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OCHOBBI MOJIEKYJIAPHOHU
O®U3UKU U TEPMOJINHAMUKHA
Monekynspaass ¢Gusuka — pasaen (U3UKU, W3YdarollMid CBOMCTBA Tel W

MPOUCXOANINE B HHUX TPOIECCHI, CBA3aHHBIE C OTPOMHBIM YHCJIOM YaCTHI]
(MoJIeKyJI, aTOMOB, HOHOB), COACPIKAIIUXCS B TEIax.

O6nacte 3amad, wH3y4aeMbIX B pasaeine MOoJIeKyIIpHOH (QU3UKH H
TEPMOJMHAMUKE SIBIIICTCS BEChMa IMHUPOKOW M OHA U3y4YaeT U OOBSICHSET:

— CTPOCHUE BEIIECTBA;

— (puzmveckre CBOMCTBA TEJ B pa3JIMUHBIX arperaTHBIX COCTOSHUSX;

— 3aKOHOMEPHOCTH TIepexo/ia BEIIECTB U3 OJTHOTO COCTOSHHS B IPYTOC;

— IIOBEPXHOCTHBIE SIBIICHUS B KUJKOCTSIX a TAK)KE SBICHUS, IPOUCXOISIINE Ha
TpaHHUIIC KUJIKOCTH U TBEPIOTO Tena;

— IBMYKCHUS YaCTHII, U3 KOTOPBIX COCTOSAT BEIIETCBA M MPUYUHBI, IPOSIBIICHUS
CHJIBI B3aMMOJICHCTBUS MEXIY dTUMU YaCTUIIAMHU.

B paznene «MounekysisipHasi pu3nKa U TEPMOAMHAMUKAY CBOHCTBA BEIECTBA, COCTOSIINUX
M3 OI'POMHOI'0 YKUCJjia aTOMOB U MOJ'ICKYJ'I, I/ISY‘IaIOTCSI C UCITIOJIB30BAHHUEM CTATUCTHUYCCKOI'O 1
TCPMOANHAMUYCCKOTO METOA0B.

1. Crarucruueckmnii meron. CIIOBO «cmamucmukay O3HAYaeT «CUHTATHY,
«0000marey. [Ipu CTaTUCTUYECKOM METOIE W3ydYaeTCsl ABMKCHUS HE OTACIBHO
B3SITBIX YAaCTHI] BEIIECTBA, & UX CPEIHEe Pe3yabTHpylolue ABmkeHne. Hampumep,
CpelHsisl CKOPOCTb, CpEIHssl KMHEeTHuYeckass sHeprus moiekyn u np. Cpennee
PE3YIBTUPYIOIIEE ABUKCHUE ONIPEACIIACTCS UCXOAS U3 3aKOHOMEPHOCTEH TBUKCHUS
OTNEbHBIX YacTUl. CTaTUCTUYECKUM METOJ MOJIOKEH B OCHOBY MOJIEKYJISPHO-
KHHETHYECKOW TEOPUH CTPOCHUS BEIIECTBA.

2. Tepmonmnamuveckuii metroa. CIIOBO «mepMOOUHAMUKA» TIPOUCXOIUT
OT CJIOB «MepmMoy — «meniomay W «OUHAMUKA» — «CUlay, «osudicenuey. llpu
TEPMOJMHAMUYECKOM METO/IE COCTOSIHUE BEIIECTBA OIPEACNACTCS TaKUMU
napamMeTpamu, Kak TeMIiepaTypa, J1aBJIeHHE, 00bEM.

[Ipy n3ydeHun MOJEKYJISIpHOW (DM3UKH yKa3aHHBIC METOIBI TOTOJHSIOT IPYT
JIpyTa ¥ MO3BOJISIOT 3y4aTh CTPOCHHE BEIIECTB B Ta3000pa3HOM, KUIKOM U TBEPIOM
COCTOSTHMSIX, & TAaK)KE ITPOTEKAIOITUE B HUX MPOIECCHI.



ITTABA 1

OCHOBbI MOJIEKVYJIAAPHO-
KUHETUYECKOU TEOPUN
CTPOEHUMA BEHIECTBA

§ 1. MOJIEKYJIAPHO-KMHETHYECKASA TEOPUSA
CTPOEHUA BEHIECTBA

IIepBoHavanbHOE MPENCTABICHUE O CTPOCHUH BEIIECTBA IPUHAIIEKUT I'pe-
yeckomy ¢unocody Jemokpurty, xkusmemy B V-1V Bekax o Hamieit spsl. [lemo-
KpPUT M3J1araj B CBOMX TpydaX, O TOM, YTOOBI MOHATH CYTh MPUPOJHBIX SBICHUH,
He0oOX0IMMO CIlepBa U3ydaTb BHyTpeHee cTpoeHue tei. [To mHeHuto Jlemokputa
BCE TEJIa COCTOAT U3 OUYEHb MAJICHbKUX HEIEINUMBbIX YacTHUL. DTH YacTulbl [leMo-
KPUT Ha3bIBaJ aTOMaMH, KaKk BaM M3BECTHO U3 Kypca GU3MKHU 6 Kiacca.

@ Teopusi, koTopasi u3y4yaeT CTpPOeHHe U CBOICTBA BellecTB, HA
OCHOBe MpPeICTABJIEHUS 0 TOM, YTO MOJIEKYJIbI 3TUX BellecTB Bcer-
JAa JBHAKYTCS M MeKIy HUMHU CyILEeCTBYIOT CHJIa B3aUMO/IeiicTBUS,
Ha3bIBaeTCsl MOJIEKYJIAPHO-KMHeTHYecKkoi Teopueii (MKT).

MounekynsipHas-KUHETHYECKass TEOpUs CTPOEHHUs BEIECTBA Hayajla CBOE pas-
Butue ¢ XVIII B. B pazButue MonexkynspHOM-KMHETUYECKOM TEOPUU BHECIIN OO0JIb-
mwoi Bkiax pycckue yuénole M.B.JlomonocoB u [I.M.MeHneneeB, aHIIMICKUE
yuensle [[.Jlansron u [x.Maxkcses, Hemenknii yuensiii O.1lltepH, aBcTpuiickuit
yueHslii JI.bosnbliMaH, UTaNbsIHCKUN y4eHbI A.ABOragpo u gpyrue.

MOJ’[eKyJIﬂpHO-KI/IHeTI/I'-IeCKaH TeoOpUus CTpOoCeHHUs BelIeCTBA OCHOBbLIBAECT-
CA HaA CJICAYIOIIHUX MOJOKCHUAX, KOTOPLIX TO0Ka3aHbl OIIbITAMM:

@ 1. Bce BemecTBa COCTOAT U3 YACTHIl — ATOMOB M MOJIEKY.I.
2. ATOMBI 1 MOJIEKYJIbI COBEPIIAIOT HelPepbIBHbIE U Oecnops-
JAOYHbIC JBHKCHHUSI.
3. Mexay aToMaMH M MOJIEKYJIaMHU CyLIeCTBYIOT CHJIbI B3a-
UMHOI0 NIPUTSKEHUS U OTTAJIKHBAHUS.

OTO OTYETAUMBO TMpOocCHexuBaercs Ha mnpumepe Aubdy3ur BeELIECTB,
HaXOASIIUXCS B Ta3000pa3HOM, KHIKOM U TBEPJOM COCTOSHHSX.

1. Ecnu OTKpbITH (UIakoH OyXOB B OAHOM YLy KOMHAThl, UX 3amax
pacmpoCTpaHUTCS IO Bceil KoMHATe. ITO JOKA3UBAET, YTO AYXHU COCTOSAT U3 MOJIEKYIL.
N3-3a HEmpepbIBHOTO U 0ECOPSJOYHOTO IBHKECHUS, OHU PACTIPOCTPAHSIOTCS MO
Bceil komHaTe. Ho MbI MOUyBCTBYeM 3amax TyXOB JIUIIb Yepe3 HEKOTOPOE BpeMms,
MOTOMY YTO OHH, CTAJKHBAsICh Ha CBOEM NYTH C OECUMCIECHHBIMU MOJEKYIaMu
BO3/lyXa, COBEPIIAIOT HENpEphIBHbIE U OECHOPSAOYHBIC IBMKEHUS, MEHSS
HaIpaBlIeHUE CBOETO JBUKECHUM.
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2. Ecniu 106aBUTh B CTaKaH C BOJOH JIOXKKY
Monoka (puc. 1, a), TO MOXHO HaOIIOJATh,
YTO MOJIOKO CMEIIAeTCsl C BOJOW He cpasy, a
JMINb CIYCTs OMpeJesieHHoe BpeMms (puc. 1, 0). N
Eciu cmemmBaHue BOJBI U MOJIOKA yKA3bIBAET ~—
Ha TO, YTO ITH JKUIKOCTH COCTOSAT M3 YaCTUIl, [~ T A ©
COBEpUIAIOIIMX  OECIOPSIOYHOE  JIBH)KCHUE,

TO BpeMsi, HEOOXOIUMOE JISI UX CMEIIUBAHUSA, /100K cmecs
CBUJICTEIILCTBYET O B3aMMOJICHCTBUHM YaCTHI]

600a
MOJIOKA U BOJBIL.
3. Ecniu ornonupoBaHHBIE IIACTHHBI U3 )
CBHHIIA K 30JI0Ta IIOMECTUTHL IApPYyr Ha Ipyra, a) 6)
3aKpenuB ClIeNUATbHBIM 3a)KUMOM(pUC. 2, @), TO
yepe3 5 JeT, CHAB 3aKUM, MOXKHO OOHapYKHUTh, puc.1.

YTO OHU «CPOCIHUCHY. ATOMBI 30JI0TA IPOHUKIH
B [TIOBEPXHOCTh CBUHIIOBOH TIIACTUHBI IPUMEPHO
1 MM 1 Haob6oport (puc. 2, 6). IlpoHukHOBEHHE
YaCTHII 30JI0TA B CBUHEL, 1 HA000POT, MOJIEKYI
CBMHIIA B 30JI0TO YyKa3blBaeT Ha TO, YTO 3TH
METaJUIbl COCTOAT M3 YaCTHULl, KOTOPBIE TaKkKe
XOTSI U MEIJICHHO COBEpLIAIOT OeCHopsIOuHbIe a) 6)  somoto
JBUKEHUS, HO B3aUMOJICHCTBYIOT JPYT C IPYTOM. pHc.2.

MenneHHoe MPOHUKHOBEHHUE YaCTHIl TBEPABIX

TeJ MOKAa3bIBae€T YTO, CHJIa B3aWMOJEWCTBHS MOJEKYJIbl TBEPABIX TE€ HaAMHOTO
CHJIbHEE YeM CHJia B3aMMOAECHCTBUSA MOJIEKYJIbI )KUJKOCTH MU Ta30B.

' cBUHeI

CBUHEII

BpoyHoBckoe 1BHKEHHE

B 1827 romy PobGepr bpoyH aHmmiickuii ecrecTBOMCHBITATENh HaONIIOAAIT
ciaenyrwouee sBieHue. PaccMmarpuBas B MHMKPOCKOII 3a CIOpaMHU  IIjIayHa,
pAacIoNoKEHHBIMHU B BOJIE, OH 00paTHII BHUMAHHUE, YTO CIIOPBI HOCTOSIHHO JIBUTAJIHCh.
CHavana OH TPEAINONIOKMI, YTO OHM MPOSIBIAIOT NPHU3HAKU KU3HU. Ilozke oH
paccMaTrpuBall U Ipyrue MEJIKHUe YaCTHULbl, B TOM YMCJIe YaCTUYKU KamHs. Ho 1 oHun
MOCTOSIHHO JIBUTAIMCH JTO ABMKEHHE Ha3BaJIM OPOYHOBCKUM JIBH)KEHUEM.

@ BeCHOPHIIO'—IHOG ABUKCHHE AaTOMOB U MOJICKYJ B KHIKO-
CTHX MJIH rasax Ha3bIBaACTCHA Xa0TUYCCKHUM JABUKCHUECM.

CJIOBO «XaOTHUYECKHUI» MPOUCXOAUT OT JIATUHCKOTO «XaoC» U O03HA4aeT
«OecnopsiIOUHBIN».  MONEKYIIpHO-KUHETEUECKYI0  TEOPUI0  OPOYHOBCKOTO
nBIoKeHus co3fan B 1905 1. Anp0epT DUHIITEHH.

[IpuynHa OpOYHOBCKOTO NBWKEHHUS YAaCTHUIIBI COCTOUT B TOM, YTO YyAapbl
MOJIEKYN KUJKOCTH O YacCTHUIly HE KOMIEHCHPYIOT Apyr napyra. Ha pucynke
3 moKa3aHO MOJOKEHHE OPOYHOBCKOHM YaCTHIIBI U OMMXKAWIIUX K HEH MOIEKyI
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BOJHbI. HpI/I 6ecn0p51):[qu0M ABWXKCHUU MOJICKYJI YUCJIO YAApPOB € pa3dHbIX CTOPOH
6yz[eT pas3JInvIHO. 3HauUUT pe3yiibTUpyromada cujia "W HOpuaacT HaAIlpaBJICHUC
JABUXKCHUS HaCTHUIIC.

MOJIEK)bl

yacmuya bpoyna

=/}

puc.5.

Takum 06pa30M 6pOYHOBCKOG ABMIKCHUEC HC TOJIBKO NOKa3bIBACT HCIIPCPBIBHOC
6CCHOPHI[O‘-I€HHOC ABUXKXCHHUEC MOJICKYJI, HO U MOATBCPIKAACT UX CYHICCTBOBAHUC.

bpoyHoBckoe nBHkeHHE ObLI0 MOApoOHO uccieaoBaHo B 1908-1913 rr.
¢panny3kuMm ¢usukom k. [leppenom, koTopelil coTorpadupoBa MOI0KEHUS
Xa0TUYCCKU ABMXXYIIUXCA 4aCTUIL 3a PaBHBIC MMPOMEKYTKHN BPEMCHU. HpI/I 3TOM
TPaeKTOpHUs UX IBUKEHUS NPEJCTaBIIsIa COO0M JIOMaHHbIE IMHUHU HE OJJUHAKOBOU
JITuHEI (puc.5). 3a noka3zarenbCTBO cyniecTBoBaHusa MoJiekyn XK. [leppeny B 1926 .
npucysxjaena HoOeneBckas npemust o Gpusuke.

JIOYHOE JIBUKEHHUE.

TpaexTopust 6pOyHOBCKOTO IBM)KEHUS IpeICTaBIsieT cOO0M JIOMaHHbIE JIH-
HUMU.

bpoyHoBcKO€ IBHKEHHE 3aBUCUT OT pa3Mepa YacTHULIbI.

@ BpoyHOBCKOE IBIKCHHE TPEACTABIsAET CO00il HempepbhiBHOE U Oecropsi-

KYJISIPHO-KMHETHYECKON TEOPUH CTPOCHHUS BEIIeCTBa ?

2. OOBsiIcCHUTE MPUYUHY TPOSIBICHUE OPOYHOBCKOTO JABUKCHUS.

3. [loyemy nBa Kycouyka IIAaCTHJIMHA TPWIUIMAKOT IPyT K Apyra, a JBe
MIOJIOBUHKHU CIIOMAaHHOT'O KapaHJiallla CJIUIUTh BMECTE HEJb3s ?

4. [Touemy TBEpABIC TENa HE PACIIaAlOTCS HA OTIECIbHBIC MOJIEKYIBI, XOTS
MOJIEKYJIbI COBEPIIAIOT HEMPEPHIBHOE U OCCTIOPSIAOUCHHOE ABMKCHUS 7

1. Kaknme OKCIICPUMEHTBI IMOTBCPKAAOT OCHOBHBIC IIOJIOKCHUA MOJIC-



HabGnronenne OpoyHOBCKOTO IBMXKEHHE. B TeMHOIl KOMHATe BKIIIOUUTE
(oHapUK BCTPSIXHYB KycOYKaM TKaHH, BBl yBUIUTE HENPEPUBHOE U
OecropsA0YeHHOE JBMKEHNUE YACTHUII MTBUTH B BO3/IyX€. 3aMUIITUTE BHIBOIBI
B TETpaJe.

Iloka3ars Oecnops04YHOE ABHKEHHUE MOJIEKYJ NMPH MOMOIIU MeXaHU-
yecKOoi MOJeJIN.

Heo0xonnMble npuHANIeKHOCTH: Oeible M YEpHbIE LIApUKH, Tapelka, ¢Jio-
Macrep.

Heab: U3yuyuTh runoTe3y 0ecrnopsI0ueHHOTO IBHKEHUS MOJIEKYJI IIPU TOMOLIH
MEXaHUYECKON MOJEIIH.

1. bepém 20 Genbix u u€pHbix mapukoB. (LLlapuku 31eck UTParOT POk MOJIEKYI)

2. bepém rmy0Gokuii cocyn ¢ IIIOCKUM OCHOBaHUEM (HampuMep, TapesKy)

3. Pa3nenseM (iomacTepoM OCHOBAaHME COCY/A Ha JIBE PaBHBIEC YACTH.

4. B oaHy MOJOBHUHY BBIKJIAJMBaeM Oellble LIApUKH, a B APYTyI0 — YEpHBIE.
(puc.6. a)

5. Crerka BCTpsSIXUBast TApeJKy, HAOIIOAEM 3a MOJIOKEHUEM HIAPUKOB. (puc. 6.0)

6. 3anuiueM BBIBOABI.

puc.6.

§ 2. MACCA U PABMEP MOJIEKY.JI

MosekyJibl

Brr Y2KC 3HACTC, 4YTO BCHUICCTBA COCTOAT U3 MeIbYanIInx YacTull — MOJICKYJT U
aTOMOB.

@ Meapuaiiinasi 4YacTHIIA BelleCTBa, CoXpaHdAIIass €ro
XUMHUYECKHUe CBOﬁCTBa, Ha3bIBaeTCHA MOJ'[BKyJ'lOﬁ.

Mornekyna cOCTOAT M3 aTOMOB OJMHAKOBBIX WU Pa3MUYHBIX XUMHUYECKHUX
3Je€MEeHTOB. MeTaibl 1 HHEPTHbBIE T'a3bl BCTPEUAOTCS B IPUPOJIE B BUAE aTOMOB.
A MOJEKyJbl JIpyrUX BELIECTB COCTOAT, MO KpalHEM Mepe, U3 JIBYX aTOMOB.
Hamnpuwmep, Bomopoa 3To ras, cocrosmuii u3 monekyn Boxopona (H,). Kaxnas

O



MOJIEKyJia BOJIOPOa COAepKUT qBa atoMa Bonopoaa (H). Kucnopon conepsxammumiics
B BO3/yXe COCTOUT U3 Moyekyn kuciopona (O,). Kaxmas monekymna kuciopoaa
conmepxkuT naBa aroma kuciopoaa (O). Boma cocrout u3z monexyn Boasi(H,O).
B xaxxmoit monexysne BOABI cojaepikarcs aBa atoma Bojopoxaa (H) m omun arom
kucinopona (O).

Monekyna Bogopoa Monekyna kuciopoaa Monekyia Boabl
O
O O
00" Q@
A i H
H, 0O, H,O
puc.7.

Pasmep MoJiexy.n

Tak kak pa3Mepbl MOJIEKYJ OYeHb MalleHbKHE, TO UX BHUJETh HEBO3MOXHO.
Ho BOT HeBUIUMEIE, OYCHh MaJICHbKHE YACTHIBI COCAMHSIOTCS U MPeoOpa3yroT
BHJIMMBI HaM MHp. A KaKOBBI pa3Mep MOJICKYIbI? MOXHO JIH ONPENCIIUTh UX
pa3mepsbI?

Pa3mepbl MOJIeKya MOXHO ONPENSIHTh pa3NudHbIMU criocobamu. Paccmot-
pUM TPOCTEHIUX W3 HHUX, TO €CTh MPOIECC PACCTEKaHUs KaIlJd OJUBKOBOTO
MacJja 1Mo MOBEPXHOCTHU BOJIbI, KOTOpas HAaXOIMUTCs B IIMPOKOM cocynae (puc.).
OnbITHl MOKa3bIBAIOT, YTO Karisi Macia o0beMoMm | MM’ 00pasyroT IJIOmIaIh
npubau3uTeabHo 0,6 M2, [lpr MakCHMaJIbHOM pPacTeKaHWHU KaIUTH Macliia Mo Io-
BCPXHOCTHU BOAbI, MOXXHO MNPCACTABUTbH, YTO TOJIIWHA CJIOA Macjia U AUAMCTP
MOJICKYJIbI ITOYTHU PAaBHBI. 41 TaK, ONPCACIINB TOJIIIUHY CJI0d MacCja Mbl MOKEM
MIPUMEPHO BBEIYHCIIUTH Pa3Mep OJHON MOJICKYJIbI.

Tonmmuua cnos Macia onpeaenuM cienyonum oopazom. O0beM Kariu Macia
V' paBeH MpoM3BEICHUIO IUIOMIAAN KPYTOBOTO MATHA S HA TOJIIMHY CI0s d:

()

Torga TommuHa CI0S UK TUAMETP
MOJIEKYJIBI Macja PaBeH:

V MM M

d:—: =
S 06m 0,6m

_ — 3-1.109 v3
z1,710 9M. .°—>V 1 mv*=1-10"m

puc. 8.

MoJekynbl HACTOJIBKO MaJibl, YTO UX TPY/I-
HO pa3jnyarh Jaxe B CaMblil CUJIbHBIN ONTUYECKUN MUKpOCKOT. [10 momydeHHbIM
pe3yabTaram, CIeIyeT, YTO aTOM — 3TO eCTh map paguycom 107° m. Tak kak mo-
JIEKYJIbl COCTOAT U3 aTOMOB, UX pa3Mepbl HAMHOTO OO0JIbILIE YEM Pa3MEPOB aTOMOB.

O



Hanpumep, auameTp Monekyibsl Bogopona d =~2,3-107""y, a quaMerp MoJeKyIbl
BoIbl d =~ 3-107""Mm.

OTH pa3Mepbl Tak Malbl, YTO UX HEBO3MOXKHO cebe MpencTaBuTh. B Takux
clyyasx mOpuOeraloT K MOMOIIM cpaBHeHUH. Hampumep, ecim yBeIUYUTH
pa3Mep MOJIEKYJbl 10 pa3MepoB CpeaHero s010ka, To pasmep s010Ka MpU FTOM
yBeJIMYEHUH, OyleT paBeH pa3Mepy 3eMIIH.
Wnu, ecnu yBennuuth Bce Teraa B 10° pas,
TO POCT MaJlbuHMKa, MMEIOLIEr0 BBICOTY 1M,
nocturHet 100000 km.

B Hacrosmiee BpeMs ¢ TOMOLIBIO CIIELUAIIb-
HBIX MPUOOPOB MOXKHO IOJTYYUTh H300pake-
HUSl CPABHUTENIBHO OONbIIUX MOjaeKyd. OauH
U3 TaKuX NPUOOPOB SBIAETCA TYHHEJIbHbIH
MuKpockon (puc 9), 6s11 pa3padoran B 1980
rony corpynnukamu ¢upmsl IBM'. ABropsr
storo uzooperenuu ['epa bun u ['enpux Popep
B 1986 roay 6bu1H HarpexxaeHsl HoGemnoBckoit
npemued. TyHHEJIbHBI MUKPOCKOI UMEET BO3-
MOKHOCTb yBEIU4UTH IIpeameT B 100 Muminox
pa3 4ToO AAET BO3MOXHOCTb HU3MEPATH pasMep
aTOMa C OYEHb BBICOKOM TOUHOCTHI0. C MOMOIIBIO TYHEJIBHOIO MUKPOCKOIIA OIIpe-
JICITUITN THaMEeTp aToMa yriiepo/ia ¢ BBICOKO# TOYHOCThIO, M OH paBeH Ha 1,4 1010 M.
Taxke ObUIH ONpesesIeHbl pa3Mepbl aTOMOB JApyrux BemiecTs. [lonyuenue u3o-
Opa)XeHHsI YaCTUIl BELIECTBA C MMOMOIIBI0 TYHHEJIBHBIX MUKPOCKOIIOB /1aJI0 BO3-
MOKHOCTB YO€AUTHCSI B TOM, YTO BEUIECTBA COCTOAT U3 aTOMOB U MOJIEKYIL.

puc. 9.

Macca moJieryJa

Hcnonw3ys cBOM 3HaHUA O pa3MEPE MOJEKYJ, BBIYMCIUM MACCy MOJIEKYIIBI.
Jonyctum, eciii AMaMeTp MOJIEKYJbl Boiabl paBeH d ~3-107'° M, TOo ero oOowem
npubau3uTeNnbHo paBeH Ha V ~ d* = (3-10'° m)* . Cumras, 4TO MOJEKYIbI BOJBI
HaXOJSATCS OUCHb OJTU3KO APYT K APYTY, BBIYHCIUM YHUCIO MOJICKYN B 1 M BOABIL:

1m?

N=Gao ey =370
. M

3uast, uto Macca 1 m® Boasl paBHa 1000 KT, BRIYMCIAM MacCy OJHOW MOJIEKYJIbI
BOJIBIL:
_ 1000 kr

m, =—————
’ 37.10%

ITo pesynbpraraMm BBIYMCICHUH BHJIHO, YTO Macca OJHOM MOJIEKYJbI BOJIbI

~2,7-10kr.

"IBM (Internasional Business Machines) Bemymast kommnanus B CIIIA mo nporpamm-

HOMY 00€CIIeUeHUH
‘\9)



oueHb Majia. Tak e Majbl U MacChl MOJIEKYJ JApyrux BewecTtB. Hampumep,
Macca OAHOW MOJIEKYJBbl KHCI0POIa my, z5,32-10'261<r, Macca OJHOW MOJIEKYJIbI
yrneponam,. ~1,992-107°kr, Macca OHO MOIEKYIBI PTYTH my,, ~3,337-107kr.

OTHOCHMTE/bLHASl ATOMHASA (MO.HeKy.HﬁpHaﬂ) Macca

Bpl yxe 3HaeTe, 4TO Macchl MOJIEKYJI O4€Hb Majibl U UX MAacChl HEBO3MOXKHO
U3MEPUTH IPU IOMOILIM BecoB. I1103TOMy BBENEHO HOBOE NOHATHE — ATOMHAS
equHUa Maccbl unit (u)? . CormacHo MexayHapoIHOMY COTJIAIIEHUIO MacChl
BCEX aTOMOB M MOJIEKYJ CPaBHUBAIOT ¢ 1/12 yacThio Macchl aroma yriuepona's C.
Torna aTomHas equHUIIA Macchl OyJeT paBHa:

My L =1,992-107°kr L ~1,66-107kr.
12 12
Uraxk,

lu=1,66 - 10" kr.

@ OTHOCHTETIbHOM aTOMHOH MAaccoi BellecTBa HAa3bIBAIOT
OTHOLLIEHHE MACChl MOJIEKYJIbI (ATOMA) M, TAaHHOT0 BellecTBa K
/1, Macchl aToMa yrjiepoaa m,..

OTHOCHUTEIbHAS aTOMHAS MacCca BBIUMCIISICTCS clIeayromum 06pa30M:

Macca OJHOIo aroMa BCIICCTBA
OtHOcCHTENbHAS aTOMHAsI Macca =

1/12 maccer aroma yriepoaa
NN AomH = 1— . (2)

CornacHo BbIPaXXCHUIO (2) OTHOCHUTCJIbHAd Macca arToMa KUCJIOpoJa paBHaA:

_2,66-107°kr
1,66-107*"kr

=16u.

OMmH

OtHOocuTenbHasi aroMHasi Macca HE HMEeT EIUHHUIBI  HU3MEpPEHH.
OtrHOCHUTENILHAST aTOMHAs Macca BCEX XUMHYECKHX DIEMEHTOB JaHa B
nepuonnueckor Tabnuie xumuueckux sneMeHtoB JI.M.MenaeneeBa. UToObl
HAUTHU MOJIEKYJISIPHYIO MAcCy CJIOKHBIX BEIIECTB HAJO CIOXKUTh aTOMHBIE MAaCChl
BCEX 3JIEMEHTOB, BXOISLIMX B COCTAB MOJIEKYJIbl BELIECTBA.

2 «unity — aHmIMickoe clIoBO — «unifed mass unit» — aToMHas €UHUALIA MACCHI

1\1(9



Hanpumep: 4to0bl HaiiTH MonekynspHyto maccy Boasl (H.O) namo maccy
JIByX aTOMOB BOJOpPOJa CJIOXHUTh K OJAHOW aTOMHOM Macce KHCIOpOJa, TO €CTh:

Miyo=1.2+16 = 18u.

Oo6pa3zen pemeHus 3a1a49u

acca oHOU MoJieKyibl BoAbl 3-10~° k. Ckonbko MoseKyn B 12 cm’ BOabI ?
M 3.10% kr. C 12 cm® ?

daHo:
m, =3-107°kr
V=12cm® =12-10° m*
p =1000kr /m>.

Haumu:
N=7?

2. Kak MOXHO onpeaenuTs pazMepbl MOJEKYJT ?

dopmyaa:
m
m=p-V, N=—;
m,
n=LV
m
KT
[¥]==!
KT

Beruunciaenue:
3 —6
N = w =4.10%
3-10

OtBer: N=4-10%,

‘ 1. JlaiiTe onpeneneHre MOJIEKYJIE U MMOSICHUTE Ha IpUMeEpax.

3. KakoB nops10k pa3mMepoB aTOMOB B MOJIEKYJ ?

4. Kakas BenuunHa OblTa TPUHATA B KAYECTBE aTOMHON €TMHUIIBI MaCChI ?
5. Kak onpegnensieTcss OTHOCUTEIbHAA MOJIEKYJIIpHAas Macca BelecTna ?

1. BeruuciuTe 4nciio aToMoB yrieposa B 2,4 Kr yriis (yriepoza), IpuHuMast
y Mmaccy aroma yriaepoaa 2-102° kr.

1 2. Macno oosemom 0,2 MM® pacTeKI0CH MO MOBEPXHOCTH BOABI TOHKHUM
cnoeM u 3adsio miaomans 0,8 M2 IIpuHHMAas TONIIMHY CI0S paBHOM
JMaMETPy MOJICKYJIbI Maclia, ONPEeSIUTE 3TOT TUAMETP.

3. Macca omHOo# MoseKyIbl BOAbI 3-102° kr. CKOJIBKO MOJIEKYII COMEPIKUTCS

B 5 ¢cM’ BOMIBI ?

4* B cocyne comepxkutcs 10** monekynsl Boabl. Haliaure o0beM cocya.
JluameTp MosteKybl BoAsl 3-10710 m.
5%, HaliguTe 4uCIIO MOJIEKYJ B Maciie o0beMoM 35 c¢M’, eciiu aquameTp

MOJICKYJIbI Macia npuoIu3uTeabao 2,6-10710 m.

Ql)



6. 3amonHuTe TAOIUILY:

Ne OTHocuTeaLHAA
XumMuueckas
BemrecrBa MOJIEKYJISIPHAsI Macca
dpopmyaa
(u)

1 A3sor

2 O3oH

3 [ToBapenHnas comnb

4 Mertan

5 VYrnekucnelil ras3

§ 3. KOJIMYECTBO BEIIECTBA

KosmuecTBO Belecrsa

ATOMBI (UM MOJIEKYJIbI) B MAKPOCKOTTMYECKHX (CIIOBO «MAaKpO» OT IPEYECKOr0o
O3HavaeT «OO0JbIIOW») Telax OBIBAIOT B OYEHb OOJBIIOM KoiudecTBe. [loaTomy
MPUHATO CPABHUBATH KOJIUYECTBO aTOMOB B ONPEACICHHOM TEJ€ C KOJTMYECTBOM
aToMoOB B 12 T yriepoza.

@ 1 MoJb — 3TO Takoe KOJMYECTBO BEleCTBA, KOTOPOE COAEPKUT
CTOJILKO K€ aTOMOB (MOJIeKYJI), CKOJIbKO aATOMOB COleP:KUTCSA B 12 1
yriepoaa.

OTcroa cienyeT uTo, YUCIO MOJEKyn (aToMoB) B 1 Moie mo0oro BemecTna
OJTMHAKOBO. 3a €IMHUILY U3MEPEeHHs KoiudecTBa BemecTBa B CH mpuHAT MOIIb.
KonmyecTBo BemecTBa 0603HadaeTcsi OyKBOM v (HIO).

[TocTosinHast ABoraapo

Uucno Monekyn B 1 moie BemiecTBa Has3biBaeTCs (B 4YECTh HMTAIbSIHCKOTO
ydeHoro Ameneo ABOTaapo) nocmoannou Aéozadpo n o603HavaeTcs Ny.

IMocTtossnHast ABoraapo siBjiasiercsi pyHaAaMeHTAIbHOU Gu3nye-
CKOH BeJIMYUHOM M ee YHCJI0BOE 3HAYeHHEe PABHO:
N4=6,022-10* moan.

Ecan kommuecTBO BCHICCTBA V, TO YHUCJIO MOJICKYJI OIMPCACIIACTCA:

M

YroObl HAMTH KOJIUYECTBO BEUIECTBA HEOOXOANMO YHCIIO MOJIEKYJ Pa3AeiIuTh
Ha MOCTOSIHHYIO ABOrajpo:

V=—-:. (2)

(8%



Moasipaas macca

@ Macca oxHOro MoJisi BelecTBa Ha3bIBAETCH MOJISPHON Maccoi
u 0003HavaeTcsi OykBoi M.

CornacHo 3TOMy OIpENeNeHUI0, MOJIIpHAs Macca BELIECTBA PaBHA IIPOU3Be-
JIEHUIO MacChl OJJHON MOJIEKYJIbl Ha IOCTOSHHYIO ABOraapo:

M =myN ,. 3)

3a eAMHUILY MOJISIPHOW MAacCChl IPUHSATA eIUHAIA KI/MOJb.COTIIACHO BBIpaXKe-
HUIO (3), MOXKHO BBIYUCIUTH MACCy MOJIEKYJIbI BEIIECTBA:

M

m, = . 4)

N

4

Hrak, 9TOOBI ONMPEACIUTh MAcCy OIHOW MOJIEKYJIbI JTF0O0r0 BEIIECTBA HAJO0
MOJIIPHYIO MacCy BEIECTBA pa3/Ie/IuTh HA MMOCTOSTHHYIO ABOTapO.

. . m
N3 hopMysTbl OTHOCHTEIIBHOUW MOJIEKYIISIPHOW MacChI MomHzl—O HAXOAUM
5 Myc

12
Mo, U TIOACTABUM B BbIpaxkeHue (3) u moayuum M = Emoc Mo N

VHpocTuB 3TO BBIpaXEHUE TMOJCTABIsASI YHUCIOBBIC 3HAUYEHUS MAacCChl aroma
yIepoaa U NOCTOSIHHON ABoraapo, nojiy4aeM CJleAyroliee COOTHOUIEHUE:

M =My, 10°kr/Mons  wnu M = M, T/MOTb.

Wrak, MonsipHasi Macca — 3TO Macca, KOTopasi YUCJIEHHO paBHA OTHOCHTEIBHOMN
MOJIEKYJISIpHOI Macce, HO BhIpaskeHHas B TpaMMax. [1o Tabnuiie MeneneeBa MOXHO
OTIpEJICNIUTh OTHOCUTENIBHYIO0 MOJIEKYIISIPHYIO Maccy Jito0oro BemiecTBa. Hampumep:
OtnocurensHas MONeKyIapHas macca yrnekucuoro rasa (CO,) pasna Mco,= 44 u, a
MoJsipHast Macca yriekucioro raza (CO,) Oynet paBaa M = 44 r/MoIb.

Yuciio0 MoJiexy.Ja

YroOBI HATH MaccCy B€UIICCTBA HAZ10 YU CJIO MOJICKYJI 5TOI0 BCIICCTBA YMHOKHUTH
Ha MacCy OJHOW MOJIEKYJIbI, TO €CTh:

m=myN. ®)
[ToncraBus Gopmyimy (4) B (5), momydaem:
m=M N, 6)
NA

C yuérom popmyisl (1), BeipaskeHuu (6) 3amumercs:

1\19



m
V=—., (7)
M
Torna Beipaskenue (1) cormacHo BeIpakeHUI0 (7) MUIIEM Tak:

N="N,. )
M

[To »Toit popMyne MOKXHO HAWTH YUCIO MOJICKYJ (HJIM aTOMOB) B JIFOOOM
BEIIECTBE.

KoHueHnTpauus Mosexy.1

@ YwucJ10 MoJIeKyJ1 B eJMHHLE 00beMa Ha3bIBaeTCs KOHIeHTpaluei
MOJIeKY.] U 0003HaYaeTcs OyKBOii n.

CornacHo omnpeeNe N0, KOHIIEHTPpaus MOJIEKYJ OIPeIeIsIeTCs:

_N ©)
n=—,

v

31ech N — 9UCJI0 MOJIEKYI B cOoCyle, V'— 00beM cocya.

3a enuHUIly KOHIIEHTpauu MoJiekya B CU npunst [n] = M3,

Ecnu Beipakenue (8) moctaButh B (9), momaydaercs emre oaHa GopmMyna ams
BBIYUCIICHUSI KOHIIEHTPAIIH MOJIEKYIT:
N 1 m
n=—=—ty =P (10)

VoV M m,

[Tomy4nnu GopMyily BBIYUCIEHHS NIOTHOCTH BEIECTBA, TO €CTh: P =11+ M.

Oopa3sen pemieHusi 3a1a4u
3agaua 1. Onpeaenure 4nuciIO MOJIEKYI B BoJe 00beMoM 54 cm?.

Hano: Dopmyaa: Boruuciienue:
p=1r/em’ M 54
M =18 r /monb r \ N=K-6,02-1023=1,806-1024,
Ny=6,02-10% voms". | "] =gy oM™ =T
) Otset: N =1,806-10%.

Hatimu: [ ]: r .- _

I/MOJb MOJIb
N=7?

3agaua 2. Kakoit o0bem 3anuMaiot 136 mosb prytu? ILIOTHOCTH PTYTH paBHA
13,6 r/cm?®, mosipaast macca 200 r/MoTb.

a9



Hano: ®Dopmyaa: Beruuciienue:
v =136Monb v:ﬂ; m=v-M. s
p=13,6:10° kr/nt . y 2 136:20000° s g jgone,
M=200-10"kr/moms. | v =2V M 13,6-10°
PP
Hatimu- . Otser: V=2-10°M=21.
’ MOJIb - ——
V=2 [V]=——=w
KT
M

1. Uto Ha3bIBaeTcsi koimuecTBOM BeliecTBa? KakoBa e€ equHuIla U3Mepe-
HUS ?

2. Ha3oBuTe 4mclioBOE 3HAYCHUE MOCTOSHHOW ABOTaJpo W OOBSIHHUTE €¢
(bu3HYeCcKuil CMBICIL.

3. Kakas BenmuuHa Ha3bIiBaeTca MoJsipHOU maccoit ? Ha-
30BHTE MOJISIPHBIE MAcCChl 030Ha, YITIEKUCIIOTO ra3a u Me-
TaHa ?

4. Kak BBIYHCIIIETCS YUCIO MOJIEKYII BellecTna ?

5. Onpenennute KOHICHTPALMIO MOJIEKYN BOJBI B COCYZE
(puc.10) ? ToyHOCTH M3MEpPEHMs cOcCyla JaHa B MUJLIH-
JTUTPAXx.

puc. 10.

1. Onpenenure KOJIMYECTBO BEEeCTBA BOJbI Maccoi 270 1.
y 2. KakoBa macca 8 moneit yraekucioro raza (CO,) ?
2 3. Onpenenure yucyio Mojekya B 7 r azore (N»).
4. MonspHas Macca BemecTBa paBHa 36 r/monb. Omnpenenure Maccy of-
HOM MOJIEKYJIBI 3TOTO BEIIECTBA.
5. 3anonHuTe TAOIHILY.

Ne | BemecrBa | Xummueckas | MoasipHas macca | Macca MosiekyJabl (T)
¢opmyna (r/mou1b)
1 |IloBapenHas NaCl
COJIb
OsoH 03
3 | Asor N>
Meran CH,4
6. Macca onHoit Mosekyinbl ra3a paBaa 7,33-107%° kr. Onpenenure MOJISPHYIO
Maccy rasa.

QS)



§ 4. PEHIEHUME 3ATAY

3apaua 1. OnpenenuTe 4UCIO MOJIEKYN yIiepoJa B IpaUTOBOM KapaHjaiie
JUTMHOM 15 cM U Tuiomaapio nonepeuHoro ceuenus 4 mm?. [lnotHOCTh TpaduTa

1,6 r/cM?, a Macca 0JJHON MOJIEKyIbl yriepoaa 2-107% kr.

Jano:

[=15cMm=15102%m
S=4mm>=4-10°m?

p =1,6 r/cm® =1,6-10° xr/m?

mo=2-102°kr.

®opmya:

V=81 m=pV
Orcroma: m=p-S-1.

Haumu:
N=7?

N_ﬂ_p~S~l
_mo_ mg .
KT
:—:1

[V]=—

Beruauciienne:

1,6-10°-4-10°-15-10° _
2-107%

N =

=4,8-107.

OtBer: N =4,8-10%.

3agaua 2. B cocyne o6bemom 5 11 comepkutcs a3oT maccoi 140 r. Beraucau-
T€ KOHIIEHTPAITUIO MOJICKYJI Ta3a.

Jlano:

V=51=510°M
m=140r=0,14 xr
M = 281073 xr/mMo0Ib
N, = 6-10"monp™.

Haumu:

dopmyJia:
m
Nzﬁ.NA;
1 n
N . W
7127- [n]_MB :

OtBer: n=6-10*°M7,

Brruuncienue:

0,14

=g 0107 =3:10%

3agaua 3. Ha wumsgenue, moBepXHOCTh KoToporo 20 cm?, HaHECEH CIIOW

cepebpa TOJILIUHOMN

1,5 MxM. CkolIbKO aTroMOB cepebpa COAEpKUTCS B

nokpeituu? IlnotHoCT cepedbpol0,5-10° kr/m3, a mosipHast macca 108 r/Mob.

Hawno:

S=20cm?*=2-10°M?
h=1,5mxkm=1,5-10°m
p=10,5-10° kr/m*
M = 108-107 kr/momb
N, = 6-10*monp™.

Havumu:
N=7?

w

®opmy.a:
m=p-V=p-S-h,
V:ﬂ, N=V'NA
M
N:ﬂ.NA:p_Sh N,.
M M
[(V]=— . L
KI/MOJIb MOJIb

Broruuciienne:

10,5-10°-2-107-1,5-10°°
108-10°
6-10% =1,75-10%.

Otser: N =1,75-10%.




y 1. IIpenmer maccoit 81 1 um3roroBieH u3 amoMuHUSI. CKOJIBKO aTOMOB
ATIOMHUHUS COIEPKUTCS B ITOM npeamere ?

3 2. KakoBa macca >eJe3HOTo IpeaMeTa, eClii B HeM coxepikurcs 4-10%
aToOMOB keJiesa ?

3. Macca raza B cocyze 5,5 kr, a grcio mojekyin 7,5-10%. Yro 3to 3a ra3 ?

4. B cocyn Hamwiu Boay maccoil 72 r. Haliiute KOHIIEHTpALUIO MOJIEKYJIbI
BOJIBI B COCYJIE.

5. Ompenenute YuCiIo aTOMOB B 6 cM® anmasa. [ImotHocTs anmasza 3500 kr/m?,
a MoJisIpHas Macca -12 r/MoJb.

6. 3 200 Monp Meau M3roTOBIEHA IJIacTHHA ToimuHOW 2 MM. KakoBa
wiomaab 1wiactunsl ? [TnotHocts Meau 8900 kr/m® , a MonspHas Macca
64 r/MOIb.

7. Kakyio maccy OyaeT MMeTh KyOWK ¢ IUIOIIAJbI0 MOBEPXHOCTH 24 CM?,
€CJIU TUIOTHOCTh BEIIEeCTBA, M3 KOTOPOTO OH M3TOTOBJICH 5 r/cm? ?

8. Kakoii o0bem 3anuMaet 34 mons prytu? [lmotHocTs pryTn 13,6 r/em?®, a
MossipHast macca - 200 r/mMotb.

9. Omnpenenutrh KOHLEHTPALMIO MOJIEKYJ Kuciopojna wmaccoi 1,6 kr,
HaxoJsIerocs B cocyae oobemom 10 .

10. 3nas, yTo auamerp MoyieKynbl Boabl 3-107'° M, moacumraiiTe, Kakou
JUTUHBI TIOJYYUIIOCh Obl HUTh, €CIU OBl BCE MOJIEKYJBI, COAep Kaluecs
B 3 T 9TOH JXHUIKOCTHU, OBLIM PACIOJOXKEHBI B OAMH P BIJIOTHYIO
Ipyr k napyry. CpaBHHTE 3Ty UIMHY C paccTosiHueM OoT 3emuu 10 JIyHbI
(3,84 -10° xm).

11°. Haiigute 00BbeM BOABI B COCyIE, €CIM B HeM coxepkurcs 3-10%
MOJIEKYJ BO/BI. JluameTp MosieKysabl BOAbI 31010 M.

12°. Haiigure uncio monekyn B 24 cm® Macna. J[mameTp MOJIEKYJbI Maciia
npubau3uTensHo 210710 M.

13. Ha dboTocHMMKE BUIUMBIA THAaMETP MOJIEKYJIbl HEKOTOPOTO BEIIECTBA
paBeH 0,5 MMm. Uemy paBeH AEHCTBUTEIbHBIA JUAMETP MOJIEKYJIbI JaHHOTO
BEIIECTBA, €CIU (HOTOCHUMOK TIOJYyUYE€H C IMOMOIIBIO0 AIEKTPOHHOTO
MHKpockomna ¢ yBejaeuenuem B 200 000 pa3 ?

14. [Touemy OpIM OT KOCTpa, MO Mepe ero moabema, IepecTaeT ObITh
BUJIUMBIM, JJake B O€3BETPEHHYIO MOToay ?

15. Kak u3BecTHO, MEXAY MOJEKYJIaMH CYIIECTBYIOT CHJIbI MPUTSKEHUS.
Torga mouemMy HEBO3MOKHO BOCCTAHOBHUTH LIETOCTHOCTD Pa30OUTHIX U3AETIUM
u3 ¢apdopa niu KepaMuKu 0€3 CKICUBaHUSA ?

2 — ®uzuka 9-xnace (17 '



§ 5. AJIEAJTBHBIV TA3

NneanbpHblid ra3

B Pa3pCKCHHBIX Ta3ax CpCAHHUC MCIKMOJICKYJISAPHBIC PACCTOAHUA HAMHOTIO
Ooublie pasMEpoOB UX MOJICKYII. HpI/I 9TOM MOXHO CHHUTATb, YTO CHJIBI B3aWMMO-
JEHUCTBUS MCKAY MOJICKYJIaMU HC3HAYUTCIIbHBI. Tak KakK, paCCTOAHUC MCIKAY MO-
JICKYyJIaMU Ta3a HaAMHOTO 6OJ'ILIJ_IC, 4YCeM UX pasMEpbl, TO COOCTBEHHBIM 00BEMOM
raza MOXHO npeHe6peqL. A MOJICKYITY Ta3a MOXXHO CUUTATh MaTepHaHLHOﬁ TOY-
KOIi. HOBTOMy Pa3pCKECHHBIC I'a3bl MOKHO YCJIIOBHO CHHUTATh UJICAJIbHBIMU.

@ I'a3, y KoTOpOro MoJieKy/bl paccMaTpUBAIOTCA KaK MaTepH-
aJIbHbIEe TOYKH M CHJIbI B3aMMOIEHCTBUS MEKIY MOJIEKYIaMH CUH-
TAIOTCSl BECbMAa He3HAYNTEIbHbI, HA3bIBAETCS HIeATbHBIM ra30M.

AOCONIOTHO HJeajbHbIe Ta3bl B MPHUPOJAE HE BcTpedaroTcs. Bee cyecTy-
IOIUE Ta3bl SBIAIOTCA pEeaJbHBIMH, IOTOMY YTO MEXIY UX MOJIEKYJaMHU CyIe-

CTBYIOT CHJIbI BSaHMOﬂCﬁCTBHH, XOTA 3HAYCHUA 3TUX CHUJI MAJICHBKHC.

@ I'a3, cBoiicTBa KOTOPOro 3aBHUCHAT OT B3aMMOACHCTBUA €r0
MOJIEKYJI, HA3bIBAETCs peabHbIM.

CBoiicTBa Pa3pCKECHHBIX I'a30B OYCHb OJIM3KH K CBOMCTBAM nACaJIbHOIO Irasa.
HpI/I HOPMAJIBHBIX YCJIIOBUAX, KOrAa CPpCAHAA MOTCHIMAJIbHAA SHEPIUd, BOSHUKA-
romas B pe3yJjibTaTre B3auMMOAEHCTBUS MOJICKYJI, HAMHOI'O MCHBIIIC CpCI[HCﬁ KHHC-
THYECKOM OHCpIruu, TaKOM ra3 MOXKHO CUUTATh UJI€aIbHBIM.

ﬂaBJIeHI/Ie HacaJdbHOIo ra3a

Jlomyctum, 4to B cocyae Haxomutcs ra3. Cosepias OecriopsI0YHbIe ABIKEHHUS,
€ro MOJIEKYJIbl CTAJIKUBAIOTCA CO CTEHKAMHU COCY/a, JEHCTBYS HA HUX IPU KaX]IOM
CTOJIKHOBEHHHU C OIpe/ieleHHON cutoil. Cuiia BO3IEHCTBUSL OAHOM MOJIEKYJbl OYEHb
MaJia, OTHAKO YHCJIO MOJIEKYJI B COCY/IE BeCbMa 3HAYUTENbHO. OHU MOYTH OECTIPEPBIBHO
yaapsroTcs 0 CTeHKH cocyna. [lon aeiicTBeM MHOTOYMCIIEHHBIX YAAPOB MOJEKYN O
JTHO ¥ CTEHKH COCY/Ia, OCIIEIHUE UCTIBITHIBAIOT JaBieHue (puc.11).

g Kornma Monekynbl raza coBepiaoT XaOTUYECKOE JIBUKE-

®. & ®°  HHC, TO OHH CTaJKHBASCh ADPYT C JPYrOM MEHSIOT Halpasie-
Y% ¢ P HUE U MOJYJb CKOPOCTH. B TakoM ciyuyae cpenHsis CKOpOCTb
| 5 MOJIEKYJIBl XapaKTEpU3yeTCsa UX CPEIHEW KBaJpaTUUYHOU CKO-
- pocThro. CpenHsis KBaJpaTU4Hasi CKOPOCTb MOJIEKYJI ONpe/e-
e .
. JseTcs 1o cienyoomen popmyne, 3

V' = 0] + 0]+ 0]
_ 2

2 2 > UL
TK v, :Uy:UZ,TOPIla Ux:3U Ul v; :?



MOHGKYJ'IBI ra3a Imo4Tu 6CCHpepBIBHO YAApAOTCA O CTCHKH COCyda Inepcaast
UM HUMITYJIBC (mOD)’ H3-3a KOTOPOTO BO3HUKACT HOaBJICHUA. I[aBJ'ICHI/IC rasa
3aBUCHUT OT YHCJIa MOJICKYJI, KOTOPLIC YHApsAIOTCA O CTCHKU COCyda, OT MACChI
MOJICKYJIBI W OT CpCIIHCKBEl,Z[pElTH‘-IHOfI CKOpPOCTH ABUKCHUS MOJICKYIIbI. A
YUCJIO MOJICKYII, YAApAIUXCA O CTCHKU COCylda 3a CAWMHHUIY BPCMCHU IIPSAMO
NponopuruoOHaJIbHO KOHUCHTpAllUU MOJICKYIIL. I[J'Iﬂ BBIYHUCIICHUA  OaBJICHUA
MOJICKYJIBI I'a30B MOJYYCHA CIICAYIOoIasa (bopMyna:

pz%n moi. (1)

3pech n — KOHIEHTpAIMS MONEKYI Ta3a, My — Macca OJHOH MONEKyImbl, 0> —
CpenHssl KBaApaTuyHas CKOPOCTh ABUKEHUS MOJIEKYII.
2

YMHOXMB Ha 2 ¥ yuntbiBas E, =——— , popmyny (1) mepermiem B Ceyiomem
BUJE: 2
2 my’ 2 —
=—n =—nk,.
pP 3 ) WU P 3 K (2)

@ JlaBjienus ra3a npsiMo NponopuMoOHa/JILHO CPpeIHeill KHHeTHYec-
KOI JHEPIHH MOJIEKYJI I'a3a Co/lep KAINXCsl B eIMHMIE 00beMa.

(1) YuutsiBasg 4TO mpoussesieHue 7n-m, B popmyne (1) ecTb IIOTHOCTD rasa,
TO IlepenuieM e€ B C/IeAYIOINM BUTeE:

1 —_4
P=3p v’ 3)
Beipaxxenus (1), (2) u (3) Ha3bpIBaIOTCS OCHOBHBIMHM YPaBHEHHSIMH MoJIe-

KYJISIPHO-KMHETHYeCKO#i TeOpHHU HIeaJbLHOI0 ra3a.

OoOpa3sen pemenue 3agaun

3agmaya 1. KakoBa cpemssisi KBaJpaTHYHAs CKOPOCTh JBHIKCHUS MOJICKYIT
UIeaJbHOrO ra3a, UMEIOMIEro IoTHOCTh 1,5 kr/m?® nipu naBiaenuun 180 xI1a?

Jano: CI)opMyna: Bolruuncienue:
1
p=1,5xr/™m® p——,DU L= 3_p
p=180'103Ha. P M/c =600 M/c.
1% I_Ia _ —
I;au_mz [ ] Kr/M° KF/M N OtBet: v =600 m/c.

Q9)



3agaua 2. Haiinure CpelHIO KHHETHYECKYIO DHEPTHUI0 MOJICKYN ra3a MmpH
nasinennn 120 xI1a. KoHneHTpamust MoJieKys1 3TOro ra3a npyu yKa3aHHOM JaBJICHUN
cocrasiser 5-10%° M3 ?

MaHo: ®opmyaa: U3 popmyiisl Beruucienue:
2 = = 3p 3
p=120"10°IIa p=§n-EK nonyunm L :E E :3'120'122 =3,6-102]Ix.
n=510"m" £ 2:5-10
[R)=3F=-5- ;
Haimu- K1 h, M Otset: £ =3,6-1022 [Ix.
= H/m?
Ee =7 = —=H M =]lx
M

B <
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1. Kakum ycioBusM OTBEYAET ra3, Ha3bIBA€MbIN HJI€ATBLHBIM ?

2. YUeMm otnuyaeTcsl peajgbHbIN ra3 OT UIeaJIbHOIO ?

3. Uto Takoe cpeHss KBaJpaTUyHas CKOPOCTb MOJEKYII ?

4. Kak omnpenensitorcst cpefHss apudpMeTHdeckas U CpelHssl KBaJapaThu-
HbI€ CKOPOCTH MOJIEKYJI ?

5. OObsicHUTE NABJIECHUS UJI€ATbHOTO ra3a ¢ MOJEKYISIPHO-KUHETUYECKON
TOUKH 3PEHHUS.

6. OT 4ero 3aBUCHUT JaBJI€HHE ra3a Ha CTEHKH COCyla, B KOTOPOM OH
HaXoauTCs ?

1. Cocyn HamosiHEH BogOpoaoM. KoHLEHTpalus MOJIEKYI B COCYAE paBHA
4,5-10%* M. Beruuciure naBiaeHue raza B cocyae. CpenHss KBaJapaTHuHas
CKOpPOCTH MOJIEKYJIBI Ta3a paBHa 400 m/c.

2. KakoBo gaBneHwme rasza, €Ciid CpefHssl KBaJpaTUdHasi CKOPOCTh €ro Mo-
nexya 600 m/c, a ero mwiotHOCTH 0,9 Kr/m3 ?

3. KakoBa cpenHsisi KBaJpaTWdHasi CKOPOCTh JBHKEHUS MOJEKYJ Tas3a,
€CJIM ero IiI0THOCTh 1,5 kr/Mm3, a nasinenue 7,2 xlla ?

4. JlaBacHHE Ta3a B COCy/e, MPH KOHIEHTpAMK MOJIeKyT 3-10%° M3, paBHO
80 kIla. Haiimure cpelHIO0 KHHETUYECKYIO SHEPTHIO OJHON MOJIEKYJIBI.

5. OnpenenuTe MIOTHOCTh KUCIOPOJA, €CIIU CPEHss KBaJIpaTHUUHAasl CKO-
pocTh aBIKeHUs ero MoJiekyrr 600 m/c, a maBinenue cocrapiser 90 klla ?
6. KakoBa cpenusis KBagpaTuyHas CKOPOCTh JIBM)KEHHSI MOJIEKYII ra3a, ecliu
umest maccy 0,3 kr, on 3aHuMaeT oobeM 1 M° nipu naBienuun 400 klla ?

7. Halinute CpeaHIO KMHETHYECKYH SHEPTHI0 MOJEKYJbl Ta3a MpH JaB-
nennu 30 xlla. KoHnenTpanus MoyeKkys 3TOro ra3a npu yKa3aHHOM J1aB-
JICHUH COCTaBIAIOT 4°10%° M.



§ 6. TEMIIEPATYPA

TenjoBoe paBHOBECHUE

[TonaTue Temneparypsl UMEET OTPOMHOE 3HAUEHHE NPU U3YUEHUU TEIIOBBIX
apneHuid. Temneparypa — oHa U3 Ba)KHBIX BEJTUYMH MOJIEKYISP-
HOM (PU3UKH U TEPMOJUHAMUKH.

Onyckas pykH B pasjauyHblE COCyAbl C BOJOWH, MBI
4yBCTBYEM, B KAKOM COCYJ€ BOJA TEIUIEE, & B KAKOM XOJIOJHEE.
[Ipo Temnmyro Boxy MBI FOBOPHM, YTO €€ TEMIIEpaTypa BBILIE jgge
TEMIIEPATYPhl XOJIOAHON BOABI. >

Temneparypa— ¢pusnyeckasi BeJJUHIHMHA, KOJNYECTBEH-
HO ompe/ie/isIIoLIAsl TeNJIOBOE COCTOsIHNE BellecTBA.

Cnoso «memnepamypa» B NEPCBOAC C JIATUHCKOIO O3HAYACT
«COCTOSAHHUC) . HpI/I HU3MCPCHUUN TEMIICPATYPhI UCIIOBCKA Y€PEC3 HCKO-
TOPOC BpEMs MCKAY TCJIOM YCJIOBCKA U PTYTBIO TCPMOMETpPA yCTa-
HABJIMBACTCs TCIIOBOC pABHOBECHC. ITocne YCTAHOBJICHHA TCILJIO-
BOI'O paBHOBCCHUS ITOKA3aHNUEC TCPMOMETPA HEC USMCHACTCA.

@ BoipaBHMBaHNe TeMniepaTypbl BelllecTB B pe-
3yJ1bTaTe TeNJOBOro 00MeHa HAa3bIBaeTCsl TeIo-
BbIM PaBHOBeCHeM.

Bo Bcex yacTaxX cuCTeMbl, HaXOASLIENWCS B TEINIOBOM PaBHO-
BECHH, TeMIlepaTypa OyzneT ognHakoBoil. Eciu Temneparypa aByx
Ten OyneT OAMHOKOBA, MEXAY HHUMH HE OCYIIECTBISIOTCS MPO-
1ecc TeroBoro oomeHa. Eciau oCymecTBUTh KOHTAKT JABYX Tel,
MMEIOIIME Pa3Hble TEMIIEPATYPBI, Y€PE3 HEKOTOPHIE BpEMS MEXK-
Iy HUMU TIPOUCXOAUT TerooomeH. [Iponecc TemmoodmeHa mpo-
JAIDKAKTCA 10 TEX MOp, ITOKAa TEMIIEPYTYPHI TEJI, HAXOAAIIMUXCS B
TEIJIOBOM KOHTAKTe, HE CTaHyT OJMHAKOBbIMU. Hanpumep: Bo3b-
MHUTE TOPSAYUM Yall U3 YalHUKA M MOCTAaBbTE €ro Ha cTos. Yepes
HEKOTOpBIE BPEMsI TEMIIEpATypa 4asi CPABHAETCS C TEMIIEPATypOil
BO3/yXa B KOMHATE, TO €CTh HACTYIIAET TEIJIOBOE PaBHOBECHE.

TemmneparypHas mkaJja Heabcus

Temneparypa BemecTB U3MEPAETCS C MOMOILBIO TEPMOMETPA. P
Yame Bcero HcCmoiab3yeTcs PTYTHbIM TepmomeTp (puc. 12).
B pesepByape Takoro TtepMomeTpa HaxoauTcs PpryTh. U3
pesepByapa BBIXOJUT TpyOouka, MO KOTOPOH MpH MOBBIIICHUU
TEMIIEPaTypbl PTYTh, PACHIUPSISACH, TIOJHUMAETCS BBEPX.

[Ilkana TepMoMeTpa TIpaayudpoBaHa, M 110 OTMETKE, Ha
KOTOPYIO MOJHUMAETCSI PTYyTh, MOXHO OIPEAEIUTh TEMIEPATYpY.
3a enMHMIly H3MEpPEHUs TeMIleparypbl HpUHAT rpanyc. Ilpu

puc.12.
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HOPMaJbHOM aTMOC(EpPHOM [aBICHUHU 3a TEMIIepaTypy TasHHs JbJa MPUHAT
0 rpanycos, 3a Temneparypy kuneHus Boasl 100 rpagycoB. DTOT NpOMEXYTOK
paszzneneH Ha 100 paBHBIX OTPE3KOB, KaKIblil U3 KOTOPBIX NMPHUHAT 3a | rpanyc.
CnoBo «rpaayc» B IEPEBOJIE € JTATUHCKOTO O3HAYAET «IIaD».

Jlannas mkana Oblia mpeniokeHa B 1742 . mIBEICKUM YYEHBIM AHJIEPCOM
IeabcueM U Ha3pIBaeTCs TeMIeparypHou mkanou Heabcus.

Temneparypa , usmepsiemas no mkaine Llenscus, Belpaxkaercs B °C 1 uuTaeT-
cs kak «rpaayc Heabcus».

TepmomeTpsl rpanyupyrorcsi mo-pasHoMy. Hampumep, mikana tepMomerpa
JUIsl U3MEPEHUST TEMIIEPATypbl BOABI pa3felieHa Ha OTPE3KH B IIPOMEKYTKE OT
0 °C no 100 °C, nns n3mepeHus teMmieparypsl Tena yenoseka ot 35 °C go 42 °C,
JUIsl ©3MEpPEeHUst Temneparypsl Bo3ayxa ot — 20 °C no 50 °C.

Temmneparypa, usmepsiemas 1o mkaine Lleascust o603Hauaercs ¢ OykBoi 7.

AOcol0THasl TeMIepaTrypa

B noBcenHeBHOM )KU3HU UCTIOJIB3YETCS TEMIIEpaTypa t, Blpaykaemas o 1Kajie
Henbcusa. OaHako Mpu M3yUYEHUH TEIIOBBIX SIBIICHUHN B BEIIECTBAX UCIOJIb3YETCS
TaK Ha3bIBaeMas IIKasia adCONIOTHOH TeMIiepaTypbl, o003HauaeMasi OykBoii 7.

[Ilkana TemmepaTypsl, KOTOpas HAuyMHAETCS C aOCOMIOTHOTO HYyIs, Oblia
npemioxkena B 1848 r. Yunbsimom TomcoHoMm (KenbBuH). DTa mikana abCcomMOTHON

TEeMIIepaTyphl B YECTh HErO Ha3bIBaeTcs LIKaiol KenbBuHA.
T t Enuanna w3mepenuss aOcomioTHoi Temmeparypel B CU
373K 100°C  HasbiBaercst KenbBuHOM 1 0603HavaeTcs OykBoii K.
3HadeHne rpagyca (mara) Ipu U3MEPEHUU TeMIIepa-
Typbsl mo mkaje KenbBUHA TPUHATO pPaBHBIM 3HAYEHUIO
rpagyca no mkane Llenbcusi. BeisicHeHo, 4TO TemIiepary-
pa aOCoNIOTHOTO HYJS MPU M3MEpeHuu Mo mkane Llenb-
cus paBHa — 273,15 °C. Dto 3Hauurt, uto npu t = 0 °C,
T = 273,15 K. Okpyrsis 273,15 K no 273 K, dopmy-
Iy Tepexoja TeMmmepaTypbl W3 miKaibl Llenbcus B Ika-
ny KenpBHHa MOXHO BBIPAa3UTh CIEAYIOIUM 0O0pa3zoM:

273 K 0°C

oK 273°C

puc.13. T=t+273. (1)

CBs3p Mexay Temiieparypoi no mkaine llenscus u no
mkane KenpBuHa mmmocTpupyetr nuarpamma Ha puc. 13. Ho usmenenue abco-
JIOTHOU TenMeparypbl AT paBHO M3MEHEHMIO TeMIleparypsl no mkaie Llenbcus
Ar°, T0 ecTh: AT= Af°.

@ Temneparypa a0COJIIOTHOIO HYJISI SIBJSIETCS CAMOM HU3KOM
TeMIIepaTypoii, IpH KOTOPOii MpeKpauiaeTcs ABUKeHNEe MOJIEKYJT
BelllecTBA.

&)



MOJIEKleﬂpHO-Kl/lHeTM‘leCKOe TOJTKOBAaHUE TEMIIEPATYPbI

Bce tena cocTosAT M3 aTOMOB U MOJEKYJI. ATOMBI M MOJIEKYJIBI COBEPLIAIOT
HEIpephIBHOE U OecropsaouHble IBMKEeHUS. [Ipu HarpeBaHuu OecropsiiOYHbIE
JBUKCHUSI MOJIEKYJIBI YCKOPSIOTCA. [[BUKEHHE MOJIEKYJ Ha3bIBACTCs TEIUIOBBIM
JBMKCHHUEM, TaK KaK MHTEHCUBHOCTH [BHXXCHUS U B3aUMOICHUCTBUS MOJICKYI
3aBUCHUT OT TEMIIEPaTypBhlL.

®

Temnepamypa — ecTh Mepa cpelHeili KHHETHYECKOH YHEPTUH
NOCTYNATEJILHOTO JIBUKEHUSI MOJIEKY.I.

C MakpoCKONMYECKON TOUKH 3PEHHUs, memnepamypa — €CTb KOJINYECTBEHHAs
Mepa TEIUIOBOro COCTOsIHUSA BemiecTBa. C MOJIEKYISIpPHOM TOUKH 3pEHUS, 3aBUCH-
MOCTb MEXJy TeMIIepaTypou U CpeHed KMHETUYECKON YHEPruel MOJIEKYJ UMe-
eT BUJ:

E=2i1) @
2

3nechk kod(PUUIHMEHT k& Ha3BaH MOCTOSAHHOW bonbliMaHa B 4ecTh aBCTpHIA-
ckoro ¢usuka JlromoBura bonbiimMana, BHecIIero 00IbIION BKJIAaJl B MOJEKYIISP-

HO-KMHETHYeCcKyto Teoputo. OHa paBHa k=1,38-10% Hox

@ IHocTrosinHas boabnmana BbeIpakaeT K03 GUUHEHT CBA3H
MEXKAY cpelHell KHHeTHYeCKOM dHeprueil MoJIeKy 1 ra3a u ero
TeMIeparypoii.

[Ipn coCTOSHMM TEINUIOBOTO PAaBHOBECHUS CPENHASA KMHETHYECKAs YHEPTHUs
MOCTYIATEIbHOIO JBUXKEHUS MOJIEKYJ OyJeT OJUHAKOBA.

Hoxcrasiss (2) B opmyny p = %n EK MO’KHO MOJIY4YUTh (POPMYIy JaBlIEHUS
3

UJIealIbHOTO T'a3a, BBIPAKEHHYIO Yepe3 TeMIIeparypy:

2 3

p=§n-EkT=nkT 119171 3)

@ )IaB.neHne HJa€ajJbHOT0 Tra3a InpaAMO MNPONMOPIHHMOHAJIBHO
KOHIECHTPaAUU MOJIEKYJ rada u remimeparype.

&)



Oo6pa3zen penieHue 3a1a4u

Brruncnure MOJHYK KHHCTHYCCKYIO OHCPTUIO NOCTYHNATCIbHOI'O0 ABUKCHUSA
MOJIEKYJ B cocylie, eciit 00beM cocyaa 4 7, a nasienue 120 xlla.

Hano: dDopmyJia: Boruuciienue:

s » 2 uE 2 N =
V=4-10r =3 =5 Bk
P = 1210241_[3 3 ) 37 ) Ena,m =%12104410_3:

i = 3
Haiimu- E"Of’” =N- K2 Enomt = EpV = 720 II)K
Ena}zu: . 3 3
[E]zHa-M =—M =H M =x.
OtBer: E,,,,= 720 JIx.

U<
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1. Kakue equHHIBI KU3MEPEHUS TEMIIEPATyPhl BBl 3HAETE ?

2. Kak BeIpaxkaeTcs ¢gopmysa mepexoja TeMIepaTypbl, BRIPaXKCHHON IO
mkane [lenbcus B mkany KenpBuna ?

3. Hanummute Qopmyny, BbIpaxkaromias 3aBUCUMOCTb TeMIIEpaTypbl U
CpeaHel KHUHETHYECKON dHEePTrue MOJIEKYS U 00BsICHUTE e€.

4. Hanumute Gopmyiy HaBiIeHHUS HWIEalbHOTO ra3a, BHIPAXKCHHYIO Yepe3
TeMIIepaTypy U KOHIEHTPAIMIO Ta3a, U 00bsICHUTE e€.

5. KakoBa OyzmeT KOHIIEHTpalus MOJEKYJI BO3AyXa IpPHU HOPMAalbHBIX
yCIOBUSX ?

1. Beipazute 3HaueHus temmneparypsl B kenpBuHax: 0 °C, 27 °C, 100 °C,
127 °C, -73 °C, -223 °C, -200 °C.

2. Bripazute 3HaueHus temneparypsl B rpaaycax Llenscusa: 0 K, 73 K,
273 K, 300 K, 773 K, 1000 K, 2000 K.

3. I'a3, HaxoasAmMiics B cocyae U uMerolnil temneparypy 27 °C, Harpeiau
1o temmeparypsl 627 °C. Kak npu 3TOM U3MEHUIIOCH JaBICHUE MOJIEKYI
rasa, ylapsoImmnxcs o CTeHKHU cocyza ?

4. KoHIleHTpaIs MOJIEKYJI ra3a B cocyae coctasisieT 3-10%7 m3. Omnpene-
JIUTE JIaBJICHUE MOJIEKYJ Ta3a Ha CTeHKH cocyna npu 60 °C.

5. Korma temneparypa nocturia 400 K, mokaszaHus MaHOMETpa CTalio
276 klla. HaiiguTe KOHLIEHTPAIIUIO MOJIEKYI.

6. CKOJIbKO MOJIEKYJIbI BO3/IyXa COACPXKHUTCS B enuHUIle 00bema 1 M mpu
HOpMabHBIX yciaoBusax? [Ipu HopmanbHbIX yenoBusx nasienue 100 klla,
a remmneparypa 273 K.

7. CoBpeMeHHbIE TEXHHUYECKHE HACOChl MO3BOJSIOTH CO3JaTh BaKyyM
1 nlTa. CKOJIBKO MOJIEKYJ Ta3a COACPKUTCA B 1 ¢M® Takoro Bakyyma Mpu
temneparype 300 K.



§ 7. CKOPOCTbD ABNXKXEHUA MOJIEKYJI T'A3A

Mkl YK€ 3HACM, UTO CPCAHAA KUHCTHUYCCKAA SHCPIrHUA MOJICKYJ ra3a Maccoi mo B

2
iy L

cocyze onpenesiercs no hpopmyie: E. = . Ecniu remneparypa
Y. p pMy. K paryp

rasa B COCyJ€C paBHaA T, TO CpCAHASA KUHCTHUUYCCKAsA SHCPIrUud MOXKCT TAKIKC UMCTh

BUL:  E, :%-kT

[IpupaBHSB B 3TH 1Ba BBIPaXXEHUsI, 3AUIIEM:

2 —  3kT
m, v :EkT HIIN 02 =—.
2 2 m,

(1)

N3 (1) MOXXKHO HalTH CPEIHIOIO KBAPaTUUYHYIO CKOPOCTh MOJIEKYII

O 2)

VYuuteiBas, uro M = m, N4, popmyna (2) mpuMeT CIeTyIONUN BU/T;:

5 3kN , T . (3)
M
@ IIpousBenenue mnocrosinHoii  boabumana £k  Ha

NMOCTOSIHHYI0 ABOTajpo N, NPUHATO HA3BATh YHUBEPCAJb-
HOI (MOJISIPHOI1) Ta30BO MOCTOSIHHO.

YHI/IBepcaJ'IBHaH ra3oBas IOCTOSIHHAs 0003HaYaeTCs 6y1(BOI>i R, " paBHA:

R=k-N,. @)
CormacHo BbeIpakeHUIO (4) €€ 3HaUYCHHE MOXKHO BBIUHMCIHUTH CJEAYIONIUM
3k 1 K
obpaszom: R =1,38-10 23IL~6,02-1023 —= 8,3121—.
K MOJIb MoJIb- K
3HAuNT, 3HAUCHUE YHUBEPCAIBbHON ra30BON MMOCTOSHHON PAaBHO:
Jox
R=831——.
MOJIb-

CormacHo mo BeIpakeHUI0 (4), GopMylly BBIYHCICHHS CpEIHEH KBaapaTH4-
HOW CKOPOCTH MOJIEKYJI ra3a MOXKeM HalucaTh Tak:

5 3BT (5)
M

1\25)



C nomorpo GopMyisl (5) MOXKHO HAWTH CPEIHIOI0 KBAaJIPaTUYHYIO CKOPOCTh
MOJIEKYJ Pa3JIMYHBIX ra30B IIPH PA3JIUYHBIX TElepaTypax.

B1859 r. anrnuiickuit ¢pusuk Hx. MakcBem1 TeOpeTUYECKUM MyTeM YCTaHO-
BWJI, YTO MOJIEKYJBI r'a3a IIPU OJUHAKOBOM TeMIIEpaType ABUIAIOTCS C pa3ind-
HBIMH CKOPOCTSAMH TO €CTh YCTAHOBUJI TEOPUIO PACIPENEIICHUE MOJIEKYII 10 CKO-
poctsaM. ComlacHO €ro TEOpUHU, PACIPENEIECHUE MOJIEKYJ IO CKOPOCTSIM MMEET
BHJI KpUBOM, N300pakeHHOM Ha puc. 14. bonbliee 4nciI0 MoKy ABUTAETCS CO
CKOPOCTBIO U, , KOTOpasi, OJHAKO, HECKOJIbKO MEHBIIE CKOPOCTH Vyy.

CkopocTh JIBHKEHUSI MOJIEKYN TIa3a

N a ObL1a BIIEPBbIE SKCIIEPUMEHTAIBHO OIIpe-
neneHa B 1920 . HemeukuM (U3MKOM
Otro Iteprom (1888-1969). Ilpu-
6op llrepHa cocTosn W3 ABYX >KecT-
KO CKPEIUICHHBIX APyl € JApPYroM Lu-
JUHIPUYECKUX COCYAOB, BIOJIb OOLIEH
OCH KOTOpBIX OblIa HaTsAHyTa IUIATH-
HOBasi mocepeOpeHHast TpoBojouka K.
CxeMaTW4yekuii BUJI OTOro  MpuOo-
pa npuBeneH Ha puc.l15 a. Pammycsl
1% BHYTPEHHUX M  BHEIIHbIX  IWIWH-
JPOB COOTBETCBEHHO 0003HaueH ¢ OykBoit » u R. Ilpo-
BojKa K OKpyKeHa NWIMHIPUYECKOM 3aropoikoi, B KO-
TOpOM HMeeTesl 1ienb. Bo3ayX LWIMHAPOB OTKadaH, T.€
co3maBaicsi BbICOKMM BakyyM. IIpum HarpeBanum 1uta-
THHOBOM MPOBOJIKK TOKOM cepedpo HuCHapsioch U Ja-
BaJ0 MOJICKYJSIpDHBIA IIy4OK, BBUICTAIOIIMM U3 IIEIH U
JOCTUTAIOLIUI CTEHKH cOoCyna. Te aroMbl, KOTOPBIE JIETEJIN OT
IIPOBOJIOYKH BJIOJIb paJMyca r K LIEJIU, BBUICTEIU BO BHEILI-
HUH IWJIMHIP PaJnycoM R W ocenanyd Ha CTEHKe, o0pa3sys
Y3€HBKYIO CEpeOPSIHHYIO TOJIOCKY b.

Jns omperneneHuss CKOPOCTH aTOMOB cepedpa, LUIMHIP
JIOJDKEH BpAIaThbCsi C OYeHb OONBIION CKOPOCThI0. [loaToMy
aToMbl cepedpa ocenaiu He POTUB LIENH, a mo3aau Heé. B
UTOTe Ha MOBEPXHOCTH BHEIIHOTO LMJIMHJIpAa 00pa30BbIBa-
Jach HE y3eHbKasi cepeOpsiHHAs MOJI0CKa, a IIUPOKas M0JI0ca
bc HeomuHAKOBOH TONIIUHEI (puc.15 0).

VYCTaHOBUM 3aBUCHUMOCTh MEXAY [UIMHOWH cepeOpaHHOM
MOJIOCKU bc 1 yIIIOBOW CKOPOCTBIO CaMOI0 LIMJIMHAPA:

NKG

Dm DKB
puc.14.

c

s = Rt. (6)




Tak kak TONIIMHA MOJIOCKH He ofuHaKoBa (puc.l5 6), To aroMbl cepedpa uMenu
pa3iaryYHbIe CKOPOCTH. MOXKHO CUUTATh, YTO CKOPOCTH aTOMOB cepedpa COBIAIAIOT
CO CpPENHEN CKOPOCTBIO, TOIA:

v k=1 (7)

N3 popmyssl (6) HAXOAUM ¢, TIOJICTABUM €€ 3aH4YCHHS B (7), U TIOJYYHM €IIE OJHY

bopmyny Ui BBIYUCICHHS CPEHEH CKOPOCTH: v, = @R(R-r) ) (8)
s

CJ'ICI(yCT 06paTI/ITB BHUMaHHE Ha OOJBIIOE CXOJACTBO BHJOB rpaq)mca
MAaKCBCJIJIOBCKOT'O pacCIpCACICHUA U pa3pei3a CCpC6pHHHOfI IMOJIOCBI, YTO YK€
ABJIACTCA KAaYCCTBCHHBIM IMOATBCPIKACHUCM IMPABUJIBHOCTU 3aKOHA Makcsenna.
I/ITaK, OIIBIT H_[TepHa AaJl  BO3MOKHOCTb OKCIICPUMCHTAJIbHO TPOBCPUTH
MMpaBUJIBHOCTDb PACIIPCACIICHUS MakcBeia 110 CKOPOCTSAM.

@ OneiTr IllTepHa mnoaTBepANJ NPABUJIBHOCTH MOJIEKYJISIPHO-
KHMHETHYECKOH TeOPHH, a TAKKe NPABUJIBHOCTH Teopuu MakcBesia
0 pacnpeaeeHMH MOJIEKYJ B COOTBETCTBHHU € HX CKOPOCTSIMH.

Oobpa3zen pemieHue 3aga4mn

KakoBa cpenHss KBaapaTHuecKash CKOPOCTh YITIEpOJA, €CIIM Macca aroma
yriaeposa pasHa 2-1072°kr, a kuHeTnueckas sHeprus 2,5-1072! [ ?

Jano: dDopmyJa: Bbruucienune:

m, =2-102 kr mu’ 2B, 22,5107
E=25102" JIx| ¢ 2:107%

2 o
2
Hatimu: kM
aumu. JIx c2 OtBet: v =500 m/c.
D= r) [U] = = = M/C.
KT KT

1. CpaBHI/ITe CPpCAHUC KBAJPATUIHBIC CKOPOCTU MOJICKYJI KMCJIOPOJa U BO-
a0opoJaa, €CIu TEMIICpaTyphbl OTHX Ia30B OJJMHAKOBEI.

2. [lpoananusupyiite Teopuro MakcBeisia 0 pacnpeaeIeHud MOJIEKYJ IO
HX CKOPOCTSIM U OOBSCHHUTE €€ CYIIHOCTD.

3. Kak u3meHsercs cpefHsisi KHHETUYECKasi SHEPTUsl MOJEKYI raza B Co-
Cy/ie TP YBEJIMUYEHHUH €ro TeMIIepaTypsl B 2 paza ?

4. Kak u3aMeHsieTcs cpelHssi KBaapaTHueckas CKOpPOCTh MOJIEKYJ rasa B
cocyzie TP YBEIMUYECHUH €r0 TEMIIEpaTypbl B UeThIpe pasza ?

M/c=500 wm/c.

&)



§ 8. PEHIEHUE 3AJTAY

3anaua 1. [lo pesynbratam onsita O.[lImepra onpeaeanTe CKOPOCTh aTOMOB
cepebpa. Cepebpo Havaso UcapeThCs MPU HArpeBe MPOBOJIOKHU JI0 TeMIEpaTypH
1500 K. YromnoBast ckopocTh BpamieHus MuIuHapoB 280 paa/c. ATOMBI, OCEBIINE
Ha BHEIIHEM IWJIMHJIpEe, 00pa3oBajiu CcepeOpEHHYIO MOJOCKY mHON 1,12 cMm.
Paanycel BHYTPEHHOTO M BHEIIHETO HIJIMHIPOB COOTBETCTBEHHO paBHBI 1,2 cM
u 16 cm. CpaBHHTE 3HAYCHUE CKOPOCTH MOJYYESHHOW IKCIIEPUMEHTAIBHO CO CKO-
POCTBIO TOTYYEHHON TEOPETUUYECKHU.

Hano:
T=1500 K

o =280 pan/c
s=1,12-10"m
r=1210%m
R,= 16-10"m

R =8,31]x/(mombK)
M=108-10-kr/MOJ1b.

Haumu:
v="

®opmy.ia:
s=w-R,-At,
R, —r
At =——;
v
_ o-R-(R,-7)
=
s
1
7.M.M
—1_¢C
pl=S =
M c

Boruucienne:
-2 -2
52280 16-10 1j,8 10 £:592£'
1,12-10 C c

5=\/3RT=\/3-8,31-1500£=588£
. M C

108-10° ¢

BoiBoa: 3HaucHHUE CKOPOCTH, TTOJTYUYCH-
HOC SKCIICPUMCHTAJIbHBIM IIYTEM OYCHb
OJIM3KO K 3HAYCHUIO CKOPOCTHU BBIYHC-
JICHHOC TCOPHUTHUYICCKHU.

3anaua 2. [Ipu xakoit TemiiepaType CpefaHss KBaJpaTHIHAs CKOPOCTh MOJIe-
KyJl BOAOpOJa paBHA CpPEJIHEH KBaJIPATHUYHON CKOPOCTH MOJICKYN TEHs, HUMEI0-
urero remmneparypy 580 K ?

Mano: Dopmyaa: Boruuciienue:
M, = 2-107 kr/momnb _ [3RT  _ 3RT,
M, = 4-107kr/monb b= o U= 2-107-580
M M - - " K=
T, =580 K 1 | T 1.10° K =290K.
b =0 Ortcrona
Havimu: MT BeiBoa: 77 =290 K.
T, =? T= .
2
xr
[Tl]le-Tz _Momb
M, K
MOJTb

@




3anaua 3. IIpu noBelIeHNHU TeMneparypsl uaeaapbHoro rasa Ha 150 K, cpen-
HsIsT KBaJpaTH4decKasi CKOPOCTh €ro MOJIeKys yBenmuuiack ¢ 250 m/c mo 500 m/c.
Haiinure nepBoHauanpHyl0 TeMIeparypy rasa ?

Hano: Dopmyaa: Borunciienue:
T,=T,+AT _[3-R-T, . 150 B
AT=150 K YT T, =————=50K.
500,
L= 250 m/c. 250
3-R-T, 3-R-(T, +AT) .
v, =500 M/c. | v, = W =\/ Y; ;
Haiimu: .
7,=2 L, _ T, +AT L, :T1+AT_
Y L b Lo
K Otset: 77 =50 K.
[Uzj (M/Czj
21 -
v, Mm/c

Y
6

1. Onpenenute CpeaHIO KBaJpaTUYHYIO CKOPOCTb MOJIEKYJ] BOAOPOAA IIPH
temneparype —23 °C.

2. Ilpn xakol Temmeparype CpeaHss KBaJgpaTHYHas CKOPOCTb MOJIEKYII
Kucaopojaa cranet pasuou 500 m/c ?

3. Cpennsiss KHHETUUYECKAs SHEPTUS MOCTYNATEIbHOIO IBM)KEHUS MOJIEKYJ
uacaapbHOro rasa pasua 9,52-1072!Ik. Onpenenure TeMIeparypy 3TOTO
rasa.

4. Uemy paBHa CpeJHsIsl KWHETUYECKasi SHEPTUsl MOJIEKYJ OJJHOATOMHOTO H/ie-
aNIbHOTO Tra3a npH gasieHud 1,6-10° [1a u KOHIIEHTpALMK MOJIEKYI ra3a paB-
HOH 4-10%° M.

5. Halinure KOHIIEHTpAIMIO MOJIEKYI rasa npu ero nasinenuu 2,4 Mlla, ecin
CpeHsISE KUHETHUYECKAs SHEPTHUs MMOCTynareIbHOro ABMKeHust 1,2-1020 JTxk.
6. Kakoit 00beM 3aHHMaeT 2 MOJIb HAEAIBLHOIO ra3a, €CAu OH HAaXOMTUTCS
npu gasiaenuu 10 kIla u remneparype 300 K ?

7*. Ilpu kakoi Temmeparype cpeaHeKBaIpaTuyHas CKOPOCTh MOJIEKYII Te-
aus OyleT Takoil e, KaK U CpeJHEKBaJApaTUyHas CKOPOCTh MOJEKYJ BO-
nopojaa npu 350 K ?

8*. IIpu mOBBIIIEHUHU TEMIIEpaTyphl HaeadbHoro rasa Ha 150 °C, cpennsis
KBa/IpaTH4HAass CKOPOCTh MOJeKya yBenuumiaack oT 300 m/c mo 600 m/c.
HailinuTe HauanbHyt0 TeMmepaTypy rasa ?

1\2_9)



§ 9. YPABHEHUE COCTOSAHUSA UAEAJIBHOI'O I'A3A

YpaBHeHue COCTOAAHMUSA UACAJTBHOIO ra3a

Bam u3BecTHO, 4TO TepMOAMHAMHMYeECKOe COCTOSHHE Ta3a OIpelelIeHHOU
Macchl XapakTEpU3yeTCs TpeMs MaKpPOCKONUYECKUMHU MapaMeTpaMH, TO
ecTh JaBiieHueM p, obbemoMm V u temmeparypoit 7. Ilpum mepexome rasza u3
OJTHOTO COCTOSIHUSI B Jipyroe Bce 3 mapamertpa ( p, V, T ), xapakTepusyrollue
€ro COCTOSIHHE MOTYyT UW3MEHHUThCS OJHOBpeMeHHO. Hampumep, mycTh
COCTOSIHUE HEKOTOpPOIl Macchl rasa m XapakTepu3yeTcs MapaMmerpamu p;V,
T,. TlepeBeneM ee B ApYyroe COCTOSIHHE, XapaKTepHU3ylolleecs MapameTpaMu
P2V, T,. Tenepp 3amnuieM ypaBHEHHE, MMOKA3bIBAIOIINE 3aBUCHUMOCTH MEXIY
TEPMOJIMHAMUYECKUMU MapaMeTpaMu 3THX JIBYX COCTOSHHII.

Jlnsg  Toro uToObl BBIBECTH YypaBHEHHME COCTOSIHUS UJEAJbHOrO Trasa
BOCIOJb3yeMcsl (pOpMyJI0il OCHOBHOTO ypaBHEHHSI MOJEKYISAPHO-KMHETHYECKON
TEOPHUH UACATBHOIO rasa:

p=nkT. (1)

. N
[TpunsB B 3T0H (hopMyIie, YMCIO MOJIEKYI B €IMHHLIE 00beMa 1 = 7 U YHCIIO MOJIEKYIT

N = ﬁ "N ,» €€ MOXXEM 3aIlicarh Tak:

pV = %NAkT. )

C y4éroM k- N, =R, ypaBHEeHHE (2) IpDUMET CIEIYIOWIUH BUJ:

pV:%RT. 3)

Cootnoenue (3) BoiBen ¢paniy3ckuil pusuk benyam Knaneiipon u ycosep-
IIEHCTBOBAJ 3Ty (GopMyny pycckuil ydenblil Jmutpuii MiBanosuu Mennenees.
[TosToMy 5TO ypaBHEHME Ha3BaHO ypaBHeHHeM MeHaeseeBa-Kinaneiipona.
ITocKoNbKy 3TO ypaBHEHHUE OIPENECIAECT COCTOSHUE HMIEANBHOIO ra3a, ero TaKkxke
HAa3bIBAIOT YPABHEHUM COCTOSHUS UJI€aJIbHOIO rasa.

@ YpaBHEHHUE COCTOSIHUS MIIEAIBHOTO ra3a BBIPAXKAlOT CBI3b MEXKIY
Maccoi, MOJIEKYJISIPHOM Maccoii, JaBIeHHUEM, 00bEMOM U TeMIIepa-
Typoi rasa.

1\3(9



Jnsa 1 mons rasza ypaBHeHue MenaeneeBa-KnanelipoHa MOXHO NPUBECTH K
BUJY:

pV =RT wm PV _p (4)

YpaBuenue Knaneiipona

[IpuMeHnM ypaBHEHHE COCTOSIHMS HJEAJbHOIO raza s JBYX COCTOSHUSX,
IPOUCXOIALINX TP HEU3MEHHOM Macce, TO €CTh m = const:

m _m
124 ZH'RTl u PVa= iY; RT,. (5)
HpI/I JACJIICHUHU UX HAa OAMHAKOBBIC MHOXUTCINU NMCEM:
ph _ PV, (6)
T T,

U3 sTOr0o ypaBHEHHS CleayeT ClaeaAylollee BbIpakeHHe:

pV
~—— =const. 7
T (7)

Takum 00pa3om, Ipu HEM3MEHHBIX MAcce U MOJISIPHOM Macce UAealbHOTo ra3a
OTHOLLIEHHWE MaKpOCKONMYECKUX napameTpoB ( p, V, T') ocTaércsi MOCTOSIHHBIM.
DTO ypaBHEHUE CBSI3bIBAET J]BA COCTOSIHUS UIEAJIBHOTO ra3a HE3aBUCHUMO OT TOTO,
KaKUM 00pa3oM ra3 rnepemén u3 0AHOT0 COCTOSIHUSA B Ipyroe. YpaBHEHHE COCTOSIHUS
uaeanpHoro rasza B Bujie (4) m (7) HaspiBatoTcs ypaBHeHuem Kutameiipona.
VYpaBHeHnue KnanelipoHa — €CTb OJHO U3 YPAaHEHUN COCTOSHMS MJICAJIBHOIO rasa,
IIOCTOSIHHON MacCOM.

[Ipn wu3ydeHHs TEIJIOBBIX SBJICHMM Ba)XHO 3HAThb YPaBHEHHE COCTOSIHUS
UCAIbHOIO ra3a. YpaBHEHUE COCTOSHUS UICAJIbHOIO raza JaeT BO3MOKHOCThb
ONpEACIUTh OJUH U3 NapaMeTPOB HACAIbHOIO Ia3a, €CJIM HU3BECTHO €ro JBa
JIpYrux napamerpa.

Hanpumep:

m
V =—RT
P M
y
RT RT
r_pPYM p=mRT y _ mRT
mR MV Mp

G



Oo6pa3zen pemenue 3aga4

Omnpenenure maccy kucinopoga oobemom 20 n, mpu nasnennun 160 klla, u
temneparype 127 °C.

Hano: ®opmyaa : Bbrumciienue:
V=202=20-10°m° m .10%.20-102-.32.1073
T=127ZC +273=4h301< pV =—"RT; m=16 107-20-10"-32-10 KT =
_ Y M 8,31-400
p =160 xIIa=16-10* ITa VM
M = 32-107 kr/mMonb. m=2" =30,8-107kr.
RT
Haiimu: Ia M’ S . 3
=9 [m]: MOJIb _ Oteer: m =30,8-107 xr.
JIx K
MoJb - K
W. M3 - KT
BT =Kl
‘M

A<

1\32)

1. Kakoe ypaBHEHNE Ha3bIBAECTCSl YPABHEHHEM COCTOSHUS WI€AJIBHOTO rasa ?
2. BeiBeauTe ypaBHEHHE COCTOSHUS UCAIBHOIO rasa.

3. KakoBo 3HaueHNE ypaBHEHUs COCTOSHUS UJEAIBHOTO ras3a ?

4. Kakoit 00beM 3aHUMaeT 1 MOJIb H€aJIbHOIO ra3a Mpyu HOPMaIbHbIX
YCIOBHSX ?

1. Kakoit o6bem 3anumaer 500 Mosel uaeanbHOTO ra3a NpHU JIaBICHUH
0,45 MIla u remneparype 52 °C ?

2. Nasnenwne raza oosemom 0,05 m* cocrasmser 250 kIla, a Temmeparypa
500 K. Onpenenure KOJIMYECTBO BEILIECTBA.

3. I'az maccoit 8 r mpu temneparype 27 °C u nasnenuu 150 klla 3anumaer
o0beM 4,15 1. Uro st0 3a ras ?

4. Omnpenenute IUIOTHOCTh Kuclopoja npu temmeparype 367 °C u
nasiienuu 415 klla.

5. B OGammone obobemom 24 151 coxmepkutcs 1,2 Kr yIJIEKHCIOro Trasa.
bamnon BeigepkuBaer nmaBinenue 3-10° Ila. Ilpu kakoit Temmeparype
MOSIBJISIETCS OTMACHOCTH B3phIBaA ?

6. BpluncnuTe KOJIMYECTBO BELIECTBAa ras3a, HaXOMSIIErocs B COCYylE C
ob6vemom 40 1 mox naBnernueMm 200 klla u mpu Temneparype 400 K.

7. CKOJIBKO MOJICH BO3/yXa COIEPIKUTCS B KOMHATe pasMepamu 4x5x3 m?
npu temneparype 17 °C ? Atmochepnoe nasnenue 10° I1a.

8. KakoBa Temmneparypa MoJeKyaapHOTO azota Maccou 280 r, HaxoadIIe-
rocs moj aasinenueM 3,5 MIla B cocynae oobemom 16,6 11 ?



N30MPOLECCHI

IIpu mepexone raza IOCTOSIHHOM MacCOM M3 OJHOIO COCTOSHMSA B APYIoOE€,
MOT'YT UBMCHUTBCA [IBa €TI0 MapaMcTpoOB, a TpeTI/Iﬁ 0oCTaéTcs MOCTOSHHBIM.

@ IIpouece, xapakTepu3ymuii cBA3b MeK1y MAaKPOCKOIHU-
YyeCKMMH NapaMeTpaMu ra3a, Koraa oJAuH U3 3THX IapaMeTpPoOB
0CTaeTCsl HeM3MEHHbIM, Ha3bIBACTCH U30IPOLECCOM.

NmeroTess Tpu BHAA M30IPOLECCOB: M30TEPMUUYECKUH, M300apUYeCKUH U
H30XOPHUYEeCKHI.

§ 10. ”3OTEPMUYECKHUH MPOLIECC

PDu3suyecKuil npouecc, NPOTEKAIUNA NPH HEU3MEHHBIX
Macce (m=const) u temneparype (7=const) , Ha3bIBaeTcsl U30-
TEPMHYECKHUM IPOLIECCOM.

Or pCUYCCKUX CJIOB «U30C» - IMOCTOSIHHBIN U «mepmoc» - TEIIBIN.

3aKOHOMEPHOCTh U30TEPMUYECKOTO MTPOLIECCa HE3aBUCUMO JIpYT OT Apyra Oblia
OTKpBbITa aHMHCKUM yueHbsiM P. Boiijiem u ¢panirysckum yuensiM 3. MapuoTTom.
[TosToMy naHHast 3aKOHOMEPHOCTH, OblJIa Ha3BaHa 3akoHOM boiinsg-MapuoTtra.

UrtoObI COXpaHUTH T'a3 MPU HEN3MEHHON TEMIIEPAType, COCY/ C Ta30M ITOMECTUM
B CHEIMAJIbHBIN COCY/l TaK Ha3bIBAEMbIN TEPMOCTAT. 3allMIIEM YPaBHEHUS COCTOS-
HUS WJI€aJIbHOTO Ta3a I JBYX COCTOAHMM npu 1 = const:

m m
P1V1:HRT 1 szzzﬁRT' (1)

Taxk kak, mpaBble YaCTH 3TUX OPMYJ paBHBI, TO MOIYYUM
pVi=pV, @

Orcrona cienyet BoiBoA: [lJIsi 1aHHO# Macchl ra3a NnpM NMOCTOSTHHOM TeMIeparype
npou3BeeHNe 00beMa ra3a Ha COOTBETCTBYIOLee eMy JaBJieHHe eCTh BeJINYMHA
nocrosinHas. [[ist Toro 4toObl M300pa3uTh 3TOT Mpoliece rpaguueckuM crocoooMm,
HE0O0XOINMO COIIOCTABUTH 3HAYEeHUs 00beMa Ha ocH ad-
P 4 LMCC, @ 3HAYCHMS JaBJIeHUH Ha ocu opauHat. [Torom co-

\ €/IMHUTH TOYKH, COOTBETCBYIOIINE 3TUM 3HAYCHUSIM.

Ha pucynke 16 gan rpaduk 3aBUCUMOTH JTaBICHUS
rasa ot o0ObeMa Npu MOCTOSTHHOW TemmepaType. M30-
TEPMUUYECKU TpolLecC Ha auarpamme pl Omnuch-
BaeTCs B BHJIE KPUBOW JmHUEW ( rumepOona) U OoHa
Ha3bIBaeTCAd HM30TepMoi. M30Tepma XapakrtepuszyeT
00paTHYI0 HPOMOPLUUOHAIBHOCTh JIaBJIEHHUS ra3a OT
o0wveMa, To ecTb: p ~ 1/V.

3 —®usuka 9-knace (33 '




@ Ilpu neuzmennoui memnepamype NaBJIeHHE ra3a JaHHOU
Macchl U3MeHsIeTCsl 00PaTHO MPONOPIHOHAIBLHO €ro 00beMy.

3akoH boiins-MapuoTrra MOXXKHO BBIPAa3UTh B BUJI€ OTHOIIEHUH, MOKa3bIBaIO-
II1€ 3aBUCUMOCTb INIOTHOCTHU raza oT o0beMa M OT AaBJIeHHH rasa. [ImoTHocTs
rasa Juisl IepBOTO U BTOPOTO COCTOSTHUI BBIPAKAETCS TaK:

m m 3
pr=7 U P ="
7 v, ©
Ecnu B34Th MX OTHOWIEHUS IPYT K JIPYTY, TO MOJIYyYUM CIEIYIOIIEE BBIPAKEHUE
I 3aKoHa boins-Mapuotra:

oV P @)

p, VoD,
I/ITaK, B I/I30TepMI/ILIeCKOM HpOL[eCCC IIJIOTHOCTh TIa3a HU3MCHACTCA O6paTHO
HPOTOPLUOHAIBHO €0 00BEMY M MIPSIMO MPOMOPIMOHAILHO €T0 AaBICHHMIO.

Oo6pa3zen pemenue 3aga4
[Ipy HOpMaNBHBIX YCIOBHUSAX Tra3 3aHMMaeT o0beM 6 1. Kakoit oObeM 3aliMéET
3TOT ras3, eciu aasieHue rasza ypennuurcs Ha 20 klla ? Temneparypa noctostHHast.

Hano: ®opmyaa: Borunciienue:
T = const
p1= 100 kITa = 10° Ia il = paba; 106107 .
Vi=61=6-10°M DV ZZWM =5.10"m".
p2=pi+20kIla=1,2-10°T]a. V,= # ’

. 23 OtBetr: V>, =510°mM’=51
Havumu: [V] _Ma-m’ .
V=1 Ia '

1. Kakoii npoiiecc Ha3bIBa€TCsI U30MPOLIECCOM ?

@ 2. Kakoi1 mpoliecc Ha3bpIBaeTCs U30TEPMUUECKUM 7
3. 3anumute Gopmyny 3akoHa boitns-Mapuorra u 006bsicHUTE ee.
4. Yto Ha3biBaeTcsa u3orepmoii? Kakyro nuHMIO npeacTaBiseT co0oil u3o-
Tepma ?
5. Hadeptute M30TEpMBl I pa3iUYHbIX TeMIepaTyp ra3a U oOBbsSCHUTE
ux.
6. Hanmumure dopmyny 3aBUCHMOTH IUIOTHOCTH ras3a oT oObema AJis U30-
TEPMHUYECKOTO IIpoIeCcca.

y 1. HauaneHerit 06wem rasza 0,2 1, a nasnenue 300 klla. [Tpu uzorepmuye-
CKHM pacmupeHuu nasinenue gocturio 120 klla. Haiinure koHeuHbINH 00b-
€M rasa.
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2. HayanbHbIi 00beM Ta3a, 3aKJIIOYCHHOTO B IWIIMHAP C MOpPIIHEM 24 cM?,
a nasienue 0,8 Mlla. Kakum OyneT maBieHue rasa mpu M30T€PMHUYECKOM
ckaTuu 10 oovema 16 cm?® ?

3. IIpu HOpMaNBHBIX yCIOBHX ra3 3aHumMaeT oobem 50 1. Kakoit oobeM 3aii-
MET 3TOT Ia3, €CJIM JaBJIEHUE YBEIUYUTH B 4 pasza ? Temmneparypa nOCTOsIHHA.
4. Tlocne M30TEPMUYECKOTO CXKATHs MJI€ATbHOTO ra3a ero o0beM yMEHb-
nmwies ¢ 1,2 o o 0,8 i1 IIpu sTom naBnenue rasa ysennuuiock Ha 40 klla.
KakoBo ObL10 HauaJabHOE J1aBJIEeHUE Tra3a ?

§ 11. T3OBAPHYECKHNM IMPOIIECC

@ Du3uYeCcKNil MNpouecc, NPOTEKAMINUA INPH HEU3MEHHBIX
Macce (m=const) u 1aBJieHUU (P=const), Ha3bIBAETCS U300apu-
YeCKHUM MPOoIeccoM.

Ot rpeueckoro cioBa ‘“0apoc’ — maBieHHUE.

[Ipu n3obapuueckum mporecce o0beM (V) maHHOM Macchl ra3za U3MEHSETCS
B 3aBUCHUMOCTH OT TeMIiiepaTypsl (7). 3aBUCHUMOCTh 00bEM Ta3za OT TeMIIepaTyphl
JUTSL 9TOTO TPOIIecca, MOMyYHM MPU MTOMOIIY YPaBHEHHUS COCTOSHUS UEaTbHOTO
raza (ypaBHeHne MenneneeBa-Knaneiipona). 3amumieM ypaBHEHUE COCTOSTHUS
rasa Jijisi IByX COCTOSTHUU, B KOTOPBIX JIaBlIeHHE ObLIO MOCTOSTHHOE (p;= p>):

ph=1 R . plo=""RL (1)
PasnenuB 3T ypaBHEHHS MOYJICHHO, IMOJYYUM CIEIYIOIIUE PABEHCTBA:
A v_V,
72 = Fz WA 71 = 72 (2

VYpaBHeHu1o (2) TakKe MOXKHO 3aMucaTh B CICAYIOUIUM BU/IE.

14
—= . 3
7 cons 3)

Urak, npu u3006apuyeckuM mnpouecce AJsi JaHHOH Macchl ra3a OTHOIIIe-
HHUEe 00bEéMA K a0COTIOTHOM TeMmepaType ecTh BeJIHYHHA MOCTOSIHHASA. DTOT
3akoH Obl1 OTKPHIT B 1802 1. ¢panumysckum yueHsiM [eii-Jlroccakom. [ToaTomy
ero Ha3zBaiu 3akoHoM [‘eii-JIroccaka.

[IpuBens x obimemy 3HaMeHATeNll0 paBeHCTBO (3), 3amMIlieM €ro B BHUJE:
J=const-7. OTcroga cieayeT, 4To MpU H300apHUYECKUM IMpollecce o0beM Taza
JAHHOW Macchl MPSMO MPOTIOPIIMOHANIBEH €T0 Temmeparype. B m3obapudeckum
npolecce JIMHMS, BEIPaKAIOMas 3aBUCUMOCTh MEXy 00bEMOM U TEMITepaTypoi

QS)



V 3 . Ha3bIBaeTcs n300apoii. M306apa npencrasisieT co-
v 1 00l PSAMYIO JIMHUIO, BBIXOMAIIYIO U3 Hadaya Ko-
2
6090 opaunar (puc.17).
40
v )
Ilpn HeusMeHHOM [aBJIeHHH O00beM
L _ ra3a JaHHOM MaccChl M3MEHSAETCH MNPAMO
0 T, T, T NPONOPLUHOHAIBLHO €r0 TeMIleparype.
puc.17.

Oopa3sen pemenusi 3agaun

Temmneparyparaza 67 °C, a o0beM 25 1. [[o kakoit TemnepaTypbl HaJ0 OXJIaUTh
ra3 npu MOCTOSHHOM JaBJICHUH, 4TOOBI ero 00bem ctamn 10 i ?

Jdano: dDopmyJia: Boiuucienue:
T'=67°C+273=340K| V, _ T VT 10-1072-340 K
V=125 1=25-103 M v T, = 7 = 25107 =136K.
2 2 1
V=10 1=10-10" M3
p = const. AT =T - D AT =340 K — 136 K =204 K.
Haiimu: [AT]=K. OtBet: AT =204 K.
AT=7?

1. Kaxoii mporiecc Ha3bpIBaeTCs U300apUIECKUM ?

2. 3anumute Gopmyny 3akoHa ['eii-Jltoccaka u 0ObsICHUTE ee.

3. Uto Ha3zeiBaeTcs nzobapoii? Kakyro nuHHIO IpeacTaBisieT coboil n3o6a-
pa?

4. HaueptuTe n300aphl AJid pa3IMuHbIX AaBICHUHN raza U OObsICHUTE HX.

1. O6vem maeanpHoro rasa npu temmeparype 27 °C pasen 10 1. Kakum
CTaHET 00BbEM ATOTO rasza, eciiu ero u3obdapHo Harpets g0 327 °C ?

2. Temneparypa raza 51 °C, a o6vem 0,9 5. [lo xakoit TeMnepaTypbl HaJ0
OXJIAJIUTh Ta3 TP MOCTOSHHOM JaBJIeHHUH, YTOOBI ero 00bem ctan 0,3 1 ?
3. IIpu temneparype 27 °C ra3 3anumaetr oobem 3 1. Kakum cranet o6bem
3TOTO rasa, ecim ero n3obapuo Harpets Ha 100 °C ?

4. Ilpu temneparype 47 °C ra3z 3anumaer o0beM 3 5. Ha ckonmbko Hamo
MOHATH TEMIEPaTypy MpPH MOCTOSHHOM JABJICHUH, YTOOBI 00BhEM yBEIH-
yuicsa Ha 1,2 1 ?
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§ 12. ”3OXOPUYECKHM IMPOIIECC

@ du3nyecknii mpouecc, NMPOTEKAWIINUA NPU HEU3MEHHBIX
Macce (m = const) u oobeme (V' = const) , Ha3bIBaeTCsi U30XOPU-
YeCKHM IPOLEeCcCoM.

OT rpedeckoro cioBo ““Xopoc’ — 00BeM.

[Ipu n3oxopuyueckum mpoiecce JaBjIeHHE (p) TaHHON MacChl ra3a U3MEHUTCS B
3aBHCUMOCTH OT TemnepaTtypsl (7). 3aBUCUMOCTH JaBI€HHE Ta3a OT TEMIIEPATYPBI
JUIsl 3TOTO Ipoliecca, MOJyUYUM MPU MOMOIIM YPAaBHEHUS COCTOSHMS HJI€aIbHOTO
raza (ypaBHeHue MenneneeBa-Knaneiipona). 3anuiieM ypaBHEHHE COCTOSHUS
rasa Juis JByX COCTOSIHUM rasa, rjae ero o0bem Obli1 HOCTOSIHHBIM (V= V5):

m m 1
PV=2CRT . pVy=2RT, é
Pa3nenuB 3TH ypaBHEHUS MOWICHHO, MOJYYHUM CIIEIYIOIIHE PABEHCTBA:
P L wm Pr_ &_ (2)
p, T L T,

VYpaBHeHu1o (2) Takke MOXKHO 3alKCcaTh B CIEAYIOIIUM BUJIE.

p
=— =const. 3
T (3)

HTak, B M30X0pHuyecKUM Mpouecce AJs JaHHOI Macce ra3a OTHOLIEHHE
JAaBJIeHUs] ra3a K a0COJIIOTHOH TeMmepaType €CTh BeJHMYMHA MOCTOSTHHAS.
DT1OT 3aK0H ObLT OTKPHIT B 1787 I. dpanmy3ckum puszukom XK. [llapiem u B uectsb
ero HasBaH 3akoHoM [lapis.

[IpuBens k oOmeMy 3HaMEHATEI0 PaBEHCTRO (3), 3aMuIleM ero B BUJIE:

p=const-T. 4)

CornacHo BeIpakeHHIO (4), TpU HEU3MEHHOM O0B-
eMe JaBleHUe raza JJaHHOW MacChl UBMEHSIETCS MPSAMO p»
NPOMOPIHOHANBHO TeMIieparype. B m3oxopuyeckum
npolecce JUHUS, BhIpaXKarolias CBA3b MEXIy naBie- 2!
HHUEM M TEMIIEPATypO Ha3bIBA€TCsA U30X0poil. M30xopa
MpeACTaBIseT cOO0N MPSAMYIO JTUHUIO, BRIXOASIIYIO U3 T T >
Havasa KkoopauHar (puc.18).

@ IIpu Hen3mMeHHOH 00bEMe JaBJIeHHE ra3a JAHHOW MacChl M3MEHSETCS
NPsIMO NPONOPLHMAJIBLHO €ro TeMIeparype.

SD



VBeneueHue JaBJICHUS raza, Harpe€Toro B TH000M TCPMETHYCCKUM COCYAC HUIIN
BHGKTqueCKOﬁ JIAMIIOYKEC ABJISICTCA U30XOPHUUYCCKHUM ITPOUCCCOM.

Oo6pa3zen pemenue 3aga4

IIpn m3zoxopuueckum HarpeBanuu rasza ot 280 K no 540 K, ero naBnenue
yBenuumics Ha 39 klla. KakoBo Obu10 HayanpHOE AaBieHue rasza ?

Jano: ®dopmyaa: Borunciaenue:
T, =280 K P_Ps HHH£=P+AP. .
V: const 540 - 280
p=p b= Ap-T,
p2=p+Ap T T
Ap =39-10° Ia. L-1 OrtBet: p =42 lla.
ITa -K
Haiimu [p] = =Ila.
“ K
p=1

2. 3anumute ¢popmyny 3akoHa [llapnst u oObsicHUTE ee.

3. Uto HazpiBaeTcs n3oxopoit ? Kakyio JTuHHIO TIpeacTaBisieT co00i n30-
xopa ?

4. Haueptute n30X0pHl i Pa3IMYHBIX 00bEMOB Ir'a3a U 0OBbSCHUTE HX.

. 1. Kakoii mpo1uecc Ha3bIBa€TCSI M30XOPUUECKUM ?

1. Ilpu kakoii TemmepaType naBieHHE Ta3za B OaioHe OyAeT paBHO

y 2-10°I1a, ecau upu 17 °C ono paBuo 1,45-10°I1a ?

1 0 2. Bo ckoibKo pa3 yBEIUYHUTCS JaBlIeHHE ra3a B Koj0e JaMIIbl, €CIIH Mpu
ATOM TeMmneparypa Jamibl nogaumaetcs ¢ 17 °C no 360 °C ?
3. IIpu uzoxopuueckum HarpeBanuu raza ot 300 K mo 420 K, ero nasne-
Hue yBennuuics Ha 50 kIla. KakoBo Ob1O HauanbHOE AaBlIeHHE Ta3za ?

§ 13. IPAKTHYECKOE 3AJAHUE. OHEHKA PASMEPOB
MOJIEKVYJIBI.

OneHka pa3MepoB MOJIEKYJIbI HA MEXaHHYEeCKOH MO/Ie/ I

Hean: npoBepuTh rumnoresy O TOM, YTO MPU pACTEKaHUU KaIlUlM Macjia Ha
MIOBEPXHOCTU BOJBI IO OOJIBIION IJIOWIAAM TOJIIMHA cJI0sl Maciaa OyaeT paBHa
KaK pa3 pa3mMepy MOJEKyJ Macia.

Heo0xonnMble NpUHAAIEKHOCTH: JIMHEWKA, TUCT Oenoil Oymaru, TOpOIInH-
KM, MEH3YpKa.
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1. Hapucyiite Ha Oenom jmcte OymMard mpsiMOTYOJIbHHK. I3MephTe CTOPOHBI TIpsi-
MOYTOJIbHHUKA C TIOMOIIIBIO JIMHEUKY (JUTMHY U IAPUHY) M BBIYUCIIUTE €r0 IO (S).

2. Bymary moyio)xute Ha CTOJ U pactoIOKUTE TOPOITMHKH POBHBIMH CIIOEM (BILIOT-
HYI0) Ha PUCYHKE TPSIMOYTOJIbHUKA. [Iporiecc BBITIOIHUTE TaK, YTO Obl TOPOIIMHKH HE
BBIILIH 32 TUIOIIA/Ib MPSMOTYOJIbHIKA, HAPHCOBAHHOTO BaMH Ha JIUCTE OyMaru.

3. lopomuHkK ¢ OyMaru mepenoxkute B MeH3ypky. Omnpenenure o0beM BCex
ropomuH (V).

4. Ucnonb3ys BeIpaxkeHue, :K HAUJUTE JIMHEWHBIA pa3Mep OJHOU ropo-
IIUHKH.

5. Teneps nonoxute BIIoTHYt0 10 ropouuH B psan. M3mepsre QiuHy psina.
Pazpgenute 3Ty nuny Ha 10 1 nonyuuTte quaMeTp OAHOM TOPOLIMHKH.

6. Ilo mony4deHHBIM pe3ysibTaTaM 3alMLINTE BBIBOJ, CPAaBHUBAs PE3YNbTAT, 110-
JyYEHHBIN B MYHKTE 4 U YHKTE 5.

HNPAKTHYECKAS PABOTA. Onpenenenue miI0oTHOCTh, KOHUEHTPALUKN U
YHUCJIa MOJIKYJ BO3IyXa B KJIACCHON KOMHATE (JIOTTOTHUTEIHHO).
Heo06xonnMble NpUHANJIEKHOCTH. O0apOMETP-aHEPOUT U U3MEPUTEIbHAS JTH-
Helika (1 m).

OGapoMeTp-aHepOul M3MepUTeNlbHas JTUHEHKa

1. ITo moka3zaHMuIO TEPMOMETPA, HAXOAAIIETOCS BHYTPU OapoMeTpa ornpeneu-
T€ TEMIEeparypy BO3Ayxa B KJIACCHOM KOMHATe.

2. Ilpu noMoru 6apoMeTpa OnpeneauTe JaBIeHHE BO3AyXa B KIACCHOU KOM-
Hare (HopMmanbHOe aTMocdepHoe nasienue p = 10° [1a).

3. IIpu momMoIbI0 TMHEHKH U3MEPBITE JJIUHY, IIUPUHY U BHICOTY KOMHATHI.

4. IlepeBeaute Temmneparypy no mkane Llenbcus B aOCONMIOTHYIO TeMIlepary-
py no mkaine KenbBuHa,

5. Beruucnure o0beM kitaccHOM koMHaThl (V' =a- b- ¢).

6. Ucnonb3ys ypaBHeHne MeneneeBa-Knaneipona BEIYUCIUTE IIIOTHOCTD

-M

. pP
BO3/lyXa B KJIACCHOW KOMHaTe 1o ¢popmyne P = RT

(D)



Ilpumeuanue. 1Ipyn BBIYUCICHUM MOJEKYISPHYI0 MAacCy BO3AyXa CYUTAWUTE

paBHOI1 29 r/MOIb.

7. KOHIICHTPAIMIO MOJIEKYJI T'a3a BEIYKCIUTE IO hopmyrie n = P

k-T

8. Uucio MosieKys B KJIaCCHOM KOMHATe BeIUUCIHTE 110 popmyne: N=n-V.
9. I1o nonmy4eHHBIM 3HAUEHHUSM BBHIYMCIICHHBIX BEJIMYUH 3aMI0JTHUTE TAOIUIly U

3alIMIIUTE BBIBO/.

1. | Pa3zMepsl kKOMHaTBI JUIMHA d =........ M, mmpuHab=..... M,
BBICOTA C =.......M

2. |Temmeparypa Bo3gyxaB | ....... °C K
KOMHAaTe

3. |/JlaBneHue Bo3qyxa B KOMHATe | ....... MM.PT.CTOJI0A | .ecoueeee.. Ila

4. |O0beM kOMHATBI | M3

5. |IInotHocTh BO3Oyxa ... Kr/m?

6. |Konuenrtpauus monmexkyn ... M

7. | UuCiIO MOJIEKYNI B KOMHATE | ........ T

8. | Macca Bo3myxa B KOMHare | ... KT

BriBon:

§ 14. PEHIEHUE 3AJTAY

3amaua 1. ['a3 cxxar u3zorepmuyecku ot odvema 6 1 1o 4 u. [Ipu sTom namie-
Hue raza Bozpocio Ha 0,6 wactu HOpMmanbHOIl arMocdepsl. Haiinure nepBona-
yajgbHOE aaBieHue raza. HopmansHoe atmocdeponoe nasienue 100 xlla.

Hano:

T = const
Vi=6n1=610°M°
V=4 n=4-10"m
p2=p1 +0,6p,,.,

Pann= 100 kITa = 10° ITa.

Haumu:
=7

1\4_(9

dopmyaa:

pVi=pVs;

prvl z(pl +0’6pam,w).

0,6- -V,
pl — pllmM 2 .
n=v

IMam°

[ 1] == =TIla.

Vs

Boruauciienne:
5 -3
_ 0,6-10°-4-10 o

R EVRT S
~1,2:10°Ta.

OrtBer: p; = 120 xIla.



3apaua 2. WneanpHblil Ta3 Maccoil 2,6 kr nipu Temneparype 27 °C HaxoauTcs
10/ TIOpIITHEM | 3aHuMaeT o0beM 1,3 M°. Ecnu npu n306apuueckoM paciiipeHun
IUIOTHOCTH ra3a craia 1,2 kr/m’. HaiimuTe Temmeparypy rasa moj mopiiHeM ?

JlaHo:
p = const
T:=300 K
m=2,6Kr
V= 1,3 M3
p2= 1,2 xr/m’.
Haimu:
T2 = 9

dDopmyJia:
nWon
L T

m=p.yvu p1-V1:p2-V2;

Kr/m>

- [B]- kK

Kr/M°

T pl

Beruuncienne:
,01=ﬂ _20mr_ 2 kr/m’
Vv, L3m3

1;:¥3300K:500K.
1,2

b

OtBer: 7,= 500 I1a.

3anaua 3. [Ipu u3oxopHOM HarpeBe ujaeaabHOro raza Ha 12 °C gaBieHue rasza

YBEIMYWIOCH Ha 1/75 4acTh OT MepBOHAYAILHOTO 3HAYCHUS JaBiicHHSA. KakoBa
HavyaJibHAs TemIepaTrypa rasa ?

Jlano:
V' = const
AT=12K
T, =T+ AT

1
P, =D 75

+—p,.

®opmyJia:

_ Dy, P pt

T, T

75

1
T+AT =T -(1+—
i (1+=2)

OoTCroaa

Havmu:
T] = ?

T1 =75-AT

T +AT

Beruuncienune:
T, =75-12 K=900 K.
OtBer: 77=900 K.

3amaua 4. Kak yBenu4autcs 00beM IMy3bIphbKa BO3yXa IMPHU NMOIbEME CO JTHA
Ha TTOBEPXHOCTh o3epa ? [mybmna o3epa 30 M. Temmeparypy cuyuTarh OJMHOKO-

Pemenne: 7 = const — BOCNOJb3yEMCsl YPAaBHEHUEM HU30TEpMHUYE-
ckoro mpouecca PiVi = P.Va, Tne p, — nasnenne BHyTpH myssipka
BO3yXa Ha JTHE 03€pa U OHO paBHO CyMME aTMOC(EPHOTO AaBICHUS
=p, + pgh,p, — na nosepxmo-
CTH 03€pa JIaBlieHuEe BHYTPH Iy3bIpKa paHO aTMoc(epHOMY JaBie-

Vi=p, V,. Orcrona nonyuum:

=4

BO.
Jlano:
h=30wm
po=10°TIa.
1 JIaBJICHUS CTOJI0A KUJIKOCTH: P
Haitimu:
v 9 HUIO, TO €CTh p, = po. (Do + P&N)
4 V, potp-g-h 10°+10°-10-30
71 B Po B 10°
OtBeT: 00beM My3bIpKa YBEITUYHIICS B 4 pasa.

@



1. laBneHue rasa B 3aKpbITOM cocyze npu temneparype 27 °C cocTaBisieT
y 900 xITa. Kakum Oyznet naBieHue ra3a npu npu Harpesanuu o 227 °C ?
11 2. B Gannone Haxomutcs ra3 npu temneparype 17 °C. Kakoe naBieHue

YCTaHOBHUTCS B OallsloHe MpH BeimyckaHnuu 0,4 yacTu rasa, eciid IpHU STOM

TeMIieparypa rasa nonusurcs Ha 10 °C ?

3. I'a3 ¢ nayanbHOU Temmeparypoir 27 °C pacmupsuicss U300apudecku U

ero oobem yBenuumics Ha 24 %. KaxoBa cTtana koHeyHas TemIeparypa

raza ?

4. Ha CKOJIBKO MPOIEHTOB yBEIMUUTCS 00BbEM raza mpu u300apHOM Harpe-

BaHuu ot 27 °C no 117 °C ?

5. Ilpu mogbeMe co JHA BoJOEeMa IMy3bIPEeK BO3AyXa YBEIUUMIICS B 00be-

Me B 3,5 pasa. Kakosa riryouna Bogoema ? IIporecc cuurarh u3orepmMuyec-

KHM.

6*. Ilpu HarpeBaHUU rasa HaxoAasIIErocs B 3aKPbITOM COCYIE, 10 TEM-

neparypsl 120 K, ero nasnenue yennuminoch B 2 paza. Kakoa Oblna Ha-

yajbpHasg TeMmuneparypa rasa ?

7*. Ilpu m3o06apruyeckoM MOBBIIMIEHUH Temmeparypsl raza Ha 10 K, ero

o0bem yBenuumiics Ha 1/20 yacTh OT MepBOHAYATBHOTO 3HAYEHHS 00BEMA.

Onpenenute HavYaJIbHYIO TEMIIEpATYpy rasa.

8*. UneanbHblii Ta3 Maccolt 3 kr npu Temneparype 127 °C HaxonuTcs mojq

HOpIIHEM U 3aHuMaet o0beM 2,5 M°. Ecau mpu m300apuueckoM pacuiupe-

HUH IUIOTHOCTH ra3a crana 2 kr/m’. Haiiaute Temneparypy rasa moj nopii-

HeM ?

¢



COOTHOIIEHUS, MMOJYYAEMBIE M3 OCHOBHBIX YPABHEHHUI
MOJIKYJASAPHO-KUHETHYECKOMN TEOPUU UIEAJBHOI'O I'A3A

OcnoBHoe ypaBHenne MKT YpaBHEHUE cpeaHEn

KMHETUYECKOU JHEPIUU

1

2

- 3
=— Ey==kT
p 3 nm,v F=5
p=nkT
YpaBHeHue
yom_N MeHnnenecna- R=k N,
M N, —> Knaneipona <
m
V=—RT
P M
VYpaBHeHue
Knaneiipona
PV _ const
T
/ m = const
3aKoH 3axoH ['eii-Jlroccaka 3axoH lapns
boiin — Mapuorra Vo p
pV = const — =const ?: const
T = const p = const V = const

@



TECTBI IJIs1 HIOBTOPEHMUA IVIABBI I
1. llocTostHHAast ABOraapo — 3T0.....
A) yucno aromoB B 12 r yriepona; B) uncno wactun B 1 Mosie BemiecTna;
C) uucno monexyn B 18 r Bojg; D) Bce oTBETHI BEpHBIE.

2. Haiigute Maccy 25 moJeii kucaopoaa (r).
A) 144; B) 800; C) 270; D) 600.

3. Kakoe ko1M4ecTBO BelecTBa COAPEKUTCHA B 27 T BOABI (MOJIb) ?
A) 2; B) 1,8; C) 0,9; D) 1,5.

4. KakoBo KOJINYeCTBO BellecTBA (MOJIb) a30Ta ¢ YHCJIOM MojiekyJ 2,4-10%4?
A) 2; B) 4; O) 1,5; D) 3.

5. Kakoii 00beM 3aHUMAIOT 5 M0OJIb BOABI (cM*) ?
A)2; B) 90; C) 64; D) 18.

6. Kak u3meHuTcsl 1aBjieHHe M/1eaJIbHOIO ra3a, ecjm 00beM YBeJHYHTCHA
B 2 pa3a, a cpeJHeKBapaTHYecKasi CKOPOCTh ero MOJIEKYJ YMEHbIINTCS BO
CTOJILKO ke pa3 ?

A) yBenuuurtcsd B 4 pasa; B) ymenbmurcs B 8 pasa;

C) ymenbuiutes B 4 pasa; D) yBenuuutcs 8 pasa.

7. B 3akpbITOM cocyle HaxoauTcsi MaeajbHblii ra3. Ha ckoabko %
YBeJIHYHUTCS €ro 1aBJieHue, eCJIH CPeJHEeKBAPATHYHAS CKOPOCTH €10 MOJIEKYJI
yBeanuntcs Ha 30 %.

A) Ha 25 %; B) Ha 69 % ; C) na 10 %; D) na 20 %.

8. Uemy paBHa cpeJHsAsl KMHETHYECKAs FJHEPTrUsl MOJIEKYJ 0JHOATOMHOIO
ra3a npu aaBjennu 4-10° Ila ? O6bem rasa pasen Ha 2 m* (JI:k).
A) 1,8-10% B) 1,2-10°¢; C) 2,4-10% D) 4-10°.

9. Kak n3MeHHUTCS IVIOTHOCTD reJius B 0aJII0He, ecJIM TeMIIepaTypa MoBbl-
curcs ot 27°C no 227 °C ?

A) yBenuuutcs B 4 pasa; B) yBesnnuurcs B 2 pasa;

C) yBenuuutcs B 3 pasa; D) He uzmenurcs.

10. Kak u3aMeHUTCS KOHUEHTPAIHUA MOJIEKYJ KHCJI0PoAa B 0a/LI0OHe, eC/In
Temneparypa nouusurcs or 227 °C no 127 °C ? U3meHenneM edbéma 6aioHa
npenedpeus ?

A) yBenuuutcsd B 4 pasa; B) yBennuurcs B 2 pasa;

C) ymenpiutcs B 4 pasa; D) ne uzmenurcs.

11. Bo ckoJbK0 Pa3 YBCJINYUTCH CPEAHEKBAAPATUICCKANA CKOPOCTb MOJICKYJI
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H/1eaJIbHOTO ra3a, ecJu ero a0COTITHYI0 TeMIIePaTypy YBeJIUYHUTh B 4 pa3a ?
A)2; B) /3 ; C) 4; D) 3.
12. Bo cK0JBbKO pa3 HaJg0 MOBBLICUTH A0COJIOTHYIO TEMIIEPATYPY HeaJlb-
HOT'0 ra3a, 4YTo0bl CKOPOCTh MOJIEKY. yBeJHM4YHJIach B 2 pa3a ?
A) B 2 pa3za; B) B 16 paza; C) B 8 pa3a; D) B 4 pa3sa.

13. KakoBa KOHIeHTpanust MoJsieKy. ra3a npu remneparype 400 K n nas-
Jennn 138 klla (m) ?
A) 2,5-10%; B) 5-10%; C) 1,38-107; D) 2,76-10¢.

14. Kakoii o0bem 3annmaet 50 moJieii raza npu nasjaennu 75 klla n tem-
neparypoii 27 °C ?
A) 8,31; B) 1,662; C) 31; D) 6,2.

15. KakoBo nasiieHue raza npu temmeparype 27 °C, ecan ero odbem u
KOJIMYeCTBO BellecTBA PaBHBI 4 J1 M 2 MOJ1b, cOOTBeTcTBeHHO. (I1a)
A) 6,12-10°; B) 5,45-10% C) 12,46-10% D) 24,9-10°.

16. Kak m3meHuTcsi a0COIOTHAsi TeMIepaTypa HAeaJbHOI0 rasa IpH
yBeJIeYeHHH ero AaBjeHus 12 pa3 u yMeHbIIeHHH ero o0beMa B 3 pa3sa.

A) ymenpmutes B 3 pasa; B) yBenunuutes B 3 pasa;

C) yeennuutes B 10 pasa; D) ysennuurcs B 4 pa3sa.

17. Kakyo 3aBHCHMOCTDH HA€AJLHOI0 ra3a Npu NOCTOAHHOM TeMmeparype
oTkpbLIH boiine u MapuorT ?
A)p~V; B)p ~1/V; Op~T; D)V~T

18. IIpn n3oTrepMuYeCKOM Mpouecce JaBJIeHAEe HEKOTOPOH MacChl HeaJb-
HOI'0 ra3a ypeJH4ua0ch B 2 paza. Kak usMeHnjach npu 3ToM CpeiHeKBaApa-
THYeCKasi CKOPOCTh MOJIEKY.T ?

A) yBenuuutcs B 2 pasa; B) ymensmurcs B 2 pasa;

C) He usmeHHTCH; D) ymenbpmutes B 4 pasa.

19. B n3orepmMuveckoM mpounecce JaBJeHHe ra3a yBeJHYNJIOCh B 4 pa3a.
Kak u3MeHMJIach KOHIIEHTPALUs HOJIEKYJ ra3a ?

A) yBenuuunacs B 2 pasa; B) yBennuunnace B 4 pa3sa;

C) ymeHnbmnnace B 4 pasa; D) ymenbmmiach B 2 pasa.

20. Kak n3aMeHuTCS JaBJeHHeE ra3a Npu nepexojae u3 cocrosnue 1 B 2 ?
Vow A) yBenuuutes B 4 pasa; B) ymensmutes B 4 pasa;

1

2 I C) He u3MeHuTCH; D)yBennuurcs B 2 pa3sa.
2

14— -

0 T
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21. K10 3KcnepuMeHTAJbHO H3Y4YHJ 3aBHCHMOCTh 00beMa rasza oT TeMiie-
paTyphbl IPH NOCTOSTHHOM JaBJICHUH ?
A) Teit-JIroccak;  B) llapins; C) boitnb-Mapuorr; D) IlrepH.

22. YkaxkuTe ypaBHeHHe H300apHYeCKOro npouecca.
A) p=nkT; B) pV = const; C) V/T=const; D) p/T = const.

23. lonosinute ppa3zy: B nzoxopuyeckom mpoiecce...
A) p u T mensitotcs, V IOCTOSHHO; B) p u V menstores, T MOCTOSHHO;
C)V u T MeHSI0TCS, p TTIOCTOSIHHO; D) MeHstOTCS BCe mapameTphl.

24. Bo CKOJILKO pa3 yBeJIUYHUTCH JaBJeHHEe H1eaJbHOI0 ra3a, HaxXoAsmero-
csl B 3aKPBITOM cocyle npu temmeparype - 96 °C, ecsiu ero narpers 10 81°C ?
A) 3; B) 2; C) 1,18; D) 2,21.

25. Ilpn kakoii Temmeparype AaBjieHHMe rasa B 0aj/uioHe OylaeT PaBHO
3-10° IIa, ecan npu 57°C ono pasuo 1-10° ITa (°C) ?
A) 990; B) 171; C) 444; D) 717.

26. KakoBa ObL1a HaYaJIbHAsl TeMIIepaTypa UaeajJbHOI0 ra3a, Haxojasiie-
rocsi B 0aJlI0He, eciM NPU noBbimeHuu Temneparypbl Ha 300 K naBiienue
yBeanuuBaercsd B 3 paza ? (K).

A) 450; B) 900; C) 750; D) 600.

27. Bo CKOJIbKO pa3 yBeJUYHUTCS JaBJIeHHe ra3a B KoJ0e JIaMIIbl, €CJId
MpH 3TOM TeMIieparypa Jaminbl nosbimaercst ot 7 °C go 287 °C ?
A) 3 paza; B) 4 pa3a; C) 1,5 paza; D) 2 paza.

28. KakoB 00beM 3aHHMaeT 2 MOJIb HAE€aJbLHOT0 Ira3a, ecJJu OH HAXOAUTCS
npujaasaeHuu 400 klla u remneparype 400 K.
A) 831 x; B) 8,31 x; C) 16,62 x; D) 41,5 a.

29. Cocyn 3amoJiHeH BOJAOPOA0M, 230TOM M KHCJOPOJIOM OJMHAKOBOI Mac-
Cbl M 3aKpbIT repMeTnyHo. [lapuuanbHoe AaB/ieHHe KAaKOr0 ra3a HamboJib-
mee ?

A) Bomopona;  B) kucinopoma;  C) azora; D) ommHAKOBO y BCEX ra3os.

30. JaBiaenue raza 16,6 xIla, a miuorHocts 0,02 kr/m?, MoJsipHast Macca
2 r/moan. Haiinurte ero temneparypy (K).
A)2; B) 200; C) 275; D) 473.

1\4_6)



OCHOBHBIE BbIBOJbI I10 IVIABE I

MonekynsipHO-KH-
HETHYECKasl TEOpHUs
OCHOBBIBAaETCS  Ha
TPH MOJIOKEHUS, J10-
Ka3aHHbIE B OIbITaxX

1. BemecTBa COCTOAT U3 YaCTULl — AaTOMOB U MOJIEKYI.

2. ATOMBI U MOJIEKYJIBI COBEpIIAIOT OecrpephIBHbIE U Oec-
MOPSIAOYHBIE ABUKEHUS.

3. Mexay aroMamMu W MOJEKYJIaMH CYIIECTBYIOT CHIIBI
B3aMMHOTO NPUTSKEHUS U OTTAJIKUBAHUS.

bpoyHoBCcKoE
IBUXKeHHue o0ia-
JTAeT CIIETYIONTH-
MU XapaKTepHUC-

BbpoyHOBCKO€ IBH)KEHHE COCTOUT U3 HEMPEPBIBHBIX U Oec-
MOPSIIOYHBIX JABHKCHUN B3BEIICHHBIX YaCTHIl B >KUIKO-
CTSAX WJIM B ra3ax.

TpaexkTopus OpOyHOBCKOIO JBUKEHHUS COCTOUT M3 CIIOXK-
HOW JIOMAaHOU JINHUHU. BpOyHOBCKO€E IBUKEHHE 3aBUCHUT OT

TUKaMU
JIMHEWHBIX Pa3MEpOB YaCTHLI.

KommuecTBo I Monmp — 3TO Tako€ KOJWYECTBO BEIIECTBA, KOTOPOE

BEIECTBA COZICPKUT CTOJILKO aroMOB (MOJIEKYJ), CKOIBKO aTOMOB B
12 r yrepona.

[TocTrosinHas Yucno Mmosekyn B 1 Mosie BeniecTBa Ha3bIBAETCS ITOCTOSTHHOM

ABoraapo ABOrapo B Ue€CTb MTaJbIHCKOTO YUYE€HOro AMeneo

ABoragpo. Uucno ABoraapo siBisieTcsl (pyHAaMEHTaJIbHOU
¢u3nyeckoil BEIMYMHOM, a 4YMCIOBOE 3HAYEHUE PaBHO
N,=6,022-10"2 monp.

MousipHas Macca

Macca oHOTO MOJIS JIF000TO BEIIECTBA HA3bIBAETCS MOJISIP-
HOM MacCCOM.

AToMHasg macca
C€JIMHUIL]

ComtacHo MexlyHapoIHOMY COINIAIIEHUI0 MAacChl BCEX
aTOMOB 1 MOJICKYJI CpaBHUBAIOT ¢ 1/12 4acThi0 Macchl aToma
yIieposa, To eCTh:

lu=1,66-102" k.

OtHOCHUTEIBHASI
aroMHas Macca

OTHoOIIEHHE MacChl aroma JiIo0oro BemecTa (my) K /i
YaCcTH MAcChl aTroma yriepoja (moc), Ha3bIBAE€TCSI OTHOCH-
TEJIBbHOW aTOMHOW MacCoil.

KonnenTtpanus
MOJIEKYJI

Yucno MolieKyll B €IMHULE 00beMa Ha3bIBACTCS
KOHLICHTpAIUENH MOJIEKYII.

1\4_7)




Nneanpupiil ra3

Fa3, MOJICKYJIbI KOTOPOTO paCcCMAaTpUBAOTCA KaK MaTe-
PHUAJIBHBIC TOYKHU U CHJIbI BSaHMOIIefICTBHSI MCXKIOY MO-
JICKYJIaMU CUHUTANOTCA BE€CbMad HC3HAYUTCIIBHBIMU, Ha-
3bIBACTCA UACAJIbHBIM.

PeannHEbli ra3

I"a3, cBoiicTBa KOTOPOTO 3aBUCSAT OT B3aUMOJICUCTBHUSA €TI0
MOJIEKYIT.

MounekynsapHo-
KHHETHUYECKOE
TOJIKOBaHUE TEMIIe-

parypsl

Temmneparypa — ecTb Mepa CpeiHE KUHETUYECKOM SHEPTUH
MOCTYNaTCJIbHOTO ABUKCHUA MOJICKYJI, TO €CTh:

= 3

IlocTossnaast boabn-
MaHa

[Tocrosinnass bonbiMana BbIpakaeT KOX(PQUIMEHT CBS3H
MEXy CPEIHEN KUHETUYECKOM YHEPTrUel MOJIEKYJI ra3a U €ro
Temneparypoid. Ero 3Hauenue pasHo: k= 1,38-10-23 /K

YHuBepcanbHas
ra3oBasi IIOCTOSIH-
Has

ITpousBenenue nocrostHHON bonbliMaHa k Ha MOCTOSTHHYIO

ABoragpo N IpHUHITO Ha3bIBaTh YHUBEPCAIBHOU (MOJISIp-

HOI1) ra30BOM MTOCTOSIHHOM.

3HaueHUE YHUBEPCAIBHOM Ta30BOM MOCTOSIHHOM pPaBHO
JIx

R=2831——-

MOJIb - K

JlaBiaeHne wuaeannb-
HOTO Tra3a

JlaBneHre WAeaJbHOTO Ta3a MpPsSMO MPOMOPIHOHATb-
HO KOHIIEHTPAIIMU MOJEKYN Ta3a U TeMIepaType, TO €CTh:
p=nkT.

Temneparypa
abCOIIOTHOTO HYJIS

Temneparypa aOCOIIOTHOTO HYJISL SIBJSIETCS CaMON HHU3KOM
TEMIIEpaTypOi, NPU KOTOPOM MNPEKPAIAETCs IBUKCHHE
MOJIEKYJI BEILIECTBA.

CBs3p MEXKIY
mikanon Llenscus u
KennBuna

d®opmyna mepexona Temmeparypbl W3 mKainel Llenbcus B
mkainy KenbBuHa Beipaxkaercs B Buae: 1 =1+ 273.

CpenHsist KBaapa-
THYHAsI CKOPOCTh
TEIIOBOTO JIBHXKE-
HUS MOJICKYJT

__ |3RT
O=,—.
M

Pacnpenenenue
MOJIEKYJI 10
CKOPOCTSIM

B 1859 1. anrnuiickuii pusuk [orc. Makceenn teoperudec-
KM TYT€M YCTAHOBWJI, YTO MOJICKYJIbI Ta3a JBUXKYTCS C
Pa3IMYHBIMH CKOPOCTSIMHU TPH OJAMHAKOBOW TeMIleparype,
TO €CTh YCTaHOBMJI TEOPUIO PACIPENEICHHS] MOJEKYJI IO
CKOPOCTSIM.

@




OmnsiT HlTepHa

OmnpiT HlTepHa nmoaTBEp AN NPaBUIBHOCTh MOJIEKYIISIPHO-
KMHETUYECKOM TEOPHUM, a TAK)Ke INPABWIBHOCTb TCOPHUH
MakcBemna 0 pacpeieIeHMd MOJIEKY]I B COOTBETCTBUU C
UX CKOPOCTSIMH.

VYpaBHeHue
Menneneesa-
Knaneiipona

VYpaBHEHHS COCTOSHUSI MI€aIHOTO Ta3a BBIPAXKAIOT CBA3b
MEXTy MacCcoi, MOJISIPHON MaccoM, JaBlIieHUEM, 00bEMOM H

TEMIIEpaTypoii rasa, T0 €cTh:  pJ = M RT
M

3akoH bois-
Mapuorra. MsoTep-
MUYEeCKUI IIpoLecc

®u3nuecKknii MIpouecc, NPOTEKAINN MPU HEU3MEH-
HOW Macce (m const) u Temmeparype (7 = const) ,
Ha3bIBaeTCs HM30TepMUUeckuM mpoueccom. [lpu  He-
M3MEHHO TemnepaType AaBlieHue ra3a 3aJaHHON MacChl 13-
MeHsIeTcs 00paTHO MPOMOPIIMOHAIBEHO €r0 00BEMY, TO €CTh:

p~UV wm pi-Vi=pV,.

3axkoH I ei-JIroccaka.

N3o6apuyeckuii
npouecc

@u3nyecKuil MpoLECcC, MPOTEKANIUN IIPU HEU3MEHHOU
Macce (m = const) u gaBiIeHUH (p = const), Ha3bIBaeTCA
1300apUYECKUM MPOLIECCOM.

[Ipyn Hew3sMeHHOM HaBJIEHUH OOBEM Ta3a 3aJaHHOW MAacChI
U3MEHSETCS NPSIMO MPONOPLHOHATIBHO €TI0 TEMIIEPATYPE, TO
ectb: V ~T.

nimn

V
— = const
T

NS

14
T,

3akoH JKaka [llapss.
N3zoxopuueckuit
porecc

DuU3UYECKU MpoNEecC, MPOTEKAIUNA MPU HEU3MEHHOMU
Macce (m = const) u obveme (V' = const), Ha3bIBaeTCs
M30XOPUYECKUM MPOIIECCOM.

[Ipu Hen3MeHHOM 00BEME JABJICHHE Ta3a 3a/IaHHON MaCChI
M3MEHSETCS IPSIMO MPOMOPIIMOHATILHO €ro TeMIleparype, To
ecte: p~T

L _ const
T

4 — dusuka 9-xmacc
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ITABA 11 =

BHYTPEHHSA
JHEPI'UA U DJIEMEHTDBI
TEPMOAUHAMUKHA

B npoueccax, npoucxoaAmux B MAaKpOCKOIMUYECKUX CUCTEMAX, SHEPTHUS IEpe-
XOJIUT U3 OJTHOTO BHUJIA B Ipyroi. Pa3znen MonekynsipHOi (hU3HKH, KOTOPBIH U3ydaeT
OTHOIIICHUSI MEXKTY (PU3MUECKUMH BEIMUYMHAMU, HA3bIBACTCS TEPMOAUHAMHUKON. B
TEPMOJMHAMUKE CBOMCTBA TEJI U3YyYAIOTCSl TOJBKO C TOUKH 3pECHHs] OOMEHa 3Hep-
THH, & UX MOJICKYJSIPHOMY CTPOCHHUIO HE YAETSIOT 0COO0r0 BHUMAHUSI.

§ 15. BHYTPEHHSASA DHEPTI'UA

W3 MonekynsipHO-KHHETUYECKON TeOpUH M3BECTHO, YTO MOJIEKYJIBI MaKpOCKO-
MUYECKUX TeJl IBUXKYTCs O6ecriopsiiouHo. CyMMa KUHETUYECKHUX U MOTEHIIMATBHBIX
SHEPrUil BCceX MOJIEKYJ paBHA BHYTPEHHEH SHEPIHH 3TOTO TeJa (BEllecTBa), TO €CTh:

U=E, +E . (1)

3nech E, u E, — COOTBETCTBEHHO KHHETHUECKAsl U MIOTEHIIMATbHAS SHEPTUS BCEX
MOJIEKYJI, U3 KOTOPBIX COCTOUT TE€JO (BELIECTBO).

Bbrunicnennss BHyTpeHHEH SHEPIHM HICATBHOTO Ta3a, HE TaK CIOKHBI, KaK BbI-
YHCJICHNS] BHYTPCHHUX YHEPTUi TBEPBIX TeI U KUAKOCTeH. [10CKOIBKY MOJIEKYIIbI
U/ICATBHOTO Ta3a HE B3aUMOJICHCTBYIOT IPYT C APYTOM, TO MOXKHO CUMTATh, YTO B
U/ICTbHOM Ta3e MOTEHIMAIbHAS SHEPIUs B3aUMOJCHCTBUS MOJIEKYJ paBHA HYIIIO.
3Ha4YNT, BHYTPEHHSS SHEPTUS UACATBHOTO ra3a paBHa CyMMe KMHETHYECKUX dHep-
ruil OECIOPSIOYHO ABHKYIIUXCS MOJIEKYJI, TO €CTh!

U=E,+E,+..+E, (2)

VYauteiBasg 9To CpCAHAA KUHETUYCCKAA SHCPIrusa MOJICKYJI HICAJIBHOT'O Ira3a paB-

Ha E_==kT , BeIpaXeHHE (2) MOXKHO 3aIHCaTh:
2

U=N-E, =%NkT. 3)

(EY )



m
Ecimm ygech 410 N=—-N, U k-N, =R, TO BoIpaxkeHHUE (3) IPUHUMACT CIey-
FOILMI BUJT: M

U=2"RT. (4)
2 M

Bripaxkenue (4) n1aet BO3MOKHOCTb BBIUMCIUTh BHYTPEHHIOIO SHEPTHUIO UACAIBHOTO
ra3a. tak, BHyTpeHHSSl SHEPTUs UA€aJbHOTO Ta3a MpsiMO MPOMOPIMOHAIbHA MTPO-
U3BEJICHUIO MacChl U aOCOIIOTHON TeMIepaTypbl, 1 00paTHO MPOMOPIIOHATIbHA MO-
JSIPHOM Macce BeleCTBa.

M3MeHeHus: BHYTpEHHEH SHEPruM MpHU MEPexo/ie CUCTEMbI U3 OAHOTO COCTOs-
HUSl B JIpyroe B TEPMOIMHAMHKE CUMTAIOTCS OYeHb BakKHbIMH. [lon mM3MeHeHHeM
BHYTpPEHHEH 3HEPruil CUCTEMBI, CIeyeT MOHUMATh Pa3HOCTh MEXAY KOHEYHBIM U
HayaJIbHBIM 3HAUEHUSMU BHYTPEHHEH SHEPTUH, TO €CTh!

AU=U, - U,. (5)

Ecnmu Temneparypa rasa Mersercs ot 7, 10 7>, TO COIJIACHO BBIPXEHMIO (4) n3-
MeHEHIEe BHYTPEHHEl S3HEPTUY MOXKHO 3aIMCaTh:

3 m 3
AU =U,-U, =——RAT =—v RAT.
2 Y ) (6)

m
CornacHo ypaBHEHHMIO COCTOSIHUS WIEaNbHOTO raza pl =—RT BbIpaxkeHue
(4) MOXXHO 3amucarh: M

U:%p V. (7

W3 paBencTBa (7) cienyeT, 4TO BHYTPEHHSAA SHEPI U ra3a TAKKe 3aBUCHUT OT €ro
naBieHus u oobema. Ecnu 3anuceiBath ypaBHeHus (4) u (7) 1Uig OAHOATOMHBIX Ta-
30B, TO MOJIYYHM:

U= pr=3 . (8)
2 M 2

BHyTpeHHss1 SHeprys 0ObIX BEIIECTB 3aBUCUT OT MX TEIJIOBBIX cOocTossHUN. C 13-
MEHEHHEM TETUIOBOTO COCTOSHHUS TeJla MEHSIETCS €ro BHYTpeHHsIs dHeprust. [Ipu mepe-
XOJI€ BEIIECTBA U3 OJIHOTO arperarHoro COCTOSHUSI B IPYTOe, HAlpUMeEp: TIPH Mepexosie
BCHICCTBA U3 XKUAKOI'O COCTOSIHHUEC B ra3006pa3Hoe COCTOAHHUC WM U3 TBEPAOIr'o B KU~
KO€, TaKXKe TIPOMCXOIUT U3MEHEHNE BHyTpeHHel sHepruu. [Ipu nepexose BemiecTsa u3
TBepnor O B X KMAKOC COCTOAHMA, KUHCTUYCCKAaA 3Hepr1/151 yBeHH‘II/IBaeTCﬂ, B HpOTI/IBHOM
Clly4ae, KUHETHYECKasi SHeprusi yMeHbIIaeTcsl. TakuM 00pa3oM MEHSIETCs] BHYTPEHHSS
SHCPrus BCUICCTBO. Taloxe, Ipr IEPEXOAC BCUICCTBA U3 JKUIKOI'O COCTOAHUSA B Hap006-
pa3Hoe, BHy’TpeHHSDI 3Hepr 1568 YBeJII/I‘-II/IBaeTCH.
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Oo0pa3zen pemeHus 3a1a4u

Kak wu3menuTcs BHyTpeHHsAs 3Heprus 12 Moneil aproHa Mpu MOHUKEHUU
temnepatypsl oT 12 °C go - 88 °C ?

v =12 Mo0JIb

Hano: ®opmyJia: Pemenne:

I=12 °C +273 =285K AU:%vR(T2 ~T). AU:%-12-8,31-(185—285)=

T»=-88 °C +273 =185K

e ] 2

@

12

=—14958/Ix =~ — 15 kJx.

=/k.| OTBeT: BHYTPEHHSSA DHEPIHs
ra3a yMEHBIIUTCS Ha
AU =15 xJIx.

MoJIb - [

1. Yto uzyuaet TepMoauHaMUKa ?

2. Yto BBl MOHUMAETE MO/ BHYTPEHHEN dHEPTrUel njeanbHOro rasa ?

3. Hanumure ¢opmyiny BbIUMCICHUS BHYTPEHHEH OSHEPrUd M IpOaHa-
JIU3TUPYUTE €e.

4. Kak U3MEHUTCS BHYTPEHHSSI SHEPrUs rasa mpu u300apuueckoM pacuiu-
peHuu ?

1. Onpenenute mMaccy renust obnagaromiero remneparypoi 47 °C u BHyT-
penneit sueprueit 80 x/[x.

2. KakoBo fjaBieHn€e OAHOATOMHOTO UJ€ajbHOI0 ra3a, €Ciu ero oobem pa-
BeH 0,4 M°, a BHyTpeHHss sHeprus 45 k/[x ?

3. Kak u3MeHUTCSl BHYTPEHHSAS SHEPTUsS 3 MOJIeH HeOHa MpU MOHMKEHUU
temneparypst oT 40 °C go - 80 °C ?

4. Kak u3MeHMTCSl BHYTPEHHss dHeprus reiaus maccoil 80 r npu Harpesa-
Huu ot 20 °C no 70 °C ?

5. Ha ckonpKo JKOyNed yBETUYHUTCS BHYTPEHHSSI SHEPTHUS OJHOATOMHO-
ro UJeajJbHOIo Ia3a, eciii ero Temieparypa nosbicutcs Ha 72 K ? Konu-
YEeCTBO MOJIEKYJ B cocyne 4-10%,

6. O0beM OJHOATOMHOTO HJICAJILHOTO ra3a, HaXOMSIIErocs II0J JaBJICHH-
em 10° ITa, u3obapuo ysenuumics ot 300 cm® g0 500 cm?. Kak usmeHnu-
Jach BHYTPEHHsIS SHEprus ra3a ?

7. BO CKOJIBKO pa3 yBEIMUUTCS BHYTPECHHSISI SHEPTHS ra3a BHYTPHU JIAMITBI
HaKaJIMBaHUs, €CJIU TeMIepaTypa raza noassuiace ot 17 °C go 307 °C ?
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§ 16. TEPMOANHAMMHNYECKASA PABOTA

[TpuunHO! HM3MEHEHUs] BHYTPEHHEW YHEPTrUU CHUCTEMBI, SBISETCS MPOIECcC
BBITIOJTHEHUST paboOThl U TeIIooOMeH. Bo MHOrmx mporeccax NmpOTEKaIoIUX B
raszax, U3MeHseTcss X 00beM. UTOOBI Ta3 UMeN ONpeneleHHbIH 00beM, OH JI0J-
KeH OBITh 3aKJIFOYEH B COCY/I MO IEHCTBUEM BHEIIHUX CHI. [Ipenmnonoxum, 4To
ra3 Maccoi 7 HaXOJUTCS B IWIMHJPE C JIETKOMOJBIKHBIM TopurHeM (puc.19 a).
[Tycth B 3TOM cityuae Temneparypa Oyznet 7, 00beM V; 1 IaBlieHUE ra3a p; COOT-
BeTcTBeHHO. Ecim ra3 Harpethb 0 Temneparypbl 7> (MIOpIIeHbh MOXKET IBUTAThCS
CBOOOJIHO, U TOATOMY JaBJICHHE T'a3a CYMTACTCS HEU3MEHHBIM, TO €CTh: p; = P>),
ra3 u300apuyYeCcKu pacuIupsieTcs u 3anumaet oobem Vs (puc.19 6). Ilpu uzmene-
HUU 00beMa rasza BBINOIHICTCS padOTa MPOTHB BHENIHUX CHJI. DTa padoTa Ha-
3BIBAETCSI TEPMOJAMHAMHYECKON pabotoii. [Ipu HarpeBaHuu rasza, €ro MOJICKYIIHI,
yaapssiCh 0 OPIICHB, IEPEMEIIAIOT €ro Ha PacCTOsTHUE A/, M Ta30M BBITTOIHSICT-
cs pabora. M3 ¢popmysnbl MexaHUYECKOH pa-
OOTHBI ciemyeT, uTo paboTa ra3a, BHIIIOJTHCH-
Hasl IPOTUB BHEIIHUX CHJI paBHA!

F

A=F-Ah. (1)

Ecnn yunrtsiBate, yTo F = p-S TO BBIpa-
xeHue (1) npumer BuA:

A=p-S-Ah=p-AV )

3nece AV =V, -V, usmeHenune oObema
raza. Hrak, pabora rasa mpu m3odapude-

P S — W L S -

—— i CKOM paCH_II/IpeHI/II/I paBHa HpOI/I3BeI[eHI/IIO

Cl) 6) OAaBJICHHUA Ta3a Ha HN3MCHCHUC O6’BeMa. B
pI/IC.19. OTOM IPOHECCC Ia3 paClIUpPsACTCA W BBIIIOJI-

HSET MOJOXKHUTEIbHYI0 pabdoTy, Tak Kak Ha-
MPaBIICHUSI CUJIBI U MEpPEeMEICHHs MOPIIHS ofAuHakoBhl. [Ipu cxxaruu BHeEUIHHE
CUJIBI TaK)KE€ BBITIOJHSIIOT pabOTy HaJl ra3oM.
3anumeM ypaBHeHue MenpaeneeBa-Knaneiipona sl IByX COCTOSHMH, W30-
Opa’KeHHBIX HA PUCYHKE.

m m
PV, ="LRT, w pl,=-RT, ®

Beruuras ux Apyr oT Apyra nosxydyum:

m m m
pV,—pV" =HRT2_HRT1 50051 P(Vz_Vl):ﬁR(Tz_Tl) 4)
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C yuérom, uto I, =T, =AT u V, -V, = AV, Beipaxenue (4) mpumer cremy-
fouyuit BU: pAV = %RAT. (5)

CornacHo ¢opmyie (5), mpu HArpeBaHUU Ta3a U300apUUYECKU HA TeMIIepary-
py AT paborta, BBHIIIOHEHHAS HAJl BHEITHUMHU CHJIAMH OIPEICISCTCS CIICTYIO-
M o0pa3om:

m
A=pAV =—RAT
PAV =30 (6)

Ecnu 3anucars 3T0 BBIpAXKCHUC JIA 1 mons rasa, TO OHO IMPUMCT BUJI:
A=RAT. )

U3 stoit (I)OpMy.]'IBI IoJIydYuM CieAyromee COOTHOLICHUC JIA 3HAUCHHS YHU-
A

BEPCaJIbHOW Ira30BOM MOCTOSHHOM: R="

AT

VHuBepcaJabHasi ra3oBasi MOCTOSIHHASI YHMCJIEHHO paBHA pabore,
BBHINOJHEHHOH NMpPH H300apuYecKHM HarpeBanuu 1 Mous BemecTBa
Ha 1 °C.

l'eomeTpuyeckoe MCTOTKOBaHHE PadOTHI, BLIMOJHAEeMON ra3zom. [eomer-
pudeckas WHTepHpeTanus paboThl 3TO €CTh OOBICHEHHE CMbICIa pPaboTHI, BHI-
MOJIHSIEMOM TpH KaKoM-HHMOyIb Ipoliecce, reoMeTpuyeckuM myrteM. Jlis atoro
HapucyeM rpaduk 3aBUCHMOCTH AaBJIEHUS OT ero oobema. Hanmpumep: mycTh ra3
pacmupsiercst uzodbapuiecku (puc.20). Pabora, BeimosHsieMasi Ta30M MPH PaCIIv-
peHun oobemMa ot V; 1o V, mpu mOCTOSTHHOM JIaBJICHUH p, YUCIEHHO paBHA ILIO-
1ay MpsIMOYyTOJIbHUKA abcd, TO €CTh:

A=pV,-V)= |ab|-|ac|.

B uzorepmuyeckom mpoiiecce AaBiEHUE ra3a WU3MEHsAETCS 0OpaTHO MPOIOp-
UOHANBHO ero o0beMy (puc.21). U sToM ciyuae pabora raza 4ucCIE€HHO paBHA
MJIOIIAAN 3AIITPUXOBAHHON (DUTYPHI.

DA




Oo6pa3zen pemeHus 3a1a4m

[Ipu wus3obapHoM HarpeBaHuu kuciopona Ha 64 K cosepmena pabora
16,6 xJI>x. Onpeaenure Maccy KUCIOpOJa.

Hano: dopmyaa: Boruuciienue:

M = 32-107 kr/mMmonb 4=t R AT 16,6-10°-32-10 1

o - s = KI' = | KT.
AT=64 K 8,31-64
p = const _A-M
A=16,6 k]I "TRAT
— 103

16,6-10° Tt Jox. T OtBet: m = 1kn.

MOJIb
Hatimu: [m]= Tk K
m=" K
MOJIb - K

1. BeiBenure hopmyny paboThl, BEIOIHAEMOM ra30M IpH H300apruieCcKoM
? pacmupenun. [Ipoananusupyiite ee.
2. Bripasute paboTy, BBHIIIOJHAEMYIO Ta30M MPU M300apUUYECKOM paCIIH-
PEHUHU uepe3 U3MEHEHUE TEMIIEPaTyPhI.
3. KakoBbl OTIMYMS MKy MEXaHUUECKON U TEPMOIMHAMUYECKON paboTamu ?

1. I'a3, Haxopsmuiics B UMIMHAPUYECKOM cocyae nof nasineHueM 160 klla,
y pacmmpsisick u300apHo, copepiimi padboty 48 k/x. Ha ckombko mpu 3ToM
1 3 yBenuumics o0beM rasa ?

2. Bo3ayx maccoit 400 1, HaXOASIIUNCS MO MOPIIHEM, OBUT HarpeT M30-

Oapuuecku. Ha ckoipko TpaaycoB OBLT HarpeT BO3AYyX, €CIM UM ObLTa co-

BepiieHa padora 8 k/Ix ?

3. O0bem rasa, Haxogsmerocs nox aasneHuem 100 klla, nzobapuo yBenu-

giics ot 100 cm® 10 300 em?®. Omnpenenute padboTy rasa.

4*, B nunuHApe ¢ BHYTPEHHUM JUaMETpPOM 5 cM 3akitodeH ras. [lox meii-

ctBueM BHemHed cuibl 50 H Ha mopiiens, ero o0beM yMEHBIIMICS Ha

10 cm’. Tlocie CHATHS BHEIIHEH CHIIBI ra3 pacIIUpsieTCs U BO3BPALIACTCS

B CBOE IepBOHAUYaIbHOE cocTosiHue. Kakyto paboTy BBITOTHWII ra3 ?

§ 17. KOJIMYECTBO TEIIJIOTbBI

IIpoueec Tem1000MeHa B BelecTBax
[Ipomecc mepenaun >HEPruM OT OJHOTO TeNa APYroMmy Oe€3 COBEPIICHHS Ka-
KOM-1n00 paboThl, HA3bIBAETCS TEIJIO0OOMEHOM MITH TeIIonepeaayei.

JHeprus, nepeaHHas TeJy WJIM OTIAHHAsl UM B Mpolecce Te-
171000MeHa, Ha3bIBAETCS KOJIUYECTBOM TeIlIOThI.

Enunuia usmepeHus KoinuuecTBa TEIJIOTHI TakKas ke, Kak U eIMHUIIA U3Mepe-
Hus padotsl: mxoyib (1 k). Kpome Toro, myis u3mepeHus: KOTUYECTBA TEIIOThI

QS)



BBEJIeHA CHelMalbHas €AMHMIA, Ha3biBaeMmas Kajopuei (kan). KomnuectBo Te-
IUIOTHI IPUHATO 0003HauaTh OykBoit Q.

@ 3a 1 kaJopuI0 NPUHATO KOJHYECTBO TENJIOThI, HE00OX0AHUMOe
AJis HarpeBaHus 1 r AMcTHIMPOBaHHOM Boabl Ha 1 °C.

Ucnonsiyercs Takxke kuiokanopus (kkan) (1 xkkan = 1000 xan). OTHOLmIEHHE
MEXIYy eOMHHUIIAMH H3MEpPEeHHs KOJIMYeCTBA TETUIOTHI JDKOYJIEM W Kallopuen
BbIpaxaeTcd cienyromuM oopazom: 1 Jix = 0,24 xan wnu 1 kan = 4,19 JIx.

Ecnu B mpormecce Teruionepeaayn TeMIeparypa Teiaa U3MEHUTCS OT f; 10 i,
TO KOJIMYECTBO TEIUIOTHI, OTAAHHOE MM MOJIYYCHHOE TEJIOM (BEIIECTBOM), MOXK-

HO OIpE/EIUTh!
Q=me(t,~1)) (1)

3necTh m — Macca BEHlecTBa, ¢ — K03 GUIMEeHT TpONOPIHOHAIBHOCTH, €T0

TaK)Ke HA3bIBAIOT YIEIbHOM TEINIOEMKOCTBIO BEIIECTBA, /,— Ha4aIbHAs TEMIIepa-
Typa BEIIECTBAa, ¢,— KOHEYHas TeMIlepaTypa BellecTBa.

Ucxons u3 ¢opmynsl (1) yaenpHas TEIUIOEMKOCTh BEHIECTBA BBIYUCIISICTCS

o opmyse:

c= —Q 2)

m(t; — 1)

W3 BeipakeHus (2) cieqyeT, 4YTO OCHOBHAs €QUHUIIA U3MEPEHUs YIEIbHOU
JIx
kr - °C

TEIJIOEMKOCTH — [C ] =

@ KosmnyecTBo Tennorsl, Heo0XoaMMoOe 1JIsi U3MEHEHHs TeMIle-
parypsl 1 kr BemecTBa Ha 1 °C, Ha3bIBaeTcs yAeJbHOH TemJio-
€MKOCTBIO ITOI'0 BellecTBa.

VhenbHbIEe TEIIOEMKOCTH HEKOTOPBIX BEHIECTB Npu Temmeparype 25 °C u
HOpMaJIbHOM jAaBieHuH (1 aTM.) IpuUBEACHBI B CIENYIOIIEH TabmuIIe.

BemecTBoO YiaeabHas TeNJio- BemectBo YneabHas Tensio-
€MKOCTh BellecTBa, e€MKOCTh BellecTBa,
Jx/ (kr *K) Jx/ (kr *K)
1 CBuHery 130 6 Crexio 830
2 | Cepebpo 230 7 | AnmroMuHMN 890
R} Onoso 230 8 Jlen 2100
4 Mens 390 9 Kepocun 2140
5 Cranb 460 10 Boma 4200

e



YpaBHeHHe TeNJI0BOr0 0ananca

Ecnm cucrtema m3ydaempIX TeNl JOCTATOYHO H30JUPOBAHA OT OKPYKAIOIIHUX
UX Tel, TO €€ Ha3bIBAIOT 3aMKHYTOH cucTeMoil. BHyTpeHHss sHeprus Ten, Ha-
XOASIINXCS B 3aMKHYTOM CUCTEME C T€YEHHEM BPEMEHH He u3MeHseTcs. B kaue-
CTBE MpPUMEpPA PACCMOTPUM 3aMKHYTYIO CUCTEMY, COCTOSIIYIO U3 KalOpUMETpa,
BOJBI M HArpeToro tena. Mexay HUMU MPOHUCXOIUT TEMI0OOMEH, ropsdyee Mme-
TaJTNYECKOEe TEJ0 OTJAET TEIJI0, a BOJIa U COCY/l - MPUHUMAIOT.

BuyTpenHss sHeprus Bcex Tell B MpoIlecce TEII000MeHa H3MEHSIETCS 10 TeX
1op, MOKa WX TeMIepaTyphl HE CTaHYT PaBHBIMU. JTa TeMIeparypa Ha3bIBaeTcs
TEeMIIepaTypoil paBHOBECHS CUCTEMBI Ted. Ecnu mporiecc Tenaoo0MeHa mpoucxo-
IuT 0e3 coBeplieHus paboThl, TO H3MEHEHHE BHYTPEHHEH SHEPTHH OCYIIECTBIA-
eTCs 3a CUeT HArpeBaHUs WU OXJKIEHMs Tenl. (g MOoNHONW XapaKTEepUCTUKHU
TaKuX SABJICHHUI COCTABISIOT YpaBHEHHUs TeIUIoBOro OamaHca (OT QpaHITy3CKOTO
cioBo «la balance» - paBHOBecue). DT0 ypaBHEHUE BhIpa)KaeTcs TakK:

@ BHyTpeHHsIs1 JHepIrusl CHCTEMbI IIPH TEIVIOBOM PaBHOBECHH
He HM3MEeHseTCsl: KOJHMYeCTBO TeIUIOThbl, OTJAAHHOE CHCTeMOM
PAaBHO KOJIHYECTBY TEIIOThI, NOJY4eHHOMY CHCTEMOIi.

Q1+Q2+"'+Qn:Q1,+Q£+’”+Qr,l (3)

3nech O, Oy, ... O, — KOIUYECTBO TEIJIOTHI, OTJAHHOE CUCTEMOM.

O, 05, .. Q) —KOIUYECTBO TEIUIOTHI, IIOJYYCHHOE CHCTEMOM.

n

ypaBHCHI/IC (3) Ha3bIBACTCA YpPAaBHCHUCM TCIIJIOBOTO Oananca. OHO sBIsSETCS
3aKOHOM COXpPAaHCHHEC SHCPTUN IJIA IpoLeccCa TCIUIoNepeaauIn u (bopMmepyeTc;I

TaK:

@ B npouecce Temioo6Mena, KOJINYECTBO TEIIOTHI HE BOSHUKA-
€T W3 HHYero W He ucue3aeT, TEII0TA TOJIbKO MePeXoIuT U3 OTHO-
r0 TeJia B IPyroe.

KonndecTBo TemnoTsl, OTIAHHOE WM TOMYYEHHOE TEJIOM (BELIECTBOM), MOXK-
HO OIPEIEITUTh C MOMOIIBI0 Kaiopumerpa (puc.22). Cnoso “karopumemp” (OT nar.
“calor” —mennoma, u rped. “metreo’’ — uzmepsamv) O3HAYACT ‘“‘UMepeHUue meniomol .

KamopumeTp cocTOUT U3 BHYTPEHHETO METANTMYECKOTO cocyna | ¢ TOHKUMHU
CTEHKaMH, KOTOPBIH YCTAaHOBIIEH BHYTPH METAJUIMYECKOTO cocyla 3 Ha He
MPOBOSIIUAX TEIJIO TOACTaBKax 2. B kamopumerp omymieHbl TepMoMeTp 4 u
CMECHTEND 5.

[Iyctp Macca cocynma KamopuMeTpa BMECTE€ CO cMecuTenem Oymer my,
€ro yjaelbHas TEINIOEMKOCTh — ¢;. HambeM B KaJOpUMETP BOAY Maccou m..
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[Tycte  ynenbHass TEIUIOEMKOCTH  BOABI  OydeT
c;, a TeMmIeparypa KaJOpUMETpa M BOIBI [0
HACTYIUICHHUSI TEIUIOBOTO paBHOBecus — t;. OmycTum
B KaJIOpUMETpP HArpeTHIi jKele3HbId Opyc 6 Maccoii
m, TEeMIIEpaTypoi f, U YIEIbHOH TEIUIOEMKOCTBIO C.
[TycTh mocie HAacTyIJICHHS TEIUIOBOIO PaBHOBECHS 4
TEeMIepaTypa KaJOpUMETpa C BOAOHW U IKEIE3HOTO
Opyca Oyner ¢. [Ipu 3TOM HarpeThlii Jkene3Hblil Opyc,
OXJIQXKJAsACh C /> JIO ¢, OTAAeT KaJIOPUMETPY U BOJE
KOJIMYECTBO TEeIUOThl Q= cm(t; — t). B pesynbrare
TeMIepaTypa KaJOpUMeTpa M BOIbI MOJHHUMAETCS C
t; 10 t. IIpu 3TOM KalopuMeTp MOJTydaeT KOJIUYECTBO
TerioTel Q;= c¢,;m;(t— t;), a Boga Q>= comy(t— t;).

CornlacHO 3aKOHY COXPaHEHUsSI YHEPTHH, KOJIUYe-
CTBO TEIUIOTHI, OTJAHHOE TEJIOM, PaBHO CyMMeE KOJIH-
YEeCTB TEIUIOTHI, MOJIYYCHHBIX KaJOPHUMETPOM H BO-
TIOM:

0=0+0, 4)

3Has yAelbHYIO TEIJIOEMKOCTh KaJOpUMeETpa, BOJbI, JKEJIe3HOro Opyca U ux
Maccy M U3Mepsis TEMIIEPATYyphI ¢, {1 ¢, MOKHO BBIUUCINUTH KOJIMYECTBO TEILIO-
Thl (), OTJAHHOE JKEJIE3HBIM OpycoM, M KolMuecTBa TeraoThl O; u (>, MOTy4EH-
HbIE KAJIOPUMETPOM U BOJIOM.

[loncraBnsis B ypaBHEHHME TeIUIoBoro Oamanca (4) Belpaxenus s Q,
O, u Q;, nodyyaeM ypaBHEHHE TEIJIOBOro OajaHca B CIIeIyIOIIeM BUJE:

cm (tz - f) " d C1m1(t - t1) + 02m2(t - t1). (5)

Ecnum ynenpHas TEIUIOEMKOCTh Teja, ONYIIEHHOTO B KaJIOPUMETp, HE
U3BECTHA, €€ MOXHO OINpeneauTs u3 Gopmysl (5):

c= (cymy +c,m, )t —t,)
- m(t, —t) ‘

(6)

Oty GopMyiay HCHONB3YIOT ISl ONpPENCNCHUS YACIbHOW TETIOEMKOCTH
T000TO Teja, OMYIEHHOTO B KaJIOPUMETP.

Takum 00pa3oM C MOMONIBIO KaJOPHUMETPa MOXHO ONPEIEIUTh YACIbHYIO
TEII0EMKOCTh JIFDOOI0 Teja.

(L))



Oo6pa3zen pemeHus 3a1a4m

Bona nmagaer ¢ Beicotsl 210 M. Kak Biusier paboTa CUIIBI TSKECTH Ha H3MCHE-
HUe Temneparypsl BoAsl? [lageHue Boabl cuuTainTe CBOOOIHBIM.

Hano: Pemienne: PaGota  cuabl  TSDKECTH,  HM3MCHS-
h=210m €T BHYTPEHHIOKO DJHEpPrMI0 Tela MW TeJI0 Harpesa-
2=9.81 m/c? ercsa. Ilpenmomoxkum, dYTo paboTa cujga TAKECTH

c=4200 I[)K/ (KFK) BOJbI TIIOJTHOCTBIKO TIIpEBpallacTCs B TCIUIOTY TO CCTh:

Hatimu- m'gS'IhZC'm'(tz—h) [ g-h
AT =9 MIPOCTHUB BBIPAXXEHUE, TOJIYyUHM, =t -t ==
! c
N3menenue abcomroTHOM Temmneparypsl paBHO AT. U3me-
HEHUE TEeMIIEpaTypsl, BBIpaXXEHHOHN B rpaaycax Llenbcus,
paBHO Af Tak kak AT = Ar:
H JIx
w ok 9,81.210
KI' KI' .
= = :K_ AT:,—K:O,49K.
A= T = T 4200
- K xr-K OTtBet: AT= 0,49 K.

1. YTto Ha3bIBaeTCsl KOJIMYECTBOM TEIJIOTHI ? Ha30BUTE eIMHULIBI U3MEPEHUS
KOJIMYECTBA TEIJIOTHL.

2. Yto Ha3bIBaETCS yACIHHOM TEIIOEMKOCTHIO TeNa U KaK OHa 0003HavaeTcs ?
3. B yem cocrout (huznueckasi CylHOCTh YpaBHEHUS TEIIOBOTO OanaHca ?
4. ChopmynupyiTe 3aKOH COXpaHEHUs PHEPTUU AJIA Mpolecca Terioo0-
MeEHa.

5. AJITOMUHUEBBIM, CBUHIIOBBIN U KEJIE3HBIN MIaPUKH OJUHAKOBOM MacChl
MMagarT ¢ OAUHAKOBOM BBICOTHI. Y KAKOTO LIApUKA MOCIE yaapa O 3€MIII0
TeMrieparypa OyaeT BoIlie ?

1. Kakoe KONMM4YeCcTBO TEMJIOTHI HAI0 COOOLIUTH TENy C yASIbHOM Terio-
emkocThio 450 JIx/(xr-K) u maccoit 0,5 kr, uto6sl Harpets ero ot 10 °C
10 310 °C?

2. Harpetoe Teno maccoil 3 Kr mpu HarpeBaHuu oT temneparypsl 20 °C
10 500 °C nonyumno 1281,6 x/[x Tennorsl. M3 kakoro marepuana u3ro-
TOBJICHO TeJIO ?

3. Kakoe KOIMYECTBO TEIUIOTHI HAJ0 COOOIIUTH BOJE, C TEMIIepaTypoi
20 °C u o6veMoMm 1,5 71, B HOpMaNbHBIX YCIOBUSAX, UYTOOBI IOBECTHU €€ J0
KUIenus ?

4. B kunsuiei Bojie NpyU HOPMaIbHBIX YCIOBUSIX, HAXOASATCS MEIHOE TEJI0
maccoit 200 r u cBuHLOBOE Teno maccor 150 . Kakum konmdyecTBoMm Te-
MJI0THI OynyT 001aaTh ATU Teda BO BPEMS U3BSTUS UX U3 BOIBI 7

&2



§ 18. PEHIEHUE 3AJ1AY

3apaua 1. MaeanbHblil ra3 nepemien U3 cocTosiHus 1 B cocTosiHuEe 3 OBYMsI
criocobamu (puc.23). KakoBo Oymer M3MeHEHHWE BHYTPEHHEH SHEPTHH B ITHX
HampaBJIeHUsX ?

Hano. YUeprex Pemenne: B HanpaBienuu 1—2—3 ra3 Harpetr u3o-
XOpHO, MOTOM pacuupsics uzobapHo. Bo Bropom Ha-

p npaBiieHUn 1—4—3 ra3 pacmupseTcs U300apuyecKH,
2 s [IOTOM HarpeT U30XOpH4eckH. M3MeHeHue BHYTpEHHEH

SHEPruu 3TO €CTh PA3HOCTh KOHEYHBIX U HadyaJbHBIX
3HAUEHUI BHYTPEHHUX YHEPTHHU:

AU1,2,3: AU1,4,3 =U;-U.

—_
Y
N

puc.23. 3
Buyrpennsis sueprust pasaa: U=—p-V  Torna

W3MEHEHNE BHYTPEHHEN dSHEPTUU

3
AU1,2,3 = AU1,4,3 :E(ps Vi=p ")

HpI/I MepexoAc CUCTEMbI U3 OJAHOI0 COCTOSIHUSA B APYroc, U3MCHCHUC BHy’I’peHHefI
OHCPIrun CUCTEMbI 6y,[[CT 3aBUCCTb OT MAPaMETPOB, XapPAKTCPU3YHOIIUX TOJIBKO 3TH COC-
tostaus. OTBeT: B Ka’XXIOM HAIIPAaBJICHUHN BHYTPCHHSA SHCPIUd U3MCHUTCA OAUHAKOBO.

3apaua 2. B mumHape 1o MOpIIHeM HaxXoauTces ra3 o0bémMam 2 J1 1ol J1aBjie-
nuem 125 klla. ITpu HarpeBanuu raza ot 7 °C no 77 °C, oH pacumupsieTcs uzobdapu-

yecku. Kakyto paboTy HaJl BHEIIHUMH CHJIAaMH COBEpIIIAeT ra3 ? m = const.

Jamno: Pemenue: HavaabHBIM 00bEM Ta3a HaMm u3BecTeH. Ko-
T\=7°C+273 =280 K [HeuHOIi 00beM ra3za HaXOIUM IO YPaBHEHUIO U300apH-
T:= 77 °C+273 = 350 K | yecxoro mponecea: ¥, = 24
p =125 klla=125-10°T1a T,
Vi=22=2-10°w. [Ipu wm300apuyueckoM pacIIUPEHUH ra3a ero paboTa
Havmu: BBIYHUCISETCS 10 popMmyIie:
A=7? A=p-(V,— V). C yuétom GopMyIibl KOHEYHOTO 00be-
Ma rasza, Gopmyna paboTel IPUMET CIEIYIOUUNA BUI:
T.

A=p-(Z-1)-V,.

p (T )V

1

HOI[CT&BJ'IS[?[ YHUCJIOBBIC 3HAUYCHHUA BCIINYUH, BBIYUCIUM TEPMOJUHAMUYCCKYIO
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3agauya 3. B cocyne umeercs 85 1 Boasl Temneparypoit 40 °C. Ona nonydyena
IIyTEM CMEILIMBAaHUS XOJIOAHON BOABl TeMiiepaTypoil 15 °C u ropsueil Boasl TeEM-
neparypoit 100 °C. CkoJIbKO JUTPOB XOJIONHOM M ropstuei Bozbl moTpedyercs,
4TOOBI IPUTOTOBUTH TAKYIO CMECh ?

Hano: Pemenue: cornacHO YpaBHEHHIO TEIJIOBOrO 0Oa-
Hn=15°C JJaHca, KOJHMYECTBO TEMJOTHI, OTJAaHHOE XOJOJHOM
— (e}
12_41(?8CC Boze: O, =mc(t—t) U TONy4eHHOE OT ropsuyeil BOIBI
l‘ =
V=851 Q, =m,c(t,—t) paBusl: Q1 =0, .
BrIpa3us Macchl uepes o6bemsr: My = pVy, my, = pV,
Haiimu: U TTOJIYYUM CIIEAYIONTYI0 (OPMYITy:
V1 =9
Vy=17 pVie(t—t)=pVe(t,=t), wm Vi(t—t)=Va(-1).

t, —t
2.} . CoryacHo

YunuteiBas, uto 06beM cmecu V =V +V, maxonum Vi: ¥V, =
. N t,—
3TON (popMyIie BBIYUCIUM 00BEM XOJIOIHOU BOJIBI: 2

_100-40

= -8521=602. A oObem ropsiuert Bonbl Vo= V—V,= 851 — 601 = 251.
100-15
OrBer: V=602 u V,=25x.
3amauya 4. OueHuTe, Ha CKOJIBKO KEIbBUH IOBBICUTCS TeMIlEepaTypa cTai-
HOW myiu, JieTeBlied co ckopocthio 800 M/c, mocne ymapa B IECOK, B pe-
3ylbTaTe KOTOPOrO OHa OCTaHOBWiIach. CuMTarh, YTO HA HarpeBaHHe Iiec-

ka yuuio 60 %  BbAGNMBIIETOCS Teruia. YAelbHas TEeIJIOEMKOCTh CTalH
460 JIx/(xr-K)

Jano: Pemienue: npu nomajeHuu MylnHd B MECOK €0 KMHETHYECKas
SHEPrus MOJHOCTHIO MPEBPAIIAECTCS BO BHYTPEHHIOK YHEPTHIO.
v= (83060 m/c 1 - n = 0,4 yactu 3TOM SHEPTUU NTEPEXOJIUT B MIECOK.
77 =Y, 2
¢ = 460 Jix/xr-K. | Orciona: 0 =(1-n)E.;  mcAT=(1-7)- m;) .
Hatimu: W3 stoii popmynsl HAXOIUM U3MEHEHHE TeMIEPaTyphl ITYJIH:
=9 2 ?
) AT=(1-177) ;— (f)
c [A T] = —I[>K =K
Kr-K
0,4-800°
r=———K =278K. OtBet: AT=278 K.
2-460
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1. Onpenenute maccy renust uMmerouiero temmneparypy 27 °C u BHYTpeH-

y HI010 ZHepruto 50 x/Ix.

15 2. Kak u3MEHMTCS BHYTPEHHSS DHEPTUsl OJHOATOMHOIO HJAEAJIBHOIO rasa,
€CJIM YMEHbIIUTH AaBineHue Ha 30 % u yBeauuuTh 00beM B 6 paza ?
3. WneanpHplil Ta3 NOCTOSHHOW Maccoi
nepemien U3 cocrosHus 1 B cocrosHue P A
2 (puc.24). Kak U3MEHUTCS BHYTpPEHHSISA
sHeprus rasa? HavdanbHble 1aBiaeHue rasza
po =150 xIla u o6vem Vo =4 1.
4. B umIMHApe 10/ MOpPIIHEM HaxoauT- Fo
csa ra3 maccoi 1,6 kr, U TemmnepaTypou
17 °C. Ilpu n3ob6apHOM HarpeBaHUU ras
coepmaer pabory 40 x/[x. Haiigure
KOHEYHYIO0 TEMIIEpaTypy rasa. puc.24.
5. ITox cBOOOAHO ABMXKYLIUMCSI HOPII-
HEM HaxoAMTCs UaeanbHbIN ra3z temmneparypoir 27 °C, oobemom 10 1 u
nasnenuem 100 xIla. T'a3 marpet uzobapuueckn Ha 60 K. Kakyro paborty
COBEpIIWI a3 HaJl BHEIUHBIMU CUJIaMHU ?
6. IIpu uzobapuueckom HarpeBanuu 25 mosneit raza Ha 20 K, o6bem rasza
yBeanumiics Ha 20 %. KakoBa Oblia HayanbHas Temmeparypa rasa ? Uemy
paBHa paboTa, coBeplIaeMas ra3oM MpH pacliupeHuu ?
7. Cxonbko Bozabl Temneparypoil 20 °C HyXHO 100aBUTh B BOAY Maccoi
8 kr u temmneparypoir 90 °C, yToObI MOTYUYUTH CMECh BOJBI C TeMIlepaTy-
poit 30 °C?
8. Bomopon u renmii OJMHAKOBBIMH MacCaMM Harpeid MIpHU MOCTOSHHOM
nasienuu Ha 60 K. Kakoii u3 ra3oB mpu 3ToM coBepuini 00ibIIyto padoty ?
9. B cocyn Hanunu 125 1 Bogel Ttemmneparypoi 15 °C u 25 11 Boxbl Temme-
patypoii 45 °C. Haiiante KOHEUHYIO TEMIIEPATypy CMECH.
10. B BanHy Hanuiu xonofHyrwoo Boxay Temmneparypoi 10 °C u ropsuyro
Boay temmeparypoit 90 °C. Haiigute Macchl XOJIOAHOM U ropsyYeil BOIBI,
ecnu Temreparypa cMmecu ctaia 50 °C. O6wem cmecu 80 n1. [Totepeit Ten-
JIOTHI IpeHeOpeyb.
11*. CranpHas mysns, JeTsmas co ckopocTthio 800 M/c Bonuia B mecok. Ha
CKOJIBKO T'paJycoB HarpeBaeTcs myis, eciau 54 % BBIIEIAEMOro KOJIH -
4YecTBa TEIUIOTHI IIEPENAETCS IyJIe.
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§ 19. NIPAKTHYECKOE 3AHATHUE. U3YYEHUE TEIIJIOBOI'O
PABHOBECHS B BEHIECTBAX

Heanb 3ansiTHA: HAOTIOAEHUE POTEKAHUS MTPOIIECcCa TEIIOBOTO PAaBHOBECHS.
Heo0xonnmoe o0opynoBaHue: cocyl, ropsyas U X0JI0[HAs BOJA, 1Ba TEPMO-
MeTpa, 3JEKTPOHHBIE YaChl, TOJUITUICHOBBIH MMaKeT, IITATUB U HUTh.

Ilopsinok BbINOTHEHUsI PA0OTHI:
1. Hapucyewm cienyrorryro Tabauiy:

Bpewmst HabnroneHus (MHHYTHI) 0 |1 2

Temnieparypa ropsueit Bozsl, °C

Temneparypa xononHo Bozsl, °C

— HaJMBAaeM B COCYJ ropsuyro Boay. s u3MepeHus temieparypsl ropsiaei
BOJIbl OITyCKaeM TEPMOMETD;

— HAJMBAaeM XOJIOJHYIO BOJY B MOJMITHICHOBOW NakeT. JlJIsi n3MepeHus TeM-
1eparypsl XOJIOAHON BOJBI OIIyCKAEM TyJa IPyTrOd TEPMOMETP;

— XOJIOAHYIO BOAY BMECTE ¢ TEPMOMETPOM OIIyCKaeM B COCYA C rops4eu BO-
J0M.

— HeMHOro nojok1éM. C TeueHHeM KaxJA0W MUHYTHI HaOI0JjaeM MOKa3aHus
TEPMOMETPOB XOJIOAHOM M ropsiueil BOJbI, U 3alIMChIBAEM UX B TaOJIHILY.

— OIIpeJeNsieM TeMIEpaTypbl PABHOBECHUS BOJBI U BPEMsI HACTYILICHUS TEPMO-
JMHaMH4YECKOro paBHOBecHs. [lonydeHHbIe pe3ynbTaThl 3aHECEM B TaOIUILy.

— NPOAOIIKAaeM HaOIoAaTh ellé HECKOJIbKO MUHYT 3a IPOLECCOM I0CIe Hac-
TYIJICHUS] TEPMOAMHAMUYECKOTO PAaBHOBECHS.

— Ha KOOPJAMHATHOM IUIOCKOCTH HauepTUM I'paUKHU 3aBUCUMOCTH OXJIaXKJe-
HUS ropsiuei U HarpeBaHUs XO0JIO0JHOM BO/bI OT BpeMeHuU. CriesiaeM BbIBOJIBI.

npoiiecce TemiooomeHa ?
2. Kak wmensercs BHYTPCHHASA OHCEPrusd BOABLI IIO0CJIIC HACTYIIJICHUS
TEPMOJAMHAMHYECKOTO PaBHOBECHS ?

1. Kak n3MeHsieTcs BHYTPEHHSSI SHEPIUs XOJIOJHOW M ropsided BOABI B
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§ 20. JABOPATOPHASI PABOTA. OIIPEJEJIEHUE YAEJTbHOM
TEIIVIOEMKOCTHU TBEPABIX TEJI

I[ens pabomur: vzydueHue onpeaeneHus yIeIbHONU TETIOEMKOCTH TBEP/IBIX Tell.

Heo6xo0umoe obopyoosanue: KaliopuMeTp U €r0 CMECHUTENb, BECHI, THPH,
TEPMOMETp, TPU TeJa, YAETbHYI0 TEIUIOEMKOCTh KOTOPBIX MPEACTOUT OIpese-
JUTh, TOpsIYas BOJA.

IMopsiioKk BHINMOJIHEHUS PA0OTHI

1. Kanopumertp, ucnosas3yeMblii B padote, mpejacTasieH Ha puc. 22. Onpene-
JIUTE Maccy KaJOpUMeTpa U ero cMecutens (my), B3BeCUB BMecTe. Tak Kak Kajo-
PUMETP M3TOTOBJICH U3 AIFOMUHUSA, TOATOMY ¢ = 890 [/ (kT °C)

2. NzmeppTe 00beM BOJbI (V) ¢ MOMOIIIbIO MEH3YPKH, 3aJIeUTE €€ BO BHYTPEH-
HHUH COCYJl KaJIOpUMETpA.

3. Briuucnure ¢ nomoubo GopMyisl m,= p,V Maccy BOJbI, HAIUTON B Kajo-
puUMeETp. 31€Ch p— MIOTHOCTH BOABI.

4. ITorpy3ure Tepmomerp B kaimopumeTp. llomoxaure HemHuoro. Ilocine Ha-
CTYIUICHHS TEIMJIOBOTO PaBHOBECHS U3MEPHTE TEMIIEPATypy BOABI (7).

5. Ilpu momouu BecOB U3MEPHTE Maccy my Tela, YAEIbHYI0 TEIIOEMKOCTh
KOTOPOTO MPEJACTOUT BBISICHUTb.

6. IlpuBsokuTe TEJIO K HUTU U TMOJOXKUB B KUISILIYIO BOAY M 3alMIINUTE €0
TEMIIepaTypy ¢, MOCJe HACTYIUIEHUS TEIJIOBOIO paBHOBECHS. 3/1€Ch MOXHO MPH-
HaTh ¢, = 100 °C.

7. U3BnekuTe Teno U3 KUMIIEH BOJABI U OBICTPO MOTPY3UTE B KaJIOPUMETP
¢ X0JoAHOM Bojou. CMemaiTe BOAy B KAJIOPUMETPE U 3aMUUINTE TEMIIEPATYPY
CMeECH ..

8. Onpenenure ynenpbHy0 TEINIOEMKOCTD Tefa:

_ (my-cy+mg-c.)-(t, —t3)
m (& —1,)

9. Onpeznennte B TAKOM K€ MOPSAJIKE YIEIbHYIO TEIUIOEMKOCTh €Ile JBYX Tell,
MMEIOIINX pa3IudHble MAaCChl, HO U3TOTOBJIEHHBIX U3 TOrO BEUIECTBa, YTO U Mep-
BOE.

10. Berauciure CpeHION yAEIbHYIO TEIMJIOEMKOCTh C; IO 3HAYEHUsIM, OIpe-
JI€JI€HHBIM JJIsl IEPBOTO, BTOPOTO U TPETHETO Tea.

11. Pe3ynabTaThl BHIYUCICHHH 3aIUIINTE B TaOIHUILY.

CT

Ne | my, xr | m,, XU | m,, KU Cxo L°C | °C |t °C Cr,y Cr

> >

JIk/kr-°C Jx/xr-°C JIx/(xr-°C)
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1. Yto Ha3bIBaeTCs yIeIbHOM TEIIOEMKOCTBIO M KaK OHA BbIpA)KaeTcs?

2. Ucnone3yst ypaBHEHHE TEIUIOBOTO OanaHca, BEIBEAUTE (OPMYITY yASTbHOM
TEIUIOEMKOCTH TeJla U3 MMyHKTa 8 U 00BSICHUTE ee.
3. [Ipoananu3upyiiTe qaHHBIC TAOTUIIBI U CIETANTE BHIBOJIBL.

§ 21. YAEJBHAA TEIIJIOTA CTOPAHUA TOIIJIMBA

[Ipu cropanuu Takux BUIOB TOIUIMBA, KaK JPOBa, KAMEHHBIN YTroJib, IPUPOJ-
HBIW Ta3, OeH3WH, BbIenseTcs Ternora. Kakas ato terora? Ilouemy npwu rope-
HHUHU TaKUX BEIIECTB BhIACISICTCS TeIjoTa?

N3BeCTHO, YTO MOJIEKYJIBI COCTOAT M3 aroMoB. Hampumep, Mojekyna azora
(N,) cocTouT M3 IBYX aToMOB a3ota. MOJIEKYJy MOXXHO pa3JeiuTh Ha aTOMBI.
Paznenenne MoJiekysn Ha aTOMbI Ha3bIBA€TCSI XMMHUYECKOM peaklHnel pacuiensie-
HUsI. ATOMBI MOJIEKYJI MPUTATUBAIOTCS OYEHb CHUJIbHO. JIJ1si pa3jaeneHus aToMOB
MOJIEKYN APYT OT JApYra, N0JKHA ObITh COBEpIIIeHa paboTa MPOTUB CUJI IPUTSKE-
HUsI, a 3HAYUT HU3pacxojoBaHa dHeprus. M1 HaoO0pOT, IpU COCAMHEHUH aTOMOB
JIPYT C APYroM U 00pa30BaHUM MOJICKYJIbI, IPOUCXOIUT BHIJCICHUE YHEPTHH.

0O, C CO;
Puc.25.

B cocTaBe 0OBIUYHBIX BUJIOB TOIUIMBA (yTOJb, IPUPOIAHBIN Ta3, OCH3UH U JP.)
coliepKuTes yriepona. Bo BpeMsi ropeHus: aTOMbI yriiepoja COeIUHSIOTCS C aTo-
MaMu KHCIIopoja cojaepkaeMucs B Bosayxe. Kaxaeiit arom yriepona (C), coe-
JIUHSACH ¢ MoJsieKysioi kuciopoaa (O,), oOpa3yeT MONEKyTy YIJIEKHCIIOro ras3a
(CO») (puc.25). DTOT TIpOIIECC COMPOBOKIACTCS BBIICICHUEM YHEPTUH.

@ Pu3nyeckasi BeJINYNHA, MOKA3BIBAKIIAA KOJIHMYECTBO TENJIO-
ThI, BbIEJAAIOLIEcsl IPH MOJHOM CrOPaHuu 1 Kr TOomIuBa, Ha3bI-
BAeTCHA YAeJbHOH TEIJIOTON CropaHHMs TOILUIMBA.YIeJbHasl TeIJIo-
Ta CrOpaHus TOIUIMBa 0003Ha4YaeTcs OyKBoOii ¢.

KonnyectBo Terotsl O, BRIICISIONMICHCS TPU CTOPAHUU TOTUTUBA, OTIPEACIIs-
€TCS MyTEM YMHOXXEHHS YAEIbHOM TEIUIOTHI CTOPAHUs ¢ HA MAacCy m MOJHOCTBHIO
CropeBUIEro TOIINBA!

Q=q-m.
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W3 »sroit Q)OpMYJ'IBI BUIHO, 4YTO YACJIbHAasd TCIJIOTA CropaHust TOILIMBA

U3MEpSTETCS B [q]:{—

=1=—. B Tabmume npuBeIeHb 3HAYCHUS

1 kr KI'

Q}_ 1 Tx Jx
m

y,IIeJIBHOfI TCIJIOTHI CTOpPAaHHN HCKOTOPBIX BUA0OB TOILJIMBA:

TomuBo | YiejabHasi TeIIOTA Tomuso YnenbHas Temjiora
cropanusi, (MLx/ Kr) cropanusi, (M/I:x/ kr)
1 | bensun 46 4 | Cyxue npoBa 10
2 | Kepocun 42 5 | [IpuponHelii ra3 44
3 | Kamennsrit 29 6 Crupr 29
yToJb

Oo6pa3zen pemeHus 3a1a4u

K

aKyl0 MacCcy CyXHX JApOB HaJ0 CXKe€4b, 4YTOOBI TOJIYYUTh TaKoe OIKe

KOJIMYECTBO TEIUIOTHI KaK IPU MOJHOM cropaHuu 20 KI KAMEHHOTO yIJist?

Jano: Pemenue: no ycinosuto 3anauu Q; = Q..

3HauUT Mm; q;= m, ¢, , OTCIOA
m; =20 Kr
q1 =29-10° Ix/kr o T
¢ = 10'106H)K/K1" ' 20kr-29-10 Kr

m - 4,

— m, = = T S8Kr.
Haiimu: 2 10-10° 2=
my="7? OTtBeT: m,= 58 KI.

16

1. Yto Ha3bIBaeTcCs yAeIbHOM TEIIOTOM cropaHus TOIIMBA ?

2. Kak ompenensercsi KOJIUYECTBO TEIUIOTHI, BBIACIAIONIEHCS IPU cropa-
HUU TOIUTUBA ?

3. UTto 03HauaeT BhIpaKEHHE: « YeJIbHas TEIUIOTa CTOpaHUs TOIUIMBA PaB-
Ha 4,4-107 JIx/xr» ?

1. CkoapKO CIUPTA CIENYET CKeUb, YTOOBI MOMYyUHuTh 5,8 MK TermmoTsl ?
VnenbHas Temiora cropanus cnupra 2,9-107 Jx/kr.

2. Kakyro Maccy Cyxux JIpOB HaJ0 CK€4b, YTOOBI TOJYUYUTh TaKOE e KO-
JNYecTBa TEIUIOTHI, KaK IIPU MOJHOM CrOpaHuHU 25 KI' KAMEHHOTO yIiis?

3. ABromamnny «Hekcus» 3anpaBunu 40 51 6eH3znHa. CKOJIBKO 3HEpPruu
BBIICNIUTCSA Ha KaXXJOM KWJIOMETpE MpH cperHeM pacxoae OensuHa 10 i
Ha 100 kM ? [TnotHOCTH OeH3uHa 700 Kr/M>.

4. JInst mpUroTOBJIEHHUS UM B oyare coxokeHo 12 kr cyxux npoB. OnHa
YETBEPTh TEIJIOTHI, BBIJEIUBLIEHCSA NIPU CTOPAHUM JIPOB, PACXOIYETCS Ha
IIPUTOTOBJIEHUE MUILIH, OCTAJIbHAS YaCTh — Ha HarpeBaHUE ouyara, KoTia u
Bo3ayxa. Kakoe KOJMYECTBO TEIIOTHI MOTPeOOBAIOCH ISl TOTO, YTOOBI

AOBCCTHU NTUIY A0 'OTOBHOCTH ?
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§ 22. IEPBBIN 3AKOH TEPMOJINHAMUWKN

Ilonsitue o IEPBOM 3aKOHE€ TCPMOAUHAMHUKH

B pesynsrare 0000mieHus (GakToB, TMOJYYEHHBIX B MPOIECCE TUTEIHHBIX
HaOIOCHUH M SKCTIEPUMEHTOB, ObUT C(HOPMYIIUPOBAH 3AKOH COXPAHEHUA IHEPZUL:

@ B MpUPOAE IHEPIUA HE BOSHUKACT U3 HUYEIo U HE HCUYE3A€T,
KOJIMYE€CTBO JHEPIrUu HE USMECHAECTCH, JHCPIrUd TOJbKO IEPEXO0-
AUT U3 OAHOIO BH/IAa B prFOﬁ.

3aKOH COXpaHEHUs PHEPTUU CIPABEMJIUB ISl BCEX sBIIE-
HUM, poucxodmux B npupone. Ilepevtit 3akon mepmoou-
Hamuku SIBISETCS NPUMEHEHUEM 3aKOHA COXPaHEHUs JHEp-
TUU K TETUIOBBIM SIBJICHUSM.

JlonmyctrM, 4TO MOpIIEHb LWIMHAPA, B KOTOPBIM 3aKadyaH Ias,
YIEP)KHBAETCSl CUIION TSDKECTU M MOYKET CBOOOIHO TIepe/IBUTaeTCsl,
BIIOJIb CTEHOK IWIIMHApA 0e3 cuibl Tpenus. [lycts rasy nepemaHo
KOJIMYECTBO TEIUIOTHI (). DTO KOMMYECTBO TEIUIOTHI OYJIET M3pacxo-
JIOBAaHO Ha yBEIMYEHHE BHYTpEHHEW 3Hepruu ra3a Ha AU u nepe-
MeIIeHHe MOPIIHS Ha BeICOTY A/ (puc. 26). [1pu 3mom ra3, uto0sl
TIOJTHSTH TIOPIIEHb Ha BHICOTY A/, BBIONHSET paboTy A TpOTHUB
BHEIIHUX CUJI, B YACTHOCTH, IPOTUB CHJIbI TSHKECTH MOPIIHS.

puc.26.

O0=AU+4 (1)

@ KoaunuecTBo TCIJIOTHI, MEPEIAHHOC CUCTEME, HI€T HA U3-
MECHECHHE BHyTpeHHeﬁ JHEPIrum CUCTEMbI U HAa BBLIIMOJTHCHHE
paﬁon NPOTUB BHECIITHUX CHJI.

DTO ompeAereHUe BBIPAKACT HePeblil 3aKOH MepMOOUHAMUKU. DTOT 3aKOH
o1 chopmynupoBan B cepeaune XIX B. Hemenkumu yuyeHsiMu P.Maiiepom,
I I'envmzonbyem v anrnuiickum yueHoiM . /ocoynem.

ﬂpnMeHeHue MEPBOro 3aKOHaA TEPMOAUMHAMUKHU K H30IIpoLHeccamM

1. U3oTrepmuueckuii npouecc (7 = const). Ecnu Temneparypa uaeanbHOro rasa
HE M3MEHSCTCS, €r0 BHYTPEHHSS dHEpPrus Takke He m3MeHsercs u B (opmyne (1)
AU = 0. 15151 3T0TO Ctyyasi IEpBbII 3aKOH TEPMOJMHAMUKHU BBIPAYKAETCS B BUJIE:

Q =4 2)

B uzomepmuuecKkom npouecce TeiJioTa, nmepeaaBaeMasi ujacajab-
HOMY rasy, pacxoayercsda Ha COBEpUICHUE p360Tbl caMOM CHCTEMOIi.

¢




Ecmu B M30TepMHUYECKOM TpoIecce a3 moiydaer Terioty (Q > (), oH paciu-
pseTcs Ha 00bEM AV u coBepliaeT NONIOKUTENbHYI0 padoty (A > (). Ha nmuarpamme
(puc.27. a) BeIoTHEHHAs paboTa paBHa IJIOIIA N, OKPAIIIEHHON B YKEIIBTHIH IBET.

Ecnu xe ra3z oTgaer TemioTy BO BHEMHIOW cpeay (Q < (), TO BBIOTHACTCSA
otpunarenbHas padora (4 < (). [Ipu 3ToOM BHEIIHSSI CHCTEMA BBITIOJIHSIET PaboOTy
HaJl ra3oM. BennunHa BBIMIOJHEHHOW PabOTHI paBHA IUIOIIAJH, MOKAa3aHHOW Ha
nuarpamme (puc.27 0).

puc.27.

2. N300apuueckuii mpouecc (p = const). Eciu B yCIOBUSX MOCTOSHHOTO
JIaBJICHUS Tra3 TOJIydaeT TEIUIoTy, COBepIleHHas uM pabora Oynet A = pAV. B
ATOM clly4ae NMEePBbIi 3aKOH TEPMOJIMHAMUKY BBIPAKACTCS B BUJIE!

0 =AU+ p-AV. (3)

@ B uzobapuueckom npouecce Temnora, nepeaaBaeMasi cUcTeMme,
pacxoayeTrcsi Ha yBeJIMUeHHe ee BHYTPeHHell JHepruu M coBeplile-
HHe padoThbl caMOii CCTeMOM NPHU MOCTOSTHHOM /1aBJICHUH.

Ecnu ra3 marpeBaercst (Q > ()) mpu MOCTOSSHHOM JIaBJICHWH, TO BHYTPEHHSA
sHeprus rasza BospactaeT (AU > () u oH, pacIIUpssCh, COBEpPUIAET MOJIOKHUTEIb-
Hy10 padoty (4 > (). KomudecTBO BBINOJHEHHON PabOThI paBHO IUIONIA/IA, OTMe-
4eHHOU Ha nuarpamme (puc.28 a).

Ecmu ke ra3 oxmaxmaercst (Q < ()) mpu MOCTOSIHHOM JIABJICHUH, €T0 BHYTPEHHSIS
sHeprus ymenbiaercs (AU < () u coBepiiaercs oTpuriarenbHas padora (4 < (). Be-
JIMYMHA BITIOJIHEHHOH paboThl paBHA IUIONIA/IM, YKa3aHHOM Ha quarpamme (puc.28 0).

D b e 6)
DA : D A
p 0 p
0 vy, v, 0y, v,V

puc.28.
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3. U3oxopuueckuii mpouecc (V' = const). B m3oxopuueckoM mpoiecce
(AV'=0) 4 = pAV= 0, T0 ecTb pabota He coBepiiaeTcs. st 3TOrO City4as nep-
BBIW 3aKOH TEPMOJMHAMUKH BBIPAXKACTCS B BUJIE:

0=AU. 4)

B uzoxopuueckom npouyecce Temnora, nepeaaBaeMasi CHCTe-
Me, pacxojyeTcsl HA yBeJlM4eHHe ee BHYTPeHHell JHepruu.

[Ipu HarpeBaHuu raza ero BHyTpeHHsS dHeprus Bo3pactaet (AU > (), a npu
oxJaxxieHun ymenbinaercs (AU < 0).

AnnadaTudeckuii mpouecc
Bo Bcex paccMOTpEHHBIX BBINIE H30MPOIECCaX MEXAY CUCTEMON U OKpyXKa-

foteit cpenoit npoucxoaut Termooomen (Q #0). Tenepb paccMOTpHUM TpoIiecc,
KOTOPBIN MpoTekaeT 6e3 TernnooOMeHa ¢ okpyxaroiieit cpenoit (O= 0).

@ IIpouecc, nporexkamuii B U30JJUPOBAHHON cucTeMe 0e3 Ter-
Jaooomena (Q = 0) ¢ okpy:kawieil cpeaoii, Ha3pIBaeTcs aanada-
THYECKHM.

Tak kak B agmabaruueckom mporecce O = 0, u3 ypaBHeHus (1) MOXHO

MOJYyYUTh 3aBUCUMOCTE: AU+ A4 =0 wim
| A=-AU.| )

[Ipu agmabaTudeckoM paclUIMPEHUU BHYTPEHHSISI DHEPTHUS ra3a YMEHbIIAeTCs
(AU < 0), u coBepmaercsi pabota (4 > 0), To ecTh paboTa BBINOIHIETCS 3a CUET
BHYTpEHHe sHepruu raza. KonnuectBo paboThl COOTBETCTBYET IUIOLIAAH, BhIE-
JeHHOW Ha nuarpamme (puc. 29 a).

[Tpu agnabatnyeckoM C)KaTUM BHYTpEHHsI SHeprusi Bospactaet (AU > 0), u co-
BepiaeTcs padota Haj ra3oM (4 < 0), To ecTh BHYTPEHHSISI SHEPT U YBEIUYUBACTCS 32
cuet paOoThl, BHITIOJTHEHHOM MPH C)KaTUH ra3a BHEITHUMH CHJIaMHU. BenmuuuHa BBITON-
HEHHOU paboThI COOTBETCTBYET IUIOIIA N, BbIACICHHON Ha quarpamMme (puc.29 6).

a) 0)

Puc.29.

B agmadarnuyeckoM mpomnecce M3MEHSIIOTCS BCe TPH MAaKPOCKO-
NMYeCKUX napamerparaszap, Vu T.
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Jlns TeruiooOMeHa ra3a ¢ BHEILITHEH cpenioit Tpedyercst onpenenenHoe Bpems. Ecnu
MIPOIIECC MPOTEKAET OUEHb OBICTPO (ECITM a3 CKUMAETCS HITH PACIIUPSAETCS TOPIITHEM
OYeHb OBICTPO), TO TIPU ITOM TETIIOOOMEH HE YCIEeBaeT MPOU30UTH U MPOLIECC MOKHO
cuuTarh aanadbarnueckuM. OXJIaKIeHHEe ra3a Npu aanadaTH4eckoM PacIIUpEeHUH H
HarpeBaHUe Ta3a MpH aguadaTUYecKoM CKaTuu HalmromaeTcs moBciony. Hampumep,
arMoc(epHBIN BO3IYyX, TOAHUMASICh BBEPX, PACIIUPSICTCS M OXJIAXKIACTCS, TaK KakK C
BBICOTOI atMoc(epHoe JaBleHHe MafaeT. B pe3ynbrare oximaxaeHusl BO3ayXa BOs-
HBIE TIAPBI, HAXO/SAIINECS B HEM, KOHIEHCUPYIOTCSI, 00pa3ys oOmaka.

1. Kak ¢popmynupyeTcsi v BeIpaxkaeTcs IEPBBIA 3aKOH TEPMOJIUHAMUKH ?
2. Ha 4to pacxomyeTcs SHeprus, nepeaaHHas CHCTEeME B HM30TepMHUYEC-
KOM, B U300apHUYECKOM U B H30XOPUUYECKOM Ipoleccax ?

3. Kakoii mpouecc Ha3piBaeTcs anuadbatudeckuM ? [IpuBenure mpumepsl.
4. Kak u3MeHsieTcst BHYTPEHHSISI DHEPTUs MIPU aAnabaTHueCcKOM pacIIupe-

HyAU rasza ?
1
2
B npupoae HeT uacanbHBIX BElIECTB, a0CONIOTHO HE IMPO-

@ Bojsimue Termio. [IoaToMy cucteMy HEBO3ZMOXKHO H30IUPO-
BaTh OT OKpyKalomux ux teia. Ho mpumepom annabatuy-
HO-M30JIUPOBAHHON CHUCTEMBI MOXET CIY)XUTh OOBIYHBINA 3
tepMmoc (puc.30). O3HaKOMBTECH CO CTPOCHHEM TepMOcCa,
n3y4aiiTe U3 Kakux 4acteil oH cocTosAT. OObsICHUTE MPUYH-
HBI TOTO, TIOYEMY B TEPMOCE JIOJITO COXPAHSIETCS Yail rops-
YUM.

puc.30.
§ 23. PEHIEHUE 3AJ1AY

3agaua 1. B nuimHapuyeckoM cocyne co CBOOOMHBIM TMOPITHEM HAXOMHUT-
¢Sl OJHOATOMHBIN HMaeanbHEIN ra3. Kakoe KoJn4ecTBO TEMI0THI HAI0 COOOIIMT,
yT0OBI Ta3 coBepirui padory 500 Jx ?

HaHo: ®opmy.ia Pemenue
p = const _
=AU+ 4
A =500 Jx. Q Q:%500]1>1<= 1250 JIx.

A= pAV =L RAT.

Hatimu: M
=9
Q 3m

AU =U,-U, :EE'RAT' Otser: O = 1250 Jix.
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Toraa KOMMYECTBO TETIOTHI B ©300apUUYECKOM TIpolieece:

3 m

O=AU+ A== RAT + L RAT =2 >
2 M M

> RAT =—- A.
2 M 2

3anmomHuTe: B M300apuyeckoM paciiMpeHUU OAHOATOMHOTO MJI€ATBHOTO
ra3a 0,4 yacTh TEIUIOTHl YXOAUT Ha BBHIMOJIHEHHE paboThl, a 0,6 4acThb-HA HU3Me-
HeHue BHyTpeHHel sHeprun: 4 = 0,40 u AU=0,6-0.

3agaua 2. Ha ckonbko nmogHuMaetcs: temneparypa 20 r reiaus, HaXoIsIIero-
cs B MeTaJuTMYecKoM Oayutone, mpu coodmenuu emy 2500 /[ TerioTsr ?

Hano: Pemenne: B HU30XOpUYECKOM npoiecce TETI0Ta,
V= const nepenaBaeMasi CHCTEME, pPacXOAyeTcs Ha YBEJIWYEHHE €€
m=20r BHYTPEHHEW HSHEpPruu. 3amuiieM YpaBHEHUE TEPBOr0 3aKOoHA
M = 4 r/monb 3 m

TEPMOAMHAMUKY JJIs1 5TOro mpomecca: 0 =AU =—-— RAT.
0 =2500 x.

Ortcrofa HaxoIUM U3MEHEHHUE TeMIIepaTyphl rasza:

imu KT
Havumu: 0 K -
AT =7 ar=22M a7 =—M;[”L =K.
. . K
3-m-R 1
MOJIb- K

-3
- 2:2500-4-10

- - K = 40K.
3-20-107-8,31

OTtBer: AT = 40 K.

1. Kakas pabora coBepliieHa Haj ra30oM, €CIU IPU U30TEPMUUECKOM TPO-

Y 1ecce eMy nepeaHo KoJMYecTBO TeIIIOThI, paBHOE 5 K[k ?

17 2. Kak u3MeHsieTcsi BHYTPEHHSSI DHEPIrus ras3a, ecji Ipu U30XOPUUECKOM
Mpolecce eMy nepeaano KoJu4ecTBO TeIUIOTH, paBHoe 2,8 k/[x ?
3. Ilpu mepenade raszy koiumdyecTBa TEemiaoThl 3,5 K/ ero BHYTpeHHsA
sHeprus yBennuuiaachk Ha 2,1 kJIk. Kakas pabora coBepiieHa Haj razoMm ?
4. Ilpu HOPMANBHBIX YCIOBUAX Ta3zy COOOIIEHO KOJWYECTBO TEIUIOTHI U
o0beM rasza yenuuumics Ha 0,05 m°. Kak u3MeHHMTCSI BHYTPEHHSISI SHEP-
rus raza ? Ilpouecc cuurars H300apu4eCcKOM.
5. Kakoe Koim4ecTBO TEIIOTHI HEOOXOAMMO COOOIMIUTH 25 MOJIAM OLHOA-
TOMHOTO ra3a, HaXOJsIIEerocs B METaJNINYEeKOM OailsioHe, YTOObI MOAHATH
ero Temmneparypy Ha 20 K ?
6. B nununHape co cBOOOIHBIM MOPIITHEM HAaXOAUTCS OJHOATOMHBIN Ta3.
JNasnenue raza 10° ITa. Kakoe KoJu4eCcTBO TEIUIOTHI HATO COOOIIUTH, YTO-
OBl ero oObeM yBeauumiIcs Ha 2 1 ?
7. Ilpu cooOmieHHH OXHOATOMHOMY Tra3y, HaxoAsIleMycs B OaJuIoHE,
500 [Ix temnotsl, ero Temneparypa noaHsiack Ha 40 K. Onpenenure ko-
JINYECTBO BellecTna rasa ?
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§ 24. HEOBPATUMOCTbD TEIIJIOBBIX NPOHECCOB.
BTOPOU 3AKOH TEPMOANHAMUKHU

OO0paTumble 1 He0OpaTUMbIE MPOIECCHI

Bce npoueccsl B mpupoje HeoOpaTtumbl. Ho CymiecTBYIOT Takue MpPOIECCHI,
KOTOpBbIE 110 CBOEMY POAY SIBJISIOTCA OYEHb OJIM3KMUMH K OOpaTHBIM SIBICHUSM.
Hanpumep: Bce MexaHMUYECKHE MPOILECCHl, KOTOPbIE MPOUCXOAAT 0e3 TpeHHs U
6e3 ynpyrux aedopMaluil CYMTAIOTCS IpUMepaMu oOpaTtumoro mnporecca. Kone-
OaHMs MasTHHKA, TOJBEIICHHOIO Ha MOJABEce U KoueOaHus Tella, MOABEIIEHHOTO
K NpY>KUHE, ABIAIOTCA 00paTUMBIMU nporieccaMu (puc.31).

S———{a0
L ;
~—F ‘
) S Lo el B e
puc.31.
@ OOparuMbIM  TEPMOAMHAMMYECKMM IPOLIECCOM HAa3bIBACTCS

TePMOAMHAMUYECKHH Tpouece, JONMYCKAWIINH BO3MOKHOCTH BO3-
BpallleHUsl CHCTeMbI B IEPBOHAYAIbHOE COCTOsIHUE (€3 KaKuX-JI11n00
U3MEHEHUH B OKpY:Kaomiei cpene.

TemoBble e SBIEHUS OTIMYAIOTCS OT MeXaHH4eckux. Bce oHu HeoOpaTu-
Mbl. PaccMoTprM HEOOPaTUMOCTD NMPOLECCOB Ha CIEAYIOMNX IPUMEpax:

1. Harpetble Tena MOCTENEHHO OXJIaXKIal0TCsl, IepeiaBasi CBOIO JHEPruio 60-
Jee XOJIOMHBIM OKpy»KaromuM TeraM. Ho oOpaTHblii mporiecc mepeaayu Terio-
ThI OT XOJIOZHOTO Teja K TOpsiYeMy CaMOINPOU3BOIbHO HUKOIIA HE TPOUCXOAUT.

2. Bo3bMmeM 11Ba cocyza — OAMH C ra3oM, a BTOPOHM 0€3 raza M COCIUHHUM UX
MEXIy COOOM CTEKISTHHOW TpyOO4koil ¢ KpaHOM. ECiM OTKpBITH KpaH MEXIy
HUMH, TO KaKas-TO 4acTh rasa mepeuger B myctou cocya. B pesynbrare nasie-
HUE ra3za B 000UX cOCylaX yCTaHOBUTCS OAMHAKOBBIM. ['a3 HUKOTJAa caMOIpou3-
BOJILHO HE BO3BPATHUTCS B NEPBOHAYATIBHOE COCTOSTHUE.

3. Ilyns, BbuIeTEBIIASA U3 PYXKbsI YAAPSSICh O MPENATCTBUE, HATPEBAET U ceos,
u npenarctBue. [Ipu 3ToM yBenuuuBaercss ux BHyTpeHHss sHeprus. Ho obOpar-
HBI Tpollecc MpeBpalleHuss BHYTPEHHEW PHEPTUM NYyId U MPEnaTCTBUS B
MEXaHUYEeCKY0, 00eCTIeUrBAIOLIYIO IBH)KEHHE YU - HE BOZMOXKEH.
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M3 stux MNpUMCpPOB BUJAHO YTO, BCC NPOLECCCHI, MPOUCXOAAININUC B MPUPOIC,
MMPpOTCKAOT B OIMMPCACIICHHOM HAIIpaBJICHUH. B O6paTHOM HarpaBJICHUX OHH Ca-
MOIIPOU3BOJIBHO IMPOTCKATb HEC MOTYT.

@ HeoOpaTuMbIM TepMOAMHAMIYECKHM MPOLECCOM HA3BIBAETCH
npouecc, He JAONYCKAIIUI BO3MOKHOCTH BO3BpallleHHsI CHCTe-
MbI B IEPBOHAYAJIbHOE COCTOsIHME 0e3 KaKuX-J11u00 U3MeHeHnil B
OKpY Kawllei cpeae.

Bropoii 3ak0H TepMOIUHAMUKH

O6001muB, MpeaCTaBICHUS 0 HEOOPATUMBIX MPOIECCOB, HEMEUKHUI YUEHbIN
P.Kinay3uyc copmynupoBan BTOpOi 3aKOH TEPMOJAMHAMUKH TaK:

@ HeBo3Mo0kHO mepeaaTs TemyioTy OT 0ojiee XO0JIOAHOH CHCTeMbI
K 0os1ee HAarpeToi NPU OTCYTCTBUM JAPYrUX OJHOBPEMEHHBIX W3-
MEeHEeHHH B 00eHX cHCTeMaxX WM B OKPYKAWIIHMX TeJax.

N3 BTOpOTO 3aKOHA TEPMOAWHAMHUKH MOXXHO BBIBECTH 3aKJIIOYCHHUE O
HEOOpPAaTUMOCTH HE TOJBKO Ipoliecca TEIUIONepesaun, HO U APYrUX IPOLECCOB
B npupozae. BaxxHOCTh 3TOro 3akoHa 3akirodaercss MMEHHO B 3ToM. Hampumep,
HEBO3MOKHO MOJIYYUTh MPOIECC 0OpAaTHBIN CTAPEHNIO OpraHKU3Ma YeJI0BeKa.

00BSACHUTE PA3TUYHNSI MEKIY TEIUIOBBIMH U MEXaHHYECKUMH MPOLIECCAMH.
2. [IpuBeauTe mpuUMepbl HEOOPATUMBIX TEIIOBBIX MPOLIECCOB.

3. HaiiTe ompeneneHrne BTOPOTro 3aKOHAa TEPMOJUMHAMUKHU I HEoOpaTu-
MBIX MPOIECCOB

1. Chopmynupyiite npaBuio oOpaTUMOT0 U HEOOPATUMOTrO MPOLECCOB U

§ 25. JABOPATOPHAS PABOTA. CPABHEHUE KOJIMYECTBA
TEIIJIOTBI NP CMEIINBAHUUA BOJAbI C PA3JIMYHBIMU
TEMIIEPATYPAMMU

Ilenv pabomsr: npoBepKa CHpPaBEAIMBOCTH ypaBHEHHUs TEIUIOBOro OajaHca
MPU CMEIIMBAHUH BOJIBI C PA3IMYHBIMU TEMIIEpaTypaMH.

Heooxooumoe obopydosanue: nBa cocyna €eMKOCTbIO [JI, TEPMOMETP, MEH-
3ypKa, ropsuasi ¥ X0JIO[AHAas BOJA.

[Mopsaok BHINOJHEHUS PadOTHI

1. [Ipu moMoIIM MEH3YPKH HAJICHTE B CTaAKaH ropsiuyl0 BOJy Maccou m; U U3-
MEpBTE €€ TeMIepaTypy /.

2. IIpu nmomouy MEH3YpKH HaJIEHTE B JPYyroll cTakaH XOJOJHYIO BOJY Mac-
COil m, 1 U3MEPHTE €€ TEMIIEPATYPY f>.
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3. HaneiiTe ropsiuyto BoJly U3 BTOPOTO CTaKaHa B CTAKaH C XOJOJHOU BOJAOU U
HU3MEepbTE TEPMOMETPOM TEMIEPATYPY ¢ CMECH.

4. Beruncnure no hopmyne O, = cm,; (t;— t) KOTUIECTBO TEIMJIOTHI, OTJAHHOE
ropsiueit BOA0il; 31€Ch ¢ — yAebHas TEINIOEMKOCTb BOJIBI.

5. Beruucnure o Gopmyne Q>= cm; (t — t;) KOTUYECTBO TEIIOTHI, MOIYyUECH-
HO€ XOJIOJHOM BOJOM.

6. I3MeHuTe Macchl, CMEIIMBAEMOM TOpsiUei U XOJIOJHOU BOJBI U MOBTOPUTE
paboTy Tpu pa3a B COOTBETCTBUM B TyHKTaMu 1-5.

7. Pe3ynbTaTel ©3MEpPEHUI U pACYETOB 3AMUIIUTE B TAOJIHILY.

No |my,kr |t,°C my, kK | 6,°C |t °C c, O, x| O, Ox
Jx/xr- K

3yJbTare u3MepeHui u pacueroB. [louemMy AOKHO BBIIOJIHSITHCS YCI0BUE
0= 0,7

2. IloueMmy B opMyJie KOJIMYECTBA TEIIOTHI BMECTO PA3HOCTH aOCOJIIOT-
HBIX TEMIIepaTyp MOXHO HCIIOJb30BaTh Pa3HOCTb TEMIIEpATyp, U3Mepsie-
MbIX 1o 1mkane Lenscus ?

1. CpaBHUTE 3HAUYCHUS KOJIWYECTBA TETUIOTHI O; U (>, MOTyYEHHBIE B pe-

TECTbI IJIs1 IOBTOPEHMUS IJTIABBI 11

1. Kak yMeHBHIMTCSI BHYTpPeHHsisi JHeprusi 4 MoJb aproHa mnpH
noHu:keHuu Temneparypsi ot 30 °C g0 —70 °C ?
A) Ha 5 x/Ix; B)na2,5x/lx; C)Bl,5paza; D) B3 pa3sa.

2. O0beM 0IHOATOMHOIO W/1€aJbHOIr0 ra3a 2 M, a BHyTPEeHHsIsI JHePTHUs
3000 d:x. Hajinute naBjenue raza (I1a)?
A) 1000; B) 500; C) 800; D) 1500.

3. Onpeaeaurte maccy reausi remneparypoii 30 °C u BHyTpeHHell JHepru-

eit 3030 Ik (1).
A)2,2; B) 3.,2; C) 10; D) 4.8.
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4. Kak u3MeHHMTC BHYTPEHHSISl JHEpPIrusi HIeaJIbHOI0 ra3a B mpouecce,
H300pakeHHOM Ha rpajpuke ?

V A) yMEHBIIHUTCS;
2 B) yBenuuures;
1 C) He u3MeHurcs;
0 ! p D) B Havale yBEANIUTCS, 3aTEM YMCHBIIUTCSL.

5. I'a3 nepemen u3 cocrossnusi 1 B cocrosinme 2. Kak m3MeHujach ero
BHYTPEHHsAS Heprus ?

p 5 A) He U3MEHUIIACK;
B) ymenbmmnace;
C) yBenuuuiace;
0 i ! v D) B Hauane yMeHbIINIACH, 3aTEM YBEJIUYMIACH.

6. Kak u3MeHHMTCSI BHYTPEHHSISi JHePrusi OJHOATOMHOI0 ra3a, ecju
YMEHbIIUTH 1aBjieHne Ha 25 % U yBeJU4YUTh 00beM Ha 60 % ?

A) ymenbinurcs B 1,4 pasa; B) yBenuuurcs B 1,2 paza;
C) yeennuures B 1,8 pa3sa; D) ymenbmures B 1,6 pasa.

7. OT 4ero 3aBUCHUT TEIJIOEMKOCTH Teja ?
A) OT KOTMYeCcTBa TETIOTHI; B) ot macchl BemecTBa;
C) oT HavaIbHOM TeMIepaTypHl ; D) ot pona BemecTsa.

8. Cmemaun 1 kr Boas! npu 10 °C n 200 r kunsarka. Onpenejanrte Temie-
parypy cmecu (°C).
A) 35; B) 45; C) 40; D) 25.

9. CKoJbKO KI X0JI0HOH BOAbI Temnepartypoii 20 °C norpedyercst 106a-
BHUTh B ropsiuy10 Boay mMaccoii 8 kr u remneparypoii 90 °C 1y1s1 npurorosJie-
HUd cMecH Temneparypoii 30 °C ?

A) 40; B) 24; C) 48; D) 16.

10. Boga nagaer ¢ BbicoThl 210 M. Ha cK0/1bKO MOBBICUT TeMIlepaTypy
BOIbL, ecjin 70 % padoThl cuibl TaKecTH MAET HAa HarpeB Boabl (K) ?

A) 4,2; B) 2,1; C) 0,6; D) 0,35.
11. B xakom npouecce ra3 He BbINOJHsAET padory ?

A) B U30XOpUUYECKOM; B) B uzobapuueckom;

C) B U30TEPMUYECKOM; D) B agnabaruyeckom.

12. YkaxkuTe elMHULY H3MepeHHs Ipou3BeaeHus p AV.
A) 3K0ynb; B) nackans ; C) nutp; D) monb.
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13. Kakoii ¢pusnyeckuii cMbICJI 3aKpalleHHOM IJIOIIAAH HA PUCYHKe ?

p A) paBHa BBITIOJIHEHHOH paboTe;

B) paBHa n3MEHEHUIO TEMITEpaTyphI,
D C) paBHA U3MECHCHHIO JaBJICHUS;

. v D) Her pusnueckoro cmpicia.

14. O6bem rasa, Haxoasimerocsi mox aasienuem 10° Ila, uzo6apHo yBe-
auuniicst ot 300 cm® 10 500 cmi. Onpenenure paGoTy COBepPIIEHHYI) Fa3oM
NPHU paclIdPeHNH.

A) 10; B) 20; C) 50; D) 200.

15. Ilpu n300apuveckomM HarpeBanuu Kuciaopoaa Ha 14 K cosepmaercs
padora 8310 /I:x. HaiinuTe maccy kuciopoaa (Kr).
A) 2; B) 3,2; C) 1,6; D) 0,32.

16. Kakasi padora coBepmaercsi IpH M300apu4eCKOM HATPeBaHHHU S5 MoO-
Jgei raza na 20 K (/I:x).
A) 830; B) 1000; C) 420; D) 560.

17. Haiigute mo rpadguky padory HAeajdbHOI0 ra3a, COBEpUICHHYIO 32
OMH IHUKJ.

p
el 2 A) (p1-p2) (Va- );
j ! B) pi(V2-V);
4 C)p2(V2- V)
y 2 < 3 D) (pz ‘pl) V.
0 —> V

18. IIpu mM300apuyecKoM HarpeBaHHMH rasa ero 00beM YBEJHYHJICH HAa
40 %. Kakyio padoTty coBepuiaeTt ra3 HaJ BHCHIHUMH CHJIaAMHU ?
A) 40 pV; B) 4 pV; C) 0,6 pV; D) 0,4 pV.

19. Yrto xapakTepu3yeT NepBbIid 3aKOH TEPMOAMHAMUKH ?
A) 3aKOH COXpaHEHHUs MEXaHHUYEeCKOW YHEPruu;
B) suepruto ynpyroit agedpopmanuu;
C) TemioBoe paBHOBECHUE;
D) 3ak0oH COXpaHEHHUs SHEPTHH.

20. Kak u3MeHHMTCH BHYTPEHHSISI JHEPrusi rasa NnpH H30TEPMHYCKOM
cxaTuu ?

A) yBenuuurces; C) He u3MeHurcs;

B) ymenbmmrcs; D) BHyTpeHHsIs1 SHEPTHsI MOKET OBITh IPOU3BOJILHOM.

@



21. Kak BbIpa:kaeTcsi nNepBblii 3aKOH TePMOAUHAMUMKH I aguadaTuyec-
KOro nponecca? Boidepure npaBu/IbHbIN OTBeT.

A) O=AU+4; B) 0=AU; C)4+AU=0; D) QO=AU-A4.

22. B BepTHKaJbHOM LWWJIHHAPE MOJ MOPIIHEM HAXOAMTCSH OJHOATOMHBINI
uaeaJbHbli ra3. Kakas padora copepmurcsi npu nepenave rasy 375 JIx ren-
Jaotsl (Ix) ?

A) 300; B) 240; C) 200; D) 150.

23. B BepTHUKAJIbHOM IWJIHH/APE MOJ MOPIIHEM HAXOAUTCS OJHOATOMHBII
uaeaJbHbli ra3. Kak usMeHUTCS BHYTPEHHSIS JHEPrusi Npu mnepeaayde rasy
750 d:x tenaorst (k) ?

A) 500; B) 450; C) 300; D) 250.

24. B nnianHape co ¢BOOOHOM NMOPIIHEM HAXOAUTCS OJHOATOMHBIN ras.
JaBaenune raza 1,5-10° Ila. Kakoe KoJIM4eCTBO TeIJIOTHI HAJT0 COOOIIUTH
3TOMY rasdy 4rodsnl ero oobem yseauuuiacs Ha 2 i ([JIx) ?

A) 1662; B) 500; C) 750; D) 150.

25. lIponoxkute ppasy: B agmadarnyeckoM mpouecce ...

A) V, T n p nepeMeHHbIE U OTCYTCTBYET TEIUIOOOMEH ¢ BHELIHEH cpenoii;
B) V' u T mepemeHHBI, p IOCTOSHHOE;

C) p u T nepeMeHHBI, V IOCTOSHHBIN;

D) p u V nepemennsl, T nocTosiHHASA.

26. Ilpn aguadaTruveckoM c:kaTum ras cosepmmi padory 50 M/I:xk. Kak
U3MEHHUTCS BHYTPEHHsAS JHePrus ras3a npu 3tom ?

A) paBHa 0; B) yBenmmunrcs Ha 50 M/[x;

C) ymenbuurcs Ha 50 M/Tx; D) yBenuuutcs Ha 25 M/Ix..

27. Ilpu HArpeBaHUM OJTHOATOMHOIO Tra3a ero 00beM YBeJWYMJICS Ha
0,05 m’. Ha CckoJbKO yBeJIHYWJIACh €r0 BHYTPEHHsIsI JHEPTHUsi, ecJin
naBiaenue raza 10° Ila (x/x) ?

A)7,5; B) 5.5; O) 7, D) 12.

28. Kakas paGora coepmaercs npu u3odapaom Harpesanuu 580 r Bosny-
xa Ha 40 K (I:x) ? Moasipaast Macca Bo3yxa paBHa 29 1/MoJIb.
A) 6648; B) 4564; C) 2050; D)1518.

29. Kak u3MeHHTCS1 BHYTPEeHHsIsl JHeprus rejus maccoi 100 r, npu noBbI-
meHnu ero temmneparypbl Ha 8 K ([Ixk) ?
A) 3408; B) 4546; C) 4028; D) 2493.
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OCHOBHBIE BbIBOJbBI ITO TVIABE 11

BnyTtpeHnnss sueprus

CYMMa KHUHCTHUYCCKUX U MNOTCHIMAJBbHBIX BHCPFI/Iﬁ
BCEX MOJIEKYJ] paBHA BHYTPEHHEH HSHEPIUH 3TOrO
Tena (BemiecTna), To ecth: U = Ex + E,

BuyTpeHHsas ~ sHeprus
UJeaJbHOrO raza

BHyTpeHHsIs1 sHEprus 0lHOaTOMHOTI'O UJ€aIbHOIO ra3a

U:iﬂRT:ipV
2M 2

TepMoanHamuueckas
pabora

[Tpu m3mMeHeHUst oO0beMa Ta30M BBIOJHIETCS padboTa
IPOTHUB BHEITHUX CUJI. DTa paboTa Ha3bIBAECTCSA TEPMO-
AMHAMHUYecKoii padoroii. PaboTa, BeImonHsemas mpu
M300apUUEKOM TIpoliecce ompenesieTcs: mo Ghopmyrie:

A= pAV =L RAT
M

yHI/IBepCaJIBHaSI raszoBasi
IIOCTOAHHAasA

VYHuBepcanbHas Tra3oBasg IMOCTOSIHHAs YHUCIEHHO
paBHa paboTe, BHIOJIHEHHOW NpH HarpeBaHuu 1
MoJisa BemiecTBa Ha 1 °C.

Temonepenaya

IIpouiecc u3MeHeHus: BHYTpEHHEH YHEPIrUHU BEeleCTBA
IIpU TENI000MeHe Ha3bIBaeTCs TeIUIoNneperadei.

KonnyecTBO TEMIOTHL

9Hepr1/1;1, NnepcaanHas TCjly WIM OTHaHHAsA UM B
mponecce Tel'IJ'IOO6MeHa, Ha3bIBACTCA KOJIHNYCCTBOM
TCILJIOTBI.

Brruncnenmne
KOJINYECTBA TEIIOTHI,
OTIAHHOU WU
MOJYYEHHON TEJIOM

Ecnu B mporecce Temonepenaun remMneparypa Temia
U3MEHHUTCS OT #; 0 #», TO KOJIUYECTBO TCHJIOTHI, OT-
JTAHHOE WJIA TIOJIYY€HHOE TEJIOM (BEIIEeCTBOM), MOXK-

HO onpenenuTs: Q=mc(t, —t,)

1 xanopus (1xaxr)

3a | Kajnopuro IPUHATO KOJMYECTBO TEIUIOTHI,
HEe00X0aMMOE JUIsl HarpeBaHusi | T TUCTHILUIMPOBAaHHON
Boxbel Ha 1 °C.

VhenbHass TEILUIOEMKOCTD
BEILlECTBA

KomnnuectBo TemoTsl, HeOOXoauMoe 1 KI BelecTBa
JUIst U3MEHEeHus1 ero Ttemmneparypol Ha 1 °C, Ha3bIBa-
€TCsl yIAeIbHOU TEIJIOEMKOCTBIO 3TOTO BEILIECTBA.
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YpaBHEHHE TENIOBOTO
Oamanca

KonnuecTBO TENnoThl, OTIAHHOE CHCTEMOM paBHA
KOJIMYECTBY TEIJIOTHI, NOJYYEHHOU CUCTEMOM

0+0,+..40,=0/+0,+..+ 0,

3aech Q) Qs ... Oy — KOIUUYECTBOTEILIOTHI, OT/IAHHO-

o ' ' '
CCUCTEMOMU, Q1 s Q 209 - Q n — KOJIMYCCTBO TCIIJIIOTHI,

IIOJIy4€HHOE CUCTEMOM.

yIIeHBHaH TCI1J10Ta Cro-
paHuA TOIIMBa

dusnueckas BeJIMUUHA, MOKA3bIBAIOIAS KAKOE KOJIH-
YECTBO TEIJIOTHI, BBIICNSAETCS MPU MTOJIHOM CTOPaHUU
1 Kr TorMBa, Ha3bIBAETCS YAEIbHON TEIIOTOH CTo-
paHus TOTUTHBA. YIelabHas TEIJIOTa CTOPAHUS TOILIU-
Ba 0003HavaeTcs OyKBOH ¢.

KomnuectBo TCIIJIOThI
Q, BBIACIIAIOMICCCA TIPpU
MMOJIHOM CropaHuu TOII-
JIMBa

KonndecTBo TemIoThI Q, BBIJICIIAOIICCCA TPH ITOJIHOM
CropaHuu TOIUNIMBA, OMNPCACIACTCA IIYTCM YMHOXKC-
HHA yﬂeHLHOﬁ TCIUJIOTEI CTOPAaHUA  HAa MAaCCy m I10JI-

HOCTBIO CIrOPEBUICTO TOILIINBA: O=qg-m

[TepBblii 3aKOH TEPMOAU-
HaMUKHU

Konmn4ecTBO TEIIOTHI, IMEPENaHHOE CHUCTEME, HIET
Ha U3MCHEHHME BHYTPEHHEH JHEPIrUU CHUCTEMBI U
Ha BBIIOJHEHHE pabOThl NPOTUB BHEIIHUX CHIIL
O=AU+4

IlepBeIil 3aKOH TEPMOAHU-
HaMUKH U1 U30TEPMU-
YECKOro Imporecca

Ecnu temneparypa uaeanbHOTo raza nocTosiHHa, TO
€ro BHYTPEHHSSI SHEPTUsl TaKKe HE U3MEHSETCS U
AU = 0. [nsa storo ciy4yas NMEpPBBIA 3aKOH TE€PMO-
JTUHAMHUKHU Bblpaxkaercsa B Buue: O = A. B uzorep-
MHUYECKOM IIpOIlECCE TEIUIOTa, IepenaBaeMas ujie-
aJTbHOMY Ta3y, pPacXoAyeTcsl Ha COBepUICHUE PaboThI
camoi cucteMoi.Eciau B M30TEpMHUYECKOM ITPOLIECCE
ra3 nojiyuaer Temioty (Q> (), oH pacumupsieTcs Ha
o0béma AV U coBeplIaeT MOJIOKUTEIbHYIO PaboTy
(A> 0).Ecnu xera3 oTAaeT TeIIOTy BO BHEIITHIOK Cpe-
ay (O < 0), To BbIIOJHSAETCS OTpHULaTeNbHas paboTa
(A < 0). Ilpu TOM BHEIIHSS CUCTEMA BBITIOJHSET pa-
00Ty HaJ ra3oMm.

@



IIepBbIit 3aKk0H TepMOAU-
HAMHKH IS ©300apude-
CKOro Iporecca

[Tpu MOCTOSSTHHOM [1aBJICHUU Ta3 COBEpIIAET padboTy
A = pAV. B aToM city4yae nepBblii 3aKOH TEPMOJIUHA-
MUKHU BbIpaxaercs B Buae: Q = AU + pAV. B uzo-
OapuyeckoM Ipolecce TemioTa, meperaBaeMas CH-
CTEME, PacxoJlyeTcs Ha yBEJIUUYEHUE €€ BHYTPEHHEH
HHEPTUU M COBEpPIIEHHE PabOTHI MPHU MOCTOSTHHOM
IaBJIECHUHN CaMOM CUCTEMOM.

IIepBblit 3aK0H TEPMOAU-
HaMUKH JJI U30XOpHYeC-
KOT0 IIpouecca

B uzoxopuueckom mponecce (AV =0) 4 = pAV= 0,
TO ecTh paboTa He coBepmaercs. s aToro ciydas
MEepPBbIN 3aKOH TEPMOAMHAMUKHU BBIPAKAETCS B BUIE
Q = AU. B u3oxopuueckoM IpoIecce TeraoTa, mne-
penaBaeMasl CUCTEME, pacXoAyeTcsl Ha yBEIMYEeHHUE
€€ BHYTPEHHEN SHEPIrHUH.

AnnabaTudecKuii mpo-
ecc

[Ipouecc, mporekaromuii B U30JIMPOBAHHON CHUCTEME
6e3 termooomena (O= 0) ¢ okpy:karoliei cpeiou, Ha-
3pIBaeTCs aguabarudeckuMm. B aambatmueckom mpo-
1Iecce U3MEHAETCS BCe TpU napamMerpol raza p, Vu T.

AnmnabaTudeckoe pac-
IUpPEHHE Ta3a

[Tpu annabaruyeckoM paclIMPEeHUH ra3a CoOBepIIaeT-
Csl TIOJIOXKUTEbHAs paboTa, TO €CTh ra3 BBITOJIHSIET
paboTy HaJ BHEHIHUMHU CUJIAMU, BHYTPEHHSS dHEp-
T'Usl U JaBIICHUE ra3a yMEHBIIAeTCS.

Anmnabaruueckoe crka-
THE Tas3a

HpI/I a,I[I/Ia6aTI/I‘IeCKOM CXXaTHHU COBCPpHIACTCA OTpHU-
oaTrciabHasd pa60Ta, TO €CTh HaJd I'a30M BBIIIOJTHACTCA
pa60Ta BHCIIHUX CHJI, BHYTPCHHAA OHCPIUA U JaBJIC-
HHUC I'a3a YBCJINUHUBACTCA.

OOpaTuMBbIii TIporiecc

OOpaTuMBIN TEPMOTMHAMHUYECKUM IPOIECCOM Ha3bl-
BaeTCsl TEPMOJIMHAMUUECKUIN TTPOIIECC, TOMYCKAOIUN
BO3MOKHOCTH BO3BpAII[CHUSI CUCTEMBI B TIEPBOHAYAITb-
HOE COCTOSIHHE 0e3 KaKuX-JIM0O M3MEHEHUU B OKpY-
JKaroIie cpee.

Heobpatumslii npouecc

HeoOpaTuMbIM TepMOAMHAMHYECKHUM IPOLECCOM Ha-
3bIBAETCS IPOIIECC, HE JIOMYCKAIOIIUN BO3MOKHOCTb
BO3BpAIllCHUs CUCTEMBI B IIEPBOHAYAIbHOE COCTOSIHUE
0e3 KaKux-1u00 U3MEHEHUI B OKpYy»Karollen cpefe.

BTopoii 3akoH TepMoOIH-
HaMHUKH

HeBo3MokHO mepenarh TEIIOTY OT Ooiee XOJIOIHOU
CHCTeMbI K 0oJiee HarpeToi Mpu OTCYTCTBUU JAPYTHX
OJJTHOBPEMEHHBIX M3MEHEHUH B 00EHMX cHCTeMax WM
B OKPYXXAIOLIUX TeJax.

1\8_(9




IJTABA 111

TEIIVIOBBIE IBUT'ATEJIN

§ 26. IBUT'ATEJIM BHYTPEHHEI'O CT'OPAHUA

boapmmHCcTBO ,ZIBI/IFaTeJ'ICI\/'I, IMPUMCEHACMBIX B IMPOMBIIIIJICHHOCTH U B 6I)ITy, SAB-
JIAFOTCS TCIIJIOBBIMH JABUT'AaTCIISIMU. NmeroTcsa HEeCKOIBKO BUJIOB TCIJIOBBIX ABHUTI'A-
TECH: ABUTaTCJIN BHYTPCHHETO CropaHus, TU3CJIbHBLIC JABUTATCIIM U PCAKTUBHBLIC

JIBUTATEIH.

@ TenJioBoi ABHMrare/ib — yCTPOiCTBO, peodpa3syiomee BHYTPEH-
HIOI0 JHEPIHI0 TOIUIMBA B MeXaHHYECKYI0 JHePIuIo.

I[BI/Il"aTeJIb BHYTPCHHEI0 Cropanus

JIBUraresnb BHyTPEHHETO CTOpPaHUs — 3TO CAMBII PaCIPOCTPAHEHHBIN TEIIOBOM
JBUTarenb. B nBurarene BHYTPEHHETO0 CrOpaHUsl TOIIUBO COKUTAETCsl BHYTPHU LIU-
auHzapa. [losToMy ero Ha3bpIBalOT JBUTAaTE]IeM BHYTPEHHEro cropaHus. J(Burarenu
BHYTPEHHETO CTOpaHHs padOTarOT C JKUIKUM TOprounM (OCH3WH, KEPOCHH) U Ta-
3000pa3HBIM TOITMBOM (MeTaH, MpomnaH, okTaH). Ha pucynke 32 moka3zaH camblit
MpoCTON (OJHOIMIIMHIPOBBIA) ABUTATENh B pa3pe3e. Haxonmsmuiics BHYTpH IH-

puc.32.

6 — ®usuka 9-xiace

nuaapa (1) nopiens (2), ABUTAETCS BBEPX U BHU3.
[TopuieHs BHYTpU HMIUHAPA KPEMUTCSA K HIATyHY
(4), KOTOpPBIN COENMHSIET €TO C KOJICHYATHIM BaJIOM
(3). B BepxHei# yacTu MWIMH]IPA YCTAHOBIICHA CBE-
ya 3axuranus (5). [Ipu ABMKeHUU MOPIIHS BBEPX,
OTKpBIBaeTCs KJamaH (6) ¥ BcachbIBaeTCs TOprovas
cMech (OEH3WH M BO3AYX); CBe4a MTHOBEHHO BOC-
IUTAMEHSIET TOPIOYYI0 CMECH OT AJIEKTPUUECKOH HC-
Kpbl. BocriameHeHue roproyeii cMecu Haj Mmopli-
HeM o0pasyeT rasbl Temreparypoi 1600 — 1800°C.
B pesynbrare naBneHue HaJ MOPIIHEM PE3KO
BO3pacTaeT M ra3 IepeMellaeT MOpIIECHb BHU3.
['a3 pasmmpsisich, coBepiiaeT padOTy, OTKPBIBAET
kiamnad (7), 4epe3 KOTOpbId OTpabOTaHHBIEC MPO-
TYKTBI CTOpaHMs BBIXOIAT B atMocdepy. st Toro
YTOOBI JIBUTATENN padoTaiu OecrpephiBHO, HEOO-
XOJIMMO 00€CTIeYUTh MEePUOANYECKOE CTOPaHHE To-
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proyeit cMecu. JIBUrareiau BHYTPEHHEIO CrOpaHUs ¢ MHIKEKTOPOM YCTAHOBIIEHBI B
nerkoBbix aBroMooussix NEXIA, JENTRA, MATIZ BeinmyckaeMbIX B Haliel crpa-
He (puc.33).

puc.33.
Ilme.m)m)le ABUTIraTeIn

B 1893 rony nemeukuii unxxenep Pydonvegh /{uzens, co3nan ABUTATENb C OT-
HOCHUTEJIBHO BBICOKUM K03 duimentom noneznoro aercteus (KIIA). B nuzens-
HBIX JIBUraTesiX HET cBeuM 3akuranus. CTemeHb C)KaTus BO3JyXa, Haxojslle-
rocsi HaJl MOPIIHEM HAMHOTO OOJibIlle, YeM B MH)KEKTOPHBIX (KapOIOpaTOPHBIX)
neurarensx. Temmneparypa rasa, HaxoAsSIIErOCsl BHYTPU HUWINHAPA, B pPe3yJbTaTe
OBICTPOTO CKaTHs PE3KO MOBbIIIAETCA. B 3TOT MOMEHT cnenuaibHas GopcyHKa
BIPBICKUBAET B IWJIUHJP >KUJAKOCTh, BOCILUIAMEHSIONMYI0 roprouee (puc.34). B
IPy30BBIX MalllMHax U MUKpoaBToOycax “MAN», BellyckaeMbIX B Halleill cTpa-
He, YCTaHOBIIEHBI AU3eNbHbIE IBUTaTenu (puc.35).

dbopcyHka

PeakTUBHBIE IBUraTEIU

PeakTuBHBIE CaMOJEThI M KOCMHUYECKHE PAKCThl ABHUIKYTCAd C TIOMOLIBIO
pEaKTHBHBIX JBHUTaTeleil. PeakTuBHbBIE IBHUTATEIN COCTOAT M3 Oaka C TOpIOYnM,
KaMmepsl cropaHus u comua. Ha pucynke 36 mokazaHa cXeMma yCTpPOMCTBO
PEaKTUBHOTO JABUTATEIIS.

&)



MOniueo ceevda 3a4HCucanus

BbIXOOHbBIE CONIA

puc.36.

VY peakTHBHBIX JBHTareineil KOCMHUYECKUX KopalOiieil roprouee u pabodas
CMeCh HaxoAsATcs BHyTpH apurarens. [looToMmy mpuHIUm ero paboThl HE 3aBUCHT
OT OKPY’KAIOIIEN CPEBI.

1. OObsicHUTE PUHITUTT paOOTHI JBUTATEIISI BHYTPEHHETO CTOPAHMS.
2. YUeM oTiamyaeTcs MpUHIUAT PaOOTHI AU3EJIbHBIX BUTATENICH OT MPUHITU-
ma paboThl MHKEKTOPHBIX JABUTATENCH ?

3. OObsiCHUTE MPUHITUT PA0OTHl PEAKTUBHBIX JBUTATEIICH.

§ 27. IPUHLUI JEWCTBUS TEIJIOBBIX JBUTATEJIEN

Bo Bcex TemimoBBIX ABHUTATENSIX pabOYUM TEIOM (TEI0 BBHITIOTHSOIIEE pado-
Ty) SIBIISIETCS Ta3, COBEPIIAIOMIMK paboTy mpu pacmupeHuu. Jrodbie TernoBbie
JIBUTATEIN COCTOSIT M3 HarpeBaresisi, XoJoAWIbHUKA U pabodero Tena (ra3). Har-
peBatens Temneparypor 7 ornaeTr Temnory (i, a XOJOAWIBHHUK TEeMIepaTypou
T, nonydaet temioty O, (puc.37).

[Tpunuun paboThl TEMIOBBIX

Hazpesamens ..
. JIBUTATEIICH:
memnepanypoti T,
1. Bo BcexX TEMIOBBIX JIBU-
O rareyisix BHYTPEHHSS DSHEPrus
[ TOILUIMBA MPEBpANIAeTCs B MeXa-
Pabouee Temno
I ——>4= 0, — Q, | HIYECKYIO SHCPTHIO.
™ 2. Jns pabGoTHl TEILIOBBIX
0 JIBUTATEJICH 00s3aTCIBHO JTOTXK-
Ha  CYyIIECTBOBAaThb a3HOCTh
| XonoounvHuk yi p
mevnepamypoii Ty TeMIIepaTyp HarpeBareis U XO-
JIOMUIIFHUKA.

3. PaGora mroboro gsurare-
7 3aKJTF0YaeTCs B TOBTOPCHUU
IIUKJIIOB N3MCHCHUSA COCTOS-
HUsl pabouero tema (Hampumep:
rasa).

puc.37.
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UYeThIpeXTaKkTHBIN UK pabOThl UAEaTbHOTO TEMJIOBOTO JIBUTATENsl, BIIEPBHIC
omnucan ¢paniry3ckuM uHxkeHepoMm Canu Kapuo. L{uka paGoTsl 3TOro ABUTATEINS
COCTOUT M3 JIBYX M30TEPM U JIBYX anuadar (puc.38).

p O603HaunMm yepe3 7 HaYaIBHYIO TEMIEPATypy
pabouero Tena (raza), HaXOASIIIETOCS B COCTOSTHUU
1. I'a3, pacmupssicb U30TEPMUYECKH, NIEPEXOAUT B
cocrtostnue 2. [Ipu 3Tom ra3 nojgydaeT oT HarpeBa-
Tes TEIUIOTY (J; U BBINOJHSAET paboTy 4 IPOTUB
BHEIITHUX CHJI.

B pesynbrare nepexosna B cocTosiHUE 2 ra3 OTCO-
€MHSETCST OT KOHTaKTa ¢ HarpeBaTeleMH MOsBIIs-
€TCsl BOBMOXHOCTh a/1nabaTHYeCKOro pacHIMpeHus
rasa, rie pabouero Teno MepeXoAUT B COCTOSHUE 3.
IIpu 5TOM 3a CcueT cBOel BHYTpPEHHEN SHEpPruu ras
BBINONHSAET paboTy A, npotuB BHemHux cui. Co-
Bepiast paboTy, yMEHBIIAETCS BHYTPEHHSS SHEPIUs
rasa M B pe3yibTare ero TeMieparypa yMeHbIIaeT-
csior I no 7T, Ota Temmeparypa HaMHOTO OOJIbIIIe
TeMIIepaTypbl OKpY Karolei cpe/ibl.

[Tocne mepexona ra3za B COCTOSHHE 3 MEXIY
ra3oM W XOJOIWJIBHHKOM TeMmIieparypsl 7, BO3-
HUKaeT KOHTakT. [Ipm mepexoze w3 cocTossHHS 3
B COCTOSHHE 4, ra3 CKMMaeTcss M30TePMUYECKH,
BCIICJICTBHE YEr0o, BHENIHWE CHJIBI CXKUMAIOT Ta3
1 BBITIOJHSIOT paboTy A;, a pabouee Teno OTAAET
Ter10 (> XOJIOAMIbHHUKY.

Jocturnys cocrostaust 4, pabouee Teno OT-
COCIMHSIETCS OT XOJIOMMIbHUKA U CKUMAETCS alu-
abaTWyecKy TOJ ACHCTBHEM BHEIIHEW CHUIBI 0e3
Teroo0MeHa ¢ OKpyxaromeil cpemoit. [lpu sTom
€ro TeMIeparypa yBeJIMUYUBACTCS IO TEMIIEPaTyPhI
HarpeBarelis, U HaJ TeJIOM COBepIaeTcs padoTa.

[Toneznass pabora TEMJIOBOTO JBUTATENS,
paboraromiero no nukiny Kapno, onpeaensiercs mo
bopmyne: A, = Q) — Q.. 3aecy Q; — Temiora,
nepegaHHas HarpeBareneM, (), — TeIUIOTa,
MOJIyYEHHas! XOJIOAUIbHIUKOM.




Kos¢pdumuent nmosesnoro aeiicreusi (KIIJ) TeniaoBoro gBuraresisi

OTHoIIeHUE TONE3HON paboThl A, ABUTATENS K KOJIMYECTBY TEMIOTHl Q
MOJIYYEHHOM OT HarpeBarelis, Ha3biBaeTcs KOA(GOUIIMEHTOM MOJIE3HOTO ACHCTBU
(KIT[I) TernmoBoro ABUTATENS

n:%:QI_QZ Ui 77=Q1_Q2'100% (1)
O O 9

Bo Bcex gBurarensix ompenelieHHas YacTb TEIUIOTHI IepearTcs
xonoauinbHUKy, Tak kak KIIJ mn < 1 (KIIZ Beipaxkaetcs B %) COBpEMEHHBIX
TEIJIOBBIX MamuH coctaBisier ~ 40%, a kapOlopaTOpHBIX JBHUrareneit
cocrasiuset 25-30 %.

3aKkOoHBl TEPMOJMHAMHUKH JAalOT BO3MOXHOCTb BBIYHCIEHUSI 3HAYCHUN
KIIJI TemnoBbIX ABUTaTeNeil, COCTOAIIMX M3 HarpeBareias M XOJOAUJIbHUKA
temneparypamu 1; u T,. Takue pacd€Tbl BHepBbIe NPOBEN (PpaHIy3CKUI
nmwkenep - Caau Kapno. KIIJ] TerioBoro aurarens BeIYucisieTcs mo hopmyiie:

qz—T‘;TZ -100% 2)

1

Nrak, KII/] naeanbHbIX TEMJIOBBIX MAIIUMH NPSIMO MPONOPIMOHAIEH pa3HOC-
TH TeMIlepaTyp HarpeBareis u xonoawibHuka. st yenuuenus: KIIJI tennoBsix
MalIuH, HEOOXOJUMO yBEIUYUTh TEMIIEpaTypy HarpeBaTess U YMEHbIIUTb TEM-
neparypy XxonoaujibHuKa. Eciin pa3HOCTh TeMnepaTyp HarpeBaressi U XOJ0IHIIb-
Huka T, — 7> = (, To qBUTATEIh PAOOTATH HE MOXKET.

1. KakoBo 3HaueHue HarpeBarens, XOIOIUIbHUKA U pabouyero teia B Te-
IJIOBBIX JIBUTATENAX ?
2. U3 kakux mpoueccoB cocTouT nukia Kapuo ?
3. O0bsacHUTE TPUHIUT paboThI 1o UKy KapHo.
4. Kak ompenensiercst mojie3Has padoTa TEMI0BbIX MAIIUH ?
5. Kak Boiuncnsercs kod3pHUIHEHT M0Je3HOTO ASHCTBUS ABUTATENS ?

BHemHuit BUA ABUTATENsl BHYTPEHHETO
Cropanusi, pa3paO0OTaHHBIN B KOMIIAHUU
«GENERAL MOTORSY, neiictByromniei
B HAIlICW CTpaHe.




§ 28. PEHIEHUE 3AJTAY

3apgaya 1. TeruioBas MammHa 3a HUKJI [IOJIy4aeT OT HarpeBaTess KOJIUYECTBO
terotel 600 J[>x u BemmonHsieT padoty 600 J[x. Hatinure KIIJI mamuHsL.

[Mano: Pemenue: Ilonme3nas pabora TEIUIOBOTO JBHWTareis, pa-
A=600x |Ooratomero mo 1wmkiay Kapno, ompenensercs 1o (opmy-
0,=600 Ix |ne: A=Q; - O, Taxxe, KIIJ Ttemnosoro pasurarens ompe-
JeNseTcs OTHOLIEHHEM TOJe3HOM paloThl A,, ABUTATENS K

Haﬁ;nu: KOJIMYECTBY TEIUIOTHl (); MOJNYYEHHOE OT HArpeBaTess: 7 =Qi.
n=: 1
A 600 J1x
CrnenoBarenbHO: 7= 100 % =———"——-100 % =50 %.
T dvo, ® 600 k600K ‘

OtBet: 77 =50 %.

3agauya 2. B napoByto TypOuHy nocrtynaet nap npu temmeparype 480 °C u
BbIXoauT U3 He€ mpu Temnepatrype 130 °C. Onpenenute KIIJ] TypOunsL.

Hano: Pemenue: Brpramcium  KIIJ] TETUIOBOTO  JIBUTATEIISt
. (mapoBoii  TypOWHBI), TeMIepaTypa HarpeBareinss U

11 =480 °C, OXJIQJIUTEJS COOTBETCTBEHHO paBHbI 1> U 1) 1o dopmyre:
T1:t1+273:753K T_T
=130 °C, n=-——2.100%
T,=1+273=403 K 1

- 753K —403K
Haumu. n=———""7.100 % ~46,5% OtBeT: ~46,5 %.
n= 9 753K

3anaua 3. Temneparypa HarpeBarens uacaibHON TemioBo MamuHbl 237 °C,
xononunbauKka 67 °C. Onpeaenute paboTy, COBEpIIAEMYIO 32 OJWH IHMKJ, €CIH
pabouee Teno 3a nUKa noiaydaet oT HarpesaTens 1800 [x sneprum ?

HaHo:

t, =237 °C, Pemenue: 3anuiiem:

T] =t1+273=510K

tHL=67°C, _IL-T, 1 _i 2
T, =t+273=340 K = T, 1 ﬂ_Q1. (2)
0, = 1800 JIx

Havimu: A=7

W3 »Tux BeIpakeHU# mnojgydaeM Gopmyiny paboThl, COBEPIIAEMYIO
M-Q _ 510K —-340K

T = T 510K
OtBeT: 4 =600 JIx.

e

IOBUrAaTCIEM. A =

Jx = 600 JIx



1. Pabouee Teno (ra3) moaydus OT HarpeBaTesss KOJIMYECTBO TEIJIOTHI -
y 840 . Kakyro pabory coBepiaet ra3, ecnu KIIJ[ TemnoBoro nurarens
1 8 paseH 30 % ?

2. Temneparypa Harpesarens 477 °C, xononuneHuka 27 °C. Uemy paBeH

KIIJ] rersoBoro nBuraresns ?

3. Kakoit nomxHa ObITH TeMIiepaTypa HarpeBarens, uToosl KII/I 611 paBen

62,5 %? Temneparypa xonoaunsHuka 300 K.

4. KakoBa moje3Hast pa0oTa HA€aJIbHOTO TEIUIOBOTO JBUTATENs, €ClU 3a

LUK OH nojy4daeT oT HarpeBarens 1300 [k temna ? Temneparypa Harpe-

Barens 127 °C, a xonomunapauka 7 °C.

5. Tennosas mamuna ¢ KII/I 40% 3a nuki otnaeT XodoAwiabHUKY 63 kl[x

teroThl. Kakyto paboTy coBepiaeT 3Ta MallllHa 3a OAMH LUK ?

6. B uaeanpHOM TEIJIOBOM JBHrarese Temmeparypa xoioguiaHuka 62 °C, a

KIIJ TemnoBoro asurarens 50 %. Halinute pa3HOCTh TemIiieparyp Harpe-

BaTeJIsl U XOJOAUJIbHUKA ?

7*. OTHOIIIEHHE TeMIIepaTyp HarpeBaTells U XOJOAWIbHUKA B TEIUIOBOM Ma-

muHe, paboTaromuil o uukiay Kapho, paBHo 5. Kakoe KOJIMYeCTBO TEMIOTHI,

IIOJIyYEHO OT HarpeBaTelis 3a LUK, €CJIA XOJIOAMIbHUKY nepenano 180 x/lx ?

8*. B uaeanbHOM TEIJIOBOM JBUTaTelNe TeMmmepaTrypa Harpesarens 327 °C,

a xononunsHuka 127 °C. Ha ckoinbko HEOOXOAUMO MOBBICUTH TEMIIEPATYPY

HarpeBaresns, s Toro utoosl KIIJ[ nBurarens yBeauuuiacs B 2 pasa ?

§ 29. TEIIJIOBBIE IBUTATEJIU 1 OXPAHA INTPUPOAbI

COBpEeMEHHYIO JKM3Hb 4YeJIOBE€Ka HEBO3MOXHO MPEJACTABUTH 0€3 TEIIOBBIX
MamuH. JIerkoBble MalIuHbI pa3HbIX MapoK, aBTOOyCHI, Kopalmnu, moe3aa, caMmo-
JIeTHl M IPyTHE TPAHCIIOPTHBIE CPEACTBA, ABMKYTCS C IIOMOIIBIO TEIIJIOBBIX JIBU-
rarejeu.

TemoBble MaIIMHBI ABUKYTCS 3a CUET CTOpPAaHHS BHYTPHU HUX TOIUIMBAa. B Ten-
JIOBBIX MalllMHaX B Ka4eCTBE TOILJIMBA HCIOJB3YIOTCS OEH3WH, KEPOCHH, >KHI-
KHi mporaH W MeTaH. HaOmromas mosieT camosnera, JBMKEHHWE MAaITUHBI, MOX-
HO YBHJICTh BBIJICJICHHWE Ta30B B BUJC JbIMa W3 ABUTaress. [Ipu cropanuu ToOIm-
Ba B JIBUTaTeIsX BHYTPEHHETO CTOpPAHUsS, YaCTh €€ BBIXOJAWT B BUJIE AbIMA. DTH
ra3pl BpeIHBI Ui OpraHM3Ma 4YelloBeKa M CHIIbHO 3arpsi3HsioT mpupony. Kpo-
M€ TOro, B HACTOSIIEE BPEMsS MOIIHOCTb, MOTpeOasieMas ABUTATEISIMH BO BCEM
mupe, gocturia 10'° kBr. Korga 3Hauenne moTpebasieMOil MOIIHOCTH JOCTUTHET
3¢10!2 kBT, To cpemHss Temreparypa Ha 3emiie MOBBICHTCS mpumepro Ha 1 °C.
JlanpHelee MOBBIIIICHUE TEMIIEPATyPbl MOKET CO3AaTh YIpo3y TasHUS KPYITHBIX
JIEJTHUKOB W TIOBBIIIICHUST YPOBHS BOJABI B OKeaHax. B pe3ynbrare MOSBHUTCS Omac-
HOCTb JIJIS1 TOPOJIOB U CeJl, /TSl TUTOAOPOIHBIX MOJICH, KOTOphIE HAaXomsITCs Ha Oepe-
rax MOpEH M OKeaHOB.
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JleHb 32 THEM YBEJIMYMBACTCS YUCIO TEIUIOBBIX JABUTAaTENEl Ha Halllel mia-
Here. [lo craTucTuke B HUX CKUTAIOT A0 2 MUJUIMApJAOB TOHH yrid U 1 Muiu-
apaa ToHH HeTH. B pesynsrate B atrmocdepy BbiOpackiBaeTcs 120 MHIIITHOHOB
TOHH 30J1bI U1 60 MUJUIMOHOB TOHH SIZJOBUTBIX I'a30B. YBEIMUYEHHE KOJIMYECTBA TEI-
JIOBBIX JBUTATENICH CTaBUT CEPhE3HYIO MpolieMy rmepea oOMIeCTBOM — OXpaHa
OKpYXaroLEel Cpexsl.

Bonpiias yacte BeIpaOaThIBa€MO SHEPTHH B HAIlIEH CTpaHE IMOJydaeTcs 3a
cder TorIMBa. Jlaxe TErioBBIE CTAHIIMM HE MOTYT paboTtaTh 0e3 TomnBa. Exe-
JTHEBHO Ha 3THUX CTAaHUUAX TOHHAMM CXKUTAETCs TOIUIMBO, U SIIOBUTHIE Ta3bl pac-
MPOCTPAHSAIOTCA B OKpYyXKaroliei Hac cpene. Hame ['ocymapctBo He 6e3pasnuu-
HO K BO3HHKHOBEHHUIO TAKUX JKOJIOTHYECKUX MpobieM. OZHUM U3 MPaBUIBHBIX
perieHnii Takoil mpobieMbl B Hameld PecryOnuke siBIsieTCs MCIOIB30BAHUE COJI-
HEYHOH 3HEepruu. YUCIo COMHEUHBIX JHEH B Hamedl CTpaHe 3HAYUTENIbHO 0O0JIb-
i€, 4eM B JPYTuX CTpaH.

B cenbCkUX MECTHOCTSAX Ha CTPOIOIIMXCA COBPEMEHHBIX JOMAax yCTaHAaBIIU-
BAIOTCSI M HCTIOJIB3YIOTCS COJTHEUHBIE Oarapeu.

B noBcenHeBHOM KM3HU, IOMUMO TEIUIOBBIX MAIMH, Mbl TOJB3YEMCS U XO-
JOJUIBHBIMU MalllMHAMU (MOPO3UJIbHUKY, XOJOAUIBHUKN). YKCiI0 UX TOXE pac-
TeT. B aTuX ycrpolicTBax B KauecTBE pabOuero Tejia UCIOJb3yeTCs ClelUalbHas
KUAKOCTh — ¢peoH. Hackonbko He Obuia OBl FepMETUYHOM CHCTEMa OXJIaIH-
TEJIbHBIX MAIlMH, BCE PaBHO B arMocdepy, XOTh 1 B MaJIOM KOJIMYECTBE, UCIIA-
psercs ¢ppeon. Exeronno B arMocdepe MOBBIIIACTCS KOHIICHTPALUs apoB ¢pe-
OHa.

W3 xypca reorpaduu BaM H3BECTHO, YTO 4YacTh aTMOC(hEphl Ha BBICOTE
25-30 kM HaJ 3eMHOM MOBEPXHOCTHIO cocTaBisieT cioi 030HA (O;). O30HOBHINI
CJIOM 3allMIIAET KUBBIE CYLIECTBA HA 3€MJIE€ OT BO3JECUCTBUSA U3JIyYECHUH, CBEpX-
Masioi JUIMHOW BOJHBL. [IpW MOBBIIIEHWH B cocTaBe aTMoc(epbl KOJIMYECTBA
mapoB (ppeoHa, pa3pymacTcs 030HOBBINA CIIOH UM TMOSBISETCS Jbipa. M3mydenus
CBEpPXMAJBbIX JJIMH BOJH, IPOXOJSAILINX YE€pPE3 030HOBBIE ABIPBI, Pa3pyIIAlOT KU-
Bbl€ OPraHM3Mbl U HETATUBHO BIMAIOT HA U3Hb Hamed 3emun. B nensax peme-
HUS 3TOH MpoOIeMbl, YUCHbIE BEIyT HayYHbIC UCCIIETOBAHUS 110 MTOBOIY 3aMEHBI
(bpeoHa IpyrumMu KHUIKOCTSIMHU.

Wrak, nenas BbIBOJ, MOXKHO CKa3aTh, YTO TEIJIOBBIE ABUTATENIH JAIOT OIPOM-
HbIE BOBMOXHOCTHU YEJIOBEUECTBY, HO OHU OTPULIATEJILHO BIUSIOT HA 36MHYIO aT-
Mocdepy U OKpyKAroIIUi HAC MHUP.

1. Kakas yacTh sHepruu B Hallled cTpaHe BbIpaOaThIBaeTCs Ha DIIEKTPO-
CTAaHIUAX C TENJIOBBIMH JIBUTATEIAMU ?
2. Kakne Mepbl MpUHUMAIOTCS B aBTOMOOWJIBHOW MPOMBINIJIEHHOCTH B
LEeJISIX OXpaHbl OKpYKarouien cpeasl ?
3. KakoBbl OoTpHLaTenbHble MOCIEACTBUS NPUMEHEHHNS TEIUIOBBIX JBHUIA-
Tenent ?
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§ 30. PEHHIEHME 3AJTAY

3anaua 1. Haiinure KIIJ[ nBurarens Tpakropa, KOTOPbIA JOCTUTAET MOIIHO-
ctu 60 kBT u pacxoayer B yac 18 Kr Qu3ebHOrO TOIUIMBA. YAEIbHAs TEIJIOTa
CropaHus nu3eiabHoro TorumBa 42 MJk/KT.

JlaHo:

P=60xB=60-10°Br
t=1vac=3,6-10°c
m=18 xr

q =42-10° JIx/kr

Pemenue: 3anumem dopmyily, TOJIE3HOW pabOTHI 4e-
pe3 MOIMHOCTb U Bpemsa A,,,= P-t. Ilpu cropanuu
TOIJIMBA MAacCOM M BBIICIISIETCS KOJUYECTBA TEIIOTHI
paBeH Q = mq.

KonunyectBa TemnoTsl MOXHO MPUHSATH KaK TETUIOTY, OT-
JaHHYI0 HarpeBareneM (; = m-q WU KaK 001yt pa-
00Ty, BBIMIOJIHSAEMYIO HarpeBaTeyieM:

Haumu:
n=?
o P‘t
7= 100 % = ——-
1 m-q

OtBet: 7 = 28,6 %.

Aos = m-q.
Torpa KIIJI aBuraremns:
. AVI0.7 ﬂ)K
=22 100 %:ﬁ-IOO %, [77]:{ J:_zl,
@) m-q 0, Aok

60-10°-3,6-10°

100 % = :
18-42-10

100 % = 28,6 %.

3agaya 2. Ha ckonbko IpaaycoB IOBBICUTCS TEMIIEpaTrypa BOAbl Maccoi
3 xr Bo BpeMs cropaHus B neuu 42 rpamm kepocuna ? KIIJ[ neuun 30 %, ynens-
Has TEIUIOTa cropaHus kepocuna 46 MJx/kr.

JlaHo:

m;=42r=42-103kr
m=3Kr

q =46-10° JIx/kr

n=0,3
Jx
=4200
¢ kr.°C
Haumu:
At="7?

Pemenne: 4,,,= Q = m-c:At. Taxxe, npu crOpaHuu

TOIUIMBA MAacCOM mM; BBIAEATCS KOJUYECTBA TETUIOTHI:

Q1 =m;q.

KoaddunmenT nonesznoro qeicTBus yCTPOMCTBA PaBeH:
A m-c-At

n= = :
Ql m;-q
JIx
1- KL —
n-m-q KI o
At = At|=—="C.
m-c [ ] <r. Jx
kT - °C
-3 6
At:n m, q=0,3 42-10 436 10 _46°C.
m-c 3-4,2-10

OtBer: At =46°C.
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3agauya 3. I[Ipu npoxoxaenun aBromoOuiem 100 KM MyTH H3pacXoI0BaHO
10 1 6en3una. Onpenennure MEXaHUYECKYIO MOIIIHOCTb aBTOMOOUJIS ITPU CKOPOCTH
90 km/u. KII/1 aeurarens 30 %, miotHOCTh OeH3uHa p = 0,7 r/cM?, ynenbHas Te-
10Ta cropanus 6ensuna q = 46 MJx/kr.

Mano: Pemenune: Ilpu pemeHun 5TOM 3a7a4l BBIIIOJIHUM
s =100 km =10°m MOCJIEIOBATEILHO CIEAYIONMHE AeHCTBUS.
=90 kM/u =25 M /c 1) Haiinem Bpems ABMKCHUS ¢ aBTOMOOMJIS, €CIIU OH
— — . -3 8\ p3 S
V=102=10-10"m JABUTAJICS CO CKOPOCTBIO U HAa MYTU §: [ =— .
pvr= 0,7 r/cm*= 700 kr/m? v
g =46-10° Jx/kr 2) Onpenenum mMaccy ToriuBa m = p- V.
n=0,3 3) BplyuciauM KOJMYECTBO TEIUIOTHI, BBIJACIISIEMOE
Hatimn- MpU cropaHuu TormBa Q= m, .
p=9 ' Koaddumuent mnosnesnoro aeicTBus ycTpoiicTBa
) A,, P-t P-s
= = = OTtcrona:
paBeH: QO mq pV-qv
KT 5 ok m
n.p.V.q.U 1.73.m y ,HX(
M K C
P = - . [P] — = — =BT.
S m C

p_1PV-qv_ 0,3-7-10*-10-107° - 46-10° - 25

E = 24150 Br.
N

OtBet: P =24150Br= 24,15 kBt

1. IIpu narpesanuu B neuun 60 kr cranu g0 1400 °C,0bu10 U3pacxooBa-
y HO 4,6 kr cnenmanpHoro TorummBa. Hatimure KIIJ[ meun. YnenbHas Te-
19 wioeMkocTh ctann 460 JDx/kr-K, ynenbHas TemioTa CropaHus TOIJIMBA

30 M JIx/xkr.

2. Yepes Kakoe BpeMs 3aKUIAT 21 BoAbl Temreparypoii 31 °C B Harpesa-

Tene, notrpebistonemM B MUHYTy 4 T kepocuna? KIIJ[ narpesarens 35 %,

yJenbHas TemioTa cropanus kepocuHa 46 MJDx/kr.

3. Ckonbko Kr OEH3MHA pacxoayeTcsi aBTOMOOMJIEM MHpPH MPOXOKIECHUHU

2 KM IIyTH CO CKOpOCThI0 72 kM/4 ? MoutHocTh aBToMoOuis 23 kBT, KITJ]

25 % , ynenbHas TemioTa cropanus 6enzuna 46 MJDx/kr.

4. CKOJIBKO TOIUIMBA PAcCXOAYEeTCs IHU3EIbHBIM ABUTATEIEM MOIIHOCTBIO

50 kBt 3a 3 yaca, ecin ero KIIJI paBen 34 % ? YnenbHas Temnora cropa-

HHS TH3€IbHOr0 TorinBa 42 MJIx/KT.

5. B uaeanbHOM TemjaoBOM MallMHE Ta3 OTAAET XOJoAWIbHUKY 60 %

TEIIOTHI, TIOJy4eHHOM OoT Harpesarens. KakoBa TeMmeparypa XOJIOAWIIb-

HUKa, €CJIU TeMIiepaTypa Harpesarens 227 °C ?
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6. AGconroTHas TeMIeparypa HarpeBaress uaeanbHON TEeNI0BONH MAIIMHBI
B TPH pa3a BBILIE TeMIepaTyphl ee XojoamibHuKa. Kakyro paborty cosep-
1I1aeT ra3 npu nonyuyeHuu ot Harpesatens 30 kJ[x TemnoTs! ?

7*. JlBurarenb MOTOpoJIIepa MpU cKOpocTH 60 KM/4 JOCTHraeT MOIIHO-
ctu 3,5 kBt. Kakoil myTs npoiizer Mmotopoiiep, pacxoays 3,6 1 6eH3uHa
npu KII/I aBurarens paBubiM 25 % ? YaenbHas TemiuoTa cropanus OeH3H-
Ha 46 MJIx/kr, mioTHOCTh Oen3uHa 0,7 r/cm?.

8*. Ilpm mnpoxoxiaeHun aBTOMOOMIEM 46 KM IyTH CO CKOPOCTBHIO
108 xm/4. 3a BpeMs ABMKEHMsI M3pacxooBaHo 5 kr OensuHa. Onpenenu-
T€ MOJIE3HYI MOIHOCTh asurarens, ecau KIIJ 24 %, ynensHas temnora
cropanust OensuHa paBua 4,6-107 Jx/kr.

TECTbI IJ1s1 IOBTOPEHMUS TVTIABBI 111

1. Kto Teopernuecku paccuutas KII/[ uneanbHoii TenioBoiit MamuHbI ?
A) Bonbimas; B) Llenbcuii; C) KenbBuH; D) Kapwno.

2. Kakylo pa0oTty coBepliaeT TelJI0BOi ABUrare/b ¢ KO3(pPpuuueHTom mno-
JIE3HOTO JIeficTBUS 7, MOJIy4asi OT HArpeBaTeJisl KOJUY€eCTBO TemJIoThl Q; ?

A) (I-n)Or; B) (I4+n)O; C) n0y; D) Oi/n.

3. UneaibHbli TeNJIOBOI ABHUIraTe/b MOJy4YaeT OT HAarpeBareJsi TEII0Ty
0,8 M/I:x u otaaer xojoauiabHUKYy 0,3 M/ Tenorbl. Bolunciaure makcu-
MajbHbIi KII/] TenoBoro asurareis (%).

A) 50; B) 62,5; C) 83,5; D) 30.

4. TensioBasi MalIMHA, 0TAABAs XOJOAMJIBHUKY 29 K/l Teniaorsl, coBep-
maet 3a nukJa padory 21 k/l[:x. Onpenenure KII/l TensioBoit MamuHbI.
A) 30 %; B) 40 %; C) 42 %; D) 52 %.

5. Bo ckoJbkO pa3 Temmeparypa HarpeBaTe/isl J0JKHA ObITH 00JIbIIE
TeMmeparypbl XoJa0AuJbHuKa, 4T00bl KII/[ uaeajabHO TenjoBOi MaIIMHBbI
coctaBiasa 75 % ?

A) 4; B) 3; (O IK D) 2.

6. TenuoBass mamnnHa ¢ KII/{ 40 % Bbinmoansier 3a nuka padory 34 k/l:x.
Kakoe ko1m4ecTBO TEJI0THI OHA OTAAeT X0J0AWIbHUKY (K/:Kx) ?
A) 28; B) 42; C)51; D) 63.

7. KIIJI TensioBoii mamuHbl - 25 %. YUemy paBHa ee moJsie3Hasi padora,
ecsau oHa moaydaet ot HarpeBarest 400 Ix tensorsl (Ix) ?
A) 200; B) 100; C) 300; D) 400.
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8. Tensi0Boii ABUTaTE/Ib OTAA€T XOJOAHJILHUKY OAHY TPETHIO YACTh KO-
JMYEeCTBA TEIUIOThI, MOJYy4YeHHOro oT HarpeBartesa. Onpeneaurte KIIJI nBu-
rareis (%).

A) 33; B) 54; C) 67; D) 60.

9. Kakos KII/[ ngeanbHOM TenioBOi MalIMHbI, €CJIH TeMIIEPaTypa XoJi0-
AUIbHUKA PABHA OJHOM YeTBePTOi YacTH TeMieparypsl HarpeBares ? (%).
A) 25; B) 30; C) 75; D) 54.

10. Yemy paBen KII/l wnaeanbHoli TemjoBOoW MAaIIUMHBbI, €CJIH
TeMIepaTrypa HarpeBareJs B 2 pa3za 0oJibllle TeMIepaTypbl X0J0AHIbHUKA ?
A) 30 %; B) 40 %; C) 50 %; D)67 %.

11. Temneparypa Harpesare s Temiosoil mamuubl 500 K, xononniabHu-
ka 250 K. 3a onun nukJa padouee Tes1o moaydaer or Harpesareas 6000 J:x
TemnoTbl. Onpeaesaunrte padory, copepmaemMyro 3a nuka (x).

A) 1200; B) 1500; C) 300; D) 3000.

12. Uneanbnblii TensioBoi asurareb ¢ KIIJ 40 % moay4daer ot Harpe-
Bareias 10 k/[:k Temnorel. YeMy paBHO KOJM4Y€CTBO TENMJIOThI, IPUHUMAEMO-
ro xoaoauabHukoMm (k/[:x) ?

A)7; B) 6; C) 3; D) 3,5.

13. Ckoabko TOmIMBa (KI) pacxoayeT AW3e/bHbIN JBUrare]b MOLIHO-
cThI0 42 kBT 32 3 yaca, npu KII/[ paBubim 20 % ? YaeabHas Temjiora cro-
paHus Au3eJabHOro Tonausa 42 MJIx/Kr.

A) 20; B) 21; C) 28; D) 54.

14. /Ina narpeBanus B kotje 3600 i1 Boabl coxriim 42 kr yrias. /lo ka-
KOl TeMIepaTypbl Harpejach BOJIa, €CJiM ee HayajbHasi TeMIilepaTrypa
onr1a 10°C, a TensoBasi oraauya Tonku 30 % ? VYaeabHasi TeNmJI0éMKOCTDH
4200 T:x/kr-K, yaeabHasi Temsiora cropanus yriast 30 Mx/kr.

A) 35°C; B) 50 °C; C) 60 °C; D) 70 °C.

15. Ilpu cropannu cyxux ApoB (7;) U IPUPOAHOIO ra3a (m;) BblaeasieTcs
OJMHAKOBOE KOJIM4YeCTBO TelmjIoThl. KakoBo cooTHOmIEHHe MexXay HX Mac-
camu ? YieJbHasi TenJjora cropanusi cyxux apos 107 JI:k/Kr, a mpupoIHOro
rasza 4-107 JIsx/kr.

A) m2:2m1; B) m;= my, C) I’I’l1:4l’}’I2; D) m=2 m;
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OCHOBHBIE BbIBO/JbI ITO IJIABE I1I

TemioBoM aABUTaTElh

TerioBbIM ABUTATENIEM HA3bIBAKOT YCTPOMCTBO, IIPEB-
palnarolee TeIIOBYIO YHEPTUIO B MEXaHUYECKYO.

Bus! TEIOBBIX IBUTA-
TeIen

I[BI/II‘&TGJII/I BHYTPCHHETO CropaHus, NU3CJIbHLIC IBU-
rarcjin U pCaKTHBHBIC IBHUI'aTCIIN.

[Tpunnum paboThl TEIIO-
BBIX JBUTATENEH

1. Bo Bcex TEMJIOBBIX ABUraTelsiX BHYTPEHHSS dHEp-
I'¥sl TOIUIMBA MPEBpAIlaeTCs B MEXaHUUYECKYIO DHEp-
THIO.

2. Jlns paOoThl TEIUIOBBIX JBUTAreieil 00s3aTebHO
JIOJKHA CYILECTBOBATh PAa3HOCTh TEMIEpaTyp Harpe-
BaTelIsl U XOJIOAWIbHUKA.

3. Pabota mo6oro aBurarens 3aKkji04aeTcs B MOBTO-
PEHHMHU IMKIJIOB U3MEHEHHH COCTOSHUS pabodero tena
(HanmpuMmep: raza).

[IpeBpaienus suepruu B
TETIJIOBBIX JBUTATEIISX

Bo Bcex TeminoBBIX JABUTaTCIIAaX BHYTPCHHSSA SHEPIusd
TOILIMBA MPEBpalaA€TCA B MCXAaHUYCCKYIO SHCPIUIO

Hukn Kapuo

Hukn KapHo s uaeanbHbIX TEIUIOBBIX JABUTATENEH
COCTOHWT M3 JIByX M30TE€PM U JABYX aanadar.

[Tonesnas pabora, co-
BepIaemMast B TEIUIOBBIX
MalimMHax

[lone3nast paboTa TEMJIOBOro JBUTaTens, padboTaro-
mero no nukiny Kapno, Bbramcnsercs no gopmye:
Apor = Q1 - Q2. 3nech ) — KOIUYECTBO TEIUIOTHI, MO-
JTy4eHHOE OT Harpesarens, (), — KOIWYEeCTBO TEIUIO-
Thl, OTIAHHOE XOJIOAUIIHHHUKY.

Koa¢ppumnment nomnesno-
TO JCHCTBHS TETIIIOBBIX
maruH (KTIJT)

OTHomIeHNe TONEe3HON pabOThl A,,, ABUTATENSA K KO-
JMYECTBY TEIIOTHI (;, TIOJIYYEHHOE OT HarpeBaTels,
HA3bIBACTCS KOIPPUIIMEHTOM TOJE3HOTO ICHCTBHS
(KTIJI) TerioBoro ABUTATENS:

A _
7 =211 1009 = 2= 100%,

1 1

Koaddbunment monesno-
ro JICUCTBUS UJCATBHBIX
terioBeix MaruH (KITT)

T7=ﬁ-100%.
T

1
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_ TJABAIV
CBOMCTBA )KUJKOCTH "
TBEPIBIX TEJI

§ 31. CBOICTBA AKUIAKOCTHU
TekyuecTb KUAKOCTH

Mortekysbl ra3a HaxoIATCs Ha OY€Hb OOJIBIIIOM PACCTOSHHUU JPYT OT JAPyra Io
CpaBHCHHIO C UX pa3MEpaMu, U CWJION B3aWMHOTO IMMPUTSKCHUSA MOJICKYJI ra3a MOX-
HO npeHeOpeub. Tak Kak CHIIbI B3aMMHOTO MPHUTSHKCHUS MOJICKYIT ra3a Mallbl, MO-
JICKYJBI Ta3a MOTYT YIAIATHCS JIPYT OT JPyTa, TO €CTh Ta3 pacimmpsiercs. IMeHHO
MO3TOMY Ta3bl HE UMEIOT CBOOOHYIO MMOBEPXHOCTbD.

B omiuuue ot ra3oB, B XHUJKOCTIAX MOJICKYJIbL
pacroyiaratlorcsi 0O4eHb OJIM3KO Jpyr K Ipyry, U
CUJIBI MMPUTAKCHUA MCXKIY HHMU HAMHOTI'O 00JIb-
me. DTa Cuiia yIep)KUBAeT MOJICKYJIbI JAPYT OKOJIO
npyra. IMEeHHO TOATOMY JKHJIKOCTH, B OTIIMIHE OT
ra3oB, COXPAHSIIOT CBOH 00bEM. a)

Ha skuakocTh, HaxXOmAIIYIOCS B COCyAE, JCH- puc.39.
CTBYET CHJIa TSDKECTH, HallpaBieHHAas BHU3. [I0CKOJIBKY JKHUIAKOCTh CHU3Y M COOKY
OrpakJieHa CTeHKaMH U JTHOM COCYy/a, OHa HaXOJNUTCS B COCTOSTHUU PAaBHOBECHSI.

Ecnu cocyst ¢ ®HUIIKOCTBIO HAKJIOHUTh B OJIHY CTOPOHY, TO O] ICHCTBHEM CHIIBI
TAXKCECTU MOJICKYIIbI 6YJIYT nepeMeInarbCia MPEUMYIICCTBEHHO B OJJHOM HallpaBJIC-
HuH (puc.39 a). B pesyabrare 4ero KUAKOCTh MOTEYET B CTOPOHY HAKJIOHA COCY/IA.
OHAaKO MPUTSHKEHUE MOJIEKYJIa )KHIKOCTeH He HACTOIBKO BEJTMKO, YTOOBI )KHIKOCTh
coxpaHsijia CBOtO (popMy. DTHUM OOBSICHIETCS, YTO KHJIKOCTH MPUHUMAIOT (HOpMYy CO-
Cy/la B KOTOpOM OHa HaxoauTcs (puc.39 6).

.
4
e

a™> "

@ KuaKocTH J1erko MeHsIloT popMy, HO COXPAHSIIOT CBOIl 00BEM.

SIBi1enue MOBEPXHOCTHOI'0O HATHKCHU S

Pazbepem, moueMy *KHUIKOCTh, HAXOAIIASACSA B JTIOOOM COCye, MIMEET TOPHU30H-
TaJbHYIO IIOCKYIO TOBEPXHOCTh. COMIacHO MOJEKYJISIPHO-KUHETUYECKOW TEOpUH,
MEXKy MOJIEKyJaMHU BEIIECTBA BCET/a CYIIECTBYIOT CHIIBI B3aUMOICHCTBHUSI.

PaccMotpum, aeiicTBHs MOJIEKY I HA MOJIEKYJTY, HaXOIAIIYIOCS BHYTPU JKUKOC-
TH B TOUKE A, U Ha MOJIEKYJTY, HAXOSIIYIOCS Ha MTOBEPXHOCTHU KUJIKOCTH B Touke B
(puc.40 @). Cuibl IpUTSHKEHHMS, ACHCTBYIOIIME HA MOJIEKYJTY B TOUKE A, CO BCEX CTO-
poH ypaBHOBemuBatoTcs (puc.40 6). B pe3ynbrare paBHOIEHCTBYIOMIAs CUia OyieT
paBHa HYIIIO.
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a) 0) o

puc.40.

PaccmoTpuM, 4TO MPOUCXOAUT C MOJIEKYJIOW, KOTOpas HaXxOAMTCS B TOUKe B,
TaK KaKk OHa HAXOJUTCS HA IMOBEPXHOCTHU JKUIKOCTEH, TO CHUJIbl MPUTSHKEHUS CO
CTOPOHBI MOJIEKYJI BO3JJyXa MHOI'O MEHBIIIE CUJI IPUTSHKEHUSL CO CTOPOHBI COCETHUX
MOJIEKYJ KHUAKOCTH. Bo3HuKaeT pesynabTupylollasi cuja, KOTOopas HampabiieHa
BHYTPb KUAKOCTU. [103TOMYy MOJIEKYIbI HAXOAAIIMECS HA TIOBEPXHOCTH JKUIKOCTH,
CTPEMSTCS TIOTACTh BHYTPh KUAKOCTH (puc.40 6). ITO NIPUBOIUT K BOSHUKHOBEHHUIO
MOBEPXHOCTHOT'O HATSHKEHUE KUJIKOCTH.

[Tomecture unity Ha Gymary, JieKaIryro Ha TOBEPXHOCTH
BOJIbI, 3aT€M IIOCTENEHHO OMycTHTe Oymary B Boay. llpu @
3TOM OyMara Morpy3uTcsl B BOJY, a UIJIa OCTAHETCs Ha ee

nosepxHoctH (puc.41). Uy ynep:xrupaer NOBEpXHOCTHOE
HaTsKEHUeE.

puc.4l.

Cuia MOBEPXHOCTHOI'0O HATHAKCHMU

B moBcenHeBHOW XHM3HM BBl BUJAEIH, KaK oOpasyroTcss < = o
Karu B kpane. OOpa3oBaBIIyIOCS B OTBEPCTHH KPaHa KAILmo |« | |
MOKHO CPaBHHTD C 31aCTUYHBIM MEIIOUYKOM. C yBETUUEHUEM \_Uj
KaIuTi MPOYHOCTh MEIIOYKA, YICPKHBAIOIIETO €€, OKa3bIBa-
€TCsl HEJOCTATOYHOM, M KaIllsl OTpbIBaeTcs (puc. 42).

B neiictBHUTEIFHOCTH HUKAKOTO MelIodyka HeT. Ha kaxk- _
JIyI0 MOJIEKYJly MOBEPXHOCTHOTO CJIOSl Kallld JIEUCTBYIOT W W
CHJIBI, HAIPABJICHHBIC B IIEHTP KAIUTN U yACP)KUBAIOIIHE €€ —

CHJIbI TOBEPXHOCTHOTO HaTskeHUsl. Cuila MOBEPXHOCTHOTO 7 ‘
HaTSDKCHMS, JIEWCTBYIONIAs HAa JIMHUIO OTPaHUYHBAIOILYIO .
MOBEPXHOCTb, MPSIMO MPOMOPLUOHAIBHO JIJIUHE 3TOU JIU-
HUU ¥ 3aBUCHUT OT POJAA KUIKOCTH:

puc.42.

F=ol. (D)
3nech o — (huzndecKasi BeIMUMHA, XapaKTepU3yoIas TOBEPXHOCTHBIE CBOWCTBA
KUJKOCTH W 3aBHCSIAs OT poja KUAKOCTH, Ha3biBaeTcs Kod(h( UIIMEHTOM
MOBEPXHOCTHOTO HaTsDKeHMs. M3 hopmyisl (1) momydaercs

o= @

)



W3 BeIpaskenust (2) BUAHO, UTO €AMHUIICH M3MepeHus o spisercs - H/m. Otcro-
Ja cienyeT U (pu3udecKuii cMbIC KOA(hHUITHEHTa TOBEPXHOCTHOTO HATSHKCHHS: KO-
3¢ (UIMEHTOM MOBEPXHOCTHOTO HATSDKEHUEM Ha3bIBaeTCs (pu3myueckasl BEIMYMHA,
YHCIIEHHO paBHAas CHUJIE MOBEPXHOCTHOTO HATSKEHHUsI, IEUCTBYIOIIYIO0 HA €AUHUILY
JUTMHBI IMHUY, OTPAHUYHUBAIOIILYIO 3Ty TIOBEPXHOCTb.

Cuna THOBEPXHOCTHOIO HATSDKEHHUS CTpe-
MUTCSI YMEHBIIUTH CBOOOTHYIO IOBEPXHOCTb
¥ sxuaxocTd. CBOOOIHO Majaromue Kamiy J0K-
TIs1, UMEIOT apoodpasnyto hopmy. B ycrnoBusx
HEBECOMOCTH B KOCMHMUYECKOM Kopabie Boja,
Jake JTOCTaTOYyHO OOJBIIONH Macchl Oyaer
nMeTh popmy mapa (puc.43).

puc.43.

Onpenesienue k03GpGUuMEeHTa NOBEPXHOCTHOIO HATAKEHUS

Nmeercss HECKONBKO METOJOB ompeaeneHusi KodpduimeHTa
MOBEPXHOCTHOTO HATSHKEHUS KUAKOCTU. OJHUM U3 HMPOCTHIX Me-
TOZIOB OmpeneNneHus kod(pPHUIreHTa MoBEPXHOCTHOTO HATSKEHUS
KUJKOCTH SBIISIETCS METOJA OTphIBa Kamenb (puc.44). Ilpu BoiTe-
KaHUU JKUJKOCTU U3 Y3KOM BEPTUKAIBLHO PACIIONIOKEHHON TPyOKH
oOpa3zyercs karuig. Kammm manoro pasmepa HE OTPBIBAIOTCS OT
TPYOOUKH, TaK KaK MX YIEp:KHUBaeT CHUJia MOBEPXHOCTHOTO HATs-
xeHusi. OTPBIB Karuld MPOUCXOIUT B TOT MOMEHT, KOT/Ia ee Cuia
TSOKECTH (Mo g) YMCIEHHO OyJIeT paBHA CHJIE TOBEPXHOCTHOTO Ha-
TsoKeHus (o [)

l—

myg =0l 3)
3M1ECh My — Macca OJJHON KaruiH KUAKOCTU. COTNIaCHO BBIPAKEHUIO
(3), KO3 PUIUESHT MOBEPXHOCTHOTO HATSKCHHSI BBIYHCIISICTCS puc.44.
CJICAYIONIMM 00pa3oM:

myg

=T @

KoadduineHT moBepXHOCTHOTO HATSHKCHUS JJIS1 HEKOTOPBIX YKUIAKOCTEH MpUBe-
neH B cneaytomieit Tadnure (mpu 20 °C).

Ne | KunakocTs o, H/m Ne | ZKugkocth o, H/™m
1 PryTs 0,47 4 Pacturensnoe maciio | 0,033
2 Bona 0,073 5 Kepocun 0,024
3 MpbubHbli pactBop | 0,04 6 OTUIIOBBIN CIUPT 0,022
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IloBepxHocTHAas 3Heprus

Bcenenctue cuibl MOBEPXHOCTHOIO HATSDKEHUS, MOJEKYNBI IOBEPXHOCTHOTO
cJ10st 001a7a0T N30BITOYHOM MOTEHIIMATILHON YHEPTUEH 10 CPABHEHUIO C SHEprHen
MOJIEKYJI BHYTPH JKUJKOCTH.

Kamuaﬂ MOJIEKYJ/JIAa, Haxoadmasicd Ha IOBEPXHOCTH
AKUAKOCTH oﬁﬂauaeT H30bITOYHOM NOTEHIUAJIbLHOM JHEPIuu 1mo
CPaAaBHECHUIO C MOJIEKYJIAMHU, HAXOASAMIUMUCH BHYTPH KUAKOCTH.

[ToBepxHOCTHAsI 3HEPrUs NPSIMO MIPONOPLMOHANIBHA TUIOIIAIU TTOBEPXHOCTH (S):

W=ocS. &)
CornacHo BbIpakeHUIO (5), KOIPPUIIMEHT MOBEPXHOCTHOTO HATSKEHUS PaBEH:
w
o=—.
< (6)

U3 paBenctBa (6) cinenyer ¢puznyeckuii cMbIch K03 (HULMEeHTa TOBEPXHOCTHOTO
HaTsDKEHUs: K03(p(PULIHMEHT MOBEPXHOCTHOTO HATSXKEHHS YUCIIEHHO PAaBEH 3HAYECHUIO
MOBEPXHOCTHOW SHEPTHH, MPUXOIAIICHCS Ha CIUHHILY TUTONMIAJN MOBEPXHOCTH.
HWcxons u3 aToro, eaunuia uamepenus ¢ B CU moxer ObITh Takke /M2,

1. IToueMy BO3HUKAET CHIJIa TOBEPXHOCTHOTO HATSKEHUS ?
2. [Touemy BO3HHMKAET MOBEPXHOCTHAS SHEPTHS 7

3. [Touemy Karist BOABI OTPHIBAETCS OT KpaHa ?

4. MoXHO 711 B KOCMUYECKOM KopaOie MUTh Yaii, HaJluBas ero B nuaiy ?
5. [oueMy MalleHbKHE KaIlIi POCHI IIPUHUMAIOT GopMy miapa ?

6. Kakyro ¢hopmy mpuHUMAIOT KAy KUAKOCTH B HEBECOMOCTH ?

CkaraiiTe u3 KyCO4YKa IUIaCTHJIMHA HMAapuK JHaMCTPOM 3 MM. OCTOpO)KHO

@ IMOJIOKUTEC €TI0 Ha HOBCPXHOCTH BOJAbI IPHU ITOMOMIIN HpOBOJ’IO‘-IHOfI TICTIN.
Hoquy HIapuK YACPKUBACTCSA Ha IMOBCPXHOCTU BO,Z[BI? Hanwmiure cBou
BBIBO/IBI.

§ 32. CMAYUBAHMUE. KAIIWIJVIAPHBIE ABJIEHUSA
SIBneHNs1 CMaYMBaHNUSI M HECMAYHBAHUS

Pyuka (vnm xapanjanr), CMOYeHHas B BOJIE, OCTABIISIET HA CBOEI TOBEPXHOCTHU
KalleJIbKU BOJIBI, TO €CThb CTAHOBUTCS «MOKpPOW». Torna BO3ZHUKAET BOIPOC: IIOYEMY
TEJIO CTAI0 «MOKPBIM»?

W3BecTHO 4TO, TBEPAOE TENO U XKHUAKOCTH COCTOAT U3 MOJIeKyl. CMauuBaHUE U
HE CMauMBAHMUE 3aBUCHUT OT B3aMMOIECHCTBUS MOJIEKYJ )KMJIKOCTH U TBEPAOIO Tea.

77— ®uszuka 9-xnacc (97 '



)I(HZ[KOCTL CMAYMBACT MOBEPXHOCTHL TBEPIAOIo TeJIa, €CJIU CHJIbI
NPUTHKCHUSA MEKAY MOJEKYJTAMHM YKHAKOCTH U TBEPAOIo TeJ1a, 00J1b-
e CUJI B3AUMHOI'0 NPUTHXKCHUA MOJICKYJ KUTIKOCTH.

HTaK, KapaHaam OTACIACT YaCTUILbl )KUJIKOCTH APYyr OT Apyra U NPUTATUBACT
X ceoe. HquHHa CMavYrBaHUA KapaHJala — NPUTAXKCHUC UM MOJICKYJI JKUIKOCTH.

@ AKuakocTh He CMauuMBaeT MOBEPXHOCTH TBEPAOIO Tejia, €CJIH
CHJIbI TPUTSKEHUS] MEXKAY MOJIEKYJAMH KHIKOCTH U TBEpPAOro
TeJia, MeHbIlle CUJI B3AMMHOI0 NPUTSAKEHUsI MOJIEKYJI KUTKOCTH.

CTexo He MOXKET OTAEINUTDh MOJIEKYJIBI PTYTH ApyT OT npyra. [loaTtomy pTyTh, 1IO-
MEIIeHHAas! B CTEKJIIHHBIN COCY/], HE CMauUBAET €ro CTeHKU. OnpenesaeHHas xKHUJIKOCTb,
CMa4MBasi IOBEPXHOCTh OTHOTO TeJla, MOXKET HE CMa4MBaTh [IOBEPXHOCTD APYIOIO.

I/ICKpHBJIeHI/Ie MOBEPXHOCTH KHIKOCTH

@ I/ICKpHBJIeHHe MOBEPXHOCTH KHIKOCTH OKOJO IMOBEPXHOCTH
TBEPAOro rteja, 3aBUCUT OT sIBJIEeHH cCMauyMBaHUsI M HeCMAaYuBa-
HUSA.

[To popme KUIKOCTH OKOJIO TPAHUIIBI TBEPIOTO TEJa MOXKHO y3HATh, CMaYUBAET
WA HE CMayMBaET OHA MMOBEPXHOCTh TBEPJOTO Teja. ECu ®HUIKOCTh CMauHBaeT Co-
CyJl, €e TIOBEPXHOCTh OyaeT BOrHyTOoM (puc.45 a), a eciii Ha000POT, TO TOBEPXHOCTH
KHUJIKOCTU OyzieT BHIMYKJION (puc.45 6).

0)

puc. 45.

SIBneHus cMayMBaHMS W HECMAYMBAHMSI UTPAIOT 3HAYUTEIBHYIO POJIb B OBITY U
TE€XHUKE. MBIIBHBIN PACTBOP CMAauMBACT HAIY KOXKY, [I09TOMY Mbl MOEMCSI MBUIOM.
[lepps Tycel M yTOK IIPH BBIXOJE M3 BOJBI OCTAKOTCS CYXHWMH, TaK KaK MX MIEPbs
JKUPHBIE U BOJIA UX IIOYTU HE CMAYUBACT.

SIBneHne cMauMBaHMs UMEET MpakTHueckoe 3HaueHne. OHO UCTIONb3YyeTCs IPU
CKJICMBAHWM, asTHUU, OKPALLIMBAaHUU IIPEAMETOB, CMa3bIBAHUU JETAJIEH U B IPYTUX
LETIAX.

©8)



Kal’lI/IJ'I.]'IﬂpHI)Ie ABJICHUSA

TpyOouku, BHYTPEHHUN AHAMETpP KOTOpPHIX He Ooxbime 1 MM, Ha3bIBa-
I0TCS  KalmWUIApaMu. YPOBEHb CMAauMBAIOINIEH JKUJIKOCTH B KamWUIIpax
nogHuMaercs (puc.46 a), a HecMauumBalomeld - moHmwkaercs (puc.46 0).
Ha mnoBepxXHOCTHBIA CJIOM CMauyMBAaIOIIEH >KUAKOCTA HAJUTONM B KalWJUISP
JIEUCTBYET CUjla MMOBEPXHOCTHOT'O HATSXKEHU S, HAIIpaBJIEHHAsI BBEPX, TO €CTh:

F=cl=02nr (1)

[TopusTHE KUAKOCTH B KAMWUISIPE MpPEeKpallaeTcs TOraa, KOorjaa Cuja TSKECTH

JKUJKOCTH (/1 ), CTAHOBUTCSI PABHOM CHJIC TIOBEPXHOCTHOTO HATSKCHHUS:
c2rr=mg. 2)

Tak kak BeC KUIAKOCTH paBeH mg = pVg = pShg = par’hg , TO coraacHo BbIpa-
JKEHHIO (2) BBICOTA KUJIKOCTH MOJHSIBLICHCS M0 KAMIUIAPY BBIUMCISETCS CIEy-
IOIAM 00pa3oM:

he 20

- prg @

Ota hopmyna BeIpakaeT BHICOTY MOMHATHS MO KANWLIAPY CMaYMBAIOLICH KU
KOCTH Y TTyOWHY OITyCKaHHS HeCMauMBaonel )KuaKocTH. M Tak, BBICOTa MOAHATHS
WIM DIyOWHA OITyCKaHUS B KaMWIIISPAX MPsIMO MPOHOPIMOHAIEHA KOA(PPHUIIUEHTY
MOBEPXHOCTHOTO HATSHKEHUS, 1 OOPaTHO NMPOMOPIMOHATIbHA TUIOTHOCTH YKHJIKOCTH
U painycCy Karnuuisipa.

puc. 46.

Kanmwisipaeie siBICHHST WTParOT BaKHYIO pOJIb B Tpupone W TexHuke. [lo
KalljuigpaM XOpoIno IMOAHUMANOTCSA BBCPX IMUTATCIIBHBIC BCUICCTBA. Kanmmﬂpm
pacTeHuil 00pa3yloTCsi Ha CTEHKaxX KIETOK. briaromapsi KammuIsIpHOMY SIBJICHHUIO
BJj1ara mogHUMacTCs U3 I‘JIY6OKI/IX CJIOCB 3CMJIM B BECPXHUC CJIOU. B pe3ysIbTare BoAa
B TOYBE OBICTPO UCTAPSETCS W IMOYBA BBICHIXACT. UTOOBI COXPAHHUTH BIAXKHOCTH
BHYTpPH II0YBBI, €€ BEPXHsA 4aCTh CMATYaeTcs, paspyluas B HeW Kamwuisapsl. [Ipu
CTPOMTENLCTBE JOMOB (DYHIAMEHT OTIEISIOT OT CTEH PyOepOUIAOM HIIM OMTYMOM
(4epHBIM BOCKOM), UTOOBI M30€XKaTh KaIMJUIIPHOTO MOBEMA BOBI M3 TIOUBBI.

(D))



1. ITouemy KUIKOCTh CMaUYMBAET MOBEPXHOCTh TBEPJOTO Temna ?

2. TToyemy >KUIKOCTH HE CMAuYMBAET MOBEPXHOCTH TBEPOTO Tea ?

3. TloueMy rycu 1 yTKHU BBIXOJAT U3 BOJbI «CyXUMM ?

4. Kakoe 3HaueHNEe UMEET SIBIIEHHE CMAaYMBaHMs B IIOBCEAHEBHOM KU3HU ?
5. Kaxkoe siBieHHE Ha3bIBAIOTCS KAMWUISIPHOCTBIO ?

6. OOBsICHUTE TPUYHUHY TIOTHATHS BOJABI U OIMYCKAHHS PTYTH B CTEKJISH-
HBIX KamWuIsipax.

7. OT 4ero 3aBUCUT BbICOTA MOAHATUS KUAKOCTH B KalMLIsIpax ?
8. Ilouemy TpyqHO HaAETh MOKPYIO OZEXY ?
9. ln1s yero ofiex 1y ¢ MATHAMU Maclia CTUPAIOT B MBUILHOM pacTBOpe ?

@

1. IlponabnronaiiTe MOMHATHE BOABI WJIM Macliia B KAMWUISIPHBIX TPYOKax
paszHoro aquamerpa. Ha ocHOBaHMM CBOMX HAOMIOACHUIN HAITUIIIUTE BHIBOJL.

§ 33. PELLIEHME 3AJIAY

3apgaua 1. Ha xakyro BBICOTY MOAHMUMAETCS KEPOCHH IO KAWILIPY pajnycoM
0,5 mm? KoadummeHT moBepXHOCTHOTO HaTsKeHMs1 kepocuHa 24 MH/M, miot-

HocTh 800 Kr/M>.

Mano: dopmyaa: Beruyuciaenne:

r=5 100w o, 20 22410y
02;‘0"010—3/}13/“4 prg T800-5-10°-9,81
p= KI/M .

g =9,81 m/c2. " o M =12,2-107m =12,2mm.
Hatimu: Ty, KT KI' )

h=? ot OtBeT: /=122 Mm.

3agaua 2. Uma anuHOM 6 CM HaxoAUTCS Ha IMOBEPXHOCTH Bonbl. KakoBo
3HaYEHHUE CUJIbI MIOBEPXHOCTHOIO HATSHKEHMUSI, IEUCTBYIOLLYIO Ha Hee ?

Mano: ®opmy.aa: Boruncienne:
[=6cm=6-10"m ; .
o="73-10"° H/m™m. F=201 F=2.73-10"-6-10"H =
H =8,76-10"H.
b [Fl=lo]= —-m =H,
F=7 M
OtBet: F'=28,76-10" H.
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3amaua 3. CkojbKO Kamenb oOpasyercs u3 73 c¢M® BOIBI, €CIIM OHA KaraeTr U3
TpyOKu auamerpoM 3 MM ? KoappuIireHT moBepXHOCTHOTO HATSKEHUS BOJIbI paBEH

73 mH/m.
Hano: dDopmy.Jia:
d=3mm=3-10°m
V=73em =73100%° |, _OL_o7d
o=73-10° H/m g g
p = 1000 xr/m* m=pV;
g=9,81 m/c?

m pV-g
Haumu: N=—=

m, o-7m-d
N=7?

Broruucienune:

_10°-73-10°-9,81
73-107°-3,14-3-10°°
=1040.

OtBer: N = 1040 1t

3anaua 4. Paguyc MBUIBHOTO Iy3bIpsl yBenmuuuics ot 2 cm a0 3 cm. Kak npu
3TOM U3MEHHJIACh €ro MoBepXHOCTHas sHeprus? KoshdumumeHnt moBepXHOCTHOTO
HaTsHKEHUs! MBUTBHOTO pacTBopa 0,04 H/m.

Jlano:
Ri=2cm=2-10%m
R,=3cm=3-102m
oc=4-102 H/m.

Haumu:

AW =7

dopmy.Jia:

W=2ocS;
S=4n R*;

AW =208, -20S, =
=20-47(R; - R’)

=2
M

-m?>=H-m= JIx

Beruuciienue:
W=2-4-10%-4-3, 14x
x(9-104-4-10%) =5 -10* I

OTBer: VYBEeIMUUTCS Ha
AW =5-10* JIx.
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1. B kanwuisipHo# TpyOKe BoAa mopHuMmarecs Ha BbicoTy 14 mm. Haiigure
JMaMEeTp KalWUIIPHON TPyOKH.

2. B xanusuisgpe cnupT MOAHSICS Ha BbIcoTy 22 MM. Halinute paguyc xanui-
nsipa. [lmotHOCTH cnipra 800 Kr/m>.

3. Ha kaKky!o BBICOTY IIOHUMAETCSI KEPOCHUH 10 Kanuusipy paguycom 0,6 MM ?
[TnoraocTh KepocuHa 800 Kr/m?.

4. JlnameTp oTBepCTHsl KaneabHULbl 2 MM. KakoBa Macca Kariy BOJIbl, BbITE-
Karolllel U3 KaleJIbHULIbI, B MOMEHT €€ OTpPbIBaHUsA ?

5. Macca )XuakocTy, OTphIBAIOLIEICS OT KaleJIbHUIBI AUAMETPOM 2 MM, PaBHA
15 mr. Ompenenute k03PPHUIHEHT MTOBEPXHOCTHOTO HATSHKSHHUSI TAHHOM KU/
KOCTH.

6. KakoB k03()(UIIMEHT MOBEPXHOCTHOTO HATSHKEHUS JKUAKOCTH C TUIOTHO-
creto 0,9 r/cM’, ecim OHa MOAHUMAETCS 10 KalTMIUIAPY AMAMeTpoM 1,5 MM Ha
BbIcOTY 10 MM ?

7. Crorbko Kariesb 00pasyrorces u3 20 cM? BOJIbI, €CIIM OHA KalaeT U3 KareIbHULIbI
muamerpoM 3 MMm. KoadduimeHT noBepXxHOCTHOrO HaTsKeHHs Boab! 73 MH/M.

8. Bona no kanwuisipHO# TpyOKe, pacroyioKeHHOM Ha 3eMiie, TOTHUMAEeTCs Ha
15mm. Ha kakyto BBICOTY MOIHUMAETCsl BOAA O 3ToM ke TpyOke Ha JIyne ? Ha
Jlyne yckopeHue cBOOOJHOTO TaIeHUus B 6 pa3 MEHbIIIe, 4eM Ha 3emiie.

9. Kak n3MeHnTCsl MOBEPXHOCTHASI SHEPTHSI MBIIIBHOTO ITy3bIps IIPU yBEJINYE-
HUH €€ TUIOIIAIU IOBEPXHOCTH Ha 12 cm??

10. Pagnyc MbUIBHOTO My3bIpsl yBeIuumics oT 2 cMm 10 3 cM. Kak n3MeHuni-
csl ee moBepxHOcTHas 3Heprus? KosdduuueHT moBepXHOCTHOTO HATSKEHUS
MbLTHOTO pactBopa 0,04 H/m.

11. ITouemy pyku CMOUEHHBIE MacJIOM TPYJHO MBITh BOAOH, a JIErue KEpoCH-
HOM ?

12. 13 xpaHa camoBapa MaaarT Kamid. B kakom ciryyae 3Ty Karuiu 6oiee Ts-
JKEJIble: KOT/Ia BOJla ropsyasi WK Korna oHa octslia? [louemy ?

13. Tlouemy TecTo B HarpeBarese He CMsAryaeTcs, a Ha00OpOT OTBepeBaeT ?
14. OmnyaroTess M MOJIEKYJIbl XOJOAHOM BOIBI OT: @) MOJIEKYJbl Topsden
BOJIbI, 6) OT MOJIEKYJI JIbJa ?



§ 34. JABOPATOPHAS PABOTA.

OITPEJIEJIEHUE KOO®PUIINEHTA
IHHOBEPXHOCTHOI'O HATA)KEHUA ’KUJIKOCTH

ILlenv pabomer: vizyueHue onpeneneHus kodpuireHTa noBepXHOCTHOTO Ha-
TSOKEHUS JKUJIKOCTH.

Heooxooumsle 060pyoosanusn: 1yBCTBUTEIbHBIN TUHAMOMETp, IITATUB, MPO-
BOJIOYKU B (opMe TpeyroibHUKa, KBajJpara U Kpyra, COCya ¢ BOJOH, NHHEIKa,
HITAaHTCHIUPKYIIb.

[Topsiiok BHINOJTHEHHSI PadOTHI

1. Ilpukpenutre IUHAMOMETP K IITATUBY BEPXHUM
KOJIBITOM (puc.47).

2. V3aMepbTe nMUHEHKON epuMeTp | mpoBosIouHO# pam-
KH B (hOpMe TPEYroJbHUKA.

3. IlogBechTe MPOBONOKY K HUKHEMY KOJbIY AMHAMO-
MeTpa U U3MEPHTE €€ CUIY TSHKECTH F.

4. IlomHUMHUTE COCYH C BOJOW U MPUKOCHUTECH K TIPO-
BOJIOKE, MOJIBEIICHHON K JUHAMOMETDY.

5. MeasieHHO OTIIYCTHTE COCYJ BHU3 W 3alHIIUTE IO-
Ka3aHue JuHaAMoMeTpa F> B MOMEHT OTHENECHHUS PAMKHU OT
BOJIBI.

6. Haitnute o ¢popmyne F = F;— F, cuiry OBEpXHOCT-
HOTO HATSKCHUSI.

F
7. C nmomo1bo GpopMysbl O = % BBIUUCIINTE KOIPPH-

[IUEHT MTOBEPXHOCTHOTO HATSKEHUS JKUIKOCTH.
8. IloBropure ONBIT IS TNPOBOJOYHOM paMKH B
dopme kBaapara u kpyra. C moMomnpr (GopMyIsl.

o +o,+0, .
=—L "2 7 paiinute cpeqHee 3HaueHue kodppunu-

(@)
p

€HTa MOBEPXHOCTHOTO HATSKCHUS.
9. Pe3ynbpTaThl H3MEPEHHI U PACYETOB 3AMUIIUTE B TAOIHITY.

Ne F H Ibm |0, Hwm | 0,, HM
1
2
3

‘ 1. OOBsicHUTE, YTO TAKOE CHJIa TOBEPXHOCTHOTO HATSKCHHUS.

2. ITouemy, 4TOOBI OTACIUTH PAMKY OT BOABI, HY’KHO MPUIIOKHUTH CHILY ?
3. Ilpoananu3upyite pe3yiabTaThl ONBITA U CAEIANTE BHIBOABI.
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§ 35. KPUCTAJIVIMYECKHUE U AMOP®HBIE TEJIA

Kpucraaimuyeckue tejia

B otnuuue oT KUAKOCTEH, aTOMBI (MOJEKYNbl) TBEPABIX TEJ OUYE€Hb CHIIBHO
CBS3aHBI IpYT ¢ ApyroM. Haxonsich B COCTOSHMHM PaBHOBECHS, OHU COBEPILAIOT
HeMpephIBHBIE KoJeOaTenbHble NBIKeHHUS. Culla TSKECTH HE CocOOHa MPeoao-
JIeTh CHJIy NMPUTSHKEHUS Mexay aromamu. [losTomy TBepable Telna COXpPaHSIOT
cBOoil 00beM U uMerT ¢opmy. [lo cBoemMy CTpPOEHHIO TBEpJble Tela ASIATCA Ha
KpHUCTa/NIMYeCKue U aMop(HBIE.

TBepable Tesia, AaTOMbI WM MOJIEKYJbl KOTOPbIX 00pa3yloT B
NPOCTPAHCTBE ONpeeJeHHYI) YNOPSA04eHHYI0 ePUOINYECKYI0
CTPYKTYPY (CHCTEMY), Ha3bIBAKTCH KPUCTAINYECKUMHU TeJIAMH.

CnoBO «KpHUCTaUI» B MEPEBOJIE C TPEYECKOT0 O3HAYaeT «Jjem». Ecim coenm-
HUTH JPYT C JAPYTOM MECTa PacIoJIOKEHHUS aTOMOB(MOJIEKYN) TBEPIABIX Tel, 00-
pasyeTcs KpucTajIudecKkas pemerka. TOYKH, B KOTOPBIX HaXOIATCS aTOMBI(MO-
JIeKYJIbl), Ha3bIBAOTCS y3laMu. Kpucramindecknue peneTKy MoBapeHHOW COMU U
anmMasa u300paxeHsl Ha puc. 48 u 49.

 —

//
/

v
/)

et

N\
NN

Vsl I Vi |
puc. 48. puc. 49. puc. 50.

Paccrosane mexay atoMaMmu (MOJIEKYJIaMHU) B KPUCTAJNIMYECKOW pelIeTKe B
pa3IMYHBIX HAIIPABJIECHUAX pa3Hoe. B pa3iMuHbIX HANpaBICHUSAX KPUCTAJUIBI MO-
pazHOMY NPOBOJSAT TEIUIO, MIEKTPUUYECKHM TOK U CBET.

3aBHCHMOCTDH (PM3HYECKHX CBOMCTB OT BHIOPAHHBIX HANPaB-
JICHMl BHYTPH TeJ1a Ha3biBaeTcs aHu3orponueil. Kpucraanude-
CKHe Tes1a 00J1aJaI0T aHU30TPONHBIM CBOMCTBOM.

CnoBO «aHMU3OTPONHUSA» MPOUCXOJUT OT TIPEUYECKUX CJIOB «AHU30C» —
«HEOIVHAKOBBIN» U «TPOIOCY» — «HAIPABICHUE)

du3nyeckre CBOWCTBA KPUCTAJUIOB 3aBUCAT OT BBIOPAHHBIX HANpPaBICHUMN
BHYTpH Tena. Hanpumep, kpucrtamn rpadgura Mo onpeaeIeHHOMY HalpaBiIeHUIO
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MOJKHO JIETKO Pa3JeIUTh 110 CI0SIM. DTO Bbl BUAUTE NPU YEPUEHUU KapaHIAIIOM,
TaM rpaduT pazaensercs 1o 4acTsam. [loromy uto kpucTtas rpaguTa pacroyiokeH
MOCJIONHO M COEMHEHUS MEX 1y HUMH ciabo (puc.50).

Kycok MeTaiia cocTOUT U3 MHOTOUHCIIEHHBIX MEJIKMX KPUCTAJUIMKOB, KOTOPBIE
IpH JIUTHE pacroiaraiTcs 0ecrnopso4HO OTHOCUTEIBHO Apyr npyra. Ilostomy
BO BCEX HAIIPABIEHUSIX OHU IPOSIBISAIOT OMHAKOBBIE CBOMCTBA.

@ TeJs10, cocTosiiee U3 MHOTOYUCIEHHBIX MEJIKUX KPHCTANJINKOB,
0ecropsiI0YHO PACHOJI0KEHHBIX OTHOCUTEJBHO APYI Apyra, Ha3bl-
BAeTCsl MOJUKPHCTAJLIOM.

C1noBo «noau» B epeBojie ¢ JATUHCKOIO O3HA4YaeT «MHO20». Tak, 3aTBEplEB-
M€ KyCKH IIOBAPEHHOM coiln U caxapa-paduHaga — NoJUKpUcTaibl. OHM COCTO-
AT U3 MEJIKUX KPUCTAJIIMKOB. B MPOMBINITIEHHOCTH, CTPOUTENHCTBE, YHEPTETHKE,
CBSI3U U B IPYTHX OTPACiIsX UCHOJb3YIOTCS B OCHOBHOM MOJUKPHUCTAILIBIL.

@ Temno, cocrosimee U3 OJHOr0 KPHCTAJJIA, HA3LIBAETCS MOHO-
KPHUCTAJLIOM.

C1noBo «mMoHo» B IEpEBOJIE C JATUHCKOTO 03HAYAET «OOUH Y.

Tak, OTIeTbHBIC YACTULBI MEJIKOW TOBAPEHHOM COJIU M CaXapa— MOHOKPHUCTAJLIBI.
B HEKOTOpBIX OTpacisx, HapUMep B 00JIACTH AIIEKTPOHHUKH, ITUPOKO IPUMEHSIOTCS
MOHOKPHUCTAJIJIbI, KOTOPbIE TOIYYal0T C HIOMOIIBIO 0COOBIX CIIOCOOOB BBIPAILIUBAHUS.
Kycku HaBBaTa, M3roTOBJIEHHOIO U3 CaXapHOTO CUPOIIA, TAKXKE MPEACTABIISAIOT COO0M
MOHOKPHCTAJUIBL.

@ MOHOKpI/ICTaJIJILI 06.113[[3]0T AHU3O0TPOITHBIM CBOHCTBOM

AmMop(HbIe Tena

B amopdHBIX TeNnax, B OTIWYHE OT KPUCTAIIIOB, PACTIOIOKCHHE ? f “
aToMOB (MoJieKya) HeynopsigoueHHoe (puc.51). B kauectse r(
IPUMEPOB aMOP(QHBIX Tl MOXKHO TPUBECTH CTEKIIO, CMOIY, ,-k

[IJIACTMACCY.
pI/IC.5 1.

@ Amop¢HbIe Tesia IPOABJISIOT OANHAKOBBIE (PM3HYeCKHe CBOM-
CTBa BO BCeX HaNIpaBJieHUsAX. SIBJIeHHe, IPU KOTOPOM pu3HYeCKHe
CBONCTBA He 32aBUCAT OT BLIOPAHHBIX BHYTPH TeJIa HANIPABJICHUI,
Ha3bIBaeTCsl U30Tponueii. AMopgHbIe Teja 00/1a1al0T U30TPOII-

HBIM CBOHCTBOM.

C10BO «u30c» B MEPEBOAC C I'pC€UCCKOI0 O3HA4YacT «OOUHAKOBBIILY.
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[Tpu BHemIHEM BO3A€HCTBIH aMOPQHBIE Tela ObIBAIOT OAHOBPEMEHHO JIOMKH-
MU, KaK TBep/ble Tella, U TeKyUYUMH, KaK )KuaAKocTH. [Ipu yaape no amoppHomy Teiry
OHO pacKaJIbIBA€TCs, OJHAKO MPH JUIMTEIHHOM CHJIOBOM BO3JEHCTBUH amMOp(HOe
TEJI0 HaYMHAeT pacTeKkarbes. Hampumep, Kycok cMoibl Ha TBEPAOW MOBEPXHOCTH
HAUMHAET MEJUIEHHO pacTeKarbes. J{axe CTEKII0 TeUeT pH ONpeAeIEHHON TeMIIepa-
Type. Tak, HUKHSAA 4acTb OKOHHOTO CTEKJA, HAXOJUBLIETOCs JUIMTEIbHOE BPEMS B
BEPTUKAJIILHOM I10JIOKEHUH, TIPU U3MEPEHNH OKa3aj1ach TOJIIIE BEPXHEH.
Kpucramimyeckue Tena B OIMYME OT aMOP(HBIX, UIMEIOT ONPEACICHHYIO TeM-
nepatypy 1uiaBieHus. [Ipu HarpeBanun amopdHble Tena cHavdaga pa3Msrdarorcs, a
3aTeM MENJIEHHO NEPEXOAT B KHUIKOE COCTOSHHUE.

bepyHu — y4YeHBIH-MUHEPAJIOT

JIroqu n3naBHaA MPOSIBISAIN UHTEPEC K CBOMCTBAM TBEPJbIX TE€JI, B YACTHOCTH,
JIparolieHHbIX KAMHEH M pa3IMYHbIX MeTauioB. Hamr BeIuKuil cOoTeueCTBEHHUK
A6y Paiixan Bepynu, xusmnii B X—XI BB., BHEC HEOLIEHUMBbIN BKJIA]l B U3yUEHUE
CBOMCTB JPAaroleHHbIX KaMHEN M pa3IUuHbIX MeTajaoB. OH omucana OKpacKy U
0J1eCK, TBEPOCTh, MATHUTHBIE U 3JIEKTPUYECKHE CBOMCTBA APArOLlE€HHBIX KaMHEH.
C noMonibio N300peTEHHBIX UM CaMUM MPUOOPOB OH ONPEEIHII YACIbHbII BecC
6osee 50 BemecTB U U3YYHII Ipyrue UX cBoWcTBa. Pe3ynbraThl HCCIe0BaHUN OH
ommcan B cBoeM Tpyae «Munepanorusi». Pabotel bepynu B obmactu Munepano-
UM ObUIHM MPOJOJIKEHBI €r0 YUeHUKOM Afoypaxmanom Xazunom.

2. [Touemy KpUCTAITMYECKHUE Tena 00Iaal0T aHU30TPOITHBIMH CBOMCTBAMH ?
3. Kakue kpucTaiuibl Ha3pIBatOT MOHOKpHCTaamMu ? YTo Takoe MoauKpucTam ?
4. [Touemy Bce amopdHBIE TeNa 00I1aJaI0T H30TPOITHBIMHU CBOWCTBAMU ?

5. Kakumu cBoiicTBamu 06nagaroT aMmopdubie Tena?

6. Kakue nccnemoBanms mpoBoaui bepyHu B 001acTH MUHEPATIOTHH ?

1. Kakwne Tena Ha3pIBaIOTCS I(pI/ICTaJIJ'II/I‘{eCKI/IMI/I? HpI/IBC,Z[I/ITe IMIPUMCPHEIL.

§ 36. MEXAHUYECKHWE CBOMCTBA TBEPIBIX TEJI

Jdepopmanus

TBepable Tena caMONpOM3BOIBHO HE MEHSIOT cBoo ¢Gopmy. dopma meHsercs
TOJBKO B PE3yJbTaTe BHELIHETO BO3AEHCTBHs. Hampumep: eciam pacTsHyTh pe3uHO-
BbIM ILHYp, yAEP)KUBasi €ro 3a KOHIIbI, €r0 YacTH MEPEMELIAIOTCS OTHOCUTEIBHO
JpYT pyra ¥ IIHYp CTAHOBHUTCS JJIMHHBIM M TOHKUM. [locne nmpekpaiieHus Bo3eii-
CTBHSI BHEIIHNX CUJI PE3MHOBBIN IIHYP BO3BPAILAETCS B CBOE HAYAJIbHOE COCTOSHUE.

HN3menenue popmMbl M IMHEHHBIX Pa3MePOB TBEPAOIO TeJIa Mo
BO3/JeliCTBMEM BHEUIHEeH CUJIbI Ha3biBaeTcs Aedopmanueii.

Jledopmarusi MOXKET OBITh: CKATHUsl, PACTSDKEHUS, KPYUeHHsI, U3Tuda, ynpyroi,
IJIACTUYECKOM, OCTAaTOYHOM U XPYIIKOM.
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@ Ecinm mocine mnpexkpameHuss NeiiCTBHS BHEIIHEHl CHJIBI TeJo
BO3Bpalaercs B Ha4YaJIbHOE COCTOSAHHME, TO Takas Aedopmauus
Ha3bIBaeTcs ynpyroi aedopmaunmen.

Pa3mAThI MIaCTUIIMH HE BO3BpAIIAETCAd B HA4YaJbHOE COCTOSHHUE IIOCIE
BO3JIEMCTBUS ITaJbIEB Ha HETO.

Ecin mocie npexkpamieHus AedcTBUS BHEIIHEH CUJIbI TeJO He
BO3BPAlllaeTCd B Ha4YaJlbHOE COCTOsIHME, TO Takas Jedopmauus
Ha3bIBACTCH MJIACTHYECCKON Aedopmanueii.

Takoe e CBOWMCTBO MPHUCYIIE BOCKY, )KE€BATEIbHOW PE3UHKE, TECTY, INIMHE U
JIpYruM MOAO0OHBIM BeuiecTBaM. J[aHHBIE BEIIECTBa IOABEPTarOTCs IMJIaCcTUYe-
ckoii nedopmanuu. [lpu mTaMnoBke CTanbHBIX IPEIMETOB C IOMOIIBI0 TIpecca
0OJIBIION CUJIOH, MONB3YIOTCA TUIACTUYECKUMHU CBOWCTBAMHU CTaju.

Jledopmanus pacTsKeHU

Bo3bMem cTepikeHb M3 TBEpAOH pPE3MHBI JUTMHON [y u
IUIONIA/IBIO TTONEPEYHOro ceueHus S. BepxHuM KoHLIOM cTep-
JKEHb MPUKPEIUICH K IITAaTUBY, 4 HA HUKHUM KOHELl JACUCTBY-
eT cuwia F, HanpaBieHHas BHU3. [Ipu 3ToM JuiMHaA cTep)kHA
yBenuuutcst Ha Al (puc.52). 3neck cuna F HaspiBaercs ne-
dbopmupyromieit cuwioi, A/ — aOCOMIOTHBIM YIJTUHCHHEM.
Ecnu B pesynbprare nedopmannu JUIMHA CTEPKHS pPaBHSACTCS
[, To ee aOCONIOTHOE YUIMHEHHE OTIPEIEIIETCS 10 (PopMyIie:

ANl=1-1. (1)

[lon BnMsAHMEM NOCTOSIHHOW CHJIBI aOCONIOTHOE YJUIMHE-
HHUE CTEP)KHS 3aBUCHUT OT €ro NepBOHadaibHOM AnuHbl /). Tlo-
9TOMY BBOIUTCS ITOHATHE OTHOCUTEIBHOTO yuInHEHHs. OTHO-
CHUTEJIbHOE YJUIMHEHUE CTEPKHS BhIpakaeTcst POpMyIION:

puc.52.

e AL g=?—l-100%. )

IR 0

MexaHuvyeckoe HANPSIKEHUE

[Tox BeIpakeHHEM MEXaHUYECKHUE CBOMCTBA TBEPABIX TEJ, HEOOXOIUMO TTOHU-
MaThb J1Ie(OpPMAIIUIO TBEPIBIX TEJ IMOJ] BO3ICHCTBUEM BHEITHUX CHJI U UX YCTOWYH-
BOCTh K IIOJIOMKE WJI Pa3pBIBY.
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BeJIPl'lI/IHa, I/I3MepfleMafl OTHOIICHUEM MOIly.]'[fl CHJIbI, lleﬁCTBle-
el Ha TeJ0, K TJIONIAIN MOMEePEeYHOro cevYeHnsl ITOro TeJia, Ha-
3bIBACTCHA MEXAHUYECCKUM HanpmlcelmeM )/ 0603Ha‘laeTCﬂ 6yK-
BOW 6.

s ONPCACIICHUA CICAYCT:

3necy O — MEXaHHYECKOC HAIPSHKCHHUE. lonnanackuii yuensiii ['yk Ha ombiTax
OTIPENIENIII, YTO TMPHU yOPyTruX Aedopmariusax MEXaHHYECKOe HaIpsHKECHHE TPSIMO
MPOTIOPITMOHATBHO €0 OTHOCUTEIIBHOMY YIJTMHEHHUIO, TO €CTh!

(4)

0':E-|g|.

3nech k03P PUITUEHT MPOTOPIHOHATBEHOCTH E Ha3pIBaeTCS MOAYIIEM YIIPYTOCTH
nnu Moaynem lOnra. B Mexnynapoanoit Cucrteme Ennnun (CH) mexanuueckoe
HarpskeHne U MoAyinb FOHra npuHsSTO U3MEPATh KaK U JaBJI€HHUE B AaCKaJISIX.
Uewm Oompine 3nauenue monyis lOura - E, Tem menbme aedhopmupyercs
MaTepual. B Tabnuiie npuBeaeHBl MOIYIH YIIPYTOCTH HEKOTOPBIX BEUIECTB.

Ne | BemectBo E Ila Ne [BemectBo | E, I1a
1 | CBuHen 1,1-10" 4 | Mens 1,1-10"
2 | beron 1,6-10%° 5 | Cramp 1,9-10"
3 | AnmromuHUII 7-101° 6 | Huxenn 2,1-10"
Al
[Ipupausem dopmynsl (3) u (4), u ¢ yaeTom € = 7> TIOMyHaeM CIlIeayIoliyio
opmyiy: ’
F Al
= Eu (5)
S [
Al

Torma 3amumem Qopmyny aias HaxoxAeHUE CWIbl: F=F.S1—

0

(6). Ecnu

0003HAYUTDH

=k, To nonyuum ¢popmyiy 3akona, ['yka: F =k- |A1|.

IIpeaen npoynocTn

Ecnu 3akpenuTs O1MH KOHEIl CTAJIbHOM IIPOBOJIOKH, @ K JPYroMy KOHILY ITOA-
BECHB 4Yally IOJIOKUTh B HEE I'Py3, HATAKEHHUE IPOBOJIOKU YBEIMYMUTCA. YBEIU-
quBasi Tpy3, IPHU KAaKOM-TO OINpPEACTIEHHOM 3HAYCHHH IPOBOJIOKA OOpPBIBACTCSI.
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Takoe 3HaYeHHE MEXaHUYECKOIO HaIpsiZKCHUST TMPUHATO HAa3bIBAThb MPCACIOM
MMPOYHOCTH. HpCI[eJ'IBI MPOYHOCTHU HCKOTOPBIX BCHICCTB, IMPHUBCACHLI B Ta6J'II/II_Ie.
Hpeﬂeﬂ MPOYHOCTH BCUICCTBA 3aBUCUT OT poJia U OT TCXHOJIOTUH HU3TOTOBJICHUS
BCIICCTBA.

BemecTBa o, Mlla
1 | beron 48
2 | AmoMuHHM 50 =115
3 | Kanpon 55+80
4 | Mpamop 100
5 | Cranb 170 =700

Yupyrocts. [Ipu mansix neopmanusx Bce Tena, U3TOTOBIEHHBIE U3 pa3iiny-
HBIX BEIIECTB, BEAYT ceOs Kak ynpyrue tena. [lociie cHATHS BHELMIHEro BO3/Aei-
CTBMS, UX (opMa U pa3Mepbl BO3BpALIAIOTCS B CBOE IEpPBOHAYAIBHOE IOJIOXKE-
HUE.

Xpynkocrts. bonbiioe 3HaueHNEe Ha MPAKTUKE MMEET CBOWCTBO TBEPABIX TE,
Ha3blBa€MOE XPYINKOCThIO. Marepuan Ha3bpIBalOT XPYNKHUM, €CIM OH paspylia-
ercs npu Hebonbion aedopmanuu. M3nenus u3 crekna u dapdopa SBIIIOTCS
xpynkumu. YyryH, Mpamop Takxe o0laJaroT NOBBIIMIEHHOW XpynkocThio. [1ma-
CTUYHBIE CBOMCTBA Y XPYIKUX MaTepUaJioB MPAKTUYECKH HE MPOSBIISIIOTCS.

1. Yro nazeiBaercs nedopmarueii ? Kakue Bunbl nedopmanuu Bl 3HaeTe ?
‘ 2. Hamummmre Gpopmyribl aOCONIOTHOTO M OTHOCUTENIBHOTO YIJTMHEHUH U 00b-

SCHUTE HX.

3. Yto Ha3pIBaCTCA MEXaHUYECKUM HAINPSKEHUEM U B UEM OHO H3MepsieTcs ?

4. Yro HaszwiBaeTcsa Moayiem OHra? O0bsicHUTE ero GU3nYecKuil CMBICI.

§ 37.. PELIEHUE 3AJIAY

3amaua 1. KakoBa ninHa cTepskHs, €CIu aOCOMIOTHON nedopmaruu 3 MM co-
OTBETCTBYET OTHOCHUTENbHOE ymuHeHue 0,15 %.

Hano: dopmyJa: Bbruuciienue:
Al=3vMm=310°m

K 0 -3
e=0,15%. g:ﬂ.loo%. 0:3‘1_00_100%:21\4'
H 9 ) 0 OTC}OI[a 0,15 A)

aumu. Al
lh="7 [y =—-100 %.

e OtBet: [ =2 M™.

3agaua 2. K cTanbHOM MPOBOJIOKE JUAMETPOM 2 MM MOABEIIEH IPy3 Maccou
6 xr. OnpenenuTe MeXaHUYECKOE HAMPSIKEHHE B TPOBOJIOKE.
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Jano:
d=2vMm=2-103m
m=4 Kr.

Haumu:
c="1

dDopmyJia:
F=mg n S=nd?*4

F 4
s F_mg _4mg

S rzd n-d

4

:[E:lZEZZHa'
S M

Beruaucienne:
4-4-10 H
O = a6 2
3,14-4-10 M
=1,27-10’ Ez
M

OtBer: 0= 1,27-10" H / M.

3anaua 3. Kakyro cuity HaJ0 NPUIIOKUTH, YTOOBI CTAIbHYIO IIPOBOJIOKY JIJTUHOMN

4 M ¥ monepevyHbIM ceueHueM 10 mm?

g ctand 190 I'Tla.

Jano:

10:4M

S=10mm>= 10> M?
Al=2vMm=2-103 M
E=190TTIa=1,9-10"ITa.

Haumu:
F=?

dDopmya:

o=—,
S
0':E|g|:EA—l;
IO

Al

F=E—S.

0

H
_2.£.M2
M M

[£]=

YIUIMHUTB Ha 2 MM ? Mofyib yrnpyroctu

Brrumncienue:

11 -5 -3
F:1’9 10 140 2-10 He

=950 H.

OTtBet: F =950 H.

3anaua 4. Kakoit 1omxkHa ObITh HAUMEHBINAS AJIMHA CTAJIBHOTO TPOCA, MOJ-
BEIIIEHHOTO K BEPTOJIETY 3a OJUH KOHEIl, YTOObI OH HE pa30opBajics MOJ IeHCTBU-
em cobctBeHHoro Beca? Ilpemen npounoctu cramu 1,7°10% Ila, a mmoTHOCTH

7800 xr/m>.

TNano: ®opmyaa:
0'21,7'1081_13 O':p—Vg:&Zg:plg’
p = 7800 kr/v> S S
g =10 m/c% H
Haiimu: .o 1= kr H
[=? - pg M Kr
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y 1. KakoBo MéXaHNYECKOE HAaNpsHKEHHE CTAIBHOTO TPOCa IUAaMETPOM 2 CM, K
KOTOpOMY nozBelleH rpy3 BecoM 30 kH?

21 2. Kaxkoe nornepedHoe ceyeHne JI0KEH UMETh CTaIbHOM CTep)keHb, YTOOBI O]
Harpy3koit 18 kH B Hem BO3HHKIIO MexaHHYecKoe Harpspkenue 6-107 H/m??
3. Kakoil moxeT ObITh HanOOJbIIAS BHICOTA KUPIUYHON CTEHBI, €CIIM IUIOT-
HOoCTh kuprnya paBHa 4000 kr/m?, a mpenen npounoctu 0,5 MIla?
4. TpoBox anuuHo# 80 cM ¥ TUIOIIAABIO TonepedHoro ceueHus 0,5 Mm?, moj-
BELIECH IPy3 Maccoil 25 KI, IpU 3TOM MPOBOJ YAIUHWICA Ha 2 MM. Onpenenu-
Te Moxynb FOHra nposoza.
5. Korna k 0fHOMy KOHIly CTaJIbHOTO CTEpPIKHS NMpuioxkuiu cuiy 7,85 kH, on
pazopsaiucs. Haiinure nuamerp storo crepxHs. llpenen npounoctu cramu
170 MITa.
6*. CraspHas MpPOBOJIOKA, TIIOJBEIIEHHAs 3a OJWH KOHEL, OITyCKaeT-
cs B Boay. Kakoil momkHa OBITH JUIMHA NPOBOJIOKH, YTOOBI OHA HE pas3op-
Bajach MOA JeiicTBueM cobcTtBeHHoro Beca? Ilpenen mpodHOCTH CTayn
170 MI1a, a ortHOCTH 7800 KI/M>.

§ 38. IVIABJIEHUE U KPUCTAJUIM3ALIUA TBEPABIX TEJ

TBepzloe TCJIO MOXHO MEPEBCCTU B KUIKOC COCTOAHUC NIYTEM IICPpCHAadyn CMYy
TCIIJIOTHI.

@ IIpomecc mepexona BemecTBA W3 TBEPAOT0 COCTOSTHUS B JKH/I-
KOe, Ha3bIBaeTcsl MJIaBJIeHHEM.

I[J'Iﬂ TOTO, YTOOBI pacilyiaBUTb KPUCTAJUIMICCKOC TCJIO, CMY HYXKXHO IEPCAATh
TCIIOTY U HNOCTCICHHO ITOBBLIIIATE TCMIICPATYPY. C JAOCTUIKCHUCM OIIPCACITICH-
HOI TEMICPATYPhl TCJIO HAYHCT IIJIABUTHCA.

@ Temneparypa, npu KOTOPOH KpPHCTA/UIMYeCKOe TeJI0 ILIa-
BHUTCH, HA3bIBAETCH TEMIIEPATYPOil NJIABJIECHUSA ITOI0 TeJia.

PaCCMOTpI/IM mnmpouecce IIJ1aBJICHU A n T K

KpPUCTAUTM3AMKA  KPUCTAJUIMYECKOTO Tejda Ha | & ¢
npuMmepe cBuHLA. M300pa3um 3TOT mpouecc Ha Q,& g
rpaduke. /st 3Toro Ha ocu aGCHUCC OTIOXKHUM — ,(&
KOJIMYECTBO TEIUIOTHI, IE€PEelaBaeMO€ CBHUHILY, ¢ A—B/ &
a Ha OCH OpAMHAT — W3MEHEHUE TeMIEepaTypsl & /e xprcraguans
Kpucramia (puc. 53). éﬁ/@x

Bo3bmewm cBunen maccoii 0,1 kr, Temmneparypoit 300 £ .
27 °C (300 K), u moMecTuB Ha OroHb, Harpeem 0 39 64 O xlx
ero. Ilomyuaemass CBHUHIOM TemioTa Oyner puc.53.

pacxoaoBaTbCA HAa MOBBIMICHHUEC €TI0 TCMIICPATYPHI.
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IIpyn 5TOM HayHET yBEIWYUBATHCS €ro BHYTpeHH:s 3Heprus. C NOCTHXXKEHHEM
temneparypsl 327 °C (600 K) cBuHel HauHEeT IUIABUTHCS, U €ro TemIeparypa
IepecTaHeT U3MEHATHCA. JTa TEMIIEpaTypa SBIAETCS TEMIEPATYpPOil niag1eHus
ceunua.

@ KoauuecTBo TEIJI0THhI, PacXoaAyeMo€¢ Ha MOJHO€ IJIaBJCHHUE
TBEPAOro KpUCTANJIMIECCKOT0 TeJa NMpUu TeMmneparype mjiaBJje-
HHUSA, HA3bIBACTCH TENJIOTOM IMJIABJIECHHUA.

Jlist Toro, 4TOOBI YBEIWYUTH TEMIIEpaTypy CBUHIIA B TBEPIOM COCTOSHUU
maccoit 0,1 kr ¢ 27 °C go 327 °C, TpeOyeTcsi KOJIMYECTBO TEIUIOTHI, paBHOE
O=cm (T,—T)) =130 Ox/kr - K - 0,1 xr- (600 —300) K = 3900 [Ix = 3,9 x/Ix
(yuactok rpaduka O - A Ha puc. 53).

KomnmuecTBO TemaoThl, MepeJaHHOe CBUHILY TMOCIE AOCTHKEHHsI TeMIeparyphbl
327 °C (600 K), pa3pymiaet KpUCTAIUIMUECKYIO PEUIETKY KPUCTAIlIa, 1 OH HAYWHACT
I1aBUTKCS. TeMriepaTypa CBUHIIA HE U3MEHSIETCS JI0 TeX MOp, MMOKa OH MOJIHOCTHIO HE
pacrutaButcs (yuactok rpaduka A—B). C MoMeHTa Havaja TuiaBjIeHHs CBUHIIA JI0 €T0
MOJIHOTO TIaBIeHUs pacxoayercs (6,4 — 3,9) xJlx = 2,5 kJx TermnoTel. JTa SHEprust
UJET Ha pa3pylIeHHE KPUCTAJUIMYECKOUN PEIIeTKH CBHHIIA U YMEHbBIIIEHHE B3auMOJIEH-
CTBHSI €TO aTOMOB, TO €CTh ITEPEXOJT €TO U3 TBEPIOTO B KHKOE COCTOSTHHE.

Jlo Tex mop, MmoKa KPUCTAJUI MPH TUIABJICHUHU TOTHOCTHIO HE MEpPEeHIeT B KUJI-
KO€ COCTOSIHME, €ro Temreparypa ocraercs HeusMeHHoi. [locie monHoro nepexona
CBHUHIIA B XKHJIKO€ COCTOSHHE €r0 TeMIIepaTypa HauWHACT YBEIHMYUBATHCS (Y4aCTOK
rpaduxa B—C). [Ipu 53ToM nepenanHas TEIIOTa UAET Ha MOBBIIIEHUE CKOPOCTHU JIBU-
JKCHHSI aTOMOB JKHJIKOTO CBUHIIA, TO €CTh Ha YBEIIMYCHUEC KHHETHUECKOW SHEPTHH.

[Ipu mpekpalieHuu Mojgayu dHEPTUU CBUHILY, HAXOIAIIEMYCS B JKHJIKOM CO-
CTOSTHUM, OH HauMHaeT oxjaxjatbcs (ydactok rpadpuka C—B). Kuneruueckas
SHEPrUs aTOMOB CBHHIIA, a CJIEIOBATEIbHO, BHYTPEHHSS SHEPTHsI Tela HAauWHAET
yMeHbaTbca. CBUHEI] HAUMHAET OTJAaBaTh TETIOTY.

B mpomecce oxmaxaeHWs TemIreparypa JKHIKOTO CBUHIIA C JIOCTHKCHHEM
327 °C (600 K) mepecraer usmensThes (ydactok rpaguka B—A). Dta temnepa-
Typa ABIISIETCS TEMIIepaTypol KpucTain3anuu cBuHIa. OTHAKO CBUHEI] TPOAOJI-
KaeT OTAaBaTh TEIroTy. [Ipu 3TOM yMEHbBIIACTCS KHHETUYECKAsl SHEPTHs aTOMOB
CBHHIIA, U OHU HAYMHAIOT PACIOiararbCsi ynopsiI04eHHO. DTOT MPOIIeCC Ha3bIBa-
€TCsl OTBEPJICBAHUEM WIIH KPUCTAILTU3AIHCH.

[Tocne mepexona CBUHIIA B TBEPAOE COCTOSHHE €0 TeMIeparypa OISTh HAYWHAET
TTOHMXKAThCs (ydacTok rpaduka A—O). 3a cueT CHIKeHHUS KHHETHUYECKON YHEPTrUH aTo-
MOB YMEHBIIIACTCS €T0 BHYTpeHHss sHeprust. [Ipu aToM /10 TexX mop, 1moka Temreparypa
HE JOCTUTHET HavyaibHOU oT™MeTKH 27 °C, cBUHEI Oy[eT MPOIOKATh BBIIEISATh B OKPY-
KAIONIYIO Cpey TerwioTy. J[o MoJHOro BO3BpAIlleH!s] CBUHIIA B HAYAILHOE COCTOSTHUE,
TO €CTh J10 oxJaxaeHus ero ¢ 327 °C mo 27 °C, u3 Hero Bbiaensiercs 3,9 k[ TerioThl.

[Iponecc miuaBaeHUsI U KPUCTAUIM3ALUK BCEX IPYTUX KPUCTAIIUYECKUX TEll
MPOTEKAeT TaK K€, KaKk U y CBUHIA. Ha OCHOBaHMHU PacCMOTPEHHOTO IpoIlecca
MIJIABIICHUS M KPUCTAIITU3AIMU MOKHO CJIeJaTh CIEAYIOIINE BBIBOIBI:
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ro TeJia OIMHAKOBA.
2. Koam4yecTBO TENI0ThI, NepeJaHHOe KPUCTAJIY IIPH MOBbIIIECHUHU
ero TeMmneparypsl U IJIaBJCHHH, PABHO KOJMYEeCTBY TeIJI0ThI, OTAAH-
HOW MM NPHU OXJIAKAEHUU H KPUCTAJIN3ALHNH.
3. I'padpuku Tenn0THI, OTPAKAIOIIME NPOLECCH] MJIABJICHUS U KPH-
CTAJLJIM3alil, CHMMETPHYHBI.

1. Temneparypa niaBjieHus H KPUCTAJIM3ANNHE KPUCTATINYECKO-

Kak u cBuHen, Apyrue KpuCTAIJIMYECKUE Tela TakKe MMEIOT TeMIeparypy
njaBlieHus (Kpucramnzaiuu). B cnenyromum tadnuiie npuBeieHa Temneparypa
ty; IIABIIEHUSI HEKOTOPBIX BEILIECTB.

Ne | BemnectBOo |7, °C | Noe | BemecTBO |7, °C | Ne BemecrtBo |¢,, °C
I | Pryts -39 5 | Hunk 420 9 |Yyryn 1220
2 |Jen 0 6 | Amromunnit | 660 10 | XKemeszo 1539
3 [OmnoBo 232 7 | 301010 1064 11 |IlmarnnHa 1769
4 | CBuHen 327 | 8 |Menb 1083 | 12 |Boundspam | 3410

1. Kaxoii mpo1iecc Ha3bpIBaeTCs IJIaBICHUEM 7

2. Kakyro Temrieparypy Ha3blBalOT TEMIIEPATYPOH IJIaBIeHUSA ?

3. Uro Ha3bIBaeTCs TEIUIOTOM MIIaBICHUS ?

4. Ilpoananusupyiite rpaduk, MpUBEICHHbIN Ha pUc. 53, U cenaiTe BEIBOIBI.

§ 39. YAEJIBHASA TEIIJIOTA IIVIABJIEHUS BEIIIECTBA.
IIJIABJIEHUE U OTBEPAIEBAHUE AMOP®HBIX TEJI

yﬂeﬂbﬂaﬂ TeIJIoTa IJIAaBJCHHUSA BeIeCTBa

®

[To ompeneneHuto yhenbHAsl TEIUIOTA IJIABJICHUS BEMIECTBAa MacCOW m BBIpa-
KaeTcs GopMyIIoi:
/1 _Qm

; (1)

rae O,,— KOJIN4eCTBO TEeIIOTHI, He00X0IMMOe I MPEeBpaleHHs BELIeCTBa IPU
TEMIIEPATypE TUIABJIEHUS U3 TBEPAOTO COCTOSHMS B JKMJKOE. YAelbHas TEIIOTa
TUIaBJieHus umepsiercst B JK/KL.

Hcxonsa w3 ¢dopmyinsl (1), KOIMYECTBO TEIJIOTHI, HEOOXOIUMOE JIJIsl TIIaBIIe-
HUS TeJa Maccoil m M y/AenbHOH TEIUIOTON IUIaBIeHUs A IPHU TeMIepaType MiaB-
JICHUS, MOXKHO BBIPA3UTh B CIEAYIONIEM BUJE:

On=Am.

KosmmuecTBo Teniorsl, HeoOxoqumoe AJsi npeppamieHus 1 kr
KPHCTAJUIMYECKOr0 BellecTBa NMPH TeMmIlepaTrype IJIABJEHUS W3
TBEPAOI0 COCTOSIHUSA B KHM/IKO€, HA3bIBaeTCsl YAeJbHOU TeNnJI0ToI
IIaBJICHUS] M 0003HAaYaeTcs OYKBOM A.

)
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@ Ha NMpeBpalicHuEC KPUCTAJIMIECKOI0 TEJIa 3aJJaHHOM MAacChl

npu TeMieparype mjiaBJdcHUA U3 TBEPAOT0 COCTOAHUS B 'KUAKO0EC

PACXOAYETCH TAKOE K€ KOJINIECTBO TCIVIOTHI, KaKO€ BbIJI€C/JISI€T-

CH NP NMpEeBpPAIlllCHUU TEJaAa IMPU 3TOM TeMIIEpaTrype u3 KuAKoro
COCTOSIHMSA B TBEPIOE.

VYnenbHas TEMJIOTa TUIABICHHUS HEKOTOPBIX KPUCTAJUITMYECKUX BEIIECTB, MPU-
BOJUTCS B TaOIHUIE.

No BemectBo A, kJDx/kr [ Ne BemectBo A, kJbx/xr
1 | Pryts 12 6 Cepebpo 105
2 | CBuHel 25 7 Menb 205
3 | Onoso 60 8 Keneszo 266
4 | 3o0moTo0 64 9 Jlen 334
5 | Cramp 84 10 | AmromuHui 385

Il1aBJjieHue U oTBepAeBaHHE aMOP(PHBIX TeJl

[Ipu nepenaye TemnoThl aMOP(HBIM TeJIaM UX TEMIIEpATypa MOCTENEHHO MOBBIIIA-
etcs (yuactok rpaduka O — A Ha puc.54 ). 3aech nepenaHHast TEMIOTa UAET Ha YBEITH-
YeHHE aMIUTUTY/IbI KolleOaHui MOJIEKYIT TeJla Ha CBOEM MECTE,

T TO €CTh Ha YBEJIUYCHUE UX KHHETUUYECKOM YHEPTUH.
4 & C Hauunas ¢ Touku A pocT Temmeparypbl 3aMemIsieTcs
. @7’ / (yuactok rpadpuka A — B). Ha sTom yyacTke mepemanHas
e TeTy TEIIOTa PacXoAyeTcs Ha yBEIWYeHHE KMHETUYEeCKOU

aw® s SHEPTrUU MOJEKYNl M MOTEHIMAIBLHOW SHEPrUM UX B3aUMO-

AT ;m/‘,,ep— neiictBusi. Ilpu 3TOM B pesynbrare CHUXKEHHS MPOYHOCTU

/‘ /g ﬂegaﬁ“e MEKMOJIEKYIISIPHBIX CBSI3€H TeNo pa3MsArdaercs U HauuHaeT
é IUTABUTHCS.

0 = 5 KonunuecTBo TemnoTel, noaydeHHOe aMOP(HBIM TEJIOM

puc.54. MoCJje TOro, Kak OHO MEPenuIo B KUJIKOE COCTOSHHE, pac-

XO/IyeTCsl Ha YBEIMYCHHE CKOPOCTH IABWKCHHS MOJCKYI,
TO €CTh Ha YBEIWYCHUE KUHETHYCCKOW YHEPTUU (y4acTOK
B — C rpaduxka).

@ Amopguvie mena He UMeEOT Temneparypbl miaBjaeHus. [pu
nepejaye UM TeIUIOThI OHU CHAYAJIA MOCTENEHHO Pa3MATr4aTCs,
a 3aTeM HAYMHAKT MJIABUTHCS.

[Ipouiecc oTBepaeBaHUs KUAKOTO aMOP(HHOTO TeJa MPU OXJIAKICHUHU MPOHC-
X0IUT 00paTHO Ipoleccy IUIaBIeHuss. Y aMOp(HBIX Tell, KaK U y KpUCTaJINde-
CKUX, TpauK 3aBUCUMOCTH TEMIIEPATyphbl OT KOJIWYECTBA TEIJIOTHI B MPOIECCE
IIJTaBJICHUS COBIAZIACT € Tpa(UKOM 3TOW 3aBUCUMOCTH B IIPOLIECCE OTBEP/ICBAHUS.

114



N3yueHue mporiecca miaBIeHUs - UMEET BAXKHOE 3HAUCHHE B IPUPOJIE (HAPH-
Mep, TastHUEe CHeTa W JbJa), B HayKe U TeXHUKe (NP MOTYUYEHUH YUCTBIX MeTa-
JIOB U CIIJIABOB, MPU KOBKE).

Oo0pa3zen pemeHus 3a1a4u

B Bomy maccoil 4 kxr mosoxunu Jyen, temneparypa koroporo 0 °C. Ha-
yanbHas Temreparypa Boasl 20 °C. Kakyro MakCHMaJIbHYIO Maccy JibAa HYX-
HO B35ITh, YTOOBI OH MOJHOCTBIO pacTasui? VYienabHas TEIJIoTa IUIaBIEHUs JbJa

336 kJDx/KT.
Hano: ®opmyaa: O, = 0, Boruuciaenue:
= 20 OC
m1=41<1‘ Q1=mlc(t17t2) n QZZQ\J’YLZ - :4420020 R — kL
6=0°C * 0 336-10° '
A =336 KILK/Kr: | m, :%ﬁz).
Hazn;u: Otset: m,= 1 KL
my= ! I[)K
KT - < -K
[m,]= —>—=xr.
Hox
KT

1. Yto Ha3bIBaeTCA YACIbHON TEIIOTOM IJIaBJICHUS BEIIECTBA ?

2. Kak BeIpaxkaeTcs GopMylia yIelIbHOW TEIUIOTHI TUIABJICHUS BellecTBa ?
HazoBure enunuiy ee u3aMepeHus.

3. OObsICHUTE MPOIIECC TUIABICHNUS U OTBEPIEBAHUS aMOP(HBIX TEIl.

4. Yem omMyaroTcs IpyT OT Apyra MpoLEcCHl IJIaBICHUS U OTBEPICBaHUS
aMOP(HBIX U KPUCTAIUTUIESCKHUX TeI ?

1. Kakoe KOIMYeCTBO TEIUIOTHI HEOOXOAUMO 3aTPATUTh JIJISl IPEBPALICHUS
B BOJY 3 KI JIbJia, HAXOJAIIEroCs IPU TEMIIEpaType MIaBICHUS 7

2. Ha nonHoe miiaBjieHHE 0J0Ba MAaccoil m, HaXOJAIIErocs Npu TeMIepa-
Type miaBiieHus, uzpacxonosano 10 x/[x rernorel. Haiigute maccy pac-
IIJIaBJIEHHOT'O 0JIOBA.

3. Ckonbpko Temnotsl Beinenurcs u3 0,5 1 Boasl Temneparypoit 0 °C, mo-
CTaBJIEHHOW B XOJIOAWJIBHUK, 10 TOTO, KaK OHA MOJTHOCTBIO 3aMep3aeT ?

4. Jlnist miaBJIeHMsI TeJla MacCoM 5 KI, HaXOISALIETr0oCs MPU TEMIIEpaType IIaBiie-
Hus, n3pacxonosano 420 k/[x Temorsl. M3 kakoro BemecTBa COCTOUT TENO ?
5. Cxounbko spsa Temneparypoit 0 °C MOKHO pacIuiaBUTh YHEprueH, Heoo-
XOAUMOM /JI TOBEEHHUSI 10 KUIIEHUs 1 J1 BOJBI TAaKOH e TeMIepaTyphl ?
6. [ToBepxHOCTH BOIBI BojoeMa Iuiomaaso 250 m? mpu 0 °C mokpeuiachk
apaoM TommuHOM 1 mMm. Kakoe KOJIM4ecTBO TEIUIOTHI BBIAEIHUIOCH MPHU
atoMm ? [ImotHOCTH Nbaa 900 Kr/Mm°.
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§ 40. UICITAPEHUE U KOHAEHCALIUA

[Ipy HaxOXAEHUU KUJIKOCTU (HAIlpUMEp, TyXOB) B IUIOTHO 3aKPBITOM COCYJIE,
€€ KOJIMYCCTBO C TCUCHUCM BPCMCHU HC M3MCHHUTCH. Ecmm xe coCcyn OCTaBUTDH
OTKPBITBIM, TO C TCUCHUCM BPCMCHHU KOJIHMYCCTBO IKHUAKOCTU YMCHBIIACTCA, a
yepes3 KaKoe-TO BpPeMsi MOXKEM YBHJIEThb, UTO cOCyH omycreeT. IIpuunHoi 3Toro
SIBJISICTCS IIPOLIECC UCTIAPEHHUS.

@ l'[epexoz( BelleCTBa HU3 JKHJAKOI0 WJIH TBEPAOro COCTOAHMA B
napooﬁpasﬂoe COCTOSIHME HA3BIBACTCH UCITAPECHUEM.

ITepexon BemecTBa B ra3000pa3HOE COCTOSHHE CONPOBOXKAAETCS 00pa3oBa-
HUEM Tapa HaJ ero cBoOOIHOM MOBEPXHOCTHIO. PaccMOTpuM Iporecc mepexoa
KHUJKOCTH B Mapo00Opa3HOE COCTOSTHUE.

[Tpu mr060¥ Temmeparype cpear MOJIEKYJ KHUAKOCTH BCTPEUAOTCS MOJICKYJIBI
c Oonpmielt KuHEeTHYECKOM »Heprueid. IlpeononeBast cuibl MPUTSHKEHUS APYTHX
MOJIEKYJI, OHH BBIJIETAIOT C TIOBEPXHOCTHOTO CJOS XKUAKOCTH U MEPEXOAAT B Ta-
3000pa3HOEe COCTOSTHUE.

C yBenuueHueM TeMIEpaTypbl BO3pacTaeT U CKOpOCTh ucnapeHus. Cko-
POCTh HCHApeHHE 3aBUCUT M OT HAJIW4HUs BeTpa. lIpum BeTpe MoOeKysbl, Haxo-
JSIIEHCsT Ha MOBEPXHOCTH JKMJIKOCTH IMONYYalOT JOTOJIHHUTEIbHYIO SHEPIHIo, U
KHUJKOCTb OBICTPO HCTIapsSeTCs.

Hanpem oamHakoBOe KOJIMYECTBO BOABI B Tapeinky M cTakaH. Yepes
HECKOJIbKO 4YacOB BOJa B Tapelike HCHapsieTcsi, a B CTakaHE BOAA OCTAHETCS.
Wrak, ucnapenue 3aBUCHT M OT IUIOIIAJNW CBOOOJHOW MOBEPXHOCTH KHUIKOCTH.
Taxke CKOpPOCTh HCHApeHHMsl 3aBHCHUT M OT JaBJCHHS, ACHCTBYIOLIEro Ha
CBOOO/IHYI0O TOBEPXHOCTh JKMJIKOCTH. VIHTEHCHBHEEe WCIAapeHUE Tam, TI/e
aTMoc(epHOe JaBJIeHUE MCHBIIIE.

YieabHas TenJjora HcnapeHus

B mpornecce ncnapeHust MoJIeKyIbl ¢ OoJbleld KHHETUYECKON dHEeprueH, mpeo-
JI0JIeBasi CUITY MIPUTSHKECHUS PYTUX MOJIEKYJI, BBIJIETAIOT HAPY)Ky OJaromapsi KHHETH-
yeckoii sHepruu. [Ipu 3ToM oHM coBepiatoT padoty. B pesynbrare BoIxo/a HapyKy
MOJIEKYJI ¢ OOJbIIeH KHHETHYECKON SHEPrueil yMEeHbIIAeTCsl BHYTPEHHSS YHEPTUs
xuakocTy. [loaTomy mpu ucnapeHuM )KUIKOCTh OXJIAXK1aeTCs.

Jlnist mopaepKanuss HEM3MEHHOW TeMITepaTyphbl )KUIKOCTH IPH HCTIAPEHUH HEOO-
XOMMO MOAAaBaTh TEIUIOTY U3 BHEIIHEHW Cpelbl. ITO KOJIUYECTBO TEIUIOTHI, KOTOPOE
IIOJAETCS U3 BHEIIHEN CPE/Ibl, HA3bIBAETCSI TEIJIOTON NCHIAPEHUS.

ucnapenusi 1 Kr XKuJKOCTH NPH NOCTOSHHOW TeMIeparype,
HAa3bIBaeTCsl ylAeJbHON TemJoToi ucrnapeHus 1 o003Havaercsi
OyKBOH r .

@ KoinuyecTBO TemjaoThl, HeOOX0AUMOe /Jsi IOJHOIO
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CornacHo OIPCACIICHUTIO, YACIIbHA TCIIJIOTA UCITApCHUA BCIICCTBA Maccoii m BbI-
PaXacTCs B BUJC!:

r

=G, (1)

m

VYnenpHas TEMI0Ta HCTIApEHUs] B OCHOBHOM U3MepsieTcs B Jk/kr. U3 BeIpakeHHS
(1) momywyaem ¢opmyny BBIUMCIEHUS KOJUYECTBA TEIUIOTHI, HEOOXOIUMOTO JIJIs
MOJTHOTO UCHIAPEHUs KHUIKOCTH Maccoil m

Quen=r-m. (2)

Jlng nmonHoro ucnapeHusi 1 Kr BOJbl IPU HOPMAJIBHBIX YCIOBUAX HEOOXOAMMO
2,3-10° Ik suepruu. Urtax, yaenbHas TEIUoTa ucnapenus Bojpl 7 = 2,310 Jx/kr.

Konaencanus

CyiecTByeT npoiecc 00paTHbIM HCIIAPEHHI0, TO €CTh B MPOLECC MpeBpallle-
HUS Mapa B )KUJAKOCTh. KoHIeHcanus mapa u sBJIsSeTCs MPUYUHOM TOTO, 4TO KO-
JUYECTBO KUJKOCTHU B INIOTHO 3aKPBITOM COCYZE HE MEHSAETCS.

IIpouecc mpeBpamieHusi mapa B SKHJAKOe COCTOSIHHE Ha3bIBaeTcsl
KOHOeHcauueil.

CnoBo «komOeHncayus» B TEPEBOJAE C JIATUHCKOTO O3HAYACT «YHIOMHEHUE,
«cayuyenuey.

OOBIYHO >KMJIKOCTh OJHOBPEMEHHO U MCIMApsETCsS, U KOHIEHCUPYETCS.
a) Eciu mnpeoOnanaer mpouecc HCHapeHus, TOBOPST, 4TO
1 KUAKOCTh ucnapsiercs (puc.55 a). Ecaum xe mpeoOnanaer
1 I MIPOLECC KOHJEHCALUKU, FOBOPAT, YTO OHA KOHIEHCUPYETCS
) (puc.55 6).

B pesynbraTe KOHAEHCAMU BOASIHBIX MapoB B aTMocde-
pe o0pa3yroTcs 10XK/1b, CHET, a Ha 3eMJIe poca U UHEH.

ITo 3akOHY COXpaHEHUs >HEPIUU KOJIUYECTBO TEIUIOTHI,
pacxoqyeMoe Ha UCIIapEHUE KUAKOCTU, PABHO TEIJIOTE BbI-
JeIsieMO IIPU KOHAEHCALMKU. DTO TEII0TAa Ha3bIBAeTCs Te-
IIJIOTOW KOHACHCALUU.

Qucn =- QKOH =-rm. (3)
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HacpimeHHbIid 1 HeHACHIIIEHHBIA Map

Ecnu 3akphITh HCHApAIOMYIOCS KUJIKOCTh KPBILIIKOW, map OyaeT coOuparbes
HaJ ee MOBEPXHOCThIO. [Ipu 3TOM, €ciiM YnCI0 MCIApPSAIOIUXCS MOJEKyN Oyner
00JIbIlIe KOJIMYECTBA KOHACHCUPYIOIIMUXCS, TO B 3TOM Clydyae Mmap Ha IMOBEPXHO-
CTH UJKOCTU Ha3bIBAECTCSl HEHACBIILIEHHBIM [1apOM.

C yBenuueHUEM 4HClIa MOJIEKYN Ilapa Haja XUAKOCTBIO, HAXOASLIEHCS B 3a-
KpPBITOM COCYZIE, BO3pAacTaeT U UX KOHAeHcauus. Yepe3 HEKOTOpOe BpeMs CKOPO-
CTH HCIAPEHMS U KOHJEHCALIMU CTAHOBSTCS OAMHAKOBBIMHU. DTO COCTOSHUE Ha-
3BIBAETCS JUHAMMYECKUM PABHOBECHEM.

ITap, naxoasimmiicss B JUHAMHUYECKOM PABHOBECHH CO CBOei
JKMIKOCTHI0, HA3bIBAETCS HACBHIIIEHHBIM MIAPOM.

C IOBBIIICHHEM TEMIICPATYPhI dKUAKOCTHU BO3PACTACT U JAaBJICHHUC HACBIILCH-
HOTO I1apa. Z[aBJIeHI/Ie HACbINICHHOTI'O ITapa BbIYUCIACTCA 110 (I)OpMyJ'IeZ p=n kT.

Kunenmne

[Ipu 7r00BIX YCIOBUSX BHYTPU >KMJIKOCTH HPHUCYTCTBYIOT HEBHAMMBIC IJa-
3y MEJKHE BO3AYLIHbIE My3bIpbKH. BHYTpH 3THX My3BIPHKOB, 00pa3ylOTCs Maphbl
#KuAaKocTH. C MOBBIIIEHUEM TEMIEPATYPbI KUIKOCTH, HAIIPUMED, BOJBI, BO3pac-
TaeT JlaBJeHHE Napa B My3bIpbKax U OHMU yBeJnW4HuBaroTcs B oObeme. Ilox meii-
CTBUEM CHJIbI ApXMMeE/Ia, YBEIUUYECHHbIE B 00bEMe My3bIPbKU, CTPEMSTCS BBEPX.

OmnpenesneHHas 4acTh Iapa B IIy3bIpbKax KOHAEHCUPYETCS, TaK KaK BEPXHHUE
CJIOM BOJbl HE YCIIEBAIOT HArpeThCs MO CPABHEHUIO C HWXKHUMU (puc.56 a). B
pesynpTare 00beM Iy3bIPBKOB YMEHBIIAETCA, W OHU HAUMHAIOT JIOMAaThes,
n3/aBasi XapakTEepHbIN 3ByK. UYepe3 HEKOTOpoe BpeMsl TeMIleparypa BO BCEM
o0bemMe KHUJIKOCTH ypaBHUBaeTcCs. Temepb MOAHMMAIOIIMECS MY3bIPbKU YKe
HE YMEHBIIAKTCA. BBIXOAS Ha MOBEPXHOCTb MKUAKOCTH, OHHU JIONAKOTCH,

pacmpocTpansis nmap B Bozayxe (puc.56 6 ).

a)
e TS
St =)
=4 H
- —
puc.56.
@ Kunenne — npouecc MTHTEHCMBHOTO NApPO00Pa30BaHMA N0 BCeMY 00b-

eMy KHIKOCTH, IIPH HeM3MEHHOIl TeMIeparype, TeMIieparype KuneHusl.
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Bo Bpems kumeHusi Temiieparypa mo BceMy 00beMy JKUIKOCTH BbIpaBHHUBA-
€TCs, U OHA MHTEHCUBHO HcnapsieTcs. [Ipu kuneHuu )KUAKOCTH €€ TeMIeparypa
IIEPECTAET MOBBIIATECA. DTa TEMIIEpATypa Ha3bIBAETCS TEMIIEPATYPO KUIIEHUS
KUJKOCTH.

JIns pasHBIX KUJAKOCTEH TeMIleparypa KUIIeHMs pa3nudHa. Hampumep, npu
HOPMAJIBHBIX yCJIOBUAX cnupT kunut npu 78 °C, a Boxa npu 100 °C.

UYewm Oomplile BHEIIHEE AaBJICHHUE, TEM BBILIE TemIepaTypa kuneHus. Hampu-
Mep, B NMapoOBOM KOTIE, T/Ie BHyTpeHHee aaBieHue cocrasiser 16°10° Ila, Boga
He kunut paxe npu 200 °C. B MEAUIMHCKUX yUPEKAECHUAX XUPYPTrUUeCcKUue H-
CTPYMEHTBI, MEePEBSI30YHbIE MaTepuajbl U APyrue MpUCIOCOOICHUS CTEPUIIN3Y-
I0T ITyTEM KHUIITUYEHHUsI IO JaBICHUEM.

C NOHM)KEHHEM BHELIHEro JAaBJIEHUs TeMIepaTrypa KUIIEHUS XUIKOCTH Ha-
YMHAeT ymMeHblaTeca. Hanmpumep, B ropax Ha BBICOTE 5 KM HaJ yPOBHEM MODPs
aTMoc(epHOe JaBICHHE CPaBHUTEIBHO HU3KOE, MO3TOMY BOJA 3aKUNAET INpHU
84 °C. OnHako CKOJIbKO ObI HU KHUIIEJa BOJAA MPH ATOW TeMmeparype, Msco B Ta-
KOi Bozie He cBapuTcsa. YTOOBI MsCO CBapHUIIOCH, €r0 HYKHO BapUTh B FepMETHU-
YECKH 3aKPBITOM COCYJE.

. Uto Ha3piBaeTcs ucnapenuem ? Kak oHo mpoucxoaut ?

. [Touemy TpaBa ObIcTpee COXHET pH BeTpe ?

. Kak mpotekaeT npouecc KoHIeHCAUH ?

. Kakoii map Ha3pIBa€TCsl HEHACHIIIEHHBIM ?

. Kakoii map Ha3pIBaeTCsl HACBIILIEHHBIM ?

. MOXHO U BCKUMISITUTH BOAY HE Harpenas ee ?

. Byner nu Boja HaXOAUTHCS B )KUJAKOM cocTosiHuM mpu 250 °C?

. Otnuyaercs 1 TeMnepaTypa KUIeHus: BOAbl Ha IEPBOM U Ha MOCIEAHEM
3Ta)kKaX MHOIOA3TAXKHBIX 3MaHUH ?

OO\ DN AW~

§ 41. SAIBJIEHU S B ATMOC®EPE
Bi1a:kHOCTH BO3yXa

2/3 4vacth 3€eMHOTO mrapa COCTaBJIACT BOJA. N3-3a HCIIapCHUSA, B BO3AYXC
BCCrAa MNPUCYTCTBYCT BOASHOM mnap. Hanuuue BOISIHOTO Imapa B BO3AYyXE,
Ha3bIBACTCA BJIA)KHBIM BO3AYXOM HJIM BJIAXXHOCTBIO. Uem Ooublle B BO3YXC
mapoB BOJbI, TCM 0oJIbIIIE €r0 BIAXKHOCTD.

@ Macca BoasiHoro mapa B 1 M* Bo3ayxa, Ha3pIBaeTCsi a0COJTIOTHOM
BJIA’KHOCTBIO BO3yXa.

AOCONTIOTHAsT BJIAXHOCTHh TOKA3bIBAET, CKOJBKO TPaMMOB BOJSHOTO Mapa
comepxkutcst B 1 M Bo3myxa. Ecim m3BecTHa mMacca BOISHOIO Mapa B JaHHOM

061>eMe, TO a6COJ'IIOTHa5[ BJIAXKHOCTBH BBIUUCIIACTCA TaKUM 06p330M3
m
pP=— (1)
14
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KOF,Z[a a0COJIFOTHAS BIIAXKHOCTH AO0CTUTACT OMPCACICHHOIO 3HAYCHUA Py, BO3-
AYX HACbIaCTCsA BOMASHBIMU ITapaMU. HpI/I 9TOM IIJIOTHOCTBH BOJAAHOI'O Iapa B
BO3AYXC MOKXHO HAa3BaThb INIOTHOCTBIO HACBIIICHHOI'O I1apa. UeM BblIIIE TeMIICpa-
Typa BO3lyXa, TEM OoJbIIIe nmpeacii €ro HaChIICHUS.

I[J'I}I BBISICHCHUS CTCICHU HACBIMICHHA BOIAAHBIX ITAPOB B BO3AYXC BBOAUTCH
MMOHATHE OTHOCUTEIbHON BIaXXHOCTH. OTHOCHTEIILHOHN BIa)KHOCTBIO BO3ayXa (q))
Ha3bIBAKOT OTHOIMICHUC IJIOTHOCTHU BOAAHOIO IMapa, COACPIKAIICTOCA B BO3AYXC
TeMnepaTypoﬁ f, K INIOTHOCTH HAaCBIIIEHHOTO Mapa IpHu JIaHHOM TeMIeparype,
BBIPpAKCHHOC B IIPOLICHTAX:

o=100%
Po

CrnenoBaTenbHO, OTHOCUTEIbHAS BIAXXHOCTh BO3/lyXa paBHA OTHOIICHHUIO €T0
a0CONIOTHOM BIAXXHOCTU K TMJIOTHOCTH HACBIIIEHHOTO (TP 3TOH Temmeparype)
napa. OTHOCUTENbHAs BIa)KHOCTh MMOKA3bIBAET, HACKOJIBKO BO31YX HACBHIIIEH BO-
NnsHbIMU Tlapamu. Ecnu oTHocuTenbHas BiaaxHocTh gocturaetr 100 %, 3To o3Ha-
YaeT, YTO BOJSHOM IMap B BO3AYXE HACHIIICH, M UCIIAPEHNE HE MPOUCXOIHUT.

Wuorna napneHue BOASHOTO Mapa B BO3MyXE TAKXKE HA3bIBAIOT aOCOTIOTHOM BIax-
HOCThIO. [ToAaTOMY a0COMIOTHYIO BIaKHOCTh MOXKHO TaKKe BBIPA3UTh Uepe3 JIaBICHUE
BOASHOTO Tapa. OTHOCHUTENFHOMN BIQKHOCTBIO BO3yXa HA3bIBAIOT OTHOIICHUE TapIIU-
QJIILHOTO JIABJICHUS BOISTHOTO Tapa p, COAEpIKaIllerocss B BO3AyXe, K JaBICHHIO HACHI-
IIEHHOTO TIapa po MpH JaHHOM TeMIieparype / , BRIpa)KEHHOE B IMPOIICHTAX:

o=L100% (3
Po
31€Ch p — HapI_[I/IaHbHOC JABJICHUEC BOASIHOTO Hapa B BO3I[yX€, po— JaBJICHUEC HaA-
CBILIICHHOTIO I1apa.
3HaueHMs IUIOTHOCTEM M JABJIEHUM HACBIEHHOIO Iapa IpH Pa3Iu4HbIX
TeMIlepaTypax HpHUBEACHHI B cienylonieil rabnuie.

1,°C | po, UM | py xlla | t, °C | po, ¥/M> | po xlla | t, °C | po, UM | py xlla
1 5,2 0,653 11 10,0 1,31 21 18,3 2,49
2 5,6 0,706 12 10,7 1,39 22 19.4 2,64
3 6,0 0,759 13 11,4 1,49 23 20,6 2,81
4 6.4 0,813 14 12,1 1,59 24 21,8 2,98
5 6,8 0,880 15 12,8 1,71 25 23,0 3,17
6 7,3 0,933 16 13,6 1,81 26 24 .4 3,36
7 7,8 0,999 17 14,5 1,93 27 25,5 3,56
8 8,3 1,07 18 15,4 2,07 28 27,2 3,78
9 8,8 1,15 19 16,3 2,19 29 28,7 3,99
10 9,4 1,23 20 17,3 2,33 30 30,3 4,24
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I/I3Mepeﬂue OTHOCHTEJbHOM BJIAKHOCTH BO3yXxa

Jns u3MepeHus BIAXHOCTU BO3JyXa HCIOJIb3YETCS
IPOCTOM MO CTPOEHUIO MPUOOP — cUxpoMeTp ABrycra (0T

Z —°|| rped. cioBa «ICUXPOC» — «XOJOAHBIN»). OH COCTOUT W3
oé 02 CYXOTO U BJIQKHOTO TEPMOMETPOB (puc.57 ).
IlepBBIil TEpMOMETP HU3MEPSIET TEMIEPATYPY OKpPYyXka-

440l | |44k0 fomero Bosayxa. Konenr BToporo TepMomeTpa 0OOMOTaH

33k 3360 TKaHbIO, HIJKHUU KOHEI KOTOPOM OINYyUIEH B COCYHA C JHUC-

TWJUTMPOBAHHON BOJoM. UeM cyiie BO3AyX, TeM ObIcTpee

230 230 UCTapsieTcsl BOJa M3 TKAaHM M TEM HIDKE €€ TeMmIeparypa.

13E0[™ 13k 0| | || Boruncisisi pa3HOCTH TeMIlEparyp B MOKAa3aHUSX CyXOro

X0 % A U BIIQXHOTO TEPMOMETPOB, OINPEAEISIOT OTHOCHUTEIbHYIO

| |e=ES| || BIaXHOCTh MO cnenuanbHON NMCUXPOMETPUYECKON TadIHIIe.
YacTh NMCUXPOMETPUICCKON TAOIHUIIBI, OXBATHIBAIOIIAS JIHA-

na3oH Temreparyp ot 15 o 28 °C nmpuBeneHa B TabuIie.
. = Hanpuwmep, cyxoit Tepmomerp mcuxpomerpa (puc.57),
nokasbiBaeT 28 °C, a Bmaxsbii TepmomeTp 21 °C. Pas-
puc.57. HOCTh Temrmepatyp cocrtasisier 7 °C. OTcroga mo mncuxpo-
METPHUYECKOH TabIHIIe MOKHO ONPENETUTh OTHOCHTEIHHYIO

BIIAXKHOCTH Bo3yxa. OHa oka3anach paBHOU 53%.
IIcnxpomerpuyeckas Tadauna
Ioka3zanue Pa3zHOCTB MOKa3aHUi CyXOro U BIXKHOTO TepMoMeTpa, °C
CyX0ro TepMome-

Tpa, °C 0 1 (2 3 4 |5]6 7 819 10
15 100 [ 90 | 80| 71 | 61 [ 52|44 | 36 |27 |20 | 12
16 100 [ 90 [ 81 | 71 | 62 |54 |46 | 37 |30 |22 ]| 15
17 100 [ 90 | 81| 72 | 64 [ 55|47 | 39 |32 |24 | 17
18 100 [ 91 | 82| 73 | 65 (56|49 | 41 |34 |27 | 20
19 100 [ 91 | 82| 74 | 65 (58 50| 43 | 35|29 | 22
20 100 [ 91 | 83| 74 |66 [ 59 51| 44 | 37|30 | 24
21 100 [ 91 | 83| 75 | 67 [ 60 | 52 | 46 | 39| 32 | 26
22 100 [ 92 [ 83| 75 | 68 [ 61 | 54 | 47 |40 | 34 | 28
23 100 [ 92 | 84| 76 | 69 [ 61 [ 55| 48 | 42| 36 | 30
24 100 [ 92 (84| 77 |69 [ 62| 56 | 49 |43 | 37| 31
25 100 [ 92 | 84| 77 |70 [ 63 [ 57 | 50 |44 | 38 | 33
26 100 [ 92 | 85| 78 | 71 [ 64 | 58 | 51 |46 | 40 | 34
27 100 [ 92 | 85| 78 | 71 [ 65| 59 | 52 | 47 | 41 | 36
28 100 [ 93 | 85| 78 | 72 [ 65| 59 | 53 |48 | 42 | 29

OTHOCHUTENBHAS BIAXHOCTh, %
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Kax npasuno, npu BrnaxxHoctu meHee 50 % BO3QyX CUMTAETCA CyXHMM, NpHU
BraxHocTu 50—80 % — HopmanbHbIM, a ipH 80 Y% — BiIa)KHBIM. YBEJIIMUEHHE BIIaXK-
HOCTH BO3/yXa NPUBOAUT K KOPPO3UU METAJUIMUYECKUX U pa30yXaHHIO JEepPEBSH-
HBIX IIpeaMeToB. IIpy HU3KOH BIaKHOCTH BO3yXa JEPEBSIHHBIE IPEAMETHI TEPS-
10T BJIAJKHOCTb, UICKPUBIISIIOTCSA U TPECKAIOTCH.

Oo0pa3oBaHue 0CaKOB

[Ipu MOBBINIEHHON BIa)XKHOCTH BO3/AyXa 4acTh BO-
p, v/’ ISHBIX MapoOB KOHAEHCUpYETCs, o0pa3ys MeJKue 4Ya-
CTUIbI BOABI. CKOIJIEHUE ATUX MEJIKUX YaCTHUIl HA3bI-

; BaeTCSl TYMaHOM.

HeHnacollieHHbIE BOJSHBIE TAPBI IPU OXJIAKICHUH
MepexoasiT B HachllleHHOe cocTosiHue. Jlomyctum,
IHEeM a0CoJIIoTHas BIAXHOCTh BO3JyXa HpH TeMIie-
parype 30 °C cocrasisier p =12,5 r/m* (Touka A Ha
puc.58). Ilpu Takoi Temmeparype BO3AyXa BOJASHBIC
napbel HaXOJATCS B HEHACBILIEHHOM COCTOSIHUU. Jliis

Ly WX HACBIIIEHHUS HEOOXOAMMO, YTOOBI BIAXKHOCTh pPaB-

153040 °C ygpack p =30 r/M> (Touka B). OqHAKO HOYBIO TeMIIe-

puc.58. parypa moxeT ynacth a0 15 °C. IIpu »Toii Temnepa-

Type BoasHble mapsl (12,5 r/m?), npucyrcrByrone B

BO3JlyX€, MEPEeXOsIT B HACHIIIEHHOE COCTOSHHE (TOY-

ka C Ha puc.58) U, KOHJEHCUPYSICh, TAJAI0T Ha 3€MJII0 B BUJIe POCHL. B aTOM city-
yae TeMIieparypa t,, COOTBeTCTByomas Touke C — €CTh TOUKa POCHI.

30 [-eremeeeemeeeeenens /B

12,5 C

¢ A

1 -
-20 0

@ Temneparypa, npu KOTOPOH Nap CTAHOBHUTCH HACBHIIICHHBIM,
Ha3bIBaeTCsl TOYKOM POCHI.

[Ipubop, onpenensouui OTHOCUTEIbHYIO BIAXHOCTh BO3AyXa uepe3 TOUKY
POCHI, HA3BIBAETCSI TUTPOMETPOM.

Houbto u yTpom, Korma TeMmmeparypa Bo3ayxa ObIBaeT

Hwxke 0 °C, KOHIEHCUPOBAaHHBIE BOASHBIE Mapbl 00pa3yloT

——>*  YacTHUIIBI JbJA, KOTOPBIE BHIMAAAIOT HA 3€MJIIO B BUJIE UHES.

“[11\‘4?\?] Bonpmas acTe mapoB, MOJAHUMAIOLIUXCS C MOBEPXHO-

CTH OKEaHOB M CYIIH, pacroyiaraercsi Ha BBICOTE HECKOJb-

— »@®  KHUX KHJIOMETPOB OT 3eMuid. TeMmmeparypa Ha TaKOW BBICOTE

~0,01 OpiBaeT HAMHOrO HMYKE TEMIIEPATYPhl 3€MHOW MOBEPXHO-

MM cru. B Takux yclOBHUSX BOASHBIE Maphl OBICTPO HACHIIIA-

. torcs. [Ipu BhICOKOW BIaXHOCTU U JalbHEHIIEM MOHMKE-

0.3 HAM TEMIEPATyphl HACKHIICHHBIC Maphl KOHACHCHPYIOTCS

J_LLL vy M 00pasyroT Menkue BOJsHBIE yacTUIbL. Tak oOpasyrorcs

obnaka. [lpum manpHeiieM NOHWKEHUU TEMIIEpaTyphl B

puc.59. oOyakax BOJSHbBIE YACTHIIbI, COEAUHSACH, MPEBPAIIAIOTCS
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B KPYIIHBIE KaIlJId, KOTOPBIC, YTSHKEISAACH, MAaJa0T Ha
3eMIII0 B BUE AOXKIsS (puc. 59).

Ecnu Temmnieparypa B o0jiakax O4eHb HU3Kasi, BOJIS-
HBIC Mapbl KOHJICHCUPYIOTCS U 00pa3yIOT MeJIbuaiiime
gacTuibl Jbaa. COeAUHSISCH OPYT C JIPYroM, YacTHIIBI
JbJia MPEBPAIIAIOTCS B CHS)KMHKU M B TAKOM BUJIC Ia-
naroT Ha 3emMito (puc. 60).

YacTuiipl JibJla, BO3HUKIINE B 00JIaKaxX MPU HU3KOH
TEeMIIepaType, Mo BIUSHUEM BO3IYIIHBIX TCUCHUH MO-
I'yT HEOJHOKPATHO MepeMeIIaThcs BBEpX W BHU3. [Ipu
KaXXJIOM IOJbEME BBEPX OHHU MOKPBIBAIOTCS JICISIHOMN
000JIOUKOH, TPUYEM C KaKIbIM Pa30M OHU CTAHOBSITCS
KpYIHEE U MaJaloT Ha 3eMJII0 B BUJE Ipaja.

IToroxa

CocTosiHMe TOTObI OMPEEAIOT Takue (GaKTOphl KakK TeMmIlepaTypa, BIax-
HOCTb, JIaBJICHHE BO3yXa, BETEP, 00IaYHOCTh HJIM OTCYTCTBHE 00JIAKOB, OCAJIKH,
TyMaH, poca, UHel U Ipyrue aTMoc(epHbIe SIBJICHUS.

@ CocTosinne BO31yxa B ONpe/ie/IcHHOE BpeMsl U B ONpeieJIeHHOM
MecTe Ha3pIBaercs moroaou. Temmeparypa, BJIaKHOCTL U JaBJle-
HHeE BO3/yXa Ha3bIBAIOTCH OCHOBHBIMM 3JIEMEHTAMM IOTObI.

Bertep, obnaka 1 ocagku BO3HHKAIOT B 3aBUCUMOCTH OT 3TUX OCHOBHBIX 3JI€MEH-
TOB Toro/pl. Hanpumep, MOHWKEHNE TEMIIEPaTyphl BO3IyXa OOYyCIIaBIIMBACT MaCHHIE
arMoc(hepHOTO JJaBJICHUS U YBEITMUCHUE BIAKHOCTU. VI3MEHEHHE TaBICHUS TIPHBOJAT
K 00pa30BaHHIO BETPA, a MOBBINICHUE BIAKHOCTH K BO3HHUKHOBEHHIO OCAJIKOB. [lon
BO3JICIICTBHEM BeTpa BO3AYUIHbBIE TIOTOKU U O0Jaka MepeMeniaroTcs U3 OJHOTO MecTa
B Jipyroe. B pe3ysbTrare u3MeHsieTcs TeMIeparypa Bo3IyXa, U BBINAIaI0T OCAIKH.

[Ipencka3anue Morojbl UMeeT BaKHOE 3HaueHWe. M3ydeHue moroisl mpoBo-
JUTCS B METEOPOJIOTHYECKUX IIeHTpax. B Y30ekucraHe mMporHO3MpOBAaHUEM TIO-
robl 3aHUMaeTcs LIeHTpBI THAPOMETEOPOIOTHnYecKoi ciry:kObl B TamkeHTe U B
obmacTax Hame PecyOmukwu.

2. YTo Ha3BIBAIOT OTHOCHUTEIBHON BIaXKHOCTBIO M Kak OHa 0003Ha4daercs ?
3. Kak ¢ momomipro mcuxpomeTpa ABrycTa H3MEpSIIOT OTHOCHTEIBHYIO
BIIAJKHOCTBH BO3TyXa ?

4. YUto Ha3bIBa€TCs TOYKOU pOCHI ?

5. Kak o0pa3ytorcst TymaH, poca U uHeH ?

6. Kak oOpa3syroTcs obnaka, 10Xk, CHET U Ipaf?

7. YTo HaA3bIBAIOT IIOTOM0M ?

8. UTo BBI 3HaeTE O CIIY)KOE M3YyUECHUS MTOTOBI ?

1. Kakas BennurHa Ha3bIBaeTCs a0COJIFOTHON BIIAYXKHOCTBHIO ?



§ 42. JABOPATOPHAS PABOTA.
ONNPEAEJIEHUE OTHOCHUTEJIBHOU BJIA’KHOCTH BO31YXA

Ilenv pabomet : HayuUTHCS HA OTIBITE ONPEIEINIATH BIAXKHOCTh BO3/1yXa.

Heooxo0umote ooopyoosanusn: llcuxpomerp ABrycra (Uau JBa OIWHAKOBBIX
TEPMOMETPA), COCYA JUIsl BOABI , MapJIs.

[lepen Tem, Kak BBIIOIHUTH JIAOOPATOPHYIO PabOTy HAYEPTUTE Ty TAOIUILY.

Ne t, °C t,, °C At, °C  |o, % p, T/M?
1

Ilopsinok BhINoOJIHEHHE PAGOTHI

1. Haneiite Boay B coCy/l ICUXPOMETPA U MOAMKANUTE 4-5 MUHYT.

2. 3anuImTe OKa3aHUusI CyXOT0 M BIAKHOTO TEPMOMETPOB ¢ U ;.

3. Berunciure pa3HOCTh [TOKA3aHUI CyXOro U BIaXKHOTO TEPMOMETPOB: At =t —t,,.

4. 1o ncuxpoMeTpruuecKoil TabIuIe ONMpPEaeINTe OTHOCUTEIbHYIO BIAXXHOCTh
BO3/yXa, UIsl COOTBETCTBYIOIINX 3HAaueHu# ¢ u At (Ha crpanune 121 nqana mcuxpo-
MeTpHuecKas Tabuua).

5. Ilpu momomu Tabmuiel Ha crpanuie 120 ompenenuTe aOCOMIOTHYIO BIIaXK-
HOCTb BO3/lyXa B KOMHArTe.

6. Pe3ynbrarsl ONBITOB MUILITUTE B TAONHILY.
IIpumeuanue. Eciiu cpenu 1aboparopHBIX MPUOOPOB HET TICUXpOMETpa ABTyCTa,
TO €ro MOXHO coOpaTh U3 JIByX TepMOMETpoB. Eciu y Bac MMeeTcsi TOJIbKO OAMH
TEPMOMETp, TO CHadajia U3MEpPhTE TEMIIEPATYpy BO3/1yXa B KOMHATe. 3aTeM pe3epBy-
ap TepMOMETpA 3aBEPHUTE BIAKHOM MapJiiel, a 4aCTh MapJIu OIYCTUTE B BOAy. Yepes
5-6 MMHYT 3amUIINTE MOKa3zaHue TepmomMeTrpa. [lo momyuyeHHBIM pe3yabTaTraM Bbl-
YUCIIUTE OTHOCUTENIBHYIO BIIAKHOCTh BO3yXa.

1. Pacckaxute 0 criocobe ompesiesieHrs OTHOCUTENBHOM BIaXKHOCTH BO3AyXa.
2. Kak onpenenuth aOCOMIOTHYIO BIAKHOCTh BO3yXa B KOMHATE ?
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§ 43. PEHIEHME 3AJTAY

3agaua 1. KakoBa aGcomroTHasi BIaXKHOCTh BO3/lyXa, €CITH OTHOCUTEIbHAS BIAXK-
HoCTh Tipu Temmeparype 16 °C paBua 70 % ? [ImOTHOCTH HACHIIIIEHHOTO TMapa TP

16 °C paBna 13,6 r/m’.

Hano: dopmy.a:
1=16°C P oo, ¢ p,
9 =70 % R AT
pe=13,6 r/™m°.

. 0
Haiimu: [p]= v =ﬁ-K—F3—K—I;.
P 100% % M’ M

Beruucienmue:

p=0,7-13,6 v/m* = 9,52 r/v’.

OtBet: p=9,52 r/\’.

3amaua 2. [Ipu temneparype 24 °C mapuuajbHOE JaBICHHE BOASHOIO mapa
pasno 2 kIla. YUemy paBHa mpu 3TOM aOCOMIOTHAS BIaKHOCTh BO3yXa ?

Hano: ®opmy.ia: Borunciienue:
t=17°C m m_ Mp.
T=290K pV="rRT =R _18-107-2-10° L5
p=2-10°TIa b, 831.290 M’
M= 18-10" xr/moib p= m, p= Mp -

v’ RT :14,9-10*3M—3.
Haumu: KT E - H
p=7 [p] = MOTE M M _ KT

Ax o Hwm M’ [ OtBer: p =14,9 r/M’.
MOJIb- K

3agaua 3. Yemy paBHa OTHOCHUTENIbHAs BIAXHOCTh BO3JyXa MpPHU TeMIEparype
20 °C, ecnu Touka pocsl paBHa 8 °C? [laBiieHre HachIleHHOTO napa 1pu 8 °C paBHO
1,06 kIIa, a mpu 20 °C paBHo 2,33 xl]a.

Jlano:
=20°C
H= 8 OC

p= 1,06 xIla =1060 I1a
Pun = 2,33 klla =2330 Ila

Haumu:
p="7

dopmyia:
o=L_.100%.
pHI’l

[p]= =%.

Boruuciienue:
q):@ 100% =45,5%.
2330

OtBer: ¢ =45,5%.
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y 1. Kakoe KoIM4YecTBO TEIUIOTHI HEOOXOAUMO 3aTPATUTh I MPEBPALICHUS B
nap 5 Kr BOJbl, HaXOLIEICs IPU TEMIIEpaType KUNeH!s ? YienbHas TeIioTa
23 napooOpa3zoBaHus Boabl paBHa 2,3-10° J[x/kr.
2. Kakoe koiIM4ecTBO TEIUIOThI BBIIEIAETCS PY KOHIEHCAlMK rapa Maccoit 50 r?
3. KakoBa oTHOCUTENIbHAS BIIAKHOCTh Bo3Ayxa pu temmneparype 20 °C, ecnu
B 4 M° Bo3yxa copepkutcs 40 T BoJsHBIX mapoB ? [I10THOCTh HAaCHIIIEHHBIX
BostHBIX mapoB ripu 20 °C paBra 17,3 v/m’.
4. JlaBnenue BogsHoro napa npu temneparype 20 °C pasro 1,54 klIla. Haii-
JIUTE OTHOCUTEIIBHYIO BJIAXKHOCTb BO3/1yXa, €CIIN JaBJICHUE HACBIIIEHHBIX BO-
nsaHbIX napos npu 20 °C pasHo 2,43 kl]a.
5. IlnotHOCTH BOzsiHOTO Tapa npu Temmeparype 20 °C paBna 17 r/m’. Haii-
JUTE OTHOCHUTEJIBbHYIO BIaXHOCTh BO3JyXa, €Cli aOCOJIOTHAs BIaKHOCTb
BO31yxa paBHa 11 r/m’.
6. KakoBa abcostoTHast BIaXKHOCTh BO3/lyXa, €CJIM OTHOCUTEINIbHAS BIaXXHOCTh
npu temneparype 24 °C pasHa 50 %? [110THOCTH HACBIILIEHHOTO apa Ipu
24 °C paBHa 21,8 r/m’.
7. Cyxoi TepMOMETp NcuxpomMeTrpa nokasbiBaet 24 °C, a BIaxHbI MOKa3bl-
BaeT 19 °C. Onpenenute OTHOCUTENBHYIO BIaXXHOCTb BO3yXa, UCIOJIb3Ys
NICUXPOMETPUUECKYI0 TabnuIy Ha ctp.121.

TECTBI IJIs1 IOBTOPEHMUS IJIABBI IV

1. B kakux eqMHUIaX BbIpakaeTcsi KO3 (PpHuMeHT MOBEPXHOCTHOIO HATH-
KeHus ?
A) Ix-c; B) Jlx/m; C) Ix/m ; D) H/m.

2. Ha kakyo BbBICOTY (CM) MOAHMMAETCS BOAA M0 KANULJISPY AMAMETPOM
1,46 mm ? Koa¢puuueHT NOBEPXHOCTHOI0 HATS’KEeHHs BOAbI paBeH 73 mH/m.
A) 4; B) 2; o) 1; D) 8.

3. B kanuijisipe BoAa NMOAHSJIACh HA BbICOTY 2,8 cm. Haiigure nuamerp ka-
nusipa (mm). Kodyggumnment nopepxHocTHoro HatskeHust Boabl 7°107 H/m.
A) 1; B) 2; C) 0,2; D) 0,7.

4. Kannansipable TpyOKH ¢ AHaMeTpaMu 2 MM B 1 MM onmylieHbl B BOXY.
Omnpeneanrte pa3HOCTh YPOBHEH BOABI B TPyOKax (m).
A) 14,6:1073; B) 28,8:107%; C) 43,2:107% D) 57,6:107.

S. I3 BepTHKAIBLHON CTeKJSIHHON TpyOkM amamerpoM 1 MM, BbITeKaeT
kamias Boabl. Onpenenure Bec kaniau (MH). r =73 mH/m.
A) 0,11; B) 0,32; C) 0,50; D) 0,23.

6. Bona no kanu/isipHoii TpyOKe, pacmoJioxkeHHOH Ha 3eMule, IIOTHUMAaeTCs
Ha 12 mm. Ha cko0JbK0 MM NOJHUMAETCH BO/Aa MO TO¥ ke TpyOke Ha Jlyne? Ha
JlyHe yckopenune cBo00IHOIO najeHusi B 6 pa3 Menbiue, yeM Ha 3emuie ?

A) 134; B) 36; C) 72; D) 24.
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7. B kakux eTMHHULAX BbIpakaeTcs MoayJb ynpyroctu (FOunra)?
A) H/wm; B) H'wm; C) Ma'm; D) Ia.

8. Ilpn noagBemMBaHuM rpy3a nposoj yuinHuiacs Ha 1,5 mm. Ha ckoabko
(MM) YIJIMHUTCSI TAKOM Ke NPOBOI, HO JUINHHee B 3 pa3a, NpHU NMOJBeIINBa-
HHUM 3TOrO Ke rpy3a?

A) 4; B) 2,25; ) 3; D) 4,5.

9. Kakyio cui1y Hag0 NPUJIOKUTH, YTOOBI MPOBOJIOKY AJMHOH 1.2 M U no-
nepeyHsIM cedenueMm 1,5 mm? ynanauth Ha 2 Mmm? Moayas FOura nus mpo-
Bosoku 180 I'Tla.

A) 260; B) 225; C) 130; D) 450.

10. KaxkuMm OyaeT OTHOCHTEIbHOE YIIHHEHHE CTAJbHOM MPOBOJIOKH, €CIH
K eé KOHIAM NPHJIOKHTh MexaHH4Yeckoe HampsikeHue 8-107 Ila? Monyas
IOnra nasa craaum 200 I'Tla.

A)4-10% B) 4-10% C)2:107% D) 5-10°.

11. Kak meHsieTcsi Temmeparypa IUIaBJeHHsl KPHCTA/LUIa OT Ha4daJa
IVIABJICHHUS 10 KOHIA IJIaBJIeHHS ?

A) nmoHUMAaeETCS; B) ymenbmaercs;

C) He uzMmeHsercs; D) cnagana yBenuuuBaeTcs, 3aT€M IOHUKAETCSL..

12. Jlen Taet npu 0 °C. Ilormomaercs njim BblaeJseTcs IPH 3TOM Heprusi ?
A) nmornoniaercs; B) Beimensercs;
C) u He MoTIIONIAETCs, U HE BBIACISAETCS; D) 3aBucut ot Macchl Jibja.

13. Boaa npu temmneparype 0 °C npeBpamaercs B Jied. [loriomaercs: win
Bbl/IeJIsIeTCs IPU 3TOM 3Heprus ?
A) nmornoniaercs; B) BeimenseTcs;
C) ¥ He TomIONIAeTCs, U HE BBIJICISACTCS, D) npu oOpa3oBaHuu TEPBBIX
KPUCTAJIJIOB JIbJIa BBIACISIETCS, TOTOM IOIJIONIAETCS.

14. Kak MeHsieTcst BHYTPeHHsIsl JHePIrusi KPUCTAJLJIA IPH IJIABJICHUH ?
A) HEe MeHseTCs; B) yBenuunBaercs;
C) ymeHb11aercs; D) moxer yBenuueTsCsi, U yMEHBIIETCS.

15. B kakux eIMHHUIIAX BbIPA:KAETCs yleJdbHAas TEMJIOTA OTBePAeBaAHUSA ?
A) JIx/kr; B) JIx/krK; C) Ix/K; D) k.

16. Kakoe xomu4ecTBO TemnoThl (k/:k) pacxogyercs npy MoJHOM IJIABJIe-
Huu 300 r yyryHa, Haxoasimierocsi Npu TeMIeparype ILUIaBJIeHHsA ? YaeJabHast
TemJa0Ta niapaeHust 4yryna 130 x/x/kr.

A) 39; B) 43; ) 10; D) 26.
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OCHOBHBIE BbIBO/JbI I10 ITTABE 1V

CaoiicTBa KuakocTe coxpaHsSeT CBOW 00beM, HO HE HMeEeT (HOPMBI.

YKUJKOCTH Kuakocte npuHHMaeT ¢GopMy cocyma, B KOTOPOM OHa
HaxoauTcsl. JKuJKoCcTh 00JIa1aeT TEKYyUECThIO.

IToBepxHoctHoe | [IoBepXHOCTHOE HATSHKCHHE BO3HHMKAET BCIECICTBHE CHCTBHUSA

HaTSDKCHHE Ha MOJICKYJIbl TIOBEPXHOCTHOTO  CJIOS  JKHJIKOCTH  CHJI,
HAIIPABJICHHBIX BHYTPb JKUIKOCTH.

Cua Cuila OBEPXHOCTHOTO HATSDKEHHS, JCHCTBYIOIIAs Ha JIMHHIO

MOBEPXHOCTHOIO | HA TPAHMUIIE OJHOM M3 MOBEPXHOCTEH, MPSMO MPONOPIIUOHATIHHO

HATSDHKCHHS JUTMHE 3TOH JIMHUM U 3aBHCHUT OT poJia )KUIKoCTU: F = o [ . 3mech
0 — K03 UITUCHT MOBEPXHOCTHOTO HATSKECHUS.

[ToBepxHOcTHast | M3-3a CHJIBI TTOBEPXHOCTHOTO HATSKCHHSI MOJICKYJIBI MTOBEPX-

SHEPIus HOCTHOTO CJIOSi 00J1aaf0T U30BITOYHON MOTEHIIHATBHONW YHEP-
TUeH 10 CPaBHEHUIO C SHEPTUEH MOJICKYJI BHYTPH KHJIKOCTH.
[ToBepxHOCTHAsI SHEPTHUs MPSAMO MPOTOPIHUOHATbHA TLIOIIAIH
noBepxHocTH (S): W=o"S.

CMaunBaHue KuakocTh CMayMBaeT MOBEPXHOCTh TBEPAOrO Teja, €CIM CHIIBI

TBECPAbIX TCJI

NPUTOKCHUA MCKAY MOJICKYJIaMU JKMJIKOCTU MW TBEpAOIro TCiaa
0OJIBIIIE CHIT B3aMMHOTO HNPUTAKCHASA MOJICKYJI X KUJIKOCTH.

HecmaumBanmne
TBEPIBIX TEJ

>KI/II[KOCTB HE CMAYMBACT IMOBEPXHOCTb TBEPAOIO TEJa, €CIU
CWJIBbI MPUTSIKCHUSA MCXKAY MOJICKYJIaMHU KUJIKOCTU W TBEPAOIO
TCJIa MCHBIIC CHUJI B3BAUMHOT'O IIPUTAKCHUSA MOJICKYJT ) KUAKOCTHU.

Kamumapasie
SBJICHUS

[loguaTne mnm omyckaHWe IMOBEPXHOCTH JKUAKOCTU B Y3KOM Ka-
NUUIIPHOW TPYOKE OTHOCHTEIHHO €€ MOBEPXHOCTH B IIMPOKOM
COCy/I€ Ha3bIBAETCS KaWUISIPHBIMU SIBJICHUSMHU.

BricoTa momusaTHS
(WM oTTyCKaHMS)

BbicoTy noOgHATHS B KanWwLIspe IOIHOCTBIO CMauyuBaroLIeH
KHUJIKOCTH ¥ TIIyOMHY OITyCKaHHs MOJHOCTHIO HECMa4MBaIOIIEeH

SKUIKOCTH B 20
KHMIKOCTH MOYKHO OIIPEICITUTh 1o opmyne: h=——,
KamuuIsIpax B
P.I'E
Kpucrammnueckue | TBepzble Teaa, aTOMbI HJIH MOJIEKYIIBI KOTOPBIX 00pa3yioT B MPO-
Tena CTPAHCTBE OIPEIACICHHYIO YIOPSAJAOUCHHYIO TEPUOANYCCKYIO
CTPYKTYpY (CHCTEMY), Ha3bIBAFOTCS KPUCTAILIMYCCKUMH TEIIAMH.
AHU30TpOIHS 3aBUCHMOCTD (DU3UUECKHX CBOMCTB OT BBIOpAHHBIX HAIPABICHHUI
BHYTpH TeJla, Ha3bIBACTCs aHU30Tporuel. Kpucrammmyeckue tena
00J1a/1at0T aHU30TPOITHBIM CBOHCTBOM.
[MomukpucTanmn Teno, cocTosiliee W3 MHOTOYUCICHHBIX MEJIKHX KPHUCTaJLIU-
KOB, Ha3bIBACTCSI MOJTMKPHCTAIIIOM
MOoHOKpHCTAILT Teno, cocrosiiee M3 OMHOIO KPHUCTAJla, HA3bIBACTCS MOHO-

KPHUCTAJIIOM.
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N3otponus

AMopdHBIe Tema MPOSBIISIOT OAWHAKOBBIE (PU3NUECKHE CBOWCTBA BO
BCEX HamnpapJIeHUsIX. SIBIeHuUE, IpU KOTOpoM (pU3MUYECKUe CBOMCTBA
HE 3aBUCST OT BHIOPAHHBIX BHYTPH TeJla HApaBJICHUM, Ha3bIBaCTCS
u3oTpornuein. AMopdHsIe Tena 0051a1at0T U30TPOITHBIM CBOHCTBOM.

Hedopmanus

W3menenune GopMbl U IMHEHHBIX Pa3MEpPOB TBEPJOTO Teja MO
BO3/ICHICTBHEM BHEIIHEW CUJIbI Ha3bIBaeTCs AepopMaluei.

VYpyras
nedopmarus

Jledopmaryst Ha3pIBaeTCsl YIPYTOM, €CITH TEJIO BO3BPAILAETCs B CBOE
TIPEKHEE COCTOSIHUE, TIOCIIE TIPEKPALEHNS IEHCTBUS BHEITHEN CHJIBL.

[Imactrnueckas
nedopmarus

Jledopmarnust Ha3pIBaeTCs IMJIACTUYCCKOM, €CIU TOCHE MpeKpa-
LIEeHUS ISHCTBUS BHEIIHEHN CUIIbI, TE€JI0 HE BO3BPALIAETCSl B CBOE
MpeXHEe COCTOsTHUE.

MexaHn4eckoe
HaIpsHKeHUE

Bennuuna, usmepsiemass OTHOIIEHMEM MOJIYJSl CHIIbI JEHCTBYIO-
1iel Ha TeJo, K IUIOLIA I IOIEPEYHOr0 CEYEHUsI HTOT0 Tejla, Ha3bl-
BAETCs] MEXaHUUECKUM HaIlpshHKeHHEM M 0003HadaeTcs ¢ OykBoil ¢

[ImaBnenune
KPUCTAJUTMYECKUX
T

[Ipouecc nepexona BemecTBa U3 TBEPAOTO COCTOSHUS B KHJIKOE,
Ha3bIBaeTcs IUIaBleHUeM. TeMmeparypa, pu KOTOpoil KpucTai-
JMYECKOe TeJI0 IUIABUTCS, HA3bIBACTCsl TEMIIEpaTypoil IuiaBie-
HUS 3TOTO TeJa

Ucnapenue

Hepexoz[ BCIHICCTBA U3 JKUAKOI'O HMJIM TBEPAOI'O arpe€rarHoro co-
CTOsSIHHA B ra3006pa3Hoe COCTOSAHUC HA3bIBACTCA NCITAPCHUCM.

Konnencarus

[Ipouiecc nmpeBpaiieHys mapa B KHUJIKOE COCTOSIHUE Ha3bIBACTCS
KOHICHCAITNEeH

Kunenune

[Ipomiecc oOpa3zoBaHus Mmapa IO BceMy OOBEMY KHJIKOCTH
Ha3bIBACTCA KUIICHUEM.

Haceimennsiit map

Hap, HaXOHHHIHﬁCﬂ B IMHAMHWYCCKOM PAaBHOBECHU CO cBOCH
KHUAKOCTBbIO, HA3bIBACTCA HACBIIICHHBIM ITapOM

AOGcomoTHas KomnuectBo BomsHOro mapa B 1 M’ BO3myxa, Ha3bIBaeTCs
BJIQKHOCTb a0COIOTHOM BIaXHOCTBIO Bo3ayxa. Ilo macce BoasHOro mapa,
BO3IYyXa MPUXOASAIIETOCS Ha 00BEM, MOKHO BBIYECIIUTH A0COIIOTHYIO
m
BIAXHOCTh: P =—.
V
OtHocutrenbHass | OTHOCHUTENBHOM BIaKHOCTBIO BO3AYXa (@) HA3bIBAIOT BBIPAXKEH-
BJIQXKHOCTh HOE B MPOIIEHTaX OTHOUICHHE IJIOTHOCTh BOASHOTO apa, coliep-
BO3/yXa JKallencss B BO3AyXe C TEeMIEepaTypoi 7, K IUIOTHOCTBIO HACHI-

o =-+2-100 %.

0

IIEHHOTO T1apa IpH JaHHOH TeMIleparype:

Touka pocsl

Temnieparypa, pu KOTOPOM Map CTAHOBUTCS HACHIILIEHHBIM.

N3mepenue
OTHOCHUTENBHYIO
BIAKHOCTHU

OtHocuTenbHas BIIAKHOCTb BO3yXa HM3MEPSAETCS C IIOMOILBIO
TICUXPOMETPA.

9 — dusuka 9-kace
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OIITUKA

B pasnene «Onmuka» xypca GU3MKHM HM3y4yalOTCsA NMPUPOAA CBETA, 3aKOHO-
MEpPHOCTH CBETOBBIX SIBJIIEHUI, B3aUMOJENCTBUE CBeTa U BemecTBa. CiI0BO «OI-
TuKa» (omtikol) B MepeBojie C IPeUeCcKoro 03Ha4YaeT «HayKa O 3pUTEIbHBIX BOC-
HNPUATHIX»

[IpsimonuHeliHOe pacnpocTpaHEeHUE CBeTa OBLIO M3BECTHO emnle B JlpeBHei
Meconoramuu u B [[peBHem Erunrte n ncnonb3oBajoch NPU CTPOUTEIBHBIX pa-
6orax. JlpeBHerpeueckue yuensle Ilnamon, Apucmomens, Eéxknud, xuBuive B
III B. 1o Hamel 5pbl, 3aHUMAINCH U3YUYEHUEM BO3ZHUKHOBEHMS OTPAKEHUS B 3€p-
KaJax.

Cpenne asumarckue yuenole bepynu, Hon Cuna, Ynyzoex, Anu Kywiuu
U JpyTrU€ OCTAaBUJIM B CBUX TPyJax LIEHHBIE CBEJIECHMS O MPSIMOJIMHEIHOM pac-
MPOCTpaHEeHUHU cBeTa, 3aTMeHuu ConHua u JlyHsl, o0pa3oBaHuU pagyTru, MpUPO-
JI€ 3p€HMS M BHECIIM CBOM BKJaJ B Pa3BUTHE ONTHUKH.

B 1620-1630 rr. rommanackuii yueHsli B.CHemnmunyc u ¢paHIy3cKuii
yueHblil P.JlexapT ompenenuian 3aKOHOMEpPHOCTH MpesiomyieHus csera. B 1672
rony PoGept I'yk Ha 3acenanuu Anrmiickoro KoposieBckoro o0uiectBa BbIIIelN
CO CBOMM JIOKJIAJOM M BBICKA3aJl CBOM MBICIHU (TMIIOTE3Y) O TOM, YTO CBET pac-
MpOoCTpaHaTecss Kak momnepeunble BonHbl. B1690 rony rommanackuii ¢usuk
Xpuctuan I'toiireHc pa3paboTan MpoaoJIbHYI0O TEOPUIO CBETOBBIX BOJH U 000cC-
HOBaJI CXOJACTBA aKyCTHUYEKHUX M ONTHYECKUX SBJICHUU M OOBSICHUI BOJIHOBYIO
TEOPHIO CBETA I10 €r0 OTPAKEHUIO U MPEJOMIIEHUIO HAa TAPHHUIIE IBYX CPEJ.

B pesynbrare mmpokoMaciITaOHBIX MCCIEAOBAHUM B pa3IMYHBIX HaIlpaBJe-
HUAX oNnTUKU B XX B. ObUIM CO3[aHBI NMPOEKLIUOHHBIEC anmaparbl, MUKPOCKOII,
¢doToanmnapar, Teiaeckorn, OMHOKIb M JIpyrue onTuyeckue npudbopsl. Bo3HukIN
U TOJIyYMJIM pa3BUTHE TaKue OTPACIU ONTHKH, Kak ¢dororpadus, TereBuIeHue,
peHTrenorpadusi, 1azepHas Qpu3rka, CBETOBOJIOKOHHAS ONTHKA, TeTMOTEXHHKA.

HccenenoBaHust B COBPEMEHHBIX HANPABICHUSAX ONTUKH, IPOBOAUMBIE YUECHBI-
MU Y30eKkucTaHa, HMMEIOT OOJIbIIoe MPAKTUYECKOE 3HAue€HHe U SABIAIOT-
Cs JOCTOMHBIM BKJIQJOM B pa3BUTHE HayKM U TeXHUKH. B uwactHocTH, B HIIO
“@uzuka—Connne” AH PVY3 npoBoxnarcs mmpokoMacuTabHbIEe UCCIEA0BAHUS B
o01acTH UCHOIb30BAHUS COTHEYHOM HEPTUH, M Pe3yNIbTaThl HCCIIEOBAHUI BHE-
IPSIIOTCS B IPAKTHKY.




IJTABA V
3AKOHBbI OTPA’KEHUSA U ITPEJIOMJIEHUS CBETA.
OIITUYECKHE NTPUBOPHI

§ 44.0IIPEAEJTEHUE CKOPOCTH CBETA

Ecnu HOYBIO BKIIOYHMTH CBET B KOMHATE, TO KOMHAaTa MHOTOBEHHO OyneT oc-
BelIeHa. XOTS Mbl IMEEM HEOOXOAMMbIE PUOOPHI (M3MEpUTENbHAS JICHTA U Ce-
KyHJIOMEp), HO H3-32 OIPOMHOTO 3HAY€HUs, CKOPOCTh CBETA MbI ONpPENEIUTH HE
cmoxeM. Ho yu€Hble Halum HECKOIBKO CITOCOOOB OIpeIeIeHHsI CKOPOCTH CBETA.

ACTPOHOMHYECKHMI MeTO U3MEPEHHUs CKOPOCTH CBeTa

Bnepsrie ckopocTh cBeTa Obia u3mepena B 1676 . O. Pemepom. OH usme-
pPHJI CKOPOCTH CBETa IO BXOXKJAEHHUIO B TeHb KOmuTepa u BbhIXoAa U3 HEe, CaMOro
KpynHoro ero ciytHuka Mo. Kak nokazanu actpoHoMudeckue HabI0eHUs, KOT-
na 3emuts nmoaxonuia k FOnurepy Ha camoe OnmM3koe paccTostHUE (TojoxkeHue 1
Ha puc.61), 3armenue cnyTHuka Mo Havanock nmpumepHo Ha 11 MHHYT paHbIie
OTHOCHUTEJIBHO CPEIHET0 BPEMEHHU IMOBTOPSIEMOCTH. A Korga 3emuls yaaluiiach
ot OnuTepa Ha camoe panbHee paccTosiHue (MOJIOKEHHE2), 3aTMEHHUE CITyTHHUKA
Hayajaoch Ha 11 MUHYT no3xe.

FOonumep .
& ue 2 g
7T ponodicttT e -‘“ u,
| g temp=mm""
Bemns,. . e -Z_' - 3emns |T
" 20N r"'u__’lo
‘\C:wmu‘e . e,

On umep?- ; .H’o
puc. 61. '

O. Pemep npumen k BbIBOAY, uTo ¢ = 11 Mun.+ 11 muH. = 22 MUH. — eCTb
BpeMsi, B T€YEHHE KOTOPOTO CBET Mepecekaer opouty 3emuu. [IpunsaB nuametp
opOutsl BpamieHus 3emnau Bokpyr Comnna paBueiM D = 284 000 000 kM, oH
OTIpeNieNni CKOPOCTh cBeTa 1o hopmyne ¢ = D/t

@ Bunepsbie ckopocTh cBeTa Obl1a n3Mepena O. Pemepom B1676 1.
Omna oka3zajiach paBHoi npuoau3utTeabuo 215 000 000 m/c.

XoTd 3HaueHHue CKOpOCTHU CBETA, HU3MCPCHHOC PeMepOM, 3HAYUTCJIIBHO
OTIINYACTCA OT COBPEMCHHOTO TOYHOI'O 3HAYCHUS, 3TOT PE3YyJIbTAT B TC BPCMCHA
OB OONBIIUM JOCTHUKCHUCM. BO—HepBBIX, PeMep Ha OIIBITC AOKa3ajl, 4TO CBCT
HUMCCT OIpaHUYCHHYK CKOPOCTbH. BO—BTOpLIX, OH YCTAHOBHJI, YTO CKOPOCTH
CBC€TAa OUYCHb BCJIIMKA.
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OnsbiT ®uso

Yepes 173 roga— B 1849 r. dppannysckomy ¢uszuky Apmany ®Puzo ynaaoch
TOYHEE U3MEPUTH CKOPOCTHb CBETa ONBITHBIM IyTeM. CymHocTh omnbita Duzo
cocrosuia B ciuenyomeM. CBETOBOM Jdyd OT HMCTOYHUKA S, IPOXOAS Yepes
auH3y JI;, oTpa)xkaeTcsi OT IUIOCKOM CTeKIsHHOM muactuHbl II n cobupaercs B
touke O, rae ycTaHOBIEHO Bpalaromieecs koneco (puc.62). Ilpoxoas mexay
3yOlaMu Kojieca, Jiyd ¢ MOMOIIbBIO JIMH3BI JI, MapaieIbHO HalpaBiseTcs Ha
YCTaHOBJIEHHYIO JAalibllie JUH3Y JI;, KOTOpas coOMpaeT ero M HampaBiseT Ha
3epkasio 3. OTpaxkeHHBIH OT 3€pKaja JIyd CHOBAa IMPOXOAUT MEXIy 3yOuamu
KoJIECA U, MPOXOJs Yepe3 CTEKISHHYIO IUIAaCTUHKY [/ u nuH3y JI,, nomagaeTr B
a3 HaboaTes.

puc. 62.

[Ipu mMenneHHOM BpallleHHs KoJjieca OTpPaXKCHHBIN JIyd BUAEH HaOIIOIaTeNIo.
C yBenuueHHEM BpalleHUsi CKOPOCTU OTPAXKEHHBIN JIy4 mepecTaeT ObITh BHUJACH
HaOmonaTeNno. D10 00bSICHAETCA TEM, YTO MOKa JIyd, IPOUIEAIINNA MexXay 3yOra-
MU, UJET 00paTHO, 3yOLIbl TOBOPAYMBAIOTCS HA ONPEACIICHHBIA YTOJI U 3aCIOHSIIOT
ero.

[Ipu ompeneneHHON yITIOBOIl CKOPOCTH BpalllEHHUS KoJieca ® JIy4 OISTh CTa-
HOBUTCS BUAUMBIM. [Ipu ganpHelieM BpalieHHH Kojieca ¢ TaKOH k€ CKOPOCThIO
OTPaXEHHBIN Jy4 Takxke BuieH. [IpuumHa B TOM, YTO MOKa JIy4, MPOLIEAIINMA
MEXKIy MEepBBIM M BTOPHIM 3yOllamMH, HUJET OOpaTHO, KOJECO YCIIeBaeT IMOBEp-
HYTBhCS TaK, UTO MECTO MepBOro 3y0iia 3aHUMaeT BTOPOM, a MECTO BTOPOTo 3y01ia
— TpeTuil. B pe3ynpTaTe OTpa)XeHHBIHN JTyd MPOXOJUT MEXAY BTOPBHIM U TPEThUM
3yOLamu.

W3mepuB yactory BpaineHnus koneca v (v =12,67 ¢!), uncia 3yO1sl Ha Kojiece
N (N = 720), paccrosiHre OT KoJyieca a0 3epkaia [/ (I = 8,6 km), ®uzo onpemenun
CKOpOCTh cBeTa 1mo popmyne: ¢ = 4N/l .

@ B onbiTe ®u30 ckopocTh cBeTa 0ka3asuach paBHoii 313 300 000 m/c.
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[Tocne onbiTa ®U30 yYESHBIMU OBLITU MPEANPUHSTHI JaTbHEUIINE TOTBITKH 00-
Jee TOUHOTO M3MEPEeHMs ckopocTu cBeta. Tak, Gppanuysckuit pusuk Kan Dyko
(1819—1868) B 1862 1. B cBOEM OMBITE BMECTO 3y0UaTOr0 KOJECa UCIOIB30BaI
BpallamoIuecs 3epkajga 1 U3MEpHII CKOPOCTh cBeTa, paBHyto 298 000 000 m/c.

B1927 r. amepukanckuii yuenoiii Anvbepm Maiikenvcon (1852—1931) yco-
BEpPUICHCTBOBAJI METOJ BPAIAIOUIUXCs 3€pKaJl U U3MEPUII CKOPOCTh CBETA. 3Ha-
YeHUe CKOPOCTH, ornpeaesieHHoe A. MaiikenscoHoM, coctaBuiio 299 796 000 m/c.

@ ITo coBpeMeHHBIM JaHHBIM, CKOPOCTH CBETa B BAKyyMe paB-
Ha 299 792 458 m/c.

Ha ocHOBaHMM TOYHOTO 3HaYE€HUs CKOpPOCTH cBeTa B 1983 r. ImaBHas accam-
Osiest MEXAYHAPOAHBIX MEpP U BECOB MPUHsIIA CIENYIOIIee ONpeaeIeHue MeTpa:
«Memp paBeH JJIMHE IyTH CBETa, IPOUIEHHOTO UM B BaKyyMe 3a HHTEpBaJl Bpe-
MeHH 1/299 792 458 c».

Ornpeznenenue CKOPOCTH CBETa MO3BOJIMIIO MMO3HATH Mpupoay csera. Hu onno
TEJIO B MPUPOJIE HE MOXKET MEPEABUTATHCA CO CKOPOCTHIO O0JIbIIEH, UeM CKOPOCTh
CBeTa.

CxopocTh cBeTa B BaKyyMe IPHUHATO 0003a4arh ¢ JaTUHCKOM OyKBO# ¢ (110 J1a-
TUHCKHH celeritas — ckopocTh). Bo MHOTHX cllydasix CKOPOCTh CBETa OKPYTJIICHHO
MOYHO CUMTATh paBHOM 3-10%m/c.

1. O0bsicHHTE, KaK ObLIa OMpeJiesieHa CKOPOCTh CBETa aCTPOHOMHUYECKUM
METO/IOM.
2. Kakoe 3HaueHne nMeroT pabotel Pemepa B onpeneneHnn CKOpOCTH CBe-
Ta?
3. B uem coctout cmbica onbiTa GU30 IO OMIPEACICHUIO CKOPOCTH cBETa ?
4. Yem otiinuarotcs onbIThl dyko u MaiikenbcoHa oT onbiTa ®uzo?
5. Uemy paBHO COBpEMEHHOE YTOUHEHHOE 3HAU€HHE CKOPOCTH cBeTa ?

1. Cpennee paccrosinue ot 3emnu 10 Comnma 149,6 muH kM, ot FOmnure-
y pa no Comnna — 778,3 muH kM. Jlomyctum, 4T0o 3eMIIsl HAXOIUTCS MEXK-
2 4 ny Conanem u FOmurepom. 3a kakoe BpeMsi JOHAET 10 3€MIIH COTHEUHBIN
Jay4, oTpakeHHbIN oT KOmuTepa ?
2. 3a KaKoe BpeMsl COTHEUHBIHN Jyd JHoCTUTaeT 3eMiu ? 3a Kakoe BpeMs CBe-
TOBOH JIy4, OTpakeHHbII OT JIyHbI, TOCTUTHET 3eMIIH, €CIU CPEIHEE PACCTO-
ssare oT 3emun 10 JIynst 384 Teic. kM, oT ConHia 10 3emiu 149,6 MITH. KM.
3. IIpu onpenenenue ckopocTu ceeta MmeTo oM Pu3o 3yduyaroe Kojeco pac-
roJjoranu oT 3epkaina Ha 8633 m. Yucrio 3yo110B Ha konece 720. 3HaueHne
ckopoctr cBera 313000 km/c. KakoBa wactora BpaIieHus koneca ?
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§ 45. 3AKOHBI OTPA’KEHUSA U ITPEJTIOMJIEHUA CBETA

CBeToBbBIE JIyUH

Ecnu Ha myTH CBETOBBIX JIy4el pacioyioKUTh MaJICHBKYIO LIENb, TO 00pa3yeTcs
MaJICHbKHUH TOHKHMM Iy4OK CBETOBBIX Jydeil. [Ipu HaOmroneHnu 3a 3TUM IyUYKOM
MOXXHO YBHJETb, YTO CBET pacIpoCTpaHsAeTCs NPSIMOJIMHENHO. DHeprus cBeTa
TaKXKe IEPEMEIIACTCS 110 HAIIPABICHUIO CBETA.

I'eomeTpuyeckasi JIMHUSI HaNpaBJeHHe KOTOPOil B J000M
TOYKe NPOCTPAHCTBA COBNAJAaeT ¢ HANPaBJEHHEM PpPacHpo-
CTPAHEHHs CBETOBOM JHEPIMH HA3bIBAETCS CBETOBBIM JIy4OM.

Urak, cBeTOBOW Jy4 — €CTh F€OMETpUUECKOE MOHATHE. [ eomeTpruueckoi omn-
TUKOW HA3bIBAETCS pas3jiesl ONTUKHU, B KOTOPOM HM3y4aroTCsl 3aKOHBI pacnpocTpa-
HEHUS CBETA C HMCMOJIb30BAHUEM IOHATHUS CBETOBOrO Jiyya. Cienyronue 4eTbipe
3aKOHBI TEOMETPHYECKON ONTHKU OBLIH YCTAHOBIICHBI 9KCIIEPUMEHTAIBHO:

3aKOH MPSIMOJIMHEHHOTO pacpoOCTpaHEHUE CBETA;
3aKOH HE3aBUCUMOCTH CBETA;

3aKOH OTPaKCHHS CBETA;

3aKOH MPEIOMIICHHUS CBETA.

IIpsimosiMHeliHOE paclpoCTpaHeHHe CBeTa

Mexay MCTOYHUKOM CBETa S M 3KpPaHOM IOMeCTUM Ipeamer A (puc. 63).
W3-3a npsAMOIMHENHOIO pacIpOCTPaHEHHUs CBETA NPEAMET A IPENATCBYET XONY
Jdy4yeH, B pe3yabTare 3a TelloM 00pasyeTcsi TeHb B (pOpMe YCEYEHHOro KOHYca.
Hu B ogHy TOUKy 3TOro KOHyca He HaJaroT cBeToBble JyuH. [loaTomy Ha skpaHe
D mpeobpasyercst TeHb A mpeamera A. 31ech HaOIIOAETCS MPIMOIUHEHHOE
pacrnpocTpaHeHusl cBera. B conHeuHbld J€Hb U3-32  NPSMOJIMHEHHOIO
pacnpocTpaHeHus CBeTa, 00pa3yroTcst TeHb OT ACPEBbEB, 3AaHUM U T. II.

S)
A

puc. 63.
He3aBucumocTth cBeTa

B nensx HOpMaJIbHOTO OCBELICHMS, B IOMENICHUE YCTAHABINBAKOT HECKOIBKO
HCTOYHUKOB cBeTa. Kaxaplii M3 HUX pAacHpOCTpPaHSAET CBETOBBIE JIydHd BO BCEX
HanpasieHusX. [Ipu nepecedeHnn CBETOBBIE JIydM B T€OMETPUYECKOM ONTHUKE
HE BIIMAIOT APYT Ha Jpyra. OTO 03HAYaeT, YTO CBETOBBIC JIyUYH UMEIOT MPUHIUI
HE3aBUCHUMOCTH.
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OTpameHHe CB€Ta

Cser, uaynuii ot CosiHLIa, JaMIIbI U IPYTUX UCTOYHUKOB, OTPAXKaeTCsl 3eMIIEH,
CTEHaMM U NpeIMETaMH, Ha KOTOpble OH nafaeT. CBeT, OTpakaeTcsi OT IOBEPXHO-
CTH IIPEIMETOB, [TONa1aeT HaM B IJ1a3a, U MBI OLyIaeM (popMy U I[BET IPEAMETOB.

Ecnu noBepxHOCTh 1I€poXoBaras, CBET OT Hee paccenBaeTcsl. CBET, OTpaKEHHBIN
OT TaKOM MOBEPXHOCTH PACIPOCTPAHAETCS 110 Pa3HbIM HalpaBiIeHUsAM. Takoro Tumn
OTpa’KeHHE Ha3bIBACTCs pacCesIHHBIM WK AU (y3HBIM OTpaxeHueM (puc.64).

@ OT HerJIaAKMX, MIEPOXOBATHIX MOBEPXHOCTEH CBET OTPaKAETCs
paccesinno (nugdgy3Ho).

puc. 64. puc. 65.

I'mankas IMOBCPXHOCTb, KOTOpAsdA OTpPaXacT IOYTHU BECh MmajJarolui Ha Heé
CBCT, HA3bIBACTCA 3CPKaAJIOM. SepKano, MOBCPXHOCTb KOTOPOTO HNPEACTABJIACT
coOoi IJIOCKOCTB, HAa3bIBACTCS IJIOCKUM 3CPKAJIOM. HapaHHCHHLIﬁ IIY4YOK CBCTa
IMMOCJIC OTPAXKCHUS OT IIJIOCKOI'O 3C€pKajia ocTaércs napaJjiyICJIbHbIM (pI/IC65) Takoe
OTPaXCHHUC CBCTA HA3bIBACTCH IIJIOCKUM WUJIN 3CPKAJIbHBIM OTPAKCHUCM.

@ Eciu mnoBepxHocTh poBHasi (IJI0cKasi), TO CBeT OT Heé
oTpaskaercs 3epKaJjbHO.

OrpaxeHue Jgydell OT MOBEPXHOCTH MOJUUHSAETCS CIEAYIOIIBIM 3aKOHaM
oTpaxeHus ceeta (puc.66):

1. Jlyy nmagarommi, Jiyd OTpasKeHHbIH U NepreH1-
KYJISIp, BOCCTAHOBJICHHBIN B TOYKe NAJeHHUs Jy4Ya Ha
. TpaHHUIe ABYX CPe/l, J1eKAT B O[IHOM IIOCKOCTH.
2. ¥Yros oTpaskeHus Y paBeH yIIy NaJeHus o.
To ecTsb:
Za=2y. (1)
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OTpaxxeHHe mpeaMeTa B IUIOCKOM 3epKajieé TOAYUHSIETCS é
3aKOHY OTpa)keHHus cBeTa (puc.67).

3aKkoH mpeJioMJIeHHs1 cBeTa S

[Ipoxons uepes CTeKII0, BOAY U IPyTrHe IPO3pavyHbIe BENIECTBA,
CBETOBOW Iy4OK oOTpaxkaeTcss W mpenomsiercs. [lpemomiieHne &
Jy4a NP MPOXOXKIECHUU Yepe3 TPaHUILy JBYX CPell MOAUYNHSICTCS
CIeAyIOMUM 3aKkoHaM (puc. 68):

puc. 67.

1. Jly4 najgawoumuii, J1y4 npeJOMJIeHHbIH U NepIeH-
AUKYJISP, BOCCTAHOBJIEHHBbIH B TOUKe MaJieHUs Jy4ya
HA rpaHuIle ABYX Cpel, JIe:KaT B OAHOM MJI0CKOCTH.

2. OTHOLIEHHE CHHYCA yIUIa MaJeHHsl K CHHYCY
yIrjia npeJjioMJieHHs JJIs ABYX cpel siBJsieTCsl MOCTO-
SIHHOW BeJIMYMHOM:

sin
n,, = . 2
5 Sin B (2)

BennuuHa 7n,; Ha3pIBa€TCs OTHOCUTEIHHBIM TOKa3aTeJIeM IPEIOMIICHHUS JTyda
BTOPO# Cpellbl OTHOCUTEIBHO MIEPBOU, £ o — yroj najaeHus, £ f — yroa npeaom-
JICHUS CBETA.

Bo MHOrmx ciydyasx BMECTO OTHOCHTEIHHOTO TOKa3aTess MPeoOMIICHUS UcC-
MOJIB3yeTCsl a0COMIOTHBIN TTOKa3aTeNb MPEJIOMIICHHS. AOCONIOTHBIN MOKa3aTelb
MIPEJIOMIICHHUSI N BEIIECTBA BhIpa)kaeTcst GOPMYIION:

puc. 68.

n=

€)

c
1%

3nech ¢ = 3 - 108 M/c— ckOpOCTh CBETa B BaKyyMme, U— CKOPOCTh CBETa B JaHHOM
cpene.

3HaueHUs CKOPOCTH cBeTa(V) B HEKOTOPBIX BEIIECTBAX U a0COIIOTHOTO ITOKa3aTels
npesjoMiieHusi(n) MpeacTaBieHbl B TabIuIe.

Ne | BemrectBo |v,103m/c| n Ne BemecrBo | v,103m/s n
1 JIén 2,29 1,31 |4 KBapn 1,95 1,54
2 | Boga (20°C) | 2,25 1,33 |5 Py6I/IH 1,70 1,76
3 | Crekio 2,0 1,5 |6 Anma3s 1,24 2,42

MosxHO CHUUTAaThb, 4YTO CKOPOCTb CBE€Ta B BO3AYXC HpH6HH3I/ITeHbHO paBHa
CKOpPOCTH CBCTAa B BaKyyMC. HOSTOMY Ha NPAKTUKEC IT1OKA3aTCJIb IPCIOMIICHHUA
BCHICCTB paCcCMATpUBACTCA HEC OTHOCUTCIIBHO BaKyyMa, a OTHOCUTCIIbHO BO3yXa.
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Ecnin B cpenme, U3 KOTOpOW Majaer Jyd, CKOPOCTh CBETa U, IMOKa3areib
IPEJIOMJIEHHUS 7, & B CPEJie, B KOTOPOH JIyd MpPeoMIIIeTCsl, CKOPOCTh CBETA U, ,
a MoKasaTeJb IPEJIOMJIEHUS 11;, TO MOKHO 3alicaTh CIAEAYIOIIYI0 3aBUCUMOCTD:

n, L
R 4)

n. L,
Ecnu y4ecTb, 4TO MOKa3aTellb NPEIOMIIECHHUS CPellbl, U3 KOTOPOH majgaeT jiyd

o n
n;, & TIOKA3aTeNb IPESOMIECHUS NPENTOMIAIOMEN CPENBI 12, TO, n,, == . Torpa
dbopmyy (2) MOXKHO 3amucaTh B BUJIE: n

n, sina (5)

n, sinf

[Ipu nepexone cBETOBOTO MyYKa U3 CPebl C MaJbIM MMOKa3aTeIeM Mpeaomiie-
HUA B cpely ¢ OOJIbIIMM IOKa3aTelieM MPEJIOMIICHUs YroJl mpejomieHus OyaeT
MEHbIIIE yIIIa NaJeHus U Ha000pOT. DTO yCIOBUE MOXHO BBIPA3UTh CIEAYIOIINM
1 2 obpazoM: L < Lanpun,>n;; £ > Lanpun,<n,.

v [TycTh CBETOBOM JIy4 IepexoauT u3 Bo3ayxa(n,= 1)
B cTekio (n,= 1,5) mox yriom o, a 3aTeM, Mocje BTO-
poTo MpeIoMIIeHUS, B BO3ayX (puc.69, nyd 1). B atom
clydyae Yrojl NpEJOMIICHHS TpHU IMepexoie yda H3
CTEKJIa B BO3JIyX Takxe OyleT paBeH a.

Jlyu, manmarommii NEepHeHAUKYJISIPHO K TpaHUIIE
paszena AByX Cpell, He IpeIoMIIIeTCs, TaK KaK yroj
nagenuss £ a = 0° u yron npenomienus Z f = 0°
(puc.69, nyu 2).

1.YTo Ha3bIBaIOT CBETOBLIM JTy4OM ?

2. B yeM 3akiro4aeTcs NpUYUHA PACCESHHOIO OTpaKEHUs cBeTa ?
3. Kakomy 3aKoHy IOAYMHSIETCS pPaclpOCTPAaHEHHE CBETa B OJHOPOAHOU
Ipo3padHoii cpene ?
4. B ueM COCTOUT CMBICII 3aKOHA OTpaXXE€HUs cBeTa ?
5. KakoBa npuunHa npeaoMIIeHUs CBETa Ha TpaHUIle ABYX cpen ?
6. OOBSICHUTE 3aKOH MPEJIOMIICHUS CBETA.
7. B yem 3akmiouaercst GU3HMUECKUN CMBICIT aOCOMIOTHOTO MOKa3aTels mpe-
JOMJIEHMS J1y4a?
8. [louemy nHEM HE BUJHO 3BE31 7
9. CkoIbKO pa3 npesioMIIsieTCs CBET B CTEKJIE J10 ITONAJI€HUs HaM B [J1a3a pH
HAOJIIOJICHUH CBETA Yepe3 CTEKIIO ?
10. Kak 3aBucuT nokasaresipb NpeJoOMIIEHUSI OT CKOPOCTH PacIpOCTpaHEHUs
nyda B cpene?

1. ITonoxxute B cTakaH MOHETY M HajelTe Boxy. C yBeJI€UeHHEM BBICOTHI
MoIbeMa BOJIBI, HaM Ka)XeTCsl MOAHUMAaeTCst U MOHeTa. OOBSCHUTE IPUIHHY.
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§ 46. PEHLIEHUE 3AJTAY

3amaua 1.CBeToBOH y4 MEPEXOAUT U3 MEPBOM CPEeAbl BO BTOPYIO MO yIIOM
60°, u yronm mpenmomieHus mpu 3ToM paBeH 30°. Haiigute OTHOCUTETbHBIN
MOKa3aresb MPEIOMIICHUSI BTOPOH Cpelbl OTHOCUTEIIBHO K MEePBOit ?

Hano: Yeprex: u
o =60° n
S =30°. "
Haiimu: B
n,
Ny =—=7 ®opmya: Borunciienue:
n, 5
. 0 I
. _n, sina 21:%:L:\/§,
21 n, sin g sin30 ;
Orser: , —.[3,

3agaua2. JIyd cBeTa 32 OJMHAKOBOE BPEMsI B BAKyyMe IIPOXOIUT 45 €M, a B KHJI-
koctu 30 cM. Haiinure nokasarens npeloMI€HHs! STON KUIAKOCTH ?

Hano: Yeprex:
n\= 1
s1= 45 em Bakyym | KuzgkocTsb
s2 =30 cm. NS N
S1 S,
Haumu:
n,=7? dopmyaa: Bbruuciienue:
e _c
by=— Uy =— 45¢em -1
n, n, n,=———=1L5.
30 cMm
§ N TBET: = .
B Ul=—l 02:_20 € n; 1,5
L -n =0, n, t t
SN
K K _Sith
“Lop ="2.n, n,=
t t S
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3agaya 3. CBeTOBOM J1y4 nIafaeT U3 NEPBBIN CPebl HA BTOPYIO MOA yIiioM 45°,
yrou npeiaomieHus paseH 30° . Eciau aGcomoTHas nmokas3aTelb NpeJoMIIeHUs 1ep-

BOM Cpefibl paBeH V2 , HAallIuTe CKOPOCTh CBETa BO BTOpOU cpene ?

Hano: Yeprex:
o =45°
p=30° o
nm= \/E a
ns
Haiimu: p
v, =? dopmy.aa: Boruncienue:
n, sina sina sin 45° V272
= n,=———n,. | n,= 2= N2=2
n, sinf’ "’ sing > s§in30° 1/2
108 M M
p, = C31OM g
. = i n2 C C
o, OrBert: v, =1,5-10* m/c.

y 1. Kaxkum ntoskeH ObITh yroJ najieHusl CBETOBOTIO JIyda, YTOOBI OTpaKEeHHBIN
Jy4 COCTaBJIS ¢ majaromum yroua 70°?

2. UzoOpakeHue mnpeaMera B IUIOCKOM 3€pKalie HAXOAWTCS HA PACCTOSIHUM

60 cm ot 3epkaia. Haiiure paccTosiHie Mex Ty IpeMETOM U €10 H300pasKeHHEM.

3. C kakoil CKOpPOCTBIO pacIpOCTpPaHSIETCS CBET B Cpejie MoKa3aTesb Ipe-

[\>)
n

JIOMJIEHUSI KOTOPOI paBeH \/5 ?

4. Yron MexIy MaJaroliuM B OTPpaKeHHBIM Jydyamu paBeH 60°. Eciau a6-
COJIFOTHBIN MOKa3aTelnb MPEeIOMIICHHs CTeKia paBeH 1,5, To HalguTe yroi
MIpEJIOMIICHUS Ty4a ?

5. CBeTOBOI Jy4 MepexoIuT U3 BOAbI B cTeki0. HaliiuTe oTHOLIEHUE Ty Tel,
MPOMICHHBIMHU JTy9aMH 32 PaBHbBIE TPOMEKYTKH BpeMeHU. AOCOIIOTHBIC T10-
Ka3aTeJn MPEeIOMJIEHHUs BO/IbI U CTEKJIa COOTBETCBEHHO paBHbI 1,33 1 1,57

§ 47. HIOJITHOE BHYTPEHHEE OTPA’KEHUE

[Tpu mayieHuy CBETOBOTO JIyda U3 CPeJIbl C OOJBIINM MTOKa3aTeIeM MPeTOMIICHUS
B Cpe/y C MEHBIIINM ITOKa3aTeJIeM MPETOMIICHHS MOYKHO HAOIIOIaTh HHTEPECHOE SIB-
nenue. Hanpumep, HanpaBUM CBETOBO ITy4YOK O] YIJIOM ¢ TaK, YTOOBI OH TIPOXOAMI
B BO3/yX Yepes3 cTekiio. [Ipu 3ToM JacTh CBETa OTpasKkaeTCsl OT TPAHUIIBI IBYX CPE/,
a OCTaJIbHAS YaCTh O] YIJIOM [ IPOXOIUT BO BTOPYIO cpeay — B Bo3ayXx (puc.70 a).
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puc. 70.

Tak xak mokaszarenpb npeinomieHus crekiua (n; = 1,5) Gonplle, yeM y Bo3ayxa
(n,= 1), yron npenomiuenus yda £ £ Oonplie yria najenus £ a.
Yrous npenoMIeHHs] MOXHO ONpeNeauTs 1o popmyre:

sin =M ging, (1)
n,

C yBenuyeHHeM yIva MAJCHUS Jyda yroil MpeToMIIeHHs mpuoOmmkaercs Kk 90°.
Harpumep, £ B~42° npu £ a=30° (puc.70 a), £ B=75° npu £ a.=40° (puc.70 6). ITpu
YBEJIMUEHUH YIVIa MaJIeHUs 10 MPeNeabHOro 3HaueHus £ o = £ 0y yroJl Ipesomiie-
uHus Oyner £ f= 90° (puc.70 B). [IpenenvHOE 3HAYCHHE yTIIa IAJCHUS 0l OTIPEICIIs-
eTcs o opmyIe:

. n
sina, = n—2 )
1

OnpenenuM mpenesbHOE 3HAYCHHUE yIia MpesoMiieHuss Lo NpU IMepexoie
Jyda U3 CTeKJa B BO3JyX:

sinq, = L ~ 0,667 orcroma ZLoy=42°.
,5
[Tpu MrOOBIX 3HAYCHHSAX yIJIa MaJCHHS, OONBIINX MPEACIbHOTO YIia MaaecHus
Z 0, Ty4 TIOJIHOCTHIO 0€3 MOTeph OTpakaeTcsl OT TPaHUIlbI pasjiena ABYX Cpell, TO
€CTh MPOUCXOIUT MOJIHOE BHYTPEHHEE OTPAKEHHE.

@ IIpu pacnpocTpaHeHMu cBeTa M3 cpelbl ¢ 00JIbIIMM MOKa3arTe-
JieM NpeJIOMJIEHHsI B CPely ¢ MeHbIINM IOoKa3aTeJieM Mpe1oMJIeHus
NPH yrjie najgeHusi, 00JabLIeM NpeaeIbHOIr0 yIJia NaJieHus, Jyd noj-
HOCTBIO OTPa’KAETCsl OT TPAHUIIBI ABYX Cpe.

SIBrieHNe MOJTHOrO BHYTPEHHETO OTPAaXKEHUs HUCIOJIb3YETCS JJIsl U3MEHEHHE Ha-
mpaBieHus jyda cBeta (puc.71 a) wnu Ans U3MEHEHUs] €r0 MecTa PaCIOOKEHUS

(pI/IC.71 6) . a) 6)
2 1 N\

)
s 2 A X"
:
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SIBieHMe MOTHOTO BHYTPEHHETO OTPaKEHUs IIHUPOKO UCIOIb3yeTCs B MH(OP-
MaLMOHHBIX TeXHoJOrusAX. [1o3TOMy NaHHOE sIBIIEHME YCHUJIEHHO MCCIENYEeTCs
CHeUaJuCcTaMu B 00JIaCTH ONTUKH, Ha3bIBAEMOM BOJIOKOHHOHN onTHKONH. OnTH-
yeckoe M300paxkeHne MepeaeTcs Yyepe3 yI0KEHHBIH B ONMpeaIeeHHOM MOpsIKe
CBETOBOJIOKOHHBIN KaOelb.

[IpoxoxaeHue nydya 1o BOJIOKHAM IIOKa3aHO Ha puc.72. BosokHa npeacTas-

JSI0T OO0 MOKPBIThIE 000JIOUKOM CTEKIISHHBIE
WIN IJJACTUKOBBIE CTEPKHU LMJIMHIPUYECKOU
(GOpMBI C pa3IUYHBIMU MOKa3aTeNIIMH MPETOM-
neHud. IlokasaTens mNpenoMIIeHUS CTEPKHS
0oJbIIe, 4YeM Yy 000JI0OYKH, TIO9TOMY Ha TI'paHH-
puc. 72. e CTEepXHSI U 000JOYKHU MPOUCXOAUT SBIICHUE
IIOJIHOTO BHYTPEHHETO OTpakeHus cseta. Jlyu,
HaIpaBJICHHBIN BHYTPb CTEPKHS, HE BBIXOI Ha-
PYKY, BBIXOJMT Y€pPE3 BTOPOU KOHEI] BOJIOKHA.

JlnaMeTp BOJIOKOHHBIX CTEP’KHEHM COCTABIAET 10 HECKOJIBKHUX COTEH MUKPO-
METpPOB, a TOJIIHHA 000JIOUKH OT JECATKOB 0 COTEH MUKpoMeTpoB. [Ipu nepena-
ye curHaja (M300pa’keHus1) ¢ OJHOTO KOHIIa TAKOTo Kabesst Ha APYroM ero KOHIe
MO>KHO MOJYYUTh TOYHO 3TOT ke curHai. [1o cBeTOBOJIOKOHHOMY Kalelo CUrHal
nepenaercs 0e3 NoTeph Ha OYEHBb OOJIBIINE PACCTOSHUS.

CBeTOBOJIOKOHHBIE Ka0OeIH CBsI3U MPOBEIEHbI uepe3 TUXuil U ATIaHTHYECKUM
oKeaHbl. B HacTos1Iee BpeMs OHM CBSI3bIBAlOT A3uI0 U EBpoIy ¢ aMepuKaHCKUM
KOHTMHEHTOM, a EBpony uepe3 Y36ekucran ¢ Kuraewm.

CBETOBOJIOKOHHAS ONTHKA IIUPOKO IPUMEHAETCS U B MeauLMHe. C MOMOIIbIO
CBETOBOJIOKOHHBIX Kabeselt MoKHO HaOI0aTh 32 BHYTPEHHUMU OpraHaMu U 110-
Jdy4yaTh UX U300pakeHue.

1. Kak npoucxout siBJIeHUE MOJTHOTO BHYTPEHHETO OTpa)KeHus ?

2. Kak nepenaetcst u3o0paxxeHue 1o CBETOBOJIOKOHHOMY KaOeto ?
3. Uto BBI 3HaeTE 00 UCIOIH30BAHUH TIOJTHOTO BHYTPEHHETO OTPAXKEHUS ?
4. C noBbILIEHHEM TEMIIEPATYPhI MOKA3aTeIb MPEIOMIIEHUS BOJbI HEMHO-
ro ymenbinaercs. Kak uaMeHseTcs npeaenbHbIi yroji MOJTHOTO OTPaXeHUst
BOABI ?
5. OTHOCHUTENbHBIA MOKa3aTeNb NPEJIOMIICHUS NUCTUIIIMPOBAHHON BOMBI,
CTEKJIa U ajiMa3a COOTBETCTBEHHO paBHbI 1,33; 1,5 u 2,42. B kakom U3 HUX
MpeaeSbHBIN YroJl MOJHOTO OTPAXKEHUS UMEET HAMMEHBILIOe 3HaYEHUs 7
6. Jlyu cBera mamaeT u3 BO3ayxa B BOAy. MOXKHO JTU HaOMIOJATh SIBICHUE
MOJHOTO BHYTPEHHOTO OTpakeHus ?
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§ 48. PEHLIEHUE 3AJTAY

3agaua 1. Yron nageHus CBETOBBIX Jy4ell IpU IpaHulle AByX cpen paseH 30°, a
yroa npenomienust 45°. Haliqute npenenabHblil yroi MOJHOTO OTPAKEHUS.
Hano: Yeprex: Borunciienue:
Zo=30° n, sin30° 1/2 1

Z B=45°. " bﬁ/ LT n, sinds® 2/2 2

o n; nm 1
Haiimu: /4‘ /(C‘ - _m _
a sing, =

o ¢ P
ZO(()=?

PR

®opmyaa:

n, Sin a . n, OtBeT: £ 0= 45° .
—~=——; sing,=—.

n, sinf n,

3apauya 2. Ha rpanuiie cTeK10-BO3yX MPEAEIbHBIA YIod HOJHOTO OTPayKEHUs
pasen 37°. Haiimute CKOpOCTh CBETa B CTEKIIC.

daHo: Yeprex: Boruuciienue:
Zo=137° Ijﬁ cuutaem, sin 37° = 0,6
=1 10°
n, BO3TYX _ 0 = 3-10 §in37° ~
/ /B =9()°. CTEKIJIO
Haiimu: * ~3-10°-0,6 ~ 1,8-10°m/c.
®opmyaa:
=t . n n_|Otser: v =18-10°wkc
sine, =22 n =—2_|OtBeT: U =1, Mm/c.
n, sing,
c .
v, =—=—":ing,
n.n '

y 1. CBeToBO J1yd IpOXOIUT B BO31yX uepe3 Boay (n = 1,33). Kakum nomxen
OBITh YTroJI HaJICHNUs JIy4a, YTOOBI POU30IILIO TOJTHOE BHYTPEHHEE OTpaskeHUe ?
26 2. IlpenenpHBI Yrom MOTHOTO OTpakeHWs i pyouHa 34°. Haiigurte
1oKa3arelsb NPeIoMIIEHUs pyOHrHa.
3. Haiimute npenenbHbI Yroia MHOJIHOIO OTPaXEHWsl A Cpelbl, €clu
aOCOJIOTHBIH MOKa3aTeb MPEIOMIICHUS 3TON Cpe/ibl paBeH 2.
4. Ilpu majieHuH CBETOBOTO JIy4a U3 OHOU CPEIbl B IPYTYIO CPEY, UMEIOIIYIO
nokasaresp npeaomienus 1,5, moa yriom 53° HaurHaeT HaOI0AaThCs TOJTHOE
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BHYTpPEHHee oTpakeHue. Hailiinre nokasaresib NpeloMIIEHNs BTOPOU CPEJIbI.
5. Ilpu majieHuu CBETOBOTO JIy4a U3 OJJHOU CpeJibl B APYTYIO CPely, UMEIOLLYI0
nokasaresnb rnpesomienus 1,2, moa yriom 47° HadrMHaeT HaOJI01aThCs TOJTHOE
BHyTpEHHee oTpakeHue. Haiiiute nmoka3aresnp npesomiIeHus epBoii cpes ?

§ 49. JABOPATOPHAS PABOTA.
OIIPEAEJIEHUE ITOKA3ATEJIA ITPEJIOMJIEHUA
CTEKJIA

Ilenv pabomer: uzyueHue onpeaeaeHus noxka3aresis NpeJoMIICHHs CTEKIIA.
Heob6xo0umoe o60opyoosanue: >neKTpoiiamMIia, Mperpajaa ¢ OTBEPCTHEM, CTEK-
JIAHHAasdg TPCyrojbHas ImpusMa, UMroJiku, TpaHCIIOPTHUP.
[TopsanoK BHINOJHEHHUs PadoThI

1. YcraHoBUTE Ha IyTH CBETOBOIO ITydKa CTEKJISIHHYIO TPEYTOJBHYIO MPU3MY
TaK, KaK [MOKa3aHo Ha puc. 73. 3anuiuure 3Ha4eHHue yria £ o Ha BepUIMHE IPU3MBbI
(3TOT yroj OTMEUEH Ha caMOi Mpu3Me).

2. IIpoxonsa depe3 mpu3My, CBETOBOM Iy4OK IIpe-
aomusieTcst B Touke O u, U3MeHsIs CBOU X0, TOBOPaYH-
BaeTcs Ha yroil £ y. OTMEThTE UTOJIKaMHU XOJT IIPEJIOM-
JIEHHOTO JIy4a U U3MEPbTE TPAHCIIOPTUPOM yrout £ .

3. 3aKOH NpesIoMIIEHHs CBETa JUIsl JIyda, POXOms-
LIETO B BO31yX 4epe3 CTCKIISHHYIO IIPU3MY C ITOKa3a-
TEJIEM MPETOMIIEHHS N, MOKHO BBIPA3UTh CICAYIOIINM
obpazom:

. : e+
1 _ s?n a_ . sina 1) wm - sm('a 7)
n sinf sin(a+y) sina

2)

I7I€ 0— yroji NaJeHus JIyya Ha TpaHully CTeKJIa U BO3/AyXa, KOTOPBIM M0 BEJIUYUHE
paBeH BepxHeMy yriy npu3Mbl. [loacTaBUB H3MEpEeHHbIE 3HAUEHUS YIJIOB O U Y B
dbopmyny(2), onpeaenuTe moka3zaTeab NIPETOMIICHHS JIyda TaHHOW MTPU3MBI.

4. Pe3ynbrarhl H3MEPEHUH U PACUETOB 3aMMIIUTE B TAOIHILY.

Ne Za sina | Ly sin (a+y) n Hep
1
2

1. [Ipoananu3upyiiTe MyTh CBETOBOTO Iy4Ka, MOKAXXUTE YIVIbl MaJCHUS U
MPEJIOMIICHUS.
2. [Ipoananu3upyite mpouecc U pe3yabTaThl OMbITA.
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§ 50. IUH3BI

BI)IIIYKJII)IC H BOTHYTbIC JIMH3bI

ITpo3pauHoe TeJ10, 01HA WM 00€ CTOPOHBI KOTOPOr0 OTPAHM-
YeHbl c(hepHIeCKUMH NOBEPXHOCTSIMHU, HA3BIBACTCS JIUH3OIL.

JIuH3b1 OBIBAIOT BBHIMYKJIBIMU U BOTHYTHIMHU. Eciiu cpeHsis yacTh JUH3BI TOJI-
1ie Kpaes, TO JIUH3A 6bINYKAAsA, €CIIH TOHbLIE, TO JuH3a 6oeHymas. Kaxnas U3 Bbl-
MYKJIBIX ¥ BOTHYTBIX JIMH3 ICTUTCS HA TPU OCHOBHBIX BHUA (puc.74).

L

[ToBepXHOCTH BBITYKJIOH JIMH3BI MOXKHO pacCMaTpUBaTh Kak MOBEPXHOCTb, 00Opa-
30BaHHYI0 OT B3aUMHOTO mepecedeHus cep paguycom R; u R, (puc. 75). 3nech R,
U R,;— paauycsl KpUBU3HBI JIMH3BL 1Ipsimast nuHus I
0, O,, mpoxonsias yepes HeHTpsl chep O u O,, B SRR ULt b D

3 ~go ~,
.
, -~

Ha3bIBACTCS INIABHOM ONTUYECKON OCBHIO JIMH3HI. 04

,
Touka O, pacrionoXeHHasI B CEpEHE JIMH3bI, Ha- R, ﬁ
0, 4 0,
|/

a)
puc. 74.

-
A3
A3

’

3BIBACTCS €€ ONTUYECKUM LICHTPOM.
HarpaBuM ny4un napajuiesabHO [NIABHOU OITH-

~ L d
Stamam==”

YECKOW OCH BBINYKJIOMN JUH3BL. Toraa jyuu, mpo- 3 ‘{ R, K
XOJIAIINE Yepe3 JTUH3Y, COOEePYTCs B OTHOM TOUKE “\ /."
Ha IMABHOM OoNTHYeCcKoi ocu (puc.76 a). d1a co- P
Ouparomias Touka F Ha3piBaeTCs MIaBHBIM (OKY- puc.75.

coM JH3BL. Tak Kak BBIMYKIasl JTUH3a 001a1aeT
CBOMCTBOM COOMPATH JIy4d B OJJHOM TOYKE, €€ HA3BIBAIOT COOMPAIOIIEH JINH30M.
Ecnu nHanpaBUTh TOYHO TaKue K€ MapajuleibHbIE JIydd Ha BOTHYTYIO JIMH3Y,
Ty4d, TPOXOIAIINE Yepe3 Hee, paBHOMEPHO paccesrcs (puc.76 6). [lostomy BoT-
HYTYIO JINH3Yy TAaK)K€ Ha3bIBAIOT PACCEUBAIOLIEH JIMH30M. ECu NponomKuTh 1ydy,
MpOULIeIINEe Yepe3 PACCEUBAIOIIYI0 JIMH3Y, B OOpAaTHOM HalpaBlIEHUU, TO OHHU
MepeceKyTcsl B OAHOM TOUKe, JiexKallled Ha TJIaBHOW ONTHYECKON OCU. DTa Touka F
Ha3bIBACTCS MHUMBIM (DOKYCOM BOTHYTOW JTUH3HI.
Jlunza umeer ABa (QoKyca, KOTOPHIE JIeKaT MO 00€MM CTOPOHAM JIMH3BI Ha
OJIMHAKOBOM PAacCTOSIHUU OT €€ LieHTpa. PaccTosHMe OT ONTUYECKOrO LIEHTpa A0
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(pokyca Ha3piBaeTCs (OKYCHBIM PACCTOSHHEM JHH3BI U
o0o3Havaercst OykBoOi F.

@ Beauuuna, ooparHasi pokycHoMy pac-
CTOSIHUIO, HA3BIBACTCH ORMUUECKOU CUOU
JIMH3bI H 0003Ha4YaeTcs OykBoil D

OnTrueckas cuia JIMH3BL | _ l’ (1)
F

3a OCHOBHYIO €AMHHIY ONTHYECCKOW CHIIBI MPHHSITA
nuontpus (1 antp). OnTudeckas cuiia JUH3BI ¢ POKYyC-
HBIM pPAacCTOSTHHMEM, paBHbIM | M, cocraBiser | auom-
Tpuro: 1 anrp = 1/Mm.

VY cobuparomieid JIMH3BI ONTHYECKAs CHJIA TOJIOXKH-
TeJbHAsl, y paCCEUBAOIIEH OTpUIIaTETbHAS.

@DoKyCcHOE pacCTOSTHHE JHH3bI, UMCIOIIEH paanuyChl
KPUBU3HBI R; M R,, a TaKXKe MOKa3areib MPEIOMICHHUS 71,
MOJKHO OIPEICIUTh M0 popmyIie:

F= 1 2)

11
puc. 76. “Do(—+—
(n=1)-(5 Rz)

1

311ech Jdyd NPOXOAUT Yepe3 JIMH3Y, PACIOIOKEHHYIO B BO3/1yX€E, U I10Ka3aTelb
MPETOMJIEHUS BO3/1yXa MIPUHUMAETCS PaBHBIM 1.

1. Kakoe Teno Ha3biBaeTCs JTMH30M ?
2. YeM oTnUYarOTCA APYT OT JIpyra BBINYKJas U BOTHYTas JUH3bI ?
3. Kakue cymecTByIOT BUAbI BHIMYKJIBIX U BOTHYTHIX JIMH3 7
4. Yto Ha3BIBAETCS TJIABHOM ONTHYECKOW OCHIO, TJIaBHBIM (DOKYCOM, MHH-
MbIM (OoKycoM, POoKyCHBIM paccTosinueM ? [lokakute ux u3 puc.76.
5. Kakas BeauuuHa Ha3bIBaeTCsA ONITHYECKOU CUIION JIMH3EI ? B Kakux enu-

HHUIaX OHA U3MepsieTcs ?

PUCYHKE. Kak u3MmeHuTCS ee onTmyeckas CHJIa, €CJIU B He€ HaUTh KH/I-

@ 1. [TonoxuTe BBIMTYKI0-BOTHYTYIO JIMH3Y TOPU30HTAIBHO, KaK TTOKa3aHO Ha
kocThb ? [IpoBepbTe 3TO HA OMBITE U 3AMUIIUTE BHIBOJ.

2. Ecnin manbl paccenBaronye u COOMpAroye JINH3HI ¢ Pa3THIHBIMHI ONTHYE-
CKHMH CHJIaMH, KaK OTPEICIIUTh KaKast U3 HUX HMeeT OOJIBIIYI0 ONTHYECKYIO
cuiy ?
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§ 51. IOCTPOEHUE U30BPAKEHUS ITPU ITIOMOIIIA TOHKOA
JIMH3bI

ITocTpoenne n3o0paskeHnst B JIMH3AX

KakoBo Oynmer m3obOpakeHue mpeamera AB B cobuparomeid nuH3e (puc.77),
€CJIM €ro MOMECTUTh Ha PacCcTOsIHUE d OT JWMH3bI? JIJi1 mocTpoeHusT n300pakeHus
MpeaMeTa B JIMH3E, YI0OHO UCIIONIb30BaTh CIEAYIONINE JIyUu:

F

C

A - >
. ||;0|;| & .
N EF~ \|F B
o f" N lH
I y
d S
puc. 77.

1. Haueptum nyu AC, napajijiesbHbIi ITIaBHOW oNnTHYecKor ocH auH3bL. [locne
MIPOXOXK/ICHHS JIMH3BI JTy4 TPEIIOMIIICTCS U IIPOXOAUT Yepe3 Gokyc uH3bI (CA').

2. Haueptum ntyu AD, npoxoaeutuii uepe3 Gpokyc aun3bl. [locne mpoxoxaeHus
JIMH3BL, JTyd UJET NapajliedbHO IIaBHOW onTH4yeckoi ocu (DA).

3. Haueptum syu 4O npoxoasiui yepe3 ONTUYECKUN LEHTP JINH3bI, KOTOPbII
HE MPEeIOMIISICh, HE MEHSIET CBOETO HaIpaBiieHUs B Touke AQ. DTu J1y4M Ipeceka-
torcst B Touke A'. Torna A'B' u ects uzoOpaxkenue npeamera AB. OHo sBiseTcs 00-
paTtHbIM (IIEpEBEPHYTHIM) U JEHCTBUTENBHBIM (IIEPECEKAOTCS CaMM JIy4H, a HE UX
MIPOJIOJIKEHUS ).

®DopmyJia TOHKOH JIMH3BI

Dopmyna moHKoOU TUH3bl BEIPAKACT CBSI3b MEX]Ly PACCTOSHUEM d OT MpeAMETa
710 JIMH3bI, PACCTOSIHUEM f OT JIMH3BI 0 N300paxkeHus! U GOKYCHBIM paccTossHueM F
JIMH3BL:

1 N 1 D 1 1 0

— Tt~  WIu =—+—.

d f d f

Jist cobuparomux nuH3sl F, d, f 6epyTcs ¢ MoI0KUTenbHbIM 3HakoM. Ecnu npen-
MET PAacIOIOkKEH MEXY JUH30U U ee HhokycoM, To ecThb d < F, To f Oyner oTpu-
1aTeabHbIM. B 9TOM ciiyuae monydaercss MHUMOE U300pakeHue.

1
F

JInHeiiHoe yBe/IMYeHH e JIUH3bI

@ JInHelHBIM yBeJHYEHUEM JIMH3bI HA3bIBAKT OTHOIIEHWE JIN-
HelHOro pa3mMepa N300pakeHusl K JHHEITHOMY pa3Mepy npeaMeTa.
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H 4B .
Ilo onpepenennto: K =— = —— JInHeHOE yBeIMYEHME IMH3bI MOXKHO OIIpefe-

h

JIUTHh OTHOLIEHNEM PACCTOSHUA OT M300pakeHus 10 MMH3HI ( f ) K PaCCTOSIHUIO OT

f

nUH3BL o npeaMmeTa (d): K = L

[Ipu K > I n3zo0paxeHue npeamera OyeT yBeIU4IeHHbIM, Tpu K < / — yMeHb-
HIEHHBIM.

IHocTpoenue u3o0pakeHns1 B pacceuBaroLIel JUH3AX

[TocTpoenue n300pakeHUs] B paccerBa-

I0IIel JIMH3€e ToKa3aHo Ha puc.78. U3 pu-

CyHKa BHJIHO, YTO JY4Yd B pacceuBaroieit

JUH3€ HE TEepeceKaroTcs, a IMepeceKaroTs

F  UX mponoskeHus, (B gokyce coOuparorcs

. MPOAOIDKEHUS ATUX Jiyueit). [loaTomy momy-
YeHHOE N300pakeHne MHUMOE U TIPSIMOE.

B pacceuBaronux nuna3ax f u F Bcerma

d /A GepeTcsi OTPULATENLHBIM, H H300pakeHHe
puc.78. OyaeT MHUMBIM. DopMyJsa paccenuBaroIe
1 1 1
JUH3B, —— = — — —. 2)
F d 7

1. Kakue my4n ygoO6HO MCIIONB30BATh U1 TOCTPOCHHUS N300paKeHHs B JTMH3E 7
? 2. YUto BeIpaxkaeT popMyiia TOHKOH JIMH3BI ?
3. Kakum BbIpaskeHUEM ONPEICNISIIOTCS JIMHEHHOE yBEIMUYECHNUE JTUH3bI ?
4. Kakue n300pa>keHusi MOKHO TIOJTYYUTh B COOMPAOIINX JINH3aX ?
5. Korma B coOuparomieii TnH3e MOKHO MOJYYUTh MHUMOE U300pakeHue ?
6. Kakoe nzo0paxeHue qaet paccenBaronas JuH3a ?

@ 3anonHuTe TaOIHILy.

ColOuparomas JTuH3a

d f K dopma n300paxeHus

d=w |f=F K<1 N3o0paxkeHne IEHCTBUTENIHHOE, TO-
(YMEHBIIICHHOE) YEeUHOE W HAXOIUTCSI Ha (POKYCE JINH3BI

d>2F [F<f<2F|K<1 N3o0pakeHue NeCcTBUTEIBHOE,
(YMEHBIIIEHHOE) oOpatHoOe

d=2F

F<d<2F
d<F
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§ 52. PEHIEHUE 3AJTAY

3agaua 1. [Ipenmer pacnosnoxen Ha pacctossHUM 10 cM oT cobupatomeit JTnH-
3bI ¢ POKYCHBIM paccTosHueM 7,5 cM. Haiiaure paccTosiHue oT IMH3BI 10 H300pa-
xeHus ? KakoBo TMHENHOE yBEINYEHUE JTUH3BI ?

Hano: Yeprex: " f
F=175cum B 0 =
d=10cwm. Alte A
Haiimu: v B
f=? K=?
®opmy.a: Beruucienue:
l_l+l' d-F 10-7,5
F d ’ = —— " cm=30cMm.
s S d-F 10-17,5
d-F
S=dF £ 30
K:—:ﬂ:
d 10cm
F
K=§=ﬁ- Oteer: f =30cm, K=3.

3agaua 2. KakoBo yBeseueHne coOMparoIeil JTUH3bI, €CIIM PACCTOSHUE OT Hee
710 TIpeIMETa PAaBHO TPOHHOMY (OKYCHOMY PaCCTOSHHIO ?

Jlano:
d=3F

Haumu:
K=7?
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Yeprex: &

I 1 1 \Fl‘ 1 ZF

U 1 1
3 2F F ) 9
d L
dopmyJa: Bbrunciaenue:
F d f d-F d-F 3F-F 2
K:i:L OTBeT:K:l.
d d-F 2




3agauya 3. C nmomomibio JIMH3BI 00pa30BaHO MHUMOE, YMEHBIIEHHOE B 2 pa3a
n300pakeHue MmpeaMeTa, pacioloKeHHOTro Ha paccTostHuU 50 cM oT mH3b1. Onpe-

ACIUTC OINITUYCCKYHO CUJIbI JIMH3BI.

Hano: Yeprex:
d=50cm=0,5m
K=1/2.
Haumu:
D=7

dopmy.ia: Boruuciaenue:

_ f — . D= ﬁzunp: —2 AmTp.
K== f=dK 0,5-0,5
OTger: =—2 anTp.
p-t t_1 1 _K-l
d f d d-K d

1. Ompenenure ONTHYECKYIO CHIYy JUH3BI C (POKYCHBIMU PACCTOSTHUSMU
40 cm, 25 em, 10 cm, -10 cMm, -25 cm, -40 cMm.

2. HaiinuTe oNTHYECKYIO CUILY ABOSIKOBBIMYKJION JTUH3BI C pailyCaMH KpH-
BU3HBI IOBEepXHOCTU 20 cM u 25 cM, U3TOTOBJIEHHOW M3 CTEKJA ¢ MOKa3a-
T€JIEM MPEJIOMIIEHHUS] OTHOCUTENBHO BO3AYyXa, PaBHBIM 1,5.

3. IIpeamer pacmoyioKeH Ha PacCTOSHUU 15 cM OT MUH3BI ¢ (HOKYCHBIM
pacctostnuem 10 cm. Haiinute pacctosinue oT JIMH3BI 10 n300paxenus. Ka-
KOBO JIMHENHOE yBEIUYECHUE JTUH3bI 7

4. BemmonHss 1a00paTopHy0 paboTy, yUEHHK MOTYyYHIT YETKOE H300paxe-
HUE ropsiiei cBedn Ha skpaHe. KakoBbl POKyCHOE paccTOSHUE U ONTHYE-
CKasicujia JIMH3Bbl, €CJIM PAacCTOSIHUE OT CBEYM JI0 JUH3BI 15 cM, a paccTos-
HHE OT JIMH3BI J10 3kpaHa 60 cm?

5. Ha xakoM paccTOsSIHUU OT coOMparomei JIMH3BI ¢ (POKYCHBIM PaCCTOSHU-
em 50 cM crieyeT pacioIoKUTh IPEIMET, YTOOBI MOTYYUTh YEThIPEXKpaT-
HOE yBeJIu4yeHue ?

6. C moMomIbIo JTMH3BI 00pa30BaHO MHUMOE M300pakeHHe MpeaMeTa, pac-
MOJIOKEHHOTO Ha paccTosHuM 50 cM oT nH3bl. Haliiute onTuyeckyro cuiy
JMH3BI, €CJIM PACCTOSIHUE OT IpeaMeTa A0 JuH3bI 20 cM.

7. N300paskeHue mpeaMeTa, pactioioKEHHOTO Ha paCCTOSTHUU | M OT paccenBa-
JOILIEH JIMH3BI, HAXOIUTCS B 25 ¢M OT JInH3b1. KakoBa onTuyeckas cuiia JIMH3bI ?
8. Ha skpaHe BO3HHMKAaeT YBEIMUYCHHOE B 2 pa3za M300pa’keHUE MpeaMeTa,
pacIoNoXKEHHOTO Ha paccTosHue | M oT nuH3bl. KakoBa ontuueckas cuia
JIUH3BI 7
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§ 53. TJABOPATOPHAS PABOTA. OITPEJIEJIEHUE
OIITHYECKOU CHUJIbI JINH3bI

Ilenv pabomwi: n3yueHue onpeseneHuss (POKYCHOTO pAacCTOSHHMS M ONTHYE-
CKOM CWIIBI TUH3HL.

Heob6xo0umvie o0060pyoosanua: BbIIyKIas JIMH3a, AJIEKTpUYECKas JamIia,
9KpaH M MaclTabHas TUHEeHKa.

[Topsaxok BHINOJHEHHUS PadoThI

1. Pacnionoxute Ha CTOJI jJaMmy, JJUH3Y U JKpaH,
Kak MOKa3aHo Ha puc. 79.

2. 3axrure nammy. [lepenBuras sxKpaH, HalauTe pac-
CTOSIHME, IIPY KOTOPOM MOJTYYaeTcsl Y4eTKOE U300pakeHne
HUTH J1aMIibl. MI3MepbTe paccTosiHuE d; OT JIaMITbI /10 JINH-
3Bl M PACCTOSTHUE f; OT JTMH3BI 10 U300pakeHus (IKpaHa).

3. V3MeHnTe paccTosHUE MEXITy JAMIIOM W JIMH30U
Ha d, 1 d; 1 IOBTOpHTE OMBIT. I3MeprTe paccrosHue f> 1
/5, IpU KOTOPBIX IMOTY4aETCsl YETKOE M300pakeHNe HUTH
JIaMITbl Ha SKpaHe.

4. Ucnionp3ys HopMyITy JTUH3BI, BEIYUCIUTE (POKYCHBIE PACCTOSTHUS JIMH3BI ),
F>, F; 115t IOMy4YeHHBIX B ONBITE 3HAYEHUN d; ¥ f1, d- ¥ f>, d; U f;.

5. [ToncraBbTe pe3ynbTaThl pacueToB B hopmyny F,= (F; +F> +F3)/3 u Ber4uc-
JIUTE cpefHee 3HaueHHe (POKYCHOTO PACCTOSHUS JTUH3bI.

6. ITo popmyne D = 1/F,, BBIYUCIUTE CPEIHIOIO ONTHYECCKYIO CHITY JTHMH3BI.

7. PesynbTaThl U3MEPEHUN U PacyETOB 3aMHUIINTE B TaOIHILY.

Ne d,m fim Em Feopom D, nnTp
1
2
3

puc. 79.

8. [locTtaBbre NMUH3Y Ha paccrosiaue d = 2F ot nammbl. [lepenBuras skpas,
MOJIyYUTE N300paKEHNUE HUTH JIAMIIBI.

9. TlocTaBbTe nMH3Y IMepe] JamMIoil Tak, YTOOBI BBIMOIHSAIOCH YCIOBHE
F < d < 2F. llepenBuras 3KpaH, MOJy4uTe H300paKEHUE HUTH JIAMIIBI.

10. [TocTaBbre MUH3Y Ha paccTosinue d < F ot mammebl. [lepenBuras skpaH, mo-
MbITaliTeCh OTHICKATh U300paKeHNE HUTH JaMIlbl. YOequTech B TOM, UTO 3a JIUH-
3011 HE BO3HUKAET N300paKeHue.

OINKMCaHHbIE B MyHKTax §8-97

2. ITouemy npu MpOBEACHUH OTIBITA, ONTUCAHHOTO B MyHKTE 10, m300pakeHue
Ha SKpaHe He moJiyJyaeTcs ?

3. [Ipoananu3upyiTe pe3yibTaThl ONbITA U CACTANTE BHIBOJBI.

@ 1. YeM omiMyaroTCs IpYyr OT Apyra u300pa)xeHus, MoJyuyeHHbIe Ha SKpaHe
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§ 54. OIITUYECKHUE NTPUBOPHI
Jlyna

@ JIyna — 3TO JIBOSKOBBINYKJIasl JIMH3a, KOTOPasl yBEIUUMUBAET
yroj 3peHus NpeIMeToB.

B Pacctosinue Haummydiiero 3peHus s HOp-
MaJIBHOTO IJIa3a COCTAaBIAET OKOJO Dy = 25 cm.
JlomycTtuMm, MBI paccMaTpUBaeM MeJbuailiine
JeTaJI Ha TOBEpXHOCTHU npeamera AB. Ha pac-
CTOSIHUU, MEHbIIEM [y, HAIlM TJla3a HE pa3Jiv-
YarT MEJKUX JeTajei.

[Ipu sTOM yros 3peHHs Haulero riasa pa-
BeH £ a (puc.80 a). Ilpu momemeHnn Mexmay
IJ1a30M U MPEIMETOM JIyIbl Ha paccTostHuu D,
TIOSIBUTCSI YBETMUEHHOE M300pakeHHe mpeaMe-
ta A'B' (pnc.80 6). Menkue aetanu Ha MOBEPX-

puc. 80. HOCTH TpeIMeTa Takxke OyayT yBEIHMYCHHBIMH.
Jlnst sToro ciydasi yBeIWYeHUE IyIbl Oyaer
umeTs Bun: K=A B /AB = Z o'/ £ o.

YBenudeHnue mynsl onpenensercs mo Gopmyne K= Dy/F. ®oKkycHbIe paccTos-
HUA J1yn 00bI4HO cocTaBisiioT 1-10 cM. YuursiBas, uto Dy= 25 cm, MOXKHO CKa-
3aTh, YTO JIyIla YBEJINYMBAET NIPEeAMETHI B 2,5-25 pa3.

doroannapar

@ domoannapam—31T0 NPUOOP, KOTOPbIN MO3BOJIAET BOCIIPOM3-
BOAMTH U XPAHHUTh U300pakeHHne HA GoTomieHke, poTomiacTu-
He nian porodymare.

doroanmapar coctouT U3 o0bekTuBa O u kameps! K (puc.81). JIunza JI Boc-
IPOU3BOIUT Ha JKpaHe KaMepbl oOpaTHOe, ACHCTBUTEIBHOE U YMEHbBIIEHHOE
uzobpaxkenue 4 B’ npenmera AB. CoxpaHeHue nzo0pakeHHs B Qoroammapa-
T€ UMEET OYeHb Ba)KHOE 3Ha4YeHHUe. [ 3Toro Ha sKpaHe KaMmepbl pacroyiaraior
BOCIIPOM3BOJAIIYIO U COXPAHSIONIYIO M300paxeHne (OTOIUIACTUHKY MU (HOTO-
IUICHKY, TOKPBITYIO CIIeNHAIbHON (OTOIMYIbCUEH.

C pa3BuTHEM HAyKM W TEXHHUKH MECTO IUIEHOYHBIX (hOTOArmaparoB 3aHs-
a1 1udpossie poTokamepsl (puc.82), B KOTOPHIX BMECTO IUIEHKH YCTaHOBIIEH
CHeIUaIbHBIM YyBCTBUTEIbHBINA 2JIeMeHT. BHYTpu snemenTa ¢popMupyercst Tou-
K1 u300paxkeHusi. Takue TOYKM M300paKeHUs Ha3bIBalOTCsA MUKceasiMu. CIoBO
pixel — n3 aHrMiicKoro cnoBa (picture element), 4TO 0O3HAYAET dIEMEHT U300pa-
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>)kKeHus. IIuKcenp SBIsSETCS KaueCTBEHHOMU XapaKTepHCTI/IKOﬁ (I)OToanHapaTa. YeMm
OoJbllle MUKCENIeH B (bOToarmapaTe , TCM JIYHIIC Ka4yCCTBO I/I306pa)KeHI/I$[. Ca-
MBIC JIYHUIIHNC (I)OTO&HHapaTLI HMEIOT HECKOJIbKO JECITKOB METaIUKCeIICH.

puc. 81. puc. 82.
Muxpockon

@ Mukpockon — 3T0 ONITUYECKUI MPUOOD, ITOKA3bIBAIOLINIT B
YBEJIMYEHHOM BHUJE OYEHb MEJIKHE, HE BUJUMBIC I1a3y, OJIU3KO
pacIo0KEHHbIE OOBEKTHI.

MUKPOCKOT HCIIONB3YETCs /Il HAOMIOACHHUS 32 TAKMMH MEJIBYallliuMu 00b-
eKTaMHM, KaK 0aKkTepuu U KJIeTKH (puc.83).

f2=Dy

S

puc. 83

puc. 84.

(VEY)



C nomoukto MH3BL JI;, Haxosmecs B okyisipe O,, cozgaercs ooparHoe, Aei-
CTBUTEJIBHOE U yBelIMUeHHOe n3o0paxkenue A B’ npenmera AB (puc.84). JIunza
JI; B okymnsipe O, MUKPOCKOIIa yBEJIMUYMUBAET Yrojl 3peHHs Mog00Ho nymne. B 00b-
eKTHBE MHUKpOCKoIa u3obpaxenue A 'B’, cozqaHHoe JNMH30M JI; HA PacCTOSHUU
Hawty4ero 3penus Do, MOXKHO yBHIETH B elle 6osee yBeauueHHoM Buje A''B "

VYBennueHne MUKpOCKoNa onpeaensercs 1no Gopmyie

K:ﬂ
E'Fz

rne [ — paccrossHue MeXIy JuH3aMu; F; 1 F>— (OKyCHBIE pacCTOSHUS JIUH3.

[Tpu moMomM ycoBepIIeHCTBOBAHHBIX MUKPOCKOIIOB MOKHO HAOJIOIaTh 3a
MenpyaimumMu oobekTaMu, yBenundeHHbIMU B 3000 pa3. Koaddunment ysenuye-
HHUS CIIEIUATIBHBIX MUKPOCKOTIOB, CO3JJaHHBIX B Mocieanue roasl, pased 100 000.

1. Kak monydaercst uzo0paxkenue B syre ? Kak onpenensiercs ee yBennye-
@ Hue?
2. O0bsAcHHUTE YCTPOUCTBO U paboTy poroanmnapara.
3. Kak Bocnpon3Boautcst n3o0pakeHne B MuKpockore ? Kak onpenenser-
Csl €ro yBelnyeHue ?
4. Yro BbI 3HaeTe 00 ONTUYECKUX MUKPOCKOMAX ?

y 1. Kakoe yBeianyeHHE MOXKHO TMOJYYUTh, MOJB3YSICh Jymoil ¢ ¢okyc-
HBIM paccTtosHueMm 2,5 cm? PaccTosiHME HaWIydllero 3peHus pPaBHO

28 Dy =25 cm.
2. Onpenenute GOKYyCHOE PACCTOSTHUE JYTMbl, KOTOpPasl YBEIHMYUBAET H30-
Opaxxenue npenmera B 20 pa3?
3. @oKyCHBIE PACCTOSHUS JTUH3 MUKpPOCKOMNa paBHbl 1,5 cm u 2,5 cM cooT-
BETCTBEHHO, paccTosiHue Mexay auH3zamu 30 cm. Bo ckonpko pa3 yBenu-
YuBaeT U300pakeHne 00bEKTa TAKOW MUKPOCKOT ?
4. JIunza ¢ ¢pokycHbIM paccTossHueM 30 cM, 1aéT n300pakeHue mpeaMera
yMeHbIIIeHHOE B 3 pa3a. HaliguTte paccTosiHue OT mpeaMeTa 10 JTUH3HI.
5. ®okycHoe paccTosiHue 00BbEKTHBA MEepBOro (hoToanmapara paBHO 5 cMm,
a BToporo ammnapara — 4 cM. Kakoif u3 3Tux anmaparoB gaet Ooiee KpyTi-
HOE u300pakeHne 00bekTa, GoTOrpadupyeMoro ¢ OJHOTO U TOTO Ke pac-
CTOsIHUSA ?
6. Ilpenmer pacnonoxeH Ha paccTosHMM 50 CM OT BBIITYKJIOHN JIMH3BI C
dhokycHbIM pacctossaueM 40 cMm. KakoBo JrHENHHOE yBeICUESHHUE JIMH3BI ?
7. Korna mpeaMeT HaxoauTcs Ha pacCcTosHUU 60 ¢M OT BBINTYKJIOW JTUH3BI
¢ goxycHbIM paccTostHueM 20 cM Ha ’3KpaHe 00pa3oBalOCh YBEIUUYEHHOE,
NeHCTBUTENbHOE U300paXkeHrne mpeameTa. HaiiguTe paccrosiHue ot mpe-
MeTa J10 dKpaHa?
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§ 55. I'TA3 1 3PEHUME

Crpoenue a3

Bun genoBeueckoro miasa B pa3pe3e NPUBOAMT-
cst Ha puc. 85. BHemHss 0060109Ka TI1a3HOTO S0JI0Ka
Ha3bIBaeTcs ckiepoid (1), ee mpo3padHas neperHss
4acTh POroBoil oOomoukoi (porosurieit) (2). Uzny-
TPU CKJIEpa MOKpBITA COCYIUCTOH o00omouxoil (3),
KOTOpasi COCTOUT U3 KPOBEHOCHBIX COCY/IOB.

[lepenusis yacThb COCYIUCTOW OOOJOYKH MpPH-
MBIKaeT K paayXHoi o0osouke (4), B cepeAMHE KO-
TOpPOM MMeeTCsl KpyIioe OoTBepcTue — 3paudok (5).
ITon cocynucToii 000MI0UKON HAXOAUTCs ceTdaras 00ojouka (ceTdarka) (6), Ko-
TOpasi COCTOUT M3 IUIOTHO PACIOJIOKEHHBIX HEPBHBIX OKOHUYAHUH. 3a pagyKHOU
000JI0YKOI HAaXOIUTCS MpO3padyHoe Tesio— xpycTanuk (7). [Ipumbikaromue Kk Hemy
CHeIMaJIbHbIe MBIIIIBI U3MEHSIOT paJnyc KPUBU3HBI XpycTanuka. [loBepXHOCTh
ceT4aToi 000JIOUYKH HAMPOTUB XPYCTATIHKA MOKPHITA CBETOUYBCTBUTEIBHBIM XKeJl-
TBIM BeIIECTBOM. [IpOMEKyTOK MEXIy POroBOil 00OJIOUKOM M XPYCTAJIMKOM 3a-
MOJHEH BOJISHUCTOMN *KUJKOCTHIO (8). IIpOMekyTOK MeXIy XpyCTaauKOM U CET-
gaToi 000JI0YKOM cocTaBmsieT cTekinoBuaHoe Teno (9). [TokazaTens mperomMiIeHus
XpyCTaJIMKa, PACHOJI0KEHHOTO MEXAY BOASHHCTOMN KHUIKOCTHIO U CTEKJIOBUIHBIM
TeJOM paBeH 1,5. XpycTanuk BBIOIHSAET (QYHKIIUIO IBOSKOBBITYKION JTHH3BI.

3penue

Jly4m cBeTa, OTpaK€HHBIE OT MPEAMETA, Ha KOTOPBIA CMOTPHUT YEIIOBEK, MoTa-
JAIOT B T71a3, M HAa CETYATOM 000J0YKe 00pa3yeTcsi NeWCTBUTEIbHOE, YMEHBIIICH-
HOe 1 oOpaTHOe n300pakeHue nmpeamera. HepBHbIe OKOHYAHUS CETYATON 000JI0Y-
KU TepeaaroT B Mo3r nHdopManuio o ¢opMe U BeTe npeamera. TakuM oOpa3zom
YeJI0BEK BOCTIPUHUMAET (hOpPMY U I[BET JAHHOTO MPEIMETA.

HecMoTpst Ha TO, 9TO OKpYIKAIOUIUE MPEAMETHI PACIIONIOKEHBI Ha PAa3IMYHOM
PACCTOSIHHHM OT TJIa3a, Ha CETYaTO 000J0YKe BCETa BOBHUKAET TOYHOE M300pa-
KeHHEe. DTO OOBSICHIETCS M3MEHYMBOCTBIO PaInyca KPUBU3HBI, a CIIEI0BaTEIbHO,
(OKYCHOTO PacCTOSTHUS XPyCTaJIHKa.

puc. 86.

UYenoBek HE MOXKET pa3inuyarh MpeIMEeThl Ha OUeHb JaJIeKOM paccTosHuu. Jlo-
MMyCTUM, YTO ONTHUYECKUM LIEHTP XpyCTaluka Ia3za Haxoautcs B Touke (. Korma
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MBI CMOTPUM Ha ONU3KO PACTOJIOKEHHBIM MpenMeT BenuuuHoW AB mop yriom
3peHus 0, TO Ha CEeTYaTONW 0OOJOYKE HAIIEeTo I71a3a BO3ZHUKAEeT N300pakeHne Belu-
yuHO A'B’ (puc.86). [locMoTpum Teneps Ha mpeaMer uzganeka. B aTom ciydae
BO3HUKAET M300pakeHne BeanunHoi A'B", HO 0OHO, a Tak)ke yroi 3peHus 3, OymyT
MeHbIne. M300pakeHrne BOCIPUHUMAETCSI MEHBIIIMM YHCIIOM HEPBHBIX OKOHYAHUH,
MO3TOMY MBI MTOJTy4aeM MeHbIIIe HH(OPMAIIUU O BHEIITHEM BHJIE TIPEIMETA.

Uem panpiie OT Tia3 HaxXxoauTcs mpeameT AB, Tem MeHble nzobOpakeHue
U YrOJ 3peHUs, U TeM MeHbIle HHPOPMAIUU O MpeIMeTe MBI moixydaeMm. Eciamn
npeaMeT AB HaxoauTcs O4eHb Jajeko, H300pakKeHHE €ro B CETYATKE OKa3bIBACT-
Cs HACTOJIBKO MaJjbIM, UTO €r0 BOCIIPUHUMAET TOJIBKO OJTHO HEPBHOE OKOHYAHME,
KOTOpO€ AaeT HH(OpMAIIUIO TOTBKO 00 OTHOM TOUKE.

UenoBek BUAUT 00OMMH TNa3aMu OAWHOBpeMeHHO. [Ipubnmu3um mamen K HocY,
MIPU 3TOM MBI YBUIMM €T0 pa3aBOCHHOE M300pakeHre. OTBeaeM Majell Ha paccTo-
saaue 15-20 cm. PaznBoenue mcuesHer. HaunHasi ¢ 3TOro paccrosiHus HalM Iyasa
MOMOTal0T ApYyr Jpyry. Bocnpusitue Mupa OByMsl INla3amMH MO3BOJISIET UYBCTBOBAaTb
TPEXMEPHOCTh IPOCTPAHCTBA, OTAAJIIEHHOCTD MTPEIMETOB, HEPOBHOCTH JOPOTH U JIp.

HedexTnl 3peHnss. Ouku

Y HOpManbHOIO Ti1a3a u300pakeHue MpeaMeTa BO3HUKAEeT Ha ceTyaTke rias3a
(puc.87 a). OnHaKO HEKOTOPHIE JIOAU XOPOLIO BHAST BOJIU3H, HO TJIOXO BUJIAT
BIaib. M300paxeHue JaibHUX MPEAMETOB Y HUX COOHMpAeTcCs HE Ha CeTdyaroil
o0orouke, a mepea Hel, U IPEeAMETHI CIIMBAIOTCS
(puc.87 6). O1oT AedeKT Ha3bIBaeTCs O1U3OPY-
Kocmuio.

[Ipu OAM3OpPYKOCTH OAHA CTOPOHA XpycCTa-
JUKa MeHee BBINyKJas, (OKyCHOE pacCTOsHUE
MEHbIIIE HOPMBI, TO €CTh OOJIbIIE €ro ONTHUYEC
Kas cuia. g ynydiieHus 3peHus npu O1aum3o-
PYKOCTH HOCSIT OYKM C BOTHYTBIMH JIMH3AMH.
BoruyTele NUH3BI COOTBETCTBYIOIIEH BeJIHYU-
Hbl C OTpPHIATEIbHOM ONTHUYEKON CHUIION mepe-
MEIIalT M300pakeHue Ha ceT4yaTyro 000J0UYKy
(puc.87 6). B pesynbrare 4enoBeK BHAMUT IPEI-
METhl TaK K€, KaK U YeJOBEK C HOPMaJbHBIM
3pEeHHUEM.

HexkoTopslie moan, 0COOCHHO MOXKUIBIE, XO-
pOIIO BUAST BAAJb, HO 3aTPYAHSIOTCS MHUCATh U
YuTaTh. Y TaKHUX JIIOJed M300paxeHue mnpeame-
Ta cobupaeTcs 3a ceT4aToi 000JIOUKOM U CIUBa-
ercs (puc.87 2). OToT nedeKxT Ha3bIBaeTCs Aajlb-
HO30PKOCTBIO.
puc. 87. [Tpyr 1anbHO30PKOCTH OJHA CTOPOHA XpyCTa-

nuka Oonee BbIMykiasg, (POKyCHOE pPacCTOSHUE

0)

9)

%&@@Q
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0oJbIlIe HOPMBI, TO €CTh MEHBIIIE €ro OnTUYecKas cuia. J[ns yaydiieHus 3peHus
MIPU JAJIIBHO30PKOCTH HOCST OYKHU C BBIMTYKJIBIMU JIMH3aMU. BbINyKiIble TUH3BI COOT-
BETCTBYIOIIEH BETUYHMHBI C TIOJOKHUTEIBbHOM ONTHYECKOH CHIION 00ecreunBaroT me-
peMelieHrne n300paxeHust B CTOPOHY ceTuatoit obomouku (puc.87 0). B pesynbrare
YEJIOBEK BUJIUT MPEIMETHI TaK ke, KaK U YEJIOBEK C HOPMaIbHBIM 3PEHUEM.

1. Kak Bo3HHKaeT nzo0paxeHue B riasze?

2. Uem oTiIMyaeTCs 3peHUE JBYMS IJIa3aMH OT 3pEHUS OJHUM TJ1a30M ?
3. Uem 00BsACHAIOTCS OIM30PYKOCTh U NalibHO30pKOCTh ? Kak mcmpasis-
I0TCS 9TU Ae(EeKTHI ?

§ 56. PEHLIEHUE 3AJTAY

3agauya 1. Yenosek, chororpadupoBaHHbIN ¢ paccTosHUA 4,5 M, MOTYUUIICS
HarieHke pasmepoM 40 mMm. KakoB pocT yesnoBeka, ecii (OKyCHOE PacCTOSHHUE
oObexTuBa paBHo 10 cm?

HaHo: dopmy.a: Beruucienue:
d=45M
h=40Mm=0,04m | 1 1 1 h f g =3oM-0lm
F=10ecm=0lm. | F 4 f° H d 0,1m
-0,04M =1,76 M

Haiimu: H:i-h: d -h:d_F-h,
H="? S £d - F

d-F

OtrBer: H=176 cMm.

3apaya 2. QoKycHbIE PAacCTOSAHUA JIMH3 MUKpockomna paBHbl 0,5 cM u 2,5 cM
COOTBETCTBEHHO, PacCTOAHNE Mex 1y JIMH3aMU 40 cM. Bo CKosIbKO pa3 yBean4nBaeT
n3o00pakeHre 00beKTa TaKoi MUKpOCKOT ?

Hdano: ®opmy.ia: Beruucienue:
F;=0,5cm=0,005 m

F;=2,5cm=0,025m | g _ ["Do o 0AM-025m  _ oq4
Dy=25cm=0,25Mm F-F- 0,005M - 0,025 m

[=40 cm=0,4 M.

Haumu: Otset: K = 800.

K=?
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3agaya 3. biau3opykuii YelmoBEK MOXKET YMTaTb KHHUIY C paccrosi-
Hus 12,5 cMm. Ouku Kakoil ONTHYECKOW CHIIBI TpeOyeTcst 3TOMY 4YelloBeKy?

HaHo: Berunciienue:
a=0,125M
Do=0,25 m. D, 1%:()%:4 ATITP.
Haiimu o 0,25
DU‘{KI/I :?
DH = l —+ Dotucu
a
Dy = D, 1 4 nurp b 4 nntp— 8 auTp = —4 AnTp
OUYKU H a 0’125M *
OtBetr: Emy TpebyeTcs OUKM ONTHYECKOW CUIIOW — 4 quTp.

1. Ilpu ¢otorpadupoBanuu aepeBa BHICOTOH 3 M ero u3oOpakeHHE Ha
IJIEHKE TOJIYYWJIOCHh BBICOTOM 12 MM. DOKyCHOE paccTOsiHUE OOBEKTHBA
¢oroanmapara paBHo 20 cMm. C Kakoro paccTtosHus IpousBeneHa (HoTo-
cheMKa ?

2. ®okycHbIE pacCTOSIHUSA JIMH3 MUKpOcKona paBHbl 2 MM U 30 MM cOOT-
BETCTBEHHO, paccTosiHue Mexay auH3aMu 20 cM. Bo ckonbko pa3 yBenuuu-
BaeT U300pakeHNe 00bEKTa TAKOW MUKPOCKO ?

3. Uemy paBHA ONTHYECKAsl CUJIA OYKOB C BOTHYTOM JIMH3BI, €ClU (POKYCHOE
pacctostnue ee cocranisier 50 cm? {5 yero HOCAT TaKue OUKH ?

4. Maib4uK HOCIT OUKU C ONTUYECKOM cuiioi — 4 auonTtpuu. KakoBo pac-
CTOSIHME HAWJIYYIIETO 3PEHHS Yy TOTO MallbuuKa 0e3 OuKOB ?

5. ManpuuK 9uTaeT KHUTY 0e3 O4KOB ¢ paccTosiHueM 16 cm. Kakosa onru-
yecKasi CHJjia €ro O4KoB ?

6. MaJIbuMK HOCHUT OYKHM C ONTHYECKON CHIIOW — 2 INTP U YUTAET KHUTY.
KakoBo paccTosiHre HamIy4IIero 3peHusl y 3TOro Majipunka ?

7. Halinute ONTUYECKYI0 CUITY IBOSIKOBBIITYKJIOM JIMH3BI C pallyCaMU KpHU-
BU3HBI ITOBEpXHOCTHU 25 cM 1 40 cM, U3rOTOBIEHHON U3 CTEKJA C IOKa3a-
TeJIeM MPEIOMIICHHUS JIydya OTHOCUTEIBHO BO3lyXa, paBHbIM 1,5.
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§ 57. TEJIMOTEXHUKA. UCIIOJIb30OBAHUE COJTHEUHOM
OHEPI'MA B Y3BEKUCTAHE

COHHC‘{HYIO SHCPIrur0 MOXKHO HCIIOJIb30BATh B PaA3JIMYHBIX MEJIAX ITYTCM
npeBpaliCHus €€ B Apyruc BUAbl SHCPIrUr— TCINNIOBYIO U SJICKTPUYICCKYIHO.

@ YcraHoBKH, I03BOJIFI0IINE NIPEBPAINATH COJIHEYHYI0O DJHEPruIo B
Apyrue BUABI JHEPTUH, HA3BIBAKOTCH IeJTHOTEXHUYECKMMH YCTAHOB-
KaMH, a 0Tpac/b (pU3NYECKOH HAYKH, 3aHHUMAIOIIASACH NEePCHEeKTH-
BAMH HCIO0JIb30BAHUS COJHEYHOH YDHEPIUH — reJIMOTEeXHHKOM.

CnoBo «/enuoc» B iepeBofie ¢ rpedeckoro o3Hauaetr « Connyer.

ConHeuHble J1y4H, JOCTUTAIONIME 3€MHOW NMOBEPXHOCTH, CUUTAIOTCS OYEHBb
00JbIIUM UCTOYHUKOM Teria. [lonck 3¢HeKTUBHBIX CMOCOOOB MCIONB30BaHUS
9TOM HEPIUH, CO3/IaHHE PA3IMYHBIX YCTAHOBOK, YHEPreTUUYECKUX HCTOYHUKOB
SIBJISIETCA MNIABHOM 3a/1a4eil TeTMOTEXHUKH.

Kaxk u3BectHo, CoJHIIE OCBEIIAET 3eMHYIO TOBEPXHOCTh Ha pa3HbIX reorpaguye-
CKHX IIHMPOTax mo-pasHoMy. DHeprusi ConHIa, nmpuxoasmasics Ha 1 M? 3eMHOU TO-
BEPXHOCTU B TEUCHHE Tojia, M3MeHsiercs: B npenenax ot 300 Br/m? no 1340 Br/m?.
[Ipuponusie ycrnoBusi ctpan LlenTpanbsHON A3uM yaoOHBI JUIS UCTIOIB30BAHUS COJ-
HEYHOH SHEepruu Kak B reorpaduueckom, Tak ¥ B ONTUYECKOM M SHEPTeTUYECKOM OT-
HOLIEHUAX. Tak, MPOIOKUTENBHOCTh CBETOBOTO JHS B MIOHE COCTABIAET 16 4, a B
nexabpe 8—10 u. Jlerom conneunoe n3nmydyenue npuxoautcs Ha 320400 u B mecsil.
Hcnonb30BaHKue reTMOTEXHUYECKUX YCTAaHOBOK MO3BOJIUT COKOHOMUTD 3HAYUTEIBHOE
KOJIMYECTBO TOIIMBA ¥ SHEPTUH U3 APYTUX UCTOYHUKOB. Y30€KUCTaH 00agaeT 00ib-
IIMMHU BO3MOXKHOCTSIMU JUTA 3(p(hEKTHBHOTO MCIONB30BAHUS T'€TMOTEXHHUKH.

Ha tepputopuu Y30ekuctaHa colHeYHasi SHEpPTUs MCIOIb30Bajach U3/laBHA.
Jlronu cymmuin Ha coiHIe GpyKThl U oBoIIM. Hampumep, BhICYIINBas Ha COJIHLIE
BUHOTPAJ, OHU U3TOTOBJISUIM CaMblil KaUeCTBEHHBIM U3I0OM, TPOU3BOIUIN CYX0O(-
PYKTBI U3 ypIOKa, ABIHHU, 0JIOK, IEPCUKA, TOMATOB U JIp.

3HaMEeHUTBIE MBICTUTENIN BocToKa BHICKAa3bIBAJIM CBOM COOOPaKEHHUs O 3aBH-
CUMOCTH ITPOMCXOJAIINX HA 36MHOM IOBEPXHOCTH SIBIIEHUM OT COJIHEUHOIO TEI-
na. Tax, A6y Anu ué6n Cuna B cBoeM Tpyne «JloHHMIIHaMa» mucall, 4YTO NPUYH-
HOM BOCIUIAMEHEHMsI, BBI3BIBAEMOTO JIMH30H, SIBISETCA TO, YTO JHMH3a COOMpaeT
B OJHOM TOYKE JIyuH, MaJAI0LINE HA HEE C OJHOM CTOPOHBI. DTa TOYKA CUIIBHO
OCBEIIAETCS U HAaIrPEBAETCsl, BBI3bIBAsl BO3TOpPaHUE.

CoznaHue reIMOTeXHUYECKUX YCTAaHOBOK, pa0OTAIOIIUX HAa COJTHEUHOH dHEp-
rum, Hayanoch ¢ XX B. B 310 Bpems B Y30ekucrtane Obl1a pazpaboTaHa yCTaHOB-
Ka JIJI1 MCIIapEHUs Ha COJIHLIE DKCTPAKTa MaXOpPKH, TOCTPOEHBI HKCIIEPUMEHTAb-
HbI€ TEIUTUIIBI, paboTaloNe HAa COTHEUHON YHEPTUH.

B s10T )€ meproj ObUIH pa3BEepPHYTH UCCIIEI0BAHUS B 00JaCTU FeTMOTEXHUKH.
B1934 r. B TamkeHTe Hauajna AeCTBOBATh 2eIUOMEXHUUECKAA 1A00PAMOPU.
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B 1943 . naboparopust reTMoTeXHUKH ObliIa co3AaHa IpU (PU3NKO-TEXHUYECKOM
MHCTUTYTe AKajJieMuu Hayk Y30ekucraHa. Ha ocHoBe uccienoBaHuii, IpOBOAMMBIX
naboparopueil, ObUIN CO3AaHbl COJTHEYHbIE YCTAHOBKH Ul HarpeBa BOAbI, COJTHEY-
HbI€ CYIIWIKH JUIs GPYKTOB, COTHEUHBIE YBIAKHUTENN U CYLIMIKU JJI1 KOKOHOB.

B 1946 r. B ®U3UKO-TEXHUYECKOM HHCTUTYTE OBbUI MOCTPOEH 3€pKaJIbHBII
napabosious nuamerpoM 10 M, KOHIEHTPUPYIOIIUNA COJHEUHYIO dHEPruio. ITa
YCTaHOBKA MCIIOJIb30BAJIach JJIs IOJIYYEHHMs IIapa u JibJa.

B 1963 r. B Akagemun Hayk Y30ekucTaHa ObUl OpraHu3oBaH OoTned reodusu-
KM, 4TO J]aJ0 BO3MOXXHOCTbH CO3/1aBaThb HAa OCHOBE HAyYHBIX HCCIEJOBAaHUN pas-
JUYHBIE YCTAHOBKU JIsI KOHLEHTPALlMM U HCIOJIb30BAHMUS COJHEYHBIX JIyyeH.
Hampumep, Obutn pazpaboTaHbl MEAMIIMHCKUE YCTAHOBKHU JUISl JICYEHUS! OOJIBHBIX
COJIHEYHBIMU JIy4aMH, YCTAaHOBKH JUJISl TPEANOCEBHONH 00pabOTKH CEMSH Cellb-
CKOXO35IiCTBEHHBIX PACTEHHUM.

B pecny6nuke qoCTUTHYTHI O0JIbIINE yCTIEXU B 00JACTU UCIOJIB30BAHUS COJI-
HeuyHoH sHepruu. Yxke B 1960—1970 rr. B V30ekucrane chopmupoBaiachk re-
JMOTEXHUYECKas ILKOJIa, OCHOBBI KOTOPOW OBUIM 3aJI0KEHbI HATUMHU YYEHBIMU
V. A. Apunossim u C. A. A3UMOBBIM.

B 1976 r. B AxkagemMuu Hayk Ioja pykoBoicTBoM akaigemuka C.A.Azumo-
Ba ObuT0 co3naHo Hayuno-nmpousBoactBenHoe oobenuHenue (HIIO) «Pusuka—
Connue». UccnenoBanus, NpoBOAUMBIE B 3TOM OOBEIUHEHUHU, UMEIH OONIbIIOE
IIPaKTUYECKOE 3HadeHue. bpuin BHEAPEHBI B NPAKTUKY COJHEYHBIE YCTaHOBKH
no oOecreyeHuIo 3aHui ropsyeil BOAOH, BOASIHBIE HacoChl, paboTarouie Ha
COJIHEYHON PHEPruu, MEIULHUHCKOE 000pyqOBaHUE, YCTAHOBKU ISl ONIPECHEHUS
BOJIbI, FEJIMOTEIUINLIBI, TEJIMOCY UK U XOJOANIBHUKH.

C nenbio Oonee 3 eKTUBHOrO UCHOIB30BaHuUs coHeuHoH sHeprun 1987 1. B [1ap-
KeHTCKOM paiioHe TamikeHTCKoW 001acTh ObLT BBENIEH B CTPOM OOJNBIION COMHEYHBIN
KOHIIeHTparop MomHocThio | MBT, Haxomsimiica B Benennn HIIO «®uzuka— Conn-
ne». IlonoOHas ycraHoBKa 0 3TOro BpeMeHM Obuia TObKO B ropoae Oneiio (Ppan-
1yst). KoHIeHTparop yCTAaHOBKM MpENCTaBIseT COOOW 3epKalbHbIA Mapaboious ¢
¢dokycHbIM paccTossHEEM 18 M, pazmepamu 54m*42M. CKOHIIEHTPUPOBAHHAS B COJTHEY-
HOM KOHIIEHTPATOPE HEPT sl UCTIONB3YeTCs Ul CHHTE3a TePMOCTOMKHX, 00J1a1at0IIuX
ANEKTPOU30JALIMOHHBIMUA CBOMCTBAMM M YCTOMYMBBIX K TPEHMIO MarepuanoB. Kpome
TOTO, MPOBOAATCS HAyYHO-TEXHUUECKHUE Pa3pabOTKU C LETbI0 CO3aHUs TEXHOIOTHH
MOJIyYEHHsI TEPMOCTOMKHMX MAaTEpPHaoB U3 MECTHOTO ChIPbSl M IPOMBIIUIEHHBIX OTXO-
JIOB M IPOU3BOJICTBA U3 HUX M3/IENNH, HEOOXOAUMBIX B MEIUIIMHE, SHEPreTHKE, He(Ts-
HOM M Ia30BOM, @ TaKkXkKe B JIETKON NMPOMBIIUIEHHOCTH. C MOMOIIBIO COJTHEYHOTO KOH-
LIEHTpAaTopa MPOBOIUTCS IJIABKA YUCTBIX METAJUIOB, JIMILEHHBIX IPUMECEN.

ConHevHast SHEprusl yCIEUIHO HCIOJb3yeTCs Ha BBICOKOMOIIHBIX YCTaHOBKAxX
KOCMHMYECKHMX CTaHIUI. MaJloMOIIHBIE AIEKTPOHHBIE TEXHUYECKUE CPEACTBA (MHK-
POKaJIbKYJIATOPHI, Yachl, MOOUJIbHBIE Tele(OHHBIE anmapaTbl) Takke padoTaloT Ha
OCHOBE (DOTOAIIEMEHTOB.

Hcnonp30BaHue CONMHEYHON PHEPIHM BeChbMa NepcreKTUBHO. CoHEeYHas dHEp-
reTUKa SKOJIOTHUECKU YHUCTa, yA00Ha, OeCIIyMHa, €€ BO3MOKHOCTH Oe3rpaHUYHBbI.
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1. Kakue ycTaHOBKM Ha3bIBAIOTCS reMOTeXHUYecKUMU ? UTo M3ydaeT resmo-
TEeXHUKa ?

2. IloueMy HUCIIOJIB30BAaHUE COTHEYHOW SHEPTHH B Y30EKHUCTaHE CUUTACTCS
SKOHOMHYECKH I1eJIeCO00pa3HBIM ?

3. Kak B HameMm kpae u3/1aBHa JIFOH UCIOJIb30BATN COJIHEUHYIO SHEPTHUIO ?

4. Kakue paboThl OCyIIEeCTBICHBI B Y30€KHCTaHE MO Pa3BUTHUIO U MPAKTHYE-
CKOMY HCIIOJIb30BAHMIO T€IMOTEXHUKH ?

TECTBI IJIs1 IOBTOPEHMUS IJIABBI V

1. CBeToBO#i Jy4 mepexoauT M3 Bo3ayxa B Boay. Kakoe cooTHomeHue
BEPHO MEKILY YIVIOM NaJeHus o M yIJom npejomiaenus S ?

A) LB>Za; B) LBP=2La; C) LB=La; D) /B<Za.

2. CBeTOBOI1 JIy4Y NepexoAuT U3 CTeKJIa B BO3AYyX. YroJa mnaaenusi 30°, u
JIy4 MeHsieT cBoe HanpaBJjeHue Ha 30° . HalinuTe moka3are/b npejaomMJieHUs
cTexja?

A) 1,5; B) 2; C) 2 ; D)3 .

3. CBeTOBO# JIy4 majgaeT U3 NEPBOH Cpeabl BO BTOPYI0 mox yriom 60°.
Yroa npeaomisienus npu 3tom 30° . Haiiaure OTHOCHTEJIBHBIN MOKA3aTelb
MpeJjJoMJICHUS BTOPO#l Cpeabl.

A)0,5; B) 2; C) /3 /3; D)3 .

4. 5,5 kpaTHOe yMeHbIIEHHOEe MHHMOE H300pakeHHe npeMeTa 06pa3oBa-
JOCh Ha paccTossHUH 50 cM oT JMH3bI . OnpenenTe ONTHYECKYIO CHITY JHH3bI

(amTp).
A) -9; B) -5; C) -8; D) -2.

5. IIpeaMeT pacmoJio:keH Ha pacTOAHUU 16 cM OT JIHH3BI ¢ POKYCHBIM pac-
crosinneM 12 cm. KakoBo JinHeliHOe yBeJIM4YeHne JIUH3bI ?
A) 2; B) 3; C) 4; D) 5.

6. Ilpenmer HaxoauTcss Ha paccTossHUM 20 €M OT BBINYKJIOH JIMH3BI C
ontuyeckoi cuioii 10 xnrp. Haiinure yBesieueHune JUH3bI.

A) 0,5; B) 1; C) 0,8; D) 1,5.

7. Ha kakoM paccTOSIHUM OT JIMH3BI ¢ (POKYCHBIM paccrosiHueM 36 cm
BO3HHKaeT yBeJIMUeHHOe, MHUMOe H300pakeHHe MpeaMeTa, ecJu NpeaMeT
pacmnoJioxkeH Ha paccTtossnuu 18 cM ot JimH3bI (cM) ?

A)9; B) 18; C) 36; D) 12.

8. U3o00paxkeHue nmpeamera, pacnojioxkeHHOro Ha pacrosuuu 10 cm or
JIUH3BI, MOJYYHJI0Ch B 5 pa3 yMeHbIIeHHBIM U MHMMbIM. KakoBa onTtuuec-
Kasl CMJIA JIMH3BI (ANTP).

A)S; B) 10; C) -10; D) -5.
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9. C kakoro paccrosinus cororpadpuposano 3nanue JIHHOH 8 M, ecin
ero H300pakeHne HA HeraTUBe MOJYYHJI0Ch JVIHHOM 4 cM ? DOKYCHOE paccTo-
siHue o0bexkTHBA (poToannmapara S cm?

A) 4; B) 10; C) 41; D) 13;
10. KaxoBo yBeiu4eHue Jynbl ¢ JOKYCHBIM PACCTOSHHEM 2 CM.
A)9; B) 9,5; C) 10; D) 12,5.

11. OnpenesnTe ONTHYECKYI0 CHIY (ANTP) JyNbl, JAIOMHHA NATHKPATHOE
yBeJIM4eHHue.

A) 150; B) 15; C) 25; D) 20.

12. Kakoe n3o0pakeHue BO3HUKaeT B Jjyne?

A) nelictBuTeNnbHOE, 00pPaTHOE, YBEITUYCHHOE;
B) manMOE, 0OpaTHOE, YBEIUYEHHOE;

C) meiicTBUTENBHOE, IPSIMOE, YBEIUICHHOC,
D) mHUMOE, IpsIMOE, YBEIIMYEHHOE.

13. Paccrosinme Hawiy4yiiero 3peHusi 4ejoBeka 60 cm. Ha kaxkom
PACCTOSIHUM OT 3€pKaJia eMy HY/KHO HAXOAUTBLCH JJI TOr0, 4YTOObI Jy4lle
paccMoOTpeTh CBOE U300pakeHue B 3epKaJie ?

A) 25; B) 15; C) 30; D) 60.

14. lllkoNbHUK HOCUT OYKH € ONITHYECKOM CHJION - 2,25 TMONTPHUHU U YNTA-
eT KHUTY. KakoBO paccTosiHue HAUIy4Iero 3peHusi (CM) y 3TOro mKOJIbHUKA.

A) 10; B) 16; Q) 15; D) 12,5.

15. Manp4uk yuTaeT KHUTY 0e3 oukoB ¢ paccrossnust 20 cm. KakoBa ontu-
yeckasi cuia (ANTP) ero 04KoB.

A)-1,5; B)-1; C) -2; D) +2.

16. Ha kakom paccTosiHuu (cM) 0T coOuparomeii JuH3bl ¢ GOKYCHBIM pac-
cTosiHueM 12 cM cjielyeT pacnoJioKUTh MpeaMeT, YTOObI MOJYYHTh TPEXKpaT-

HO€ YBCJIMICHUEC ?
A) 16; B) 18; C) 20; D)15.
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OCHOBHBIE BbIBO/JbI 11O ITTABE V

OmneiT Onada BriepBrie ckopocTh cBera Obuta m3mepena O. Pemepom
Pemepa aCTPOHOMUYECKUM METOIOM.

OmneiT A. ®uso ®u30 U3MEPUI CKOPOCTh CBETA ONBITHBIM ITyTEM.
Cxopocth ceeta. |Ha ocCHOBaHMM TOYHOrO 3HA4eHHWsI CKOPOCTH CBETa

Hogoe onpenenenue
MmeTpa

(c=299 792 458 m/c) B 1983 1. I'naBHas accamOest MeKIy-
HapOJHBIX MEpP W BECOB IMPHUHSAJIA HOBOE OIpeNelieHue
MeTpa: «MeTp paBeH JJIMHE MyTH CBETA, MPOMJEHHOIO UM
B BaKyyMe 3a uHTepBas BpeMeHu 1/299 792 458 c».

Paccesanoe
OTpaXeHUs CBETA

Or HEPOBHBIX HOBCpXHOCTeﬁ CBCT OTPAKACTCA PACCCSIHHO.

3epKaibHOE
OTPaKCHHS CBETA

Ecnmn moBepXHOCTh B JIOCTaTOYHOM CTENEHW pPOBHAs
(Tmazkast), ToO CBET OTpakaeTcsl 3epKaJIbHO.

3aKOHBI OTPAKEHUS
cBeTa

1. Jlyd maparommii, Jiyd OTpaKeHHBIA WU IEPIECHIUKYIIP,
BOCCTAHOBJICHHBIN B TOUKE MaJI€HUs JIyya Ha IPAaHUIIE IBYX
cpen, JIeKar B OAHOM MIIOCKOCTH.

2. Yron otpaxeHnus £ y paBeH yIily NageHus £ o.

3aKOHBI
MIPEJIOMJICHUS CBETA

1. JIyu majarouuii, 1yd NpesoMICHHbIN U MepIeHAUKYJIP,
BOCCTAHOBJICHHBIN B TOUKE MaJICHUs Jyya Ha IPaHUIIE JBYX
cpen, Jexar B OIHOM II0CKOCTH.

2. OtHoOmIEHHWE CHHyca yIia MaJeHUS K CHHYCY YyIua
NpPEeIOMIIEHUS] [UIs JBYX Cpel SIBISETCS IOCTOSHHOM

o sina_ n,
BEJINYNHOU, TO €CTh. —.

sin B - n,

[TonHoe
BHYTpPEHHEE
OTpakKeHUe

[Ipu pacmpocTpaHeHur cBeTa W3 Cpeabl ¢ OONBIIUM
MoKa3zaTrelieM TMpPEeJIOMJIEHUST B Cpeay C  MEHBIIUM
MoKa3aTelieM MpelnoMmieHus: (n; > n;) MpU yrie NaJcHHs,
OonbllIeM NOPEENbHOIO yIvia MaJeHus, JIyd MOJHOCTBIO
OTpa)KaeTcs OT rPaHULIbl IByX CPEl.

[IpenenbHOE 3HaYEHHWE yIvia NAJECHUS O ONPENEISIETCS IO
. n,
dbopmyne: S, =—
n
T7€ 1; U 1, — a0COJIIOTHBIE ITOKA3aTeIN IPEJIOMIIEHUS IEPBOi
U BTOPOH CPEJIBI.

162




JInH3EI

IIpo3pauHoe Teno, oxHa uiAM 00€ CTOPOHBI KOTOPOTO
OrpaHUYEHBI C(heprHUeCKUMU TTOBEPXHOCTSIMH, HA3bIBACTCS
I1H30M. JIMH3BI OBIBAOT BBIIYKJIBIMU U BOTHYTBIMU.

Onrnyeckasa cuia
JIMH3EI

dopMmyna TOHKOM
JINH3BI

Benuunna, oOpatHas  (GOKYCHOMY  PacCTOSHHIO,
. . 1
HA3bIBACTCS] ONTHYECKON CUIION TUH3BL. D = R
I 1 1
= = 7 + 7 d — paccTosiHU€ OT MpeaMeTa A0 JUH3bI, f-

PAaCCTOAHUC OT JIMH3BI 1O 1/1306pa>KeH1/1$1.

JIunerinoe
}’BGJ'II/IT-IGHI/IC JIMH3bI

JIMHEeHHBIM YBCIUMYCHUEM JIMH3bl HA3BIBAIOT OTHOIIC-

HUE JIMHEMHOro pasMepa H300paXeHHUs K JIMHEHHOMY

f A'B'
pasmepy mnpeamera. Ilo ompeneneHuro: K =<4 = —
d AB
JIluHeliHOe  yBENIMYEHWE JIMH3BI MOXHO  OIpPEICITUTh

OTHOIIICHWEM pACCTOSIHHE OT H300paKeHUsT JI0 JIMH-
361 (f) K pacCTOSHUIO OT JIMH3BI 10 Tmpeameta (d):

k=L
d

Jlyna

Hyna— OTO JABOSKOBBIITYKJIasd JIMH3a, KOTOpas YBEJINYNBACT
YT'OJI 3p€HUA ITPEAMETOB. VBennueHue JIYIIBI OIIPECACIIACTCA

o ¢opmyse K = %

rae Dy — paccTosiHUE Haulydilero 3pesue. Dy= 25 cm.

doroamnmapar

doroanmapar — 3T0 MPHOOP, KOTOPBI MO3BOJSIET BOC
IPOU3BOUTh U XPaHHUTh H300pakeHHe Ha (OTOIUICHKE,
dororutactunke nim porodymare

Mukpockon

MUKpPOCKOII— 3TO ONTHYECKHUA MPHOOp, MOKA3bIBAIOLIHIA
B YBCJIIMYCHHOM BHUJE OYEHb MEJKHE, HE BHIUMBIC ITIa3y,
OJIM3KO PacIoNOKEHHBIE 00BEKTHI YBEIHUECHHE MUKPOCKOTIA
onpenensercs o popmyne K= [D,/F,F>,tae | — paccrosiHue
MEXy JTUH3aMu; F; 1 F>— (OKyCHBIE paCCTOSIHUS JIMH3.

bimzopykocth

Jlnsg ymydmeHus 3peHust Ipu OJIM30pYKOCTH HCTIONIB3YIOTCS
OYKH, HMEIOIIME JIMH3bl C OTPHULATEIbHBIM 3HAYECHUEM
ONTUYECKOM CUIIBI

I[aJ'IBHO?)OpKOCTB

,Z[J'ISI YVIy4dlICHUA 3PpCHUA IIPU JAJTBbHO30PKOCTH HCIIOJIb-
3YIOTCA OYKH, HUMCHOIIUC JIMH3bI C IOJOKHUTCIbHBIM
3HAYEHUEM ONTHYCCKON CHUJIBI.
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OUBNYECKAS KAPTUHA MHUPA.
PASBUTUE ®U3UKU U TEXHUKHU

§ 58. EAUHASA ®U3NYECKASA KAPTUHA MUPA
MexaHu4ecKasi KApTHHA MHPa

C npeBHUX BPEMEH YUYEHBIE Pa3MBIIUISUIA O KapTHHE Mupa. OJJHAKO OHU OIU-
pajKuch TOJBKO Ha MBILIUICHHE, YIIyCKas U3 BUIY 0000IEHNs HA OCHOBE OIBITOB
1 HaOIOACHUH.

IlepBbIM, KTO Hayaja OCHOBBIBATHCS Ha PE3yJbTarax ONBITOB IIPU U3YYECHUHU
NPUPOAHBIX siBIeHUH, Obul I anuneit. [TosTomy cunrtaercs, yto popmMupoBaHue
¢u3MKM Kak HayKu Hadasoch ¢ [anunes. Boiasuras uaeu o0 HHEPIMH U OTHOCH-
TEJIBHOCTH, OH MOJyYasl UX MOATBEpKJAeHUE Ha omnbiTe. PaboThl B 3TOM obnactu
obu1n nponoskeHsl M. Hetotonom. Takum oGpazom B XVII B. oT ecrecTBO3HA-
HUS OTJIEIWJIach MEXaHUKa U Obl1a MOCTPOEHA MEXaHWYECKast KapTHHA MUpa.

@ Mexanuueckasn KapmuHa mupa ciazaemcsa u3 maxKux 3jiemen-
moe, Kak mamepusi, Osuofceuue, npocmpancmeo, eépema, 63au-
Modeﬁcmeue, npuuuuuo-cnet)cmeenﬂan 3AKOHOMEPHOCHLb. Bce
npupoduble npoueccol 00bACHAIOMCA HA OCHOBE 3AKOHO08 Mexa-
HUKU.

[Tox Marepuell MOHMMAIOCh BELIECTBO, COCTOSLIEE U3 YacTUll. MUp COCTOUT
W3 JBWXKYLIEHCS MaTe€pUM, U ABUKEHHUE BCEX BUJOB IIEPEXOAUT B MEXAaHUYECKOE
nBikeHue. [IpocTpaHCTBO M BpeMsi paccMaTpHUBAIOTCS Kak aOCONIOTHas CYII-
HOCTb U HE 3aBUCAT OT marepuu u ABmxeHus (Hoioron). B XX B. Takoil B3misjg
Ha MPOCTPAHCTBO U BpeMsi ObLT OMPOBEPrHYT (DUHINTEHH); B3aUMOACHCTBHE OC-
HOBAaHO HAa YHUBEPCAJIbHOM 3aKOHE TSATOTEHHUS U MPOUCXOAUT MIHOBEeHHO. Cren-
cTBHE, 0€3yCIOBHO, 3aBUCHUT OT MPUUYUHBL. COOBITHUS UMEIOT MPUYUHHYIO CBS3b.
Eciu u3BECTHO OAHO COCTOSIHUE, CIEAYIOLIEE COCTOSIHUE MOKHO ONPENCIUTD Ha
OCHOBE NMPUYMHHO-CIEACTBEHHOro npuHiumna. CornacHo MpeacTaBICHUIO Kilac-
CHYECKON MEXaHWKH, CO3JaHHOMY HbIOTOHOM, pa3aenabHble COOBITHUS, TTPOLIECCHI
Y JI0Ka3aTeJIbCTBA CHAvalla CUCTEMAaTU3UPYIOTCS M, CBA3BIBASCH MEXKIY COOOI Ha
OCHOBE MEXaHWYECKUX 3aKOHOMEPHOCTEH, 00pa3yroT 0OIIYI0 €IUHYIO KaPTHHY.

3JI€KT]Z)0M&FIIPITIIZIH KapTuHa MHpa

B XIX B. Hauanoch UCCIEA0BAHUE DJIEKTPOMArHUTHBIX SIBIEHUM, PACKPBITHE
X 3aKOHOMepHOcCTe. OIHAKO ATH SABJICHUS TMBITATUCH OOBSICHUTH C MEXaHU-
YeCKOM TOYKHU 3pEHHUs Ha OCHOBE KakKWX-TO (IrouaoB (mpeamnonaraemasi ocodas
KUJIKOCTh WM Cpefia). DTU B3IJISAAbI ObUTH MOJABEPTHYTHI KPUTUKE U OTBEPrHY-
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Tol. BBenenne M. ®apaneem NOHATHS 2JIEKTPOMAarHUTHOTO MOJIS IBUJIOCH B HAYKE
Ba)KHBIM I1aroM Briepel. Pa3BuB €10 2IEKTPOMarHUTHOTO 1oJjs, k. MakcBenn
CO3JaJ]1 TEOPUIO IEKTPOMATHUTHOIO MOJSA. DIEKTPUUECKUE U MarHUTHBIE SIBJIE-
HUS, pacCMaTpPUBAaBILINECS O OTAEIBHOCTH, OBUIH yropsigoueHsl. [Ipu aTom cun-
TaJIOCh, UTO DJIEKTPOMArHUTHOE I10JI€ TIOCTOSTHHO U3MEHSIETCS B IPOCTPAHCTBE.

Ecnu, cornmacHo MeXaHUYECKOW KapTUHE MUPA, MAaTEPHs COCTOUT U3 BEILIECTBA,
TO, COITIACHO 2JIEKTPOMAarHUTHON KapTHMHE MHMpa, — OHA MOXKET CYILIECTBOBATh B
BUJI€ NOJIA. [IBUKEHHE COCTOUT HE TOJBKO U3 IBHKEHUS BEIIECTBA U €0 YAaCTHI],
HO U U3 JBM)KEHMS M10JIS M €T0 AIEKTPOMAarHUTHBIX BOJIH. B3anMoaencTee MOXeT
IPOMCXOJUTh HE TOJBKO MTHOBEHHO Y€pe3 IPaBUTALIMOHHOE II0JIE, HO U Yepe3
JIEKTPOMATHUTHOE I10JI€, PACHPOCTPAHSIONIEECS] C OTPAHUUYEHHOH CKOPOCTHIO.
Taxum oOpa3zom chopMupoBasiach 3JIEKTPOMAarHUTHAsI KapTHHA MUpA.

@ BmecTe ¢ TeM ObLJIO YCTAHOBJICHO, YTO B PUPO/e CYIIECTBYIOT
ABa BUAA GyHAaMEHTAJIbHOI0 B3aMMO/IeliCTBUSI— TPABUTAIIHOHHOE
U JIEKTPOMAarHuTHOe.

CoBpeMeHHas1 pu3nvecKasi KAPTHHA MUPa

B xonne XIX u nagane XX BB. HcClIeAOBaHUS B 00JaCTH aTOMHOM (U3UKHU
[IOKA3aJI¥, YTO TEOPUS O KBAHTOBOM IPOUCXOKIAECHUU IEKTPOMArHUTHOTO I10JIH,
y4E€HHE O BOJTHOBOW MPHUPOJIE€ YACTHIL, 3aKOHBI KIIACCUUECKON (PU3UKU CIIpaBEIH-
BbI HE JUIs BcexX (pU3MuecKux siBieHuid. Pa3jenenune Matepuu Ha BELIECTBO, UMeE-
IolIee MPEPBIBHOE CTPOCHHE, U Ha OeCIPephIBHOE MOJIE MOTEPSIO CBOM a0COII0T-
HBIN CMBICII.

BB110 yCTaHOBIEHO, YTO KOPILYCKYJISIPHO-BOJIHOBOM Iyalu3M («Iyalu3M» 03-
HAyaeT «JABOWCTBEHHOCTH)») MPUCYI BCeM (OpMaM MaTepHH— BEIIECTBY U IMOJIIO.
B pe3ynbraTe 3T0r0 OBUIM OTKPBITHI KBAHTOBBIE CBOWCTBA MAaTEPUH.

C BO3HMKHOBEHHEM KBAHTOBOHM (PM3MKH, ONMUCHIBAIOIIECH IBUKEHUE MHUKPO-
YacTHIl, B €IMHON (PU3NYECKON KapTUHE MHpa CTaJIM MPOCMATPUBATHCS HOBBIE
sneMeHThl. byayun abcoiatoTHO OOLMMU, PUHIUITEI KBAHTOBON TEOPUU MpPUME-
HSUIMCH JUISL XapaKTEPUCTUKU BCEX YACTULL, UX B3aUMOJACHUCTBUM U B3aUMOIIpEBpa-
LICHUM.

1. 13 KakMX 211€MEHTOB COCTOUT ME€XaHUYeCcKasi KapTUHA MUpa ?
2. Yem omMuaroTCsA APYr OT Apyra MEXaHHUYECKas U 2JIEKTpPOMarHUTHas
KapTHUHBI Mupa?
3. Uro BBl 3HaeTE 0 eqUHON (Pu3ndeckoil kKapTuHe Mupa?
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§59. PASBBUTUE ®U3UKHN U TEXHUKHU. UCCIEJOBAHMUSI,
IMPOBOJIUMBIE B Y3BEKNCTAHE B OBJIACTU ®U3UKU

Pa3Butune QpuU3NKN N TEXHUKHU

B nepBOOBITHOOOIIMHHOM CTpO€ CHauaja MOSBUINCH KaMEHHBIE OpYAUs, 3a-
TEM JIYK U CTPEJIbl, [NIMHAHAS [10CYy/1a, KAMEHHbIE TOIIOPBI U MEHbIE opyaus. B 4-3
TBICAYEIICTUAX 10 HAIlIE 3pbl BOZHUKIIUA MEAHBIE OPYAUS TPYJa, a IMO3HEE CTAI0
HCIIONIb30BaThCs kene30. C pa3BUTHEM 3eMIIEEIuUs MOSBUINCH YCTPOMCTBA IS
W3BJIEYCHUS BOJBI U Opyaus s 00paboTku 3emiu. B cTpourenscTBe ObUIN M30-
OpeTeHbl pa3IndHbIe IPY30I10bEMHBIEC phIYaru. JIIoau HayYUIUCh CTPOUTD JIOAKH
U3 JIepeBa U Iu1aBath Ha HUX. [lo31Hee nosBuiIMCh napycHsele cyaa. beuin co3ganbl
TKallKue CTaHKH, Ha4aJu pa3BUBATbCS KyCTapHBIC IIPOMBICIIBL.

B XV—-XVI BB. OblJIN TOCTPOEHBI IOMEHHBIE TIeur. B BOeHHO# TeXHMKE MOsI-
BUJINCh OTHECTPENbHbIE Opyaus, MaIiuHbl 1 Mexanu3Mbl. B X VIII B. 66111 c03-
JlaHbl TApOBasi U TKALKKE MaluHbl, a B XIX B. — meyaTHas MalinHa, Tenerpad-
HBIH anmapat, pororpadus, IBUraTeab BHyTPEHHEr0 CrOpaHus, paauo, TenedoHx,
KHHeMmatorpadus, aBTOMOOMIIb, TIOJYUUIIN alibHEHIIee pa3BUTHE BOCHHAS TeX-
HUKA U XKEJIE3HOAOPOKHBIA TPAHCIIOPT.

brnaronaps pa3sutHio GU3UKY U APYTUX HayK B XX B. TEXHUYECKUI IPOrpecc TOCTUT
HEBUIAHHOTO Pa3Maxa BO BCEX HAIIPaBJICHHUX. B IMPpOKuX MaciTabax OCyIECTBISIIOCH
IIPOM3BOJICTBO JIEKTPOIHEPTUNH €€ UCIIONb30BAHUE. DJIEKTPUYECTBO CTAJIO UCTIONB30-
BaTbCsl BO BceX 00NacTAX. BBICOKOro ypoBHS pa3BUTHS JOCTUINIM MAIIMHOCTPOCHUE,
aBMAIMsl, aTOMHAsi TEXHUKA, KNOEPHETHKA U BHIYMCIUTEIbHAS TEXHHUKA, HIEKTPOHUKA,
TeJIEBU/ICHUE, PAKETOCTPOCHUE, ABTOMATHKA, KOCMOHABTHKA, MH(OPMAIIMOHHBIE TEXHO-
JIOTUX U ApPYTHe OTPACIU. TEXHUYECKUE NOCTHKEHHs BHEIPEHBI B IIPOMBILIIEHHOCTD,
CeJIbCKOE XO3sIHMCTBO, OBITOBOE OOCITY’KUBAaHHE, HAYKYy, IPOCBEILICHUE, KYIIBTYpY, CIIOPT,
CTPOUTENILCTBO, TPAHCIIOPT, CBSI3b, DHEPTETUKY U APYTHE OTPACIIH.

B XXI B. 03)uaatoTcsl BEIMKUE OTKPBITHSA B 001acTH UHPOPMALIMOHHBIX TEX-
HOJIOTUH, OMO(PU3NKHU 1 HAHOTEXHOJIOTHil.

HccaenoBanusi, NpoBOAUMbIe B Y30eKHCTaHe B 00,1acTH (PU3UKH

Ha namreit 3emie, B3pacTUBILEH TaKUX BETUKUX y4eHbIX, kak Dapobu, bepy-
Hu, MOH Cuna, Yayroek, Bceraa yaensyioch O00bllioe BHUMaHUE Pa3BUTHIO Hay-
K. B Hacrosiee BpeMsi B BBICHINX YUEOHBIX 3aBEICHUAX, a TaKXKe B HAayYHBIX
yUpexAeHUIX AKaJeMUu HayK MPOBOAATCS IIMPOKOMACIITA0OHBIE UCCIET0BAHUS
[IOYTH BO BCEX HAIpaBICHUAX (PU3NUECKON HAYKH.

B 1920-1930 1. B Y30ekucTane Hay4dHO-HCCIIEA0BATENbCKUE paboThl B 00IaCTH
(U3UKHM OCYIIECTBISUIUCH B JTaOOPATOPHSIX BBICHIMX y4eOHBIX 3aBefeHuil. B1932 .
obu1 yupexxaen Komuter mo Hayke Y30ekucrana. B 1943 1. 6buia co3nana Akaaemust
Hayk Y30ekucrana. B aTom e romy Obut opranu3oBaH PU3NMKO-TEXHHUYECKHNA WHC-
TUTYT Akazemun Hayk. Ha ocHoBe maGoparopuii 3TOr0 MHCTUTYTa ObUIM CO3AHBI:
1956 . Uuctutyt sanepHoit ¢pusnku, 1966 r. — AcrpoHOMUYeCcKUit HHCTUTYT, 1967 .
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— MHCcTHTYT 271eKTpoHUKH, 1976 1. — HayuHo-nipon3BoncTBeHHOE 00beauHenne «Du-
suka—ComHiey». 1977 r. Otaen rerutodusuku AH PY3, 81992 . — Hayuno-niponsBozc-
TBeHHOE 00bennHeHne «Kocmocey, B 1993 . — MHcTUTYT MatepuanoBeneHus. B atux
HAay4YHO-UCCIIEIOBATENLCKUX YUPEKICHUAX, a TaKke B TalIKeHTCKOM rocyaapcTBEH-
HOM yHUBepcutere (HbiHe HarmoHanbHbIl yHUBepcUTeT Y30ekucrana), Camapkani-
ckoM 1 Hykycckom rocynapcTBeHHBIX YHMBEPCUTETAaX, U JPYTUX By3ax IPOBOIATCS
UCCIIEIOBaHUs KOTOPbIE BHOCAT JOCTOMHBIN BKJIAJ B pa3BUTHE (PU3UKH BO BCEM MHUPE.

Bbl yxe 3HaKOMBI € HCCIIeIOBAaTEIbCKUMH paboTaMu, MPOBOJUMBIMH B Y30e-
KHCTaHE B 00J1aCTU TeNuoTeXHUKU (cM.§ 57). JlocTukeHus yueHbIX Hamlei crpa-
HBI B JIPYTUX OTpaciiax (U3MKU TAaKKe BechbMa 3HAuUMTEIbHBL. B yacTHOCTH, OT-
KPBITHI 2JIEKTPOHHO-s/IEpHBIE INBHU B aTMoc(epe, BIIEPBbIE B MUPE OMPEICIEHO
SIBJIEHUE KOT€PEHTHOM NU(PaKIIMOHHOHN AUCCOLMALUU TPOTOHOB B siape. Co3nan
P BUJIOB TBEPABIX PACTBOPOB, 00JAJAIONINX MOJTYTIPOBOJHUKOBBIMU CBOMCTBA-
MH, U U3y4eHBl UX cBoiicTBa. Ha OcHOBE pe3ynbpTaToB HMCCIEJOBAaHUN CO3JaHBI
CBEPXBBICOKOYACTOTHBIE JAMOABI, TPUOOPHI ISl U3yUYEHUs OBICTPONPOTEKAIOIINX
B MOJYNPOBOJHUKAX IEKTPOHHBIX MPOIECCOB, IMeperaronine n3oopaxenue ¢o-
TOJMOHBIE MATPHUIIbl, KPEMHUEBBIE U JIUTHEBBIE JETEKTOPHI U Ipyrue NpuOopshI.

B HayuyHO-HCCIIeI0BaTeNbCKUX YUPSKACHUAX U JTA00PaTOpUsX BBICIINX yYEOHBIX
3aBeJIeHNI Y30eKHUCTaHa MPOBOIATCS UCCIEIOBAHMS TI0 COBPEMEHHBIM (DyHIaMEHTaIlb-
HBIM HampaBiIeHUsM (U3UKU TBEPABIX Tel, TEIIO(PH3UKU U MOJIEKYIIPHOU (DU3MKH,
ONTHKHM M aKyCTHUKH, KOTOpPBIE MMEIOT Ba)XKHOE MPHKIIAJHOE 3HaueHue. B yacTHOCTH,
pa3paboTaHbl HOBBIE CIIOCOOB! PETYIHMPOBAHUS € MTOMOIIBIO JIA3€PHOTO JIy4a BBICOKO-
TeMIIepaTypHOIo CUHTE3a BEIIECTB, X CTPYKTYpHI U cBOiicTB. Co3/1aH MUpoMeTp, pabo-
tatoiuii B uHTepBasiax teMuneparyp 5—1000 °C u 80-2000 °C, HOBBI BU IPUEMHUKA,
CIOCOOHOTO YJIaBIMBATh H3Ty4YEHHE TeJl, UCITYCKAIOINX HH(PPAKPACHBIE JTyUH.

B oOmacti onTHKM KOHIEHCHPOBAHHBIX CPEJ M3yuYeHBI ONTHYECKUE SIBICHUS,
CBSI3aHHBIE C PACCESTHUEM JIa3€PHBIX JIy4el B CBEPXUMCTBIX MPO3PAYHbIX cpenax. B
pe3ynbrare 00HapyKEHO HOBOE SIBJIEHUE — CKOPOCTHASI IIIMPOKOIIOIOCHAS JIIOMUHEC-
neHuus. B o6nactu na3epHON CEKTPOCKONMH OTKPBITHI SBIEHUS aHOMAJIBHOTO OT-
KJIOHEHHSI U CaMOTIPOM3BOJIBHOTO (POKYCHPOBAHMS JIa3€PHOTO Jy4ya B HETMHEHHBIX
cpenax. CoznaHa onTHKa HETMHENHBIX MOAYJISLIMOHHBIX CBETOBBIX BOJIOKOH.

Hamm yuenble co3aanu pa3nudHble TUOJbI C BEICOKOA((HEKTUBHBIMU H3ITyYe-
HusMu (akagemMuk M.C.CaugoB), 1 Takxe B COTpYAHHYECTBE ¢ yueHbIMU Poccun
CO3J]aHbl PAa3JIUYHbIE MATEPUAJIBI AJIsI KOCMUYECKUX MCCIIEI0BAHMI.

[IpoBoanMble B Hallel CTpaHe MCCIEAOBaHMS B 00JacTH (DU3UKU MOCTYKAT
BKJIaJIOM B JlaJIbHEMIIee pa3BUTHE (PU3UKHU BO BCEM MHPE U TIOBBILIIEHUE OJ1arococ-
TOSIHUS JKU3HU JTIOEH.

1. lokaxkute, 4To (hU3UKA SBISETCS OCHOBOM TEXHUUYECKOTO Mporpecca.
@ 2. PacckaxuTe 0 PU3HKO-TEXHUYECKOM MPOTpecce ¢ APEBHUX BPEMEH J10

HaIlIUX JHEH.

3. Uto BBI 3HaeTe 00 UCCIEAOBAHUAX B 00J1aCTH (PUBHKHU, IPOBOJIUMBIX B

V36ekucrane ?
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OTBETbBI K YITPA)KHEHUAM

Yop 1. I.N = 1,2:10%. 2. d =25 -10"m. 3. N =1,67-10%. 4. V = 27 cm’.
5. N=2-10*.

Vop 2. lv=15wmome. 2. m=352r. 3. N=1,510%. 4. my= 6-102° k.
6. M =44 r/monb ( yIJIEKHUCIBIH ra3).

Yop 3. 1. N=1,8:10*. 2. m = 373 . 3. ymiekucnsplii ra3. 4. n = 3,33-10% m?.
5. N=1,0510* 6.5§5=072wm> 7.m=40r 8. V=05n 9. n=3107 M.
10%. [ = 3-10® m. JIns  9T0if HuTH ObUTa OBl B ~78125 pa3a OGoublue
yeM pacctossHur oT 3emmu g0 Jlywsl. 11°. V' = 81 cm®. 12*%. N = 3-10*.
13*. d=2,5-10" m.

Yup 4.1.p=800Tla. 2.p=108 xlla. 3. 0= 120 m/c . 4. E.=4-10?]x.
5.p=0,75 kr/M’. 6. 0= 2000 m/c . 7. E _=1,125-10"x

Yp 5. 3. YeenuuusaercsiB 3 paza. 4. p~13,8«lla. 5.n=5-10"m3. 6. N=2,65-10%.
7. N = 265.

Yup 6. 1. 0~ 1765 m/c . 2. T= 321 K. 3. T=460 K. 4. E =6102]Ix.
5.n=3-10%m>. 6.V=0,5m’. 7.T=700K. 8.To=50K.

Yop 7. 1. V=3 M . 2. v=23 moab. 3. M =32 r/momnb, kucimopon (O,).
4.p=2,5kr/M>. 5. T=318 K. 6.v=2,4 monb. 7.v=2490 mons. 8. 7=700K.

Yop8.1. V=0,512.2.p=1,2-10°Ta. 3. V=12,5 1. 4. p =80 kI]a.

Yop9.1. V>,=20xn. 2.AT=216K. 3. V=41.4. AT=128 K.

Ynp 10. 1. 7=400 K. 2. [laBnenue yBenuuuBaercs = 2,2. 3. p; = 125 klla.

Yop 11. 1. p, = 1,5-10° [Ta. 2. JlaBnenue ymeHbiiaercs B =1,72. 3. 1, =99 °C.
4. O0beM raza ysenuuubaercs Ha 30%. 5. A =25 wm. 6. 71 = 120K . 7.7, = 200 K
8.7, =240 K

Yop 12. 1. m = 0,8 xkr. 2. p =75 klla. 3. Ymenbmaercs Ha AU = 4487 JIx.
4.  VYBemuuumBaercsi Ha AU = 12465  JIx. 5.  VYBenuuupaer-
ca AU = 59,6 «x/x. 6. VYBemmuuBaercs Ha AU = 30 [x.
7. YBenuuuBaeTcs Ha 2 pasa.

Yopl3. 1. AV=03m. 2. At=70°C. 3.4=201J.4.4=0,25 JTx.

Yup 14. 1. 0=67,5 x/Ix. 2.c =890 JIx/ (xr -K) amomunuit. 3. Q =504 xJx.
4. 01 =78 xlx; O>=1,95 xJIxk.

Yup15.1.m=53,5r.2. VBenuuuBaercs B 4,2paza. 3. Y Bemmunsaercs Ha AU=900 x.
4. 6,=113°C. 5.4=200Ix. 6.7, =100 K; A= 4155 Ix. 7.m, =48 kr.
8. Bomopon 2 paza 6ompiie. 9.1=20°C. 10. V,=40x; V>,=40x1 11. At=320°C.

Yop16. 1.m=200r 2. m=725kr 3.0=322MIx. 4. 0=3-10" Ix.

Yup17.1. A=5k/lx. 2. AU= 2,8 k/lx. 3. A=1,4/lx. 4. AU=7,5 x/lx.
5.0=6232 k. 6. Q=500 Ix. 7.v=1 monb

Yop18. 1. A=252 Tx. 2.7=60%. 3.7, =800K. 4. 4=390 J[xk. 5.4=42 xJ[x.
6. AT=335K. 7*. 01 =900 x/Ix. 8% AT=600 K.

Yop 19. 1.7 =28 %. 2. t = 9 munyr. 3. m = 0,2 xr. 4. m = 37,8 k.
5.7,=300K. 6.4A4=20x/Ix. 7.5s=138 km. 8. N =36 kBt

Yop 20. 1.d=21 mm 2. r=0.25mm. 3. h =102 mm. 4. m = 46,7 mr.
5.0=23,4mMH/M. 6.0= 33MH/M. 7.N=285. 8.h=90wmMm. 9. AW =96 mx/[x.
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10. AW = 0,5 m/Ix.

Yop 21. 1.6 =955Mlla. 2.S=3cM* 3. h=12,7m 4. E = 196 I'Tla.
5.d=7,7mm. 6. [ =2548 m.

Yup 22. 1. 0 = 1008 x[x. 2. m = 0,17 kr. 3. Q = 167 x/Ix. 4. U3 cranu.
5.m=125kr 6. Q=75 MJIx.

Yup23. 1. 9=11,5Mx. 2. 9=-115xdx. 3. ¢=58%. 4.9 =63 %.
5.0=65%. 6. p=1091t/™M 7.¢0=062%.

Yup 24. 1. t=2095¢.2.4,~=500c, n=13c. 3. v=12,6¢c.

Yup25. 1. £La=35%2.d=12m. 3.0=1510"wm/c. 4. L[ ~=19°.

5.0 2 %o,

S N

Yup 26. 1. Lay=49°.2.n=1,79. 3. Lay=30°.4. n=1,2. 5. n=1,64.

Yup 27. 1. Dy = 2,5 nnrp, D, = 4 nntp, D; =10 antp, D4y = -10 ootp,
Ds = -4 nutp, Ds¢=-2,5 nutp. 2. D=4,5 nutp, 3.f=30cMm K =2. 4. F =12 cm,
D =83 mntp. 5.d=62,5cm. 6. D=3 anrp. 7. D=-3 gutp. 8. D =45 autp.

Yop 28. 1. K=10. 2. F=1,25cm. 3. K=200. 4.D =12 wm. 5. B nepsom
6.K=4.7.1=90 cm.

Yup29. 1.d=50wm. 2. K=833. 3. D=+2 antp. mns namu. 4.a=12,5 cm.
5. D=-225 nntp. 6. a=17 cm.

OTtBeThl K TecTaM | r1aBbl

1D | 2B | 3D | 4B 5B 6.B 7.B 8.B 9.D 10.D
11.A(12D| 13.A| 14B | 15.C | 16.D | 17.B | 18.C | 19.B | 20.D
21LA|22.C (23 A 24B | 25D | 26.D | 27.D | 28.C | 29.A | 30.B

OTtBetnl Kk TecTaM Il m1aBbl

1A | 2A | 3B 4.B 5.C 6.B 7.D 8.D 9.C 10.D
ITLA|12A | 13A| 14B | 15A | 16.A | 17.A | 18D | 19.D | 20.C
21.C (22.D [23.B |24.C [25.A |26B |27.A 28.A | 29.D

OtBeThlI k TecTaM 111 riaBbl

1D [2.C |3.B |4.C 5.A 6.C 7.B 8.A 9.C 10.C
11.D (12B |13.D |14.A [15.C
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OTtBeTthI K TecTaM 1V riaBbl

1D [ 2B | 3.A 4.A 5.D 6.C 7.D 8.D 9.D 10.A
11.C [12.A| 13.B | 14B | 15.A | 16.A

OTtBeThl K TecTaM V IJ1aBbl

1.D 2.D 3.D 4.A 5.B 6B | 7C | 8.C | 9B 10.D
11.D | 12D | 13.C | 14.B | 15.B | 16.A

HNCITOJIB3OBAHHAS JIMTEPATYPA

1. I1.Xa6ubymnaeB, A.boiinenaeB, A.baxpomo, M.IOnmamesa. DOU3UKA.
VYyeOnuk 9 ro xnacca. Tamkent, «3aarenscko-nonurpaguueckuii TBOpUECKUit
nom umenu [adypa 'ynsama”, 2014 1.

2. HUIL.Typaue. ®U3UKA. Yuebnuxk 9 ro kmacca. Tamxkent, «M3narens-
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KEHT. «YkutyBun», 2002 r.
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2007 r

8. B.M.JIlykammk. 3anumarenbHas ¢uszuka. COOpHUK 3a7a4 U BorpocoB«M3aa-
TEJIbCKO-TIONUrpaduueckuii TBopueckuit 1om umenu 'apypa ['ynsima”, 2016
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CBEOEHNA O COCTOAHNN APEHOHOIO YYEBHUNKA

Ne Nwma, bamnnusa Yye0b- CocTos- Moanucek | Coctos- MNopnuck

yYeHUKa HbI HWe y4eb- | KnaccHoro | Hme y4eb- | knaccHoro

rog HUKa Npyn | pyKoBOAW- | HMKA Npu | pyKoBoau-

nony4YeHnmn Tens cpadve Tens

1
2
3
4
5
6

Tabnuua 3anonHAeTCcs KNacCcHbIM PyKOBOAUTENEM NpuY Nepegayve
y4eOHUKa B apeHay v BO3BpaLLEeHUM Ha3az B KOHLE y4ebHoro roaa.
Mpw 3anonHeHn Tabnumubl UCNOMb3YTCA criegyoLwmne

OLEHOYHbIE KpUTEPUM

HoBbIn y4yebHUK

CocTtosiHne y4yebHMKa Npu NepBoK Nnepegaye B
apeHay

XopoLuo

O6noxka uena, He oTopBaHa oT 6rnoka kHuru. Bece
CTPaHWLbl B HANM4YUn, He NnopBaHbl, He BbiNagatoT U3
Onoka, Ha cTpaHuLax HeT 3anucein 1 NoMapox.

yD,OBJ'IeTBOpI/ITeJ'IbHO

O06roxkKa HecKonbKo OTXoauT OT Oroka,

crerka nomsita, ucnadkaHa, kpasi noTépTbil;
yOOBETBOPUTENBHO BOCCTAaHOBIEHA
nonb3oBaTtenem. HekoTopble CTpaHULbl UCHEPYEHDI,
BblMNaBLUNE CTPaHWLbl MPUKIEEHbI.

Y4ebHuK pecTaBpunpoBaH

HeynosneTBopuTENbHO

O6noxka ncnavkaHa, nopeaHa, oTopBaHa oT 6roka
KHWUTW UM COBCEM OTCYTCTBYET.

CTpaHunubl NOpBaHbl, UCYEPYEHbI, B MOMapKax,
HEKOTOPbIX CTPaHWUL, He XBaTaeT.

Y4ebHUK HENpUrogeH K BOCCTAHOBIIEHWIO.






