Jlexus Ne 8.
Mexannueckue Kojaedanusi. CBo00qHbIE He3aTyXaloIue KoJieOanus.

Bunas! kos1edanmii.

Ipyxxkunublii MassTHUK. [[apMoHMUYecKHe KOJIeOAHUS.

OcHOBHbIE XaPaKTEPUCTHKH K0J1e0aTeILHOI0 mpoiecca.

Mauibie kos1e0anusi. ®u3nvecKkuii MasiTHUK.

Maremaru4eckuii MagsTHUK. KBasuynpyrue cuiisbl.

I[Hepuoasb! koJieOaHU PYKUHHOTO, PU3UIECKOI0 U MATEMATHYECKOI0 MasiTHUKOB.
CiokeHue Koj1e0aHuI.

NoogkrwnpE

1. Buasl KoJie0aHui.

Konebanusmu Ha3bIBAIOT MPOIECCHI, OTINYAIONTUECS TOW WM MHOW CTETICHBIO TTOBTOPS-
emoctu. KosiebaHus mupoko pacipoCTpaHEHbI B MPUPOJIC U TEXHUKE U JIEKAT B OCHOBE IIEJIBIX
oTpaciieil TeXHUKH (JIEKTPOTEXHHUKA, paAUOTeXHUKA U T.1.). Kak u mo0oe sBIICHUE TPUPO/IBI,
KoJIeOaTeIbHBIE TTPOLIECCH MOTYT ChITPAaTh U OTPULIATEILHYIO POJIb (KOJIEOaHHsI KPBUILEB CaMO-
7€Ta, CTPOUTENBHBIX KOHCTPYKIIUHN | T.1.).

PaznuuaroT ABa BUa KOJIeOaHM — MEXaHUYECKHE U DJIEKTpOMarHuTHeie. B 3aBucumoctu
OT BHEIIHETO BO3/ICMCTBUA pa3inyaloT CBOOO HbBIE (COOCTBEHHBIE) U BBIHYK/IEHHBIE KOJIEOaHNUS.

CBoOoaHbIe KOJIEOaHUSI TTPOUCXOMAAT B CHCTEME, MPENOCTaBICHHON camoil cebe, mocie
BbIBOJIa €€ M3 paBHOBecHs. BBIHYKIEHHbIE KOIEOAHUS MPOUCXOMAT MOJ JACWCTBUEM BHEIIHEU
MIEPUOINYECKH ICUCTBYIOIIEH CUIIBI.

Emgé onun Bun xonebanuii — aBTokone0aHus. DTO BHIHYKACHHbBIE KOJeOaHus, MPH KOTO-
PBIX CHCTEMa caMa YIIpaBJsieT ACHCTBUEM BHEITHEN CHJIBI (MAsITHUK B Yacax).

[TapameTprudyecKuMHU Ha3bIBAIOT KOJICOAHUSI, TPOUCXOSIINE B CIECTBIUE U3MEHEHUS Ka-
KOro 100 mapameTpa CUCTEMBI.

2. lIpyxkuHHBIA MasiTHUK. ["TapMoHnyecKkue KonedaHus.
PaccmorpuM Teno, nexalnee Ha IVIAJKOH To-

1 PU30HTAJIBHON MOBEPXHOCTH, CKPEIUIEHHOE C MPYKH-

o HOH. IlycTh TpeHHEM MEXKIY MMOBEPXHOCTBIO U TEIOM

\ | =1 MOXHO mpeHeOpeub (puc. 8.1). Ecinu mpyxuna He
Ving nehopMHUpOBaHa, TO Ha TEJIO JEHCTBYIOT TOJIBKO JIBE

Prc. 8.1 5 CHUJIBI — CHJIA TSKECTH m_d M CuJla pCaKIHM OIOPhI

7 [ o E, __KOTOpbIE€  KOMICHCHPYIOT — Jpyr  Apyra.

_ N +mg = 0. Ilocne BbIBOJA CUCTEMBI U3 ITOJOKECHUS

J Ying " paBHOBECHs Ha TEJIO HAYMHAET JECUCTBOBATH HUYEM
Puc. 8.2. HE CKOMIICHCHUPOBAaHHAsl CUJIA YIPYTOCTH, CTPEMsIILA-

sICsl BEPHYTh CHCTEMY B MCXOJHOE cocTosiHue. Ecimu
cucTeMa IpeloCTaBlIeHa caMoil cebe — Teslo CoBepIIaeT CBOOOAHbIE He3aTyXarolue KoneOaHus
(puc. 8.2.).
Cucmema, cogepuarowias Konedanua noo oeiicmeuem Cuibl ynpyzocmu, Ha3vléaemcs
NPYIHCUHHBIM MAAMHUKOM.
Ilo 3axony I'yka cuna ynpyroctu F =-k-x. Ilo Bropomy 3akoHy HeroToHa 3Ta cuna
F =ma . [IpupaBHUBas IpaBble YacCTU IOCJICAHUX YPAaBHEHUM, W, YYUTBIBAs, YTO YCKOPECHUE

d’x
= e =x" ecTh BTOpas NPOM3BOJHAS KOOPIMHATHI 1O BPEMEHH, MOXKHO TIOJIyYUTh
K " k
X"=—-—-x (8.1). BBeném obo3nauenune: — = w, (8.2). Torma (8.1) mpumer Bux:
m m

X" =-a] -x (8.3).



VYpaBHenue (8.3) B MaTeMaTUKE Ha3bIBAETCSI TAPMOHUYECKUM OCLMJUIATOPOM MM TUd-
(bepeHIanbHbIM ypaBHEHHEM BTOPOTO MOpPSIKa (T.K. B €ro MpaBOil YacTH CTOMT 3HAK BTOPOH
npou3BoHON). Pemnth quddepennuanbHoe ypaBHEHUEe — 3HAUUT HAWTH (DyHKIIMOHAIBHYIO 3a-
BUCHMOCTb IIEPEMEHHOM, YJOBIETBOPSIOLIYIO JaHHOMY YCJIOBHIO. B HaleM ciyuae ycioBue Ta-
KOBO: BTOpasi MPOU3BOAHAS KOOPAUHATHI 10 BPEMEHHU MPSIMO MPOIOPIMOHANIbHA CaMON KOOpAU-
HaTe, B3SATON ¢ OOpaTHBIM 3HAKOM. B MaTemaTnke OKa3bIBaeTCsl, YTO TOJBKO JBE (PYHKUIUHU 00-
JaJal0T 3TUM CBOMCTBOM. JTO (PYHKLUMHM CHHYCa U KOCHHYCA, ITO3TOMY DPELICHHUE YpaBHEHHs
(8.3) mmeer Bum: x =X, -Sin( @, -t +¢,) (8.4) mmm x =Xx_ -cos(w, -t +¢,) (8.5).

Kax Bunno ypaBuenus (8.4) u (8.5) mO3BOJISIOT ONPENETUTH MOJI0KEHUE KOJIEOIIIOLIET0-
cs Tejia B JII000M MOMEHT BPEMEHHU, TO €CTh SBJISIOTCS PEIIEHUEM OCHOBHOH 3a/laud MEXaHUKHU
JUIsL KOJIe0ATEIbHOTO JBUKECHHUS.

Konebanusa, npoucxooaujue no 3aKoHy cunyca uiu KOCUHYCA HA3bI6AIOMCA 2APMOHU-
yecKumu.

3. OCHOBHBIE XapPaKTEePUCTUKHU KOJ1e0aTeJILHOT0 Npouecca.

Paccmorpum ypaBuenus (8.4) u (8.5). Tak kak MakcUMalIbHbIC 3HAYCHUSI CUHYCA M KOCH-
HyCa PaBHbI CIUHUIIC, TO 6EAUYUHA Xm eCIb MAKCUMAIbHOE CMeujeHue KO1e0aouiezoca mena
OMm NO0XMCEHUs PABHOBECUS, HA3bIEACMA AMNIUMYOOIl KOJ1eOaHuil.

Bpemsa T, 3a komopoe cucmema coeepuiaem 00HO NONHOE Kojlebanue, HA3bl8AEHMCA
nepuooom Koiebanuil.

Yucno Konebanuil, cogepuiaemvplx cucmemoil 3a eOUHuUYy 8peMeHU, HA3bleaemcs 4a-
cmomoi Koi1ebanuil v .

. . 1
Me:xny 4acTOTON U MEPUOJOM KOJIeOaHUI CYIIECTBYET CBA3b: V = P (8.6). B CH yacro-

Ta KoJieOaHuil u3mMepseTcs B ¢! wim B I'epuax; 1 ct=1Tm
Huknuueckan wacmoma Konebanuii — @, — 6eIUYUHA, NOKA3BIEAIOWAA HUCTIO KOTle-

Oanuil, cogepuiaemuvlx 3a 2 w1 CeKyHO.
Mesxty 4acTOTOH M IIUKINYECKON YaCTOTOM CYIIECTBYET CB3b : @, = 27 -v (8.7).

Kak n3BectHo nepron (yHKIMKA CHHYC U KOCUHYC PaBeH 27 paJiuaH.
QDusuueckan eeruuuna ¢ =, -t + ¢, (8.8), nokaswiearouas kakasa wacmo nepuooa (¢

Ppaouanax) npowina om MomMeHma Ha4ana Koaedanuil, Hazpleaemcsa Qazoi Konedanuil.
@, — Qusuueckaa eenuuuna, YUCICHHO PAGHAA (Pa3e KONEOAHUI 6 MOMEHM 6PEMEHU

t =0, nazvieaemca nauanvnou ghaszoil.

4. MaJjble kone0anus. PU3nvecKni MasiTHUK.

Konebanus, umeromue HeOONbIINE aMIUIUTYABI, Ha3bl-
BAIOT MaJIbIMU KOJICOAHUSAMU.

®du3nyecKUM MasTHUKOM Ha3bIBaIOT JII000€ TBEpAOE Te-
J10, CIIOCOOHOE coBepILIaTh CBOOOIHBIE KOJIEOAHNSI OTHOCUTEIIBHO
ocu O, mpoxonsIei MepreHANKYISIPHO IIOCKOCTH KOJIEOaHHH,
Ha pacctosHuu d oOT HeHTpa mMacc tena (puc. 8.3). 3anuiem oc-
HOBHOE ypaBHEHHE IMHAMUKU BPAIIATEILHOIO JABWKEHUS IS
[IEHTpa Macc Takoro (uzmdeckoro mastHuka: M =1-¢. U3 pu-
CyHKa BHUJIHO, 4T0O M =-mg-a wm M =-mg-d -sin ¢. 3HaK
«—» TIOKa3bIBAET, YTO MOMEHT CHJIbI TSHKECTH CTPEMUTCS] BEPHYTh
CHCTEMY B IIOJIOKEHHUE PABHOBECHS.

W3 MaTeMaTUKy W3BECTHO, YTO €CIIM YroJl CMELICHHS ¢

MaJl, TO BBIIOJIHACTCA COOTHOLICHUC sin Qo= Q. y‘lI/ITBIBaH, 4To

Puc. 8.3.



)
dt?

&= =¢" (cm. 1.16; 1.22) ©3 OCHOBHOTO YpaBHEHHS TMHAMUKH BPAIIATEIHHOTO JBM)KCHUS

m-g-d
|

m-g-d

MOXXHO TOJIYYUTh ¢@" =— - , 0003HAUMB MOCTOSHHYIO BEITUYHUHY I =w? (8.9),

OKOHYATEJIbHO MOIYYUM:
9" =-at - ¢ (8.10).
Kak BugHo ypaBHenue (8.10) anasoruuno ypaBHeHuro (8.3): BTopas Ipou3BOIHAS yria

OTKJIOHEHUsI (PU3MYECKOTO MasiTHUKA OT MOJIO’KEHUSI PaBHOBECHS MPOMOPLUOHANIbHA STOMY YTy
¢ 0OpaTHBIM 3HAKOM. 3HAUUT PEIICHUSIMH 3TOTO YpaBHEHUS OYyAyT:

o=@, -SiN(w,-t+¢@,) um ¢ =g, -cos(w, -t + ¢,)

5. Maremaru4yeckuii MagsTHUK. KBasuynpyrue cuibl.
MareMaTHuecKnii MasTHUK SIBJISIETCS YACTHBIM CIy4aeM (PU3NYEeCKOro MasTHHUKA.
Mamemamuyeckuit MAAMHUK IMO MAMEPUATbHAA MOUYKA, COBEPULAIOULAA C60000HbLE
K01e0aHus Ha He6eCcoOMOll, HePACMANCUMOT HUMU.
PeanbHblil MasATHUK, y KOTOPOTO Macca KOJIeOJIIOIIErocs Tejia BO MHOTO pa3 0oJblle Mac-
CBbl HUTH, a JUIMHA HUTU BO MHOTO pa3 0oJble pa3Me-
pPOB Tela, MOXHO CYMTAaTh MaTeMaTHYECKUM (pucC.

8.4).
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3anuimeM OCHOBHOE YpaBHEHUE JTUHAMHKHU
BpalaTeIbHOTO JIBIDKCHHS JUISi  OTOW CHUCTEMBIL.
M =1-g. Ecnm yron ¢ wman, to Sin ¢ = ¢ . Torna,
yuuThiBass ypaBHenue (6.5), (6.11),(1.16), (1.22)
g 2

MOXKHO TOJIIY4YHUTh: @" = —%-q). O0603HaunB J = o,

(8.11), mosmyunm:
e 9" = ¢ (8.12).

x Ecmu yron ¢ wman, to nyra AB Heotnnumnma

[

[

[

[

[

[

[

[

[

[
‘—\._'_‘_L__.__r‘_'

[

[

[

0

ot xopabl AB. Toraa ajist KoopuHATBHI KOJIEOIOISH-
Puc. 8.4. cs1 Touku OyneM umeTh: x” = —aw; - x (8.13). Cpasuu-

Bas ypasHeHus (8.3), (8.10), (8.12) u (8.13), mpuxoaum K BBIBOAY, YTO JIt0OOE rapMOHUYECKOE
KoJIeOaHNe ONMMCHIBAETCS YPABHEHHEM BHA: X’ = —@, - X, IOITOMY 3TO YpaBHEHHE Ha3bIBAIOT

ypaBHEHUEM TrapMOHUYECKUX KoyieOanuii B tuddepeHimanbaoM Bue. Ero pemennem sBisiroTest
ypaBHEHUS
x=x,-SiN( @, -t+¢,) mmm x =x,, -cos(w, -t + ¢,).
W3 cpaBHeHHMs KoaeOaHMH (HU3MIECKOTO M MAaTEMATHYECKOI0 MasSTHUKOB ¢ KOJIEOaHUAMH
NpPY>KUHHOTO MAasiTHUKA, CJIETyEeT, YTO CHJIBI, CTPEMSIINECS BEPHYTh CUCTEMY B ITOJIO)KEHHUE PaB-
HOBecHs, BelyT cebst moJo0HO cuiaM ynpyroctd. OHM TeM Ooiblle, yeM OoJIbIIe CMEIICHHE U

HaIlpaBJIEHbl B CTOPOHY, NMPOTHUBOIOJIOKHYIO CMENIeHHI0. Tak, Bo3Bpaumjaromas cuia F (Ha

_—

puc. 8.4), sBisieTCsl paBHOACHCTBYIONIEH CHIIBI TSKECTH M U CUJIBI HATSKEeHUs HUTH N .

Cunvl, He aenAOWUECA CUNAMU YAPY2OCMU, HO, 6e0yuiUe Ceds aHAI02UYHO, HA3bIEA-
10m Kea3uynpy2umu Cuiamu.

Hrak, rapmMmoHnyeckne KoseOaHusi COBEPIIAIOTCS MO0 MO JIMCTBHE CUIIBI YIIPYTOCTH,
Ao Mo AeiCTBHEM KBa3UyNpyrux cuil. JIroOyio KBa3Uympyrylo CHUIY MOKHO MPEICTAaBUTH B
Buge F =-k-x.



6. Ilepuoanl Kole0aHU NMPYKMHHOTO, (PU3HUYECKOT0 U MATEMATHYECKOI0 MasiT-
HHUKOB.
[IpyXuHHBIA MasTHUK.

W3 ypasuenwii (8.6), (8.7) u (8.2) MmoxkHO mony4uth: T = 27 - \/% (8.14).
PU3NYECKUI MAATHUK.
W3 ypaBHenuii (8.6), (8.7) u (8.9) moxHo nonyunts: T =27 - I—d (8.15).
\'mg -

MaTteMaTHYeCKUH MasITHHK.

W3 ypasuenutii (8.6), (8.7) u (8.11) MmokHo mosyuuts: T = 27 - \/Z (8.16).
g

7. CaokeHue KoJeOaHMii.

. Pemenue psna 3a1a4 3HAUUTEIBHO YIPOIIAETCA
* IpHA HUCIOJIb30BAHUM METOJA BEKTOPHBIX OHArpaMM, B
OCHOBE KOTOPOTI'O JISKUT MOHSITHE BPAIIAIOLIETOCS BEK-
TOpA.
@ > Bo3bméM ochk X 1 u3 Touku O npoBeaEM BEKTOP
© Prc. 8.5. ¥ IIMHOH /|, of yriioM ¢, k ocu X. (Puc. 8.5.)

Ecau BeKTOp NpUBECTH BO BPALLEHUE C YIVIOBOU
CKOPOCTBIO @, MPOTHUB YacOBOH CTPEJKH, TO NPOEKIMs KOHIIA BEKTOpa Ha och X OyneT coBep-

IaTh FAPMOHUYECKHE KOIEOaHMs 10 3aKOHY: X = X, - COS( @, -t + ¢,) . Takum oOpa3zoM, rapMoOHHU-

Yyeckoe KoJjiebaHue MOXKET OBbITh MPEJCTABICHO C MOMOIIBI0 BEKTOpPA, JIMHA KOTOPOrO paBHA
aMIUIMTyJe KojeOaHMH, a ero HampapleHne o0pasyeT ¢ ocblo X yroa ¢,, paBHbI HadaJlbHON

(aze konebanus. OTcuér yria — ¢pa3bl Koaedanus, BeAETCS OT OCH X MPOTHB YaCOBOUM CTPEIIKH.
Cio:xkeHne Ko1e0aHMid, MPOUCXOASIIMX BI0JIb OJHOM NMPAMOI.

[Tycts TOUKA coBepIaeT aBa KoJeOaHusl, MPOUCXOASIIUX BJOIb OAHOM MPSMOM C OJIMHA-

KOBOW 4aCTOTOM, ONUCHIBAEMBIX YPaBHEHHSIMH:
x,=4,-cos(w-t+¢,); x,=A4,-cos(@-t+@,).

rh [TpencraBum 06a kojeOaHUs B BUJE BEKTOPHBIX
nuarpamM. (Puc. 8.6.). CoHB WX O TpaBUITy Mapall-
JenorpaMma, oJyduM pe3yIbTUPYIONMIUN BEKTOP C aM-
IMTYI0H A ¥ HavdaybHOU ¢aszoii ¢ . Takum oOpazom

COOTBETCTBYIOIIEE KoleOaHue x = X, + x, UMEET BUJ:
x=A-cos(w-t+¢@).

AHanu3upys pUCyHOK, IJIsl aMILTUTY/Ibl PE3yJib-
TUPYIOIIETr0 KOJIeOaHUsI MOXKHO MOJTYYUTh:

£ A = A" + A2 +24,- A, -cos(p, — @) (8.17)
PaccMmoTpuM YacTHBIE cirydan.
Puc. 8.6. 1). ¢, =¢,. Torna pa3HocTh (a3 paBHA HYIIO.

cos0=1. Torna A°= A"+ A7 +24,- A, = (4, + A4,)*. Takum obpasom: A = A, + 4,, cnemosa-
TENBHO TP PasHOCTH (ha3, PaBHOI HyIIIO, AMILTMTY/IbI KONEOAHUH CKIIabIBAIOTCS.

2). ¢,=¢ +nx. Torna A°=A47+A47-24,-A4,=(A4—A,)°. Takum obGpa3zoM:
A= 4, - A, . CnejloBaTensHO pU pasHocTH ($as, PaBHON 7 , AMILTUTYIbI KONEGAHUI BBIYHTAIOT-
csl, @ AMILTUTY/Ia PE3YIIBTUPYIOIIETO KOJEOAHNs yMEHBIIAETCS.

3). Ap = % Torma A% = A% + A?. Takum oGpasom: A=+/4," + 4,” .



OcoOblii HHTEpEC MPEACTaBIAET Cloy4ail, KOraa KoleOaHus MPOUCXOIAT C Pa3IndHbIMHU,
HO MaJIo OTJIMYAIOIIUMHUCS APYT OT JApyra 4acTOTaMHu.
[lycts @, = @, + Aw , ipuuéM Aw << @, W aMIUTUTYbl KojeOaHuii paBHbl. Torna

x,=A-cosw, -t x,=A-cos(w, + Aw) -t,

A
a UX cymma x=A-[COSa)l-tJrcos(a)l+Aa))-t]=2A-cosTa)-t-c05a)1-t=x'-c03a)1-t. MHOKH-

Ao .
TeIb x' = 2A-Cos7-t M3MEHSIETCS TOpa3l0 MEIJIEHHEE, YeM BTOPOM MHOXKHUTENb. Tak Kak

Aw << ®,, TO 3a BpeMs, B TEUEHHUE KOTOPOI'0 MHOKHUTENb COS @,t COBEPIIAET HECKOJIBKO MOJIHBIX

KojeOaHud, x' MOYTH He M3MEHseTCs. JTO NaéT HaM IMPaBO pacCcMaTpUBATh PE3YJbTUPYIOLIEE
KojeOaHue, Kak rapMOHUYECKOe Kojie0aHHe YacTOThl @ , aMIUIUTYyla KOTOPOTO , MEAJICHHO U3-

MEHSETCS 10 KOCHHYCOHMIaJbHOMY 3aKOHy. Takue KojeOaHWs IOJNy4YHIH Ha3BaHHWE ITyJIbCa-
i, (Puc. 8.7.).
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CrnoxxeHue B3aMMHO NEePHEHANUKYJISIPHBIX KOJTe0AHU.

JlonycTuM, 4TO MaTepuanbHas TOYKAa MOXET COBEpIIAaTh KojJeOaHHsI B JBYX B3aUMHO
NEPIECHINKYISIPHBIX HallpaBJIeHUsAX. Takas TOYKa ONMCHIBAET TPACKTOPHIO, BUJ KOTOPOM 3aBH-
CHT OT pa3HOCTH (ha3 ckiaabiBaeMbIx Konebanuii. [TycTs koneOanus 3a1aHbl ypaBHEHUSIMU:

x=A4-cosw-t y=B-cos(w-t+¢@).

HcknrounB U3 3TUX ypaBHEHUM BpeMsl t, NOJy4MM ypaBHEHUE TpaeKTopuu. Lt storo
C/leJIaeM HEKOTOpble MaTeMaTHUECKUE PeoOpa3oBaHHUs.

2
X . X y
cosw-t=—, sno-t=,/1-—, cos(w-t+ @) = —.
A 1/ Ve ( ®) 3

[Ipeobpazyem cos(w-t+@)=cosw-t-sin ¢p+Ccose-sin w-t, Toraa
y x x*
Y —=—-C0S@ +,/1—— -sin @ WM, H30aBIAACH OT KOPHS —
B 4 A
B ! 2 2
! y 2-x-Y X .
| ~————-C0S¢p+— =sin ¢ (8.18) —
. 2 g st z=sing (818)

oOmiee ypaBHEHHE TPACKTOPUU MaTEPHATBHOW TOYKH, COBEpIIAIOIICH JBa
B3aMMHO NEPIIEHIUKYISIPHBIX KOJIeOaHusl.

Puc. 8.8. PaccmotpuM yacTHBIE Citydau.
% 1. ¢o=0,7. singp=0. cos ¢ = +1, Torma:
B
/_ _\ A y_x =0 mmm y= +E - X — TPAeKTOpHUsS — OTPE30K MPSIMOH, IPOXO-
. X B 4 4 ’

ISImui uepes Hauano koopauuart. (Puc. 8.8.).

2 2

y

Puc. 8.9. 2)_ (pzi% sin ¢:1 COS¢:O_TOFﬂa %—i—?:l.BSTOM



cllydae TpaeKTOpHs — SJLIHUIIC, ¢ moryocsimu A u B. (Puc. 8.9.)

Eciu ammumuty el koneOanuil paBHBL, TO €cTh A = B — snmmric npeBpamiaercsi B OKpyx-
HOCTb.

3). Eciin yacToThl KOJI€0aHMI HE COBIAAAIOT, TO TPAEKTOPUS UMEET BUJ JOBOJIBHO CIIOX-
HBIX KPUBBIX, Ha3bIBaeMbIX Gurypamu Jluccaxy. Hampumep, npu @, = 2w, , Tpa€KTOpuu OyIyT

UMETh BUJ, n300paxxéHHoi Ha puc. 8.10.

JIY

R T
% N

Puc. 8.10.

Bonpocs! 1J1s1 CaMOKOHTPOJIA.
Kaxkue xonebanust Ha3pIBatOT CBOOOTHBIMU ?
Kaxue xonebanust Ha3pIBalOT rapMOHUYECKUMHU?
Kaxkue xonebanust Ha3pIBaIOT BHIHYKICHHBIMU?
Urto Takoe aMIuIUTyAa KoJieOaHun?
Yro Takoe nepuo1 KojaedaHuit?
Uro Takoe yacToTa KoseOaHui?
Yro Takoe MUKINYecKas 4acToTa KojaeOaHuit?
Uro Takoe daza xonebanmii?
Yro Takoe HavanpHas ¢aza KoneOaHuit?
0. CTpyKTypHO—JIOTHYECKasi cXeMa BBIBOJA MU(PEepEeHIINATFHOTO YPAaBHEHUSI TApMOHH-
YECKUX KOJeOaHHH.
11. Pemmrenus nuddepeHansHOr0 ypaBHEHNS! TAPMOHUYECKUAX KOIeOaHHH.
12. Kakue cuiibl Ha3bIBaIOT KBa3UyNPyTUMu?
13. ®opmyna neproaa kojaeOaHuil GU3HIECKOTO MAsITHHKA.
14. ®opmyna nepuoaa konebaHU MATEMATUYECKOTO MasITHHUKA.
15. ®dopmyna nmepuoaa KojeOaHUM MPYKUHHOTO MASTHHUKA.

ROo~Nooa~wLNE

IIpumepsl pemrenus 3agay.

3amaua Ne 1.
Ou3nvecKuii MasTHUK B BUJE OJHOPOJHOTO CTEPXKHS JUTMHON | M M Maccoi 2 KT coBep-
HIaeT He3aTyXarollue CBOOOAHBIE KONeOaH s C aMILIUTYI0H ¢ =5° OTHOCUTENBHO OCH, IPOXO-

JAIIECH EPIICHIUKYJISIPHO CTEPKHIO HA paccTossHUuU 0,25 M OT LieHTpa Macc CTepxHsA. B MomeHT
BpEMCHU tO = () MasATHHUK HaXOJUTCA B IMOJIOKCHUH PABHOBCCHA. OHpCI[eJ'II/ITI) MOMCHT MHCPLUH

MasiTHUKA, €ro MepHoj KoJeOaHUH, YacTOTy M IUKIMYECKYI0 YacTOTy KoJeOaHMH MakcHMaib-
HbIC 3HAYEHUS NMOTCHLIHMAIbHOW M KMHETUYECKOM DHEPIMM MAasATHUKA, a TaK )K€ HAIMCATb ypaB-

. 1
HEHHE KojeOaHui u OMpECACINUTE YITIOBOC CMCIICHUE OT ITOJIOKCHHA PaBHOBECHUA UCPE3 — IIC-

pHo/ia Tociie Havana KojieOaHui.



Hano: Pemenne:
CHauana aMIUTUTYAy KOJieOaHMi, BRIpAXEHHYIO B Irpajycax nepe-

[=1wMm BeJIEM B paJIuaHbl:
"= 20Kr 180° =7z pan, 3HAYUT 1°=Lpaz{. Torma 50:5_7[ ~ 0,09 pan. Ta-
9, =5 180 180

d=025m xuM obpasom ¢ = 0,09 pan.
mpu t,=0 ¢=0

P 10 4 Mo Teopeme Illreitnepa | =1_+m-d?, rue Iczé-m-ﬁ2 — MO-
t= ET MEHT MHEPIHH OJHOPOIHOrO CTEPXHS OTHOCHUTEIBHO OCH, MPOXOASIIEH
| —? gyepes ero meHTp mMacc.. Takum oopazoM:
T-7? o, )
y_9 l=m-| —+d (1); 1 0,29 kr-m*.

12
@,—? I
E.,—? Mo (8.15) T =2x- / e VYuuteiBas (1), nomyunm:
m . .
£, -7 ]
p=pt)-? T=2rx- ! T ~153c¢.
o m-g-d
p(t) - )
ITo (8.6) v = = v ~0,65c

Ilo (8.7) w, =27 -v; w, ~4 pan/c.

I'apmonndeckre KoOJCOAHUS TMPOUCXOAAT IO 3aKOHY CHHyCa WM KOCHHYCA:
p=¢, -CoS(w-t+¢@,) v ¢=¢, -SiN(®-t+¢@,).

[lpunsiB  HawaneHyro (asy ¢, =0, W, y4nTHIBas 3HAUCHUS ¢, U @, MHOIYINM
¢ =0,09-sin 4t (2) — ypaBHeHue KoJacOaHU @ = ¢(t).

VYuuteiBas (8.7) u (8.6) Wit ® NoayduM: @ = z_r—ﬂ .

N .27
Tornma ypaBHeHue kosiebanui mpumet Bua: ¢ = 0,09 -sin ?-t. [ToncraBnss crona 3Ha-

YEHUE BPEMEHU T = iT , moiyyum ¢ = 0,09 - sin 2_” Rl
12 T 12
o(t) ~0,045 pan.

HpI/I KOHC6aTeJ'II>HOM, KaKk W IIpd BpallaTCJIbHOM JAIBHWKCHHUHU KHHCTHUUYCCKASA OHCPIUA
2

o [0
ompenensercs Gopmynoit: E, = 7 rae o — yrioBas ckopocTs Tena. [lo (1.16) yriosas cko-

pOCTb €CTh IepBasi MPOU3BOIHAS YIJIOBOIO MEPEMELIEHHUS 110 BPEMEHU: @ = d_q) Huddepeniu-
t

pys (2) no BpeMeHH, noayuuM: @ = 0,09 -4.cos4t . DT0 ypaBHEHHE BBIPAKAET 3aBUCUMOCTb YT~
JIOBOM CKOPOCTH MasTHUKA OT BpEMEHU. Tak Kak MaKCHUMajbHOE 3HAYE€HHUE KOCHHYCa PaBHO
eIMHUIIe, TO MAKCUMAJIbHOE 3HaueHue yrioBoi ckopoctu @, = 0,36 pan/c. Torna :

I 2
— a)m

B = En ~1,9:1072 k.

m

Ilo 3akony coxpanenust ouepruu E, =E ., nosromy
~1 91072
E,, ~1,9107 k.
Orteet: | 0,29 krm?; T ~1,53 ¢; v ~0,65 ¢; o, ~4 pan/c; ¢ =0,09-sin 4t — ypas-
HeHue Konebanuit ¢ = p(t) ; (t) ~0,045 pan; E, ~1,9:107 [x; E,n=~ 1,9:102 k.



3amaum AJ1sl CAMOCTOSITEILHOTO pellleHusl.

23. JIBwkeHHME TOYKH 3aJaHO YpaBHEHHMEM: X =2cC0S2z-t, y=4sin 2z -t. Hanucats

ypaBHEHHUE TPACKTOPUU TOUKH, TOCTPOUTH €€, cobmoas Macitad. Halitu e€ ckopocTh U yCKO-
peHue uepes 2 ¢ mocie Hayana JBUKCHHUS.

24. Tonkuii 06pyu paguycoM 20 cM MOABEIICH Ha I'BO3]lb, BOUTHIN B cTeHY. OnpenenuTsb
MEPHOJ] ¥ COOCTBEHHYIO YaCTOTY KOJICOAHHMI TaKOTO MasTHUKA.

25. K npyxuHe moasecwin rpy3. B pesynbrare oHa pacTsHyiack Ha 9 cM. Onpenenursb
nepuoJT KojeOaHuil Tpy3a U ero MaKCUMaJIbHYI CKOPOCTb, €CJIH IPy3 OTTSHYTh Ha 1 cM BHH3, a
3aTEM OTIIYCTUTD.



Jlexmusa Ne 9,
3aTyxawoime U BbIHY:KI€HHbIEe KOJIeOaHUs.

3aryxawmme KoJjied0aHus.
Jlorapudpmuyecknii JeKpeMeHT 3aTyXaHHUsl.
Boinyxk/1eHHbIE KOJTeOaHusl.

Pe3onanc.

el N =

1. 3aryxawuue KojgedaHusl.

Ha m106yro peasibHyt0 KosieOaTeabHYO CUCTEMY, KaK IPaBUIIO, AEHCTBYIOT CHJIBI COIPO-
TUBJICHUS BUKCHUIO, YTO MPHUBOJUT K 3aTyXaHUIO KojieOaHuil. B OonbImIMHCTBE Ciy4aeB 3TH
CHJIBI IIPSIMO TPOTIOPLUOHAIBHBI CKOPOCTH JBMXKEHUS TE€J, I03TOMY, 0003HAaUMB KO3 UIIEHT
COTIPOTHBIEHHS I, IS CHIIBI CONPOTUBIIEHHUS TomyunM F, =r-v (9.1).

[To Il 3axony HproTOHa paBHOAEHCTBYIOIIAs CUJI, IPUIIOKEHHBIX K TEIY, YACICHHO paB-
Ha IIPOU3BEJICHUIO MACChl TEJIA HA €r0 YCKOPEHHUE.

Kax usBecTtHO, 1100bIe TapMOHUYECKHE KOJIEOAHUSI POUCXOIAT MO JEHCTBUEM KBa3Uy-
npyrux cun F =-k-x. Torna, yuntsiBas (9.1) u To, 4TO CHIIBI CONPOTUBJICHUS HAIpPaBJIECHbI B
CTOPOHY NPOTHBOIIOJIOXKHYIO  JIBJKEHHIO, BTOpod 3akoH HploToHa npuMer BHI:
m-a=-r-v—Kk-x,unmu, yautsiBas (1.7), (1.4)

m-x"=-r-x"—k-x

PaznmenuB 00e wacTh paBeHCTBa Ha M, W, 0003HAYUB £=a)§ (9.2); oo B (9.3),
m m

MOKHO ITOJIYYUTh!:
m-x"+2-f-x+aw;-x=0 (9.4)
VYpasuenue (9.4) ectb nuddepeHMaIbHOE ypaBHEHHE CBOOOIHBIX 3aTyXaroOIUX KoJje-
OaHMiA.
B ciyuae manoro 3atyxanus, ( f << @, ) — pelieHne 3TOro ypaBHEHHs HMEeT BHI:

X=X,-e """ cos(at +¢@,) (9.5),
e o =+, — f° (9.6) — yactora 3aTyxaroumx kKoneGanuit. Takum o6pa3oM, 4acToTa 3aTyXa-

IOIMKUX KoJe0aHuii MEHBIIIE YaCTOThl COOCTBEHHBIX KOIEOAHUH CUCTEMBI COO , KOTOPLBIC IIPOHUC-

XA )UK OBl B OTCYTCTBUE CHJI COMTPOTUBIICHUSI.

Bemuunna £ B dopmymax (9.3), (9.4) u (9.5)
13bIBaeTCs KO3(PUIIMEHTOM 3aTyXaHUsI.

Mmuosxurens X,-€ 7' B ypaBuenun (9.5) npen-

! "aBgeT coOOH aMIUIMTYIy 3aTyXaloIlero KoiaeOaHus, a

IPMOHUYECKHHA MHOXMTEIb COS(@-t+¢,) «OTBETCTBE-

*H» 3a camo kojeOanue. Takum o0pa3om, 3aTyxaroIue

y1e0aHusl 3TO TapMOHUYECKUE KOJICOaHMsI, aMIUIUTY/Ia

)YTOPBIX YOBIBAET C TEYCHHWE BPEMECHH TI0 SKCIIOHCHIIU-
abHOMY 3aKony.(Puc. 9.1.)

Puc. 9.1.

2. JlorapupmMuvecKkuii JeKpeMeHT 3aTyXaHMsl.
3aryxatomme KojieOaHusl MPUHATO XapaKTePU30BATD J102APUPMUYECKUM OeKPEMEHNIOM
3amyxanusa A — HAMYPATbHBIM J102APUPMOM OMHOUEHUA 08YX AMNIUMYO KO1eDaHus, om-
cmoswux opyz om opyza ha épems pagnoe nepuody koneoanuii T. (Puc. 9.1.)



—pt
X, €
— an = AT (98)

Xo

A=In

Haiiném Bpemst 7, B TeueHHE KOTOPOTO aMIUTUTyJa KojeOaHUN yMEHbIIAeTCsl B € pas.

Eciu B MOMeHT Bpemenu t ammuntya koneGanmii x, = x,-e ”*, 10 B Moment Bpemenn (t + 7)
-pt
g X X, e ‘ X
amIuTyga Oyaer: x, =x,-e A Torma ~L = % =e”", Ho 1o YyCJIOBHIO L= e,
Xn .XO - e X
n
snaunt: f -7 =1. Orcriona
1
p== @7
T

Taxum o6pazom, K03 HUITUEHT 3aTyXaHUsI YUCICHHO paBEH 0OpaTHOMY 3HAUYEHUIO MPO-
MEXyTKa BPEMEHH, B TEUEHHE KOTOPOT0 aMIUIUTY/1a KOJIeOaHUI yMEHBIIAETCS B € pas.

T
Vuaursisas (9.7), (9.6) npumer Bua: A = — (9.8). Benuunna
T

.
N =— (.
e (9.9)

[IOKa3bIBAET, KAKOE YKMCIIO KOJIEOAHUH JJOJKHA COBEPIIUTh CUCTEMA, YTOOBI aMIUIMTyJa Koseba-
HUW YMEHBUIWIACh B € Pas.
VYuursias (9.9), (9.8) npumer Bua:

A= i (9.10) -
N e
JorapupMHUUECKU JEKPEMEHT 3aTyXaHHUs YHCICHHO PaBeH BEJIMYMHE 00paTHOW YuCily Koieba-
HUM, B TeUeHHE KOTOPHIX aMIUTUTYAa YMEHBIIAETCS B € pas.

3. BbIHYKIeHHbIe KOJIeOaHUs.
Uto0Obl KonebaHUs HE 3aTyXald — Ha CHCTEMY JOJDKHA JEeHCTBOBATh MEPUOAMYECKAst
BHemHss cwia. KoneOanusi, MPOUCXOAAIINE MO JSUCTBHEM TaKUX CHJI, Ha3bIBAIOTCS BBIHYXK-

nenHbIMH. Ecnv 5Ta cHia M3MeHseTCs 110 TapMOHHYecKoMy 3akoHy F = F, C0S wt , To u3 1l 3a-

koHa HpIOTOHA MOYKHO MOJTyYHTh:
X"+2-f-xX+af x=f,-cosw-t (9.11),

=
X4 rne f,=-L. Vpasuenne (9.11) ects mudde-
m

pPEHLIMAIBHOE ypaBHEHHME BBIHYKICHHBIX KoJle-

OaHuil. DTO ypaBHEHUE SBISETCSI HEOAHOPOI-

> HbIM JU(QepeHaIbHbIM  ypaBHeHHeM. Ero
peLleHNE UIIETCS B BUJIE IBYX CJIaraeMbIX:

x=x,-¢"" - cos(w -t +a) (9.12),

2 2 2. )
Puc. 9.2. e @, =\ oy, —f°; tga:ﬁ "

0

fO

X =
2 2\2 2 2
V(@) -0’ =440
[lepBoe cilaraemoe UrpaeT 3aMETHYIO poJib TOJIBKO BHayalle Mpolecca — IIPU yCTaHOBIIE-

o -pt
HuH Konebanuii. C TeueHneM BPEMECHU MHOXHUTCIIb € P CTPEMUTCS K HYJIIO U, I10 ITPOIICCTBUU

JIOCTATOYHOTO BPEMEHH, MM MOKHO mpeHeOpeus. [Toaromy ypaBHenue (9.13) omucsiBaer ycra-
HOBHMBIIIHECS BBIHYKIeHHbBIC KoeOanus. (Puc. 9.2.)

cos(w-t+a) (9.13), rme @ — 9actoTa BEIHYKIAIOIICH CHITHL.



4. Pe3onanc.
Wrak: BRIHYKICHHBIE KOJICOAHUSI 3TO TAPMOHUYECKUE KOJIeOaHUs, TPOUCXOISAIIUE C Ya-
CTOTOM BBIHYXAAIOMIEH CHibl. X aMITUTyna 3aBUCUT OT aMIUIUTY/bl U YaCTOThI BBIHYXIAIO-
H_[eﬁ CHUIJIBI. 3Ta 3aBUCHUMOCTH HpI/IBOHI/IT K TOMy, YTO €CJIM yacToTa BLIHy)I(I[aIOHleﬁ CHJIBbI, 1OCTHU-

racT HCKOTOPOI'0 3HAYCHUA @ TO aMIINIMTyda BBIHYXXICHHBIX KoJieOaHuit JOCTHUIaCT MaKCH-

pes?
MaJbHOI'O 3HauY€HUs. DTO SBJIECHUE MOJIYUYWJIO Ha3BaHUE pe3oHaHca. MakcuMalbHas aMILUIMTyAa
KoJIeOaHUl — PpE30HAHCHON aMIUTUTYIBL. @) pes PE30HAHCHOW YaCTOTHI.

W3 ypaBHenus (9.13) cienyer, 4TO aMIUIUTyJa YCTAaHOBUBIIUXCS BBIHYXIECHHBIX KOJIE-
Oanwmii onpenensercs GopMyou:

fo (9.14)

A=
J(@F - 0?)? -4 B0
UToObI HAWTH PE30HAHCHYIO YaCTOTY, HY>)KHO HaWTH MakcumMyM (GyHKm#H (9.14) wmm, 9yto
TO K€ CaM0€, MUHUMYM IOJIKOPEHHOTO BbIpaXkeHUs. /i 3TOro moAKOpEeHHOE BhIpaKEHUE HY K-
HO NpoaAu(PepeHInpoBaTh M0 (¥, MPOU3BOAHYIO NMPUPABHITH K HYJIO U, PELIUTh MOIYyYEHHOE
ypaBHEHHE OTHOCUTENIBHO ().

Judpepenumposanue 1aét: —4- (o — 0°)-0+8- -0 =0.

IlonyueHHOE ypaBHEHHE MMEET TPH pelieHus: @ =0 U o =+ w; —2- B° . Tlepoe pe-

LIIEHWE COOTBETCTBYET MAaKCHUMyMy 3HaMeHarelss (T.e. MUHUMYyMY aMIUIMTYynbl). M3 ocTanabHbIX
pelIeHuii — OTpULATeNIbHOE JOJHKHO OBITh OTOPOILIEHO, T.K. YacTOTa HE MOXET OBbITh OTpHIla-
TesibHOU. Clie10BaTeIbHO: PE30HAHCHAS YacTOTa onpeaensiercs: GopMyioi:

®,, =, —2- B (9.15).
Honcrasus snavenne @,,, B (9.14), 1 pe30HAHCHOM aMILTUTY AbI IIOTY4HM
= fo
2- o}~
U3 (9.16) cnenyert, uro eciu Obl cpesia He OKa3bIBajia COMPOTUBICHHS IBUKEHUIO, TO aM-
TUTHTY 1A BBIHYKICHHBIX KOJIeOaHUH TP pe30HaHCe JOCTHTana Obl 0ECKOHEYHOCTH.

A

pes

_ (9.16).

Bomnpocek! 11 caMOKOHTPOJISA.
1. Muddepenunanbuoe ypaBHEHHE CBOOOTHBIX 3aTyXaIOUIMX KOJIeOaHUI.
Pemenne nuddepeHnraibHOro ypaBHEHUsI CBOOOHBIX 3aTyXalOIINX KOJCOaHH.
dopmyiia 3aBUCUMOCTH aMIUIUTY/bl CBOOOJHBIX 3aTyXalOIUX KOJIOaHUH OT Bpeme-
HH.
®opmyina ko3 unmenTa 3aTyxaHus.
®dopMyra 4acTOTHI 3aTyXaIOIINX KOJICOAHHM.
Uro Ttakoe JorapupMUUECKUil TeKPEMEHT 3aTyXaHus?
®opmyJibl J0rapupMUUECKOro JEKPEMEHTA 3aTyXaHHsl.
HuddepennmanbHoe ypaBHEHUE BEIHYKICHHBIX KOJICOaHUH.
. Pemenue nuddepenunanbHOro ypaBHeH!s BbIHYKICHHbBIX KOJICOaHUH.
10. Yro Takoe pe3oHanc?
11. ®opmyna aMIIIUTYAbl YCTAHOBUBILUXCS BBIHYKICHHBIX KOJICOaHUH.
12. ®opmyIibl pe30HAHCHON YaCTOTHI M AMIUTATYIBI.

w N

©ooN oA

IIpumepsl penreHus 3aaa4.
3agau Ne 1.
Teno maccoit 0,5 Kr CKperuieHo ¢ mpyXuHOH kéctkocThio 10 H/M u coBepimaer 3aTyxa-
fomue kojebanus. HauanbHas ammuutyna konebanuii 0,1 m. KoaddunueHT compotuBieHus
nsuxkeHnto r= 0,1 kr/c. B momeHT BpeMeHH t, =0 Ten0 MaKCMMaJIbHO CMELIEHO OT MOJIOKECHUS



paBHOBecus. OnpenenuTs K03()(HUIMEHT 3aTyXaHHH, JTorapuGMUUECKU TeKPEMEHT 3aTyXaHHs,
NeproJT COOCTBEHHBIX KOJICOaHNH, HANIMCAaTh ypaBHEHHE JAHHOTO KOJIeOaHus, a TaK JKe oIpeie-
JIUTh, Yepe3 KaKoe BpeMs OT Hayajia KoJeOaHUH aMIUTUTY/[a yMEHBIIUTCS BIIBOE.

Jamno:

Pewenue:

JlaHHas cucTemMa NpeCTaBisieT COOON MPYKUHHBIA MasiTHUK, TIEpHU-
m =0,5 kr m
k=10 H/™m 0J1 KoJ1eOaHu KOTOPOro MOXKHO ONpeaesuTs 1o (8.14): T, =27 - \/% ;
A=0,1m
r=0,1xkr/c To~ 14l e
B—7 ITo (9.5) ypaBHeHue 3aTyxaromux KoiaeOaHui
12 x=A-e"" cos(w-t+¢,) (1)
x=x(t)-"7 ITo (9.6) wacTora 3aTryxarwmux KojaeOaHui
T,-? wzwla)g — % . U3 (8.2) cnenyer:
t—7?

a)oz\/%.l/l3(9.3) ﬁ:i; B=0,1c"

2
j C o~ 4,47 ¢,

Y4uTeIBas, 94TO0 B HaYaJIBHBI MOMEHT BPEMEHU TEJI0 MAaKCUMAJIbHO CMEIICHO OT IOJIO-
’KEHMsl paBHOBECHs, IPUHAB HaualbHyl0 Ga3y ¢, =0, U, IOACTaB/IAA YUCICHHbIE 3HAUEHUS X, ,
S, o B (1) nomyuanm:

x=01-¢"cos4,47 -t

ITo (9.1) morapupmMudeckuii TEKPEMEHT 3aTyXaHH
A=pB-T,; A=014.

- A
Haiiném Bpewmsi, 3a KOTOpoe aMIIUTyJa yMeHblHTcs BaBoe. [lo yciosuro. 7°=2,

01
4,=0,1 M; 4=01e"" . Torga 2 = ——3. Orcioza:
e”' =0,5. JlorapudmMupys, TIOITYIHM:

In0,5
In05=-4-t.Orcrona t =— ﬂ, .

t~6,93 c.
Oteet: Ty~ 1,41 ¢; B=0,1¢c*; o~ 447¢'; 1=0,14; t~693c.

3amaum Aj1sl CAaMOCTOSITEJILHOTO PelleHusl.

26. 3a 8 MMH aMIDIMTY1a 3aTyXaloMMX KojeOaHui yMeHbIMiIach B 3 pa3a. OnpenenuTsb
K03 (HULIMEHT 3aTyXaHusl.

27. Bo CKOJIBKO pa3 YMEHBIIUTCS aMIUIUTyAa KojJeOaHWH MaTeMaTHYeCKOro MasiTHHKa
nnuHo# 1 M 3a 10 MuH, ecnu norapudmudeckuii jekpement 3aryxanus 0,0023?

28. Ha ckospko pe3oHaHCHAs 4acTOTa OTIIMYAETCA OT COOCTBEHHOM 4acTOTHI KojeOaHMi
cuctemsl v, = 1 k', xapaktepusyemoii kosdduimentom saryxanus S = 400 c¢™?



Jlexkus Ne 10.
MexaHu4ecKHe BOJHBI. DJIeMEHThI AaKYCTHKH.
IlonepeyHblie U MPOJOJIbHBbIE BOJIHBI.
YpaBHeHue Oeryuieil BOJIHBI.
HNuTepdepennus u nudppakums BOJIH.
XapakTepuCTHKH 3BYKOBBIX BOJIH.
ek lomiepa B akycTHKE.

agrwpnE

1. IlonepeuHsble U MPOAOJIbHbIE BOJIHBI.

Kone6anus, Bo30y I1EHHBIE B OJJHOW TOYKE CpPEIbl, MOTYT PacCIpOCTPAHATHCS B HEH BO
BCE€ CTOPOHBI C TIOCTOSIHHON CKOPOCTHIO, 3aBHUCSIIEN OT CBOMCTB cpenbl. Takol mpoliecc Ha3bIBa-
€TCSI BOJIHOBBIM IPOLIECCOM WJIU TIPOCTO BOJIHOM.

[Ipu BoTHOBOM Ipoliecce YacTHIIbI CPeIbl He JBUKYTCS BMECTE C BOJIHOM, a KOJIEOIIOTCS
OKOJIO CBOMX MOJIOKCHHUH paBHOBECHS, IepeaBas ApyTr APYTY HUMITYJIbC M SHEPTruio. Takum 00-
pa3oMm, BOJIHA €CTh IEPEHOC dHEPruu Oe3 nepeHoca BeuiecTna.

Ecin xoneGaHus OTAENBHBIX YaCTHI] IPOUCXOIAT B TNIOCKOCTH MEPICHIUKYIISIPHOM pac-
IIPOCTPAHEHHUIO BOJHBI, BOJIHA HA3bIBAETCS MomepeyHor. Takue BOIHBI 00pa3yroTcs B TBEPIBIX
TeJIaX U Ha MMOBEPXHOCTSX JKUAKOCTEH.

B npononpHBIX BOJIHAX HAMpaBlIEHUs KOJeOaHUI TOUEK Cpebl U PACIIPOCTPAHEHUS BOJI-

HBI COBIAJAIOT. Takue BOJHBI MOTYT pacrlpocTpa-
1 HSTBCS B JIIOOOH cperie.

OnHOI W3 OCHOBHBIX XapaKTEPHCTUK BOJIH
SIBIISICTCS JTMHA BOJHBIL.

Jlnunoii 6onnsl A Hazvleaemca paccmos-
A Hue Mexcoy 08ymA Oauxcauumu mouKamu, co-
eepuiarowumMu Koiebanus 6 00UHAKOBOU ha3ze.
(Puc. 10.1.)

Konebanus Takux TOYEK OTCTAIOT APYT OT
Ipyra Ha BpeMs, paBHOE Mepuoiy KosieOaHuil, mo-
3TOMY CKOPOCTb PACIPOCTPAHEHHMSI BOJITHBI MOXKET OBITh HaliieHa Mo Gpopmyie:

u:$ wm v=A71-v (10.1)

1h

=y

Puc. 10.1.

OnpIT OKA3bIBAET, YTO €CJIM UCTOYHUK BOJH MOKOUTCS, TO UX CKOPOCTb BEJIMYUHA I10-
CTOSIHHAsI, 3aBUCSIIAS TOJIBKO OT CBOMCTB cpenbl. EIE 0THOM XapaKTepHUCTUKOW BOJIH SBIISIETCS

BOJIHOBOE YHCIIO K = 27ﬂ (10.2). YauteBas (10.1) u (8.7), mst k momyunm: k = @ (10.3).
v

['eomeTpuueckoe MeCTO TOYEK, 7O KOTOPHIX B IaHHBIH MOMEHT BPEMEHU JIOLLIO BO3MY-
LIEHHE, HA3bIBAETCS] BOTHOBBIM (DPOHTOM.

Ecnu ucToYHMK BOJIH TOUEYHBIN U KOJEOAHUS OT HETO PaCHpPOCTPAHSIOTCS BO BCE CTOPO-
HbI — BOJIHA Ha3bIBaeTcs cepuyeckoil. Ecnu BoigHa pacrpocTpaHseTcsl MO MIOCKOCTH — IUIOC-
KOH.

2. YpaBHeHmue Oeryuieil BOJIHBI.
berymieii Ha3biBaeTcsl BOJHA, yHOCAINIAs B MPO-
CTPaHCTBO YHEPTHIO KOJICOAHMI NCTOYHUKA.
VYpaBHeHHe Oerymieil BOJHBI BbIpakaeT 3aBUCH-
MOCTh CMEUICHHUSI KOJICOIOMIEHCS TOYKU OT IMOJIOKEHUS
0 B _  basHOBECHS OT e€ KOOpAMHATHI U BPEMEHH KOJIeOaHHIA.
- PaccmoTtpuMm muiockyto BosHy. Ilycte Touka O
(puc. 10.2) coBepmiaeT rapMOHHYECKHE KOJICOAHHS CO-
IJIACHO ypaBHEHUIO: Yy = A, -COS@ -t .

YA

A
Y

Puc. 10.2.



. o X
Jlo Touku B, umeromieit koopauHatsl (x; (), 3T0 KojgebaHue TOUIET CIycTs Bpemst 7 = —.
L

Kone6anus touku B OyayT orctaBaTh 1o ¢aze oT konebaHuil Touku O Ha BEIMYUHY, 3aBUCH-
LIYI0 OT paccTosiHus oT T. O 10 T. B, TO €CTh OT 3HaU€HUSI KOOPJIUHATHI X, KOTOPYIO UMEET TOUKa
B. CnBur ¢a3 npu 31oM O0yaetr ¢ = @ 7. Torga xonedanus TOUKu B ONUCHIBAIOTCS ypaBHEHUEM:

y=A,-cos(®-t—w-r) WK, yIUTbIBas 3HaYeHHE 7 . Yy = A -coS(@ -t — 2. x) (10.4). YaursiBas
)

(10.3), momyunm: y = A, -cos(w-t—k-x) (10.5). YpaBuenus (10.4) u (10.5) u ectb ypaBHeHHS

6GFYHICI71 BOJIHBI, MMO3BOJIAIOINHUE ONPEACIIATh CMCHICHUA TOYKHU OT IIOJIOKCHUSA PABHOBCCHUSA B
1000 MOMEHT BPCMCHHU Ha JII000M pacCTOAHHNHN OT UCTOYHHKA BOJIH.

3. Unurepdepenuusi u Juppakius BOJH.
OCHOBHBIMU MTPU3HAKAMH JIF00OOTO BOJIHOBOTO TIPOIIECca SBISETCS HHTEp(EPEHIUS U TH-
dbpakmus.
Henenue nanodxcenus 601n Opyz Ha Opyza, npugoOAUiee K YCUlIeHUI0 0-1H08020 NPO-
uecca 6 OOHUX MeCmax u €20 0cAadIeHUuI0 6 Opy2ux, HoaY4uIo
Hazeanue unmepgepenyuu.
HuTepdepupoBaTh MOTYT TOIBKO KOT€PEHTHBIE BOJTHBI.
Bonnwl, umerowjue oounaxogyio wacmomy Koaeodanuil u
NOCMOAHHBLL 60 6PeMEHU cO8uUZ (a3, HA3bI6AIOM KO2epPEeHNIHbI-
Mmu.
[Ipu uHTEepdepeHny BOIHBI HE U3MEHSIOT JIPYT JApyra u
Ha JIOCTaTOYHOM PACCTOSIHUM OT MCTOYHHKA PACIPOCTPAHSIOTCS
~ TaK, KaK pacmpocTpaHsIach Obl OJJHA BOJHA B OTCYTCTBHUE OCTalb-
Puc. 10.3. HeiX. (Puc. 10.3). B pesynbrare naTepdepeHnnu B mpoCTPaHCTBE
YCTaHABIIMBAETCS YCTOMYMBAs KapTHUHA PACHpE/ICTICHUs MAKCUMY-
MOB ¥ MUHUMYMOB MHTCHCHUBHOCTH. J[JI1 IprMepa paccMOTpUM MHTEP(EPEHIINIO JBYX TUIOCKHX
BOJIH, MCXOJSIIUX OT OJUHAKOBBIX HCTOUHHUKOB (puc. 10.4). OueBHIHO, TSI TOTO YTOOBI B TOUKE
A Habmrogaics MaKCUMYM HHTEHCHUBHOCTH, BOJIHBI JOJIKHBI MPUJITA B HEE B OJJMHAKOBBIX (ha3ax.
DTO BO3MOXHO IpPHU YCIOBUHU, YTO HA PA3HOCTU XOJa JBYX BOJIH

$ A=S,-8 T 6
S, =9, — 9 yKJ'Ia,ZLLIBaeTC}I IICJI0€ YHUCJIO JJINH BOJIH. adKuUM O pa—

ev 30M, ycloBUE€ MakcuMyMoB wumeeT Buim: A=k-A (10.6), rae
k =1,2,...— 1r000€ 1eJI0€ YHUCIIO.
UroObl B TOUKe A HabIIOAa1ICS MUHUMYM HHTEHCHBHOCTH
a BOJTHBI JIOJDKHBI IPUATH B He€ B mpoTuBo(daszax. st aToro momx-
HO BBITIOJIHATBCS YCJIOBI/IeZ

Puc. 10.4. A=(2-k+1) % (10.7), rne k =01,2,..., TO €CTh Ha Pa3HOCTHU XO-
J1a ABYX BOJIH JOJKHO YKJIAJbIBATHCSI HEYETHOE YUCIIO MOTYBOJIH.
Henenue ocubanua eonnamu NPEenAMCMEUI NOJYUUTLO
Hazeanue ougppaxyuu eoan (puc. 10.5).
Judpakuust HaOIIOAACTCS MPU YCIOBHUH, YTO pa3Mepbl Mpe-
MATCTBUN CpPaBHUMBI C JTUHOW BOJHBI. Jludpakims oObsACHIETCS C
> nomotpio npuHiuna [roiirenca— ®dpenens, chopmMyIHpoBaHHOTO
JUISl CBETOBBIX BOJIH: KAMCOAA MOYKA RPOCMPAHCMEA, 00 KOMOPOil
0010 BO3MYULeHUE, CHMAHOBUMCA UCHIOYHUKOM 6MOPUUHBIX
Puc. 10.5. 60/IH, 02UOAIOWLAA KOMOPBIX AGNAEMCA G0JIHOBLIM (PPOHMOM 6
Kaxcowvlii nocnedyrouuii momenm epemenu. Taxk Kak emopuunvie 80J1HbL NOPOHCOEHBL OOHOU
U mMoii jce GONHOIU MO OHU AGNAIOMCA KOZEPEHMHIMU U CROCOOHLL unmepghepuposamsy Opyz
¢ Opyzom.



4. XapakTepUCTHKHU 3BYKOBBIX BOJIH.

3BYK — 3TO IPOAOJIbHBIE BOJIHBI, pacIpoCTpaHsomuecs B 1000l ynpyroit cpeae. Yeno-
BEUECKOE YXO CIOCOOHO BOCIPHHUMATH 3BYKH ¢ dacToToit oT 16 mo 20 000 I'm. 3Byku memsites
Ha MY3bIKaJIbHbIE TOHA U HIYMbl. My3bIKaJbHBIAH TOH — 3BYK, KOTOPOMY COOTBETCTBYET OJIHa
CTPOTO ONpe/enéHHas JacTora Kojebanuil. BricoTa TOHA ompenenseTcs 4acTOToN KoieOaHui.
Yem Gompliie yacToTa KoeOaHUl — TEM BBIIIE TOH 3BYKa.

[IyMbI — 3BYKH € pa3TUYHBIMU YaCTOTAMH KOJIEOAHHIA.

Humencuenocms 36yKa — €20 IHepzemuuecKas XapaKkmepucmuka, nOKA3vléarouian
IHEPZUI0, NEPEHOCUMYIO G0IHOIL 30 eOUHULY 6DEMEHU Yepe3 eOUHULY NOUWa0U NOBEPXHOCIU
nepneHOuKyAPHOI HANPABIEHUIO PACRPOCHPAHEHUS 36VKA.

_dw B
dS dt LM ~cJ L M J
HHTeHCHBHOCTB 3BYKa — €ro 00beKTHBHAs XapakTepucTuka. CyObeKTHBHON XapakTepu-
CTHKOW 3BYKa SBJISICTCS YPOBCHBb TPOMKOCTH HJIH ITPOCTO TPOMKOCTH 3BYKa. [1o 3akony Bebepa—

dexnepa L =g II— (10.9), e 1, =107 Bm/m? — Tak Ha3bIBaeMBIif OPOT CIIBIIMMOCTH.
0
B CH rpomkocTh 3ByKa usMmepseTcs B 6eutax. Ha mpaktuke ucnonb3yercs eauHuma B 10
pa3 menbIne — nermben. [L]=[o6].
N3 3akona BebOepa—DexHepa cienyer, 4TO NpU BO3PACTAHMM MHTEHCHUBHOCTH 3BYKa B
100 pa3 ero rpoMKOCTb YBEJIMUMBAETCSI BCETO B 2 pasa.

5. 9¢dexT Jomepa B akycTHKE.

AxycTuka — pa3aen (U3UKU M3y4arolluil 3ByKOBbIe siBieHUsA. D¢dexkrom Jloriepa B
aKyCTHKE Ha3bIBACTCS SBJICHWE U3MEHEHHS 4acTOTHI 3BYKOBBIX KOJICOAHUH NpH JBMKECHUU HC-
TOYHHKA U IPUEMHHKA 3BYKa OTHOCHUTEJIBHO IPYT Apyra.

Ecnu ucToYHMK M MPUEMHMK 3BYKa IOKOSITCS OTHOCHUTEIBHO ApYr npyra, To u3 (10.1)
clenyeT

v, .
Vv, = 70 (10.10), rae v, — CKOPOCTH PACIPOCTPAHEHHUS 3BYKa B IaHHOM Cpeie.

Ecimu ucTOYHHMK TpHONIMKAETCS K MPUEMHUKY CO CKOPOCTBIO U, TO CKOPOCTh Pacmlpo-
CTpaHEHHs 3ByKa OTHOCHUTEIBHO NMpHEMHHKA OyneT v, +v . Torma 4dacrora koseOaHuii OyneT

V= UO; Mo (10.10) A =—", Torma v =v, - Lrv (10.11). Kak BHIHO IpU B3aUMHOM COJIH-

Vo Uy
’KEHUH UCTOYHHMKA U MPUEMHHKA 3ByKa €r0 4acTOTa YBEJIMYNBACTCS, & TOH MOBBIIIIAETCS.
Eciin uCcTOYHMK yaaiseTcst OT MPUEMHUKA CO CKOPOCTBIO U, TO CKOPOCTh 3BYyKa OTHOCH-
v, —

TEJILHO NMPUEMHUKA v, —v . Torma v =v (10.12). IIpu B3auMHOM yJaJ€HUHM UCTOYHHMKA

v
0
Y MIPUEMHHUKA YaCTOTa 3ByKa YMEHBIIIAETCA, & €ro TOH OHUKAETCA.

Bonpocs 1J1s1 CaMOKOHTPOJIA.
Kakue BoiHBI Ha3bIBatOT MPOIOIBHBIMU?
Kaxkue BoHBI Ha3bIBAIOT MOTIEPEUHBIMU ?
UTto Takoe JirHa BOJIHbI?
®dopmysia CKOPOCTH pacCIpOCTPAaHEHUS BOJIH.
CTpyKTypHO—JIOTHYECKasl CXeMa BBIBOJIa ypaBHEHUS OeryIlel BOJHBI.
Urto Takoe unrepdepeHnus?
Kakue BoHBI Ha3bIBalOT KOTEPEHTHBIMU?
VYcnoBus MaKCUMyMOB 1 MUHIMYMOB TIPY UHTEP(HEPEHITNN.
Uro Takoe qudpaxius?

CoN~WNE



10. Ipunnun Ioiirenca—®dpenerns.

11. Yo Tako€ UHTEHCUBHOCTH 3ByKa?

12. ®opmyna HHTEHCUBHOCTH 3BYKaA.

13. Yto Takoe ypoBeHb TPOMKOCTH 3ByKa?

14. 3akon Bebepa—DexHepa.

15. D ekt Homnepa.

16. ®opmyna 4acTOTHl 3ByKOBBIX KOJEOAHWI MpU B3aMMHOM COJMKEHUU HCTOYHHMKA U
IPUEMHUKA 3BYKA.

17. ®opmyna 4acTOTHI 3BYKOBBIX KOJEOAHMN TpU B3aUMHOM YIAJICHUUW HCTOYHHMKA U
pUEMHUKA 3BYKa.

IIpumepsl pelienus 3agay.
3amaua Ne 1.
Kone6nromnuecs: Touku, HaXOAIIMECS HA OJHOM Jyde, YAAJICHbl OT UCTOYHUKA KoJieha-

. 3z . .
HUH Ha 6 1 8,7 M KOJNeOMIOTCS ¢ pa3sHOCThIO (a3 i Iepuon xoneGanuii ncrounnka 1072 c.

OnpenenuTts JUIMHY BOJHBI, CKOPOCTh PAaCpPOCTPAHEHUs KOJIeOaHUil; COCTABUTh ypaBHEHHUE BOJI-
HBI JIJIs TIEPBOM M BTOPOM TOUYEK, CUMTAsT aMILTUTY bl KoneOanuit 0,5 m.

Jano:
Pemenne:
C=6wM ITo (10.4) ypaBHeHHe Oeryiieil BOJIHBI UMEET BU:
1
x,= 8,7 M y=A-cos(w-t—kx) (1),rae k=2 (2). Torna
v
3r -
Ap = —
¢ 4 y = A-cos a)[t - iﬂ , 10 (8.7), (8.6) w= 2z (3). Torpa
T=102c RN T
lzlzr?Z:A: 0,5m y = A-cos %I__ﬂ(t_éj WIH Y = A'COS{Z/Z”[%—LT]} .
— a U U .
v=7? U3 (10.1), (8.6) cnenyer v-T =1 (4), Toroa
y=yxt)-7? Tt x)]
y=A-cos| 27| ———|]|.
)l

Benuunna, crosimiasi moJ 3HAKOM KOCHHYC, €cTh (a3a kojebanus. Torma pasHocTh (a3
KoJieOaHWH TIEPBOM M BTOPOM TOYEK OyieT

t X t X
P =P=¢, (T ﬂ,j (T ZJ

t — Bpemsl, IpoIe/Iee OT MOMEHTa Havaina KojiebaHuii uctounuka. [ToaTomy oHO onH-
X=X X, = X,
HaKoOBO JyIs1 o0oux To4ek. Takum ob6pazom Ap =27 - ——=. Orcroga A =27 - ——;
A Agp
A= T72Mm.

U3 (4) cnenyer: v = % ; v~ 720 M/c.

ITo (3) @ = 314 pan/c. o (2) k = 0,44 .

[ToncraBnsis yucneHHbie 3HaUCHUS B ypaBHEeHHE (1), 17151 IEPBOM TOYKH MOIYIUM

y, =0,5c0s(314 -t — 2,62)

s BTOpOIA:

y, =0,5c0s(314 -t —3,83)

OtBet: 4~ 7,2 m; v=T720 m/c; y, =0,5c0s(314-t—-2,62); y,=0,5c0s(314-t-3,83).



3agaum 1J1s1 CaMOCTOSITEILHOTO PelleHus.
29. YpaBHeHHME TUIOCKOM BOJHBI UMeeT BHA: Y =5-1077 c0s(628 -t — 2x) . Onpenenuts ya-

CTOTY KOJEOAaHMH Vv W JUIMHY BOJHBI A, CKOPOCTb PAcHpOCTPAHEHUS BOJH U MaKCHMAaJbHbIE
3Ha4YECHUS CKOPOCTU U YCKOPEHMS TOYEK CPEIbI.

30. ITonepeunbie BOIHBI ¢ aMIDIUTY 10 10 cM pacripoCTpaHSIOTCS BIOJIb MIPSIMOM JIMHHH.
N 3
Onpenenutb CMEIIEHWE TOYKH, yIaJ€HHON OT MCTOYHUKA HAa PACCTOSTHUE X = Z/i, B MOMEHT,

KOT/Ia OT HavyaJa Koyiebanuii mpomwio Bpems t =0,9T .

31. Mumo mnatdopmsl npoxoauT noesn. Koraga moesn npubimkaercs, Kaxyascs Ja-
ctora 3ByKa ero cupensl v, = 1100 I'u. Korna ynangercsa — v, = 900 I'u. Haiitu ckopocTs noesna
1 4acTOTY 3ByKa CHPEHBI, €CJIU MOE€3]1 TOKOUTCS.

CEMUWHAP

no teMe «CBo0OIHBIE KOJICOAHUS»
|. 3amaHus 118 DOBTOPEHHUS.
Kaxkue mporiecchl Ha3bIBAIOT KOJeOATETLHBIMU?.
["apmoHMYECKUN OCUUIIISATOP.
Pentenust ypaBHEHUsI TApMOHUYECKOTO OCLMIIISATOPA.
Kaxkune konebaHust Ha3pIBAIOT TAPMOHUYECKUMU?
HuddepennmanbHoe ypaBHEHHE TAPMOHUYECKUX KOJIeOaHMA.
Ero pemenue.
®opmyna ko3 PunmenTa 3aTyxaHus.
®dopmyna J1orapupMUIECKOro JeKpeMEHTa 3aTyXaHHs.
Juddepennmanbaoe ypaBHeHHE CBOOOIHBIX 3aTyXaIOUINX KOJeOaHui.
0. Ero pemenue.

RBOoo~NoGO~WONE

Il. DxcnepuMeHTaNbHbIC 33/IaHUS.

1. ®usnyeckuil MagTHUK B BUJI€ OJHOPOJHOIO CTEpXKHs Maccol 3,4 kr u anuHou 1,6 M ot1-
KJIIOHUTh OT IOJIOKEeHHUs paBHOBecus Ha yrojl 10°. Ock, OTHOCUTEIBHO KOTOPOH OymyT
COBEpIIATHCS KOJIeOaHMUs, JOIDKHA MMPOXOANUTH Yepe3 TOUKY, YAAJIEHHYIO OT IIEHTpa Macc
MasTHHKA Ha PACCTOSIHUE, PABHOE Y4 €ro JJINHBI.

Nameputs Bpemst 10 konebanmii MasTHUKA. [10 M3BECTHBIM 3HAYCHHUSIM U U3MEPEHHOU
BEJIMUMHE, IpeHeOperasi CUiIaMH COMIPOTUBIICHUS, ONIPEEINUTD: IEPUOI, YACTOTY, IUKIHU-
YECKYyI0 YacTOTy KosieOaHUI MasTHUKA, HAallUCAaTh YPAaBHEHUE €T0 JBUKECHMSI, YPAaBHEHUS
3aBUCHMOCTH YTJIOBOM CKOPOCTH M YTJIOBOTO YCKOPEHHMsI OT BPEMEHH, ONPEIEIUTh MaK-
CUMAaJIbHbIE 3HAUEHUS STUX BEJIMYMH, 3HAUYCHHUE IOJIHOM MEXaHWYECKON IHEpruu MasiT-
HUKAa, HAIlMCaTh 3aBUCUMOCTh BO3BPAIAIOIIET0 MOMEHTA CHJ, JEHCTBYIOLUIUX HA MasiT-
HUK, 1 ONPEJEINTh €ro MaKCUMaJIbHOE 3HaueHue. PaccunTarh TeopeTuueckoe 3HaueHHe
MOMEHTa MHEPLMH CTEPKHSI OTHOCUTEIBHO JAHHOW OCH M €ro 3HaY€HUE Ha OCHOBAHWH
OTBITHBIX JaHHBIX. ONpeAeNTuTh OTHOCUTEIBHYIO MOIPELUTHOCTh U3MEPEHHH.

2. U3meputb BpeMs, B T€UEHHE KOTOPOTO aMIUIUTYAa KosiebaHuil ymeHblnaeTcs Basoe. [1o
NOJyYEHHBIM pe3ysbTaTaM ONpPENENIUTh: 3HaueHus Kod(dduumenrta 3atyxanus, kodpdu-
IIUEHTa COMPOTUBIEHUS, JOrapu(PMUUECKOTO AEKPEMEHTa 3aTyXaHHUs M HAmHcaTh ypaB-
HEHHE JIaHHOTO KOJICOaHHUS.




Jlexkus Ne 11.
OCHOBBI MOJIEKYJISIPHOI (PM3HKH.

OCHOBBI MOJIEKYJISIPHO—KUHETHYECKOI TEOpHH.

OcHOBHOe YpaBHEHHE MOJIEKYJIAPHO—KHUHETHYECKOH TEOPUH.

TensioBoe paBHoBecue. Temnepartypa.

YpaBuenne MenaeiieeBa — Kinaneiipona. JkcnepuMeHTa/IbHbIE Ta30BbIe 3a-
KOHBI.

el AN

1. OcHOBBI MOJIEKYJIAPHO—KHHETHYECKOI TEOPUH.

MonekynsipHas Qu3uka U3ydaeT MpoLEeCcChl, IPOUCXOAIINE B MAKPOCKOITMYECKUX Teax,
COCTOSIIIIMX U3 OTPOMHOI0 KOJIMYECTBA MUKPOCKOIMYECKUX Tel. B €€ ocHOBe jexat Tpu OCHOB-
HBIX IOJIOKE€HUSI, HA3bIBAEMbIX OCHOBHBIMU MOJIOKEHHUSIMHU MOJIEKYJIIPHO—KMHETHUYECKON Teo-
pun.

1. Bce mena cocmoam uz monexy.

2. MoneKynvl ouenv Maivl U HAX0OAMCA 8 OECNPEPLIBHOM XAOMUUECKOM OBUHCEHUU.

3. MoneKynvl 63aumooeiicmeyon opyz ¢ Opy2om.

Mornekybl pa3IuYHBIX BEIIECTB COCTOAT U3 pa3nuyHbix atomoB (H,O0, CuSO, u T.1.),

HO UMCHHO MOIJICKYJIa, 4 HC aTOM O6HaﬂaeT BCEMU (1)I/I3I/IKO—XI/IMI/I‘ICCKI/IMI/I CBOMCTBaAMH JaHHOTI'O
BCUICCTBA, MMOTOMY U3MCPATH KOJIUYCCTBO BCUICCTBA OBLI0 OBl JJOTMYHO YHCIIOM MOJICKYJI OAaH-
HOI0 B€UICCTBA, HO IIPU 3TOM IMPUILIOCH ObI UMETh ACJI0 C OrpOMHBIMHU YUCJIaMHU, YTO HGYI[O6HO.

OHCHI/ITB pasMEpbl MOJICKYJI MOJKHO HCXOAA M3 CIICAYIOHICTO OIIbITA. I/ISBeCTHO, gro 1
MM3 Macjia, pacTCKasiChb MO MOBCPXHOCTHU BOABI HU MNPHU KAKHUX YCIIOBUAX HC MOXKCT 3aHATH I1J10-
maab 6onee 4 M2. MosxHO MIPpCAITIOJIOKUTh, UTO TOJIIHMHA MACJIIHOI'O CJIOA ITPH 9TOM paBHA JHa-

vV 1107w’

MeTpy OHOM MoJIeKybl. Toraa d = S —=2510"m.

4m
Cuutas MONeKyny IapooOpa3HON M, UTO B IJIEHKE MOJEKYJIbI PACIIONOKEHBI BILIOTHYIO

\Y 4
JIPYT K JIPYTY, MOKHO OLIEHUTH KOJMYECTBO Mojiekyl B 1 Mm® Macia: N = —, rae V, = gnRe’ -
0

00BEM 0HOI MoseKyJIbl. ITocTaBIsAs YUCIeHHbIe 3HaYeHus, noayunM N ~ 107,
3nas Maccy 1 MM Maclia, ¥ 4HCIIO MOJIEKYIl B HEM, MOXKHO OIGHHTh MAcCy OJTHOH MoJle-

m -
KyJbL: M, = N ~10*°kr.

Htak: u3MepsTh KOJIMYECTBO BEIIECTBA YUCIOM €ro MoJjieKya — Heynoono. B CU komnm-
YECTBO BELIECTBA U3MEPSIETCS B MOJIAX.

O0un Mo1b — KONUYUECmEo euiecmed, 6 KOmopom cOOepHCUmcsa CmoibKo MOEK)l
WU amomos (8 3a6UCUMOCHU OM MO020, U3 Ye20 COCMOUM GCUIeCIE0 — U3 00HOAMOMHBIX
UIU MHOZ0AMOMHBIX MOJIEKY]l), CKONbKO AmMomMoe cooeprycumca 6 12 2 uzomona yenepooa
Cq’.

Takum 00pa3om, B OJTHOM MOJ€ JIOOOTO BEHIECTBA COACPKHUTCS OJHO M TO K€ YHCIIO
CTPYKTYPHBIX €IMHHI. DTO YUCIIO Ha3bIBaeTcs unucioMm Asoraapo N, =6,02-10 2 momp ™,

Macca BemiecTBa, B3ATOro B kosimdectBe 1 Mosst M, Ha3bIBaeTCs MOJISIPHOM Maccoil Be-
IIIECTBA.
3Has Maccy BeIIecTBa M €ro MOJSPHYIO Maccy, MOKHO OIPEACIIUTh KOJMYECTBO BEIIle-

m
ctBa: v =— (11.1).
aky (11.1)

C npyroii cTOpoHBI Vv = Nl (11.2). 3 (11.1) u (11.2) cnenyeT, 4TO YUCIO MOJIEKYT B
A



Bemectse N :%. N, (11.3) mwm N =v-N, (11.4).

2. OcHOBHOE ypaBHeHHe MOJIEKYJISIPHO — KHHETHYeCKOH Teopuu.

OTO0 ypaBHEHHE Ha3bIBA€TCS OCHOBHBIM MOTOMY, YTO OBLIO NMEPBBIM, MOJYUYEHHBIM ypaB-
HEHHEM, CBS3aBLIIMM MaKpPOCKOINMYECKUHN NapameTp — JAaBJICHUE, C MUKPOCKOIIMYECKUMH Iapa-
MEeTpaMHU — MacCCOU MOJIEKYJIbl U CKOPOCTBIO JBUKEHUSA MOJIEKYJL.

[Ipocreiinmmu cBoiicTBaMu 00Ja/1a€T ra3, MOJIEKYJIbl KOTOPOrO B3aUMOJEHCTBYIOT JIUIIb
IIpU yIPYTUX CTOJKHOBEHUSAX. Takoi ra3 Ha3pIBaeTCs HIEalbHBIM. JTO €€ oaHa (U3nUecKas
MOJIENb HAPSly C MATEPUAIBHOM TOYKOW U T.II.

Onpenenum NaBJIEHUE HIEAIBHOTO

rasa, oka3plBaeMOe MM Ha CTCHKH COCYJa.
- TN JIist mpOoCTOTHI BO3BMEM OJTHOATOMHBIN HJIE-
T \ anbHbIi ra3. Puc. 11.1.
Aty TN~ Kak w3BectHo (cm. 4.1), maBieHue
T~ — F Amov
14Uy p =—. Ilo Il 3akony Hetotona F = ,
- S At
Puc. 11.1. rame Amov — U3MEHEHHE HMMITYJIbCa CTCHKH

cocyna. HN3Mmenenue HMITYJIbCa OQHOM MoJe-

KyJIBI IPU €€ YyIPYTOM CTOJIKHOBEHHH CO CTEHKOH Oyner: Amyv = myv —myv, ( puc. 11.1). Ilpo-
enupys Ha och X, MOIy4YuM: —AmMyv, =-Myv, —Myu,, . IIpu ynpyrom CTOJKHOBEHHH MOIYJIb
ckopocTH He meHsieres. Torma: — Amp, =—2-myv, . I3MeHeHne UMITyIbca CTEHKU OyJIET paBHO
10 BEJIMYMHE M NPOTUBOIIOJIOKHO 110 HanpasieHuro. IlosToMy cuia, ¢ KOTOpOH MoneKya Jei-

2-myuw .
CTBYET Ha CTEHKY, Oymer: f = ——2% rae At — BpeMs CTOJKHOBCHHS MOJICKYJIBI CO CTEHKOM.
At

Bce Mosekyibl, CTalKMBaIOIIKUECs] CO CTEHKOM, MOAEHCTBYIOT Ha He€ ¢ cliio F = N - f . Hucno
CTAJIKMBAIOIINXCS CO CTEHKON Mosekyl, N =nV |, rae n — KOHIEHTpanus MOJeKyr; V — 00béM,
B KOTOPOM OHHU HaXOJATCS.

OueBHuaHO, 4TO 3a Bpemsi At €O CTEHKOH CTOJKHYTCS JIMIIL T€ MOJEKYJbI, KOTOpbIE
HaAXOAATCs OT He€ Ha paccTosHMHM ¢ =v_ -At, Torma V =v_-At-S. Hakonen, yuuTbiBas, 4ro B

CpPEIHEM K IIPAaBOM CTEHKE JIBHMIKETCS TOJBKO IOJOBHHA MOJIEKYJI, HAXOMSIIMXCSA B COCYAE, I
CHJIBI X B3aUMOJIEHCTBHS CO CTEHKOI MOXHO MOJTy4uTh: F =n-S-mv’.

Mornekyn B cocylie O4eHb MHOTO U HAlpaBJICHUS MX JBI)KEHHUS PABHOIPABHBI U PaBHO-
BepostHbl. [Tostomy v, =v, =v,. Ilo Teopeme Iludaropa s TPEXMEPHOro MPOCTPAHCTBA

1
v = V% + 0%y + 0% =3-0% . Otcrona: v’ = 3 v?. Tak Kak MOJEKYJbI JBUXKYTCS ¢ Pa3IHYHBI-

MH CKOPOCTSMH, TO U — €CTh CPEJHsAs CKOPOCTh JBMKEHHS BCEX MONEKYN. YUHThIBas BCE CKa-
3aHHOE, ISl IABJIEHHUS TIOTYUMM:
p =1-n-m0 -0° (11.5)
3
DTO U €CTh OCHOBHOE yPaBHEHHE MOJIEKYJISPHO — KHHETHUECKOH TEOPHH, CBA3aBIIEE BO-
eJIMHO MAKpOCKOIMYECKHil apaMeTp — JAaBJIeHHE, C MUKPOCKOITMYECKMMH MapaMeTpaMy — Mac-
COif MOJIEKYJIBI M, U CPEIHEN CKOPOCTBIO IBHKEHHS MOJIEKYJT U .

(11.5) mo3BoNSET paCCYUTHIBATH CPEAHIO CKOPOCTH JBIKEHUS MOJICKYJI Ta3a B 3aBUCH-
MOCTH OT €rO JaBJICHUS M KOHLEHTpaluu MOJIeKys. Pacu€rbl CKOpOCTH JBMKEHUS MOJEKYI,
MPOU3BEAEHHBIE 0 3TOH (hopmyie, 1al0T, Ka3aloch Obl MPOTHBOPEYAle TOBCETHEBHOMY OIbI-
Ty pe3ynsratsl — 300, 400, 500, 600 u T.1. M/c. HanpuMep 3amax paziauTol maxydeil »KuJaKoCTh
pacnpoCTpaHsaeTcsl MO MOMEUICHUIO IOCTATOYHO MEJUIEHHO, a MPU TaKUX CKOPOCTSIX OH JIOJKEH



PACIIPOCTPAHATHCA IIPAKTUYCCKH MI'HOBCHHO. HCJ'IO B TOM, YTO MOIJICKYJIbI chapﬂ}omeﬁc;l KO-
KOCTU ABHIXYTCA HC B ITYCTOTC, @ UCIBITBIBAIOT ITOCTOAHHBIC CTOJIKHOBCHUA C MOJICKYJIaMH BO3-
ayxa, 6€CHpepBIBHO MCHsIS HallpaBJICHUE CBOCTO ABUXKCHM.

U3 (5.8), (11.5) MOXHO TOTYy4YUTh P = % n-E (11.6) — roe E — cpeaHss KHHETHYECKAS

SHEPrus IBUKEHUS MOJICKYII.
(11.6) sBnsercs emé omHOM (HOpPMOH 3amMcH OCHOBHOTO YpPaBHEHHUS MOJEKYISIPHO—
KUHETUYECKON TEOPHH.

3. TenuioBoe paBHoBecue. Temneparypa.
TerioBbIM paBHOBECHEM HA3bIBAETCSl COCTOSIHME CUCTEMBI, IIPU KOTOPOM BCE €€ MaKpo-
ckonmnueckue napamerpsl (p, V, T) ocTaioTcsi HEU3MEHHBIMHU.
OnpIT MOKa3bIBAET, YTO €CJIM HECKOJBKO I'a30B HAXOASTCS B TEIUIOBOM PABHOBECHH, TO
OTHOILIEHUS MX JaBJIEHUH K KOHILEHTpPALUsSM €CTh BEJIMUYMHA MOCTOsIHHAs. [losToMy BenmnduHy

P \owno cumrath KoMMUeCTBEHHO Mepol TemIepaTypsl, HO €& paSMepHOCTBLE J = [ o ]
n

n

COBMAJIa€T C YHEPreTUYECKOr pa3zMepHOCThI0. UTO OBl BBIPA3UTh TEMIIEPATypy B MPHUBBIYHBIX
rpagycax Hy»HO BBeCTH K03()PHUIIMEHT MPONOPIMOHATEHOCTH.

KensBrHOM OBLTA MpeniiokeHa adCOMIOTHAS MIKajia Temreparyp. Tak Kak EZO, TO TIO

n
wkane KenpBMHA mocinegHed CTENEHbIO XOJoJAa SBISIETCA TeMmIepaTypa, MpU KOTOpOW Ipu
HEU3MEHHOM O0BEME NaBJICHHE HIICATLHOTO ra3a CTaHOBHUTCS paBHBIM (, a P HEU3MEHHOM

JaBJIeHUN — 00BEM cTaHoBHUTCA paBHBIM 0. TemnepaTypa 1o 3Toil mkasne usmepsiercs B Kenbu-
Hax (K), npuuém 1 K= 1°C, a 0 K = -273°C.

— INOCTOsITHHAs

Tlns aGeomoTHoii Temmepatypbi L =k -T (11.7), rae k =1,38-10 % ﬂ%
n

Bbosbiimana.
W3 (11.7) cnenyer p=n-k-T (11.8).

N3 (11.6), (11.8) MoxHO MOAYyUnuTh E =g~k -T (11.9). Takum o6pa3om, TeMmreparypa

€CThb Mepa CpeJHEH KMHETUYECKOW SJHEPIHH MOJIEKYJI.

4. YpaBHenmne MenaeineeBa — Kianeiipona.
JKCNEePUMEHTAJIbHbIC I'A30Bble 3aKOHBI.

[ToacraBnss B (11.8) 3Hauenue n = g, yuutbiBas (11.3), u, 0003HAYHB OCTOSTHHYIO Be-
mnunHy K- N, =R (11.10), MO’KHO HOTY4HTB:
m
V=—-R-T (1111
p v (11.11)
Lic

D10 u ecTh ypaBHeHue MenneneeBa — Knanelipona. Bennunna R = 8,31—K Ha3bIBACTCS
MOJlb -

YHUBEPCAIbHOM ra30BOM ITOCTOSTHHOM.

W3 ypaBuenus MenpaeneeBa — KianelipoHa ciieytoT TpH Ba’KHBIX COOTHOLIEHHUS, MOy~
YEHHBIX 3KCIEPUMEHTAIBHO /10 BBIBOAA ATOr0 YpaBHEHUs. [103TOMy OHM HOCST Ha3BaHUE JKCIe-
PUMEHTAJIbHBIX Ta30BBIX 3aKOHOB.

1. ITycTh ra3 nepexoauT U3 OJHOIO COCTOSIHHS B JPYro€ MpU HEM3MEHHOW TeMIepaType
T = const . Tako#t mporecc Ha3bpIBaeTCS U30TepMUYeCKUM. Tak kak M, M, R pu sTomM HE nU3Me-
HSIIOTCS, TO U3 ypaBHEeHUs MeHeneeBa — KnaneiipoHa cienyer:



pV =const (11.12). [na oannoii maccol 2aza npu nOCMOAHHOU
memnepamype npou3éedeHue 0aseHUs HA 00bEM ecmb 8eu-
yuna nocmoannaa. (3akon boiins — MapuortTa).

N3 3akona boitnsgs — MapuoTtra cnenyer: p = \% . I'paduue-

CKHM 3aBUCHMOCTbH JIaBJIeHUS OT 00b&éMa m300pakaercs rumnepoo-
70, Ha3piBaeMou m3orepmoil. Puc. 11.2. U3 ypaBHeHnuss Menne-
neeBa — Kianelipona BHJIHO, YTO 3HaYEHUE KOHCTAHTHI ¢ 3aBHCHUT

Puc. 11.2

m
OT TEMIIEpaTyphl: ¢ M R-T . DTO 3Ha4yuT, YTO BBIIIE JICKHUT

n30TepMa, Temreparypa KoTopoit 6omisme. T, >T, .

2. Ecnu ra3 mepexoaMT W3 OJIHOTO COCTOSIHUSI B JIPYroe MpU HEU3MEHHOM JaBJICHHUU
p = const — mpoLecc Ha3bIBACTCs N300APHBIM.

4 N3 ypaBHenus MengeneeBa — Kiamelipona cuenyer
A \Y
T

m
— - — W
M p

Fa v

T const (11.13). /lna oannoui maccel 2aza npu neus-

; MEHHOM 0as/leHuUU OmHOouieHue O0asjleHus K memnepamype
ecmyp éeruuuna nocmosaunas. (3axon I'eli—JIroccaka).
N3 3akona I'eii—JIroccaka cnenyer: V =c-T . 3aBucu-
Puc. 11.3 MOCTh 00BEMaA OT TeMIepaTypbl IpU U300apHOM Ipolecce U300-
pakaeTcsl IydoM, UCXOISIINM W3 Hadajla KOOpIUHAT W Ha3biBaeTcs n3o0apoi. [lpu stom, dem
MEHbIIIE JaBlIeHHEe — TeM OOJIbIlle 3HaYeHHEe KOHCTAHTHI ¢, CJIE0BAaTeIbHO: Oosee KpyTo UAET
n300apa COOTBETCTBYIOIIAS MEHBIIIEMY JIaBICHHUIO. p, < p,.

T

3. Tlpomecc, mpoTekawImuii MNP HEU3MEHHOM O00BEME
V = const , Ha3pIBaeTCS M30XOPHBIM. Tora:

$= const (11.14). /lna oannou maccer 2aza npu Heus-

P

MEHHOM 00béMe omHouieHue 0agjleHus K memnepamype ecmp
eéeauyuna nocmosannasn. (3axon apss).
N3 3akona llapna cnenyer: p =c-7T — 3aBUCUMOCTH J1aB-

7T JIEHUS OT TeMIepaTypbl HM300pa)kaeTcsl Jy4OM, UCXOISAIIUM U3
Hayaja KOOpAUHAT, U, Ha3bIBA€MbIM U30XOPOH.

N3 ypaBHenuss MenneneeBa — Kitaneiipona cienyer, 4to
Kpy4e UIET N30X0pa, COOTBETCTBYIONIAs MEHbIIEMY 00bEMy: V, <V, .

Puc. 11.4

Bce n306apbl ¥ U30X0phl BHAYane UMEIOT MPEPBIBUCTHIN BHUJ TOTOMY, YTO HU OJUH pe-
AILHBIN Ta3 HHA IIPpU KaKHUX YCJIIOBUAX HC MOKCET IMPUHATL AJABJICHUC WA O6’béM PaBHBIMHU HYJIIO.
B neiicTBUTENIEHOCTH B Ha4ajie KOOPAMHAT CXOIATCS MPOAODKEHHS BCEX N300ap U U30X0p.

Ecim temmniepatypy mnzobpaxats B rpagycax Llenscus (puc. 11.5), To nmpomomkeHus: Bcex
M30XO0p M U300ap mepeceKyTcst B OIHOM TOUKE, COOTBETCTBYIOIEH Temneparype t = —273 °C.

h

/ )4

// - // _-_,-’/
Pt £°C Pt 4°C
i - e -
- 273 - 273

Puc. 11.5



Takum obpazom: 0 K= —273°C.
Emé ogauM sKcriepruMeHTaIbHBIM Ta30BBIM 3aKOHOM sIBJIsIeTCs 3aKoH JlampToHa. OH ria-
CHUT: 0aeéieHUe CMeCU 2a308 PAGHO CYMMe RAPUUATbHBIX 0ABIEHUTI IMUX 2A3086.

p =2 p;(1115).
i-1

[MaprmanbHbIM 1aBIEHUEM HA3BIBACTCS JaBIICHUE Ta3a, KOTOPOE OH OKa3bIBall ObI B OT-
CYTCTBUE APYTUX Ta30B.

NoogkrwdpE

10.
11.
12.
13.
14.
15.
16.

Bonpoce! 111 caMOKOHTPOJISA.
CdopmynupoBaTh OCHOBHBIC TTOJIOKEHUST MOJICKYIIS PHO—KUHETUIECKON TEOPHH.
Hatb onpenenenuie 1 Mosst BemecTna.
Urto Takoe yucio Aoraapo?
Yto Takoe MoJispHas Macca?
DopMyIIbl ISl ONIPEIEICHHS KOJIMYeCTBa BEIIeCTBa.
Yro Takoe uneanbHbIi ra3?
CTpyKTypHO—JIOTHYECKAss CXE€Ma BbIBOJA OCHOBHOT'O YpPAaBHEHUS MOJEKYJISIPHO—
KUHETUYECKOW TEOpUU rasa.
®dopmysia 3aBUCUMOCTHU JaBJIEHMS UI€aJIbHOIO ra3a OT CpeHEeH KUHETUYECKOM IHEP-
TUH €TO0 MOJIEKYJI.
®opmysa 3aBUCUMOCTH JaBJIECHUS UIEAIBHOTO ra3a OT TEMIIEPATYPBI.
®dopmyna 3aBUCUMOCTH CpeIHEeN KUHETUYECKOW YHEPTUU MOJIEKYJ OT TEMIEPATYPBhI.
CTpyKTypHO—JIOTHYECKasl CXeMa BbIBOJIa ypaBHeHUs1 MenaeneeBa—Knaneiipona.
Yro Takoe uzomnpouecco?
Cdopmynuposats 3akoH boins—Mapuorra.
Cdopmynuposats 3akoH I eii—Jltoccaka.
Cdopmymnuposats 3akoH [lap:ms.
CdopmynupoBaTs 3akoH JlanbToHa.

IIpuMmeps! pelienus 3aaad.
3agaua Ne 1.

Kaxoii macchl 6anmact HyKHO COPOCUTH C PaBHOMEPHO OMYCKAIOIIETocsl a3pocTara, 4To-
Obl OH HayaJl PaBHOMEPHO MOJHHUMAThCS C TOH K€ MO MOAYJIO cKopocThio? CompoTuBiieHUE
BO3/IyXa OMHAKOBO B 060mx cmydasx. O6béM aspoctara 1000 m3. Temmepatypa Bo3myxa 10°C.
Atmocdeproe 720 mM pt.cT. Macca aspoctara ¢ 6amutactom 1206 kr.

Jlano: CHu P )
eIIeHuE:
Jlnis mepeBo/ia AaBIeHMsI, BEIPQXKEHHOTO MM PT.CT. B
Fa=F,=F cucremy CHU, Bocmomb3yemcs  dopmymnoir  (4.2)
v, = v, = const p=p,-g-h,rae p,=13,6:10° kr/m> — mioTHOCTH PTYTH,
vV =10°u® h =720 mm pt.c1.=0,72 M — BBICOTa CTOJI0A PTYTH, TOTJA
m = 1206 kr p =13,6:10%9,8:0,72 = 95760 Ia.
t=10°C 283K T.k. ckopocTh a’pocTara B 000UX ClIydasiX MOCTO-
p =720 Mm pr.cT. 95760 11a | guwa. 1o mo mepeomy 3axony HeiotoHa:
Am —? =
B 1iepBoM ciydae: F, +F. +mg =0

X

BO BTOPOM CIIy4ae: EA’ + Eg +(m-— Am)ﬁ =0.
[Ipoenupys Ha X, mosy4aem:
F,+F.—mg=0

F,—F.—(m-Am)-g=0.

CnoxuB 00a ypaBHEHUs, TTOTYIUM:




2F, -2mg + Amg =0. Otcrona
2(mg - F,)
= AZ (D).
g
ITo 3akony Apxumena (cm.(4.3)) F,=p, -V -g, TOe p, — IUNIOTHOCTH BO3ayXa; V — 00b-

Am

€M, BBITECHEHHOI'O a3POCTATOM BO3yXa.
. m m R-T
W3 ypaBuenus Menneneesa — Knanelipona p-V = Ve R-T cnenyer. p= VERRY

, TIIE

_ m
M =29.10"° — MOJISIPHAsi Macca BO3AyXa; V: p — €ero ImioTHocTh. Takum 00pazom

MOJIb

-M -M
= p—T Tornma nus cunel Apxumena noayyum: F, = FI)?—T -V - g . IloncraBum 3Hauenue F,

6

B ypaBHeHue (1), moxyuum
Am=2. m—M . Am =~ 50 Kr.
R-T

OtBeT: Am =~ 50 Kr.

3agauu AJ1 CaMOCTOSITETLHOTO PelIeHu .
32. OnpenenuTh CKOJIBKO MOJICH M MOJIEKYJ BOJOPOJA COAEPKUTCS B 00BEME S0 M° o
naBieHueM 767 MM pT. cT. ipu teMneparype 18°C. KakoBa mMacca M MIOTHOCTb 3TOrO BOAOPO-
na?

33. B cocyje 00bEMoM 2 M3 HaXOAUTCSA CMeCh 4 KT Telis U 2 KT BOJOPO/a TIPH TeMIIepa-
type 27°C. OnpenenuTs 1aBIeHUE U MOJISIPHYIO MAacCy CMECH Ia30B.

34. O6onouxa BO3MyIHOTO mapa ooséMoM 800 M3 3amoaHEHa BOIOPOIOM IIPH TEMIIEpa-
type 273 K. Ha ckonbko M3MEHHTCS MOAbEMHAS CHIIA IIapa MPHU MOBBIIIEHUHA TEMIEPaTypbl 10
294 K? O0bEM 000JIOYKM CYMTATh HEM3MEHHBIM, a BHEIIHEE JaBlIeHHE HOPMAJIbHBIM U pPaBHBIM
10° I1a. B HmkHeil 4acTH 06OTOYKH MMEETCS OTBEPCTHE, Yepe3 KOTOPOe BOIOPO MOXKET BHIXO-
IUTH B OKpY>Karoliee MpOoCTPAHCTBO.



Jlexkus Ne 12.
OCHOBBI TEPMOANHAMMKH.

1. Ywucao creneHei cBo00abl. CpeaHsisi JHePIrusi MoJIEKYJI rasa.

PaGora ¥ K0JIMYECTBO TEMJIOTHI KAK Mepbl H3MEeHeHHs] BHYTPeHHeH Hep-
TUH.

IlepBoe HaA4Ya/I0 TEPMOAUHAMMKH U €r0 IPMMEHEHUE K H30IpoLeccam.
YjaeabHas U MOJISIpPHASI TENJIOEMKOCTH.

AnuadatHblii npouecc. YpaBuenue Ilyaccona.

Hukanuyeckue (kpyrosbie) npoueccol. Padbora nukia.

Bropoe nauasio repmoaunamuku. TenioBbie ABUraTe M.

HMuxa Kapuo. KII nukiaa Kapno.

. IlonsiTHe YHTPONMMU.

10. sIBaeHust mepenoca.

N

©ON AW

TepMmoanHaMuKa BO3HHKIIA TIOCTEe M300pETeHUs YelIOBEKOM TerioBoro asurarens. [lep-
BOHAYaJIbHO 3TO ObLIa HayKa O MPEBpAlICHUH TEIUIa B MEXaHUYECKYI0 padOoTy, HO Pe3ybTaThl
TEPMOJUHAMHYECKHX HCCIEIOBaHUN OKa3alHCh HACTOJIBKO OOIIMMHU, YTO B HACTOAIIEE BpeMs
TEPMOJIMHAMUYECKHUE METOJbI MCTOIB3YIOTCS TP HCCIECIOBAHUU (PU3NYECKUX U XUMUYECKHUX
IIPOLIECCOB.

TepmoanHaMuka paccMaTpUBaeT TEIUIOBBIE MPOIECCHl 0€3 YUETa MOJIEKYJISIPHOTO CTpOe-
HU BellecTBa. B e€ ocHOBe JiexaT /1Ba SKCIIEPUMEHTAIIbHBIX 3aKOHA WM Hayaja.

1. Yncao creneneii cBodoabl. CpeaHsisi 3Heprusi MoJIeKyJI ras3a.

Yucno cmeneneit c600600bl | — YUC0 HE3ABUCUMBIX KOOPOUHANL, RO KOMOPbIM MOMCHO
Cyountvb 0 NONOHCCHUU MOIEKYIbl 6 NPOCMPAHCHEe.

PaccMoTprM 01HOATOMHYIO MOJIEKYITy, IPEJCTaBUB €€ B BUE OYE€Hb MAJIEHBKOTO LIapu-
ka. CyIuTh O IEpEMELIEHUH TAaKOTO IIApUKa B IPOCTPAHCTBE MOKHO 110 U3MEHEHHIO €T0 KOOP-
OUHAT X, y, Z. HO3TOMy TOBOPAT, YTO OAHOATOMHAA MOJICKYJIa UMECT TPHU MOCTYNATCIbHBIC CTC-
neHu cBoOOABIL: i1= 3.

JIByXaTOMHYIO MOJIEKYJIy MOXHO IPEICTaBUTh B BUJE JBYX LIAPUKOB, KECTKO CBSA3AH-
HBIX apyT ¢ apyrom. (Puc. 12.1.) Takue MOJEKyJIbI TaK)Ke UMEIOT TPU TIOCTYNATEIILHBIC CTEIICHU

N cB0001bI. Kpome Toro, Kak ObI OCTaBasiCh Ha OJHOM

Q MECTe, OHM MOT'YT BPAIlaThCs B IJIOCKOCTH YepTeka

Q . : /,’O e (puc. 12.1 a) unu B MIOCKOCTH MEPIEHIUKYISIPHON

.—/T\—. ( . ONONO . yepTexy (puc. 12.1 6),nmpu sToM KoH(UTypauus

L — 1apukoB MeHsieTcs. Takum o0pa3oMm, IByXaTOMHbBIE

o] é O MOJIEKYJIBl WUMEIOT TPH TIOCTyNaTelbHbIE U JBE
a) 6) BpaliaTeIbHbIC CTEIIEHH CBOOOMBI: 12 = 5.

Puc 121 TpéxaToMHyI0 MOJIEKYILy NPEICTABUM B BH-

L Ie TpEX IMIAPHKOB KECTKO CBSA3AHHBIX JIPYT C JIPY-

rom. Takue MoJIeKyJIbl UMEIOT TP MOCTYyNaTelbHbIE
U TpU BpaliatelbHbIe CTEMEHH CBOOOIBI (pHC.
12.2). Takum 00pa3om, y TpEXaTOMHON MOJIEKYJIbI
I3= 6.

VY Mosekys cocTosmUX U3 00JIBIIOro Yucia
ATOMOB MOTYT TOSIBIIATECA KOJIeOaTeNbHbIE BIOIb
oceil KOOpJIMHAT CTeNeHu cBOOOIbl. MakcuMaibHOe
YHCJI0 CTeTeHei cBO0OIbI MOJIEKyYJbl — 1 = 9.

Kak Owuto mokazano Bbeime (cm. 11.10),

Puc. 12.2



3
CpEeIHssl KUHETHYECKAsi SHEPTUsl OJJHOATOMHOIO raza E = E -k -T . Tak Kak Bce cTeEHU CBOOO-

AblI MOJICKYJI PABHOIIPABHBI U PAaBHOBCPOATHBI, TO €CTh HU OHA U3 HUX HC UMECT NPCUMYILICCTB
nepea ApyruMu, T0 MOKHO YTBEPKAATh, UTO HA OAHY CTCIICHb CBO60)II)I MOJICKYJIBI TPUXOAUTCA

1
SHEPTHS & = 5> k-T (12.1). YpaBuenue (12.1) siBnsieTcst 3aKOHOM pacIpeIeIICHHs] YHEPTUU TI0
CTETEeHsIM CBOOOJBI, COTJIACHO KOTOPOMY HA KaMcOyl0 CHENneHb C80000bl MOEKYIbl NPUXO-

oumcs cpeoHAs IHePIuUs & = % kK-T.

. - . [
3HaYNUT SHEPTUsl MOJICKYJIbI, UIMEIOIIEH | cTerneHeil cBo0obl, Oynet: E = > k-T (12.2).

YMHOKHUB 3Ty SHEPTHUIO HA YUCIIO MOJIEKYJ, BXxoasaumx B cuctemy (cm. (11.3) u (11.11)), momy-
YUM:
i m
U=—-— R-T (12.3).
2 M
Bennuuna U Ha3pIBaeTCs BHYTpEHHEH sHEprueit cuctemsl. B TepMonnHamuke Hac OyaeT

dJame MHTCPECOBATbh HC CaMO 3HAUCHHC BHYTpeHHeﬁ OHCpIrun, a e€ u3MeHeHue. Tak kak JJI

. i m
JTAaHHOW MAacChI rasa Eﬁ R — BenmumyuHa nocrosiHHadA, T0 AU = -R-AT (12.4) unu, B

i m
2 M

muddepennuansaom Bune: dU = -R-dT (12.5).

i m
2 M
2. PaGoTa M KOJIMY€CTBO TEILUIOThI, KAK MePbl H3MEHeHHUsI BHYTPEHHEH SHePrun.
OnbIT MOKa3bIBACT, YTO BHYTPEHHIOIO SHEPTUI0 CUCTEMbI MOYKHO U3MEHUTH TOJIBKO JBY-
Ms criocobaMu — coBepIlasi HaJl Hell MEXaHWYeCKyl0 padoTy, WiIH, IiepeaaBasi i HEKOTOpoe KO-
JUYECTBO TEIUIOTHL. [Ipu 3TOM OJMHAKOBOTO pe3ybTaTa MOXKHO JTOOUTHCS JIFOOBIM U3 3TUX CIO-
co0oB. [Ipuuém BIIOCIIEICTBUH ONPEACIUTh KaKUM 00-
pa3oM MPOU30ILIO 3TO U3MEHEHHE, OyAeT COBEPIICHHO
HEBO3MOXKHO. B 3TOM COCTOUT 3KBUBAJICHTHOCTH pado-
“““““ D . ThI U KOJIMYECTBA TEIIOTHI.
dh * . Omnpenenum paboTy raza MO TEPEMEUICHUIO
77777777 * . MopIIHsA B IWIMHApPe Ha paccrosaue dh (puc. 12.3).
«te W, ¢ . [To ompenenenuto padotsl (cM. 5.2), dA=F -dh , roe F
AR — CuJa, C KOTOPOM ra3 JeUCTBYEeT Ha MOPILIECHb.
N3 (4.1) cnenyer: F=p-S, rae S — miomanb
MOBEPXHOCTHU MOPILIHA, HA KOTOPYIO AEUCTBYeT ra3. To-
raa aist pabotel rasa moiayunM: dA = p-dV (12.6). [lomnas paGoTa raza mpu U3MEHEHHH €0

Puc. 12.3

o6wéma ot V1 10 V2 Oyner:

VZ
A:jp-dv (12.7),
Vl
/i€ p — 3aBUCHMOCTb JIaBJICHUSI ra3a OT ero o0bEma.
[Ipouiecc u3mMeHeHsI BHYTPEHHEH YHEPTrUuM 0€3 COBEPIICHUSI MEXaHUYECKONH paboThl, MO-
JTy4HJ Ha3BaHHE TerutooOMeHa. BenmumHa Q, paBHasi H3MEHEHUIO BHYTPEHHEH SHEPTHH B MPO-
IIECCe TGHHOO6MeHa, Ha3bIBACTCA KOJITMYCCTBOM TCIIJIOTHI.

3. [IepBoe HA4YaJI0 TEPMOJAUHAMHUKY U €r0 MPUMeHEeHHe K H30IpoIeccam.
3aKOH COXpaHEHUs DHEPTUH, PACIPOCTPAHEHHBIM HAa TEIJIOBBIC MPOIECCHI, MOYUHII
Ha3BaHue | Hayana (3akoHa) TepMoArHAMUKHA. OH TJIACHUT: KOJIUYECME0 MeEniomeol, nepeoaHHoe
cucmeme, uOém HA UIMeHeHUe eé 6HympeHHell IHePZUU U HA CO8epUIeHUe CUCHEMOll Mexa-



HUYEeCKOU padomvl NPOMUG 6HEULHUX CUIL.
Q=AU +A (12.8)
[TpumeHuM repBoe HavaI0 TEPMOJAMHAMHUKH K H30IPOIIECCaM.
1. U3orepmuueckuii nponecc. Tak kak 7 =const, o AT =0. 3nauutr AU =0. Torxa,
no (12.8) Q = A. Ilpu uzorepMUUYECKOM Ipoliecce, BCE MOJBOIUMOE K CUCTEME TEIUIO, UAET Ha

coBeplIeHHe pabOThI.
i m "
2. N306apHuslii mpouecc. p=const . AU =—-—-R-AT; A= _[ p-dV , rorna mo (12.8)
2 M v
Q =AU + A. [Ipu u3zo0apHOM nporecce, MoJBOIUMOE KOJMUECTBO TEIIOTHI UAET HA U3MEHEHHUE
e€ BHYTPEHHEH YHEPTUHU U Ha COBEPIICHNUE MEXaHUIECKON pabOTHI.
3. U3oxopuslit nporecc. V = const , 3Haunt dV =0 u cnempoBarenso A4 =0. [To (12.8)
Q = AU . IIpu U30XOpHOM IIpo1iecce BCE MOABOAUMOE KOJIMYECTBO TEIUIOTHI UIET HA U3MEHEHUE

BHYTpPEHHEH SHEPTHUH CUCTEMBI.

4. YieabHasi M MOJIIPHAsI TEIVIOEMKOCTH.

KonugecTBo TemmoTel, MojlydeHHOE WM OTJAAHHOE CHUCTEMOM, ompenensercs (popmyna-

MHU:
dQ=c-m-dT wm dQ =C-v-dT (12.9)

Benuuuna ¢ , paBHas KOJIMYECTBY TEIUIOTHI, HEOOXOJUMOrO [l HarpeBaHus 1 Kr Bele-
ctBa Ha 1 K, Ha3pIBaeTcs ynenbHON TEIIOEMKOCTBIO.

Bennuuna C , paBHast KOJIMYECTBY TEIUIOTHI, HEOOXOAUMOTO JUIsl HarpeBaHus 1 Mo Be-
mectBa Ha | K, Ha3pIBaeTCss MOJSIPHOMN TETIIIOEMKOCTBIO.

.. C
VY nenvHas 1 MOJISIpHASI TETIIOEMKOCTH CBsI3aHbl cooTHOoeHneM: ¢ = — (12.10). Terto-
M

€MKOCTh 3aBUCHUT OT YCJIOBUH, MPU KOTOPBIX MPOUCXOAUT HarpeBanue. OcoOblil MHTEpeC Mpe.-
CTaBJISIET CiIy4ail HarpeBa rasa MpH MOCTOSHHOM 00BEME UM MPH MOCTOSHHOM JaBlIeHUu. B mep-
BOM ClIy4ae TOBOPSAT O TEINIOEMKOCTH IIPU HOCTOSHHOM 00bEMe C,, , BO BTOPOM — IIPU HOCTOSIH-

HOM JIaBJICHUU — Cp

Haiiném momnsipHble TeNI0EMKOCTH Hi€aabHOro ras3a. st nmpoctoTsl Bo3pMéM 1 Mouib raza. To-

raano (12.9) C, = 3—? . Ilo mepBoMy Havyairy TEpMOAMHAMUKY TIPH HEM3MEHHOM 00béMe A = 0.

CnenoBatenpHo, dQ = dU . 1o (12.5) ays 1 mounst raza momyunm: dQ = é R-dT . Torma:

c, =é. R (12.11)

[Ipu HarpeBaHuM ras3a npu NOCTOSSHHOM JAaBJIEHUM, OH coBepuiaeT padoty dA = p-dV .

. R-dT
W3 ypaBHenus MenneneeBa — Knaneiipona ans 1 mons rasza cnenyer: dV =——. Torma
p

A=R-T (12.12). Otcroaa BbITeKaeT (PU3NIECKUIT CMBICIT YHUBEPCATLHOMN ra30BO# MOCTOSHHOM:
YHUGepcanbHan 2a306as1 NOCMOAHHAA YUCTIEHHO pasna pabome 1 mons 2aza npu ezo usobap-
Hom nazpeganuu na 1 K.

ITo mepBomMy Haudaidy TepMOIMHAMMKH IpH u300apHOM npouecce dQ =dU +dA. [l 1

L R.dT +R.dT

moutst raza dU = % R-dT; dA=R-dT , torma C, = 2 T . YuuteiBas (12.11), mo-

TYYHUM:
C,=C, +R (12.13).



DTO ypaBHEHHUE Ha3bIBAE€TCS ypaBHEHHEM Maliepa.

BaxHoe 3HaueHUE B TEPMOJAMHAMHMKE MMEET BEJIWYMHA ) = C_p (12.14), nazpiBaeMas
\

annabarndyeckoit moctosHHON. YuutbiBas (12.11) u (12.13), ans aanabatuveckoil MoCcTosSTHHON

nonmyunm: y =1+ E (12.15).
[

5. AnuadatHblii nponecc. YpaBHuenue Ilyaccona.

AnnabaTHBIM Ha3bIBAeTCS MPOLECC, MPOTEKAIONMKA 0e3 TerooOMeHa ¢ OKpYy Karollei
cpenoit. dQ =0.

[Mpumensis | Havano TepMOAWHAMUKA K aauabaTHOMy TPOIECCY, TMOIYYUM
dA =-dU (12.16). Otcrona cienyer, 4ro 6€3 MOJBO/Ia SHEPIUU U3 BHE, paboTa MOKET COBEP-
IaThCsl TOJIBKO 3a CUET yObUIM BHYTPEHHEN SHEPTUH, HO TaKOI MpoIiecc HE MOXKET MPOJOJIKATh-
cs1 nonro. Takum oOpa3om | Havano TepMOAMHAMUKY 3alPEIaeT CO3JaHie BEYHOro ABUraTens 1
po/a — yCTpONCTBA, COBEPIIAIOIIETO MEXAaHHNUECKYIO pPaboTy 0e3 moTpedIeHHs SHEPTHH U3 BHE.

[To | Hawany tepMmoamHamuku i anuabatHoro mporecca dU +dA=0. U3 (12.5),
(12.11) mma 1 wmoms rasa momyunm dU =C, -dT. Ilo (12.6) dA=p-dV, Torma

p-dV:O
C, T

dT
C, -dT + p-dV =0. PasnenusB nomydeHHoe ypaBHeHue Ha C, -T moilyuum — +

(12.17). U3 ypaBHenuss MenneneeBa — Kmaneitpona miust 1 monst raza T = % (12.18). U3

A

P \

(12.13) cnenyetr R = Cp -C,,torna T = . [loncrasnsasa 3HaueHue 7' BO BTOPOE cllarae-

Mmoe (12.17), mocne npeodpa3oBaHUii MOTyUYUM d?T + dTV (y-1)=0.

WuTerpupys, a 3aTeM NOTEHUUPYS MOJYYEHHOE ypaBHEHHE, NMPUXOAUM K YpPaBHEHUIO
[Tyaccona B nepemeHHbIx 7, V:
T-VU™® =const (12.19).
[oncrapnsis B (12.19) 3nauenne 7T u3 (12.18), momyunm ypaBHeHue IlyaccoHa B mepe-
MEHHBIX p, V.
p-V7 =const . (12.20)

6. Hlukanuyeckue (kpyrosoie) npoueccbl. Padora mukiia.
KpyrosslM mporeccoM Hiad MPOCTO LHUKIOM
P Ha3bIBAETCS IMPOILIeCC, PH KOTOPOM CHCTeMa, Mpoias
PSAI COCTOSIHMI, BO3BpAIA€TCs B MCXOJHOE COCTOSI-
HHUE.
Ha pV — nmarpamme muki uzobpaxkaercs 3a-

MKHYTOW KpuBO# (puc. 12.4). Eciu muKiI oCcyIecTs-
JSeTCS MO0 YacOBOW CTPEJIKE — OH Ha3bIBaeTCs Mps-
MbIM. Eciiu mpoTuB — oOpaTHbIM. [IepBhIif ocymiecTB-
y  JSeTCSA B TEIUIOBBIX JBUTATENSIX, BTOPOM — B XOJIO-

o ¥ IUIbHBIX MAIlIMHAX.
Puc. 12.4 [TycTte Ha puc. 12.4 ocyiecTBisieTcss NMpsMon
LIMKJI, TOraa pabora LIUKJIA Oyner:

2 1

A= I p-adVv + _[ p-dV . IlepBsiif ©HTETpa paBeH paboTe MpHU MEepPexoie U3 COCTOSIHUA 1 B COCTO-
1 2

sHUe 2 mo KpuBoil Li. DTa pabora paBHa miomaau GUrypsl, 3aKIOYEHHON MeXITy KpUBOU Li,



ocbto V u abcuuccamu Vi u V2. BTopoii uHTErpan uMeeT OTpUIATENbHOE 3HAUYEHHUE, TaK Kak
dV<0 u paBeH paboTe, KOTOPYIO HAJ0 COBEPIIUThH HaJl CUCTEMOM, YTOOBI IIEPEBECTH € B UCXOI-
Hoe cocrosinue. [lo BenmunHe 3Ta paboTa paBHa IUIOMIAANU (PUTYpBI, OTPAHUYECHHOMN JIUHUAMU Lo,
ocbro V u abcrmccamu V1 u Vo. Takum o6pazoM, paboTa 1MKIIA paBHA TUIOMIATU (PUTYPHI, Orpa-
HUYEHHOH 3aMKHYTOW KPHUBOM, N300paKarOIICH K.

Ecmn nepBoe Haudano tepmoauHamuku B Buiae dQ =dU + dA mnpouHTErpupOBaTh IO

BCEMY LMKIIY, TO MOJYy4HM: fdQ = de + if dA . Tak kak cucTemMa BO3BPAILAETCs B UCXOIHOE CO-

CTOSIHUE, TO ff dU =0. Do 3HauuT, yTO paboTa COBEpIIEHHAS 3a IIUKJ, MPOUCXOJNUT TOJIBKO 3a

CYET KOJMYECTBA TEIUIOTHI MOCTYNAIOLIErO B CUCTEMY. JTa TEIJIOTa B YACTH IMKJIA MOCTYIAET B
CUCTEMY, a B 4aCTH BbIXoAUT U3 He€. [Ipu 00xo/ie 1MKIIa M04acoBOM CTpENKe, B CUCTEMY TOCTY-
naet 0oJbllIee KOJIMYECTBO TEIUIOTHI, YeM BBIXOAUT U3 He€. [loaToMy cucTteMa coBepiaer mnomio-
KUTETBHYIO paboTy.

Ecnm nukn ocymiecTBiseTCsl MPOTUB YacOBOM CTpeNiKH, TO paboTa Oyaer Toi ke mo ab-
COJIFOTHOMY 3HA4YE€HHIO, HO OTPUIIATENILHON. B 3TOM ciydae paboTa coBepImaeTcsi Haj CUCTEMOM.
Cuctema npeoOpasyet paboTy B TEIUIOTY: B OJHOM YacTH IIUKJIA B CUCTEMY IOCTYIIAeT TeIioTa,
a B IPYroil — BBITEKAET OOJIbIIIE TEIIOThI, YeM BXOJIUT.

[To cBOEMy 3HAUYEHUIO CHCTEMA, BHITIOJHAIOMIAS IUKIMYECKUI TTPoLIecC, SIBISETCS Malllu-
HOM, Mpou3BoAIIeH paboTy 3a CUET MOCTYMHAIOMIETO B HEE KOJTUYECTBA TEIUIOTHL. YeM OoJblie
KOJIMYECTBO TEILJIOTHI, TOCTYMHUBILETO B CUCTEMY, MPEBPAIIAECTCS B MEXaHUYECKYIO PadoTy, TEM
6osee 2 (hexTUBHA MaIIMHA.

7. Bropoe Ha4aio TepMoaMHAMHUKHU. TenioBble IBUraTeH.
TGHJIOBBIM ABUTraTCJICM Ha3bIBACTCAA

Haep;ﬁammn O Pabouee _02._ Xmod;&wmuk YCTpOP'ICTBO, npeo6pa3y10mee TEIJIOBYIO DHEp-
: meno ’ TUIO, TIOJy4aeMyl0 IPU CTOPAaHHM TOIUIMBA, B
10 0, MeXaHH4YecKyto padoTy. JIro0oii TemnoBoii ABU-

patoma A rateib JO0JDKeH paboraTh nukiamdecku. IlpuH-

[UIHAlIbHAs CXeMa TEIIOBOrO JABUTATENs N300-

. paxena Ha puc. 12.5. Pabouee Teno (kak mpa-

L °. d BUJIO Ta3), MOJydas OT HarpeBaTessl, MMEIOIIETO

Do, S Ly temneparypy 71, KoiamdecTBO TerioTel Q1,

.ot e pacumpsieTcst ¥ coBepinaeT pabory. Tak Kak HU
/ L \ OIMH MaTepHajg He CI0COOEH BBIIEPKUBATH
/ * * o OEeCKOHEYHO OOJbIIME TEMIEpaTypbl M HEBO3-
o n?ln azpesamens T K X0100UnbHUKY Ty MOXXHO CO31aTh OECKOHEYHO )1J'II/IHHBII7I MUIWHAP
Puc. 12.5 — pabouee Teno HEOOXOIUMO MEPEBECTH B HC-

XOJTHOE COCTOsSIHHE. [ 3TOr0 4acTh TEIUIOTHI
Q, HEoOX0oAMMO TepeaTh XOJIOIMIBHUKY, UMeIonieMy Temreparypy 72. Takum o6pazom, pado-
Ta, COBEpIIaeMasi CUCTEMOM 3a K1 — A4 =Q, —Q,. OTcrona cienyer, UT0 He6O3IMONCHO CO-

30amob 0suzcamesb, KOMOPLLIL 6CI0 NOJYYEHHYI) Menaomy npespawian ovl 6 padomy. ITO U
€CTh BTOPOE HAYaJI0 TEPMOJUHAMUKH B opmynupoBke KenpBuHa — [lnanka.

KT = 2= Q=9 (1201)

Q Q
[IpunnunuaneHas cxema XOoJOAMIBHONW MaluHbI n3o00paxeHa Ha puc. 12.6. B atom ciy-
gyae oT 0oJiee XOJIOJHOrO Tena OTOMpaeTcs: HEKo-

Hazpesamenn| O Pabouee Oy (Xonoounsnur

1 P T, TOpOE KOJMYECTBO TEIUIOTH Q,, a 6ojee ropsye-
My Teiny TmiepedaTcss KOJIMYECTBO — TEIJIOTHI
A=0-0; Q,>Q, . Uto 65l 310 OBUIO BO3MOKHBIM, HaJ pa-

Puc. 12.6 0OYMM  TEJIOM  HAJ0  COBEpPIIUTH  PadboTy



A=Q,-Q,. 3 ananuza pa®OTbl XOJOAMIBHON MAIIMHBI, BBITEKAET Apyras (opMysHpoBKa

BTOoporo Havayia tepmoauHamuku (Kmaysuyc). be3 coseepuwienus pabomovt nHenvza omoopamep
meniomy y menee Hazpemozo mena u nepedamsy eé oonee nHazpemomy. CamonpousonvHo
menaoma modxcem nepexooums moJibKo om b6onee Hazpemuplx mej K MeHee HaZpemupiM.

Takum 00pa3om, BTOpoe Hauajao TEPMOJAMHAMUKH 3alpeniaeT co3aHie BEUYHOTO JIBUTA-
Tesst BToporo poaa. Hampumep, oxmnakaast MUpOBOi okeaH, 0e3 coBeplleHus: paboThl, YeIoBeye-
CTBO MOTJIO OBl MOJTyYaTh KOJOCCATBHYIO SHEPTUIO U IPE0OpPa30BhIBaTh €€ B MEXaHHMUECKYIO pa-
00Ty, 9TO HEBO3MOXHO.

Q

—=2__ (12.22) — Ha3bIBaeTCA XOJIOMAMILHBIM KO3 PHUIHEHTOM.
17 %2

Bennuuba n =

8. Huka Kapno. KII/JI unkaa Kapno.

OcHoBbIBasiCh Ha BTOPOM Hauajie TepMoJauHaMuKH, KapHO m0Kaszan TeopeMy: u3 écex,
UUKIUYECKU OCUCMEYIOWUX MAULUH, UMEIOUWUX 00UHAKO8ble MEMNEPAmypbl Hazpesameis u
xon00unvnuka, Hauboavuium KI/[ oonaoarom oopamumsie mawunot. Illpu smom KII/[ smux
MAWUH 00OUHAKOG U He 3A8UCUM 0N KOHCMPYKUUU MAUWUHBL U NPUPOObL padoyezo mea.

P Kapno mpuagyman nukn, KIIJ xortoporo
] SIBJISIETCS. HAWOOJBIIMM. OTOT LMK TOJTYYHII
I Ha3BaHue uukia KapHo. OH cocTouT M3 JABYX
nzorepMm (1-2, 3-4) m aByx ammabar (2-3, 4—

1).(Puc. 12.7.)
KITJI Takoro mmkna ompenensiercs ¢Gop-

d0=0 Mystoit 77 = % (12.23)

1

Bo Bropoii Teopeme Kapno mokasan, 4to
T, 3 KoIhpuyuenm nonesnozo Oeiicmeusn 1000
V' mawunsl, pabomaroweii ¢ memu sce nazpesa-
0 menem u X0100UTbHUKOM, HO NO OPY2OMY UUK-
Puc. 12.7 1y, 6cec0a meHvule.
Taxum o6pazom, popmyna Kapuo onpenensier makcumansHoe 3Hadenne KI1/1 reroBoro
JIBUTATEIIS.

Q(—)

9. IlonsiTHe Y HTPONUM.

Q_Q
1 2

Ja Ha3BaHHWE MPHUBEIEHHOTO KOJMYECTBA TEIIOTHL. Takum obOpaszoMm, mis nukia KapHo cymma

nQi

NPUBEIEHHBIX KOIMYECTB TEMIOTHI PaBHA HyIIO: » ~- =0,
i=1 i

Ha OeckoneyHo manom yyacTke Ji000ro mpouecca NpUBEIEHHOE KOJIMYECTBO TETJIOTHI

N3 Beipaxenwii (12.22),.(12.23) MOKHO TOTyYHUTH: =0 . Bennuuna % MOy YH-

d d
MOXET OBITH 3aMUCAHO B BUJIE TQ . Torma nig nukna Kapao nomxyyum: if TQ =0. Orcrona cne-

d .
JyeT, YTO BbIpaKeHHE @©Q SIBIISICTCS TOJTHBIM auddepeHnranoM HeKoTopoi QyHKImH S, KOTO-
T

past onpeAenseTcsl TONbKO COCTOSHUEM CHCTEMbI U HE 3aBUCUT OT IYTH, 110 KOTOPOMY CHCTEMA
d
IIEPEXOJIUT B JAHHOE COCTOSIHHUE, TO €CTh aQ =dS (12.24). Dra ¢pyHKUMS TOTYYHIIAa Ha3BaHUE
T
2 dQ 2
SHTponuH. M3MeHeHue SHTPONUHN B 00paTUMOM Tporecce AS = j— = IdS =S, -S,. Eciu cu-
1 1
CTeMa COBEpIIaeT OOPATUMBIH UKI, TO AS = 0.



B TepMoanHaMUKE TOKA3bIBAETCS, YTO MPU HEOOPATHMBIX MPOIIECCAX SHTPOIMHUS CHCTEMBI
BO3pacTaecr.

[TonydyeHHble pe3ybTaThl B 0OMIEM BUIE MOKHO 3amucath Tak AS >0. DTo HepaBeHCTBO
Ha3bIBaeTCsl HepaBeHCTBOM Kitaysumyca.. Tak kak peanbHbIe TPOIECCHI, KaK MPAaBUIIO, HEOOPATH-
MBI, TO MO’KHO yYTBEPXK/IaTh, YTO BCE MPOIIECCHI B 3aMKHYTOM CUCTEME BEIYT K YBEIHUCHHUIO €€
SHTPOIUY — MPHUHIIUI BO3PACTAHHS SHTPOINHU. ITOT MPHUHITUI JIGKHUT B OCHOBE ellé OaHOH dop-
MYJUPOBKH BTOPOTrO Haydajga TEPMOJAUHAMHKH: B03MOJCHbI MOIbKO mMaKue npoueccol, nNpouc-
Xo0augue 6 3aMKHYMOU MAKPOCKONUYECKOU CUCeMe, KOMOopble 6e0ym K Y8eaudeHuio eé H-
mponuu.

du3ruecKuil CMBICT SHTPONUHU ObLT BBISICHEH BOJBIIMAHOM, TIPETIOIO0KUBIINM, YTO JH-
TPOTMHSI CBS3aHA C TEPMOJUHAMUYCCKON BEPOSITHOCTBIO COCTOSIHHSI CUCTEMBI. TepMoauHaMude-
CKOM BEpPOSTHOCTBHIO HA3bIBACTCS YUCIIO CIIOCOOOB, KOTOPHIMU MOXKET OBITh PEaTM30BaHO JTaHHOE
cocrosture. CoCTOSIHUE, OCYMIECTBISIEMOE OTHOCUTEIBHO MAlIbIM YHCIOM CITOCOOOB, HA3BIBAIOT
ynopsiioueHHbIM. COCTOSIHUE, OCYIIECTBISIEMOS MHOTUMH Pa3IMUHBIMU CIIOCOOAMH, HA3bIBAIOT
oecropsmounbiM. Popmysia Boabimana ast suTponuu umeeT Bua: S =k -InW (12.25), roe W —
TEPMOIUHAMHYECKAs BEPOATHOCTh. TakKuM 00pa3oM, SHTPOIHUS SBIAETCS KOJUYECTBCHHON Me-
PO CTETIEHU MOJICKYJISIPHOTO OecropsiiKa.

Bropoe Hauano TepMOAMHAMUKHA MMEET W CTATHCTUYECKHMU CMBICI: TP HEOOPAaTUMBIX
MpoIeccax, MPOUCXOASAIIMX B 3aMKHYTOH CHCTEME, BEPOSTHOCTb COCTOSIHHS BO3PacTacT, MpH
00paTUMBIX — OCTAETCS HEU3MEHHOM.

10. sSIBnenust mepenoca.

XaoTHUeCcKoe TEIUIOBOE JIBUKEHUE MOJIEKYJ MPHUBOJUT K TOMY, YTO B BEIIECTBE, NPHU
HapyIIeHUH PaBHOBECHs, MOT'YT BO3HUKATh NOTOKH TEIJIa, UM MAacChl, WIM UMITyJIbca. DTHU SIB-
JIEHUsI Ha3bIBAIOTCS SBJICHUSMHU NIEPEHOCA.

Morexyibl ra3a, HaxosCh B TEIUIOBOM JIBUXKEHUH, HEIIPEPHIBHO CTAJIKUBAIOTCS APYT C
JPYroM, B pe3yJIbTaTe Yero HalpaBiIeHUE UX JBUKEHHS BCE BpeMs U3MEHSAETCS.

Munumanwvnoe paccmoanue, Ha KOMOPoe CONUNCAIOMCA UEHMPBL 08YX MOIEKY1 npu
CMOIKHOGEHUU, HA3bIEAIOM IPPEKMUCHBIM OUAMEMPOM MOTEKYTbL.

Paccmosanue, Kkomopoe monekyna npoxooum mexcoy 08YyMsa NOC1€008AMeENbHbIMU
CMOIKHOGEHUAMU, HA3bLEAIOM ONUHOU C60000H020 npodeza.

Bsi3kocTh ( BHyTpeHHEE TpEHUE).
Cuna BHYTpEHHEro TpeHHs 00yCIIOBJIEHa NEPEHOCOM UMITYJIbCa OT OJHOTO CJIOSI BS3KOU

cpelsl K Ipyromy u onpeaensiercs ¢popmynoit Hetorona: F =-—p ((jj_u S (12.26), rne 1 — Ko-
X

Ny do
3G GUIMEHT TUHAMUYECKOMN BSI3KOCTH; d— — rpaJIueHT CKOPOCTH — BEJIUYMHA, MMOKA3bIBAIOIIAs
X

KaK U3MEHSETCS CKOPOCTh MPU MEpexo/ie OT OJHOI0 CJ0s K APYyroMy; S — IUIONIAAb COIpUKaca-
IOIHXCS CIOEB.

Koapduument nuHaMudeckoit BA3KOCTU 3aBUCUT OT TEMIIEpaTyphbl U OT CBOMCTB cpeibl.
OTa 3aBUCUMOCTbD IS KHUJIKOCTEH U ra3oB pa3jinyHa. Y KUAKOCTEH C MOBBIIIEHUEM TeMIlepaTy-
pbl K03 HUIMEHT AMHAMUYECKOM BA3KOCTH YMEHbIIAETCS, @ Y Ta30B — YBEIHMUUBACTCS.

Huddysus.
dp

Ecnu B HampaBnenuu ocu X co3AaTh rpalueHT MIIOTHOCTH BEIleCTBA Pt TO Yepe3 HeKo-
X
TOPYIO TUIOINAAKY, TUIOMAAbI0 S OyIeT MEpeHOCHUTCS Macca BemecTBa M, KOTOPYH) MOKHO
. . d
HaWTH 1O AMIUpUIecKoit popmyrne Puka: M =-D d—p S-At (12.27), rne D — xoadduriuent
X

T Qy3un, 3aBUCAIMN OT poja BEIIECTBA, TEMIEPATYPhl, JABICHUS W IOKA3bIBAIOIINI KaKas



MaccCa BCIICCTBA IICPCHOCUTCA YCPE3 CAMHNIHYIO ITIOBCPXHOCTh 3a CAMHUIY BPCMCHHU IIPH I'padn-
CHTC IUIOTHOCTH PAaBHOM CIAWHUIIC. 3HaK MHHYC T'OBOPHUT O TOM, 4YTO MacCa NCPCHOCHUTCA B
HallpaBJICHHUU Y6BIBaHI/I$I IIJIOTHOCTH.

TCHJ'IOHpOBOI[HOCTB.

. dr
Ecmu B HCKOTOPOU Cpcac BAOJIb OCH X CO30aThb I'PAAUCHT TCMIICPATYPbI d_ , TO BO3HHU-
X

KaeT TMOTOK JHEpPruH, KOTOPbIH MOXKHO HaWTH 1O sMnupuueckord dopmyne @Dypoe:

dT . .
Q=—y- o S-At (12.28), tne y — k03pHUIHMEHT TEMIIOMPOBOIHOCTH, 3aBUCSIIUA OT CBOWCTB
X

cpelbl. 3HaK MUHYC ITOKa3bIBAE€T, YTO SHEPIUSl NIEPEHOCUTCS B CTOPOHY YMEHBILIEHUS TeMIlepa-
TYPBIL.

Bonpoce! 11 caMOKOHTPOJISA.
UYro Takoe 4ucio cTeneHel cBo0OIbI MOJIEKYJIbI?
ChopMynupoBaTh 3aKOH pactpeeseHHsl SHEPIUU IO CTETIEHAM CBOOO/IBI.
dopMya BHyTPEHHEH dJHEPIUH.
CrpyKTypHO—JIOTHYECKasl CXeMa BbIBOJIa (JOPMYJIbl pabOTHI rasa.
CdopmynupoBath rnepBoe Ha4aJI0 TEPMOIUHAMUKH.
[IpumeHeHne epBOro Havyajga TEPMOJAMHAMMKH K H30IPOLIECCaM.
Uro Takoe yaenbHas TEIIOEMKOCTbH?
Yro Takoe MOJIsIpHas TEIIOEMKOCTb?
®opmysa MOJISPHOHN TEIIIOEMKOCTH IIPU ITOCTOSSHHOM 00BbEME.
0. ®opmyna MOISPHON TEMIIOEMKOCTH IIPU NOCTOSHHOM JaBJICHUH.
1. ®usnueckuii CMbICI YHUBEPCATbHON T'a30BOM MOCTOSIHHOM.
12. YpaBuenue Maiiepa.
13. AnnabaTtudeckas MOCTOSTHHASI.
14. Kakoii ipoliiecc Ha3bIBalOT ainadaTHBIM?
15. IlpumeHeHne IepBOro HavYajaa TEPMOJAWHAMHKH K aiabaTHOMY MPOIIECCy.
16. CtpyKkTypHO—JIOTHUECKasi cXeMa BbIBOJIa ypaBHeHus [lyaccoHa.
17. Kakue nporieccsl Ha3bIBatOT IUKINYECKUMU ?
18. Pabora nukia.
19. Bropoe Hauano TepmoarHaMuku B popmynupoBke KenpBuna—ILmanka.
20. Kakue nporiecchbl Ha3bIBalOT HEOOPATUMBIMU?
21. Bropoe Havaso TepMoIMHaMUKU B (hopMynmpoBke Kiraysmyca.
22. KI1]I mukia.
23. Iuxi Kapho.
24. KI1JI uukna KapHo.
25. Uto Takoe SHTpOIHs?
26. [TpuHIun Bo3pacTaHus SHTPOIHH.
27. ®U3NYECKHUI CMBICIT YHTPOITHH.
28. Yto Takoe 3((eKTUBHBIN TUaMETP MOJIEKYJIbI?
29. Uto Takoe njmHa CBOOOIHOTO Mpodera MoJeKyIbl?
30. ®opmyna HeroToHa /17151 BSA3KOTO TPEHHUS.
31. ®uznueckuii cMbica Ko PUIMEHTa TMHAMHUYECKON BI3KOCTH.
32. ®opmyna Ouka st 1updy3uu.
33. ®usnueckuii cmbich kKodduruenta guddy3un.
34. ®opmyna Oypbe i TEIIONPOBOIHOCTH.
35. ®usnueckuii cMbICT KO3 PHUITMEHTA TETUIOTPOBOIHOCTH.

RBoOoo~NO~wNE

IIpuMmepsbl pemienus 3axa4.
1. bamnon émkoctero 20 1 ¢ kucinopoxoM npu nasieHun p,= 100 ar m Temmneparype



t, = 7°C narpeBaercs 10 t, = 27°C. Kakoe KOIMYECTBO TEIIOTHI IPU 3TOM IOIJIOMIAET ras?

Jano: CHu Pemienue:

Tak kak TemyioBoe paciidpeHue OalsioHa O4YEeHb HE3Hauu-
V=20n 21072 M° TEJBHO — UM MOXHO TpeHeOpeyb M MPOLECC HarpeBaHMs rasza Cuu-
p,= 100 aT 10" I1a TaTh U30XOPHBIM.
t,=7°C 280 K JlaHHYI0 3a7]auy MOXHO PELIUTh IByMs CIOCOOAMU, HCIIOJIb-
t = 27°C 300 K 3ysl IepBOE HayaJl0 TEPMOAMHAMUKY WK (GOPMYITy KOJIMYECTBA TEIl-

2 = JIOTHI HEOOXOAMMOTO JJIs1 HarpEBaHUsI.

Q-7 1-i1 cnocoO.

[To mepBoMy Havanxy TEPMOJMHAMUKH JJII U30XOPHOrO IPO-
1ecca BC€ MoJIBEIEHHOE K ra3y TeIuio UAET Ha U3MEHEHUE €r0 BHYTPEHHEH YHEPT U
Q=AU.
ITo (12.4) AU = -R-AT . 3anumeMm ypaBHenue MenpaeneeBa—Knaneipona ms

i m
2 M
. m .

Ha4yajJbHOIO COCTOSIHUA Trasza: p, -V = W R-T, . U3 cpaBHEHMs NOCIEIHUX YPABHEHUM IIOJIY-

gyuM: AU =IE-V -Ap umm AU =IE-V -(p,— p;). Ilocnme mnpeobpazoBaHuii — MOIYYHM:

T
Mo 3axony Llaps P> _ _I_—2 .

1 1

Urak: Q = AU :%-v : pl-(T—z—lJ.

Tl
2-1i crioco0.
ITo (12.9) dQ =C -v -dT . U3 ypaBHenust Menneneea—Kianeipona /st Ha4aJIbHOTO CO-
CTOSIHMS Ta3a Vv = M IIo (12.11) C, = % R. YuurbBas 3nauenue C, U v, IOIYYHM:
h
. T, . .
dQ = 1PV dT . UuTerpupys, noinyuum: Q = IL PV dT . Tak kak LRV BEJIMYMHA
2 T 12 T 2 T

MOCTOSTHHAS, TO:
i p,-V i T
— B T)wmQ=AU=—.V.p | 2-1].
Q 2 Tl ( 2 1) Q 2 pl (Tl
Kucnopon — nByxaromusrii ra3. [lostomy i=5. [loacraBnsas yuciaeHHbIE 3HAYCHUS, 10-
nyanm: Q =3,6 - 10* JIx.

Otser: Q =3,6 - 10* Ik

2. I'azoBast cMech cOCTOMT U3 2 Kr a3oTa U | Kr aprona. [IpuHuMas 3Tu rasel 3a uaeanb-
HBIE, OIIPEACIIUTD YACIbHBIC TEITIOEMKOCTH Ia30BOM CMECH.

Hano:
Pemenne:
m, =2 kr BrIpazum KOJIMYECTBO TEIIOTHI, HEOOXOUMOE JIJIsl HAarPEBAHUS CMECH
m,=1kr aByMs criocobamu: Q =¢, -(m, +m,)-AT
Cy—? Q=(cy-m+¢,-my)-AT
c,-? [IpupaBHuBass npaBple 4YacTH, W, COKpamas Ha AT, noaydum:



¢, -(m +m,)=c,,-m+c¢,, -m,. Orcrona:

_ Gy M +G,-M (1)1
m1+m2

oy

rae C, — yaeibHasd TEMI0EMKOCTh CMECH IIPpHU IMOCTOSIHHOM O6’LéMe; C,, — yAeiabHad TEMI0EM-

KOCTb a30Ta IIpU IMMOCTOAHHOM O6”béMe; C,,— YACJIbHasA TEMI0EMKOCTh aproHa Ipu MmoCTosIHHOM

00BéMe; m,, M, —H1X Macchl.
AHaJIOTrMYHBIM 00pa3oM ISl YAEJbHON TeIIOEMKOCTH CMECH NpPU MOCTOSTHHOM JaBiie-

HHUU, TIOJIYUUM:

C,-m+cC,-Mm
Cp _ pl 1 p2 2 (2)
m,+m,

13 (12.10), (12.11) cenyer: ¢, = ﬁ . M3 (12.10), (12.13) caenyer: ¢, = (i ;— 2'\)/I. R .

[oxcrasisis 3Hauenus ¢, u ¢, Bypasuenus (1) u (2), nocie mpeoOpa3oBaHuii MOTyIUM:

R . m .. m
|._1_,_|2._2

T2.m+m) M, M,

R . .
= (|1+2)-ﬂ+(|2+2)-& :
2'(m1+m2) Ml Mz

c

Cp

A30T — 1ByXaTOMHBIH ra3. 3Hauut i, =5 . Ero monspuas macca M, = 2810~ Kr/mMoub.
AProH — 0JIHOATOMHBIH Ta3. 3Ha4ur i, = 3. Ero mossipras macca M, = 40-10"° Kr/mMob.

HO}ICT&BJ’I?ISI YU CJICHHBIC 3HAYCHUS, ITOJTYYUM:

JIx
~598 ——
& MoJb - K
¢, ~ 866 A
Moitb - K
M

Orser: ¢, = 598 —% ¢ =866

Mok - K MoJb - K

3. UneanbHas TemaoBas MaiminHa, padoTaromias mo nukiry KapHo, 3a IUKIT COBEpIIaeT pa-
6oty 1,5-10° Jlx. Temnepatypa Harpeatens 400 K, temneparypa xonoannsanka 260 K. Haiitu
KITJl mamuHbl, KOJIMYECTBO TEIUIOTHI, MOIyYaeMOe MAIIMHOM 3a 1 UK OT HarpeBaTes, U KO-
JUYECTBO TEIUIOTHI, OTIaBAEMOE 3a | UK XOJIOAUIBHUKY.

Tlano: Pemmenue:
’ T-T, A
ITo (12.23) n=——=. lo (12.21) n =—, tne Q, — KOJUYECTBO
A=1,510%1x T, Q.
T,=400K TEIUIOTHI, MOTYy4YeHHOE paboynM TeJIoM OT HarpeBartens. [IpupaBHuBas mpa-
T,=260 K BBIC YACTH, ITOCJIC TTPEOOPa30BAHUMN, TIOTYIHM:
AT
77:Q11Q27? Q1= 1 .
T1 _Tz

Pabora, coBepiaemas pabounM TeJIOM 3a LIUKJI, PaBHA Pa3HOCTH I10-
JYYEHHOI'0 OT HarpeBaTelisl U OTAAHHOTO XOJIOJWIBHUKY KOJIHuecTBa TeIioTel. A=Q, —Q,. OT-

croona Q, =Q, — A win, yuutsiBas 3HadeHue Q, —

T
Q,=A|——-1
Tl_TZ



HO,Z[CTEIBJI?I}I YUCJICHHBIC 3HAYCHH, I1OJTYUUM!

n=10,35;
Q,~ 429 xJIx;
Q,~ 279 xIx.

Otset: 1=0,35; Q,= 429 x/Ix; Q,~ 279 xJIx.

3agauu AJ151 CAMOCTOSITEILHOTO pelIeHusl.
35. Kakyro paboTy HaJ0 COBEPUIUTH, YTOOBI, MEIJICHHO COKAMAsi MIPH TIOMOIIN ITOPITHS
ra3 B HIWJIMHJAPE C XOPOIIO MPOBOSAIIMMH TEIJIO CTEHKaMU, YBEJTUYUTh €ro JaBjeHue B 2 pasa?
HavanbHoe naBnenue raza 760 MM pT. CT., Ha4aJIbHBIN 00bEM 5 1. Bo Bpems cxxkatus gaBieHue u
TEMIEPATypa OKPYKAIOIIEr0 BO3[yXa OCTAIOTCS MOCTOSHHBIMU. Becom mopIiHs ¥ TpeHueM mpe-
HeOpeub. CKOJIBKO TEIUIa BBIAEISAETCS IPU CKaTUU Tra3a?
36. Haiitu agnabaTtudeckyro MOCTOSHHYIO cMecH 8 T renus u 16 r kucioposa.
37. Temmepatypa HarpeBarens TeroBoir Mmammabl 500 K. Temneparypa XonoauibHAKA
400 K. Onpegenuts KIIJ| mamunel, pabotaromieii mo nukiny KapHo, U Moje3Hyr0 MOIIHOCTb
MalINHbI, €CJIM HarpeBaTellb eXKECEKYHIHO nepeaaét el 1675 Jx TennoTsl.

CEMUHAP
no teme «MoutekyJsipHasi pU3UKA U TEPMOIUHAMHUKA

|. 3amanus M1 HOBTOPEHUS

3aganue 1. Haiimure cOOTBETCTBUE.

OcuosHble nooxeuuss MKT

HpI/IMCpH, IOATBCPIKAAIOIINC ITOJIOKCHMA.

1 | Bce Tena cocTosIT U3 MOJIEKYII. A | BpoyHOBCKOE ABUKEHHE.
2 | Monekynel oueHb Majibl U Haxomstcs B | b | Auddysus.
OecrnpepbIBHOM Xa0TUYECKOM JIBUKEHHH.
3 | Monekynsl B3aumozeiicTBytor apyr c | B | [Ipu HarpeBaHuu ra3bl pacupsitoTCs.
JIPYTOM.
I' | Ecnu cmewats 1 nutp cniupta ¢ 1 nutpom
BOJIbI, TO OOIIUIT 00bEM MOTYyUUTCS MEHEE
2 JIUTPOB.
I | ABa OyMaXHBIX JIUCTA, CMOYEHHBIE BOJIOM,
MPWIMIAOT APYT K APYTY.
E | TBepable u Kuakue Tena HE paclagaroTcs
caMu co0oii Ha OTJEJIbHbIE MOJEKYJIBI.
K | I'a3pl 3aHMMAIOT BeCh MPEAOCTaBICHHBII
UM 00BEM.
3 | 3amax HadTanMHa pacTIpPOCTPaHSIETCS B
KOMHATe.
N | BcnoteBmiemy 4enoBeKy TPYAHO CHSTh
pybamky.
3aganue 2. Haiinure cCOOTBETCTBUE.
dusnyeckas BeJIMYHHA Ennnnna usmepenus
1 Macca A | IIx
2 KonnuecTBo BeniecTra b | %
3 Mounsipaast macca B e
K
4 JlaBnenue r |m2
&) CKopocTh ABMKEHUS MOJIEKYJ O | Ha-c




6 KonuenTpanus monekyn E Ke - M
K
7 Yucno creneHeit cBo00 bl K|t
8 BHyTpeHHss dHeprus 3 | Kr/MOb
9 VYV ienpHas TEII0EMKOCTh " M
C
10 MossipHasi TeII0eMKOCTh K e
monb - K
11 AnunabaTtnueckasi HOCTOSTHHAS J Ke
't
12 KIII M Jore
m-K
13 DHTpOonus H |kr
14 Koaddurnment nunammueckoit Bs3ko- | O | HE UMEET €IUHUIL U3MEPCHUS
CTH
15 ['pagueHT ckopocTu I1 |Ila
16 Koadbdunuent nuddysuu P | wm/c
17 ['pagueHT mmoTHOCTH C K
M
18 KoadpuuueHT TermonpoBogHOCTH T | monp
19 ['pagueHT TeMnepaTypbl

3aganue 3. Haifimure coOOTBETCTBUE

IlocTosinHasa

YucneHHoe 3HaUeHUE

Enuanna nzmepenus

1 | bBoibnmana A 8,31 o Mob t
2 | ABorazpo b 1,38-107% p Hoe
Mmonw - K
3 | YuuBepcanbHas razosas B 6,02-10% Y Lo
K

3aganue 4. PacnosioxKuTh 10 MOPSIAKY BBIBOJI OCHOBHOTO ypaBHeHHsT MKT

1) Tak kak HampaBIICHUs] JBUKCHHSI MOJIEKYJI B COCYJIe paBHOMPABHEI, TO 110 Teopeme [ludaropa

<v>2:3-vf;

2) I3smMeHeHHe MMITyIbCca MOJIEKYIIBI AM, -V, =2-M, -V, ;

3) [lo onpeneneHuto qaBaeHUs P = E :

X!

4) Yucno cTalKuBaroIUXcs CO CTeHKON Mojiekysn N =n-V

7 % 2 ) mO ) Vx
5) Cuiia, ¢ KOTOpO# MOJIeKyJia JEHCTBYET Ha CTeHKY f = — .
Am, -V
6) ITo BTOpoMy 3akoHY HblOTOHA a = - 2 t x -

7) YuuThiBasi, 4TO B CPEIHEM K MPABOM CTEHKE JIBHXKETCS TOJBKO TMOJOBHHA MOJICKYJI, HAXOIs-

HIUXCS B COCYJE, U CHIIbI UX B3aUMOJEHCTBHS CO CTCHKOM nmosryuuM: F =n-S-m, -vf ;

8) OcunoBHoe ypaBHeHue MKT p = % n-m, -<v>2 ;

9) O6mem cocynaa,
V=v At-§;

3aHUMAaCMBIH MOJICKYJIaMU,

CTOJIKHYBIIMMMCSL C IIPpaBOM CTEHKOU




10) PaBHOAEHCTBYIOIIAS CHJT, C KOTOPOM Ha MPaBYIO CTEHKY JEHCTBYIOT MOJIEKYIbl F = N - f .

3aganue 5. Ha Moaenu nokaszaTh BUABI IBUKEHUSI OJHOATOMHOM, JBYXaTOMHOM, TPEXaTOMHOW U
MHOTOaTOMHOM MOJICKYJIbI M HA3BaTh YHCIIO CTEMEHEH CBOOOIBI 3TUX MOJICKYI.

3amanne 6. Halinure cOOTBETCTBHE.

CriocoObl WM3MEHEHHs] BHYTPEHHEW SHEpruu

TCJ1a

IIpumepsr

1

CosepiieHue paboThI HaJl TEJIOM

A

ITuna HarpeBacTcsd, €CJIn €0 O0JIIro IHn-
JINTB.

2

Teronepenaua (KOHBEKLMSI, TeIl-
JIOTIPOBOJHOCTD, U3TYUYEHHE)

[IInAnka rBO3a8 NpPHU €r0 BKOJIAYMBA-
HUU HAarpeBaeTcsl.

KoMHaTHBIlI BO3ayx obOorpeBaercs 3a
CYET TopsYeil BOMbI, MPOTEKAOIIEH Ye-
pe3 oTonuTeNbHbIE OaTapeu.

Korpa Bel moTHpaere pyku, OHU Harpe-
BaIOTCHL.

TemmoBoe ABMXKEHHE YaCTHIl OT MeCTa
HarpcBa METaIAYEeCKOMN IMPOBOJIOKH
nepeaacTes OT 4aCTUll OAHOI'0O CJIO0A 4a-
CTHUaM COCCOHEr0 CJI0A.

JleTom BO3yX B 3JaHWM HarpeBacTCH,
1ojJy4das TCIIOTY.

3emus HarpeBaetcs oT ConHua.

ks

Kene3Hslif TBO3/IL HEBO3MOKHO JIOJITO
HarpeBaTh, JIepX,a €ro B pyKe; rops-
H_IYIO CHI/I‘-IKy MOXHO z[epxcaTL o0 TEX
1Op, MOKa IJIaMsi He KOCHETCS PYKH.

4!

Ha Geperax mopeit BO3SHUKAIOT OpH3HIL.

3ananue 7. PacnonoxuTh 1o nopsiAKy BbIBOA ypaBHeHus [lyaccoHa.

1) U3 ypasuenus Maiiepa cienyer R=C —-C

E

2) [lepBoe Hayaso TePMOIUHAMUKH I aauadaTHoro mporecca umeeT i dA = —dU

3) U3 ypaBuenus Menzeneesa - Knanelipona ans 1 mons raza nomyuuM T =

4) o onpenenenuto anuadatHoro npouecca dQ =0;

p-vV.
R

5) U3menenue BHyTpeHHel sHeprun 1 momsi raza dU =C,, -dT ;

6) Ypasuenue Ilyaccona B mepemenssix T,V T -V’ = const ;

7) Pabota ra3a npu nmoctossHHOM gaBieHun dA = p-dV ;

dT
8) Paznenus nocnennee ypasHeHue Ha C,, - T , IOJIy4uM T LAY 0;

C, T

9) IIpu annabataom npouecce At 1 monstiraza C, -dT + p-dV =0;

(r-1)=0;

11) YpaBuenue Ilyaccona B nepemenssix p,V p-V” = const ;

12) T =

dr  dv
10) ITocne npeobpazoBaHuUil MOTYyIUM T + v

PV

p \

3ananue 8. Haiinute cooTBeTcTBUE (QOPMYIIBI (3aKOHA) U €€ Ha3BaHMUS.




®dopmya (3aK0H)

HasBaunue

1 1 2 A dypoe

P=§-n~mo-<V> yp
2 2 b JanpToHa

3
3 p=n-k-T B | Hayano TePMOAMHAMUKHU
4 0.V = m R.T r OcHoBHoe ypaBHeHue MKT
M

5 p-V —const mpu T — const I Ilyaccona
6 \% E Kapno

F —const mpu p — const
7 p X I'eit — JIroccaka

T const mpu V — const
8 n Menpeneesa — Kianeiipona

p= Z P;

i=1

9 Q=AU+A n Hrrorona
10 C,=C, +R K [Mapisa
11 p-V’” =const mpu dQ =0 JI ®uka
12 CT,-T, M Maiiepa

77 - —_ =

Tl
13 E dv S H borins - Mapuotra
dx

14 O

m=-D de. S -dt

dx

15 dT I1

Q=-x-——:$

dx

3amanue 9. Halinute cOOTBETCTBHUE.

dusnyeckas BeIUYNHA

dusnueckuii CMBICH

1 IloctosiHHas bonb- | A UYucneHHO paBeH TeIIoTe, IpoXoasimei 3a 1 cekyHay
IMaHa yepes MIOMAAKy | M2, PacroNOKEHHYIO TepHeH I -
KYJSIPHO HAaNpaBJICHUIO PAaclpOCTPAaHEHUs TEIIOTHI
K
IIPU IpaJueHTe TeMIepaTypsl 1 —
M
2 Ilocrossnnasgs Aso- | b Macca BeliecTBa, B3ITOTO B KOJIUYECTBE 1 MOJIb.
rasipo
3 YHusepcanbHad ra- | B CyMMa KMHETHMYECKOM M MOTEHLIMAJbHOW HSHEpruu
30Basi IOCTOSIHHAS MOJIEKYJI BEILIECTBA.
4 Kospduument au- | I' UucneHHo paBeH Macce rasza, npoauddyHIupoBas-
HaMHUYECKOU BSI3KO- mrero 3a 1 cexyHmy depes miomanky 1 m% pacmorno-
CTH KEHHYI0O HOpPMaJbHO K MOTOKY Iupdy3uu mpu rpa-
JIEHTE TIOTHOCTH, pPaBHOM | —-.
5 Koapduunent i YucneHHO paBHA YKCIY MOJIEKYJ, HaXoAsmuxcs B 1
i dy3un MoJIe JIF0O0r0 BELIECTBA.
6 Koaddumment ten- | E YucneHHO paBHA HM3MEHEHMIO CpEAHEW KHUHETHYe-




JIOTIPOBOJHOCTHU

CKOW PHEpPruu MOJIEKYJbl ra3a Mpu U3MEHEHUU TEM-
nepatypsl Benjecta Ha 1 K.

7 Monsprass macca | K SIBrsieTCs KOMMYECTBEHHONM MEPOU CTENEHU MOJIEKY-
BEIIIECTBA JSIPHOTO OecTopsiaKa.
8 Buytpennsst suep- | 3 UucneHHO paBeH CHJIE BSI3KOTO TPEHMS, ACHCTBYIO-
T'Us BEILECTBA mieit MeKITy CI0SMH MIomaabio 1 M? Ipy rpagueHTe
ckopoctn 1 ¢,
9 DHTponuUs 4 YuciieHHO paBHa paboTe, COBEPIICHHON 1 Moyiem ra-

3a nmpu n3o00apudeckoM HarpeBanuu ero Ha 1 K.

3amanue 10. Halimute cooTBETCTBHE.

OHTponus [Tpumepsl

1 YMenblaercs A Bpamienne aGCcoIOTHO TBEPIOTO Tena, MPH KOTOPOM
BCE MOJIEKYJIbI IBUKYTCSI C OJHOM U TOH kK€ YIIOBOH
CKOPOCTBIO.

2 He uzmensiercs BemectBo Haxoautcs npu 0 K.

3 YBenuuuBaercs JIro60ii 0OpaTHMBIi mporiecc.

IInaBnenue BemecTna.

Hcnapenue BoabI.

esll)u=l o ivelivp

AnnabaTuyecKuii mporecc.

3aganue 11. Halimute cOOTBETCTBUE.

SIBnenus nepexHoca ITpumepsl
1 BnytpenHnee tpenue A ManeHbkast KpylIMHKa KPaCKU U3MEHSET LIBET
00JIBIIOr0 KOJINYECTBA BOJIBL.
2 Huddysus b [Ipy KOMHATHOW TemIepaType MOJEKYJIbI
IUTACTUHOK 30J10Ta U CBUHIA NPOHUKAIOT U3
OJIHOM B JIpYTYIO0 3a 5 JeT Ha M1yOuny 1 Mm.
3 TermmonpoBogHOCTh B Jns oronneHus NOMELIEHUM IPUMEHSIOTCS
MeTaJUTHYecKue Oarapen.
r Bo3nyx mMexay cTekiiaMu ABOMHBIX OKOHHBIX
paM XOpOIIO COXPAHSIET TEIUIO B KOMHATE.
il Ha Mopose merammmyeckas IBEepHas pyuyka

KQKETCS Ha OLIYNlb XOJIOAHEE ACPEBSIHHOM.
[Ipu OGonbuiON >Xape MeTaIM4ecKuid crep-
KCHb Ha OIIYIIb KAKETCS ropsdee, 4eM aepe-
BSIHHBIM.

E Bos3Hukaroniee B )KUAKOCTH IBHM)KEHUE MOCIIE
MpEKpalleHus: JACHUCTBUSI MPUYUH, €r0 BbI3bI-
BAIOIIMX, TOCTEIEHHO MPEKPALIACTCS.

1l. DkcnepuMeHTAILHBIE 33/1aUN:

1. Ilponenaiite U OOBACHUTE C TOYKU 3PEHUS MOJIEKYJIIPHO-KMHETUYECKON TEOpHH BCE

onepanunu 1Mo YCTaHOBKC MCIUITHUHCKUX 0aHOK Ha Telle YeJIOBeKa.

2. IlpuHecute U3 X0JI01a B KOMHATy cTakaH ¢ BojoM. IloBenure HaOmtoneHust u oObsic-

HUTC ABJICHUA, IPOUCXOIAINNC OAHOBPCMCHHO Ha BHCINHUX U BHYTPCHHUX CTCHKAX COCya.

3. B kactprone ¢ BoJoi MiaBaeT npoOupka, B KOTOpyr Hanurta Boja. IlocraBbre Ka-

CTPHOJIFO HAa HAarpeBaTeJib. 3aKuImT 11 BOJa B np06HpKe IIpU KUIICHUU BOABI B KaCTpIOJ'Ie?

Meroandeckue ykazanus: [y Toro, 4yTtoOBI BOja 3aKuIiesla B COCYAE, HEOOXOIUMO
MMETh HarpeBaTellb ¢ TEMIIEPATypOH, MPEBBIIAIONIEH TeMIepaTypy KUIIEHUs BOJIbI, ISl HEIpe-

PBIBHOI'O MTOABOAA SHEPI'MHU K KNJIKOCTH.




4. B npobupky npuMepHO Ha TpeTh 00beMa HachIllaHa CBUHIIOBas ApoOb, a OJHA TPETh
MPOOUPKH 3aHATA BOJOM. B mpyroii Takoi ke MpoOUpKe HAJIUTA OJHA BOJA J0 TOTO KE YPOBHS,
YTO U B IepBOM. B kakoit mpoOupke Boaa 3aKUMUT ObICTpee?

Metonuyeckue ykazanus: Kpome ykazaHHOro oOOpyAOBaHMS, HCIOJIb3YIOT IITATHUB,
HarpeBartesb, ceKyHaomep. OmbIT MPOXOIUT OBICTPEE U MHTEPECHEE, eclii 00e MPOOUPKH Harpe-
BalOTCA OJHOBPEMEHHO OJMHAKOBBIMHU HarpeBaresiMH. B 3ToM ciyyae ObICTpOTa mojBoza KO-
JMYECTBA TEIUIOTHl K KaKJ0W mpoOupke oguHakoBas. Ho KonMuecTBO TEIIOTHI, HEOOXOAUMOE
JUTSL HAarpeBaHUs 10 KUTIEHUSI MPOOUPKHU TOJIBKO C JKUIKOCTHIO, TpeOyeTcs Oobliie, TOITOMY BO-
na B Hell 3akunut nosgHee. [Ipu 0ObsSCHEHUHN HAOII0IaeMOro SBICHUS HEOOXOIUMO COIOCTa-
BUTH YJICJIbHBIC TETJIOEMKOCTH U TNIOTHOCTH BOJIbI M CBUHIIA (110 TaOIMYHBIM JAHHBIM).



