JeT co ckopocTsio 220 KM/C M CoBeplIaeT OIMH
obopor npusmepro 3a 200 man ner. Bor Bam u orseT, neicTBH-
Tensto an Connue nenoaswxno. Ha pucynke 4.11 npencras-
JIEHO, KaK NPHMEPHO BHIUIKT Hama [anaktvka (crnpasa BHU-
3y) NpH HAOMIOACHHH W3 TUIAKTHKH TYMAHHOCTH AHIPOMEIbI
(cnesa BBEpXY).

Puc. 4.9. Bunumoe ABHXeHHE
Connua

Kak Bul gymaete, a He ABWxer-

cA M v Hawa lanakrmka?
Puc. 4.11. PaccTtosumst B MHUpe TUIAKTHK
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PapnomMepHoe NBHKEHHE.

MexaHu4eckoe ABMXEHWE, NPU KOTOPOM 3a Niobbie paBHble NPOMEeXYTKU Bpeme-
HU TeNo NPOXOAMT OMHAKOBBIE MyTW, HA3LIBAGTCH PABHOMEPHHIM [BMXEHUEM.

PagHOMEpHOe [IBMKEHUE NO NPSIMOI HA3LIBAETCH PABHOMEPHBLIM NPAMONUHEAHbIM
ABMXEHUEM.

Ckopocts. Ilpy paBHOMePHOM IBHACHHHM OTHOLICHHE NPOMICHHOIO NYTH § K Bpe-
MEHM JIBHACHHS / HA3LIBACTCS CKOPOCTHIO paBHOMepHoro Jeukenus. Ckopocts 06o-
anavaercsi OYKBoH v («B3»). CKOPOCTH © PABHOMCPHOIO JBUKEHHS BBHIYHCISICTCS Jiene-
HHEM TMpPOIIEHHOTO MYTH § HAa BpeMsi JBMXEHHS [

CKOPOCTh = -2t g I,
ﬁﬂ:“ﬂ f

ITpoiiienHblil MyTh NPH PaBHOMEPHOM JBHXEHMH PaBeH MPOM3BEACHHIO CKOPOCTH
Ha Bpemsl ABMXEHMS: s = vl. BpeMsi paBHOMEPHOIO JIBHKEHMSI BHIMHCAACTCS JeleHHEM

NYTH Ha CKOpOCTh: =2

Ilps M3MepeHMH TYTH B METpax, a BPEMeHH B CEKYHIAX CKOPOCTh BHIpaXaeTcs
& Mempax & cexyndy. 3naueHHe CKOPOCTH 3alTHCHIBACTCH YHCIOM C COKPAICHHBIM 000-
IHAYCHHEM EIMHWILI cKopocTH, Hanpumep | m/c. TlpH MaMepeHHn NyTH B KHIOMETpax
W BPEMEHH B 9Yacax CKOPOCTh BHIPAKACTCH & Kuiomempax e wac, wanpumep 10 km/a.
KOPOCTh — BEKTOpHasi Beawanna. [Lisi onpeiencHus MonoXeHHs: Tefa B mpocT-
paHcTBe B MIOO0H MOMEHT BpEMEHM, KpOMe 3HAYEHMsl CKOPOCTH JBHXKEHWS W Havanb-
HOTO TONOKEHHS Tela, HeoOX0MMMO 3HATh HanpasicHHe apukenus. [losromy ckopoctb
JIBHKCHMSE TeNia 3aaéTcsl HE TOABKO YMCAOBBIM 3HAYCHHCM, HO M YKAa3aHHEM Harpas-
JieHust ABHKeHUsl. DU3HUCCKHE BEJIHUHHLI, KOTOPBIC 3aJal0TCH YHCAOBBIM 3HAUCHHCM W
HAIPABJICHHCM B MPOCTPAHCTBE, HA3LIBAKOTCH BEKTOPHBIMH BeawunHaMu. CKopoctsh —
BEKTOPHAsI BEAMYMHA.

KY, YKA3BIBAIOULYIO HANPaBJeHHe ABMXEHHS Teld, HA3LIBAIOT BEKTOPOM CKO-
poctH. JUIHHY BEKTOpa CKOPOCTH NMPHHHMAIOT NPONOPIMOHANBHON 3HAYCHHIO CKOPOC-
TH. Bex'rop CKOPOCTH 0003HAYAIOT JKUPHOH GYKBOI v Win GYKBOI v CO CTpenKoi csep-
xy: ©. Unucnopoe 3HaveHHe CKOPOCTH HA3LIBAIOT MOLYACM BEKTOPAa CKOPOCTH.

Ckopocti — oTnocuTeasnas peanunna. [poHaennuiit nyTh sBiseTcs OTHOCH-
TeABHOU BeAMHYMHOMN, 3aBHCAIIEH oT BHIGOpa Tesa OTCYETa, NMOITOMY M CKOPOCTH paB-
HOMEPHOTO JIBUKEHHS TeJla — OTHOCHTENbHAs BeIHIHHa. Ecam apuanocelr ABHKETCS CO
CKOPOCTBIO v OTHOCHTENILHO 3EMIM, 4 CAMOJAET IABHAETCH €O CKOPOCTHIO Uy OTHOCH-
TEAbHO NaiyObl aBMAHOCLA B HANPABACHUM €r0 ABMAKCHHSA, TO 3a BpeMs { NyTh §
camone'm OTHOCHTENIbHO 3CMIIM PABEH CYMME TIYTH 5y anuauocua OTHOCHTENBHO 3EMIH

W IIYTH §, CAMOJIETa OTHOCHTENIbHO aBHanocua (puc. 5.1

s=5t5.
Pasnenus npokzennnie nym Ha BpeMst { JIBMXCHHS, NOAYIHM
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Mbi nonyumiu, 4T0 NpH ONAMHAKOBOM HATNPABACHMM BEK-
TOPOB CKOPOCTEH U] W v) MOMYNb ¥ CKOPOCTH IBHXCHHS
CAMONETA OTHOCHTENBHO 3EMIM PaBEH CYMME MOIYJIeH CKO-
poOCTEH ABMAHOCLA OTHOCHTENBHO 3CMIM M CAMONETA OTHOCH-
TEJBHO aBHaHocua: v = vy + v,

DTOT Pe3yAbTaT MOXKHO HOAYYHTb, MCIONB3YH IIPABHAO
CHOKCHUS BEKTOPOB. JLisi HAXOXKICHHMS CYMMBI BCKTOPOB Ha-
YAl BTOPOIO BCKTOPA COCHHHSIOT ¢ KOHLOM ICPBOIO BCKTO-
pa (puc. 5.2, a). Bexrop, coeiMHAIOMMI HAYANO NEPBOrO BeK-
TOPA C KOHILIOM BTOPONO BEKTOPA, SRIAETCH CYMMOH BEKTOPOB:
v=u+t+0,

IIle szuxeﬂuu CcaMoN€Ta OTHOCHTENBHO aBHAHOCUA B
NPOTHBONONOKHOM HANPaBJAEHHH BHIMOAHAETCH TO Ke camoe
NpaBuao CIOKEHHS BEKTOPOB cKopoctel (puc. 5.2, 6), o ms
MOJIYISi CKOPOCTH © 3TO TPaBHAO JAaeT HOBBIH pe3yibTar:
v 0y — vy

| Mpumep pelueHns 3apa4u |

3apava. lNewexon NpyU paBHOMEPHOM ABWMXEHWW 33 Bpems
20 muH npowén nyts 1200 M. Halgute 3HayeHwe CKOPOCTU ne-
WwexoAa B MeTpax B CekyHay W B KMAOMETpax B 4ac.

PeweHnune:

Jna HAXOXAEHUS! CKOPOCTH NeLLeXoa B MeTpax B CexyHay
BLIDA3UM BPeMS Oro ABKXEHUS B cekyHaax: =20 muH = 1200 c.
L IE - I1m“
Haliném ckopocts: v 7S 1200 M, © 1200
Jnsi HAXOXAEHUS! CKOPOCTU B KWAOMETPAX B 4ac BLIPAsum
nyTs B KMAOMETPaX, BpeMs B 4acax: s = 1200 m = 1,2 kM,
=20 MuH = 1/3 v, e
& ] s.s. = ™ E
Haiiném ckopocTs: v T U 3,6 -
Taxmm 06pazom, NepesecTv 3HAYEHWe CKOPOCTW B MeTpax
B COKYHAY B 3HAYeHWe B KU B 4aC MOXHO YMHOXEHW-
em Ha koadpduument 3,6. Hanpumep: v =10 m/c=3,6 X
X 10 kM/4 = 36 KM/4.
MNepesecT 3Ha4yeHWe CKOPOCTU B KMIOMETPax B 4ac B 3Ha-
YeHMe B METPax B CeKyHay MOXHO AefeHWem Ha Kospdpuum-
108

eHT 3,6. Hanpumep: 0=108 m/u=.5-€ M/c=30 m/c.

n]!_
c

3anaua 5.1. Cnoprcmen GexuT co ckopocTeio 10 m/c. Bripa-
IHTE 3TY CKOPOCTh B KHIOMETpax B vac.

3amaua 5.2. ABTOMOOHIL JIBHXETCSI CO CKOPOCTBIO 72 KM/u. Bri-
PA3HTE 3TY CKOPOCTH B METpax B CEKYHIY.

3anaua 5.3. ABTOMOCIIH A W 5 ABHKYTCS HABCTpEUy JAPYT ApY-
1y. CKOpOCThL ABTOMOOHAS A OTHOCHTENLHO 3eMAH 60 KM/4, CKO-
POCTHL ABTOMOOWISI 55 OTHOCHTEALHO 3eMin 90 km/u. “lemy pasHa
CKOPOCTH ABTOMOOHISE A OTHOCHT®ILHO aBTroMOOHNs b?

3anaua 5.4. ABTOMOOHIH A W L JABHAYTCH 1O NPAMOR JOPO-
re B NPOTHBONONOKHLIX HanpawicHusix. CKOpOCTh aBTOMOOWISE A
OTHOCHTENILHO 3eMIH 40 KM/4, CKOPOCTL aBTOMOOHIS 55 OTHOCHTENb-
HO et 50 Km/u. ‘leMy paBHa CKOPOCTH ABTOMOOWIS A OTHOCH-
TeNLHO aBTOMOOHISE 5?

Puc. 5.2

OkcnepumeHTansHoe |
 3apahve 5.1 |

PaGoraem B rpynne
Hamepoune ckopocT
Mofenu asromobuns

O6opynosanne: Mopens
C 2NeKTPHYECKUM

pesynsrar B MeTpax B ce-
KYHAY ¥ B KHIOMeTpax B Yac.

lNogckaska. JAnsi maroros-
neHus  mMopenn asromobuns
MOXHO MCTNIONL30BATL OfMH W3
BapuaHToOB KOHCTpYyKTOpa Lego
C NpUMEeHeHWeM 3NeKTPOABU-
rarensi M anekTpuyeckoi Gara-
peiiku.

| Nomawree
aKcnepuMeHTanbHoe

aapgaHue 5.2

PaGoraem
CAMOCTOATONbHO

WUcnonkays uamepurens-
HYIO NeHTY W 4ackl C CexyHI0-
MepoM, onpefenuTe CKOpocThL
CBOEro ABUXEHWA Npu xoanGe
u Gere.




26

MexaHuueckue ABneHus!

Ilpapuio ciaoxenus BeKTopoB. Mpl HAULIM NPABMIA CHOKECHMS NAPANLIEABHO
HAMPABACHHBIX W MPOTHROMONOKXHO HANpAaBIEHHBIX BEKTOpoB ckopocted. Tenepw
Haluém oblice NpaBHIO CHOXKCHUS JIIOOBIX BCKTOPHBIX BeJuuuH. PaccMorpum Takoid
npHMep.

Kopaﬁnh JIBHAETCSE CO CKOPOCTBIO U) OTHOCHTENBHO 3EMIH, MO natybe xopaﬁ.rm co
CKOPOCTBIO Uy OTHOCHTENBHO KOpabasi MIET YeIOoBeK, HaNpaBieHHe BeKTopa v, nepreH-
JMKYISIPHO HANPABIEHHIO BekTopa v). C KaKOH CKOPOCTBIO U [IBUKETCS TIPH TOM Ye-
JIOBCK OTHOCHTENBHO 3emim?

JUisi HAXOXKIEHHS OTBETA HA 3TOT BONPOC NPEACTABHM HA PHCYHKE JIBA NOAOKCHHS
Kopabisi — B MOMEHT Hauyana JBMKEHHS YeJOBEKA M0 naayde ¥ B MOMEHT OKOHYAHHS
ero apuxenms (puc. 5.3).

Puc. 5.3

CoellMHHM CTPEIKOH §) Toukn A M A}, KOTODHIMH OTMEUCHO HAYAIbHOE 110~
NOKEHHE UenoBeKa Ha manybe, CTpeAKoH -‘1 TOMKH HAYATBHOTO MW KOHEUHOro MoNo-
KCHMI uenoBeKa Ha nanyGe, cTpedkod s Toukw A W B HAYaJIbHOIO H KOHCUHOIO
TOJOKEHHH UeN0BEKA OTHOCHTENBHO 3eMIM. Crpenka s, — BEKTOp NepeMelleHms
KOpabast OTHOCHTENBHO 3eMAM, CTPeiKa T, — BEKTOp NepeMelIeH s HeloBeka OT-
HOCHTEJNLHO KOpabas, CTpesiKa § — BEKTOp NepeMelienus YeaoBeKa OTHOCHTENbHO
IEMITH.

Pueynok TOKA3BIBACT, YTO HAYANA BCKTOPOB HuT HAXOISTCH B ONHOM TOUKe. st
HAXOKICHHSI BEKTOA 5 HYKHO 1IpOBECTH _uepes KOHell BeKTopa 5} NPAMYIO, napaieb-
HYIO BEKTOPY 5), 4Yepe3 KOHell BEKTOpa ) NpAMYIO, NAPA/UICNBHYIO BEKTOPY §j, M 3a-
TEM COCIMHHTL HAYATLHYIO TOUKY A BEKTOPOB 5; M 55 ¢ TouKo# B Tiepecetielimsl_ITHX
npsiMeix. Hadnenueit no TAKOMY npanun’y (npaamly Mapanjie/iorpaMMa) BEKTOp ) SIB-
JAseTes CYMMOH BEKTOpOB s, H s, = 5 + s

Ipn upuuo.nnuchnou JIBHACHHH MOIYAb BEKTOpa nepeme-
wieHna § paseH npoitnennomy nytw 5. Orciona ciemyer, uTo
BEKTOP U CKOPOCTH UeN0BEKAa OTHOCHTENBHO 3eMIN MOXKHO Haii-
TH 10 TPaBHAY MapaiaeiorpaMmMa Mo H3BECTHHIM BEKTO-
paM vj CKOPOCTH KOpablsi OTHOCHTENbHO 3¢MIH M Uy CKOPO-

CTH Ye/OBEKa OTHOCHTENBHO Kopabusi (puc. 5.4).
CloxkeHHe CKOPOCTCH 110 1paBily NapauiciorpaMMa — [pr-
Mep ODLIEro NpaBuaa CAOKEHHS MIOOBIX BEKTOPHLIX BEJIHUMH.



Banaua 5.5. Jlpesnerpeieckuit hunocod 3eHoH Bhickazan
CTPAHHOE YTBEPAKICHHE: eAxustec Gucmponozuii nukozda ne
dozonum wepenaxys. (Axumnec — cambiit GhICTPOHOIMIA GeryH
W3 ipeBHerpeueckux Mudos.)

CBo€ yTBEpXICHHE OH JOKA3HIBAA CACAYIOUIMM PAacCykie-
HHEM: «3a To BpeMsi, MoKa AXuiiec npodekuT paccTosinmue d,
OTACSBILEE €10 OT “epenaxM, Yepenaxa oTrnoA3eT Ha paccTo-
siuue b, noka Axwuiec ObicTpo NpoGeKHMT paccrosuue b, ue-
peraxa MCJUICHHO OTTION3ET HA PAacCTOsiHHE ¢, W TaK NpoLecc
Oyner npononxkarscst GeckoHeuHo» (puc. 5.5).

Tonpo6yiite onpopepriyts yrsepxuenue 3enona. Yepes
KaKoe BpeMsi AXWAJICC JOTOHWT Yepenaxy, ecii OH MoGeXHT
B TOM XK€ HANPABICHHH M €CIIM Yepenaxa B MOMEHT Havuala ux
copeBHOBaHMs Gbuia Briepen Axwuieca Ha 99 mM? Ckopocts
aswxenmns yepenaxu 0,1 m/c, ckopocts Axmneca 10 m/c.

Mpumep pellexns 3aaayun
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Prc. 5.5. Axwuiec W uepenaxa

3apava. momd«nnAuSnmyrqummnepo«p&
CTKY N0 B3aUMHO NEpneHaMKYNAPHLM AoporaM. CkopocTs vy
apToMOGUNsl A OTHOCHTENBLHO 3emMnu 30 KM/4, CKOPOCTL v,,» ag-
TOMODUAR B OTHOCUTENLHO 3emam 40 kM/4 (puc. 5.6). “emy
paBHa CKOpPOCTh 045 JBWXEHUA ABTOMOOGMAA A OTHOCMTENLHO
apromobunsa b7

PeweHue:

OTHOCUTENnLHO aBToMOOMNs 6 asTomobuns A BMecTe C
3eMABI [BUKETCA CO CKOPOCTLIO ~Uy M CO CKOPOCTHIO t'::. oT-
HOCUTENBLHO 3eMNK. Hainem cymmy STHX [IBYX BEKTOPOR uA,,-no
npagily CNOXEeHUs BeKTOpoa (puc. 5.7). ina 3TOrO0 MOCTPOMM
BEKTOP CKOPOCTH v‘ aBTOMOGUAA A OTHOCUTENLHO 3eMNWU B

Macwrabe k=-— —'02"‘"‘, foTOM B8 TakoMm xe macwrabe no-

cmouumop-vscua-anouamumtmmo. onropou
HAXOAMTCA HAYano BeKTopa Uy 3aTem Yepea _KOHeW BekTopa vs
npoBeAadM NpamMyio, napamnnulynaek‘ropyu‘. a uepea KoHel
BEKTOPA U NPOBEAGM NPAMYIO, NApannientiyio BEKTOpy Uy
Touka C nepeceveHWn STUX NPAMBIX ONPeaenseT nonoxeHwe
KOHUA BOKTOpa 5’4,,- JABVXOHWUS ABTOMOOUNS A OTHOCHTENLHO aB-
ToMOOUNA 6. Coepmnue ToukM O U C OTPE3KOM, NOCTPOUM BeK-

CKOPOCTH [ABWKOHUA aBTOMOOUNS A OTHOCUTENLHO ABTOMO-
6una 5. Mamepus anuny [ BexTopa v,wuacxeue. BLIMMCIUM
MOfY/Ib CKOPOCTH U ABUXEHNA ABTOMOOUAA A OTHOCUTENLHO
aBpTOMOOMNA b: vy, = ki.

Tp¥ M3MEPEHWUM [LIMHLI BEKTOPA Uy MONYYEHO 3HaYeHue
[ =5 CM, CKOPOCTL U,; paBHa 50 kM/M.

OTBeT: U= 50 KM/,

]

Puc. 5.7

3anaua 5.6. ABTOMOOWIH A W b yIasiorcs or oHoro nepe-
KPECTKA 110 BIAHMHO NEPICILIHKY/BIPHLIM JloporaM. CKOpocTh aBro-
MOOMAS A OTHOCHTENLHO 32zt 80 Kwm/u, CKOPOCTL aproMoOwis F
OTHOCHTENILHO 2eMiH 60 KM/u. ‘leMy paBHA CKOPOCTSL ABHMXKEHHS aB-
TOMOOWASE /5 OTHOCHTENILHO aBTOMOCHAN A?
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1. Kakumu  Metonamm MOXHO
WCCNeAoBaTh  MeXaHuyeckoe
npuxeonue tena?

2. Kakoil npusHak pagHomMep-
HOTO [BUAXGHWMA MOXHO MC-
NONL30BaTL A NPOBEPKWA paB-
HOMEpPHOCTH [BUXeHWA?

3. Ecnu 3a aBa OAMHAKOBLIX
NPOMEXYTKa BPeMeHW aBTOMO-
6unb NPOWEN OAMHAKOBLIE MYy-
TH, TO MOXHO N CAenath Bbl-
BOJl, YTO ABTOMOOMAL ABWrancsa
pPaBHOMEpHO?

4, Kax Ha npakrmke KOHTpOW-
PYeTca CKOpPOCTL [BUXEHUA
TPaHCNIOPTHLIX CPENCTR?

Ipy msyaennn § 5 Mbl 3anucan GOPMYABI UIsi BHYHCHE-
HHS [1YTH, CKOPOCTH M BPCMCHH IPH PABHOMCPHOM JBHXKC-
HHM M pelliaiy 3aa4yu ¢ WX Hcnonb3oaHueMm. Ho npumensits
5TH (POPMYJIBLI JUIS BHIMOJHEHMSI PACUETOB MOXHO TOJNLKO B
TOM CJIydae, eciiM TOMHO M3BECTHO, YTO MCCAEHYEMOe JBHKE-
HHE PaBHOMEPHOE. A KaK Y3HaTh, SBISIETCH JTH HaGawaaemMoe
NBHACHHE Tela PaBHOMEPHBIM?

Crpobockonuueckuit Meroa. O6s3aTeNbHBIM NPH3HAKOM
PABHOMEPHOIO JIBUAEHMS SBASETCH OJMHAKOBOCTL NyTeH,
MPOWIEHHBIX TEJOM 32 NI00BIE OJIMHAKOBBIE MPOMEXYTKH Bpe-
MeHH, OIMH M3 BO3MOXHBEIX METONOB PErMCTPALMM NPOoH-
JICHHBIX TIYTeH 33 OJIMHAKOBBIC ITPOMEXYTKH BpeMCHM — (o-
TorpaMpoBaHHe ABHXYUIEIOCS TeNa IPH OCBELICHHH, BKIIO-
YAeMOM HAa KOPOTKHE MHTEPBAILI BPEMEHH uepe3 OJHMHAKO-
Bble TIPOMEXYTKH BpemerH. KOpoTKWe CBeTOBBIE BCIBINIKH
NAaeT Npubop ¢ razopaspsutHod JamrnoH, noaoBHOM namme-
Benbike doroannapara. [lepMoanuHoCTh MOBTOPEHMS! BCITBI-
WICK TAKOTo Npubopa, Ha3bIBACMOIO CTPODOCKONOM, 3a1acTcst
NEKTPHUSCKHM TreHepaTopoM u Jierko peryiaupyercs. [lpu
OTKPHITOM 3aTBope (oToanmapara Ha CHHMKE NOIYYaeTcs
pan M300paKeHHU Tena B MOMEHTHI BCnbieK namnbl. Ecau
PACCTOSIHHA MEKIY BCEMH COCCIHHMM H300PaXECHHSIMH Teaa
OIMHAKOBBI, TO NBHACHUC Teha ObUio paBHOMepHBIM. Eciu
e PACCTOAHMSA MEXKIY COCENHMMHM HM300PAXKEHHSIMH Tela He
Be3lne OJIMHAKOBHI, TO JIBHXEHHE Tenaa Ol HEpaBHO-
MEPHBIM.

MoxHo oGolTHch M Ge3 cTpoBOCKONHIECKOTO OCBele-
HUsl, Henonbsys undposoit doToannapar B pekuMe Herpe-
phiBHOH CBEMKH. B TakoM pexdMe annapat IpPOH3BOIAT
CIENKY pPaAa nocaeAoBaTeAbHBIX KalpoB 4Yepe3s OJAMHAKO-
Bule MPOMeXyTKH Bpemenn. CoBMecTHB 9TH Kaaphl ¢ no-
MOIIBIO KOMITHIOTEPA, MOXHO TOJYYnTh Ha oaHoH doTtorpa-
(um psin mzobpaxennit apuxymerocs npemmera. Ilo pacero-
SHHAM MEXIY 9THMH H300pPaAXKCHUSIMH MOXHO ONPENCNHTD,
PABHOMEPHO ¥ IBHAETCH TeJo M ¢ Kakoi ckopocrsio. [lpu-
Mepht dororpaduit aBYX ABMAKYIIMXCH aBTOMOGHIEH, nony-
YEHHBIX TAKHM crniocoboM, npejicTapieHsl Ha pucyHkax 6.1
H 6.2,
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MpuMep pelleHns 3apayu |

3apava. Ha pucyHke 6.1 npeacraenexa gororpadus agro-
MOOUANS, NONYMEHHAs! NPY OTKPLIBAHKWK OOLEKTURA Yepea ofu-
HAKOBKE NPOMEXYTKM Bpemenu, pashwie 0,8 ¢. Onpepenure,

GLiNo NI AIBWKEHWE ABTOMOOMNS PABHOMEDHBIM. ECIN nBwxe- CKOpOCTH fIBUXEHUS
:ru: m OLINO PaBHOMEPHLIM, ONPeNeIUTE CKOPOCThL B NPUPOZE W TEXHUKE (B M/C)

PaccTosiHMe MOXay ABYMS NPOAMETaMM, PACNONOXOHHLIMU

Ha NPSIMOMHEHHOMN TPAOKTOPUM ABMXEHUS aBTOMOGMNS, YKasa- Yaurka 0,014
HO Ha pucynke 6.1. Yepenaxa 0,05
PeweHue: Myxa 5
ABTOMOGUNL IBUTANCA PABHOMEPHO, TaK Kak 3a Of\MHAKO- Yenosek 10
Bbi¢ MPOMEXYTKW BpeMeHy, paBHbie 0,8 ¢, OH Npoeaxan ou- TonyGh 20
HaKoBbLE paccTosiusa. YToOw HalT CKOPOCTL PaBHOMEPHO
JIBVXYLLErocs aBToMoOMAs, onpenenum no pucynky 6.1 ero | | lemapa 30
nyTb S 3a BPEMA [, PaBHO@ TPEM MNPOMEXYTKaM BpeMeHu no ABTOMOGHIB 50
08¢, rne.3apgpesit=3-08c =24c. Coxox 100
JUisi aTOro MaMepuTensHON NUHORKOR W3MEpPUM Ha pUCYHKe -
6.1 paccTosHMe OT 3aaHero Gamnepa NEpeEOro cneea Waoopa- Camonér 250
XeHMSi MALMHLI 10 3aaWero Gamnepa YeTBapTOro Maobpaxe- Mosexyna rasa 500
Hus. OHO pasHO 98 mMm. I 700
Mo PUCYHKY HaxoauM, YTO OTpeaok AB, KOTOPOMY Ha 3eM- yas
ne coOTBETCTBYeT paccrosHue 20 m, pased 105 mm. 3Hauur, Jlyna (no opbure
1 MM Ha PUCYHKe COOTBETCTBYET PAcCTOSHWIO Ha 3emne, pap- BOKpYT 3eMtH) 1000
HOMy 20/105 M.
Boipasum NyTh S aBTOMOGMNA B MeTpax: 3emas (no opbure
s = 98- 20/105 m. sokpyr Connua) 30000
Hailiém CKOpOCTL v aBTOMOGUAS: Dnexrpon
- 98- 20 - = B KHHECKOIE
e = Tenepnsopa 100 000 000
OTRET: ABWKEeHUe aBTOMOGHIN paBHOMepHoe, v = 28 kmf4. | | Ceer 300 000 000

3anaua 6.1. Ha pucynke 6.2 npeacrawiena gororpagusd ABK-
KYLIErocd aBTOMOOHIS, MOAYYCHHAS NPH OTKPLIBAHHH OOLEKTHBA
4yepes ONHHAKOBLIC NPOMCKYTKH BpeMeHw, pasneie 0.8 c. Onpexe-
JIHTE, PABHOMEPHO JIH JABHIAICH ABTOMOOHIIb,

Ecom apukenne apTOMOOHISE OLUIO HEPABHOMEPHLIM, TO OMNpe-
JIeNHTe, YBRTHYHBAIACH WIH YMEHBLIANACH ero CKOPOCTh.

BRIMHCIHTE NPUMEPHEIE THAYCHHS CKOPOCTH ABIKEHHS ABTOMO-
OWISl B HAYQIe W B KOHIE YHMacTKa INyTH, NMpeACTaRieHHoro Ha ¢o-
Torpadmu.

PaccrosHie MexXny JByMs NpeiMeraMy, paclioflOXKEHHEIMH Ha
NPSMOAMHEHHON TPACKTOPHH JIBHAEHHS ABTOMOOMIS, YKA3aHO Ha
(poTorpadiu.
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Prc. 6.3. Cnimpomenp

Puc. 6.4. Yerpoficteo
ABTOMOOWILHOIO CHHIOMETPA

MeToasl HIMEPEHHS CKOPOCTH M NPOHICHHOIO WY TH.

Cowomerp. Meron uamepenust ckopoetr ¢ dororpadm-
POBAHHEM W TTOCHCAYIOIMMH BHYHCICHHSIMH HE MOIXOANT HH
ABTOMOOHAMCTY, HH MOTOUMKIMCTY, HM MAIIHHUCTY NCKTPO-
noeana. JIIOOOMY BOIMTENIO TPAHCIIOPTHOIO CPCACTBA HYKHO
3HATh CBOIO CKOPOCTb B KAXIblH MOMCHT BPCMCHH JIBHAXCHHSI
JUIS CODMIOACHHS Mep Ge3011aCHOrO JBHKCHHS, JUIS NTPHOBITHS
B HA3HAYEHHOE MECTO B HYKHOE Bpems. DTa 3amaua peuaer-
csl C MOMOUIBIO CIIMAOMETPA.

Bonurens asToMoOMAs sl ONpeneieHHs CKOPOCTH IBHKe-
HHSl CMOTPHT Ha nokasanusi npubopa (puc. 6.3), HassiBaeMoO-
ro cnuaomerpom (oT anri. speed — CKOpPOCTb, 3HAYHT, CIOBO
<«CITMIOMETPs MOXHO TIepeBecTH Kak ckopoctemep). Ecim no-
Ka3aHMsl CITHIOMETPa HEe H3MEHSIOTCA CO BpeMeHeM, 3HAYHT,
aproMofuab BHxkeTcs pasHomepro. Ha npuboproli nocke aB-
TOMOOHASI TAKXKE MMeeTcsi YCTPOHCTBO, NMOKa3siBalolee mpoit-
JICHHBIH MYTh.

[purumn aefiereus cnwaomerpa caenyioumi. Kapaannsin
BaJl aBTOMOGHIISA, NPUBOMSIIIMHA B IBHAKEHHE KONECA MAITHHBI,
3aCTARIAET BPALIATLCH W JUTMHHBIA rEGKUA Baja, NpOTSHYTHIH
o npubopHoro mwmura. Ha xoHue ruGKoro Bada INpHKpPEIUIEH
HebGonbol nocrosHHuid Maruut [ (puc. 6.4). Bpamawonmi-
Csl MArHMT MOMCIICH BHYTPH METAUTHYCCKOrO WHIHHIApA 2,
COCIIMHEHHOTO CO CIHPANbHOMH NpyXkHHOH 3 W crpenkol crm-
nomertpa 4. BpameHne MarHuTa B METAUUTHHECKOM LIMIHHIpPE
BHI3BIBAET BpallleHHe IMANHIPA, HO 3TOMY BPallleHHIO NMpensiT-
CTBYET CnMpanbHasi npyxuHa, B pesyasrare npu noctosiHHoM
CKOPOCTH BpallleHHsi MAarHWTa LMJAMHIP M BMecTe C HHM
CTpesiKa CITHIOMETPA MOBOPAYMBAIOTCS HA HEKOTOPLIH 1MocTo-
SHHBIK yron W aanee ocralores HenoasuxtbiMu. Tlpn ysenn-
YeHHMH CKOPOCTH BPAlICHMsl KapAanHoro Baja M CKOPOCTH
JIBHXEHHS aBTOMOOWIISI MArHMT BpaliaeTcs OLICTpee M Bhidbi-
BaeT MOBOPOT CTPENKH crnuiomerpa Ha Gonbiumi yron. Tloao-
KEHHE CTPEJKH CITHAOMETPA MO3BOASET ONPEAENHTh MO LIKa-
Jie npubopa CKOPOCTh JIBUACHHS aBTOMOOWISI B KHIOMETpax B
Hac B JAHHBIH MOMEHT BPEMEHM.

Tor xe rmOKuid Ban, KOTOphIH BpallacT MArHUT CITHIOMET-
pa, BpallacT M AHCKHM Npubopa, OTCUHTHIBAIOIICIO NPOMHICH-
Hblfl apromoOmiem nyTh. [IpHHIMN neicTBrs ero 3akaoqacT-
Csl B TOM, YTO NPH ONHOM INOJHOM 00OpoTe Kojieca aBroMo-
OMIb NPOXOAMT PAacCTOSIHHE, PAaBHOE JUIHHE OKPYXKHOCTH Ha
MOBEPXHOCTH WMHHL. [l1s M3MepeHHs NPOHIAEHHOrO NYTH
HYXKHO JIMIIb CMNEIHaNbHO noaobpaTh COOTHOUIGHHE 4YHCAa
3y0lIOB B LIECTEPHSX YCTPOICTBA, nepenaollero BpalieHHe oT
Kap/IaHHoro Baia K jguckam npubopa. [IpH npoxoxneHuu ny-
T 100 M nepswid IHCK NpUBopa, HIMEPSIONIEro NPOHACHHLIH
nyTh, foxkeH nopepuyrhes Ha 1/10 obopora W BMecTo M-
phi 0 jormkna nossuThest mMdpa 1, o3navaomas npoineHHbiH
nyte 0,1 kM. Tlocae noanoro ofopora Nepeoro JIMCKa BTOPoH
JMcK mopopaunBaercss Ha 1/10 obGopora W BMecto 1mMdpw
JIONKHA NosiBAThe LWdpa 1, ozHavaomas npoiIeHHbsIH nyTh
1 KM, 1 T. I

(,penuuu cKopocTsb. [IBikenue JioGoro aproMobuis, 1o-
€3/1a, CaMOJETa BCErlla HAYMHACTCS M3 COCTOSIHMS TOKO# ¢
MOCTENCHHO YBCAHUHBAIOIICHCS CKOpOCTLIO. 3areM HeKoTopoe
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PaGoraom 8 rpynne

Hamepenue cpeaseil cKOpOCTH ABMXEHWS Tena

O0opyaosanme: KoMnnext «Jlaboparopusi L-Mukpos 1o me-

XaHuKe.
Conepxanne pabors

JAna NpoBeaeHus ONLITOB MCNONL3YHTE HanpasnsoWyio
nnockocTs /, kaperky 2, AatimMku 3, SNeKTPOHHLIA CeKyWno-
Mep 4, nnacTukoBblit koBpuk 5 (puc. 6.5). CpeaHiolo cxopocTs
MOXHO ONpefenyTsL, M3IMepUB NPOHNEHHLIR NyTL U BPeMA ABM-
XEHUA M3 COCTORHWA MOKORA. [iNA TOMHOrO M3MEepeHWs Bpeme-
HW NAJEHWA WCMONL3YETCA 3NEKTPOHHLIA cexyHaoMep 4 ¢ mar-
HUTHBIMU flaTyuKaMK 3. 3anycK ¥ OCTAHOBKA 3NEKTPOHHOIo ce-
KYHAOMEpa MOXeT OCYWecTBAATLCA NGO HaxaTeM KHONKW
«[lyck-cTon», NGO C NOMOWLIO MArHUTOYNPAaBNAEMbIX KOHTaK-
TOB — FEPKOHOB — B BLIHOCHBIX naTumkax 3. TepkoH (repmetu-
HOCKWIA KOHTAKT) Npu NPUGIKEHUA MarHuTa HaMarHuuMBaeT-
CSl, NPUTSIFMBACT XENe3Hbil KOHTAKT M 3aMBIKAeT 3NeKTPUYeC-
Kyl0 Ueflb SNEKTPOHHOTO cexyHaomepa. lpoucxoauT sanyck
cexyHaomepa. Mpu 3aMbIKaHUW KOHTAKTOR BTOPOro repKoHa ce-
KYHAOMOP OCTaHaB/NMBaAOTCS. Puc. 6.5

TTopsaoK BEINONHOHKS 3aAaHUs
1. YCTaHOoBUTE HaNpaeSsiolwylo NAocKoCTL HaknonHo, C no-
MOLLLIO MArHUTHLIX fiepxaTteneil NPUKpenuTe K Hanpaesnsiolen
NAOCKOCTU OfiMH AATYMK Y BEPXHEro Kpasi, APYroi Y HIKHero

2. Haxatvem Ha KHonKy «COpoCs yCTaHOBUTE HYNL HA LUKa-
ne 3NEKTPOHHOrO CeKyHaoMepa.

3. MamepbTe paccTofHue S mexay Aatyukamu. Omnycture
KapeTky U uaMepbTe BpeMn I €8 NBUXEHWA OT BepxHero aar-
4uKa A0 HinkHero. Liudphl Ha Wwkane Ao TOHKM NOKA3LIBAIOT Lie-
Nble CeKyHAL!, UMDPB! NOCHEe TONKM — [ICATHIe W COThIe 0NN
cexyHas. lNosTopute mamepenus 5 pas W HaillauTe cpeaHee
APUPMETUYECKOR 3HAYCHUE BPEMEHW [IBVXKEHWS.

4. BLMUCNHTE CPEAHIOI0 CKOPOCTL ABMKEHMS KapeTku:

-3

=,

Dq, 3

BpEMS TIPOMCXONUT JIBUKCHHE NPHMEPHO € NMOCTOAHHOK CKO-
pPOCTBIO, @ ¢ MPUOBLITHEM B MECTO HAZHAYCHMSI CKOPOCTH
YMEHBIIAETCs 10 Hyast. JUis ONMcanus TaKOro HEPaBHOMEPHO-
ro JIBHKCHHA B NPAKTHYCCKOH XH3HH OUCHb YacTO MNOAb3YIOT-
cs NOHATHEM cpeinsiss cKopoctb. CpellHel CKOpocTbiO Vep
HCPABHOMCPHOIO [IBMXKCHHMSI Ha3blBacTCsl BCAMYHHA, paBHasl
OTHOIIIEHHIO BCEro NPOIEHHOTO NMYTH S KO BCEMY BPeMeHH f
. )
JBHACHUSL 0y = T
3anaua 6.2. [lo Qororpaduu JBHXYIIETOCH ABTOMOOHAS
(EM, pHC. 6.2), MOAYICHHOH NPH OTKPLIBAHHM OOBEKTHBA UEPE3 ONH-
HAKOBLIC NMPOMEXYTKH BPEMCHM, paBHwie 0,8 ¢, onpeaenmre cpet-
HIOK CKOPOCTL HCPABHOMCPHOIO JIBHACHHS aBTOMOOHIS.



0| Tabnuusl U rpadpukmn

Tabauuw pesyapratos wamepenui. llpu BoinonHeHuu
DHINIECKOTO IKCTIEPHMEHTA PE3VIBTATHI M3MEpEHHH OOHMHO
sanuceiBaioT B Tabuuuy. Hanpusmep, no gororpadmsm asromo-
Gmist, cneaannniM yepes 0,8 ¢, Tpebyercst HalTH 3aBHCHMOCTD
NPOIJEHHOIO MyTH § M CKopoctd v oT Bpemenu £ ‘Urobm
y3HaTh NPOHICHHBIE aBTOMOOHIEM NYTH 5y, §;, S3 M 5 3a 0.8;
1,6; 2,4 u 3.2 ¢, uamepum Ha dortorpadun otpesku /, L, 1,
fyn AB (puc. 7.1). Paccrosinme AB na semue pasho 20 M, Ha
dororpadun — 10 cm. Creposatensio, 1 oM Ha dororpadun
cootercTByeT paccrosiinioo 2 M. [lpoiinentsie apromoGuaem
NYTH Sy, S5, S3 H §; B METPaX MOXHO BBLIMHCIMTL, YMHOXHB Ha
2 M3MepeHHble B CaHTHMeTpax otpesku [, 4, Lw I,

20m |8

Puc. 7.1. HceaenoBaHue 3aBHCHMOCTH NPOANCHHOIO NMYTH OT BPCMCHH [IBHXCHHS

Cocrapum Tabanny 7.1 U3 UeTHIpéx KOJNOHOK M IHECTH
cTpoK. B nepBoii Kononke 3anuiieM Bpemsi [ ABHXeHHs aBTO-
MoOuusi, BO Bropoil — paccrosinue [ Ha crororpadmm B caHTH-
METpax, B TPeTheH — MyTh § aBTOMOGHIS B METpax, B 4YeThép-
TOH — CKOPOCTH © B METPax B CEKYHIY, HAHACHHYIO JICNCHH-
eM IIYTH Ha BPCMS JBHXKCHHS.

Tabnuua 7.1

I c I, cm 5 M v, M/c
0 0 0

08 3.2 6,4 8
16 6,4 12,8 8
24 96 19,2 8
3,2 12,8 25,6 8

I'padmkn. Tabauubl HYKHB JUIS COXPAHCHHS TICPBHYHOM
undopmaumn. Ho no num TpyaHo npeacrasuth cebe Xapak-
Tep 3ABUCHMOCTH MEXIY JBYMsl PsUlaMK 3HaueHwi duanvec-
KuX penmuun. Harisunoe mpeicramienne o Xapakrepe 3apu-
CHMOCTH ONHOH (HM3HIECKOH BeAHUMHBLI OT JApYroH AT rpa-
dukyn, KoTopbie M300paXAOT ITY 3aBHCHMOCTb C [TOMOLIBIO
TOUCK MK NHHMH.
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IMoctponm rpadMK 3aBHCHMOCTH NIYTH § OT BpeMEHH / 1O
pesynabrataM TaGuunsl 7.1. Y neporo Kpasi aucra GymMard BHH-
3y MOCTABHM TOUKY M ormerum e¢ umdpoit 0. [lis orcuéra
bu3nyecKkuX BeJMUYHH OT TOUKH () MPOBOAMM NOPH3OHTAILHYIO
H BEPTHKWIBHYIO IPSMbIC JAMHHH, KOTOPbIE HA3bIBAIOTCH KO-
opaHHaTHRIMKH ocsiMu. [To ropusoHTAILHON OCH OTCYHMTHIBA-
eTCsl HEe3aBHCHMO H3MeHsIomascs (Qu3nueckas BeTHUHHA.
B nawmem npumepe 510 Bpemsi [

B onbire Bpemst msmensiocs ot 0 no 3,2 ¢, nosromy or
HYJIsl IO MPaBOrO Kpasi FTOPU3OHTATBHON OCH A0IKHO GBITHL Ha-
HeceHo He MeHee 32 ITPHXOB Ha PaBHLIX PACCTOSHHAX JPYr
ot apyra. 1o BepTHKaTbHON OCH OTCUHTHIBACTCS (H3HIECKast
BENHMHHA, M3MEHSIOWIAACH B 3aBHCHMOCTH OT BEAMYHMHBI, OT-
CYMTHIBAEMOM 110 rOPH3OHTANBHOK ocu. B Hawem npumepe
310 npoieHHbIH nyTs. B onwite npoiieHHBIA nyTh H3MEHsUI-
e or 0 1o 25,6 M, MOITOMY OT HYJs IO BEPXHEro KOHLA Bep-
THKATBHOK OCH JIOMKHO ObITh HaHeceHo He MeHee 26 nene-
HHA HA PaBHBIX PACCTOSHMAX APYr OT Jpyra.

Ipencrabum pesynbraThl H3MepeHHH rpadukoM B BHIC TO-
yek. [lepsast Touka onpeneasier 3HaYCHHE MPOKIEHHOrO NMyTH
B MOMeHT Bpemenn =0 ¢, Koraa npoiaeHHM nyTh pa-
BEH HYMO. DTa TOYKA HAXOIMTCA HA TiepecevdeHHH TOpPH3OH-
TAILHOH M BEPTHKaNbHOH ocel. Bropasi Touka onpenenser
3HAYCHHE NPOHICHHOIO NMYTH B MOMCHT BpemeHH [ = 0.8 c.
B 5T0T MOMEHT BpCMCHH NPOMACHHBIA 1yTh paseH 6,4 M, no-
2TOMY BTOpPasi TOYKA HAXOAMTCS B TOUKE MepecevyeHusi BepTH-
KanbHOW JTMHHK, npoxomsimeil wepes touky 0.8 ¢ Ha ropu-
JOHTATLHOM OCH, M TOPHUIOHTANLHON AMHKH, NpoXomsieH ye-
pe3 Touky 6,4 M Ha BepTHKanbHOH och. Takum Xxe cnoco-
OOM ONPEACHASIOTCH TOJOKCHUS OCTAABHBIX TOYeK rpadmka
(puc. 7.2).

IMo Toukam Ha pucynke 7.2 MOXHO NOCTPOHTH rpaduk
B Buie npsamoit smuum (puc. 7.3). B oramume or rpadmxa
H3 TOYEK rpadMK B BHIE HENPEPHIBHOH NWHHW TMO3BOASICT
OIPCACANTb NPOHICHHBIA 1YTh B MOBOH MOMCHT BPECMCHH.

Ilo pesynbraram TaGnuunl 7.1 MOXHO yOCHMTHCS, YTO 34
paBHbIE MHTEPBaIB BPEMEHH aBTOMOOWIbL IPOXOANT OIH-
HAKOBBIE MYTH, 3HAYMT, JIBHXEHHE aBTOMOOWIS paBHO-
MepHoE.

Pucynok 7.3 nokaseisaer, 4ro rpadMKoOM 3aBHCHMOCTH
NYTH OT BPEeMEHM NPH PABHOMEPHOM JIBHIKEHHM SIBISIeTCSs
npsaMas JIHHHSA, HAKJAOHEHHAS K rOPH3OHTAABHOH OCH moa
YPIOM, OTAHYHBIM OT HYJAS.

Jlast moctpoenust rpadMka 3aBUCHMOCTH CKOPOCTH aBTOMO-
OISl OT BPEMEHM 10 TOPH3OHTANBHOH OCH OTCUMTHIBACTCS
BpeMsi, 110 BCPTUKAIBHOW ocH — cKopocTs. [lo paHubiM Tab-
auusl 7.1 nonyuaem rpadgmk ckopoctu (puc. 7.4), Kotopbii
NOKA3bIBaeT, 4To rpaduKoM 3aBHCHMMOCTH CKOPOCTH OT
BPCMCHH TIPH PABHOMEPHOM JIBHAKCHHH SBJISCTCH NpAMas
JIMHHSA, NAPAICIABHAA FOPHIOHTANBHOH OCH.

4

Puc. 7.2, I'paduK B BHAE TOUEK

f,c

Puc. 7.3. I'padux B BHAC JHHHH

u, mjc
10F
s

0 1 2 3 tc

Puc. 7.4. I'padmk cKopocTH
PABHOMEPHOTO JABHXEHMSI

Bonpochk!

1. g 4ero 3anucuiBalot pe-
3ynbTaThl M3Mepeduii 8 Tad-
NAuLI?

2. ns qero cTposT rpadmkn?
3. Kak MOXHO y3HATL PABHO-
MEpHOe ABUXEHHe no rpaduky
nytm? no rpapuky ckopoctu?




S M

MexaHuueckue sBneHust

[Mocrpoenne rpadpukor no dopmysam.

I'padpmkn MOryT ObITh NOCTPOEHBI HE TOALKO M0 pe3yabTaTaM HaMepeHuh duanvec-
KMX BEAMYHMH, HO M 110 QOPMYJIaM 3aBHCHMOCTH OAHON (PHIMUECKOK BEAUUMHBL OT ApY-
roft. Jlist nocrpoeHnst rpaduka cHavana COCTABASHOT TAGAMILYY 3HAYCHUH HE3ABHCHMO
M3MCHsOLICHES (DH3NICCKOH BCAHYMHBEI M BHIMHCASIOT COOTBCTCTBYIOUINE HTHM 3HAUC-
HHAM 3HAYCHHMS 3aBHCHMOM (u3ndcckoi Benmunusl. Hanpumep, HyXHO nocrpouts
rpapHK 3aBHCHMOCTH IIYTH OT BPCMCHM [IPY PaBHOMCPHOM JIBHAKCHHHM CO CKOPOCTBIO
5 m/fc. U3 dopmynsl Ny 1pH paBHOMCPHOM IBHAXCHHU

s =u!
10 YCIOBHIO 3aJa4H [OAydaeM st Bunonnesrmn pacuéros dopmyay
§ = Ol

Jins kaxnoro w3 BeIGpaHHBIX 3HaueHHd Bpemenn 0, 1, 2, 3, 4 W 5 ¢ BRYHCIHM
3HAYCHHE TIPOMICHHOTO MYTH H 3anHIleM ero B Tatiuiy

nc 0 1 2 3 4 5

s, M 0 5 10 15 20 25

MMocTporM rpadMK 3aBHCHMOCTH NYTH § OT BpEMe-
HU [ 110 pe3yibTaTaM, NpeACTaBicHHBIM B Tabnuue 7.2.
Or Toukn 0 nposonum koopauuatHele ocH. Ilo ropu-
e 0HTANBHON OCH OTCUMTHIBacM BpeMs /. B TaGnuue 3Ha-
YeHUsl BpeMeHH uamensiiotest ot 0 o 5 ¢, nosromy or
HYJSL 10 [1PABONO Kpasi FOPH3OHTANLHOH OCHM J0NXKHO
OBITH HAHECEHO 5 WITPHXOB HA PABHBIX PACCTOSHHAX
JApyr OT apyra.

Io BepTHKaZbHOW OCH OTCYMTHIBAEM NPONRIEHHBIH
nyTh. CTpoHM TOYKH rpauKa TaKUM Xe crnocofom, Kak
ToYKH rpadmka Ha pucynke 7.2, U NPOBOIHMM Yepes 9TH
T.c TOYKH npsmyio (puc. 7.5).

Onpenciaenne 3navcnui GPUIHICCKMX BEAHYMH

no rpadgukam. o rpaduky 3aBUCHMOCTH NYTH OT Bpe-

. MeHM (puc. 7.6) JIst HAXOXKICHHS 3HAYEHHS TYTH,

Puc. 7.5. I'paduK 3aBHCHMOCTH NPOUACHHOTO 3a 4 ¢, NPOBEAEM BEPTHKAIBHYIO NIPSIMYIO

IYTH OT BPCMCHH OT TOUKH, COOTBETCTBYIOIEH MOMEHTY BpeMeHH 4 ¢ Ha

TOPH3OHTAILHOH OCH, JI0 TOYKM A nepeceucHus: ¢ Jiu-

HueH rpaduka. Or TOUKHM A NPOBEAEM TOPU3OHTANBHYIO

NPAMYIO 10 [ICPECCUCHHS ¢ BCPTUKANBHON OCbIO M Hal-
JICM, YTO 3HAYCHHC NPOHICHHOro nyru pasHo 40 m.

Jlns Bpemenu aBHkenus 2 ¢ HaxoaMm Ha rpadwke
TOUKY B M OT Heé NPOBOAMM TOPH3OHTAILHYIO NPSIMYIO
JI0 NepeceueHHs ¢ BePTHKANbHOM ocblo. 3HaveHHe
NPOHICHHOIO MYTH B 3TOM ciayuae pasHo 20 M.

Onpenesiende BHAa JIBHAKenus 1o rpadukam 3a-
BHCHMOCTH NYTH H CKOPOCTH OT BpeMenH. Paccmor-
PHM Ha KOHKPETHBIX NPHMEpax, Kak 1no rpadmky zanu-
CHMOCTH TNYTH OT BPEMEHH MOXHO ONpelefuTh BHI
JIBUKEHMS Tena,
tc Mbl BBISICHWIH, 9TO B Cliyuae OTCHETa NpOHIeHHO-

TO NYTH ¢ MOMEHTa Havyana PaBHOMEPHOTO IBHAXCHMS
rpadMK 3aBHCHMOCTH NYTH OT BPEMEHH HMEET BHI,
Puc. 7.6. Onpenenenye nyru npeicTaBicHHBIR Ha pucyHke 7.6, Haknounas npsimas
no rpaduxy rpadMKa MPOXOAMT Yepe3 TOUKY MEPeceUcHHs KOOpIM-

=]
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HaTHBIX ocel. YUToGnl onpenenuTh CKOpPOCTh PABHOMEPHOTO
JABHACHWS 110 TAKOMY rpadHky, MOoXHO BbIGpaTh MoOGOH Mo-
MEHT BPEMEHM HA TFOPH3OHTANBHOHW OCH, HaWTH npoHaeHHLIA
K 9TOMY MOMCHTY BPCMCHH NYTh M PAlICAHTh €ro Ha BPCMs.
Ecan juis rpadmka (cM. puc. 7.6) BoIGpAaH MOMEHT BpPEeMEHHM
! = 4 ¢ ¥ HalieHo 3HaYeHWe npoliacHHoro nytd s = 40 M,
TO MOAYYACM 3HAYCHHUE CKOPOCTH PABHOMCPHOIO JIBHAKCHUS:

MexaHuueckue sBieHust
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Mpumep pelueHns s3afauum |

Bapaua. Ha pucynxe 7.7 npeacrasne rpaduk 3apu-
CUMOCTM NYTW NeLexXoaa oT BpeMenu. Kak asurancs ne-
wexoa B uHTepeanax epemenn ot 0 no koHua 20-i ce-

KyHAL!; OT KoHUa 20-i cexyHal Ao koHua 40-id; or KOH- freis

TENLHO, NEWeXOM He Asurancs. B uHTepeane Bpemenn ot

nuaunca ot 0 ao 20 M, 3HAUMT, Newwexon NPoWen nyTe
S, = 20 M. padvk 3aBUCUMOCTH NYTH OT BPEMEHU B STOM
WHTEpBane BPeMEeHW — HaKNOHHaA npsamas. Cnenosa-
TeNLHO, JIBUXKEeHHE ObUIO PaBHOMEPHLIM. CKOPOCTL paB-
HOMOPHOIO ABWKOHUSA paBHa:

51.,20m

v.-r' 20:'"‘“"

CKOPOCTh PABHOMEPHOIO ABMXEHUS paBHa:

=52_10m_
v Ts 20c 05m/c.

ua 40-i cexywasl A0 KoHua 50-@ M OT koHua S0-# 30

CeKyHAab [10 KOHUa 70-#? 25
Peweunune: Tg

B wHrepeane spemenu ot 0 oo 20 ¢ nyTs He U3Me- 10
HANCA CO BPEMEHEeM, OCTaBasCh PaBHLIM HYNIO, CneaoBa- 5

20 no 40 c 3a epems I, = 20 c npoilaeHHuid NyTL yBe- 0

Puc. 7.7

10 20 30 40 50 60 70t,c

B wHTrepeane epemenn ot 40 no 50 ¢ newexon onsiTe He asurancs. B weTepeane epe-
mMeHu ot 50 go 70 c 3a Bpems &, = 20 ¢ NPoAAeHHLIA NyTe yeenuyuncs ot 20 ao 30 M, aHa-
YuT, Newexon NPowan NyTe s, = 10 M. Mpaduk 3aBUCUMOCTH NYTH OT BPEMEHN B STOM WH-
TepBaNne BpPeMeHU — HaKNoHHas Npamas. CneioBatenco, NBUXeHUe ObNo PaBHOMEPHBLIM.

3anaua 7.1. B 0 u 00 MHH Havaiack MOCalKa Ha NOE3M.
B 0 u 30 MHH noe3n OTNPABKACS OT CTaHiMM, W 1 4 00 MHH moean
JIBHTAICS PABHOMCPHO CO CKOpOCTHIO 60 KM/u. 3areM oM caenai
OCTAHOBKY Ha 15 MHMH, a 10C/IC OCTAHOBKH JIBHIAICH PABHOMEPHO CO
ckopocTeio 120 KM/u B Teuenue 1 u IS mmu. Ilocrpofite rpadmk
JABHCHMOCTH IIYTH OT BpCMEHH B MHTepsane or 0 4 00 MHH 10
3 u 00 mMun.

3anaua 7.2. Ha pucynke 7.8 naH rpadMK 3aBHCHMOCTH NYTH
ABTOMOOWISI OT BpeMeHH. OnpejenTe cKOpocTh ABTOMOCHISI B HH-
Teppanax Bpemenn or 0 go 0,54, or 1 go 1,5 w w or 3 10 4 u.

S, KM

Y S ——
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36

MexaHuueckue sBneHust

TecT npeaHasHayeH AN CAMOKOHTPONA PE3yNLTaToB M3Y4EHUA Tem
«Duanyeckne asenenns. Mexaunueckoe apwxeHue. Cxopoctb. TaGnuubl U rpadukms.

TeCT paccuMTaH Ha pelleHWe Bcex 3afaHuii U odopmneHe OTBETOB 3a OAWH

YPOK, T. €. 3a 45 MUH.

e 3anvwurte Bpemst Hauasia paboTel Haj TECTOM W 3aKOHYWTE pelleHue uyepes

45 MUH.

o OTKpoiTe TabnMUy NpaBuibHLIX OTBETOB Ha C. 167 M OTMeTLTe BCe CBOM

OLKNBOYHLIE OTBETHI,

e [lonpoOyite camocToaTeNLHO pasobpartLes, B UYeM 3akniouaercsd kKaxpaas

LONYyUeHHas BaMmu owmnoka.

e B 1eX cnyyasx, Korja noHaTe olWKnoKy He yAaeérca, OTKpoHTe COoOTBeTCTBYIOLMA

naparpa

yueOum(a BHUMATENILHO M3yuuTe Marepuan, oTHocawuica K

JaHHOMY 3aflaHuio, U NonpoCyiTe ele pas HaiTM NpPaBWIbHOE pelleHue.

e ECAW M Tenepb He yAaércs NOAYYMTH N
NOMOLLLIO K OfIHOMY M3 CBOMX TOBApMILE
NOMOLLBIO TECTa Y3HAGTE, KaKUMM SHAHMAMW U YMEHUAMM

e Takum obpascMm, C
Bbl HE OBNAfenu.

Kakoe w3 cnoe oBosHavyaeT Ppusmyeckoe
apneHuwe?

1) nyTL 3) camonér

2) metp 4) ucnapexune

Kakoe ua cnog semmeTcs Hassanmem Guan-
yeckoro npudopa?

1) kunexue 3) metp

2) CKOpOCThL 4) Back!

CKOpOCTE — 9TO

1) duandeckan BenMuMHa

2) onwit

3) wabmoaeHue

4) duanueckoe anpneHue

Kakoe ua cnoe o603HayaeT eauHaLy Guan-
4YeCKOH BeNMYNHLI?

1) anuna 3) nyms

2) cexyHaa 4) atom

CKONLKO CaHTUMETPOB B KMNOMeTpe?
1) 100 3) 10 000

2) 1000 4) 100 000

PaccTosHue mexay ABYMSA TOMKaMKU M3me-
punu 4 pasa W NONYYUNW pesynsratsl 74,
74, 75 n 71 cm. CpeaHee apudMeTUHECKOS
3HAYEHWE PABHO

1) 73 cm 3) 74 cm
2) 73,5 cm 4) 745 cm

ABTOMOOMNL ABWXETCA NO rOPU3OHTaNb-
HOW aopore, HeNOABWXHLIA HaGnopaTens
HaxoaMTCA Ha 3emne. Kakoi Gykeoi Ha pu-

aBWNbHOE pelleHWe, obpaTuTech 3a
WK K YUUTenio.

cyHke T1.1 oB6o3HayeHa TPAEKTOPUA TOUKM,
OTMEYEHHON Ha NOKpLILKe koneca, Ans
31'oro Haﬁmona'renn 23 oavH oéopcn' KO-

=@

Puc. TLI
A 2B 3)B 4T

Ha pucyuke T1.2 npencrasneH rpapuk sa-
BMCUMOCTH NMYTH S, NPORASGHHONO TeNnom, or
BpemMenn . Kako# nyte Obin NpoineH Te-
NIOM 33 BTOPYIO CEKYHAY OT MOMEHTa Hava-
na neuxeHun?

B -emnmmennns )
5 Pl
4 Pl
3 Pl
2 Pl
YRERE
il 1 L L

0 1 2 8 4 5§ 6 t¢
Puc. T1.2

190 2)1mM 3)2m 43m
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9. Mo rpaduky 3aBUCUMOCTH NPORAGHHOrO
TENOM MYTH S OT Bpemenn I (cm. puc. T1.2)
onpeenuTe, ¢ Kakol CKOpOCTLIO ABUra-
NOCL TeNO OT KOHUA BTOPOW CexyHas A0
KOHLIA YeTBEPTON cekyHabl.

1) 1 mfc 3) 2 m/c
2) 1,5 m/c 4) 4 m/fc

10. MNo rpadmky 3aBUCUMOCTH MOAYNA CKO-
pocTu Tena or Bpemenm [ (puc. T1.3)
onpegenvuTe NyTh, NPOWAEHHLIR TenoMm or
MOMEHTA BpeMeHu T = 4 C 10 MOMEeHTa Bpe-
MeHu I = 6 C.

0 1 23 456 7tc

Puc. T1.3
1) 36 m 3 12m
2)24m 4)6m

11. duanyeckan BenNwYMHa, 3a[aBaEMas 4MC-
NOBLIM  3HAYEHMEM M HaANpaBneHWEM B
NPOCTPaHCTBe, Ha3LIBaeTCH

12.

13.

14.

1) ckansipHOM BENUIMHOR
2) BEKTOPHOW BONMYMHOM
3) anreGpanyeckoi BenuIMHON
4) reomeTprieckoi BenuuMHoR

Mz Tpéx uU3NYeCcKMX BENUYUH — NYTH,
BPeMeHN U CKOPOCTM — CKansipHuIMKW Be-
NMYMHAMU SBASIOTCS

1) nyTs U BpemMs

2) CKOPOCTL W Bpemsi

3) NyTs ¥ CKOPOCTL

4) nyTh, BPEMA U CKOPOCTH

Baun cxasan: «f Buaen paayry nocne nox-
Ase. Cepreid cxasan: «A s goragancs, 4to
pagyra nosy4aeTcs Npu OCBOLEHUN CONH-
ueM BOAsHLIX Kanens. Ha pave s nycrun
CTPYIO BOAL M3 WINAHra Tak, YTo OHa pac-
nanacs Ha kannu. W torpa A yeuaen pany-
ry». Kro una pebar pacckazan o wabniope-
HWM NPUPOAHOTO ABNEHUNA?

1) Tonbko Bawa

2) Tonuko Ceprei

3) Baus u Cepre#

4) HU OIMH U3 HUX

MexaHuieckoe BMxXeHne xapaxrepuayercs

TpaekTopuen ABMXeHusl, NYTéM W CKOo-
. Kakasi U3 sTux BenuuuH Sensetcs

OTHOCUTENLHOM BeNUYUHOW?

1) TONLKO TPaeKTOpUs

2) TONLKO NyTL

3) TONLKO CKOPOCTL

4) TpaekTopusi, NyTb W CKOPOCTL




11 ABneHne uHepuuu. Macca

Pue. 8.1

Snaenme wnepumn. Buinonnum takod onwir. Monsecum
HA HHTH FHPIO, TOUHO TAKYIO XK€ HUTh NPHBSKEM K THPE CHH-
3y (puc. 8.1). Ecan NocTeneHHo HaTArMBarte HUKHIOK HHTb,
TO OOPBIBACTCS BEPXHSS HHTh. DTOT PE3yAbTAT NErKO 00bsic-
HHUM: Ha BCPXHKOIO Hlﬂ'b neﬂc*rsycr HC TOJbBKO HAaTHXCHHC
HHAHCH HMTH, HO e U ‘I‘IIXCCTb I'MpH. A ecaM KoHel HHX-
HCH HHTH OYCHB PE3KO NEPHYTH BHU3, TO OOOPBETCH HHAHSS
HHTb, M I'MpSl OCTAHETCH BHCETh Ha BepxXHed HurH (puc. 8.2).

ONBIT 3HAKOMHUT HAC C SABJCHHCM HHEPUHH.

flBneHre MHEpLMK 3aKMIOYAaeTCA B TOM, YTO NMPW BHeLU-
HEM BO3[0eiCTBMM TENO HE MOXET MIrHOBEHHO NneperTu u3
COCTOAHUA NOKOA B COCTOAHME ABWKEHMA WKW U3 COCTOA-
HWA ABVKEHWA B COCTOAHWE NOKOA.

an PE3KOM PHIBKE BHH3 HHAKHEN HHTH FHpA HE MOXET
MIHOBEHHO NPHATH B IBHXCHHE W HAUYaTh PACTATHBATL BEPX-
H10K© HUTL. [losroMy oGpeiBaeTCs HUKHSISI HHTh.

Ilpy monbiTKe ABTOMOGMANCTA HAUATh ABHACHHE ¢ GONb-
WIOA CKOPOCTBIO M3-3a SIBICHWS WHEPLMH KOAECa TNMPOKPYIH-
BAalOTCH, He ciBHras asroMoOuib ¢ mecra (pue. 8.3).

Huepums He JaéT BO3MOXHOCTH MIHOBCHHO OCTAHOBHTBH
aBroMoOmab. Yem ObicTpee ABHraics aBTOMOOHIb, TeM GOib-
¢ ero TOPMO3HOH 1YTh JI0 OCTAHOBKH.

Huepruocrn. CBolicTBO Teaa COXPAHATL COCTOSHUE TOKOSI
HUIM [IBMKEHHE C MOCTOSIHHOK CKOPOCTBIO HA3BLIBACTCSl HHEPT-
HOCTBLIO TEaa.

MoxHo K cpaBHMBATL TeJia 10 MX CBONCTBY MHEPTHOCTH,
KAK 970 Jiefaercs npu cpapienun ten no ux aune? Yrobui
OTBETHTH Ha 9TOT BOMNPOC, BHIMOAHMM ONBITHI C TPEMsi Luapa-
MM A, b u B oiMiakoBbIX pasMepos, NPHBSIBAHHBIMM HA HA-
X omunakopoit uunbl. Chavana nomsecum mapet A u b
TaK, 9T00bl OHM Kacaiuch apyr apyra. Oreeném wap A4 or no-
JIOKEHHMsSI PABHOBECHSI B CTOPOHY Ha 20 M M OTHYCTHM
ero. Wlap A meuxercs Kk wapy b w ynapsier ero. Or ynapa
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wap b OTKIOHAETCSl OT HAYANBHOIO TONOKEHHA HA CTONBKO
Ke, Ha CKOABKO Obli OTKINOHEH wwap A (puc. 8.4).

amenum wap b wapom B u nosropum onbir. Peaynbrar no-
JIYMAeTCs MHOM: OTKIOHEHHE wapa B noi AeHCTBHEM TAKOIO Xe
yiaapa 1napa A OKasblBacTesl 3HAYMTEAbHO MeHbUIMM (puc. 8.5).

MoxHo ciaenath BHIBOA, YTO Wap B 3HAYMTCIBHO MHEPT-
Hee wapa b, Ho Kak KOJMUCCTBCHHO CPaBHMBATH Teha 110 HMX
ureprioctu? Kak msmepurs MHepTHOCTH Teha?

lonoxum wapst b u B na ase vawm BecoB. OnuiT noka-
3LIBAET, UTO Yallla BECOB ¢ lapoM B onycruiack BHM3, a va-
ma ¢ wapom b noansiaace ssepx (puc. 8.6). U3 aroro onsi-
Ta MOXHO CHENaTh BBIBOJ, YTO CBOHCTBO MHEPTHOCTH Teia M
CBOMCTBO NMPHTSIKEHMsSI Tena K 3emae B3auMocsssansl. Boaee Puc. 8.6
HHEPTHOE TeJlo CHAbNEee NPUTATHBAeTCA K 3emie, oHO TH-
Xesee. Biaumuas nponopiHOHaNILHOCTh CBOWCTB MHEPTHO-
CTH TeA ¥ HX COCOGHOCTH K B3aMMHOMY NPHTIKEHHIO ABIS-
ercst (hYHJIAMEHTANBHLIM CBOMCTBOM NPHPOMIB, YCTAHOBAEH-
HBIM SKCTIEPHMEHTAIBHO.

Macca. Baaumuasi cBsi3b CBOMCTB MHEPTHOCTH Tl M HMX
NPHTKEHUA K 3emiie Na€T BOIMOXHOCTH HCINONBIOBATH JUISI
KOAHYECTBEHHOTO CPABHEHMS MHEPTHOCTH Pa3HBIX Ted MX
CBOHCTBO NPHTAKEHHS K 3eme.

Du3nyeckas BenuuuHa, ABNSIOWASCH MEPO MHEPTHOCTH
TeNn U Mepoi UX NPUTSDKeHWS K 3emMse, HasLIBaeTCs Maccon.

Macca obosnauaercst OykBoit m (e9M»).

Kuaorpamm. [list cpasHenmst Macc Ten HeoOXOAMMO BhI- Puc. 8.7
OpaTh TN, MACCa KOTOPONO NMPHHHUMAESTCH 33 €AMHMILY Mac-
chl. B Hacrosiniee Bpemst B GOJNBIIMHCTBE CTPAH MMpa B Kave-
CTBE OCHOBHOW EMHMIIBI Macchi HCIOAL3YETCH KHJIOTPaMM.
DranoHoM Macchl | K& CIYKHT Macca MEXJIyHapoJHOro ara-
JIOHA KHJIOTpaMMa.

Toicsunas oA KHUIOTPAMMa — 2paMs, THICSAYHAs JIONs 1. Yro Takoe uxepuma?
rpauua — MWLIUZPAMM, THICAYA KWIOTPAMMOB — monna: 2. OGbacHUTe pesynbTaTsl ABYX

kr = 1000 r = 1 000 000 mr, 1 71 = 1000 Kkr. ONLITOR C MMpei, NoAReLIeHHOR
Ha TOHKOW HUTW. YTO Takoe
Becw. Cambiit NpocTolt npuGop 1S M3MEPEHHSt MACC | yaptHocT Tena?

TeN — Bechl. Bechl HAXOMITCS B PABHOBECHH, CCIH MOMEINEH - 3, Kak MOXHO M3MEPHTL MHEpT-
HBIE HA MX YallH Teaa OJAHHAKOBO TNPUTATHBAKOTCH K SGMJK!. HOCTL Tena? Yro takoe macca?
Macchi Takux Ten omuHakoskl. Ha oy uamy BecoB KNAIYT | 4 kax onpepeneda ocosHas
TENO HEH3BECTHON MACCHI, Ha JIDYIYIO — THDH H3BECTHOH MAc- | anunuua maccu?

Chl JIO ypaBHoOBeLIWBaHus Becos (puc. 8.7).

| OkcnepumenTanbHoe 3asanue 8.1 |

PaGoraem CaMOCTOSTENLHO

W3mepenne macchl
1. Namepere Maccy MOHeTH M Maccy kapaujalsa.
2. MamepuTe Maccy MOHOTH M Maccy kapawaalia Bmecte. CpaeHuTe nonydeHHsid peaynurar
C CyMMOI Macc KapaHaawa 1 MOHETH.
3. BanmwuTe peaynkTathl U3Mepenuit B Tabnuuy. Caenaiite BHIBOA O peayaLTatax onbLITa.

TaGnuua 8.1

my, T my, T Myses T my + m,, ©
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Puc. 8.8. DTanoH KWIorpaMMa

Hcropus kwaorpamma. Thicsuenerus B pasHbix crpa-
HAX MCMNOABIOBANMCH PasHbie eaMHMIbl Macew. B 1791 r.
Haumonanbhoe cobpanne MpaHiuMy YIBEPAHIO NPOSKT pas-
pabOTKM HOBBIX €AMHMIL [JUIMHBI M MACCHI, METpa M KH-
AOrpaMMa, KOTOPBIC JOJNKHbI ObUIM CTaTh OCHOBOM Juist
BCCBO3MOXHbBIX M3MCDCHHH <Ha BCC BPEMCHAa M JUIsl BCeX
HaponoBs. ENHHHIY MaccH [EpBOHAYANbHO OBUIO PELICHO
cBH3aTh ¢ CAMHHLCH UtMHbL. Kuiorpamm onpenessvics Kak
Macca KyOMUCCKOIO JICUMMETPa BOALI [IPH  TEMICpaType
4 °C. B 1799 r. ans ynpouieHHsi BOCIPOH3BEJICHHS €lH-
HHII JUIMHBL ¥ Maccsl OBUIM HM3rOTOBICHB! HTAJAOHB MeTpa
H KWJIONpAMMA M3 CIUIaBa MPWIMSI W ruatkuel. Macca u3-
rOTOBJEHHOTO HTANOHAa KWiorpamma Owia paBHa Macce
I aM’ Bomw. Dror STanod (MIH NPOTOTHN) KWIOrpamma
umeer dopMy uMAMHApPA MaMeTpoM W BhicoToM 39 MM
(puc. 8.
B 1875 . 17 rocylapcTs, B UMcie Kotopeix Geiia u Poc-
CHS, 3aKIIOUHAN COMallieHHe O NPHHATHH JUIHHBI 9TAalOHA
METPa M MACCHI STANOHA KWIOTPAMMA B KAuecTBe OCHOBHBIX
SJIMHHIL JUIHHBI M Macchl.

Jis BoaMokHO Gofee TOUHOrO COXPAHCHHS M BOCIHpO-
H3BCIACHHUS CIMHMILBI MACChl NEPBHYHBIA TANIOH KHIOIpaM-
Ma M Cro KOIHWH XpaHsiTCHd B CHCUHANBHBIX Raﬁopampuux
NPH TOCTOSIHHOM TEMIIEpPaType ¢ OTKAOHCHHSMH He Oonee
0,01 °C. Jlnsi cpaBHeHMst 3TANOHOB MEXIY COGOH MCIoNb3y-
I0TCSl BECHI, KOTOpble CHOCOOHB OOHAPYKMTHL PazinuMs B
macce 0,002 mr. KoHTponbHble H3IMepeHHMs [OKa3biBaloT,
YTO Macca 9TalOHA KHJIOrpaMMa M3 IUIAaTHHBI M MPHIMS 3a
120 ner 3aMeTHO M3MEHWIACh M OTIMYAETCH OT MAacchl ero
KOMH#.

Enmnuia Macchl KHAOIpaMM B HACTOSIICE Bpems He HMe-
eT NPHPOIHOH OCHOBHI, KOTOpasi NO3BOIMAA Obl BOCCTAHOBHTH
TOMHOE FHAYCHHE CAMHMLBI MAacchl B CAYYae yrparhl No Ka-
KOM-TO NMPHYMHE NMpoTOTHNA Kuiorpamma. B npuHumie npot-
nemMa BuiOOpa TAKOM CAMHMIBI JABHO pelleHa. DKCIepUMeH-
TANBHO YCTAHORACHO, YTO BCE aTOMBI OAHOIO THIA MMEKOT CO-
BCPUICHHO oOiMHaKoBbie Maccel. [losromy 3a sranon macchl
MOXHO BbIOPaTh MAaccy aroMa OIHOI'O H3 XHMMUCCKHMX 3JICMCH-
ToB. B aroMHOH M sUICpHOH (H3MKE yXe HaBHO MCHONB3YIOT
B KayecTse HTalioHa Maccy aroma yiiepona. Ho B nosceites-
HOH NpakTHYeCKOH XHM3HH €ro NpMMeHeHHe 3aTPYAHHTENLHO
H3-332 HEBO3MOXHOCTH CPAaBHEHHMS MACCH aTOMa ¢ Maccoi
OOLIYHEIX Tex.

Jlnst cossaHusi HOBOIO ATANOHA KHAOIPAMMAa B HeMell-
KOM METPOJOrHYECKOM HHCTHTYTE BHIpAleH MOHOKPMCTAN
KPEMHHA H H3 HEro HM3roToBJIEH Iap AHaMeTpoOM OKOJIOo
93,75 MM (puc. 8.9). Macca 3roro mapa pasHa Macce IiaTH-
HOHMPHIMEBOTO TANOHA KHIOTPAMMa, oHenust ot chepH-
YECKOM TMOBEPXHOCTH Y 3TOro mwapa we npepsimaor (0,3 HM.
Ilps Tako# GAM30CTH K HMACANBHOMY IIApY PAaIMEphl HEpOB-
HOCTH Ha MOBEPXHOCTH 3¢MHOTO 1Iapa He TPEeBOCXOMHIH
o1 12—15 MM Onpcﬂenua PACCTOSAHHUSL MEXIY ATOMaMH B
KPHCTAUIHYECKOH PelIETKE, MOKHO BBIYHCAHTL KOJAHYCCT-
Bo aromoB B sranone. Takum ofpasoM, Macca HOBOIO 3TaNo-
HA MOXeT OBbITh BHIPAKCHA UCPE3 HCHIMCHHYIO MACCY aToMa
KPEMHHS,
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PaGoTaeM camMOCTOSITENbHO

Wamepoenne macchl
OOopyaogaHue: BeCk TeXHUYECKWe, PasHOBEC, NACTUK.
Hamepsre Maccy NacTHka C MOMOLIbIO BECOB.

Copepxanme paboThl

B nosceHeBHOW NpakTvke OOLIMHO Maccy Tena M3MepsiorT C MOMOUILIO PaBHOMAGYUX Be-
cOB. [INA U3MepeHuA MaccH TeNo KNaflyT Ha OAHY Yallly BECOB, a HAa APYTYIO CTaBAT OAHY 3a
APYroi rvpu 10 AOCTHXEHWSI paBHoBeCHs. PaBHOBECUEe HACTYNAET, €CNM UCCIeQyeMoe Teno
HA ONHOW Yalle BECOB NPUTAMBAETCA K 3emne TOYHO TaK Xe, Kak rpu Ha Apyrod uvawe.
MpursikeHue K 3emne NPONOPUMOHANLHO Macce Tena, NpW PaBHOBECMW BECOB Macca Tena
paBHa Macce rpb. CNOXUB 3HAYGHMA MAcC BCEX IMpb Ha OHOM Yawe BecOB, Mbi Y3HAEM
Maccy m Tena Ha ApYyrod yawe secos.

YKasauHoe Ha rpe 3HaleHMe Macchi HA3LIBAOTCH HOMUHANLHLIM 3HAUYOHMOM MACCHLI M,
py. MNpy HAroTOBNEOHWA THPK 51 OTKNOHEHWE AGHCTBUTENLHONO 3HaYeHUs 06 mac-
Chl M OT HOMUHANLHOTO 3HAYEHWs! M, He Gonee HeKOTOPO ONpefenéHHOW BenwYuHEI Am,,
HA3LIBAEMOM rpaHULei NOrPeLHOCT MAacchl TMpU: m, = m,, = Am,.

Mpy UCNONLIOBAHUM HECKONLKUX TUPL MACCA M TeNA MOXET OTIMUYATLCA OT CYMMBI HOMU-
HANBLHBLIX 3HAYEHWA MACC IMPL HA CYMMY FPaHML, NOrPewwHOCTeR Mace rph:

m = m * Am, + m,, £ Am+ m % Am,.

Ecnu Apyrve norpeliHocT U3MepeHuil Npy B3BEWWBAHMKA Masibl NO CPaBHEHWIO C NO-
rPELHOCTAMK Mace rMpb, TO MOMPRWHOCTL Am i MAcChi Tena He NPesLILaeT Cym-
Mbl FPaHMLL NOrPRWHOCTeA Mace Mpb: Am < *Am,, * Am, * Am,,.

TTOPSAOK BLHNONHEHWS SBIAHNA
1. MoaroToBsTe BeCk NS B3BEWIMBAHMA. [INA 3TOro NOCTaBb-

Te BOCH HA CTON W NPOBEPLTE MX PABOTOCNOCOBHOCTL. Beck! npy- | LA L2
TOfHBL! AN U3MEPEHUIA, BCK MX Yallk COBEPLIAIDT HeGONLILIMe KO-
NebaHusi NPUMEPHO Ha O/IMHAKOBOM YPOBHE, CTPESIKa BECOB OT- ;‘m:‘:‘”“e zm"
KJIOHAGTCH OT BEPTUKAILHOIO MONIOXGHWUS BJGBO M BNPABO HA | \occu rupu phr sl m"°p“°'"
e OAMHAKOBLIe YINbl. ECNM OfHa M3 Yall BecoB nepepe-

wmBaeT Apyryo, aobeiitecs pasHoBecws Becos aoGasneduem Ha| 10 mr— 100 mr | 1 mr
6Gonee nérkyio yawy HeGonLWMX NMCTKOB Gymaru. 200 wr 2 mr

2. inf B3BEIUMBAHMA NACTMKA MONOXUTE ero Ha OAHY vauly Be- | S00 mr 3 mr
COB, @ Ha APYTYIO NMOCTaBsTe OAHY 3a APYroi rvpW o poctuxe-| 11 A4 mr
HWA paBHOBECUA BecoB. 3anuMwuTte B TaGnuuy 8.3 HOMUHanbHLIE | 2 1 6 mr
3HAYEHWA Macc BCEX MMPb, YPABHOBECHBILMX NacTUK. 5r 8 mr

3. B Tabnuue 8.2 ykasaHsl rpaHuibl NOrpeluHocTeil Mace rmps. | 10 1 12 mr
Bnuwwte 8 Tabnauuy 8.3 3HaueHusi rpaHul, norpelHocTeid macc | 20 r 20 mr
STUX TMpb. HallnuTe cymMy 3HaueHuit rpaluy norpewHocTeit mMace | 50 r 30 mr
UCNONLIOBAHHLIX MMPL M 3aNUIIMTE PE3YNLTAT U3MEpeHusi Macchl | 100 r 40 mr

NACTUKA C YKA3AHUeM rPaHMLL BOZMOXHLIX
HMIA M3-3a NOTPRLIHOCTER MacC Mphb.

uaMepe-

B e | H

e sHa-
HCHUA MACC MMPb

lpasuubl norpelHocTeRl

Teno Macc rmpb

Macca Tena

4. PeayneTrathl MaMepeHuii ¥ BuMMCeHUiA 3aHecuTe B TaOmmuy 8.3.

lpanwua norpelsHocTH
Maces Tena

JNacmx




3| MnoTHOCTL BellecTBa

Puc. 9.1. Tena paBHOIO 00bEMa
PA3HOR MACCH

Prc. 9.2. Tena paBHOH MACChl
PAZHOTO OOBEMa

Puc. 9.3. Peaka crekna aMazom

Puc. 9.4, Pucoranue rpaQmroBuimM
KapaHIamom

Iaornocrs semecrsa. Ha onwite nerko yGenurtbes B
TOM, HTO Te/Ia ONHHAKOBOrO 0OBEMA MOTYT HMETh PA3HBIE Mac-
col (pre. 9.1), a Tena pasHbIX OGBLEMOB, HANPHMED M3 Kele3a
W IIepeBa, MOTYT MMETh OXMHAKOBYIO Mmacey (puc. 9.2). Kak
OOBICHHTE 91U pe3yibTaTel?

Moxno CKazarb, UTO I1 I‘l‘lu}la B TOM, YTO TeJa M3roroB-
JICHBI M3 pasHbIX BCUICCTB. HO B yéM PasiHYHC ITHUX acmecm"

BenuunHa, XxapakTepu3ylolWaa Maccy Tena B eAuMHuUe
obbéma, Ha3bIBAaeTCH MNNOTHOCTLIO.

TlioTHocTh BelecTsa paBHa OTHOWIEHHIO MACCHI /1 Teaa Jan-
Horo pemectsa K obuémy ¥V tena. Inornocts ofosHagaercs
rpeyeckoit Gyksok p (cp(») Jlisi onpeneneniusi MIOTHOCTH Be-
LIECTBA HYKHO H3IMEPHTB Maccy m Tena u ero obwem V, sa-
TEM PalleNHTh Maccy Ha OOBEM:

- m
P

IlpH M3BECTHOM 3HAYCHHM IUIOTHOCTH BCILCCTBA 110 H3MC-
PEHHOMY 3HAYCHMIO OOLEMA MOXHO BLIMMCAMTH Maccy Tena:

m = pV,

a Mmo M3MEPEHHOMY 3HAYCHHIO MACCH MOXHO BBIYHCIHTH
00BEM Tena:

yam
=

Or uero 3asucHT mwiornocts Bemecrsa. [liorHnocrs pe-
HIECTBA JABUCHT OT CBOWHCTB MENbYANHIIMX YACTHIL, W3 KOTOPHIX
OHO COCTOMT. DTH uacTHUbLI HaswipalorTes aromamu, Hanpu-
MEp, MACCa ATOMA 30/0Ta NPUMEPHO B 7 pa3 Gonblue MACChI
aroma amioMuims. [looToOMY NpH OOHMHAKOBOM KOJAMYECTBE
ATOMOB B TEAAX M3 30J0Ta M ATIOMHHHSI MACCA TEAa M3 30110~
Ta JIOJKHA GbITh npnmcpuo B 7 pa3s OGoxbllie Maccel Tela 3
amomutus. Ecin Obl 0OBEMBI aTOMOB 30/0Ta M ATIOMUAHHS
ObUIM OJIMHAKOBBIMM, TO IIPM PABHOM KONHUCCTBC aTOMOB
OOBEMBI TBEPIBIX TEJl H3 30JI0TA W ANOMHHHS TOXC ObUH Obl
onunakossiMi. Torna npu macce, B 7 pa3 Goabliei, Teno u3
30JI0Ta AOKHO 00Nanath IJIOTHOCTBIO NPHMEpHO B 7 pa3
foJble MIOTHOCTH anoMuHKs. Tak OHO M ecTh HAa caMoM e-
Jie, MIOTHOCTE 30.0TA papHa 19 300 xr/m®, naomHocTs amo-
MunuA pasua 2700 kr/sm’. Orciona MOXHO clenarh BHBOM,
YTO aTOMBI 30/10Ta H AMOMHHHSI NPH PaliAYHA 110 Macce B
7 pa3 WMeIOT NPAMEPHO OIIHHAKOBHIE PAITHYCH.

Ho mioTHOCTh BelecTBa 3aBHCHT He TOJNBKO OT BHIA aTo-
MOB BEIIECTBA, HO M OT MX B3aUMHOro pacnonoxenms. Ha-
NpUMep, AparoueHHbBIH KaMeHb anMaz M rpaduT KapaHaa-
Wa COCTOAT W3 COBEPUIEHHO OIWHAKOBBIX aTOMOB — aTOMOB
yIIeposa, HO IUIOTHOCTh anMasa MoutH B 2 pasza Goap-
we wioTHocTH rpaduTa. MoXHO Jorajartecs, 4To B ajiMase
ATOMBI YIJICPO/Ia PAcHoAOKeHbl OJMAXe APYr K JIpYyry, YeM B
rpadure,

C m10THOCTHIO CBH3AHBI M APYIMe CBOHCTBA BeUICCTBA.
Hanpusmep, MioTHLIA aaMa3s sBISETCH CAMBIM TBEP/ILIM Bellie-
CTBOM B Npupoie. DT0 MO3BOISET MCIOIL3OBATL €ro Uil pe3-
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Ku crekna (puc. 9.3), o6paGoTKu netanei M3 caMmbiX TBEPIBIX
MATEPHANOB. A MEHEe MIOTHBIH rpaduT, COCTOAUMM M3 TAKMX
K€ aTOMOB, HO PaclofOoXeHHBIX DojNee NAICKO ApYr OT Apyra,
HACTONBKO HEMPOMHOE BELECTBO, UTO PAIPYIIACTCH NpPH Tpe-
HuM o Oymary. Ha arom ceolcrse rpadmra OCHOBAHO IHCBMO
W pucoBaHMCe KapaHaawom (puc. 9.4).

Ilpy m3mepeHMHM Maccel B KWiorpaMmax M o0béMa B Ky-
OHYCCKHMX METPax IUIOTHOCTb BCILECTBA BHIPAKACTCH @ KUAO-
epammax Ha Kyoudeckuii memp, NPH HM3MCPCHHM MAcChl B
rpaMMax ¥ o0bEéma B KyOMUECKHMX CAHTHMETPax IUIOTHOCTH
BELIECTBA BHIPAKACTCH 6 ZpAMMAX Ha Kybuweckuii canmu-
Memp:

1 kr 3 dr 3
=1 ki, —=1 r/fem
I / 1o /
Tak kak | xr = 1000 r, a | ac = 1 000 000 cm?®, To Beme-
ctBo motHocThio 1000 kr/m® umeer maorHocts | r/em’:
_ 1000000 r _ 3
1000 kry/n’ =100k 1 =1 r/fem?
/ I 1000000 em’ /

TakoBa NAOTHOCTb KWIAKOH BOMBI.

' MNpumep peluenns safasu |

Bapava. Buyucnure Maccy CauTKa 30A0Ta, pasmeps! KOTo-
poro c paaMepam ploK3aka WxonbHuka 30 X 20 X
% 50 cm. MnoTHocT, 3onota 19 300 kr/m.

Pewenne;

Maccy m, cnuTka 30/10Ta NPpY M3BECTHOM 3HAYEHUW NNOT-
HOCTW 30/10Ta P, MOXHO BEMMCIMTL Mo dopmyne m, = p,V, me
V — obuém cnutka.

Boiyucnmm 06u8M V cnutka 30A0Ta NO YKa3aHHLIM pasme-
paMm piok3aka:

V=03M-02m-05m=0,03m.
BLINMCAUM MACCY 30/10TONO CANTKA:

m,-tgaoo__';',-o.oa M’ =579 k1.

OreeT: m,=579 k. HanoNHeHHe#A 30/10TOM PIOK3aK OKa-

3aNCH OYEHb TSKENBIM!

3anaua 9.1. HapecTHo, 4TO CpemMss NIOTHOCTh Teja YeJOBeKa
NPHMEPHO PaBHa IUIOTHOCTH BoAW 1000 xr/m’. 3mas maccy cBoero
Tena, BHMHCANTE ero OOBEM.

3anaua 9.2. Jlis 3anofHeHMsi BOAYIIHONO Imapa o0b-
EmoM 500 M* NOHATOOHIOCKE 45 KT raza BOAOpoaa. OnpeneiHe mwior-
HOCTH BOZOPOAA B IAPE W CPABHHTE €€ C IUIOTHOCTHIO BOLBL

1. Y10 Takoe NnIOTHOCTL BOLLe-
crea?

2. 3aBuCUT NN NAOTHOCTL Be-
wectea or obwéma M Mmaccel
Tena?

3. 3aeucutr N Macca Tena or
ero oOGuéma npu NOCTOAHHOM
NAOTHOCTK BeljecTBa?

4. OT yero 3aBUCUT NNOTHOCTHL
peuiecrsa’?

INOTHOCTL TBEPALIX

BellecTs
Benecrso Iornocts p,
K/’

Asmaz 3515
AJOMHHWH 2700
Bonsppam 19 300
I'padpur 2265
Kenezwo 7900
3onoro 19 300
Jién 900
Mens 8960
Inaruna 21 450
Caunent 11 300
CepeOpo 10 500
Crans 7800

| SkcnepumenTanstoe
~ sapauue 9.1

PaGoraom
CaAMOCTOATONBHO
HMamepenme NAOTHOCTH
BeuwecTea

OOopynopanme: BecH ¢
Pa3HOBECOM, U3MEPUTeNLHAR
NuHeKa, NepessikLIi 6pycoK.

Onpepenwre NAOTHOCTH
BeuecTea Gpycka.

BLNONHEHNS 3a/anms
1. NamepuTe nuHeikon am-
HY, WWPMHY K BbicoTy Gpycka.
Boiumcnure ofbém Gpycka.
2. NamepsTe maccy Gpycka
C NOMOoWLI0 Becos. Beuucnure
NNOTHOCTL BeulecTea Gpycka.
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PaGoraem CamMOCTOATENBHO
Hamepenune NIoOTHOCTH XUAKOCTH

O00pyfOBaHNe: CTakaH, HEU3BECTHAA XWMAKOCTb, M3MEpH-
TeNbHLIA UMNMHAD, BECH C PasSHOBECOM.

BECkl W MAMEpHTeNbHLE LwwNap, onpefe-
JIMTE MAOTHOCTE XHAKOCTH.

BLINOMHEHAS 3a]aHWS
1. MNocrapsTe CTakaH ¢ XMAKOCTHIO HA BECH W M3MEpLTE
* Maccy m, cTakaHa W xXunkoctd (puc. 9.5).
2. Mopeneite XUAKOCTL B W3MOPUTENLHLIA UMAWHAD W

onpepenkre eé obuém V (puc. 9.6).

3. Mocrasute MYCTOM CTakaH Ha BECLI M M3MEPLTe Maccy
m, crakaHa (puc. 9.7). BuluuciMTe Maccy m XuaxkocTu:
Puc. 9.5. B3pelmHBanHe CTAKAHA m=m, - m,

€ KHAKOCTHIO

MNOTHOCTE XMAKOCTER

Kuikocts TUIOTHOCT
p, K/’
A30THASI KHCAOTA 1513
ALETOH 790 Puc. 9.6. Hamepenne Puc. 9.7. Bapemmeanne cTakaHa
Berraniit 720 00BLEMA XHIKOCTH 0e3 XHIKOCTH

Bona (npu 1 = 4 °C) 999,973

4. Mo HAWNEHHLIM 3HAYOHMAM MACCHI XMOKOCTH M oOuéMa
Macno nonconHesHoe 926

BLIMUCAUTE NAOTHOCTL XMAKOCTW. PeaynsTatel UaMepeHni u

Hedqm 730940 BLIMMCNGHWI 3anuKMTe B TaGnuLy.

Pryms. 13 545

CepHag KHeaoTa ]
(100%) 1840 Tabnuua 9.2

CIMpT ITHIOBLIH 789 m, r m,r |m=m-m,r M
Vieye 1020 i 2 1 7 V, cm® | p, r/cl
MDHP ITHIOBKIH 714

o no-wvfoa&- InMoN Mo MnoTHOCTL p BOALI NP PasHON Temneparype f
oo L b s
cumocT nnotHocw Bopwi ot Tem- | 6.°C | p, ki’ | 6°C | p e f £°C | p, xaym’
nepatypsl M nonpobyite HaiTh 999 841 4 999,973 8 999,849
OTBET Ha STOT BOMPOC. 999,900 5 999,965 9 999,781
6
7]

999,941 999,941 10 999,700
999,965 999,902

WA =S




SkcnepuMmeHTanbHoe 3agaHue 9.3

PaGoraeM camMoCTOATONILHO

MamepeHue NNoTHOCTH TBEpAOro Tena

Topsaok BHINONHEHUS 33[aHUSI
JUisi uamepenus obLéma TBEPAOTo Tena HEBONLIKMX pasme-
pog MoGoi GopMbl MOXET GLITL UCMIONBE30BAH HIMEPUTENLHLIA
WANMHAD. [s1 ATOF0 B MAMEPUTENLHLIA LMNKHAD HANUBAIOT He-
KOTOPO@ KONMYECTBO XWIKOCTH, HE PacTROPSIOWeH W He pas-
pywaoweid uccnenyemoe Teno. Mamepsietcn obuém V, Hanu-
TOl xuakoctu (puc. 9.8).
3aTem uccneayeMoe Teno NOAHOCTLIO NOFPYXaeTcs B XuA-
KOCTh, €8 YpOBEHb B M3MEPUTENLHOM UMAWHAPE NOBLILLABTCS.
O6LEM V,, OTCHUTHIBaEMBIA NO WKane unuHapa (puc. 9.9), ae-
NAETCA CYMMON oOLema V, XMAKOCTH U obbéma V norpyxeH-
HOI'O B XMAKOCTH Tena:
V=V, + V.
Otciona 06LEM V NOrpyxeHHoro B XWAKOCTL Tena paBeH:
V=V,- V.
Wamepue Maccy m Tena Ha Becax, MOXHO BLINWMC/IUTL ero
MAIOTHOCT:

P-L

Bu-y
Mpopenaitte HEOOXOAMMLIE U3MEDPEHUSI U BLIYMCNEHWS WU

onpepenyTe NNOTHOCTL Tena. PeaynsTaTl MAMepeHHid U BuIuMC-
NeHuiA 3anuwMTe B TadnMuy.

Ta6nuua 9.3 '

Vioom® | Vi, em® | V=V,- Vv, eM*| my,r | p rfem®

MexaHuueckue sBieHust
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~3l1 Cuna

[1=1c]

e

Puc. 10.1

Bszaumoneicrene tea. HaGmoneHus nokaspiBaior, 9To
CKOPOCTL JIIOGOTO TeNa MIMEHSIETCS TONBKO B PE3yAbTaTe ero
B3AHMOICHCTBHS ¢ APYTMMH TelaMu. ABTOMOOHL TPOraeTcs ¢
MECTa H3-33 B3ANMONCHCTBHS BPALLAIOLUIMXCH KONEC ¢ MOBEpX-
HOCTBIO foporH. OcTaHOBKa aBTOMOOIIS NPOHCXOMUT 3a CUET
B3AMMONCHCTBHSI KOAEC € MOBCPXHOCTBIO JIOPOTH [IPH TOPMO-
KCHHH.

bes B3anMoneHCTBHSL ¢ JAPYIHMH TCIAMM HE MOXCT H3MC-
HUTHCH HH 3HAYCHHE CKOpocTH, HH ¢ Hanpasachue. [lo-
BOPOT ORICTPO [NBHAKYILErocs aBTOMOOWIS BO3IMOXEH NpPH
XOpolueM CUEIJIEHHM WIHH C noporoi-i. Ha ckonsakoit no-
BEPXHOCTH OBICTPO NBHXYIIMICH ABTOMOOMAL HE CHYIIAeTCs
Py/ist M MPOJMOJNKACT JABHXCHHE MO NPAMOM.

pesyibTare B3auMoieHcTBHs ¢ 3eMAEl Bee Tena nanaloT
BEPTHKAALHO BHH3. ONBITEI MOKA3AIH, YTO NPH CBOGOIHOM
NAICHHH TeN ¥ MOBEPXHOCTH 3eMIIH 3a KaXylo CeKYHY CBO-
GO/HOTO NaZIeHHsi CKOPOCTh Tena yBeawuusaercsi Ha 9.8 m/c.
bau3kuM K cBOGOAHOMY TMANECHHIO ABISCTCS HAYAT0 Mane-
HHS TAPAIIOTHCTA NPU NPBIKKE ¢ GOAbINOH BHICOTH B pas-
PEXEHHOM BO3IYXe, OKA3LIBAIOIIEM Maloe CONpOTHBIECHHE
mpkennio (puc. 10.1). TIpH HEHIMEHHBIX YCIOBHSIX B3aHMO-
NICHCTBHS M3MCHCHHE CKOPOCTH Te/ia B CIAMHHUILY BPCMCHH
OIHHAKOBO.

H3MmeHeHHe CKOPOCTH Tella B CIAMHHMLY BPeMCHM MOXHO
BuIOpaTh B KauecTBe OJAHOH M3 XapaKTCPHCTHK B3aMMOeH-
crus Ten. Ecam npouexoaut Goablinoe H3IMEHEHHe CKOPOCTH
Tela B eIMHMILY BpPeMeHH, TO B3aMMOJeicTBHE CiUIbHOE, NMPH
MAJIOM M3MEHEHHMH CKOPOCTH Tejia B eIMHHILY BPeMEHM B3au-
mojeiictere cinaboe. ITo M3MeHEHMIO CKOPOCTH MsiMa MbI Cy-
MM O TOM, cnabbiit WK cuabibii Gba yaap no Msyy.

Hiamenenne cKOpOCTH B eIMHMIY BpeMeHn He [T Mnoi-
HOro mpencTapienusi o szammoziedcersuu Ten. Kaxwit 3naer,
YTO M3MEHHThH CKOPOCTHL BOJNICHGONBLHONO Msa Jierde, YeM Hi-
MEHHTh CKOPOCTh CTOKMAOrpaMMOBOH witanru. Jlisi onmMHako-
BOTO M3MCHEHMSI CKOPOCTH Teny Gonblied macchl Tpebyercs
Gonbliee yeuaue,

Cuna. [Iisi noNHON XapakTepHCTHKH B3aHMOICHCTBMS Te
B (DM3MKE MCIIONBIYETCS MOHATHE CHAA.

Cunoid HasbigaeTcA ¢GU3Myeckans BenuuywHa, paBHas
NPOM3BEASHWI0 MacChl Tena Ha WU3MeHeHWe ero CKOpoCTH B
©AMHWLYY BPeMeHM.

Cuna ecTb NPUYMHA HIMEHEHHS CKOPOCTH. B dopmynax
cuia oBo3HaUacTCs JATHHCKOM OYKBOH F

Ecin nBukeHHC Telia 1moj JCHCTBHEM IOCTOSIHHOM CHIbI
HAUMHACTCH M3 COCTOSIHMS TOKOSl, TO CBS3b CHAbL F, Maccel
m Tela M Cro CKOpPOCTH v ucpes Bpemsl [ nociiec Havana
neycTBUs CHABL BeIpaxkaercs (opmyaoi

P -
4

Eaunnna cuast. 3a eMHHLY CHIbL | HBIOTOH NPHHAMAKT
TaKYK» CHIY, MO [eHcTBUEM KOTOPOH CKOpOCTh Tela Maccol
1 kr u3meHsiercs Ha 1 M/c 3a OIHY CEeKyHY.
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HazgaHue eAMHULE CHIBI JAHO B Y€CTh OMHOIO M3 BEJIM-
qatwmx yuéHbix-puzukos Mcaaxka Hepworona. [Nonnoe
HA3BAHHME CAMHMIB CHIbL TMHUIIETCS CO CTPOMHOW OYKBbI,
OB03HAYCHHE 3aMHUCHIBACTCS OAHOM NponucHol OykeoH «Hs:
neromon (1 H).

Cuaa — sekropuas Beawumna. JlelicrBue onHoro Tena
Ha JIpYroe Beeria MMeeT ONpelefCHHOe HANpaBicHHE, M03TO-
MY CHJIa — BeKTOpHas BeanumHa. Hanpasnenue Bektopa cuibl
COBITAJIACT ¢ HANPABACHHCM BCKTOPA W3MCHCHMS CKOPOCTH.
Ecnn 1o B3auMmopaeicTBusl Teno OBUIO HEMOABHXKHBIM, Ha-
npaBjieHHe BEeKTOPa M3MEHEHMsI CKOPOCTH COBNALaeT ¢ Ha-
npasieHHeM BeKTopa ckopocti. B smom cayuae nanpasnenue
BEKTOpa CHJIBI COBMANAET C HANPABJCHHMEM BEKTOpa CKOPOCTH.

Cuia MOXeT BHI3BIBATH H3MEHEHHE CKOPOCTH Tell He TOMb-
KO 10 Moaymio, Ho u no nanpasienwio. [lpu aprkennn Tena
N0 OKPYKHOCTH C TNOCTOSIHHOH MO MOAYNIO CKOPOCTHIO CHAa
BLI3LIBAET H3IMEHEHHE CKOPOCTH TOABKO 10 Hanpasaennio. Tak
JBHAETCSI CITYTHHMK MO ACHCTBHEM CHABI TIPHTSDKEHHS 3¢MITH
no Kpyroso# opGure (puc. 10.2).

. MNpumep peluexus 3anaum

Nauo: PeweHune:
m = 2000 xkr
=10 c¢c

v =30 /e SORLICATRR DODMRON

F=m2.
t

F—2

cuNbl. Bomcnum cuny:

OreeT: F=6000 H.

3apaya. AsTomMoOMNL Maccoi 2000 Kr Hayan NpaMONMHeHHOe ABWXEHWe W3 COCTOAHWA
nokoA ¥ Yepea 10 ¢ nop AecTBUEM NOCTORHHON CUNk pasorHanca Ao cxopoct 30 m/c. Bui-
YACUTE CWMITY, KOTOPas BLI3BANa Takoe UIMEHEHWEe CKOPOCTM aBTOMODHNA.

Mo ycnosuio 3afa4n ABMKeHUe aBToMOOUNRA MO/ AeACTBUEM NOCTO-
SHHOW CHNbl F HAYanock M3 COCTOSHUA MOKOS, NOATOMY VIS Haxoxae-
HMS CH/ILI, BLIZBARLWION W3MEHEHWO CKOpOCTH ABTOMOOMNA, MOXHO BOC-

fie v — CKOPOCTL ABTOMOOUAA Yepe3 Bpema I noche Hayana aedcTeus

F=2000-% H=6000 H.

3anaua 10.1. lMox AeRCTBHEM MOCTOSHHOR cwawl 30 H cKo-
POCTh Kamus 3a 0,5 ¢ yBesmumnack ot 0 10 15 M/¢c. BRUBCIHTE MaC-
Cy Kamus.

3anaua 10.2. Yenopex OpocaeT KameHb Maccoft 2 Kr, Jefcreyst
Ha Hero moctrosHHON cwioft 40 H B Teuenne 0,5 ¢. C xako#t cKo-
POCTLIO JABKMAKETCS KAMEHb B MOMEHT mNpeKpalleHusi IeAcTBHs
CHAL?

3anaua 10.3. Pakera Maccoft 10 KI' HAYHHACT JBHXEHHE M3 CO-
CTOSTHHSI TIOKOSI MO/ JICHCTBHEM TOCTOSIHHON ciukl S00 H. Yepes
CKOJILKO CEKYH CKOPOCTH PaKeThl CTaHeT paBHOH 20 m/c?

1. Mo kako# npuumHe Moxer
WU3MEHATLCH CKOpPOCThL ABUMXEe-
HuA Tena?

2. BO3MOXHO Nm ABMXEHUe Te-
na co CKOPOCTHLIO, NOCTOAHHOM
no MOAYMO, HO W3MeHsIoLeli-
CH MO HanpasneHuio?

3. Yro Takoe cuna? Kak onpe-
nAensieTcH eaMHMua cunkl 1 H?
4. NpuseauTe NpUMeps B3au-
MOMIEHCTBUIA, BLIBLIBAIOIMX W3-
MEHeHWe CKOpOCTHU Ten.
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Puc. 104

1. Kak MOXHO cpaBHMBaTth CH-
Nbl, HANPABNEHHLIE NPOTUBONO-
NOXHO BAONL OAHOW NPAMOA w1
NPUNOKEHHLI K OfHOMY Teny?
2. Kax MOXHO CcpaBHMBaTL CH-
nel, pefcTeylWMe Ha Tena
OAMHAKOBOW Maccul?

3. Kak MOXHO CpaBHMBaTL CHM-
nel,  AedcTeyOWMe Ha Tena
Pa3Hoil Maccel NpU OAWMHAKO-
BOM W3MEHEeHWW CKOPOCTH WX
ABWKEHWA 32 OJMHAKOBOE Bpe-
Ma?

Kak moxno cpasuusats cHibl. OnpeiencHue NoHATHS
cribl, npunsToe B dusHke, Henbid Hazpath npocteiM. Ho no-
MBITKA 3aMEHHTH €r0 KAKHM-TO MOXOXHM, HO Gosiee MpocThiM
onpeieeHHeM NPHUBEIET K NPUHIMIHAILHOH olHOKe.

Y Kaxnoro €enopeka N0 H3ydeHus (GM3MKM Ha OCHOBE
NPAKTHYECKOIO ONbITa M OGIIEHHS ¢ JIOAbMH, YHoTpebnsio-
UMMM CHOBA «CHJIA», «CHABHBIH» NPH ONMCAHMM B3aUMONEH-
CTBHH B OKpyxaioileM Mupe, QOpMHPYIOTCS HEKOTOPbIE
NPEACTABICHHSE O TOM, UTO HA3bIBalOT cHAOH. PaceMorpum
HECKONBKO NPHMEPOB.

Jlerko cpaBHMTH CHIIBI, NPOTHBOIONOXHO HAlpPaBICHHBIC
BIONb OAHOH NPAMOK. DTH CHIBI PABHBI 110 MOIYAIO, CCIH
NPHJIOKCHHE HX K OIHOMY TCAY HC BbI3BIBACT H3MCHCHMSI CKO-
pocti ero asuxeHus (puc. 10.3).

Eciu ke nepBoHaYANBHO HEMOABHAHOE TEJIO M0 AeHCTBU-
€M ITHX CHA NPHXOMMT B JBHXEHHE, TO GoNble Ta CHAa, B
HaNpaBAeHHUH JeHCTBHS KoTopol asmxkercs teno (puc. 10.4).

TpyaHee cpaBHHBAaTH CHAB, ACHCTBYIOUIME HA PasHBE Te-
Ja WK Ha OJIHO W TO Xe Teno B pasHoe spems. Hanpuwmep,
HAa COPEBHOBAHMAX MO TOAKAHHIO Anpa nobeuTeneM MpHIHa-
0T CIOPTCMEHa, TOJKHYBINEro spo naasine Beex. CkopocTs
S/IPA MPH TOMYKE H3MEHSIETCS OT HYASl 10 HEKOTOPOro 3Have-
HHS, HA3KIBAEMOTO HAYaAbHOH cKopocThio. [IpH oMHAKOBOM
yIJle HAKJIOHA BEKTOpA HAYATbHOW CKOPOCTH K TOPH3OHTANb-
HOH MOBEPXHOCTH SLIPO YAETAET TeM Janbiie, YeM Goabiie ero
HAYAIbHAasl CKOPOCTh, T. €. YeM Gonbile CIIOPTCMEH M3MEHW
CKOpPOCTL JIBHAXCHHA silipa. MO)KH() JIK TIpH 9TOM yl'scpxma“rh,
yTo nobeiMTeNlb HTHX COPCBHOBAHMM ¢ HauGosblIeH CHAOH
TonkHyn sapo? [Lisi orBera Ha 9TOT BOIPOC PACCMOTPUM JpY-
ro npumep.

Hsan u Cepreit peluman BHISICHHTb, KTO M3 HHMX CHIbHee.
Jlas sroro OHM npuayManH Takoi skcnepument. Ha poeHoM
FOPH3OHTANBHOM YYACTKE JOPOIH MOCTABWIM JIErKOBOH aBTO-
MoGHAL Maccoit 1000 kr u, Toakas c3amM, 1Mo OYEpeaH pasro-
mwsiam ero. MBan pasornan aptoMoGuib M3 COCTOSIHUS MOKOSI
710 ckopoct 3 M/c 3a 6 ¢, a Cepredt paszornan aBroMoOHAbL
710 ckopoctH 2,4 m/c 3a 4 c. K1o ke u3 Hux ¢ Gonblied cu-
J0W ToJKan arToMoOHIL?

Yrolbl OTBETHTL Ha T0T BONPOC, YIpocTHM 3anady. by-
JIEM CHMTATh, YTO TPEHHE MPAKTHUYCCKH HE BAMSCT HA IBHXC-
Hue aproMoOuist. Torna uisl BEIMHCICHHSI 3HAYCHHS IeHCTBY-
HoleH Ha aBToMO0KIbL CHIIbI IOCTATOMHO YMHOKXHTE MACCY AB-
TOMOOWIIS HA HM3MEHCHHME €ro CKOPOCTH 33 OIHY CEKYHIY.
B nepsom onwbire 510 MiMmeHeHue pasHo 3/6 = 0,5 merpa
CCKYHJIY 34 CCKYHIY, a BO Bropom omnwite 2,4/4 = 0,6 merpa
B CeKyHy 3a cekynuy. Orciona vaxommm, uro MeaH rtonkan
ABTOMOOHAb CHAOH

Fy = 1000 - 0,5 H = 500 H,
a Cepre#t Toakan asroMoOuiIbL CHIOH

Fo= 1000 - 0,6 H = 600 H.

M1 noayamam, 9to ¢ GonblieH CHIOH TONKAI aBTOMOOHIbL
Cepred. Jleficrys Menbined cunoi, MBan pazorHan apromMo-

Onib 10 Godbilel CKOPOCTH 3a CUYET GOABIICTO BPEMEHH
JIeHeTBUSL CHABL



B npaBMAbHOCTH CACNAHHOIO BBIBOAA MOXHO JErko yGe-
AauTECs, npeioxus Mpany Toakars aptoMoOMiAbL Bhepén, a
Cepreo OAHOBPEMEHHO TOAKATH €10 B MPOTHBOMONOXHOM
Hanpasaenny. Ecim Mean u Ceprelt 6yayT ToAKarh aBToMO-
OWIb TOUHO TAK XC, KaK B IICPBOM OIMbiTe, TO Iobena Gyuer
3a CepreeM, Tak Kak OH ACHCTBYCT Ha aBTOMOOHIb ¢ BOAb-
wei cunoit. CirenoBaTe/ibHO, TOABKO 110 M3MCHCHHMIO CKOPOC-
TH TCJIA U CrO Macce HeAb3sl Y3HATh 3HAYCHHC CHIIbI, BHI3BaB-
wei wmismeHenue ckopoctd. HyxkHo 3Hath ciié M Bpems
AEHCTBHSI CHIIBL.

Tenepb MOXHO BO3BPATHTHCH K 3a/la4¢ CPABHEHHS CHABI
TOAMKA sApa y pasHbIX cnopremenos. Ecam mmrensHocTs
TONMKA syIpa ObUia Y BCEX CHOPTCMEHOB OJMHAKOBA, TO BHIBOI
© HaubGonbIed CHAE TOMYMKA Y CIIOPTCMEHa, COOOUIHBIIErO sijI-
py HauGoNBmIYIO CKOpOCTh, Gyier npasuiabbiM. Ho ecawn
CTOPTCMEHBI Pa3HOTO POCTA W PYKA OJIHOTO CTIOPTCMEHA JUTHH-
Hee PYKH JIPYForo CriopTcMeHa, To, AeHCTBYs Ha suIpo He-
CKONBKO MEHBIEH CHIOH, «JUIMHHOPYKHH» CIIOPTCMEH MOXET
cOOOIMTL ANpY Gonbliee HIMEHEHHE CKOPOCTH 3a CUeT GoNb-
HIEero BpEMEHH JeHCTBHA CHIBI Ha GOABILEM TYTH.

Cunpl B3aUMONECHCTBHSI MOXHO CPaBHHTh H 110 Maccam
TeJ, KOTOpBIE NMPETEPIeAH ONHHAKOBLIC W3IMCHCHUSI CKOPOCTH
3a oauHakoBoe Bpems. Eciu npu onHoBpeMeHHOM Havaie
JIBHKCHMS! JIerKoBol aBroMoGmib Maccoii 1000 Kr 1 rpy3oBHk
maccolt 10 000 kr ypennuuBaloT ckopocts o 100 km/4 3a oxm-
HAKOBOE BpeMsi, TO Cle/yeT CiAeAaTh BRIBOA, YTO ABMrarTeilb
rpysosuka aeicrsosan B 10 pas Goabwieit cuiol, Tak Kak npu
OIMHAKOBOM YBEJIHMUYEHHM CKOPOCTH B €IMHMILY BPEMEeHH Ipy-
30BuK Mmeer B 10 pas Gonbluyio Maccy.

CpA3b CKOPOCTH Tela ¢ JeHCTBYIOEH Ha Teo CHAORH,
Maccoil Tesla W BpeMenem JedcTeHsa cwabl. Fcim Ha nep-
BOHAUAILHO HCMOABHAHOE TEJI0 MACCOH m JCHCTBYCT NOCTO-
SIHHAsI 110 3HAYCHMIO M HanpabicHuio cuna F, 1o u3 dopmy-
Jbl, ONPCACASIIOWICH MOIYAb CHALI

F= m%,
CHEMYET, YTO CKOPOCTh v TeNa Yepe3 WHTepBal BpeMeHH [ noc-
Jle MOMEeHTa Hayaia JIeHCTBHsS CHIbl paBHa:
o=t
m

C nomoubio nocacaHeit GoOpMyAB MOXHO BBIMHCIUTH
CKOPOCTb U TeJla, NIPHOOPETACMYIO TEJIOM M3BECTHOM Maccel m
3a M3BCCTHOC Bpemsl [ 101 ACHCTBHEM NOCTOSHHOM cribl 7 Ha
NCPBOHAYANBHO HENOUABHXHOC TENO.

3anaua 10.4. Bo Bpemsi TOPMOXEHHs ABTOMOOHAS Macco#
2000 Kr ero ckopocTh yMeHmmWmack or 72 kMm/u jgo 0. Kakoe
BpEMSI JUTWIOCH TOPMOXEHHE, eClH CHIa TOPMOXEHHS OhUla paBHa
8000 H?

3amaua 10.5. Yenopek Maccod 70 Kr MPHTHYA ¢ BHICOKOTO 0¢-
pera B Mope. YeMy paBHa CKOPOCTH JABHXCHMS vesoBexa uepes 0,5 ¢
nocne Npeixkka? BiHgHHE CONPOTHRICHHA BOZIYXA HE YUHTRIBAHTE,
CHAY TSDKECTH, ACHCTBYIOUIYIO Ha YeAOBEKa, NPHMHTE paBHOH 700 H.
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Cuna TsioxectH, neHcersyiomas
Ha KoMmapa 0,00005 H

Cuna ynapa Gokeepa 5000 H
Cuna TsoxecTH, AeHcTByloman

Ha ClIOHa 50000 H
Cuna Tsrv
Tpaktopa K701 64000 H
Cuna Tsrv
ACKTPOBO3A 700 000 H

Cuaa TIrH PaKeTHHBIX JIBH-
ravene#t pakeThl-HOCHTENs!
«[lpoTons 31 600 000 H
Cuna TskecTH, feHCTBYyIOmas
Ha NAPaAMMIY

Xeorica 60 000 000000 H

Cuna msixectd, aelcrsyiomas
co croponbl 3eman Ha Jlyny
200 000 000 000 000 000 000 H




110 Cuna Taxectu. Bec

PHc. 11.1. 3aBHCHMOCThH CHITKE
TSOKECTH OT PACCTOSHHS JI0 3eMiIn

Cuia TaXKeCTH.

Cuny NpUTSKEHUA, OSRCTBYIOWYIO CO CTOPOHLI 3emnu
Ha BCe TeNa, HasbiBAKT CUNOW TXeCTH.

OnuITel MOKA3IH, Y9TO NP CBOGOIHOM NaieHHu Ha 3eM-
Mo (NpH OTCYTCTBHM CONMPOTHRICHHSI BO3JAYXa) HA YPOBHE MO-
I CKOPOCTh JIIOOOIO Tea 3a OIHY CCKYHIY H3MEHSIETCsl Ha
8 m/c. 3HaueHue NCHCTBYIOWICH HA TENO CHIbI PABHO MpoO-
M3BEACHHIO MAcChl TéAa HA M3MEHEHHME €ro CKOpOCTH 3a ce-
Kynay. IMosromy Ha ypoBHe Mops cuia TsikecTd [, B HBIOTO-
HAX PaBHA NPOM3BCICHHIO MACCHl M TeEAa B KHIOIPaMMax Ha

Koapduument g (g = 9.8 H/xr):
F,=m-g(H)=m-98 (H). (1L1)

Bripaxenue (11.1) nokaspiBaer, uro cuta msvcecmu nps-
MO RPOROPUUONANLIG MACCe medd.

U3 peipaxenust (11.1) caenyer, 4ro y nosepxHocts 3emiau
Ha BHC MOpsl Ha Teao Maccoil | Kr aeHcTBYeT CHIa TsEKec-
TH SRSOH. OnbITel MOKAa3a14, YTO CHAA TSKCCTH B OAHOM Mec-
Te BONM3M 3eMAM HE 3aBHCHT OT TOTNO, MOKOWTCS TEAO HIH
JBHIKETCS, HAXOMMTCH JH OHO B BaKyyMe, MAH B BO3YXe, HJIH
B KHIKOCTH.

C yBelHMUEHHEM PAacCTOSHHS OT 3eMIIM CHAAa THKECTH yObI-
paer. Ha meno maccoit 100 kr wa ypoBHe Mopsi neHcTByer
cuia npuroxkenus 3emum 980 H, ma seicore 10 km — 977 H,
na seicote 500 xm — 845 H, a wa paccrosmum 400 000 kM,
Ha opbure Jlynw, aeficrByer cuna tsokectw Beero 0,25 H
(puc. 11.1).

Cuaa rpapuranHonnoro npurskenus. Cuny TsSKeCTH
HA3LIBAIOT CHAOH TPABHTAIIMOHHOTO TIPHTSIACHHS WIH CHAOH
rpauTanii. CHia rpaBHTALIHOHHOTO TIPUTSIKEHHS AeHCTBYeT
MeXIy JIOOBIMHM Tenamu, obiasaloiimMy Maccoil, Ona Tem
Gosiblie, UeM GONbILE MACChl TeJl, M YMCHbIIACTCS ¢ YBEAHUC-
HHCM PacCTOSHHS MEXKIY TeAaMH.

Cuia rpaBUTALMOHHOIO NPUTSIKCHUS co cToponbl ConHua
3acTapasier 3eMII0 M BCe OCTA’AbHBIE IUIAHETHI JIBUFATBCH 110
ceoum opOutam Bokpyr Conmia, 3emusi CBOMM rpaBHUTALIMOH-
HBIM NPHTSKEHHEM yiepxupaeT sausm cebs JIyHy u MHoxe-
CTBO MCKYCCTBEHHBIX CIIYTHUKOB 3eMiH.

B nopcenHeBHOW XM3HM MBI He 3amevaeMm aeHcTBMs CHA
IPABHTALMOHHONO NPHTHXEHHS HH OT ONHOIO Tena, Kpome
3eman. Ho 9710 He 3HAYMT, YTO ACHCTBHTENLHO HET rpaBuTa-
HHOHHOTO TPHTIAEHHS, HANPUMEP, MEXIY TelaM# JIBYX JI0-
el win Byms asroMoOuiasMu. Be€ nieno B ToM, 9TO Macca
GENOBEKA NPUMEPHO B CTO THICHY MWUIHAPAOB MHJIMAPIOB
pa3 MEHbIIE MACChl 3EMIHM, MOITOMY CO CTOPOHBI OIHOIO Ye-
JIOBEKA HA APYIOIO HA PACCTOSHUH, PABHOM DPACCTOSHMIO 10
ueHTpa 3eMiu, AeHCTBYET CHIA, B CTO THICHY MUUIHAPIOB
MHJUTHAPJIOB pa3 McHbluas cHisl npursikerust 3emnm. Onna-
KO € INOMOUIBKO OUCHB UYBCTBHTC/IbHBIX BecoB yke B 1798 r.
ObUIO  OOHAPYAKCHO I'PABHTAUMOHHOC [IPUTHACHUC MEXILY
OOBIYHBIMH HEGONBILHMH TCHAMH.

Bec Tesna. C maccoil Tena U CHAOH THXeECTH cBsizaHa ¢u-
JMUECKAs BEJIMUMHA, HA3BIBAEMasl BECOM Tesa.
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BecoM HaabiBaloT CuNy, C KOTOPOA Teno B peaynbrate
NOACTEBMS Ha HEro CUNbI TAXKECTW AEACTBYET Ha ONopy Mnu
noaBec, NPenaTcTRYIOLMe NAAeHUIo Tena.

Ha HenonsMxHoH MAH PaBHOMEPHO NPAMONHHCHHO JIBH-
x(ylucﬂcg; onope Bec Tena paseH cuie TsikectH. Ho cuna -
xectu [, mpunoxena K Teay, a cuaa Beca P npunoxena x
onoHe win nonsecy (puc. 11.2).

PH MIMEHEHHH CKOPOCTH OMOPbLI MW MO/Beca Bec Tesa
MoxeT OpiTh Gonbiie wan mMenbine cuibl Tikecrn. Korna audr
HAYMHAET [BHXCHHE BBEpX, Bec Tena Gonbiiue CHILI THXKECTH.
Y uenopeka 1axe HEMHOIo Crubalorcsi HOIM B KOJNCHAX M3-3a
H3OBITOUHOIO Beca, OT TOrO, YTO MOJ JABHT HA HOMM CHH3Y.
Ecin onopa noa TeaoM ONYCKAeTesi BHH3 € BO3pacTalomiei
CKOPOCTBIO, TO BEC TEAA MEHBILE CHIIbI TSKECTH. DTO UyBCTBY-
ercst B audre npu Hauale ero ABHACHMS BHH3, Korla 1ox
YXOIAMT H3-110J1 HOT.

B cBoGopHo nanaoumem audre Ha npeaMer acHcTsyer Ta-
Kasi KC CHAA TSKCCTH, KaK B HenoasuxHoMm andre, Ho Bec
2TOr0 MpeiMeTa PaBeH HYJIIO, HACTYNAET COCTOSHHE HeBeco-
MOCTH. B COCTOSIHMM HEBECOMOCTH HAXOAATCH MACCAXMPH B
CaMONETaX BO BpeMsl MHKHPOBAHMS M KOCMOHABTH B KOCMM-
ueckux Kopabusx (puc. 11.3).

Puc. 11.2. CHna TOKECTH
H Bec Tena

| Mpumep peluenus sanaqm
3apaya. BuiuucnuTe cuny TSXeCTH, AelicTRylowyo Ha Teno maccoid 150 r

HNano: CcHn Pewenue:
m=150 r 0,15”| Ha 3emne Ha yposHe MOpA cuia TAXECTW F, pagHa NpoM3BeaeHUIo
Maccsl m Tena Ha KoapPULMeHT 9.85: F,=9,8m.
Fr—? | o H I L

o?grmcnm cuny TSXecTH, aedcTeyioulylo Ha Teno maccoi 150 r=
=0, Kr:
F.= o,sg - 0,15 kr = 1,47 H.

OveeT: F,=147H.

3anaua 11.1. lpu NoJBLIIMBAHMK IPY3a HA KPIOYMOK JHHAMO-
METpa YCTAHOBWIM, UTO CHIa NPHTSOKEHMs! Ipy3a K 3ewie papHa
1,96 H. YeMmy pasHa macca rpysa?

3anaua 11.2. BuMHCAHTE CHIY NPHTSIKSHHSI K 3ee, JeHCTBY- Bonpoch!

IOMYI0 HA vyenoBeka maccodt 50 kr. 1. Y10 Takoe cuna TRXecTH?

3anaua 11.3. Tipsi cTouT Ha crone. Ha neé acctsyer cuna 1a- | 2. Ha xakom ocHosauuw cpe-
xectH 49 H. YeMy pasiia Macca rupu? J1aH BLIBOJ O TOM, 4TO CHna TH-
XECTU NPAMO NPONOPLUMOHANb-
3anaua 11.4. ApOy3 Maccol 10 Kr Jexur Ha crone. Yemy pas- Ha macce Tena?
HBl BEC apOy3a W JCHCTBYIOWIASE Ha apOy3 cuia TsokecT? K Kakomy 3. Kakan cuna Ha3uiBaeTcs Be-
TeNy NPHWIOKEHA CHIA THXECTH? com Tena?

4. Yel
3anaua 11.5. Ha zewre crout Beapo maccoit 6 kr. ‘lemy pap- cmmumma sacTeRR Or

HEl BeC BEApA W ACHCTBYIONIAS Ha Belipo cHia TskecTH? K Kakomy
TeAy NPWIOKEHa CHIa peca?
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Cuna TamecTH Ha ApYrHx maanerax. Macca JIyHb 3HAYHTENBHO MEHBILE Mac-
el 3emun. Tlosromy Ha kocmonasra maccoi 100 kr Ha nosepxHoctd JlyHbl neHcrpy-
€T CHJA PPABHTALMOHHOIO NPUTSIKEHUS, MPHMEPHO B 6 pa3 MEHbILAs, YeM Ha MOBEpX-
HocTH 3emam. Y nosepxHoctd miaderst FOnwmrep, obaanawmed Goabliol Maccod M
GONBIIMM PALHYCOM, CHJIA IPABMTALIMOHHOIO NPUTSKCHMS NpumepHo B 2,4 pasa Gonb-
e, yeM Ha nopepxHoctd 3emuu (puc. 11.4).

m =100 4 m =100 kr

4
980 H

F=2350H

OnuTep

3emnna

Puc. 11.4. Cuna TSOKeCTH, JICHCTBYIOINAS HA KOCMOHAaBTa Maccod 100 Kr Ha pazHBIX HeGeCHHIX
Tenax

I'pasuranmonnoe noje. Kak ke aeiicTBYIOT APYr Ha Jpyra Teja CHIOH rpasuTa-
LIMH HA PACCTOSIHMSIX B COTHM MWJIIMOHOB KMIOMETPOB B MYCTOM KOCMMHUYECKOM ITPOCT-
parctse? ITo coBpeMeHHBIM NPEACTABICHMSIM, KOCMHYECKOE ITPOCTPAHCTBO BOBCE HE
nycro. OHO 3anoiHeHo pastnuHbiMKA nojasmMu. OnHHM M3 BHIOB TAKMX NOJeH, cyle-
cTBylonHx Bo BeeneHHol, ABAseTCs rpaBHTALMONHOE TOJe, WIH T1ofe CHIbLI THKeCTH.
Kaxnoe Teno, obnanaiomee Maccol, coaiaér BoKpyr cefsi B MHPOBOM TPOCTPAHCTBE
HENpPepLIBHOE MPABHTAIIHOHHOE MoJje, NpocTHpaionieecs a0 GeckoreunocTH. B kaxion
TOYKE TPOCTPAHCTBA TpaBMTallHOHHOE noxe aeHcrsyer Ha moboe Teno, obranaiolinee
Macc;(l)n m, CHIOH rPABMTALIMOHHOIO NPHTSAEHUS [, NPONOPUHOHAILHON Macce m Te-
na: F,= mg.

OTHOlICHNE CHITbI TPABMTALMOHHOIO NPHUTSEKEHUs /) K Macce m Tena, Ha KoTopoe
JICHCTBYET IPABHTALIMOHHOC MOJIC, SIBISCTCH VIS AaHHOH TOYKM 10JSI [OCTOSHHOM Be-
NHUYHHOMN, HE 3aBHCHIICH OT Maccel m Tena:

£ P
D70 OTHONIEHHWE PaBHO MO MOAYIID CHJIE TATOTEHHs, AeHcTBylOmIEH Ha Teno maccoi
I xr. ¥ nosepxuoctn 3eman g = 9.8 H/kr.

Macca, cwia TEXKeCTH W Bec Teaa. B noecenHeBHONH NpakTike GONBIIMHCTBO
NIOAEH HEe PazTHIAKOT TOHATHS «MAcCas W «BEC», @ CHIY THKECTH CUMTAKOT COBNANAK-
ek ¢ pecoM. YUrobel He nonyckaTh NMOJOOHHIX OMIHOOK, PACCMOTPHM MoApobHee, ueM
OTAHYACTCH MAacca Telda OT €ro Beca M CHIIbI TSIKECTH.

I. Macca Tena — 910 CBOHCTBO JIAaHHOIO Tejia, HE H3MCHAIOUICCCH B 3aBHCHMOCTH
OT TOro, KaKHe JPYIHe Tela HAXOMSITCs BOKPYr Hero. Macca siBasiercss HeM3MeHHOH Ko-
NHUYCCTBCHHOW MEPOH HHEPTHOCTH Tela M €ro CnocoBHOCTH K IPaBHTALIMOHHOMY B3a-
HMolicHCeTBHIO. ECIH B M3MEpCHHSIX Ha MMOBEPXHOCTH 3CMJIM YCTAHOBJICHO, YTO JIaH-
HOe Teio obiaxaer Maccoi 6 Kr, TO TOMHO TAKOU Xe pesyabTar OyleT nojayueH npH
M3MEPEeHMIIX Macchl 3TOro Teaa M BBICOKO B ropax, u Ha JlyHe, U B KOCMHYECKOM
Kopafne.

Cuna TsoKecTH, AeHCTBYIOUIAS HA JAHHOE TeJlo, 3aBMCHT OT TONO, KakKHe ApyTHe
Tena HaxomaTest BOKpyr ororo tena. Ecim na 3emue na teno nedcrsyer cHia THKECTH
60 H, 1o na Jlyne na nero geHcrnyer cuaa TsokecTH, npumepno pasmas 10 H.
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2. Macca 1ena — 910 CBOHCTBO HAHHOIO TeNa, HE MIMCHSIOUICECH B 3aBHCHMOCTH
OT TOro, ABHACTCS TEJAO HIHM TMOKOMTCH. EC.IIH NPH H3IMEPECHHAX HA HEMOABHMXHBIX Be-
cax YCTAHOBACHO, YTO AaHHOE Teno obaanaer maccod 1 Kr, TO TOYHO TaKoM Xxe pe-
FYNBTAT OYACT NOAYYEH TPH MIMEPEHMSIX MACChi M B JAMDTE NPH €ro ABHACHHH.

Cuna TsEKecTH, AcHCTBYIOLIAs HA TEAO B JIAHHON TOUKE IPABHTALIMOHHOIO IOAS, HE
3aBHCHT OT TOIO, JABHAXCTCH TCHNO HIAH INOKOHTCH.

Bec rena saBucur ot TOro, Kak ABHAXYTCH 3TO TCAO H INOMICPAXHUBAKOLIAA Cro OlO-
pa win noasec. Ecam nNpu M3MCPEHHsIX Ha HENMOMBHAKHOM AHMHAMOMCTPC YCTAHOBICHO,
uTO AaHHoe Teao obaamaet ecom 60 H, 1o B aMdrre, HAUMHAIOWICM JABMXKCHUE BBCPX,
BEC 3TOro Tena okaswiBaercs Gonblue 60 H; B JIHIb’lE, HaAYMHAKIIEM JIBHXCHHME BHH3,
BeC 3Toro Tena okassisaerca mensiie 60 H. B JABHXYUHIEMCH MO MHEPUHH KOCMH4YEC-
KoM Kopafjie Bec paBeH HYMO (COCTOAHHME HEBECOMOCTH).

3. Macca TeNa — CKajfgpHas BCJIHYMHA, HE HMEIOLIas Kakoro-T1o HanpabBieHHA
MPOCTPaHCTBE.

Cuna THXKECTH H BEC TeJa — BEKTOPHLIE BEAHYHHLI, HMMEIOIIHe onpe.uenémme Ha-
npapiaeHHe B NpoOCTPaHCTBe.

4. Macca TeNa BBIpAXAETCH B KHJIOIrpaMmax. Cvmn TAXKECTH W BEC Teja BhIpaxawT-
€Sl B HBIOTOHAX.

Tpyano GopoTbCs ¢ YENOBEUCCKHMH TPHUBBHIYKAMH, HO nonpodykire noGopors npu-
BHIUKY TOBOPHTH: «MoH Bec 60 kunorpammoss. Koria Bel B3BEHIMBACTECH HA BECax co
WKAAOH, OTTPAIYHPOBAHHOM B KMIOrpaMMax, Bl H3aMmepsieTe maccy cpoero rtena. Feaw
BH JICHCTBHTENIBHO XOTHTE CKa3aTh O CBOEM Bece, TO B CAYUAC HENONABHKHOCTH OTHO-
CHTCNIBHO 3eMJIH yMHOXbTEe Maccy Tena Ha Koadduument 9.8, u Bbl nonyumre cBoi
BEC B HBIOTOHAX.

PaceMoOTpUM Tereph, YTo o0LICIo ecTh B MOHSTHIX CHNIBI TSDKCCTH M Beca.

1. Bec u cuia TsHXKeCTH BBIPAXAKOTCH B OJMHAKOBLIX €AMHHUAX — B HBIOTOHAX.

2. Jlnsi HeNOABMAHBIX TeJl HA NOPU3OHTAIBHON ONOpEe MAM BEPTHKAALHOM rMoaBece
OHM SIBJSIIOTCH BEKTOPAMM CHMJI, MMEIOUIMX OJIMHAKOBOE HANPABICHUE B NPOCTPAHCTBE.

3anaua 11.6. BRUHCINTE CHIY TSLKCCTH, IERCTRYIONIYIO HA BO3-
JYIHBIA Wap Maccof 500 Kr, HENoABHANO BHCALHA B BO3MyXC.

Ewé oauH BO3MOXHLIA Bapu-
3anaua 11.7. Buuucaure Cy TSKECTH, JEACTBYIONIYIO Ha ue- aHT npuGopa CM. Ha caitte:
nopexa maccont 100 Xr, nJapaouero B Boje. http://fisikahool.ucoz.ru

[ MpoexTHoe saganue 11.1

Monpobyitte naobpectn NpuGop, oBHAPYXUBAIOWIMIA COCTOSIMME HEBECOMOCTH. ECnn Bam
3TO YAACTCH, M3roTOBLTE Takoi npuBop M npoaemoHcTpupyiTe
ero B aeicTemmi.

lMopckaska: Ha pucyHke 11.5 npeacrasneda cxema YCTPOM-
CTBA OfIHOFO M3 BO3MOXHBIX BAPMAHTOB TAaKOro Npuoopa.

B nnacrmaccopoil GaHke 3akpenneHb YeTLipe napbhl HOp-
MaNbHO 3AMKHYTLIX KOHTAKTOB OT 3NeKTPOMarHuiHOro pene B
NAOCKOCTW, NapannensHoi Ay OGaHku. KOHTaKTLl COeAMHEHLI
nocneaoBarensHo € rankbBaHMYeCckuM 3/IeMeHTOM U anekTpuyec-
KO NAaMNouKoil. MOABMXHBIE YACTU BCEX YETHIPEX KOHTAKTOR CO-
enuHeHbl ¢ rpyaom. Npy pacnonoxennu Ha 6aHkyu B BepTUKaNb-
HOW NNOCKOCTM rPy3 NOA AeHCTBUEM CWILI BECA PA3MbiKaeT Xo-
T8 66l oauMM kouTakt. Jlamnouka we ceeturcs. Ecnm Gauky
6pocuTL, TO BO BpeMsi ABXEHUs OHa GyaeT B COCTOSHWMM HeBe-
cOMOCTW. HUTb He OyaeT HaTArMBaThCs, KOHTAKThl 3aMKHYTCS,

namnouka GYeT CBETUTLCA. Puc. 115




14 Cuna ynpyrocTtu

a)

Cuna ynpyrocru. BosbMEM CTAIbHYIO NPYKHHY W 3a-
KpenuM OIMH €¢ KoHell Ha wrratupe (pue. 12.1, a). 3arem
NOABECUM Ha CBOBOAHBIA KOHel npyxuHbl rupio. [lox
AEHCTBHEM CHABL TSKCCTH TMPS NPHXOAWT B IABUKCHHE M
HauHHaeT onyckarecs BHM3 (puc. 12.1, 6). Ecam rupio
HOMICPAKABATL CHHU3Y M MCIUICHHO OINYCKaTh, TO MOCHC He-
KOTOPOI'O PACTSKCHHS IPYKHHB JBUKCHMC IHPH I1pe-
kpamaercs. Tak Kak rvpsi HCNMOABHAKHA, 3HAYMT, HAa HEE,
KPOMC CHABI THKCCTH, ACHCTBYCT CO CTOPOHBI [PYXKH-
HBl paBHasi [0 MOAYAK, HO NMPOTHBOMONOXHO HaNpaBieH-
Hast cuia.

Ho nouemy cuaa co CTOPOHBI NPYXKHHBI HE MPENSITCTBO-
BANA JBMACHMIO THPH TP MOABSLIIMBAHMM, a CTANA NPErsiT-
cTBOBaTH Nocne 3amerHoro eé pactsokenun? Urobei oTBe-
THTBb Ha 9TOT BONPOC, M3MEPHM, HACKOABKO PACTHHYNACH
NPYAKHHA NPY TOABCIIMBAHWA THPH. 3aTeM TOJABECHM JIBe
TAKHE THPH M BHOBb HM3MEPHM pACTSKEHHE TPYKHHBI.
OnBIT MOKA3KIBAET, UTO PACTSLKEHHE NPYKHHBI TIPH MOABE-

G) IIHBAHWH JBYX TMph B 2 paza Goabilie, YeM NpH MOXBEIN-
paHnH onHol rupr. [lpy BABOE GONBIIEM PACTSKEHHH NPy~
Puc. 12.1 KHHA JEHCTBYET ¢ BIBOE GOABIICH CHIOH.

WameHeHwe pasmepoB vunu GopmMbl Tena HassiBaetcs fedopmaumeid Tena.
Cuna, posHukawowan npyv aedopMauMi, Ha3bIBAETCA CUNOW YNPYrocTu.

Jledpopmanms Tena HashiBaeTCs YNPYTOH, ecM OHA MOJNHOCTBIO HCUesaer nocie
NpeKpalieH s JeHCTBMsI BLI3BABIINX €€ BHELIHMX CHIL

Ipy momsemMpanny Tea NPYKHHA CHAYANA HE MPEensTCTBOBANA ABHKEHMIO THPH,
TAK KaK npH orcytersun aedopmainmu cuia ynpyroct Owiia papha mymio. Mo mepe
yBesndenus edopMaliny NpYAKHMHB BO3PACTANA CHAA YNIPYIOCTH.

Takum o6pazom, npu AEHCTBHH HA TEJNO JAPYIHX Tel H3MeHEeHHWe CKOPOCTH SBJsIeT-
¢Sl HE CAMHCTBEHHBIM BOIMOXKHBIM Pe3yibTaToM. JIpyruM BOIMOXHBIM PE3yIbTATOM B3a-
HMOIEHCTBHS Ten sirnsietest aedopMarims Ten.

IpuaMHOM BO3HHKHOBEHMSI CHII YIIPYTOCTH SBISIOTCS M3MEHEHMSI B3AHMHOIO pacrio-
noxeHust aroMos npH aedopmanu ten. Tlpy cxatvy Tea cONMKEHNIO aTOMOB NPENsiT-
CTBYIOT CHABI OTTAIKMBAHMS Mexay aromamu. [lpH pacTsikeHuu B3aMMHOMY VIANEHHIO
4TOMOB NPEISITCTBYIOT CHAbI TPHTSDKCHUA MCAIY atoMamH. B pesyisrare BekTop CHIbI
YIPYIOCTH BCCIZIA HAINPABICH [POTHBONONIOXHO HANPABICHUIO PACTSIKCHHSI MAM CRATHS.

YiuiMHeH#He Tedia npy ero pactsokeHuH obosHavaror Oyksoi x. Tak kak

cuna ynpyrocTv F,, NponopuMoHanbia YANMHEHWIO X U HaNpaeneHa NpoTURONONOX-
HO emy,

B opmye IS CHIBI VIIPYTOCTH CTABHTCS 3HAK «MHHYC»:

Koadduument k HaszsiBactes RécTKocTbio Telia. YeM Goblle KECTKOCTh Tesa, TeM
MEHbIIE OHO JedopMupyeres NIPH 3alaHHOA ciue.

Enununa xécrkoctu — nstomon na memp (1 H/m).

H3amepenne cwi. 3HaueHHe CHIB MOXHO ONPENeaHTh M0 pesyabrary e€ aeicrsus
Ha Tesio M3BecTHOM Macchl. JLisi 3TOro HyXHO M3MEpPHTh M3MEHEHHe CKOPOCTH Tena 3a
OUCHb KOPOTKHMH MHTEpPBAi BPEMEHHM M BLIMMCAMTbL M3MEHEHHME CKOPOCTH B eNHMHMILY
ppemen. MaMepenusi ciii mo M3MEHEHMSIM CK # Ten BRIMONHSIOTCS BO MHOIMX
HAYHHBIX HCCNGIOBAHMAX B ATOMHOMK M sieprol dusmke, B dHUIHKe meMenTapHbix bac-
1L, B actporioMiu. Ho B TexHuke ¥ B MOBCeNHEBHON XMIHH OOBIYHO H3MEPSIIOT CH-
AbE C MOMOUIBIO OMEHB MPOCTHIX MPHUOOPOB, HAILIBACMEIX AHHAMOMECTPAMM.
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Jlunamomerp. Tlpuuimn neHcTBHs IMHAMOMETPA OCHOBAH
Ha HCMOAB30BAHHM NPAMOH NPONOPUHOHAABHOH 3aBHCHMOCTH
CHJIbI YIIPYIOCTH OT VIUIMHEHHS Tena.

JUis  M3roTOBNEHMST  AMHAMOMETPA HYKHO  CHavyana
BBISICHHTD, Ha TENO KAaKOH MAacchl €O CTOPOHB 3eMIM JICHCTBY-
er cuna Taxecrn, papHag 1 H. Tak xak cumia tsixecru nps-
MO MPONOPUHOHAIBHA Macce Tena, a Ha Tedo Maccoi 1 kr
acicrsyer cuna taxkeerd 9.8 H, 1o cuna taxecrn 1 H Gyner
acicrBoBath Ha Teno B 9,8 paza McHbINCH Macch:

= lxr -
m 9—1830,102 kr=102 r.

TMonsemmpanue Ha NPYKHIE IHHAMOMETPA Ipy3a Maccok

102 r poizpiBaeT nedcrsme cuibl Txkectn 1 H, rpysa maccoi
204 r poizwiBaet gekcrsue cuasl Tkeetw 2 H w 1. a0 Mame-
PHMEB YIUTHHEHHSI NPYXHHBI NOA JCHCTBHEM PA3HBIX CHI TSDKEC-
TH, MOXHO M3TOTOBHTH WIKALY AMHAMOMETPA U M3MEPCHMS Puc. 12.2
MOOKIX cua. INaBHBIMM ACTANSIMH AMHAMOMETPA SIBASIOTCS
cTadbHasl NpyxuHa ¥ wkaxa. OJMH KOHCL NPYXHHBI NPH-
KPCIUICH K KOPIYCY AHHAMOMETPa, APYroi KOHEL IpYXKHHBI
cBOBOMHBIA M OKaHYMBacTCs KpoukoM. JluHamomerp umeer
Ha KOHLC npyxuuu yKasaTeib, MNEpeMCLIAOUMICH BIOIb
mxanu (puc. 12.2).

SxcnepuMeHTanbHoe 3afavue 12.1

PaGotaeM caMOCTOSTENbLHO
Wccneposanmne 3aBUCUMOCTH YANMHOHUS CTaNbHOM
NPYXMHBE OT MPUAOKEHHOH CHAbI
0BaHMe: CTANLHAA NPYXWUHA, W3Me-
pmwngoamueﬁ(a. wraTMe ¢ npuHagnexsoc- | LI ITERE Pl |
TAMM, Hal rPy308.
Cuna F, H | lmna /;, cMm | Yanusenue x, cM
1. Ans MccnepoBaHMA 3aBMCUMMOCTW YONWM- 0
HEHUA CTANLHOM NPYXUHLI OT NPUAOXEHHOH CH- 1
Nbl 3aKPenuUTe OfIMH KOHEL| NPYXWHLI HA LWTaTh-
BE U M3MEpLTe C NOMOLLLIO NUHElKU anuHy [, 2
npyxuHbl (cM. puc. 12.1). Pesynwrar uamepe-
WM 3anMWUTe B TaBNMLY 12.1 NpoTMR aHaue- 3
A neficTeyioleit cunes 0. 4
2. MNonpecsTe Ha NPYXWHY Ipy3 Macco#
100 r ¥ U3MepLTe ANUHY /, NPYXUHL. Pesynbtar 5
mamepeHust sanuwute 8 Tabnuuy 12.1 npotue
aHaveHus1 fedcTeyioed cunul 0,98 H =~ 1 H,
3. BLlUMCAUTE YUIMHEHWE NPYXUHL X = [, — [, 1 3anuim- Bonpoch
Te pesynsrar B Tabnuuy 12.1.
4. JloGagnssi N0 oaHOMY rpyay maccoil 100 r, uamepste 1. Yro wazwpaercs pedopma-
JAUHY NPYXKWMHE IR KOXA0MO HOBOMO 3HAYEHWS) CUALI U Bbi- umei Ten?
YUCAUTE YANMHEHWE NPYXUHLI X NPU STOM 3HavyeHud. Mame- 2. Yo Takoe cuna ynpyroctu?
PEHUA NpoBeAMTE ANA NATW rPY308. 3. OT yero 3aBUCUT cuna ynpy-
5. NocTpoitte rpaduk 3ABUCUMOCTU YIANIMHEHWUA NPYXMHLI roctu?
OT NPUAOKEHHON CHMNbI. 4. B 48M NpUuMHa BOZHWUKHOBE-
HUSL CHMNBL YNPYTOCTH?
5. Kak Hanpasnes BekTop cyibl
ynpyrocru?
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Puc. 12.3. M2roToRnente Motenm
JIHHAMOMETPA

- -

a) 0)

Puc. 12.4. I'parywpoBka MOenH
JIMHAMOMETPA

Hsroroaenne momenn awuamomerpa. Lisi maroropie-
HHS MOMIEAH JIMHAMOMETPA HYXHBI CTANBHAS NPYXKHHA, Jepe-
BSIHHAs IUIACTHHA JUISL 3aKPCIVICHHMS NPYXUHBI M HaGop I'Mpb
(rpyzos). Ilnactuia nomkHa GHITL JUIHMHHES MPYXMHBL, IS TO-
ro 4Tofbl Ha Hel MOXHO OBUIO YKPENHTH WKany npubopa.

3akpenuM NAACTHHY BEPTHKAILIHO HA WITATHRE TaK, YToOL
NOABEIIEHHAs 32 OJMH KOHEIl MPYXKHHA BHCEAA NapaiaeibHO
ractuHe. Ha cBoGoiHOM KOHUE NPYAKHHBI IIPHKPEITHM YKa-
3aTelb JUIS OTMCTKH TMOMOXKCHMS! KOHIIA TPYKHMHBI Ha LUKaIC
npubopa. Ykasarteslb MOXKHO CAeAaTh, HANPHMEpP, M3 Kycka
NPOBONIOKH.

Jis M3roToBACHUS WIKAABLI JIMHAMOMETPA Ha TMAACTHHY
HakjaeHM nonocky Oymaru. Ha 910l nonocke npu BeprHKaib-
HOM PaciioNOXCHMH MOJICHH JMHaMoMerpa Ges rpysa Ha npy-
AKHHE MPOTHB YKA3aTels ClaeaaeM OTMETKY, COOTBETCTBYIOIIYIO
sHavennio edersyiomed cwint 0 H (pue. 12.3).

IMonsecum wa npyxuny rpys maccoit 102 r. B srom cay-
yae Ha rpys neHersyer cuna tsekectd 1| H v npyxuHa pacrsi-
rusacrest cunoit 1 H. Jlenaem Ha wkKane oTrMeTky, COOTBET-
CTBYIOUYIO 3HaueHHIo aeictyomeit cuas | H (puc. 12.4, a).

3arem noaseniMBaem ew® oauH rpys maccoit 102 r v ne-
naeM ormerky 2 H. Jlanee npononxaem noGasasith no ojHO-
My rpysy macco# 102 r u menaeM OTMETKH 3HAUCHMM CHI Ha
wxane g0 5 H (puc. 12.4, 6).

AHATOMMUHBIM CIOCOBOM MOKHO H3IOTOBHTH IAHHAMOMET-
pot juist mameperuit et or 0 no 1 H, or 0 go 50 H w1 1. .

PaGoTtaem CamMOCTOSIT@NbHO

Uccnefosaine 3aBUCHMOCTH YIUTMHOHUS PO3MHbI
OT NPUAOXKEHHOH CHNbI
OBOPYAOBAHKE: PE3VHOBAS HUTL, W3MEPUTENLHAR NiHeHKa,
WTATHB C NPUHAANEXHOCTSAMU, Habop rpy3oe.

TNopsnoK BeNONHeHUs 380aHUs
1. [ina nccneposaHuA 3aBUCHMOCTH YANMHEHWA Pe3uHLl OT
NPUNOXEHHOW CHNLI UCNONL3YITe PEe3UHOBLIE KONLLA, KOTOpLIe
NPOAAKOTCA B MarasuHax, TOPryloLMX KaHUensapCKUMKM NpuHaa-
nexHocTamu (puc. 12.5).

Puc. 12.5. PesnHOBBIE KOJIbIA
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3akpenuTe peavMHOBOe KONLUO Ha WITaTMBE, NOABeckTe Ha
Hero CTepXeHb ANA HaBelMBAHWA TPY30B M M3MepkTe C no-
MOLLIO IMHEAKW HaYanbHylo AnuHy [, peauHsl. Peaynerat wa-
MepeHua aanMiuuTe B Tabauuy 12.2 NpoTuB 3HaYeHUs NedCTRY-
owei cunw 0.

TaGamua 12.2

Cepus 1 Cepun 2

Cuna F, H AnuHa YanuHeHue Anuua | YanuHeuue

1, cm A, cm I, cm Al, cm

0

0,5

1,0

15

2,0
25

2. NoppeckTe Ha peanHy rpy3 Maccoi 50 r u namepste ed
anuny I, (pyc. 12.6). Peaynstar mamepenus sanuwvre B 1ab-
nmuy 12.2 npotve 3HadeHus peicteyowei cunst 0,49 H =~ 0,5 H
B KONOHKY «Cepusi 1».

3. MNpoponxas aobaenAaTL N0 OAHOMY rpy3y maccoil 50 r,
M3aMepsTe ANWHY Pe3uHL JNIA KAXA0T0 HOBOTO 3HAYEHMA CHILI,
yBenuyeHHoro npumepuo Ha 0,5 H (puc. 12.7). Uamepenus
NpoBeanTe ANA NATU FPY308.

4. MNosTOpUTE CEpPUID M3MEePeHUd B oOpaTHOM nopaake —
cHayana Ana NATW rpy30B, 3aTteM AN 4YeTuIpéx, Tpéx, ABYX W
OAHOTO rpy3a. PeaynsTatl MaMepeHWit 3anuiuuTe B KONOHKY
«Cepusn 2»,

5. Buuucnure yanuHenue peausl Al pnsi kaxnoi cepuw

W 3anumMTe pesynbTarsl B Tabnuuy 12.2.

6. MocTpoiite rpadmku 3aBUCUMOCTH YIUIMHEHUSI PRIUHDI
OT NPUAOKEHHOW CWNLI ANSI KXKAOW COPUN U3MEPOHWA.

7. Cpenaiite BLIBOA, NPUIOAHA NIM PE3MHA B KAYECTBE Ma-
Tepuana Ansi WAroToRNEHMs AMHaMoMeTpos. OBocwyitre ceoi
BuiBOA.

:
H
-
g
g
d
=)

Puc. 12.6

I NN

-
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-
-
-
-
-
-
-
-

Puc. 12.7




11 CnoxeHnne cun

1. YTo HasbLBAKT paBHOAEH-
CTBYIOUWEH HECKONLKMX cun?

2. Kak MOXHO onpeenuTb, 4To
[AHHaA cuna ABNAETCA PaBHO-
NEHCTBYIOWEH HECKONLKUX W3-
BECTHBIX CUN?

e ——

Pc. 13.1. PacTsikeHHe TPYKHHB
JIBYMS IHHAMOMETPAMH B OHOM
HanparIeHHH

DR | —
e

Puc. 13.2. PacTaKeHHe NpPYXHHL
OILHHM JIHHAMOMETPOM

Pasnoneiicrayiomasn cua. JioGoe 110 B NpHpoIe OIHO-
BPEMEHHO B3aAMMOJCHCTBYET ¢ MHOTMMH NpyrHMH Tenamu. Ha
KXot TCJNO ACHCTBYIOT CHAA TSKCCTH CO CTOPOHBI 3eMiH,
CHJILI YIIPYTOCTH CO CTOPOHE! OMOPLI MJIW CO CTOPOHBI THHY-
umx aubo Tonkamoumx Ten. HykHo kakum-to obpasom HaiTh
pesynbTaT OAHOBPEMEeHHOro jieHcTnusi MHoxectsa cui. Ecau
pPe3yNbTaT JCHCTBHSI HA TEAO ONHOBPEMEHHO MHOTMHMX CHI Ta-
KOH, 4TO Cero MOXHO IOJAYYHTb NCHCTBHCM ONHOH CHILI, TO
TAKYIO CHJIY HA3LiBAIOT paBHOACHCTBYIOIEH BCEX TUX CHIL
OaMHAKOBOCTL ACHCTBHS MOXeT ObITh YCTAHOBJIEHA 110 OJIMHA-
KOBOCTH M3MEHEHHSI CKOPOCTH TeNia B eHHMILY BPeMeHH HIH
HIMEPEHHEM CHJI JIMHAMOMETPOM.

Chioxenne JByX BekTopoB cwi. B ciyuae neGosbinoro
yHcaa AeHCTBYIOIMMX CHI HX PaBHOASHCTBYIONIAsS MOXET OBITH
Haliiena no NpaBuiiaM CIOKEHHS BEKTOPHBIX BEAWYMH. DTH
NPaBHAa YCTAHOBACHBI HKCTIEPHMEHTANTBHO, W MBI HX MOAYIHM
H3 OIBITOB.

OkcnepuMeHTansHoe sanaHue 13.1

PaGoTtaem camMOCTOSTENbHO

CnoxeHne cuJ, HaNPaBNeHHbIX BAO/Nb OAHOW NpAMOH
OGopyfoeanne: ABa AMHaMoMeTpa, npyxuua, Gymara, ka-
paHaaLl, U3MepHTeNbLHan NuHenka.

1. Hccnepyifre peaynsrar croXeHWs ABYX NapannensHo
HanpasieHHbiX CHIT.

TopsifoK BunoMHeNWs 3aaanms

1. MNonoxwure wa cron amct Gymaru. 3akpenure OOMH KO-
HOL, NPYXMHLI, K APYrOMY KOHLY NPYXUHL! NPUBSIXUTO ABE HW-
TH C NOTNSIMK Ha Kouuax. etk HuTell HageHbTe Ha KPIoYKKU
ABYX OWHAMOMETPOB.

2. Pacnonoxure AMHAMOMETPEI NAPaNAensHO APYT APYrY v
NOTAHWTE WX 32 KPIOYKM B OQHOM HanNpaeneHuW, pacrsrveas
npyxuHy. OTMeTeTe Ha nucte Gymarnm TOYKOW A NONoxXeHwe
KOHUa npyxuHbl (puc. 13.1). Orcuuraiite nokasauma F, u F,
A

HAMOMETPOR.

3. [Inn HaxXOXAEHUA PaBHOASHCTRYIOUEA ABYX CUA pacTh-
HATE NPYXHHY C MOMOLULIO OHOMO AMHAMOMETPA A0 TOMKM A
1 OTcuMTalTe nokasanusa F, aMHamomerpa (puc. 13.2). Pesyne-
Tarkl U3MEpeHuit sanuwmTe B8 Tabnuuy 13.1a.

Tabnuua 13.1a

Hanpaenewws cun | F, H | F, H Fy H |Fi+ Fy H
A

4. CpasHuTe 3Ha4eHWe paBHoOAeCTBYIOWER agyx cun Fy C
cymmoit cun F, n F,.

CcpopmynupyiiTe 3aKOH CROXEHWS CUN, HANPaBNeHHLIX Na-
pannentHo.




MexaHuueckue sBieHust 59

Peaynutar onuiTa NOKasLIBaeT, YTo Npu CROXEeHW ABYX cun,
HanpaBneHHLIX BAOAL OAHOW NPAMOIl B OAHY CTOPOHY, PaBHO-
LEACTRYIOWAN CUN paBHa CyMMe STHX CMA M Hanpaenexa B Ty
Xe CTOPOHY, 4TO U 3TW iBe cunkl. Bextop pasHopelcTeyiowei
cun F, MOXHO Haitth, rgucranm Hauano eekropa F, BTOPON
CHNLI K KOHLLY BOKT .mpeoucuwunpoeemmopi%
OT Hauana pektopa F, Nepeoi cUiL A0 KOHUA BeKTopa Ff‘, BTO-
poii cunel (puc. 13.3). BekTop cunkl NepeHoOCUTCH B NPOCTPaH-
CTBE napannensHo camomy ceGe, COXpaHsas cBOE HanpasneHue
n MOAYNb.

ll. Hccnenyiite peaynsrar CnoXeHHs JABYX NpOTHROMONOX-
HO HANPaRNEHHMX CHA.
[TopsRoK BLINOMHEHWA 33[aHUA

1. HageHsTe NeTnv ABYX HUTEH HA KPIOYKM ABYX AWMHAMO-
MeTpOoB. Pacnonoxure AMHaAMOMETPH! BAOAL ONHON NpAMON, HO
NO pa3Hbie CTOPOHLI OT KOHLA NPYXUHEL. PacTaHUTe NPYXWHY C
NOMOLUBIO NEPBOr0 AMHAMOMETPa Ha 3—4 cM 3a Touky A. 3a-
TeM, YAepXuBas nepeuiil AMHAMOMETP B HEM3MEHHOM MONoXKe-
HWW, MOTAHWUTE HUTL B NPOTUBOMONOXHOM HaNpaBNeHWH C No-
MOLULIO BTOPOro AMHAMOMETPA 0 COBMELIeHWSI KOHLA NpYyXu-
Hbl € TouKoW A Ha ;qmcTe Oymaru. Otcuuraiite nokasanwma F,
W F, IMHAMOMETPOR.

2. CHuMMTE C NETNU KPIOYOK AMHAMOMETPA, TAHYLLLero npy-
XKUHY B NPOTUBONONOXHOM HanpasieHun. PacTsvmTe npyxuHy
NepeLIM AMHAMOMETPOM [0 Toukk A. [N HaxoXaeHusi aua-
YeHusi paBHopeWCTBYIOWER ABYX CUN CHUMWUTE nokasauus Fj,
AuHaMomMeTpa. Peaynstatel M3MepeHWid aanuwute B Tabnuuy
13.16.

TaGnuua 13.16 '

Hanpagnewus cun | F,, H Fy H Fo, H |F,-F, H
FllF,

3. CpaBHuTe MOAYNL paBHoAedCTBYIOWEN ABYX cun FiC

pasHoCTHO Momynedt cun Fy u Fy: Fy = F, - Fy.

ChopmynupyiiTe 3aKoH CROXKEHUA CUA, HaNPABNEHHLIX NPO-
TUBONONOXHO.

Mpwu cnoxexwun ABYX CUN, HANPABNEHHLIX BAOAL OAHOW NpsA-
MO B NPOTURONONOXHLIE CTOPOHBLI, MOAY/L PaBHOAEGHCTRYIO-
Wel cun pased pasHOCTH MOAYNER STMX CWA, a BEeKTOp pas-
HOAGMCTBYIOWEH CHLI HANPABAGH NApannensHo TOMy M3 ABYX
BEKTOPOB, ¥ KOTOPOro Gonslwe Moayns. Bextop pasHoaeicrey-
jouiei cun F, MOXHO HalTH, NPUCTABUR HAYANO BEKTOPa CHNLI
Fy K K BEKTOPA CHIIL F, W NPOBGAA BEKTOP F, OT Hawana
pexTopa F, Nepeoi cune N0 KOHUA BeKTopa F, BTOPOR cunk
(puc. 13.4).

OT0 NPaBMNO HAXOXLEHWS! BEKTOpa PaBHOAEHCTBYIOWEH
JABYX CWN Takoe Xe, KaK [uia chy4yas AeiCTBMSA CUA, HanpaBneH-
HLIX BOOAL OAHOM NPAMOIA B OOHY CTOPOHY.

A A

Puc. 13.3. Cnoxenne
MAPAVIELHEIX BEKTOPOR CHI

Puc. 13.4. Cnoxenne
NPOTHBOTIONOXHO HANPARICHHBIX
BEKTOPOB CHI
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Onpenesenne paBHOACHCTBYIOMEH CHA, NPHIOKECHHBIX
K oamoi Touke reaa. JLig NOSHONO OTBETa Ha BONPOC O pe-
JYALTATE NCHCTBHSL THO00OT0 MMCIa CHA ¢ JO0ObIMM Hanpasie-
HHSIMM BEKTOPOB, MNPHJIOKEHHBIX K ONHOH TOUKE Teia, HYK-
HO YMCTh HaxoMTh PaBHOUACHCTBYIOULYIO ABYX NPOH3BOABHO
HanpaieHHBIX ciii. OnpenciauB paBHOACHCTBYIOULYIO ABYX
CHJI, MOXHO 3aTCM HAWTH Pe3yibTaT ¢ CAOKCHHS C TPETHCH
CHJOH M TaK NpPONOJAATH [0 HAXOKICHHS PAaBHOUCHCTBYIO-
LICH BCEX CHIIL

¥ s
-
A
S
Lot
Puc. 13.5
.'_'__,‘._—"
A

[ m—

Pue. 13.6

~a
5’%

m——

PaGoTaoM CaMOCTOATONBHO
Cnoxenue cwi, HaNpaRAeHHbIX NOJ, YINoMm

OGopynosanne: ABa AMHAMOMeTPa, NpyxuHa, Oymara, ka-
paHaaLl, uamepuTensHas nuHedka.

Hccnenyiite pesynbrar fedcTeWa ABYX CWA, Hanpae-
NEHHLIX NOA YrAOM.

TopSAoK BLINONHEHUS 3a/laHns

1. Nonoxure Ha cron AucT Oymark. 3akpenure OMH KO-
HOLL NPYXMHLI, K [APYrOMY KOHLY NPYXUHB! NPUBSIXUTE ABE HW-
TM C NETAAMKM Ha KoHUAX. lMeTnu HUTel HaNeHsTe Ha KPIOYKW
ABYX AMHAMOMETPOR.

2. Pacnonoxure AMHAMOMETPH! NOA YIMIOM APYr K APYrY M
pacraHmre nNpyxuHy. OTMeTsTe Ha amcTe Bymar TOYKo#i A no-
NOXeHWe KOHUA NpyxuHbi. OTMeTETe Ha Oymare npsiMuie, Ha
KOTOpLIX NOXAT BOKTOP Cn F; W F,. OTCUWTAiTe noKazaHus
AuHamomeTpoe (puc. 13.5).

3. CHUMMUTE C OAHOW HUTH KPIOHOK AuHamMomeTpa. C no-
MOWILIO BTOPOrO AMHAMOMETPA PACTAHWTE NPYXUHY TOMHO Tak
X0, KaK B NOPBOM ONLITE, T. @, A0 ToukK A. JIns HaxoXoeHus
pasHoaedcTBYIOWER ABYX cun oTCuMTaiTe nokasawua F,; AuHa-
MOMETPa U OTMETETE Ha Gymare NPAMYIO, Ha KOTOPOR NeXuT
BekTop F, paHopeHcTRyloWen cun F, u F, (puc. 13.6).

Buan moaymm cun Fy, F, n F3 M MX HaNpaBneHus, MOXHO
NOCTPOMTL BEXTOPLI CUN Fy 1 F, REACTEYIOWMX HA NPYXMHY, U
BEKTOp ﬁ' PaBHOAEMCTRYIOWE 3TUX CH.

JIns NOCTPOBHMA STUX BEKTOPOR HYXHO BeIOpaThL MaclwTad
waobpaxenusn, Hanpumep, sektop cunkt 1 H uaoOpaxaercs
CTPENKOH JUIMHON 2 CM, BEKTOP CHNbl 2 H — CTPenkoi AnuHon
4 cm W 1. A B pesynutate Ha nucte Gymary nonyyaom Waot-
paxeHus aenopoacunf, uf;,uaexropapamqqeﬁcmy:omeﬁ
aTUX cun Fy (puc. 13.7).

Hanpaenexma M MOAYNWM BCex TPEX BEKTOPOB CWUN nonyye-
Hbl SKCNEpUMMEeHTaNnbHO. BOnpoc sakniovaercs B Tom, YTO0W
HalTM cnocob onpeaeneHus HanpaeneHusi U MOayNs paBHo-
NeHCTBYIOWON ABYX W3BECTHLIX CUN 63 BLINONHEHUS JKCNepu-
MeHTa,
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Mpexne Bcero NPoBepuM, NPUMEHUMO NK NPABUNO HAXOX-
ACHUA PABHOAGHCTBYIOWEA ABYX CW/I, HANPABNEHHLIX BAONL O~
HOW NPSIMOIA, U B CNYYae BEKTOPOB CW, HE NIOXAUWX Ha OAHOM
npamMo#i. [lna 3Toro nepeHecém BeKTop F; napannensHo camo-
My cebe U NPUCTaBMM €ro Hayano K KOHLY BekTopa ?.. 3avem
NOCTPOUM BEKTOP, COSAMHAIOLMIA HaYano BexkTopa ?, C KOHLIOM
BeKTOPa F. M0CTPOEHHBIA TakiM OOPa3oM BEKTOP COBNAAAET C
AKCMNOPUMEHTANLHO HAWIGHHLIM BEKTOPOM f-‘; papHoaeicTRyIo-
Weil BekTOpoB cMn ﬁ’, “u f’, ToyHo Taxoil Xe pesynsTar nonyya-
aTCsl, ecAM NPUCTABWTL HAYano BeKTopa F, K KoWuy BekTopa F,
a 3artem NoCTPOUTL BEKTOP, COSAMHAIOUMIA HAYaNo BeKTopa .E;
© KOHLOM BekTopa F, (puc. 13.8).

L)
4"" i
», A
F
Puc. 13.8

Ofuee NpaBuAO CAOXKEHUsI BEKTOPOB CHJI Ha3blBaeTcs
npaswioM napajiesiorpamMa ¥ GopMmynHpyercs Tak:

BEKTOp paBHOASHCTEYIOLSH ABYX CUA, NPUNOXEHHbLIX K OfHOM
TouKe, ABNAETCA AMarcHanbio napannenorpamma, CTopoHamu
KOTOPOro ABNAKDTCA 3TU CWNbI, U NPUNOXEH K TOM Xe Touke.

[Monb3ysich MPaBUIOM NMAPANAEAOTPAMMA, MOKHO HE TONb-
KO HAxOMMTh BCKTOP PaBHOACHCTBYIOLICH NBYX BCKTOPOB CHI,
HO M 110 M3BECTHOMY BEKTOPY PaBHOACHCTBYIOIICH HAXOAMTH
MOAYAH JIBYX ACHCTBYIOUMIMX CHJ NPH M3BECTHLIX HANPABACHM-
AX 9THX BeKTopoB. JLisi 97010 yepes TouKy A NpHUAOKEHHs MC-
KOMBIX BEKTOPOB ¢ [y W /% HYKHO NPOBECTH TpsIMbie, Ha
KOTODBIX JICXAT 9TH BCKTOPHI, M IIOCTPOHTL BCKTOP PaBHOMCH-
cTBYIOlICH /5 5THX CHN_¢ HauaioM B Tol ke Touke A. 3arem
yepe3 KOHell BekTopa /4 paBHONEHCTBYIOIIEH NMPOBECTH Mps-
MBle, MapauieabHbie NPAMBIM, BIOAL KOTOPHIX PACTIONOXEHH
BEKTOPH JIBYX ClaraeMbix ca. TOUKH nepeceveHust NpsiMBix
OTMETAT TONOKEHHSI KOHIIOB MCKOMBIX BekTOpoB /| u [, Ha-
yajia 9THX BEKTOPOB Haxositest B Touke A (puc. 13.9).

3aaaua 13.1. Hamuire nanpamicide M MOAYAL BEKTOPA paBlo-
HeACTBYIOIICH BeKTOPOB Ct I 1 F), NPEICTARICHHLIX HA PHCYH-
Ke 13.10, a. Monyiib BeKTOpa CHIK F’, papen 5 H.

3apaua 13.2. Hanaute Moayn® Bextopo cwn F, w F, mo
NPCACTABACHHBIM HA pHCYHKE 13.10, & NpsiMBIM, HA KOTOPRIX Jiexar
ITH BEKTOPLI, H BEKTOPY MX paBliofeHcTBYIomicA /5. Moy, BekTo-
pa paBHoAeHcTByIOIeH pasen 6 H.

3anaua 13.3. Hamire HanparieHue H MOAYIL BEKTOpa F’, KOTO-
PHH TIPH CAOKEHHH C BeKTOPOM F AAET paBHONCHCTRYIONYIO I3, npet-
CTARJICHHYIO Ha pHCYHKE 13.10, #. Monyis BekTopa sl /) pased 2 H.

a) -  6) 8)
3 ;\ [F.

Puc. 13.10

Purc. 13.9

1. Chopmynupyiite
CNOXEHWS BEKTOpOB CWA.

2. OGLACHUTE, KaK MOXHO Hall-
TW OfIHY W3 ABYX NEACTBYIOILMX
CUN NO M3BECTHOM APYroi aeil-
cTBylOWER cune 1 pasHoael-
CTBYIOLEH cun.

npasmno
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Tect NpeaHasHaveH NS CAMOKOHTPONA Pe3yNbTaTtoB M3yMeHus Tem

«Macca. Cuna. Cuna raxectn. Cuna ynpyrocrm.

Cnoxexwe cwns.

Paboty Haj 3afaHusamK Tecta caenyet NpPOBOAMTL TaK Xe, Kak peKxoMeHaoBaHo

Ha c. 36 pmm Tecra 1.

Mpu nonemke agToMotunmMcTa GLICTPO Ha-
O6pate GONLILYIO CKOPOCTL KONECA aBTOMO-
OUNA NPOKPYYMBAIOTCA M ABTOMODUNL pas-
FOHARTCA IMILL NOCTENEHHO. DTO OOLACHA-
erca

1) peicTenem GONLWOH CUNLI TPEHUA Ha
Konéca

2) manoi cunoi Tpeuus, AercTeYIOWeR Ha
Konéca

3) ABNEHHUEM WHEPLMK

4) neicTBrEeM CUNbl THXECTH

Mps nojBeleHa Ha HUTK, KoTopan He ob-
pLIBAGTCA NOJA AGHCTEBMOM TSXOCTW FMpHM,
HO NIerko o6puLIBaeTes NpU HeGONLWOM A0-
Gapnewn rpysa. CHU3Y K rupe npuesaada
TONHO TAKas Xe HWTbL. ECAKM 3a 9Ty HUTL
Pe3ako AEpHYTL, TO

1) ODOPBETCH BOPXHSS HWUTL

2) 0BOPBETCH HIKHAN HUTL

3) 000pRYTCA 00 HUTW, CHaYana BEpPXHAR,
NOTOM HWKHAR

4) oBOpRYTCA 0DE HUTH, CHAYaNA HWKHAA,
NOTOM BEpXHAR

Tena A v 6 MMEOT OAMHAKOBLIA OOLEM, Te-
no A cunbHee npurTarveaeTca Kk 3emne,
yeM Teno b. Kakoe ua atMx Ten uHeprHee?
1) wHepTHee Teno A

2) nHepTHee Teno b

3) tena A 1 b OAMHAKOBO MHEPTHLI

4) MHEPTHOCTL TGN HE 3ABMCHMT HM OT 00L-
éma Tena, HM OT ero CnocobBHOCTH K Npu-
TAXEHWO K 3emne, NoaToMy NOC YCROBMIO
3afaud Henb3s ONpefenuTs, Kakoe W3 Ten
WHepTHee

OCHOBHAA eAMHWLA MACCH B MexayHapoa-
HOW cucTeme — aTo

1) rpamm 3) HLloTOH
2) kmnorpamm  4) ToHHa

MNpu NpeBpaleHn XWaKoi BOAL! B Néja eé
o0béM yBenuuuBaetcA. Kak wameHsercs
NpY 3TOM MAOTHOCTL BOAKI?

1) NNOTHOCTL BOALI YBENWYUBABTCH

2) NNOTHOCTL BOMLI YMEHLLLAGTCA

3) NNOTHOCTL BOALI HE WAMEHSIRTCS

4) NAOTHOCTE BOALI MOXET YBEAWYUTLCSH
wnu bLUMTLCH B 3ABUCHMMOCTH OT KONK-
4YecTBa BOALI B ONbITe

Macce! CNAOWHLIX OAHOPOAHLIX Ten A, b u
B opMHakoBLl, U3 HUX Teno A uMmeer Hauw-
MeHbLLWKA 00LeM, a Teno b — HanbONLLIKWA
(puc. T2.1). Kakoe u3 atvx Ten obnapaer
HaMMEHLILEH NNOTHOCTLIO BelecTea?

Oy

Puc. T2.1

1) Teno A
2) Teno b
3) rTeno B
4) NNOTHOCTL BelecTBa BCeX Tpéx Ten
OAMHaKoBa

Cunoid HaaulpaeTch manyeckas BenuyrHa
1) NpAMO NpoONOPUMOHaNEHAn Macce Tena
WM M3MEHEHMIO CXOPOCTH Tena

2) NpAMO NPONOPLMOHANEHAA Macce Tena
M CKOPOCTW Tena

3) NpAMO NponopuMoHansHaa macce rena
M M3MEHEHMIO CKOPOCTH Tena B eauHuLy
BPEMeHn

4) NPAMO NPONOPUMOHANBLHAA MIMEHEHUIO
CKOpPOCTW Tena B eMHULYY BPEMEHW W 06-
PaTHO NPOMNOPUMOHANLHAn Macce Tena

Cuna — BeKTOpHas (pmanyeckan BeNMUMHA,
NOTOMY 4YTO OHa

1) xapakTepM3yeTca He TONLKO YWMCNOBLIM
3HAYEHWEM, HO W HanpaBneHueMm AeicTeus
2) xapakTepu3yeTca TONLKO YUCNOBLIM 3HA-
YeHueM

3) xapakTepuayeTca TONLKO HanpaBneHuem
AEWCTBMA N HE UMEET YUCOBOro 3HAYEHWA
4) NpAMO NPONOPUMOHaNLHA Macce Tena
U M3MEHEHWIO CKOPOCTU Tena B eauHuLy
apemMeHn
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10.

11.

12.

CHnoil TAXECTH HasLIBAeTCH cuna, neicr-
Byowan

1) co CTOPOHLI TEna Ha ofnopy MK noagec
2) CO CTOpPOHLI 3eMNW TONLKO HA Heno-
ABWXHLE Tena

3) co cTopoH 3emMnM TONLKO Ha ceobop-
HO nagaiowme Tena

4) co cTopoHs 3emnu Ha nobLie Tena He-
33aBUCHMO OT TOTO, [IBMXYTCH OHU WMAN He-
NOABVOKHEI

lwpa maccoil 10 kr cTouT Ha cTone. Yemy
paBeH Bec rupu?

1) 0 3) 10 H

2)98 H 4) 98 H

JNiocTpa noageleHa K NOTONKY Ha KPIOYKe.
K xakum Tenam NpUnoxeHs! cUna TSHXKeCTU
M CUna Beca MocTpuI?

1) cuna TAXECTH NPUNOXEHA K KPIOYKY,
cuna peca — K niocTpe

2) cuna TAXECTU NPUAOXEHa K MocTpe,
cuna peca — K KpIouKy

3) cuna TAXECTH U CUNa BeCa NPUNOXEHLI
K KpIOuKy

4) cuna THXECTH M crna Beca NPUNoXeHb!
K mocTpe

Kax 3aBuMcuT cuna ynpyroctu or fedopma-
WM Tena W Kak Hanpapned BeKTOp CUNb
ynpyrocru?

1) cuna ynpyroctu NPSMo NPONOPUMOHaNL-
Ha fedopMauMi Tena M Hanpasnesa npo-
TUBONONOXHO HaNpasnexmio aedopmauymn
2) cuna ynpyroct npaMo NPonopUMoHan-
Ha pedopMauumu Tena M HanpasneHa no
HANPABNEHUIO

3) cuna ynpyroctu oGpaTHO NPONOPLMO-
HanbHa AedopMauMK Tena M HanpasneHa
NPOTUBONONOXHO HanpasieHnio aedopma-
umm

4) cana ynpyroctu obpaTHO NPornopumro-
HanbHa nedopmaumn Tena W Hanpaenexa
Nno Hanpasnesuio aedopmaumm

13. /lga BexTOpa CUN NPUIOXEHL K OAHOW TOM-
ke Tena (puc. T2.2). Moayns. BekTopa I?,
pasedH 6 H, moayns Bextopa F, paBed
15 H. Yemy pageH MOAYNb BEKTOPA PasHO-
PORCTRYIOWEH 9TUX cun?

7 A
Puc. T2.2

1)9H 3) 21 H

2) 105 H 4) 90 H

14. [lga gextopa CUN NPUAOXEHE K OAHON TOM-
ke Tena (puc. T2.3). Moynh Bektopa F,
pases 3 H, Moayns sekTopa F, pased 4 H.
Yemy pased MoAyNL BeKTOpa paBHONCH-
cTBYIOWER 3TUX cun?

A
F
Prc. T2.3
1)1 H 3)5H
2)35H 4)7TH
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Puc. 14.2

Poiuar. Mbl paccMOTpenn TOAbKO Cayuak aeHerpus Ha Te-
JI0 HECKOABKHX CHJI, TIPHIOKEHHBIX K oHo#H Touke. B npak-
THUECKOH KM3HM BCTPEYAIOTCS CAYYaH JCeHCTBHSI Ha TeJo He-
CKOJNBKMX CHJI, NMPHIOKEHHBIX K PasHbiM ToukaM. BuisicHenwe
VCIOBHI PABHOBECHSI TeJl MO JNeHCTBMEM HECKONLKMX CHII,
NPHAOKEHHBIX K Pa3sHBIM TOYKAM, HAYHEM C PacCMOTPEHHS
yenonui papHopecusi phidara. Peiarom iassipaercsi Teépaoe
TENO, BPAIAKOIIEecs BOKPYT HEMNOABMXKHOMU OIOPHI.

IIpuMepaMy pHIYAroB MOI'YT CAYKHTL BECAO JOJKH, Neaansb
BEJOCHIENA, JABeph HA TETsIX.

Ipy peiicTBUM CHIBI, BEKTOP KOTOPO AEXKMT HA NpPAMOIi,
NPOXOMSIIeH Yepe3 OCh BPAUICHHS pPhiYara, co CTOPOHBI He-
NOABHAHOK OCH Ha Telo AeHCTBYET CHAA, PaBHAS 110 MOAYIIO
H [POTHBOIIONOKHAN 10 HanpasicHno. PasHoacicrsyiomas
9THX [ABYX CHJI PaBHA HYJIIO, pbiuar He asuxercst (puc. 14.1).

Ecim BeKTOp CHIIBI HE NPOXOIHT YCpe3 OCh BPAalCHHS, TO
noj JieHCTBHEM 5TOH CHJIB PHIYAr BPalLIaeTcsi BOKPY OCH
(puc. 14.2).

Bee npakTHUECKME NPHMEHEHHSI PHIYATOB OTHOCHTCS K
cayuasiM ACHCTBHSL Ha phivar ABYX CHI, KOTOpbIE MO OTAENbHO-
CTH BPAAKOT €ro B MPOTHBONONOKHEIX HanpasneHusx, Bei-
NOAHEHHE YCAOBHS PABHOBECHSI BO3MOXHO MPH JIBYX BAPHAH-
TaX PACTONOKEHHSI THX CHJI OTHOCHTEABHO OCH BpallleHHs
pbiuara.

Eciu TOYKH NMPHAOKEHHS CHI HAXOMSTCA MO pPasHbie CTo-
POHBI OTHOCHTENBHO ocH Bpaiienus (puc. 14.3), To prmar na-
3LIBAIOT peivaroM 1-ro poja.

Eciu TOYKH NMPHIOKEHHS CHI HAXOMSNTCS MO OIHY CTOPO-
HY OTHOCHTEJIbHO ocH Bpamenus (puc. 14.4), To pruar Hasmi-
BAIOT PLIYAroM 2-ro poaa.

OkcnepumeHTansHoe aafaHue 14.1 |

PaGoTtaem CamMOCTOATENBHO

Hayuenmne ycnosus pasHoBecus Tena,
HMeIoLero ocb BpalleHns

OGopyRosanne; puivar, WTaTMe, WaMepuTenuHas nuHeika,
JMHAMOMETD, Ipya,
C NOMOLLbIO IPY3a W [AWHAMOMEeTPa YCNo-
BHS PABHOBGCHS PLIYara noa AeHcTemem ABYX Napannens-
HbIX CHA.

TMopAROK BHNONHEHHS 3aflaHua

1. YcraHoBuTe Ha CTONE WTATUB, 3aKPENWUTe OCL, HANeHb-
Te pbiMar Ha ock. ECNKU OCh NPOXOAMT Yepes OTBepCTHe B Ce-
PeMHE pLitara, To OH HAXOJIMTCSI B PaBHOBECKHM,

2. MamepeTe ¢ NOMOWLIO AMHaMoMeTpa Bec F, rpyaa U aa-
NALMTE peaynLTar B Tabnuuy.

3. MNpUKpPenuTe rpya ¢ OAHOM CTOPOHLI PLIYAra Ha HeKOTO-
POM PaccTosiHMK /; OT OCH BPALLIOHWA, U3MEPLTe 3TO PaccTos-
HU@ W 3anWMTe pesynLTaT B Tabnmuy.

4. MNpykpenuTe KPIoYOK AMHAMOMETPA K PLiYary Ha HeKoTo-
POM paccTosHuM [, OT ocK (cM. puc. 14.4). MoTaxuTe AUHaMO-
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MeTp BepTMKanLHO BBEpPX [0 BOCCTAHOBNEHWA PaBHOBECHR
puyara W oTcuwTaiTe nokasawwa F, AuHamomeTtpa. 3anuiumTe
pesynsTaTel M3MEPEHUA paccToAHwA /[, u cunel F, B Tabnuuy.

5. UamenuTe paccTosHWe /, n NOBTOPUTE M3MEPEHWUs CHNbI
F, B cocToAHuW pasHoBecws. PeaynbtaThl M3MepeHuii sannum-
Te B Tabnuuy.

6. WMamenute Bec F, rpysa W NOBTOPUTE M3MEPEHUA CUNbI
F, B cOCTOSIHMM paBHoBeCUsl. PeaynbraTthl M3Mepenuit sanum-
Te B Tabnuuy.

Tabnuua 14.1

Nenmn| FoH [ f,om | B H | oem | Foy | Fap

7. Bomcnure nponssenenna Fl, u Fl, n cpaBHuTe 3Have-
HWR, NOMYNEHHBIE B TPEX ONbITax. c.mnaﬁre BLIBOA, NPW KaKux
YCNOBMSIX puivar Haxoaurca B paBHOBECHM.

Puc. 143

YciioBue paBHOBECHS PLIYAra NOJA JACHCTBHEM JIBYX Na-
panieasnbiX cwi. Ha OCHOBAHMM BHINIOJNHEHHBIX SKCHEPH-
MEHTOB MOXHO CIelaTh CJeAYIOUMit BRIBOA JuUis cayuasi
MeHCTBHS HA PBIYAT JBYX CHJI, BPAIIAIOUIMX €r0 BOKPYT Henoj-
BHKHOIH OCH B NPOTHBONONOXKHBIX HanpasieHusxX. Ecan tou-
KM NPHIOXCHHS! 3THX CHJ HAXOMSTCA HA ONHOW MPsSMOM, mpo-
XOAsILeH 4Yepe3 OCh BPAllCHMs, a BEKTOPHI CHJI MapaUieibHBl
Apyr apyry, To

pLi%ar HaxXooMTC B PaBHOBECHMM MPU PaBeHCTBE NPOM3Be-
AeHui MOayNeit STUX CuN Ha PacCTOAHUA OT TOYEK WX NpW-
NIOXEeHUA 00 OCW BpaleHns:

3anaua 14.1. B onume 1o H3yUeHHIO YCIOBHH PABHOBECHS Phi-
yara (cM. pHc. 14.4) NOKAZAHKA AHHAMOMETPA NPH YCJIOBHH PABHO-
BECHSI puuara ObiH pasbl 1,75 H, paccTosiHHE OT TOUKH Kperuie-
HHA JMHAMOMETPA K PHIYATY IO OCH BpaiicHHs pedara 12 oM. “Yemy
PABEH BEC TPY3a, CHH PACCTOAHHE OT TOUKH €I0 KPEeIVIeHHS K phl-
yary 1o OCH BpalleHKs phidara paso 20 cm?

3anaua 14.2. I'pyz secom 5 H moasemienn Ha paccTosiniy
12 cM oT ocH Bpamienusi pryara, Ha KakoM paccTosiiigd 1o Jpyryio
CTOPOHY OT OCH BpALICHWS HYXHO NOABECHTE rpys Becom 10 H st
PABHOBECHS pLivara (CM. puc. 14.3)?

Puc. 144

Bonpock

1. Kakoro popa pwiuar npea-
CcTaeneH Ha pucyHke 14.3?7 Kak
BhLI 3TO onpegenunun?
2. Kakoro popa pwiyar npea-
cTaBneH Ha pucyHke 14.4? Kak
Bb! 3TO onpepenuan?
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Puc. 14.5

Puc. 148

Ipasuio pevara. B HameM 9KCNepHMEHTe Mbl BBISICHH-
JIM YCAOBHSI PABHOBECHS! PhIMATa MO AeHCTBHEM ABYX CHII, Na-
paensHbix onHOH npsimoi. Ho Ha npakTvke 4acto Berpesa-
HOTCH CHIYYaH ACHCTBHS HA PBIYAL CHA PA3HBIX HanpaBieHHH.
BbisicHMM YCHIOBHMS PABHOBCCHS! phlYara B TAKHX clydasix 9Kc-
NICPUMCHTANBHBIM TYTCM.

OIHOH TOUKE pHIYAra, MMCIOLICIO FOPH3OHTANBHYIO OCh
BPALLICHHS, IIPHKPCITHM JiBa AnHaMoMeTpa. OtMH AHHAMOMETP
Oy/IcM NOIHUMATL BEPTHKAIBHO BBCPX, APYIOM — THHYTh BHU3
710 ycTaHOBAeHHs paBHoBecus. ONBIT A0Ka3LIBaeT, 4TO MOKA-
3aHMS JMHAMOMETPOB [PH 5TOM OIWHAKOBHI, KaK H claemyer
H3 Pe3yAbTATOB pPaHee BLIMTONHEHHBIX onstoB (puc. 14.5).

Hsmennm ycnoBust onbita. TOUKY NPHKpEIUIEHHs JHHAMO-
METPOB OCTABHM ODIIEH, HO HanpasieHue AeHCTBHA OHOH W3
CHA H3MeHHM. JIHHAMOMETD, pacronoXKeHHBIH CHU3Y phivara,
Oy/IeM TAHYTH BEPTHKAILHO BHH3, a BEPXHHI JIHHaMoMeTp Oyziem
THHYTH BBEPX 1O/l HEKOTOPBIM YITIOM € K TIPSIMO#, COSTMHSIONIEH
TOMKY NPHIOKEHHSI CHIBI ¢ OCHIO BpalleHms puiuara (puc. 14.6).

OnBIT NOKA3LIBAET, UTO B ITOM CIyIac B COCTONHHH paB-
HOBECHSI bIYara 3HAUCHHE CHIIbI 15, THHYWICH pbluar BBepx,
NPEBLILIACT 3HAYEHHE CHABL F, THHYIICH pHIVAT BHH3.

Tor dakr, uro nekcrpre Ha pevar cuibl F, Moxer GbITh
KOMIIEHCHPOBAHO NefcTBHeM cHibl J, NpHIokeHHOH K TOH
Ke TOUKE phivara ¥ obJanaiomed MEHbIIMM MOLYJIEM, MOKXHO
OOBICHHTD, PACCMOTPEB CXCMY Ha PHCYHKe 14.7.

Bekrop cuibl F, MOXHO PACCMATPHBATE KaK paBHoeH -
CTBYIOIIYIO JIBYX BEKTOPOB CHA i;, W F,,, HanpapieHHBIX cO-
OTBETCTBEHHO TEPNIEHINKYISPHO W Napaiielbio otpesky AQ.
Jletictere BexTopa cuabl I, KoMneHcupyercs ABHBIM 110 MO~
AV NPOTHBOACHCTBHEM CHABL YIIPYrocth fo, €O CTOPOHH
OCH phi¥ara, a JeCTBHE BeKTOpa CHIBL f5, KOMIEHCHpYeTCs
PABHBIM 110 MOIYJIO IPOTHBONCHCTBHCM CHIbI F).

IMonpoGyem naiiri Gosee ofiee npasuio PaBHOBECHS! Phi-
uara. [lna sroro cHauana sanuuiem nokasanus f u F, nuna-
MOMETPOB B MOJOKEHUH PABHOBECHS phivara. 3ateM OTMETHM
Ha nHcTe GYMard TpeMsl TOUKAMH YTON ¢ MEXIY BEKTOPOM CH-
ast #, w pevarom. Tlocie 5Toro HauepTHM Ha JOCKE CXEMY
PACIIONOKEHUS PblYara ¥ BEKTOPOB JCHCTBYIOIIMX HA HEro
cun. Ha o71oi cxeme npoBeséM MpsMYyK, Ha KOTOPOH JEXHT
BEKTOP CHIBL 15, DTY NpsaMylo Ha3bIBaloT AMnuel acheTsus
cuabl. OnycTHM Ha JAHHMIO JCHCTBHS CHIBI NEPHEHIHKYIsP
H3 TOUKH (), KOTOPOH OTMEYEHO MONOKEHHE HENOABHAXHON
ocu peivara. Touky nepecedyeHHs 5TOro NepreHIuKyasIpa ¢
JmHMeH Jeictus cribl F; ofosnaunm Gyksoit B (puc. 14.8).

Paccrosinme OB 1o neprneHaMKyasipy OT OCH BpalleHHs
PhIMAra 10 AHHHK ACHCTBHSI CHIIBI HA3BLIBACTCH IUIEHOM CHABIL.

Hamepum paccrosiumst [y [, 3aTeM BBIYHCIHM TIPOH3Be-
nenmsi Monyas cwiel Fy ma nuedo [/, w momyas cwiel F, na
wiewo . Ou npomussenenus M, = Iy, uw M, = F;l, nazmBa-
HOTCH MOMEHTAMH CHJI OTHOCHTENBHO OCH BPalllcHWs phivara.
Borunenenusi nokaswiBaior, 4to MomenThl cun M, u M, B cay-
Yyac PaBHOBECHS PHIYAIAa OKA3bIBAKTCSH PABHBIMH 110 MOLYIK.

[lpuHsTo cuMTaTs MOMEHT CHABI, BRI3LIBAIOWINK BpalIlCcHHE
phIYAra B OJIHOM HANPABJICHHM, MOJOKHTENLHEIM, a4 BhI3bIBAIO-
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MK BpaleHHE PBIYATA B MPOTHBONONOKHOM HANPABICHHMH,
orpuuaTeNbHBM. TIpH TAKOM YCAOBMM NPAaBHIO PABHOBECHS
peiMara JUis caydast ACHCTBUSL HA HENo JBYX NPOM3BOABHO Ha-
NPARICHHBIX CHJI, BEKTOPBI KOTOPBIX JEXAT B IIOCKOCTH, Mep-
NCHAMKYASPHOH OCH BpallcHMs pbluara, (GopMyaHpyeresi Tak:

pbiuar HaXoAMTCHl B PABHOBECWW, ©CAM CyMMa MOMEHTOB
JBYX AGACTBYIOUWMX HA HOFO CWA PaBHa HyMO:

YciaoBus paBHOBeCHs] Tesia NOA JEHCTBHEM HECKOJIb-
KMX CWJI. YCIOBHS DABHOBCCHSI Dhivara Juisi cayuasi AeHcTsus
JBYX cv 0BO0MIAKTCS UISE CAYYast ACHCTBHS HECKOJIBKHX CHII:
PHUae HAXOOUMCS & PAGHOGECUU, eCAU CYMMA MOMEHMOE
&eex QelicmsyIomux na 1ezo0 cui pasua uymo:

M+ My, + .+ M, ~ 0.
JioGoe TBEPIOE TEAO0 MOXHO PacCMATPHUBATH KAaK phvar,

crnocoOHbIH BpamaThCs BOKPYr MHOXeCTBa OCei. Hoarrouy
meépdoe meno HAXOOUmcs 6 pacHosecuu, ecau | 1=

1. YTO Ha3LIBAETCA NAGHOM CU-
nu?

2. 4TO Ha3bLIBAETCH MOMEHTOM
cnu?

3. Chopmynupyitte  npasuno
PaBHOBECHMA phivara Ans cny-
yan [NeACTBMA Ha Hero AByX
CWJ1, BEKTOPL! KOTOPLIX Nexar B
NAOCKOCTH, NEPNeHanKYNSpHOR
OCH BpalLeHMsa pbiMara.

4. Chopmynupyitte  ycnoeus
PaBHOBECMA phiYara B Chy-
yae JAeACTBMA Ha Hero He-
CKONLKMX CHA.

CMEYIOWAan 8Cex NPUAONCCHNNX K HeMy cua paenda nyao u
CYMMA MOMEHMOB 8CEX CUA paAGHA HYAN):

B+ B+ o+ B=0, M+ My+ ..+ M,=0.

3anaua 14.3. Ha pucynxe 14.9 npeicrapieHa cxema yerpodcTsa
GaeHHONo KpaHa. C MOMOIILIO 3TOT0 HA HYKHO TOXHATE TPy3
maccod 5 T. TLicuo /, CHIIBI TAXECTH F; 5TOr0 Ipy3a pasiio 15 M.
Macca ctpest kpana 3 1. Iliedo /, CHIL TSUKeCTH F, CTPE/IL] KpaHa
papio S M. Kakum JIOKHO OBITh IACHO [y CHIBL TSORECTH Jy rpysa-
IpOTHBOBECA MACCOR 10 T JUIsl pABHOBECHSI KpaHa?

| Mpumep pewiexus aanasm

3apaya. o ycnoemio 3apayn 14.1 BLNMCAWTE MOMEHTH

cun F, u F, 1 CyMMy MOMEHTOB 3TUX CwA.
PeweHwne:

Tak xax peiyar, 306paxéHHLIi Ha pucyHke 14.4, HaxoauT-
CH B paBHOBECMM, @ CUALI F, U F, NnapannensHsl, TO Npouaseae-
HMe cunel F,, Bpalaioweil peyar npoTue CTpenku, Ha
nneyo /, STol CUNLI PaBHO NPOM3BEAGHMIO CHALI F,, Bpallalo-
wed peivar nNo 4acoBoil cTpenke, Ha nneyo L, Toi cunbi:

Fi-h=F-b,
1,75H-0,12M=F, -0,2m,
F,=1,05H.

Haiipém momenTsl cun F u F;:

My=F,+1, =1,05H -02M=0,21H - ™,

M,=F,-l,=-175H - 0,12mM=-021H - m.
Haiipém cymmy momeHToB cun F, 1 F,:

M +M;=021H-Mm-021H-m=0.
OTeeT: M;=021H M, M;=-021H -M, M, + M, =0,

&

| Jomamxee
" 9KCNepUMEHTalNbHOe

3anaHue 14.2

aa puqar " ”CI'IOJII::!YIOTCR B
HOXHMUAX.

Kakoe cBOIfCTBO pbiuara LWMpo-
KO NPUMEHAETCH B NOBCeAHEeB-
HOW XM3un? lNpuBeanTe nNpu-
Mephl NPUMEHEeHUA puivara.




I LleHTp TAXecTU Tena

i]

Puc. 15.1

Pue. 15.3

Papuoneicreyioman napaaisensumx cuia. Cuna npu-
THKCHHS 3eMIH NEHCTBYET HA KaXayio YacTHUy J1i06oro
Tena. Ecam pasmepsl Teaa Madbl MO CPABHEHHIO ¢ pas-
MEpaMM 3eMAH, TO BCE BEKTOPBI CHII THXECTH, AEHCTBYIO-
zuuc ﬂg lu;mw\hnuc YACTHLBI TeNa, NAPALICAbHBL JAPYr Ipyry
puc. 15.1).

Mbi aKcnepuMeHTanbHo BoisicHvan (cm. § 13), uro He-
CKOJIBKO CHUI, ITPHJIOXCHHBIX K OIHOH TOYKC MAM JCKallHX Ha
NPAMBIX, NEPECCKAIOUMXCH B OAHOH TOYKEC, MOXHO 3aMCHHTH
OHOM CHAOH, NMPHIOKEHHOW K TOH Xe TOYKe M OKasbiBalo-
mieil Ha TeNO Takoe ke jeiicTBue. DTY CHIy HA3BANM PaBHO-
neicrayomed cuao v st e€ HAXOX/IEHHsl YCTAHOBMIM
ONBITHBIM ITYTEM TPABHIO CAOXKEHHs BeKTOpoB cui. Teneps
HAM HANO Y3HATH, CYIIECTBYET AH paBHOAECHCTBYIONIAS Napai-
JIENBHBIX CHJA 3EMHOTO THTOTEHHSI, H €C/IM CYIIECTBYET, TO K
KAaKO# TOUKe Tena oHa NMpHAOKeHa.

To, 4ro paBHONEHCTBYIONIAs CHJI THXECTH CYUIECTBYET,
MOXHO OOHAPYAWTL Ha npoctoM onkite. JliobGoe Teno MOXHO
MOABECHTL HA HHUTH, TPOCE WIH KPIOUKE, H OHO OVIeT Haxo-
JATHCS B Mokoe. Kpome Goabinoro uncia napamiefbHbiX BeK-
TOPOB CHI TATOTEHHS, IMPHIOKEHHBIX K PA3HBIM TOUKAM Tela,
K TeJly NPHAOKCHA CLIE OJHA CHJIA — CHJIA YIIPYTOCTH, AcHCr-
BYIOLLASE HA TENO B TOYKE IMOABCCA W HANPABACHHASI BCPTH-
KalbHO BBepx (cM. puc. 15.1).

Teno HenOABMAKHO, 3HAUMT, CHAA YIPYIOCTH I ip YPABHO-
BEIHBACT JNEHCTBHE BCEX CHJI TSIKECTH, npmoxcuuux K OT-
JICABHBIM TOYKAaM Tena. A IICHCTBHE Ha TENO CHABL YIIPYrocTH
1"9“9 MOXeT ObITh YpPaBHOBelIEHO jeicTBHeM onHoM cuam F
paBHOW IO MOIYIIO cq’ne ynpyrocta [ ypr JIEKALIEH ¢ BEKTO-
poM cHAblL ynpyrocT Fi, Ha onHol upumou HO HanpanfeH-
HOli B npummnonommo cropony (puc. 15.2). Cuna I~ M AB-
Jgsercst papHoneHcTBylomel napanieabusx cuia 'mrmetmn
JEHACTBYIOIHX HAa BCE YACTHIH Tena.

Jisi u3MepeHHs pPaBHONCHCTBYIOWICH CHII TSIKCCTH HYX-
HO IMOJIBECHTH TEA0 HA KPIOYOK JHHAMOMETpA.

Onpenenenme nojoxenus uenTpa rTaxmecrn. Halném
crnocod ONpeleiCHUs MONOKCHUS TOUKK O NPHIOKCHHS pas-
HONCHCTBYIOWICH CHJI THXCCTH, NCHCTBYIOIMX HAa BCC TOYKH
TeNa. DTy TOUKY Ha3biBAKOT HeHTpom TsikecTdw tena. OOpa-
THTC BHHMAHHEC HA TO, YTO 3Ta TOYKA MOXKCT HC COBNANATh HH
C OIHOM M3 TOuEK TeJa.

Touky npuaoxeHusi PaBHOACHCTBYIOIIEH CHA I'PABHTAIM-
OHHOTO TPHTAXEHWS! MOXHO ONPEIeNHTh HA OCHOBAHHH MBYX
ONLITOB, OABEUIMBAs TEJO B JIBYX PasHbIX Toukax. B nepsom
ONBITe CHAA YNPYTOCTH B TOYKE IO/BECa YPaBHOBEUIMBAETCH
PaBHOJICHCTBYIONIEH BCeX CHI TSIKECTH, HANpapIeHHOH BepTH-
KanbHo BHH3. Touka NMpHIOKEHHs PaBHONEHCTBYIOUIEH CHA
THAKECTH HAXOIHMTCH Ha BEPTHKAALHOH nNpaAMoH, npoxojsmeil
yepes Touky nonpeca (puc. 15.3)

Hamenns Touky noapeca, NMOBTopuM onwit. MU B aToMm
ONMbITE TOUKA NPHTOKEHHS paBHolAeHCTBYIOMIEH cHA T~
KECTH HAXOMUTCS HAa BEPTHKAILHOH npsMoH, npoxoasiuei
yepes HOBYIO TOUKY nojaseca. OTciona MOKHO CHENaTh Bhbi-
BOJI, YTO TOYKA INPHAOKCHHS PaBHOACHCTBYIOUICH CHA THXec-
TH HAXOIMTCSl B TOYKE TMEPECEUYCHMsI JIBYX MNpPSMBIX, IMpoBe-
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AEHHBIX BEPTHKANLHO BHHM3 OT TOYEK MNoOABEca. DTH npsi-
MBIC B KQXIOM ONBITE ONPENCHsionest ¢ NMOMOUIBI OTBeca
(puc. 15.4).

SxcnepuMeHTansHoe 3afaHue 15.1

PaGotaem CaMOCTOSTENLHO
Haxoxpaenme UeHTpa TAXeCTH Tena

O0opyfloBaHMe: KapTOHHAA MNACTUHA C TPeMs OTBepCTUA-
MU, WITATUB, CTepXeHb, OTBEC, KapaHaall.

Haiigure nonoxenne UENTPa TAXECTH KapToHNOH nna-
CTHHLL.

TMoPAROK BLINONHEHWS 38aHNs

1. HapeHbTe KAPTOHHYIO NAACTUHY NOGLIM OTBEPCTHEM
Ha CTepXeHk. Ha TOT Xe CcrepxeHb MOABECLTe OTBEC
{cm. puc. 15.3).

OTMeTLTE Ha NNACTUHE TOYKY MepeceYeHus OTBeca W Kpas
NAACTUHLL. CHUMKMTE NNAcTUHY W NPOBEAMTE KAPaHAALWOM Nps-
MYIO Yepes OTMEYEHHYIO TOYKY W TOYKY nojaBeca.

2. MoeTopuTE ONLIT, HAIEB NNACTUHY HA CTEPXEeHL APYTHM
oreepcTem (cm. puc. 15.4). Ha nepeceyeHwu ABYX NPAMBIX
OTMETETE LIBHTP THXECTW NNacTUHL Toukoi O.

3. MNposeauTe KOHTPONLHLIA ONLIT, UCNIONL3YA ANA NoABeca
MNACTUHL TPeTLe oTRepcTUe. OTBEC NOMKEH NPOXOAUTL Yepes
HalpeHHwt ueHTp Taxectu (puc. 15.5).

Puc. 15.5

| SxcnepumeHTansHoe 3apgaHue 15.2 |

PaGoraoM cCaMOCTOSTENBHO
Onpeaenelne Macchli NAHEHKH
OGopynosanme: nHelka, rMps Maccoit 20 1, kapanaaul,

C NoMOLLLI0 UMEIoLLEerocsi 0BOPYI0BAHWSA ONpeenuTe Mac-
cy NUHERKK,

Puc. 15.4

Jloxaxure IKCNOPUMEHTANLHO,
YTO UEHTP TSXECTH MOXeT He
CcOBMafate HKW C OAHOW U3 To-
yek Tena.

MNpuBenuTe npUMepsl TakKux
Ten.

1. Y10 HaA3LIBAGTCH UBHTPOM
TAXecTM Tena?

2. Noyemy nnactuHa, noase-
LWEHHANA Ha CTePXHe, HaxXoOmT-
CAl B COCTOAHMW NOKOS?

3. Kakve cunu faeifcTeyioT Ha
NOABELIGHHYIO NNAacTUHY B Mo-
NOXeHUW paBHoBecua?

4. Y470 npou3oipéT, ecnu B
nnacTuHe caenatk OTBepcTHe B
MecTe pacnonoXeHWs LeHTpa
TAXECTU W NOABECUTL NNacTu-
HY Ha CTepXHe, BCTABNSHHOM B
3T0 OTBEPCTUR?
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http://class-fisika.narod.ru/
vanii.htm (O BaHeXe-BCTaHLXe,
LIeHTpe TRXKECTW M COXpaHeHWH
paBHoOBeCHA.)

Pue. 15.7

Buast papnosecusi Ten. BbiSICHUM YCIOBHS PABHOBECHS
TeN MO0 ACHCTBHEM CHABL TSIKECTH M KAKHMX-TO JADPYIMX CHIL
Teépaoe Ten0 HAXOMMTCH B paBHOBecHM: 1) ecau paBHOIEH-
CTBYIOIAS BCEX CHJ PaBHA MO MOAYIIO CHIE TAXECTH M Ha-
[paBAcHa [POTHBOMNONOKXKHO ¢i; 2) eciu CYMMa MOMCHTOB
BCEX JIPYIMX CHJI OTHOCHTENBHO JIOGOH OCH BPalllcHHs paBHa
110 MOIYAK MOMCHTY CHABl THXCCTH M HMCCT [IPOTHBOIONOXK-
HBIH 3HaK.

IIpHMeHMM 3TOT BHIBOI K ONHOPOAHOMY [LApPY, HAXOMALIC-
MYCHl Ha NOPH3OHTAABHON nosepxHocTH. CHIY THKECTH MOXK-
HO CUMTATh NPHAOKEHHON! K LEHTPY INapa, Ijieé HAXONMTCH ero
uenTp Taxkectd. [lox seicTBHeM 3TOM CHAB NPOMCXOAMT fe-
copmanMs Tena, Ha MOBEPXHOCTH KOTOPOro HAXOMMTCH IIap.
Jledropmanisi npononxkaercs [0 Tex nop, NoKa cHAa YNpyro-
CTH He CTaHeT paBHOH no Moaymo cwie Tsokectd. Cuna -
AECTH W CHJIA YIIPYTOCTH AeXaT Ha OO npaAMoH, paBHBl 1Mo
MOMYJIO M HANpaBAeHbl NMPOTHBOMIONOKHO JPYT JIPYTY, MO3TO-
MY HX PaBHONCHCTBYIOIIAS PABHA HYMIO W CYMMa MOMEHTOB
ITHX CHI OTHOCHTEABbHO M0DOH ocH pasHa Hymio. Lllap Haxo-
JMTCSl B COCTOSIHMM paBHOBecHs. TaKoH Ke peaynsTaT Mbl mo-
JyauM Juis Tena mioGoi GopMel B TOM cayuae, €cid BepTH-
KalbHAY NpsiMast, NPOBCACHHAS Yepe3 LEHTP TSKeCTH Tena,
MEPEceKacT NOPHIOHTANBHYIO MOBEPXHOCTL ONOPLI B Npejenax
ol onopsl Tena (puc. 15.6).

Ecnv BepTHKaNbHAS NpsAMasi, NPOBEIACHHAA Yepe3 LEHTp
THKECTH TEJIA, NEPECceKaeT ropHIOHTANBHYIO MOBEPXHOCTD OO~
Phl 33 NPEJeNaMH TUIOIIALM OTIOPE TeNa, TO PaBHONCHCTBYIO-
WAsE CHJI TEKECTH M YNPYIOCTH OCTaéTcsl paBHOM HYNO, HO
CYMMa MOMCHTOB 3THX CHJI OKa3biBacTCs OTIMYHOH OT HYNS,
Hanpumep, ecid y HAKNOHHOW NPH3MBI BEPTHKAIbLHAS T1ps-
Masi M3 LeHTPa TSOKECTH MPOXOIAHT 3a NpeacsiaMy eé nola-
JIM OMNOPbI, TO MOMEHT CHJILI TSKECTH Mg OTHOCHTRJIBHO OCH
Ha Kpailo NpM3Mel oTiauueH ot Hyas (puc. 15.7), nosromy
MPH3MA BPAILACTCSE W TMAJAeT.

O6umme yC/IoBHS PaBHOBECHS TeJl MO JAeHCTBHEM CHIIbI TH-
KeCTH He OOBSICHSIOT HEKOTOPLIEe MOCHAEACTBHSI BHIBEJCHHs
ITHX TeJl 3 COCTOSIHMS PABHOBECHS KPATKOBPEMEHHBIM BiHell-
HuM BoanekcTerem. Hanpumep, Ha ropusoHTaIBHON NMOBEpX-
HOCTH B COCTOSIHMM PABHOBECHS HAXOMSTCH 1LAP, NPAMOYIOib-
HbI OpycoK ¥ KOHYC, CTOsIIHI Ha CBOCH BeplIMHE, Kak
MOKA3aHO Ha pHeyHke 15.6, M HR KAXJI0€ M3 9THX TeN KPaTKo-
BpeMeHHO sieficTByer cuia f, HanpapieHHas neprneHanKyasp-
HO BeKTOpY cHabl TskecTH (puc. 15.8). JleHicrue oToH cran
BLI3BIBAET HeGONBIIOE CMEIeHHe KaXIAOro M3 TPEX Ten M3



7
—

NMepBOHaYAIBLHOrO ToAokeHus papnosecus. ITpu stoM s
OpycKa W KOHYCA YCIOBHE PABHOBECHS MEPECTACT BHITIONHSITh-
Csl, TAK KAK MOMEHT CHABI TSDKECTH OTHOCHTENBHO OCH, NpO-
XOJSIIIEH Yepe3 TOMKY MPHIOKEHHSI CHABI YIIPYTOCTH, B HOBBIX
MONOXKEHHUSIX OTIHYEH OT HYAS, @ MOMEHT CHIbI YIPYTOCTH pa-
peH Hymo. Illap B HOBOM NOJOKCHHH OCTAaéTCH B COCTOSHUM
pasroBecHst. lon feicTBHEM MOMEHTa CHIBI THKCCTH TPAMO-
YTOJIbHBIH GpYCOK BO3BPALLIACTCSl B MCXOAHOE MONOXCHHE PaB-
HOBCCHSI, 2 KOHYC VAQISCTCS OT NOJOKEHHS! PaBHOBCCHSI.

CocTosiiie paBHOBECHS, TPH KOTOPOM HeGOo/bIiloe OTKIO-
HEHME Tela OT MOJAOKEHWS PaBHOBECHs B JIOOYI0 CTOPOHY
BLI3LIBAET MMOSIBACHHE CIJI, BO3BPALIAIONIMX TEAO B MCXOIHOE
MOI0XKEHHE, HA3LIBAETCA YCTOHYMBBIM paBHOBecHem (1oJjio-
xenue Gpycka). Cocrosiine pasHOBECHS, NPH KOTOPOM He-
GosbliIoe OTKAOHEHHE TeAa OT MONOKEHHS PABHOBECHS B JIO-
6yl0 CTOPOHY BBI3LIBAET MOSIBIEHHE CHJI, CMOCOBCTBYIOUIMX
VAIEHHIO OT TOJOKEHHS PABHOBECHS, HAZLIBACTCH HEYCTOH-
YMBBLIM paBHOBecHeM (NoJoXenue Konyca Ha pepiimie). Ec-
JIM CMEIIEHHE TENa He MPHBOAHT K BOSHHKHOBEHHIO CHI, Npe-
MSTCTBYIOUIMX 9TOMY CMELIEHHMIO MM YCHIMBAIOIMX €ro, KaK
Y 1apa, HAXOMSUIErocs HA TOPH3OHTAILHOM MOBEPXHOCTH, TO
PABHOBECHE Tea HAILIBAIOT De3pAIHIHBIM.

OfecnieueHne YCTORUMBOIO PaBHOBCCHS siBAsieTest o0g3a-
TCABHBIM YCAOBHCM IIPH NPOCKTHPOBAHHM 30aHHIA W IPYIHX
HHXCHCPHBIX coopyxeHuil. [Ipu arom Tpebyercs yuuThiBaTh
JCHCTBHC BETPA, BO3MOXHBIX TONUKOB BO BpCMs 3eMICTpsice-
HU.

3anaua 15.1. Ha prcynke 15.9 npejicramiena gororpadms ur-
PYIIKH, KOTOPYIO HA3KBAIOT «BAHLKA-BCTAHRKA» WIH «HEBAISIIKAD.
Mocsie HAKIOHA 3TA HWIPYIIKA CaMa BO3BPAIIACTCH B MCXOAHOE MO-
NOKEHHe YCTOHYHBOTO PaBHOBECHS. OOBLSICHHTE, NOMEMY TAK NPOHC-
XOIUAT.

3anaua 15.2. Ha prcynke 15.10 npeacrariena Qororpadms wr-
PYIIKH € 3aMEUaTeTLHMM CBOHCTBOM: «Op&i» CIOCOOEH HAXOMMTHCS
B COCTOSIIHH YCTOHUHBOIO PABHOBECHS, ONHPAsiCh TONLKO KOHUHKOM
KIIOBA Ha KOHell Kapangawa. OOLICHHTC Takylo YCTOHUHBOCTL
«Opiar.

3anaua 15.3. Kak MOXKHO 2aCTABMTL KApaHIAll CTOSTL YCTOR-

YHBO HA KOHYMKe rpudesis, MCTIONBIYS 9TOT KAPAHIANI K NEePOYHH-
HBIR HOX (puc. 15.11)?

MexaHuueckue siBieHus! sl

1. Chopmynupyiite  ycnoeue
paBHOBECHA Tena, Haxoaswe-
roca NOA AeACTBMEM CUNbI TA-
XecTu,

2. Kakoe papHOBecue Hasbiga-
10T YCTOMMMBLIM?

3. Kakoe paBHOBeCMe Hasbiga-
10T HEYCTOMUMBLIM?

4, MNpuBeanTe NpUMepsLl YCTOM-
YHBOTO PABHOBECUA M HEYCTOM-
YHBOTO PABHOBECHSA.

Puc. 159

Puc. 15.10

N

\

Puc. 15.11




315 | NaBneHue

baea Tlackan,

Puc. 16.2

1. Yto HaawBaeTcA AaBNEeHU-
em?

2. B xakuMx eaMHMUAX Bhipaxa-
erca pasnexune?

3. KakoB npuHUMn peicrTema
rMapaBnMyeckoro npecca?

4. MNoyemy BOAA NOAHUMAETCA
BBEpX B TpyBax Boaonpoeoaa?

Jlapaenue TBEpabIX Ted. [loueMy UenoBeK Ha ABIKAX MO-
KET JABHTATBCS 10 rAYOOKOMY CHETY, JIMIIbL CAErKa NMpoaaBin-
pasi ero, a Ges nebk npopanupaercss B cHer? Ilouemy npu
CHJIbHOM HAIABIHBAHUH NAIbUCM KOXA PYKH HE MOBpeXIacT-
cst (puc. 16.1, @), a KoMap, cuia KOTOPOro 3HAYHTCIBHO MEHb-
e, Jerko JAeNaeT CBOHM XOOOTKOM OTBCPCTHE B KOXE UeNo-
BCKA M B CTCHKE KpOBCHOCHOTO cocyia (puc. 16.1, 6)?

Pue. 16.1

Ha o5Ti BOmpochl Jerko OTBETHTH, HCIONL3YS MOHATHE
Jasjienue.

Jasnenmem HasbiBaeTcs PU3MHecKan BeNniMHa, pasHas
OTHOLWEGHWIO MOAYNA CUNbl F, NeAcTBYIOWER neprexaunky-
NAPHO MOBEPXHOCTY, K NAOWAAN S 9TOI MOBEPXHOCTH:

7
P 5

B MexayHaponHoH CHCTEME eIHHHIL eJMHWNA [aBICHMS
naswisaercst nackaan (1 Tla). Jlapnenwe 1 Tla coanaéres pas-
HOMEPHO PACTIPEICIACHHBIM 10 MOBEPXHOCTH TOmAnbio | M’
siedicrsrem cunbl | H, HanpasicHHOH NEpHCHAMKYASPHO TOH
MOBEPXHOCTH:

1 Ma =1 H/1 M.

Jlapaenne XuakocTel W razos. BeinosHum onwit ¢ npu-
Gopom, HasbiBaemMbiM mapom Ilackaas. Ou cocrour Mz
MOPUIHEBOIO HACOCA, HA KOHLE KOTOPOIO 3aKperviéd wap ¢
MAJICHBKHMH oTBepeTHAMK. HanonHuM wMianHap Hacoca Bo-
JIOH, ONYCTHM [ap HEMHOINO BHM3 M HaJaBHM Ha Iop-
wieHb. XOTS Mbl JaBHM HAa BOIAY B OIHOM HallpaBICHHH
(BHH3), CTPYH BOABI M3 Liapa pasOpBI3IHBAIOTCH BO BCC CTO-
poubl (puc. 16.2).

Hanysasi pe3sHHOBBIH AP MM MBUILHBIA Ty3LIPb, MBI BU-
AIMM, YTO Ta3 MepeaaéT JaBieHue He TONLKO B TY CTOPOHY, Ky-
/1a MBI JIyeM, HO ¥ BO BCE CTOPOHBI. MBUABHBIH My3HIPb pac-
TAMMBAETCH BO BCE CTOPOHBI oaMHakoso (puc. 16.3).

Ha ocHoBanuH nonoGHEX OnuTOB (dpaHuy3cKuil Gu3uk
brnes Ilackanbs OTKPLUI 33aKOH, HA3IBIBaeMbIH 3aKOHOM
INackaasn:

KUOKOCTH U radbl NepefalT oKadbiBaemMoe Ha HUX fasne-
HUE No BCeM HanpasneHws M OiMHAKOBO.
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Manomerp. [Uisi M3MepeHust JaBieHusi B KHIKOCTIX W ra-
3aX MCMOAB3YIOT NMPUGOpPsI, HazbiBacMbie manoMerpamu. Ca-
MbIH NIPOCTOH MAHOMETP, HA3BLIBACMBIA BOJAHBIM MAHOMET-
POM, COCTOMT M3 CTEKISIHHOH TPYOKH B BMIE JATHHCKOH Oyk-
B U (puc. 16.4). B ycraHOBICHHBIC BEPTHKANBHO TPYOKM
HATMBACTCH BOMA /IO HYJNCBOTO JCACHMS WIKaAbl. YPOBHH BO-
Jibl B TPYOKAX MaHOMCTpA JI0 HaYana M3MCPCHMS HAXOISTCs Ha
OINMHAKOBOH BHICOTE.

Jlist M3MepeHusl JaBACHMS 1a3a B KaKoM-InBO cocyne Ha
npasyio TpYOKY MaHOMETpa HANEBACTCH OJMH KOHEll Pe3HHO-
BOH TPYOKH, APYroH KOHEW 3TO# TPYOKH COCHAMHSHETCH C 3THM
cocynosm. Ecnu pasnenue rasa B cocyne Gonbiie jJaBiaeHusl,
OKa3bIBAEMOr0 BO3JIYXOM Ha BOAY B JIeBOM OTKPHITOH TpybKe
MaHOMETPa, TO YPOBEHb BOJIHI B NpaBoii TPyOKe MOHHXaeTcs,
a B neBoil nopwiaetcs. PaBHoOBeCHe HacTynaeT Toraa, Koraa
NaBJICHHE Py CTONGA KHIKOCTH B JICBOH TpyOKe, HAXOISIIEro-
€Sl HA BLICOTE 7t BBILIC YPOBHS BOABI B NpaBod TpyOke, cra-
HET paBHBIM M3GHITOYHOMY JABICHHIO Py B COCY/E:

—p —mg Ve _ phSe _
n=p="g=5F=EE=pzh.

Jlapaenne BHYTPH RuiakocTH. C [OMOIIBI BOUsHOrO
MaHOMCTPa MOXHO OOHApYKHTb, UTO XHIKOCTb OKA3bIBacT
JIABJICHHE HC TOJABKO Ha JIHO COCYla, HO M Ha €ro GOKOBbIC
CTCHKM M Ha J000¢ Telo, HaXOUAIICSCs BHYTPH KHIKOCTH.
Jlast 3T0r0 COCAMHMM MAaHOMETP ¢ JaTuMKom aasaenus. [lpu
HAXKATHH [AIBLHEM HA YYBCTBHTENBHOE OCHOBAHME AATYMKA
BO3IAYX NepenaéT AaBjieHHE HA MOBEPXHOCTh BOALI B NpPaBoi
TpyOKe MaHOMETpPa, M YPOBEHb BOAB B Hell NOHMXKaeTcH
(cm. puc. 16.4).

OnbiThi MOKA3LIBAIOT, YTO JABAEHHE P BHYTPH KHMIKOCTH
Ha PIyOHHe i OT €€ MOBEPXHOCTH HE JABHCHT OT PacnoNoxe-
HHSI YYBCTBHUTENBHOTO OCHOBAHMSI JAaTYMKA B TpPOCTPAHCTBE.
Bona okaspiBaeT Ha JATYHMK ONMHAKOBOE JABJCHHE CBEPXY
BHW3, CHHM3Y BBEPX M HA BEPTHKAILHO PACTIONOKEHHYIO 10~
BCPXHOCTH MM TOBEPXHOCTD 101 JIIOOBIM PYTHM YIJIOM K Bep-
THKAIH,

CriocoBHOCTh KMIKOCTEH lepeliaBarh OKasblBaCMOC Ha HHUX
JIABJICHHUC 110 BCCM HAlIPABJICHHAM [IPHBOIHT K TOMY, YTO laB-
JleHHe p BHYTPH KHIKOCTH Ha riyOune i OoT €€ noBepXHOCTH
CKIANbLIBACTCHA M3 JIABJICHHI P, cronba XHIKOCTH BLICOTOM hwn
BHEUIHEIO JABACHHSA P, OKa3bIBACMOI0 HA IMOBEPXHOCTL XKHIA-
KoctH (puc. 16.5):

P =p tpy=pgh+ py

B Texsuke M ObITY OGBIYHO NMPHMEHSIIOT CTPEJIOYHBLIE Ma-

HoMeTprl. C MOMOUIBIO TAKMX NPHOOPOB M3MEPHIOT KPOBIHOE

nasneHue vesiopexa (puc. 16.6), naenenue BO3IIyXa B LIMHAX
aBTOMOOMIEH.

3anaua 16.1. BRUHCIHTE JARACHHE, OKA3RIBAEMOE YETOBEKOM
Ha CHET 0&3 JILDK H HA JILDKAX, JUISL OTBETa HA BONPOC, [OYEMY CHEr
MCHBIE NPOJARIHBAGTCH MOA JBIKHHKOM. Bec uenosexa 800 H,
TUIOMAL, TOBEPXHOCTH TTOAOIB ero oOyed 0,08 M2, mwiomans mo-
BEPXHOCTH JILEK 0,5 M.

Pic. 16.4

Puc. 16.6
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Puc.

Puc.

16.8

16.9

Duapapanaeckui npecce. CriocoGHOCTh XKUIKOCTEH nepe-
JIaBaTh OKAIBIBACMOE HA HUX [ABJICHHE M0 BCEM HANPARICHM-
SIM HCIIONB3YETCSl HA NPAKTHKE B MEXAHHIMAX JUISL MTOAYICHMs!
BHIMIPEILA B cHie. B ruapaninueckoM npecce MW AOMKpaTe
/Ba UWMIMHAPA C pasHeIMM JmaMerpamu D w d sanoansior
KHIKOCTBIO M COCHMHSIIOT MeXiy coboil Tpybko# (puc. 16.7).

Ilpu JeHcTBUM Ha NOpUICHb B MAIOM LMIHHAPE cuioi F)
HA KWIKOCTH OKa3bIBaeTCsl AamieHne

A
pfrvij.

e S — miomaas nopuiHs 8 nepsom wannape. Xuikocrs
NepelaéT TaKoe Ke JIaBieHre p Ha NopiieHb miomansio ) Bo
gropom wwinkape, Cuna [, nedcreyiomas Ha BTOpOM wm-
JIMHAP €O CTOPOHBI AXHIKOCTH, paBHa:

1= pS,= K32,
2= Py s

Cuna F, Bo cronsko pas Gonbuie cuibl /), neicrsylomei
HA MepBbiif NopuieHb, BO CKOABKO pas muomais .S, BToporo
nopuiks GoJblle UIOWAMH S) NePBOro MOPIIHS.

JleHcTyst HeGOALIION CHAOH HA PYKOSTKY IMIAPABIHYECKO-
rO Npecca, MOXKHO BBI3BATH EHCTBHE B JICCSTKH WIH Jlaxe B
COTHH pa3 GoAbUICH CHILI CO CTOPOHBI XMIKOCTH Ha BTOPOM
NOPILICHb, DTa CHIAa MOXET NOAHATH ABTOMOOHAL MAH BHI3BAThH
nehOpMALHIO TeAd, PACIONOKEHHONO MEXKAY IMOPUIHEM M
NMPOYHON TIHTON Han HHM.

Coobmawmuecs cocyisl. CrnocoGHOCTL KHUAKOCTEH ne-
pe/laBaTh OKa3blBACMOC HA HUX JABACHHUC 10 BCCM Harpapjie-
HHSIM TPUBOINT K TOMY, YTO B COOGIIAIOUIMXCS COCY/AX Ni0-
6ot dopMEl M pasMEpoB B COCTOSIHMH TIOKOSI YPOBHH OIHOM
KMIIKOCTH HAXOJATCH Ha olMHaKoBoil Beicote (puc. 16.8). On-
HHM H3 BAOXHBIX TNPAKTHYECKHX NPUMEHCHHH CBOMCTB CO00-
LIAKOUIMXCH COCYIOB SIBJSICTCS CHCTEMA MOPOJACKOro BojocHah-
KCHHS ¢ HCIONB30BAHHCM BOJOHANOPHOH Oamnm (puc. 16.9).
B Takoit cHcTeMe BOa C MOMOIIBIO HACOCOB HAKAYMBACTCS B
Gonbmol 6aKk, pacnoJiOXeHHBIH Ha BO3BLINEHHOCTH WIH B
CHEUHANBHO NOCTPOCHHOM BRICOKOH GawHe. M3 Gaka Bona no
BOJOTIPOBOMHBIM TPYGAM TNOCTYNACT B KAXALIA 1OM M NOAHW-
MaeTes 10 BEPXHEro Jraxa.

PaGoraem camMoCTOATENBHO

OueHKa AaBneHWs, CO3aBAOMOro WImoH
NpW NpokanbisaHuM nucrta Gymarn

ObBopygosanne: Wrna, MWnMMeTpoeas Oymara, Habop
rvps, Nyna, AB@ KaTylLKW.

OyeHuTe AaBNOHHE, CO3AABAOMOC KOHYHKOM HITIbl NPH
npoxansBanuK nucTa GymMars.
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TMopAROK BLINONHEHWS 3aRaHUs =~

OUEHKOA HA3LIBAIOT NPUONUIUTENLHOE BLIYMCNEHME KAKOMH-

Mo PuUaMYecKoil BeNMYMHL! B TeX Cy4asnx, KOrla HeBO3MOX-
HO BLINONHUTL TOMHBIE U3MepeHus. 1A OUEeHKU NaBNeHWA OCT-
PUSL UM HYKHO M3MEPUTL CWAY, C Kakoi wrna aeicTayer Ha
Gymary, ¥ NaolanL NOBEPXHOCTH OCTPMA WIMbI.

Mnowans NOBEPXHOCTU OCTPHUA MOXHO OLEHUTHL HECKONLKM-
mn cnocobamu. Camulif NPOCTOM M3 HUX — caenars WInon
0YeHL MANEHLKOe OTBEPCTHe B MWIIMMETPOBOW Gymare w,
pasmsaasiBan ero Yepes Ayny, OUeHWTL AMaMeTp OTBepCTHSH,
CPABHMBAA €ro C pasMepaMn MUWLIMMETPOBOH KNeTKW.

JUNS OLEHKM MUHUMANLHOTO 3HAYEHMSI CHANLI, JOCTATOMHON
JNS NPOKaNLIBAHWA OYMary, MOXHO COOpaTh SKCNePUMEeHTANb- Prc. 16.10
HYIO YCTAHOBKY M3 [BYX KaTyleK, MeXIy KOTOpLIMM KnanyT

nuct 6ymaru (puc. 16.10).

Huxuas kaTylwka HyxHa ans Toro, ytobsl nop Gymaroi B ]
MecTe pacnonNoXeHWa OCTPUA UMbl HUYTO He Melano NpoXoxX- |
AEHWIO MM Bepxusisi KaTylka HyxHa JIS TOro, YTobsl yaep-
XKUBATL MY NPUMEPHO B BEPTUKANLHOM NONOXeHWW. JLnuHy
WMINB HYXHO BbIBpaTh Takoi, YyToOn! 08 BepxHMA KOHeL Obin Bbl-
we Karywxyu Ha 1—2 MM. Ha STOT BepXHUIA KOHELL UMbl MOX-
HO CTaBWThL MMPIO, YBENWYMBAA MAacCy r'MpMU [0 Tex nop, noka

-

AeicTene CUNLI BECA MMPW CTAHET AOCTATOYHLIM ANA NPOKaNs-
BalunA oTeepcTus B Oymare (puc. 16.11).

Pasnenve BeC rMpy B HLIOTOHAX Ha MIoWaas MOBEPXHO-
CTW KOHYMKa OCTPUSI B METPaxX B KBaapare, NONyyWM AaeneHue
KOH4YMKA Mme Ha Gymary B nackansx:

=F_me
P55
Puc. 16.11

3anaua 16.2. OUEHHTE, KAKOE JARICHHE MOXET OKa3aTh X000-
TOK KOMapa Ha KOXY uenoseka. JUist pacu@roB NPHMHTC AHAMCTP CI'o
KOMOLICIO HHCTPYMCHTA NPHMEPHO pasHuIM 0,01 MM, Maccy Koma-
pa paBnofl 5 Mr. Tak KaK KOMap XaauT B JNOCOM NOJOXKCHHH, a He
TOALKO CBCPXY BHM3, MOXHO CACNATH BHIBOJ, YTO OH KpPeNnKo jJep-
KHTCH 33 KOXY YCHOBCKA. JUid OLCHKH BO3MOXHOA CHAB HAXHMA
Ha XOOOTOK IPEANOIOKHM, YTO KOMAP CNOCOOEH HAXKHMATL X0OOT-
KOM CHJION, B 5 pa3 npeBHINalomed CBO# Bec.

3anaua 16.3. B BOIHON MAHOMETD, B KOTOPOM HaXOMWIACH BO-
Jia, B NPABYIO TPYOKY HATHWIN HEKOTOPOE KoiHuecTBo Macna. Ilo no-
JIOKEHHIO YPOBHEH BOJKI, MOAKPAIICHHOH B PO30OBHIM IIBET, H Mac-
Na (KeJITOBATHN 1BET) B MaHoMmeTpe (pHc. 16.12) onpeneinre mior-
HOCTh Macia. ThiotHocTs Boasl 1000 kr/m®,

:
:

 Mnameupyanshoe sapanve 16.1

MoarorossTe coobUieHMe O NpuHUMNe aeicTena npubopa
LUl UBMEPEHUSI KPOBSIHOTO [laBsieHus 4Yenoseka. MpoaemoH-
CTPUPYWTe B Knacce npuMeHeHue aToro npubopa.

Puc. 16.12




-1/ | 3akoH Apxumepa

Pue. 17.2

[Touemy n€rkas MOHETa TOHET B BOIe, a Gonee THKEABIH
HepeBsHHBIA KyOMK Miasaer (puc. 17.1)? [Touemy amomuime-
Bas JIOXKAa TOHET B BOJE, a4 ropasfo Gojee TSLKEas amoMM-
HUEBast 0AKa Jaxe ¢ CONBIIMM IPY30M HE TOHeT?

_Ha 7akue BONpPOCH 1ICPBBIM OTBCTHA JIPCBHEIPEUCCKHA
YYEHBIH APXHMCI, W OTKPBITHIH HM 3aKOH NPHPOIBLI Ha3Ba-
K 3aKkoHoM Apxumena. CeroiHst Kaaiblif CMOXET caMocTo-
STCABHO BBIBECTH TOT 3aKOH Kak cacacrsue u3 sakona Ilac-
KaJist.
Paccmorpum  Takyio 3azauy. Buyrps kuakoctH mior-
HOCTBIO p; MOMEIIEH Ky0 M3 BEUIECTBA ILIOTHOCTHIO p,. DTOT
Ky0 OyleT BCIABIBATL WM TOHYTH?

Yr1o6kl OTBETHTH HA HTOT BONPOC, HAWAEM paBHONEHCTBY-
IOIIYI0 BCeX NMpHIOKeHHBIX K KyOy cuia. Ha kyb neicryior
CHAA THXECTH Mg, HaNpaBAeHHasi BEPTHKANBHO BHW3, H CHAB
JIABAEHHS XWIKOCTH Ha BCe WIeCTb rpavedt Kyba, HanpamieH-
HBIE TIEPHEHIMKYISAPHO HX MOBEPXHOCTIM. CHABL JABAECHHS CO
CTOPOHBI KMIKOCTH B KAXIOH TOUKE 3aBUCAT OT PACCTOSIHHSA
110 TIOBEPXHOCTH KUAKoCTH. Ha ryfune h B KHMAKOCTH TUIOT-
HOCTHIO p [IABIEHHE PABHO:

Cuapl napienus Ha GOKoBHE rpany Ky6a ypaBHOBeIIMBa-
o1 apyr apyra (puc. 17.2, a). Ho cuna napaenus /) Ha HHK-
HIOIO b Gonblue cHAbl NaBieHusi F, Ha BEPXHIOIO TpaHb
(puc. 17.2, 6), nosromMy paBHONCHCTBYIOWAS CHI NABIEHHS
KHJIKOCTH Ha Ky0 OTJHYHA OT HYJISl M HAIIPaBJICHA BCPTHKANb-
Ho Beepx (puc. 17.3).

PasHonekcTyiomas K CHJI IABJICHUS HA BEPXHIOI W HHK-
HIOKO IpaHu KyGa ¢ peOpoM ¢ BHYTPH XHIKOCTH paBHa:

F,=F,+F, F,=F, - B,
Fy = pa’ —pa® = pglh + a)a’ — pgha’ = pga’,

e @ — oGBEM KyGa; py@® — Macca KHIKOCTH, BBITCCHCHHOM
M; Pga’ — BEC BHTECHEHHOH KHIKOCTH.

Mbl nonyuMam, UTO Ha NOrPYAXKEHHBIA B XHMIKOCTh KyO
JIeHCTBYET BHITANKWBAIONIAA CHIA, PABHAs BeCY XHIKOCTH, BbI-
TeCHEHHOH KyGOM. DTy CHIY HA3LIBAlOT CHAOH Apxumena.
Takoit xke pe3ynsTar moaydaercs wis Ten mobol GopMel, no-
TPYKEHHBIX B XKWAKOCTh Win ras. [lostomy 3akon Apxumena
dopMyIHpYyeTea Tak:

Ha NOrPYXEHHO® B XMAKOCTL MM a3 Teno AeACTBYeT Bbi-
TaNKMBAOWAA CUNA, PABHAA BECY BLITGCHEHHOM XMAKOCTM
WM rasa.

F, = phz.

Ha ociobe 3akoHa ApxHMela MOXHO HAWTH OTBET Ha BO-
npoc, GyeT BCIUILIBATL WM TOHYTH TeIO M3 BEelecTRA IIOT-
HOCTBIO Py B KHIKOCTH TAOTHOCTBIO py. JList BCrnibiBaHus
Tena cuna Apxumena Fy noakHa GbITh M0 MOV GOJbIIE CH-
Jibl TSKECTH Mg Tena:

Fy>mg,  pVe>p,bz, p>po
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Ecau naotHOCTh p, BELICCTBA TENA MEHBILE TUIOTHOCTH Py
KHIAKOCTH, TO PaBHOACHCTBYIOLLAS CHI HANpPaBICHa BBEPX —
TEAO BCIUIBIBAET.

Teno rnagaer Ha MOBEPXHOCTH KHIKOCTH, KOIJA PaBHO-
JACHCTBYIONIAsE CHIBI TSKCCTH TEAa M CHAB ApXMMela paBHa
HYNIO, T. €. NPH PABCHCTBE 3THX CHA 110 MOIYNIO. ycno-
BHC BBINOJHACTCSH, KOIA TCJO MOrPYAKCHO B XKHUKOCTH Ha-
CTONIBKO, YTO BEC BHITCCHCHHOH MM XHIKOCTH paBeH CHiC
Tkectd Tena. [losroMy M3 CTanW, NJIOTHOCTH KOTOPO#H 3Ha-
yHTeNbHO GONbIIEe NMAOTHOCTH BOJAB, MOXHO H3NOTOBHTH KO-
pabab, He TOHYWIMII B BOJE M CIOCOOHBIH NMEPEBO3ZHTH THICH-
un ToHH rpy3oB. Kopnyc 6oasiioro kopabasi, H3roToBIeHHBIH
M3 TOHKHX JHCTOB CTA1H, NPH CIYCKE HA BOAY, NMOTPY3HBIIHCEH
JIHIL HAa Manaylo YacTh CBOEro o0hEMa, BHTECHSET 00BEM BO-
JIbl BECOM, paBHLIM Becy Kopabas (puc. 17.4).

Ecau pasneants Maccy KopaGis BMecTe ¢ Ipy3oM Ha Bech
ero o0hbeM, OrpaHHueHHBIH CTeHKaMH Kopryca Kopabjsi, To
CPENHAN TUIOTHOCTh BELEECTBA OKAXKETCH IHAYMTEABHO MEHbILE
MJAOTHOCTH BOMLI, TaK KakK OGoabinasi wacth obOnéma kopabisi
3amoAHeHa BO3AYXOM. Tak uro KopaGab, KOpIyc KOTOpOro
M3MOTOBIEH H3 CTAIH, TUIABACT B COOTBETCTBHH ¢ 3aKOHOM Ap-
XHMeza.

Ecnu muortHocTs p, BellecTsa Tena Goibiie NAOTHOCTH
Py AMAKOCTH, TO CHAA TskecTH Tena Gonbuie cwinl Apxu-
Mella, PaBHOJACHCTBYIONIAsl CHJA HanpasjieHa BHM3 — Teno
TOHET.

3anaua 17.1. Jing naMepeHHs TIOTHOCTEH KWIKOCTEH HIIOTOR-
JIeH NMPHOOP B BHAE CTEKASHHOR NpoOupkH. [poGHpKa YacTHIHO 3a-
MONHEHA MECKOM VIS TOTO, YTOOK B XHIKOCTH OHA IUIABAIA B BEp-
THKANLHOM NOMOKEHHH. B BOAC NPOOHPKA IUIABACT NPH MOTpyXe-
HHH B BOAY Ha 9 CM, B HEH3BECTHOH XHIKOCTH IIYOHHA MOTPYXKEHHS
papha 10 cM. YeMy paBHA IIOTHOCTH 3TOH XHIKOCTH?

3anaua 17.2. Ha omnod vaimie YyBCTBHTEALHBIX PaBHOIUICYHX
BCCOB HAXONMTCS JCPCBSHITLIA OPYCOK, HA JPYIOR — CTANLHAS THPSI
macco 1 Kr. TIpH B3BCIUMBANKH B BOYIYXC HAGMONACTCH PaBHOBE-
cHe. ‘leuy PaBHA Macca JepeRsiHHOIO Opycm" InoTHOCTE Aepesa
880 xr/u naoTHOCTL CTaam 7900 Kr/m’, MIOTHOCTH BOZMYXa
1,2 /.

PaGoraem 8 rpynne
Onpepenenme apxumenosoit cuibi

O0opyaosanme. WIMepUTeNbHLIR LWMAMHAP, AWHAMOMETP,
ANOMUHUEBLIA LMNKHAD.
Paccuuraire

O YNALMECH PACCUMTLIBAIOT ciny ApXUAMEAa Fy no
DOpMYyNe, APYTHe HAXOAAT IKCTIOPUMEHTANILHO.

" —
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Puc. 174

http://class-fisika.narod.ru/
7_class.htm (Apxumenosa cuna,
JNerenpa 06 Apxumene.)

1. Chopmynupyitte 3aKkoH Ap-
xmmena.

2. Pagua nv apxumepnosa cuna
BECY Tena, NNasalowWero Ha no-
BEPXHOCTH BOALI?

3. Pagua nu apxumepnosa cuna
Becy Tena, KOTOpoe TOHeT B
Bone?

4. YgenwyuBaerca nu cuna Ap-
XxuMena, feicTRyiolWan Ha Te-
Nno, Haxoasuleecs noj BOAOM,
C yBenuyeHuem rmyobuHe no-
rpyxeHua?
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'pomoe C.B. Quumxknone-
AU INeMeHTapHoil Guamkn. —
M.: lNpoceewenme, 2007. —
C. 16—18.

http://www.class-fisika.narod.ru/
etud1.htm (Apxvumen. STioas!
06 Y4éHLIX.)

Orkpeitre Apxumena. OO HCTOPHM OTKPBITHS ApXHMmena
PUMCKHH HHXeHep Burpyeui pacekasan caeyionee:

«Bo Bpemsi unapcrposanms mepona B Cupakyzax sror
Lapb, OKOHYMB GIATONOAYIHO OIHO OYEHb BAXHOE WISl HEro
JIe)10, BO3BIMEA HAMCPCHHME NPHHECTH B XKeprBy Goram ojlHO-
ro u3 xpamoB 3onoto#t Bexen. llape 3akazan macrepy 3a Golb-
WY UCHY CACAaTh HTOT BCHEU H Jad eMYy 30JI0T0 Ha Bec.
Macrep npencrasui csow pabory, Kotopas OYCHb HOHPAaBH-
JIACh LApKO, H BCHEIL OKA3aIcs 110 BECY TOYHO PaBHBIM BeCy
BhiIaHHOrO 30701a. OJHAKO BCKOpE BO3HHMKAM [OMO3PEHHS,
4TO MACTEp YKPaJl 4acTh 3040Ta M nobasun cepebpa. Llaps 6w
CHJIBHO Pa3rHeBaH BO3MOXHLEIM OOMaHOM, HO He 3H&I, KAKHM
cniocoboM yauunTh Macrepa B kpaxe. On npocun Apxumena
nocTaparsest HalTH Takol crocol. Ommaxisl ApxHMel, Haxo-
JICh B BAHHE W PasMBIIVIAA 06 3TOM, CAYYAHHO 3aMeTHA, YTo
MO Mepe TOTPYAKEHHS €ro B BAHHY BOJIa BLICTYIIANA Yepes Kpas.
D10 06CTOATENLCTBO OTKPHAO ApXHMeny cnocol, KoTopsiit oH
uckan. He memns, B upe3puiMalHOM panocT ApxHMmen Bbi-
CKOUMA M3 BaHHBI M, 3a0biB 06 onexne, nobexan K CBoeMy
110M¥. KpHua: «DppuKals, 9T0 mo-rpedeck 3HauuT «Hamén's.

ACCKA3BIBAIOT, YTO TOCHE HTOTO OTKPLITHS ApXHMENL 3a-
Kazaj jiBa CHMTKA, KaXIBIA TAKoro Xe¢ Beca, Kakod HMe Be-
Hell, HO OIIMH CJAMTOK W3 30J0Ta, a Apyroi u3 cepetpa. Cha-
yaia OH MOTPY3Wl B COCYJl, HAIIOJHCHHBLIH BOIOH, cepeOpsi-
HBIH CAMTOK, KOTOPHIH 1O Mepe MOIPYXKCHHS BBITECHHA
HEKOTOPOE KOJMYECTBO BOALI COPA3MEPHO cBOEMY OOLEMY.
H3MepuB KOIMYECTBO BOABI, BHILLIGAIICE M3 COCYAA, OH Y3HAI,
KaKoe KOJMYECTBO BOAB COOTBETCTBYeT CIMTKY cepebpa w3-
pectHoro seca. Ilocie Toro oH MOrpyswsi B COCYyH, A0OBEpXy
HAMOMHEHHBIM BONON, CHMTOK 30A0Ta, BHIHYI €0, HIMepHi
KONHYECTBO BHITEKIIEH BOAK M HAWEN, YTO CHMTOK 30J0Ta
BLITECHH BOMbLI MEHBILIE HA CTOALKO, HA CKOABKO MEHbIle
O0BEM  30/10TOM0 CIMTKA NpoTHe cepebpsitoro. Morom Apxu-
MEI OMSITh HATIOAHMA BOAOK COCYA W TOPPY3HA TYAA BEHELL,
KOTOPBLIH BBITECHMA GOAbIIE BOALI, YeM MPH MOTPYXEHUH
CIMTKA 30/10Ta TAKOIO Xe Beca, Kak peHell, lakum obpasom,
APXHMEJL Y3HAA, YTO B 300070 ObIO MOAMEIAHO cepedpo, H
SCHO MoKasan ofMaH Macrepas.

ApXHMeJL HC OrpaHMUMICH OIHCAHHBIM HKCIICPHMCHTOM, a
H300pEI TOUHBIC BECHI, NO3BOAMBUIMC OINPCUCIUTH, CKOABKO
30JI0TA M CKOJIBKO cepefpa ColepXUTCs B BCHIIC, HE Hapylias
ero (ropmsl. CpaBHHBas BeC CAMTKOB M BeC BEHUA B Boje, Ap-
XHME/JI MOTI' HAHTH OTHOCHTEJIbHOE KOJHYECTBO 30M0TAa M Ce-
peGpa B BeHue (puc. 17.5).
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[03HAKOMMBIIKCH ¢ HCTOPHEH OTKPBITHS 3HAMEHHTOIO 3a-
KOHa, Tenepb npeacrappre cebs Ha Mecte ApXHMmela ¥ pelim-
¢ €ro 3anavy.

3anaua 17.3. Macca seHua 2 Kr, Macchl 30JI0TOIO M cepeopsi-
HOIO CAMTKOB TOMHO Takue xe. [IpH norpykeHumu B BOIY
30/0TOR CAMTOK BEITeCHMA 207 cM’ BOABI, cepeOpsHLIN CAMTOK —
381 cm* Bombi, Berent — 240,0 o’ Boskl. CKOJILKO 30/10Ta NPH M3-
TOTORACHWM BEHLIA MACTED ZaMEHWI cepespoM?

3anaua 17.4. BoanywHsif map oonémom 300 M' 3anoiHeH Bo-
JlopoaoM. Macca 00OJIOUKH mapa M KopsuHbl 200 kr. KakoH Mak-
CHMANLHBIH NONC3HBIA TPY3 MOXET MOAHATL BOZAYWHBIA map?
ToTHOCTH BO3AYXA 1,2 KI/M, IIOTHOCTH BOZOpoaa 0,09 Kr/a’.

Puc. 17.6

3anaua 17.5. Ha dororpaguy npeiacrasicH Kycok asia B dop-
MC LHAHHAPA, IMABAIOMKA B Boae (puc. 17.6). C nomouso 3108
dororpaduu onpeaeAHTe NPHOAHZHTEABHO IUIOTHOCTH Jkia. Bosa
JANONHSeT CTAKAH /10 Kpags.

| NomawHee akcrnepumeHTanbHoe sanakue 17.2 |

WaroroBsTe Urpywwky, U3BeCTHYIO MOJ, HA3BAHWEM «KapTean-
anckuit Boponass. [lna 9T0ro HyxHa nunerka aAns ormepusa-
HUA XMOKOCTHA NO KannsaM W MNacTMKoBan GyTuinka.

Haneifre B crakaH Boay w HabepuTe B NUNETKY CTONLKO BO-
Ak, 4TOOLI OHA MPY OMYCKaHWKM B BOAY NMNasana B BepTUKaNb-
HOM MOMOXEeHWW, HO Haj BOAOI OCTaBanack AMILL OYeHb Ma-
nas yactb — He Gonee 2—3 MM €8 pPe3MHOBOr0 KOANAYyKa.

MepeHecute NUNETKY B MNNACTUKOBYID OyThLIAKY, Hanon-
HEHHYIO NMOYTH A0BepXy BOAOW. 3aBuHTUTE OYTHINKY KPLILKOW
(puc. 17.7, a).

Teneph BLINONHUTE ONBITH. COXMUTE NanbliamMy GYTLUIKY ©
GokoB. py CXaTMK NUNETKa ONYCKaeTCa BHU3 /10 iHa ByTein-
ki (puc. 17.7, 6). MNocne nNpekpawleHWs cxaTtus nunetka
sennbiBaeT. OOLACHUTE PE3yILTATH STOFO ONbLITa.

Janioe uaobpaetenne NPoAEMOHCTPUPYHTE CBOMM poamTe-

nsm, GpatusM, cécTpam M ApyausiM, OOLSICHUTE peaynbraTel Puc. 17.7
3TOro OnbiTa, S
| OxcnepumenTansHoe 3apanue 17.3 |
http://class-fisika.narod.ru/
PaGoracw & rpymne 045.htm (Mopckoi xuTens wnm
WamopoHne NNIOTHOCTH BolllecTBa KapTeamaHckuil Boaonas.)

O6opyfnoBanne: CTeKNSHHLIA cTakal ¢ BooW, npobupka,
M3MEPUTENLHAS NUHEKa, HOM3BECTHO BELLECTEO B BUAe He-
GONLLIMX KYCKOB.

OnpeaenuTe NAOTHOCTb HEW3IBECTHOIO BeOLECTBa B

COCTOSHWH.

[pumMedanme: NAOTHOCTL BOAL paBHa 1000 kr/m®
CocragsTe noApPOGHLIA ANnropuTM 3TOr0 JKCNepUMeHTa.
3anuwuTe ero B TeTpaas.




L1 AtmochepHoe paBneHue

Puc. 184

Puc. 18.5

Onpirel, Tpebyomue oObACHEHHA. BbINOIHAM HECKONb-
KO ONBITOB M MONpobyeM HaltH MM obbsicHenue. Tlpn nepe-
BOPAYMBAHHK OYTHUIKH € BOLOH MO NEUCTBHEM CHIIbI TSXEC-
TH BOIA BbiTeKaeT u3 Oyrbuiku (puc. 18.1). OnycTum ropibii-
KO Oyrbuike B cocya ¢ Boaoi. [louemy renepbp Boma He
BoITCKaeT M3 OytsuUiku (puc. 18.2)?

aNpEM BOMY B CTAKAH, MOJOXMM CBEPXY Ha CTakaH JIMCT
Oymarn. Ilpuxkumas JanoHbio JMcT GyMard K crakany, nepe-
BCPHEM cTakaH ¥ yOepeM JlanoHb ot aucra Oymaru. Bona me
BblIMBaeTcs w3 crakana (puc. 18.3). Kak amcr Gymarun yuep-

KUBaeT Boay?
|

Puc. 18.1 Prc. 18.2 Pue. 18.3

Boasmém npubop, cocrosimi u3 nsyx noaycedep ¢ pesu-
HOBOM NPOKJIAAKOH 1O MECTY COIMHEHMsl M C HHINEeAeM Uisi
COCMHEHHSI ¢ BOZAYIUHBIM HacocoM. CoemmHum nonycedeps
W OyieM BhIKauMpath Boanyx M3 npubopa. Ilocne Beikaunpa-
HHA a JUlsl pasieneHus NoAyWapui HeoOXOMMMO NpHu-
JIOKHTH pioe yeunue (puc, 18.4). Yro mewaer paznene-
HHIO noayiapuid?

[ogobHbie ONBITH MOAYUHIH TIPABHABHOC OOBICHCHHE
TOJNBKO TOCAC OTKPHITHS aTMochepHoro jJaBieHHs.

Armocdeproe nasaenme. ['a3 cocTOMT M3 TaKMX Xe aTo-
MOB M MOJEKYJ, W3 KAKMX 00pa3yioTcsi TBEpALIE M KHIKHE Te-
na. Monekynu raza obaanamT Maccoil, M Ha HHX JeHCTBYeT
cuna TskecTH co cropons 3eman. [losromy mofoe semecr-
BO B ra3zoo0pasHOM COCTOAHHM 00lanaeT BECOM.

Y noeepxnocTd 3eMan BO3NYX 3eMHOM atMochepbl CBOHM
BECOM NIaBHT Ha Bce Tena. [lapnenwe armocepHoro Bozayxa
PaBHO OTHOUIEHHIO Beca cTonba BO3/IYXa Hall YYACTKOM OT Mo-
BEPXHOCTH 3eMJIH JIO TPaHWIL 3eMHOH arMocdepsl K miomma-
M 8 yuacTka nosepxHocTd 3eman. lasneHue atmocdepHoro
aoauyxa__sxcneguucumano obHap! B XVII B. WranbsH-
CKMH yueHbH Dpanaxenucra lToppHuennn.

wbiid Gapomerp. IlpuGop st uamepenns arMocdep-
HOTO JIaBJicHMs, M300peTéHHbiH ToppHueiiM, HasbBaeTcs
pryTHbIM Bapomerpom. OH COCTOMT M3 CTEKISIHHOH TpyOKH,
3aMOAHCHHON PTYTHIO M ONYINCHHOH OTKPBITEIM KOHIIOM B CO-
cyn ¢ pryreio. Eciu TpyGka juiHHHee 76 CM, TO PTYTh YacTHY-
HO BLITEKaeT M3 He€ M HaJX PTYTHIO B TpyOKe obpasyercs myc-
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TOE MPOCTPAHCTBO, MOITOMY HABACHHME Ha PTYTHBIH cToab
cpepxy papHo Hymio. Jlasaenue armocdepHOro Boaayxa Ha
OTKpPbI MOBEPXHOCTL PTYTH B cocyie no 3akony IMackans
nepenaeTes o BeeM HanpapieHusiM. B tpyOke Ha ypoBHe no-
BCPXHOCTH PTYTH B COCYie NaBICHHC paBHO armocdepHomy
NABJICHHIO Py, 4 CHIA JABICHUS HanpasicHa BeepX (puc. 18.5).

Ilon neiicTsreM 910l CHABI PTYTH B TPYOKC IOAHHMACTCH
BBCPX IO BBICOTHI BCPXHCIO YPOBHs fi, PaBHOIO IPUMCPHO
760 mm. Ilpu TakoMm ypoBHE PTYTH HANpaBieHHAas BBEPX CH-
N3 JaBieHHs pyS YPABHOBEUIMBACTCH CHJIOH TSIKECTH mg CTo-
6a pryrH:

PeS = mg,
PoS = pgV = pghs,
Py = pgh.

3navenne arMocepHOTO NABIEHHSI P, MOXHO HalTH mo
u3MepeHHoH BeicoTe /i ctonba PTYTH, TUIOTHOCTH p PTYTH W
YCKOpeHHIo cBoGoiHoro nanenus g. Jlasaenwue, pasHoe jaapne-
HHIO cTonGa pryTH BhicoTol 760 muamumerpos (760 mm pr. cr.),
Ha3bLIBAIOT B TexHHKe JamnenreMm B | armocdepy (1 arm).

Gapomerp-anepowt. JLis uamepennsi armocdepHoro aas-
JIEHWSI B TMOBCEIHEBHOH XM3HM MCmoab3yvercs MeMOpaHHbIH
GapoMeTp, KOTOpbIH HasbiBaeTcsi GapoMeTpoM-aHepowIoM,
B TakoM Gapomerpe MMeercsi HeGonbluasi Iycrasi KopoGka [,
H3TOTOBJICHHAS M3 JIBYX TOHKHX YNPYIMX IUIACTHH-MeMOpaH
(puc. 18.6). Tak Kak BHYTpH 9TOH KOpPOOKM mycrora, Hapic-
HHe BHYTpM €€ paBHO Hymo. ArmocdepHoe naBjienne Bo3y-
Xa CKMMaeT KOpoOKY, HO 9TOMY CKATHIO NPENsiTCTBYeT CTalb-
Hasi NPYKHMHA 2, OTTATHBAIOLIAS OIHY IUIACTHHY-MeMOpaHy or
APYTOif M ypaBHOBemwMBalouas neicrsue armocdeproro aas-
aenmsi. K memOpaiie uepes nepeatounbii MEXaHu3M MpPHCO-
eAMHena cTpeska 3 ykasatensi, crnocoGHasi nepeMeniaThesi
ortHocHTenbio wiKaibl. [pu u3menenun armocdeprioro nap-
JeHUS HAPYIIACTCSl paBHOBECHE MeXLy NeHCTBHEM CHA ar-
MochepHoro nasieHusi W NPYXKMHBL, H3MeHsiercst nporu6
MeMOpaH H MONOXKEHHE CTpeikKu Gapomerpa OTHOCHTENBHO
IIKaAbI.

Pue. 18.6

3anaua 18.1. C KakoH NPHOAMIMTENLHO CIIOW JABMT Ha Bac
armochepHui poyx? Kak MOXeT YeNOBeK BLUIEPAKMBATEH JACHCTBHE
TaKOH CONBINOH CHITK?

3anaua 18.2. Ouclurlc, HAa KAKOH BRICOTC KOHUYANACH OBl 3CM-
Hag arMocdepa, eciaH Ol o€ TUIOTHOCTH HE M3MCHSIACH C BRICOTOH
M Oblia pasna 1,2 kr/m’.

3anomHuTe

1 atm = 760 MM pT. CT. =

=13,5-10*- 9,8- 0,76 Na =
=101 325 MNa = 100 kMNa =
= 1000 rMNa.

1. Kakme OnuiTe A0Ka3LBaOT
CYUECTROBAHWE aTMOCHEPHOro
NaBNeHnn?

2. Kakopa npuymHa Cyuwecrso-
BaHMA aTMochepHOro nasne-
HUA?

3. Kak Obino OTKpPLITO aTtMo-
cepHoe nasneHne?

4, Kak ycTpoeHs! pryTHblii 6a-
pometp u Gapomertp-awepoun?
5. B Kakux eMHMLAX BbIpaxa-
erca atmocdepHoe pasneHuwe?

. Teopueckoe

safianme 18.1

PaGoracm
CaMOCTOATeNBHO

Mpuaymaitte ¥ BuINOAHKUTE
ONbITH, AOKa3LiBalOWMe Cy-
WecTBOBaHMe aTMOChepHOro
AABNEHMA, C NOCAAYIOLMM
KONNEKTUBHLIM ODCYXASHUEM.
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Puc. 18.7. Onuir ToppHye/vin

hup://class-fisika.narod.ru/
7 _daviatm/htm (Atmochephoe
NasneHue. )

Puc. 18.8. Omurr INackais
Ha rope [Meo-ae-JloM

Hceropus orkpeitus armocdepuoro aasienus. boib-
LWHHCTBO OTKPHLITHH B HAYKe COBEPUIACTCS TOIMA, KOMIA CO3-
JIAKOTCSE HEOOXOMMMBIE JUist HUX yenosust. JUist oTKpeiTHst Ame-
PHKH HEOOXOMHUM Obll Kopabib, CNOCOOHBIH nepecets OKeaH,
JUISL OTKPBITHS. MUKPOGOB HEODXOMMMO ObLIO HMCTh MHKPO-
ckorl. OIHAKO HEKOTOPbIC OTKPBITHH IPOHCXOMIT © 3allos3ia-
HueM. Hanpusmep, Juisi OTKpBITHS arMoc)epHOrO JaBiCHUSH
HYXKHO 3HaHHWC (DAKTOB CYIICCTBOBAHMS BO3IYXa M BCCOMOCTH
BO3JYXa, M3BCCTHBIX JAPCBHCIPCYCCKHM YUeHbiM yxe 2500 ner
TOMY Ha3aml. APHCTOTEAb IMHCAN: ¢...33 MCKIIOMEHHEM OrHS,
BCE MAEMEHTHI MMEIOT THKECTh B CBOEM COBCTBEHHOM MeCTe —
naxe Boanyx. CBHAECTENBCTBO TOMY: HAIYTHIH MeX BecHT GOJb-
e nycroros. Apucrorento ObU1 H3BECTEH M TOT (akT, uTO
BOJIa CAMa BTATHBAaeTCHd B HakanéHuulH Ha orme cocyn. Ho
NOHEM BOJBI BBEPX B COCY/L NMPH YIAIEHHH H3 HEro BOAyxa
ApHCTOTENs CUMTaN cheacTBHeM Beeobuiero cpoifcrea Ilpupo-
JIbi: HWTJIE B MHpE HE MOXeT ObITh NYCTOro MpOCTPAHCTBA.

Jlaxe lanwneo lamaeit 8 XVII B. He noranancs o cyuie-
CTBOBAHWH aTMOC(EPHOTO MABIEHHS, XOTS 3HAA, YTO HHKAKH-
MH HACOCAMM He YIAETcsi MOJHATL BOAY Bue deM Ha 10 M or
ypoBHs ¢€ oTKpeIToH nopepxHocTH. Tloayuanock, 9To «6osi3Hb
NYCTOTEl> OrpaHHMYCHAa KaKWM-TO TpeAcioM, a jaince Jubo
KoHYaeTcesi «00d3Hb», MO0 oOpasyercsi MycroTta, KOTopoH B
NPHPOIE COMNAcHO B3MIsLIAM ApucToressi ObITh HE MOXET.

DKCINEPUMCHTAILHOE OTKPLITHE arMocdepHOro JaBicHMs
cnenan B Mranmm yuennk lanmnes Dpanaxenucra Top-
puuenanu B 1643 r. On 3aM0JHHA PTYTHIO CTEKISIHHYIO TPYO-
Ky JUIMHOH OKOJO MeTpa, 3amasiHHylo ¢ OJHOro KOHUA
(puc. 18.7). BareM NpHKPBUT NAAbLEM OTKPHITBIH KOHell Tpyd-
KH M ONYCTHA €ro B Yalky ¢ prytoio. [lpu yGupanuu najib-
Ha pryre B TpyOKe OnycTHJIAach MW OCTAHOBWAACH Ha YpOBHE
4...B OJIMH JIOKOTH € YeTBEPTLIO M el najieils. DTo cooTser-
cryer 760 mm. Toppuueanu nponesan cepHio ONKTOB ¢ CO-
CYNaMH paimaHOM (OPMBI M Pa3MEpoOB, H BO BCEX ONbITAX
BBICOTA YPOBHSI TH B TpyOKe OcTaBalach ONAMHAKOBOM M
papHoH 760 MM.VHa OCHOBAHMH THX onbiToB Toppuueiin
NPHILEN K caeayioleMy BbiBoay: «/lo cux nop ayman, 9ro
CHJIA, KOTOpasi ylIepkKHBacT kupoe cepebpo (pryrs) or ero ec-
TECTBCHHOTO CTPCMJICHMS! YIIACTh BHH3, OOYCIOBICHA COCYIIOM,
WA 1YCTOTOM, MM HCKOCH BecbMa PaspekCHHOM cyGCTaHIM-
Cﬁ, HO # YTBCPAKIAK, YTO OHA BHCIIHMHA, YTO CHJIA IPHXOUHT
u3gHe. Ha noBepxHOCTH KMAKOCTH B YAlKe JAABHT THKECTh
S0 muab Bosayxa. Iloaromy uTo Xe YIMBHTENIBHOIO, €CIH
BHYTPHM CTeKJa, TJIe PTYTh He MCINBITHIBACT HU BACHEHHS, HH
CONPOTHBJIEHMs!, TOCKOJIBKY TAM HHYEro HET, OHA MMOALIMAaeT-
€5l JI0 TAKOTO YPOBHS, UTO YPABHOBEUIMBACT THXECTh BHENe-
r0 BO3/IYXa, OKa3sbiBAlOIIEro Ha Hee amnenues. ToppHUeIH
MPHINEA K OKOHYATENLHOMY YOEKNEHHIO O CYIIECTBOBAHHH aT-
MOC(HEepHOro JIARACHHS MOCAe TOro, KaKk OOHAPYXHA, YTO Bbi-
coTa pryTHoro cronfa B TpyOKe HEMHONO HW3IMEHSeTCH JieHb
OTO JIHA, T. €. OTKPbUI M3MEHEHHe aTMOC(EPHOTO JARAEHHS .

OrkpriTie atMOCEPHOTO JABACHHST MOAYIHIO0 Beeoliee
NPH3HAHKE NOCAe HarsHBX onbitop buesa Tlackansg o
Dpanian u OrTo don lepuke B epmanmnm. [lackans
CHAYANa MOBTOPHI ONbITH TOPPHYCIIH ¢ PTYTHIO, 3aTCM Bbl-
NOJNHK ONBITH ¢ TPYOKaMH JUIMHOK okoso 12 M, 3all0fHCeH-
HBIMH BOJIOW M BUHOM.



JUisi OKOHHATENBHOTO IOKA3ATENBCTBA CYUMICCTBOBAHMS aT-
mocheproro napnenmst IMackans nEunyMan IKCTIEPHMEHT,
paccyxiasi caeayiommm obpazom. Ecium noasém pryrHoro
cronba B TPYOKE NCHCTBHTEABHO BbI3bIBACTCH [IABICHHEM aT-
MOCREPHOro BO3AYXa, TO Ha BEPLIMHE BHICOKOH IOphl, Hal KO-
TOPOH OCTaETCH MCHBUIMA CTOA0 BO3AYXA, AABJICHHUC HONKHO
ObiTh MCHBLIE, YeM Y OcHoBaHMs ropbl. JUist nposepku ato#
runoressl [lackans B 1648 r. M3MEpHI BBICOTY PTYTHOIO CTOJ-
0a B OHOM M TOM Xke TpyOKe cHavuana y ocHoBaHust ropbl Ilbio-
ne-Jlom, 3arem Ha eé BepmMHe, Ha Bhicote okono 1300 m
(puc. 18.8). Ha Bepmmue ropsl BeicoTa cronba pTyTH OKasa-
nack Ha 8 oM Huxe, yeM y ocHoBaHus. Tak runoresa Ilacka-
A5 ObNA MOATBEPAICHA SKCIEPHMEHTOM.

Orro don I'eprke CpOEKTHPOBAT W H3TOTOBHA PSl NPH-
GOpPOB W HMHCTPYMEHTOB JUIS HCCACNOBAHHS TOPPHYESTHEBOH
nycTorsl. B oflHOM M3 ONBITOB OH NONBITAICH MONYYHTH TTy-
CTOTY, BHIKaYWBasi BO3AYX M3 Mmenaworo mapa. OnHako map
BCKOpe ¢ GOABIIHM IIYMOM CXancsi, Kak onucwisan l'epuke,
«CJIOBHO TIONOTHO, W3MATOE B pyKes. OcobeHHo Gonbinoe Brie-
yaTieHHe Ha COBPEMEHHHMKOB TPOM3BEAW ONBITH C Marje-
GYPrcKHMH TIONYIIAPHAMH, NPOACMOHCTPHPOBaHHbIE B 1654 1.
(Haspanue noaywapusi MoAyIHiH Mo Ha3BaHMIo ropoxa Mar-
sebypra, B KotopoM l'epuke 6bui Gypromucrpom.) [las sroro
OnpiTa ObUIM W3IOTOBJCHBI JIBA NMPOYHBIX MCTAIHYCCKHX [0~
Aywapusi Kaxabii auwamerpoM okono S50 cm. JUist miorHoro
COEMIMHEHHUS B 1IAP MEXIY HUMM NPOKAAIBIBAIOCH KOJIBIO U3
KOXH, NPONMTAHHON pacTBOpOM BOCKa B ckunuaape. B on-
HOM W3 nonywapuit 661 KnanaH, yepes KOTOPH ¢ NMOMOILIbIO
Hacoca M3 1apa BuiKaumsancs sodayx. Ilocie BrKaumBanus
BOIYXA M3 Wapa B KOAbL@A HAa NOAYWAPHAX ObLIO BIPSAEHO
no 16 aowaneh (puc. 18.9). U o1 Jowanu He MOrAM OTO-
pBaTh OIHO MNOJAYIIAPHE OT JAPYIOro. DToT ONnbIT HAMIAAHO Mo-
Kasplpasl, HACKOJALKO Benuka cuia arMocdepHoro nasieHusi,
NPHAMMABLIAS ONHO TMOAYILAPHE K JIPYTOMY.

¥ | KoncTpyktopckoe sananmne 18.3

PaGoraem B8 rpynne

lNpuaymaiiTe KOHCTPYKUMIO BOAAHOIO GApoMeTPa M ONMILM-
TO CNOCOG UIMEPEHUA C Or0 NOMOWLIO atMOChepHOro fana-
W,
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Dpanpxeamcta ToppHuennH

1. Y10 nomewano ApucCTOTENO
OTKpLITE aTMochepHoe aaene-
HWe Ha 2000 net paxbwe Top-
pusennu?

2. Kak M3 pesynsraroB onwtos
Toppuyennm MOXHO caenath
BbLIBOA O CYWECTBOBAHMM aT-
MOCHEPHOIO NAaBNeHun?

3. Yro Hosoro o6 armocdep-
HOM JABNGHUK CTANO M3BECTHO
nocne onuiros MNackana?

PaGoraem
CAMOCTONTRNBHO

Wccneposanme
FABMCHUMOCTH
aTmochepHOro AaBNeHUS
OT BbICOTH

Ucnoneayn GapomeTp-ane-
poua, WCcRenyhTe 3aBUCK-
MOCTE atmMochepHoro paene-
HWA OT BLICOTH Hafl YPOBHEM
MOPSI.




~IL 4 Cuna TpeHus
|

Cuna rtpenus nokosn. [lonoxum jnepepsHubif OpPYCOK HAa TOPH3OHTAILHYIO MO~
BEPXHOCTh CTOAA, TPUKPENHUM K HEMY KPIOYOK JAHHAMOMETPa M MOTAHEM BAOIb
mpmou'mnbuoﬂ nopepxHoctu. [lpu HeOGoAbIIOM 3HAYEHMHM AcHCTBYOIIER CHIIBI

ynpyrocti F, o GpYcoK OCTaéTcsl HCMOMBMAHBIM. 3HAUMT, BO3HMKACT Kakas-To CHia,
paBHas 1o u"('mymo CHJIE YIIPYTOCTH MW HalpaBicHHasl NPOTHBONIONOKHO ¢i,

Cwna, BO3HWKAKOLWAs Ha rPaHULe CONPUKOCHOBOHWUA TEN NPU NONBITKE nepemetue-
HUSt OfIHOTO Tena Mo MOBEPXHOCTM APYrOro TeNfa MNpW OTCYTCTBMM OTHOCHTENLHOTO
ABWKGHUS TeN1, HA3LIBAGTCS CUAOW TDOHUS NOKOS Fy,, (puc. 19.1).

Kak M cuna ynpyrocrd, coia TpeHHsl 10OKOS BO3HHKaeT

TOJILKO MMPH BHEITHEM BO3/ICHCTBHH Ha TEJNO, paBHa Mo Mo)
MO JIEHCTBYIONICH CHIIe W HarpaBieHa MpoTHBRONoAoKHO eil. Ho
| | CHWIa YIIPYTOCTH BO3HWKAET NpH moGoM HanpapiaeHuH JeHcTBHst
3 - BHellHeH CHIABI, a CHWIAa TPEHHA TOKOS BOZHHMKAET TOJNLKO INpH
JEHCTBHH CHIIBI, TIPOEKLMA KOTOPOH HA TUIOCKOCTh, Napanieib-
HYKO TIOBEPXHOCTH CONPHUKOCHOBEHMS TeA, OTAHWYHA OT HYAs.

H3-3a cHABL TPEHHS TOKOS TIPEIMETH HEMOABHAHB Ha
Puc. 19.1 3eMHON nosepxHocTH. Ecau OB 9TO TpeHWe BAPYT HCUEINO,
BCC NPEAMETHl M JIOAH CKOJNB3WIM Obl MO HAKJIOHHBIM 10-
BEPXHOCTSIM, KAK [ABHKCTCS BOJA, MMOKA HE JOCTHIHET YPOBHS
MOpSI HIK 03epa.

B pesynbrate QeHCTBHSI CHIBI TPECHHSI TOKOSI BO3MOXHO
JIBHKEHHME B HYXHOM HalpaBJIeHHM 1O 3eMHOH MOBEPXHOCTH.
MMeHHO 32 CUST CHIIBI TPEHMS MOKOS YeNOBEeK MOXET caenars
war, OTTOAKHYBILMCH OT nopepxHocTh seman (puc. 19.2). Dra
Ke CHIA MO3BOASIeT aBTOMOGWIIO npuidTu B asukenue, 1lIu-
HA ABTOMOOMIIS B MeCTe CONPHKOCHOBEHMs ¢ A0poroH Heno-
JIBHAKHA OTHOCHTENBLHO 3eMJIKM, aBTOMOGHIL NP BpallieHHu
KOJIeca OTTANKMBaeTcs OT 3eMHOM nopepxioctH (puc. 19.3).

Cuaa Tpennsi ckousxkenusn. [Iponomxum onwir ¢ Gpyckom
1 auHamomeTpoM. TlpH JOCTHAEHHH HEKOTOpPOro 3HadeHus
cHabl ynpyroctu Fo OpYcOK IBMAKETCH 10 TNOPH3OHTAILHOM
MOBEPXHOCTH PABHOMEPHO M NpsAMonnHeiHo. B srom cayuae
paBHOACHCTBYIOUAST Beex cHA pasBHa Hynwo. CrenosarensHo, co
CTOPOHBI MOBEPXHOCTH CTOJA HAa Opycok AeHCTBYeT cuia, pas-
Hast 10 MOYAIO chuie yripyroet Fy,.. JieicTyioliel co ¢
HBI JIHHAMOMCTDA, W HAlIPaBICHHAs IPOTHBONONOKHO ¢H.
cwna F ., naswisaeres cmioh TPeHHS CKoJibKeHusi. OHa ua—
npanne‘trumlo.uh TOBEPXHOCTH CONPHKOCHOBCHMS! TeJ NIPOTHBO-
MOJIOKHO BEKTOPY CKOPOCTH U OTHOCHTENBHO IBHAKCHHS Te.

Koo dbuument Tpenus. Onbir mMokassiBaer, Ym0 MaKcH-
MAIBHASL CHJIA TPCHMH TOKOH M CHMAA TPCHHS CKOILKCHHSA 3a-
BHCST OT MATCPHAJIA CONPHKACAIOLIMXCS TOBCPXHOCTEH M OT CH-
Nbl, ¢ KOTOPOH MOBEPXHOCTH TeJl NPUXHMAIOTCH APyl K JPYIY.

Cuna N, NEPNeHANKYNApHas NOBEPXHOCTH CONPUKOCHO-
BEHUS Tel, HAa3bIBAGTCH CUNOM HOPMaNbHOro nasnexms. OT-
HOLUGHME CWJ/Ibl TP@HWMS K CMN@ HOPMAanNbHOIoO AABNOHWA Ha-
3bIBAGTCH KOAPPUUMEHTOM TPEHUS.

Koadduument tpenust oboznauaercst rpeueckoit Gyksoi
i (emi02):

I
=
U

Puc. 193
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SxcnepuMeHTanbHoe sanahue 19.1 |

PaGoraem B nape
HUccneposaume cunbl TpeHWs

O0opyaoeaHue: NepessHHLIR GPYCOK C KPIOYKaMU U peau-
HOBOW Haknedkol, AMHAMOMETP, Habop rpy3os.
I. Mccnenyiite 3aBHCHMOCTD CHALI TPEHWUA NPH PaBHO-

MOePHOM [IBMXCHWA
crona or naowaan MNoRepPXHOCTH CONPHUKOCHOREHWS Ten.

- [MopaRoK BLINONHEHWS 3afaHus

1. MNonoxure nepesaHHLIA OPYCOK HA CTON MPaHbLIO C M@Hb-

Wi NNOWAMLIO NOBEPXHOCTH. (PUKPENUTe K OPYCKY [WHAMO- - - s y —-_
MeTp, NOTAHUTE ero NapanfeNsHo NOBePXHOCTH cTona W M3-
MepeTe culy TPeHuA Fo, Npu PpaBHOMEPHOM NBWXEHWH Opycka
(puc. 19.4). 3anMwMTe peaynbTaT M3MEPeHWs.

2. MNonoxute GPYCOK Ha CTON rPaHbIo ¢ GONLILEH NIOWAALIO
NOBEpPXHOCTYU (prc. 19.5) U NOBTOPUTE ONLIT NO MIMOPEHMIO CU-
Nkl TPEHUA Fy, NPU PaBHOMEPHOM ABMXOHWW Opycka. 3anmum-
Te pesynstar uamepenus. Caenaifte BoIBOA, 3aBUCWUT NW cuna
TPeHUA F, OT MAOLWAAK NOBEPXHOCTH CONPUKACAIOWMXCA Ten.

Hccnwim

. 3aBHCHMOCTD CH/IbI TDOHHA OT MaTepH-
Monoxute OPYCOK Ha CTON IPaHLI0 C Pe3UHOBOW Hakneii- = i . _-[-
KOl ¥ M3mepLTe cuny TpeHua. CpaBHUTe NONYYeHHOe 3HaYeHne
CHNbI TDEHUA CO 3HAYEHUEM, MONYYEHHLIM NP CKONLXEHUU fie-
pesa no crony, U caenaiTe BLIBOA.
Hl. Hccnepyite 2aBUCHMOCTE CHITLI TPEHWS CKONBXE- Puc. 19.5
HHSI OT CH/ILI HOPMANTBHOTO [IaRNCHNS.
1. MamepbTe ¢ NOMOLLLIO MHAMOMETPa BeCc P lepeBsiHbO -
ro Gpycka. Cuna HOpManbHOro Aaenedus N Npu ABMXEHWUW
Bpycka no ropusoHTanLHOR NOBEPXHOCTH CTONA paBHa No Mo-

aymo ecy P: N = P, T
2. Wamepute cuiy TpeHusi Fy, NP PaBHOMEPHOM CKONLXe- - i -~
HUK OpycKa NO rOPHIOHTANLHOW NOBEPXHOCTH CTONA.

3. MamepsTe CUNY TPEHUS NPU PaBHOMEPHOM ABMXEHWM
no ctony Gpycka ¢ oaHum rpyaom (puc. 19.6). Cuna HOpMans-
HOTO AABNEHWS PaBHa cymMe Beca Gpycka w Beca rpysa:
N=P + P|. Puc. 19.6

4. MNosTOpUTE U3MEPEHUA NS CRY4as PABHOMEPHOTo ABM-
xemg nozp crony Opycka ¢ ABYMA rpysamu. B aTom cnyyae

= + -

5. Bmm':m're KOSGPPUUMEHT TPEHMA 1A KAXAO0TO U3Mepe-

HMA W 3aNUWKTE pesynbTaTel B Tabnmuy. Bonpochk!

Puc. 194

Tabnuua 19.1 1. Kakoe HanpagneHue umeert
cuna TPeHWs NpU ABMKEHWA
N, H N=P N =P+ P, N=P+2P OAHOrO Tena No MOBEPXHOCTH
F apyroro?
™ 2. OT Yero 3aBMCUT cuna Tpe-
HUA?
" 3. 01 4ero He 3aBMCHT cuna
6. MocTpoiiTe rpaduk 3aBUCMMOCTH CUNLI TPeHWa F, OT cu- ;p?;?:asusaercn KOOPHUM-
nul HopMansHsoro pasnewms N. Cpenaifte BuiBOA O xapan'epe e;rrou TpeHUA?
STOI 3aBUCHMOCTW.
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Puc. 19.7

Puc. 198

Puc. 19.9. Ilopo3ka KOUCBHHKA
BpeMEH BEIMKONO nepecenenmst
HAPOIOB

Ipupona cuast vpenus. Kakopa NpHUMHA BOZHHKHO-
peHus et TpeHns? TlepBoe MoUTH ONEBHIHOE MNPEANoNoxXe-
HHME — TPEHHE ODYCIOBICHO CHAAMM B3AHMHOIO TNPHTSIKEHHS
MEXIY aTOMaMH,

Dra MNIoTe3a NOMOraeT JaTh OTBCTHI HA PSil BONPOCOB.
Ecan Mexiy aroMamy TBEPIOTo Tela ACHCTBYIOT CHABI NPH-
TSOKCHMSI, TO TNOUCMY JIBE MCTAIHUYCCKHC IUVIACTHHKH, TOME-
IEHHBIC OIHA HA JPYIVIO, HC COCAMHSIOTCS B OIHY IUIACTHHY
BABOC GONbIICH TOAUMHB?

Haiith oTBeT Ha 3TOT BONPOC OKA3LIBAETCHA JOBOJIBLHO
NPOCTO, €CAH OMEeHb MIAIKYIO NOBEPXHOCTh METALIHUYECKOM
MIACTMHKM PAacCMOTPETh B MHMKPOCKON ¢ GONBUIMM YBeJNHue-
uuem. Ha dororpadun, noayueHHo# ¢ NOMOUIBIO MHKPOCKO-
na (puc. 19.7), BUAHO, YTO NOBEPXHOCTH MOKPHITA BLICTYAMM
M BHaJIHHAMH, OCTPHIMHM BEplUIHHAMMH. nOC)T()My MAACTHHKH
CONMPUKACAIOTCS MEXy coBoll He Beel MoBepXHOCTHIO, a JIMIIb
HeGonbimoH eé vacTbio. CHIB MeXKaTOMHOIO NPHTSIKEHHA
NEHCTBYIOT TONBKO MEXKIY OUeHb HEGONBIIHM YHCIOM aTOMOB
W TOITOMY OUeHb Cialhl,

JUasi nepeMeIieHHsl OHOTO Teia 1Mo MOBEPXHOCTH JIPYTOro
HEOOXOMHMO NPEOIOAETh CHIBI MEXATOMHOTO TIPHTSIAKEHHSI Ha
YUACTKax COMPHKOCHOBCHHMSA, KOTOPBIC TOTYAC HAYMHAKOT Jeii-
CTBOBATH HA BHOBb BO3HMKIIMX YUAcCTKAX CONPHKOCHOBEHHS.

YBeJIHUCHHC CHIBI TPEHHUSI ¢ BO3PACTAHMEM CHJIBI HOp-
MAJIBLHOIO JABACHUS MOXHO OOBICHHMTH TEM, UTO C Bo3pacra-
HMEM CHJBLI HOPMAILHOIO JABNCHMS YBEIMUMBAIOTCS [OBEpPX-
HOCTH COIPHKOCHOBEHHsI Tel M UHCIO MEeXaTOMHBIX CBsi3ei.
IMosroMy ¢ nosuileHHeM KauecTsa o0pabOTKM MoOBepXHOCTe
TeJl CHAA TPeHMs A0MKHA Bo3pactarh. ONHAKO HA NpPaKTHKE
MOBEPXHOCTH Ted TWATEALHO UUIHOYIOT ¥ NOAUpYIOT s
yMenbiienna cua tpenns. Kax moxio obnaciuts ator daxr?

Ha cxemarnyeckoM paspese Monepék nopepxHocTed co-
npukoctoperus Ten (puc. 19.8) BuamO, 94T0 BHICTYNH W Bra-
JHHBL Ha CONPHUKACAIOIIMXCH MMOBEPXHOCTAX MPH HX OTHO-
CHTENBHOM JIBUAXEHUH JIONKHBI NPHBOMANTE K YaCTHYHOMY
PA3PYILIEHHIO TPYLIMXCst nopepxHocted. Ha Gonee riaukmx no-
BEPXHOCTHX NPH JABHACHHHM TAKMX PaspylleHHH HEMHOIO M
CHIA TPCHHSI YMCHBIIACTCS.

Tpenne kauenuws. Cuiibl TPCHMSI CKOJNBXCHHS [IPCHAT-
CTBYIOT NEPCMCUICHHIO OIHHX NPCAMETOB 110 IOBEPXHOCTAM
ApYruX. DTO CBOMCTBO OKPYXAMOUIEr0 MHPA CTANO CEPLE3HLIM
NPENsATCTBAEM JUISl OCYUIECTRACHHS MHOFHX ILIAHOB YeN0BeKa,
KOIJIa OH Haval CTPOMTH cebe XIIMIA W KPErnocTH, Koriaa B
MOKMCKAX JNYUIIHX MeCT OGHTAHMSI HYXHO ObUIO NepeMelaThes
Ha GOJNBITHE PACCTONHMS CO BCEMH OMAITHHMK BElIAMH, OpY-
KMeM W 3anacamu nvind. M Torna venosek cienan ofHO H3
camMBbIX BaXHBIX W300perennit — koneco (puc. 19.9).

[Ipr kaueHHH Kojeca MOBEPXHOCTH Kojieca He nepemenia-
ETCH 10 MOBEPXHOCTH 3EMAM, a MPOHCXOMST MPOIECChl COEIHA-
HEHHSI M PashelIMHEHHS Pa3iHIHBIX YUACTKOB TOBEPXHOCTEH
Koleca M 3eMian, BO3HHKAOIMIAS NMPH 3TOM CHAA COTIPOTHRAE-
HHSA JIBUKCHHIO Tela HA3hiBacTCsl CHIOH TPeHHS KaueHHs .
B 3aBHCHMOCTH OT pamdyca Kojaeca WIH IWIHHIpa W THNA
CONPHKACAIOLINXCS MAaTCPUANIOB CHAA TPCHMsSI KAucHHsi MOXeET
OBITh B HECKOABKO Pa3 WM JIaKe B JICCATKH pa3 MCHbLIC CH-
N6l TPEHMS CKOABKCHHS JUISI TOrO Xe camoro Teia. B srom



MexaHuueckue sBJieHus

JErKO YOHMTHCS, HIM gus CHAYANA CHILY TPEHMSI CKONbKE-
Hug wMaapa (puc. 19.10), a sarem cuay TpeHMst KaueHus
wwmnapa (puce. 19.11)

A merrd J ‘

Puc. 19.10

It —— &

Puc. 19.11

¢ Teopueckoe sananme 19.2

PaGotaem caMOCTOATENbHO

OOOpPYAOBAHME: HECKONLKO NAp UMAMHAPOB PasNUYHOro
paamyca, Habop rpyaos, AOCKa, AMHAMOMETP.

Mpuaymaire SKCNCPHUMENHTL, C MNOMOUWbIO KOTOPLX
MOXHO MCCICAORaTL FARHCHMOCTL CHAL TPOHUS KavyeHus
OT paauyca Koneca MnM Karauierocs UnnnHapa.

Kuakoe tpenwe. [lus ymeHblieHMst JeiCTBHS CHI Tpe-
HMsl TIPH MCMOAB30BAHMH PA3AMMHBLIX TPAHCIOPTHLIX CPEACTB
BBOISIT CAOH XHAKOCTH HJIHM Ia3a MEXIY NMOBEPXHOCTSIMH TBEP-
ABIX Ted, CKOAB3AUIMX APYF 10 ApYry. DToT ¢nocod Haski-
paetTcsi cMaskol. XKuakas cMazka MExiy ABYMS TBEPALIMK
NOBEPXHOCTIMH TIPHBOIMT K TOMY, YTO MOBEPXHOCTH He CO-
NPHKACAIOTCS IPYT € JAPYIOM, @ CKOJNBIAT OTHOCHTENABHO KHI-
Kocti. Cxonbxenue Mo XHAKOCTH WM ABHAECHME BHYTPH
KHAKOCTH AHOO ra3’a TAKKE BbIZBIBACT BOZHHMKHOBEHHE CHILI,
HANPABACHHON NPOTHBOMOAOKHO BEKTOPY CKOPOCTH. DTa cH-
Jla HA3BIBACTCS CHIOH XKHAKOIO TPEHMS.

CHia XHIKOTO TPEHHS OTHHYACTCH OT CHIIbI TPEHHS MEX-
A1y TBEPUBIMH OBEPXHOCTIMH, BO-IICPBBIX, OTCYTCTBHCM CHIBI
TPeHHs 110Kosl. Bo-BTOpbIX, CHJIa KMIKOIO TPCHHS BO3pacta-
€T ¢ YBCAHMUYCHMCM CKOPOCTH JIBHXCHMS. DTO CTABHT Npeuen
JOCTHAHMOH CKOPOCTH JBHACHHH MOPCKHX KopaGacd u ca-
MOJETOB [MPH ONpeAeNEHHON MOUIHOCTH JABHraTesst.

Hamnyummsm cniocobom GopsObl ¢ CHIOH TpeHMsI SIBAsSICTCS
OIHOBPEMEHHAs 3aMeHa TPEHMsl CKOJABXEHHS HA TPEHHE Kave-
HHSE M [IPHMEHEHHME XHWIKOH CMa3KH. DT0 MOXHO C/Ie)aTs ¢ 1o-
MOIIBIO IAPHKOTOINHITHHKOB, HAJICBAEMBIX HA OCH Bpallialo-
IIHXCSE KOJNIEC, OCH MEKTPOJABHraTeNeH, 2MeKTporeHepaTopos
(puc. 19.12). B mapHKONOJNIHITHUKE WMEIOTCH JIBA CTAIBHBIX
KOJIbIIA, MEXY KOTOPHIMH HAXOAATCS CTaTbHbie mapuku. Mex-
Y IApHKAMH M KOJNbIIAMH BBOJMTCS XHakas cMaska. Cuawl
TPEHHSI KAYeHHsl WAPUKOB 10 CMA3aHHBIM TOBEPXHOCTAM KO-
JIeIl MEHBIIE CHI TPEHHSI CKOIILAKEHHSI B COTHH pa3.
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Puc. 19.12. HIapHKONOAIIHIHHK

1. MNoyemy Mexay conpukacaio-
WMMMKCSI  MOBOPXHOCTSIMM  Ten
BOZHUKAIOT CHALI TPOHUA?

2. MoveMy CULE TPOHUS YMOHL-
waioTcs npu u.mmbocke Y-
LUMXCH NOBEPXHOCTEN

3. Movemy cuna 'rpel-ma Kaye-
HUS MHOTO MEHbLE CUALI Tpe-
HUA CKONbXEHUA?

4. Kak 3aBMCHT cuna TpeHus
KayeHus OT paauyca Koneca
WKW KaTALWErocs UMAMHAPA W
4eM OOBLACHARTCA 3Ta 3aBUCH-
MOCTL?

5. Yem otnmMaeTcs cuna xua-
KOrO TPEHUA OT CHILI TPEHWA
M@X/ly NOBOPXHOCTSIMM TBEP-
Abx Ten?




VAL DHepruga

Puc. 20.1

Dueprus. B NOBCCAHEBHON XMIHH HACTO MOKHO CABILUATEH
CHOBO «IHEPTHsi». [OBOPSIT O PacXonoBAHHK NEKTPOIHEPIUH
B KBapTHpe, 00 OCBODOXKNECHHH SHEPTUH MPH CHHTAHHH TOPIO-
YEro B JIBUTATENE ABTOMOOHASN, O MPEBPALICHHSIX SHEPTHH COJl-
HCUHOIO H3NYUCHHS B MEXaHMUCCKYKO DHCPIHIO ABHAKCHHS Ha-
rpeToro Bosiyxa B armocdepe 3¢MAH M MHOIMX APYIHX
NPOABACHHSX SHEpruH. UTo K¢ HA3BIBAIOT CIHOBOM 3HEPIHsi»?

HaGmoseHusi ¥ ONbIThE IOKA3BIBAIOT, YTO AIOOBIC HIMEHC-
HHS B IPHPOJIC [POHCXONST B BHAC NEPCAAYM JBHXCHUS OT
OIHOrO Tejla K APYTOMY MIH B BHIE IPeBPAalleHHs OXHOH
(OpMBI IBHXECHHMA B JAPYIYIO.

an CTOJNKHOBEHHHM ABHXYUIEroCHd WIApa ¢ TAKHM Xe€ He-
MOABHAXHLIM [IAPOM IEPBHI 11ap OCTAHABIMBAETCS, a BTOPOM
miap NPUXOJNT B JIBHKEHHE C TAKOH CKOPOCTBIO, ¢ KaKoi JIBn-
rajcs nepBuid map. Mexanudeckoe JIBHXEHHE MPH CTONKHO-
BEHHH HIAPOB HE MCYENO, MPOM3ONLIA AWIIL nepenava JiBu-
KEHHSl OT OIHOTO Tena K Japyromy {(cMm. puc. 8.4).

Ilpy NazeHHy CTATLHOTO I1Apa HA KYCOK TUIACTHINHA, Je-
KAIEro Ha CTojie, NBHKEHHE I1apa NPeKpaliaeTcs W MiacTH-
JIMH OCTAETCH HenoaBHAHBIM. Ho Mexanuueckoe [ABHACHHE H
B 9TOM clyvae He Hcuesaer Gecenento. TepMoMeTp, BeTannen-
HBIH B IUIACTHAMH, MOKa3biBaeT, UTO B PE3yAbTaTe Yiapa Lia-
pa TeMIepaTypa IUlacTuanHa nosbicunack (puc, 20.1). Mexa-
HHUECKOE [IBHAKCHHC [PH 9TOM BIAWMOICHCTBHM HE HMCUEIO
Gecee/iHO, a NPeBpPaTHAOCH B JAPYIYIo (OpMY IBHKCHHS, KO-
TOpOE HA3LIBACTCH TEIIOBLIM ABHMKCHHEM.

Mexannueckoe ABMAKEHHEe TeKYIIeH BOAB HA IMAPOIAEKT-
pocranumu (puc. 20.2) ¢ momMouibio 3MeKTporeHeparopa co-
38T HOBYIO (OPMY JIBUKEHHS MaTePHHM — NIEKTPHYCCKMH
TOK, 2 NEKTPUYECKHI TOK ¢ NOMOMILIO 2NEKTPOIBHIaTENs
BHOBb CO3MIAET MEXAHMYECKOe JIBHACHHE WIM, HArpeBas HMThH
JIAMITBE HAKATHMBAHKSI, cO3MaéT cper. Mexanmnueckoe npuxerme
BO3AYXA C MOMOILBIO BETPOIIE reHePATOPOB TAKKE CO3Ma-
€r anekrputieckuit ToK (pue. 20.3).

CrnocoGHOCTE K NPEeBPAeHHUAM OIHMX DOPM JIBHKEHHS
MATEPHH B APYTHE MOKA3bIBAET, YTO HMEETCs KaKasi-TO eln-
Hasi Mepa paziMdHbiX (DOPM JIBHAKCHHA MATEPHM, COXPAHSIO-
wasicst npy Jo0bIX NPeBpalicHusX oaHol GopMbl ABHXCHHS
B JIPYTYIO.

DUIMYECKan BeNuuMHa, SBNFIOLWEAACA KONMYECTBEHHOM
MEpORA pasnuyHbiX GOPM ABUXEHUA MATepUH, HAILIBAGTCA
IHepruei.

Jis onpesencHus SHEPIMH Kak (GH3IHUCCKOH BEAMIHHBI

HYKHO YCTAHOBHTb CB#3b SHCPIHM C JPYIHMM BEAHUMHAMH H
HalTH criocol e€ M3aMepeHMs.

Mexanuueckas SHeprus.

MexaHriecKon SHEPrMeil HAsbLIBAIDT SHEPIUIo MexaHu-
HECKOro [BMXEHUA 1 B3AUMONRHCTBMA.

PaccMoTpuM caMBiil IIPOCTOH MpHMEp NpPEBpaIeHHs] MeXa-
HHYECKOH 2HEPTHH — NPH CBOGOIHOM MAaNCHHH Tel.



IMorenumanbnas W KuHerwueckas sueprum. [lpu cso-
BONHOM NMANEHHH ¢ HEKOTOPOH BBICOTHI /I NPOMCXOAMT MOCTE-
NEHHOE YBECAHYCHHE CKOPOCTH ABMACHHS Teaa. DTo 1MoKasbl-
BAET, YTO MOAHNATOS HaX 3eMACH Teno obNanaeT 3anacoM Ka-
Kou TO SHCPIrHH, KOTOpas BO BPCMH NAJICHHUS NpPEBpallacTcs

B SHCPIMIO MOCTYNATCNBHONO ABHKCHHS. DHEPIUs NOAHATOIO

Hall 3eMa€i Tena Ha3bIBacTCH NMOTEHUHAJBHOH DHepruel Te-
Jla B NOAC CHIBI TSDKCCTH, @ DHCPIHA [OCTYIATCIbHOIO IBH-
KCHMS Te/Ia HA3bIBACTCH KHHETHYECKOH sHepruei.

Ecau npu cBoboanom nazenuu tena (puc. 20.4) npoucxo-
JMT NpeBpallieHHe ero NOTeHUHAILHOR SHEpruM B KHHeTHUeC-
KYIO 3HEPrHio, TO YMEHbUIEHHe MOTeHIIHANLHOH 3HepruM na-
Aaloinero Tena 3a moGoit MHTEpBAN BpeMEHH MOMAXHO ObITH
PaBHO YBEJIHYEHHIO €ro KHHeTH4yecKoH sHepruw. Bripaxenus
JUIS TTOTEHITHAABHON W KMHETHYeCKOH aHepruit, ynonieTBops-
oumMe sroMy TpefoBanuio, B du3Mke ObUIHM HaMIEHBI.

Morenumansuas sneprua F, tena maccoit m Ha peicore h
Han 3emnél pasuHa:

E

“u

= mgh.

B oroM poipaxenuH Beawdnna g o6ozHavaer HM3MeHeHHe
CKOPOCTH CBOBOJIHOTO NaneHHsi B eMHHILY BpemeHH. Y rno-
pepxHocTH 3emam g ~ 98 m/c 3a 1 ¢,

Kunernueckas sHeprust F, tena Maccoll m npH CKOpPOCTH
JBHXCHHMSE v paBHA:

2
E=2 |
2

Emvnuna oneprun. Exmnmua oneprin B Mexaynapoanoi
cHCTeMe eIMHnIL HaskiBaeTcs dxcoyan (1 J1k). Hassauue atok
SAMHMUIBI JIAHO B YecTh aHraMickoro ¢msuka JIxkeitmca
JIxoyns (1818—1889).

U3 BhIpakeHHs Ui BHIYMCACHHS KHHETHUYCCKOH SHEprum
CHENYET, MTO TeNO MACCOM | KI NpH JABHXEHHH CO CKOPOCTHIO
1 M/c obnanaer KMHETHUECKOH SHeprue, pasHo#H

E=ml e e g5 ji.
2 2

Iorenumanshas sueprusi £, Tena maccod | Kkr wa pac-

CTOSIHMM 1 M OT NOBCPXHOCTH 3¢MJM paBHa:

E,~mgh=1xr-98 m/c>=1 m =938 JIx.

3anawa 20.1. [lo HIBECTHOMY 3HAYEHHIO MAacChl CBOEIO Tena
BRIYHCAHTE NOTEHIMAILHYIO SHEPIHIO TeJa Ha BHICOTE 2 M OT MO-
BEPXHOCTH 3eMAH. BHVHCAMTE, KAKOH KHHETHUCCKOH JHeprued
Oyaer o0nagath Bamie TeNO Y MOBEPXHOCTH 3EMAH NPH CBOOCOIHOM
NAICHAH C BHICOTH 2 M.

3amaua 20.2. Kax MIMCHHTCS KHHETHUCCKAS HNEPIMS ABTOMOOH-
St NPH YBETHYCHHK CKOPOCTH ero JIBMKeHHs B 2 paia?

3anaua 20.3. [lo popore ABMAYTCS JErkOBOH ABTOMOOWIL M
pY20BHK. CKOPOCTH JIEFKOBONO ABTOMOOWIS B 2 pasa GOAble CKO-
POCTH IPY30BHKA, 8 MAacca IPY30BHKA B 2 pasa COJBIIE MAcChl fer-
KOBOIO aBTOMOOWISI. KakoR M3 5THX aBroMOOWIeH o0nanacrT GoNib-
WeH KHHETHYECKOR IHepruen?
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Bonpocs

1. Y10 Takoe aHeprus?

2. Y10 Ha3LIBaeTCA NOTEHUM-
aneHON SHeprued B none cunsl
TSKeCcTU?

3. Y10 Ha3LIBAETCH KMHETUYEC-
KOW gHepruei Tena?

4, Kak cBfA3aH Mexay cobo#
W3MEHEHNS NOTEHUMANbLHOR W
KMHETUYECKOR  SHepruit  npu
CBODOAHOM NafeHun Tena?
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Puc. 20.5

1. 3aBMCHT K 3HAYEHWE NOo-
TEHUManLHON aHeprum Tena,
NOAHATONO Hajl 3eMnéi, oT Bul-
Gopa Ha4YaNbLHOro YpPOBHS OT-
cuéTa BLICOTLI Tena?

2. 3aBUCHT NI M3MEHaHne No-
TEHUMANLHON 3HepruM Tena
Npy ero NepemMeLLeHnd 13 oa-
HOW TOYKW B ApYTYI0 OT BLIGO-
pa HaYanLHOro YPOBHA OTCYéTa
BLICOTHI Tena?

3. 3aBUCHUT NN 3HAYEHHE KHHe-
TUYECKOH 3HEprvM Tena oT Bhl-
Gopa Tena orcyéra?

4. 3aBUCHT N U3MEHEHWe KW-
HETUYECKOW 3Hepruv Tena npu
NeficTBUW Ha Hero BHellHeR
CUNL OT BLIGOPaA Tena orcuéra?

OTHOCHTEABHOCTE NOTEHUHANBHOR M KHHETHYCCKOH
onepruit. TIpH BLIYMCACHHH 3HAYEHHS NOTEHLHMANBHON SHep-
IHH TIOAHATOrO Hal 3eMAéH Tela BO3HMKAET BOMPOC: KaKoe
paccTosiiiie A CYMTATL PACCTOAHMEM OT MOBEPXHOCTH 3eman?
Hanpumep, na si6iaoie BucsaT aBa A6J0Ka Ha OIHOM TOPH3ON-
TANTLHOM YPOBHE, HO NPSMO FOI OAHHM M3 9THX SOJIOK MMe-
ercst HeGonbloi xonmuk seman (puc. 20.5). Cneayer amn or-
CIONIa JIeJIaTh BHIBOM, YTO XOJMMK BBI30BET YMEHBUICHHME M0-
TeHLUMANLHOM SHeprun s6J0Ka M0 CPaBHEHHMIO C IHEprue
apyroro sibnoka? HeGoabuiol XoAMMK MAH SIMa He OKa3biBa-
10T MPAKTHYECKH HHMKAKOIO BAMSIHMSI HA 3anac NOTeHLManb-
HOH JHEPIHW noaHsToro Hau 3emié tena. Dra noreHuManb-
Hasi SHEpPrusi oOYCJIOBACHA B3AHMOJICHCTBHEM Tena co BCEM
3eMHBIM apoM. Orcyér BeicoTH Tena Hax 3eMiuéd MoxHO
BECTH OT N060ro ypoBHsi, yinoGHoro no yenosio sanaun. Ho
NPH 5TOM BCEINa HEOOXONHMO TOUHO ONPEACHsThH, HA KAKOM
YPOBHC 3HAUCHHE MMOTCHUMAILHON SHEPIrHH Tela caeayer
VCAOBHO TIPHHATH PaBHBIM HYM0. TloTeHumManbHas sHeprus
TeNa OTHOCHTENbHA, e¢ 3HAYCHHE 3aBHCHT OT BHIGOpa HYJICBO-
rO YPOBHSI SHEPIVH.

OTH 3HAYCHHE TOTEHIHANLHOH SHEPTHH TIOMAHATOTO Hal
JeMAEH Tena OTHOCHTENBHO, H3IMEHEHHWE MOTEHIHANBHOH
SHEPIUH NIPH TIEpEMEIEHWH Tea M3 ONHOH TOYKH B JIPYTYIO
0KaILIBAETCH OJIMHAKOBHIM HE3aBHCHMO OT BOOpa YpOBHS
OTCHETA IHEPIHHM.

CropocTh ABHKEHHS TOGOT0 Tela ecTh BEIHYHHA OTHOCH-
TeNbHad, 3aBucsaIas ot BuGopa Tena orcuera. [losromy M Ku-
HeTHUecKast SHeprusi Mo6oro Tejia, paBHas MONOBHHE MPOH3-
BEIEHMs MAcChi TeJia Ha KBAJPAT CKOPOCTH €ro JIBHXCHHsI, SIB-
JISETCs OTHOCHTEABHON BeanunHoi. OnHako npH neHcTBUM Ha
TeNO BHENUIHEH CHIILI M3MEHEHHE ero KHHETHWeCKOfl Hepruu
HE 3aBMCHT OT BHIOOPA Teja OTCUETA.

3aBHCHMOCTB NOTCHIHAJABHONW DHEPIMH TeJla OT pac-
crosinust 1o 3eman. Dopmyna JUisl BHUHCICHAS TOTCHLIMANb-
HOH SHCPIMH Tela B noie cuibl Tsikeerd 3emam F, = mgh
SABIACTCH NPHOIM3UTCILHOM M MOKCT ObITh HCIOJNB30BAHA LI
pacucra SHEPIHM JaneKo He npu Beex yeaobusx. Kak el yxe
ormevanu B § 11, cHAa rpaBHTAMOHHONO NIPHTSKEHHS K 3eM-
JIe 3ABUCHT OT paccrosiHms 10 uenrtpa 3eman. Tlosromy dop-
Mynoit £, = mgh MOKHO NOAB3OBATLCH JUIS BBIMHCICHHS MO~
TEHUHANBHON aue& M TeA TOABKO Ha TAKMX PACCTOSIHMSX
OT MOBEPXHOCTH 3EMIH, HA KOTOPBIX HE3AMETHO H3MEHEHHE
IHAYEHMSI CHABL TKeCTH, Takue MIMEHEHMsSI HE3aMETHBI, eC-
JIH paccTosiiie A BO MHONO pa3 MeHblue panuyca 3emiu.

3anaua 20.4. Kak HIMCHHICH MOTEHUMANLHAS SHEPIUS YEA0BEKA
maccol 50 kr mpu noxkéMe Ha BOAMYIIHOM Mape Ha Bricoty 100 m?

3anaua 20.5. ‘lemy pasHa NOTCHUMANLHAS HHEPIHS YCAOBCKA,
MOMHABLIETOCS OT MOAHOKHS XOAMA HA ero Bepimny? Bricota xon-
Ma 20 M, Macca venomeka 50 Kr, NMOAHOKHE XOAMAa HAXOJHMTCH Ha
YPOBHE MOPSA.

3anaua 20.6. CpaBHHTE KHHETHUECKYIO IHEPIHIO CNOPTCMEHa
Macco 60 Kr, NpoOeXapiIero cToMeTpoBkY % 10 ¢, M KHHeTHuec-
KYI0 3HEPrHio TEHHHCHOIO Msua Maccoft 50 r, KOTopoMy cnoprcMeH
coo0uMA cKopocTs 108 kM/u.
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3anaua 20.7. lpH Wrpe B TCHHHC CHOPTCMEH COOOIIWI TeH-
HHCHOMY MSMY CKOpOCTL 216 KM/4. Ha Kakylo BEICOTY HAH 3¢MIEH
MOT ORI BNETETh MSIM C TAKOH HAUANLHOH CKOPOCTHIO TPH OTCYT-
CTBHH CONPOTHRICHHS BO3ayXa?

YnpaxHeHue

Huxe onucaHo HECKONBKO ABNCHUA, NPKU KOTOPLIX NPOMCXOAMT NPEBPallieHne 0AHOIO BK-
NA MEXAHMHECKON SHEPIMA B ADYION.

1) Manbuuk 3a0pOoCcUn MAY Ha Kpbily aoma,

2) $i6noko napnaer ¢ AGNOHK.

3) Benocuneauct pas’orHaiCH Ha rOPU3OHTANILHOM YYacTke JOpOrd M, He Bpalwlas nepa-
nei, BLexan Ha BeplMHY HeGONLLWON ropKK.

4) YenoBex Ha NbXax CKaTLIBAETCA ¢ GONLWOIO TpamMruiMHa.

5) Kocmmuuyeckas pakera CTapTyeT BepTUKanLHO BBEPX W Yepe3 2 MWH MOAHMMAeTCH Ha
BuicoTy 300 KM M ABMXETCR CO CKOPOCTHIO 8 KkMm/C.

6) Camonér neren Ha BuicoTe 10 KM Ha[ NOBEPXHOCTLIO 3emMau co cxopocTsio 900 km/y,
a 3aTtem COBEpLUMA MOCAAKy B aspornopry.

ZanuwuTe HOMepa NPeIoXeHni, B KOTOPbLIX ONUCaHL NPOLEeCCH:
A) YMEHLLLCHWSI NOTEHUMANLHON SHEPIMA WU YBENMUEHUSI KMHETUUECKOW SHEPriu;
B) yBenuueHW NOTEHUMANLHONR SHEPIMK U YMEHLUWEHUSI KMHETUIRCKOW IHEPriu;
B) yoenuuoHusi NoTeHUMaNnLHOR SHEPIUM U YBENMUEHUS) KMHETUYECKOH SHEeprm;
) yMEHLWEHWSI NOTEHUMANLHOM SHOPIMK U YMEHLLLOHMS KUHOTUNECKON SHOPIUM.

Mpumep pewenns 3apasu

Bapava. Ha pucynke 20.6 npeacTasneH rpaduk 3aBueMmMoc-

TM NOTEHUMANLHOM SHEPIMK TeNna OT BLICOTH Haj yposHem mo- &, Ax
ps. Yemy pagHa macca sToro tena? so0}
PeweHue: 400}
MNoTeHumansHasa SHeprus Tena Maccoit m Ha Beicote h Hap 300}
YPOBHEM MOPS, MPUHATLIM 3a Havano OTCYéTa, paBHa: 200k
E, = mgh, () 100]
me koadpdPuumeHT g pasex 9.8, "
Maccy m Tena MOXHO BLIMMCAUTL MO M3IBECTHLIM 3HAYCHM- 0 5 10 h,m

AM ero NoTeHUHanbHOW SHeprn £, U BLICOTH h Hal YPOBHEM
MOPS, Ha KOTOPOI Teno obnanaer Takol sHepruei:

-&
m -1 (2) Pic. 20.6

3HaueHWe MoTeHuManbHOM aHeprm E, Ha HeKOTOPOIA BLICO-
Te h MOXHO onpegenuts no rpaduky (cm. puc. 20.6). Ana
6Gonee TOYHOro OTCYETA NO rPadWKy 3HAYEHWA SHEPrUA W BhI-
COTHI HYXHO BLIOPaTL Ha rpaduke MakCUManNLHLIE 3HAYEHWUA Be-
nuyuH. Buibupaem 3HayeHWe BLICOTHI paBHeiM 10 M 1 nposo-
OMM BepTMKanLHYI0 NPAMYI0 A0 NepeceyeHuWs C rpadukoM B
TouKe A. Yepea Touky A NPOBOAMM IOPUIOHTANLHYIO NPAMYIO.
Touka nepecevoHns 3TOR NPAMOA C BEPTUKANLHON OCLIO KOOP-
LMHAT ONPefensieT 3HAYeHWe NOTEHUMANLHON IHePrMKM Tena Ha
[AaHHO! BhicoTe, paskoe 490 I (puc. 20.7). Moacrasnas Hai-
[EHHLIO 3HAYOHMA BLICOTHI W MOTEHUMANLHON 9HepruM B Gop- 0 3 TR
Myny (2), Buluucnsiem Maccy tena: '

m= Kr=5 kr.

450
98-10
Orser. m=5 kr. Puc. 20.7




~y4 1 PaboTta 1 MOLWHOCThL

Puc. 211

Pabora. MaMeHeHne KHHETHIECKOM SHEPIMM Tea Mpouc-
XOIMT B PE3YILTATE €10 BIAMMONCHCTBHSL C APYTHMH TeJaMH.
JleHeTBue CHABL, NPUBOISIIEE K MIMEHEHHIO SHEPIMH TeNa, Xa-
pakTepuayerest B (DU3MKE BEAHYHMHOM, HazbiBaemolt paboroM.

IlpH coBnaneHH® HANPaBICHHS BCKTOPA CHJIIBI ¢ HANPaB-
JICHHEM BekTopa ckopocrd tena (pue. 21.1)

paboToi cunbl HasbiBaeTCH Manyeckas BenuMHa A, pas-
Hasi NPOM3BeAeHUI0 MOAYI CUAbl F Ha MyTb S, NPOHAGHHLIA

Tenom:

Enmnnua paborei. 3a camuuiy paGorel B Mexaynapon-
HOH CHCTCMC CUMHMIL NPHHHMAIOT paboTy, COBCPILACMYIO CH-
noii | H #a nymn | M npH ABMXeHHHM 10 HANPABACHHIO BEK-
Topa cHABL. DTa eaMHHUA PaboTH PaBHA ENMHHIE HEPruH
dorcoyan (1 J1x):

1Jdx=1H-1 M.

PaGora cHABI M H3MEHEHHE KHHETHUCCKOH JHEPIHH Te-
aa. 3amevareabHBIM CBOMCTBOM paboTH CHMAB SIBASETCS 8
CBA3b ¢ M3MEHEHHEM KHHETHUECKOH SHEPruM Tena, Ha KOTo-
poe NIeHCTBYeT Cila: NPH COBNANCHWA Hanpanienws BeKTopa
CKOPOCTH © ¢ HanpamieHHeM BekTopa cwibl F paGora cib
HA YYacTKe IYTH PaBHA M3MCHCHHIO KHHCTHUCCKOH SHCPIMH
TeNa noa AeHcTBHEM STOH CHIIBIL

Hsmenenne Gusuueckoil BelHUMHBI, paBHOE Pa3HOCTH
MEXIy e€ KOHeUHBIM M HAuaibHLIM 3HAUEHHSIMH, 0003Haua-
€TCSl CMMBOJIOM 3TOi BeAMUHHBI CO 3HAUKOM A (sdeNbTas),
3arnaBHoit GykBoil rpeveckoro aindasura. _;

Hanpumep, ecnu noj sieHcTBHEM MOCTOAHHOR cHanl F
CKOPOCTh aBTOMOGHIISE MACCOH /m 3a Bpems [ YBEAMYHAACH OT
0 g0 v ¥ HanpaBjicHHe BCKTOPA CKOPOCTH COBIAIANO ¢ Ha-
NpaBIcHHCM BekTopa cuael £ (puc. 21.2), To NpH Takom IBu-
KeHHM KMHeTHJecKasi dHeprusi J, B HaUaibHEIH MOMEHT Bpe-
MeHH OblZa paBHa HYJNIO, 2 B MOMEHT BpeMeHH [ paBHa:

IPDZ

E, = —
HameHeHne KMHETHYCCKOH SHepruH Ak, 3a Bpems JeHcT-
BUSL CHJIbBI PaBHO DPAa3HOCTH MEXIY KOHCUHBIM 3HAUCHHEM
sHeprun F, M €€ HAYATLHBIM 3HAYCHHEM, PABHBIM HYJIIO!

A= E 0=,

910 M3IMCHEHHE KHHCTHUCCKOH DHEPIMM paBHO paGoTe cy-
st F ona nym s L
AL, =I5,

Puc. 21.2 L '
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Bouncaenue paGoTsl CHABI NPH B3aUMOACHCTBHH Ten —
3T0 CNOCOG BHIMHCICHHUSI SHEPIHH, NEPEIAHHON OT OIHOTO Te-
Jla ApYToMy.

OmHOCTh, ONMHAKOBYIO paboTy MO BHIKANBIBAHHMIO MBI
B 3CMJIC MOXCT BBINIOJIHMTS MYpaBeH, UCHOBCK HIIM 9KCKABATOP.
OueBHIHO, YTO NPH OIMHAKOBOM COBCPIIEHHON pabore Mypa-
BCH, YCNOBCK M DKCKABATOP CYLICCTBCHHO paziMUalOTes Kak
paborHukn. PaGory, BHINONHSCMYIO 9KCKABATOPOM 3a | MHH,
UCJAOBCK CMOXCT BBINOJHHTE 33 HECKOJNBKO YACOB, 4 MYPaBBIO
Takylo paboTy He YHACTCs BHIIOAHMTH M 3a BCIO €r0 XHM3Hb.

Jlnst cpaBHeHuMsI pe3ynbTaToB AeHCTBMS cHa 110 pabore, co-
BEPLIAEMOi B €IMHMIYY BPEMEHH, B (DM3MKE MCIIONB3YETCH MM0-
HSITHE «MOILHOCTbs.

MOLHOCTHIO Ha3bIBAGTCH (PM3NMECKas BeNUUMHA, PaBHas
OTHOLEHWIO PaboThi A K NPOMEXYTKY BPEMEeHM I, B Te4yeHue
KOTOpPOro OHa CoBeplueHa.

MouHocts obo3nauaercs GykBoit N:

N=4
.

3anoMHuTe

Eausmua mowHocv 1000 Br—
KHnoRarr,

1 000 000 Br — merasarr,

1 kBr = 1000 Br,

1 MBr = 1 000 000 Bt.
PaGora, copepwaeman 3a 1 y
npyu mowHocTH 1 kBT, HaswiBa-
@TCH KWNORATT-4ac:
1xBr-1y=1000Br-3600c =
=3 600 000 Ox.

B KMnoBartT-yacax npuHATO U3-
MepATE NOTPEGNAeMYIO SNeKT-
POAHEPIAIO.

| OxcnepumenTanbHoe saganue 21.1 |

PaGoraem CaMOCTOSTENbHO
Wamepenue paGornl

O0opynoBaHue: AMHAMOMETP, YYeOHUK GU3UKK, U3Mepu-
TensHan nuHeilka, HUTKA.

Hamepsre paGoty NpH nepemMeiyenny yyeOHUKa Pusm-
KM OT OQHOIO Kpas cTona Ao APYroro.

TTopsiaok BoINOAHEHHS!

HAMOMETP FOPWU3OHTANLHO, M3MEPLTE CUAY YNPYrocTH
JBUXETCH MO CTONY C NOCTOSHHOW CKOpPOCTHIO (puc. 21.3).

HUK y4eOHUKa OT OIHOrO Kpas cTona Ro Apyroro: A = Fs.

3ananms
1. O6BSKUTE YYEOHWUK HUTLIO. MPUKPaNKTE K HUTK KPIOYOK AMHAMoMeTpa. Pacnonoxme am-
F, noa peicTeuemM KOTOPOA Y4eOHWK

2. MamepeTe WKPUHY S CTONA U BLMCAMTE paboTy A cunbl YNPYrocT NpU nepemele-

Puc. 21.3

Enmruua MommoctTn B MexayHaponHOH CHCTEME eaMHMIL
HaspiBaetest eamm (1 Br). Ilpu mommoct B 1 Br copepuia-
ercst paGora B 1 Ik 3a 1 ¢

1 Br=1Ax_y Ax
le [

Hazsanue eamHuIle MOUIHOCTH aHO B 4eCTh IHOTIAHICKO-
ro usobperartensi maposoit mammnb JIxkeiimca VYarrta
(1736—-1819).

3anaua 21.1. Kakyio pacory COBEpPIIACT CIIOPTCMEN, MOLHHMA-
IONMA ¢ 3CMIK HA BRICOTY 2 M IITanry Maccor 200 ki?

3anaua 21.2. Ha npsaMoiHHEANOM OTPEIKe TPACKTOPHH JUIHHOR
150 M cxopocTh aBToMOOWIS MaccoR 1000 Kr ysenmunwiack or 0 a0
108 KM/49. BRIMHCIHTC 3HAYCHHE NMOCTOSHION CHILI, BLI3BABIICA Ta-
KO€ H3MEHEHHE CKOPOCTH.

3anaua 21.3. CnoprcMeH Maccod 75 Kr 3a 5 ¢ Oera YBETHUHA
CKOPOCTH CBoero Apixenns or 0 go 10 M/c. Kakofl Ghuia ero no-
Ne3Hasg MONIHOCTL?

1. Y10 B huU3KKe Ha3LIBAIOT pa-

GoToi?

2. MNpun kakux ycnosusax padora

CUNLI  PaBHA NPOUIBEACHUIO

MOAYNAt CUNBI HA NPORASHHLIA

nyT.?

3. Kak gnpemmewn enuHuLa
Tl ?

4, Y10 TaKoe MOWMHOCTL?

5. Kax onpepensietci eauHuua

MOLWHOCTH?
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Jlomammuas cuna. B nopcenHeBHON XM3HK 10 CHX Mop
HCIONB3YETCH BHECHCTEMHASI CAMHHIA MOLIHOCTH, HalbiBae-
Masi JOIWANHHAA CHAA. DTOH CAMHMIECH MONB3IOBAIHCH PaHb-
we, Koria yao0Ho ObUI0 OLEHHBATH MOLIHOCTE MAILHH, CPaB-
HHBasi HX MOILHOCTL ¢ MOWIHOCTBIO Jowank. M ceromms mMou-
HOCTb JIBHraTeiAci aBroMoOHACH W APYIHX TPaHCHOPTHBIX
CPCICTB YACTO BBIPAXAIOT B JOWAAMHBIX cHiaX. MolHocTs
OIHY JOWAAWHYI0 cuay pasHa 7355 sarr

| mc. = 735,5 Br.

' JlomawHee akcnepuMenTanbHoe sapanve 21.2

PaGoTaem CamMOCTOSTONBHO
OnpefeneHne MOLLHOCTH YenoRexa

OOOPYROBAHHE: MEAMLIMHCKME BECH!, CEKYHAOMEP, U3Mepu-
TeNbHan NuHeika.
Onpegennre cCROK MaKCHMANIbHYIO MOLHOCTL MPH CO-
BepLUICHHH paboThi.
Copnepxavne pabors
HanGonslylo MOLWHOCTL YenoBeK MOXeT pa3BuTL, COBep-
- wan padoTy MLILLILAMU HOT
Jns MaMepeHus MOLLHOCTU YeNnoBeKa MOXHO WCToNL308aThL
CROGOAHYIO NIECTHULLY B LWIKONBLHOM 3aaHuu. MolHocTs N Mox-
HO BLIYUCNWTL, U3MEPHMB COBEPILIEHHYIO paboTy A U Bpems 1, 3a
h KOTOpO@ coBeplueHa ara pabora:

N=A.
r

I

TMopAAOK BLINONHEHUS 3afaHna
1. MamepsTe BLICOTY h OAHOM CTYNEHW NECTHUUB, COCHW-
TaifTe YMCNO N CTyNeHel MeXAy ABYMA MAW TPeMS STaXamu U
HaloMTe BLICOTY noabéma H (puc. 21.4):
Puc. 214 H = nh.
Pesynerarsl UaMepeHnii sanuwunte B Tabnuuy.
2. icnonkayn MeAMUMHCKKMEe Beck!, ONpeaenure Ceod Mac-
cy m. Peaynstatel MaMepeHuiA sanviumTe B Tabnuuy.
3. Buluucnute paboty A npy nepemelieHn Yenoeaka mac-
coi m Ha BeicoTy H no ¢opmyne A = Fs = mgH. Peaynetatel
BLIMWCNEHUA 3anuuMTe B TaGnmLyy.
4. WamepuTe Bpema [ NOALEMA NO NECTHULE C NOMOLLLIO
cexyHaomepa. Peaynsratel MaMepeHuii anuwmTe B Tabnumuy.
5. Bemucnure MowHocTe N Yenosexa:
N=A_mgH
I t
PesynsTarsl BhYMCNeHWId 3anuwuTe B TaGnuuy. Beipaszute no-
SIYHEHHLIA Pe3YNLTaT B NOWAAMHBIX CHUNAX.

Tabnuua 21.2

n h,m H ™ m, kr A, Ox fnc N, Br N, nc.
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Mpumep pelsenns safauum |

Bapava. NMynn maccoit 10 1, ABMKYILAACS CO CKOPOCTLIO 500 M/c, npobuna AepeBsiHHLIA
LWMT TONWMHOR 2 CM U BuiNeTena co ckopocTuio 300 M/c. Bumumucnute paboty cunul conpo-
THBNGHUS ABMXEHUIO MYIU U CPRIHEE 3HAYEHUE CUNLI CONPOTUBIHUS.

HAauo: cn PeweHune:

M,=10r 0,01 xr PaboTa CUlbli CONPOTUBNIEHUS PAaBHA MIMEHEHWIO KUHETH-
2 2
vy =500 M/c 500 M/C | ueckoil SHEpriM nynu: A-AE,-—"%’Z-L'—;’J-,
S=2om 002 u A= 001 k- (3007 WT/e?) _ 0.01 wr (5007 wc”) _ g0 Ix.
vy = 300 m/c 300 m/c B 2 2 -
Tak kak

A—7 1 . 800
Fom? = A=Fos, Fp=4, To Fou =308 =40000 H.

OTeer A=-800 Jix, F,=40000 H.

3amaua 21.4. Kakyl pacory COBEpIIAET PABHONCACTBYIOMIAN
BCEX CWI MPH PasroHe CaMOETa M3 COCTOSHMS MOKOA A0 CKOPOCTH
360 KM/4 10 TOPH3OHTAILHOA BUVIETHOR NONOCE, €CAM Macca CaMo-
néra pasna 160 1?

3anaua 21.5. Yemy paBHa pacoTa CHILL TPEHHS NPH TOPMOXE-
HHM ABTOMOOHAS Maccof 1500 Kr OT HAYANBHOH CKOPOCTH 72 KM/u
JIO NOJHOH OCTAHOBKM?

3anaua 21.6. CxopocTh aBrofyca ypenawuneaercs or 10 no
20 m/c. Ylemy paBHa pacoTa PABHOACHCTBYIOWIEH BCEX CHI, JCHCTBY-
JOUIHX MIPH HTOM Ha MAccaxupa aprooyca maccon 80 kr?

3anaua 21.7. AproMoOWIL Maccolt 1700 Kr pazroHsiercss u3 co-
CTOSTHHS TIOKOSI /10 CKOPOCTH 108 KM/u 2a 6 ¢. BRMMCIHTE NOJNE3HYI0
MOUHOCTE ABHIATES ABTOMOOKINA, CUMTAN NMONESHBIMH TOJIBKO 3aTpa-
Thl JHEPIHH HA YBCAWUYCHHE KHHECTHUCCKOH SHEPIHH ABTOMOOWISA,
MOIIHOCTL BHIPA3HTE B BATTAX, KWIOBATTAX M JOLAAMHBIX CHAAX.

3anaua 21.8. CMOXeT 1M ABTOMOOIL, HMEIOUMH MAKCHMAbL-
HYI0 MOIHOCTL aBHrarens 170 n.c., pajorHatees 3a 5 ¢ M3 co-
CTOSHMS NOKOS 10 CKOpOoCTH 108 km/u? Macca aBroMoOiid pagHa
2000 Kr.

3anaua 21.9. MakcHMANTLHAA CHIA TITH /1EKTPOBO3A NPH JIBH-
KEHHH € MOCTOSIHHOH CKOpOCTHIO 36 KM/ papHa 300 000 H. “emy
PaBHA MOUIHOCTH JIBHTATeIeH eKTpopo3a?

3anaua 21.10. Yenopex Maccof 50 Kr NOAHSUICS MO CTYNEHAM
JIECTHHIL HA TISITHIR 3TAX JoMa 2a 98 ¢. YeMy paBHa MOIIHOCTH Ye-
JIOBEKA, €C/IH BHLICOTA OJHOM CTYNeHH paBHa 20 cM, a YMCHO CTyTe-
Hel Mexay sraxamm 20?

3anaua 21.11. YueHHK 0OBS3QN HHTHIO YYeOHHMK (PHINKH, 1. OT KakuX BONVYMH 22BUCHT
NPHKPENI K HHTH JAMHAMOMETD, PACHOJNOKWI €I0 TOPHIOHTANLHO. 2

Harsirieast WHT, O MepeMeliall YIeOHHK PaBHOMEPHO OT OHOIO [ 5 Koy iy ayMaete, yBeAMdM-
Kpasi CTOJIa JIo Apyroro. TIpi 5TOM CHia YNPYTOCTH F, NOL ACHCTBH- | pack 61 gawa MOWHOCTb, €C-
€M KOTOPOH JIBMIaics YUeOHHK, ObUla papHa 3 H. Pacctosime s OF | v 6 il B3aGexany Ha BLICO-
QIHOTO Kpasi CTOAA 10 APYForo papio | M. Hammure pacory, KOTO- | yy pnooe Gonbluyio?

PYIO COBEPIIHI YUEHMK.




¥4+ MpocTble MexaHU3MbI

Puc. 22.1

3apoXIeHHE H PA3BUTHE MEXAHMKM KaK vacTd Hayku du-
KK ObLIO BBIZBAHO NPAKTHYECKHMM MOTPEOHOCTIMM UeNoBe-
Ka MpH NOCTPOHKE XWIMLL, AOPOr, MOCTOB, IPH COZIAHHH
TPAHCNOPTHBIX cpencts. ElE npH CTPOMTENLCTBE ErHNETCKHX
[UPAMHI [PHMCHSUTHCh TAKHC NPOCTHIC MEXAHM3MbI, KaK
HAKJOHHAS IIOCKOCTH, pbivar, ©JoK.

Hakaonnas miockocts. Hakionnas rockocers Menonb-
3yETCsl IS TONO, YTOOB! TSKENBIA rpy3 NepeMeLlaTh Ha BbICO-
TY A CcHIOH, 3HAYMTCILHO MCEHbINEH Beca rpysa. YCTaHOBHB
oaMH Kpail jJocku WiMHOM [ Ha HyXHOHW Beicore A, a apyroi
Kpail Ha MOBEPXHOCTH 3EMJIH, IPY3 MOXHO NepeMellaTh BIOAbL
aroi mocku. [IpH OTCYTCTBHMM CHA TpeHMs JUIsl TAKOrO nepe-
MEUICHHsT K Tpysy Tpebyercsi NMPHJIOKHMTH MAPANLIENLHO Ha-
KAOHHOU MAOCKOCTH cHay F, BO CTOJNBKO pa3s MEHBIIYIO CHAB
TIKECTH /mg, NEHCTBYIOMEH Ha Ipy3, BO CKOJABKO pa3 BhICOTa
h menbine wimnbl [ HAKAOHHOW ockocTH (puc. 22.1):

me_t p:,,,g.’.'._
¥ h !
OTtHomenne k=ﬂr§=% HA3BIBAIOT BBIMTPHIIIEM B CHJC.

Cuiibl TPeHHsI € TIOMOIIIBIO CMa3KH MOXHO Cieath npeHe0pe-
KUMO MaTbIMH.

Ipu Brmrpwie B cune B //h pas npuMeHeHHe HaKIOH-
HOW TIOCKOCTH BEJIET K MPOWTPHINY B PACCTOAHHA POBHO BO
cTonbko ke pad. [1oaToMy NpH OTCYTCTBMH CHJI TPEHMs CHAa
F, neHcreyiomas BIONL HAKIOHHOH TJIOCKOCTH, COBEplIaeT
TOUHO TAKYI0 Xe paGoTy, Kakyl HEOGXOIHMO COBEPIIHTE NPH
MOIBEME TeJNa Maccol m BEPTHKANBLHO BBEPX Ha BBICOTY fit

A:p1=m§1:mk.

HaknonHast TiockocTh He [a€T BHIMIpHIa B pabote.

r. Teno, uMeloliee och BpallleHHsl, HAILIBAIOT PHIYaA-
rom. Kak mMbl BuISICHWIH TIpH Maydenun § 14, B ciyuae jiefer-
BHSI [IBYX CHJI, BPAILIAIOIIMX PHYAF B NPOTHBONIONOKHEIX Ha-
MPaBACHHMSIX, PLIYAT HAXOAMTCS B PABHOBECHM NPH PABEHCTBE
MpoM3BeeHHH Moayiel cua Ha ruieun >ux cun (puc. 22.2):

Bl = B,

Orciona cieyer, 4To phiuar MOKET OOCCICUHTh BbIHIPhIL
B cune B [/, pa3:
k=B_4,
5 b

Beinrphiill B ciie B K pa3 [pH HCIONB30BAHWH pbluara Be-
JET K NPOMIPHILIY B PaccTOSIHHK BO cToiabko xe pas. Iloaro-
MY pbiYar He HaéT BeIMIPHILA B paGore.

Baok. Koneco, ykperii€HHoe Ha OCH, MOXET MCIOAL3IO-
BaTLCA B KadecTBE MPOCTOTO MEXaHM3Ma, HajuBaeMoro GJo-
koM. Ecam och Koneca HenouBHAXHA, KOJNECO Ha3LIBAIOT He-
NMOABMMKHBIM GJOKOM, eCliH OChb K0Jeca MepeMeliaercs —
NOABHIKHBIM G0KOM.

Henomsuxknpit 60K Mo3BoAseT HIMEHWTL HaNpaBieHHe
neucreus cuanl. Hanpusmep, uenopeky ropasio nerde moaHH-
MaTh TSKEALIH IPy3 BBEPX € MOMOIIBIO HEMOIBMKHOro 610Ka,
HAXOMSICh HA 3eMAe M NPHIArasi CHIY, HANPABJICHHYIO BHM3,
UeM TOAHHMATh €ro ¢ MOMOIIbIo BepeéBkH BBEpX (puc. 22.3).
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Ipyu noabeéMe rpysa ¢ MOMOILBIO NOABHAHOIO GIOKa OILHMH
KOHELL TPOCA 3aKPErUISIETCsl BBEPXY, a NOMABEM Ipy3a OCYLIeCT- -‘—,—
BIASIETCSl NOA AEHCTBHEM CHIBI, NPHAOKEHHON K APYIrOMY KOH-
ny Tpoca. JleHerBue CHIBL TSDKECTH mg YPABHOBEIIMBACTCS
JACHCTBHCM JIBYX OJIMHAKOBBIX CHJI YIIPYTOCTH CO CTOPOHBI [IBYX
TPOCOB, MOITOMY JUISI [TOABEMA IPY3d JHOCTATOYHO upunonunb
K OJIHOMY TpOCY CHIY F, pasuyio nonosume peca rpysa, F
NOABHAXHLIA GAOK JAaCT BHIMIPHII B cuie B 2 pasa (puc. 22 4)
TMoaBmxHBI ¥ HeNOABHAHKI 070KH, KaK M MOOLE Jpy- \
rie MeXaHHW3Mbl, He JAlOT BBIMTPHIIA B paﬁme. \
HIMENT nojaesnoro jgeicrsua. Ha npaktuke npu \
HCTONB30BAHHH JOOBIX TPOCTHIX MEXaHH3MOB JIEHCTBYIOT CH- mg F
Abl TpeHusi. B pesyabtare NeHCTBHSI CHA TPEHHs 3aTpavyeHHas

pa6ora okasbiBaeTesi Gonbiie nmoaezHol paGoTsl.
OTHOWeHWe nonesHoi paboTu A, K saTpayeHHon patGo- &
Te A, HasbiBaeTcsl KOIPOULMEHTOM NONE3HOTo NeRCTBUA

npocToro Mexawvama (KNA).

Puc. 22.3
Koadduument nonesnoro nekcreus oGoznavaercss GyK-
Bof rpevcckoro andasura 1 («31as):

n=2a,

Ay

IMpu nombseMe Tesa BecoM mg 1o HAKIOHHON MAOCKOCTH Ha
BeicoTy h nonesdasi paGora A, papHa paﬁo're M0 NPEoLONCHHIO
CHABI TSDKECTH mg Ha paccmuﬂuu h: A g::paqeuuau
paGma A, paBHa NPOM3BEACHHIO CHIIbI 7 Ha nyrb L A= I

PaGoTtaeMm caMOCTOSNTENbHO
Hamepenne xosdduumenta nonesHoro aedcrens

mg
HaKJIOHHOH NNOCKOCTH
Obopynosanne: AEPEBAHHAN A0CKA, AEPEBAHHLIA GPYCoK, ﬁ
AMHAMOMETP, M3MEPUTERALHAA NUHeKa, WTaTHe.
Kng

BLIMIPLIL B CHAE NPY NOALEME rpy3a No HaKNoHHOH nnoc- Puc. 224
KOCTH.

lopaRoK BuINONHeHUs 3afanns
1. CoGepure YCTaHOBKY NO pUCYHKY 22.1. MamMepkTe BhICO- Bonpochb!

TY h ¥ pAMHY [ HAKNOHHOW NAOCKOCTW.
2. Monoxure OPYCOK Ha HAKNOHHYIO NNOCKOCTL. MpUKpenue 1. J\nsi 4ero NpUMEHsIoT Npoc-
K HeMy JMHAMOMETP, PABHOMEPHO TAHWTe ero BBepX BAONL Thie MEXaHU3MbI?
HAKNOHHOW nunockocTv, Wamepsre cuny F, 2. ‘h?wuar:‘;usazrnauurpume":
. MamepbT NOMOLLBIO CHITY TAXECTH B CH PW  MCNONL3OBAH
. A ¢e ool L NPOCTLIX MexaHMaMoB?
4. BuMUCINTO BLMIPLILL B cune K 1 KINJ| HaknonHoi nnoc- 3. Y10 Ha3zuiBAIOT KOIPHUUM-

xocTi 1. Peaynutars sanuuwmrte B TaGnuuy. I?I'"°"°‘_ ;"::e?a':‘“° ageamun

4. Kak mMoxHO yBenuuuts KI[
Tabnuua 22.1 HAKNOHHOM NNIOCKOCTU?

mg, H h M I M FH K n 5. MoueMy nNpocTee MexaHws-
: . . d Mbl MCMONL3YIOTCA Ha NPaKTW-
ke, ecnu ux KINJl meHswe 1?

m
n
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Puc. 22.5

Puc. 22.6

28 cm

4 cm

32 cm

Puc. 22.7

RN

3anaua 22.1. JIoKaxMTe, UTO NPH NOXLEME Ipy3a MO0 HAKAOH-
HOR IUVIOCKOCTH JUTHHOR [ Ha BHICOTY A O3 TPEHHS BLIMIPLIN B CH-
Jie paBeH oTHoweHHo I/h.

Janaua 22.2. JIokaxuTe, 4TO NPH MOAREME IPy3a C NMOMOIIRI
priuara npu oreyrcTeud Tpenns KIJL pasen 1.

3anaua 22.3. Jlokaxure, UTO NPH MOALEME IPYIA C MOMOLILI
MOJIBHKHONO WIH HEMOABHAHOIO GJ0KA HeAR3st MOIYUHTE BRIMTPEI
B pagore.

3anaua 22.4. OOBLUCHHTE, NOYEMY JICrYe NOAHMMATL THAEILIA
IPY2 BBEpPX C MOMOIILI) HEeNOABHAXHOIO OI0KA, HAXOMSCH HA 3eMmie
H NpHIarag cily, HANPARMEHHYIO BHW2, YeM MPOCTO MOJHHMATEL ero
C MOMOMIEID BePEBKH BBEpX.

3anaua 22.5. Ha pucynke 22.5 npeacramicHa CHCTCMAa M3 JBYX
OAOKOB, NPeAHASHAYCHHAA 18 NOXsEMA Ipy30B. KakoR BRIMIpHII B
CHIC H KAKOH BHIHIDHIN B paGOTe JACT T4 CHCTCMA OJIOKOB NPH OT-
CYTCTBHH CHI TpCHHA?

3anaua 22.6. Ha pucyHke 22.6 NpeIcTaBieH HHCTPYMEHT IUI0C-
KOIyOubl. KakoH NpHMEPHO BRIMIPHLILI B CHIAE NAET 3TOT MHCTPY-
Mmenr?

3anaua 22.7. Ha pucyHke 22.7 npeacTaRieHa CXema CTPOSHMS
PYKH uenopeka. MCnommayd 3Ty cxemy, ONpeneiure, ¢ KAKoH CHIOR
F, neRcTeyeT MLIINA PYKH JUISL VISPXKAHHSI B PABHOBECHH I'PY3a Mac-
Ol 10 Kr, ACHCTBYIOLICTO Ha AANONL CHJIOA F). KaKoR BLMrpL B
CHie JIaT 9TOT pLMar pykH? Maccodl pyKH B pacuérax npeHeopeys.

_Mpumep pewekus 3anaym }

3apava. Ha pucywke 22.8 npeacrasneda cxema YcTpoi-
cTBa Benocuneaa. Ha cxeme ykasaHbl B CAHTUMOTPaX paaMychl
wecTepéH U Koneca, paccTosHUe OT OCH BPALeHUs phivara ne-

fank Ao nepani. BuMMCIUTE CUNTy HATSKeHWS wenu F, 1 cuny
F;, C KOTOPOW KONECO TONKAET FOPU3CHTANLHYIO MOBEPXHOCTH

NPy HAXETMM HOMW WA Mefant cunoi F,, pasHol 240 H. Ha
CKONBKO CaHTUMETPOB NepeMecTMTC Benocwnes, npyu nepeme-
wWeHWn nepan Ha 1 cm?

Kakolt BuMIpbill B CHI@ M Kakoi BuMIpeils B pabote padr
cucTema nepepaum eenocunepa? lMoyemy Ha Benocunege mo-
XHO ABuratsca GuicTpee, 4emM npu 6ere, XOTA NP 3TOM HYXHO
ABWraTh He Tonkko cebs, HO M Benocunen?

PeweHwne:

MNepans 1 x8cTko coepmHera ¢ GONLIIOA WecTepHai LU, u
OHW Bpaw@nTca BMecTe (cM. puc. 22.8). Tak Kak nnedo cunel
F, B 2 pasza Gonsle nneya cunbl F,, TO CUNA HATSKEHMS LONK
F, 8 2 pasa 6onbwe cunul F, U pasHa 480 H. Tak kak nnevo [,
cunel £, B 12 paa mexbwe nneva L cunel Fy, cuna Fye 12 pas
MeHLWe cunkl F, U paska 40 H. 310 B 6 pa3 MeHLIE cunkl F,.

Mpyu nepemelweHM nepank Ha 1 CM UeNL CMECTUTCH Ha
0,5 cm, Tak xak paguyc 60nbWoN wectepHy LU, B 2 pasa MeHb-
we panuyca OKPYXHOCTH, NO KOTOPOR aswxeTtcs nepans. 3y6
Manoii wectephu LU, Ha konece Noa AeHCTBMEM LENKU nepeme-
UWAETCH Ha Takoe Xe paccroaHue, Kak uenb, T.e. Ha 0,5 cm.
Panuyc xoneca 8 12 pa3 Gonelue paaMyca XECTKO CBA3AHHOM
C HMM 1 BPAWAOILEHCA BMECTE C HAM Manoi LWecTepHu, no-
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3TOMY nepemellieHue koneca B 12 pa3s Gonulue W pagHo 6 cM.
3TO 3HAYMT, YTO BENOCHNE/ ABWKETCA OTHOCWUTENLHO 3eMnW B
6 pa3a GLCTPee, YeM HOMa, HAXUMAIOLLAS Ha Neaant, ABWKETCH
OTHOCUTRNLHO Benocunea.

Takum 0Gpazom, cucTema nepenaiv penocunena Aaér npo-
WpLIW B cUNe B 6 pa3 U BLIMIPLIL B paccTonsHWu B 6 pas, a
BLUrpuilla B pabote He paét

Yenopex MOXeT ABUrathes Mo ropUacHTanbLHON MNosepxHoc-
M Ha Benocunese GLICTpee, YoM Npu 6ere, XOTs NPU 3TOM Bbi-
HYKAEH BUraTL He TONLKO Cebf, HO M BENOCUNeA. DTO CTaHo-
BUTCS BO3MOXHLIM MOTOMY, YTO BEACCHUNEAMCTY HE HYXHO Tpa-
TWTL CUNLI Ha NPeOAONeHMe CUNbLI TSKECTW, ASKCTRYIOWEH Ha
ero Teno. MNpu Gere Yenopek COBEPLUAGT NPLDKKM, Npeoaone-
Ban AEACTEBME CUALI TSKECTH, U NOCAE KAXKAOIO NPLOXKA, Npu-
3eMARACL HA BTOPYIO HOTY, TOPMO3UT CROE ABMXEHWe. 3arem
CHOBA YBENWYMBAET CBOIO CKOPOCTH HOBLIM MPLIXKOM, pacTpa-
YMBAET CBOW CMNb! B OCHOBHOM GecnonesHo.

Ha penocunene nercTeue CUAbI TRXECTH KOMNEHCUPYETCH
CHUNaMK YNPYrocT CO CTOPOHLI Ceana, Nenanei u pyns, Ha Ko-
TOpLie ONUPAETCH BeNoCHNEAUCT. CBOI0 SHEPIUIo Benocune-
JWCT pacxofyer B OCHOBHOM Ha NPEOAONEHWE CWNl TPeHus B
MeXanuaMax Benocunena 1 conpotmenenun poaayxa. lNoatomy
BENIOCHNEAUCTY YAABTCA noa AeicTereM B 6 pas yMeHLIOHHOR
CHNbLI AOACTBUS HOTW NPUBECTU CeBS U BEIOCUNEN B ABMXOHUO
CO CKOpOCTLIO, B 6 pa3a 60nbLWe.

T

18 p

Iy

Gl

Puc. 22.8

3anaua 22.8. Ha pucynke 22.9 npeactaniena cxema ycrpoRcTea
TOPMO3HOR CHCTEMBI aBTOMOOWIA. OOBLICHHTE HAIHAUCHHE OTASNB-
HBIX MEMEHTOB TOH CHCTEMBl. YKaXWTe, KAKHe 3aKOHB (QHINKH
HCTIONB3YIOTCSH B 3TOR cHeTeme. OLEHHTE, ¢ KAKOH NMPHMEPHO CHITOR
17, NOPIWIEHb TOPMOZHOH CHCTEMBI JIABHT HA TOPMO3ZHYIO KOJOAKY,

€CHM HOTA BOMMTENS MABMT HA NEAATh TOPMO3A CHIOH F,, paBHOH
50 H.




¥4 1 MexaHuyeckue Konebauus

MexaHW4eckue ABMXeHWsi Ten, MOBTOPSIOWMECH 4Yepes Oau-
HAKOBbI@ NPOMEXYTKW BPeMeHW, Ha3biBalTCA MeXaHW4ecKuMu
koneGaHuAMK.

KoneGanwsi, nmpoucxo/siiie B cucTeMe Ten 6e3 BHElIHero Bo3-
JICHCTBHA, HAILIBAIOTCH CBODOIHBIMH KOJeOAHHAMH.

IMonpemeHnbit Ha TOHKOW HATH AP MOCKE OTBESACHHA OT MO-
JIOKEHWS] PABHOBECHS W OTIYCKAHHS COBEpIIAET NEPHOMHUCCKHE
cBOGOIHBIE KONEOaHHS OTHOCHTENLHO NMONOXCHHS paBHoBecHs. Ta-
Kue KoseGaHMs Ha3biBalOTCH KoaeGaHWsIMH MasitHHKa. Jpyroi
MpUMep CBOGOIHBIX MEXaHWUCCKHMX KoieOaHui — KoneGaHusi wia-
pa, nojiBelieHHoro Ha npyxkuHe (puc. 23.1).
Puc. 23.1 Ilepuon kosebanmii. MuHHMUIBHOE BpeMsi, Uepes KOTopoe Te-

JI0, COBEpIIAloNiee KoneGaHusl, OKashiBaeTcsi B TON Xe TOuKe npo-

CTPaHCTBA M JIBHAETCH C TOH Xe CKOPOCTHIO, HasbiBaeTcsl mnepuojaoM Konebanuit. Ilepu-
o Konebauuit obosHavuaercs Gykpoit 77 narunckoro andasura. Ero MOXHO BHIYHCAWTS,
pasienus Bpems { KoneGaHMil Ha YHCAO A COBEPLIEHHBIX KoseGaHmii:

Yacrora koaebauui. OrHomeHHe ymucha KoaeGaHuH # K BpeMeHH [, 3a KOTOpoe
COBEPILAIOTCH TH KOACOAHHS, HAIbIBACTCSH wacToTod KoneOanmi. Jlusi cpoGOmHBIX
KOJACOAHMH HTa YacTOTa HA3HIBACTCH CODCTBEHHOM YacTOTOM KoneOaHWi cHCTEMbl Tei.

Yacrora obosHavaercst Oykso# rpeveckoro andasura v (sHios): | v
Enunnua gacrorer Haseisaeres 2epy (1 T'u). Tpu gacrore 1 ' 3a 1 ¢ copepaercs
onHO KonebaHue. I“Iepuo;x M 4acToTa KoseGaHMil CBA3AHHK COOTHOUIEHHEM

Amiinryaa Koaebanwuit. HanGonbice 3HaueHHE CMEILCHHSI @ Tella OT MONOKCHHS
PABHOBECHS HA3KIBACTCH AMIUIMTYAOH MexaHWueckmx KozneGammid (cm. pumc. 23.1).

Buinyxiennsie Koaebanus. Konebanus noa nedcTsveM NEepHOAHYECKH AeHCTBY-
IOIMX BHEINHHX CHJI HA3KIBAKOTCH BLIHYMACHHBIMH KoneGanusmu. Hanpumep, ecau
KaueJ ¥ OJIMH pa3 OTKAOHHMTb OT IOJOXEeHHsS PABHOBECHSI W OTIIYCTMTB, TO janee Oyayr
MPOMCXOMHTL cBOOONHBIE Konebanus Kavened. Ecaw 9TH Kayenn mepHOIMYEcKH Mo~
TAAKMBATH, TO OHH GYIYT COBEpIIATh BHIHYKIEHHBIE KoneGanns.

Pesonanc. AMIUIHTYIA BHIHYANEHHBIX KoneOaHui okasmbipaercsi HanGonblmed npH
COBMANICHHH YACTOTHl M3MEHEHHH BHIHYAIAIOMEH CHABI ¢ COGCTBEHHON 4acTOTOH CBO-
GoaHbIX KoneGanui cHeTeMbl. DTo siBieHHe HazwiBaetcs pezonancom. [lpu cosnaze-
HHH YacTOThI M3MEHEHWSI CHIBI ¢ COOCTBEHHOH wacToToH KoaeGaHWH CHCTEMBbI BHEHI-
HSSE CHJIA B TEUEHHE BCErO TMEpUOoa HAMPABACHA B CTOPOHY BEKTOPA CKOPOCTH Koiel-
MOWIETOCs TeJa M YBETHUMBACT aMIUIHTYAY KoaeGaHui Tena.

SlpieHne pe3oHaHca MOKHO HaGJKIaTh B ONLITE ¢ HECKONBKHMH MasTHHKAMH pas-
HOM [UIMHBI, NOABCIICHHLIMH HA OMHOH TOPH3OHTWILHO HatsiHyToH HMTH. Ecin BbiBec-
TH M3 NIONOKCHHS PABHOBECHS! O[IMH M3 MasiTHUKOB, TO €ro CBODOIHBIC KONCOAHHS Bbl-
3BIBAIOT KONCOAHHMS HHTH, HA KOTOPON IOMBCIICHB! JPYIHE MAsTHHKH. AMIUIHTYIAbI Bbi-
HYAJICHHBIX KONCGAHMH 5THUX MAsTHUKOB OKA3blBAIOTCH pPaziMiHbiMK. MakcHmaibHoH
OKA3bIBACTCH AMIUIMTY/1A BRIHYAUICHHBIX KonieOaHMi MasiTHHKA Takoi
Ke JUIHHBI, KaK ¥ MasiTHHKA, BbI3LIBAIOILEr0 BhIHYXIEHHBE Koneba-
HHSI, T. €. C TaKoi ke yacToToi cBoboaHbIX KoneGanuit (puc. 23.2).

Slpnenue pesoHAHCA NPH BHIHYAKICHHBIX KONEGAHMSIX MOXET
OBITh NPUYMHON PAspYIICHMs MAIIMH M PAMTHYHBIX COOPYXKEHMH.
B 1906 1. B IlerepOypre obpyunwics Erunerckuit MOCT yepes peky
DonTanky BO BpeMsi POXOXKICHHSI YEPes Hero KapalepHicKono se-
KAIpoHa, B KOTOPOM Jiomain Obuid obydensl wary B Hory (puc.
23.3). Yactora BIHYAKIAIOWEH CHITBI TICPHOAMUECKHX YAAPOB KOTBIT
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Pic. 23.3. Erunerckufi MocT
(pAa3pyIIEHHKMHA MOCT H COBPEMEHHBLIA BHIA MOCTa)

coBnana ¢ cobcTrBeHHOR wacToTol KomebaHuit MocTa, OTYEro
Tor obpyunuics. [lis npenorepaieHust MogoOHLIX KaTtacTpod
BOMHCKHMM HYacTM Ha MOCTAaxX 3anpeuiaercs HIATH B HOTY.

1. Y10 TaKoe MexaHueckwue
koneGaumna?

2. Kakoe agwkeHmMe Ten Haski-
Baerca cBoGoaMbiMKM KoneGa-
HUAMWU?

3. YTo Ha3LIBAeTCHA 4acTOTON
koneGaHmii?

4. Y10 Ha3wBaeTCA NEpPUOAOM

KO, ?
5. 410 HaswBaeTCH AMNNUTY-
Dol koneGanui?

6. Kakne xoneGaHusi HasuLBaloT
BHHYXASHHLMY KOneGaHuaMn?
7. Yro Takoe peaoHaHc?

SkcnepumeHTansHoe 3aganue 23.1

PaGoraem CaMOCTOATENLHO
Hayueumne xoneGaunii masTHMKa

Asl koneGaHui W Maccs! wapa.

TTopsnox BHINONHEHMA
et 10 xoneGaHuid, U BLMUCAUTE Nepuoa KoneGaumil T MasTHUKa.

KONCOAHUA MasiTHUKA OT ero [UINHLI?

I, cm n

OGopyaoBanHe: Wap, HATL, WTATHE, M3MEePUTENLHAA NUHeNKa, CeKyHaoMep.
Hccnegyite 3aBHCHMOCTb nepHoaa KoneGaHui MasTHHKa OT ONMHLI, aMIIHTY-

3apanms
1. NMopeeckTe CTanLHOW Wap Ha HATKH anuuoid [ = 30 cm. OTKNOHUTE Wap OT Nono-
XeHUA PaBHOBECHA W OTNYCTUTE ero. MamepuTe BpeMs I, 3a KOTOPOe MasiTHUK CoBepiua-

2. Yeenuyste AnuHY MasTHUKa A0 120 cM ¥ M3MepsTe Nepuos koneGaHuil MasTHUKA.
Peaynstarhl MaMepeHuili U BelMMCIeHWA 3anuwmuTe B Tabnuuy 23.1. Kaxk 3aBucuT nepuoa

Tabnuua 23.1

T.'e

NnedaHui.

ad, C™M I c n

3. UamepsTe Nepuoakl KoneGaHuil ManTHUKA AAMHON 120 CM NpW amnauTyae Kone-
Ganwit 5 1 15 cm. PeayabTaThl U3MEPEeHUA U BLMUCHEHWA 3anmuMTe B TaGnuuy 23.2.
Cpenaifre BLIBOA, 3ABUCUT /M NEPUOJL KONCOAHUIA MasiTHUKA OT aMNIMTYAbLl O efo KO-

Tabnuuya 23.2

T.c

HMKa uinHol 120 oM.

4. 3amenuTe CTanbHOW LWap NNAcTMAcCOBLIM W UBMEpLTe Nepuof KonebaHui ManT-

Cnenaiite BLIBOM, 3ABUCHT /IM NEPUOA KONCOAHWA MasTHUKA OT ero Maccel.
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Puc. 23.7

Puc. 23.6

Kak Bo3HMKawT Mexanudeckue kKosebaums. Pacemor-
puM KoneGanmst Tena, noapelieHHoro Ha HutH. Korma rteno
HEMOMABHAHO M HAXOMAMTCH HA ONHOH BEPTHKANBHOH NpsSMoi
¢ TOYKOW Moapeca, CHIA YIPYIOCTH M CHAA TSLXKECTH PaBHbI
M0 MOAYIK ¥ HANPABICHbBI NMPOTHBOIOAOKHO, MX PaBHOJICH-
CTBYIOILAS PABHA HYJIK. DTO NONOKCHHE TeJIa HA3bIBACTCS M0~
Joxenuem pasropecus. [Ipy oTkKiAOHEeHHM Tena or nojloxe-
HHS PABHOBCCHS BIIPABO MJIM BICBO PaBHONCHCTBYIOLLAS CHA
THACCTH M YIPYIOCTH HE PaBHA HYJIO M HANPaBiACHA K 11010-
KeHuo pasHosecusi (puc. 23.4).

Ecam OTKAOHEHHBIH TIPY3 OTHYCTHTB, TO MO JeHCTBHEM
PaBHOACHCTBYIONICH CHJI OH HAUMHACT ABHIATHLCH K IOJOXKe-
HUKO PAaBHOBECHH ¢ Bospactamoleid ckopocrsio. [lo mepe
NPUOIMAKEHHST K MOJOKEHHIO PABHOBECHS! YIOJ MEXIY BEKTO-
PAMH CHJIBI TSKECTH M CHAB YIPYrOCTH YBEJIMUMBAETCH, pan-
HOMEHCTBYIONIAA CHJI 110 MOJYAI0 YMEHBIACTCH M B MOJOXe-
HHH PaBHOBECHsI CTAaHOBHTCA pasHoi wymo. [locre npoxox-
NEHHUSE TENOM MO WHEPIHH TONOKEHHS PABHOBECHSI YTod
MEXIY BEKTOPAMH CHABI TSDKECTH M CHJIBI YTIPYTOCTH YMEHB-
MIAETCS, BEKTOP PABHOJEHCTBYIOUIEH CHIBI BHOBH HanpamieH
K nonoxenuio papHopecust. [lpn ynanenmu tena or nojnoxe-
HHSI PABHOBCCHS BCKTOP PABHOJACHCTBYIOLICH HAlpapicH Ipo-
THBOIIONIOKHO BekTopy ckopoctH. [lon neHcTsreM aToi crabl
CKOPOCTD JIBUKCHHSI Tea MOCTENEHHO YMEHbIIACTCS W CTaHO-
BHTCS PaBHOM HYMIO 1PY MaKCHMAILHOM OTKJIOHCHHM OT [10-
JIOXKEHHsSI PABHOBECHS. 3aTeM HanpamieHue ABHXCHHS M3Me-
HSETCS, TeJIO BHOBb JIBUKETCS K TOJOXEHHMIO PAaBHOBECHS, M
NPOLIECC MOBTOPSIETCS.

Kosnebanus rpysa nma npyxusne. [lpu noasewmsannm
rpy3a Maccol m Ha CNHpanbHOM MPYXHHE OH MOXET Haxo-
JIMTHCS B TIOKOE NIPH PABEHCTBE HYAIO PABHONEHCTBYIONIEH CH-
JBl THOKECTH W Cchiibl ynpyroctd (puc. 23.5):

—+ -
Pyt mg = 0.

Ipy cMeleHUn rpy3a BHU3 OT MONOKEHHS PABHOBECHS Ha
paccrosiue x pasHonehcrsyiowas / pasna [/, = —kx u Ha-
NpaBAcHa BEPTHKaAbHO BBEpX (pHc. 23.6).

Ecau cMelméHHbli BHU3 IPY3 OTHYCTHTH, TO PaBHOJCHCTBY-
foutast [, BEI3BIBAET €ro ABHACHHE BBEEPX, K MOJOXEHMIO paB-
Hosecus. [Ipu focTHXeHHN MOAOKEHHS PABHOBECHS 10 HHEp-
LMK IPY3 MPONOAXKAET ABMXEHHE BBEPX 10 TEX 10P, MOKA Bech
3anac KHHETHYECKOH HSHEprHu Tena, NojJydyeHHoH B npolecce
NBHACHHS K TONOXKEHHIO PAaBHOBECHS, HE H3PACXOMYeTCsl Ha
copepiienye paboTH MpoTHB JaedcTeus cruibl TsekecTH. [locae
NOCTHAEHHS BepXHel TOUKH MOXLEMA TPY3 HAUMHACT JIBHXe-
HHE BHHW3, VBEIHWYHBAS CBOI CKOPOCTh, TAK KaK BhIE MO0~
KEHHSl PABHOBECHSI PABHOACHCTBYIOIIAS CHABLI YIIPYTOCTH M
CHIBI THXeCTH HanpapneHa BHM3 (puc. 23.7). Mo wHepiwmn oH
NPOXOMHT TONOKEHHE PABHOBECHS, PABHONEHCTBYIONIAS CHIIHI
YIPYIOCTH M CHIBL TSKCCTH Telieph HanpapicHa BBepxX, K 10-
noxkeHuto pasHosecusi. OHa TOPMO3MT JBHAKCHHE Teaa J1o
OCTAHOBKHM B HHAHCH TOYKE, M NpOLIECC MMOBTOPSICTCS.

Ilpu mo6bix CBOGOAHBIX MEXAHHUCCKHX KONCOaHHAX Ten
NPOMCXOINT MOCTENEHHOE YMEeHBIICHHEe OTKJAOHeHMH Tena or
MOAOXKEHHS PABHOBECHS 0 1oaHOM ero ocranosku, Takoi
NPOLIECC HA3LIBACTCH 3aTyXaHweM xonebanuil. 3aryxaHue Ko-
AeGaHuit NPOMCXOMUT B pesyibTaTe ASHCTBHS CHI TPEHMSL.
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YeioBHA BOZHHKHOBCHMS CBOOOMHBIX KoseDanmit. BouieanM yeaoBHs BOZHHKHO-
BEHMS CBODOMHBIX MEXAHWYECKUX KONCOAHMM.

1) Jlnst BOZHMKHOBCHHS! CBODOMHBIX MCXAHHUYCCKHX KOJIcOaHHH B OJIHOM ONpeiecH-
HOM [OJIOXCHHH TeNa B [IPOCTPAHCTBE, HA3BIBACMOM [10JIOXCHHEM PABHOBCCHS, PABHO-
JcHCTBYIOIAs CHA I0MKHA ObiTh paBHa Hymo. [IpM BbIBCACHMH TCAa W3 IONOKCHMS
PaBHOBCCHSI PABHOICHCTBYIONIAs BCEX CHII JIONKHA ObITh OTAMYHA OT HYJISl W Hanpas-
JeHA K TOJOXKEHHIO PABHOBECHS.

2) Jlns nauana cBoGonHbIX KoneOGaHuil cucTeMa A0MXHA OBITH BHIBEAEHA M3 IOJO-
KEHHsl PABHOBECHS BHEIITHHM BO3ICHCTBHEM.

3) CpobGoanbie koneGaHusi BOSHHKAIOT B TOM CAyuae, €CAH CHIBI TPEHMS B CHCTe-
Me MaIbl IO CPABHEHMIO C CHAAMM, 3aBHCSIIMMH OT MOAOKEHHS Tea B NPOCTPAHCTBE.

SxkcnepuMeHTankHoe 3agaHue 23.2 |

PaGoraem CaMOCTOATENbHO
Hayyenne xoneGaumii rpyza wa npyxmHe

O0opyaoganne: HabOP rPY308, CTANLHAA NPYXWHA, WTATHE, UIMEPUTENLHANA NUHER-
Xa, CEeKYHAOMEp, BeCh.
FABHCUMOCTD Neproa KoneGanni rpyaa Ha NpyXuHe or ero Mac-
Chi M aMITHTYI KONeGanni.

TMopAnox BLHNONHEHMS 3aaHus

1. MNopgeckre rpy3 maccoit 100 r Ha cTanbHOW NpyxuHe. OTKNOHUTE rpy3 OT Nono-
KEOHUA PaBHOBECHA W OTNyCTUTE ero. MamepsTe Bpems [,, 3a KOTOpOe rpy3 cosepluaer
10 xoneGaunii. Buumcnure nepwon koneGanuid T, rpysa. Peaynsrartsl MaMepeHmili u Bhi-
yucnewnid aanuwmuTe B Tabnuuy 23.3.

2. YgeyqmusTe Maccy rpyaa o 400 r v mamepsTe nepuop koneGaumid T,. Peaynstarts!
M3MepeHuid M BuiNMCNeHnit 3anuwuTe B Tabnuyy 23.3.

Cpenaifte BLIBOA O TOM, KaK 2aBWCMT nepuog konebGaHuil rpysa OT ero Macchl.

3. MamepbTe nepuosl kKoneGauuit rpyaa npy HauanbHoi amnautyae xoneGanuii 3 u
6 oM. Peaynerarsl M3MepeHuid U BuuMCNeHuid 3anuumTe B TaGnuuy 23.4,

Cammm m?um 0 TOM, KaK 3aBUCUT NepHoL KoNeGanui MasTHmKa OT aMmuTyaL a
ero kon i

Tabnuua 23.4

a, cM rc n T.c

3anaua 23.1. Ilpu HIpe Ha ruTape cepeliMHa CTPYHBI NPOXOAMT paccrosinue 0,5 cM Mex-
NIy KpaHHMMH nonoxennsmu 3 0,001 ¢. Onpeneaure aMIvIHTYLY, YacToTy H NEpHOL Konesa-
HHH CTPYHBL

3anaua 23.2. MagTHHK COBEPINAET CBOCOAHKE KoNeGanus vactoron 0,5 Ni. 3a Kakoe Bpe-
MS MASTHHK TIEPEMEIAETCS W3 KPAHHENO NONOKEHHsI B NMOIOKEHHE PABHOBECHS?

3anaua 23.3. [py3, NOABCIICHHBIA HA NPYXHHE, COBEPIIACT BAOAL BEPTHKATLHOH NPIMON
CBOCOJHEIE KONCOAHMS AMIVIHTYLOR 25 ¢M M uacTorol 0,4 ' Onpereanre nyrs, NPpOHAEHHBIA
rpy3om 3a 10 c.
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Y. 1 MexaHuyecKue BOJHbLI

Puc. 24.1

Prc. 24.2

Pue. 24.3

B HenpephiBHOM cpeie KoneOaHusl YacTHIL B OLHOM MecTe
BHI3LIBAIOT BLIHYXACHHBIE KoNeGanus COCeNHMX YacTull, Te, B
CBOIO OYepellh, BOIOYAXIAIOT Konebanust JPYIHX YacTHiL

Mpouecc pacnpocTpaleHua koneGaHuil B TREPABLIX, XuUa-
KUX W ras’ooBpasHbiX Tenax HasbiBaeTcA MexaHWdeckumu
BONHAMM.

Boambl, B KOTOPHIX KoAeOAHHA NMPOHCXOMAT TEepreHIHKY-
JSIPHO HATIPABIEHHUIO PACTPOCTPAHEHHS BOJHBI, Ha3BIBAKOTCA
NONEPeUHBIMH BOJHAMHK. TakHe BOJAHBI PACTIPOCTPAHSIOTCH
BAOAL CIHPANLHON NPYKHHBI NPH KoaebaHusX OHOro eé
KOHIIA TONepex npyxuuel (puc. 24.1, pepx).

Bosabl, B KOTOPEIX KOJeGaHUs MPONCXOMAT BAONL HANPAB-
JIEHHS! PACTIPOCTPAHEHWs BOJHBI, HA3LIBAIOTCH NPOAOABHBIMH
poanamu. [lponosnsHas BoNHA pacnpocTpaHsiercst BAONL CIIM-
PANBHON NMPYAKHHLL NPH KOAeOAHHAX OJHONO €€ KOHUA BIOAbL
NPYAXHHL B BHJAE MEPHOAHYECKHX CRATHH M PacTSXKEHHH
(puc. 24.1, uuz). IlpHMepoM NpPONOABHBIX BOAH SIBASIOTCH
3BYKOBbIe¢ BOJIHbI. KoncOGaHust CTpYHBI I'MTAphl BbIZLIBAKOT 1C-
PHOIMYCCKHE CKATHSl M PaspekCHHS Bozlyxa BOJNM3M Hed
(puc. 24.2). llpouecc pacnpocTpaHeHHsi CKATHH M pazpexc-
HHI B BO3JYXC BO BCC CTOPOHLI M SIBASICTCH 3BYKOBOH BOJHOM.

JUisi loKasatenbeTBa TOro, YTo 3BYK HE MOXCT PacipocTpa-
HATBCSE B NYCTOTE, BHINONHMM ONBIT ¢ MOOGMIBHBIM TENCHOHOM
MO BOAYIIHBIM Konokonom. TlpH oTKauMBaHMM BO3IYXa W3-
MOil KOJAOKONA 3BYK MOOHIBHOrO TenedoHa CTaHOBUTCS He-
CABIIHBIM, XOTS BHAHO, 410 Tenedon nonaér curuan (puc. 24.3).

I'pomkocts 3pyka. OuiylieHHe 3ByKa B HALIHX OPraHax ciay-
Xa BOHHKAET NPH NEPHOTHYECKOM M3MEHEHH JABNCHHS BO3IY-
Xa. 3BYKOBbIE BOJHB ¢ GOALIION aMIUIHTYION M3MEHEHHSA 3BY-
KOBOIO JIARICHHSA BOCTIPHHHMAIOTCH YXOM YelOBeKa KaK IpoM-
KHMe 3BYKH, BOJHLI ¢ Maiol aMIUIMTYJION — KaK THXHE 3BYKH.

Buicora Tona. 3pykoBble KoneGanHs BBICOKOM 4YacToTh
HA3BLIBAIOTCS 3BYKAMH BBICOKOIO TOHA, 3BYKOBHIE KoneGaHus
HH3KOH YacTOThl HA3HIBAIOTCH 3BYKAMM HM3Koro Toma. Opra-
HBl CJIYXQ YeA0BEKa CrocoOHB BOCIPHHMMATH 3BYKH C YacTo-
Tol B npeaenax npumepro or 20 go 20 000 I'u. IMponoasksie
BonHbl ¢ yactotoi menee 20 i nasmBalorcs undpassyxkom,
¢ yacroroit Gonee 20 000 I'i — yabrpassykom.

Cropoctb BOJIHBI W JUIMHA BoJiHbI. CKOPOCTH © pacipo-
CTPAHCHHS KOJIeOaHWH B NPOCTPAHCTBE HA3BIBACTCH CKO-
pocThio BoAHbL. Paccrosnue Mexny OGiMxaliiHMH TOUKAMH,
JBUKYIIHMHACSH B 060K MOMCHT BPEMEHH CO CKOPOCTSIMH,
OIMHAKOBBIMH 110 MOJY/TIO ¥ HANPAaBACHHIO, HA3bIBACTCH K-
Hol Boamsr (cM. puc. 24.1). JInuna Boausl o003HAYASTCS Ipe-
yeckoH OykBoH A («namOas).

Ilpu ckopocTH BoaHbl © 3a nepuon 1" KoneGanus {acnpo—
CTPAHAKOTCSl HA PACCTOSIHHE, PABHOE JUTMHE BONHBI A: A = oT.

CKOpOCTh BOJNHBI CBA3AaHA ¢ YacTOTOH v KoneGaHui Bhipa-
KEHHEM

v AV,

Yacrora BONH onpeAensieTcsl 4acToToi KonebaHHit MCTOY-
HHMKAa KoneGaHMii, a CKOPOCTH PacrpOCTPAHEHHMs 3aBHCHT OT
coiicts cpenst. [loaromy npu pacnipoctpaHeHuH KoaeGaHui
C OHOM M TOM Xe 4acToToH JUIMHA BOJNHBI B pPasHbLIX cpeaax
OKa3bIBAaETCH PasnHYHOMN.



Pesonanc. Ilpu Berpesie 3pyKOBOH BOAHBI ¢ KaKMM-IHOO
TENOM BOZHHKAKOT BHIHYXICHHbIe KoneGanwmsi. Ecam wacrora
CcOBCTBEHHBIX CBODOAHBIX KONEOAHMH TeNa COBNANAET ¢ 4MacTo-
TOH 3BYKOBOH BONHBI, TO YCAOBMS JUISI MIEPENAYH IHEPIUH OT
3BYKOBOH BOJIHBI TCJY OKAa3blBAIOTCH HAMAYUIIMMH, aMILIATY-
J1a BHIHYKICHHBIX KONCOAHMH 1PH HTOM JOCTHIACT MakKCH-
MAIBHOIO 3HAUYCHHS — HabiionacTes pe3oHaHc. ApicHue pe-
30HAHCA MOXHO HaOGNIOAaTh B ONBITC ¢ KAMCPTOHOM H Pe30-
HATOPHBIM silMKoM (puc. 24.4)

Ecau crepxenb 3Bydaliero KaMeproHa MOCTABUTH HA je-
PEBSIHHBIA SIMK, OTKPHITHI# C OAHOM CTOPOHBI, TO 3BYK
3AMETHO YCHAMBAETCS. 3HAYMTENLHOE YCHJIEHHE 3BYKA IPOMC-
XOAMT B TOM CAyuae, eclH BO3NYX B siliuke obnanaer cobcr-
BeHHOH yacTorTol cBoGoMHBIX KosiebaHui, paBHOH yacToTe KO-
neGanuii KamepToHa.

Sipnenue pe3oHaHCca MCMONB3YETCH B MY3BIKAIBHBIX MHCT-
PYMEHTaX JUIsl YCHACHHs MX 3Bydanus. Pezonaropamu sBIsiioT-
¢l KOPIYC THTAphi, KOPIYC CKPHIIKH, TPYOBI JYXOBBIX MHCTPY-
meHTOoB. Kopnyc My3biKalbHOTO HHCTPYMEHTa HMeEET 0co0yio
dopMy st TOro, YToObI 3aKNIONEHHBIH B HEM BO3IYX MMEN He
ONHY CcOGCTBEHHYIO wacTorTy KoneGaHui, a MHOro colGCTBeH-
HBIX wacror (puc. 24.5). B 9T0M clyyac MHCTPYMEHT CHOCO-
OeH 3a CYET PEe3OHAHCA YCWIMBATH 3BYKH PasiWuHBIX YACTOT.

Puc. 24.5

3anaua 24.1. 3syk vactoror 500 I'i 3a 10 ¢ pacnpocTpansier-
¢ B BO3AYXe Ha paccrosnue 3400 M. Onpenenmre JUIMHY BOJHBI
aByKa.

3anaua 24.2. CkopocTh 3ByKa B Boamyxe 340 M/c, cKopocTh
aByka B poje 1500 m/c. Kak H3MeHsCTCH [UIMHA BOJMHBI 3BYKA NpH
PaclpoOCTPAHCHHH 3BYKOBBLIX KOJNCOAHHA H3 BOJAYXa B BOAY?

3anaua 24.3. [lpn uactore KojaeOanud 1000 T'u wHna BoxHLL
3BYKa B CTANM paBHa 5 M. Onpejeiure CKOPOCTb PacrpoCTPaHeHHs!
IByKa B CTANW.

MexaHuueckue sBJieHus

Puc. 244

Bonpoch!

1. Kak BO3HMKAIOT MexaHuyec-
KW@ BONHLI?

2. Kakue BONHLI HA3WBAIOT M0-
NepeYHLIMM U KaKue — nNpo-
DONLHLIMUT

3. Or Yero 3aBUCHT IPOMKOCTL
apyka W BLICOTA TOHA?

4. 4YTo TaKkoe AnuHa BONHEI?

5. Kak cefizaHa AnMHa BONHL!
CO CKOPOCTLIO @& pacnpocTpa-
HEeHUs W nepuoaoM koneba-
HAA?

6. Kax ucnonsayetcs seneHue
Pe30HAHCa B MY3bIKaNbHBIX WH-
CTpyMeHTax?

7.0rkyna Oepérca  sHeprus
ANA YCHAGHUA 3BYKA NpwU pe-
30HaHce?

8. Kakune mMy3nikanbHbie MHCTPY-
MEHTH NPEACTaBNeHL Ha pU-
cyuke 24.57

| BxkcnepumeHTanbHoe
3apanve 24.1

PaGoraem B rpynne

rpasnay
YACTOTHI CRLILIMMbIX
3BYKOBBIX KoneGauwi

O6opyaoBaHune: 3BYKOBOH

reHepaTop, AMHAMMKK.
Onpegenure MHHHManb-

|
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CeRemocTaHuma Celemmaeckne Boanbl, CaMbie MOLHBIE Ha 3eMae Mexa-
HHYecKHe Konebanust ¥ BoHB HAGMIONAIOTE MPH 3eMiIeTps-
CEeHMAX. 3eMIeTPACeHHs BO3HHKAIOT MPH CKAYKooOpazHbiX
cBHIaX GOJNBIIMX YYACTKOB 3eMHON KOPHI Ha HECKOJNLKO je-
CATKOB CAHTHMETPOB MIH [IaXe HECKONLKO METPOB. DTH CIABH-
M IPOHCXOAT B pesyiibTate HAKOILICHHS HANpsKeHnH B 3eM-
HOH KOpe M3-3a JABHMXEHHS JAHTOCHEPHLIX ILIHT CO CKOPOCTH-
M 2—6 cm B roa. Ilpu casure 3emHOM KOpel OT ouara
3EMJICTPACEHMS] PACTIPOCTPAHSIOTCS. TPOAOABHBIE M IONepey-
HBle CeHCMMUYEeCKMe BOJNHBI. 3eMICTPSICEHHS NMPUBOMAT K pas-
PYIICHHSIM TOPOJIOB, JIOpor, K rubenu Joae.

Iposonbibie ceHCMHUYCCKHE BOJIHBI B 3¢MHOH KOpe Hadbi-
Balorest P-posinamu. CKOpOCTh HX PaclpoCTPaHEHHs IIPHMep-
Ho 8 km/c. llonepeunsic ceHCMHUCCKHE BOAHBI HA3bIBAKOTCH
S-poanamu. Mx ckopocrs pasHa npumepHo 5 km/c.

JUist perdcTpaim 3eMACTPICCHHH, M3MCPEHHSI HX CHABI M
ONpPE/C/ICHHST PACTIONOKCHHS OUATOB HCIONB3YIOTCH CceHeMo-
rpadsi. Ceilcmorpad cocTOMT W3 MasTHHKa GONBIIOH Macchl,
KOTOPBIH MOXeT cBOGOIHO KoneGarbesi B OMHOH TUIOCKOCTH.
Ha koHIle MagTHHKA HMEETCs MHINYIIee Nepo, CKoNbasies mno
OyMare Ha HenpepsiBHO Bpamamoiiemcsi GapaGane. [lpu or-
CYTCTBHH COTPSCEHHH 3eMHOH NMOBEPXHOCTH 3aNHUCh CEHCMO-
rpaca MMeeT BHI POBHOM NHHMH. 3eMieTpsiceHHe BHI3BIBAET
KonebaHus OCHOBaHMs 1MOJ MasgTHUKOM, M Tepo 3arnHchBaeT
a1 KonebGanust Ha nente (puc. 24.6).

H3-3a paannums CKOpPOCTEH pacnipoCTpaHeHHs MPOAOALHbIE
H Tonepednbie ceHcMHYecKHe BOAHBI OIHOTO 3eMieTpsice-

A
/ \' P-BONHbLI
W S-80NHLI

Owar
IEMNETPACEHNA

Puc. 24.6 HHSI perMcTpupylotcst celicmorpadgoM B pasHoe Bpemsi
(puc. 24.7).
PasnocTs BpeMeHM [, PacHpOCTPAHEHHH IONEPEUHBIX
BOJIH HA PACCTOSIHHE § OT MECTa 3eMJIETPSICEHHMs 10 CeHcMM-
uecKkoit CTaHuMKM A  BPEMEHM f,, PACNPOCTPAHEHHS MPOAOAb-
HEIX BOJH HAa TAKOE XK€ PAcCTOSHUE PaBHA:
5 5
I=ty—ty=—" -2,
e ™ Yip
P-ponna S-sonna
ek sl Orciona paccTosiHue § OT MECTAa 3eMAETPSICEHMsI 10 CTaH-
' ‘ unu A paBHO:
: L5 ”nn"’uE 3
Puc. 24.7 Yop ™ thm

BbiuscaHB paccTosiHie §, Mbl CMOXEM Y3HATh, HA KAKOM
PACCTOSAHUH OT CCHCMOCTAHIIMK HAXOIWTCS OYar 3eMAcTps-
CeHHI, H HAPUCOBATH HAa IMolYce OKPYKHOCTH PAIMyCcOM §
¢ LHeHTpoM B celicMocTaninn A. B Kakol M3 Touek 3ToH
OKPYAXHOCTH HAXOMWTCS OUar 3emierpsaceHus, no HabnoneHmn-
M Ha OJHOM CEHCMOCTAHIIMM Y3HaTh HeBoaMoxHo. Ecam 3o
Ke 3eMIETPICeHHEe 3aperMCTPHPOBAHO Ha BTOPOH ceHeMocTaH-
MM, HaxonsieHes B ToUKe /2, TO MOKHO HAPUCOBATHL HA IO~
Oyce BTOPYIO OKPYXHOCTh, OTMEYAIOIIYIO BO3MOXHEIE MONOKe-

Hanpure

http://class-fisika.narod.ru/ HHA SMAICHTPA 3EMICTPACEHHA. DTH JIBe OKPYKHOCTH Tepe-
9 25 htm (lnvHa BONHL CEKYTCSl B JIBYX TOYKaX, 3eMJCTPACEHHE MPOHIONI0 B ONHOM
CXOPOCTb PACTPOCTPaHEHAS u3 uux. [lpH noayuenun cooBINEHHs O PErHCTPallMK 3eMiie-
BOAH.) TPACEHHS TpeTheil celcMocTaHIHel MecTo 3eMmieTpsiceHus
hitpy//class-fisika.narod.ru/ Touke /' onpenensiercsi ogHo3HauHo (puc. 24.8).

9 26.htm (3ByKOBLIE BOMHLL.) XapakTepHCTHKH 3BYKa M CJyX ueaoseka. Pasnen dwu-

3HKH, B KOTOPOM H3Y4alOT 3BYKOBLIC HABJICHHHA, Ha3LIBAETCH




AKYCTHKON. B akyerTuke, Kpome “actorsi, CKOPOCTH 3BYKa W
JUIMHB! BOJIHBI, JUIS ONMCAHMs 3BYKOBHIX SIBACHHH MCIonb3y-
IOT TAKHe BEJHYHHBI, KaK 3BYKOBOE JIaBACHHE M HWHTEHCHB-
HOCTH 3BYKA.

3ByKOBOE JaBAEHHE — ITO JIONONHHTENBHOS JaBiAeHHe,
BO3HMKAIOIIEE B ra3e WIM XWIKOCTH NPH MPOXOXIEHHH 3BY-
KOBOM BONHBI, HMXHSSI rpaHHLIA OLLYLICHMS 3BYKA YXOM Ye-
sopeka cocrapasier npumepHo 0,00001 IMa. Tak kak HopMaib-
Hoe armocdeproe napienue pagHo 100000 Ila, 1o uenopex
CnocobeH OOHAPYAHBATH H3MEHEHMS NABICHHUS BO3LYXa B O1-
HY HCCHTHMMWUIMAPIAHYIO JIONKO OT HOPMAAbHOIO arMocepHO-
ro nasicHust. IIpH TakoM ypoBHC 3BYKOBOI'O JIABJICHMS aMILIM-
Tyna KonebaHui GapaGaHHOH NCPEIOHKH COCTABASICT OKONO
OMHOW MHUIMOHHOH IONM MMIAMMETPA, T.¢. JHUIb B He-
CKOJIBKO pa3 npessimaet auamerp aroma. [lpu obsunom pas-
roBope Ha PaccTosHUM | M OT roOBOPSILIENO CO3MAETCH 3BYKO-
Boe nasaeHue oxkono 0,0002 Ia. 3sykoBoe nasneHue Bhille
npusmepro 100 Ila BuissiBaeT owyieHue GoJM B yuiax.

losioc genosexka. UcTouHMKOM 3BYKOBBIX Koaebanui npu
NMPOH3HECEHHH HENOBEKOM IMACHBIX 3BYKOB SBASIOTCSA NONOCO-
BHIE CBSI3KH, PAacTioNOXeHHbIe B BEPXHeH 4acTH JILXaTelbHoro
ropia. BLIXOMSIHA W3 TETKHX BO3IYX TMPOXO/HT Yepes Iieib,
00pa3yeMylo TONOCOBLIMH CBI3KAMH, H BO30YKIaeT KoneGanus
cp30K. KoneGaHusi CBSI30K BHIZLIBAKOT WIMEHCHMWSI NaBACHMS
B NMPOXOMSALIEM BO3IYXE H TEM CAMBIM CO3AKOT 3BYKOBBIE BOJI-
Hel. CoGeTBeHHass 9acTota KoneGanui CBI3OK 3aBHCHT OT MX
HarsokeHus. MaMeHss HATSOKCHHE CBSI30K, YCNIOBEK M3MEHsieT
BBICOTY TOHAa 3ByKa. Bo BpeMsi npoM3HCCeHHMsl pasHBIX Ilac-
HBIX 3BYKOB pasiMuHbl o0béM M opMa MOAOCTH pra, 10 W3-
MECHSICT YCNIOBHMS aKycTHYecKoro pesoHanca. llpu npousnece-
HHM KOXKIONO NACHOTO 3BYKAa YCHJIMBAIOTCH 3BYKOBBIE Kojie-
Ganus csoero Habopa uacror. ITo XapaxrTepHmM wYacToTam
KosieDaHMif Mbl Y3HAEM IJACHBIE 3BYKH.

MexanwuecKkaa 3anuch 38yKa. Brepsoie ocyuiectsua 3a-
nuch W Bocnpoussenenue 3pyka B 1877 r. amepuxaHcKui
nzobperareny Tomac Anbpa Dawucon. pubop Daucona
naswisaics donorpadom. Donorpad cocross M3 WMAMHAPA,
MNOKPHTOro 0N0BAHHONW (onbroi, TpyObl, 3aKpHITOR ¢ OAHOH
CTOPOHBI TOHKOH MeMOpaHOH, W MBI, NPHKPEIIEHHOH K
MeMOpaHe M NPHAATOH OCTPLIM KOHIIOM K IMOBEPXHOCTH LM~
auuapa (puc. 24.9).

3BYKOBbIE BONHBI BbI3bIBAIM H3MCHEHMSI JIABACHHS B TpY-
Oe, M amadparma B KoHUE TpyGhl copepiuaia koneGauusi. Tpu
PABHOMCPHOM BPAIICHHH LIMAMHIPA M OIHOBPCMCHHOM Mell-
JICHHOM €r'0 NEPEMCIICHHH BIOJIb OCH BPAUICHHSI MIJIA 1TpoLa-
panbiBaIa Ha MOBCPXHOCTH OJIOBHHHOM (DONBIM BHHTOBYIO JIH-
Huio. U3-3a KoseGanmii amadparmel jasicHue viibl Ha Goib-
Iy HM3MEHSUIOCh € YacTOTOH 3BYKOBBIX KoiebaHuii m raybuna
KaHABKM OKa3bIBANACH B PasHbIX MecTax pasanuHoi. Tor xe
WHAMHAP MCHONB30BANHM JUISl BOCIPOH3BEACHHS 3aNMCAHHOTO
3ByKa. Mexanuueckuii crnocob 3anucH 3BYKa CYMIECTBEHHO
YCOBEPIIEHCTBOBANM, KOT/Ia BMECTO BPAINAIOIIErocs IHIHHApa
HCIIONB30BAIM IHCK, € KOTOPOrO M3rOTaRiMBaiochk Gonbinoe
YHCIO MAACTMACCOBBIX KOMHH — rpaMMOMOHHBIX TIACTHHOK.
Takumu OBAH NPEUNECTBEHHHKH COBPEMEHHBIX JIMCKOB, Ha
KOTOPBIX 3BYKOBBIE KOAeOaHHs 3aNMCHIBAKOTCS NA3ePHBIM Y-
YOM C HCMONB3OBAHUEM COBCEM JIPYTHX NPHHLMIIOB.
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Puc. 24.8

Puc. 24.9

O6LACHUTE, KaK MOXHO o
BpeMeHu 3anasfbiBaHua no-
nepeyHbIX CeRCMUYECKUX BONH
OTHOCUTENLHO MOMEHTa NPUXO-
Aa NPOAONLHLIX BONH onpeae-
NIUTh MECTO 3eMNRTPACEHWUS Ha
NOBEPXHOCTH 3eMm,
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' Tect 3 |
TecT npeaHasHaueH ANA CAMOKOHTPONA PeayNkTaToR W3yYeHUs Tem
«PagHogecue Ten. flanenme. 3axon Apxumepna. Atmocheproe papneHne.

Cuna tpenns. Iueprus. PaGora. MowHocTs. Mpocrbie MexaunaMmbl.
MexaHuyeckMe KoneGaHHa W BOJHbI».

PaBoTy Haf 3afaHusMK TECTa CNeflyeT NPOBOAWTL TaK Xe, KaK pexoMeHoBaHo Ha

¢. 36 nna Tecra 1.

Puiyar ¢ AByMA rpy3aMu HaxoMTcsA B paB-
HOBECHWM HA TOPU3OHTANLHOW OCW, NPOXO-
paweit yepes Touky O. PaccTosHua oT TO-
Yyexk NojABeca rpy3oB A0 OCU BpalleHWs
yKazaHu Ha pucynke T3.1. Bec rpyaa A pa-
Bed 6 H. Yemy pasex Bec rpysa B?

0o
20 cm i 30 cm |
A
B
Puc. T3.1
1) 9 H 3)4H
2) 6 H 4) 2 H

Nop peiicreMeM Beca rpysa A U cunel .?
ph¥ar HaxoMTCA B PaBHOBECHM Ha ropw-
30HTANLHOW OCW, Npoxoasueil yepes Tou-
Ky O. PaccrosHua ot ToueK mopgeca rpyaa
W NPUIOXEHUA CUAL F 10 OCK BPaLLeHns
W pyrme pacCTOAHWA YKalaHbl Ha PUCYHKe
T3.2. Bec rpysa A_;gaaeu 60 H. Yemy pa-
BeH Moayns cunsl F?

Puc. T3.2

=
5888
TxTT

5) 80 H

LieHTpoM TSXKeCTH Tena HasLiBaercs

1) TOMKA NPUNOXEHUA PABHOAEHCTBYIOWEH
CUN TAXECTW, NeRCTBYIOMX HA BCE TOMKM
Tena

2) TOMKA NPUIOKEHHS PaBHOAGHCTBYIOLLEH
BCEX cun, AeficTeyiolmMX Ha Teno

3) eMHCTBEHHAA TONKA, HA KOTOPYIO AeCT-
ByeT cuna THXecTu

4) epMHCTBEHHAA TOYKA, Ha KOTOPYIO He
HeicTeyeT cuna THXecTH

B nefﬂom COCyfie HanuTa BoAa ODLEMOM
1 am*, BO BTOPOM — 0OwLéMomM 2 M. Pac-
CTOSIHME OT [AHA [0 NOBEPXHOCTH BOAbI
B nepsoMm cocyge 10 cm, BO BTOpOM
5 cM. B kakom cocyne v BO CKOMIbKO
pas nasnedue BoAbl Ha OO cocypa 60sbL-
we?

1) B nepsom, B 2 pasa

2) B nepeom, B 4 pasa

3) Bo BTOPOM, B 2 pasa

4) go BTOpOM, B 4 pa3a

Ha noBepXHOCTW BOAL Ha MNAIABAIOWIEro
yenopeka pedcreyer cuna Apxumena
500 H. Kakum npuMepHo craHeT aHayeHue
TOR CWAL Nocne TOre, Kak YenoBex
JONONHATENLHO BAOXHET BO3AYX OOLAMOM
1 am*?

1) 510 H
2) 501 H

3) 500 H
4) 499 H

MNMoYyeMy B BEPTUKANLHO PAaCcnONOXEHHOM
HAcoce NPU ABMXEeHWH NOPLUHSI BBEPX BO-
Aa NOAHWUMAATCH BCeA 3a HUM?

1) YacTHUL BOALI NPUTAMMBAIOTCA NOBEPX-
HOCTLIO MOPLUHS, NOATOMY BOAA ABWUXOTCH
33 HUM
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2) nevxywMicn NoplueHbL yenekaeT 3a co-
6ol sopy

3) Bofia NOAHMMARTCH BEEPX NOA AeACTBK-
eM JaBneHus atMochepHOro Bosayxa Ha
OTKPLITYIO NOBEPXHOCTL BOAW, Nepenasae-
MOIO MO BCeM HanpasneHusam

4) Npy NOALEME NOPLIHSI MEXIY HAM U BO-
ok obpasyercs 6e3B03AYIIHOE NPOCTPaH-
CTBO, a BoAa 00NafaeT CBOWCTBOM 3anofn-
HSITL MYCTO@ NPOCTPaHCTBO

lMpu paBHOMepHOM ABMxeHuu Gpycka no
FOPU3OHTANLHON MNOBEPXHOCTW Ha TPpaHu C
naowanso nosepxHoct 100 cM® cuna
TpeHus F pagHa 2 H. Kakosb! 3HaueHus cu-
Nbl Tpenus Fy Npy pagHOMEPHOM [ABWXEHWA
TOro xe Gpycka Ha rpaHu ¢ NIoWanko no-
BOPXHOCTH 200 CM” U CUNLI TPEHUS F, npn
ABUXEHUW Opycka Ha rpaHu C MNowaaksio
nogepxHocTu 200 cM? ¢  NONOXEHHLIM
CBEPXY Takum xe Opyckom?
1)F=FR=2H

2)F,=2H,F,=4H
3)F=1H,F,=2H

4)F,=4H F,=8H

Mo popore ABUXYTCA NErkoRod asTo-
MoOGUNL Maccoil 1000 kr cO CKOPOCTHIO
100 kM/4 ¥ rpy30BOIH ABTOMOGMNL MACCOR
4000 Kkr co CKOPOCTHLIO 50 km/4. Kakoi as-
TOMOOMNL OOnapaeT Oonblueh kmHeTnyec-
KON 9Hepruei 1 BO CKONLKO pas?

1) nerxosoit aeTomobuns, B 2 pasa

2) nerxogo# agromobunk, B 4 paza

3) rpysoso#t agTomMoOuUnL, B 2 pasa

4) rpy2080i agTomMobunL, B 4 paza

5) KMHETUYECKAN SHOPIUS NErKoBoro aBTo-
MOOUNSI paBHa KUHETUYECKOW SHEPIvK rpy-
30B0r0 aBTOMOGUNA

Yenosex maccoi 100 kr wén co ckopo-
cTeio 1 M/c. Kakyio noneauyio pabory emy
HEOOXOAUMO COBOPLUMTL AN YBEAWYQHWS
CBOSI CKOPOCTH AIBMXEHUA B TOM Xe Ha-
npasnexun no 4 m/c?

1) 300 [ix

2) 450 1x

10.

11.

12.

3) 750 fix
4) 1500 Jx

Kakyio paGoTy cogepluaeT aABMratefs asro-
MOOMNA NPOTHB CWUA TPEHWA NPU PaBHO-
MEPHOM [IBMXEHUM 3a Bpema 5 ¢ npu
MOWHOCTH asurarens 50 kBr?

1) 10 Ax

2) 250 x

3) 10 000 Ax

4) 250 000 Aix

Yenosex maccoit 60 kr HauMHaer ABUXe-
HUE M3 COCTOSHMA NOKOS, U 4epes 4 ¢ ero
CKOpPOCTL CTaHOBUTCA pasHoi 10 m/c. Ye-
MY PaBHa ero rnonesHas MoWHoCTL?

1) 24 kBT

2) 12 kBT

3) 750 Br

4) 375 Br

Kakoi BuIMIpbLIL WAKM NPOUIPLILL B CUNe 1
B paboTte Aaér puvar, NPeACcTaBNeHHLIR Ha
pucyHke T3.37

60 cm 120 ¢m

Puc. T3.3

1) BLIMATPHIWL B CUNE B 2 pasa, BLIMIPLILA
WM NpoUrpeLilla B padore He naér

2) BLIMIPHIL B CHNEe B 2 pasa, NpOUrpbitl
B pabote B 2 pasa

3) BUMIpLIl B CUe B 2 pasa, BLMIPLILW B
paborte B 2 paza

4) NPOWIpLIL B CNe B 2 pasa, BbLIMIPbIL
B paboTe B 2 pasa

5) pbiMar He AAET BHWIPLILA MAKM NPOWS-
pellua B cune unu B patore
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13.

Wap Ha npyxuHe cosepliaeTr cBOGOAHLIS
konetanus. PaccTofiiMe OT BepxXHero no-
NoXeHust A 10 HUXHero nonoxexua C
(puc. T3.4) on npoxopmr 3a 1 c. Yemy pae-
HBl aMnauTyaa o U nepuon koneGauumii T
wapa?

14.

{)a=2cm, T=1¢c
2)a=2cm, T=2c¢c
3)a=4cm, T=1¢c
4)a=4cm,T=2c
5 a=2cm, T=05¢

3eyk yacroroid 1000 'y 3a 2 ¢ pacnpoct-
PaHserca B BO3Ayxe Ha pacctosHue 680 M.
Onpenenute ANWHY BONHE 3BYKa.

1) 1360 km

2) 340 xm

3) 1,36 m

4) 034 m
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74| ATOMHOe CTpOoeHUue BellecTBa

& > Q

Monexyna Atom
20Ab! BOAOpOAA mcnopona

Puc. 25.1

2 aps 3 ans
Puc. 25.2

«Fcan Obl B pesyabraTe KakoM-10 MHMpoBOH Karactpodsi
BCE HAKOMACHHBIC HAYUHBIC 3HAHUS OKA3WIHCh Obl YHHUTO-
KEHHBIMM ¥ K TPAAYILHM TOKONEHHSIM XHUBBIX CYIIECTB M-
peuvia Obl TONBKO ONHA d}pm. TO KaKO¢ YTBEPXIACHHE, CO-
CTABJICHHOC M3 HAMMCHBICIO KOJIMUCCTBA CHOB, IPHHECHO Obl
HanbGonbwyo naopmawmio? H cunralo, uro sro.. ece mesa
COCMOAM U3 AMOMO8 — MAACHBKUX MEACH, KOMOPWe HAX0-
osmesi 6 Decnpepuenom Jsudcenuu, nPUMseUuealomest na He-
OOABUOM PACCMOANUN, HO OMMAAKUEAIOMCH, ecAl 00No U3
nux naomnee npuxcams K opyeomys (Puwapd deinman, na-
ypear HoGeaesckoit npemun no duinxe).

AToMsl W Mosekyasl. ['Mnoresa o cylIeCTBOBAHHH aTO-
mMoB Obina Beickasana oxkono 500 r. 1o H. 5. ApeBHErpevYecKn-
mMu dunocodanu. CornacHo 5ToH runorese NMpH MHONOKparT-
HOM Npoliecce NeNeHHs A000ro Tela Ha BCE MEHbITHE YacTH
00M3aTeIbHO HACTYITHT MOMEHT, KOIa OCTAHETCs TONBKO OIHH
aTOM — camasi MaleHbKasi YacTHIA IaHHOro BemecTa, Paine-
JIHTH aTOM HE VAACTCS HHKAKHUM CAMBIM OCTPBIM HOXOM: OH
HEICHMBIA (TTO-IPeyccKH alomos — HeHeAuMbIi).

Paaniumnsi CBOHCTB BEIICCTB ATOMHas IMroresa ofbscHsAA
pasHooOpasHeM pasmepoB M GopM aToMoB.

CornacHo 3TOH TMIIOTE3e NPEBPAILICHHE BEIECTB TOIKOBA-
JI0CH MPOLECCAMM COEIMHEHMS] M PasheIMHeHMs] aTOMOB.

MHorue BelecTBa COCTOAT M3 HacTHIl, MOCTPOSHHLIX M3
HeCKOIbKMX aToMoB, Takue uHacTHIbI HALIBAIOTCS MOJIEKY-
aamu. Mosekynbl MOryr ObiTh pasjefeHsl Ha MeHbLIMe
yacTH — Ha atomel. Ilpumepom Beuiecrsa, COCTOANIETO W3
Moziekya, simisiercsi pona. Kaxas monekyna Bojbl rnocrpoe-
Ha M3 JIBYX aTOMOB BOJIOPO/a M OAHOrO aToMa Kuciaopona
(puc. 25.1).

Tennosoe apuxenne aromo u mojgekyis. Hcnapenwe
BCILECTB, PACIPOCTPAHCHHE 3araxoB ATOMHasl IMIIOTE3a 00b-
SICHHET HENPCPLIBHBIM M GCCIIOPSIOUHBIM JIBHACHHCM aTOMOB.
D10 GeCNopsIoUHOE JIBMXCHHE aTOMOB HA3bIBACTCS TCIUIOBBIM
JIBHAKCHHCM.

Jnddysua. [lpn conpuKoCHOBEHHM Tel B pe3yibrare
TEIUIOBOTO JBHAXEHHS aTOMBI OJIHOTO Tea MOTYT NPOHUKATH B
MPOMEXYTKH MEXIY aTOMaMH /IpYyroro Teja. JT1o smieHne Ha-
apiBaercs Andhysueit.

Jluddy3nio B KHAKOCTH MOXHO HabmonaTh, GPOCHB B BO-
Iy yepes TpYOKY HEeCKOJNIBKO KPHCTAMIOB MepMaHranarta Kalus
(mapranuoeku). [locne pacTBOpeHHsl MAPTAHIIOBKH OKONO JIHA
cTakaHa cHavyana o6pa3zyvercd TOHKHH TEMHOOKpalleHHbIH
CIOKH pacTBOpa, a OCTanbHas Boda octaércsi ceeriod. B pe-
aynbrate AHGOYIRH TOAIMHA OKPAIIEHHOTO C0s YBEAWINBA-
€TCsl W TOCTCNICHHO [POMCXOIHMT PABHOMCPHOE paclipelie/icHHe
YACTHIL PACTBOPEHHOIO BEIICCTBA MEXKIY YaCTHLAMM KHIKOC-
™ (puc. 25.2).

MOBCEIHEBHON KH3HH MEUICHHOCTH nipouecca auddy-
UM B OKHAKOCTIX MOXHO YCKOPHMTH, HAlPHMEp, pasMelinBas
caxap B crakaHe ¢ uaeM. Ecim aToro He chaenats, To uail cHa-
yaNa NPUAETCSE MKTh HEe CHAJIKUM, 2 B KOHILE CAMILIKOM CHajl-
KHM.



Ipu nonHoH GecNOPAAOTHOCTH TENIOBOTO ABHXEHMS aTO-
MOB M MOJIEKYN nipouece AHGhY3IHM NPOHCXOMMT B HaNpapie-
HHH H3 00NacTH ¢ GONBIIHM YHCIOM MOJCKYA B CIMHHUIE 00b-
éMa B 00AaCTh ¢ MEHBUIMM HMX YHCIOM. DT0 CBOMCTBO IM(-
(DY3MH MIPAaCT BAXHYKO POJb B NPOLICCCAX AbIXaHHSI M ITHTaHMs
KHBOTHBIX H PAcTCHHH.

JUisi OCHOBHBIX XH3HCHHBIX MPOLIECCOB YCIOBCKY HCODXO-
JAMMO HENpepbiBHO noTpebiste Kueaopoid. OH nonyyaer ero,
BABIXAS KAKIAYIO MMHYTY BO3IYX OOBCMOM HpHMEpHO 6 am’.
IMpoucxoaut anddysus KMcaopoaa BO BHYTPEHHIOK MOBEPX-
HOCTH JIETKHMX M 33aT€M CKBO3b TOHKHE CTEHKH KPOBEHOCHBIX
cocynoB B KpoBb. Jludubysus Kuciaoposa M3 Bo3nyxa B KpoBb
MPOHCXOMHT TTOTOMY, YTO B KPOBH KHCAOPOA OLICTPO COC/IH-
HSIETCA € JIPDYFHMH MONEKYJIAMH M CBOBGOJIHOTO KHMCAOpONa B
KPOBH OMEHb Mano. A YIIEKHCIOro rasa, obpasylouerocs
NpoIecce XKHIHEACATENBHOCTH OPraHHW3Ma, B KPOBH OHeHb
mHoro. [oaromy B NErkux yraekuensii raz muddyrmmpyer ua
KpPOBH B Bo3nyX. B pesyabrare B envwHMIe o0bEMa BbUIbIXaE-
MOTO BOIIYXa MOAEKY] YIIEKHCAOro raza npumepHo 8 100 pas
Gonbie, YeM B aTMOCHEPHOM BO3ZIYXE.

Ckopocts uddy3un B rasax, KWIKOCTSIX W TBEPABIX Te-
JNax YBCIHUMBACTCH ¢ MOBBILICHHEM TEMIICPATYPhI.

Bpoynosckoe asuxenue. OnHMM M3 JIOKA3aTeNLCTB CY-
IIECTBOBAHMS ATOMOB M MX GeCcrpephiBHOTO GeCcropsloqyHOro
ABHAEHHA OGbUIO OTKpPHITHE aHrauiickoro Goranuka PoGepra
Bpoyna. B 1827 r. npu HaGiioNeHHH B MHKPOCKOIT OH YBH-
JleA, YTO YaCTHIIL NBUTBIBI PACTEHHH B BOJE HENPEPHIBHO M
XaoTHYCCKH ABHKYTCA. Takoe Xe IBHAKEHHE OH OOHApYXWI W
Y JIDYTHX MEJKHX TBEPABIX YACTHI, HAXOMMIIMXCH B KHIKOC-
TSIX. DTO SBACHHE HAIBATH OPOYHOBCKHM JBHMKeHWem. bpo-
YHOBCKOC JIBHACHHC MANCHBKHX YACTHIL B XKMIKOCTIX M rasax
OKa310Ch BO3MOKHBIM OOBICHHTL KaK PesyibTaT ciaydaiHbix
YAAPOB GECropaouHO JIBHXYILHXCH MONCKY! BEllecTBa 1o
THM UACTHLIAM,

Pasmepsl aTOMOB H MOJCKYA. ATOMB W MOJEKYAB TaK
Malbi, YTO HE BHAHBLI JaXe B caMbi CHJIBHBIH MHKPOCKOI.
OnHako B HacTosilee BpeMsl YUEHBIE CO3IaNH NPHOOpHI, ¢ No-
MOIIBIO KOTOPHIX MOXHO Moaydath dororpadmu, nokassisaio-
IHE PACTONOKEHHE OTACHbHBIX aTOMOB.

JlHamMeTp camMoro MaaeHbKOro M3 aroMOB — aToMa BONO-
POIA — OKA3AICH PABHBIM NPHMEPHO ONHOH JACCHTUMMILIMOH-
HOH jlone MuAMeTpal

Jleaumsr am atomsl. [lpennonoxenue dunocodos apes-
HOCTH O HENENHMOCTH aTOMOB TIOATBEPIHIA COBPEMEHHAast Ha-
yKa He B nonHod mepe. Okazanock, 4To aToM M06oro see-
CTBA MOXHO pa3ieAdTh HA YacTH, Ha3biBacMbie 3JIeMeHTap-
HBIMH YACTHIAMH, HO 3TH YacTH aToMoB He obnajnaior
CBOHCTBAMM aTOMOB JIAHHOTO BelecTa. Tak uTo atoM — ca-
Masi MAJICHBKAsd YACTHIIA JAHHOIO BellecTBa.

3anaua 25.1. Ecnu Ol AHAMETPEI ATOMOB COCTARISUIN He OKO-
a0 1/10 000 000 MM, a npuUMepHO | MM, TO KAKHM ObUT OB POCT 4e-
JIOBEKa, COCTOSINIEND M3 ATOMOB TAKHX pasMepon?
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PaGoraem
CaMOCTOATENbHO

Buinonuure oneir no Ha-
onoaeHnio senenus audy-
3UK B PACTBOPE MapraHUOBKK.

http://class-fisika.narod.ru/
8 1a.htm (Tennoeoe
ABWXEHWe.)

Bonpochb!

1. Yro Takoe atom?

2. Yro Takoe Monexyna?

3. Kakve siBnewusi nokaswiga-
10T CYWECTBOBAHWE TennoBoro
ABWXEHU aTomoB?
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JIeMOKPHT

JIHIE B OOLICM MHCHHH CYLICCTRY-

CT UBCT, B MHCHHH -

caalKoe, B

MHCHHH — IOPEKOC, B JCACTBHTEIL-
HOCTH XC CYWCCTBYIOT TOJILKO aT0-

MEI M IYCTOTA.

Hemoxpum

«Ilepponavana pemeis». B [pepneh Ipeumu monn, xe-
JIAKIIME TTOHSITh YCTPOUCTBO MMpa, HasbiBanu cebs duioco-
hamu (01 rpeveckux ciaos phileo — moGa0 1 sophia — Myi-
pocTh, T. €. nwdurens myapoct). Hekoropsie dumnocodsi
CTPEMHIMCh HAMTH 1CPBOHAYANA BCEX BCIICH B HCNPCPBIBHO
MeHsioueMest Mupe. 91i dritocodsl ObUIH yOCKICHBI B TOM,
YTO MHMpP He Co3llaH GoraMm, a cyuiecrsyer caMm o cebe u He-
NpepuiBHO MeHsierest. [epakiut yreepxaan: «DToT KOCMoc,
OIMH M TOT K¢ JUISI BCCIO CYWICCTBYIOUICIO, HE CO3MaN HHKa-
KOH GOr M HMKaKoO# ueloBeK, HO Bcerna oH Obuil, ecTh M By-
JIET BEYHO KHBBIM OTHEM...»

hanec cumTan, YTO BCE TENAA B NPHPOJE BOZHHMKAKOT M3 OMI-
HOTFO MEPBHYHOrO BELIECTBA — BOJAB M B HEE Xe Npespala-
HOTCA. AHAKCHMEH CYUMTaA BOZIYX MEPBOHAYAIOM BCEro B MHM-
pe, lepakaur — orous, Kcenodan — zemmo. Dmnenoxn co-
3an ydeHHe, COrfacHO KOTOPOMY BCE B MHpPE COCTOHT W3
YETHIPEX CTHXMH — 3eMJAM, BOJIBI, BO3/YXa M OFHA.

MBicib O CYIIECTBOBAHWHM NEPBOHAYAN MOXET NMPUHTH Ha
OCHOBAHMK HAONIONCHHA PAINTHIHBIX NPHPOAHBIX siBaeHuH. Ha
GecKOHEeUHBIE BOMPOCH fieTelt o npupone peled ob6svHO OT-
BEYAKOT TAK:

Dro uro?

Dro eTyn.

A H3 gero oH caenan?

On cienad w3 aepesa,

A nepeso M3 uero caenano?

Jlepeso — u3 siepesa u Beé!

A 310 yr0? D10 rBo3ab.

A on u3 vero cnenan? His xenesa.

A Kenezo M3 uero caenano?

Keneso — w3 xeneza u peé!

Ho na camom jaene nepeBo He ObLIO CACNAHO M3 Jlepena.
OHO BHIPOCAO W3 2eMAu, W ero noausain eodoi. Jlepepo 06-
pazoBaNock M3 zemau n godw. COKIIM IepeBo B ocne —
OCTANACh 304a. DT0 BHOBb [PEBPALLICHHE B FEM0.

A KeNe30 M APYIHe METAUIbI BIMIABHIM U3 DYl — 5eM-
AU, HATpEBasi €¢ B OTHE.

Bona B MOpsl nonanact M3 pek, a B PCKM OHa Monaiaet
W3 goidyxa B BuIe noxicid. Bor BaM sucteipe niepsBoHauana
BCIUCHs — eman, goda, eosdyx v ozonb. BcE B MUpe M3 HHX
[POHCXOIHT ¥ B HHUX NPCBPALIACTCH.

Aromei. Okono 500 r. 1o H. 9. apesBHerpeueckmnit duno-
cod Jleskunn orkasancsi OT NPeACTABACHHI O CYIIECTBOBAHMH
HEH3MEHHBIX HENPEePLIBHLIX MAaTePHANBHLIX [EepBOHAYAN W
BHICKA3AJl THIIOTE3Y O cymecTBoBanuy atomMoB. [loapobuo aro-
MHMCTHUECKYIO Teopuio paspaboran ero yuenuk Jlemokpur
(ox. 460—370 rr. no u. 3.). o Jlemokputy, Bcé Bo Beenen-
HOH COCTOMT W3 MENBYAHIIHX HEJCAHMBIX W HEYHHYTOXKUMBIX
YACTHII — aTOMOB, JIBUAYIIHXCH B IYCTOM TIPOCTPAHCTBE.
ATOMBI OTIHYAKITCS PYT OT ApYra Juiib GopMoi.

Mexny BarasiaMM aTOMHCTOB W IPEICTARBICHHUSIMH O MM-
pe U3 HECKONBKHMX HENpepbiBHBIX CyOCTAHIMH ecTh NpHHIM-
nuanbHble paznnaus. [leppoe pazimune 3aKmovaeTesi B TOM,
1o MI060e N0 W3 HENPEPHBHON CYGCTAHIIMH MOXHO JICIHUTH
Ha BCE MeHblMe yacTH Geckoneudo, Ecin ke nwobbie Tena
COCTOSIT W3 ATOMOB, TO B POLECCE JCJICHHS TeNa Ha YacTH



HAKOHEIL OCTAHETCH TONBKO OAMH ATOM, W AaibHeHIMH npo-
Hece ApOOACHHMS CTAHET HEBO3MOXEH. ATOMBI BEUHBI M HEH3-
MEHHBI NIPH MOOBLIX B3aumonekcTeusix. B osrom neppas npuuH-
HUNHANbHAS. OCOBEHHOCTh ATOMMCTHYICCKOH MONENH YCTPO#-
CTBA MHpa.

Hicio HepaspylIMMOCTH aTOMOB aTOMMCTBI OGOCHOBBIBATH
caenyioumm obpazom. Eciu Obt aTOMBI pazpyllaiMch 1IPH BO3-
ACHCTBUSIX TeJl JIPYI HA ApYyra, TO 4Yepe3 HEKOTOPOC BPEMsi BCe
OHH 1peBPaTHAMCE Obl B OIHOODPA3HYIO MEAbYAHUIYIO T1BUIb,
H pasHooOpasHe BELIECTB M Tel B MHPE CTAN0 Obl HEBO3MOXK-
HBIM.

Bropoe pasnMuMe 3aKAI0MaETCH B TOM, YTO ATOMMCTH
MPHU3HAIOT, YTO B MHMPE, KPOME aTOMOB, CYUIECTBYET INycTOoe
NMPOCTPAHCTBO, B KOTOPOM ATOMBI MOTYT pacmojarathCs W
ABHIAThCA. DTHM  OOBACHACTCH BO3MOXKHOCTH H3IMEHEHHS
ofBEMa TeA, NMPOHHMIIAEMOCTh TBEP/ABIX TeA JUisl KHAKOCTEH W
ra’oB.

Tperbe pazauume 3aKAOUACTCS B TOM, YTO aTOMHCTHI CYH-
TANH BCE TPOMCXOUIIIME B MHPE M3MEHEHMsI O0YCHOBICHHBI-
My ceocTBaMi atoMoB. COCIHHEHHMS ATOMOB TNPOHCXOIAT
Gnaroaps TOMY, YTO Y HHX HMMEKOTCS BBICTYIIBI W BIIAJMHBI,
HanoMuHaouMe Kpiouk (puc. 25.3). PaspeimHenue yacTuu
BOIBI NIPH MCNAPCHWH JICAACT BOMSIHOM Nap HCBMIMMBIM JUISI
A3 W3-3a MAIOCTH OTICHBHBIX YACTHUCK, KAK HCBHIHM BO3-
ayx. CoeldHEHMe YacTHIL BOIBI, NMpousolleimee B Hebe, je-
JaeT BOJy BHOBbL BMAMMOM cHauana B Buie obnaka, a 3areMm B
BWIE KarieJib JOXIsl, MOTOKA BOJLI B PeKe, MOPCKOH BOJHBIL.

Puc. 25.3

Bropoit npUHIHIMTHATEHON 0COBEHHOCTHIO ATOMHCTHUECKOH
TCOPHH SIBASICTCH €€ CBsI3b ¢ HaOmoneHusiMu sisiennit. s
OGOCIIOBGHHSI CBOMX B3IMsIIOB ATOMHMCTH CCHUTAKOTCS Ha H3-
BECTHBIC SIBJICHMSI, W3 KOTOPHIX MOXHO JIOTHYECCKH BbIBECTH
onpenenéHubie 3akmodenns. Onopa Ha HaOTIOACHHS NPHPOI-
HBIX SIBICHMA GBI NCPBLIM 1WAroM B co3laHiK GHM3HKK Kak
SKCIICPHMEHTANBHOH HayKH.
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http://class-fisika.narod.ru/
7_stroenie.htm (CrpoeHue
BellecTea.)

1. Kakme HaGmopeHws nocny-
XUNK OCHOBOW ANA BLUABWXE-
HMAL TMNOTe3b OO0 AaTOMHOM
CTPOCHUN BewecTsa?

2. Chopmynupyitte OCHOBHbIE
NONOXEHUA  ATOMHUCTUHECKON
rUnNoTea.l.

3. Kakve poBoas! npuBoaunmn
ApesHerpeveckne Gunocodui-
aroMMcTLl B 060CHOBaHWE CBO-
WX YTBEDXKASHWIA O HEePA3PYLM-
MOCTWM aTOMOB WM pa3Hoobpa-
aum ux dopm?

4. Ecnv B3ATL MHOTO Pe3nHO-
BhLIX MsAYeil u 6pocuTL KX oa-
HOBPEMEHHO B ALIMK, TO nocne
HeGONLIWOro Yucna CToNKHOBe-
HUiA Mexay coBoil U cOo CTeH-
KaMu auMKa ABMXeHue MaYei
npekpaw@aeTca. A Monekyns u
aroMbl ra3oB 3eMHONR armo-
chepul ABUXYTCA U CTanKWea-
orca yxe 4.5 mnpa ner v Bcé
He ocrakasnusalotest. Movemy?
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Jlpepnerpeteckue HHAOCOMBI CUMTAIH, YTO aTOMbl COCIM-
R0 F=0 HAKTES MeXy coGoH ocobbiMH Kpioukamn. Kak xe B
NEHCTBUTENBHOCTH B3AMMOICHCTBYIOT aTOMBI M MOJEKYIbI?

DKCNEPHMEHTANBHBIE MCCACAOBAHUS 3aBHCHMOCTH CHJI
B3ANMONCHCTBHSI IBYX MOJCKYJI OT PacCTOAHHS MCKIY HUMH
NOKA3aIH, YTO MCHJY MOJCKYIaMH ACHCTBYIOT CHIBI NPHTSH-
KCHHSL M OTTAIKMBAHMS.

Ha HekoropoMm pacctosiHuu ry (OKOMO OMHOH MUIMOHHOH
[IONH  MHJIMMETPa) PaBHOACHCTBYIOWIAS HTHX CHJ paBHA
HYJIIO, If',=0. JleiicTBHe CHMJ OTTANKMBaHMS (CHHHE CTPEAKH
BEKTOPOB cHJl Ha puc. 26.1, a) ypasHOBemmMBaeTcs AeHCTBHEM
CcHA NpHUTAXKEHHS ((DHONETOBBE CTPENKH BEKTOPOB CHMJI Ha
puc. 26.1, @). Ha Takux paccTOsIHMSX AIPYT OT Apyra pacriona-
FaloTCH MOMEKYJIBI B TBEPABIX TEAaX W B KHMIAKOCTAX.

CHIBI MONEKYISIPHOTO OTTAIKHBAHHA OYeHb OBICTPO YOBI-
BAIOT ¢ YBEJAHYCHHEM PACCTOSHHUS MEXIY MONEKYIaMH, CHABI
NPHTIKEHUS TOKE YOBIBAIOT ¢ YBETMUCHHEM PACCTOSHHS MEK-

MOJICKYAaMH, HO He Tak GBICTPO, KaK CHIbI OTTANKHBAHHS.

F, F, 03TOMY Ha PACCTOSHHUAX ry GOABIIE Fy, 'y > Iy, CHIBL NPATS-

. A .. KeHHsi GOJbIIe CHI OTTAAKHBAHMS, PABHONCHCTBYIOLIME ITHX

| T i cHil F, OTAMUHBL OT HYNSl W ABNSIOTCH CHAAMH NPUTSACHHSI
e \4/ (KpacHbie CTPEIKH BEKTOpoB cui Ha puc. 26.1, 6). Ha rakux

SR e S PACCTOSIHMSIX MOJICKYABL [IPHTATHBAIOTCA APYT K JAPYrY. DTHM

OOBICHSICTCH NPOTHBOACHCTBAC TBEPALIX TEA PACTIKECHHIO,

Ilpu cOMMKEHHM MOJNIEKY YBeIMUMBAIOTCH KAK CHIBI OT-
TAIKHBAHMS, Tak W cuwinl npurskenus. Ho cwibl oTrankusa-
Puc. 26.1 HHSl C YMEHbIICHHEM pPacCTOSHMs BO3PacTaloT OhICTpee CHi

npursokennst. [ToroMy Ha paccTosHMsx r; MeHblle ry, ry < r(,.
CHJIbI OTTAAKMBAHKS GONBINE CHII IPUTSIKSHMS, pamaonel%
JolHe THX ¢l I OTAHYHEL OT HYJISl M ABASIOTCS CHIAMH OT-
TANKMBAH WS (xpacfme CTPENKH BEKTOPOB CHJI Ha pHc. 26.1, @).
Ha 7Takux paccTosiHMsiX MOJNEKYAbl OTTAIKHBAOTES NPYT OT
apyra, DrumM OOBACHSIETES NPOTHBOACHCTBHE TBEPIBIX TeE
CRATHIO,

Ipu HCCIICAOBAHMA CHII B3AHMONCHCTBASI MEXILY NOBEpX-
HOCTSMH TBEPABIX HIH XUIKKX Tell o0HapYKUBacTCs IIPHMEp-
HO TaKas XC 3aBHCHMOCTb CHJI MOJCKYJSIPHOIO B3aMMOJCH-
CTBHSL OT PACCTOMHHS.

[loueMy Xe¢ 1pH CYLICCTBOBAHMM CHII MOJICKYISPHOTO NPH-
THXCHHSA He ynae‘rcn H3 KYCKOB pa:sGH'roro c-raxaua ncmytm‘n.
uensti crakan? DTo He NMPOCTOl BONPOC, HO B HEM MOXHO
paszobparsest.

Puc. 26.2



Bo3bMEM CTONKY CTEKASHHBIX MIACTHHOK M CHIBHO TpH-
KMEM MX JAPYT K APYTY JUlsl ¢ONMKECHHMSI HA PAcCTOsiHUE JaeHeT-
BHS MOJNEKYASIPHBIX cHA nputsokenus. llpu noawumanmm
BEpPXHEH TMAACTHHKH BCE OCTANBHBIC OCTAIOTCH Ha Crone
(puc. 26.2, a). JleHcrBue cua NPUTSKCHHS MEXILY HHUMH 00-
HApYAHWTb HC YAAETCS.

CMOYMM TTOBCPXHOCTH IUIACTHHOK BONOH M CHOBa NpH-
KMEM HMX apyr K apyry. Tenepb npM noaHMMaHHH BCPXHCH
IIACTHHKH BCE OCTANBHBIC NOAHMMAIOTC BMECTC C HeH
(puc. 26.2, 6).

ITo pesynabTataM ONBITOB MOXHO CEAaTh BBIBOJ, UTO CTEK-
JISHHBIE TUIACTHHKHM TOABKO KAXYTCSl abCONIOTHO IUIOCKHMMH.
B neiicTBUTEIBHOCTH OHM HE TaKHMe IUIOCKHME M NPH HANOXKE-
HHH CONPHKACAIOTCH TONBKO HaHGO/ee BLICTYNAIONIAMHA YIacT-
Kamu nosepxnocTH. [loaroMy maomans WX CONPHKOCHOBEHHS
oOKashIBaeTcA oueHb HeGoabuiol W GONLIIMHCTBO aTOMOB NIac-
THHOK HAXOJMTCH JIPYT OT JIPYra 3HAYMTENLHO JANbIIE PaccTo-
SIHHASE ICHCTBAS MONICKYSIDHBIX CHA TIPHTSDKEHHSI.

Ipy cMauMBaHWH MIACTHHOK BONA 3aMOAHSET BCE MPOME-
KYTKH MeXIy HHMMW. BeiecTso BepxHel NAaCTHHKA MPHTITH-
BAET MONCKY/SIDHBIMH CHIAMH MOJNEKYAbl BOMBI, 4 MOJNCKYABI
BOJIB NIPHTSITMBAIOTCS MEXIY COOOH M NPHTATHBAIOT ATOMBbI
HHAHCH NAACTHHKH,

W BCE Ke NONBITKH COCAMHCHMSI JIBYX TBEPABIX TeA B 0-
HO TeJlo He coBceM GesHaaéxHpl. B oToM MoxHO yGeauThes,
BHIMOAHUB ONBIT €O CBMHUOBBIMM 1auHapamu, Chauana
BO3LMEM JIBA CBMHLIOBBIX LHJIMHAPA M NMPHIOKHM OIMH K JIpY-
romy. HHKakoro MosieKkyisipHOrO MpUTSDKEHMSI He OOHApyXu-
paercsi. Teneph OCTPHIM HOXOM POBHO CPEXeM I0BEPXHOCT-
HBle CJIOM CBHHIIA C LIWIMHAPOB M CHIBHO MPHAMEM OIMH 1IM-
annap K apyromy. Tloayuusm apyrot pesyabrar: IHIHHAPS!
COCIMHMIMCH M CHIA MX MOJEKYISIPHOIO CLENIeHMs] NpPeBbi-
maer pec wwiniapa (puc. 26.3).

Cuennenue Xopomo oTHGOBAHHBIX METAUIHIECKUX M0~
BEPXHOCTEH MHOIIA NMPOMCXOAUT B COBPEMEHHBLIX MAIIMHAX M
MEXAHM3MAX, YTO MOXET NPHUBECTH K CEPLEIHBIM ABAPHSIM.
DTOMY OCODEHHO [MOABEPKEHBI MEXaHH3MBI, paboTalouMe B
OTKPBITOM KOCMOCC, ¢ MI00BIC XMAKHC CMa30uHBIC MaTe-
pHAABI MCXIY CONPHKACAIOIMMHMCS NOBCPXHOCTAMH OBICTPO
uenapsiorest. [oaroMy st KOCMHUECKHX aNaparoB [pUMe-
HSIOTCS 0COOBIC CMA30UHBIC MATCPUANBI, COXPAHSIOUIHCCH B
YCAOBHSIX BaKyyMa.

B caenyiomem painene kypca (GpM3MKM MBI BBISICHUM NPH-
poay cua MonexyasipHoro B3aumoneiictsus. Ceifwac nuums
Ha30BEM HMX — 3TO CHABI JEKTPHUECKOro B3aMMoneicTBus
NEMEHTAPHBIX YaCTHII, W3 KOTOPBIX COCTOST aTOMBI H MO-
NEeKYNBI.

| SxcnepumenTanbHoe sagatne 26.1

PaGotaem caMOCTOATENbHO

BLINONHUTE ONBLITEN MO OOHAPYXEHMIO CUN MONEKYNSIPHOrO
NPUTSKEHUA CHAYANA MEXAY CYXMMU MOHETAMM, 3aTeM MeX-
AY MOHETaMM, CMOYEHHLIMW BOAOH. OOBACHUTE pesynkLTaThl
STUX ONBLITOB.
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Puc. 26.3

1. Ha KaKOM OCHOBaHUW MOXHO
YTBEPXAATL, YTO MEXAy Mone-
Kynami CYWEeCTBYIOT CHMAlbl Npu-
TSKeHUA?

2. Ha kakux pacctosHuax peil-
CTBYIOT MONEKYNAPHLIE CHALI
NPUTSIXEHUA?

3. MNoyemy cyxue CTEeKnAHHbIe
NNACTUHKKM He caunaloTca, a
MOKpLIe chunalrca?

4. Kakne daktel foxasbiBaior
3ABUCUMOCTL CUN MONEKYNAP-
HOTO B3auMopeicTBUA OT BUAA
aromoB UnW Monekyn?

5. MNouemy onuiT No obHapyxe-
HUIO MONOKYNISIPHLIX CHMN NpU-
TSKEHWU YAANOCk BLINONHUTL
WMEHHO CO CBMHLOM W TONLKO
nocne cpe3aHws NoBepXHOCT-
HOro cnos?
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Puc. 26.4

3aranka rekkona. [eKKoHbBl — 9T0 HeDOJBLIME SIUEPH-
ubl. B crpanax Cpenmzemuomopbss w0 Ha Cpenxem Bocroke
OHH HAaCTO ODMTAIOT B XHIMILAX JIONCH, OXOTACH 32 HACEKO-
MbIMH (puc. 26.4).

bonee 2000 ner romy Hasan aApeBHerpeucckui dunocod
ApHcToTeab 00paTMIl BHHMAHME Ha YAMBHTCALHYIO CIOCOD-
HOCTh ICKKOHOB TCPEMCILATECH 110 IMIAAKHM OTBECHBIM MOBCPX-
HOCTIM H JIaXe M0 NOTOAKY. 3a NpolIcAiiMe CTONCTHS MHO-
I'HC YUCHBIC NBITAINCH PasralarTh 3arauky HeoObYaWHOH cro-
COOHOCTH JIATIOK NeKKOHOB, HO YCIeXa JOCTHIHYTh HE CMOTIN.
BoickashiBanoch MPeANONOXKEeHHE O CYIHECTBOBAHWH HAa Naib-
11aX FeKKOHa OPraHoB, NMONOOHBIX NMPHCOCKAM OCBMHHOTA, HO
0Ka310Chk, YTO JaNKH NeKKOHA CrOCOBHLI JIEPAKAThCS 33 MIaji-
KYIO MoBEpXHOCTh M B Bakyyme. He nonrsepimnoch ¥ npej-
MoAOXEHHe 0 CNOCOBHOCTH TeKKOHA BBUICAATH CTICIHANbHEI-
MH KeJezaMH KiaeHkoe BellecTso.

Pemenue 3aranku Obito noayueno B Kanudopuuiickom
yuupepcuTere B 2000 r. npH MCCIENOBAHHUN TTOBEPXHOCTH Jia-
MOK TEKKOHA C NMOMOIIBK NEKTPOHHOTO MHKPOCKOMNA BhICO-
KOro paspemieHus (puc. 26.5). DTH HceneoBaHus NMOKA3anH,
YTO MOBEPXHOCTh NANbIEB NEKKOHA MOKPHITA MWIAHOHAMH
MHKPOCKOIHUYCCKHX BONIOCKOB JUtHHOMH okoso 0,002 mm. Kax-
JbIH BOMOCOK HA KOHLEC pasiensercs Ha WETHHKH TOJMHOU
okono 0,1 MKM. DTH TOHUAHIIME LWICTHHKH JIErKO HM3ruGaor-
sl H IPUXOST B IAOTHBIH KOHTAKT ¢ M000H HepoBHOH HIH
oueHb MIAIKoM nosepxHocThio TEEpAOro Tena. Ilpu motHoM
KOHTAKTE C MMOBEPXHOCTHIO ASHCTBYIOT CHABL MEXMONeKYIsp-
Horo npuTskeHus. Cuila MOJXEKYISIPHONO NPUTSKEHHS OIHO-
ro BOJOCKA OYEHb MaAa, HO MWUIMOHBI UIETHHOK CO3AAI0T
Gonburyio cuay cuerviennsi. Ecan Ob1 MOXHO ObUIO MCIONb-
30BaTh Ccpazy Bee 6,5 MIH LIETHMHOK TeKKOHA, TO 3a CYET MX
CHIIBI CLEIUIEHHS M ueNopek cMor Obl yaepxarecsi Ha no-
TOJIKE,

[pupona yenewHo pemia 3ana4y He TOALKO [pHIHIIa-
HHS, HO W OTIHIAHM: NEKKOH CnocofeH OTopBaTh CBOW Aarn-

WIETUHEN

Puc. 26.5



K1 o1 nopepxHocty 3a 0,015 ¢. YnpapieHue npoueccom or-
JIMMAHUS OKA3a00Ch O4€Hb MPOCTHIM: IIETHHKA JIETKO OTACHs~
ercst o1 nopepxHocTH npu Hakiaone Ha 30°. Ilpu srom wis
YMEHBIICHHSI HEOOXOMMMBIX YCHIMH TeKKOH OTACIUIseT e~
THHKH 110 OUYCPCIH.

MHoOrve MCCACNOBaTCAH CTAIH MCKATh CIOCOObI CO3NaHMs
HCKYCCTBCHHOIO MarcpHana, obAalalomiero cBoHCTBaMH KOXH
FCKKOHa.,

B Manuecrepckom yHusepcurere (BeaukoGpuranuns) B
corpyaHudectse ¢ poccuiickum MHeTHTYrOM npobaeM TexHo-
JIOTHM MHMKPOJICKTPOHMKH M 0CO00 YHMCTHIX MaTepHaloB B
r. YUepHoronoske noayuuau obpasubl Marepuana, CO3MAHHOIO
1Mo npuHIMNY Koxu rexkona. Pororpadus nosepxHocTH 0b-
pasna JNeHThi, NMOKPHTOH MHOXECTBOM T'HOKHX BOJOCKOB
wianoi 0,002 mm ¥ tonumano 0,0002 MM, npeacraBieHa Ha
pucynke 26.6. Kycouek TakoH AeHThl muomansio 2 MM’ ¢ rno-
BEPXHOCTBIO, MOKPBITOH MCKYCCTBEHHBIMH IIETHHKAMH, YIEp-
Kan Ha pecy Mrpymiky maccot 40 r (puc. 26.7).

TokpeiTeie TakKOH NAEHKOH ABE NANIOHK CMOTYT BblICPXaTh
pec uyenoseka. JIeHTa Jerko omICILISCTCH, CCAM e¢ NOTAHYTH 3a
KpaH noj yrjiom.

Ecau nonobusie Marepuanbl yIacresl MPOU3BOAMTL AOCTa-
TOYHO AEIICBO, TO MOXHO M3IOTABJAMBATH CYICPAMIIKHC [10-
KPHITHS Ha MOJOMBLI 00YBH JUIsl ANBITMHUCTOB W criacarenei,
Ha aBTOMOOWILHBIE IMHB JUIS TUIOXOH MOTOBI, sl CO3NaHMs
poBOTOB, CIMOCOOHBIX MEPENBHIATECH MO MOBEPXHOCTIM KOC-
MHYECKHX CTaHUMI M cKanraMm Ha apyrux ruianerax. [lepsas
Moneas Takoro poGora cosnana B CreHbOpACKOM YHHBEPCH-
Tere B CIHIA 1 cBoGonHO Non3aer no BEPTUKATLHOMY CTEKAY
B pesyabTare JEHCTBHS CHI MOJEKYIAPHOTO NPUTAKEHHS
(puc. 26.8).

B ciyuae ycnemHoro sapepiieHusi pazpaGoTka TeXHOAOTHH
HOBBIX CBEPXTHITYYCK OyaeT el OIHMM NPHMEPOM NpaKTH-
YECKOTO TNPHMEHEHHS PE3YALTATOB HAYUHBIX HCCAENOBaHMH,
Ha NepBbifl B3I OYEHDb JAAEKHX OT NPAKTHYECKHX HYXI
monel.
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N

Puc. 26.7

1. Kakyio 3aranky 3arapanu
YYEHLIM FEeKKOHKI?

2. Kakoe oObfcHeHMe panu
YUYéHblE HeOoOLIYHLIM Cnocob-
HOCTSIM TeKKOHOR?

3. Kakue npaktuyeckue npume-
HEHUA MOTYT ObLIThL Yy Marepua-
nos, paapaboTaHHbIX ¢ UCTIONb-
308aHHEM «CEKpOTa» reKKO-
HoB?




74/ | CBolAcTBa rasos
| i]

Ecnu kuHeTHueckas sHeprusi GecnopsiiouHoro TerUiOBOrO JBMKEHUS YacTUll GoNlb-
we paborsl, KOTOPYIO HYAKHO COBEPIIHTL NPOTHE ACHCTBHA CHII MONEKYISIPDHOTO MpH-
TSCKEHWS JUISL PA3NENeHMsl MaCcTHIL, TO BELIECTBO HAXOMMTCH B razoo0pasHOM coCTos-
Hun. TIpH OTCYTCTBMH BHEWIHHMX OTPaHMHMEHWH MOJEKYIIBI rasa pamieralorcs B pasHbie
cropobl 10 GeckoneunocTd. OrpaHHYMTL ABMKCHHE MOJCKYJ I'da3a MOIYT CTCHKHM CO-
Cylla MM JCHCTBHC CHMJI IPABHTALIMOHHOIO TPHTSIKCHMSI.

DKCICPUMCHTANBHBIC HCCICHOBAHMS MOKA3AIH, UYTO Pa3sHbiC BCIIECTBA TCPEXOISIT
B ra3000pa3HOC COCTOSHME NPH PasiMIHBIX 3HAYCHHsIX Temneparypbl. Hanpumep, so-
JLOPOIL 1PH_HOPMAILHOM aTMoCc)epHOM IaBACHHK (IPCBPAIIACTCS B 143 [IPU TEMIIC-

'ryge —253°C, xucnopon — npu Temneparype —I83 °C, Boma — npu Temmnepatype

DT0 03HAYAET, UTO CHAB MOJCKYASPHOrO IPHTSIKEHHA 3aBUCAT OT BHIA MO-

NeKy. ‘Omu sHauMTenbHO CiaGee MEXY MONEKYIaMH BOAOPONA M KHCIOpOAa, 4eM
MEXIY MOJEKYIaMH BOJIBI.

Keneso npespamaercs B raz npu Temneparype 12750 °C,
Bonb(hpam, w3 xn'ropom JIENAIOT HATH SMEKTPHYECKHX JNaMIl,— MpH
Temneparype 15680 °C. Takue BhiCOKME TeMNepaTypsl Juis rpespa-
IEeHUs BelllecTsa B ra:moﬁpasuoe COCTOAHKE HEODXOMMMBI TTOTOMY,
UTO aTOMBl XKene3a W BoibdpaMa ynepxuBaiorcss BOAW3H JIpYT JApy-
ra B XKHIKOM WIH TBEPAOM Tele He MOJEKYASPHBIMH CHIAMH TpH-
TSOKEHHSI, 4 IHATHTEABHO GONBIIAMHA CHIAMH MEXATOMHOTO B3AHMO-
JeHCTBHS.

Tena g rasaocofpasHOM COCTOSIHAM HO MMEIOT MOCTOSIHHOMO 06b-
éma 1 GopMbl, raz B COCYAe PaclUMpAeTcs A0 3anonHeHUs Bcero
NPpeaocTagneHHoro emy obbémMa u npuHumaeTt dopmy cocyna.

l'aspt semitolt atmocdepni, rasoobpasnoe pemectso Conmua M
IBEIL YAEPKMBAIOTCS OT HEOrPAHMYEHHOIO PAcIuHpenus JeHcTBHeM
CHA PPABHTALIHOHHOTO TIPHTSKEHHSI,

B razax paccrosiHMsl MEXIY YacTHUAMH OOBIMHO 3HAYHTENBHO
NPEeBBIIAIT pasMepbl Monekyn, Kaxnas monekyna cpoGOAHO JIBM-
KETCS 10 CTONKHOBEHMS ¢ APYro# mMoJekynod win crenkod. Ho npu
HOIBITKE YMCHBLIIHTE OOBEM raza B BCJIOCHIICIHOM Hacoce HWIH
CKaTh BOACHOOJBHBIA MSY Mbl UYBCTBYCM JCHCTBHC CHIBI, TIpCIsiT-
CTBYIOLICH CXATHIO 'a3a: [IPH YMCHBILICHHH OOBEMA rasa YBCAWYM-
BAaCTCH Cro JABACHHC.

3ameuarenbHBle CBOMCTBA ra3oB MOXHO OOHAPYXKHTH B ONBITAX C
NaTYMKOM jasieHus. B nepsom oneite AaTYMK COSMMHHUM TPYOKOH
C BOJSHBIM MaHOMETPOM H MNPHJIOXKHM €ro YyBCTBUTEALHOE OCHOBAa-
HHE K nosepxHocTH ropsiueii Boast. Ilpu Harpesanum Boanyxa B aar-
YHKE MAaHOMETp MOKasbiBaeT MopwiienHe aasaends (puwe. 27.1).
B sieBoe Koneno BonsHoro ManomMeTpa GyeM no6apisaTh BOMY 0 Tex
Nnop, MOKa YpoBeHb BOJIBI B NMPABOM KoJNieHe He JIOCTHTHET Hayaib-
HOTO TOJNOKEHHWs] Ha HYIeBOH oTMerke mKanbl. [lpH sToM o6BEM
BOZIYXA B JIATUMKE W TPYOKE OKA3BIBACTCH TAKHM XK€, KAKWM OH Gbii
JIO HANPEBAHMS, 4 JABICHUE BOIIYXA ywnmmnocb‘_BTm' ONBIT 110~
Ka3blBAET, YTO HArpEBaHHE NPH TIOCTOSHHOM OOBEME TNPHBOIMT K
NOBBLILEHHIO IABNCHHS Fa3a.

Bo BTOpoM ofibiTe JaTUHK COCAMHHM € FOPH3OHTAILHO PAciiono-
KCHHOH CTEKISIHHOH TPYOKOH, B KOTOPOH HAXOUMTCH Karuisi BOJBI,
orpaHHuMBapilas o6bEM Bosiyxa. Koria oTKpbiTas crekisiHHas
TPYOKA pacIioNOKEHA FOPU3IOHTANBHO, NEPEeMEIIeHHe BOMSHOR Karl-
AM B HeH NPOMCXOAMT B YCHOBMAX MOCTOSHHOIO JABAEHMS, PaBHO-
ro HopMansHoMy armocdepromy nasaenuio. OnbIT NOKa3LIBAET, YTO
NPH HArpeBaHMM BO3IYXA B JATUMKE BOASHAS KaIUlsl MepeMeliaercs
B TpYOKe, 00HApY:KHMBas yBelMueHHe 0OBEMA BO3JIYXA NPH MOCTOSH-
Pue. 27.1 Hom napiaennm (puc. 27.2). Io pesynbrataM BHIOAHEHHBIX ONBTOB




MOXHO CIeAaTh BBIBOJ, Y4TO OOBEM M JaBieHHe ra3000pa3Ho-
ro TeAa 3aBUCAT OT €ro TEMIICpaTyphl.

PaGoraem B rpynne

npyU NOCTOSHHON Temnepartype

PUTENLHAS NEHTa.
Buinonuwre

B skcnepumeHTe UCCNEAYEMbIM rasoM ABNAETCA
BO3AYX B NAacTMaccoBoil Tpyoke 1 (puc. 27.3). Ko-
Hel| TPYOKU NAOTHO 3aKpeIT. TpyOKa YacTUYHO 3anon-
HEeHa BOAOW WM COoeAMHEHA C MOMOLLIO ABYX APYrux
TPYOOK C HACOCOM 4 MU MaHOMETPOM 3. MpU Hakaym-
BaHUW HACOCOM BO3AYXa B TPYOKy 2 Bopa B Tpydke 1
nepeMeLLiaeTca A0 Tex fop, Noka AaBneHuwe BO3AyXa
B TpyOKke | HE CTAHeT PaBHLIM AABNEHWIO P B TPYO-
K@ 2, KOTOpoe@ M3MepsieTcs MaHoMmeTpoM. O6uém V
Boanyxa B Tpybke | paped NPOU3BEACHUIO [UTMHLI
cronfa poanyxa / B TpyGKe Ha niowaas, o6 nonepey-
HOTrO cevenust S; V = IS,

IMopsAoK BHINONHEHHA 3afaHuA

Xa B Kaxpom onuire no dopmyne V = IS,

™ obGbéma V Boaayxa OT faBneHus p.

Mo peaynsraraM 3KCNEpMMeHTa CAeNaiTe Bul-
BOA O CBA3W Mexay OOLEMOM W AaBNeHMEM rasa
npy NOCTOAHHOW Temneparype. Ecnu Bul cnpasu-
Tech C 9TOW 3apa4ell, TO CaMOCTOATENLHO OTKPO-
€T@ 3aKOH, KOTOPWI MNepBbiM OTKPLIN AHMWACKWA
duank Pobeprt Boitns B8 1661 1. TOT 3aKOH Hasbi-
BalOT 3aKkoHOM Bolns—Mapworra.

Hccneposanmne saBucumocTH oGbéma rasa or pasneHws
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1. Mexay moObiMu MOnexyna-
MM [eCTBYIOT CHALI NPUTSXe-
Hua. MNMoyemy Xe BCe rase He
NepexonsT B XWAKOe WA TBEp-
noe cocroaHue?

2. Nouyemy Temnepartypa npe-
BPALLEHWA XuakocTel B rassl y
pa3HbIX BelecTs pasnwyxa?

3. Noyemy NOBLILLASTCA AaBne-
HW@ ra3a Npyu YMEHLILeHWH ero
obuéMa Npu NOCTOAHHON TeM-
neparype? npu nNOBLILGHWK
ero Temneparypsl nNpu nocro-
AHHOM 0OLEME?

4. MNovemy yeenuuusaeTcs o6b-
@M rasa npu noBLILIGHUK ero
TEMNEePaTypLl NPU NOCTOAHHOM
AABneHUn?

O6opyaoganme: NIACTMAccoRasi Tpybka ¢ KpaHoM, MaHoMeTp,
HACOC ANSI HArHeTaHWs BO3AYXA, CORAMHUTONLHLIC LWNAHIM, MaMe-

SKCAICPUMONT 110 WCCHIOAOBANWIO IABUCHMOCTH
o0LdMa BozayXa OT AABNGHUA NPH NOCTOSHHOH Temneparype.

1. Uamepste anuHy cronba sosgyxa / B TpyGke npu armocdepHOM AaBneHuu
p = 1 atm. 3areM yBenwyuBaiiTe B KaOXAOM HOBOM OnuiTe aasnedHue Ha 0,1 atM po 3ua-
yeHus aasnequs 1,5 atm, npu 3TOM M3Mepsa AnuHy cronba so3aayxa [ B Tpybke.

2. VamepsTe BHYTpeHHWA guameTp d TpyGku M BEMMCIMTE 3Hayenus oGbéma V soany-

3. BuuMCnMTe 3HavYeHus npouasesenus obbéma V Boaayxa Ha pasnexwue p. Peaynsra-
Thl M3MEPEHMA U BLMKMCNEHWA 3anuwuTe B Tabnuuy, 3aTeM NOCTPoTe rpadmk 3aBUCUMOC-

Puc. 27.3

Homep
onkiTa

P, aT™

Lem | V,em® | pVv

1
6
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Crpoenne BeulecTea

Pooepr Bowiak

Puc. 274

Pryms

Puc. 27.5

Kak obpsicusiores csoicrsa raszos. Tlouemy ypenuum-
BACTCH JIABJCHHE Ia3a ¢ YMEHBILICHHEM €ro o0beMa NpH no-
CTOSIHHOM TEMIIEPATYPE M YBEIMUMBACTCH JABICHHE ra3a ¢ no-
BBILICHHEM TEMINEPATYPhI [IPH HEHIMEHHOM 00BEMe?

Ilpy ymeHblneHHH 0OBEMA raza YHCIO €0 MOJCKY B ClIH-
HHYHOM OOBEME YBCIHUMBACTCH, [1OITOMY [IPOHMCXOIHT GoNblie
VIAPOB MOJICKYN B CIAMHHILY BPCMCHH HA CAMHHILY IUIOLIAIM 110~
BepxHoeTH cocyna. Ilosromy ybesumBacTcst JMaBjicHHE rasa.

Ilpy noBbILICHHKM TEMIEPaTYPhl Ia3a YBCAHMUYHBACTCS CKO-
POCTH TEILIOBOTO JIBHXKEHHH MOJEKYJ, 1P CTOJKHOBEHHH
Kax/iasi MOJICKY/a JeHCTBYET Ha CTEHKY cocyaa ¢ Gonbiuei cu-
J0K. DTHM OOBICHSIETCS YBEJIIHUCHHE JABIEHMsI rasa C MOBb-
HIEHHEM €ro TEeMIEepaTyphl IPH HEM3IMEHHOM OOBEME.

lMonuxenve NaBaeHHs rasa ¢ yBeJIMUEHHEM ero obneéma
MPH TIOCTOAHHOM TEMNEPaType M C NMOHWAKEHHEM TeMIepary-
Pl NIPH HEH3MEHHOM o0beéMe OOBLIACHUTE CAMOCTOATENbHO.

3akon bo#Has—Mapuorra. Orkpute atmocdepHoro
JABICHHS ¥ H300peTeHHe BOJIYIIHOTO HACOCA TONOXKWIH Ha-
YN0 CHCTEMATHYECKHM HCCIEIOBAHUAM (DHIHIECKHX CBOMCTB
BO3IYXa W Jpyrux razop. [IpH BeIKAUHBAHHH BOIAYXA M3 CO-
Cy/la, B KOTOPOM HaXOMMACH IUIOTHO 3aBS3aHHBIA IMy3sipb
¢ posjtyxom, Ilackane oGHApyAXHA, YTO MY3LIPh paziyBacTcs 1o
Mepe TTOHMKCHMSI JaBiaeHusi Bosjayxa B cocyne. CriocobHocTh
ra30B K HEOrPAHHYCHHOMY PACIIMPEHHIO HA3BAIM YIIPYTOCTHIO,

Anramiickuit yu€uwit PoGept boitas pemmn mecaeno-
BaTh CBOMCTBO ynpyroctu Bosiayxa. Bor xak on onmcan cson
onbITH: «Mbl B3SUIM JUIMHHYIO CTEKJISIHHYIO TPYOKY, KoTopas
y CBOSIO KOHIA NMYTEM HarpeBaHHs Ha Jamne Obi1a M30TrHYTa
TAKHUM 00pa3oM, YTO 3arHyTas 4acTh OKazanachk napaiienbHou
OCTANBHOM YacTH TPYOKH H OTBEPCTHE ITOT0, €CAH MOXKHO TaK
puipasuThes, cudona Ouio repmerHyeckn 3akphito. Tpybka
Obiia pasieseHa Ha JUOWMB (Kaxabiit mioiM Obul pasienel Ha
8 yacTeH) NpH NOMOLIM HAKICEHHOH Y3KOH OYMaKKh».

B 1pyOky Boib Hanmn pryre Takum o0pasoMm, UTo B e
KOPOTKOM KOJIeHe Obll 3aKNIOUEH BO3AYX NpH arMocdepHom
napieHun. <JloOMBILHCE TOrO, MBI CTAIM HAIMBATH PTYTH B
uimHHOe KoJieHo cHdona. PryTh CBOCK TSKCCTBIO CHABIMBA-
Ja BO3nyX B KoporkoM Konese. [lpomonxas nomimsare, Mbl
NOOHIHCH TOTO, YTO BO3IYX B KOPOTKOM KOJICHC 3aHHMAI YXe
TOJBLKO TONOBUHY NpexHero obbéMa. Korna Mbl nocmorpenu
Ha JUIHHHBIH KOHell Hame# TpyOkH, Ha KoTopoil Takxe Omaa
HaKJeeHa y3Kasi OYMakKa C JICACHHSIMH, Mbl 3aMETHIH... 4TO
YPOBEHB B 3TOM KOJieHe NpeBwinaer Ha 29 molMoB ypoBeHb
KOpOTKOro KoneHas (puc. 27.4

Puuapn Taywawm seickazan Boimio npeanonoxenue,
YTO M3 MOMYYEHHBIX WM PE3VJILTaTOB chaemyer obpaTtHo npo-
MOPIHOHANBHAS 3aBHCHMOCTh MEXY JIaBieHueM M o0BLEMOM
raza. [lnis nposepku aToM runoresst Bolas nponenan cepuio
ONKITOB MO HCCHENOBAHHIO CBOMCTB BO3JyXa TpPH paspexe-
HHHM, B 5THX ONBITaX OH MCMONB30BAN TOHKYK) CTEKISHHYIO
TPYOKY, 3aNasHHYKd ¢ OIHOIO KOHIA M COIEPXALIYK) HEKOTO-
poe KONHYECTBO BO3NAYXA, 3AKPHITOrO cTonbom prytd. ToHkas
TpyOKa MOrPyKanach OTKPHITHIM KOHIOM B Golee IHPOKYID
TPYOKY ¢ pryThio. Ilpn noxséme TOHKOU TpYOKH BBEpX JaBie-
HHE BO3AYXa B HeH NOHMUXKANOCh, OOLEM YBCIWUHBAJACH
(puc. 27.5). Mamenenne faBicHUs BO3IYXAa ONpPENENsUioch 110



A3HOCTH YPOBHEH pTYTH B Y3KOH M IWHPOKOH 1¥y6|<ax.
3YIbTATEL SKCTICPHMEHTOR TOATBEpIMAM runoTesy Taynam,
u boins chopmyaupoBan 3aKoH: «YNpyrocrs BO3AYXa HAXO-
JANTCH B OOPATHOM OTHOIIEHHH K €ro o0beéMmys. Ornasas npu-
OpPHMTCT aBTOPY IMIIOTE3bl, OH HasBaa c¢ro 3akoHoM Taywiw.
Cnycrs 15 ner nocne ny6aukaumu boins dpanuys Dam
MapuorT onybaukoBal cooOIICHHE O pesyibrarax cobcr-
BCHHBIX OINBITOB, COBHAAAIOWIMX € PE3YNbTATAMH ONBITOB
bBoitns. [Mosromy 3aK0H CBSI3M MCKIY OOBEMOM M JIABICHUEM
raza npH NOCTOAHHON TeMIepaType Ha3bIBaIOT 3aKoHOM Boil-
as—Mapwuorra:

pV = const, [ = const.
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1. Kakmmmn cnocobamu boins

M3MeHAN NaBneHue BO3ayxa
CBOMX ?

2. Koro, no Bsawemy MHeHWIO,
cnefilyeT NpUaHaTh HACTORALMM
ABTOPOM OTKPLITMA  3aKOHa
Boitna—MapuorTa?

PaGoraem B rpynne
Wamepenne armocdepHoro passnenns

O0opyaoeaHne: NNACTMACCORAA TPYOKa C KPaHOM, U3MEpU-
TenbHan NuHelka, WraTme, Bopa.

Onpepenure armocepHoe AapneHne ¢ MNOMOUbLIO
HMellerocs obopyaoBanns.

TNopsRoK BOINONHEHUS 3anaHus

1. TpYOKY ANMHOA NPUMEPHO 2 M YKPenuTe ¢ NOMOLLLIO 3a-
XMMOB WTaTVBA B Buae Oykew U. Haneiite B TPyOKy CTONLKO BO-
Abl, YTOOLI HE3ANONHEHHLIMK BbIM @8 YaCTH Y KOHLOB ANMHOMN
npumepHo 40 cm (puc. 27.6). 3akpoiite KpaH Ha KOHUe Tpyoku.

2. NamepbTe nepsoxavansHyio anmiy ctonba soanyxa /, 8
NeBOM KOMNeHe TPYGKW OT KpaHa [0 BOAL NPWU OAWHAKOBOW Bbi-
coTe ypoBHeid Boasl B Tpybke. O6LEm BO3ayxa B TpyOGke paseH
V,=I,S, rae § — nnowank NonepeyHoro ceyexns Tpyoku. MNpu
OAMHAKOBLIX YPOBHAX BOAH B NIEBOM M NPaBOM KOReHax TPyo-
KM AaBneqHwe Bo3ayxa B Tpybke paBHO atMochepHOMY AaBne-
HUIO p.

3. OnycTuTe NpaBoe KONeHO TPYOKW BHWU3 NpuMepHo Ha 1 M
W 3aKpenuTe B HOBOM NonoxeHuu (puc. 27.7). Npu atom pas-
nexve BO3fyXa B TpyOke yMmeHulwaetca Ha Ap = pgh, rae h —
PasHOCTL YPOBHEH BOAL B NIGBOM W NPABOM KONGHaX TPyOKu;
P — NAOTHOCTL BOAM. B pesynsrare NOHUXEHWs NABNCHWS
oOLEM BO3/IYXA B TPYOKe yBENWUMBARTCH 10 3HadeHua V, = S,
Pacwwpensme goaayxa B TPyoke NpOMCXOAMT MPH NOCTOSIHHOK
Temneparype. lostoMy st BO3jYxa B /IGBOM KoneHe Tpyoku
MOXHO 3anucaTk ypasHeHue

PV, = (p - Ap)V,,
M3 9TOr0 YPABHEHUS MOXHO HalTW atMochepHoe NaBneHue p.
ZEApVG TS patii;
Vi-Y%o hi-l
Ana onpepenexms artmochepHoro JaeneHusi Heobxoaumo
M3MEPUTL NEPBOHAYANLHYIO JUIMHY cTonGa Boaayxa /, B nesom

Konexe TpyGKM Npu OAMHAKOBOW BLICOTE YPOBHEH BOAL! B TPYD-
ke, navHy cronba Boaayxa [/, B neBoMm KosneHe Tpybku nocne

ONyCKaHWs ©é OTKPLITOrO NPaBOro KONeHa M pa3HOCTL h BLICOT
YPOBHed BOAK B NEBOM W NPaBOM KoneHax Tpyoku.

Puc. 27.6 Puc. 27.7
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Kpueranas., Muorde pBerpevalolmecs B Npupone Teép-
able Tena uMelor dopmy KyOoB, NapaUieHenunenons, npuamM,
nupamua. Takue Tena HaspiBaloTC KpueTamaamu (puc. 28.1).
Mpi ynoTpetisgeM B [HILY KPHCTAAB COMKM M caxapa, N0y~
CMCSl KPHCTAIAMH BOJIBI B CHeXHHKax (pue. 28.2), karaemcs
[0 KPHUCTAIAM BOJIbI HAa KOHBKAX M ABLKaX.

Crpoenwe kpucranios. [lpu yaape MHorue Kpueramibi
PACKANBIBAIOTCH HA MENKME KPHCTALILI TAKOH ke (hopMbl, Kak
neppHatbid Kpucta. [ToaroMy HeKoTophie yYéHbie Npeino-
JIAFAIH, YTO TAKYIO XKe (DOpMY MMEIOT YaCTHILL, K3 KOTOPBIX
coctosT Kpuetaisl, Ho ObU10 JI0Ka3aHo, YT0 pasHooGpasHbie
no (opme KpHCTaibl MOIYT GbITh NMOCTPOSHB! M3 LIApOodpa3-
HBIX ATOMOB MJH MOJEKY/, PACTIONOXCHHBIX BIUIOTHYIO APYT K
ApYTY.

B macrosiiee Bpemsi co3fabl NPHUOOPHI, MMOKA3LIBAIOLIHC
PACHONOKCHHC OTACHbHBIX atoMoB B Tenax. Okazaiock, 4To

aToMbl B KpUCTanfax pacrnofiokeHbl B CTPOroM, Nepuoam-
HECKW MOBTOPSIOLLOMCH MOPAMKE, HA OJMHAKOBLIX PAcCTONA-
HUAX OPYr OT APYra No KaxaoMy HanpaeneHmio.

Ha pucynke 28.3 npencrapieHo H306paxeHue KOHUHKA
oibdpamMoBoit Hinbl ¢ yBenuueHHem B 10 MaH pas.
cBeTiiasi Touka Ha (oTorpaduu sIBIsICTCs H300PaXCHHEM aTo-

Ma Bonbdpama.

Bsaumoneiicreue aromor B Kpuctamaax. B xpucramnax
KaxJIblit aToM pacrionaraercsi B TakoH Touke, rae pasHoaei-
CTBYIOWIAst CHJI CO CTOPOHBI COCEJHMX aTOMOB PaBHA HYNIO.
lpupoaa cua B3aMMONEHCTBHS MEXIY ATOMaMHM B PasHBIX
KpHcTanaax Heojunakopa. Ho mobpie KpucTanin seayr cebs
TaK, Kak OYIATO BCe ATOMBI B HMX CBSI3AHBI NPYKUHKAMH
(puc. 28.4). Tlpu cOMMKEHHN ATOMOB BO3HMKAIOT CHIILI OTTAN-
KMBAHMs, @ MpW YIaleHun — cuiabl npurskenns. Ma-3a yno-
PANOMEHHOIO PACTIONOKEHHS ATOMOB MHOTHE CBOHCTBA KpHC-
TAIOB HEONMHAKOBE! B PA3NMUHBIX HANPABICHUIX. D10 CBOH-
CTBO KPHUCTAIOB HA3BIBACTCH AHW3OTPONHEH.

CpoHCTBa KPHCTAIOR 3ABMCAT HE TOALKO OT CBOHCTB aTo-
MOB, HO M OT PAacroJOXKCHHS THX aTtoMoB B Kpucramwie. M3
ONMHAKOBBIX ATOMOB MOIYT ObITh [OCTPOCHBI KPHCTALIB pas-
HOT'o BHIA C pasiMIHBIMKM cBoficTBaMH. I'padur, KOTOPBIM 11~
wyr 1o Gymare, ¥ aiMas, PeXyIMH CIeK10, HOCTPOCHB U3
OJIMHAKOBLIX ATOMOB YIVIEPOJa, HO MX PACIONOXEHHEe B KpHC-
Tamax pasauuno (puc. 28.5).

Puc. 28.5



Amvophusie Tena. Ilpu GecnopsaouHoM pacoloKeHHH
ATOMOB HJIM MOJICKYI BIUIOTHYIO APYr K Apyry Bee duanueckue
CBOHCTBA TENl OKA3LIBAKOTCS OIHHAKOBBIMM 110 BCEM HAllpapie-
Husm. Takue rena Haspipalores amophusiMu Teaamu. [lpume-
paMH aMOpMHBIX TeNl SBASIOTCS HM3LCAMS M3 CTCKAA, SHTaps.

Tensopoe aBuKenne yacTuil B TBEPABIX Teaax. B teép-
JIBIX Tefax aToMbl COBEPIUAIOT JIMINL GeCropsiiouHble Koneha-
HHSI OTHOCHTENbHO noaokeHHit pasHopecHs. [losromy npu
NOCTOSIHHOM TeMrieparype o6beéM M dopma TBEPIOIO Tena He
H3MCHSIIOTCS .

HWwiIKocTe. B xmiakux Tenax atomsl M Mone-
KY/Ibl PACHONOKEHB! BIVIOTHYIO APYr K APYTY, KaK B TBEPABIX
Tenax. Ho B XHAKoCTH, OCTaBasiCh NPHXATHLIMKM BILIOTHYIO ApYr
K JIPYTY CHAAMH NPHTSKCHMsS, MOJEKYJIbl [MPH TEIUIOBOM IIBH-
KEHHH, KpoMe KoneGaHuii OTHOCHTEABHO MOM0XEHHH paBHOBE-
CHsl, MOTYT TIepeMeIaThesi OTHOCHTEABHO Jpyr apyra. [Tostomy

XWUAKO@ TEeNo Nerko M3MeHseT CBOoIo GOpMy, HO ero oGbéM
He u3MeHAeTCA.

B raszax monekyibl cBOGOIHO NEPEMEIAKTCS 10 CTOAKHO-
peHust (puc. 28.6).

Pacmmpenne TBEPALIX H KHIKHX T NPH HATPEBAHHH.
[Ipy NOBBILICHHK TEMIICPATYPHI TBCPABIX M KMIKHX Tel HC
TOJNBKO YBCAMUMBACTCH aMIUIMTYIa KOJNeOaHWi aToMOB B HMX,
HO M YBCIMUHMBAIOTCS CPEIHHC PACCTOSHHSI MCKILY COCCIHHMH
aromamu. [TosroMy 1pH HarpeBaHHKM M NOCTOSHHOM [aBJICHHH
Tena pacumpsiorcest. Ecan UTo-To NpensTcTBYeT pacuIMpeHHio
TBEPABIX WIH XHAKHX Teld, TO BO3HHKAIOT GONbIIME CHIBI yIi-
PYTOCTH.

W3 obuiero npasuaa ects penkue uckiodeHus. Camoe
BaXHOE JUTSI KHM3HH Ha 3emie HCKAIOYeHHE M3 3TOro MpaBH-
na — pona npu oxaaxaenuu ot 4 no 0 °C we cxmmaercsi, a
pacuMpsieTcs M IJIoTHOCTh eé yMmenbimaercs. [lootomy sumoit
OXTAKIEHHAs Y TIOBEPXHOCTH 03Ep M MopeH MeHee IuoTHas
BOJIA HE ONYCKAETCS BHW3, W OHH HE MPOMEP3aloT 10 JIHA.

_ SxcnepumenTanstoe 3ajanve 28.1

PaGoraem B rpynne

Ucnonsays 060pyaosaHne, HAXONAEECH Ha AeMOHCTPALM-
OHHOM cTON@ (prc. 28.7), BLINOAHUTE ONBITLI NO HADNIOACHWMIO

PaclWmMpeHms TBEPALIX Ten Npu HarpesaHun. OOLACHUTE pe-
3yNLTatsl ONLITOB.

T r
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Piec. 28.6

1. B 4éM 3aknovaercs rnae-
Hasi 0COBEHHOCTL BNVTDGHMOFO
CTPOEHUSI KpUCTannoa?

2. Novemy KpucTannel coxpa-
HRIOT 00LEM WM

3. MovemMy XUAKOCTH NErkO W3-
MEHSIOT GOPMY, HO HE M3MEeHSI-
ot ?

4. Kaxe Tena  Ha3LiBaoT
aMopdHLIMK Tenamu?

5. Yem oOTAMYAETCA Tennopoe
ABUXEHUE AaTOMOB B XHAKOCTSX
OT TeNNOBOMO [IBKXEHUS! aTo-
MOB B8 TBEPALIX Tenax?

6. MpuBeanTe NpuMeps! yuéTa
TENNOBOro PaclMpeHns Teép-
ObIX TN B TeXHWKe.

7. Kakme 0COBEHHOCTM Tenno-
BOTO PAclUMPOHUS BOML! SIBIIS-
IOTCS BAXHLIMW JUIS1 XKU3HA Ha
3emne?
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Puc. 288

Puc. 28.10

Kpueraaam B npupone. Kpuctauisl B nNpupose Berpe-
HAKTCS MOBCIOAY HE TONLKO 3MMOM B CTPAHAX € XONOMAHBIM
KAMMATOM, KOIfla Mbl XOHMM 110 CHery u abay. Bes semuas
KOpa COCTOMT M3 PA3iMIHbIX KPHCTALIMYECKMX nopoa. B nec-
K¢ Ha Ocpery pekd WM MOpsl JICIKO PasiisiicTh OTACHbHbIC
KPHCTAUIHKH.

Ho KpynHeie OAHOPOIHBIC KPHCTAUIBL BCTPEYAlOTCs J10-
BoNbHO peiko. [TosToMy MHOIME M3 HUX HA3BIBAKOT JPArolcH-
HbIMM KaMHAMH. MX 00pabarbiBaloT M HCHOAB3YIOT KaK yKpa-
wreHust. Cambiit 3HAMEHHMTHIH M3 JIParolUEHHBIX KaMHel — ai-
ma3 (puc. 28.8). D10 He TOABLKO OYEHb KPACHBBIH KaMeHb, HO
H CAMBIH TBEpbIA.

HeobpaboTaHHbii AparoleHHBI# KAMEHb HE OTIHYHTL OT
obsunoro kamus. Ha pucynke 28.9 nokazan BHeurHHi B
KaMHsl ¥ OTTIOIHPOBAHHAA CTOPOHA €ro paspeza, Ha KOTOPOH
BHIHBI TPYNNB KPHCTAJNAOB W KpPacHBBIE CIOH OTHOXKEHHH
Pa3HOro 1BeTa.

lNosipneHne KpPHCTAIIOB BEIIECTBA B MPUPONE JIErKO Mo-
HSITH HA NpUMepe Boabl. CHEXHHKH 00pasyloTcsl B BO3JYXE W3
BOISIHOTO Tiapa npy oxaaxneHnn Hiuke 0 °C, U3 poisiHOro na-
pa B BO3NYXE BHIPACTAIOT 3UMON KPHCTALIBI JIbJa HA OKOHHBIX
créknax (puc. 28.10). Tlpyu Takoi xe TeMmreparype KWIKasi Bo-
Jla Ha peke npeppautacrest B nén. Tak ke MOryr BO3HMKaTh
KPHCTAUILI M JIPYIHX BCLLCCTB, HO TCMIIEPaTYpa TaKMX Ipe-
BpallicHHH Y KaXI0ro BEUIECTBA CBOSI.

B npoueccax ropooGpazopaHusi ¥ M3BEPAKEHHS BYJIKAHOB
M3 PIyOMH 3eMaM BHIXOAMT PaciviaBAeHHOe BEUIeCTBO — Mar-
Ma. B HexkoTophix Mectax ofpaszyiorcs NycroTsl, B KOTOPbIX
PACIUIABACHHOE BEILECTBO NPH MEUICHHOM ONIAXIEHHM Ipe-
ppaiaercs B Kpynisie Kpuerawibl. [Mponukaiomas s Tpeum-
Hbl KaMHeH coneHasi MOPCKasi Boja Mnoche HCrnapeHusi ocTap-
JgeT y30pu M3 Kpuctaniaop (puc. 28.11).

Pic. 28.11

KpHcranmisl BCTpeuaorTesi He TOAbKO B HEXWBOH npupone.
Menkue KpHCTAMIBI PaliHYHBIX BelecTs obpasyloTes B KJeT-
Kax pacTeHMi M naxe B NMpocTeHInnX opraHuaMax — amebax.
MHOTHE XHBOTHBIC BBHIPALIMBAKOT KPHCTAIBI BHYTPH cels
WM BOKPYT ce0st. MOUTIOCK-KEeMIYKHHIA BBICTHIAET BHYT-
PEHHIOK TIOBEPXHOCTh CBOCH PAKOBMHBI KPACHBBIM W MPOU-
HBIM CJI0EM MEJIKHX KpHCTAIIOB — nepaamyrpoM. [lepnamyr-
POM OHA TMOKPBLIBACT M MEINAIOULYIO ¢ NECUHHKY, MoNaBlyo
BHYTPL pakoBuubl, Tak obpasyiorcs kemuyxuns. Kopawisi
CTPOSIT CBOM «XMJIMILA» W3 GCAbIX, PO3ZOBLIX MJIM KPacHBIX
npounblx kKpueramnos (puc. 28.12). M3 «iomoBs Kopawios



MOCTENEHHO B TPONMHYECKHX MOPSX BHIPACTAIOT KOPALIOBbLIE
OCTPOBA, KOTOPHIC 3aTEM 3aCENAIOTCH PACTEHHIMH ¥ HAICMHBI -
MH KHBOTHBIMH.

Boipactaior KpUCTaLIbl M B OPFraHH3ME YENOBEKa, HANpH-
MEP B IOYKE, HO 3TO IPOMCXOMNT NPH HAPYIICHHHX HOPMalb-
HBIX KH3HCHHBIX npoueccoB. UX pasmepsl cpaBHMMBI ¢ pa3-
MCPOM CITHYCYHON IONOBKH.

KpHcranisl MHOMHX BCUICCTB OMCHB HYAHBI JUISL M3rOTOB-
JicHMs feTaici npubOpoB M MAalIHH, HO B NPHPOIC BCTpEYa-
IOTCSl PE/IKO M 10 CBOMM Ka4deCTBaM He COOTBETCTBYIOT Tpebo-
BaHWAM COBPeMeHHBIX TexHonoruit. [Tosromy yuénnte paspaba-
THIBAIOT METOAbI MPOMBIIIICHHOTO HM3TOTOBJICHUS Pa3IHMHBIX
KPHCTAILIOB.

OHUM K3 TIEPBBIX JIOCTHAEHHH B HCKYCCTBEHHOM BhIpalliH-
BaHMH KPHCTAWIOB OBUIO CO3/IaHHE WCKYCCTBEHHBIX ATMAa30B.
Oxasanock, 4To juisi peBpaierusi o6uHoro rpaguTa B KpHe-
TAUIB AIMA3a HYXHO Harpers ero jio Temneparypsi 2000 °C npu
nagaennu B 100 Thic. pas soime armocdeproro. MckyceTBeHHbIe
ATMa3bl OKA3THCH IAKE NPOTHEE NPHPOIHBIX ATMA30B.

JUIsi BHIpAIMBAHMS KPUCTAIOB KPEMHHSI M TepMaHusl, He-
OOXOMIMMBIX JUISI CO3MAHMS NONYTTPOBOIHHKOBBIX MEKTPOHHBIX
NpUGOPOB, B paciyIaBICHHBIA MATepHaN Morpyxacrcs HeGoNb-
WOH KPHCTAWI, 3aTCM aBTOMAT OYCHb MEUICHHO IMMOIHMMAaeT
aroT KpHerana peepX. Ilpy 5T0M K KpHCTALIY NPUPACTAIOT BCE
HOBBIC H HOBBIC CJIOH MOCTCIICHHO OXJaxXJawllerocs paciuvia-
Ba. BHewHuit BMA HECKOJBKMX BBIPAILEHHBIX KPHCTANLIOB
npeacrasien Ha pucynke 28.13

PaGotaoM caMOCTOATONLHO
Boipaumeaume Kpucrannon

[TopaRoOK BLINONHEHUS 3anaHHs

TwarensHo BLIMONMTE Apa CTakada W BOPOHKY. Haneifte g
CTaKaH ropavyio ABAX/k NPOKUNAHEHHYIO BOAY OOLEMOM NpM-
mepHo 100 mn. HachinbTe B CTakaH CONb, HENPEPLIBHO Nepe-
Melwmean goay. Korna conk NepecTaHeT pacTeopATLCA, Gonblue
eé He poGasnaite. MNonyyeHHwi pacTeop cneirte yepes ear-
HbIA GUNLTP B BOPOHKE B YMCTLIA CTakaH. MocTassTe CrakaH B
TEMN0e MECTO W NPUKPOIRTE CBEPXY NMCTOM Oymarm.

Yepes cyTkn cneire pactpop Hepes BaTHbIA GpUNLTP B YMC-
Toill, 3aHOBO BLIMLITHIA cTakaH. Cpeayu MHOXECTBA KPUCTANNOB,
OCTaBLIMXCA Ha [IHe NepBOro crakava, BuGepure kpucTann ca-
MBI YMCTLIA, NpasunbHOW HOPMLE U GONLWOM NO pasmepam.
Onycture 3T0T KpUCTann B pacTBOpP BO BTOPOM CTakawe W
NpUKporTe cTakad nucrom Gymarm.

Bo Bpems pocTa KpucTanna crakad ¢ pacTBOpOM crnefyet
JepxaTts B TENNOM CYXOM MEecTe, r[le Temrneparypa B TeyeHue
CYTOK OCTaéTCR NOCTORHHOM. Ha BhipawMeaHue KpYNHOro Kpuc-
Tanna B 3aBMCMMOCTM OT YCNOBWIl 3KCMepwWMeHTa MOoXeT no-
TpeGOBaTLCA OT HECKONLKMX AHei N0 HeCKONLKUX Hefenb.

BuipalieHHBI KpUCTann BLIHETE M3 PacTBOpa, TWATENLHO
ocywmrTe GyMaxHOA candeTkoit U nonoxure B creuuanbHyio
xopotky. He Tporaifte kpucrann pykamu, ytoGul OH OCTaBance
NPO3PaYHBIM.
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Puc. 28.12

KpemHnit

fepmannin

a e
Kpemuumit

Puc. 28.13

Bonpochl

1. Moyemy xpucrannu obpa-
3yI0TCA B pacTeope npu ero
OXNTAKAOHUNT
2. Noyemy kpuctannusl pacryr
B pacTBOpe NpW NOCTOAHHOM
Temneparype?
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PaGoraem B rpymnne
HaGmopeuwe npouecca pocra KPMCTaA/UIOB

OBGopyAOBaHNe: MUKPOCKON, NPEAMETHOE CTEKNO, CTeKAH-
Has Nanouka, HacLILEHHEIe PAacTBOPH! XNOPUCTOrO aAMMOHMA,
ILABENIEBOKMCIIONO AMMOHWUS, NOBAPEHHON CONM, rMAPOXMHOHA.

Copnepxarnne padors

PacTBOPOM HA3bLIBAIOT OAHOPOHYIO CMECh, B KOTOPON MOo-
Nexkyns OAHOMNO BewecTsa PagHOMEpPHO pacnpefeneHs Mexny
MOnexynamu Apyroro. PacTeopenme ONHONO BEWeCTea B ApY-
FOM 3AaBUCUT OT NPUPOALI PACTBOPHUTENS, PacTBOPAEMOro Be-
WecTsa U TeMneparypsl.

Llensio skcnepumenTa senserca wabniofedwe npouecca
pocTa KpUCTaNnoB B BOAHOM pacteope. [lns s1oro Hebonswoe
KOAIMYECTBO PacTeopa NoMewaioT Ha NpeamMeTHoe CTeKNo noa
06LeKTMB MMKpockona. Bofa ucnapseTca, M B pacTBope Haumn-
HaeTca npouecc obpasosaHua kKpuctannos. lMpouecc kpuctan-
nu3auun ynobuo xabnopgats B MMKPOCKON, MCNONL3ys 06Lek-
TWB C 8-xpaTHLIM yBenwyeHuem u okynap ¢ 10-kpaTtHeiM yBe-
nuyeHuemM (puc. 28.14).

Puc. 28.14

lNopspok BuiNonHeHWs 3ananns

1. MNomecTUTe Ha CTONMK MUKPOCKONA NPeAMETHO® CTEKNO.
Bpalas MUKPOMETPHYECKUIA BUHT, NONYYMTE YETKOEe M3obpaxe-
HWe NOBEPXHOCTU CTekna. BUHT cneayeT BpaulaTe OCTOPOXHO,
He AONYCKas CONPUKOCHOBEHWS OOLEKTWBA C NPeAMETHBIM
CTEKNOM.

2. HaHecHTe CTEKNAHHOM NANoMKOW Ha NPeaMETHOS CTeKNo
KAMIo HACKLILUEHHOTO PacTBOPa XNOPUCTONO aMMoHus. Momec-
THUTE CTEKNO ¢ Kannel noa o0LeKTHE MUKPOCKONa Tak, YToOW
B Mone 3peHus ObUI BUAEH KPai Kannu, rnotoMy 4YTo nepesie
KpUcTabl 06pasyioTcs 00LIMHO HA KPaKo Kannu.

3. MNpoxHabmopaiTe Npouece 3apoXIAeHUA U pocTa KpucTan-
NOB pa3HbIX BOWECTB. Caenaifte 3apyucoBKM KPUCTANNOB, BM-
AWMMLIX B MUKPOCKOR.
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¥4 Temnepartypa

Temneparypa u Teniopoe pasHopecHe. B nopcenaHesHom
KHIHU JHOMM YACTO MHTEPECYIOTes TeMnepatypot. Mul ciennm
3a TEMNEPATYPOH BO3IAYXA B KOMHATE, HA YIHLE MEpel BhIXO-
JIOM M3 JOMaA, HIMEPSEM TEMIEPATYPY Tela, YCTAHABIHBAEM
ABTOMATHl Harpesare/icd B CTHPAbHOH MalllMHE, B NCKTPH-
YeCKOH TIeUKe JUISl NOMUICPXKAHUS HYXKHOH HaM TeMIICpaTyphbl,
CIHCIHM 33 TCMIICPaTYPOH BOIb B palMaTtope aBToMoOwis
H 1.1 Yro xe makoe temneparypa? Temneparypo# Hasbiba-
erest (pHaMuecKas BENMYMHA, SIBASIOWIAACH KOJNMYCCTBCHHOM
Mepoit TOro, 4TO MBI ONIYIIAEM NPH NPUKOCHOBEHHH K Teiy
KAaK XOJNOAHOe, TEIoe, ropsuee.

B OCHOBY KOJMMECTBEHHOIO M3MEPEHMsl CTENEHH Telnia M
XOJIOfia TeA MOJOXEH KCINepHMeHTANbHBIH dhakT: mobble nsa
CONPHKACAIONIMXCS TeAa Mo MPOIIECTBHA HEKOTOPOro Bpeme-
HH BOCTIPHHHMAIOTCH OIMHAKOBO TEribiMH. [losromy Temne-
parypoH Hazpan¥ (GHIMYECKYIO BEAMYMHY, NMPHHAMAIOUIYIO
OIMHAKOBOE 3HAYEHHe UTA JMOOKIX Ted, HAXOMSIIMXCH 0CTa-
TOYHO JOJTO B CONPHKOCHOBEHHH HIH OOMEHHBAIOIIHXCH
3Hepred (Ge3 HENOCPENCTBEHHOTO CONPHKOCHOBEHHSI.

CocTonHne TeNl, HAXONALWMXCA B TENNOBOM KOHTakKTe,
MPY KOTOPOM HEe M3MEHSIIOTCA HUKakue (manieckue napa-
MeTpbl TeJsl, Ha3biBaeTCA COCTOAHMeM TernnoBOro pasHoBe-
cun.

PUanyeckuili NapamMeTp, OAMHAKOBLIA Y TeN B TeNNOBOM
PABHOBECUM, HA3LIBABTCH TeMNepaTypon.

Teronepenaya. Yem ke oTaMualorcs Apyr oT apyra ro-
PAUCE M XONOAHOE TeNa U YTO CTAHOBATCH ¥ HHX OIHHAKOBBIM
B COCTOSIHUM TEIUIOBOIO papHOBecHs?

OrBeTs HA 9TH BOMPOCH KAXYTCs MOYTH oueBMaHbMA. Bo
BpeMs TEIUIOBOIO KOHTAKTA HA MPAHHULIE CONPHKOCHOBEHHUS TeN
NPOMEXOMIT BIAMMONCHCTBHSL ATOMOB. DTO NPHBOIMT K nepe-
Jla4¢ YACTH KHHCTHYCCKOH SHEPIMHM aTOMOB ropsiuero teaa
aToMaM XoNoAHOIo Tena. TakoH npouece HashBacTCs TeIlo-
nepenaveit. [lpouece Tervonepenayn npogoakaerces 10 yera-
HOBJICHHSI TCIUIOBOI'O PABHOBCCHS MCXILY TCAAMH, T. €. JIO Bbi-
PABHHBAHUA WX TEMIEPATyp.

CaBs3b TeMIepaTyphl Tela ¢ KHHETHYECKOH sHeprueit
TeIIOBOro ABHKenus mouekya. Ho uto xe smpashusaercs
B Tenax MpH HACTYIUIGHHH Tenjosoro pashosecus? Moxho
MOYMaTh, YTO BHIPABHMBAIOTCH CPEHHE 3HAYEHHsSI CKOpOCTEH
TEIUIOBOTO JBHXeHHs yacTHil Tena. M aTo mpennonoxenwe
OKAa3bIBAETCS MPABHIBLHBIM, HO... TOABKO JUIA TeN, COCTOSIIHX
H3 OJIMHAKOBLIX aTOMOB HJIM MOJIEKYJA. A YTO Xe BHIPaBHMBa-
€TCsl TIPH TEIVIOBOM PAaBHOBECHH TeJ, COCTOSIIMX M3 Pa3HBIX
qacTHI?

Korna yu€Hble HayqHIHCh M3MEPATh CKOPOCTH W 3HAYUCHMS
KHHETHYECKOH SHEPTMH MOJNEKYJ, TO OKa3aloch, 9TO NPH
TEIIOBOM PABHOBECHH Y JIODBIX TeJl OIMHAKOBBI CpellHHe
3HAYCHHS KHHETHYCCKOH HSHEPIrHM TeIUIOBOI0 JIBHKEHHS
mojekya. Orciofa MOKHO clienaTh BLIBOA, UTO TeMIiCpaTypa
TeNa ONpeeasiercs KAHETHUCCKOR SHepriell TennoBoro Jsu-
KeHust Moneky tena. OHa NOBBLILACTCH NPH YBEIHUCHHH KU-
HETHUECKON SHEPIHH TeIUIOBOIO JBHXKEHUS MONCKYJI M TNOHM-
KACTCH MPH YMEHBIICHWH 3TOH SHEPruM.
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Hamepenmne Temueparypsbl. JUist naMeperus TeMneparypel
TEN HMCMONB3YIOTCSH NMPHOOPHI, HA3LIBAEMBIC TEPMOMETPAMM.
HauGonee MHPOKO NPUMEHSIIOTCH B MOBCCAHEBHOH NpakTHKe
KUIAKOCTHBIC TepmoMmerpbl. Ha cBoMcTBe paciuMpeHmsi Kui-
KOCTCH IpH HArpeBaHHM OCHOBAH NPHHUMII NCHCTBHS XKHI-
KOCTHOTO TCPMOMETpA. OCTHBIH TEPMOMETP COCTOMT W3
HCOONBUIONO COCYNa, 3AlONHCHHOIO XHIKOCTHIO, H TOHKOMH
Npo3pavuHOi TPYOKH, ICPMETHUHO COCAMHEHHOM ¢ HTHM cocy-
JIOM. OCTb 3aIOJHACT BECh COCYA M YacTb TPYOKH, BO3-
JyXa B MPOCTPAHCTBE HAl XHUAKOCTHIO HeT. B TepMomerpax mc-
MOAB3YIOTCH PTYTH, cnupt (puc. 29.1).

Jins u3MepeHHsl TeMNeparypsl TEPMOMETP NPHBOIMTCH B
CONPUKOCHOBEHHE C TEJIOM. Ecau TeMIeparypa TeJia Bbille
TeMIEepaTypbl TEDMOMNPH, AWIKOCTH B TEPMOMETPE Harpepa-
€TCH H pacliMpseTcs, ee YPOBEHL B 'lg)yﬁxe NMOBLINIASTCH. an
CONMPHKOCHOBEHHH TEPMOMETPa € 00JIee XOMOMHBIM TEAOM
cToAOMK AKHIKOCTH B TpyOKe ykopaumsaercs. Ilokaszanms Ha
KaAe TEPMOMETPA CHUMAKTCS TOCAE YCTAHOBICHHSI COCTOSI -
HHSl TEIMIOBOr0 paBHOBECHSI MEXIY TEAOM H TEPMOMETPOM.
Ipy TenaoBOM PaBHOBECHH YPOBEHb KWIKOCTH B TpyOKe Tep-
MOMETPA HEC HIMECHSICTCS.

Ilpy wm3mepenuu Temneparypsl no wxaie lleabcus 3a
0 °C npunsita TeMneparypa Tapouero abaa, 3a 100 °C — rem-
repatypa Kunsiiei BOAM NPH HOpMaibHOM artmocdepHoM
napnenmu (puc. 29.2). Illxkana ot 0 go 100 °C pasnenena Ha
CTO OIMHAKOBHIX OTpe3KoB. M3meHeHue ypoBHsI XMAKOCTH B
TpyOKe TepMOMETpa Ha OJIHO JeJieHMEe TaKoi LIKAIB COOTBET-
CTBYET M3IMEHEHMIO TEMIEepPaTyphi Tela Ha OQMH Tpaayc no
wkane Hemseus.

-—100°C
—0c |
= D
N
J -‘
— . = -*
Puc. 29.2

JomaluHee akcnepumeHTansHoe sapaHue 29.1

PaGoraem caMOCTONTENIbHO

Wccneayite 3aBUCUMOCTE NOKA3aHUA TEPMOMETPa OT Mec-
Ta ero pacnoNoXeHusi B KoMHate, OGLACHUTE NONYYeHHse pe-
aynbTaThl W CAENaiTe BHIBOM, KaKMe MeCTa B KOMHATe Henpu-
FOAHL ANA M3MEPEHUA TeMNepaTypel BO3AYXa TEPMOMETPOM W
e MOXHO NoMewlaTs TepMoMeTp.

)
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I

E1l

bW N R X WK T |
=

Puc. 29.1

1. YTOo Ha3LIBAETCH TENNOBLIM
paBHoBec!

2. Kak ycravasnueaertca daxr
CYWeCTBOBAHUA  TeNAoBOro
passoBecua?

3. Yro Takoe Tennonepenaya?
4. Kak ocywecTsnsercs Tenno-
nepenaya?

5. Y10 Takoe Temneparypa?

6. Kak cef3aHa Temneparypa
Tena ¢ TENNOBLIM [ABWXEHUEM
ero monekyn?

7. Kak ycTpoeH XuaKOCTHbLIA
TepMomeTp?

8. Kak onpenenssorcs onopHeie
TOMKW WKanL Temneparyp no
Uenscuio?

9. Kak HYXHO M3MepsiTL ToMre-
parypy Tena ¢ nNoMoLbLIo Tep-
momeTpa?




132 Tennogwie siENeHUs

http://class-fisika.narod.ru/
8 t1a.htm (Temneparypa.)

Yro rakoe remrora. Co ppemeHu 3apoxacHust GuIMKH
CYIIECTROBANM [IBa NPHHLUMITHANBHO PA3iHYHBIX NpeAcTapie-
Hust o npupose Tervorsl. B XVIII-XIX BB. MHOrHe yuéHble
OOBSCHSUIH [POLIECCH HAMPEBAHMS M OXNAXKICHMS Tel nepe-
XOMaMH 0CoBOro BCLICCTBA — TEIUIOPOMA — M3 OMHHX TeJd B
apyrue. KosmuecTso TeIioposa B NPHPOIC 1PH JHOOKIX Npe-
BPALICHHMSX CUMTANOCH HCH3MCHHBIM. 3a CHMHMILY NPHHSIIH
TAKOC KONHUCCTBO TEILIOTHI, KOTOPOC HCOGXOAMMO JUIsl HArpe-
BaHus | r Boasl Ha | °C. DTo KoaMuecTBO TENAOTH HA3BATH
KaJlopHe.

CTOPOHHHKH ATOMMUCTHHYECKOIO YUeHHsl CUMTANIH, UTO Tel-
JIOpO/IA B TIPHPOJIE HET, BCE TEIUIOBLIE SBAEHHH OOBICHHAIOTCA
GECTOPSUIOUHEIM JIBHAKCHHEM ATOMOB.

M. B. JlomoHocOB mnpeanonarai, 4TO <. TEIIOTBOPHAA
0cOOIMBas MATEPHS... €CTh TONBKO OJIHH BHIMBICEN... PHYMHA
TEIUIOTH COCTOHT BO BHYTPEHHEM BPAILATENBHOM JIBHAXCHUH
c3anHol Matepis. Criop o NPUpOAE TENAOTH 3aBEPUIHACH
noche pa3paGoTKH METONOB MIMEPEHHS TEMIIEPATYPB M KOJIH-
YECTBA TEIUIOTHI.

AKuakocrusiih Tepmomerp. OnuH 13 1iepBeIX NpUGOPOB
JUISL KOJNMYCCTBCHHOTO M3MCPCHHSI CTEIIEHH HarpeTocTd Ten
u306pén lamieo lanielt M HasBan ero Tepmockomnom. Tep-
MOCKOI COCTOSN U3 HEOONBIIOH CTEKIBIHHOK KOAGBI ¢ TOHKOH
crekasiHHOH Tpy6koit (puc. 29.3). Koaba corpesanach pykoif,
a Tpybka onyckanachk B uawy ¢ pojoi. Ilpu narpesanum uacTs
BO3AYXa BEIXOAWIAa M3 Koabhl, a Mocie TOro KaK pyKy yomupa-
JM, 10 Mepe OCTHIBAHMWSI BOZAYXA, BOAA MOAHMMANACch BBEpPX
no Tpybke. Buicota nombéMa BObI CYXKHAA KONHYECTREHHON
MEpoH HarpeBaHus TepMOCKONa.

Tlepsoi cniuproBoH TepMomeTp Obin cozaan B 1657 r.
po Puopenumn. B 1714 r. romnanackuit duank Papen-
FeUT BBEN IS CIIMPTOBOIO TEPMOMETPa LUKANY, B KOTOPOH
TeMneparypa TasHHs Jbla uMmena auadenue 32 °F, temne-
parypa texa uenopeka 96 °F, rTemmneparypa KHIEHHS BO-
st 212 °F.

Ilsenckuit yuénwiit Lleabcuit B 1742 r. npuusa remie-
parypy TasiHus Jpaa 3a 100 °C, a Temieparypy KHICHHS BO-
a6t 3a 0°C. [losnHee Gbulo BBEICHO OOpaTHOE HAIpaBACHHC
OTCUETa.

HceenenoBanust NoKasanm, 4To pasHble KHIKOCTH MPH OIM-
HAKOBOM HArpEeBaHHMM PacUIMPSIOTCH HeoauHakoso. [loaromy
HAMOJHEHHBIE PAa3HBIMM KHAKOCTIMH TEPMOMETPH NpH CO-
BrafieHu nokasanui npu temneparypax 0 u 100 °C moryr
JIaBaTh pas’iHYHBIE NMOKA3aHHA MNMPH NMPOMEXYTOUHBIX 3HAYCHH-
sx TeMneparypsl. Hanpumep, npH Nokazauuu Temneparyps
pryrHoro Tepmomerpa S0 °C riMuepHHOBBIH NOKA3BIBAET TEM-
neparypy 47,6 °C. 3apucumocts nokazanui or seiGopa paGo-
YEro BEIICCTBA ABIAETCH CYIIECTBEHHBIM HEMOCTATKOM KHIKO-
CTHBIX TepMoMeTpoB, [lodToMy OHW He NpPHMEHSIOTCH JUIs
TOUHBIX HIMEPEHHH TEMIIEPaTYphi.

lazosbiit Tepmomerp. bonee ToYHBIC W3MEPEHHSI TeMIie-
PaTyphl CTANM BO3MOXHBI 11OCAC 9KCIICPHMEHTAILHOIO OOHa-
PYXKEHHsI OIMHAKOBOTO M3MEHEHMSI JABAEHMS MIOOLIX rasoB
NPH OIMHAKOBOM HArPeBAHMK. DTO MOIBOAMIO H3IMEPSITH TeM-
NepaTypy Mo MoKasaHusM MaHOMeTpa, COeIMHEHHOTO C cocy-



I0M, 3anoAHeHHBIM rasoM (puc. 29.4). Tako#t npuGop Haswl-
BACTCS FA30BBLIM TEPMOMETPOM.

DuekTponnblii Tepmomerp. B Hacrosiiee Bpems LIMPOKO
NPHMCHSAIOTCS CKTPOHHbIC TepMoMeTphbl (puc. 29.5). Jlartum-
KOM TEMIICpaTypsl B TAaKOM TEPMOMETPE CAYXKHT TepMoriapa,
COCTOSIIIAS] M3 JIBYX NPOBOJOK pa3HbIX Metawios. /lBa KoHua
MPOBOJIOK COSAMHSIOTCS BMECTe, a JBa APYrMX KOHIA MOi-
KAIOYAIOTCH K NPUGOPY, H3MEPAIOIIeMY 2MeKTPHUECKHit TOK.
Ilpu HarpeBanmM COCIMHEHHBIX KOHILIOB MPOBOJOK TepMonapa
CTAHOBHTCSl MCTOUHMKOM 2JEKTPMUECKOTO TOKa, CHja TOKa
NPONOPUMOHATBLHA PA3HOCTH TEMIEPATYP MEXIY COCAMHEH-
HBIMM M PasbeAHHEHHBIMH KOHIIAMM TEPMONIaphi. DIeKTpH-
YeCKMH TOK OT TepMOMNaphl MOCTYNAET Ha BXOI 2AEKTPOHHOIO
yerpoHersa, npeoGpasyiomiero smoT cMriai B umdpopsie no-
KA3aHMsl HAa XHIKOKPHCTAUIHYECKOM JHCILIeE,

lMpoekTHoe 3apaHue 29.2

PaGoraom B rpynne

YacTo Ha NpaKTUKe HEOOXOAMMO 3HATh MAKCHMMANbHOE M
MUHUMANLHOE 3HAYEHMS TeMNEpaTypsl 33 HeKOTOPLIA MHTep-
san spemequ. (puaymaiite KOHCTPYKUMIO TepMOMETpa, cro-
COBHOO M3MEpsiTh MUHUMANLHYIO WM MaKCUMaNbHYI Temne-
parypy.

JlomallHee aKcnepuMeHTanbHoe 3afiaHue 29.3

PaGoraem CaMOCTOATENLHO

Wccnenopaune 3aBUCHMMOCTH NoKazaHWid TepmomeTpa
OT BHeLHHX

C 3apaveil U3MEpeHUs TeMNepaTyphl BO3AyXa B KOMHAaTe W
HA YNMUE Mbl BCTPEYAEMCH KXALIA AeHb, HO [AneKo He BCH-
KWid ¢ Helt cnpasnseTca. Bo-nepebix, MHOrMEe He NOHUMAIOT ca-
Mot 3anayn. OcoGeHHO 3TO HenoHuMmaHue oGHapyXWBaeTcsl B
xapkme netHue axW. Korpa mereoponord cooBuiaior, YTo Tem-
nepatypa BO3lyxa B TeHu aocturana 32 °C, 10 MHOIM@ yTOM-
HSIOT NPUMEPHO Tak: «A Ha CONHUE CTONOWK TepMoMeTpa yxo-
avn 3a otMeTky 50 °Cls UMEIOT I CMbICH TaKue YTOYHEHWS?
JUin oTBeTa Ha STOT BONPOC BWINONHUTE CNElYILee SKCNepu-
MEHTANLHOO WCCNIeA0BANNE W CAONAITE BLIBOALI.

O6OPYAOBAHME: HACTONLHAS NAMIA, TOPMOMETP, UCTLI G-
Noi U YepHO# Gymarw.

Heenenydite sapucHmMocTb nokasawwii Tepmomerpa or
BHOLUHHX YCNOBWA.

JUis1 STOro UaMepeTe Temneparypy npy OCBeLLeHWH TepMO-
metpa namnoi ¢ pacctosHusi 15—20 cM NpU PacnonoxXeHun
TepMoMeTpa Ha nucte 6encil u yépHoi Gymarw. 3artem Ma-
MepsTe TemnepaTypy Npu HaKpuiBaHuu TepMmomerpa 6enoi u
4épHoi Gymaroi.

Tennossie sBNeHUs

Puc. 29.4

Puc. 29.5
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21N BHYTpeHHas 3Heprusa

Puc. 30.1

Puc. 30.2

Puc. 30.3

IpeBpainenne KHHOTHICCKOH SHEPIHH DECHOPALOUHO-
rO TEILIOBOTO [BHAKCHHA MOJEKYJ ra3a B KHHETHUECKYIO
aHeprHio Doubmoroe Teaa. BosbMEM MIACTHKOBYIO OYTBUIKY,
3AKPOEM €€ Pe3HHOBOK NMpOoOKOH co crekasHHON TpyOKOH, ve-
pe3 IUIAHT [PHCOCAMHIM K TpyOKe Hacoc. Ilpobky sakperimm
B JalKe WTaTHBa H OYACM HaKauyupBaTh B OYTHUIKY BO3IyX
(puc. 30.1). Ilocne HECKONBKMX ABHXCHMH NOPLIHS Hacoca

pasnaéTesl XJIONMOK M OYThUIKA B3JCTACT BCPTHKAABHO BBEPX
(pnc 30.2). Kak 3510 MOXHO 0ObSCHUTL?

B sakpsiToil npobkoit OyTLUIKE CHIA JABACHHMA B pe3yib-
TATe YAAPOB MOJIEKYJ Ha A060e MecTo OOKOBOH CTEHKHM ypaB-
HOBEIMBAETCS ACHCTBHEM TAKOH XX€ CHIIBI JABJICHHS Ha MPo-
THBONOAOXKHYO cTeHKy. CHia jaBieHHsi Ha QHO GYTBUIKH
OoJIblle CHIILI JIABAEHHSI Ha MOBEPXHOCTh OKONO ropaa GyThul-
KM, TAK KaK 4acTh MONEKYH, JETAUIMX BHH3, VIapseT He B
crenkd OyThiikd, a B npoOky. [Mostomy pasHonelcrsyiomas
BCEX CHJI JIABJIEHMS Ha CTEHKH GYTHUIKH HanpaBieHa BBepx.
ByThika HAXOIHTCA B MOKOE, NOKA 9Ta paBHOAEHCTBYIOIIAS
MEHbIIE CHIbI TPEHHS MOKOS MeXIy NpobKoH W OYTHIAKOMH.
Korza npu NOBHILICHAH JABAEHHS BO3IYXa B OYTHIIKE PaBHO-
JleHeTByIOIIAs CHI IABIEHUS CTAHOBHTCS GoMbile CHIBI Tpe-
HH$1, OYTHUIKA B3JICTACT.

ONbIT NOKA3LIBACT, YTO YACTh KMHETHUCCKOH SHepruH Gec-
MOPAJIOYHOTO TEIUIOBOIO JIBUKCHHS MOJEKY) MOXET Ipespa-
THTBCS B KHHETHUYCCKYIO 9HEPIHIO BOABIIONO Tena — GyThuiky.

BecrnopsiouHo ABHAYUIHECH MOJNEKY/b rasa obianaior 3a-
MacOM IHEPrHUM, KOTOPas MOXET MepelaBaThesl JPYIHM TelaM.

KouwnuecTso temiorsi. [lpy conpukocHoOBeHMH Ten B pe-
3yAbTaTe B3aUMOACHCTBHIA aTOMOB SHeprus GecnopsiouHoro
TENAOBOIO JIBHXKEHUS ATOMOB OIHOIO Tela MOXeT nepena-
BaTLCSl ATOMAM Jﬁymm Tena. DT0T Npouece Ha3LiBaeTes Ten-
aonepenayen. Tlpu rervionepenaye KuHeTHYECKasi SHEpPrus
GECrnopsIoyHoro TerioBoro JIBMXEHHS aToOMOB ropsiiero Teiaa
YMEHBLIACTCSI, TEMIIEPATYPa Tea MOHMAACTCS, 8 KHHETHYECKas!
SHEPIHs GECOPSIOMHONO TEIMIOBOTO ABHACHHS aTOMOB X001~
HOPO TeNa YBENHYMBACTCS, €r0 TEMIEPATYpPa NOBBILIACTCS .

BHeprus, nepeaaHHan Npu Tenionepesaye, HasoiBaeTcs
KONUMECTBOM Tennotel Q.

Temnonepenaya npu nocrosnnoi Temneparype. B npy-
poNe NpH NPeBpalleHn JoG0H KHAKOCTH B TBEPIOE TENO
HaGmonaeres ocoboe SBICHHE — TEIUIONEPEaada OT TOPIYero
TeNa XONOMHOMY Teay €3 MOHMACHHS TeMIEPATYPhl TOPSYEro
Tena. Ha 5T0M siBIeHHM OCHOBAHO MCNOAbL30BaHKME NapadwHa
i AesebHoro panmst. Pacruiagnenusit napaduu npu
TeMIepa O0KOJIO g °C HaKIaAbIBacTCs HA HYKHBIH yuac-
ToK Tena. Iloka B reucnue 2030 mun nmapadwmn npespaiia-
CTCH M3 AKMIKOCTH B TBEPIOC TCJO, OH IPECT TEJNO CIOBCKA,
4 ero TeMIepaTypa He HW3MEHSIeTCs.

Buyrpennsasi oneprusi. OnsIThl MOKasslBalOT, YTO B MPO-
uecce NpeBpauieHus A0GOr0 BEUIECTBA M3 XHAKOTO COCTOS-
HHMs B TBEPAOE NPOHCXOMMT Tenonepenaua oT ropsvero Teaa
XOJNOMHOMY 03 MOHMKEHHSI TEMIIEPaTypsl ropsdero Tena. o
3HAYHT, YTO ATOMBI Tela o6AanaloT He TOABKO KHHETHYECKOH
sHeprued GecrnopsaouHOro TEIIOBOrO JBHKEHHS, HO H M0-
TEHUHAABHON SHEPruel WX B3aHMONEHCTBHSL.
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Ilpy npeBpatieHHH KHIAKOCTH B TBEPLOE TEAO MPH NOCTO-
SHHOH TEMMNEpaTYpe SHEPIUs BLUICHSICTCH 34 CHET YMEHbIe-
HHS NOTEHUHANBHON SHEPrHH B3AUMONCHCTBHS YaCTHIL

CymMmMa KMHETUUYECKOW 3HOPIrmMu Tenno-
BOrO ABWXEHWSI QaTOMOB MW MOJIeKYN Tena v noTeHumanb-
HOM 3HEPIVMK KX B3aUMONEACTBMUSI HA3LIBAGTCH BHYTPOHHOW
aHEpruen Tena.

PaGora Kak cnoco® H3IMCHCHMS BHYTPCHHEH SHCPrHM
Tena. Tlpy HakaumBanmMM HACOCOM MsMA WM KAMEphi BejlO-
CHMENa OILYIUACTES NOBBILICHHE TEMIEPaTyphl BO3AYXa B Ha-
coce. [loBBIIEHHE TEMNEPATYPBl CKUMAEMOTO MOPUIHEM BO3-
AyXa O3HAYACT, YITO BHYTPCHHSISI SHEPIHs Teda MOXCET H3IME-
HATHCH HE TONBKO MPH TEIIONEPENatie, HO W MPH COBEPLICHHUK
paboThl BHCUIHHX CHA Hal TCIOM.

HsMeHCHHE BHYTPCHHCH SHEPrHHM TeAa NPH COBCPUICHHH
paboTHl BHCINHMX CHJI MOXKHO HabAloMaTh B ONBITC MPH CXKa-
THHM BO3yXa B npo3pautoM wwimHape. [lomectum Ha aHo um-
AWHAPA HeGOoNBUIOH KYCOYeK CyXOi BaThl M BCTABMM B 1LIM-
JIMHAP NMOPLIEHb HA CTEPXHE C IJIACTMACCOBOH PYKOSITKOM.
I1pu peskoM ymape AanoHBIO MO PYKOSTKE B 3aTEMHEHHOM I0-
MEUICEHHH BH/IHA BCIBIIIKA CBETA B LFJIMHIAPE. Benbimka Ba-
Thl oﬁyr_nonnella TEM, YTO NPH CKATHH BO3IyXa noja JecTBH-
€M BHelHeHd CHAB ero Temrne a HACTOJHBKO NMOBBICHIACH,
yTo Bata Bocriamenmnach (puc. 30.3). Buyrpennss snepras
raza yseJM4yHiIach 3a cyer pa60'n,| BHEIIHHUX CHI.

JlBa cniocofa HIMEHEHHsI BH, HeH SHepruM Tesia —
COBepIICHHEe MEXaHWYeCKOH pa bl H Telonepenava.
BHYTpeHHSISI SHEPIHSI Tela MOKET MIMEHATHCS IABYMS CIIOCO-
GaMH — coBepIIcHHEM MeXaHHuyecKol paGoThl WIH Teniaone-
penaucit. Pabora A ciykuT Mepol nepeiaud SHEpruH B Me-
XaHHUYeCKHX rnpoueccax. KojinuecTBo sHEpruM, nepeiasHoe
NYTEM TEIUIONEPEIauy, HA3BIBAIOT KONHYCCTBOM TeIUIoThl ().

Ecam Han TenoM copeplualor paboTy BHEIIHHE CHIbI, TO
BHYTPEHHSISI 2HePIrus Teaa Moxer ypenwuusarbest. Hanpuwmep,
B MPOIIECCe CXXATHSI BOIAYXA B LIMAMHAPE ABMIaTesisi BHYTPEH-
Hero cropanus (puc. 30.4, @) B pesyiabrarte CTOJNKHOBEHHIl ¢
JIBUKYLIHMCS HABCTPEUY TNOPUIHEM CKOPOCTh TEerjioBoro ABM-
KEHHsI MOJNIEKYJl BO3IyXa yBeanunBaercs. Temneparypa Boaiyxa
nopeimaerest npusmepto or 30 go 250 °C. B pesynsrare pabors
BHEIUHHX CHJI BHYTPEHHSIS SHEPIHs BO3NYXa YBEIWUMBACTCS.

Ecau teno copepumiaer paGory Hall BHELIHMMH TEIAMH, €ro
BHYTPEHHSISI SHEPIUs MOXeT yMeHbluaThes. Hanpumep, B um-
JMHAPE JABHTATENS BHYTPEHHEINO CropaHMsi Bo Bpemsi pabose-
ro TaKTa HarpeThii B pe3yibTaTe CKHraHWs TOMAHBAa BO3IYX
PACUIMPSCTCH, TOAKACT NMOPIUCHH W NPHUBOIMT B JIBHKCHHC aB-
ToMoOuab (puc. 30.4, 6).

Ilp¥ CTONKHOBCHHM € YAAISIOIMMCS [TOPIIHEM MOJCKYIbI
OTHAIT €MY YacTh KHHETHYCCKOR SHEPIHH OGCCHOPSIIOMHOIO
Tennosoro aswkenuns. Ilpu 5ToM Temneparypa Bosmyxa no-
nuxaercs npumepto or 500 mo 150 °C. Buyrpennsisi sneprus
rasa B UMJAHHAPE YMEHLIIAETCH B Pe3yAbTATe COBEPUICHHSA
paﬁm‘u Mo MNepeMeneHHIo MoPIIHA.

H3menenust BHYTpEHHEH SHEPrHM TeJl NYTEM Teruionepea-
yH HaOMIONAIOTCS, HANPHMEDP, B TPOLECcax HarpeBaHmus BOIBI
MEKTPOHArPEBaTENeM, NPHTOTORNCHHS TTHIITA Ha ra30BOH TUTHTE.

a) Cxatie

Puc. 30.4

1. Kak uaswiBaercsi aHeprus,
nepejanHas nyrém Tennonepe-
naun?

2. MoxeT Au NpoM30iTH ne-
pepaya SHepruM B npouecce
TennoobmeHa OT ropsyero Te-
na xonopHoMy 6e3 U3MeHeHUs
Temneparypu ropsayero tena?

4. MoxeT NW NPOM3OHTH W3-
MEHEeHWE BHYTPEHHeH SHeprum
Tena 06e3 OCYWEeCTBASHUA Npo-
uecca tennoodMeHa sToro Te-
na ¢ Apyrumu Tenamm?

5. NpugepnTe NpUMeps Mame-
HEHUS BHYTPEHHEH SHEPIun Te-
na B pesynsrare coBeplIeHWs
paboTH BHEWHWX CUN HAA, 3TUM
TenoM.

6. MNpuBeauTe npumepsl Mc-
NONbL30BAHKWA HA NPaKTUKe Npo-
LeCCOB M3MEHEHWS BHYTPEeH-
Hell sHepruM Tena npu cosep-
weHun padoThl.
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OkcnepumeHTanbHoe aafaHue 30.1

Puc. 30.5

PaGoraem caMOCTOATNIbHO

HaGmonenue nameHeHnii BHYTPeHHel sHepruu Tena
B pesynbraTte Tefvionepenayn W paboTbl BHOLHWUX cuil

OOopynosaHue:. TepMOMETP, NUCT Gymarn, nacTuk

TopsaaoK BeINONHEHUS 380aHWs

1. MonoxuTe TEPMOMETP Ha CTON W 3anKWIMTe ero nokaszauus. Tepmo-
MeTp NOoKa3LIBaeT CBOK TeMNepaTypy W TeMnepatypy BO3jlyxa B KOMHare,
C KOTOPLIM OH HAXOAMTCA B TEMNNOBOM PABHOBOCHM.

3axmuTe KOHeL, TepMoMeTpa B pyke v HaGnofaite MameHeHwe Tem-
nepaTypsl NPy U3MEHeHMW BHYTPEHHeH 3HepruM TepMOMETPa B peaynkta-
Te npouecca Tennonepepaun (puc. 30.5). Korma ycraHoBuTCA Tennosoe
paBHOBECHE MeXAY PYKo#i 1 TepMOMEeTPOM (NPexpaTATCA M3MeHEeHUA Tem-
nepaTypsl), 3anulKTe NOKa3aHWA TepMomeTpa.

2. Cnoxute nucT OymarM BYETBEPO, BCTABLTE TEPMOMETP B MECTo
cruba mexay cnoamu Gymarw. Mpwxkuman Gymary Kk cTony OHOR pykoi,
COBEPLIMTE C HEGONBIIMM HAKUMOM HECKONLKO ABMXEHUHA TePMOMETPOM
B crbe Gymaru (puc. 30.6). 3anmumre, HA CKONLKO MPAAYCOB MNOBLICH-
nach TeMmneparypa TepMoMeTpa B pesyastare cosepliénHoi paGoru. 3a-
MEHUTe NUCT GyMari NacTUkoM U nosTopute onwt (puc. 30.7). O6LACHK-
Te pe3ynLTaThi ONLITOB.

Puc. 30.6 Pue. 30.7

Mexannueckuii sxksuBagent Temnorsl. Jlo konua XIX .
MCXAHHYCCKHE M TCIVIOBBIC SBACHMS PacCMaTpUBANINCh B (u-
3MKE KaK NPHHUMITHAABHO paiiuuHble sBieHus. Mepoi me-
XAHMYECKONO JIBMXKEHHsI OB SHEPrsi, a Mepoil TenioBoro
ABMKEHHS — KoinuecTBo Temorsl. Konmuecrso temiors
ONpeleIsAOCh KAK MPOM3BENEHHE MACChl /M Tela Ha M3MeHe-
HHE TeMrepaTypbl Al H KOXDMUIHEHT ¢, Ha3bIBaeMbIH ynenb-
HOH TEIUIOEMKOCTHIO BelleCTRA:

Enunuueit xonuuecrsa ternorsl Owna kaaopust (1 kan),
paBHasi TAKOMY KOAHYECTBY TEIUIOTHI, KOTOPOE MOBBILIAET TeM-
neparypy | r Bomst na 1 °C.

Cunranoch, YT0 W3IMEHEHHE MeXaHHYecKoH SHepruMm Tena
MPOMCXOMHT B pe3yabTaTe copepiieHdsi paboThl, a H3MEHEHHE
KOJNHYUCCTBA TEIOTH — B PE3yIbTaTe TEIUIONEpeladn OT ropsi-
yero tena xononHomy. Cease Mexny paGoToH, onpenenseMoi



M0 MU3MEPEHHIO CHIBL U MNYTH, H KOJIMYECTBOM TEIIOTHI, M3-
MEPSEMbIM 110 MOKA3aHHAM TEPMOMETPA H BecoB, B (U3nKe
JIOATO HE YAABANOCH YCTAHOBHTH

benaxamuu Pymdopn B 1798 1. HaGxonan, Yro npu
CBCPJICHMH OTBCPCTHSI CTBOJ MYIIKH TaK CHJABHO HAIpCBaaCs,
YTO 3aKHnala oxaaxnalomas ero sona. Ha ocHosanmm sroro
HAOMIONCHHSI OH NPHMILEA K BBIBOLY, YTO BO3ZHHMKAIOLICC [PH
TPCHHH TCIUIO MOXCT HCIPCPBHIBHO NPOW3BOAMTECH B Heorpa-
HHYCHHOM KOJIMUYCCTBE. DTO 3HAYMT, YTO TCIIOTa HE MOXET
ObITh MaTepHanbHOM cyGcTaHimeit. Tennora ects He 4TO HHOE,
KaK GecrnopsiouHoe ABHXEHHE HacTHlL

Anramiickuit yueénniit Jlxeiimc )lxoynb B 1843 r. nep-
BHIM DKCIEPHMEHTAIBHO YCTAHOBWII 3HAYCHHE MEXaHHM4YeCcKOoro
IKBHBaIEHTa TeraoTsl. OH H3roToBHI NPHOOP, BHYTPH KOTO-
pPOro Ha BepTHKWILHOH OCcH ObUIH YKpervieHbl BOCEMb PSIOB
aonacreit (puc. 30.8). K GokoBoIM cTeHkaM ObUIH NPHKpen-
JIeHbl YeTHIPEe Psla NIACTHH, He MEeIaBiliie BPANIEHHIO J0-
nacrel, HO NPENSTCTBYIONIHE YBACUCHHUIO BOIbLI JOMACTIMM.
Yepes cucteMy GAOKOB JIONACTH JBYMS TPY3aMH NPHBOIHAHCH
BO BpalllcHHE.

B pesynsrate BpamieHMsi NONACTEH TeMIepaTypa nepeme-
IHBACMOH BOJIBI YBEIHYHBAIACH,

JUis m3MepeHus paboThl, COBEpLIaCMOM TpH BpalleHHUH
nonacrel B uMaMHape ¢ BonoH, JLkoyas HcrmoabzoBan rpyssl
H3BecTHOM Macchl M, cucremy GnokoB M Huted. Mamepus
nyTh hi, NPOIIeHHBIN rPY3aMit, MOXHO BHIYHCINTD paboty, co-
BEPIIEHHYIO CHJIAMM THXKECTH NPH MX MEePeMELICHMH:

Ilo_M3MeHCHHIO TCMIIEPaTypPhl A7 BOJIBI M H3BECTHOMY 3Havue-
HMIO € maccel /m Jlkoynb onpesesna KoauuecTso Teriors O

Q = cmAl.

IlpupaBusie coBepluéHHy0 pabGoty A K BBUICAHBLICMYCS
KOJIHUCCTBY Teruiorel (:
A =0,

JUKoyAb Haweén, 9ro is MoAyYeHHsl KOJHYeCTBa TerIoTh
1 xan cuia TSOKeCTH, ICHCTBYIONAs HA IPY3bl, J0MXHA coBep-
wHTh padory A, papuyio 4,161 JIx

Ecau paGora BHEINHHX CHJI 3aTPAauyMBaeTCsl TOALKO HA yBe-
JIMUEHHE BHYTPCHHEH HSHEPIHM Tela, TO OTHOLICHME CcoBep-
WEHHOH MeXaHUuecKoH paboTbl B JLKOYISIX K MOJYYCHHOMY
KOJNMUECTBY TEIUIOTH B KATOPHMAX HAIBIBAIOT MEXAHHYECKHM
IKBHBANCHTOM TeNIoThl. [10 COBPEMEHHBIM MIMEPEHMSIM Me-
XaHHUCCKMI 9KBHBAJICHT Telviorsl paseH 4,187 JIx/kan.

MpoekTHoe 3apaHue 30.2

PaGoraom 8 rpynne
OnpeflenoHne MEXaHWYOCKOro SKBMBANOHTA TONNOTH

MonpoByiite nNpuayMate U OCYLWLECTBWTL CBOW BapuaWwT
ONLITa NO ONPeARNEHUIO MEXAHWYECKOTO SKBUBANEHTa TenNoTLl.

MpoBeanTe KONAGKTUBHOR OOCYXAGHUE NPEANOXEHHLIX
NPOEKTOR.
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Jixenme Jixoyns

1. Moyemy Npu cxatuu BO3AY-
Xa B WWIMHAPE aBTOMOOUNLHO-
ro ABWratens NoBLILIAETCA ero
Temneparypa?

2. Kakan eivHulEa uenonsL3aosa-
Nack paHblle NS U3MepeHus
KOMMYECTBA TENNOTH?

3. Y10 Ha3LIBaeTCH MexaHwyec-
KUM SKBUBANIOHTOM TONAOTL?
4. B xakom onuite [xoynu
IKCNEpUMENHTaNnLHO  onpeae-
AN MEXAHWYECKWIA SKBUBANEHT
TennoTu?

5. B xakux eauHMLAX BhIpaxa-
OTCH KONMYecTBO TennoTel B
cwu?




k1 8 KonuyecTeo Tennotkl. YaensHas TennoémkocThb
_rQ|.

Koanuecrso remorst. [lpyu Teruonepenase uamMeHeHne BHYTpeHHEH sHeprun AU

TeNa PABHO MONYMEHHOMY KONMUECTBY Ternors :
AU=Q.

Eciin npu Teiuionepeiade IPOUCXOIHT H3IMCHCHHUE TEMIICPATYphl Telia, TO H3MCHEe-
Hue BHyTpeHHel sHeprum AU Teia NpoNOPLUMOHATLHO M3MEHEHMIO CpeiHel SHeprumM
GecropsAouHOIe TEII0BONO ABMXEHHs YaCTHIILI BeLIeCTBa ¥ UMCIy uacTull B Tene. Us-
MEHeHHe CpejiHeit SHepPruM TeIIOBOIO [BHXCHHS YaCTHIIBI NPONOPUHOHANBHO H3MEHe-
HUIO TEMIepaTypbl, a UHCI0 YACTHII B Telie MPOMNopiuHoHaibHo Macce Tena. [Tosromy
W3MeHenMe pHyTpeHned suepriun AU Tena npH M3MEHEHHH €ro TeMIepaTyphl Nponop-
IMOHANBHO Macce /m Tela M M3MEHEHHIO TeMrepaTypsl AL

AU = Q = emAL (31.1)

. Yaeavnasn remroémrocrs. Kosdpdpuumenr nponopumo-

YpencHas Tenno8MKocTs HanbHocTH ¢ B popmyse (311) HaswBacTcs yreasHoH Temno-
TBEPALIX BeLLeCTB émKocTeio Bewectsa. M3 910l dopmyis nonyuacsm Beipaxe-

HHE JUISl BBIYHMCICHMS YIACIbHOH TCILIOEMKOCTH:
Vienwnas

TeIVICEMKOCTE, (31.2)
x/(kr - °C)

ANIOMHHARA 588 Ilpn W3MepeHHH KOJNMYECTBA TEIUIOTH B JUKOYNSIX, Macchl
Eeron 880 B KWIOTPaMMax M Temnepatypsl B rpanycax llenbcus ypenn-
Hast TBI]J!OCMKOC’I'!; BELICCTBA BLIPAXACTCH & t}.»caym Ha Ku-
Bonbpam 134 202 u epadye Heaveun (1 Jlx/(xr- °C).
Jepeso (1y0) 2400 HCAOBOE 3HAYCHHE YACHAbHOH TENNOEMKOCTH BelecTBa
Keneso 444 DABHO KOJAWUCCTBY TCIUIOTHI, BHI3BIBAIONICMY MOBBILICHHE TCM-
305010 129 neparypsl Tena Maccoit 1 kr wa 1 °C.
Knprmu 380 B TOM, 4TO yieAbHAs TEIIOEMKOCTE Pa3HBIX BELICCTB pas-
JIMUHA, MOKHO YOCHMTHCS B ONBITE © HECKOABKHMM TelaMM
JIén (mona) 2100 oauHaKoBoi Macest ¥ dopMel u3 pasisx semects. Harpes no
Mexs 383 100 °C umiMHAPH OMHAKOBOH Macchl M OIMHAKOBOIO IHAMET-
Onoro 225 pa, M3roTOBJIEHHBIE M3 Pa3HLIX METANIOB, MOCTABHM HX Ha
[naTHHa 134 nactuHy M3 napaduna. lopsuMe LWMAMHAPHL NAIABAT napa-
Ipodka 2050 $hHH ¥ MOrPYXAIOTCA B HEro JIo Tex ncs, MOKa He OCTBIHYT J10
e 2090 Temneparypnl miasienusi napadmia. OneIT MOKa3LIBaeT, uTo
yGHHA MOrPYXeHHsl LHIMIAPOB pazimuna. Tak Kak Mmacchl
Chunen 131 HHAMHIPOB H M3MEHEHHE WX TeMINIEPATYPhI OJIHHAKOBH, TO Bbi-
Cepedpo 235 JIENUBILIEECs KOAMUECTBO TEMAOTH NPONOPUHOHAILHO YICb-
Crexio 790 HOM TeIIOEMKOCTH BelecTpa Kaxuoro wwimnapa (puc. 31.1).

Hamepenne Koamuectsa temnorel. [IpuHumn uamepenns
KONMYECTBA TEIUIOTHl OCHOBAH HA HMCIOAB3OBAHHMM SKCHEPH-
MCHTAIBHO YCTAHOBJICHHOrO (hakTa: NpH TCIVIOOOMCHC MCKILY
TCNAMH YMCHBIICHHC BHYTPCHHCH SHCPIHM ropsuMx Te1 pas-
HO 10 aGCONIOTHOMY 3HAUCHMIO YBCIMUCHMIO BHYTPCHHCH
sHepruH xonoaHsix Ted. Ilpu TennoobMeHe Mexiy IBYMs Te-
JIaMW, M30AMPOBAHHBIMM OT JIPYTHX Tel, KOAHYECTBO TeIUio-
Thl, OTAAHHOE TOPAUMM TEJIOM, PABHO KOJNHYECTBY TEILIOTHI,
NOJYYEHHOMY XOJOAHBIM TEA0M:

Q= O em(ty — 1) = ety — 1). | (313)

Papencrao (31.3) naswiaetcsi ypaBHCHHEM TelLioBoro Ha-
nanca. B ypapHenun Teruiosoro Gananca ¢, — yjeibHast Ter-
JOEMKOCTB TOPAYETo Tena; M, — €ro Macca; f; — HavaIbHoe
3HAYEHHE TEMIICPATYDPhI TOPSUETo TeAa; ¢, — YIENbHAsH Terio-
EMKOCTb XONOIHOTO TeAa; m, — ero Macca; f, — HauaibHoe
3HAYEHHE TeMIIEPaTYPhl XONOAHOTO TeNa; £ — TEMIIEpaTypa Tel
MocAe HACTYILUICHHS TEIVIOBOTO PABHOBECHS MCXKIY HHMH.

Y10 Ha3kLiBaeTCA yaensHo# Ten-
NOEMKOCTLIO BellecTea?
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SkcnepuMenTanbHoe sagaHue 31.1
PaGoraeM CaMOCTOSTONIbHO
Wayyenune aeneuua TennoobSmeHa

O6OpyAoBaHHe: CTOKNAHHLIA CTAKaH, M3MOPUTENLHLIA LWNMHAP, XONOAHANA W ropavas Bo-
pa, TepMoMeTp.
Paccuunraiite

neparypo# t, u ropsyed Boas! m, ¢ HavyansHo#H t,. Mpoeepsre
pe3ynbTaTsl pacyéTa SKCNePHMEOHTaNbHO.
Copepxanme paborsl

C yy&TOM TOro, YTO YAENnLHLIe TeNnMo8MKOCTH ropavyeil U XonoaHoW BOAL OAMHAKOBLI, M3
ypasHeuus Tennosoro G6anauca (31.3) onpegenvum Temneparypy I, cMecu ropsueil u xonoa-
HOW BOAMI:

ty= AT 0) ittty
clmy + my) my+my
lMopanok BHINONHEHWA 3afaHus

1. OTMEpLTE M3MEPUTENLHLIM LIMNIUHADOM 1000u°xmmmwnauneﬂmaomacra-
kaH. ViamepeTe Temnepatypy [, XONOAHOH BoAK. PesynsraThl uamepennid sanuwuTe B TaGnuuy.

2. Haneiite B M3MEPHTENbHLIA WMNMHAP rOPsHYI0 BOAY 0OLEMOM 50 cM® 1 uaMepbTe eé
Temneparypy ;. Pesynbrarel M3MepeHni 3anuumTe B TabnuuLy.

3. Buneiire ropsuyio BOAY B CTaKaH ¢ XONOAHON BOAOH M U3MepbTe TeMneparypy I, cMme-
cu. Pe:vynuam M3MepeHuit 3anuumTe B8 Tabnuuy.

TEMNEPATYPY [y, CMECH
ropmeuuxonmuw okl  TaONMUA 31.1
HbIX SHAYEHW TOMINEPATYPL! FOPSMEN 1
XONOpyON BOAN W A vasecTHLX 3a%e- | my | m,r | 1,°C | ,°C |ty °C | s, °C

HMIA Maccel ropsveil M XonoaHoW Boaw.
Peaynsrartsl 3anuMwmnTe B Tabnuuy.

Mpumep pelseHna 3apaun

3anava. B TOHKOCTEHHOM CTaKaHe HaxoaMTcA Bofla maccoil m, = 160 r npu Temnepa-
Type I, = 20 °C. B crakaH fonvnu ropauylo Bofly maccoi m, = 40 r. locne ycraHoneHus
TEMJIOBOrO PABHOBECHUS TOMMNEPATypa BO/LI B CTakaHe crana pasHol f, = 36 °C. Kako# Guina
Temneparypa t, ropaveit soau? lNotepy Tenna Ha HArpeBaHMe CTAkaHa M MINyYeHue cuuTai-
Te NpeHetpexXuMo MansiMM.

Nawno: Pewenne:
m, =160 1 = 0,16 Kk 3anuwem ypasHeHWe TerJIOBOro GanaHca:
{,=20 °C TR T‘;zmz":‘ ) = ety - 1)
m,=40 r = 0,04 kr e
A _ my(ty—t) +myty 0,16+ (36-20)+0,04:36
[,=36 °C L= s = 0.04 “C =100 “C.
L, —? I OTeeT: I[,=100 °C.

3anaua 31.1. B TOHKOCTEHHOM CTAKAHE HAXOAWIACH BOJA MAac-
con 100 r npu Temneparype 25 °C. B BOJlY ONYCTWIH T&I0 MaccoH
50 r ¢ ynenwHon TerioésmkocThio Bemectea 700 Jix/(xr - °C). TNocae
YCTAHOBACHHS TEIUIOBOIO PABHOBECHS TEMNIEPATYPA BOMLI M TeAA CTa-
na pagHoR 30 °C. Onpejeiure HAUATLHYIO TeMneparypy Tena. [lo-
TEpPH TelIa Ha HATPEBAHHE CTAKAHA W HVTYUEHHE CUMTAlTe NpeHes-
PEXHMO MATKIMHA. YIeIbHas TeoeMKocTs Boasl 4200 JUk/(kr « °C).

MoyeMy nocne cMelWBaHUs
ropayeit u XONOAHOW BOAK
HYXHO OLICTPO NPOM3BECTH M3-
MEepeHue TemnepaTypbl cMecn?
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Puc. 312

YpensHas TennioémMKocTb

Xuaxocten
Bemecrso Vienwnas

TEIIGEMKOCTS,

Jix/(xr - °C)
Benaun 2050
Bonwppam 136
Bona 4182
Kedmp 3770
Prym, 139
Crmpr
ITHIOBLIA 2470

YpensHas TennoéMKocTL
rasoe nNpu nNOCTOSHHOM

obnLéme
Benecrso Viensnas

TEIIOEMKOCTS,

Jxf(kr - °C)
Asor 745
Bonopon 10 132
Boanyx 720
Kuciiopon 653
Meran 1700
Xnop 356

Hsmepenns KoNMIeCTBa TEIIOTH H YICAbHOR TEIIoém-
KocTn Bemecrsa. Ui MaMepeHHsi KONMUECTBA TEIUIOTHE MC-
noAb3yercest Npubop, HasbiBacMbld Kasopumerpom (puc. 31.2).
Kanopumerp cocTouT U3 ABYyX COCYAOB, KOTOPhIE BCTABISKOTCH
onMH B apyrod. BosayX Mexny BHCUIHHM M BHYTPEHHHM CO-
CYIaMH H KPBIIIKA HCIONB3YIOTCH JUIS TCIUVIOH30ASIIMH BHYT-
PCHHEIO cocyla.

Bo BHyTpeHHHH cocyl HaIMBacTes AKMIKOCTH ¥ TOMEILa-
erest ueenenyemoe Teno. Ecim Macca BHYTpEeHHEro cocyla Ka-
JIOPHMETPA 3HAYMTENBHO MEHBIIE MACChl HANMTOH B HEro
KHIAKOCTH M YIAeHBHAS TEIUIOEMKOCTH BELIECTBA COCYAa Mmana
M0 CPABHEHHIO C VACABHOM TENA0EMKOCTBIO XHIAKOCTH, TO
MOXHO CHHTATh, YTO B KAIOPHMETPE MPOMCXOAHT TeruioobMeH
TONBKO MEKIY HCCASAYEMBIM TEIOM H KHAKOCTHIO.

Jina  9KCNepHMEeHTANBLHOTO ONpelieielHs  HeH3IBeCTHOH
VIEALHOH TEMIOEMKOCTH ¢; HCCHIE/IYEMOTO BEIIECTBA TENO Mac-
COW 1y M3 HTOTO BEWIECTBA HATPEBAIOT JIO TEMICPATYDH I, W
ONYCKAIOT B AWIKOCTh € WIBECTHOH YIENBHOH TEIUIOEMKOCTHIO
¢, ¥ Maccolt m, Npu Temnepartype 4. [locie npekpalieHuns u3-
MEHEHHMH TEMIIEPaTYpPHl XHIKOCTH ONpeNensieTcs TeMIeparypa
#; TeruioBoro pasHoseckst. M3 ypashenusi Tensioporo Gananca
noayuacM GopMyny JUisl BLIYHCACHHS VACABHOH TEIOEMKOC-
TH BELLECTBA FOPSIYEro Teja:

o =049 (31.4)
miy - 1)

Hamepenne yAenbHOH TEIVIOEMKOCTH BCLIECTBA © 110-
MOILBI KUIOPHMETPA BO3MOXHO TOJNBKO TOI/A, KOIMIA M3BECT-
HA YAC/HbHAS TCIUIOEMKOCTb XOTH Obl OJHOIO BCHICCTBA, € KO-
TOPLIM MOXCT NPOMCXOANTH TEILIOOOMEH B KaJOpHMETpE.
Ho xak onpemeinTs YACHABHYIO TEIVIOEMKOCTH MEPBOr0 Be-
utecrsa?

[loka m3MepeHMs! KOJNMYECTBA TEIUIOTHI MPOBOAWAM B Ka-
JIOpHAX, STOH npoGieMbl HE CYWIECTBOBANO, TaKk Kak (hH3u-
KM MPOCTO JIOTOBOPHIKMCH CHMTATh YAEABHYIO TEMAOEMKOCTh
BOJIBI TIPH M3MEPEHMWSIX MACChl B IPaMMax W TeMIepaTypsl
B rpanycax llenbeus pasno#t enwmmue, 1.e. 1 kan/(r-°C).
YnensHsle TerOEMKOCTH BCEX OCTANBHBIX BEIIECTB ONpene-
JSNACH ¢ MOMOIIBI KAJOPHMETPA 10 H3IBECTHOH VACTBHOM
TEMUIOEMKOCTH BOJIBI,

IMocae BHIACHEHWSI NPHPOABL TEIUIOTH KAK MEPhl HIMEHE-
HHsI BHYTPEHHCH DHEPrHM Tel B Pe3sy/ibTare TeIUionepeiadyn
KAlOpHsl KakK 0co0asi CAMHHIA KOJNMYECTBA TeIIoThl OKa3a-
Jlachk JHIUHEH B H3MKe, KOJIMUECTBO TeIVIOTHI CTAIM BbIpa-
KATh B CAMHHUAX SHEPruM — dacoyasx. U Tyr Bo3HHKAA
npobieMa: KaK y3HaTh YACAbHYIO TeIUIOEMKOCTh BOAB B KO-
yasIX Ha KMaorpamsm i Ha rpanyce Lleascusi, urobr xanopumer-
PMUYECKMM CMOCODOM BLIMOAHSTL JI00bIe M3MEPEHHs Kosnue-
cTBa TeroTs?

Ho aro we wosas npoGiaema, a npoGiema onpeneneHus
MEXaHHWYECKOTo IKBHBANCHTA TEIUIOTH, KoTopas obcyxianach
B npeasiayumied meme. DKCnepHMeHTANILHOE onpeieneHHe
YACABHOH TEMIOEMKOCTH Kakoro-iubo BelecTsa Npu NoBbi-
LWEHHM €10 TEMIEPATYPhl 33 CUET COBEpIUEHMs paboThl BHEI-
HHUX CHJ M €CTh ONPEeIeHHE MEXaHHUECKOro SKBUBAJICHTA
TEMIOTH.
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OxcnepuMeHTanbHoe 3afiaHue 31.2

PaGoraom & rpynne
Wamepenne yaenbHol TensioéMKocTH BellecTsa

O0opyioBanme: KAnoOpUMeTp, TEPMOMETD, BEChl ¢ PasHOBECOM, METANIMYECKUA Lm-
NMHOP, U3MEPUTENbHLIA WMNKHAP, COCYA C ropsyei BOAOR.

Onpepenure yAeNsHylo TENIOEMKOCTb BOUECTRAE METAIUTHYCCKOTO UMIMNAPAE.
Yaensuas TennoémxocTs Boas pasHa 4180 Ox/(kr * °C).

TMopSoOK BHINONHEHWS 3a/lanni

1. MamepkTe maccy m, uwnuuapa. Bo BHYTpeHHWi cTakad kanopumertpa Hanedire so-
Ay maccoil m, = 100 r npu KOMHaTHOW Temneparype. Mamepsre Temneparypy I, Boas B
xanopumeTpe. Peaynsratel uamepennii aanuwmMre 8 tabnuuy.

2. OtpaifTe LWNMHAP YYMTENIO U HarpeBaHus B kunswei soge. Yepea 5 mMuH no-
[ORANTE K YUMTeN0, Aepxa KanopumeTp B pyxe 3a BHeLHW crakaH. Mocne Toro kak yum-
Tenk ONYCTUT B Ball KANOPUMETP MCCReAyeMbIil LMnMHADP, HarpeTsid go 100 °C, onyctu-
Te B KaNOpUMeTP TEPMOMETP W, JOXOABIIMCL MOMEHTA YCTAHOBNEHUA TENNOBOIO PaBHO-
BECHMA MeXy LUMNMHADOM W BOAOH B KanopuMeTpe, CHUMUTE MOoKa3aHusa TepMOMeTpa f,.
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Pesynstathl uaMmepeHuii sanuuute B TaGauuy.

3YNLTaThl BEMUCNEHWA 3anWuuTe B Tabnuuy.

my, Kr m,, Kr t,, °C t, °C 1, °C

3. Mo dpopmyne (31.4) BuyMcaUTE YAGNLHYIO TENAOEMKOCTL BellecTBa yunuHapa. Pe-

Tabnuua 31.2

¢y, Pox/(xr - °C)

3anaua 31.2. B TOHKOCTCHHOM CTAKaHe HAXOMMICH BOJA Mac-
co#t 160 r. MNocsie 0AHBAHMS B CTAKaH BOARI Maccod 40 r mpu Tem-
nepatype 100 °C Temneparypa BOAL B CTAKAHE NOCKE YCTAHORJICHHS
TEIUVIOBOIO PABHOBECHSI cTana paBHo# 36 “C. Kakofl OkUla NmepBOHA-
YankHAd TeMIepaTypa Boasl B crakaHe? [loTepn Temna Ha Harpesa-
HHE CTAKAHA W HTYUeHHe CUHTaHTe NpeHespeXHMO MATHIMH. OTBer
BRIpAZHTE B Mpaaycax no mxane lleascus.

3anaua 31.3. B TOHKOCTEHHOM CTAKAHE HAXOMMTCH BOJA MAC-
cod 100 r. B Boay onycTHAH Harperoe Ao Temneparyps 90 °C 1eno
MAcCOM 50 I ¢ YREALHOR TeIUIoEMKOCTRIO BemecTra 700 JIx/(kr - °C).
Tlocne YCTAHORICHHS TCIVIOBOIO DPABHOBCCHS TEMIICPATYPA BOAM H
Tena crana pasiof 30 °C. ONpeie/inTe HAYATLHYIO TCMIICpaTypy Bo-
Jii B crakane. TloTepy Teivia WA HArpeBaNMe CTaKaHa W wyiydenue
CUMTAHTC NPEHEOPEKHMO MANBIMH. YACHLHAS TEIUIOEMKOCTL BOJLI
4200 JIx/(kr- °C). Orper BLIpazMTe B rpaaycax no wxaie Leiscus.

3anaua 31.4. JLig cpaBHeHHS VASTBHEIX TeIUIOEMKOCTEH BelllecTs
JIBYX Ten A W 5 3TH Tena ObUIH HanpeTsl 10 Temneparype 100 °C u
ONYIIeHK B JIBA OJMHAKOBHIX CTAKAHA KANOPHMETPOR, CONepXaliMe
OHHAKOBOS KOJMYECTBO ONHHAKOBOH HEHM3BECTHOH XHIKOCTH. Teno
A MaccoH 0,2 Kr OLUIO ONYIICHO B KATOPHMETP ¢ HAYATLHON TeMne-
parypoil KHaKocTH 20 °C, nocie YCTAHORICHHS TEIUIOBOIO PABHO-
BECHSI TEMIIEPATYPA B KAIOPHMETpE ¢ TeNOM A crana pasHod 25 °C.
Teno b maccoft 0,1 Kr OBUIO ONYLICHO B KAIOPHMCTP € HAYAILHOA
TEMICPATYPOR XHAKOCTH 23 °C, NOC/HC YCTAHORICHHS TCIUIOBOIO
PABHOBCCHS TEMIICpaTypa craia pasHof 30 °C. Y Kakoro 3 aByx
TN YACALHAS TCIIOEMKOCTH BCIICCTBA OOALIIC M BO CKOALKO pa3s?

Bonpocs!

1. Ucnonbaya Tabmuup yoenb-
HBIX TennoémkocTed Teépabix
Ten, onpeaenvte, ANA Harpe-
panus Ha 1 °C 1 kr KaKoro ge-
wecrea Gyer 3aTpayeHo Hau-
GONLLIEE KONMUECTBO TENIOTLI,
2. Ucnonsays Tabmmus yaess-
HBIX TENAOEMKOCTER TBEpPALIX

BOALI MAKM NbAa Tpebyercs
MEHBILIEE KONMYECTBO TeNNoThl.
3. MpK KakoM YCNoBuM Npume-
HAMO YpaBHEeHWe Tennoeoro
OGanaxca?

4, Kak HYXHO M3MEeHWTL ypas-
HeHWe Tennoporo OGanawca
(31.3) npu BLINONHEHMM SKCNE-
PUMEHTANLHOIO 3ananms 31.1
oans nonyyeuun 60nee TOMHO-
rO pesynsrara U3MepeHnin?




£y, TennonpoeoagHocTh. KoHBekyusa. Tennonepepaua uanyyeHmem

http://class-fisika.narod.ru/
8_3.htm (Tennonepegaua.)

Puc. 32.1

Puc. 32.2

Temnonposoanocts. TenionpoBoAHOCTHIO HAZLIBACTCS
NPOLECC TETUIONEPENAYH OT rOpsituero Tena XONONHOMY B pe-
FYABTATE HENOCPEACTBEHHOrO B3AMMONCHCTBHS ATOMOB WKW
MOJIEKYA 9THX Tel. 3a cuér TenIonpoBOAHOCTH OCYUICCTRIS -
CTCH Mepeiavya HEPIHM, HalpHMep, OT FopsYero uast crakady
H OT CTaKaHa pyKe, TCILIONEpeladya BAOJAb METALIHUCCKOro
CTCPXKHS, HArpeBacMoro ¢ OIHOIO KOHLA.

OPOLIHMH TPOBOAHHKAMH TCIUIA SBASIIOTCH MCTALIbI.
[IpH OAMHAKOBOM PAa3sHOCTH TEMIICPATYP Uepe3 ok crekia B
EAMHHILY BpeMeHM NpoXoauT npumepHo B 500 pas mensuiee
KONHMMECTBO TEIUIOTHI, YeM uepe3 CIoif MeaM Takoi xe Toi-
uMHBl. A uepes cioit mepcru npoxonut B 20 pa3s MeHblee
KOJIMYECTBO TEIUIOTHI, YeM uepes cioil crekna. Manas Tteno-
MPOBOJIHOCTE WIEPCTH OGBIACHAETCS GONBITAM CONIEPXAHHEM B
Hel poznyxa. TermnonpoBoaHOCTs GOJNBUIMHCTBA Fa30B MPH aT-
MocepHOM JIaBIeHHH 3HAYMTENHHO MEHBINE TerIoNnpoBo/-
HOCTH KHJIKOCTEH W TBEPIBIX BEIECTB.

Paznnumsi  TEIIONPOBOAHOCTH — MATEPHANOB  MOXHO
HaGAONAaTh B ONBITE ¢ HArpeBaHHEM CTEPXHEH W3 Menw,
AMOMHHHA M CTATH, K KOTOPBIM TIPHKPEIICHBI TUIACTHIN-
HOM TBO3IM WAM nanouku. [lpH HarpeBawwH crepxHed npu-
KPCIUIEHHBIC K HHM TFBO3IH OTHALAIOT PaHbLIC ¢ TeX CTepK-
HeH, BelecTso KOTopuiXx obnamaer GoJblied Teruonpopoi-
Hocteio (puc. 32.1).

Konseknms. B razax M XWIKOCTSX TEIUioTa nepeHocHTest
He TOJNLKO MPH TEIUIONPOBOAHOCTH, HO M NPH KOHBEKIMH.
Konpeknmei 1aspipaercsi npouece nepeHoca TenioTsl moro-
KaAMH BelecTsa.

TNpHurHOM KOHBEKIMH SIBASETCH PACIIUPEHHE KHIAKOCTEH
W TA30B NpH HArpeBaHWH. SIBICHUE KOHBEKLMH B KHIKOCTH
MOXHO HabmomaTh B CTEKASSHHON TpyOke B dopme Kpanpara,
sanonHeHHol Bono# (pue. 32.2). B TpyOKy OpocaiorT HECKONb-
Ko KpHcrawios Mmapranuobku. Ilpu Harpesanum TpyOku ¢
OIHOro Kpast Gojce TEIIas M IOTOMY MCHEC IIOTHAs Boia
NONHUMACTCS BBCPX, a Ha ¢f MecTo nocrynaer Goiee MioT-
Hasl XOJOJHAs BOMAa W3 HHAKHCH TOPH3OHTANBHOH TPYOKH.
Habmonaercs GmCTpOE pacnpoCTPAHEHHE OKPACKH [0 BCEMY
KBanpary.

Tenaonepenaua wanyaenwem. Buyrtpennss sneprus tena
MOKET MIMEHSIThCH W Ge3 HEMOCPEACTBEHHONO KOHTAKTA 9T0-
ro tena ¢ apyrumu Tenamu. C pocxonom ConHia TeMnepary-
pa BCEX TeJ HA OCBELIEHHOW cTopoHe 3eMiH NOBBINACTCH B
PEIYABTATE TOMIOMIEHHS CONHETHOTO WATYIEHHS — BHIMMOTO
CBETa W HEBHIMMBIX HIMYUCHHHA, HA3BIBACMBIX DAEKTPOMAr-
HHTHBIMH MJIYUeHHSMH. DTH HaiyucHHs npoxomt ot ColH-
1A uepes MOUTH MYCToe KOCMHUCCKOE MPOCTPaHCTBO,

OnHOU W3 NPHYHH BOZHMKHOBEHHS DACKTPOMAarHWTHBIX
H3AYYEHHH SIBASIETCS TeIUIOBOE JIBHKEHWE YACTHIL, BXOISIIMX
B coctas atoMoB. TerioBoe 31eKTPOMArHUTHOE M3NyYeHHe
HCIYCKAIOT M MOMIOMIAIOT Bee Teaa. MoUIHOCTL 5Toro u3ay-
YeHMsI ¢ eIMHMIILI TIOBEPXHOCTH Tela YBeIHYMBAETCS C MOBbI-
LieHMeM TEeMIIEPaTypPhi.

JIHEM 3emHasi NOBEPXHOCTH HArpeBaeTcs, MOTOMY YTO T0-
ayygaer or Conuua Goabiie sHeprud, yem uanyygaer. Housio
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OHA OXIAKLACTCH, TAK KAaK M3AYMaeT GOAbLIEC SHEPIUH, ueM
MOrOWIAET OT HOYHOIO Heba.

DNEKTPUUECKHE JaMITbl ¢ HATPETOH IO BHICOKOH Temnepa-
TYPbl METALIMYECKOH CIMPANbIo MCNONb3YIOTCS JUISl OCBelle-
HHS, NCKTPHUCCKHE MPHOOPHI ¢ HAIPCBATCIbHBIMM HJICMCHTA-
MH — B KauecTBe 00OrpeBaTe/ibHBIX NIPHOOPOB.

CriocoBHOCTD TeNa W3NYYaTh H MOMONIATE HNCKTPOMAIHNT-
HBIC M3AYYCHHSI 3aBHCHT OT CBOMCTB nosepxHocts tena. Jlus
IKCICPHMCHTAIBHOIO HUCCACHOBAHUS CIIOCODHOCTH TeA H3AY-
4aTh M MOrAOMIATH TEIVIOBOE MANYUeHHe MOXHO MCIOAL3OBATH
TEIVIONPHEMHHK — HeGONBIIYIO HMAIHHAPHYECKYIO KOpobKy ¢
TOHKHMH METAUTHYECKHMH CTEHKAMM M IUIACTMACCOBOM pyu-
koii. OnHa cropoHa KopobGKH OKpailleHa 4€pHOM KPacKo,
npyras — Genoit. KopoOka coenunsiercss pe3auHoBoi TpyOKo# ¢
MaHOMETPOM.

Ipr npubamxeHHH YEPHOH CTOPOHBI TEMIONPHEMHHKA K
ropsiveMy Teay ero HiaydeHue MOrIoUIaeTCss M HarpeBaeTr Ko-
poOKy. B pesyibrare HarpeBaHmsi NaBAeHHE BO3AYXa B KOPOG-
K€ TMOBBIIACTCS, H MAHOMETP OOHAPYKMBAET 5TO NOBBILIEHHE
nasiaenust (puc. 32.3). Tlpu noeopote TennonpuéMHuka Genof
CTOPOHOM K TOMY X& TOpSiMEeMY Teny W3IMEHeHMe aBieHusi
oOKa3biBaeTcsl oueHb MaibiM (puc. 32.4). CheopatenbHo, uép-
Hasi MOBEPXHOCTH MOIMOIIACT HINYUCHHC 3HAYMTCNIBHO Aydllie,
yem Genasi.

lMpoekTtHoe zapaHue 32.1

PaGoraem B rpynne

Mpuaymaitte, KaKk KUCCNenaoBaTh 3aBUCUMOCTHL MOUWHOCTH
TENNOBOTro U3NY4eHUs OT OKPacKW NOBEPXHOCTW Tena. Buinon-
HMTE ONLITLl U cAenaifTe BLIBOALI.

1. 4Yro Takoe TenNonpoBoOA-
HOCTL?

2. Y10 Takoe KoHBEKLMA?

3. MNpueeauTe NpuUMeps! Tenno-
nepeaayv koueekumei u Ten-
JIONPOBOAHOCTLIO,

4. 0T yero 3aBUCWT CnoOcob-
HOCTL T@A UCMYCKaTk W MNOMo-
ware Tennogoe uanyyenue?

5. MpuseauTe NpUMeps! TeNNo-
nepeaayn uany4eHneM.
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Puc. 32.5

Puc. 32.8

Kousexkuus B npupone. KOHBEKIMOHHBIA NepeHoc Ter-
Jia TIPOHCXOAMT BO MHOIMX NPHPOAHEIX npoueccax. HauGonee
JHAKOMBbI KOHBEKIMOHHBIE [POLECCHI, NPOUCXOMSILNE B 3EM-
HOH armocdepe. Y HArpeTod CONHUEM 3¢MHOM TNOBEPXHOCTH
TEMIIEPATYPa BO3AYXA NOBBILACTCS, OH PacUIMPHCTCs WM M3~
3@ YMCHBUICHHSA TUIOTHOCTH <BCIUIBIBACT» B BCPXHHME CJIOH
arMocdepsl. YHCCEHHBIC BBEpX TCIUIBIM BO3IYXOM [1apbl BO-
ABI OXJAXKAAIOTCH H KOHIACHCHPYIOTCS B KAIUIH BOJBI WM
KpHCTANB! Jibla, obpasys obGnaka (puc. 32.5). Ha mecro
NOJAHUMAIOIIETrOCsl BBEPX TEIIONO BO3AYXa NPHXOAHT B6O-
Jiee TIOTHLIH XonoaHsiH Boanyx. Tak koHBekums B armocde-
pe ABISIETCH NPHYMHOH IepeHoca Bojbl M o0pasoBaHus ocal-
KoB. Bamsinue spamenust 3eMiH HA KOHBEKIMOHHBIE TOTOKH
BO3MlyXa B arMocdepe NpHBOAMT K 06pa3oBaHHIO TMraHTCKHX
BHXpEH — IIMKAOHOB H anTHiHKiIoHoB. [lepeHoc mémaoro W
BIAKHOTO BO3IYXAa IMKAOHAMH SIBISIETCS OCHOBHBIM (hakTo-
POM H3MEHEHHsI TMOro/Bl BO MHOIHX 00JacTiX 3eMHON mno-
BEPXHOCTH.

Koupekist B armocdepe 3eman simisieresi NpHIHHOR BO3-
HHUKHOBEHHS BETPOB M OKCAHWUCCKHMX TeueHHH. Y Geperos
Mopel HaGnwonaercs Betep, KOTOPHI HA3LIBACTCS MOPCKHM
Opusom. YTpoMm GpH3 BO3HHKACT [OTOMY, UTO € BOCXONOM
ConHua cyia Harpepaercsi GbICTpee, UYeM MOpe, HArpeTbiil Bo3-
NyX Hau cywielt rmogHMMaercsi BeepX. Y Oepera mopsi oGpasy-
ercsi obnacth NoHukeHworo jasaenusi. Tyna nepementaercs
XONONIHBIN M Gonee TUIOTHBIH BO3ayX ¢ mopst (puc. 32.6). Be-
yepoM OpH3 jyeT B 0GpPaTHOM HANpaBAEHHM, TAK KaK ¢ 3a-
xonom ConHu@a BO3AYX HAA CylieH ocThiBaeT ObICTpee, uyeM
Han mopeM. Bonee Teénablit BO3AYX Hal MOpeM NOIHHMAETCH
pBepx, Gosee MAOTHHIMA BOZMYX ¢ cylH ofpasyer perep B CTo-
POHY MOpSI.

Konpekumsi asuxer we Toabko o6naka B atmocdepe 3em-
JIH, HO W KOHTHHEHTHI. 3eMHas Kopa cocToMT M3 12 wacrtei,
HasbiBaeMpiX JurocdepupiMu mumramu. o 3emHol Kopo#
Ha rayGune 70-250 kM TeMneparypa papHa NPHMEPHO
3000 °C. Tlpu Takolf Temieparype BELICCTBO 3¢MHOH KOpbI
mnasuresl. B Hempax 3emau BO3HMKAIOT KOHBCKIMOHHBIC 110-
TOKH paciviaBicHHoro pemectsa. JlnrocdepHeie 1UHTH epe-
MCIIAIOTCH STHMH KOHBCKUMOHHBIMH noTokaMu. CKopocts
nepemMenieHust KOHTHHEHTOB OKoao S cm B roa. B Tex mecrax,
rfle MAMTH CTANKMBAIOTCH, 3eMHasl KOpa CMHHaeTcsi, obpasy-
I0TCSl TOPBl, BOZHMKAIOT Byakanul (puc. 32.7).

Konsekumeit neperocurest B Bepxtme caon ConHua u
3BE3JL TEIUIO, BHIICHSIONICECH B WX HEIpax.

Ilponeccsl Tenaonepeaads B NOBCCIHEBHON KH3HH. 3a
CYET KOHBEKIHH BO3NYXa OCYHIECTBIAETCH OBICTPHIA nepenoc
TEMAOTH OT HArpeBaTeNbHbIX NMPUOOPOB MO BCEM KOMHATAM
noMa (puc. 32.8), oxnakiaeHHe NPOAYKTOB MO BCEMY OOBEMY
XononwasHuka (puc. 32.9)

Jna yMeHBIIEHHS 3aTpaT 3HEPruH Ha o0OTpeB KHIMIL
IUMOM NPHXOIHTCH CTPOMTH JIOMA ¢ TONCTHIMM CTCHAMM W3
MATEPHANOB HU3KOH TEIIONPOBOAHOCTH. DTH Ke CTEHH 3a-
LWMILAIT JIOACH NeTOM OT Xapbl., 3HMOH HYXHA OfeKia iUis
XOPOIIEH TCIUION3O0NSILHM, 4 JICTOM — JUISE MAKCHMAaNbHOH Ter -
JICOTAAYH OT Tesia OKPYAKAIOUIEMY BOIAYXY M 3alMTH OT Ter-
sosoro manyuenuss Connua.



Korna HyXHO 0BecneuuTh XOpoluyl TeIIOH30NsLIMIO, He-
NOAB3YIOT CaMBIH JTyainmMi TernIon30m1mop — BakyyMm. B Baky-
YME HET AaTOMOB BEILECTBa, MOITOMY HEBO3MOXHA fNepesada
TEMIa HH TEIIONPOBOAHOCTLIO, HM KoHBekumeH. Ha srom
CBOMCTBC BAKYYMa OCHOBaHO ycTpoiictso Tepmoca (puc. 32.10) —
cocyla ¢ ABOMHBIMM CTCHKAMM, MCXKIY KOTOPbBIMH cO3Macres
Bakyym. JUisi nipeaorBpaiieHms TeInioo0MeHa BELICCTBA B TCp-
MOCC CO CPCHOH CTCHKHM TCPMOCA MMCIOT 3CPKAIBHOC MOKPbI-
THE, OTPAXKAKOLLCE TCIVIOBOC MINYUCHHE.

JomaiuHee akcriepumeHTansHoe 3apaHue 32.2

WayueHnre Npoueccos Teruonepeaayn

TNopARoK BLINONHEHWS 3a[aHHA

1. BoabMmuTe NNAacTMaccoByl0 M METAIMYECKYI0 NOoX-
KW, ONYCTMTE MX B YallKy C ropsuMm vaem. Cpasuute, uto
obnagaer GONLLIGH TeNNONPOBOAHOCTLIO: META/UI MAM NNacT-
macca.

2. BulpexsTe CnupansHyio nonocky ua Gymarv ¥ noagecs-
Te 3Ty cnvpans Ha HuTK (puc. 32.11). Moayifte Ha nNoaselleH-
HYI0 CnWpans CBepXy W OnpeflenvTe HanpaeneHwe eé Bpa-
WeHus noa AeiCTBMeM NOTOKA BO3AyXa CBEpXy BHM3. 3arem
nopyiTe CHW3Y W onpejenure HanpaeneHue eé BpallleHun B
BoCXoAAWeM notoke. Tenepb MCNONL3YHTE 3Ty cnupans Ana
OOHapYXeHWA KOHBEKLIMOHHLIX MOTOKOB BO3AYXAa B [lOME@ OKO-
N0 papvaropa BOAAHOrO OTOMIGHWA, Haf 3NEeKTPUYecKor
naMnoi

3. Boabmure Oyrunxy W Hakneire Ha OAHY €& CTOPOHY
4bpHylo Gymary, a Ha APYryio CTOPOHy Genyio aniomMuH1enyio
donury (puc. 32.12). Hanedite B Gymhuiky kunsitok. He kacasich
GyTLiNkM, NpUbNMaLTe Naiolb cHavana Kk 08 YepHol cropowe,
3arem K 6e10# cropoHe. CAeNaiTo BLIBOL, 3ABUCHUT NI WHTOH-
CHBHOCTL TEINJIOBONO WUANYYeHUs! TeNa OT OKPacku ero noBepx-
wocTW. lNpuaymaidte SKCNEPUMEHT MO OGHAPYXEHUIO 3aBWCH-
MOCTH CNOCOBHOCTU Ten K MOMNOWEeHWI0 W3NYYeHUsi OT
OKPacku MNOBEPXHOCTH.
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Puc. 32.9

Puc. 32.10

TeMbl COOGLLIEHWIA

1. TennonpoBoAHOCTL B NO-
BCRAHEBHON XWU3HK,

2. Konpekums B8 armocpepe
Bemmm.

3. Kousexkuusi B Heapax 3emnm
W ABMXOHWE MATEPUKOB.

4, KouBekuusi Bo3ayxa B KBap-
™pe.

5. KoHBekums BO3Ayxa B XONO-
AUNBEHUKE.

6. Tennonepenaya W3Ny4YeHW-
eMm.
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Hsmenenne B HHCH SHEPrMM TeJl NPH NIABJICHHH
W KpHeTauH3annd. KpHCTALIMUECKOE BELIECTBO MOXET [1pH
ONPEACHEHHBIX 3HAUCHMSIX TEMIEPATYPLI M JABNCHMS NepeHTH
B XMIKoe coctosinme. Temneparypa, npH KOTopol npoMcxo-
QMT TAKOC IPCBPAILICHHE, HA3BIBACTCS TeMICPATYPOll Iias-
aenust. Hanpumep, Temneparypa ruiasicHus KpHCTALIOB BO-
el (nbaa npy armocdeprom nasienmu 0 °C, kpucraiios
xenesa 1539 °C, kpucramos azora —210 °C.
UTo Ke NMPOMCXOAMT C BELIECTBOM MPH €ro IUIABAEHHH M
OT 4ero 3aBHCMT Temmepatypa maasiaenusn? Jlns orsetos Ha
3TH BONPOCH paccMoTpuM rpadmx (puc 33.1). Ha srom rpa-
¢dmke npeacraBiaeHo, Kak ¢ Te { Bp " nach
Temneparypa Boasl Maccoit 0,1 kr, uaxonumnencu B Hauanb-
HEIH MOMEHT B KPHCTAZIMYECKOM COCTOSIHHM TPH TeMIiepary-
—100 °C ®u npu MOCTOAHHONH MOUIHOCTH TerionepeIadyn
100 Br. U3 rpadmka BuaHo, uTo cHawana TeMmneparypa ibia
Helge%asuo nopumanack W uepes 210 ¢ nocTHria 3HaveHus!
TeM B TedeHne 333 ¢ ARy €XeCeKYHIHO nepejaBa-
JIOCh KONMWUecTBO Teriorel, papHoe 100 Jlx, Ho Temmeparypa
TAIOIIEro AbJA M BOJBI HE W3MEHWIACh WM HA ONWH Trpanyc.
Tocae Toro kak 3a 333 ¢ Bech NEN paciviaBUIICs, TeMIepaTy-
pa Xkuuko# Boawl 3a 418 ¢ nossicuaack Ha 100 °C.
INonyuennoe or Harpeparensi B TedeHue 333 ¢ KolMUecTBO
Terviorsl 33 300 JIX BHI3BANO NPEBpallcHHe BOABI W3 KPHCTaN-
JIMYECKOr0 COCTOSIHMSL B XHIKOE. DTa aHeprust Oblla N3pacxoio-
BAHA HA PaspbiB MPOUHLIX CBA3CH MOJEKY BOALI B KPHCTANie.

OTHOWEHWe KoNUYecTBa Tennotel Q, HeobxoauMore ans
NPespallelns KPpUCTAIMYecKoro Tena B XWAKOCTb Npu
Temnepatype nnaBneHua, K mMacce m Tena HasbiBaeTca
YA@NLHOM TeNNoTOR nnagneqws i:

a=L2

YienbHas Tervrora rasichus B MexiayHapoato# cucreme
CHMHMIL Belpaxactes B ducoyaux na kusoepamsm (1 J1x/xr).

Temneparypa BewecTsa B NpOLECCEe IAABICHHs OCTAETCH
NOCTOSAHHOM, XOTSl MAET Npolecc MOrNolEeHHs 3Hepruu. Pa-
Hee Mbl BHISICHHIM, YTO TEMIICPaTypa Teja ONpeieisieTcs Ku-
HETHYECKOM DHeprueil TeIIoBOro ABHKEHHS MOJEKYN Tena.
MOXHO M CAeNaTh BHIBOL, YTO B MPOIECCe MpeBpallieHus Be-
IIeCTBA W3 KPHCTALTHYECKOTO COCTOSHHS B XHJIKOE NpPH He-
H3MEHHOW TeMreparype BHYTPEHHsISi SHEprusi Teaa OocTaercs
HEH3IMEHHON?

Jlnsi OTBETA HA STOT BONPOC PACCMOTPHM PE3VILTATH €l
onnoro onwira. Ecaw B3sgms 0,1 Kr Boak npH Temmeparype
+100 °C u oxnanute €€ Takum o0pazoM, UTOOH MOIIHOCTh
TEIIONEPENaTd OT BOIBI OKPYXAIONIAM TeaaM Obuta mocro-
gaHHOM M paBHo# 100 Br, TO M3MCHCHHMEC TEMIICPAaTYphl BOMBI
C TEYCHHCM BPCMCHM IPOMCXOIMT B COOTBETCTBHM C rpadm-
KOM, TpeJCTaBIeHHBIM Ha pucyhke 33.2. M3 rpadmka BHIHO,
UTO TIPH OIMHAKOBOH MOIIHOCTH TeIUIONEPCAAUH KHIKAs BO-
na oxjiaxmanachk Ha IOO C 3a TaKoe ke BpeMsi, 32 KaKoe oHa
Harpepanacs na 100 °C, aén oxnaxmancs na 100 °C 3a
Takoe Xe BpeMsi, 3a Kakoe oH Harpesaics Ha 100 °C. Dro
03HAYAET, YTO MPH NOHHAEHHH TeMIEPaTyphl TENO OTHAET
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OKPYXKAIOIIMM TeAaM 3a CUET YMEHbIUECHHUs CBOEH BHYTpPEHHEH
SHEPIHH POBHO CTONBKO SHEPIHH, CKOABKO MOMMOTHAO MpH

Hﬂl‘?:BaHHH.

OTEHUHAIBHAS OSHEPIHS B3AHMONCHCTBHUA YACTHIL
TBEPABIX M KHIAKHX Ted. BaxHo 3aMeTHTh, UTO Xuiakas
BOJIA B Npoliecce NpeBpaiicHust B aén B TeucHue 333 ¢ or-
aBaja SHCPryuio okpyxkawoummM Teaam no 100 JIx B cekymmy
npH HeusMenHo# Temnieparype. [lpu kpucrawimzaumu Bona
OTAAIA OKPYAAIOUIHM TENaM POBHO CTOJBKO 3HCPIWH, CKOJNb-
KO /I NOMOTHA B Ipoliecce MAaBieHusl. 3HAYMT, DHEPrus,
MOrAoIAeMas NPH TUIABICHHH KPHCTAWIHYECKOrO Tesa, yBe-
JAMYMBAET 3aMAC BHYTPEHHEH 3HEPruM Teia M COXPaHsieTcH B
KuAKOM Tene. Bo Bpemsi KPHCTAANIM3aUMM KMAKOCTH NPH
MOCTOAHHON TeMreparype €€ BHYTPEHHSsl DHEpPrHsl yMeHb-
IHAACh POBHO Ha CTONBKO, Ha CKOJABKO YBEIHWYWIACh NPH
TUIABIEHHH.

BuyTpeHHss Heprusi TBEPABIX M KHIKHX Ted 3aBHCHT He
TONLKO OT TEMIEPATYPhl Tea, HO W OT BHMAA CBA3EH MexXmy
YAaCTHLIAMH M B3aHMHBIX PAcCTOSHMH MEXIY YacTHIIAMH.
Yacte BHYTPEHHEH SHEpPruM Tena, 3aBHCSIIAS OT B3AWMHBIX
PACCTOSIHUH MEXIY YACTHLAMH, HA3BIBACTCS NMOTEHUHANbHOH
IHepIHei.

Komuectso Ttennorsl (J), norjomaemMoe 1py npespaiie-
HHM KPHCTAUITMYECKOTO Tella Maccoi m B XWIKOCTb, PaBHO
KonaudecTsy Teriorsl (J,, BbUICASIEMOMY [PH NPEeBPALICHHH
9TOrO TeNia M3 XKHIKOrO COCTOSHMSI B KPHCTALIMYECKOe:

O,=0,=Q0=hm.

3anaua 33.1. Crakan ¢ BofoH npH Temuneparype 24 °C nocra-
BIJIH B MODOBHALHYIO Kamepy. 3a 10 MHH TeMnepatypa BOAW I10-
Hi3HAach 10 8 °C. CKOALKO €@ MHHYT NPOHAET A0 TONHONO -
MCP3aHMsSE BCCH BOABI, CCHM CKOPOCTL OTJAAYH Temia GyAer TakoR
xe? Vienwhas TeruioéMkocTe o 4180 JUk/(xr - °C), yaensHas
TeruoTa orsepaeBanus 3344 kJLk/kr.

Tennosble cBOWCTBA TBEPALIX TEN

Temne- | YaennHas Temmne- | Vaensnas
parypa | Teiiora parypa | Teiiora
Bemecrso | mamne- | mnasne- || Bemectso| ruawie- | nuamie-
Hus, HSI, HHSI, HuS,
°C | KIx/KT °C | kx/kr
Asor ~210 259 Huxens 1453 306
AmOMHHHA 660 391 Onoeo 232 60
Bona (nén) 0 333 Mapagpun| 42-55 147
Bojopon 259 58,6 Iaruna 1769 11
Bonnppam 3420 192 PryTs -39 1,7
Keneao 1539 246 CeHHen 27 25
3001010 1063 63 Cepedpo 961 105
Kucsiopon =218 13,8 Lleaun 28 159
Mene 1083 205 [ITIHS 420 102

1. Y10 Ha3LIBAETCH YNENLHOWN
TeNnoToil NnasneHus BellecT-
ga?

2. Moyemy npu nnaBneHuu
TBEpPAOro BelecrTsa ero Tem-
nepatypa He U3MeHAeTcA?
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SKcnepumenTanbHoe sagavve 33.1

PabGoTraem CamMOCTOSTONLHO
Mamepenune TenoTsl NAaRneHus Nbaa

O6GOpyAOBANME: KANOPUMETP, CTakaW, Néa, U3mMepurent-
HBl UMNUHAD, TepMoMeTp, ropayas Boaa.
OnpegenuTe yAensHylo TeNIoTy NAaBneHns nsaa.

Copnepxanme pabors

JUnst HaxoXaeHus YAENLHON TeNnoTL NNasneHns A BelecT-
BA HYXHO M3MEepPUTL KONUYECTBO TennoTel Q, nepeaaHHoe Teép-
AOMY Teny Npy Temnepatype nnaefeHns, U Maccy m BewecT-
Ba, NPEBPATHBLIETOCH M3 TBEPAOro COCTOAHMS B Xuakoe. Mox-
HO MONOXWTL B CTakaH HEeKOTOpOe KONWYeCTBO Nbja npw
Temneparype nnagnedua 0 °C W HaNUTL CTONLKO ropsyeit Bo-
Obl, yTODH B CTakaHe pacniaBMnach TONLKO YacTb NLAA U Tem-
neparypa ocranace pasHoit 0 °C. Toraa no MamepeHHLM 3Ha-
YeHWAM Maccel m, ropa4eil BoApl, €8 HayanbHOW Temnepary-
pbl f;, Macchl M, BOAL!, 06PA3OBABWENCH NPU TasHUW NbAa, U
W3BACTHOM YAENLHOW TENNOBMKOCTH ¢ BOALI MOXHO BLIMUCINTL
YACHBHYIO TENNOTY NNABNeHUA A Nbaa:

m,cAt = Am,, ;.rﬂ%‘ (1)

Tak kak HaAyankHoe W KOHEYHOe 3HaveHus TeMnepartypsl
Nbia B ONLITE ONMHAKOBLI W paBHbl 0 °C, TO U3MeHeHre Tem-
nepaTtypbl Af ropsyefi BOAbl PaRHO €8 HaYanbHOMY 3HAYEHWIO
no wkane Lienscus:

At=t,—t=1,— 0=t

TMopsinoK BuINOMHEHNS 38[aHIA

1. MNonoxure B crakaH npumepHo 100 r nena. MNomecture
B CTakaH CO NbAOM TEPMOMETP. Koraa HaYHeT NnasuTLeA Nép,
TOPMOMETP B CTakaHe CO NkAOM GyAeT nokaseieath Temnepa-
TYpY okono 0 °C (puc. 33.3).

Puc. 33.3 2. BuineiiTe U3 CTakaHa co NLAOM BOAY, OOPA3ORABLIYIOCS
npy NNABNeHWK Nbaa.

3. BoasmuTte y yuuTens ropauyio sogy oGLEMOM NpUMepHO
100 cm®. MamepsTe Temneparypy I, ropsueil Boasl v Bsineire
BOAY B CTakaH CO Nbaom. JlOXOMUTECh YCTAHOBNEHWS Tennogo-
r0 PaBHOBECHS B CTAKaHe CO NbAOM, NP1 KOTOPOM Temnepary-
pa cMecH BOAL WM NbAA B CTakaHe craHer pasHoi 0 °C.

4. Ypepxupas néa, BuineiTe BOMY W3 CTAKaHa cO NILAOM B
vamepuTensHuil unuHap. Mamepste o6béM V Boabl. Bhiuuras
13 obuéma V oOuém V|, HanuToi ropsyeid Boasl, onpegenure
06Lém V, u maccy m, BoAbl, 06pa30BABIISHACA NPM NNABNEHMA
NBAA: My = Poan, Vo

5 gl},mcnwre ynenwyao TennoTy NAagNeHus nuaa no Gop-
myne

6. Peayneratel U3MepeHMid M BLINHCIOHWIA aanuwuTe B
TabnuLLy.

Tabnnua 33.1

my, kr 1, °C Vv, eM® Vv,, cm® V,, cm? v, m* m,, Kr A, Jox/kr
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SKcnepuMeHTanbHoe 3afaHue 33.2

PaGoraem B rpynne
Wccneposanne TennoBbiX CBOWCTE BelllecTBa ) e

O6OPYAOBANME: KANOPUMETD, NONUITUIGHOBLIA NakeT, Tep-
MOMETP, Napadul, cexynaomep.
OnpepienuTe yaenbHyio TennoTy NNagnexns napapuna.

Conepxanme pabors
Mpy oxnaxpeHun B YCNOBUSX NOCTOSIHHOW MOLLHOCTY Ten-
1 OKPYXAIOWMM Tenam Temneparypa XWakocty youl-
BAGT [0 TOMNEPaTypsl KPUCTANIM3aUMK BeecTsa (ywactok A6
Ha pucyHke 33.4), ocTaércs NOCTOAHHON N0 NpeBpalleHus
BCEA XMAKOCTH B KpUCTanNMyeckoe Bellecteo (yyactok bB) u
fanee yMeHLILaeTca co BpemeHeM (ywactox BIN).

Mpy uspecTHOW MowHocTM N Tennonepeaayy yaensHyio
TENNoTy OTBEPAeBaHMA A MOXHO ONPeeNuTh MO HIBRCTHLIM
3HAYEHUAM MACCHl M BEWECTBA U BpeMeHu Af, ero npespaije-
HMA K3 XWOKOTO COCTOAHMA B TBEpA0e NPY TeMneparype nnas-

newns:
A=Q NG
m m

Tennonepeaayn oT Tena nNpu M3IBECTHON yaens-
HOW TENNOBMKOCTH C XMAKOCTH MOXHO HAaRTH H3IMEpPeHUeM
BPEMEHW A, NOHIKEHWMA TeMNepaTyphl XWAKOCTU Ha AT:
N=2Q_cmAT
Ay Aq
Otciopa cheayer, Yro
o cmATAL cMArz
mAly Ay
Yro6L! TENNOEBMKOCTL COCYA HE BAMANA HA Pe3ynsTartkl u3-
MEpPeHWi, UCCNefyemMoe BEeLECTBO MOMELULAIOT B NOMMITUNIEHO-
BbIfi NAKeT, Macca KOTOPOro NpeHespeXuMo mMana.

TopaRoK BLINONHEHMS 3a[aAHNS

1. MNomecTure NONMITUNEHOBLIH NakeT ¢ napapuHOM B ro-
paYyl0 BOAY, Temnepatypa kotopoil 65—70 °C. [loxaurech
MONHONo pacnnasnexHus n.

2. MNomecTure naker ¢ pacnnaaneolw napapuHoOM B Kaslo-
PUMETP, TePMOMETP NoMecTUTe BHYTpL napaduxa (puc. 33.5).

3. UamepbTe HayansHyl0 TeMnepaTypy Xwaxoro napaduxa
¥ OfIHOBPEMEHHO BKMIOYMTE cekyHaomep. [lanee cuuTuiBaiiTe
nokasaHusi TEPMOMETPa Yepea 1 MUH W 3aHOoCUTe [anHLIe B
TabAMLY 10 3HaYeHus Temneparyps 50 °C,

TabGnuua 33.2

t, MUK
T,°C

4. NocTpoifte rpaduk 2aBMCUMOCTH TeMmnepartyps! napadu-
Ha OT BpemMeHn. Ecnm rpadmk nokassiBaer, yro npouaowno
npeepalleHne BeulecTBa M3 XMAKOMO COCTORHUA B KpWcTan-
nmecxoe. TO BLIMUCIWTE YAGNLHYIO TENAOTY KPWCTaniuaa-
napapuua. YaensHas TennoéMkocTs XWakoro napaduua

2500 Ju/(kr - °C).
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HUcnapenmne. Y NOBEPXHOCTH KUIAKOCTH HIM TBEPAONO Te-
Jid HA ATOM WK MOJXEKYNY ACHCTBYIOT CHIIbI TIIPHTSLKEHHS ApY-
rux gactuil Tena (puc. 34.1). Beuierers ¢ NOBEPXHOCTH Teaa
MOXET JIMIIb YacTHIA, OONANAIoNIAs KMHETHYCCKOH SHeprueH,
AOCTATOUHOM JUtsl Npeononckus neicTsus o1ux cun. Tlepexon
BCLLECTBA H3 KHIKOIO WIH TBEPAOIO COCTOSHMS B razoobpas-
HOC HaspiBacTcs Menapendem. Mcnapenue npoMcXomMT rpH
00K TeMIIepaType, HO HHTCHCHBHOCTD 1POLIECCa MCITAPCHHS
VBEAHUMBACTCH ¢ Bospactanuem remneparypel. Ilpn mcnape-
HHM C TOBEPXHOCTH TeNa BHIPHIBAIOTCS CaMble OLICTPBIE uac-
THIBI, CPEHssl HEPrus TEIUIOBOTO JBHKEHHsI OCTABHIMXCH
YACTHIL YMEHBIIACTCH, TEMIIEPATYPA TOHMKAETCS.

Ilepexon razooBpasHOro BEIIECTBA B KHIKOE WIH TBEpIOe
COCTOSIHHE HA3HLIBACTCH KOHACHCAIMCH.

ViaeasHas Temwiora napoodpazoBanus.

OTHOWeHWe KONWYeCTBa TennoTel @, HeoOXoaMMOro ans
NPEBPALLEHWA XUAKOrO WM TEBEPAOro Tena 8 nap nNpu no-
CTOAHHBLIX 3HAYEHWAX TeMmnepaTypbl U NaBNeHusA, K Macce m
Tena HasbiBaeTcH yAenbHoW TENNOToW NapoobpasoRaHua r:

rmi
m

YnensHas Teruora napoofGpasosanus B MexayHapoaHoH
CHCTEME CAMHUIL BHIPAKACTCH & ONCOVAAX HA KUAOCPAMM
(1 JIx/kr). YaensHag teriora napooGpasoBaHHs paBHA yieib-
HOH TeruioTe KOHIEHCALMK.

Hacwumennbie W nenachunennbie napsi. Ilpu Hexkoro-
POM 3HAYEHMM KOHLEHTPALMHM MOJEKYa [1apa ¢ [OBEPXHOCTH
TeNa BLUICTAET CTOJIBKO XK€ YaCTHIL, CKOJBLKO BO3BPALIAeTCs Ha
neé u3 napa. I'as, Haxonsumics B TAKOM pPaBHOBECHH C KWL~
KOCTBIO WA TBEPIALIM TENOM, HAILIBACTCH HACHINCHHBIM Na-
pom. a3 npu napieHnH HHUAKE JARAEHHS HACHILIEHHOTO Mapa
HA3LIBACTCS] HEHACHICHIBIM APOM.

IpH yMEHBIIEHMHM KOHLIEHTPALMK MONEKYI Mapa Hax 1o-
BEPXHOCTBIO KMILKOCTH CKOPOCTh MCTIAPEHMSI KHIKOCTH BO3pac-
TAET M3-30 YMCHBIIEHHUS CKOPOCTH KoHIeHcaumH napa. Tlosromy
MOKpbI¢ Belu ObicTpee COXHYT Ha Betpy. B 3akpwitom cocyne
NPOLIECC HCHAPEHUS! XKHIKOCTH NIPOIIONKACTCS IO TeX 110p, 110Ka
HC MCTIAPHTCS BCSL AHMIKOCTb MM 10KA 11ap HE CTAHCT HACHILICH-
HeM. C NOBBILICHUEM TCMIICPATYPBI TeJla BO3PACTacT CKOPOCTH
HCIAPCHUST M TOBBIIACTCH JIABACHHC HACHICHHOIO [1apa.

Kunenwe. B xuakoct M Ha CTeHKax cOCYI0B 0OOLIMHO
HMEIOTCH MaJleHbKHE NMY3HIPLKH BO3NYXa, BHYTPH KOTOPBIX NMPoO-
HCXOIMT Mcniapenue kuakoctd. Mcnapenue B my3bIpbKax Bo3-
AyXa NpekpaliacTcss NMpH JMOCTHXCHHH NAaBACHHA HACHIUIEHHO-
ro napa. [lpu noBBIEHMH TEMNEPATYPH! XHIKOCTH AaBACHHE
HACHINEHHOTO Napa B MysbipbKax yeenwumsaercs. [Ipu Heko-
TOPOM 3HAYEHHH TEMTIEPaTYphl JaBieHHe HACBHIIEHHOTO napa
B NMy3bIPHKAX CTAHOBMTCA PABHBIM BHEUIHEMY JARAEHHIO Ha Mo-
BepxHocTh kuakoctd. [IpH NpeBbIIEHHH 3TOH TeMIepaTypbl
JIABJICHHE HACHIIEHHOTO Tapa BHYTPH MY3LIPBKOB MpeBbiliaeT
JHAYUCHHE BHEILIHEro JAaBICHMHS. aTHHaeTcs GHCTP(E paciim-
PEHHE MNY3LIPLKOB 1apa BHYTPH XKHIKOCTH, W TIY3bBIPbKH
BCILIBAKOT. MpOLIECC HAZKIBACTCH KHICHHEM XKHIKOCTH.

IlpH KHIeHHM TIPH TIOCTOSHHOM JAABJICHUH BCSI T10JBOJIM-
Masi OT HArpeBaTe/isi HHEPIUsl PACXOMYETCH HA MCIIApEHHE BO3-
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PACTAIOLIENO KONHUECTBA AKHAKOCTH 063 YBEIMUCHHS SHEPIUH
TEMNOBOro ABmxeHus vactuil. [losroMy B npouecce KUneHus
TEMIIEPATYPA KHAKOCTH HE MIMEHSETCS.

3aBHCHMOCTH TEMIICPATYPH! KHICHHS OT BHEWHEro
aasiennst. [Ipy NOBLILCHHKM BHCIIHCIO MABICHUS HA MMOBCPX-
HOCTh KHMIKOCTH KMIICHHC HAYMHACTCH [PH TaKOH TeMIicpary-
pe, NpH KOTOPOH NAaBACHHC HACHIMICHHOTO [1apa B NY3bIPbKAax
CTAHOBMTCS PaBHBIM BHeIIHeMY masicHuio. Hanpumep, npwu
JABJCHWM B 2 pasa BHILIC HOPMAIBHOIO aTMOChepHOro jaapie-
Hus Boaa xunut npu temneparype 120 °C. 06 aroit ocoben-
HOCTH BOIbl HYXHO IIOMHHTb B IOBCEIHEBHOM JKHM3HM.

Ecam mocraBuTh HA KYXOHHYIO [UIMTY KacTPIOAI0 MIH CKO-
BOPOIY € BOJOH NOJ MIOTHO 3aKphiBalonieHcsi Kpuinkod Ges
OTBEPCTHA JUISi BRIXO/IA Mapa, TO JIABIeHHe BOASHOIO napa noju
KPHIIKOH# OGy/leT Bo3pacTaTh 10 Mepe HarpeBaHus BOJbI H e¢
ucnapennsi. M3-3a noBbilieHusi JaBAeHHsl BOJla He 3aKHITHT
npu noctixennn temneparypsl 100 °C. Teunepa?pa BOJIBI
OVIeT NOBLIIATHCS, JABIEHHE HACHIIEHHOTO Mapa OyaeT Bo3-
pactath. A Jajee BO3MOXHBI JIBA BapHaHTa: AH0O MpPH JIOCTH-
KEHHH HEKOTOPOrO 3HAYEHWs NABNCHHUS apa KpbiliKa NpH-
NoJAHKMeTCsl ¢ BhIGpocoM obnaka napa, AWO0 Bbl HauyHETE
CHHMATh KPbIIKY, ¥ BBIOPOC Napa NpoM3oHIET B TOT MO-
MeHT, OXor napoM ocoGeHHO ONaceH TeM, UTO BOASIHOM nap
TPH CONPHKOCHOBCHHM € XONOMHONH KOXCH UelOBCKa KOHICH-
cupyercst B Boay. Ilpu Kongencaumm | r napa B Boay Bhile-
JSETCS KOAMUECTBO TeIyioThl, paBHoe 2256 JIx. Dto npumep-
Ho B 10 pas Gonbiie, uem nepenaér koxe | r Boas npu
oxnaxaenun ot 100 g0 50 °C. 06 o1oM HYXHO NOMHMTH ¥
NPH_ HCNOAB3OBAHMH KACTPIONH-CKOPOBAPKH.

Tpy noHMXeHHH BHEIIHENO JABACHUS TeMIepaTypa Kure-
H¥sl KHIKOCTH TIOHMXaeTcs. DT0 MOXHO HaGMoxaTh B OMNbi-
T€ ¢ 3AKMNAHKUEM BOJBI B Konbe NpH OTKAYHBAHHH BO3YXA M3
Heé npu Temneparype Huxe 100 °C (pue. 34.2).

3aBHCHMOCTL TEMIIEPATYPBI KMIIEHHSI BOABI OT BHELIHErO
JABEHMSI XOpoluo 3amerHa B ropax. Ha seicore 3 kM Han ypop-
HeM Mopsi atmocdepHoe saBneHue ymebluacres go 70 klla.
Ilpy TakoM JaBICHHM TCMICPATYPa KHIICHHS CTAHOBMTCH PaB-
Hoit 90 °C. Ha sepuimne ropsi Dsepect sona kunut npu 70 °C.

3anaua 34.1. Ha pucyske 34.3 npeacrapieHa 3aBHCHMOCTH
TEMINIEPATYPH TeJIA OT BPEMEHH NPH YCJAOBHH NOCTOSHHOH MOIIHOC-
TH Tervionepefaun. B Havane npolecca Tervionepefauys Teao Haxo-
JIUIOCE B KPHCTALUTHYECKOM COCTOSIHMHM. OOBLICHHTE, NOYeMy NpH
MOCTOSHHOR MOIMHOCTH TENAONEpe]aun TeMnepatypa Tela B Teue-
HHE JBYX HHTEPBANOB BPCMEHH HE HWIMCHSUIACK.

JlomaluHee akcnepumeHTansHoe 3agaHue 34.1

PaGoraem camMOCTOATENIbHO

Wccnoposanume npouecca UcnapoHus

1. MaMepeTe TepMOMETPOM TEMNOPATYPY BO3AYXa W 3anu-
wure peaynetar. Hamouute Bofoil Gymaxuyio canderky W
obepHuTe @0 TepMomeTp. Yepes 2—3 MMH 3anulwKMTe nokasa-
HUA TEPMOMETPA.

2. MNomawmre B BO3AYXe TEPMOMETPOM, ODEPHYTLIM MOK-
poit candeTkoi, 1—2 MUH U 3ANUIKTE NOKA3AHWUS TePMOMET-
pa. O6LACHUTE peaynLTaThl ONbLITOB.

Puc. 34.2

1. Ucnapenne ¢ nogepxHoc-
TA TeN BO3MOXHO Npu NoOOH
Temneparype. louyemy xe Bce
Tena A0 CUMX NOp He wcnapu-
nucs?

2. MNoyemy oxnaxpawTcs Tena,
C MOBEPXHOCTW KOTOPLIX NPO-
MCXOAMT Mcnapexue?

3. Kakoif nap HaasiBaeTca Ha-
CHILLEHHLIM?

4. Y10 Ha3wBaeTCH yaenLHol
TennoToil napooGpasoBaHua?
5. Y10 Ha3LIBAETCA KUNEeHuem?
6. OT yero 3asuMcuT Temnepary-
pa kunexdus?

7. Nouemy OXOr BOASHLIM Na-
POM OCODEHHO OnaceH?

Temneparypa

Bpemsa

Puc. 34.3



152 Tennogwie siENeHUs

Baaxuocrs Bozayxa. Bo MHOMMX NpPHPOIHBIX NpoLeccax

H B MOBCEIHEBHOM XMIHM YeNOBEKA BAKHYIO POAb MIpaeT

BAAKHOCTE aTMOC(EPHOro BO3iyXa, ADCONIOTHOH BAAK-

HOCTBIO P BO3JYXA HA3BIBACTCH TUIOTHOCTH BOMSIHONO Mapa

6 pamMmax na KyOudeckuil memp BO3NYXA.

OTHOLWeHMe [aBNeHWs P BOASHOIO Napa B Bo3ayxe K
NABNEHVI0 Py HACLILLEHHOTO BOJSHOIO Napa Npu AaHHOM
TemMnepaType pasHO OTHOCWTENbHOM BAAXHOCTH ¢ BO3ayXa.

OrHocuTeNbHAN BIAKHOCTH BRIPpAXAECTCHA 6 npoyenmax:

=-L£-100%.

Korza temneparypa Boanyxa noHWXaeTcs JO 3HAUEHHS [,
PHe. 34.4 MPH KOTOPOM COMCPXAUIMHCH B BOXIYXe BOASHOW nap crano-

BHTCH HACHIIEHHBIM, HAYMHAETCSH MPOLECC KOHIEHCALMH BO-
. Kanau somnsi, ofpasyioinHecs NpH TakOM Mpolecce Ha
JIMCTRAX pacTenuit, naspipaior pocod (puc. 34.4). TlTooromy
TEMIIEPATYPY /, Mepexoia BOMSHOTO 1apa B COCTOAHHE HACHi-
LICHHS HA3BIBAIOT TOUKOM pockr. Mamepus temneparypy /
NMpH KOTopok obpasyercst poca, — TOMKY POChl, MOKHO onpep
NICNMTh NABACHHE p BOMSIHOTO MNapa B BO3AYXe no TaGamue.

YMeTh MIMEpsTh BAAKHOCTH BOZAYXA HMHOIA HEOBXOAMMO
B GbITy M Ha npoussoicTe. B Boaayxe ¢ HH3KOH BAAXHOCTHIO
€ NOBEPXHOCTH TeJla YEJOBCKA ITPOMCXOUAMT HHTCHCHBHOC MC-
MAPCHUE BJIAIH, BbICHLIXAKOT CAM3MCTBIC OGONOUKH JIBIXATCAb-
Heix nyreid. Ipu ornHocHreasHol sraxnocrn 100% npekpana-
€TCHl MCHapeHHe BOABI C MMOBEPXHOCTH Tena. DTo 3aTpyiHseT
TEPMOPETYASIHIO opraHusMa. [list yenoBeka BpejieH CAMHIKOM
CyXoH M CAMIIKOM BraxXHeid Boaayx. Hambosnee Gnaronpusit-
HA JUIS 4eN0BeKa OTHOCHTeAbHas BiaxHocTs ot 40 no 60%.

OnpenenéHupid ypoBeHs BIAKHOCTH BO3IYXa HeoOXOAMMO
MOJUIEPAXMBATL HA TKAIIKOM TPOH3BOACTBE, B OubimMoTeKax,
MY3esX, XpaHWAHIIAX TPOM3BEJICHHH MCKYCCTBA.

SKcnepuMeHTanbHoe 3afaHue 34.2

PaGotaem camMOCTOATENBHO
MamepeHne BAAXHOCTH BO3AYyXa

OGopyaoBaHne: CTakaH, TOpMOMETD, Néa, Boaa.
OnpefenuTe OTHOCHTENbHYIO BAAXHOCTG BOSAYXa
B KOMHare.

TMoPAROK BLNONHEHHS 3a1aHUS

1. OTHOCHTENLHYIO BAAXKHOCTL BO3AYXA NPOLLEe BCero onpe-
AEMMTL N0 TONKe pochl. JINs MaMepeHrs TOMKW poChli BOZLMU-
TO CTOKSSIHHLIM CTakal ¢ TOHKMMW CTEHKaMW, Hanoite B Hero
HOMHOIO BOfbI NPU KOMHATHOW TeMnepartype M nomecture g
BOAY TepMomeTp (puc. 34.5).

2. WamepeTe Temnepartypy I, BO3fyxa, onpeaenute aasne-
HWe D, HacCLILLEeHHOro Napa Npu Temneparype f,.

3. B apyrom cocyae NpMroToesTe CMeck BOALI CO NBAOM.
Wa storo cocypa noGagnaidte NOHEMHONY XONOAHYIO BOAY B
CTakaH C BOJIOA M TEPMOMETPOM 10 Tex NOop, NoKa Ha CTeHKax




CTaKaHa He NOSIBUTCA poca. CMOTPETL HYKHO Ha CTeHKY Cra-

KaHa HaNpPOTUB YPOBHS BOML B cTakaHe. [pU AOCTMXEHWH Tou-

KU pOCHl CTEHKA CTAKaHa HUXe YPOBHSI BOALI CTAHOBWTCA Ma-

TOBOW M3-33 MHOXECTBA MEJIKUX KaNnenek pockl, KOTOPLIe CKOH-

AeHCUpoBaNMCL Ha cTexne (puc. 34.6). CHuMMUTe Nokasanwws [,
NPy NOSIBAGHAK POCHI,

4. Onpenenure no TabnMUe AaBNEHUE P HACKLILLOHHOMO Na-
pa npu Temneparype f,. o HARAEHHLIM 3HAYEHWAM AABREHUSA
P HaCHILEHHOrO Napa Npu Temneparype f, U AaBnexus P, Ha-
CLILEHHOrO Napa NpW Temneparype f, ONpefenuTe OTHOCH-
TENLHYIO BAAXHOCTL BO3AYXA @.

PeaynuTathl MaMepeHuil n pacyéToR sanuiumTe B Tabnuuly.

Tabnuua 34.2

Iy Po %) P (4
Japnesme p HaCHILIGHHOrO BOAAHOTO Napa
npu pasnmMyHoi Temneparype I
LG p, Ma 1.°C p, Ma
-20 1,0 20 234
-10 26 21 249
-5 4,0 22 26,4
0 6,1 23 28,1
5 8,7 24 298
6 9.4 25 32
7 100,1 26 33,6
8 10,7 27 35,6
9 118 28 37,8
10 12,3 29 40,0
11 13,1 30 424
12 14,0 40 73,7
13 15,0 50 123,3
14 16,0 60 199,1
15 17,0 70 3116
16 18,2 80 473,0
17 194 90 700,9
18 20,6 100 1013,2
19 22,0 200 15550

3anaua 34.2. B 2ICKTPHYCCKHA KOPCHHHK HANWIH BOAY Mac-
coft 0,4 Kr npu Temieparype 30 °C ¥ BKTIOWMIH Harpesarens. “le-
Pe3 KaKOe BPeMS NOCHE BKITIOYCHHS! BRIKHITHT BCSl BOJA, CCNIH MOLI-
HocTs Harperatensi 1 KBr, KINJ| nepeiaust SHEPIMH OT HATPEBATENS
Boie paseH 0,87 YieabHas TemnoéMkoctTs Boisl 4200 JUx/(kr - °C),
yAeABHAS TEIUIOTA MAPOOGPAIOBAHMS BOMBI 2256 KJLX/KT.
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1. Kaxo#t nap HasuiBaloT Hacbl-
LUEHHLIM?

2. Noyemy BOASHOR Nap B BO3-
Ayxe OOLMHO HeHACLILEHHLIA?
3. Yro HasuiBaercs abconior-
HOW BRaXHOCTHLIO?

4. 4YT0 Ha3niBaeTCA OTHOCM-
TENLHON BAAXHOCTLIO?

http://class-fisika.narod.ru/
8_16.htm (BnaxHocTe
BO3AYyxa.)
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TecT npeaHasHayeH QNS CAMOKOHTPONA Pe3yNLTATOB M3YHEHUA Tem
«BaanmopeicTene yactmuy sewlecTra. Crolicrea rason. Caolicrea xXnaxocrei n
TRépabIX Ten. Temneparypa. Buyrpenuss sHeprus. Konmyecreo rennorbi.
Yaenouas rennoémkoctb. Ternnonepepnaya. Mnasneume M KpUCTAIMIALNS.
Wcnapexne u konaexcaums. Knneuumes.,

1.

PaGoTy Hap sa0aHusaMW  CReAyeT NpoBOAWTE Tak Xe,

Ha ¢. 36 ana tecra 1.

B npouecce GPOYHORCKOrO [ABHXEHWS He-
Gonbluve TBEPALIE YaCTULL! B XMUAKOCTAX
1) MeneHHO 0CEeAAaloT BHU3 MO AeHCTBM-
@M CUNBI TIKECTH

2) NOAHUMAIOTCA BBEPX NPOTUB Hanpaene-
HUA NERCTBUA CUNLI TIXECTH

3) GecnopaioiHO COBEPIAT HeboNLIKWe
nepeMeltenus noa AeHCTBUOM KOHBEKUM-
OHHLIX NOTOKOB XWAKOCTH

4) copepwaloT GecnopaaoiHLIe nepeme-
WeHUs Noja AeAcTBUEeM YNapoB MOnexysn
KUAKOCTH

ATOMBI U MONEKYNb! BELECTEA COBEPLIAIOT
TONLKO GECNOPRACYHLIE KONEGaHUA OTHO-
CUTENBHO CROMX NONOXEHWH PaBHOBECHA,
CNM BeLECTBO HAXOAUTCA

1) B TBEPAOM COCTOAHWM

2) B TBEPAOM MNK XMAKOM COCTOAHUN

3) B TREPAOM UK ra3000PAZHOM COCTORHUM
4) B TBEPAOM, XHAKOM WM ra30cobpasHOM
COCTORHWUH

B XMAKOCTAX MONEKyNk!

1) B3aMMOLEHRCTBYIOT TONBLKO NPM HENoCcpea-
CTBEHHOM COMNPUKOCHOBEHWUM

2) B3anMONeiCTBYIOT 3NeKTPUYECKMMKN CU-
NaMK, NPUTANMBasCEL Ha GONLLKMX PaccTon-
HWMSX M OTTANKWBAsChL Ha O4eHb Mankix pac-
CTORAHUAX

3) B3aMMOAENCTBYIOT ANEKTPUYECKMMMK CU-
NaMK, OTTANKMBAACL Ha GOMLLUMX PacCTOA-
HUAX W NPUTATMBAACHL HA OYEHL MaNbiX pac-
CTOAHUAX

4) TONLKO NPUTATMBAICTCA

MNpy nepexoie BOALI M3 XWAKOIO COCTOA-
HUA B KpUCTaANNW4eckoe NNOTHOCTL NbAa
0Ka3uIiBaeTca MeHblle NNOTHOCTU BOALI,
MNOTOMY YTO B KpUcTanie nbaa

1) 0OpasyInTCs Ny3LPLKM BO3AYXA

2) paccTosiHWA Mexay MONekynamu MeHb-
we, Yem B XUOKOW BOAO

3) paccTosiHMs Mexay Monekynamu 6onb-
Wwe, Yem B XUOKOW BOAO

KaK pexomeHaoBaHo

4) paccTOAHWA MeXOy MONeKynaMu Takue
Xe, KaKk B XWOKoi sone

Mpw YCTAHOBNEHWW TENNOBOIO PABHOBECHA
MEXY ABYMA TeNnamm y HWUX CTAHOBATCAH
ONIMHAKOBLIMWA SHAYCHMA

1) seca

2) maccsl

3) Temneparypul

4) Temnepatypbl, Macchbl U Beca

Ecnu Temneparypa rasa noguillaeTcd, To
ofazarensHo

1) nosullwaeTcA AaBneHue rasa

2) yeenwuupaetcs o0uéM rasa

3) yBENIMUMBAGTCH CKOPOCTH XA0THUYECKOro
ABUXEHHS €0 HacTuLy

4) NOBLILIAGTCA AABMEHWE rasa, yBenuuu-
BaeTCH ero 0O0LEM U CKOPOCTL XA0THHECKO-
ro ABMKEHWUS YacTWLl

Yrobul TOuHee onpeaenuTs Temneparypy
ropsayeil Bofbl B CTAKaHe, HYXHO

1) onycture TepmomeTp B Bopy, GuiCTpo
@ro BLIHYTb M CHATL NOKa3aHUA

2) onycCTUTL TEPMOMETP B BOAY M GLICTPO
CHATL NOKA3aHWA, HE BLIHUMAA TEPMOMETP
U3 BOAM

3) ONyCTUTL TEPMOMETP B BOAY, NOAOKAATL
10—15 MUH W CHSITL NOKA3AHUA, HO BLIHK-
Mas TepMoOMeTp U3 BOALI

4) oNycTUTL TEPMOMETP B BOAY, AOXAATH-
Cfl, KOTla ero nokKasaHua NepecTaHyT Mu3-
MEHATLCH, W CHATL NOKa3aHWA, He BbiHW-
Man ero u3 BoAbl

JlBa OMHAKOBLIX COCYNA NP OAMHAKOBLIX
HAYANLHBLIX HAYOHUSIX [ABNICHMS W TEMNe-
PaTyphbi rEPMETUYHO 3AKPLUIM U CTANK Ha-
rpepath. B cocyne A HaxoauTesi BO3AyX, B
cocyle b — BO3yX, HACLILEHHLIA nap W
HeMHOro BOAkLI. p1 0AMHAKOBOM Harpeea-
HWK AaBneHue

1) B cocyne 6 noeLiwanock GuCTpee
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10.

11.

12.

2) B cocyne A nosuilanccs OuicTpee
3) B TMX coCyAax M3MEHANOCHL OAMHAKOBO
4) B 3TUX COCYAiax He M3MEHSINOCH

Mpy HarpeBaHuu B NPOYHOM ePMETUIHO
3aKpLITOM COCYe BoAa

1) kunuT Npu Temneparype ke 100 °C
2) kvunuT Npu Temneparype 100 °C

3) kunUT NpW Temneparype Buiwe 100 °C
4) He KMNWT HU NPU KaKOW Temneparype

MNepsuiit cTakal ¢ BOAOH Harpemm, nepenas
eMy konuyectso Tennotw 1 JIX, BrOpo#t
CTakaH ¢ BOJIOW NOAHANK BBEPX, COBEPLUNB
patory 1 JIX. BHyTpeHHsISI SHeprusi BObI
npu aToM

1) yBenuumnack B NEpeEOM U BO BTOPOM
crakaHax

2) yBenwyunach B NOpBOM CTakawe W He
M3MEHWNAck BO BTOPOM CTakaHe

3) He MameHUnacL B NEPEOM CTakaHe, yae-
NUYMNacL BO BTOPOM CTakaHe

4) HO UBMEHUNACL HW B NEpPEOM CTakaHe,
HW BO BTOPOM CTakaHe

3aueM OKOHHLIE paMmil AGNAIT C ABOWHLI-
MU CTEKNaMu?

1) yepea aBoliHLIe CTEKNA B IOM BXOAMT
MOHLLLE COIHEUHOTO WU3NYYOHUSI NIOTOM W
GoNbWe IMMON

2) cnoit Bozayxa Mexay CTeKnamu uMeer
MEHLLUYIO TeNNONPOBOAHOCTL, YEM TOHKOe
TEEPAO0L CTEKNO. DTO yMEHLWAaT TennooT-
[avy U3 A0OMA 3UMOIR U Tennonepeaavy B
NOM neTom

3) npm ABOHHLIX CTEKNAX TENNOBOe M3NYyYe-
HUe CBOBOAHO NPOXOAMT B AOM, HO He Bbl-
XOAMT U3 Hero

4) NBOMHLIE CTEKNA HYXHB! ANS NPOYHOCTH

B KakoM U3 NepeyucnoHHbLIX cayyaes nepe-
Aaya SHepPruM OT OAHOrO Tena K ApYromy
NPOMCXOANUT B OCHOBHOM NYTEM KOHBEK-
umn?

1) nepepava SHEPruM OT HArpeTor NoBepx-
HOCTW 3eMAn BepXHUM CNosaM atmocdeps!

13.

14.

2) nepenaya sHeprMM OT OrHA KocTpa Ye-

nosexy
3) nepepaya SHEpPraM OT ropsavero ymora
pasmaxusaemMoit pybalike

4) nepepada sHeprum or ConHua nosepx-
HOCTU 3emnun

Mpu noabéme BRAXHOrO TENNOro BO3AYXa
B BepxHue, GONee XONOAHLIE CAOW aTMO-
chepHOro BO3AYXa YacTb BOAAHLIX NapoB
npespallaeTca B Kanim soas. B atom npo-
uecce npespaiieHms

1) BOAA NOMOWAET SHEPIUI0 U3 BOZAYXa
2) BOASHOM Nap BLNENRET HEPruio 1 ne-
penadT eé Boaayxy

3) BoAsiHOW Nap NOMMoOWaAaeT 3HePruI U3
Bo3ayxa

4) Bofia M BOASIHOM NMap He MNOMMOWAIoT U
HE BHIENSIOT IHEPruio

BeuecTeo, HaxoaMBlLIEECA CHaYana B Kpu-
CTANNNHECKOM COCTOIHUK, HEKOTOpOe Bpe-
MSl Harpesanu, sarteMm OHO ocTuhiBano. lpa-
QUK 3aBUCUMOCTH TeMMNepaTypsl BelwecTsa
OT BpPEeMeHW NPeACTaBNeH Ha PUCYHKe
T4.1. CKONLKO MUHYT B 3TOM SKCTIOPHMEH-
Te MMACA NPOUECC HarpPeBaHus XWAKOro
BewecTea?

T.C

i
)
0 51015 22 30354045¢, mun

Puc. T4.1

3) 8 mum

1) 5 mun
2) 7 muH 4) 10 mMuH
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Pue. 35.5

Ocpobonienne BuyTpeHHei sueprum. Ml BrISICHHIH,
YTO BHYTPCHHSASI SHEPIHA MOXET NEpeaapaTecs OT OAHOIO Te-
Ja nBeymmy NPH TETIONEPENade WK T1PpH COBEPIICHHH pabo-
Thl. BeAHKK M 3anackl BHYTPEHHEH SHEPIHM B Telax M Hellb-
3% JIM HAHTH cnocol M3BJACYCHHS HTOH SHEPIHMH JUIsl COBEp-
LICHHS HYXKHOM uenopeky pabors?

B coBpeMeHHOM NpakTHUccKoH XKu3HH GONbLIHC 3anacel
BHYTPCHHCH SHCPIMM TeJI MCIONB3YIOTCS [UIS COBCPIICHUS pa-
GOThI 3@ CYET TEILIOTHI, OCBODOXKIAIOUICHCS 1IPH CAHIAHHHA YI-
s, HedTH M rasa. UTo NpPOMCXOMMT IPH FOPeHMM BellecTa?
PaccmoTpuM camulif MpocToil Mpouecc ropeHus — ropeHHe
BOOpOJA.

Ilpn Temneparype Boimie —253 °C M HOpMaABHOM aTMO-
cepHOM NABAEHMH BOMOPOJ HAXOMHTCH B rasoobpasHom
coctosinu. EcAW HanoiHuTs BOMOPONOM COCYI W TpOnyc-
THTH Hepe3 Hero aIEKTPHYECKYI0 MCKPY, TO HHYero ocoleH-
HOPO HE NPOM3OWIET: BOMOPONL HE 3arOpUTCH, HE B3OPBETCH
(puc. 35.1).

CoBceM JIpYrod pesyibTaT TOAYIHTCH, €CAH B COCYNe
cmemars 0,01 r razoobpassoro sonopona u 0,08 r kuciopo-
na. B Takol cMecH Ha KaxIylo MOJNCKYNY KHCIopoda, co-
CTOSILIYIO M3 JIBYX aTOMOB KHCJIOPOJA, NPUXOOMTCS 10 JIBe
MOJNCKY/Ibl BOJIOPO/A, COCTOSIIME W3 JIBYX aTOMOB BOJOPOMIA.
Ilp cMeWIMBaHKMK BOXOPOZA C KHCJIOPOIOM HHYEIO 0CO-
Gennoro He npoucxoamt. Ipu armocdeprom nasinennu Ta-
Kasi cMech 3aHMMaer 06eéM npumepro 170 oM’ onmn crakan
(puc. 35.2).

Ho ecnu wepes o1y cMech BOIOPONA ¢ KHCJIOPOIOM NPO-
NYCTHTL DJEKTPHUECKYIO MCKPY, TO B COCY/E NPOM3OHAET
BCMIBINKA W BBUEHHTCH dHeprust npusmepno 1200 JIx. Tax
MPOHCXOHT TPOIIECC FOPEHHS BOIOPOJIA.

Macca cropesuiero sogopona ecero 0,01 r, a peaeaHpIei -
Csl NIPH €ro TFOPEHHH SHEPIHH JOCTATOMHO JUIS TOFO, 49T00bl
NOAHATL Yenopeka Maccol 60 Kr Ha 2 M HAl NOBEPXHOCTHIO
semin (pue, 35.3)!

A TO CTANO ¢ BOAOPOJAOM H KHCIOPOAOM B PE3YALTATE [0~
perust Bojopona? Onu mcueanu Gecclenno?

Bomopoiia # KMCIOpOJa B COCY/IC HE OCTANO0Ch, HO 3aTO M10-
SIBHACS BOMSIHOM nap. JlBe MOJNCKY/ABI BOISIHOIO 11apa BO3HHK-
JIM B Pe3yJibTATe PaspylicHHsl IBYX MOJCKYJ BOJOpOIA M Oll-
HOM Monexynsl kuciaopona. [lpu xomuarHO# Temneparype B
CMECH ra3oB aTOMBI BOAOPONA M KHMCJIOPOAA NPUTATMBAIOTCH
APYT K APYTY, HO HE MOIYT NPEOonoAeTh ACHCTBHE CHJI NMPHUTA-
KeHHsI BHYTpH monekyn (puc. 35.4).

Ilpr Temneparype HECKOJNBKO THICSY TPALYCOB BO BpeMs
CTONKHOBEHHH MOJICKY HX KHHETHYECKOH DHEPrHH TerioBo-
IO JIBHKEHHSI OKa3bIBaETCsl JIOCTATOMHO JUISI pa3jieNeHHsi HeKo-
TOPHIX MOJNIEKYA Ha aTOMbl. ATOMB KHCIOPOJIA H BOAOPOIA CO-
CAHHSIIOTCS B MOAEKYIBI Boawsl (puc. 35.5).

INpouece oBpazoBaHMsi MOIEKYAbI HOBOFO BEIIECTBA H3 MO-
JIEKYA JIPYTHX BEHIECTB HAIBIBACTCH XWMHYCCKOH peakumHei.
B xuMmuueckodl peakumH o0pa3’oBaHMsi IBYX MOJIEKYI BOIBI
BblleAsieTes Goblle SHEPrHH, YeM GbUIO 3aTpaucHo Ha pas-
JICICHHE MOJICKYJIBI KHCJIOpoIa W JIBYX MOJCKY/I BOAOpOJA.
Boiie/iMBLIasICSl DHEPIHS OBBILLIACT TEMIIEPATYPY CMECH BO-
JIOPO/lA M KHUCAOPO/A, PaspylliacT OCTANbHBIC MOJNCKYAB BO-
[I0poZia ¥ KHCAOpoAa ¥ 00pasyeT HOBHIE MOJIEKYJLI BOZBI.
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Ipouece ocylecTBIeHHsT XMMHUYECKHX peakiui ¢ Bouene-
HHEM SHEPIMH, CAMOCTOATENBHO MNPOMCXOMAUIMH B BELIECTBE,
HaspipaeTes ropennem. Mcekpa wam apyro ¢cnoco6 nopbi-
IWEHHSE TEMIEPATYPhl CMECH BEILECTB, CNOCOOHBIX K rope-
HHIO, HYKHBI JHIIb A Havana npouecca roperus. [lpu
©OYCHb OBICTPOM PACHIPOCTPAHCHHHM [IPOLECCA I'OPCHHH TCM-
fiepaTypa BCLICCTBA TOBBIIACTCH /10 HECKOABKMX ThICAY Ipa-
JycOB, a JAABACHMC MOXCT B JCCATKHM ThICHY Pa3 NPCBbI-
ware armocdepHoe masiacHue. B pesynprate npoumcxoaur
B3pPBIB.

Boabinoe KoauuecTso BHEPruM 0CBOGOKIACTCH, HANPHUMED,
npu ckuranuM ogopoaa. Ilpu sTom obpasyercst abGconoTHO
YHCTHIA TPOAYKT NOPEHHMs — Mapsl BOJABI, YTO JIEAaeT BOMAOPON
B HeAaneKoM OyayleM OAHMM H3 HauGojaee NepCrneKTHBHBLIX
FOPIOYHX JUIS aBTOMOGHIBHBIX JIBHTaTeNnei.

Tennora cropanusi. Konwuecrso TCnAoTe, BhUIEASIO-
Leecs MpH MNOJHOM CropaHWH TOIUIMBA, HAa3bIBACTCH Tell-
JIOTOH CropaHMsi MJIM TEILIOTBOPHOH CHOCODHOCTBIO Be-
ecTBa.

Vaensnas Tensora cropanms.

OTHOWEHWEe TeNoThi CropaHus Q K Macce /m cropesiie-
ro BOWeCTBa Ha3biBaeTCsl YANbHOW TeNnIoToR cropaHus q:

=2
q=

YiaenbHas Teriora cropaHus BbIPAXAeTesi ¢ OXCoyAsx Ha
kunoepamm (1 JUk/kr). Hanpumep, yaenbHas Teniora cropa-
Hus Bonopona pasHa 120 KLK/Kr. D10 3HAUMT, 4TO NpH
CKMIaHHM | Kr BOHOPO/IA BBUICHACTCH KONMYECTBO TEILIOTHI
120 000 xJ1x.

3anaua 35.1. I1pH CKHIAHMH KAKOH MACCHI rasa METaHa BhUie-
JIATCSE KOAMYECTBO TEIUIOTHI, HEOOXOMMMOE JUIsl HarpepaHmst 1 Kr
BoAB O 0 o 100 °C? YaenbHas Temiota CropaHust MeTaHa
50 000 K/Lk/Kr. Yaeasuast TeiLiofMKocTs BoALl 4,18 KJIK/(Kr - °C).

3anaua 35.2. Ha Kakylo BHICOTY OT HAYAILHOIO [OJOXKCHMS
MOT Obl MOAHATECS ABTOMOCHAL Maccofl 1000 Kr 1o gopore, HaymicH
B TOpy, €cAH OHl BCS TeNJOTa CTOPaHHA NPH CXHraHwH 10 xr
OeH3HHA B JIBHIATeJie PACXOAOBANACHE TONLKO HA YBRJIHYEHHE ero
NOTEHUHANEHOH HHepruu? VIeAsHas TeIUIOTA CropaHus GeH3HHA
g = 44000 000 JIx/kr.

3anaua 35.3. OOvEM UHAHHAPA JIBHTATENSI BHYTPEHHEro Cro-
paunst paser 2,5 am’. Kakylo maccy OeH3WHA HYKHO CXedb B Ta-
KOM IHAHHApE, 2aNOJHEHHOM BO3AYXOM NPH aTMocepHOM AaB-
JNEHHH, JUI9 HArpeBaHWs 3Toro Boamyxa Ha 300 °C? VaensHas
TEIIoTa cropauus O6ensuna 44 000 000 JUX/Kr, yaenibHas Tenio-
éuxocrsinoauyxa npuMepHo 730 JIk/(Kr - °C), IWIOTHOCTL BO3AYXA
1,2 Kr/™°.

YaensHaa Tennora cropaHua
HEKOTOPbIX BWIOB TONNUBA

Bt Torumea q, KJIX/Kr
ANTpanMT 30 000
Bypuft yrons 15 000
Jipoga 12 000
ATOMHHHA 31 000
Marnun 25000
Iopox 5000
Teépnoe paxer-

HOE TOIIHBO 4000

Masyr 40 000
BeH3HA 44 000
AleTiicH 48 000
Bostopon 120 000
Ipupoauuft raz 45000

1. MNovemy BOAOPOL HE TOPUT
6Gea kucnopona?

2. Noyemy cmech BOAOPOAA C
KUCNOPOAOM He 3aropaeTcs
6e3 uckpbI?

3. OTkyna nocne CXWraHua Bo-
A0poAa B KUCNOpPOAe NOABNA-
erca sopa?

4. KakoB MCTOMHWMK 3HEprum,
ocgoboxnaoueics npu rope-
HANW?

5. Yro wHasuiBaeTcs yaenuLHo#l
TeNNOTON cropannsa?
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Puc. 35.6

Iorpebaenne sueprum. llpumepro uz 400 muwimapnop
MHUIMAPIOB JLKOYACH SHEpruM, norpebiasemMolt B HacTosuiee
BPEMs BCEM UEJIOBEUECTBOM B roil, Gonee 90% nonyuaercs 3a
cuér ckuranusg yrisi, Hedru u rasa. Cpensee norpebreHune
SHCPIHM HA OJHOIO XUTeAs 3CMIHM COCTaBASCT NPHMCPHO
180 man JIx B cyrxm, a B PoccHn norpeGieHue SHEPIUM Ha
OIHOIO YesioBeKa — B cpeaHeM okono 700 man JIx B cyrku.

Muoro sim 210 — 700 Mman JIx? Jlis cpaBHeHMs! BRIYHCIMM
KHHCTHUCCKYIO 9HCPIHIO HCKYCCTBCHHOIO CHYTHHKA 3eMIH
maccoit 20 xr, ABMXyWerocst co cKoOpocTeio 8 xm/c:

E = 0,5m0® = 0,5+20+(8000)” JIx = 640 000 000 Jix.

DHEPIvM, NoTpeGNsieMoil B CPEIIHEM OIHAM YCIIOBCKOM B
Poccum 3a CyTKHM, NP MCHIONB30BAHWK Ge3 MOTEpPh JOCTATOY-
HO JUlsl 3anycKa Ha OpOMTY BOKPYr 3eMiH MCKYCCTBEHHOIO
cnyriuka Maccoit 20 kr, a sHeprum, norTpeGasieMoi OIHHUM
yeoBeKOM 3a 4 MM, AOCTATOYMHO S COOGUICHMS TNepBOH
KOCMHYECKOH CKOPOCTH M CaMOMY 4eiobeky!

CpasiuM cpejiiee norpeGieHe SHEPIrHH YEI0BEKOM € ero
COBCTBEHHBIMH BO3MOXKHOCTAMH coBepinars paborty. PaGory
(GHUIHYECKH PA3BUTONO YEJNOBEKA MOXHO OLEHHTH M0 €ro cro-
COBHOCTH NMOAHUMATECH Ha ropy. TpeHHpoBaHHbBIA TYPHCT HIH
ILIMHKCT crocoben 3a JIeHh MOIHATLCA Ha TOpY BLICOTOH
2 kM ¢ prokzakoM Maccoft 35 kr. Ilps TakoM nomabeme oH co-
pepuiaer nonesnyio padory 700 000 Jix. Takywo xe paGory ue-
JIOBEK MOXET COBEPUINTD, MEPEHEC M0 JECTHHLE HA JCCsThiH
arax 60 uenopex, Maccolt no 35 Kr Kaxusii,

Ecim npu uHTeHCHBHOM (M3MUCCKOH HAIrpy3ke CHIbHBIH
UCJOBEK MOXCT copepiunth pabory 700 000 Jx, a kaxuwii ue-
JioBeK noTpeGnsier B cpeareM 3a cytku 700 man JIx sHeprum,
TO 3TO 3HAYMT, UTO HA KaXIOIO YCIOBCKA B HAlICH cTpaHe
paboTaloT PazIMUHLIC TEIUTOBLIE MALIMHB, BRINOAHAIOUIME pa-
6oty npumepno 1000 ¢hmanuecku pasBHTBIX W BEIHOCHMBBIX
monei. Kak xe paGoraiorT TensoBeie MAUIMHLL, 0OECNEUHBAIO-
e KoM(OPTHLIE YCJIOBHS XH3HM COBPEMEHHOMY venoseky?

Tennossie Mamunsl. TBEPABE W KHAKHE Tena Hecnocob-
HB hdheKTHBHO NpeBpaliaTh CBOK BHYTPEHHIOK HEPTHIO B
KHHETHYECKYIO HEPIHIO GONBITHX TeJd, HO OHH MOIyT nepe-
JIABaTh €€ MyTEM Tervionepesayun razaM. Harpersie razm Moryr
JIETKO NpeoOpas’oBbiBaTh YacTh BHYTPEHHEH sHeprun Gecnops-
JNOYHOTO TEIMOBOIO [ABHXCHHI MOJCKYJI B KHHETHUYCCKYIO
SHEPIHIO NOCTYNATENBHOIO JIBHXCHHWSA GOABLIIAX TENA. TBKOE
npeofpazoBaHie MOKHO HaGAIOAaTh B ONBITE ¢ IPOOGHPKOH.

BoabMEM npoGupky, KanHeM B HEC Kaluio ClMpra H 3a-
Kpoem 1pobKoi. 3areM nocraBuM npoGHpPKY B CTaKaH ¢ ro-
paucH Bojoi (puc. 35.6) WK NOACTABMM CE MOJL CTPYIO TOpsi-
yel Bosbl M3 Kpana. Uepes HeckoanKo cekyHa npobka ¢ aér-
KHM XJ0NKOM BBUICTHT M3 npoGupku. ‘Yacrs BHYTpeHHeil
sHepruM ropsiveil Bojsl GeUIA NIepenaHa Terionepenaye npo-
6upKe, OT MPOGHPKH BO3YXy M cnupty B npobupke. Ilpu na-
rpeBalK CIMPT NPEBpaliaeTes B fap, JapieHue BO3AYXA H
NapoB CHHpTa B NPOGHPKE CTAHOBHTCA Bbile arMochepHoro
napaenus. Tox neHcrBHeM CHIB M3OKITOYHOrO [ABJIEHHS
npobKa phuieTaeT. YBeauuyeHne KHHETHYeCKON aHeprum npob-
KM MPOM3OULIO 38 CYET YMEHBLICHHSI CHAYaIa BHYTPEHHEH
SHEPIMH ropsveld Boibl M 3aTeMm rasa B npobGupke. Mel Ha-



ONIONANH NPHMEP MPEBPALIEHHS BHYTPEHHEH SHEpPIMM raza B
KMHETHUECKYIO SHEPIHIO NPOOKH.

Jlpurateau BHYTpeHHero cropamusi. B GoabmmucTBe
TCIUIOBBIX MAIHH TICPBBIM TANoM paboThl sBASCTCH Mpolece
cxurauus tornmea. IlpM ¢XMraHmM TOIIMBA NPOMCXOMMT
NPEBPAIICHHE XHMHUCCKOM SHCPIMH TOIUIMBA BO BHYTPCHHIOK
IHEPIHI0 GCCHOPSIMOYHONO TCILIOBOIO JBUACHUS MOJCKYJI
raza. BHyTpeHHsIi SHeprusi HarpeTroro rasa MOXeT NpeBpa-
ATHCS B KMHETHUYECKYIO SHEPIHIO ABHKCHHS TBEPABIX Te.
ITono6Ho TOMY Kak HarpeTblif ras BHITAIKHBAeT NPoOKY M3
NpoGUPKH, B LIWJIHHAPE ABHraTeasl BHYTPEHHETO CrOPaHMs aB-
TOMOOHASI HArpeThiil 10 BHICOKOH TEMNEpaTyphl 3a CYET CKH-
ranus TOIUTHBA BO3AYX JBHAET nopiens. Ilopumens yepes ma-
TYH NPHBOJIMT BO BpallleHHe KOJNEHUaThI{ Bad W janee uepes
CHCTEMY BAJIOB M 3y0uaThiX Mepesiad BpalliaeT KoJeca aBToMO-
Ouas (puc. 35.7).

JlBHraTtens BHYTPEHHETO CrOpPaHUS MOXET NPHMEHSITHCS
JUIsi BHIPAGOTKA NEKTPHUCCKON IHEPIHH ¢ MOMOIIBIO 2AEKT-
poreHeparopa.

Moarotoaxka K comuHapy MAKW KOHDOPOHLIMK Ha ToMy
«Maposbio MALMHBI» .

1. Buibepute MHTEPECHYIO 1A Bac TeMy W COrnacyiTe CBOM Bul-
60p C yyuTenem GuanKu.

2. Ucnonbays Google unx Apyryio NOUMCKOBYIO CHCTaMy, Hainm-
Te doTorpadun W PUCYHKM NO M3OpaHHOW Teme. Hanpumep,
WHTEpecHule MaTepuansl 06 WUCTOPUM WM30GPETeHMs NapoBbIX
MalWKH MOXHO HaiTk no aapecy http://www.critical.ru/critical/
calendar/1901watt.htm (19 axeaps 1736 r.) MNocmoTpeB He-
CKONBLKO CTaTedt, BuIGEpUTE M3 HUX COOTBETCTRYIOUME Ballen
Teme.,

3. CocraBbTe nnaH cooOuieHus. MoaroTossTe TeKCT coobiue-
HUA C WUCNONBL3OBAHMEM OTOOPaHHLIX MaTepuanos, ¢ortorpa-
i, pucyHkos. Bawe euicTynneHre GyaeT Tem ycnewHee, Yem
Gonbwe Gyner B NPe3eHTauMK KPACOuHBIX WNNIOCTPaUMi 1
MEHbLLIO TEKCTOB [UIS YTEHUA.

lMoackaszka. Mo Teme 1 MOXHO NOArOTOBWUTL cooblieHwe O
malmuHax fepoHa U peaynsTarax CaMOCTOATeNLHOrO WaroToBne-
HMA OAHOA M3 MawwH [epoHsa ¢ AemoHCTPauueil aeicTeyiowei
mopenu. Ecnv ans onwra 6yner Bwibpad sonunun lepowa, 1O
Ana Ge3onacHoCTH 3KCNEpPUMEeHTa ero XenatensHo WaroToBWUTL
W3 MeTanna.
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Tennossle aBNEHUs

1. Napossie mawwuHel lepoHa
AnekcaHapwiickoro.

2. Napoean MawwuHa Helokome-
Ha.

3. Nlerepa o mansuuke lemd-
pu Mortepe.

4. Naposan mawmua U. U. Non-
3yHoBa.

5. Naposan mawwmua /1. Yarra,
6. Maposbie TYPOUHL W UX
NPUMeHeHne.
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UToroBLI Tect |

1. [lepen BaMu TP NPELNOXEHHA:

A. B nerHuid conHevHwd AeHb “YenoBex
yBUAen, 4To ntuua B Hebe pacnpasvna
KPLIILA W NapuT B BO3ayXe.
b. On nogyman: «Moxer OGuiTh, NTMUA He
nasaer 663 BaMaxoB KpLINLEB, NOTOMY YTO
HarpeTLiil BO3AyX MOAHWMABTCH OT 3eMNK
BBEpX W NOAMepXuBaeT ed?»
B. Yenoeek copsan OAyBaH4YWK, AYHYN Ha
Hero W cran CMOTPeTL 23 NonEToM CemsH
OAYBaHYMKA C MYWWCTHIMA BepXylUKamM,
yTo6k! NPOBEPUTL CBOE NPeanonoXeHue.
B xakoMm W3 npeanoxeHwid copepxurca
ONUCaHWe rUNoTeskl M B KaKkoM — onuca-
HWe onkira?
1) A — onucaHue runoTess,

b — onucanue onwira
2) b — onucaHue runoTessl,

B — onucanue onwira
3) B — onucanne runoTessl,

b — onucanne onwira
4) A — ONUCaHue onuiTa,

b — onucanne runoTeasi

2. B xapxkwii netHit neHL Ha ronybom Hebe
BO3HWKAET W paspacraerca Genoce obnaxo.
Kakoe duamveckoe HBReHME NpU 3TOM
nponcxoamuT?

1) KoHOEeHCcaUMs BOAAHOO napa
2) kMneHve BoaW

3) ucnapeuve Boas!

4) npespalleH1e BOALI B BO3AYX

3. Ha pucyHke M1 uaobpaxeHs! TPaexTopuu
OAHOW W TOW Xe TouKM, Haxonsuweidcs Ha
NOKpLILWKe KOneca Benocunena, OTHOCM-
TeNLHO PasHbIX Ten orcyéra. C kakum Te-
nom orcyéra Obin CBH3aH HabmoaaTens,
3aDUKCHPOBABLLIWMIA TPASKTOPUIO TONKM A?

0O

r Pre. M1

A )

1) ¢ obopom koneca

2) € oCcLIo Koneca

3) ¢ 3eMnéil cOOKY OT @ylero no ropu-
3OHTANLHOM NOpOre BesoCUNeaa

4) ¢ mobuiM M3 TPéx Ten orcuéra, nepe-
YMCNEHHLIX B oTBeTax 1-—3

4. Mo rpadgmky (puc. U2) onpenenure cko-
POCTL ABMXEHWMA TeNla B UHTEepBaNe Bpeme-
HW OT KOHUA NepBoi CexyHasl A0 KOWUa
YOTBEPTON COKYHIbI.

U, M/c
4

3
2 [e——
1 H

|
0 1 2 3 4 tc

1) 0 3) 1 m/c
2) 0,5 mfc 4) 2 m/c

No rpadmky (cm. puc. U2) onpepennre
nyTe, NPORAGHHLIA Tenom B WHTepeane
BPEMEHW OT KOHUA NepBOM CeKyHAs Ao
KOHUA YeTBEPTON CeKyHibl.

1)2m 3)6m

2)3m 4)8m

Mo rpaduxy (puc. U3) onpepenure myts,

NPoAAeHHLIA TeNnoM B MHTEpBane BpemMeHu
0—9 c.

b
F

9
Bl
I |
6 i : '
5 H | \
4 ; : '
3 ; : H
e R
1 EH R
0 1234567809tc popa

1) 72 m 3)8m

2) 16 m 4) 8/9 m

Mo rpadgwmky (cm. puc. U3) onpepenute
MOAYNb CKOPOCTH B WHTOPBANe BPEMeHW
7—9c.

1) 8 m/c 3) 8/9 m/c

2) 7.5 m/c 4) 0,5 m/c

Mo rpadpuxy (cMm. puc. U3) onpepenure,
CKONLKO CEKYHA TENO ABWIraNnoCk B WHTEP-
gane spemenu 0—9 c.

1)9¢ 3)6¢

2)8¢ 4) 3¢

Teno aguranochk NPAMOAMHEHHO CO CKO-
pocTLio ©. Kak 0HO GyNeT ABMraThes, 6Cnm
B HOKOTOPLIM MOMEHT BpeMenn NoHcTBMe
BCOX CWJI HA ITO TENO NPEKPATUTCS, a pap-
HOAOHCTBYIOWAN CUA CTAHET PaBHOR HYNIO?
1) TENO MIHOBEHHO OCTAHOBMTCSH
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10.

11.

12.

13.

14.

2) Teno Gyner nanare
3) Teno OyaeT ABUraThesl NPSMONUHeRHO U
PaBHOMEPHO €O CKOPOCTBLIO U

Macchl CNNOWHBX OAHOPOAHBIX WAPOB
(puc. W4) onuuakoBhl. Kako#t ua ammx wa-
POB ClleNnaH M3 BellecTsa ¢ HauMeHbluen

NAOTHOCTLIO?

1 2 3 Pric. M4

1)1

2)2

3)3

4) NNOTHOCTL BeLLEeCTBa BCEX LWApOB OAM-
HakoBa

Kavep euilien M2 ycTes peku B mope. Kax
M3MEHUIACKL NPU STOM CUNA TSKECTH, ALWH-
cTByOWan Ha katep?

1) He uameHunach

2) ysenmuunach

3) ymeHslwunach

Pe6éHok cTouT Ha Becax. lMokazauus Becos
98 H. Yemy pasHul Macca pebéHka, ero eec
W K KaKkoMy Teny npunoxexa cuna geca?
1) macca 10 kr, gec 98 H, cuna geca npu-
NnoxeHa K pecam

2) macca 98 xr, sec 10 H, cuna Beca npu-
noxeHa K petéHKy

3) macca 10 kr, Bec 98 H, cuna peca npu-
noxexa K EHKY

4) macca 98 kr, sec 10 H, cuna peca npu-
NOXeHa K Becam

Cuna, BO3HMKAOWAR NPU NONLITKE CABW-
HYTh OIHO TENO OTHOCUTENLHO APYIoro U
NPENATCTRYIOWAN €ro NepemMeLeHmio, Ha-
3blBACTCA CUMNOA TpeHus nokon. B ka-
KOM(MX) M3 NEPeqUCNeHHLIX Cnyyaes aeH-
CTBYeT cCuna TPeHus Nokosa?

A. ABTOMOOMNL CTOMT Ha popore.

b. Yenosex waraer no zemne.

B. I'py3 CKONL3AT MO HAKIOHHON NNOCKOCTY.
1) Tonsko B cnyyae A

2) Tonsko B cnyyae B

3) Tonsko B cnyyae B

4)ecnyyasx Aun b

5) BO BCex TPEX cnyyanx

Aese cunkl F, u F, NPUAOKEHL K OAHOA TO4-
Ke A W HanpaBnedsl no nuHuaM AB n AC
(puc. U5). Moayn cunel F, paBeH 3 H. Bek-
TOP PaBHOAEHCTRYIOLG 3TUX CMN Hanpas-

15.

16.

17.

18.

ned saonk npamoit AZl. [lnuHa CTOPOHL
KNeTku Ha pucyHke coorsercreyetr 1 H.
Onpepenvre MOAYNL pasHopeicTRyIoWeR
cunut Fy.

8| A
=
<l
A C
Puc. U5
1)3H 3)5H
2)4H 4) 7H

Yemy paBHO fasnedue JoCcKKM CHoybopamc-
TA HA FOPHIOHTANBHYIO NOBEPXHOCTL CHEra,
ecnu NAowank Aocku pasHa 0,2 M?, a Bec
CHOYOOpAMCTa BMecTe ¢ [Iockoi 980 H?

1) 20 Na 3) 500 Na
2) 196 Na 4) 4900 MNa
Jna Toro yrobul B GE3BETPEHHYIO Noroay

BO3AYWHLIA Wap MOr 3aBUCHYTL Haa of-
HOI 1 TOW Xe TepPUTOPHeN M Ha OAHOM 1
TOif Xe BHICOTe, BO3AlyX BHYTPW wapa no-
AOrpesailoT. Kakoro COOTHOLLeHUSt Mexay
cunoit TRkecT mg v cunoid Apxumena Fy,
AeACTBYIOLMMI HA Wap, AOOGUBAIOTCH MUNO-
Thl Wapa?
1) Fy= mg
2) mg < F,
MNpoapaunyio BYTLINKY HANONOBUHY HANON-
HUMWM BOAOW, 3aKPLINK NPOOKOH U ropALILL-
KO GYTLINIKM ONMYCTUAW B COCYA C BOAOM.
Mpo6Ky BLIHYAKX MO BOAOHK W YBUARM, YTO
He BCH Bofa BLUIMNAcL W3 OyTLIIKM, a
YyacTL BOAL!I OCTAnackL B GyTunKe. Y10 npo-
WU30WAET C YPOBHEM BOALI BHYTPW OYTLINKK,
ecnu atmochepHoe AABNeHHe NOBLICKTCHA?
1) noHuaurcs

2) noBbICHTCH

3) He mamenuTca

U-06pasHyio NnactMkosyio TPyoky 4acTuy-
HO 2aNoNHUAW BOAOW A0 OAMHAKOBOIO
ypoeHsi B oboux konewax (puc. M6, a).
OfnH KOHel TPYOKWM 3aKpbini repMeTuy-
HO NPOOKOA, @ OTKPLITLIA KOHeL, NOAHANK
Ha 1 M (puc. U6, 0). B peaynstate ypoBHW
BOAL!I B KONeHax Tpyoku cTanu pasnuyars-
CAl Ha BLICOTY cTONGa BOAK! h. “Yemy pasHo
AaBNeHUe P, Ha BOMlY CO CTOPOHLI BO3AYXA
B JIGBOM KOJIeHe U laBNeHue p, Ha Boay o
CTOPOHBI BO3AlyXa B NPABOM KONEHe TPyOKu
BO BTOPOM cnyvyae (cm. puc. U6, 6)?

3) mg > F,
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19.

a) 6)

ly i

. U6

1) Py = P2= Pam

2) Py = Panus P2 = Pany * pgh
3) Py = Pane + PIN, P2 = P
4) Py = Pany = PG D3 = Poy
5) Py = Py P2 = Py = PG

MbUIBHBIA NMY36IPEL NOAHUMARTCA B BO3AYXE
BBOpX. Kakoe COOTHOWEHME MeXay CHNo#H
THKECTH mg W cunoit Apxumena F,, nei-
CTBYIOWMMM HA MBUILHLIA NY3bIPL, BEPHO
ONA 3TOro ABNEHUA?

1) Fy> mg

2) Fy< mg

3) FA =mg

4) cuna ApxMMeaa B 3TOM CHyyae Ha
MbIILHLIA My36Ipb He aeicTeyeT

Jns onpeneneHMi LEHTPa TSXKeCTW AMcKa
npoeenu Aga oneira. Ha kpaio Aucka npo-
ceepnuan Tpu oteepcta A, 5 m C
(puc. 7). B nepeom onbiTe AMCK Haaenu
Ha FOPM3OHTaNbHbLIA CTepXeHL 3a oTRepC-
TMe A, 3areMm HaBeCcHIW Ha TOT Xe cTep-
XeHb OoTBeC (HWUTL C rpysom). B nonoxexnn
PABHOBECUA HA AMCKE Nposenm mHmo AB
BOONL HWUTW oTBeca. Bo BTOpOM onuiTe
NOCTYNHAK aHANOTMYHO, NOABBCHB NMCK 3a
oreepcive C. Boons BTOPOro nosfoXeuus
HWUTKW OTBeca nposenu nuuuio C/. Yepes
KakKylo TOuKY NpoaéT HWMTL oTBeca, ecnu
AMCK HAJleTh HA FOPU30OHTANLHLIA CTepXeHb
3a oreepctue 6?

21.

24.

Prc. U7

1) uepes Touky A 3) uepea Touky O
2) uepes Touky H 4) yepea Touky M

Kowxa n cobaka Geryr 1ak, YTo KMHeTuJec-
Kaf SHepPIrMa KOWKW paBHa KUHETHYECKOH
aHepruM cobaku. CkopocTts kowxku 10 m/c,
macca xowku 2 kr. Macca cobaku 8 kr. Ye-
MYy paBHa CKOpOCTL cobaku?

1) 10 m/c 3) 2,5 m/c

2) 5 m/c 4) 1,25 m/c

. Kakoli nonesHoit MOWHOCTLIO o6nanaer ye-

noeex maccolt 50 kr, KOTOpLIA yBenuuun
cBol ckopocTs oT 0 po 10 M/c 3a 5 ¢
Gera?

1) 25 000 Br
2) 1250 Br

3) 1000 Br
4) 500 Br

. Bpycok maccol m noa nedcTeuemM cunut F,

HaNpaBsneHHoi napannensio HaknoHHoH
MIOCKOCTH, NEPeMOLLAGTCS PABHOMEPHO W
NPAMONKMHEHHO BBEPX MO HAKNOWHOW NNoc-
KOCTH Ha PaccTONHKE [ U NPK STOM NOAHW-
MaeTCsl Ha BLICOTY B OT nNepBoHaYaNLHOro
NONOXeHWN. Yemy pasHiLl noneasxHan pabora
A, v 3aTpavenHasn paGora A,?

1) A, = mgh, A,= FI

2) A, = FI, A, = mgh

3) A,= mgl, A,= Fh

4) A, = Fh, A, = mgl

Mpu cBOGOAHLIX KONEOAHWAX HA NPYXKUHE
wap nepuoarieckl MakCUMansHo yaans-
@TCSl OT NONOXEeHWs! PaBHOBecHsa Ha 5 cMm
BHM3 U Ha 5 cMm BBepx. PaccrosHue or
KpaiHero BepxHero NonoxXeHus Ao kpaiHe-
FO HWKHEro MONIOKOHUA Wap NPOXoAMT 3a
0,5 c. Yemy papHbl amnauTyaa o koneba-
HUIA ¥ nepuon koneGannid T wapa?
1)a=5cm, T=05¢

2)a=5em, T=1c¢c

3)a=10cm, T=05¢c

4)a=10cm, T=1c

. Npy pacreopennn caxapa B8 BOAE NPOUCXO-

AT anddy3na MONekyn caxapa B Boae.
Y10 NPOMCXOAMT NPK 3TOM C MONEKYnamMu
caxapa?
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31.

1) MOnexyne caxapa COeAMHMOTCA C MO-
nexynamu Bofibl

2) monexkynul caxapa NpoHMKaioT B Npome-
KYTKW MOXAY MONeKynamu Bofibl

3) Monekynsl caxapa paspywaioT 4acTh MO-
nexyn Boab!

4) Mmonexynsl caxapa NPOHMKAIOT BHYTPL
MONEKYN BOAL!

Kakoe(ue) U3 nepeumcneHHsLIX cBoicTe xa-
pakTepHo(sl) Ans Ten B ra3coGpasHoM co-
CTORHUKU?

A. Teno He MMeeT NOCTORHHOIO 0OLEMA.
B. Teno He umeeT noctoauHo GopMeL.

B. lMpu orcyTcTBMM BHEWHUX BOoaaeiicTamii
MONEKyNL! Tena pasnerainTcs Ao 6eckoHey-
HOCTH.

1) Toneko A 4)A b, B

2) Tonexko B 5) HX OOHO U3 Nepeywc-
3) Toneko B NEeHHLIX

B kakoMm npouecce MaMeHeHue BHYTPOHHO!

SHOPIMKM Tena BuiMUCASIETCSI NO dopmyne
Q = cmAr?
1) B npouecce TennoobMeHa

4) B npouecce NapoobpasoBaAHUA
Kaxkoii(ue) Bua(sl) Tennonepepauyy He co-
NpoBOXAAETCA(IOTCH) NepPeHOCOM BellecT-
Ba?

1) Tonbko uanyyeHue

2) TONLKO KOHBEKUMA

3) ToALKO TEeNNONPOBOAHOCTL

4) nanyyeHue, KOHBEKLUMA W Tennonposoj-
HOCTL

5) nanyyeHue U TenNonpoBOAHOCTL

Kakoid Tennon3onsarop wucnoneksyerca B
Tepmocax?

1) poaayx 3) uckyccTeeHHan Bata
2) BaKkyym 4) neHonnact

B KakoM 13 NepeyucneHHLIX CNy4aes sHep-
WA nepefaérca oT OAHOTO Tena K Apyro-
MY B OCHOBHOM M3NyyeHuem?

1) NpU HaKNaALIBAHUK TPENKU ¢ ropsyei
BOMIOM Ha Teno GONLHOro Yyenoseka

2) Npy Harpesalun BO3NlyXa B KOMHaTe Or
paaMaropa BOASHOIO OTONNEHUA

3) Npu HarpesasuKy LWWH aBTOMOOUNA B pe-
IYNLTATE TOPMOXEHWSI

4) NpU HarpeeaHvu 3eMHOM NOBEPXHOCTH
Conuuem

YaensHasi TennoémkocTh BOAL  paBHa
4200 x/(kr - °C). Yemy paBHO KONMMECT-
BO TennoThl, MONYYeHHOe 2 Kr BOAb Npw
Harpeeawmu Ha 2 °C?

1) 1050 /ix
2) 2100 Ax

3) 4200 /ix
4) 16 800 Jix

. B xanopumeTpe HaxoaMnach BOAA Maccoit

100 r npu Temnepatype 100 °C. 3arem
B HEro AoNWNW BOAY NpU TemnepaTtype
40 °C. lMpwu HACTYNNEHWU TENNOBOro paB-
HOBECMA TemnepaTtypa CMecu BOAnl cTana
pasHo#t 80 °C. Yemy pasxa macca JlONMTON
poAL? TennoéMKocTh Kanopumerpa cuum-
Talre npexHeGpexuMo Manoi,

1) 250 r 3)50r

2) 200 r 4) 20 r

. Ha pucynke U8 nokasan rpaduk 3asucu-

MOCTH TOMNEPaTYpL! BOALI OT BPEMEHW NpU
Harpeganmm ot =100 o +100 °C ¢ nocro-
SAHHOW MOWHOCTLIO Tennonepeaaun. Kakoe
BPEMA AMACA NPOUECC NAABReHMA Nbaa?

6
+100

o
T
il
'

-1
o 210 333| 418 | Lc

Puc. U8
1) 961 ¢ 3) 333 ¢
2) 418 ¢ 4) 210 ¢
Korpa 6enué Ha OTKPLITOM GaNkoHe BLICOX-

HeT GLicTpee?

1) B GeaseTpeHHLIR AeHL

2) B BeTPeHLIA NeHL

3) B0 BpeMA AOXAN

4) eeickixaHue GeNbs He 3aBUCWT OT NOro-
Abl

JAna onpeneneHun yAenLHOM Tennoémkoc-
TW BOWecTBa UCNONLIYETCH KanopuMeTp.
OH COCTOMT M3 ABYX UANMHAPWUYECKUX CTa-
KaHOB, BCTaBNeHHLIX OAWH B APYro,
MexXay KOTOpbIMWU UMeeTci HeGOoNbUWOH
NpoMexyTok. B kakoi u3 AByx CTakaHoB
KanopuMmeTpa HyXHO HanuTL BOAY ANA NPo-
BEAGHUA M3MEPEHUH?

1) BO BHEWHMIA CTAKaH

2) BO BHYTPEHHWA CTakaM

3) B NPOMEXYTOK Mexny BHYTPEHHUM W
BHEWHWM CTakaHammn

4) B NOBOA U3 ABYX CTAKaHOB




OTBeThl K 3apavyam

5.1. 36 Kkm/a. 5.2. 20 m/ec. 5.3. 150 km/u. 5.4. 90 km/u. 5.5. 10 ¢.
5.6. 100 km/a.

6.1. ABTOMOOWAB JIBHIAICSH HEPABHOMEPHO, €10 CKOPOCTh YMEHBIUIMIACK.
Uy ™ 31 KM/, 0, =23 KM/U. 6.2. vy, = 28,5 KmM/u.
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10.5. 7 me, v=— = M/c=5 Mm/c.

LA 19 = - - . o
1.1 m Ay 0,2 kr. 11.2. F,~ 98-50 H = 490 H.

13 megieBar=Sa. 114 P =F, P=98-10 H = 98 H. Cuna tike-

cTi npuaokena K apbysy. 11.5. P =F, P=98-6 H = 58,8 H. Cuna Beca T’npﬂ-
noxena K 3emne. 11.6. F,=98-500 H=4900 H. 11L.7. #,=98-m =98-100 H *
=980 H.

13.1: = 13.2. % 13.3.
F y

141 F=P=1I2 He1,05 Ho 14.2. b .'113 <332 oM =6 oM.

14.3. = ’1’1}{3’: :m:znnmwoos M=9 M



165

—F_80H _ _ F_ 800H _

16.1. " : m 10000 Ila, "= m‘ 1600 ITa.
—F __000025H _ -

16.2. p T 2500000 Ila =25 arm.

16.3. pyeh = pae(h + hy), Pr;-{—j‘—. Py = FESE kw895 Krfu.

17.1. pVig = pybag, pztp.;;tp.é. P2 = 900 Kr/n’.

17.2. mog — Vg = mg — Vipg,  mg—p,=m —Zep,, mﬂ[ﬂ;‘")z n[ﬂfl}

Ps . Pu P _ 1380 7900 12 N »
my= m,p 5 p‘, my= 17900 260 ”-l00l2 kr. 17.3. x=379r. 17.4. = 133 kr.

17.5. p, E;? %%‘:ﬁ”_“msss Kke/m’

18.1. 100000 H. 18.2. ~8,5 km.

20.1. Ecam m = 50 xr, £, = 50-98-2 = 980 JIx, F, = 980 JIx.

20.2. E,=m(20)’/2 = 4-mv?/2 = 4F,,. Kunernueckas dHeprisi aBTOMOGHAS yBe/H-
ymnack B 4 paza. 20.3. Kunerwueckasi SHeprusi rpy3oBuka B 2 paza MeHbilie KuHe-
THYECKOH 3HEPTHM JIETKOBOTO aBTOMOOHIIS.

20.4. L,,ﬁ mgh = 50-98+100 JIx = 49 000 JIx.

20.5. E, = mgh = 50-9,8-20 Jlx = 9800 JIx. 20.6. I_—"‘=T—-133paaa
‘KI
20.7. F,~ E, mgh~", h % 0= 216 xow/a = 26 wfe = 60 w/e,
_ o _ 3600
hﬁE~2—”M=184M
211 A=F5 =mgh=200-98-2 Jlx~3920 [lx. 21.2. AE, = A= F%,
2
"
o AR 3 _ m? 108 . 1000-900
I-__’:x__z,_--T, =g me=30 we, F=TEIRH=3000 H.

2
21.3. N=A=A _m' N_T5 '°°BT 750 Br.

2 .
214, A=A, =7 = 1000000 Jlx =800 000 000 Jlx.

21.5. A:JS""Z"““ Jlx =—300000 Jix =—300 klx.
21.6. A= “’;‘maxa*"""“ Tk =12000 Jx.
-

_4 1700900 _ _ 127500 Br
21.7. NfoT~2_BT 127 500 Br=127,5 xBr, N= TS B =173 n.c.

218, Ny=d=t5.m "‘"’ Ny = 20020 By 180,000 Br,
1 1
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180000
Nﬁ"r;srs

PasorHaTeCsa HE CMOXET.

a.¢. =245 n.c. CnenoBarensho, 3a 5 ¢ 1o ckopocrn 108 kM/u aBroMoGHIb

=2 ="Ld=_——"—_¢=72c. Jlan pasrona asroMoGuisn 1o ckopoctd 108 km/u
norpedyercst npumepto 7,2 c.

21.9. A =I5 = Fot, A= Nt, Ni=Fot, N=Fo, v =36 xm/a=36/3,6 mfc =10 m/c,
N = 300000 - 10 Br = 3000000 Br = 3000 xBr.

2110, N=A=m8h - 095220'5 gy =100 Br.

21.11. A = Fs =3H-1m =3 [Ix.

22.5. CucreMa M3 NOABHAHOIO M HENOABHAKHOrO GJOKOB HAéT BBIMIPHILI B CHIe
B 2 pasa M He Jaér BeIMIpHIIa B pabore. 22.6. BeiMrpbimn B cuae paeeH —:11:%

22.7. Pyka 4enopeka Kak puiyar rnpourpeisaer B cuae B 8 pas, I/~ 784 H.
22.8.~225 H. 23.1. Ammumryaa pasua 0,25 cm, v = 500 I'uy, 7= 0,002 c.
23.2. 0,5¢c. 23.3. 4 m.

v MO _ ol 1500
240 A=ol=2=2050 -0 68 m. 24.2.%3 %_f":‘- =44,

24.3. v = Av = 5-1000 M/c = 5000 m/c.

25.1. Eciu poct uenoseka pased 1 M 80 ¢, To npH yeandcHuu B 10 MiH pa3s ero
poct ctan Gbi paBHbiM 18 Mman M, win 18 000 kM. Dro Gonbuie auamerpa 3emin.

3.1, Q)= Q) eymty— 1) = emy(ty — 1),
. () +c¢ = ol 1) | = 4200-0,1(30 — 25) % e
4 Mﬂm = + 4y 700-0.05 °C +30°C=90°C.

31.2. O,= Q,, em(ty — 1) = cymy(ty — 1),

— amfy — ol L J—_— _mfy —mlh, 1) _ 0,16-36 - 0,04(100 - 36) g~
hy o , Gq=¢p h = o6 C=2%.

313, 1, - 9 o 1) 4200-0.1-304203).00-?.05(90 30) o w25 9C.

amylfia A _ cama(fa - Aa) _ e
34, ot hD e’ 1M TG =

(a—HA) _ camalln ) €4 _ (a HAmels— Ag) _ (25 20)-0,1-(100-30) _ |
(s~ hy  cpmplhs— Ry cp  (ap— qpmallaa— fa)  (30-23)-02-(100-25) 3~
33.1. O, = N, em(Ty - 15) = Nty, Q,= N, em(T;, — T3) +hkm = Nb,,

_em(Ty- )i dm  _em(Ty T vhm (T T,

h N em(fi -1y ' ofy Ty '

h

_ 4180(8 — 0) 1 334400 .
= woi-nH ) 10 mun = 55 Mun.
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34.2. Q= @, cym(,— 1) + rmy = nNL.

_omll 1) rmy _ 4200-0,4-70 4 2256000-04 . _ _
I3 v 05-1000 c=1275 ¢=21,25 MuH.

35.1. O, = Oy, qm, = cmyAl, m,:ﬂqﬁ:%ngm(mm K =8,36 1.

35.2. AE, = Q, AE, = mgh, Q = ggng, mgh = ggng,

. g mg _ 44000000-10
h g 0000 44000 M =44 xm.

353. =0y Oy = g-my, Q= e Al = cp VAL q-mg= c,p VAL

_ apVA _ T30+1,2:0,0025 300
g = T kr = 0,000015 xr =15 mr.

Koabl npaBunbHLIX OTBETOB Ha 3alaHUS TeCcTOB

Teer 1
Hosmep npaBHiIRHONO OTBeTa
Howmep sananus

1 2 3 4
| X
2 X
3 X
4 X
5 X
6 X
7 X
8 X
9 X
10 X
11 X
12 x
13 X
14 X
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Teer 2

Homep zananmst

Homep npaBHiLHOre orsera

2 3
1 X
2 X
3
4 X
5 X
6 X
7 x
8
9
10
1n X
12
13 X
14 x
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Teer 3
HoMep NpaBWILHONO OTBeTA
Homep 3ananus

2 3 4 5
1
2 X
3
4
5 x
6 X
7 X
8 X
9 X
10 X
1 x
12
13 X
14 X
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Tecr 4
Homep nmpaBHALHOIO OTBeTa
Homep samanus

1 2 3
1
2 X
3 X
4 X
5 X
6 X
7
8 X
9 X
10 b
n X
12 X
13 X
14 X




HUroroemit Tecr

Homep 3anmanms

Hosmep npasWiLHONO OTBETA

| 2 3 4

1

2 X

3 X

4 X
5 X

6 X

7 x
8 X

9 X

10 X

11 X

12 X

13 X

14 X

15 X
16 X

17 X

18 x

19 X
20 X
21 X
22 X
23 X
24 X
25 b3
26 X
7 X
28
29 X
30 x
31 X
32 x
33 X
34 x
35 X

171



MpeameTHO-UMEHHOIU yKazaTenb

AGCONIOTHAS BAAXKHOCTL Boauyxa 152 Kanopusi 136
Amruintyna koneGannit 100 Kunoparr 93
Armocdeproe napnedne 80 Kuaorpamm 39
Arom 112 Kuaomerp 10
ﬁnue’mwemlcg.s(; sHeprust 89
HIIEHHE
ﬁgﬁ”’m - ﬁOJIH‘IGCTBO 1‘](:4[121I0|'bl 134
3 OHBEKLMSI
BpoyHosckoe apuxenne 11 ﬁoujﬁwauﬂu 150 "
03DpOHUIHCHT NOAC3HOIO JCHCTBHS
Barr 93 = rpenmst

&::cmg&im peiHYHMHa 24 Kpucranamsaunst 146

Baanmonecrsue monexkyn 116 Kpncrames: 124

Baanmonercrsue Ten
Baaxuocts Boanyxa 152 Jlowanuuan cuna 94
Buytpennsisi sneprust 134

Bpemst 14 Macca 38
Boiyxnenusie koneGaums 100 Meraparr 93
Bricora tona 104 Merp 10
m.exaumecm oHeprusi 88
Tas 120 EXAHMYECKHE BOJIHBI
— KoneBanus 100
Fﬂu?::z 1§puoue'rp 133 MCxaHmecmn IKBUBAIEHT Terorel 136
EXAHMYECKOE JIBHAKEHHE
Fgﬁpannmeé:xnﬁ npece 74 Mruerpasd 39
l'onoc uexnoseka 107 mxn‘"""c?z 10
Iparye 131 Monecvsa 112
I'pamm 39 MMCKYM 93
I'papux 323 OIIHOCTS
- cxlopm“ 13 HaGmonermne 6
Haknouuas miockoets 96
. — Hacwimennsiit map 150

Hayunoe otkpuitie 6

- Kuikoctel u razos 72 HcHacu:uci;uuﬂ nap 150

JlBurarens BHYTpeHHero cropanus 159

ﬁenaxpum 114 Huioton

ROy

Jlxoyns 89 Onuir 6

Jlunamomerp 54 OrHocHrenbHas BenuiuHa 21

Judysus 112 — BAAXHOCTE Bo3ayxa 152

Jlmuna 10 OTHOCHTENLHOCT JBHKeHMs 20
— ponus 104

Ilepuon xonebanmit 100
132 IInapnenne 146

InotHocTs 42

IMorpemmnocts wamepenus 14

ZKnkocTHbli TepMOMETP

3akon Apxumena 76 — cHcTeMaTHyeckasn 14

36)(0" boitas- Mapmn'ra 122 — chaygalinas 14

3syk 104 Ionepeunsie Borner 104

3sykosbie Bonubl 104 Iorenumanshas sueprust 89

3emnerpsacenne 106 [paBuio croxerns pektopos 26
pbivara

Huepruocrs 38 IlpoGaema 8

HMuepumst 38 Ilpononeusie Bonnsr 104

Undpassyk 104 Ilpocteic mMexaHusmer 96

Hcnapenne 150 Iyms
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PaGora 92 Tepmomerp 131
PasHopecue Ten 64 Tonna 39
Pasnoneicrpyioman cun 58 Tpaexropust 20

PagHomepHoe nBuxenue 24
Pesonanc 100

Viaenvnas terioémkocrs 138
Puar 64 — TerioTa napooﬁpamw;:(v’m 150
— TeioTa MiaBieHus
S:OH;::::; KIO(:IeﬁaHKﬂ 100 — TeMora cropams 157

Csoiicrsa razos 120 Yastpaseyk 104
— xunkocreit 124

— TBépabix Ten 124 Dazrec 6
Ceitcmmueckue Boannl 106 Duszuka 6
Ceitemorpad 106 Duzuueckue Bermannsr 10
Cexynpna 14, 17 - TeAa
Cuna 46 Duszuucckuit npudop 7
— Tpenust 84 Dusmucckoe sipicHHe 6
— THXECTH i
— YHDYTOCTH Icna nencums wkaner 13
giz';')“')g,':_b“ 2“:""‘ mHa 20 Llentp Tskectd Tena 16
Croxenue cun 58
Cnyx 106 Yac 14
Cnupomerp 30 Yacrora konebanuit 100
Cpentee apudMernueckoe 3HaueHue 14 Yacw 16
Cytku
Tabnnua 32 Ilkana Ueascust 131
Temneparypa 130
Tennopsie Mammnb 158 DKenepuMent 6
Tennonepenaya 130 Dnexrponnbit Tepmomerp 133
— nanyvenuem 142 Dueprus 88
Tennonpopoanocts 142 Dranod spemenn 16
Tennora 132 — Kunorpamma 40

— cropanusa 156 — merpa 40
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