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[lepen BbITIOTHEHWEM KOHTPOJIBHBIX PadOT HEOOXOAMMO O3HA-
KOMUTBCA C OOIIMMH METOJMYECKMMHU yKazaHusMu [1, c. 4-6]. He
MIPUCTYIIANTE K PEIISHUIO 3a7ad, He Mpopad0oTaB TEOPETUUSCKU Ma-
TepHaJ Ha COOTBETCTBYIOIIYIO TeMy. OOpaTUTe BHHUMaHHUE HA Pa3Jiu-
yre B 0003HAYCHUSAX BEKTOPHBIX M CKAJAPHBIX BEIWYHH, HAIIpUMED,

11 Bextopa cuibl — F i F' | nns mogyist cuutel — F
KonTtpoubnas padora Ne 1

B xoHTpOapHYI0 padoTy Ne 1 BKIIOUEHBI 34249 110 (PH3NUECKUM
OCHOBaM MEXaHUKH, MOJICKYJISIPHOU (DU3UKH U TEPMOJIUHAMUKH.

3agaun 1-10 Ha 3aKOHBI KWHEMATUKU MPSMOJMHEUHOTO U KPHU-
BOJIMHEWHOTO JIBUKCHUSL.

Haiitn 3aKk0H IBUKEHUSA — 3HAYUT OII-
pENEINTh BHUJI 3aBUCUMOCTH, HampuMmep,
KOOPJIMHATHI X MPU NPSIMOJIMHENHOM JIBU-
KEHUH OT BPEMEHHU £, TO ecTh X = x(¢) (3a-

nauu 2—4). Bo3aMOXHBI 1 0OpaTHBIC 3aa4H:
10 3aJJaHHOMY YPaBHEHUIO JIBUKEHUS OIl-
PENETSIOTCA BEIMUUHBI, XapaKTEPU3YIOIIUE
JIBUKEHHE — CKOpOCTh L (3amaum 5, 7).
[Ipu »TOM HEOOXOAMMO TOMHHTH, YTO B
0011IeM CiTydae MOJIOKEHUE MaTEPUAIbHOU TOUKU M B MPOCTPAHCTBE B
MOMEHT BPEMEHH ¢ 33Ia€TCA PAAUyC-BEKTOPOM 7 WJIM MPU KUCHOJIb30-
BaHUU JIEKAPTOBON CUCTEMBI _KOOpIMHAT TPeMs KOOP/MHATAMM X, ), Z

(cM. puc. 1): F=xi+yj+zk, rtne i, j, k — CAMHHYHBIC BEKTOPBL
W3mMeHeHne Mo0KeHUsT MaTepUaIbHOW TOUKM 3a BpeMs df Xapakre-
pu3yercsa BEKTOpOM nepemenieHns d7, a 3a MpOMEXYTOK BPEMEHU
At =ty —t; — BekTOpoM Ar . Monynb BeKTOpa nepeMeleHus Ar coB-
MajaeT C NPOWIECHHBIM IYTEM TOJIBKO B CIydae MpPSIMOJIMHEHHOTO
ABWOKCHHSI 0e3 M3MEHEHHsI HAIMPABIICHUS BEKTOpa CKOpocTH V. Bek-
TOpP CKOPOCTH U ONPEIENSIeTCS MPOU3BOAHON paJlyC-BEKTOpa 7 IO
BPEMCHHU .

dr
dr’

U=



MIPUYEM BEKTOpP U HAMNPABJIEH MO KAaCaTEIbHOM K TPAEKTOPUHU JBHIKE-
HHS B TaHHOM ToYkKe. [Ipoekuust BekTopa cKopoct U Ha ock OX or-
penensieTcs: IpoOu3BOAHON KOOPAUHATHI X 110 BPEMEHU {:

V. = dx
x - .
dr
BekTop yckopeHus d mpu IBUKEHUH MATEPUAIBHOW TOYKHU OIl-

penensieTcsa Nporu3BOJHON BEKTOPA CKOPOCTH U MO BPEMEHH 1
. dvo
a=—o,
dr
a ero npoekius Ha ocb OX — 3TO MPOU3BOAHASA MPOCKIMU CKOPOCTH
U, [0 BPEMEHHM ¢ WIM BTOPAs MPOU3BOAHAS KOOPAMHATHI X IO BpeMe-

HU ¢ (3a71a4a 1):
d’x

= X =

X :
dt  ds?

Pewras 3amauy 5 1o ompenesneHur0 CKOPOCTH L, YUTUTE, €CIIH

dv
a= d—, T0 dv = adr. CnemoBareabHO, CKOPOCTh L ONPEICTUTCS UH-
t

a

TETPUPOBAHUEM BBIPAKECHUS
v=[adt.

IIpu pacyere CKOPOCTH KOHCTAHTY HHTETPUPOBAHHUS, KOTOPAS 3aBUCUT

OT HAYAJIbHBIX YCIIOBUM, BOSBMUTE PABHOW HAYAIILHOU CKOPOCTH V.

[Ipy KpUBOJWHEWMHOM JIBHKCHHH,
B YAaCTHOCTH, MPU ABMKEHUU IO OK-
PYKHOCTH, BEKTOP YCKOPEHHS d y100-
HEe TPOCKTHPOBATH Ha HAaIpaBICHUE
KacaTeJIbHOM K TPACKTOPUU U HOpMAaIU
K KacaTeiabHOU (puc. 2). TaHreHImanmb-
HO€ YCKOPEHHME @, XapaKTepHu3yeT Obl-

CTpOTY U3MCHCHUA CKOPOCTHU IIO BCIIH-
YUHC:

Puc. 2

_dv
T 4 >
dt
HOpMAaJIbHOE YCKOPEHHE d, — OBICTPOTY M3MEHEHHs CKOPOCTH IO Ha-

a

mpaBlIeHUIO (T W 7 — €IWHWUYHBIC BEKTOPHI BBHIOPAHHBIX HampaBJe-
HHUI1).



B 3amauax 7-9 3aKOH JIBWXEHUS 3aJJaH 3aBUCHMOCTBIO ITPOM-

ICHHOTO IyTH § OT BpeMeHu f. [[j1s1 pacueTa HOPMaJIbHOIO YCKOPECHHS
o hopMmyIe

HEO0OXOUMO TMPEIBAPUTEIIHHO OMPEACIUTh CKOPOCTh JABHKEHUS, KO-
TOpasi YUCICHHO paBHA MEPBOM MTPOU3BOIHOU ITyTH S IO BPEMEHHU [

_ds
dr
JUis pacdyeTa TaHI€HLMAIBHOTO YCKOPEHUs a, — B34Th BTOPYIO IIPO-

L

U3BOJHYIO IIYTH S IO BPEMCHHU {:
Cdv  d%s
Codt
BekTop moiaHOro yCKOpeHus d OIpeesieTcsl BEKTOPHOW CyMMOU

a

a ero MOJIyJb

T n:
3aKOH JIBUKCHUS IIPU BPAIICHUU Ma-
Z TEPUATBHOU TOYKH MO OKPYKHOCTH MOKET
( 0) OBITH 3aJl1aH 3aBUCUMOCTBIO yIJIa () TOBOPO-

Ta pajuyc-BeKTOpa 7 OT BpPEMEHH t (3aja-

C@ ya 6). IToBOpOT paamyc-BeKTOpa 7 3a BpeMs

el dr xapakrepm3yercs BekTopoM d¢, Ha-
Vo MpaBJeHUE KOTOPOTO CBS3aHO C Harpablie-
Yz do 20 HUEM BpAIllCHHUS MPaBUIIOM TPABOTO BUHTA

(mpaBusioM «OypaBumka») (puc. 3). Bekrtop

YIJIOBOM CKOPOCTH (0 OTPEAENSAETCS MPOU3-

Puc. 3 BOJIHOM yIJIa TOBOPOTA MO BPEMEHH:
L d¢
Q) —_— _(P )
dr

ITIOATOMY HAIlpaBJICH TakK e, Kak U BekTop d¢. BekTop yrioBoro yc-

KOPEHHUSI € NPU YCKOPEHHOM BpPAIIICHUH COBMAJAET C HAIMPABICHUEM
BEKTOpPA YTIIOBOM CKOPOCTH (D W HAMNPABIICH MPOTHBOIOJIOXKHO €MY



MpU 3aMEJIJIEHHOM BpAIllCHUU. YTJIOBOE YCKOPEHHUE & PaBHO MPOU3-
BOJIHOM YTJIOBOM CKOPOCTH () MO BPEMEHHU:

. do
E=—0.
dr
[IpruuuHO¥, BBI3BIBaIOIIEH OBICTPOTY U3MEHEHHS TOJIOKECHHUS Te-
Jla B IIPOCTPAHCTBE CO BPEMEHEM, SIBISACTCA CUja F' MpU MPAMOJIH-

HEMHOM ABMKEHUHN WJIIM MOMCHT CHJIbI M - IIpHU BpalllCHUN TBEPAOT'O

—

tenma. Cuna F M yCKOPEHHE d CBSA3aHbl BTOPBIM 3aKOHOM HprOTOHA:
F =ma (3amaum 1-5). MomeHT cunbl M, W yIiIOBO€ YCKOPEHHE &
CBSI3aHbl YPABHCHUEM JIMHAMUKU BPAIIATEIbHOTO JIBUKCHUA:

M, =Jg=J, do :
dr
rae J, — MOMEHT MHEPIUU TBEPAOIO Tejla OTHOCUTEIBHO OCU Bpa-
IICHMUS.
IIpuMmeuaHus:

1. Ilepen pemieHuem 3ajad 3TOM TeMbl OOpaTUTE BHUMAHHUE
Ha pumepsl 1, 6, 9 [1].

2. B 3amauax 1-5, 7, 9 xoopauHaTta x U IPONUJICHHBIN MYTh §
M3MEPAIOTCS B MeTpax (M), Bpems ¢ — B CEKyHJax (C), B TOM UYHCIIE
xo = 1 M (3amaua 4).

3. B 3agauax 6, 10 yrom moBopoTa (¢ u3MepsAeTcsa B paguaHax
(pam). Yros moBopoTa @ U 4uciIo 000OpOTOB N CBsI3aHBI COOTHOIIEHHU-
eM ¢ =2nN. C mpyroii CTOpOHBI, TPX PABHOYCKOPEHHOM BpPaIllCHUU
ATOT K€ YTrOJ (p MOXKET OBITh BHIPAKEH Uepe3 HAYaJbHYIO YTJIOBYIO
CKOpPOCTbh (D) ¥ YTIIOBOE YCKOPEHUE € :
= 0yl + e’
¢ =009 5

3anaun 11-20 Ha Temy «CneactBus w3 mpeodOpazoBaHuii Jlo-
pEHIIa»:

1. PenaTuBUCTCKOE COKpAIIEHUE MPOJIOILHBIX Pa3MEpPOB Tella B
HaIpaBJIe€HUM ero JBuxeHus (3amauum 11, 12, 19, 20) npoucxoaut co-
ri1acHO hopMmyIie

2
0=, 1—‘:—2,



rac fo — coOCTBeHHas JJINHAa TCJIa B I/IHCpI_II/IaJIBHOfI CUCTEME, OTHO-

CUTEJIBHO KOTOPOW TENO MOKOWTCS; ¢ — JJIMHA Teja, IBWXKYLIErocs
OTHOCUTENIBHO HETOJBHKHOM CHUCTEMBI CO CKOPOCTBIO UL; € — CKO-
pPOCTB CBETA B BAKyyME.

B ycnoBuu 3amau 19, 20 maeTca OTHOCHTENBHOE W3MEHECHUE
IIPOJOJIBHBIX Pa3MEPOB, BBIPAKEHHOE B MPOLEHTaX. 32 OTHOCUTEINb-
HOE U3MEHEHME ITPOJOJIBHBIX PAa3MEpPOB NPUHUMAETCS BEJIMYHMHA, PAB-
Has OTHOLIEHUIO JIMHENHOTO cokpawenus Al =/{, — ¢ k nnuHe /£ 1o-

KOALICIoCA TCiaa, TO €CTh

o=V
ly
2. PenstuBucTckoe 3amejieHue BpeMeHu (3aaauu 13—15) onpe-
nensercs mo hopmyie

E=

v’ (1)

rape top — COOCTBEHHOE BpEM: KU3HU YaCTHUIbI, OTCYUTAHHOC IIO 4Ya-

caM, JIBIXKYIIIMMCS BMECTE C HE CO CKOPOCTBIO L; T — BpeMsi, U3Me-
PEHHOE MO HEMOoABIKHBIM yacaMm. CoriacHo Gopmyie (1) aBmkymme-
Cs Yachl UAYT MEJJICHHEE, YeM ITOKOSIIHUECS YacChl.

B 3amade 13, 3Has CKOPOCTH JIBMIKEHUS YACTHUIIBI, HY>KHO OIpe-
JIEUTh PACCTOSIHUE, KOTOPOE MPOJIETUT TT-ME30H JI0 paciaja:

/=vr.

B 3amaue 14 no n3BECTHOMY PacCTOSTHHUIO, ITPOMJICHHOMY YaCTH-
el 10 pacnajga, HeoOXOaIUMO OIPEACIUThL BpeMs T, a 3ateM 1o (op-
Myiie (1) — coOcTBEHHOE BpeMsl KU3HU YaCTHIIBI.

3. TeopeMy O CI0XKEHHUH CKOPOCTEW B PEISATUBUCTCKOM MEXaHU-
ke (3agaun 16—18), MOKHO TIpeACTaBUTH POPMYIION
, u+v
U =—,

_uv

1+—

6’2

rae # U U — CKOPOCTH Tella OTHOCUTEIBHO JBYX MHEPIHUAIBHBIX CHC-
TE€M OTCYETA, ABUKYIIUXCS CO CKOPOCTHIO L OTHOCUTEIIBHO JIPYT APY-
ra. [Ipu aToM 3HaK «—» OepeTcs, eClii CKOPOCTH i U U COBMAIAIOT IO



HaIPaBJICHUIO, & «+» — €CJIM CKOPOCTH HAIpPaBIICHbl HABCTPEUY JAPYT
APYTY.
B 3agagax 13—18 ckopocTh L ABHXKEHUSA YAaCTHIIBI 3aJlaHa B JI0-
JISTX CKOPOCTH CBETA B BaKyyMe
L
v =Lc, rne  P=—.
c
Torma, Hanmpumep, 1 3a1aun 13
0=09¢=0,9-3-10° M/c=2,7-10% m/c.

3amaum 21-30 oTHOCATCA K pazaeny «J/luHaMuka mocTynarelib-
HOT'O U BPalaTE€IIbHOTO JBUKCHUS.

[Ipu pelieHNU 3TUX 3a/a4 UCHOJIB3YIOTCS 3aKOHBI COXPaHEHHS
MMITYJIbCA U MEXAaHUYECKOU SHEPTUH.

l. 3akoH COXpaHEHHS UMIYJbCA: CYMMApPHBIA WMITYJIBC
3aMKHYTOM CHUCTE€MbI B3aUMOJICUCTBYIOIINX TEJI C TECUCHUEM BPEMEHHU
HE U3MEHSIETCS

n
Zimiﬁ" = const. (2)
l:

OTOT 3aKOH SABJSIETCS CJIEACTBUEM OJHOPOJIHOCTH MPOCTPAHCT-
Ba.

Ecnau cymma mpoekuuii cril Ha BRIOpaHHOE HaIpaBlICHHE paBHA
HYJIIO, TO CUCTEMY MOYKHO CUMTAaTh 3aMKHYTOI B 3TOM HaIlPaBJICHUU U
MPUMEHSTh MPU PEUICHUM 33J]a4d 3aKOH COXPAHEHUsS UMITYJIbCa, Iie-
pens K CKaJIsipHOM (hopMe 3aIucCH.

2.  3aKOH COXpPAHEHHS MEXaHWUYECKOM YHEPIrUu: MOJIHASA MEXa-
HUYECKasl PHEPTUsl Tejaa B MOJE KOHCEPBATUBHBIX CHJI C TEUCHUEM
BPEMEHU HE U3MEHSIETCS

E =T + Il = const, (3)

rae E — nojiHasi MexaHu4deckasi sHeprus, 7 — KUHETUYeCcKasi SHeprusl,
1] — noTeHIManbHas SHEpPrus. ITOT 3aKOH SIBJISIETCS CIEJCTBUEM OJI-
HOPOJHOCTH BPEMEHHU.

Ucnonw3yitte (3) npu pemenuu 3anad 22, 25 u 30.

JIst cucTeMbl B3aMMOJICMCTBYIOIIUX TE€J, B KOTOPBIX MPUCYTCT-
BYIOT HEKOHCEPBATUBHBIC CUJIbI, HAIIPUMEDP, CUJIa TpeHus (3amauu 21,
23, 24, 26, 28), uian 4acTh MEXaHWMYECKON JHEPruM MEPEXOTUT BO
BHYTPEHHIOI 3HEPTUI0 HEYIPYTO B3aUMOJICUCTBYIOIIUX TeJ (3a1auu
26, 30), moyiHasi MEXaHUYECKAasl SHEPTUs HE COXPAHSIETCA U



AE =4, UIn AE = Ay,

IIpu 5TOM MOTEHIMANIBHAS SHEPTUA HE U3MEHSIETCS, €CIIU €€ OT-
CYET MPOU3BOAUTCS OTHOCHUTEIBHO OJTHOTO M TOTO K€ YPOBHS.

3. Ilepen pemenuem 3anau 21-23, 25 pazoepute npumep 1.

[Ipumep 1. Illap maccoit 3 kr KaTutcst 6€3 MPOCKaIL3bIBAaHUS TI0
TOPHU30HTAJIBHOM IMMOBEPXHOCTH CO CKOPOCThIO 2 M/c. OmpenennTh Ku-
HETUYECKYIO SHEPTHUIO 3TOTO IIapa.

Pewenue

m =3 xr | Kardmmics map y4acTByeT B JBYX JBUXCHHUSAX, U CKO-
v=2M/C | POCTh U JIFO0OH €ro TOUYKHU ONPEALIACTCS BEIpAKEHUEM

-7 ==
| V=V, +i,
rae U, — CKOPOCTh IIEHTPA MACC, TO €CTh CKOPOCTh MOCTYHATEIbHOTO

JIBWKEHUS;, ii — JIMHEHHAsi CKOPOCTh, 00YCIOBJICHHAs BpaIlleHUEM BO-
KpYyT LIEHTPA Macc, €€ MOJYJIb

c p u=okR.
N R B npoeknun Ha ock X
X
M, > v=v, +OR. 4)
O

Ecmu ckonbxenus Her, T0 V=0,

Puc. 4 n Touka O SABIISIETCS MTHOBEHHOM OCBIO
BpallleHHUs 11apa.

KuneTnueckass sHeprus Teja, BpalllalOlIerocsi OTHOCHUTEIBHO
MTHOBEHHOM OCH, MPOXOsIeH yepe3 Touky O,

2
J,®
==z 5
Lop == )
MowmeHT naepuuu J, mapa OTHOCUTEIBHO MTHOBEHHOU OCH OIl-

penensierca no teopeme lteriHepa

J.=J.. +md?,
2
rae J,. = ngz — MOMEHT MHEPLMHU IIapa OTHOCUTEIIBHO OCH, IIPO-

XOSIIEH Yepe3 ero leHTp Macc; d = R — pacCTOSIHUE MEX]Y OCSIMH.
Tornma

J

z

= %mR2 +mR* =1,4mR>. (6)



Pemast coBmectHO ypaBHeHus (4), (5) u (6), noaydnm

_ 1,4mR*V?

1, €= O,7mog :

B
p R2
ITo ycnoButo 3amaun v, = L = 2 M/c, CIENOBATEIBHO, KHHETH-
YyecKasi JHEeprusl KaTsIerocs mapa

T=0,7-3kr-2%(m/c)* = 8,4 IIx.

[Ipumeyanus:

1.  Ycnosue 3amauu 21 HEOOXOIUMO TPAKTOBATH CIETYIOITUM
obpazom.

CrutonHo# nunuHap Maccoi 0,1 Kr katutcs 6e3 mpocKaib3biBa-
HHAS C HAYaJdbHOUW CKOPOCTBIO 4 M/c. OmpeneianTh KHHETHYECKYIO
SHEPTUIO MWINHJIPA U BPEMS JI0 €r0 OCTAaHOBKH, €CJIM HA HETO JCUCT-
ByeT cuna tpenus 0,1 H.

2. Ilepen pemenueM 3angaun 24 paszoOparh Ipumep 9
[1, c.42].

3. Ilpwm pemennn 3amaun 30 pazbepure mpumep 5 [1, c. 38].
Kpome toro, pemas 3Ty 3amady, y4TUTE, 4YTO 3aKOH COXPAHEHUS Me-
XaHUYECKOM 3HEPTUU UCIOJNb3yeTcs B HEW nBaxabl. lllapuk, mamato-

M C BBICOTHI /11, OOJIajaeT MOTEHUUANbHON sHeprueil 11, = mgh
OTHOCHUTEJILHO HYJIEBOTO YPOBHS (IUTUTHI). DTa 3HEPrUsl NEPEXOIUT B
2
mvy o o
KUHETUYECKYIO 1, = [Tocne B3aMMOJEHCTBUS C IIUTOW YacTh

KMHETUYECKOW SHEPrUU NMEPEXOJUT BO BHYTPEHHIOIO SHEPTUIO (BBIE-

JseTcs B BUAE Temia () mpu ynape). 3aTeM KUHETHYeCKas SHEPTHs
mo3

7, :72 HIePEXOUT B NOTCHIMANIbHY0 [1, =mgh, . [Ipu onucanun

B3aUMOJCHCTBY IUIMTHI U LIAPUKA UCIOJIB3YUTE BTOPOU 3aKOH Hebto-

TOHA B BUJIE
FAt = A(mv), (7)
rie FAt — UMITYJIbC CHJIIBI, TIEPENAHHBIHA IINTE; A(mV) — H3MECHEHHE

MMITyJIbCa IIapuKa.
4.  Tlpu pemienuu 3amauu 29 ucnonsizyite ypaBaenue (7), He
3a0bIBast IIPU 3TOM, YTO A(mV) = p, — p; — 3TO Pa3HOCTh ABYX BEKTO-



poB. s HaxoxaeHus A(mv) caenaiTe pUCYHOK, HA KOTOPOM YyKa-
KUTE UMILYJICBI p; U P, MOJEKYJBl 10 U mociie ynapa. Torma Mo-
IyJIb U3MEHEHUS UMOYJbca A(mV) JETKO ONPEACIIUTh MO TEOpEME
KOCHHYCOB.

5. Pemas 3amaum 21, 25, 28, NONOJHUTEIBHO HCIOJB3YHTE
KHHEMaTU4YECKUE YPaBHECHUS

: 2_ 2 _
v, =V, +at; v; — VY = 2as,

rgme v, 1 vy — KOHCYHAA W Ha4daJlbHAA CKOPOCTH, COOTBECTCTBCHHO,

@ — YCKOPEHHUE, KOTOPOE MOJOKUTEIBHO IIPU YCKOPEHHOM JBHKEHUU
(3amaya 25) U OTpUIATENBHO MPH 3aMEIJICHHOM JABM)KEHHH (3aja-
ya 28); s — NPOWJICHHBIN MyTh.

3anaun 31-40 Ha Temy «PenstuBucrckas mexanukay». [Ipu pe-
IIIEHWH 3a/a4 JaHHOW TeMbl HE0OXO0MMO 3HAThH CIICIYIOIIEe:

1. Macca yacTuiibl 3aBUCUT OT CKOPOCTH €€ ABUKEHUS COTJIaCHO

dbopmye

v’ (3)

IZIe my — Macca MOKOALIEHCS YaCTULIBL;, m — Macca YaCTULbI, IBUXKY-

IIENCS CO CKOPOCTHIO L.
2. Kunertuyeckasi SHEprus peJISITUBUCTCKON YacTHUIIBI (€€ CKO-

POCTh CPaBHHMA CO CKOPOCTBIO CBETA) OMPENEIAETCS HE TO MPUBBIYU-
2

. mo . L2
HOU popmyie — a KaK pa3HOCTb MEXKIy IOJHOW 3HEpPruen mc” u

SHEpruen m002 IIOKOS YaCTHLIBL:

T = mc? —m002 = (m —mo)cz.

Ny, yuutsiBas 3aBUCUMOCTh MAacChl OT CKOPOCTH (8), OITyunm,
4TO

I'=myc
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Macca 1 sHeprus MOKOs YaCTHIIBI ONPECIITIOTCS o Tadu. 16 [1,

c. 139].
3. HWmnynbC pensiTUBUCTCKOM 4YACTHIBI PACCUUTHIBAIOT MO

dbopmye

mol)

pP= ik
L

==
c

Ecaun u3BecTHa KMHETHYECCKAs SHEPIHS YacThIbl (3agada 31), To
MMITYJIBC OMPEAEIISIOT MO GpopmyIie

p= l\/T(T +2E,),
C

rae £y = 0,51 MaB — sHeprus nokos 3jeKTpoHa. B 3ToM ciiydae um-

MyJIbC paccUuThIBalOT B MaB/c, rie ¢ — CKOpOCTh CBETa B BaKyyMe.
3anaun 41-60 HAa TeMy «OCHOBBI MOJIEKYJIAPHO-KHHETHYECKOMN
TEOPHHU Ta3ay.

B 3amavax 41-44 tpeOyeTcsi 3HaHME YHUCA [ CTEIEHEH CBOOOIbI
MOJICKYJbI rasza. llpu 3ToM cremyer ydecTb, YTO YHMCIOM CTEIEHEU
CBOOO/IbI HA3bIBAIOT YKCJIO HE3aBUCUMBIX KOOPJIUHAT, MOJHOCTHIO OII-
PENEISIIONINX MTOJI0KEHUE CUCTEMBI B IPOCTPAHCTBE.

Jns KeCTKOW MNpOCTPaAaHCTBEHHO-OPHUEHTHPOBAHHOM CHUCTEMBI
BO3MOXKHBI TpPU CTEMEHH CBOOOJBI TOCTYIATEILHOTO JIBUXKCHHS
(BIOJIb OCEMl KOOPAWHAT) U TPU CTEIEHH CBOOOJBI BPAIIATEIHHOIO
nBuxeHusA. [loaTomMy WISt MONEKYIBI UACATBHOTO ra3a, KOTOPYHO pac-
CMATPUBAIOT KAK MATEPUAIIBHYIO TOUYKY, BO3MOXHBI JIMIIb TPHU CTEIIEC-
HU CBOOOJIbI MOCTYNATEIBHOIO JBHXKEHUS (SHEPTUIO BpallaTeIbHOrO
JIBUKEHUSI MOYKHO HE YUUTBIBATh), TO €CTh I = 3.

Morekyny AByXaTOMHOIO Ta3a PaCCMaTPUBAOT KAK CUCTEMY U3
JIBYX ECTKO CBSI3aHHBIX MAaTEPHUAJIbHBIX TOYEK. Takas MOJEKYIIa,
KpPOME TPEX CTEMEHEl CBOOOJbI MOCTYNATEIbHOTO JBUKECHUS, UMEET
enie JB€ CTENEHH CBOOOJBI BpallaTeIbHOIO JBUXKEHUS. Bparienue
BOKPYT TPEThEIl OCH, MPOXOAAIIEH uepe3 00a aToMa, HE YUYUTHIBAETCA,
TO €CTh MOJIEKYyJIa JBYXaTOMHOTO Ta3a UMEET MATh CTeNeHel CBOOO-

IBL: [ = Ipger T igp = 3.
TpexaToMHBIE 1 MHOTOATOMHBIE HEJIMHEWUHBIC MOJICKYJIBI C JKe-
CTKUMH CBSI3IMH MEXKJIy aTOMaMH MMEIOT IIECTh CTETeHEeH CBOOOIBI:
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TPpU MOCTYIATEJIbHBIX U TPU BpamarenbHbiX. [lepen pemienuemM 3Tux
3a7a4 mojie3Ho pazoopats mpumep 11 [1, c. 45].
[Ipumeyanus:

1. B 3agade 42 KOHIIEHTpALMIO MOJEKYJ Ta3a MIPUMUTE PaB-
3

noit 8 - 10 em .
2. B 3agaue 49 npuHATH 00BEM COCY/a paBHBIM 1 1.
3. B 3amauax 52, 53 yutute, yT0 3 (PEKTUBHBIN TUAMETP MO-

JICKYJIbI YIJICKHUCIIOTO Ta3a MPUMEpHO paBeH 4 - 10 O M.

IIpu pemenun 3agau 45-50 Bocnons3ynTech ypaBHeHueMm Kiia-
neripoHa — MeHieneeBa, CBSI3BIBAIOIIUM MEXIy COOOM OCHOBHBIE Ta-
paMeTphl COCTOSTHUS Ta3a: JaBlieHHue p, o0beM V, Temmneparypy 7. Pe-
mas 3amaum 47, 48, 50 g onpenesieHrs TaBJICHUS CMECH Ta30B MC-
MOJIb3YUTE 3aKOH Jlanbmona: NABIEHUE CMECH Ta30B PABHO CyMME

nmapanralabHbIX I[aBHCHHﬁpl, P2, ..., Pp BXOIAIMIHUX B HCC I'a30B!:

[Ton mapuuasbHBIM JaBICHUEM MOAPA3YMEBAIOT JIaBJIEHUE, KO-
TOpOE TPOU3BOWI OBl Ta3, BXOJAIIUMA B COCTaB Ta30BOM CMECH, €CIIU
Obl OH OJWH 3aHUMaJl 00BEM, PaBHBIM OOBEMY CMECH NpPHU TOU XKe
temrieparype. Pazoepure npumep 10 [1, c. 43—45].

Pemras 3amaum 51-56, mis ompenenenus 3(pGEeKTUBHOTO aua-
MeTpa d MOJIEKYJNbl BOCHOJB3yHTeCh Tabm. 6 «lIpumoxeHus»
[1,c. 138]. Ilepen pemeHnueM HTUX 3adad paszdepute npumep 12
[1, c. 46].

3agaun 54, 55, 5760 MOCBAILIECHBI U3YYEHUIO SABJICHUUN MEPEHO-
ca: BHyTpeHHero TpeHwus, nuddysuu, temtonpopoanoctu. [lepen pe-
IIEHUEeM 3TUX 3ajaud paccMmorpurte npumep 13 [1, c. 47]. OOparute

BHUMaHUE, 4TO JUIs pacdyeTa Kod(DPHUIlMeHTa TEIIOMPOBOJHOCTH &

HEOOXOMMO 3HATh BEJIIMUMHY YJEJIbHOUW TEIJIOEMKOCTU Cy Ta3a MpHu
MTOCTOSTHHOM 00beMe:

IR

2M

Enununa nsmepenus koapounuenta & — Bt/(m-K).

3anaun 61-70 Ha TPUMEHEHUE MTEPBOr0 HAYAJIA TEPMOJIMHAMUKHI
IUTSL U30ITPOLIECCOB B ra3ax.

Cy
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CoracHO TIepBOMY Hadaly TEPMOJWHAMHUKH KOJUYECTBO TeTI-
J0ThI & O, coobIIaeMoe CUCTEME, PACXOIyeTCsl Ha YBEJIMYEHUE BHYT-
penHeii sHeprun dU cuctembl 1 Ha COBEPIIICHUE CUCTEMON paboThl 04
MPOTUB BHEIITHUX CHJI:

50=dU+8 4.

JI71s1 paBHOBECHOTO IMpolecca Mepexojia TEPMOJUHAMUYECKOU
CHCTEMBI U3 HAYaJIbHOTO COCTOSIHUS | B KOHEYHOE COCTOSTHUE 2

O=AU+A.

Pemenne maHHBIX 3ama4d TpeOyeT 0coOOTO BHUMAHMUS TIPU HC-
MOJIL30BAHUM MEPBOTO Hayaja TEPMOJMHAMHUKHU JJI1 paccMaTpuBac-
MOTO Ta30BOr0 Mporecca.

1) ITpu uzorepmuyeckom mpoiiecce (MpOTEeKaeT MPU NOCTOSTHHON
temnepatype T = const)

0= A.

Tak xak BHyTpeHHsis sHeprus U sBnsercs: QyHKIIMEH COCTOSHUS
CHUCTEMBI, a €€ U3MEHEHHUE OMpPEICISIETCS MPHU JIFOOBIX TEPMOIUHAMU-
YECKHUX MPOLECCAaX COOTHOIIEHNUEM

AU ="" paT,
2M
TO TIpu M3oTepmudeckom mepexoae AU =0, 1. e. U He U3MeHIETCS
(3amaum 62, 63, 67, 70).
2) Ilpu nzoxopHOM mpoiiecce (IPOTEKaeT MPU MOCTOSTHHOM 00b-
eMe V' = const)
O=AU,

TaK Kak paboTa IIpy H30XOPHOM IIEPEX0/Ie HEe COBEPIIACTCS

2
A=[pdV=0
PA 1
(3amaum 61, 68).
3) Ilpu n3obapHOM mpouecce (mpoTe-
3 KaeT MNpH IMOCTOSHHOM JAaBJICHUH p = const)

2
% 1 O=AU+ 4
4  (3amaum 61, 63, 66—69).

> 4) Ilpu agnabaTHOM mpolecce (IpoTe-
Puc. 5 V' kaet 0e3 TeriooOMeHa ¢ OKpY’KaroIlel cpe-
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100 8 O = 0)
A=—-AU wm AU=-A=4,

rne A" — pabora, coBepiiacMasi BHEITHHUMH CHJIAMH HaJ| CHCTEMOM
(3amaum 64, 65).

[lepen pemeHneM JaHHBIX 3aJa4 HEOOXOAMMO HCIIOJIB30BaTh
rpadguyeckoe MpeaCcTaBlIeHUe 00CYXKIaeMbIX MPOIECCOB B KOOPIUHA-
Tax p—V (puc. 5), rae 1 — u3oTepMUyYECKuid IpoIecc, 2 — U30XOPHBIH,
3 — n300apHbIi, 4 — agradaTHBIN MpOoIIeCC.

[Ipumeyanus:

1. Monspuas macca M aproHa Ar (3amaum 61, 68) paBHa

401073 KI/MOJb, a YUCJIO CTENEHEH cBOOOIbI [ = 3.

2. Hucno creneHeil cBOOOABI I JJIsl MOJIEKYJI BO3JyXa MPUHSATH
PaBHBIM 5, ToJiarasi, YTo B €r0 COCTaB B OCHOBHOM BXOJST JIByXaTOM-
Hble MoJIeKYJIbl N>, Os, Hy, CO (3agaua 63).

3. M300apHbIil TIepexo/i CUCTEMBI U3 OJIHOTO COCTOSIHHUS B JIPY-
roe paccmoTpeH B mpumepe 14 [1, c. 48—49].

4. Tlepen pemenuem 3amad 64 um 65 pasbepute mpumep 15
[1, c. 51], HO MOMOMHUTEIBHO YUTHTE, YTO MPHU aTUA0ATHIECKOM CKa-
mu A <0u AU > 0.

5. Kputepuii BeIrogHOCTH (3a1aun 67, 68) HEOOXOAUMO OIEHH-
BaTh OTHOIIICHUEM MEXaHMUYECKUX padOT MPH YKa3aHHBIX MPOIIECCcaXx.

6. ITpu pemennu 3agaun 68 B 00IIEM BHUJIE pa3HOCTh TEMIIEpa-
Typ AT — nTUIIHEE TAaHHOE B €€ YCIIOBUMU.

3anaun 71-80 Ha Temy «DuTponus. [{ukn Kapro».

B 3apgauax 73—76 paccmarpuBaercs nukia KapHo, cocTosimmi u3
IByX W30TEPMHUYECKHMX WM JIBYX aauabaTHBIX mporieccoB. Ha pwuc. 6
npeacTaBieHbl MUKIbl KapHo B mpsmoMm (puc. 6, a) u oOpaTHOM
(puc. 6, 6) HanpaBnenusx. s mpsamoro nukina Kapuo O — konude-
CTBO TEIUIOTHI, MOJYyYEHHOE pabOYMM TEJIOM IPH H30TEPMHUUECCKOM

pacmmpennu npu temneparype 717, J» — KOJIMYECTBO TEILUIOTHI, OT-
JTaHHOE PabOYUM TEJIOM XOJIOIUIBHUKY TTPH U30TEPMUUECKOM CHKaTHH

npu Temrepatype 7>. [Ipu sTom pabouum TeaoMm copepimaeTcs: padbo-
Ta A, paBHas

A=0 -0y,

a K03 (HHUITMEHT MMOJIe3HOTO JeHCTBHUS
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n= Wi M=
| T
a)
Py 1(VIT)
Q>0
2 (p2VaTy)
3 (psV;Ts)
4 (p4V4Ty) Q,<0
o
V
Puc. 6

B o6patHoM nukie KapHo KoaudecTBO TEIIOThl (J1 OTBOAUTCS
OT pabouero Tejaa B MPOILECCe U30TEPMUUECKOTO CHKATHS MIPU TEMIIE-
patype 77, a KOIWYECTBO TEIIOTHI ()7 MOABOAUTCS K pabodyemMy Temy
npu temueparype 1>, npudem 1> < T7. CnegoBarensno, Q01 <0, 0> >0
1 paboTa, coBepiraemMas pabodruM TEJIOM 3a OJIUH ITUKII OyJeT OTpHIia-
TenpHON A = Q1 + Os < 0 (monoxxkutenbpHas paboTa pacHIMpeHHs Tas3a
npu Temneparype 72 MEHbIIE MOJYJsSI OTpUIlATeILHON padOThI CxKa-

THs ra3a npu Temmeparype 717). Ecnm pabouee Temo coBepiaer 00-
paTHBINA IUKIJI, TO MIPOUCXOAUT Tepelada TeIia OT XOJOHOro Tejla K
ropsiuemMy 3a CYET padOThl, COBEPIICHHOW BHEIIHUMH cujamu. [lo
ATOMY MPUHIUITY pabOTaIOT XOJIOIUIBHBIE MAIITUHBI.

Bennunna, paBHas OTHOIIEHUIO TEIIOTHI (), OTBEJACHHOM B 00-
paTHOM ITMKJIC OT OXJIAKJIAeMOTro Tejia, K padoTe BHEIIHUX CHJI, 3a-

TpaquHOﬁ B 3TOM LHKIJIIEC, HA3BIBACTCA XOJIOAMWJIBHBIM KO3(1)CI)I/IHI/I€H-
TOM:

N S
Q1-0, [-T,
[Ipumep 2. TeroBas mammHa padotaet o nukiay Kapuo, KITJ]

kotoporo 0,3. Kakum cranet KIIJ[ sToii Mammuubl, ecau oHa Oyner
COBEpIIATh TOT K€ IIUKJI B OOpPAaTHOM HallpaBJICHUU ?
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n=0,3 ‘ Pewenue

e—9 ‘ XomoauabHbIH KO3(M(UIMEHT € OmpeaenseTcs II0
dbopmye
1 — I,-T, T,
_ 9 9 HHH_:QI O, _T 2_ 4y
4 16|-0 € 0, I, I
y L-T, I
KOA(PHUIIUEHT MOJE3HOTO NEUCTBUA 1 = o =1- T Torma
1 1
T
—2:1—719 l: 1 _19 l_nzg_g(l_n)'
I e 1-m
OTtcroa X0M0IUIbHBIN KOA(DPUITUESHT
e= 1N _1203 53 5300,
n 0,3

Otser: € =230 %.

B 3agaugax 71, 72, 77-80 HeoOXoauMO paccuMTaTh W3MCHEHUE
sHTponuu AS. DHTponus S — QYHKIUS COCTOSHUS, dJIEMEHTApHOE W3-
MEHEHHE KOTOpoi dS omnpeaensieTcss OTHOIICHHUEM JIEMEHTAPHOTO KO-
JUYeCTBa TEIUIOTH 0, COO0IaeMOro CUCTEMe B 0OpaTHMOM pPaBHO-
BECHOM IIpolecce, K Temreparype 1, Ipu KOTOPOW MEpeaaeTcs 3TO

KOJIMYECCTBO TCIIJIOTHI:
)
&E(Q .
I o0p

N3menenue sHTponnu AS npu nepexojie CUCTEMBbI U3 COCTOSTHUSA
1 B coctosiHME 2 omnpeaesieTcs mo ¢hopmyJie

2
s =]
. T

B 3agawax 71, 72 konuyecTBO TEIIOTHI O OMpEAeNuTe, HC-
MOJIb3YSl IEPBOE HAYAJIO TEPMOIUHAMUKHU:

00 =dU + 64

TUTs1 JTFOOOTO Tpoliecca B UACAIBHOM Trase.
Ecnu Ttemmeparypa BemecTtBa B TBEPAOM HIIM JKUJIKOM COCTOSI-
HUM u3MeHseTcs Ha d7, TO KOJWYeCTBO TEIUIOTHI O(), IOIBOIUMOE
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npu HarpeBanuu (d7 > 0) unu orBogUMOE npu oxjaxaeHuu (d7' < 0),
ompeaenuTe mo hopMyie
00 = mcdT,

I7Ie M — Macca BEIIeCTBa, ¢ — yAeIbHas TeII0eMKOCTb (3aaauu 77, 79,
80).

IIpu nnaBneHuM WM MmapooOpa3oBaHUM BellecTBa (3agauu 77,
78, 80) maccoit dm koan4uecTBO TEIIOTHI 00 OMpenesaeTcs BhIpaxke-
HUASIMHA

0=AMm u  8Q=rdm,

rae A — ynenbHas TEeIuloTa IUIaBieHUs (XapaKTepU3yeT KOIMYECTBO
TEIUIOTHI, HEOOXOAUMOE JIJis TUIABJICHUSI €IMHUIIBI MAacChl BEIIECTBA
IIpU TEMIIEpaType IUIABICHUS), 7 — YAEIbHAs TEIJIOTa MapooOpa3oBa-
HUS (XapaKTEepPU3yeT KOJIMYECTBO TEIJIOThI, KOTOPOE HEOOXOAUMO st
MPEBPAIICHUS €AUHHUIIBI MAcChl BEIIECTBA B IMAp MPU TEMIEPAType
kunenus). [Ipu nu3mMeHeHnn arperaTHOro COCTOSIHHSI BEIIECTBA H3MeE-
HEHUE SHTponuu AS paBHO CyMME M3MEHEHHWH SHTPONUHU B pa3Jivy-
HBIX IMPOIIECCaX, TO €CTh

2 3
AS =S a5+ =] 2+ 9)
1 2 r

ITpumep 3. Halitn u3smenenne AS SHTpONMU NMpU TPEBPALICHUN
Maccel m = 20 r npaa, B3sToro npu temneparype ¢ = —20 °C, B nap
(frap = 100 °C).

m=20r=2-10"kr Pewenue
T =253K M3MeHeHure SHTPONUK B PABHOBECHOM
=273K npolecce P Nepexojie OTKPHITOH CUCTEMBI
Toap =373 K M3 OJHOTO COCTOSHHUS B JIPYTO€ OIPEIeIseT-
=2,1- 10° I[)K/(Kr K) | ca popmyoii
x=3,35-1o JIK/KT 26Q
¢y =42 -10° Jix/(xr-K) AS=5 =5 = {
~ 6
r=2,26-10" Jbx/xr re S ¥ Sy — SHTPONUS CHCTEMBI B IIEPBOM
AS—7? U BTOPOM COCTOSIHMSIX. B maHHOW 3amaye

W3MCHECHHE SHTPOIMH CKIIAJIBIBACTCS M3 €€ M3MEHCHUW B OT/EIb-
HBIX TIpoIleccax:

AS = AS; + AS, + AS; + AS,.
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N3menenune sHTponuu AS| Mpu HArpeBaHWM MACChHI M JIbJA OT
TeMreparypsl 1" 10 TeMneparypsl 1y, IUIABJICHUS:

TH.H
ASI = '[ mCHdT =mc, In Tﬂ ,
T T

IZI€ Cy — YACNbHAs TEIUIOEMKOCTD JIbJA.
N3menenne saTponuu ASy B mpoIecce MIIABJICHUA JibJa MacCoOn
m npu Temneparype 1y, IIaBICHHS

m1 (O I

rze A — yJeiabHasi TEeIUIoTa TUIaBJIeHU JIbJa.
N3menenune sHTponiuu AS3 IIpyu HArpeBaHWM BOJIBI 10 TEMIIEPA-
TP Tiap IAPOOOPA3OBAHNS:

T
) Q _ r'[[ap chdT —mec. In Tnap
B ’

T THJ'I 1

AS; =]

IZI€ Cy — YAEIbHAs TEMIIOEMKOCTb BOJBI.
N3menenue sutponuu AS4 pu napooOpa3oBaHUU MacCChl M BO-
JBI IPH TEMIIEPATYPE Ty1ap KAIICHMS:

m
AS, :jS—Q:Ljrdm:ﬂ,
r map 0 rnap
rJIe ¥ — yAelbHas TETIOTa MapooOpa3oBaHusl.
OO611ee M3MEHEHUE YHTPOITHH:
AS :mcHlnTﬂ+m—7L +mc, lnTHap +
1 1 nap

Paccuutaem namenenne sHTponuu AS:

) 5
AS =2.1072.21-103 In 222 4 2:10 7 -3,35-107
253 273

-3 6
$2:1072.42.10% 20 4 210 22201000 _ ¢ ('H—’Kj
273 373 K

OtBer: 66 JIx/K.
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[Tpumeyanus:

1. 3HaveHus yAeIbHOW TEIJIOTHI TIJIABJICHUS A, YIACIHHOU Te-
IJIOTHI MTapOOOpa30BaHus ¥, YACIbHON TEINIOEMKOCTHU C MPUBEJICHBI B
tabn. 7-9 [1, c. 138—-139].

2.  HeoOxoaumbie nipu pemieHuu 3a1ad 78 u 80 teMreparypbl

T1aBJieHUs Jbaa U cBUHIA paBHBI 0°C u 327°C, COOTBETCTBEHHO.
3. Ilpu cMmemuBaHMU BOJBI C pa3HBIMU TeMIIepaTypaMu (3a-

nada 79) m3MmeHenue sHTponunu AS mo dopmyne (9) ompenensercs ¢
y4eToM 3Haka ee u3meHenus: ecim 00 > 0, To dS > 0 u Hao60poT.
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