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DU3NYSCKHE OCHOBBI MEXaHUKH

YACTb 1. ®PUSNYECKHUE OCHOBbBI MEXAHUKHAU

Paszxen (I)I/I3I/IKI/I, I/ISY‘IaI-OHII/Iﬁ 3dKOHOMCPHOCTU MCXAHUYCCKOI'O ABHXCHUA H
BSaHMOﬂCﬁCTBHH TCJI, HA3bIBACTCs mexanuxou. Mexanuueckoe 08uceHue — n3me-
HCHHUC ITOJIOKCHUA TCJIa C TCUCHHUEM BPEMCHH OTHOCHUTCIIBHO APYTHUX TCJI WU yacTeun
OAHOI'O U TOI'O XK€ TCJIA.

§3 KuHeMaTnka MaTepuaJbHOl TOYKH H
MOCTYNATEIbHOI0 ABUKEHUS TBEPAOIO TeJia

Kunemamuka MareMaTHU4YeCKH OIIMCHIBACT Pa3JIMYIHBIC BHAbI MCXAHHUYCCKOI'O
ABWOKCHMS, HC BBIACHAS IIPUYKMH 3TOTO ABHIKCHMA. OcHoBHas 3agadya KMHCMATHUKH —
OIIPCACIINTD ITOJIOKCHUC TCJIA B JIF000 MOMEHT BPCMCHH.

3.1 OcHnoenvie nonamus KUHEMAMUKU

Mamepuansnas mouxka — T€70, pa3MepaMu KOTOPOTO B YCIIOBUSX JTaHHOU 3a-
Jla4l MOXHO MpeHeOpeyb.

Abconromno meépooe meno — teno, neopmaiueri KOTOPOro B YCIOBHUAX
JTAHHOW 3aJja4il MOKHO MpeHeOpeyb. AOGCOIIOTHO TBEPIOE TEIO MOKHO paccMaTpH-
BaTh KaK CUCTEMY MaTepUATBHBIX TOUEK, )KECTKO CBSI3aHHBIX MEKY COOOM.

Abconomuo ynpyzoe meno — Te1I0, KOTOPOE TOCIE MPEKPAIICHUSI BHEIITHETO
CHJIOBOT'O BO3JICUCTBUS TIOJHOCTHIO BOCCTAHABIMBACT CBOW TIEPBOHAYAIBHBIC pa3Me-
pBI B popMmy.

Abconrwomno neynpyzoe mejio — T€J10, KOTOpOE IOCJE MpEeKpalieHUs] BHEIIIHE-
rO0 CHJIOBOTO BO3JCHCTBHS IOJHOCTBIO COXpaHSET IehOPMHUPOBAHHOE COCTOSIHHE,
BBI3BAHHOE ITUM BO3JICHCTBHEM.

3.2 Cucmema omcuéma. Tpaexkmopusa. Ilyme. Ilepemeuienue

Teno, OTHOCUTENIBHO KOTOPOI0 pacCMAaTPUBACTCS JIBUKCHUE, HA3BIBAETCS Hie-
Jaom omcuéma. UtoObl onpeIeUTh MOJIOKEHUE UCCIEAYEMOTO Tella, C TEJIOM OTCYE-
Ta JKECTKO CBSI3BIBAIOT CHUCTEMY KOOpAMHAT, CHaOXeHHYIO yacamu. COBOKYIMHOCTh
Tella OTCYETA, CBA3AHHOM C HUM CHUCTEMBI KOOPJMHAT M 4YAaCOB, OTCUUTHIBAIOIIMX
BpEMs1, HA3bIBAETCS CUCMEMOU OmcYéma.
IHocMoTpHTE JTEKIHOHHYIO 1€MOHCTPAIHIO.

Mojenb 1eKapTOBOM CUCTEMbI KOOPAUHAT.

http://youtube.com/watch?v=gmfiKFgySWM

< [TonoxeHue TOUKM B MPOCTPAHCTBE OMUCHIBAIOT C
Z M MOMOLLBIO Pajiyc-BEKTOPA 7. ) )
- g Paouyc-eéekmop r — 3TO BEKTOpP, NPOBEAEHHBIN
— U3 Hayaja KOOpAMHAT B TOYKY, IJ€ HaXOJUTCS Telo
T’f 7 (puc. 3.1). Pagnyc-BeKTOp MOXHO pa3JIOXKUTh Ha CO-
. LA~ Y =Y CTaBJISIIOLIHC:
X r=ix+jy+kz,

Pucynok 3.1

11



DU3NYeCKUE OCHOBBI MEXaHUKH

— ad

re i, j, k — eMHUYHBIE BEKTOPHI (OPTHI).

[Ipyn nepemenieHun B MPOCTPAHCTBE TOYKa M 3aHUMAaET psij MOCIEAOBATEb-
HbIX TIOJIOKEHUW. JIMHMS, omuchiBaeMmasi B IPOCTPAHCTBE JIBHXKYILEWCS TOYKOM,
Ha3bIBACTCS mpaeKkmopueii. B 3aBUCUMOCTH OT BHJA TPACKTOPUU IABHKEHUE JCIIAT
Ha NPSIMOJIMHENHOE U KPUBOJIMHENHOE. YaCTHBIM BUJOM KPUBOJWHENHOIO ABHKECHUS
SIBJISIETCS. JBUXKEHUE 110 OKPY>KHOCTH.

3 [Iycts mMaTepuanbHas TOYKA, ABUTAACh MO HEKO-
—_ .
P =2  TOpOH TPaeKTOpUK (puc. 3.2), nepeMecTiiIach U3 TOUKU
1 I B Touky 2. Paccrosinue S;, Mmexy Toukamu | u 2, oT-

CUMTAHHOE BJIOJIb TPACKTOPHUM, HA3BIBACTCS JJIMHOU
MPOMJICHHOTO MYTH WJIH IPOCTO NPOUOEHHBIM HYMEM.
Ecnu marepuanbHas ToOuka NOBEPHET OOpPATHO M JOUIET JO TOYKHU 3, TO MOJI-

HbIM NyTh paBeH: S=S5,+5,3. IlyTe Bcernma BbeIpaxkaercs
MOJIOKUTEIIbHBIM YHCIIOM. Q
Bekrop, COeAMHSIOMMI HayadbHOE U KOHEYHOE AT
ITOJIOKCHHUS TOYKH, Ha3bIBACTCA nepemeuieHuem. O6o0- PI/ICYHOK 33
3Hayaetcs Ar. (Cu. puc. 3.3).
OOBIYHO TIOJIOKEHHE TeJa OMPEENSIIOT ¢ MOMOIIBI0 KOOpAUHAT. J[BHKeHHe

TOYKH CUHTACTCA ITOJHOCTBIO OIIPCACIICHHBIM, CCJIM 3addHbl YPABHCHUS, OIIMCBIBAIO-
e U3BMCHCHUC KOOPAWHAT TOYKH CO BPCMCHCM!

x=x(r)  y=y()  z=20)

OTH YPaBHCHHUA HA3bIBAIOTCA KHHCMATHYCCKHUMH YPABHCHUAMUN ABUKCHUA TOYKHU.

Pucynok 3.2

IHocmynamenvHnoe O0sudicenue — 3TO TaKOE JBIKCHHE, TIPU KOTOPOM Jto0ast
npsiMasi, KECTKO CBSI3aHHAs C TEJIOM, MEPEMEIIACTCS, OCTaBasACh MapauieIbHON ca-
Mol cebe. [lorToMy KMHEMaTHUEeCKOE PACCMOTPEHHE IMOCTYNATEIbHOIO JABMKCHUS
TBEPJIOTO TeJla CBOJUTCS K U3YUYEHUIO JABUXKEHUS JIF0OOM U3 ero todyek. B nuHamuke
00BIYHO pacCMaTPUBAIOT ABMKCHHE IICHTPA MHEPIUH Tea.

IMocMoTpHTE JIEKIIHOHHYIO IEMOHCTPALMIO.
Bunbr 1BMKeHMI: TOCTYNATEIhHOE U BpalaTeIbHOE JBUKCHUS.
http://voutube.com/watch?v=C1yGNCPw7BU

3.3 Cnocoowt 3a0anusn nonoxceHus meia 6 NPOCMPAHCMEe

OcHogHasa 3a0aua KUHEMAMUKU — OIIpPCACIINUTL ITOJIOXKXCHHUEC TCJia B JF000M
MOMCHT BPCMCHH. OOBIYHO ITOJIOKEHHUE Tena OoNpCACIIAAIOT € IMOMOIIBIO KOOPAWHAT.
I{BI/I)K@HI/IG TOYKHU CUHUTACTCA IMOJHOCTBIO OIIPCACICHHBIM, CCJIM 3addHbl YPAaBHCHMUA,
OIIUCBhIBAOINEC U3MCHCHHUC KOOPAUHAT TOYKH CO BPCMCHCM:

x=x(t)  y=yt) z=2z()
9TH ypaBHeHI/IH HA3bIBAKOTCA KUHECMATUUCCKUMU ypaBHeHHHMH JABUKCHUS TOYKH.
KOOpL[I/IHaTLI TCJIa MOXXHO 3a4aBaTb HECKOJIbKMMHU CHOCO63MI/I.

12



DU3NYSCKHE OCHOBBI MEXaHUKH

1. Tabauunwvtit cnocoéd.
[Tpu sTOM cmocobe /Tt KaKI0TO MOMEHTAa BPEMEHHU yKa3bIBAIOT 3HAYCHHE KO-
OpIWHATHI TEJIa ¥ MPEJICTABIISIOT 3Ty 3aBUCUMOCTD B BHI€ TaOiuipl. Hampumep:

t,C 0 2 4 6 8 10 12 14
X, M 2 6 18 38 66 102 146 198

X

2. I'paghuueckuii cnocoo.

3aBUCHUMOCTh KOOPJMHAT OT BPEMEHHU JAETCA B BUJIC
rpaduka. Hampumep, 1jisi paBHOMEPHOTO MPSIMOJIMHEUHOTO Yo
JIBU)KEHHUS 9Ta 3aBUCUMOCTb UMEET BUJI, IPEACTABICHHBIN HA 0 .
puc. 3.4.

~

Pucynoxk 3.4

3. AnanumuuecKkuii cnocoo.
3aBUCHUMOCTH KOOPJMHAT OT BPEMEHH 3aJ1aeTCs B BHjIE (GOpMYII.
Ilpumep: 1 paBHOMEPHOTO IPSMOJUHEHHOrO JIBM)KCHHUS KOOpPAWMHATA 3aBUCUT OT
BpPEMEHHU:
X=Xx,+0t,

Ecnu teno nBUKETCS MO IUIOCKOCTH, TO MOKHO ONMCHIBATh 3aBUCUMOCTh KO-
OpJIMHATHI y OT KOOPJMHATHI X, T.€. y = f(x). IIpu 3TOM KOOpJAMHATHI ¥ U X 3aBUCST

OT BpeMeHu, T.e. y= f(f), x= f(¢t). 3aBucumMocth y = f(x) Ha3bIBA€TCsl ypaB-
HEHUEM TPACKTOPHUH.

3.4 Cxopocmy

[IycTh B MOMEHT BPEMEHH  TEJIO HAXOJUIIOCh B TOUKE 1, MOT0KEHUE KOTOPOH
Yy 3aJlaeTcsl pajinyc-BEKTOPOM 7 . 3a BpeMs Af OHO COBEp-
1 U W0 TepeMelieHne ArF W OKa3aloch B TOYKE 2

AS  (puc. 3.5).
- AT ) CkopocTh Tena omnpefensercss Kak Mpeaes OTHO-
. I>/Y' HIEHUA TepeMenieHuss A7 K MPOMEXKYTKY BpeMeHu Atf, 3a
! KOTOPBIM OHO TPOU3OIIIO, MPU YCIOBUM, YTO Af CTpe-
MUTCS K HYJIIO:

Pucynok 3.5 = lim —=—=7". (3.1
At—>0 At dt

[o]="".
C

Ckopocmb (0) — BeKTOpHas ¢u3nUecKasi BEIMUYUHA, XapaKTepu3yroIas ObICT-
pOTY M3MEHEHUS TIOJIOKCHHSI TeJa B MPOCTPAHCTBE M paBHAs TMEPBOU MPOU3BOIHOMN
paaryc-BeKTOpa M0 BPEMEHH.

BekTop ckopoCTH BCera HammpaBIieH M0 KacaTelIbHON K TPAeKTOPUHU B CTOPOHY
IBYKEHUS. MOyIb CKOPOCTH U ONIPENENsAeTCs KaK MPOU3BOIHAS ITyTH IO BPEMEHH:

13



DU3NYeCKUE OCHOBBI MEXaHUKH

ds
dr’
IocMoOTpHUTE JIEKIMOHHYIO IEMOHCTPALHIO.

BekTop CKOPOCTH: OMBIT C TOYUIIOM.
http://youtube.com/watch?v=k3S1L19D2rE

v (3.2)

N3 (3.2) cnenyer, 4to NyTh dS, NPONJEHHBIN 3a DJIEMEHTAPHO MaJjioe BpeMs dt
OyzleT onpeaesaThCs CIETYIOMNUM 00pa3oM:
ds =o(t)dr .

IlyTb, IPONAEHHBIM TEJIOM 3a KOHEYHBIM IPOMEXYTOK BPEMEHU OT f; 10 Iy,
HaXOJUTCSI UHTETPUPOBAHUEM:

0 f
/ S = [v@)d: . (3.3)
O tl
G / [IpoaeHHBIN IIyTh YUCIEHHO PAaBEH IUIOLIAAU 3a-
/ HITPUXOBAHHON KPUBOJIMHEUHOMN Tpanenuu (puc. 3.6).
/ // Ecnu HampaBieHue BEKTOpa CKOPOCTH HE U3MEHSIET-
1 , 1 cs, TO JBUKEHUE HA3bIBACTCS MPSIMOIUHEIHHBIM.
PucyHoK 3.6 Ecnu MoZysib CKOPOCTH HE U3MEHSIETCA C TEUEHUEM

BPEMEHU, TO JIBUKEHUE HA3bIBAETCS PABHOMEPHBIM.
[Tpu paBHOMEpPHOM JABMKEHUH CKOPOCTH TEJa MOCTOSIHHA!

V= S =const . 3.4)
t

I1yTh, TPOMAEHHBIN TEIOM IIPU PABHOMEPHOM JIBUKEHUH, 3aBUCUT OT BPEMEHU
JIMHEWHO:

S=0t. (3.5)

Ecnu Teno qBuxkeTcss HepaBHOMEPHO, TO BEJIMUMHA, PaBHAsI OTHOLIECHUIO MTPOWA-
JIeHHOro myTu AS K MPOMEXYTKY BpeMeHU Af, B T€UEHHUE KOTOPOro ObLI MpOoiieH

IIyTb, Ha3bIBACTCA cpef)neﬁ CKopocmbio 3a OTOT IIPOMCIKYTOK BPCMCHHU
AS
<vU>=—o01, (3.6)
At

(CpenHue 3HauY€HHs BEJIMYMH OyJeM 0003HAYaTh 3aKIFOYEHHEM 3THUX BEJIUYHMH B yI-
JIOBBIE CKOOKH).

3.4 Yckopenue

HYCTB B MOMCHT BPEMCHH [ TCJIO HAXOAHUJIOCHh B TOYKE 1, HMCs CKOPOCTH ?71.

UYepes Bpemsi At OHO TIEPEMECTUIIOCH B TOUKY 2, PU ITOM €ro CKOPOCTh CTalla pPaB-
HOW U, (puc. 3.7 a).

[Tpupamienue BeKTOpa CKOPOCTH paBHO AU =70, —7; (puc. 3.7 0). UtobOsl oxa-
PaKTEepU30BaTh OBICTPOTY U3MEHEHUSI CKOPOCTH, UCIIOJIb3YETCS BEIMUMHA:

14



DU3NYSCKHE OCHOBBI MEXaHUKH

At—>0 At dt

M
[a]—c—z-

[Ipunumas Bo BHUMaHue (3.1), MOKHO 3a1ucaTh:

— 2
- do d°r
a=——= 5 (37)
dt  dt
Vi Yckopenue (a) — >10 Bek-
1 T TOpHasi (U3NYECKas BEIMYMHA, Xa-
: pakTepusyromas ObICTPOTY H3MEHE-
HUS BEKTOpa CKOPOCTH M paBHas
o d 1 — o
" 2 U, TMPOU3BOJHON BEKTOpPa CKOPOCTHU IO
—
_ 0 _, BpEMeHH.
A AV YcKkopeHrne HampaBjiIeHO 110
- A BEKTOpPY IPHPAIICHUS CKOPOCTH
0 X e’ AD.
a) 0)

[Ipy npsAMOIMHENHOM JBH-
KEHWHW  HaIpaBJIEHHE  CKOPOCTH
OCTaeTCsl IOCTOSIHHBIM, TO3TOMY BEKTOpP YCKOPEHHUSI d WJIM COBNAJAET C HaIpasie-
HUEM CKOPOCTH, WJIA IPOTUBOIIOJIOKEH €My. ECIM MOIyb yCKOPEHHUS MPHU 3TOM HE
U3MEHSIETCS C TEYEHUEM BPEMEHH, TO B IIEPBOM Cliydae JABM)KEHHE OyJIeT paBHOYCKO-
PEHHBIM, BO BTOPOM — paBHO3aMeJIeHHbIM. CKOPOCTh JBMXKEHHS B JI0O00H1 MOMEHT
BpPEMEHHU OYJIET ONPENEATHCS COOTHOLIEHUEM:

v="v, tat (3.8)

Pucynok 3.7

rac 0, — HaydaJlbHasi CKOPOCTb TCjld, T.C. CKOPOCThL B MOMCHT BPCMCHHU =0. 3Hak

«ILTIOCY» OTHOCHUTCSI K PAaBHOYCKOPEHHOMY JABM)KCHHIO, KMUHYC» — K PaBHO3aMEIJICH-
HOMY.

Wurerpupys ¢ynkuuto (3.8) B mpenenax or 0 10 MpoM3BOILHOTO MOMEHTA
BpPEMEHH £, HaitjieM hopMyIty JuIs pacuéTa npoiieHHoro myTH (cM. Gpopmydy (3.3)):

t 2
S =[(vy £ at)dt = vyt + % (3.9)
0

®opmyna (3.9) gaet npaBWIBHBIN pe3yabTaT JJI MPOUJACHHOTO MYTH TOJIBKO B
TOM cClly4ae, €Clid 32 BpeMs ¢ HalpaBJeHUE ABMKCHHS TOYKU (3HAK CKOPOCTH) HE U3-
MEHSIETCS.

Ecnu ckopocTh U3MEHSIETCs ¢ TeUEHWEM BPEMEHU MPOU3BOJIBHBIM 00pa3oM, TO
BEJIMYMHA, paBHAs OTHOIIEHUIO U3MEHEHHSI CKOPOCTU AU K MPOMEXKYTKY BpeMeHu Af,
B TEUECHHE KOTOPOr0 M3MEHSIACh CKOPOCTh, HA3bIBAETCA CPEOHUM YCKOPEHUeM 3a
3TOT NPOMEKYTOK BPEMEHU

<a>:&. (3.10)
At

15



DU3NYeCKUE OCHOBBI MEXaHUKH

[Ipu KpUBOJIMHEWHOM JABMXEHUH BEKTOpP CKOPOCTU
U u3MeHseT cBoe HampaieHue. [Ipu sTom MoXkeT u3me-
HSATHCS U €r0 YUCIECHHOE 3HAYECHHE, T.€. MOJYJIb.

B sToM ciyuyae BeKTOp yCKOpeHUs d YA00HO packia-
IbIBaTh Ha JBe cocraBisitomue. OJHa U3 HUX d,— Kaca-

ay

TENbHAs! K TPACKTOPUH, BTOpask d — IEPICHIUKYIISIPHA 3TOU

Pucynox 3.8 kacarenbHOM (puc. 3.8). CocraBisromias d, Ha3bIBaeTCA

manzeHyuaIbHbIM (KacaTeIbHBIM) YCKOPCHHEM; COCTaB-
IAomas d — HOpMaabHelm (UEHTPOCTPEMUTEILHBIM) yCKOpeHueM. U3 puc. 3.8 ciie-

€T, 4TO

d=d. +a,. 3.11)

Moynp OJTHOrO YCKOPEHHUS PaBEeH

a:q/af+a,f . (3.12)

Tanzenyuanvnoe yckopenue XapakTepusyeT ObICTPOTY M3MEHEHHS CKOPOCTU
110 BEJIMYMHE U PABHO MEPBOM MPOU3BOJIHON MOJIYJISI CKOPOCTH IO BPEMEHU:

dov
a, =—. (3.13)
dt
Ecnu ckopocCTh 110 BEJIMYMHE HE U3MEHSETCs, TO a, = 0.
Eciu dv > 0, To TaHreHIMaIbHOE YCKOPEHUE ¢, HAIIPABJIECHO 110 BEKTOPY CKO-

poctu, ecnu dv < 0, TO G, HaIpaBJIEHO B CTOPOHY, IIPOTUBOIOJIOKHYIO BEKTOPY CKO-

POCTH.
Hopmanbhoe (ICHTPOCTPEMHUTEIBHOE) YCKOPeHUe XapaKTEPHU3yeT OBICTPOTY
WU3MEHCHHS CKOPOCTH I10 HAINPABJICHUIO M HAMPABIICHO IO PANYCy K IEHTPY KPUBHU3-
HBI TpacKkTOpun. YNCICHHOE 3HaUYEHNE HOPMAJIBLHOTO YCKOPEHUS ompeaensercs Ghop-
MYJIOMN:
2
v

Ecnu HanpaBieHue CKOpOCTH HE U3MEHSIETCH, TO a, = 0.

§4 KuHemMaTHka BpaliaTejJbHOT0 IBUKEHUs

Bpawamenvnoe 0susicenue — NBWXEHUE, IPU KOTOPOM BCE TOYKH a0COIOTHO
TBEPJIOTO TEJa ABUKYTCS MO OKPYKHOCTSIM, IEHTPHI KOTOPBIX JIEKAT HA OJHOU Mpsi-
MOU. DTa mpsiMas Ha3bIBAa€TCA OChIO BpailieHusi. OKPY>KHOCTH, 10 KOTOPBIM JABUKYT-
Csl TOYKHU TeJa, JIeXaT B IMIIOCKOCTAX, NEPIEHIUKYJIIIPHBIX 3TOU OCH.
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DU3NYSCKHE OCHOBBI MEXaHUKH

4.1 Xapaxmepucmuxu epauiamenbHO20 08UNHCEHU

@) Yenoeoe nepemewienue (do) — BEKTOp, MOIYJIh KOTOPOTO
paBeH yIly [OBOpPOTa, BBIPAKEHHOMY B pajuaHax. HampaBieno
YTJIOBOE MEPEMELIEHUE IO OCU BPAILLEHUS TaK, YTO €CIU CMOTPETh
C KOHIIa BEKTOpa d(¢, TO HalpaBJIEHUE BpAIECHUs PaJINyC-BEKTOpa
IPOUCXOJUT ITPOTHUB YACOBOM CTpenkH (puc. 4.1).

Yenoean ckopocms () — BekTOpHas (pu3HUEcKas BEIHUH-
¢ Ha, XapakTepusymoomas OBICTPOTY BpallcHHA M paBHas IEPBOU

UW&@l
o,

~ IIPOU3BOJHOM YIJIOBOTO IIEPEMELLEHUS 110 BDEMEHU:
o) .
L d
Pucynok 4.1 (D:d_(f’ 4.1)
a
[o] =2
C

HampaBnenue BekTopa yrioBoi CKOPOCTH COBIIAIAET C HAIIPaBIECHUEM BEKTOpa
YTJI0BOrO MEPEMEILIEHNUS.

Bpanienue ¢ nocTossHHOM YIiI0BOM CKOPOCThIO HA3bIBAE€TCA PABHOMEPHBIM, ITPU
3TOM

o= (4.2)
t

PaBHOMEepHOE BpallleHHE MPUHITO XapaKTEepU30BaTh MEPUOJOM BpalleHUS U
4acTOTOM BpalleHHUs.

Ilepuoo epawienua (T) — Bpemsi, B TEUEHHE KOTOPOTO COBEPIIACTCS OJUH MOJI-
HBI 000pOT. 3a BpeMsi, paBHOE TIEPUO/TY, T€JIO0 TTOBOpaYMBaeTCcs Ha yroi 27t. OTcrona
CJIEIyET, UTO

27
0=—. 473
. (4.3)
Yacmoma epawienus (v) — 91Ccio 0O0OPOTOB 32 €AUHUILY BPEMEHHU.
vel_© 0=2mV. (4.4)
T 2r
1
[V]=—.
C

N3meHeHne BEKTOpa YIJIOBOW CKOPOCTH CO BPEMEHEM XapaKTepU3YyIOT YIJO-
BBIM YCKOPEHHUEM.

Yenoeoe ycxopenue (€) — BexTopHas Quznyeckasi BEIMYUHA, XapaKTEPU3YIO-
masi OBICTPOTY M3MEHEHHS YIJIOBOW CKOPOCTH M paBHAs MEPBOM MPOU3BOIHON yTIIO-
BOM CKOPOCTH II0 BPEMEHH

o)

E=—01.
dt

4.5)
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DU3NYeCKUE OCHOBBI MEXaHUKH

pan
[e]l="—-
C2

Paccmotpum cirydaid, Korjja Och BpalleHus: HEMOABUKHA.
1. Ecmu do > 0, To n1BukeHne yCcKOpeHHOE. [Ipu 3TOM BEKTOp YIJII0BOTO YCKOPEHHMS
€ COBIIAJIa€T MO HAMPABIICHUIO C BEKTOPOM YTIIOBOM ckopocTu @ (puc. 4.2.a).

2. Ecmu do <0, To aBrxeHue 3amejjieHHoe. [Ipu 3ToM BEKTOp yIrioBOro yCKope-
HUS € HAIpaBJICeH B CTOPOHY, MMPOTUBOIIOJIOKHYIO BEKTOPY YIIIOBOM CKOPOCTH (M
(puc. 5.2.0).

BexTopsl, HampaBiieHHe KOTOPBIX CBSI3BIBAETCS C HaIlpaBiIeHUEM BpauieHus (do,
®, €) Ha3bIBAIOTCS AKCUATbHBIMU BEKTOPAMU WIN NICEBJOBEKTOPAMH.

do>0 o do<0 + @
—
&

a) ¥ 6)
Pucynoxk 4.2

[Ipu paBHOTIEPEMEHHOM BpaIIaTeIbHOM JIBH)KCHUH UMEIOT MECTO COOTHOIIICHUS,
aHAJOTUYHBIC (OpMYyJIaM, OMUCHIBAIOIINM PABHOTIICPEMEHHOE MPSIMOJIMHEHHOE JIBH-
xenue (cm. (3.8) u (3.9)):

0=0,tet, (4.6)

2

@zmdi%%. 4.7)

4.2 Cea3b mercOy TUHCHHBIMU U Y2T108bIMU XAPAKMEPUCMUKAMU

Touka, oTcTosIIas OT OCH BpallleHus1 Ha paccTosHuu R (puc. 4.3), ripu MoBo-
pOTE Teja Ha YroJl ¢ 3a BpeMs df IPOXOJUT MyTh

—

@ S = Ro. (4.8)

[Iponuddepenumpyem ypaBaenue (4.8) mo BpeMeHHU:
KN a5 _pde. 4.9)
0] 3 dt dt

U3 uero cnenyer
-~ v=Ro. (4.10)
[Iponuddepennmpyem ypasaenue (4.10) no BpeMeHu

Pucynok 4.3
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DU3NYSCKHE OCHOBBI MEXaHUKH

dv_ pdo : 4.11)
dt dt

Orcrona cienyer
a,=Re. (4.12)

Kunemarnueckue BEJIMUYMHBI, XapAaKTEPU3YIOIIME BPAILIATEIbHOE IBUKCHUE U
(opMyJibl, ONUCHIBAIOIINE ITO JBUKEHHE, aHAJOTUYHbI COOTBETCTBYIOIIUM BEJIUYH-
HaM ¥ (popMyJaM MOCTYIATEIbHOTO ABUKEHHUS.

§5 JlunaMmnka MaTepHAJbHOM TOYKH U MOCTYNATEIbHOT0 IBUKEHUS
TBEPAOro TeJia

,Zlunamuka — pasacii MCXaHHUKH, H3yanOHIHﬁ ABUKCHHUEC TCJI C YUYCTOM IIPUYIMH,
BBI3BIBAIOIIIHUX 3TO ABUXXCHHUC.

5.1 Ocnoeénvie nonamusa ouHamuKu

1. Macca (m) — ckanapHas ¢puznueckasi BEJIMUMHA, SIBISIONMASACS MEPO UHEPTHBIX U
TPaBUTALMOHHBIX CBOMCTB TeJIa. MOXKET CIIYy>KUTh MEPOU IHEPTrOCOACPKAHMUS.

[m] = kr.

OCHOBHBIE CBOMCTBA MACCHI:

— Macca B KJIACCUYECKOM MEXAHUKE HE 3aBUCUT OT CKOPOCTH JBUKECHHUS;

— Macca SIBJIETCS BEJIMYMHOM aJJIMTUBHOM, T.€. Macca CUCTEMBI TEJ PABHAETCS CYyMME
MAacc TeJjl, BXOIALIUX B CUCTEMY;

— Macca 3aMKHYTOM CUCTEMBbI OCTAETCS BEJIMUYUHOU TTOCTOSIHHOM, T.€. BBITIOJHSIETCA 3a-
KOH COXPAHEHUS MaCCBhlI.

IThomnocms (p) — ckansipHas ¢u3nyecKas BeJIMYMHA, XapaKTEPUCTUKA MaTepuaa,
YHUCIIEHHO paBHAsl Macce eIUHUIIBI 00beMa.

p= (5.1)

m

v
KT

[9]2—3-

M
2. Hmnynoc mena ( p) — BeKTOpHas (PU3WUYECKasi BEJIMYMHA, paBHAS IPOU3BEICHUIO

MAacCChI TCJIa Ha €TI0 CKOPOCTh.
p=md. (5.2)
KI'-M

[p]=
C

HanpaBneHI/Ie HMITYJIbCa TCJIa COBIIAAACT C HAIIPABJICHUCM CKOPOCTH.

3. Cuna (F) — BeKTOpHas (pu3MyuecKas BEJIMYMUHA, SBISIOMIASICS MEPON MeXaHUYe-
CKOTr'0 BO3JICUCTBUS HA TEJIO APYTUX Tea uiu nojei. Cuiia XxapakTepHu3yeTcs MOyJIeM
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(4MCIEHHBIM 3HAYEHUEM), HAIlpaBJICHUEM ACHCTBUA, TOUKON npuiioxeHus. [Ipsmas,
BJIOJIb KOTOPOW HANpAaBJIEHA CUJIA, HA3BIBACTCS JUHUEH OCUCMEUS CUTIbL.

[F]=H (aproTOH)
Bun hopmyier st pacdéra CHIIbI 3aBUCUT OT MPUPOJIBI B3aUMOICHCTBUA.

5.2 Buowt ¢3aumooeiicmeuii

1. Fpaeumauuonnble eé3aumooeiicmeus. 3aKoH B6CEMUPHO20 MACOMEHUA.

Jlee mamepuanvnvle mouKu maccamu mj; u m, RPUMAZUBAIOMCA OpY2 K OpY-
2y € CUIOU NPAMO RPONOPUUOHATLHOU MACCAM IMUX MOYEK U 0OPAMHO NPONOp-
UUOHAIbHOIL KaAdpamy paccmoanusn mexcoy numu (puc. 5.1).

m;m
F=G—3=2, (5.3)
- =
K 2 d
m, m, 11 H'M2
. rae G=6,67-107" ——— — rpaBUTalMOHHAs IOCTOSHHASL.
I | KI
> = Ecnyu ogHO M3 B3aMMOJEUCTBYIOIIMX TEN — 3eMJs, a
B |=|F |=F it A YOI >
12l =15 1= TEJI0 MAacCOW m HAaXOIAUTCS Ha BBICOTE /i OT MOBEPXHOCTHU
Pucynok 5.1 3emiM, TO 3aKOH BCEMHUPHOI'O TATOTEHHUs 3alMCHIBAECTCS B
BUJIE
Mm
F=G 5>
(R+h)

rae M — macca 3emMiu;
R — cpennuii paguyc 3emMiu.
Ha moepxnoctu 3emin (wnu BOsM3M moBepxHOCTH) h = 0. B aTOM citydae

F:G%.

M
Mo>kHO BBeCTH 0003HAUYEHUE GF =g,

IZie g — YCKOPEHHE CBOOOJHOTO MaJCHMS.
Benuuuny

F_ =mg (5.4)

HA3bIBAIOT CUJIOU TIKECTHU.

2. dnekmpomazHumHwle 63aUMOO0CUCMEUs.

YacTHBIMU CIIy4asiMU TIPOSIBJICHUS JJICKTPOMArHUTHBIX B3aMMOJICHCTBUN SIB-
JSIOTCS CHJIBI YIIPYTOCTH W CHJIBI TpeHUs. ISl 3TMX CHJI MOXKHO ITOJIYYUTH JIUIIIb
PUOJIMKCHHBIC, T.€. OCHOBAaHHBIC HA OIBITE (DOPMYJIHI.

a) 3axon I'yka.
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[Tox nmeficTBHEeM BHENIHWX CHJI BO3HUKAIOT aedopManuu (T.e. U3MEHEHUE pa3-
MepoB U GopMbl Ten). Eciii mocie nmpekpaiieHus IeMCTBUS CHIT BOCCTAHABIMBAIOTCS
npexHsis GopMa U pa3Mepsl Tela, To AehopMariis Ha3bIBACTCS yIPYTOM.

Jlnst ynipyrux nedopmaruii cripaBeyiuB 3akoH [ 'yka:

Cuna ynpyzocmu nponopuyuoHaIbHa adcontomnomy yOiauHeHuo.

F. =—kx, (5.5)

riae F, — mpoeKuus CUibl YIPYyrocTH Ha OCh X;
k — )KECTKOCTb MPYKUHBI;
X — abCOJIOTHOE YJITTMHEHUE TIPYKUHBI.
JUJi1 OTHOPOJIHBIX CTEP)KHEN TaK)Ke CIPaBEUIMB 3aKOH ['yKa, KOTOpBIM IpUHS-
TO (hOpMYIMPOBATH CAEAYIOLIUM O0OPA30OM:

Mexanuueckoe nHanpsaxicenue nNPAMO NPONOPUUOHATLHO OMHOCUMETbHOMY
YOJITUHEHUIO

c=FLe. (5.6)
MexaHn4eckoe HalpsKEHUE:
i
c=—, 5.7
S (5.7)

rae F| — ynpyras cuia, AeicTByIomas NEepHeHANKYISPHO IUIOMAAN TOMEPEYHOro
CEUCHHMS CTEPKHS S.
OTHOCUTENBHOE yAJIMHEHUE:

e=—, (5.8)

rae Al — npuparnieHue JIuHbI;
ly — mepBOHavaIbHAs JIJIMHA;

E —wmopnyns FOHra, [E]= Ez =Tla.
M

Mopyne FOnra (Monyns ynpyrux negopmaiiuii) — 3To pu3ndecKasi BeIUYnHa,
XapakTepu3yrolias yrnpyrue cBoiicTBa Matepraiia. 3aBUCUT OT MPUPObI MaTepHaa.

ITocMoTpHTE JIEKIIMOHHY IO 1EMOHCTPALMIO.
3akoH ['yka u HenuHeiHbie nedopmariim.
http://youtube.com/watch?v=sYjyAujrtmw

0) 3axon cyxozo mpenus.

Cuna mpenusn cKonbyHceHUs NPONOPUUOHATILHA MOOYJIIO0 CUIbL HOPMATIbHOU
Peaxyuu onopvl U He 3a6UCUmM 0Nl RIOWLAOU CORPUKOCHO8eHUs mel (puc. 5.2)
—

T o = 4N, (5.9)
—
E -~ rae | — Kod(PUUMEHT TpeHUs CKOJbXeHHUs. OH 3aBUCUT OT
- OPUPOJIbI MaTepUaIOB U KauecTBa 0OpabOTKM COMpHUKAcaro-
Pucynok 5.2
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IIUXCS TOBEPXHOCTEH. 3HaueHUS KOO(PPUITUEHTOB TPEHHS ONPEACISIOT SKCIIEPUMEH-
TaJIbHBIM ITyTEM.

ITocMmoTpHTE JIEKIIMOHHYI0 1€MOHCTPALMIO.
Cockanb3biBaHuE OpyCKa C HAKJIIOHHOM MJIOCKOCTH.
http://youtube.com/watch?v=04gAToQ4rO0U

B) 3AKOH 6:A3K020 mpeHus.

Ha teno, nBmxyieecs B BI3KOW (KUIKON MM ra3000pa3HOi) cpene, NeUCTBY-
€T cuja, TOPMO3SIIasl €ro ABUKEHUE. DTa CUJIa Ha3bIBAETCA CH-
JIOM BSI3KOTO TPEHUSA

-~ TE- - F=-r, (5.10)

_ — | TIe v — CKOpPOCTh JBMIKEHHMS TEJa;
- = - r — KO3 PUIIUEHT CONTPOTUBIICHUSI.
- - 1ms_ - Ko>(uiuent r 3aBUCUT OT GOPMBI M Pa3MepoB Tena, Xa-

paKTepa ero MOBEPXHOCTH, a TAK)KE OT CBOMCTB CpeIbl. 3HAK «—»
PucyHok 5.3 yKa3bIBa€T Ha TO, YTO CHJIA TPEHHS HAIrpaBjieHa IPOTHBOIIOIONK-

HO CKOpPOCTH.

r). 3akon Apxumeoa.

Ha meno, nozpysrcennoe 6 3cuokocms uau 2az, oeiicmeyem evlmanaKuearo-
wasn cuia, pagHas 6ecy 6blMeCHEHHOU meaom Hcuokocmu uiu 2aza (puc. 5.3)

Fp=p, 8V, (5.11)

TAE Px — INIOTHOCTD )KUIKOCTH;
V — 00beM norpy>keHHOM 4acTH Tea.

5.3 OcHnosHule 3aKoHbl OuHaAMUKU MamepuanvHoil mouku (3axkonvt Hotiomona)

Jlunamuka 6asupyercs Ha 3akoHax Hpl0TOHA, KOTOphIE MAaTEMAaTUIECKA HE BBI-
BOJISITCS, a SABJISIOTCS 0000IIEHUEM OITBITA.

5.3.1 Ilepswuit 3akon Heromona

[lepBsiii 3akoH HproTOHA ycTaHaBIMBAET PakT CyIIECTBOBAHUS MHEPIIMATBHBIX
CUCTEM OTCYETA U OMHUCHIBAET XapaKTep ABMIKEHUS CBOOOTHOW MaTEepHAIbHONW TOYKU
B UHEPUUAIIBHON CUCTEME OTCUETA.

Bcsakoe meno coxpansem cocmosinue nokos Uil paeHOMEPHO20 NPAMOJIU-
HEeIlHO20 08UlICEHUA 00 meX NOop, NOKA 8030€lCMEUs CO CHIOPOHBL OpY2UX mesl He
U3MEHAM IMO20 COCOAHUA.

CBOWCTBO TE€N COXPaHATH COCTOSHHUE NMOKOS WM PABHOMEPHOI'O MPSIMOJIMHEH-
HOT'O JIBW)KCHUS Has3bIBaeTcs unepyuen. CucrteMa 0TCYETA, B KOTOPOU BBINOJIHSIETCS
nepBblii 3aKkOH HproTOHA, HasbiBaeTcs uHepuuanbHOU. [lodTOMy, mIEepBbIM 3aKOH
HproToHa MOXKHO cPOPMYIHPOBATH U TAKUM OOPa30M.
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Cywiecmeylom maxue cucmemvl OMcuéma, OMHOCUMETbHO KOMOPLIX Melo
HAXO0UMCA 68 COCHOAHUU NOKOA UNU OBUNCEMCA NPAMOIUHEHHO U PABGHOMEPHO,
eciu Ha Imo meso He Oelicmeyrom opyzue meaa uiu 0elicmeue IMuUx men cKom-
HEeHCUPOBAHO.

JIrobas gpyras cuctema oTcuéTa, ABMXKYILIASACS OTHOCUTENIbHO HHEPLIMAIBHOMN C
IIOCTOSIHHOM CKOPOCTBIO TAKXKE SIBIIACTCA UHEPLUAIBHOM.

5.3.2 Bmopoi 3akon Hetomona

CKkopocmb uzmMeHeHus UMnyibca meid pasHa pe3yaibmupylouieil 6cex cul,
0elicmeyouux Ha meso:

- dp
F=—. 5.12
” (5.12)
Nmmynbe Tena paBeH p =mo . @opmyny (6.13) MoxxkHO mpeoOpa3oBaTh Claemy-
I01UM 00pazoM:
d(mo) dm _ do
———=—0+m—.
dt dt dt

F = (5.13)

1. YpaBnaenue (5.13) MOXHO MPUMEHSATH Kak B T€X CIydasx, KOrJla Macca me-
HSIETCSI C TEYEHUEM BpEMEHU (HArpUMeED, MPH MOJIETE PAKEThI), TAK U IPU U3MEHEHUU
MacChl C U3MEHEHUEM CKOPOCTH.

. dm
2. Ecnu macca tena ocraercs MOCTOSSHHOM m = const, T.e. — =0, TO ypaBHe-
t
Hue (5.13) npumeT ciaeayronmi BUI:
— do
F =m—=
dt
F=ma. (5.14)

Pezynomupyrowan eécex cui, 0elicmeyroujux Ha meio, pagHa nPou36e0eHuo
Maccvl mena Ha e2o yCKopeHue.

ma,

3. Eciu F = const, To, yMHOKHUB 00¢ gacTi ypaBHerus (5.12) Ha df, momyanm:
Fdt=dp.
[IpounTerpupoBaB MOIyUY€HHOE YPAaBHEHUE, OIYUUM:

FAt=Ap . (5.15)

Bennunna, paBHas NpOU3BEICHUIO CUJIbI HA BpEeMsl IEUCTBUS 3TOM cuibl FAf,

Ha3bIBACTCS UMNYIbCOM cuabl. TakuM o0pa3oMm:

Hmnynvc cunvl pagen usmeHeHuIo UMnyibca mena.

N3 BTOoporo 3akoHa HproToHA cieayeT, YTO M3MEHEHHsI CKOPOCTEl MaTepuab-
HBIX TOYEK WJIM TEJ MPOUCXOASIT HE MTHOBEHHO, & B T€YEHUE KOHEUHBIX IPOMEKYT-
KOB BPEMEHH.
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IlocMoTpHUTE JTeKIUOHHBIE 1eMOHCTPALIMH.
1. OnbIT ¢ UHEPUUEH THPH.
http://youtube.com/watch?v=f7Aahv7 3Is
2. BelgepruBanue CKaTepTH U3-MoJ COCy1a C BOAOM.
http://youtube.com/watch?v=xVSWuvZ8aQA

5.3.3 Tpemuii 3axon Hotomona

CllJlbl, C Komopbsimu 63auM00eﬁcmeylom osa meJa, pasHvl no eeudune u
npomueonolOdlICHsl O HANPAGBJICHUIO.

— —

F. =—F (5.16)

2= 1o

Takum 00pa3oM, CHIIbI BCEera BO3ZHUKAIOT nornapHo. Cuiibl, GUrypupyromue B
TpeTheM 3akoHe HbIOTOHA, MPUIOKEHBI K Pa3HbIM TeJlaM, MIO3TOMY OHU HE YpPaBHO-
BEILIMBAIOT JIPYT JIpyTa.

3akoHbl HbI0TOHA BBITIOJIHSIOTCS TOJIBKO B MHEPLUAIBHBIX CUCTEMAX OTCYETA.

ITocMoTpUTE JTEKIIUOHHBIE TeMOHCTPALIMH.
1. B3aumopaerictBue Tenexek. J[Ba moropa.
http://youtube.com/watch?v=bApOpWg_iDI
2. B3aumogeiictBue tenexkek. OquH MOTOP.
http://youtube.com/watch?v=exPXEil wAcM
3. B3aummojelictBue TeaexkeK. Pa3zHbie MacCHI.
http://youtube.com/watch?v=14LizsP4CGo

5.4 3akon coxpanenusn umnynvca

COBOKYIIHOCTh MAaT€pHAIIbHBIX TOYEK (TEJN), BBIACIECHHBIX JJIl PACCMOTPEHUS,
Ha3bIBACTCS Mexanuyeckou cucmemoi. Cuibl, KOTOpbIE AEHCTBYIOT Ha TeJa CHUCTE-
MBI, JEJST Ha BHEIIHWE U BHYTPEHHUE. BHympennue cuibt 00yCIIOBIEHBI B3aUMO-
JCWCTBUEM TEJ, BXOJSIIMX B CUCTEMY. BHewnue cunbl 00yCIOBICHBI B3aHMMO/ICH-
CTBHUEM C TeJIaMU, HE BXOASIIUMU B CUCTEMY.

CucreMa Ha3bIBACTCS 3AMKHYMOIL, €CIIM Ha HEE HE ACHCTBYIOT BHELIHUE CHUIIBI.

Bropoii 3akon HeloTOHA, 3anIMCaHHBII ISl OAHOTO Tejla, MOKHO MPUMEHHUTh U
K cucteme Teil. Eciu cucrtema siBisieTcsl 3aMKHYTON (BHELIHUX CHJI HET), TO U3 BTOPO-
ro 3axkoHa Herorona cienyer, 4to

dp
—==0. 5.17
" (5.17)

Ecau npon3BoiHast HEKOTOPOW BEJIMYMHBI paBHA HYJIIO, TO 3TA BEJIMYMHA I10-
crostHHa. [ToaToMy M3 mocaeAHero ypaBHEHHs CIIEyeT, YTO p = const.

HMnlebC 3a.MKHym0l7 cucmembsl mMmamepuailbHblX moieK (me./'l) ocmaemcsa
NOCMOAHHbBIM.
3aKoH COXpPAaHCHHA UMITYJIbCA MOHO 3aIIUCATh B pa3BCPHYTOM BHUIC!

Py + Dy + p3 +--++ p, =const, (5.18)
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158)051
m151 + m2772 + m3z73 + .- -mnﬁn =const. (5.19)

3aKOH COXpaHEHUS UMITYJbCa BBIMIOJHACTCA M ISl HE3aMKHYTHIX CHUCTEM B
CIIEAYIOUINX YACTHBIX CIIydasiX.

1. Ha cucreMy AeiicTBYIOT BHEITHUE CHIIBI, HO MX BEKTOpPHAsl CyMMa paBHa HY-
JI1O.

2. BekTopHas cyMMa BHEUIHHMX CHJI HE pPaBHA HYIIO, HO paBHa HYJIO cymMMa
MPOEKIIN STUX CHJI HA KaKoe-TMOO0 HalpaBlieHHe, HallpuMep, Ha HallpaBJIEHUE OCH X.
[TosHBIM UMIYJIBC CUCTEMBI IIPU 3TOM HE COXPAHSAETCS, HO COXPAHSETCS MPOEKIIUS
MMITyJIbCA Ha HaIlpaBJICHUE OCH X.

2. Bpems aeiictBust cuil oueHb Mano. [Ipu sTom nusmenenue ummysnsca dp Oy-

JIeT CTpeMUThCs K Hynto: dp — 0. B 3ToM ciydae p =const — UMITYJIbC CUCTEMBI CO-
xpansierca. [Ipumepom siBiIsieTCs B3aMMOICHCTBUE TEJ TIPU yAape, B3phIBE.
ITocMoTpuTE JIEKIIMOHHBIE IeMOHCTPAIIUH.
1. BeicTpein Ha3a ¢ IBUKYLIEHCS TEIEKKHU.
http://youtube.com/watch?v=HzHA]62ynS0

2. BeicTpen Bepén ¢ ABMKYLIENCS TEJICKKH.
http://youtube.com/watch?v=-HdSUEIFDOM

§6 JluHamMuka BpamaTeibHOr0 ABHKEHUS

6.1 OcHnogHble xapakmepucmuku OUHAMUKU 8PAULAMETbHO20 OBUNHCCHUS
6.1.1 Momenm unepyuu

PaccmMoTpuM MaTepuanbHyl0 TOUYKY Maccod m,, KOTopas

HaXOJUTCSl HA PACCTOSIHUU 7; OT HEMOABMXKHOM ocH (puc. 6.1). Mo-
e Menmom uHepyuu (J) MarepuarbHOW TOUYKHM OTHOCUTEIHLHO OCH

m; Ha3bIBAETCS CKaIsIpHas (U3UUecKas BeIHMYHHA, paBHAs MPOM3BE/IE-
HHUIO MACChI /71; Ha KBaApaT PaCCTOSHHMS 7; 10 OTOM OCH:
Pucynok 6.1 J=m;r?. (6.1)
[J]=kr- M2,

MoMEHT UHEPIIMU CUCTEMBI MAaTEPHAIIBHBIX TOUEK OYyJET paBeH CyMMe MOMEH-
TOB UHEPLIUH OTHAEIIBHBIX TOUEK

J=mr?. (6.2)

MOMEHT MHEPLUH Tena SBJIAECTCA MEPOM MHEPTHOCTHU Tejla BO BPallaTE€IbHOM
JBY)KEHUH, TOJJOOHO TOMY, KaK Macca TeJla SIBJSETCSl MEPOil ero MHEPTHOCTH IIPH I10-
CTyIIATEJIbHOM JBM>KEHUU. Takum obpaszom:

Momenm unepyuu — 510 Mepa UHEPTHBIX CBOWCTB TBEPAOIO Teja MIPU Bpallia-
TEJILHOM JBYDKEHHUH, 3aBUCALLAS OT PaclpelesIeHUus MacChl OTHOCUTEIBHO OCHU Bpa-
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mieansi. HBIMU CIIOBaMH, MOMEHT WHEPIIMU 3aBUCHUT OT MAacChl, (JOPMBI, pa3MepoOB
TeJla U MOJIOKEHUSI OCH BPAICHUS.

MOMEHT MHEPUHHU HEKOTOPBIX OJHOPOAHBIX TEJI MPABUIBHOM T€OMETPUUECKON
(OpMBI OTHOCUTENBHO OCH, MPOXOASIIEH Yepe3 HEHTP Macc:

Jlnck — J = %mR2 . (6.3)
2

[Tap — J = ng . (6.4)

CrepikeHn — J= émlz. (6.5)

O6pyu — J =mR*. (6.6)

MOMEHT MHEPIIMU Teja OTHOCHUTEIBLHO IPOMU3BOJIBHONW OCH PACCUMTHIBACTCS C
OMOIIIbI0 meopemot IlImeitnepa.

Momenm unepyuu mena OmMHOCUMETIbHO NPOU3EOIbLHOI OCU PDAGCH CYMMe
MOMEHMA UHEPYUU OMHOCUMETIbHO OCU, NPOX0OAULell Uepe3 YeHmp macc napan-
J1eJIbHO OAHHOIl, U NPOU3EEOCHUA MACCHl mela HA K8AOpam pPAcCMOAHUSL MeHCOY
ocamu.

J=J. +md*. (6.7)
O o} Ilpumep: Pacyér MOMEHTa WHEPUMHU CTEPHKHS OTHOCH-
) TEIBHO OCH, NPOXOIALIEH 4Yepe3 KOHELl MEpPIEeHIUKY-

oF d=1/2 |  nsapHo emy (puc. 6.2).

OI
Jog =J ¢ +md?, d:é,
Pucynok 6.2
1 1> mi?

Joo = pymi? +m7=’”T. (6.8)

Bcsikoe Teno, He3aBUCHMO OT TOTO, BpalllaeTcs OHO WMJIU MOKOHUTCS, 00J1agacT
MOMEHTOM HMHEPIIMU OTHOCUTEILHO JIFO00H OCH, OJA00HO TOMY, KaK TeJIo o0jagaeT
MAacCOM HE3aBHCHUMO OT TOT'O, JABMIKETCS OHO WJIM HaXOJMTHCS B MOKOE. AHAJIOTHYHO
Macce MOMEHT MHEPIIMH SBISICTCS BETMYMHON aJTATHBHOM.

6.1.2 Momenm umnynoca

a) MoMeHT uMItynbca MaTepUaIbHON TOYKH OTHOCUTENIBHO TOUKH O.

Momenmom umnynvca (Z) MaTepUaIbHOW TOYKH OTHOCUTENIBHO TOYKM O Ha3bIBa-
eTCsl BeKTOpHas u3nueckasi BeTMYMHA, paBHAs BEKTOPHOMY MPOU3BEICHUIO PaInycC-
BEKTOpA 7 , MPOBEAEHHOr0 U3 TOUKM O B MECTO HAXOXKIEHUSI MaTEPUAIbHON TOUKH,
Ha BEKTOP €€ UMITYJIbCa P .

—

L=rxp, (6.9)
Mopysib MOMEHTa UMITYJIbCA MATEPUAIBHOU TOUKH:
L=rpsina. (6.10)
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KT~ M° L
[L]=—.
C
HampaBnen BekTop L TNEpHeHAUKYJSIPHO IMIOCKOCTH, B L D,
%) —
KOTOPOH JIeKaT MnmepeMHokaemMble BEKTOpbl. Eciu cMoT- O - T o
peTh U3 KOHIIA BeKTOpa L, TO KpaT4aliluii MOBOPOT OT as

¥ K p TPOUCXOJUT MPOTUB YACOBOM cTpenku (puc. 6.3).

Pucynok 6.3
Ecnu MarepuanbHas TOUKa JABUKETCS MO OKPYXK-

HOCTH PaJInNyCcoOM 7, TO MOJYJIb MOMEHTA UMITYJIbCAa OTHOCUTEIBHO IIEHTPa OKPYKHO-
CTH paBeH

L =mor, (6.11)

TaK KaK yroj MeXJly BEeKTopamMu U U ¥ paBeH o=90°.
6) MoMeHT uMIyJbca Tejla OTHOCUTENIFHO HEMOABM)KHOM OCH BpalleHHsl 2.

Momenm umnynsca (L;) Tena OTHOCUTEIBHO OCH Z OyAeT paBeH CyMMe Ipo-
eKI[I1 MOMEHTOB UMITYJIbCOB OT/IEIbHBIX TOYEK Ha 3Ty OCh:

N
]Z . L :ZlL,.Z. (6.12)

L ,
JIro6oe TBEPAOE TEIO MOXKHO Pa30UTh HA CUCTE-

m 7 My MaTepHalbHEIX Todek. [IpocyMMHpPOBAB MOMEHTHI

‘ MHEPIIMH TOYEeK, MOYKHO MOIYy4YMTh BEIPAKEHHE IS

v pacuéra MOMEHTAa HMHEpUMH TBEPAOrO Tela OTHOCH-
TENBLHO OCH Z:

Pucynok 6.4 L =J,0. (6.13)

Tak kak BEKTOp ® HaIpaBJICH MO OCU BPAILICHUS

(puc. 6.4), To BekTop L Taxxke GyeT HampasieH o ocu Bpamenus. Toraa dopmyiy
(6.13) MOXXHO TIepernucaTh B BEKTOPHOM BHUJIE

L=J®. (6.14)

6.1.3 Momenm cunwi

a) MoMEHT CuJIbl OTHOCUTENLHO HEMOIBUKHOM TOUKH.
Momenmom cunwvt (M ) oTHOCcUTENbHO TOYkH O

]\_/i d=rsino. HA3bIBACTCSI BEKTOpHAs (U3MYECKas BEIUYMHA, PaBHAsS
0O B?KTOpHOMy MIPOMU3BCICHUIO PanyC-BEKTOpa r , IIPOBE-
N o OEHHOTO U3 TOUuKU O B TOUKY NPUIOKEHHUS CUJIbI, HA CH-
7 ~
L) ny F (puc. 6.5).

o M=FxF. (6.15)

-

Fv

MOI[y.]IB MOMCHTA CHJIbI OIIPCACIIACTCA COOTHOMCHUCM

Pucynox 6.5 M =rFsino.= Fd. (6.16)
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[M]=H M.
Beanunna d =rsino. Ha3pIBaeTCA ILUICUOM CWIIBL. Ilnewo cunbl — 3TO JUIMHA
NepHeHIUKYJIsIpa, ONyIIEHHOTO U3 Touku O Ha JIMHUIO NeUCTBUS CHIIbI (puC. 6.5).
Hanpagnien BekTop M MEPIEHAUKYJISIPHO K MIIOCKOCTH, B KOTOPOU JIEXkAaT Iie-
PEMHOKEHHBIC BEKTOPBI, IPUYEM TaK, UTO HAMPABJIICHUE BpallleHUs], 00yCIOBICHHOTO
CUJIOM, U HAIpaBJICHUE BEKTOpa M 00pa3yroT MPAaBOBUHTOBYIO CUCTEMY.

0) MOMEHT CuJIbl OTHOCUTEIBHO HEMOABUKHOU OCH Z.

PaccmoTtpum Teno, Bpamaronieecss BOKpYr HENOABUKHOM OCH Z TTOJ JEUCTBUEM
cunbl F. Cuma F JIEXWT B IUIOCKOCTH, TIEPIICH-
JTUKYJISIPHOU OCcH BpaieHus (puc. 6.6).

Momenmom cunwvt (M) OTHOCUTEIBHO OCH
HA3bIBACTCA CKaJsipHAst (U3MUYecKas BEIMYUHA,
paBHasi MPOW3BEICHUIO MOJIYJS CHJIBI Ha IJIEYO
CUJIBL.

M =Fd, (6.17)
Pucynox 6.6 rae d =rsino — €40 CHUJIBIL.

B) MOMEHT Mapbl CHUIJI
JIBe paBHbBIE MO MOJAYJIO MPOTUBOIOJI0KHO HAPABICHHBIE CUIIbI, HE IEUCTBY-

IOIIKE BJOJIb OAHOM MPSAMOU, HA3BIBAKOTCA napou cuu. Pac- Ao F
CTOSHHE d MEXIy IPSAMBIMHU, BIOJb KOTOPBIX IAEHCTBYIOT A
CWJIBI, Ha3bIBaeTcs miewom napst (puc 6.7). Moxyns mo- d M
MEHTA Iapbl CWJI paBeH IPOU3BEACHUIO MOIYJIA CHIbI HA A
IUIEYO Mapbl F
M = rFsino.= Fd. (6.18) PrcyRoK 6.7

—

Bektop momenTa M mapel Cuil NEPHEHAUKYISAPEH K IUIOCKOCTH, B KOTOPOH
JIEXKaT CUJIB.

6.2 Ocnoenoe ypasnenue Ounamuku epauiamenbHo2o 08UIHCEHUA

Bo BpamarenbHOM JBM)KEHUM MOMEHT CHJIbl AHAJIOTMYEH CUJIE, MOMEHT UM-
IIyJIbCa — UMIIYJIbCY, MOMEHT HHEpUUHU — Macce. [1o3ToMy oCHOBHOE ypaBHEeHHE nu-
HAMUKHU BpalaTebHOTO ABMKEHUS MO (JOPME 3aMUCH TOXKIECTBEHHO BTOPOMY 3aKO-
Hy HproroHa:

—

al. -
—=M. 6.19
0 (6.19)

Ckopocmb usmeHeHUna MOMEHMA UMRYIbCA MAMEPUATLHOI MOYKU PAGHA
CYMMAPHOMY MOMEHMY CUJl, OCHCMEYIOUIUX MOYKY.
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TBEpHOE TEINO ABISIETCSA CUCTEMOW MaTEpUANbHBIX ToOYEK. /[ TBEpaOTO TEna
OyZeT BBIMOTHATHCS aHATIOTUYHOE COOTHOIIEHHE:

—

N —
le_ltl = ZMBHCLHH : (6.20)
i=1

Ckopocmb usmeHeHUs MOMEHMA UMNYIbCA MeNa PAGHA CYMMAPHOMY MO-
MeHmY 6HEUIHUX CUJI, OCUCMEYIOUWUX HA MeJl0.

[TonyyeHHOE BBIpa)KEHHWE HA3BIBAETCS OCHOBHBIM YPaBHEHUEM JIMHAMHKHU
BpanaTeapHoro apwkeHus. Cnpoenrpyem ypaBaenue (6.20) Ha ocb z. Torna

dL

2 :Mz’
dt
L,=J, o,

Ecnm J, =const, TO MOXHO 3aIucarh

do
J,—=M_,.
dt
YuuTheiBasi, 4TO MPOU3BOAHAS YIJIOBOM CKOPOCTH IO BPEMEHH JAcT YTIIOBOE
YCKOPEHUE €, TOTYUUM:

Je=M_. (6.21)

VYpaBuenue (6.21) Ha3pIBa€TCsI OCHOBHBIM 3aKOHOM JMHAMHUKU TBEPJIOTO TENA,
BpalIAIOIIErocs BOKPYT HEMOBUKHOU OCH.

IlocMoTpHUTE JIeKIUOHHBIE IeMOHCTPALIMH.
1. 3aBUCHUMOCTH YIJI0BOTO YCKOPEHHUSI OT MOMEHTA cuJl 1.
http://youtube.com/watch?v=P5BpHp-b6qg
2. 3aBUCHMOCTb YIJIOBOT'O YCKOPEHHUSI OT MOMEHTA CHUJI 2.
http://youtube.com/watch?v=3toovc YtKCw
3. 3aBUCHMOCTbH YIJIOBOI'O YCKOPEHHUSI OT MOMEHTA UHEPLUU.
http://youtube.com/watch?v=msfnzjkoVws

6.3 3akon coxpanenusa momenma umnynvca

OcHoBHOE YPaBHCHUC JHHAMHKH BPAIATCIIBHOI'O ABHMKCHHA, 3dlIMCAHHOC B
BHUIC

&

M==,
dt
MOKET OBITh MPUMEHEHO KaK K TeJly, MOMEHT MHEPUUU KOTOPOTrO MEHSIETCS B IMpPO-
1ecce IBUKEHHUS, TAK U K CHCTEME TEJ, BPAIIAIOIIMNXCS BOKPYT JTaHHOM HEMOIBHK-
HOM OCH.
Ecnu Ha TBEpAOE TENO HE AEHUCTBYIOT BHEIIIHUE CUJIbI UJIM PABHOJACHCTBYIOMIAS
ATUX CUJI HE CO3JAET BPAILlAIOIIET0 MOMEHTA OTHOCUTEIBHO OCH BpauieHus, To M=0.
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DU3NYeCKUE OCHOBBI MEXaHUKH

B sroM cnydae m3mMeHeHnne momeHTa umiyibca dL =d(Jw) paBHO Hymro. OTcrona
BBITEKAET 3aKOH COXPAaHECHHSI MOMEHTa UMITYJIbca TBEPAOTO Tea.

Ecnu na meno ne oeiicmeyrom eneuwinue cuivl uiu Oeiucmeyiom makx, 4mo
PABHOOCHCMEYIOWAA IMUX CUTl He CO30aem 6paAuiaou|ez0 MOMEHma OMHOCU-
mMenabHO 0CU 6PAULeHUsA, MO MOMEHM UMNY1bCA Meld OMHOCUMENbHO IMOI OcU

COXpaHAEMCA.
J ® = const (6.22)

YpaBaenuto (6.22) MOXKHO IPHUAATH CICAYIONIYIO hopMy:

U3 (6.23) cnemyeTt, 94TO yrioBas CKOPOCTh T€Jla B ’TOM CiIy4dae 0OpaTHO MpOMOPIIHO-
HaJlbHA €r0 MOMEHTY MHEPLUU.

3aKOH COXpaHEHUs MOMEHTa HMMITYJbCa MOXXHO 3alUCaTh JUIsl CUCTEMBI TElL
Ecmu cucrema Ten, Bpamaroluxcs OTHOCHUTEIBHO HEKOTOPOM OCH, 3aAMKHYTa, TO
BHEIIIHKWE CUJIBI HE NEUCTBYIOT. B aTOM ciydae M=0. li3MeHeHne MOMEHTa UMITyJIbCa
CUCTEMBI TeJI TOXE OyIeT paBHO HYJII0. DTO 03HAYAET, YTO MOMEHT UMITYJIbCA CUCTE-
MBI T€JI OCTAE€TCA MOCTOSSHHBIM. MBI IOJy4YHJIM 3aKOH COXPaHEHHUSI MOMEHTA UMITYJIb-
ca JUIsl CUCTEMBI Te.

Momenm umnyibca 3aMKHym0l2 cucmemsl mej ocmaemcia nOCMOAHHbBIM.

L =const. (6.24)

CootHomenue (6.24) o3Havaer, 4TO B 3aMKHYTOM CHUCTEME CyMMa MOMEHTOB HM-
MyJIbCOB BCEX TEJI CUCTEMBI B JTIOOBIC 1BA MOMEHTA BPEMEHHU OJIMHAKOBA!

J1©] + Jop@o + -+ J,®, = J{©O] + J50 + -+ J @), (6.25)

rae J uJ' — MOMEHTBI MHEPIIMH TN B POU3BOJILHBIC MOMCHTHI BPEMCHH f U 1/, O U
— COOTBETCTBYIOIIUE MM YTIIOBBIC CKOPOCTH.

3aKOH COXpaHEHHUS MOMEHTA MMITYJIbCa MOKHO MPUMEHSTh U JJIsI HE3aMKHY-
TBIX CHCTEM, €CIIH ajreOpandeckas CyMMa MOMEHTOB BHEITHHUX CHJI OTHOCHUTEIBHO
OCH BpalllCHUs paBHA HYJIIO.
IlocMoTpHUTE JIeKIIUOHHBIE 1eMOHCTPALIMH.
1. YenoBek ¢ ranTensamMu Ha ckambe JKyKOBCKOTO.
http://youtube.com/watch?v=8BB5sWXBKos
2. YenoBek Ha ckambe JKYKOBCKOT'O C BEJIOCUIIEHBIM KOJIECOM.
http://youtube.com/watch?v=nR_E-Zmgg4M

§7 Mexanuuyeckasi paéora. MoImHocTb

7.1 Paboma

ITycTh B HEKOTOPBHII MOMEHT BPEMEHHU Ha TEJIO JACUCTBYET cuina I, mox neu-
CTBHEM KOTOPOMU TEJIO coBepIIaeT nepemenienue dr (puc. 7.1).
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Inemenmapnoit pabomoit (OA) Ha3bIBACTCS CKAJAP-
Has (u3UYecKas BEIMYMHA, PaBHAS CKaJSIPHOMY IPOU3BEC-

\Cz..z\ HUIO CWIbl F Ha 3JeMEHTapHOe MNepeMelleHue dr TOYKH
IMPUIIOKCHHUA CUJIbI

7 8A = Fdr . (7.1)

Pucynok 7.1 B ckanspHoM Buze:
O0A = Fdrcosa, (7.2)

<l

rJIe 0L — yTOJI MEX/Ty HApaBICHUSIMH CHUITBI U TICPEMEIICHHS.
[A]=H M= JIx (mx0yib).
PabGoTa Ha KOHEUHOM TIEpPEMEIIICHUH PaBHA

r
A= [Fdr . (7.3)
n
Ecnu nBmxeHue mnpsMoiMHEHOE, a Cuja HE MEHSETCS HH MO0 MOAYJI0, HH IO
Hanpasitennio (F = const ), To paGoTa pacCUnThIBACTCA O hopMyIIe:

F F A=FScosa. (7.4)

___ |_._.7_._.ﬁ%._._._._:._:_:.:]_._. [Tpoananu3upyem ypaBuenue (7.2).

< 1. Pabora MOXeT OBITh MOJOXHUTEIHHON M OTpHUIIA-

tenpHOM. Ecnmu yron o mexny F u dr octpelil
PucyHnok 7.2 (0< o< m/2), To paboTa MOJOKUTENBHA, €CIU YTOJ

o Tynoit (m/2<a<m), To paboTa OTpUlATEIbHA.

Hampumep, paboTta cuimbsl TpeHHsI OTpUIIATENbHA, TaK KaK CHJIa TPEHUS HalpaBJICHA
IPOTHUB TTEPEMEIICHUS.
2. Cuna He coBepuiaeT padboThl: a) ecnu Teno nokourcs (dr =0); 0) ecnu Hampasie-

Hue cwibl F  NEpHEHIUKYJIAPHO HaNpaBleHHIo nepemenienus dr (o =m/2).

Hampumep, ieHTpoCcTpeMUTENbHBIE CHIIBI pa0OTHI HE COBEPINIAIOT, Tak Kak F 1 dr.
7.2 I'pagpuueckoe npeocmasnenue pabomut

PaGoTy MOKHO BBIYUCIHUTH TpadUIECKU.

1. PaccmoTpum ciyuaid, korga F =const. [Ipoekuus cuibl F Ha 3alaHHOE HampaBs-
nenue r (puc. 7.3) paBHa:

—

F Fcosa="F,
I'paduk 3aBUCUMOCTH MPOEKUUHU F, OT r MPEACTaBIAET CO-
re oot mpsimyto Mo (puc.7.4). Halinem padoty
E n
Pucynok 7.3 A:IFr'dr:F’(rz_ﬁ):F"S'

Ul
OdeBuHO, 4TO paboOTa MOCTOSHHOM CUJIbI paBHA IUIOMIAAM 3aIITPUXOBAHHOTO TpS-
MOYTOJbHUKA (puc. 7.4).
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E E A
- o
y R
I 7 I
I 7 I
I 2 I
/ | % |
7 _ I 7 .
h h r h LT
Pucynok 7.4 Pucynok 7.5

2. Ecnu F # const, To rpaduK 3aBUCUMOCTH MPOEKIHUH F, OT r IPEACTaBISIET CO0Oi
HEKOTOPYIO KpuBYIo (puc.7.5). DneMmeHnTapHas pabota 04 paBHa IUIOLIAAN y3KOH 3a-
ITPUXOBAHHOM MTOJIOCKH

OA =F.dr.
PaboTa Ha KOHEUHOM NIEPEMEILICHUH

A= rJgFrdr

n
OyzeT u300paXkaThCs IIIOMIAIbI0 KPUBOJIUHEHHOM Tpaneuu (puc. 7.5).

7.3 Mowinocmp

Mownocms (N) — ckansgpHas Qu3nyeckas BCIMYMHA, XapaKTepU3YIOIIas
OBICTPOTY COBepIIeHHUs] padOTHl M YUCJICHHO paBHas paboTe, COBEepIIaeMON 3a ¢au-
HUITY BPEMCHH.

N=—. (7.5)

(N]= " _ g,
C

®opmyna (7.5) maer 3HaueHMe MrHOBeHHOM MmonHocTd. IlojacraBuB B (7.5)
OA = Fdr , monyuum

N = Fdr _ Fo. (7.6)
dt

MrHoBeHHasi MOIITHOCTh paBHA CKaJISIPHOMY MPOU3BEICHUIO CUJIbI HA CKOPOCTh TEJA.
Ecnu pabota coBepiiaercs 3a Bpems £, TO CPEAHSIS MOILHOCTh

nNs=4 (7.7)
t

OddexTuBHOCTh PabOTHl MPUHATO XAPAKTEPU30BaATh KOIPPUUIMEHTOM MOJE3HOIO
nercTBus (KIm).
AH

n= -100% , (7.8)

3atp
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rae A, — noJje3Has pabora;
Asarp — 3aTpadeHHas padoTa.

7.4 Paboma u mowHocme npu 8pauiameibHOM OGUHCEHUU

PaccmoTpum BpailieHre TBEPAOTO Tela OTHOCUTEIHHO HEMOJABUKHOM OCH TOJT
JICCTBHEM CHJIbI, HAlPaBJIEHHOM IO KacaTeIbHOU K OKPYKHO-
ctu (puc. 7.6). DnemenTtapHas pabora, coBepiraemas mpH Io-
BOpOTE Ha yroia dg

® as 5A = Mdo, (7.9)
_, IIpomnterpuposas Gpopmyiry (8.9), MOkHO HalTH paboTy, CO-
F pepmiaemyro mpH MOBOPOTE BpAIAIOIIETOCS Telda Ha YIoJ
Pucynok 7.6 P2 =

P
A = [Mde. (7.10)

?1

Ecau M = const, TO

A=Mo. (7.11)

PaznenuB paboTy Ha Bpems dt, 3a KOTOPOE TEJIO MOBEPHYIOCHh HA yToJl d®, TI0-
JyYUM MOIIHOCTb, Pa3BUBAEMYI0 CHIION F:

N=4_ 1% _ .
dt dt
N = Mo, (7.12)

rac w — yriioBas CKOpPOCTb.

§8 OHeprus. 3akoH coxpaHeHUs JHEPTUHU

DHepeus — HTO enuHas Mepa Bcex (GOpM JBHKEHUS MATEPUU U TUIIOB B3aUMO-
NEeUCTBUST MaTepHaIbHBIX 00BEKTOB. [loHATHE SHEPrUU CBSA3BIBAET BOCIUHO BCE SIB-
JIEHUS TPUPOJIbl. B COOTBETCTBUM ¢ pa3iM4HBIMU (DOpMaMH JBUKECHHUS MATEPUH pac-
CMaTPHUBAIOT PA3NIMYHBbIE BHUJbl HPHEPTUU: MEXAHWYECKYIO, BHYTPEHHIOIO, 3JIEKTPO-
MarHuTHY1O, sIIEPHYIO.

Mexanudeckasi sHEprus ObIBACT ABYX BUJOB: KUHETHUYECKAs M MOTEHIUATbHAS.

8.1 Kunemuueckas snepzusn

Kunemuueckaa nepecus (Wi SHEpPrusi JBHKEHUS) — 4YAaCTh MEXaHUYECKOM
SHEPTHUH, KOTOPAsI ONPEEAETCS MAaCCOM U CKOPOCTHIO MaTEPUaIbHON TOUKH (Tena).
Oo6o3HavaeTcst KHHETUYECKas YHeprus yepe3 Wy 1 4YuCIeHHO paBHA MOJIOBUHE IPO-

HN3BCACHUA MACCHI TCJIa HAa KBaAPAaT CKOPOCTH:

2
mo

W, =—— 8.2

KT, (8.2)
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H3meHnenue Kunemuueckoil IJHepzuu mena pagHo padome ecex Cujl, 0eucmeyoujux

Ha meino.
2 2
mv;  mo;

2

Boipaskenue (8.3) Ha3bIBaeTCsl TeOpeMOit 00 M3MEHEHUN KUHETUYECKOW SHEPT M.

A=AW, = (8.3)

CBOMCTBAa KHHETUYECKOUN SJHEPTUH:

1. Kunernueckasi sHEprus — BEJIMYMHA CKAJISIpHASL.
2. Kunernueckasi sHEprusi — BEJIMYMHA MOJIOKUTEIbHAS.
3. Kunernueckasi sHEprusi — BEJIMYMHA OTHOCUTEJbHAS, T.K. CKOPOCTh 3aBUCUT OT

BbIOOpA CHUCTEMBI OTCUETA.

4. KuHeTnyeckas SHEprusi — BeJIMYMHA aJIUTUBHAS. DTO O3HAYaEeT, YTO KUHETHUYE-
CKasi SHEPI'usi CUCTEMbl paBHA CyMME€ KMHETHMUECKHX SHEPTHil yacTull (Tel), BXO-
JAIIAX B CUCTEMY.

DHeprusi, KOTOpO# 0051aaeT TBEP0E TENIO, BpaIAIOIIEecss BOKPYT HETIOBUXK-

HOM OCH, IIPOXOJAIIEH Yepe3 UEHTP MACC Tela, Ha3bIBACTCS KUHEMU4eCKou IHepu-

el 6pauamenbHo20 08UNCEHUA dTOTO Tea. JTa SHEPTHSI CKIAABIBACTCS U3 KUHETHU-

YECKUX DHEPrUi MATEPUATbHBIX TOYEK, COCTABIIAIOIINX TEJIO, U ONMPEAECIAETCS COOT-

HOILLICHUEM:

2
Jo
WKBp =— (8.4)
2
rae J — MOMEHT MHEPLIMM TeJla, W— YIJIOBas CKOPOCTh BpallCHU.
I[J'I?I BpamaTeanoro JABUXCHHUSA TAKXEC cnpaBe;[JmBa TeopeMa 06 HN3MCHCHUU

KUHETUYECKOU YHEPTUM:
2 2
Ao Jo;, Joj
2 2
IIpy IIOCKOM ABMXKEHUH TEJIO YYACTBYET B JIBYX JIBHIKCHUSX: ITOCTYIIATENb-
HOM U BpalaTeabHOM. B 3TOM ciyyae mosjHas KMHETUYEeCKas SJHEPTHsl paBHA CyMMe

KHHETUYCCKUX SHEPTUH MOCTYNATEIILHOTO U BPAIaTeIbHOTO JIBUKCHUH M PACCYHUTHI-
BaeTcs 1o Gpopmyie:

(8.5)

2 2
mo Jo
__yxsIoct Bp _
W =W"+W > =—+—
2 2
I7Ie U — CKOPOCTh MOCTYNAaTEIHbHOTO JBWKCHHS IIEHTPa Macc;
® — YIJI0Basi CKOPOCTh OTHOCUTEIBHO OCH, MPOXO/IAIIEH Yepe3 IEHTP Macc.

: (8.6)

8.2 Illomenuyuanvnasn snepzusn

Ilomenyuanvnasa 3nepeus — 3TO Ta 4YaCTb MEXAHMYECKOM IHEPTHM, KOTOpAs
3aBHCUT OT B3aMMHOI'O PACIIOJIOKEHUS T WA YaCTE€W TeJla, a TAKXKE OT IMPUPOMbI
CHUJI, IEUCTBYIOIIUX MEXKYy TEJIaMHU.
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8.2.1 KoncepsamugHule u HeKOHCEPBAMUBHbBLE CUTbL

Cuibl, paboTa KOTOPBIX HE 3aBUCUT OT (DOPMBI TPACKTOPHH, & OMPEIEIACTCS
JIMIIb KOHEYHBIM M Ha4aJbHBIM IIOJI0KEHUEM TEJIa, HA3BIBAIOT KOHCEPEAMUGHBIMU, A
UX II0JIS1 — ROMEHUUAIbHBIMU.

[Ipumeppl KOHCEPBATUBHBIX CUJI: TPABUTALIMOHHBIE, YIIPYTHE, KYJIOHOBCKHUE.

Cupl, paboTa KOTOPBIX 3aBUCUT OT (POPMBI TPACKTOPHUH, HA3bIBAIOT HEKOHCEP-
6AMUGHLIMU VIIA OUCCURAMUEHBIMU, & X TIOJISL — HENOMEHUUATIbHBIMU.

[IpuMepbl HEKOHCEPBATUBHBIX CHJI: CHJIBI CYXOTO M BSI3KOI'O TPEHUS, CHUJIIBI CO-
IPOTUBJIEHUS, CWJIbl TaBJICHUS ra3a, CUJIbl BUXPEBOrO AJIEKTPUUYECKOTO ITOJIS; CHIIBI,
pa3BUBaEMble KAKUMH-JINOO «MCTOUHUKAMW» CHUJI (MAlllMHAMMU, IBUTATEIsIMU U T.J1.).

8.2.2 Paboma u nomenyuanvHan ynepeus

Tena B3auMOJIEHCTBYIOT MEXIYy CO0OM C pa3auuHbIMU cuiiamu. [loHsTHE TIO-
TEHI[MAJIbHOW 3HEPIUM NMPUMEHUMO TOJIBKO K KOHCEpBAaTUBHBIM cwiiaM. B Kypce me-
XaHHUKH pacCMaTPUBAIOT CIEAYIOIIUE BUIbI IOTEHIUAIBHON YHEPTUH.

1. TloreHuuansHas SHEPTUS YIPYTO 1e(OPMUPOBAHHOM MPYKUHBI (Tela).

kx?
W, =—
2
/1€ k — )K€CTKOCTh MPYKUHBI (KO OUIIMEHT KECTKOCTH );
X — abCOJIIOTHOE YJIMHEHUE MPY>KUHBI (BETHMUKHA AePOpMaIliH).
[Ipu ynpyroit neopmanuu coBepiaercs padora:

(8.7)

2 2
A=— %—% . (8.8)

2. lloTenuumanbpHast S3HEPTUsI MATEPUATBHOM TOUYKHU I10JIE CHIIBI TSKECTH 3EMIIN.
MartepuasibHasi TO4Ka (TEJI0) Maccoll m, Haxondlleecs Ha BBICOTE s HaJ MO-
BEPXHOCTBIO 3eMJIM, 00J1aa€T NOTEHLUATIbHON YHEPTUEM:

W, =mgh. (8.9)

IIpu nepemenieHnr MaTepUaIbHOW TOYKH MO ITPOU3BOJIBHOW TPACKTOPHUHU U3
ToukH | B Touky 2 (puc. 8.1) coBepiaercs padbora

hy A=mg(hy —hy)=—(mgh, —mgh, ) (8.10)

CBoiicTBa MOTEHINAIBHON SHEPTUH:

1. TloTeHmanpHasl SHEPrUsi MOXKET OBITH TOJIBKO B3aWMMHOM:

OHA B OJMHAKOBOM CTENEHH XapaKTepU3yeT 00a B3auMOCH-

cTByrouX Tena. OQHAKO ATy YHEPTUIO0 YACTO MPHUITHCHIBAIOT

5 onHOMY u3 Ten. Hampumep, roBopsST O NOTEHUHAIBHOU

SHEPIruM MOJHATOro Haj 3emieil tena. Tak mocTymaroT ajs
ya00CTBa aHAIU3A.

2. YucneHHOe 3HAYCHUE MOTCHIMAIbHOW YHEPrUU 3aBUCUT OT

—
mgvyo

777777777 7777777777777777

Pucynok 8.1
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BbIOOpa Havaja ee oTcuéra

3. IloreHnumanpHas HEPTUs. MOKET UMETh KaK IOJIOKUTEIBHOE, TaK U OTPULATENb-
HOE 3Ha4eHHUE. DTO CBSA3aHO C MPOU3BOJIBHOCTHIO BIOOpA Hayaia OTCUETa.

4. CocTrosiHME B3aUMOJICUCTBYIOIIUX TEJI MOXHO OMUCATh MOTEHIIMAIBHON SHEpruen
TOJIBKO B TOM CIIy4ae, €CJIM MEXAY TE€JIaMH IEUCTBYIOT KOHCEPBATUBHBIE CUJIBI.

8.3 3akon coxpanenus mexanuueckoii 3nepzuu

MarepuanbHasi TOUKa MOKET OJJHOBPEMEHHO 00J1a/IaTh U KHHETUYECKOM, U 1M0-
TEeHIIMAIbHOW SHeprueil. CyMMa KWHETUYECKOW M MOTEHIIMAJIbHOW SHEPTrUid TOYKH
HAa3bIBACTCS €€ NOJIHOU Mexanuueckou Inepzuen W.

W=W_+W, 8.11)

CornacHo 3aKOHY COXPAHEHHUSI MEXaHUYECKOU YHEPTUU

IHonnaa mexanuueckana IHepcUsa 3aMKHYMOU CUCHEMbl MAMEPUATbHBIX MOYEK
(men), mexcoy Komopvimu Oeiicmeyiom maoibKo KOHCEPEAMUGHbBIE CUJIbl, OCHIAECA
HOCMOAHHOU.

W, + W, =const. (8.12)

JleficTBME HEKOHCEPBATUBHBIX CHJI (HAllpUMEp, CHJI TPEHUSI) YMEHbIIIAeT MeXa-
HAYECKYIO DHEPIUI0 CUCTEMBI. Takou IpouecCc Ha3bIBACTCS Ouccunayueili SHEPTruu
(«auccunanus» o3HavaeT «paccesiHue»). Cuilbl, OpUBOASIINE K JUCCUIIAIIUU DHEP-
UM, HAa3bIBAIOTCSA AWCCUNATUBHBIMHU. [lpu auccumanuu SHEPruM MeXaHW4YecKas
SHEPrusl CUCTEMBI MpeoOpa3yeTcs B APyrue BUAbI SJHEPTHH (HampuMep, BO BHYTPEH-
HIOI0 3Hepruro). IIpeoOpa3oBanue UAET B COOTBETCTBUU CO BCEOOLIUM 3aKOHOM IIPH-
POJIbI — 3aKOHOM COXPAaHEHHUSI SHEPT M.

3aKOH COXpaHEHUs YHEPTUU MPUMEHUM KO BCeM 0€3 UCKIIIOYEHUs MpolieccaM B
npupoze. Ero MoxHo copMynrpoBaTh CAEAYIOMNUM 00pa3oM.

IHoanasa snepeusn u30aupoBaAHHON CUCHIEMBL 6CE€20A OCHMAEMCA NOCMOAHHOI,
IHEPZUA JIUULb nepexooum u3 00Hou opmul 6 Opy2yio.
IHocMoTpHTE TEeKIMOHHBbIE IEMOHCTPALIMH.
1. Mastank Makcgenna.
http://youtube.com/watch?v=4ynUF1Jy2sE
2. Illapuk B MEpTBOU METIIE.
http://youtube.com/watch?v=roFrbTwvKxg

§9 Coynapenue TeJ

[IpenenpHbIMU, HI€ATTU3UPOBAHHBIMU BUJAMU COYJAPEHUN SIBISAIOTCA a0CO-
JIOTHO HEYNPYTUM U a0COTIOTHO YIIPYTUM YIapHI.

Abcontomno neynpyzum Ha3bIBaeTCA yJap, IPU KOTOPOM NOTEHIUAIbHAS
SHEprus ynpyrou neopmManniv He BO3HUKAET; KUHETUYECKasi SHEPTHUsl Tel YaCTUYHO
VI TIOJTHOCTBIO NIEPEXOIUT BO BHYTpeHHIOK. [locne ynapa tena nBuxKyTCs ¢ OMHA-
KOBOM CKOPOCTHIO (T.€. KaK OJIHO TE€J0) Wiu Mokostcs. [Ipu TakoM yaape BBITIOJIHS-
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€TCSl TOJBKO 3aKOH COXPAaHCHUS MMITyJIbca. MexaHn4decKast SHEPTHsI He COXPaHSICTCS
— OHA YaCTUYHO WJIU TIOJTHOCTHIO TIEPEXOIUT BO BHYTPEHHIOIO.

Abcontomno ynpyzum Ha3bIBaeTCs yJap, Ipy KOTOPOM TOJIHASI MEXaHUYECKAst
SHEprus Ten coxpansiercs. CHavala KMHETHYECKas DHEPrUsl YaCTUYHO WM TOJIHO-
CTBIO TMEPEXOAUT B MOTCHIMAIBHYIO DHEPTHI0 ynpyrol nedpopmamnuu. 3aTeM Teia
BO3BpAIIAIOTCS K IEpBOHAYAIBHON (opMe, OTTAIKUBasl IpyT Japyra. B urore noten-
[[MaJbHasl SHEPTUsl CHOBA MEPEXOUT B KHHETUUECKYIO U Tena paszietatorcs. [Ipu Ta-
KOM yJiape BBIMOJHSIOTCS 3aKOH COXPAHEHUS MEXaHWYECKOW PHEpruu M 3aKOH CO-
XpaHEeHMs UMITYJIbCA.

PaccMmoTpum yenmpanwvnwlii yoap 1Byx OJHOPOJHBIX IIAPOB. Yap Ha3bIBAET-

m Csl TEHTPAIBHBIM, €CIU IIaphl J0 yAapa IBWKYTCS BIOJb

hid 70 ﬁ Xx HNPAMOM, MPOXOAILEH Yepe3 ux UeHTpsl (puc. 9.1).
O AN [IpeArnonokKum, 4To APkl ABUKYTCS IOCTYIIATENLHO
(T.e. HE BpalllascCh), U YTO OHU OOPA3yIOT 3aMKHYTYIO CH-

m, — nm, —
(%] 0 x
T - . 1 2
> cremy. O003HAYMM MacChl IAPOB Yepe3 my U nip, CKOPOCTH
g I1apoB JI0 yJapa 0U; U U,, ocie yaapa u; 1 U, .

Pucynoxk 9.1
1. AGcomoTHO HEYNPYTUid yaap.

ITo 3aKoHy coXpaHEeHHs UMITyJIbCa

re i — 00IImast CKOPOCTh IIAPOB MOCIIe yaapa.
Orcrona

my 0y + m,0
1¥1 2Y2 (92)

U=

2. AOGCOJIIOTHO YNIpyTruil yaap.
3anuireM 3aKOH COXpaHEHUS UMITYJIbCA U 3aKOH COXPAHCHHUS MEXaHMIECKOM
SHEPTHH:

2 2 2 2
muy  m,v;,  myuj Myl
191 MU _ Myl | Mol

2 2 2 2

PeiuB nonyyeHHyI0 CUCTEMY YpaBHEHUH, HAlJIeM CKOPOCTH IIapOB MOCIIE yAapa.

(9.3 6)

__2myBy + (my —my)Dy

i, = (9.4)

my +m2

l:iz — 2m101 + (m2 —m )UZ ) (95)

m +m2

YTOoOBI BBITIOHUTH PACYETHI, HEOOXOAMMO CIIPOCIIMPOBATH BEKTOPHI CKOPOCTEH
Ha och x (puc. 9.1). Ecnu npu pacuére kakas-TO MPOEKIUS CKOPOCTH OKAXKETCA OT-
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pPULATENBHOM, TO 3TO O3HAYAET, YTO BEKTOP ITOW CKOPOCTH HAMPABIEH B CTOPOHY,
IPOTHBOIOJIOKHYIO HAIIPABJIEHUIO OCH X.

ITocMoTpuTE JIEKIIMOHHBIE IEMOHCTPAIIUH.
1. Ynaap mapoB (aOCOMIOTHO yIPYTHiA).
http://youtube.com/watch?v=_0y_J5SKqQAS
2. Ynap mapoB (aOCOMIOTHO HEYIPYTHIA).
http://youtube.com/watch?v=RWeF1r-Epbw

§10 DjeMeHTHI CIeNMATbHOM TEOPUH OTHOCHUTEILHOCTH

Teopus omunocumenvHocmu — 310 (pu3UUEcKas TCOPHUs, pacCMaTPHBAIOIIAS
IPOCTPAHCTBEHHO-BpEMEHHBIC 3aKOHOMEPHOCTH, CIIPaBEIUBBIC IS JIFOOBIX (DH3H-
YECKHUX MPOIIECCOB.

Cneyuanvhas meopus OTHOCUTCIIBHOCTH M3ydaeT CBOMCTBA MPOCTPAHCTBA H
BPEMCHH B HMHEPIMAJIBHBIX CHCTEMaxX OTCYETa MPU OTCYTCTBHU IMOJICH TATOTCHHMSL.
CriennagbHyI0 TEOPHIO OTHOCUTEIBHOCTH TAaK)KE HA3BIBAOT PEISATUBUCTCKOW TEOPH-
el.

10.1 IIpunyun omnocumenvnocmu I'anunesn

CorocraBuM OMUCAHUS JIBHXKCHUSI YACTUIbl B MHEPLUHUAIBHBIX CHCTEMax OT-
cuéta K u K'. Cucrema K' nBuxkercs orHocuTenbHO K ¢ TOCTOSAHHOM CKOPOCTHIO U B
HanpasieHuu ocu x (puc. 10.1). Koopaunatel Touku M B cucreme K u K’ 6ynyT cBs-
3aHbI cooTHOMIEHUAMH (10.1).

COBOKYIIHOCTbh 3THX ypaBHEHUW Ha3bIBacTcs npeoodpazosanuamu Ianunesn. Paen-
CTBO t'=1, 03HAYaET, YTO BpeMsi B 00€HX CUCTEMaxX TeUeT OJIMHAKOBO.

Takum o6pazom, mpeoOpa3zoBanus [anuiies MO3BOJISAIOT, 3HAs KOOPJIWHATHI B
OJHOM MHEPIMAJIBHON CUCTEME OTCUETA, ONPEAEIUTh KOOPAUHATHI B APYTrOM UHEPLIU-
AJBHOU CUCTEME OTCYETA.

, 3akoHbl HbIOTOHA BBINOJHSAKOTCA TOJBKO

Y K Y K M MpU YCIIOBUM, YTO JBHXKCHHE paccMaTpPUBACTCS

OTHOCHUTEIHLHO HHEPIIUATLHBIX CUCTEM OTCUETA.
0 ol vV X =x+vt xX'=x-uvt
vt / )67 X X y= y' y': y
P P X / ' (10.1)
Z Z' =27 7=z
Pucynok 10.1 t=t r'=

Ecou 3akonsl HproTOHa BepHBI npu pac-
CMOTPEHUU JBHXKEHUSI OTHOCUTEIBHO OJHOW CHUCTEMBI OTCUYETA, TO OHU BEPHBI U OT-
HOCHTEIILHO JII000M APYyrod CUCTeMBbl OTCUETA, MBIIKYIICHCS OTHOCUTEIHLHO TEPBOM
PaBHOMEPHO W TpsiMoJiMHENWHO. Takux cucrteM oTcuéra OecurcIeHHOE MHOMECTBO.
DTO O3HAYaET CIEAYIOIIEE:
1. 3akoHBI MEXaHUKH OJMHAKOBO (DOPMYIUPYIOTCA BO BCEX MHEPLMAIBHBIX CH-
cTeMax OTCUETa.
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2. Bce mexaHW4YecKue SBIICHUS BO BCEX MHEPIIMATIBHBIX CHCTEMaX OTCYETa IMPO-
TEKAIOT OJIMHAKOBO MPH OJIMHAKOBBIX HAYAJBbHBIX YCIOBHSIX.

OTH yTBEPKIEHUSA HA3BIBAIOTCS HPUHUUNOM omHocumenavhocmu Ianunes.
W3 mpuHIMNIa OTHOCUTEILHOCTH CIAEAYET, YTO HUKAKUMH MEXaHHYECKHUMH OTBITAMH,
MPOBEJAEHHBIMUA BHYTPU MHEPIHAIBHON CUCTEMBI OTCUETA, HEBO3ZMOXKHO YCTAaHOBUTH
ITOKOUTCS OHA MIIH JIBMDKETCS IIPSMOJIUHEHHO U PAaBHOMEPHO.

BenmnuuHbl, KOTOphIE UMEIOT OJTHO M TO K€ YMCIICHHOE 3HAYCHHE BO BCEX CH-
cTeMax OTCYETa, HA3bIBAIOTCS MHeapuanmubimu (invariants— «HEU3MEHSIOIIUNCS ).
B mpeoOpazoBanusx ["anuiess ”HBapUaHTHBIMU BETMYMHAMH SBIISTFOTCSI Macca, yCKO-
peHue, cuia, BpeMs. HenHBapraHTHBIE: CKOPOCTh, UMITYJIbC, KHHETHYECKAS DHEPTHS.

10.2 Ilocmynamot cneyuanvHoll meopuu OMHOCUMETbHOCHIU

B ocHoBe crnennanbHOM TEOPUM OTHOCUTEIIBHOCTH JIEXKAT JBa IOCTYJIATa:
MPUHIUIT OTHOCUTEIIBHOCTA DWHINTEWHA M NPUHLMI MOCTOSHCTBA CKOPOCTH CBETA.
[IpyHUOWI OTHOCUTENBPHOCTH OWHINTEHNHA SBJSECTCS PACIPOCTPAHCHUEM MEXaHHUYe-
ckoro npuHIiuna ["anuiest Ha Bce 6e3 UCKITIoUeHUS (PU3NYECKUE SIBIICHMUS.

1. B n100bIX MHEPLHAIBHBIX CUCTEMAX OTCUETa BCe (PU3MUECKHUE SIBICHUS (MeXa-
HUYECKHUE, ONTUYECKUE, TeTUIOBbIC U T.J.) MPOTEKAIOT OJUHAKOBO (TIPU OJIMHAKOBBIX
YCJOBHSX). DTO 03HAYAET, UTO YPABHEHMUS, BBIPAXKAIOIINE 3aKOHBI IPUPOJbI, THBAPH-
AHTHBI IO OTHOUIEHUIO K MPeoOpa30BaHUsIM KOOPAUHAT U BPEMEHU IPU NEPEXOe OT
OJHOW MHEPIMAIIbHON CUCTEMBI OTCUETA K APYTOM.

2. CKopocTh CBETAa B BAKyyME OJIMHAKOBA BO BCEX MHEPUUAIBHBIX CUCTEMAaX OT-
c4yéTa, HE 3aBUCUT OT CKOPOCTH JBMKCHUS UCTOYHHMKA U MPUEMHHUKA CBETA, SIBIISIETCA

IIPEAEIbHBIM 3HAYEHUEM CKOPOCTH IIEpeJayu CurHana. ¢ =3- 10% m/c.
10.3 Ilpeoopazoeanusa Jlopenya

[IpeoOpa3zoBaHusi, KOTOPBIE YIOBJIETBOPSAIOT TOCTyJaTaM ODWHINTEHHA, Ha3bl-
BaroTCcs mpeobOpazoBanusmu Jlopenna. Eciu cucrema K' nBuxkeTcs OTHOCUTENBHO
cuctembl K co CKopocThio v, HampaBiieHHO# B0k ocH X (puc.10.1), To 3Tu npeodpa-
30BaHUS UMEIOT BUJ:

(10.2)

[Ipoananusupyem npeodpazoBanus Jlopenua:

39



DU3NYeCKUE OCHOBBI MEXaHUKH

1. Ecom v<<c, TO

[IpeobpazoBanus JlopeHua npu 3ToM nepeuayT B mpeoOpazoBanus ["anues.
DTO 03HAYAET, YTO BHIMIOJHACTCA HPUHWUN coomeemcmaus. [[puHIINT COOTBETCTBUS
COCTOMUT B TOM, YTO BCSIKasi HOBasl TEOPUsl COJACPKUT B ce0€ CTapyro TEOPHUIO B Kaye-

CTBC 4aCTHOTI'O Cliy4asd.
2

v
2. llpennonoxum, uto v > c. llpu atom | 1 —— | <0.
c
OT0 03Hauaer, yTo MpeoOpa3oBaHUsl HE UMEIOT cMbicia. OTCloJa CIeayeT, YTo
JIBMOKEHUE CO CKOPOCTBIO U > ¢ HEBO3MOXKHO.

3. U3 npeobpazoBanuii JlopeHa BUAHO, YTO BpEMEHHbIE U MPOCTPAHCTBEHHBIE KO-
OpJIMHATBI B3aNMOCBSI3aHbI.

Ucnonb3ys npeoOpa3zoBanus JlopeHIia MOKHO MOMYYUTh PEISITUBUCTCKUM 3a-
KOH CJIOKEHUS CKOPOCTEM:

V=" (10.3)

Ecnmu v 1 v MHOTO MeHbIIIe CKOPOCTH cBeTa, To ypaBHeHue (10.3) mepexonur B
KJIACCUYECKUN 3aKOH CIIOKEHUS CKOPOCTEH.

V=0v+v

10.4 Creocmeus u3 npeoopazoeanuii Jlopenya

1. TloHsiTHE OMHOBPEMEHHOCTH COOBITUM OTHOCUTEIBHO, a HEe a0COJIOTHO, KaK ATO
CUMTAETCA B KJIACCUUECKON MeXaHUKe. ITO 03HAYaeT, YTO COOBITHUS, OTHOBPEMEHHEIE,
HO TIPOUCXOAIINE B Pa3HBIX TOYKAX MPOCTpaHCTBA cHcTeMbl K', OyayT HeoaHOBpe-
MEHHBIMH B cucteMme K.

2. CoOcTBeHHOE BpeMs MEHBIIIE BPEMEHHU, OTCYUTAHHOTO IO YacaM, JBMKYITUMCS
OTHOCHTEJIBHO TeJa:

—— (10.4)

rae Aty — IpOMEXKYTOK BPEMEHH, U3MEPEHHBIN T10 YacaM, ABMKYLIUMCS BMECTE C Te-
J0M (COOCTBEHHOE BpeMs);
AT — IPOMEKYTOK BPEMEHHU B CUCTEME OTCUETA, ABUKYIIEHCA CO CKOPOCTHIO U.

3. CokpaiieHue JTUHEWHBIX Pa3MEpPOB B HAMpPaBICHUU JBIKCHHS (JIOPEHIIEBO CO-
KpalleHue)
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(10.5)

rne lo — JUIMHa Tesa B CUCTEME OTCUETa, OTHOCUTENILHO KOTOPOM OHO MOKoUTCs (Co0-
CTBEHHBII pa3mep);
| — nvHa Tena B CUCTEME OTCYETa, OTHOCUTEIBHO KOTOPOW OHO ABIIKETCS CO
CKOPOCTBIO 0.

10.5 Ocnosnvie coomnowenus penamueucmcKkoil OUHAMUKU

1 3aeucumocmsv maccel mena om CKopocmu 08UIICCHUAL.

m
1 ’ (10.6)
i
i
m, |
!
i
0 C v TIA€ my — Macca T€jlia B HOKOHHIGI\/JICSI CUCTEME OTCUETA (Macca

MIOKOS);

Pucynok 10.2
m — Macca ABIKYIIErocs Teja.

I'paduk 3aBucMMOCTH Macchl Tela OT CKOPOCTH TipeAcTaBieH Ha puc. 10.2. Ec-
JI1 CKOPOCTh TeJIa CTPEMHTCS K CKOPOCTHU CBeTa (U—>C), TO €ro Macca yCTpeMisieTcs K
OCCKOHEUHOCTH.

2. PensamueucmcKuii uMnyJioc.

4 (10.7)

A

I
I
I

!
I
I
I
I
I
I
I

I'paduk 3aBUCMMOCTH UMITyJIbCa OT CKOPOCTHU MPEACTaB-
neH Ha puc. 10.3.

0 v

c
Pucynok 10.3

3. Bzaumoceaszv maccol u Inepauu.
Bennuuny

E =mc? (10.8)
Ha3bIBAIOT ITOJHOM (PENATUBUCTCKON) DHEPIUEH, a BETUYUHY
2

SHEPTUEU TTOKOS.
Bripaxxenue (10.9) npencrapiusier coO0i 3aKOH B3aUMOCBS3U YHEPTUU U MACCHI.

Ilonnasa 3nepzusa mamepuanbHo2o0 00beKmMa pasHa NPOU3BEOCHUIO €20 pelsAmu-
8UCHCKOIL MACChl HA K6AOPAM CKOPOCHU C8eMma 6 8AKyyMme.
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N3meHneHne Maccel Tena Ha Am CONpOBOKIAETCS U3MEHEHUEM €0 JHEPTUU Ha
BEIINYNHY

AE = Amc?. (10.10)
4. Pemzmueucmcxoe 6btpaofceuue 0]1}1 KuHemulleCKOﬁ 9Hepzuu umeem 6”0.‘

2

2 2
W,=E-Ey=mc” —myc” = —myc”,

/
1/
/
/
/2 (10.11)
]
///, |
0 c v
Pucynok 10.4 Ha puc. 10.4 rpagpuk 1 cOOTBETCTBYET pPEIATUBUCTCKON
3aBHCUMOCTH, Tpapuk 2 — KIIaCCUIECKOM.
5. CBA3b KHUHETUYECKOU SHEPTUU C UMITYJIBCOM PEISATUBUCTCKON YaCTHIIBI:
1
p==—W.W, +2E,). (10.12)
c

PenstuBuctckue 3pdextsl ms 0OBIYHBIX MAKPOCKOMHYECKUX TET U OOBIYHBIX
CKOpOCTEl HE3HAYuTeNbHBI. B OONBIIMHCTBE OTpaciiell TEXHUKHU Kiaccuueckas (u-
3WKa «pabOoTaeT» TAKKe XOPOIII0, KaK U MPEXKJIe.
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YACTD 2. MOJIEKYJAPHASA ®PUZUKA U
TEPMOANHAMMUKA

Monekynapuaa ¢uzuka — pazaen GU3MKU, U3yUYalONIMN CBOMCTBA TeNl B pas-
JIMYHBIX arperaTHbIX COCTOSIHUAX HA OCHOBE PACCMOTPEHHUS UX MOJICKYJISIPHOTO
CTpoeHHusA. 3aJaud MOJICKYJISIPHON (DU3UKU PEIIAIOTCS METOJAMH CTaTHCTHYECKOM
bu3uKH 1 GU3NIECKON KUHETHKH.

§11 CraTucTHYeCKHUii U TEPMOTUHAMUYECKUH METOAbI UCCJIe0BAHUSA

[ToBenenue oTneabHOr0 aToMa (MOJIEKYJIbI) HE MOXKET ObITh M3y4YE€HO METOojia-
MU KJIaCCMUECKOW MEXaHHUKH, TaK KaK 4YHMCIO aTOMOB (MOJIEKyJd) B JIOOOM Tele
OTPOMHO.

MartepuanbHblii 00BEKT (T€10), COCTOAIIEE U3 OONBIIOr0 KOJUYECTBA YACTHIL,
Ha3bIBACTCSA MAKPOCKORUYECKOU CUCMEMOU VI TIPOCTO Makpocucmemou. B tep-
MOJIMHAMMKE MAaKpOCUCTEMY HA3bIBAIOT TEPMOJIMHAMHUYECKOW CHCTEMOM, B CTaTH-
CTUYECKOU (PU3MKE — CTATUCTUYECKOU cucTemMol. /(s omucaHus mpoueccos, Mpouc-
XOJSIIIIMX B MAKpPOCHUCTEMAX, UCIIOIB3YIOT 1Ba METOJIA CIAMUCHUYECKUI U mepMOo-
OUHaAMUYeCKUl.

[Ipy npuMeHEHUN CTAaTHCTUYECKOIO METO/NA YUUTHIBAETCS BHYTPEHHEE CTPOE-
HUE cucTembl. B cucteme, cocrosieil u3 00bIIOro KOJIM4ecTBa YacTUl, CYLIECTBY-
I0T HEKOTOPBIE CpEJIHHE 3HAUEHUS (PU3NYECKUX BEJIMYUH, XapaKTEPHU3YIOIIMX BCIO
COBOKYITHOCTb YaCTHI[ B LEJIOM. B rase cymecTBylOT CpeaHUE 3HAYEHUS CKOPOCTEMN
TEIJIOBOTO JIBM)KEHMSI MOJIEKYJI M UX DHEPrUM, B TBEPJAOM Telle — CPEIHSS SHEPIHs,
OPUXOAAIIAsICS HAa OJHY CTENEHb CBOOOJBI KOJEOATENBbHOIO IBUYKEHUS YaCTHUIBI.
CBoiicTBa Te€J, HEMOCPEICTBEHHO HAOJIOJAaEMbIE Ha OMNbITE (TaKWe KaK JaBJICHUE U
TEMIIepaTypa) paccMaTpUBAIOTCA KaK CYMMApHBIM, YCPEOHEHHBIM pe3yJbTaT Ieu-
CTBHUSI OTJIEIIbHBIX MOJIEKYII.

Haxoxnenue cpenHux M HamOoliee BEPOSITHBIX BEJIMYMH, XapaKTEPU3YIOIIUX
JNBWKEHUE YaCTHULl CUCTEMBI, SIBJIIETCS BAXKHOU 3aJ]a4el, TaK KaK MEXKYy dTUMH BEJIU-
YUHAMH 1 MaKpOCKOIMYECKUMH CBOMCTBAMHU CUCTEMbBI UMEETCS MIPSIMasi CBA3b.

C moMomp TEPMOJMHAMUYECKOTO METOAA HM3Yy4arOTCsl CBOMCTBA CHCTEMBI,
0e3 ydera e€ BHYTpeHHero crpoeHus. Pasznmen ¢usuku, usywaromui Qusnyeckue
CBOMCTBAa MAaKpOCHCTEM C IIOMOLIbIO TEPMOJMHAMUYECKOIO METOAA, HA3bIBACTCS
TepMOAMHAMUKON. TepMoAMHAMUKA OCHOBAHA Ha TPEX HadallaX, KOTOPbIE HE BBIBO-
JSATCSL, @ MOJTYYEeHbI HA OCHOBE 3KCIIEPUMEHTAIbHBIX JJAHHBIX.

§12 XapakTepHMCTHMKHM aTOMOB U MOJIEKY.JI

1. Omnocumenvnasa amomnaa macca (A;) Xxumuueckozo rnemenma — OTHO-
12
IIEHHE Macchl aToMa ATOro ueMeHTta k 1/12 maccel aroma ¢ C (n30TOna yriepoja ¢

MacCOBBIM uuciioM 12).
2. OmnocumenvHaa moaekyaapuasa macca (M,) eeuwjecmea — OTHOIICHHUE

Macchl MOJIEKYJIBI 3TOTO BemlecTBa K 1/12 macchl aroma léC .
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OTHOCUTENbHBIE aTOMHAs W MOJEKYJSIpHAs MAacChl SIBJISIIOTCS BEJIMYMHAMU
Oe3pasmepHbiMU. Macca, paBHas 1/12 macchbl léC, Ha3bIBACTCSI aTOMHOM €IUHHIICH

maccel (a.e.M.). | a.e.m. = 1,66:107 k.
3. Moab — KOIMYECTBO BEMIECTBA, B KOTOPOM COAEPKUTCS YMUCIIO YacTUll (aTo-
MOB, MOJIEKYJI, HOHOB, 3JIEKTPOHOB WJIU JIPYTHX CTPYKTYPHBIX €IMHUI), PABHOE YHC-

ay aromoB B 0,012 kr uzorona yriepoaa lgC .

Uucno vactui, coaepkamuxcs B 1 Mojie BEIIecTBa, Ha3bIBACTCS MOCTOSIHHOM
ABoraapo Nu. UucieHHoe 3HaueHrue MOoCTOSTHHOM ABOrajipo — Np = 6,02'1023M0HB_1.

4. Monapuasa macca (M) — Macca 0JHOTO MOJIs. M U3MepseTCsl B KI/MOJIb.
MorsnspHas Macca U OTHOCUTENIbHAsI MOJIEKYJIApHAsi Macca CBSI3aHbl COOTHOIIICHUEM:

M =M, 107 (xr/mois) (12.1)
Uucno Monel, coaepkaimmuxcsi B Macce m BEIIECTBa, onpeenseTcs GopMyoi:
m
v=—oo. 12.2
Y (12.2)

Ecau BCHICCTBO IPCACTABIIACT coOoi CMCCb, TO MOJIAIpHasA MacCa CMCCH pacC-
CUHHUTBIBACTCA KAaK OTHOIICHHUC MACChl CMCCHU K KOJIMYCCTBY BCIICCTBA BCCX KOMIIO-
HCHTOB, BXOJAIIINX B COCTaB ATOM CMECH:

m m+m_ +..+m
M =_—M_ 1 2 n , (123)

™My V. +V_+..+V
cM 1 2 n

A€ 1 — YUCJIO0 KOMIIOHEHTOB.
5. Pa3mepsl aTOMOB M MOJIEKYJl NPHUHATO XapakTepu3oBaTth 3(HPEKTHUBHBIM
IUAMETPOM dsg, 3aBUCAIIIMM OT XMMUYECKOM IIPUPOJIBI BELIECTBA (d3(pz10_10 M).
AP hexkmuensvtit ouamemp — >T0 HaUMEHbIIIEE PACCTOSAHUE, HA KOTOPOE COJH-
KAIOTCSl LIEHTPBI IBYX MOJIEKYJ MPU CTOJKHOBEHHHU. Ero Hamnune roBOpUT O TOM,
YTO MEXIY MOJIEKYJIaMU JIEUCTBYIOT CHUJIbI B3AUMHOI'O OTTaJIKUBAHUSI.

§13 IlapameTpsl cocTOSTHUS

Jlyist onucaHus MOBEIEHUS MAKPOCUCTEM BBOJSAT (DU3UYECKUE BEIMYMHBI, KO-
TOpPbIE€ HA3BIBAIOT HApAMEmMpamu cocmoanusa cucmemsl. OCHOBHBIMU IMapaMeTpamMu
SABJISIIOTCS AaBieHue (p), 00veM (V), remnepatypa (7).

Jlasnenue — cxansipHas pusnyeckasi BeIUWIMHA, paBHAs OTHOIICHUIO HOPMalhb-
HOW COCTABJISIOLIEH CUJIBI IABJICHUS F| K IUIOIIAIA HOBEPXHOCTH S.

F
L

L (13.1

P=— )

[p]= H = [1a (mackauip).

>

B TexHHKe MUPOKO MCIONB3yeTCsS BHECUCTEMHAS CIUHUIA NU3MEPECHUS JaBJie-
HUS — TeXHUYecKas atmocdepa (ar):

1 at = 98066,5 ITa =~ 9,81-10" I1a.
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Jliis mpakTUdecKkux 1enei (m3MepeHre arMocepHoro JaBJieHUsl, B MEAUIIMHE)
UCIOJIb3YIOT MIJUTUMETPBI PTYTHOTO €TOJI0A (MM PT. CT.):

1 mM pT. cT. = 133,322 Ila,
a Takxke pu3ndecKyr armocdepy (aTm):
1 at™M = 760 MM pt. cT. = 1,01325-10° ITa.

N3mepsitoT naBieHue MaHOMETpaMH, 0apoMeTpaMu, BAaKyyMMETPaMHU, a TaKxkKe
Pa3JIMYHBIMU JJATYUKAMU JABJICHHUSI.

00vém — 0051acTh MPOCTPAHCTBA, 3aHUMAEMasi CUCTEMOM.

[V]=w®

[TonsiTue TeMnepaTypbl UMEET CMBICI JJIsi PABHOBECHBIX COCTOSIHUN CHCTEMBI.
PaBHOBEeCHBIM COCTOSIHHEM (COCTOSIHUEM TE€PMOJMHAMHYECKOTO PAaBHOBECHS) Ha3bl-
BAETCs COCTOSIHME CUCTEMbI, HE U3MEHSIIOIIEECS C TEUEHUEM BPEMEHH.

Temnepamypa paBHOBECHOTO COCTOSIHUS — 3TO M€pa UHTEHCUBHOCTH TETLJIOBO-
ro JABUXKEHHUS €€ MOJIEKYJ (aTOMOB, MOHOB). B TepMoanHamuke TeMmimeparypa — 3TO
dusnueckas BeIMYUHA, XapaKTEPU3YIOIIasi COCTOSTHUE TEPMOJUHAMUYECKOTO PaBHO-
BECHSI MAKPOCKOITMYECKON CUCTEMBI.

TeMreparypHble MIKalbl yCTAHABIMBAIOTCS ONBITHBIM MyTEM. B MexayHapon-
HOM CcTOrpajyCHOM IKalle Temmeparypa usmepsiercs B rpaaycax Llenbscus (°C) u
o6o3Hagaercst f. CAMTAETCS, YTO P HOPMAIbHOM Aaieruu B 1,01325-10° Ila Tem-
neparypa miasjieHus Jbaa paBHa 0°C, kunenus Bojbl — 100°C.

B tepMmonuHamMuyeckoi mkaie TeMnepaTyp Temreparypa u3MepsieTcsl B Kelb-
BuHax (K) u o6o3nauaercs 7.

AbGcomoTHas Temriepatypa 1 u TeMmriepaTtypa f o CTorpajyCHOM IIKale CBs3a-

HbI COOTHOILIEHUEM:
T=t+273,15.

Temnepatypa T=0 (t =-273,15°C) Ha3piBaeTcsi aOCOMIOTHBIM HYJIEM TEeMIIE-
paTypbl. 3a aOCOJIIOTHBIA HYJIb TEMIEPATypbl IPUHUMAETCS TEMIIEpaTypa, Ipu KOTO-
PO IIpeKpamnaeTcs TErIOBOe ABIKEHHE MOJIEKY .

[TapameTpsl COCTOSTHUSI paBHOBECHOM CHCTEMBI 3aBHUCST ApyT OT npyra. CooT-
HOILIEHUE, yCTaHABIUBAIOILIEE 3aBUCUMOCTh JIaBJIEHUS p B cucTeMe OT o0béma V u
Temreparypsl 7, Ha3bIBACTCS YPAGHEHUEM COCHOAHUA.

§14 YpaBHeHHe COCTOSTHMS H/1€AIHHOTO ra3za

IIpocreiiieri MakKpOCKOIIMYECKOW CHUCTEMOM SBIISIETCS MIEaIbHbIN ras. Mue-
albHBIN Ta3 — 3T0 Pu3nueckas Mojenab. UeM pa3pekeHHee ras3, TeM OH OJuxe IO
CBOMM CBOMCTBaM K HUJI€aJIbLHOMY.

B npeanpHOM raze OTCyTCTBYET B3aUMOJAEHCTBHE MEXKIY MOJIEKYJIaMH, MO3TO-
My OHM JBHKYTCS PAaBHOMEPHO M NPSIMOJIMHENHO JO TE€X IMOp, IOKA HE IPOU30UAECT
CTOJIKHOBEHHS MEXIY TAHHON U KaKOW-TNOO0 IPYroi MOJIEKYJION WM COYIapeHHsI CO
cTeHKOM cocyna. [Ipu CTONKHOBEHUSX MOJIEKYJIbl MOXHO CUUTATh HeaepopMupye-
MBIMHU. JTO O3HAYaET, YTO CTOJKHOBEHHUSI MEXKY MOJIEKYJIAMHU MPOUCXOAAT MO 3aKO-
HaM YIPYyIrux coyaapeHuil. B mponecce CTOJKHOBEHMS MEXKIYy MOJIEKYJIaMM rasa, a
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TAK)KE€ MEXIYy MOJICKYJIAaMHU ra3a U MOJIEKYJIAMHU BEIECTBA CTEHOK COCYJIa MPOUCXO-
JTUT OOMEH KMHETHYECKOW SHEPTUEN U UMITYIbCOM.

Takum 00pa3oMm, ¢ TOUYKHU 3PEHUS MOJICKYJIIPHO-KUHETUIECKON TEOPUHU
UOeAIbHBLIL 2a3 — IMO CUCHEMA MOJIEKYl, KOMOPble MONHCHO CHUMAmMb Mamepu-
ANbHBIMU MOYKAMU, 63AUMOOCUCMEYIOUWUMU OPY2 C OPY2OM HIOJIbKO 8 npoyecce
CMOJIKHOBEHUI.

IlocMoTpHUTE JTeKIIUOHHBIE IeMOHCTPALIMH.
1. XaoTnyHOCTH IBMKEHUS B raze. Moenb rasa.
http://www.youtube.com/watch?v=kXT73kEgVKQ
2. XaoTUYHOCTH JABM)KEHUS B raze. PacnpocTpaHeHre MOJIEKYJ Ha BECh COCY/T
yepe3 OTBEPCTUE B MIEPETOPOJIKE.
http://www.youtube.com/watch?v=cMu84YJSzrE

[TapameTpbl COCTOSIHMS UICATLHOTO Ta3a CBSA3aHbl MEKy COOOM COOTHOIIICHHU-

em:
m
pV =—RT, (14.1)
M
IZie p — JaBlIieHUE, IPOU3BOAUMOE razoM; V— o0béM rasza; m — macca rasza; M — Mo-
Jx
nspHasg Macca; 1 — TepMoIMHaAMUYecKas TeMneparypa; R = 8,31—K— MOJISIpHas
MOJIb -

ra3oBas [IOCTOSTHHASL.
VYpaBuenue (15.1) Ha3bIBaeTCsl ypaBHEHUEM COCTOSIHUS MJICAJIBHOTO raza WU
ypaBHeHneM MeneneeBa—Knanelipona. Ypasuenue (15.1) MOXHO CBECTH K BUITY:

p=nkT. (14.2)

Bemmuuna k=R/N 4 =138- 107> JIx /K Ha3siBaeTCsi MOCTOAHHON Bombiva-

N N
Ha. N5 — uncno ABoraapo. Benuuuna n = 7 JaeT YKMCJIO MOJICKYJ B €IUHUIIC 00BE-

Ma ¥ Ha3bIBAETCS KOHUeHmpayueil MOJIEKYI.

N3 (14.2) cnenyer, 4TO OaséeHue uoeanvbHo20 2a3a NPONOPUUOHAILHO €20
adconomuoii memnepamype U KOHUEHMpPAyuu MoJieKy.

Ecnu nMeercst HECKOJIBKO ra3oB, TO JABJICHHE, NMMPOU3BOAMMOE ra3oM, OyJeT
pPaBHO:

P=Dpi+ Dyttt Py =20 (14.3)
i1

r7e p; — JaBJCHHE, KOTOpoe ObUIO OBl B COCy/E, €clu Obl B HEM HaXOIMIHCh
TOJIBKO MOJICKYJIBI TIEPBOTO Ta3a; p, —AaBJICHHE, KOTOpOEe ObLIO OBl MpHU HAIWYUU B
COCyJIe TOJBKO MOJIEKYJI BTOPOTO Ta3a U T.J.

JlaBieHue, KOTOpoe MPOU3BOAWI ObI a3, MPU yCIOBUHU, YTO OH OJUH MPUCYT-
CTBYET B COCYJi€ B TOM KOJIMYECTBE, B KAKOM OH COJEP>KUTCS B CMECH, HA3hIBACTCS
napyUaILHBIM.

VYpasuenue (14.3) npeacrasnsieT coboit 3akoH JlanbToHa:

/Jlagnenue cmecu udeanbHvIX 2a308 PAGHO CyMMe NAPUUATLHBIX OAG1EHUIL
2a308, 00pA3YIOUUX CMECD.
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§15 OcHoBHoOe ypaBHEHHE MOJIEKYJ/JISIPHO-KMHETUYECKO TeOpHHU ra3on

OCHOBHOE ypaBHEHHE MOJIEKYJISIPHO-KHHETUYECKONM TEOPUU I'a30B CBA3BIBACT
MaKpOCKOIUYECKUI MapamMeTp CUCTEMbI — JABJICHHE, C XapaKTEPUCTUKAMH YaCTHL.
IIpu BBIBOJE 3TOTO ypaBHEHHUS MPEAIONAraeTcs, 4YTO MacChl BCEX MOJIEKYJ OJMHAKO-
BbI, CKOPOCTH BCEX MOJIEKYJ OJMHAKOBBI IO MOAYJIIO, @ BCE HAIIPABJIECHUS JIBHIKECHHUS
MOJIEKYJI PAaBHOBEPOATHBI. B pe3yiibTare noiyyaeTcsi ypaBHEHHE CIEAYIOIIEro BUia:

p=%m0n<vz >, (15.1)

TJIe My — Macca OJHOI MOIEKYIIBL; 11 — KOHIICHTPALMS MOJICKYI; < U
KBaJIpaT CKOPOCTU MOJIEKYI.

[TonsiTue cpenHero KBaapara CKOPOCTU BBOJUTCS B CBS3M C TE€M, UTO pEajbHO
BCE YACTHUIIbI 00Jaat0T pa3HbIMU cKopocTssMu. OH omnpeenseTcs: CaeayomuM oopa-
30M:

> — CpeIHui

2 2 2
o +0_+...+0
<p? >=-1 2N N (15.2)

rae N — 4uciio MOJIEKYIL.
VYpaBuenue (15.1) Ha3piBaeTCS OCHOBHBIM YPaBHEHHUEM MOJEKYISPHO-

KMHETUYECKOW TEOpHHM ra3oB. BennunnHa

2
cg>=To <V > <2” > (15.3)

SBIIIETCS CPEJIHEN KNHETUYECKON YHEPTUer TEMI0BOTO JIBHXKEHUS OJJTHOM MOJIEKYIIbI.
C yuerom sToro ypaBHeHue (15.3) MoxKHO miepenucarh B BUJIE:

p:%n<8>. (15.4)

/laénenue, npou3eo0umoe uOeaibHbIM 2A30M, PAGHO O6YM MPEmbUM Cpeo-
Hell KUHemu4ecKoll IHepeuu nOCMYRameibH020 Mena08020 0BUMNCEHUS 6CEX MO-
JIeKYJl, COO0EPHCAUUXCA 6 eOUHUY e 00béMa.
IlocmoTpuTE JIEKIIMOHHBIE IEMOHCTPAIIUH.
1. Mopenb naBiieHHs Ta3a Ha CTEHKY COCY/Ia.
http://www.youtube.com/watch?v=ts h2vuU2x0
2. "M&b1 Bac npuBerctByem!": ONBIT C IEPUATKOM.
http://www.youtube.com/watch?v=4amkKu21ng4

§16 MoJiekyasIpHO-KHHETHYECKAsA TPAKTOBKA
TePMOANHAMMYECKOI TeMIepaTypsbl

[IpupaBHsieM nipaBble yacTu ypaBHenuit (14.2) u (15.4)

%n<8>:nkT,
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" BbIpa3uM CPCAHIOK0 S9HCPIrrUiO TCIIIIOBOI'O ABHUIKCHHA MOJICKYJIbI:

<8>:%kT. (16.1)

OTtcrofa cienyer: mepmoouHamuueckas memnepamypa — Imo eeaudund,
NPONOPUUOHATIbHAA CPeOHell KUHEeMUYeCKoll IHePZUL NOCHYRAmeabHO20 08udice-
HUA MOJIEKY]l U0eaIbHO20 2a3a.

Cpenusast sHeprusi < € > 3aBUCUT TOJIBKO OT TEMIIEPATYPbl U HE 3aBUCUT OT
Maccel MoJiekynbl. Eciin <& >=0, To 7= 0. Temneparypa, npu KOTOpO#l mpekpaia-

€TCs TETUIOBOE ABMKCHUE YaCTHII BEIIECTBA, HA3BIBACTCS AOCOIIOMHBIM HYJIEM.
§17 Pacnpenenenne MakcBeiia

[Ipu CTONKHOBEHMM MOJEKYJIbI T'a3a U3MEHSIOT CBOU CKOPOCTH. M3meHeHume
CKOPOCTH MOJIEKYJI POUCXOAUT CIydaHbIM 00pa3om. Henb3s 3apanee mpeackasarTh,
KaKOW YUCJIEHHO CKOPOCTBhIO OyneT o0adaTh JaHHAs MOJIEKYyJa: 3Ta CKOPOCTh CITy-
yalHa.

Pacnipenenenne MoJsiekysl Mo MOIYJISIM CKOPOCTEM OIMMCHIBAIOT C IMOMOIIBIO

byHKIIMU pacupenencHus f (v):

=), (17.1)

dN

0

rI1e OTHOIICHUC PaBHO J0OJIC MOJICKYJI, CKOPOCTH KOTOPBIX JIC)KAT B HHTCPBAJIC

oT v 110 v+dv. dv - mupuHa uaTepBana (puc. 17.1).
3Haga Bug f (v), MOKHO HaWuTH

dv 9HUCIIO MOJIEKYl AN, U3 4ucia JaHHBIX
;} ;_'_ do ; MOJIEKYyJl N, CKOpOCTH KOTOpLIXUHOHa,Z[a-
10T BHYTPb MHTEpBajia CKOPOCTEH OT U 10

Pucynok 17.1 v+Av. OTHOIICHUE

dN,

= f(v)dv (17.2)

JAeT BEPOSITHOCTh TOT'0, YTO CKOPOCTh MOJIEKYJIbl OyI€T UMETh 3HAUYEHUE B IIpeienax
JAHHOTO MHTEpBaJla CKOpoCTel dou.
Oyukus f (v) JOJI’KHA yIOBJIETBOPSTH YCIOBUIO HOPMUPOBKH, TO €CTh JIOJIK-

HO BBIIIOJIHATBHCA YCIIOBHUC!
[ f(0)dv=1 (17.3)
0

JleBast wacTth BeIpakeHus (17.3) maet BepoOsSTHOCTh TOTO, YTO MOJICKYJIa 00Ja-
JaeT CKOpOCThi0 B mHTepBasie OT 0 10 . ITocKOIBKY CKOpOCTH MOJIEKYJIBI 00si3a-
TEJIbHO UMEET KAKOE-TO 3HAYCHUE, TO yKa3aHHAas BEPOSATHOCTb €CTh BEPOSTHOCTH J10-
CTOBEPHOI'O COOBITUSA U, CIIEI0BATEIbHO, paBHa 1.
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OyHkuMs pacnpeneneHus Oblia HaieHa Teopetmueckn MakcBemioM. Ona
MMEET CIEAYIOIINN BUA:

movz

e 2T p?. (17.4)

N | W

my
2nkT

f(v)y=4n

/1€ My — Macca MOJIEKYJIb.
Bripaxenue (17.4) Ha3wsiBaeTcs pynkyueii pacnpeodenenus Makceenna.
N3 (17.4) cnenyet, 4To BUJ pacrpeieieHuss MOJIEKYJ MO CKOPOCTSIM 3aBUCUT
OT IPUPOJIBI Ta3a (Macchl MOJIEKYJIbl) U TemriepaTypsl 7. JlaBnenue u o0bEM Ha pac-
npeiesIeHue MOJIEKYJI IO CKOPOCTSIM HE BIIUSIOT.
CxemaTuunblii rpaduk QyHKIUU pacnpeneraeHuss Makcsemia qaH Ha puc. 17.2.
[IpoBenem ananus rpaduka.
1. IIpu ckopocTsax cTpemsuxcs K Hylo (v—0)
AC) U K OeCKOHEUHOCTH (U— o0) (yHKIHS pac-
NpeieNICHUs] TakKKe CTPEMUTCS K HyJ0. DTO
O3HAYaeT, YTO OYeHb OOJIbIIME U OYECHb Ma-
JIEHBKHE CKOPOCTHU MOJIEKYJT MaJIOBEPOSITHBI.
2. CkopocTh Uy, OTBEUaOIasgs MaKCUMyMy
dbyHKIIMU pacnpeneneHus, Oyner Haubosee
BEPOSITHOW. DTO O3HAYaeT, 4YTO OCHOBHAs
9acTh MOJIEKYJ 00JajaeT CKOPOCTSIMHU OJm3-
KUMU K BEPOSITHOM.
MOo>XHO TTONTYy9UTh (OPMYITY JUTsl pacyeTa Hanbosee BEPOITHON CKOPOCTH:

0 U, v

Pucynok 17.2

v, = 2k—T, (17.5)
My
rae  k — nocrosuHas boipiiMaHa;
My — Macca MOJIEKYJIbI.
3. B cootBercTBUU ¢ ycioBueMm HOpmupoBku (17.3) miomanb, orpaHUYeHHas

kpuBoit f(v) u ocbio abeiuce paBHa eMHHUILE.

4. KpuBas pacnpeneneHus uMeeT aCHMMETPHUYHBIN XapakTep. ITO 03HAYAET, YTO
f(0) . _ ZI0J MOJIEKYJI, HMEIOLIMX CKOPOCTH OouiblIe
i 274 HauOoJiee BEPOATHOH, OOJIbLIE TOJIM MOJIEKYIL,

UMEIONINX CKOPOCTU MEHblIE Haubosiee Bepo-

| SITHOM.

| 5. Bun kpuBoO¥ 3aBUCUT OT TeMIEpaTyphl U
| npupoasl raza. Ha pwuc. 17.3 mnpuBeneHa

1 Z',Bz > QYHKIUA pacupeneiacHus Uis OJHOIO M TOIO

’KE rasa, HaXOJsAIIerocs NPU pa3HbIX TEMIIepa-

Pucynox 17.3 Typax. IIpu HarpeBaHMM MAaKCUMyM KPHUBOHI

NOHM)KAETCSI U CMEUIAeTCsl BIPABO, TaK Kak

J0Js1 «OBICTPBIX» MOJEKYJ BO3PACTaeT, a J10Jid «MEJUICHHbIX» — yMeHbI1aercs. [1no-
1]k T10J] 00€UMHU KPUBBIMU OCTAETCS IOCTOSTHHOW U paBHOM €/IMHULIE.

Gy
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VYcraHoBieHHBIM MaKCBEIIOM 3aKOH paclpeiesIeHUs] MOJIEKYJ [0 CKOPOCTSIM U
BBITEKAIOIIE W3 HETO CIEICTBUS CIPABEIIMBBI TOJBKO JUIA ra3a, HaXOASALIETOCs B
PABHOBECHOM COCTOSIHMM. 3aKOH MakcBeijia — CTaTUCTUYECKUH, MPUMEHSTh €ro
MO>KHO TOJIBKO K OOJIBIIIOMY YHCITy YaCTHILI.

§18 Cpeanue ckopocTn

[Tonw3ysaces dyHkuueir pacnpenenenuss Makcpemna f (v), MOYKHO HAWTH PN
CPEIHUX BEJIMYMH, XapaAKTEPU3YIOIIUX COCTOSIHUE MOJIEKYI.
Cpeonaa apugpmemuueckas ckopocms — CyMMa CKOPOCTEW BCEX MOJIEKYJI, JCIICH-
Hasl HA YKCIIO MOJIEKYJI:
U+ Uy Uy
N :

Cpeonasa KeaopamuuHas CKOPOCHb, ONPEACISIONIAs CPEAHIOI KUHETHYECKYIO
sHepruto MoJekyn (cMm. §15, dopmyiny (15.3)), no onpeaeneHunto paBHa

<v> (18.1)

2 2 2
0y +05, +...4+70
<V >= |2 N (18.2)
N
Pacuer ¢ ucnoyin3oBaHueM pacipcaciCcHus MakcBenia HacT CJIICAYIOIIUC Q)OpMyJIBI

AJIA pacucTa:

<v>= Sk—T (18.3)
Ty,

<V >= 3k—T (18.4)
ny

Eciu ydyecTs, 4TO Macca OJHOM MOJIEKYJIbI paBHA my = ﬂ, rae M — monspHas mac-
A

ca; Na — unciio ABorajapo, a Takxe 1o, 4uto kKN, = R, To BelpakeHus Ui Hauboee

BEPOSATHOM, cpenHel apupMeTHIeCKOW U CpeAHe KBaJApaTHUHON CKOPOCTEH MOMXKHO

nepenucarh CJIEIYOIMNUM 00pa3oM:

v, = 2R;T; (18.5)
M
<v>= 8RT; (18.6)
M
<Vpp >= Ml (18.7)
M

Comnocrasnss (18.5), (18.6) u (18.7), MOXKHO 3aMETUTD, UTO V,, <V >, < U, >

OIWHAKOBO 3aBUCAT OT TCEMIICPATYPLI Ir'a3a H MOHﬂpHOﬁ MacCcChI, OTJINYaACh TOJBKO
MHOXHUTEJIEM. MIX oTHOLIIEHUE BBITJIAONUT CIICAYIOINUM O6p2130M:

U, :<0>:<0,, >=1:1,13:1,22.
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§19 UneanbHBbIi ra3 B 0THOPOAHOM I0JI€ TSTOTEHMSI

Momnekyiasl 1100000 Ta3a BCerjia HaxoasITcs B moJie TaroTeHus 3emun. Ha pac-
npeAesieHue MOJIEKyJ aTMOC(epHOro BO3/yxa BIUSIOT JBa (haKTopa: TEIIOBOE JIBU-
KEHUE MOJIEKYJ U 3eMHO€e TsAroTeHue. Eciu Obl He ObLIO TEMIOBOIO JIBUXKEHUS, TO BCE
MOJIEKYJIBI yTiajau Obl Ha 3eMITIO; €CJTi ObI HE OBIJIO TATOTEHHSI, TO MOJIEKYJBI pacces-
JINCH OBI O Bcel BeeneHHoi.

CoBMmecTHBIE ICUCTBUSI TETJIOBOTO JIBMXKCHUSI U 3€MHOTO TSTOTEHUS MPUBOJST
K TAKOMY COCTOSIHUIO aTMOC(ephl, PU KOTOPOM KOHIIEHTpAIMsl MOJIEKYJI U JIaBJICHUE
rasza yoObIBalOT C BO3pACTaHHEM BBICOTHI Ha/l 3eMJICH.

19.1 bapomempuueckan popmyna

3aKOH U3MEHEHUS AABJIEHUSA p WICAJIBHOIO Ia3a C BBICOTOM /i B OIHOPOIHOM
MIOJIE TATOTECHUS ONIUCHIBACTCS Dapomempuueckou popmynoi Jlannaca

Mgh

p=pe ", (19.1)

Tac Po — aTMOC(i)CpHOG JaBJICHHMC Ha BBICOTC h:(), T.C. BBICOTC, HpI/IHHTOﬁ 3a Hada-

JIO OTCYETA;
M — MmonapHas macca rasa.
Hannas ¢dopmysa moaydeHa B MPEANOI0KEHUH, YTO Ta3 HAXOJUTCS B COCTOS-
HUU TEPMOJMHAMHYECKOTO PAaBHOBECHS, T.€. €ro Temrneparypa 7' = const.
Takum oOpa3om, naBieHHE WICATBHOIO ra3a, HAXOMAILIEToCs B OJHOPOIHOM
I10JI€ TATOTEHUS B COCTOSIHUM CTaTUCTUYECKOTO PABHOBECHSI, YOBIBAET C BHICOTOM 110
AKCIIOHEHLIUAJIBHOMY 3aKOHY.
N3 (19.1) crnenyet, 4yTO NaBlieHUE YOBIBAET C
p M <M, BBICOTOM Te€M ObIcTpee, 4eM Tshkeliee ra3 (dem 00Jb-
(T>T) e MoJjsipHas macca M) M 4yeM HUKe TeMmmeparypa.
Ha puc. 19.1 npencraBnensl 1B€ KpUBbIE, OMTMCAHHBIC
ypaBHeHueM (19.1). FIx M0HO paccMarpuBarh, Kak
COOTBETCTBYIOIIUE pa3HbIM M (IIpU OJIMHAKOBOM
temriepatype 1), Wil Kak COOTBETCTBYIOIINE Pa3HbIM
B T (Ipu 0IMHAKOBOM MOJISIpHOM Macce M).
Pucynok 19.1 dopmyny (19.1) moxno mpeobpazoBath. s
3TOrO CHIEJAEM CIIEIYIOIIUE 3aMEHBI:

M:moNA, R:kNA’

rae  my— Macca MOJICKYJIbI;
N — uucio ABoraapo;
k — moctostHHasA bonpiiMmaHa.
[Ipeobpa3yem mokazareinb SKCIIOHEHTHI

Mgh mgN gh mygh
RT  kN,T kT =
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Bbapomerpuueckas Gpopmyma mocie 3Toro NpuMeT BUL:
_myg h
kT
P =pye , (19.2)

rue mgygh — NoTeHIUaNbHAas SHEPIUsA MOJIEKYJIbl Ha BBICOTE /1.

19.2 Pacnpeoenenue bonrvymana

CornacHo 6apomerpuueckoid popmyiie (19.2)
_mogh

P = Po€ K

[IpousBenem 3ameny B cooTBeTCTBUU ¢ hopmytoi (14.2):
p=nkT, Do =nokT ,

rie Ny — KOHLEHTpauys MoieKys npu h = 0;

1 — KOHLEHTpALUs MOJIEKYJI Ha BBICOTE A.
[Homyunm:
_mosh

n=nge . (19.3)

N3 ananuza popmyisl (19.3) MOKHO caenaTh CIEIYIONINE BHIBOIBI.

1. C noHmkeHrueM TeMnepaTrypbl KOHIEHTPALKsS MOJEKYJ Ha BbICOTAX, OTIUYHBIX OT
HyJd, yosiBaeT. [Ipu 7=0 KOHIEHTpaIys MOJIEKYJI B MPOCTPAHCTBE paBHA HYIIIO,
T.€. n=0. DTO 3HAYUT, YTO MPHU AOCOJIOTHOM HYJI€ BCE MOJIEKYJIBI 0] ACHCTBUEM
CWJT IPUTSDKEHUS PACIIONIOKIIIACH ObI Ha TIOBEPXHOCTH 3EMITH.

2. YeMm BbIlIE TeMIIEpaTypa, TEM PABHOMEPHEE paCHpEeneistoTcss Moaekyisl. [lpu
T—0, n=ny. ITO 03HAYAET, YTO MPHU BBICOKHX TEMIIEpATypax MOJEKYJbI pacupe/e-
JIMIIACH OBbI TIO BBICOTE PABHOMEPHO.

Ha pa3Hoif BbICOTE MOJEKYJbl 00Jalar0T Pa3HBIM 3aracoM MOTECHIMATbHON

DHEPrUM €, = Mygh, CIEJOBATEIbHO, PACIIPEACICHUE MOJIEKYII 110 BBICOTE SBIISACTCS

BMECTE C TEM PACTIPEICICHIUEM UX 110 3HAYCHUSM MTOTEHITUATHHOW SHEPTHH.
C yuetom 3toro dhopmyiy (19.3) MokHO 3anucath CIEIyIOMNUM 00pa3oM:

€h

n A n=nye kT, (19.4)

no M <M
e rg€  ny — KOHLCHTpanus MOJICKYII
0 >

COOTBCTCTBYIOIIIAasd TEM TOYKaM IIpO-
CTpaHCTBA, B KOTOPLIX ITOTCHIIHAJIb-

M, Hast SHeprus paBHa Hy0: €, =0;
M, n — KOHLCHTpalHus MOJICKYII,
h’ COOTBETCTBYIOIIAsl TEM TOYKAM IIPO-

CTpaHCTBa, I'’IC IIOTCHIOUAJIbHAA SHCP-

Pucynok 19.2
T'Msl paBHA €.
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Pacnpenenenue (19.4) naspiBatoT pacnpedenenuem bonvymana. 13 (19.4)
CJIEIyET, YTO MOJICKYJIbI PACIOJIaratoTCs C OOJIbIIEH KOHIIEHTPAINEH TaM, T MCHb-
I€ WX MOTEHIMaIbHas YHEPTUsI, U, HA0OOPOT, C MEHBIIIEH KOHIIEHTpAllMe B MECTax,
r7ie UX MOTEHIMaIbHas SHEPrus OOoJbIIIe.

IlocmoTpuTE JIEKIIMOHHYIO 1€eMOHCTPALUIO.

Mogens pacupenenenus boasnmana.

http://www.youtube.com/watch?v=lgp4RoKcMpg

Pdu3zuyecKkue 0CHOBBI TEPMOIUHAMHUKH

TepmoarHaMuKa ONMPAETCS HA OCHOBHBIE 3aKOHBI (Hayaja), YyCTaHOBJICHHbBIC
JKCIIEPUMEHTAIILHO.

[IepBoe Hayano TEPMOAMHAMHUKM SIBIIAETCS 3aKOHOM COXPAHEHUS SHEPIHUH,
IIPUMEHEHHBIM K TEIUIOBBIM IPOLECCAM, T.€. OHO YCTAHABIIMBACT KOJIWYECTBEHHBIC
COOTHOULIEHHUS MEXK/1y NPEBPALICHUSIMUA SHEPTUHU U3 OJTHUX BUJIOB B JPYTHE.

Bropoe Hauano ompenenser ycioBus, IPU KOTOPBIX 3TH IPEBPALICHUS BO3-
MOYKHBI, T.€. ONPEIEIISIET BO3MOXHbBIEC HAIIPABIICHUS 3TOr0 IPOIECCA.

§20 CocTosinue TepMOAUHAMUYECKOH cucTeMbl. TepMoanHaMuyecKuii mpouecc

Tepmoounamuueckasn cucmema — 3T0 COBOKYITHOCTh MAKPOCKOMMYECKUX TEJL,
KOTOpbIE MOTYT OOMEHHUBAThCS IHEPTUEH MexIy co0oil u ¢ npyrumu tenamu. [lpu-
MEPOM CHUCTEMBI SIBISETCS KUIAKOCTh U HAXOMSIIMICS C HEM B CONPUKOCHOBEHUH Tap
VI Ta3.

CocTosiHME CHCTEMBI XapaKTepHU3YIOT MapaMeTpaMH COCTOSIHUS ([IaBIICHUEM D,
o0séMom V, temneparypoii T u T.1.). CocTosiHHE, B KOTOPOM BCE TTapaMeTPhl COCTO-
SHUS WMEIOT OIPEICIICHHbIE 3HAYCHUS, HE U3MEHSIOIIMECS C TEUECHUEM BPEMEHH,
HAa3bIBACTCS PAGHOGECHBIM.

CocrosiHre CUCTEMbl Ha3bIBACTCSI HEPABHOBECHBIM, €CIT OHO 0O€3 BCAKOrO BO3-
JNEUCTBUSI U3BHE CaMOMPOU3BOJIBHO MEHSIETCA CO BpeMeHeM. B HepaBHOBECHOM CoO-
CTOSIHUM BCEM WJIM HEKOTOPBIM MapaMeTpaMm HeJb3s MPUNUCATh ONPEACICHHbIC 3HA-
yeHus. CucremMa, HaxoAs1ascsi B HEPABHOBECHOM COCTOSIHUUM W NPEAOCTaBIICHHAS
caMoi ce0e, TOCTENEHHO MEePEXOIUT B PABHOBECHOE COCTOSHUE.

Tepmoounamuueckuii npoyecc — 3T0 MEPEXO] CUCTEMBI U3 OJHOTO COCTOSHUS
B npyroe. IIpouecc, cocTosinmii U3 MociaeI0BaTeIbHOCTH PAaBHOBECHBIX COCTOSIHUM,
Ha3bIBAIOT paeHoGecHbim. PaBHOBECHBIN Mpoiiecc — 3To (uzndeckas mojueinb. [Ipo-
1ecchl OyAyT paBHOBECHBIMH, €CIIM OHU NMPOTEKAIOT OECKOHEYHO MEJUICHHO W TPH
ATOM BHEIIHHE BO3JACHCTBUS U3MEHSIOTCS HETIPEPHIBHO, O€3 CKAYKOB.

PaBHOBECHBIN ITpoLecC, KOTOPBIM JIOIYCKAeT BO3MOYKHOCTh BO3BpALIEHUS CH-
CTEMBbI B MEPBOHAYAIIBHOE COCTOSIHUE YEPE3 Ty KE MOCIEAOBATEIBHOCTh MPOMEKY-
TOYHBIX COCTOSIHHI, UTO U B MPSIMOM Tpoliecce, Ha3bIBaeTCs oopamumuim. [1pu 3TOoM
B OKPYXAaIOIIHNX TeJlaX HE JOJKHO OCTaBaThCSI HUKAKUX U3MEHEHUU (HE U3MEHSIETCS
B3aMMHOE PACMOJIOKEHUE TEJI, OKPYKAIOIIUX CUCTEMY, UX TEPMOJUHAMUYECKOE CO-
CTOSIHUE U T.1.).
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[Iponiecc Ha3bIBaeTCs HeoOpamumviM, €CIU MO €ro 3aBEPLICHUH CUCTEMY
HEJIb3s1 BEPHYTh B UCXOJHOE COCTOSIHUE TaK, YTOOBI B OKPYKAIOIIMX TeJlaX HE OCTa-
JIOCh KaKuX-JI100 U3MEHEHUM.

Bce peanpHBIe mponiecchl HeoOpatuMbl. HeoOpaTuMbl cMEIICHHE KUIKOCTEH,
ra3oB; nepejaya Teria OT HarpeToro Tejia K X0JIogHoMY; Tud@y3us u T. 1.

§21 Pabota, coBepiiaeMasi CUCTeMOii MPH U3MeHEHUHN 00bEMA

PaccmoTpum ra3, HaxoAsUMiCA B HUIMHIPUYECKOM COCYAE, 3aKPBITOM ILIOT-
HO MPUTHAHHBIM NOpHIHEM. J[OMmycTHM, 4TO ra3 Hayaja MEIJIEHHO paclIupATHCS U Te-
pemMecTuI nopiieHs Ha paccrosaue dh (puc. 21.1). DnemenrapHas padoTa, coBepiiia-
eMasi ra30M MpH NepeMeNIeHUHU MOPIIHS Ha BeIMUUHY dh paBHA

0A = Fdh,

rac F - CHJIa, C KOTOpOﬁ ra3 JaBUT Ha IIOPUICHD. 3aMeHUB cuily
IMPOU3BCACHUCM NABJICHUA p HA IJIOIIAAb S IMOpIOHA, ITOJIYYUM!

dh

SA = pdV . (21.1)

Ecnu ra3 pacmupsiercs, To dV >0. PaGoTta OyaeT mojioxKuTe b-
Pucynok 21.1 Hoi. Ecnu ra3 cxumaercs, To dV <0. PaGorta Oyner oTpuna-
TEJIbHOU.
Ecnu naBnenue raza mpu u3MeHeHUH 00bEMA HE OCTAETCS MOCTOSIHHBIM, TO
pabota, coBepiiaeMas pyu U3MeHeHUH o0bEMa ot Vi 10 V,, BBIUUCISIETCS UHTETPU-
pOBaHUEM:

2 2 P
A, =[8A=]pdV. (21.2)
1

1 —

[Ipouiecc u3meHeHuss 00bEMA MOXKHO MpEJCTa-
BUThL Ha juarpamme (pV). DnemeHTapHoW pabote

O0A = pdV CcOOTBETCTBYET ILJIOWIAb Y3KOM 3aIlITPUXO- P

BaHHOU mosiocku (puc. 21.2). Ilnomanas ¢urypsl, orpa-
HudenHoit ockro V, kpusoit p = f(V) u opaumaramu Vi a&v W 14

Vi u V,, uucineHHo paBHa paboTe, COBEpIIaeMOi Ta30M PucyHok 21.2
pu U3MEHEHuu ero oobéma ot Vi 1o V,.

§22 BHyTpeHHsisl JHePIrusi TEPMOJAMHAMMYECKOH CHCTEMBI

Buympennsasa snepeusa (U) Tena onpenensercs Kak dHEPTUsl 3TOTO TeJia 3a BbI-
YETOM KMHETHYECKOW HHEPruM TeJla KAaK LEJ0r0 M MOTEHIMAIbHON 3HEPTUU 3TOTO
TeJla B Pa3JIUYHBIX CHJIOBBIX MOsX. CleqoBaTelibHO, BHYTPEHHSS SHEPTUS CKIIabI-
BaeTCs U3:

1) KxuHETHYECKOU 3HEPTUHU XaOTUYECKOTO JIBUKEHHS MOJIEKYJI,
2) MOTEHLMAJIbHOW 3HEPTUM B3aUMOJICUCTBUS MEXKAY MOJIEKYJIAMU;
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3) BHYTPUMOJIEKYJISIPHON 3HEPruH (T.€. DHEPTHH DJICKTPOHHBIX 000JI0YEK aTOMOB U
BHYTPHSIIEPHOI SHEPTUH).

BuyTpeHHss sHeprus sBnsieTcs GyHKIUEH COCTOSIHUSI CUCTEMBI. DTO O3HAYAET,
YTO DHEPrus B JAHHOM COCTOSHUM HUMEET IPUCYLIEE ITOMY COCTOSHUIO 3HAYECHUE.
[IpupanieHre BHYTPEHHEN SHEPTUU MPU NEPEXOJIE CUCTEMBI U3 OJTHOIO COCTOSIHHS B
IPyroe BCErJa pPaBHO PA3HOCTU 3HAYCHUM BHYTPEHHEW JHEPrUM B KOHEYHOM U
Ha4YaJbHOM COCTOSIHHUSIX M HE 3aBHCHUT OT ITPOLIECCA, KOTOPBIM OCYIIECTBISAETCS Nepe-
XO[I.

22.1 Hucno cmeneneit c60000bl. 3aKoH pasHopacnpeoeieHus
IHEPZUU NO CIENEeHAM C80000bl

Yucnom cmeneneii c60600bt (i) MEXaHUUECKON CUCTEMBbI Ha3bIBAETCS KOJIUYE-
CTBO HE3aBHUCHUMBIX BEJIMYHH, C IOMOIIbIO KOTOPBIX MOXKET OBITh 3a/1aHO MOJI0KEHUE
CUCTEMBI B IPOCTPAHCTBE.

DKCIEpUMEHTAIBHO YCTAHOBIIEHO, YTO IpPHU OINPEIEICHUH 4YHUCla CTENEHEU
CBOOOJIBI MOJIEKYJI, aTOMBI HY’KHO pacCMaTPUBATh KaK MaTEPHAIbHBIC TOUKH.

1. Onnoaromuas mosiekyna (He, Ne, Ar u 1.1.). i = 3.

[TotoxkeHUEe OTHOATOMHOW MOJICKYJIBI 3a/JaeTCs TPEMs IPOCTPAHCTBEHHBIMHU
KoopJuHaTaMu (X, y, z). CTeneHu cBOOOBI OJHOATOMHOM MOJICKYJIbI Ha3bIBAIOT I1O-
CTyHaTeIbHBIMU CTEIICHIMHU CBOOO/IBI.

2. JIByxaroMHasi MoJieKyJia ¢ )xecTkol cBsi3bio (H,, O, Ny u T.1.). i = 5.
0, Takas Mojekyia KpoMe TpeX CTerneHerd CBOOObI Mo-
CTYIATEJIHOTO JIBMKEHMSI UMEET €lle JABE CTEINEHU CBOOO-
Ibl BpaIaTEIbHOTO JIB)KEHHSI BOKPYT B3aMMHO IE€pIIEHIU-
KyJisipHbix oceit O;—0O; u O,—0O; (puc. 22.1). Bpaiienue Bo-
Kpyr Tpetber ocu O—-O paccmaTpuBaTh HE HAJ0, TAK Kak
MOMEHT MHEPLUUHU aTOMOB OTHOCHTEIBHO 3TOM OCH HUYTOX-
I HO Mai. CienoBarenbHO, HUYTOXKHO Maja U KMHETHYeCKas
0, AHEPrUs MOJEKYJIbl, CBA3aHHAs C 3TUM BpallleHHEeM. Takum
oOpaszom, JJis JABYXaTOMHOW MoJieKyJbl i=3+2=5 (3 — mo-
Pucynox 22.1 CTymaTebHBIE CTEIEHH CBOOOIBI; 2 — BpallaTebHbIE CTe-

TICHU CBOOO/IbI).

0,

O—e O

3. Eciu 4Kciio aTOMOB B MOJIEKYJIE C KECTKOM CBs3bl0 TpU U Oosbiue Tpex (NHj,
CH,), To uncio creneHeir cBoboabl i = 6. i=3+3=6 (3 — nmocTynareibHbIE CTEICHU
CB0O0O/IbI; 3 — BpalllaTeIbHbIC CTETIEHU CBOOO/IbI).

Cpennsisi KWHETUYECKas YHEPTUs MOCTYNATEIbHOTO JBUYKEHUS MOJIEKYJIBI CO-
rimacHo gopmyiie (16.1)

<g>:ikT.
2

Tak kak IMOCTYIIATCIIbHBIX CTCIICHEH CBO6OI[BI TpHU, TO B COOTBCTCTBHUHU C 3aKO-
HOM pPAaBHOPACHPCACIICHUA SHCPIUHU XaOTUICCKOI'O ABUIKCHUA MOJICKYJ I10 CTCIICHAM
CBO60,Z[BI Ha OHY CTCIICHb CBO60,Z[BI MPpUXOAUTCA SHCPI'UA
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1
g=—kT. 22.1
5 (22.1)

Ha kasxcoyro cmenenv c60000bl (nocmynamevHylo, 6paAu{AmenbHyIo) 6

1
cpeoHem npuxooumcsa 0OUHAKOB8AA KUHEeMU4ecKasn IHepzusl, pasHasi EkT'

N3 3akoHa paBHOpacnpeneNeHus] YHEPTUU IO CTENEeHSIM CBOOOJIbI BBITEKAET,
YTO CPEJIHSISI KHHETUYECKAasi DHEPTUsl MOJIEKYJIbI onpeeseTcs: (GOpMyIIoun:

<g>= ékT, (22.2)

22.2 Buympennan ynepeusn uoeaibHoz2o 2a3a

MoneKkynbl UICATBHOTO ra3a HE B3aUMOJICMCTBYIOT APYT C APYrOM, IMO3TOMY
€ro BHYTPEHHSSI SHEPTrUsl CKJIAAbIBACTCS U3 KMHETUYECKUX SHEPTrUMl OTHAEIbHBIX MO-
JEKYI:

U=<e>N, (22.3)

rae N — 4KuCiIo MOJIEKYIIL.
< &> — CpelHssl KWHETUYECKast SHEPTHsl OJTHON MOJIEKYIIbI.
3ameHnuB B (22.3) 3HEprur0 MOJeKyJbl 10 hopmysie (22.2) u yuciao MoJieKyn 1o dop-

myne N = %N A (Na —uucno Asoraapo), Noisy4yum:
i m
U=—kT'—N,. 224
S VA (22.4)

[IpousBenenue noctostHHOW bosibliMana Ha 4yKMcio ABOrajipo JacT MOJSPHYIO
ra3oByo IIOCTOAHHYIO: kN, = R. Torga

i m
U=——RT. (22.5)
2M
N3 (22.5) cnenyer, 4TO 6HYmMpPEHHAA IHEPZUA UOeAIbHO20 2a3a He 3A6UCUM
om Oaeienus u 00véma, a onpeodeasiemcsa nPUpoOoll 2a3a u e20 memnepamypoi.
Ha npakTuke BaXHO 3HaTh U3MEHEHNE BHYTPEHHEN YHEPTUU

AU =U, -U, =§%R(T2 -T,). (22.6)

§23 IlepBoe HA4YaJI0 TEPMOAUHAMUKH

N3MeHUTh BHYTPEHHIOIO YHEPTrUI0 CUCTEMbI MOHO 3a CUET COBEPUICHUS HaJ
TesoM paboThl A’ 1 niepenayu emy Teria Q.

Tenno (Q) — KOTUYECTBO SHEPTUH, IEPEJAHHOE OT OJHOrO TeJla K APYroMy Io-
cpencTBoM Terionepenaun. KoanyecTBo Temia uaMepsercs B IKOYJIsX.

W3 3akoHa coXpaHEHUsI SHEPTUU CIEAYET, UTO
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Q=AU +A, (23.1)

rie A=—A'" — paboTa, KOTOPYIO COBEpIIaeT CHUCTeMa HaJl BHEITHUMHU TeJIaMH. DTOT
3aKOH B TE€PMOJIMHAMMKE HA3bIBACTCA MEPBBIM HAYajIoOM TEPMOJIUHAMUKU. DopMyIH-
PYETCsl OH CIEAYIOIUM 00pa3oM:

Koauuecmeo menna, cooowiénnoe cucmeme, u0ém Ha npupauieHue Hym-
PDEHHell IHEPZUN CUCMeMbl U HA COEepUieHUe CUCMEeMOll padombl HAO 6HEUWHUMU
menamu.

[TepBoe HauamoO MOXXHO Takx)e (HOPMYITUPOBATH CIAEAYIOITUM 00pa30OM:

Heeo3moocen eeunwvlii 0sucamentv nepeozo pooa, mo ecmv makoii nepuoou-
yecKku 0elicmeyouuil 0euzamesib, KOMOPLLl cogepuian 0vl padomy 6 001bUEM KO-
Jiuyecmee, yem nOYy4YeHHAaAs UM U36HE IHEPUAL.

Jlns aeMeHTapHOro mpoliecca rmepBoe Hayaio TEPMOJAMHAMUKY 3aIMChIBACTCS
B BHJIC:

80 =dU +8A, (23.2)

rae dU — aneMeHTapHO Majloe MpUpallieHe BHYTPEHHEN SHEPTUH.
§24 TennoéMKOCTb

1. Tennoémkocms mena — ckanspHas Qu3uveckas BEJIUYMHA, paBHAS KOJIWYECTBY
TEIUIa, KOTOPOE HY>KHO COOOUIUTH TETy, YTOOBI HArPEeTh €ro Ha OJIUH KEIbBUH:

)
Tena :ﬁ. (241)

Hx

[CTena] = K

2. Yoenvnaa mennoémxocms — cxkanspHas ¢puznyeckas BEIUYMHA, paBHas KOJMYe-
CTBY TEIUIa, KOTOPOE HYHO COOOIIUTH | Kr BemiecTBa, 4ToObl HarpeTh €ro Ha OJIUH
KEJIbBHH:
d
c= 9 (24.2)
mdT

Jx
kr-K
3. Monapnaa mennoémkocme — cKajsipHas puznyecKas BeIMYWHA, paBHAS KOJIUYE-

CTBY TCIlJIda, KOTOPOC HY’KHO COO6HII/ITB OJHOMY MOJIIO BCIICCTBA, YTOOBI HarpeTb €ro
Ha OAHH KCJIIbBHUH:

[c]=

C= 00 ) (24.3)
vdT

Jx

MOJIb - K

[C]=

YI[GJ'IBHaH " MOJIAApHas TEIIIOEMKOCTH CBSI3aHbl COOTHOILICHUEM:
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(24.4)
rae M — MoJisipHast Macca.

TernoéMKoCTh ra3oB 3aBUCUT OT YCJIOBUH, NPHU KOTOPBIX IMPOU3BOAUIOCH
HarpeBaHue Tena. Eciv HarpeBaHue MPOU3BOAMIOCH IPH MOCTOSSHHOM OOBEME, TO
TEMI0EMKOCTh Ha3bIBAETCA TEIUIOEMKOCTBIO ITPH MOCTOSIHHOM 00BEME U 0003HAYAET-
cs Cy. Ecnu HarpeBaHue mpOU3BOAMIIOCH IIPU MOCTOSSHHOM JIaBJIEHUH, TO TEIJIOEM-
KOCTh Ha3bIBAETCA TEIJIOEMKOCTBIO MIPU MOCTOSIHHOM JAaBieHUH 1 o0o3Havaetcs Cp.

§25 TenoBbie MAIINHBI
25.1 Kpyzoevie npoueccol (yuxivt)

Kpyzoevim npouyeccom (Unv yukaom) Ha3bIBAETCS TAKOW MPOLECC, NPU KOTO-
pOM cucTeMa IMOCIIEe PsAla U3BMEHEHUN BO3BpAalaeTCs B UCXOHOE cocTosiHne. Ha rpa-
¢uke (puc.25.1) mumkn wu300pakaeTcs 3aMKHYTON
kpuBoil. Ha yyactke 1-2 (pacmupenue ot o0béma V),
10 oobéma V) paboTa MoJoXKUTENbHA U PaBHA ILJIO-
aa, OTMEYEHHON HAKJIOHEHHOW BIIPABO ILITPUXOB-
koi. Ha yuactke 2-1 (cxxatue ot V, mo V;) pabora
OTpULIATENIbHA W paBHA IUIOMAAU, OTMEYEHHOU
HAaKJIOHEHHOW BJIEBO IITPUXOBKOU. CIieI0OBAaTENBHO,
paboTa 3a IUKI YUCICHHO paBHA TUIOMIA/IN, OXBAThI-
BAEMOU KPUBOM.

ITocie coBepiieHUs LUKIIA CHCTEMA BO3Bpallia-
€TCi B HCXOJHOE COCTOSHHUE, IMOITOMY W3MEHEHUE Pucynoxk 25.1
BHYTPEHHEU SHEPTUU CUCTEMBI PABHO HYIJIIO.

P

25.2 Tennoeasa mawuna. Kno mennoeoit mauunol

Tennosaa mawmuna — NEPUOANYECKU JECUCTBYIOIIMN JIBUTATEIb, COBEPIIALO-
mH paboTy 3a CYET MOTy9aeMOro U3BHE TEIUIa.

[IpuHnMnuanbHas cxeMa TEIJIOBOro JBHUrarelis JaHa Ha puc. 25.2. Pabdouum
menom Ha3bIBACTCSl TEPMOJIMHAMUYECKAS CUCTEMA,
CoBepIIalollas KpyroBoi mporecc U 0OMEHUBaIO-
masicst sHeprued ¢ npyrumu tenamu. OObIYHO Ta-
KUM pabO4YuM TEJIOM SBJISIETCS Ta3.
paGouee ~ A=Q -0, Cuauasna ra3 npuBOJST B KOHTAKT C HarpeBa-

Teno TEJIEM, T.€. TEJIOM, TEMIIEpaTypa KOTOporo 7' BbIIIE
TEMIIEpaTyphl Tra3a. ['a3 MoayduT OT HarpeBaress
Terio ) M pacmmpurcs ot o0beMa Vi 10 00bEMa
V,. 3arem ra3 Hago cxkaTh A0 00BbEMa Vi, T.e. Bep-
HYThb €r0 B UCXOJHOE cocTostHue. [ns 3toro ero

Pucynok 25.2 IPUBOJAT B KOHTAKT C XOJIOAUIBHUKOM, T.€. T€-

J0M, TeMmrepaTrypa KoTtoporo 7, HUXe Temiepary-
pbI rasza. IIpu 3ToM ras ornaer X0n0AWIBHUKY TEIIO0 ;.

HarpeBarelib, 1

XOJIOJIMIBHUK, 1,
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CoBepmiaemast 3a IUKJI paboTa paBHa
A=0-0,, (25.1)

TaK Kak W3MEHECHHE BHYTPEHHEH SHEPTUU B KPYTOBOM IIPOLECCE PABHO HYIJIIO.

Koaddurment noneznoro neictBus (Kma) TEIIOBOM MalllMHBI paBEH OTHOIIIE-
HUIO COBEPIIIAeMOM 3a OJIMH UK pabOThl 4 K MOJy4aeMOMYy OT HarpeBaTes 3a UK
KOJINYECTBY Temia Q:

-4 (252)
i O

C yuerom popmyrsl (25.1) BeipakeHne AJi KIIJT MOKHO 3alicaTh B BUJE:

9-9 & (25.3)
] QO

U3 ONpCACICHUA K11 CIICAYCT, YTO OH HEC MOKCT OBITH OOJIBIIIE CAUHUIIBI.

25.3 Huxkna Kapno

T'I:

Huxn Kapno — 310 00OpaTUMBIA IIUKJI, COCTOSIIIIMA U3 ABYX M30TEPM U JIBYX
aguabar. M3oTepMudeckuii mporecc — 3TO MPOIECC, MPOUCXOISIIUNA TPU MOCTOSH-
HOI Temmeparype, aqnadaTHBIM — 3TO MPOLECC, MPOUCXOIAIIMN Oe3 TEerI000MeHa C
OKpYyKarolien cpefoi. DTOT LMKI BIEPBHIE BBEIEH B PACCMOTPEHHE (PPaHILy3CKUM
umkenepom Canu Kapno. Ecnu pabounm Tenom sBisieTcss UaeanbHbIM ra3, TO UKII
Kapuo umeet By, n300paxxeHHbIN HA puc. 25.3.

B npouecce 1-2 ra3 HaxoauTCs B TEIUIOBOM KOH-
TakT€ M PaBHOBECUMU C HarpeBareieM (TeriooTAaTdu-
koM). Temneparypa HarpeBatens 7. OT HarpeBaress ra3
nosyuyut terio Q; (Q; >0). Temneparypa HarpeBaTess
IIpU 3TOM HE U3MeHuTcs. B nponecce 2—-3 ra3 Temnoun3o-
JUpyeTcs, U paboTa Mo ero pacuIMpeHIo MPOUCXOAMT 3a
CUEeT U3MEHEHUs BHYTpeHHeH sHepruu. B npouecce 3—4
ra3 NpUBOJUTCS B KOHTAaKT C XOJOAWJIBHHUKOM (TEIUIO-
IPUEMHUKOM), TEMIEpAaTypa KOTOpOro 7, HE MEHSETCs
(T, < T)). Ilpu sTOM ra3 cxkuMaeTcs U MepeaaeT XoJo-
JWIBHUKY TEII0 (.

Pucynox 25.3 B mponecce 4—1 ra3z cHOBa TEIIOU30JIMPYETC U CKUMa-

€TCsl 10 IEPBOHAYAIILHOI'O COCTOSIHUS 1.
Kna nukna KaprHo onpegensiercs cieayromum o0pa3oM:
L-T, . T

1--2.
I I

P

n= (25.4)

Teopema Kapno: Kno ecex oopamumsix mawiun, padbomarouiux npu 0OHUX u
mex Jice memnepamypax Hazpeeamens u X0a00UTbHUKA, 0OUHAKOE U Onpeoeis-
emcsa moabKo memnepamypamu Hazpesamessn U X0100UIbHUKA U HE 3A6UCUM OM
npupoowt paboyezo mena.
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Jlist yBenmMdeHHs KITJT TETIOBOM MaITMHBI HEOOXOIMMO YBEITMINBATH TEMIIEpa-
Typy HarpeBaTessi U yMEHbIIATh TEMIeparypy xoyoauibHuka. Kmj HeoOpaTumon
MAaIllMHbl BCEr/la MEHbIIE, YeM KIIJi 0OpaTUMOW MalluHBI, padoTaroleld C TeM XKe
HarpeBaTeyeM U XOJIOUILHUKOM.

Q1—Q2 < Tl_Tz.

O, I

3HaK paBEHCTBA OTHOCHUTCS K OOpaTUMbBIM MalllMHAM, 3HAK HEPaBEHCTBA — K HEOOpa-
TUMBIM.

(25.5)

§26 BTopoe Haua/10 TEPMOAUHAMHUKU
26.1 Tepmoounamuueckue popmynupoeKku 6mopozo HaA4ana MepmoOUHAMUKU

Bropoe Havano TepMOJMHAMHUKHU OIpEAEIseT BO3MOXKHbIE HANPABICHUS MPO-
LIECCOB MPEBPAILCHHs SHEPTUU U3 OJJHOTO BUJIa B Ipyroi. Takxke Kak U nepBoe Haya-
J10, OHO UMEET HECKOJIbKO (hOPMYITUPOBOK.

Heeo3mooicen npoyecc, eOUHCMEEHHBIM KOHEUHBbIM Pe3YIbMamom KoOmopo-
20 Ovlna 0bl nepedaua menaa om meHee HazpPemoz2o mena K bonee Hazpemomy.

DT0 HE 03HaYaeT, YTO BTOPOE HAUYAJIO BOOOIIE 3ampemiaeT Mepexo]] Teria OT
Tena, MEHee HarpeToro, K Teiy, Oojiee HarpeToMy. Takol mepexo  BO3MOKEH, HO OH
He OyJeT €IMHCTBEHHBIM PE3yJIbTATOM Tpoliecca. ITO 3HAYHT, YTO OJTHOBPEMEHHO
IPOU30UTYT U3MECHECHHS B OKPYKAIOIIMX TejaX, TaK KakK JJIS OCYIIECTBJICHHS 3TOTO
nepexoaa HaJl CHCTEMOH JTI0JKHA COBEPIITUTCS padoTa.

Heeo3moorcen maxoii npouecc, €OUHCMBECHHBIM KOHEUHbIM pe3yiomamom
Komopozco A6uUj10Cob O0bl omHAmMUE OM KAK020-mMo mend HeKoOmopo2o Kojiuuecmea
menjiombsl U npespauiernue IMOU Mmenaiomol NOJTHOCHbIO epaﬁomy.

PaccmoTpum, HanmpuMep, pacuimpeHue raza npu nocTositHHon temneparype. [1o
nepBomy Haudainy tepmoaumHamuku Q=AU +A. Temneparypa raza He MEHsETCH,

3HauuT AT =0. U3 cooTHomeHus (22.6) cienyet, YToO U3BMEHEHWE BHYTPEHHEN dHEP-
run AU =0. Ilomydaercs, 4To BCe MOJYYEHHOE TEIUIO Mepenuio B padboty: QO =A.

Ho nonydenue Temna u npespaiieHue ero B padoTy He eJMHCTBEHHBIN KOHEYHBIN pe-
3yabTar npouecca. Kpome Toro, B pe3yaprare H30TEpMUYECKOTO MpoLecca IPoUcxo-
T U3MEHEHHE 00HEMa rasa.

[leprognyecku AEMCTBYIOIMM JBATATENb, KOTOPBIM OCHOBAaH HAa IIEPBOM Hayda-
7€ TePMOAMHAMHMKH U COBeplIaeT padOTy 3a CUET OXJIAXACHUSA OJHOTO HCTOYHHUKA
Teruia (HampuMmep, BHYTPEHHEH 3Hepruu OOJBIINX BOAOEMOB), HA3bIBACTCS GEUHBIM
osuzamenem emopoz2o pooa. Cnenyoias GopMyIupOBKa BTOPOTO Havajla TEPMOIH-
HaMHKHU YTBEPKIAET HEBO3MOKHOCTb CO3JJaHUSI TAKOTO IBUTATEIIA.

Hego3moocen eeunwlii 0gucamenb 6mopozo pooa, mo ecmv nepuoouvecKu
oelicmeyrowuil 0guzameib, KOMOPwvlil NOJIYYal 0bl MEnaony om 00H020 pe3epeya-
Pa u npespauian 0vl €€ nOIHOCMbBIO 8 padomy.
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26.2 Ilpueeoénnoe konuvecmeo mennia. IHMPoOnUs

UYroObl OmNMpeneanTh BO3MOKHBIE HAMPABJICHHS IMPOILIECCOB, HEOOXOIUMO BBE-
CTH (PU3MYECKYIO BEIWYMHY, KOTOpas KOJMYECTBEHHO OXapaKkTepu3oBajia OBl ATy
BO3MOXKHOCTh. Takyro TepmonnHamudeckyro ¢yHkiuio BBEN Knaysuyc n Ha3Bam eé
IHmponus (B MEpeBoJie C rped. — OJJTHOCTOPOHHEE HAIIPaBIICHUE).

Aumponusa (S) — ckangpHag ¢u3nUecKas BEIMUYMHA, SBJISOMAsc (QyHKIMEH
COCTOSIHUSI CUCTEMBI, 3JIEMEHTAPHOE U3MEHEHHUE KOTOPOU MPH MEPEXOJ]IE CUCTEMBI U3
OJIHOTO COCTOSIHUSA B IPYTO€ ONPEACIISIETCA COOTHOLIEHUEM:

ds = 8—Q (26.1)
T
Jlns oOpaTumoro mporecca
A
% = AS. (26.2)

OTHoIllIEHHE KOJIMYECTBA TEIIa, MOJIYYeHHOTO CUCTEMOM OT KaKoro-auoo Tena,
K TeMIIepaType 3TOro TeJla, Ha3bIBACTCA HPUBEOEHHBIM KOJITUYECMEOM Menid.

OHTponuUs BENIWYMHA aAUTHBHASA. DTO 3HAYHUT, YTO SHTPOIHUS CHCTEMbI paBHA
CyMME SHTPONUI OTACIIBHBIX €€ YaCTEH.

Knaysuycom Ob11H chOpMyIIMPOBAHBI CIEIYIONINE CBOMCTBA SHTPOIUN U30JIH-
POBaHHOM (3aMKHYTOMW) CHCTEMBI:
1. DHTponUs 3aMKHYTOW CHCTEMbI OCTAETCSl MOCTOSTHHOM, €CJIM B CUCTEME MPOTEKAET

0o0paTUMBIi poriece.
ASO6p = 0

2. DHTpONHMs 3aMKHYTOM CHUCTEMBbI BO3pPACTaeT, €CJIM B CUCTEME IpOTeKaeT HeoOpa-

TUMBIA IPOLECC.
AS >0
HEoOp

JlaHHbIE CBOMCTBA SIBISIOTCA CTATUCTHYECKOW (HOPMYITHUPOBKOIM BTOPOTO Haya-
na TepMoarHaMuKu. X MOKHO 0000IIUTH:
Dumponua u30IUPOGAHHOU cUCMEMbl NPU JTI00BIX NPOUCXOOAUUX 6 Hell

npoyeccax He yovigaem
AS >0. (26.3)

3HaK «=» OTHOCHUTCS K 00paTUMOMY IPOIIECCY, 3HAK «>» — K HEOOpaTUMOMY.
26.3 Sumponus u eeposmuocmeo

JI. bonpMaH aim CTaTUCTUYECKOE TOJIKOBAHUE IOHATHUS <«OHTPOIHS) U MPEJ-
JIOXKHWII U3MEPATH SHTPOIINIO JorapudMom TepMoarHaMU4eckoi BepoaTHocTH W co-
CTOSIHUS C KO3(P(ULHUEHTOM IPOMOPLHOHATBLHOCTH kK — TOCTOSSHHOM bonbimana.

S =klogW . (26.4)
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Aumponua — >10 cKajspHas Gu3NUecKas BEIMYMHA, PaBHAS MPOU3BEICHUIO
NOCTOSAHHOM bosbiiMaHa Ha Jiorapu@m TepMOAMHAMUYECKON BEPOSITHOCTH.

Tepmoounamuueckan eeposasmuocmsy (W) — 4uciao pa3IddHbIX CIIOCOOOB, KO-
TOPBIMH PEAIU3YETCSI JAHHOE COCTOSTHUE.

CootHomienue (26.4) o3HavaeT: yem 0ojiee BEPOSITHO COCTOSIHUE, TeM OOJIbIIIe
SHTPOMHUS ATOTO COCTOSIHUS. DHTPOIHS SIBIASETCS MEPON HEYNOPSAI0YEHHOCTH CUCTE-
MbI. Bece mpoliecchl B M30JIMPOBAHHOM CUCTEME UAYT TaK, YTOOBI MEPEBECTU CUCTEMY
U3 MEHEE BEPOSITHOI'O COCTOSIHUS B 00Jiee BEPOSTHOE, TO €CTh MEPEBECTU CUCTEMY U3
COCTOSIHUS MOPSIKA B COCTOSTHUE OecropsiIka.

26.4 I'panuysl npumenuMocmu 6mopozo Ha4aia mepmMoOUHAMUKY

Bropoe Havano tepMoAMHAMHUKHU, OyAy4Yd CTATUCTHUYECKUM 3aKOHOM, OMHCHI-
Ba€T 3aKOHOMEPHOCTH XAOTHYECKOTO IBUKEHHUS OOJIBIIOTO YHClia YacTHI], COCTaB-
JSIOMUX 3aMKHYTYI0 cucteMmy. Eciau cuctema cOCTOUT M3 HEOOJBIIOro 4YMciia ya-
CTHII, TO OYTyT HAOIIOJaTHCSA OTKJIOHEHHS OT BTOPOr0 Havasa.

BTopoe Hauano, yCTaHOBIIEHHOE ISl 3aMKHYTBIX CHCTEM Ha 3eMJie, HEJb3s
pacrpocTpaHsaTh Ha BClo Bcenennyro. Takoe pacrnpocTpaHeHre TpUBOAUT K HEmpa-
BUJILHOMY, C ¢u3nueckoi u GuiaocodCckoil Touek 3peHusi, BEIBOAY O TOM, YTO TEMIIE-
parypa Bcex Tell BO BeelleHHOM 0 KHA BBIPOBHATHCSA. B NEHCTBUTENBHOCTH, B CBSI3U
¢ €€ OECKOHEYHOCThIO, BecenenHas sBIsieTCsl HE3aMKHYTOW CHCTEMOM, U B HEKOTOPBIX
e€ 4JacTsax Hen30exHbl (BIyKTyauuu (OTKIOHEHHUS), HapyIIAIOIIUE TEIIOBOE PAaBHO-
BECHE.

§27 TepmoguHaMu4YecKoe ONMUCAHUE MPOLECCOB B HAEAJbHBIX ra3ax

TepMOI[I/IHaMI/I‘ICCKI/IG IMpOonCCChI, IPOUCXOAAIINC B CUCTCMC C MOCTOSIHHOM Mac-
coit IIpu KaKOM-JI0O0 OIHOM ITIOCTOSAHHOM ITapaMCTpPC, HA3BIBAIOTCA Uzonpoueccamu.

27.1 H3oxopuwtii npoyecc

N3oxopHBIi npoliecc MPOUCXOAUT MPH MOCTOSHHOM 00BEME, T.. V =const u
m =const (puc. 27.1). OnuceiBaercs 3akonom Ilaps:

P _ const. (27.1)
T

Jlns nByXx cocTosiHui ypaBHeHue (27.1) 3amuimiercs B
P _Py
LI
Chopmynupyem nepBoe Ha4ajlo TEPMOJIUHAMHUKHI
114 n30X0pHOoro npouecca. CornacHo (23.1): PucyHok 27.1

O=AU+A.

BUJIE

Tak kak V =const, To u3MeHeHue 00bEMa paBHO HyJt0. PaboTa 1o pacmmpeHuro ra-
3a Tak)Ke OyAeT paBHOM HYIIIO.
B aTtom ciyuae

Q=AU. (27.2)
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Konuuecmeéo menna, cooowiennoe cucmeme, uoem Ha npupauwieHue GHym-
Pennei Inepzuu.
MonsipHas TermoéMKOCTh npu V' = const .

i

C, :§R. (27.3)
N3menenue OHTPOIINH.
m L m p
AS=—C In-2=—C In—2. (27.4)

M©VT MV p

27.2 H306apuwtii npoyecc

N3006apHbIii MpoIiecc MPOUCXOIUT IPHU MOCTOSHHOM JaBJICHHUH, T.€. p = const
u m=const (puc. 27.2). OnuceiBaercs 3akoHoM [ eit-JIroccaka:

v =const . (27.5)
T

s AByX cocTosiHUM ypaBHeHuUe (27.5) 3anuiiercs: B BUJE
vV
I T,

;/// / 3anumeM IepBO€ Hayajao TEPMOAMHAMMKH IS
/ A M300apHOTO Mpolecca:

/ // Q=AU +A. (27.6)
Vi V, Vv

Konuuecmeo menna, coobwennoe cucmeme,
Pucynok 27.2 udem Ha npupawieHue HympeHHell IHepuu u coeep-
uieHue cucmemoil padoomsl HA0 6HEUWIHUMU MeNaMU.
Haiinem paboty, KoTopasi COBEpIIacTCsl CHCTEMOM MpHU H300apHOM Ipoliecce.

v ©

2
A= j pdv = p(V, —V,). (27.7)
1

Pabota yuciaeHHo paBHa IJIOMIAAM 3aIITPUXOBAHHOIO MPAMOYTOJIbHUKA (puc. 27.2).
MomnsipHast TEIIOEMKOCTb IIPU p = const :

C =C, +R. (27.8)

[TomyyeHHoe BbIpaK€HHE HA3bIBAIOT ypaeHenuem Maiiepa. Bbipazum MOJISPHYIO
TEMI0EMKOCTh TMPHU TMOCTOSHHOM JABJIEHUU 4Yepe3 YHCIO CTerneHe cBoOonbl. s
sToro 3ameHuM B (27.8) Cy o dhopmyre (27.3) 1 noaydum:

i+2)

C =

, R. (27.9)

N3menenne 3HTpONUH:
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T V
AS=vC In-2=vC In-2. (27.10)
pT PV
1 1
27.3 H3omepmuueckuii npoyecc

N30TepMHuUEeCKU TIPOLIECC MPOUCXOAUT IPU NOCTOSHHOM TEMIIEpATYypeE, T.€.
T =const u m =const (puc. 27.3). OnuceiBaercs 3akoHOM boiins — Mapuorra:

p pV =const. (27.11)
P, L>1 Jns nByx coctostHui ypaBHeHue (27.11) 3anumercss B
BUJIC
P T, _
2 A 1 )4 1V1 p 2V2'
v, A % Chopmynupyem mnepBoe Hayauo TEPMOJIUHAMUKH
JUISl ©U30TEPMHUYECKOTO Mpouecca:
Pucynox 27.3 Tak kak T = const, TO U3MEHEHUE TEMIIEPATYPHI U,
CJI€0BATEIbHO, BHYTPEHHEN SHEPTUU PABHO HYIIIO.
CnenoBaTeibHO,

0=A. (27.12)

Konuuecmeo menna, coobujennoe cucmeme, uoem Ha cogepuieHue cucme-
MOUl padomuvl HAO 6HEWLHUMU MET1aAMU.
Paboty, koTOpas coBepIiIaeTcsi CHCTEMON MPU U30TEPMHUECKOM IMPOIIECCE:

A=vRTIn"2 =vRTIn L, (27.13)
Vi 129)
Momnspnas TermnoéMKocTs npu 1 = const
00
C = —T =00 . 27. 14
" var ( )

DTO 03HAYaeT, YTO MOHATHE TEIUIOEMKOCTU IMPU HM30TEPMUUYECKOM Ipoliecce
CMBICJIa HE UMEET.
N3menenue sHTpOnIun

AS =vRIn "2 =yvRIn 2L (27.15)
Vi P>

27.4 Aouabammnuwrii npouyecc

Aouabamubim Ha3bIBaCTCS TPOIECC, NPOUCXOIAMMNA 0e3 TermiooOMeHa ¢
OKpYy»Karolen cpeoil. 3to o3Havaet, 4yto 00 =0, T.e. O =0. AnnabaTHbIi polecc

OIKCHIBAETCS CIAEAYIOIIUM YPABHEHHEM:
pV" =const. (27.16)

I[JIH ABYX COCTOSIHUM OHO 3aIlMChIBACTCS B CIcAyromeM BUIC:
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p Vi =p,Vy. (27.17)

Cootnomenue (27.17) naspiBaetcs ypaBHeHuem [lyaccoHa.

bykBoil y 0003Ha4yaloT BENWYWHY, HA3bIBAEMYIO HOKa3amesiem aouadamol.
[TokazaTenp aguabaThl paBeH OTHOIICHHUIO MOJSPHOW TEIIIOEMKOCTH TPHU MOCTOSH-
HOM JIaBJICHUH K MOJISIPHOM TETJIOEMKOCTH TPH MTOCTOSTHHOM 00BEME:

Cp (27.18)
C, =v. .
[TokazaTenb amnabaThl MOXHO PACCUYUTHIBATH YEPE3 YUCIIO CTEMEHEH CBOOOIBI:
P C, (i+2R2R i+2
— - = . 27.19
‘/aauaéama v C, iR ; ( )

YPaBHCHI/IC a,III/Ia6aTbI MOKHO 3aIIMChIBAaTh B

usomepma
P nepeMeHHsbIX 7'u V.

7

. TV'™! = const (27.20)
Pucynok 27.4 JUig IBYX COCTOSHHMN:
LV =1,y

CpaBHUTENBHBIC TUArPaMMBbI U30TEPMBI U a/InabaThl MPUBEIEHBI HAa puc. 27.4.

KonuuectBo Temina, KOTOPIM OOMEHUBAETCS TEJIO C BHEIIHEH cpenoi, OyaeT
TEM MEHbIIIE, YeM ObIcTpee mpoTtekaer mporuecc. CreaoBarenbHo, OJU3KUME K aaua-
0aTHOMY, MOTYT OBITh IOCTATOYHO OBICTPO MPOTEKAIOIINE MTPOIIECCHI.

[TepBoe Havamo st aguabaTHOTO Mporecca OyAeT UMETh BUI:

A=-AU. (27.21)

Ilpu aouabamuom npouecce paboma cosepuiaemcsa 3a cuem yovliu 6Hym-
PeHHell Inepzuu.

Ecnu ra3 pacumpsiercs, To BHyTPEHHSISI SHEPrUsl YMEHBIIAETCS, PU ITOM ra3
oxJlaxxaaerca. Ecnu ra3 cxuMaercsi, TO BHYTPEHHSSI SHEPTUsl yBEIUYUBACTCS, NPU
3TOM ra3 HarpeBaeTcs.

MomnsipHasi TEIIOEMKOCTh Ta3a Mpu aauadaTHOM IPOIECCe paBHA HYJIIO:

_90 _

= =0, TaK Kak 00 =0.
an vdT

Pabora, coBepiaemasi ra3om, npu aradbaTHOM MpoIIecce:
A=—vCy (T, - T))=vCy (T, - T,). (27.22)

CnenaB 3aMeHy C HCIOJIb30BaHHEM ypaBHeHUs MenpaeneeBa — Kianeiipona,
MO>KHO TIOJIYYHTh €111e OJHY (HOopMyITy JIJisi pacuera paboThI:
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CV

M3MeHeHue SHTPOIUH:
AS:I—:O, TaK KakK 00 =0.

Eciu AS =0, to S =const (mns obparumoro mpoiiecca). Tak kKak 3HaYCHUE
SHTPONUU S 71T 0OpaTUMOTro anabaTHOTO MPOIECCa OCTACTCS MMOCTOSTHHBIM, TO €T0
TAK)KE HA3bIBAIOT U30IHMPONUILHBIM.

IlocMoTpuTE JIEKIIMOHHYIO 1€eMOHCTPALMIO.
AnnabaTtuueckoe oxJaxacHue: 00pa3oBaHUe TyMaHa.
http://www.youtube.com/watch?v=4KEp5SRxw Y0

§28 PeajibHBbIE ra3bl

28.1. Cunvt MeIHcMONEKYNAPHOZO B3AUMOOCIICHBUA

Peanvnvim Ha3pIBAaCTCS ra3, MEXIAY MOJEKYJAMH KOTOPOTO IEUCTBYIOT CHUJIBI
MEKMOJIEKYJIIPHOTO B3aUMOJCHCTBUA. 3aKOHBI HJICAIbHBIX T'a30B, TPUMEHEHHBIE K
peaNbHBIM Ta3aM, BBIMOJIHAIOTCS OYeHb NPUOMMKeHHO. OTCTYIJICHUS! OT HUX MPOSIB-
JISIIOTCA B TOM, YTO peajibHbIE ra3bl MOTYT OBITh MEPEBENICHBI B )KUJIKOE U TBEPAOE CO-
CTOSIHUE, a UJeajbHble — HET. YpaBHeHUE cocTosinus pV =vVvRT cobnrogaercs aist

peanbHbIX Ta30B MPUOIHKEHHO.

F Bo Bcex Tenax (TBepAbIX, KUAKUX, Ta3000pa3HBIX)
MOJIEKYJIbI 83aumodeticmeyom 1ipyr ¢ npyrom. Crnoco0-
HOCTb TBEPJBIX TEJl CONPOTHUBIISTHCS PACTKEHUIO TOBO-
PUT O TOM, YTO MEXAY MOJEKYJaMU JEHUCTBYIOT CHJIBI
B3aUMHOI0 npumsaxyiceHusn. Manas CXUMaeMOCTb CHIIBHO
YIUIOTHEHHBIX Ta30B, a TaKXe€ CIIOCOOHOCTh TBEPABIX U
KUJKUX TE CONMPOTUBIATHCS CKATUIO, YKA3bIBAIOT HA TO,
YTO MEXIY MOJEKYJAMU TAKKE ACHCTBYIOT CHJIbI B3aUM-
HOTO OMMAAKUGaAHUA. DTU CUJIbl JICUCTBYIOT 00HO8pe-
menHno. lnade tena He ObUTH Obl YCTOWYMBBIMU: MOJIEKY-
JIbl WK Pa3NieTAINCh Obl B Pa3HbIe CTOPOHBI, UITU «CJIUIIA-
auch» 0bl. Ha ouenb OMM3KUX pacCTOSIHUSIX MPeo0IagaoT
CUJIbI OTTAJIKUBAHUS, HA O0Jiee JaJeKUX — CHJIbl B3aUMHO-
ro npuTsHKeHus. [IpuMepHbI XapakTep 3aBUCUMOCTH CHUII
OT PacCTOSIHUS ' MEXIY B3aHUMOJECUCTBYIOIINMH MOJIEKY-
JlaMM TIOKa3aH Ha puc. 28.1.

Cuiibl otTasikuBaHust Fi(r) yCIOBIEHO CUUTATh MOJIOKUTEIbHBIMU, CUJIBI MPU-
TsDKeHUS F,(r) — oTpunaTeabHbIMU. F(r) — pe3ynbTupyromas 3tux cui. M3 rpaduka
BUJIHO, UYTO CYLIECTBYET HEKOTOPOE PACCTOSIHUE F=r(, IPU KOTOPOM CHJIbI YPaBHOBE-
MIMBAIOT JPYT npyra, T.e. F1=F, Ilpu r<ry, npeoOianaioT CWIbl OTTAIKUBAHUS, TPU
r>rp — CUIbI IPUTSKECHHUS.

Pucvyuoxk 28.1
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28.2 Ypasnenue Ban-oep-Baanvca

W3 GonblIoro yucia ypaBHEHUH, NPEASIOKEHHBIX JUIsl ONIMCAHUS pPealbHbIX T'a-
30B, CAMbIM MPOCTBIM M BMECTE C TEM JAIOIIMM JOCTaTOYHO XOPOIIHME PE3YJIbTaThI,
OKa3anoch ypaBHeHHe Ban-nep-Baansca. OT0 ypaBHEHNE MOMyYEHO ITyTEM BHECEHHMS
NONPAaBOK B YPABHEHHE COCTOSIHUS UACAIIBHOIO Ia3a U UMEET CIEAYIOIUNA BUI:

2
m- a m m
p+—M2_V2 (V——Mbj:—M RT, (28.1)

r7ie p — AaBJEHUE, OKa3bIBAEMOE Ha ra3 M3BHE (paBHOE AABJICHUIO ra3a HA CTEHKHU CO-
cyna); a u b — nocrosaHHble Ban-nep-Baanbca, nmeromue 115 pa3HbIX Ta30B pa3iny-
HbIC 3HAYEHHUS U ONIPEAECIISIEMBbIE ONIBITHBIM ITYyTEM.

4 3
S ) e
MOJIb MOJIb

ITommpaBka m_z% XapakTepu3yeTr 100aBKy K BHEIIHEMY JaBJICHUIO, 00y-
M-V

CJIOBJIEHHYIO B3aUMOJIEUCTBUEM MEXJy MoJjekyiaamu. Ecnu Obl B3aumojencTBHe

MEXIy MOJIEKYJIaMH MPEKPaTUIOCh, TO JUIsl TOTO, YTOOBI yJIepKaTh Ia3 B Mpejeax

TOro ke 00bEMa, MOHAAO0OUIOCh Obl YBEJIIMYUTh BHEIIHEE /aBJICHUE Ha BEIUYUHY,
PaBHYIO TOM MOIIPaBKe.

m ,
[TonpaBka ﬁb XapaKkTepu3yeT Ty 4acTb 00bEMa, KOTOpas HENOCTyIHA IS

JBYDKEHHSI MOJIEKYJI, TAaK KaK MOJIEKYJIbI 00J1afjaloT cOOCTBEHHbIMU pa3mepamu. OHa
paBHa YYETBEPEHHOMY 00BEMY MOJIEKYJI, COAEPKAIINXCS B TaHHOM 00béMe V.
Ha puc. 28.2 mpencraBileHbl M30TEPMBI PEAIBHOIO rasa, IMOAYMUHSAIOLIETOCS
. i " "
ypaBHeHUI0 Ban-nep-Baaibca, npu pasmdHbeIX Temneparypax: T <77 <T,, <T".

IIpu Hekotopoii Temneparype T, Bce Tpu touku V', V;, V3, coorsercTByIo-

e peuieHuro ypaBHeHus (28.1), cnuBarotcst B ogHy Touky K. Touka K HazbiBaetcs
p KputHiecKoi. COOTBETCTBYIOIINE KPUTUUECKON TOUKE
Temmeparypa Ty, mAaBieHue p,,, o0bém V., Hasbl-

BalOTCsl KPUTUUYECKUMHU ITapameTpaMu. 110 n3BecTHbIM
nocTossHHbIM Ban-nep-Baanbsca a u b MoxxHO paccuu-
TaTh 3HAYEHUS] KPUTUYECKUX NIaPAMETPOB:

pl pll
P L (28.2)
/ 27 bR
= 1 a
Vll VZI V3I V pr = 2_7b_2 (283)
Pucynok 28.2 Vip =3b (28.4)

Uzotepma, custast ipu T, Ha3bIBACTCS KPUTHICCKOH H30TEPMOM.
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28.3 Ikcnepumenmanvhsvle uzomepmol

[lepBble 3KCcIEpUMEHTANIbHBIE U30TEPMbI ObLIM MosydeHbl T. DHaprocoM. OH
HCCJEI0BAI 3aBUCUMOCTh 00BEMA OJHOTO MOJISI YTJIEKHCIIOTO ra3a ot AasieHus. [lo-
Jy4eHHas Kpuas u3oOpaxeHa Ha puc. 28.3. BHauasie ¢ yMeHbllIeHHEM 00bEMA JaB-
JICHHWE Ta3a pacTeT, MOAYUHSACH ypaBHeHHIO Ban-nep-Baansca. Haunnas ¢ o0bpéma
V., u30TepMa Iepecraer clefoBaTh ypaBHeHHIO (28.1): 1aBieHue IepecTaeT pacTu ¢

yMEHBIIIEHUEM 00BhEMa (TOPU30HTAIBHBINA y4acTOK M30TepMbl). CaMo BEIECTBO MPH
ATOM TMepecTaeT ObITh OJHOPOJIHBIM: YacTh raza KOH- P
JNEHCUPYETCS B JKUIAKOCTh. Haue ToBOps, BEHIECTBO
PacCIIOUIIOCh Ha JIBE ¢ha3zsl: KUAKYIO U Ta3000pa3HYIo.
@da30il B TEPMOJMHAMHUKE HA3BIBAIOT YaCTh CHCTEMBI,
oOJsiajjaromieil OIMHAKOBBIM XHMMHYECKUM COCTAaBOM U

HaXOJAIIYIOCA B OJHOM COCTOSTHHHU. o L2 A

[lo Mepe yMeHbIUEHWsS IaBleHus Bce Gompmas | 1\ / ~—
YaCcTh BENIECTBA IIEPEXOMUT B XKUAKYIO (asy. [laBiaeHue :
IPU 3TOM HE U3MEHSIETCS ¥ PaBHO p,, . . lIpu JocTHKE- Vi v v

HUM 00bEMa V. KoOHHAeHcauus 3akaHuuBaercs. Jlaib- PucyHoKk 28.3

Hellee yMeHbIlIeHHe 00bEMa MPUBOJIUT K PE3KOMY PO-
CTYy JAaBJICHMs. XOJ MU30TEPMbl Ha ATOM y4YaCTKEe COOTBETCTBYET ypaBHEHHIO (28.1).
BemiectBo Ha 3TOM y4acTke OyJIeT OJTHOPOHBIM, HO 3TO YK€ HE ra3, a )KUIKOCTb.

CorocraBiieHHE 3KCIEPUMEHTANBHOM HM30TEPMBI € H30TEpMoil  BaH-nep-
Baanbca nmoka3pIBaeT, YTO OHU XOPOIIO COBMAJAOT HA YYACTKAX, KOTOPHIE OTBEYAIOT
OJIHO(a3HBIM COCTOSIHUSIM BEILECTBA M HE COBIMAJAIOT HA y4yacTKe ABYX(}a3HOro co-
CTOSIHUS.

B cocrosAHMAX, COOTBETCTBYIOIIMX TI'OPU3OHTAJIBHOMY Y4YacTKy H30TE€pPMBI,
HAO0JII0TaeTCsl PaBHOBECHE MEXKIy KUIKOW M Ta3000pa3Hoil (a3oii BemiecTBa. ['a3
(map), HaXOASAIIMIICS B PAaBHOBECUU CO CBOEH JKHUJKOCTHIO, HA3bIBAETCS HACHIU4EH-
Hbim napom. JlaBieHue p, ., IPU KOTOPOM CYLIECTBYET PAaBHOBECHE IIPU JaHHOU

TeMIIepaType, Ha3bIBAETCs AABJIEHUEM HACBILIEHHOTO napa. V. — 3To 00bEM, 3aHNMa-
eMblii ra3oM, V. — 3T0 00bEM, 3aHUMAEMBbIN KHUIKOCTBIO.

p C o m Ha pwuc. 28.4 npuBeneHsl >KCHEPUMEH-
I<T<T<Ty TaJbHbIE U30TEPMBI JIJII HECKOJIBKHX TEMIEpa-
Typ. C NOBBILIEHUEM TEMIIEPATYPhl TOPHU3OH-
TaJbHbIE YYaCTKH YMEHBIIAIOTCS. DTO O3HaYa-
€T, UTO YMEHBIIIAeTCsI pa3HUIlA MEXIy 00bhEMa-
mMu V. u V. Ilpu KpUTH4eCKON TemIieparype

T, TOPU3OHTAIBHBI YYaCTOK CTATMBACTCS B
/" p

NTI TOYKY. OTO 03HA4YaET, YTO UCUYE3AET BCIKOE pas-
V. Vi Y JIYHe MEKIY JKHUAKOCTBIO u mapoM. Ilpu Tem-
MepaType BBIIMIE KPUTUYECKON MOHATHE HACHI-

Pucynox 28.4 LIEHHOI'O I1apa TEPSET CMBICII.
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Ecnu coennHuTh KpaliHHE TOYKH TOPU3OHTAJIBHBIX YYaCTKOB H30TEPMBI, TO
TOJIYYHUTCsl KpUBast, KOTOpas AENUT quarpammy pV Ha p
Tpu yactu (puc. 28.5). JleBas dacth (&) KpHUBOIl COOT-
BETCTBYET JKHUJIKOMY COCTOSIHHIO, MpaBas 4acTh (M) —
napooopaszHomy. O0sacTh MOJ KPUBOM (K-1) COOTBET-
CTBYET JBYX(a3HOMY COCTOSIHUIO >KHAKOCTb — TIap.
JIroboe cocrosiHue B obOiactv (M) OTIWYAETCS OT
OCTaJIbHBIX Ta3000pa3HBIX COCTOSIHMM TE€M, 4YTO MpHU
U30TEPMHUYECKOM CXKAaTUU BEIIECTBO, HAXOJAIIEECs B
ATOM COCTOSIHUH, CXKWxKaeTcs. Eciau BemecTBo Haxo-
JUTCA B OJHOM U3 COCTOSIHUUM IPU TEMIEPATYpPE BBIIIE
KPUTHUYECKON, TO OHO HE MOXKET OBITh CIKMKEHO HUKA-
KUM ckatveM (00JacTh T).

BonnooOpa3nbiil yuactok nzorepmsl Ban-nep-Baannca (puc. 28.3) 6osnee Tou-
HO OIMCBHIBAET MEPEXO]I BEIIECTBA U3 Ia3000pa3HOI0 COCTOSIHUS B KUIKOE, YEM TO-
PU3OHTAIbHBIE YYACTKHU AKCIEPUMEHTAIbHBIX U30TepM. COCTOSIHUS, COOTBETCTBYIO-
mue ydyactkam 2-3 u 1-4 MoryT peanu3oBaThCs, HO TOJIBKO MPHU ONPEAECIEHHBIX YCIIO-
BUSIX, TaK KaK OHHU SIBJISIFOTCSI HEYCTOMYMBBIMU (METAaCTaOUIbHBIMU). YUacTok 1-4 co-
OTBETCTBYET COCTOSIHUIO HEpPeCcblujeHH020 napa, BO3HUKAIOIIETO MPU MEIICHHOM
MU30TEPMHUUECKOM CKATHUHU B OTCYTCTBUM IIEHTPOB KOHJeHcauu. Eciu Takue neHTphl
(IBLITUHKH, MOHBI) BBOJISTCS B TEPECHIIICHHBIN Map, TO MPOUCXOIUT ObICTpasi KOH-
JeHCcaIusl.

VYyacTok 2-3 COOTBETCTBYET nepezpemoit HcuodKocmu, KOTOPYI0 MOKHO TOTY-
YUTh, €CJIM 3aJ€pKaTh HAUYaJIO KUIMleHus B Touke 2. Ha yuactke 3-4 ¢ poctom naBiie-
HUS pacTeT 00bEM. Takue COCTOSHUS BEIIeCTBA HEBO3MOKHBI.

Pucynok 28.5

§29 sIBjeHus mepeHoca

29.1 Cpeonee uucno cmoakHoseHull MOIeKy1 8 COUHUUY 6PEMEHU.
Cpeonsan onuna c60600H020 npobdeza Monexkyn

MuHuManbsHOE paccTosiHuE d, HA KOTOPOE CONMMKAIOTCS TPHU CTOJIKHOBEHHH
LHEHTPbl MOJIEKYJ, Ha3bIBAIOT I(hhekmuenvim ouamempom mosiekyast (puc. 29.1).
[Tnomans kpyra paguycom d HazbiBaeTcst 3PEKTUBHBIM CEYEHUEM MOJICKYJIbI:

c=nd’.

[Ipu ABMKEHUM MOJIEKYJa CTAJIKUBACTCA C JPY-
rMMH MOJIEKyJaMH rasza. 3a €IWHHUIy BpPEeMEeHH pac-
cMaTpuBaeMasi MOJIEKYJIa UCIIBITHIBAET YUCIO CTOJIKHO-
BEHUI C JPYTrUMU MOJIEKYJaMH, paBHOE

<z>=nd’<v>n,
d

1€ n — KOHIEHTpalus MOJIEKYII, T.€. YUCIJIO MOJIEKYII B
enuHUIle 00BEMA. <U> — cpenHss apupMeThyeckKas
CKOPOCTH MOJIEKYIJIBI.

Pucynok 29.1
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Ecmu yuects pacnpenenenue MakcBemna, TO TOSBUTCS JTONOJHUTEIbHBIN
MHOXHTENb /2 , T..

<z>=2nd*<v>n. (29.1)

Paccrosinue, koTopoe MoJieKysa MpoJieTaeT 3a BpeMsi cBOOOAHOro mpobera ot
OJIHOTO CTOJKHOBEHUS A0 CIEAYIOUIEr0, Ha3bIBACTCS OJIUHOU C80000HO020 npodeca.
Jlnuaa cBoOogHOTO TIpoOera sIBIseTCsl CaydyaHOW BETUYMHOM, TMMOATOMY BBOJMTCS
CpeoHssn ONUHaA CB80000H020 npobeza <)\ > — cpeaHee PACCTOSHHUE, MPOXOJIUMOC
MOJIEKYJIOM MEXIy JBYMSI MOCIEI0BATEIbHBIMU CTOJIKHOBEHUSIMHU.

chee SU> 1
<z> 2md*n

(29.2)

CocrostHue ra3000pa3Hoi cpesibl, B KOTOPOM CPEIIHSsl JJIMHA CBOOOAHOTO MpO-
Oera MOJIEKYJI COM3MEpUMa C pa3MepaMu COCy/la, HA3bIBACTCS 6AKYYMOM.

Huskuit BaKyyM — JaBiIeHHe MeHseTcst oT arMochepHoro 10 107 M pr. cT.
Cpemuuii BakyyM — 1aBiieHue Mensiercst or10~ mm pt. cr. 10 107 MM pr. cT.
BeIcokHit BaKyyM — gaBienue Mersiercst or10° M pr. cr. 10 107 My pr. cT.

29.2 Aenenun nepenoca 6 zazax

VY4acTBysl B TEIUNIOBOM JBHKEHHH, MOJIEKYJIbI IEPEXOAAT U3 OJHUX TOYEK IIPO-
CTpaHcTBa B Jpyrue. [Ipy 3TOM OHM NEPEHOCAT MPUCYLIYIO UM DHEPIUI0, Maccy H
UMITYJIbC. DTO IPUBOJUT K BO3SHUKHOBEHHIO ITPOLIECCOB, KOTOPBIE HA3bIBAIOTCS A6J1€-
Huamu nepernoca. K HUIM OTHOCSTCS: TEILIONPOBOAHOCTH (00YCIIOBIEHHAsI MEPEHO-
COM DHEpPruu B Buje Tera), nuddy3us (00ycIIOBICHHAS TIEPEHOCOM MAaCChl) H BHYT-
pEHHEE TPeHHE WM BSI3KOCTh (00YCIOBIECHHAS IEPEHOCOM UMITYJIbCA).

29.2.1 Tennonpoeoonocms 2azoe

Tennonpoeoonocms — 3TO HANIPABICHHBIM EPEHOC TEIUIa OT OOJiee HArpeThIX
yacTel Tella K MEHee HarpeThiM, MPUBOISIINI K BBIPABHUBAHUIO UX TEMIIEPATYPHI.
[Tepenoc Temna onuckiBaercs 3akoHoM Dypee (1822 1.):

dT
00=—-K—dS dt, 29.3
Q=-K" ds, (29.3)

rae 0Q — KOJMYECTBO TeIia, IEPEHOCUMOTr0 3a BpeMs df uepe3 IIomaaky ds | » bac-

IIOJIOKEHHYIO MEPIEHANKYJIIPHO HAIPABIECHUIO IIEPEHOCA TEILIA;

dT
d_ — I'paAuCHT TEMIICPATYPhI (BCJ’II/I‘-II/IHa, IIOKa3hbIBaro1mias, Ha CKOJbKO OTJIM4Ya-
X

I0TCSl TEMIIEPaTyphl IBYX TOUEK, OTCTOSIIIUX APYT OT APYyTa HA €IUHUILY JUTHHBI);
K — x03(pPHUIHEHT TEIIONPOBOAHOCTH.
3HaK «MUHYC» YKa3bIBaeT Ha TO, YTO MEPEHOC TeIUIa MPOUCXOAUT B HalpaBiie-
HUM YOBIBaHUS TEMIIEPATYPHI.
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Koagppuyuenm mennonposoonocmu (K) xapaktepu3yeT CIIoOCOOHOCTh Bellle-
CTBa MPOBOJIUTH TEIUIO W MOKA3bIBAET, KAKOE KOJMYECTBO TEIUIA MEPEHOCHUTCS depes
EAMHUYHYIO TUIOMIA/IKY 3a €IUHUILy BPEMEHHU TIPH TPAIUCHTE TEMIEPaTyphl paBHOM
CAVHHUIIC.

B xuHEeTHUECKOW TCOpUHU ra30B MOKA3aHO, YTO KOA((DHUIIMEHT TEIIOPOBOIHO-
CTH Ta30B MOYKHO pacCUUTHIBATh 0 hopmyie:

1
K:§<K><v>pcv, (29.4)

rae <A > — cpeaHss IJMHa CBOOOJHOTO Mpobera MoJeKys, <v> — cpenHss apud-
METHUYECKasi CKOPOCTh, P — INIOTHOCTh T'a3a, Cy — yAeIbHas TeIIOEMKOCTb IPU TOCTO-
STHHOM OOBEME.

Ennnunna nzmepenus kosdduimenTa TemionpoBogHOCTH B S

. Ad
El=—"—"".
[]i-E

["a3pl SBIAIOTCS HAMXYIMIMMH TPOBOJAHMKaMH Terwia. KoadduimeHnt Temio-
MPOBOJAHOCTH Ta30B 3aBUCUT OT Temmeparypbl. C MOBBIINIEHUEM TEMIIEPATyphl OH
BO3pACTaET.

IlocMoTpHUTE JTeKIUOHHBIE T1eMOHCTPALIMH.

1. TermnonpoBoaHOCTH ra3oB: OyTaH-Bo3AyX. [Ipu onrHaKOBOM J1aBjieHUU, OyTaH
IIPU HAUMEHBIIIEM JaBJICHUH.
http://www.youtube.com/watch?v=frGYUB31mbY

2. TerionpoBOAHOCTH Ta30B: HEOH-BO3yX. [Ipy 0AMHAKOBOM JTaBJICHUMU.
http://www.youtube.com/watch?v=3msku99Gw10

3. TennonpoBOJHOCTH ra30B: BO31yX-Bo31yX. [Ipu pasHOM naBieHUN.
http://www.youtube.com/watch?v=RaE1BmvkGA4

29.2.2 Tuchgpy3ua ¢ cazax

Jughgpyzua 6 caze — nporiecc nepeMenIuBaHus MOJIEKYJI, COITPOBOKIAIOIITANCS
MIEPEHOCOM MAacChl U3 MECT ¢ OOJbIIeH KOHIIEHTpAIMEel TaHHBIX MOJIEKYJI B MeCTa C
MEHBIIIEN KOHIEHTPALMEN 3TUX MOJIEKYIL.

B xumudeckn 4uCTOM ra3e mpu MOCTOSHHOW Temriiepatype nuddys3us Bo3HU-
KaeT BCJCACTBUE HEOJMHAKOBOH IUIOTHOCTH B PA3HBIX YACTAX 00BEMA Ta3a W 3aKIIro-
YaeTcs B MEPEHOCE MACChl ra3a U3 MeCT ¢ OOJbIel IOTHOCTBIO B MECTa C MEHBIIIEH
MJIOTHOCTBIO.

B xuMuuecku oHOPOIHOM Ta3e MepeHoC BenlecTBa npu quddy3un moanuHs-
etcs 3akony ®duka (1855 T.)

dp
dn=-D"4s dr, 29.5
B (29.5)

rae dm — Macca BellecTBa, TudPyHaupoBaBLIEro 3a Bpems df yepe3 IUIOUIaAKy
dS |, pacrioNoKEHHYIO MEPICHINKYIIIPHO HANPABICHUIO IIEPEHOCA BEIIECCTBA;
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% — TPAJAMEHT IJIOTHOCTH (BEMMYHMHA, MMOKA3bIBAIOIIAs, HA CKOJIBKO OTJIMYa-
X

I0TCS TUIOTHOCTH ABYX TOYEK, OTCTOSAIIUX APYT OT ApYyra Ha €AUHUILY AJINHBI);

D — xoadpdunment quddysum.

3HaK «MUHYC» YKa3bIBae€T Ha TO, UTO MEPEHOC MAacCChl OCYIIECTBISETCS B CTO-
pPOHY YOBIBaHHUS MJIOTHOCTH.

Koagppuuuenm oughgpysuu (D) nokaspiBaeT, Kakas Macca BEIIECTBA MEPEHO-
CUTCSI Yepe3 eAMHUYHYIO TUIOMIAJIKY 3a €IUHHILy BPEMEHHU MPHU TPagueHTE TIOTHO-
CTH, PaBHOM EMHHIIE.

Enununa uzmepenus koddduimenta nuddysuu B SI

i 2
[D]=—

n

B xuneTnueckoii Teopuu ra3oB mokazaHo, 9to kodgduimeHt nuddy3un Mox-
HO PacCUYUTHIBATH 1O (HopmyJie:

D:§<k><v>, (29.6)

Koadpdunuent auddys3un ra3oB pacteT ¢ TemmepaTypoil MpOHOPIHOHATIHHO
T , a c poctoM JaBieHus KodppuuueHt 1updy3un yMeHbIIAETCS.
IocMoOTpHUTE JIEKUMOHHYIO IEMOHCTPALMIO.

Huddy3us ammuaxa.
http://www.youtube.com/watch?v=BBGo00Qh018s

29.2.3 Buympennee mpenue (613K0cms) 2a308

Buympennee mpenue (64a3xKocmb) — B3aUMOJEHUCTBUE MEXAY CIOSIMU Tas3a,
JOBIDKYLIUMHUCS C PA3IUYHBIMU CKOPOCTSIMHU, COIPOBOKIAIOIIEECS MEPEHOCOM HUM-
MyJIbCa HAMPABIECHHOTO JABMKEHUS U3 0oJiee OBICTPBIX CII0EB B 00Jiee MEIJICHHBIE.

JIns1 siBIeHUs] BHYTPEHHETO TPEeHUs cripaBeiiuB 3akoH Herotona (1687 r.):

do
dp=—n—dS  dt, 29.7
p=n- ds, (29.7)

rje dp — MMITyJIbC, EPCHOCHMBI 33 BpeMs df 4epe3 MIOWanKky dS , pacroNokeH-

HYIO IICPICHAUKYJIPHO HAIIPABJICHUIO IICPCHOCA UMITYJIBCA,

dov
d_ — IPaJIuCHT CKOPOCTH;
X

N — Ko PUIIMEHT BHYTPEHHET0 TPEHUs (IMHAMHUYECKasi BA3KOCTH).

3HaK «MUHYC» yKa3bIBaeT Ha TO, YTO MEPEHOC UMITYJIbCA TIPOUCXOJIUT B HAIIPaB-
JICHUH YOBIBAaHUSI CKOPOCTH.
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MOJICKVJ]SIDHEUI d)I/I3I/IKa U TCpMOJHMHAMHKA

Koy¢ppuyuenm enympennezo mpenus (1)) NOKa3bIBAECT, KAKONW MUMITYJIbC Ii€-
PEHOCHUTCS Yepe3 €IUHUYHYIO TUIOMIAJKY 3a €JUHUIY BPEMEHU MPHU IpajUeHTE CKO-
POCTH PAaBHOM €IMHUIIE.

Enununa nzmepenus kosdduiimenta BHyTpeHHEro TpeHus (Ba3kocTu) B SI

A~

€

n]= =13 -f, (duraercs: “mackanb-cekyHaa”).

i
B kuHeTHueckod TEOpUM Ta30B IMOKa3aHO, YTO KOIP(DUIIMEHT BHYTPEHHETO
TPEHUS MOKHO PacCUUTHIBATH 110 (hopMmyIie:

n:%<k><v>p. (29.8)

Koaddurnuent BHyTpeHHETO TpeHHs Ta30B HE 3aBUCUT OT AABIICHUS, HO yBe-

JINYUBACTCS ¢ POCTOM TEMIICPATYPbI IIPOIOPLHOHANBHO /T .
Comnocraisist hopmydisl (29.4), (29.6) u (29.8), MOKHO MOTYUUTh CBSI3b MEXK]Y
koa(punmeHTamu nepexoca:

n=Dp, (29.9)
K =ncy =Dpcy. (29.10)
ITocMmoTpHTE JIEKIMOHHYIO 1EMOHCTPALUIO

Bs3K0CTB ra30B: OIIBIT C TUCKAMH.
http://www.youtube.com/watch?v=gG3-xKrr-QQ
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YACTD 3. DJEKTPOCTATHKA Y TOCTOSHHBIN TOK

3.rlel<mpocmamm<a — pa3acit JICKTPOANHAMHUKH, B KOTOPOM paCCMAaTpUBAIOT-

Cd CBOWMCTBAa U B3aMMOJECHUCTBUE HEIMOJBUKHBIX B MHEPUHATBHOM CHCTEME OTCUETA
AICKTPUUYESCKH 3aPSHKCHHBIX TEJI WIIM YaCTHI, 00JaJaI0IINX dJICKTPUUSCKUM 3apSIIOM.

§30 Duexkrpuueckmii 3apsia. 3akon Kynona

Inekmpuueckuii 3apad (q) — HEOTbEMIIEMOE CBOMCTBO HEKOTOPBIX 3JIEMEH-

TapHbIX YacTUll (IPOTOHOB, SJIEKTPOHOB U T.[.), ONPEACIISIONIEEe UX B3aUMOJICHCTBUE
C BHEIIHUM 3JICKTPOMArHUTHBIM TOJIEM.

[g]=Kn (xynon); IKn=1A-c.

30.1 Ceoiicmea rnexmpuueckozo 3apaoa

DJIEKTPUYECKUNA 3apsA]l CYLIECTBYET B JBYX BHMJAX: MOJIOKUTEIbHBIA U OTpHULA-
TeabHbIA. OTHOUMEHHBIE 3apsAbl OTTAJIKUBAIOTCS, PA3HOUMEHHbBIE — MPUTATUBA-
I0TCS.

CyluecTByeT MUHUMAIIBHBIN 3JIEKTPUUECKUM 3apsijl, KOTOPbIM HA3bIBAIOT 3JIEMEH-
TapHbIM. HocuTenb 3JIEMEHTAPHOTO OTPHULATENBHOTO 3apsAna — JJIEKTPOH, IOJIO-
KUATEIIBHOTO — MPOTOH. 3apsi/l 3JIEMEHTAPHBIX YaCTHUIL] OJITMHAKOB IO BEJIMYMHE.

g, =e=16-10"" Ku.

DNEKTPUYECKUN 3apsl AUCKPETEH, T.€. 3apsij JTI000ro Tema o0pa3yeTcsi COBOKYII-
HOCTBIO 3JIEMEHTAPHBIX 3apsA0B U ABJSETCS BEIMYUHOM, KPATHOM e.

g=eN, N=1273... (30.1)
DNEKTPUYECKUN 3apsi/i MOAUYMUHSIETCS 3aKOHY COXpaHEeHMs 3apsija: AnreOpauue-

CKasi CyMMa 3apsiioB JJICKTPUUYECKHA H30JIUPOBAHHOM CHUCTEMBI 3apSIKEHHBIX TEl
OCTaETCS BEJIMYNHOU IMOCTOSIHHOM.

BHGKTpI/IIIeCKI/II\/'I 3apsiaa MHBApUAHTCH, T.C. €0 BCJIIMYMHA HEC 3aBUCHT OT TOrIO,
ABHIKCTCA 3apsa UIN HET.

IMocMoTpHTE JIEKIIMOHHYIO IEMOHCTPALMIO.

JIBa Buia 3apsiI0B: MPUTSHKCHUE U OTTAIKMBAHUE.
http://www.youtube.com/watch?v=f8Z1enDSUqg&

30.2 3axon Kynona

3aKOH, KOTOPBIM MO3BOJISET HANTU CUILY B3aMMOJEUCTBUS TOYEYHBIX 3aps0B,

YCTaHOBJIEH dKciepuMeHTanbHO B 1785 rony L. Kynonowm.

Toueunwtii 3apsa0 — 3T0 3apsSHKEHHOE TEJIO, pa3MEPAMH KOTOPOTO MOKHO TIpe-

He6pe% 10 CPABHCHUIO C PACCTOAHUCM OT OTOTI'O TCJIa 1O APYIUX 3aPAKCHHBIX TCJI.
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Cuna e3aumooeiicmeusn 08yx HenOOGUIHCHBIX MOUEUHBIX 3APA00E8 NPONOPUU-
OHA/IbHA GeIUYUHE IMUX 3apA008, 0OPAMHO NPONOPYUOHAIbLHA Keaopamy pac-
CMOAHUA MEHCOY HUMU U 3A6UCUM OM CPeObl, 8 KOMOPOIU HAX00AMCA 3apAObL:

E, o F=ih92 (30.3)

S 2
ql@—» ; —@ er
| |

2
I -9.10° H-m”

SR

FT; . F\Ij;: rae k= o P KO3 PUIIMEHT ponopLu-
q, \Tf - \?CIZ oHanbHOCTH B CU.
II}?;I:IIZI —IF] ' g9 =8,85- 1071 ®/M — 3JIEKTPUYECKAs TOCTOSHHAS.
€ — JMBJIEKTPUYECKasl MPOHULIAEMOCTh — XapaKTEepUCTHUKA
Pucyrok 30.1 cpensl. s Bakyyma e=1.
Cua HampaBJieHa 10 TPSMOM, COeTUHSIOMIEH 3apsiibl
(puc. 30.1).

ITocMoTpUTE JTEKIUOHHYIO IEMOHCTPAIUIO.
JIBa Bua 3apaa0B: moaeib BecoB Kynona.
http://www.youtube.com/watch?v=62f{BGijR09w

§31 DaexrTpuyeckoe mojge. XapakTepUCTHKH JIEKTPUYECKOT0 MOJIsI

Anexkmpuueckoe noye — 3T0 MaTepualbHas cpefia, CyLIeCTBYIOLIAs BOKPYT 3a-
PSUKEHHBIX TEJl U MPOSBIIAOIAs ce0si CUIIOBBIM JeiicTBHeM Ha 3apsiabl. Ecin amex-
TPUYECKH 3apsKEHHBIE TEJIA WM YaCTULbl HEMOABM)KHBI B JAHHOM CUCTEME OTCYETA,
TO UX B3aUMOJEHCTBUE OCYILECTBIIIETCS MOCPEIACTBOM 3JIEKTPOCTATUYECKOTO IOJIS.
DIEeKTPOCTATUYECKOE I0JIE SBIISIETCS HE M3MEHSIOIIMMCS BO BPEMEHM (CTalMOHap-
HBIM) 3JIEKTPUUYECKUM TOJIEM.

31.1 Hanpsascénnocme Inekmpuueckozo nois

i Toro, 94To0Bl OOHAPYKUTh U MCCIEAOBATH 3JICKTPUUECKOE TOJIE, UCTIOIb-
3yIOT TOYEYHBII TOJIOKUTEIbHBIN 3apsj, KOTOPBIN HAa3bIBAIOT IPOOHBIM — ¢y,. Eciin
OpaTh pa3Hble MO BEJIWYMHE MPOOHBIC 3apsAIbl, TO U CUJIBI, KOTOPbIE ACHCTBYIOT Ha
9TH 3apsi/ibl B JAHHOM TOYKE MOoJjsi, OyayT pasHbiIMU. OHAKO OTHOILIEHHUE CHIIBI K Be-
JUYMHE 3apsAja U1 JaHHOM TOYKH MOJIS JUJIs BCeX MPOOHBIX 3apsiaoB OyJIeT OJHUM U
TEM XKe.

Hanpasxcénnocms nekmpuuecko20 noJis (E)
— BEKTOpHas (u3nMyecKasl BeJIMYMHA, CHIIOBas Xapak-
TEPUCTHUKA DJIEKTPUUYECKOTO TOJIA, YUCIEHHO paBHas
CWJIe, NCHUCTBYIOIIECH HA €IUHUYHBIN MOJOKUTEIbHBIN
3apsi, TOMELUIEHHBIM B TAHHYIO TOUKY IOJIS:
. F
Pucynok 31.1 E=—. (31.1)
Anp
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H B
[E]=-——=—.
Ki wm

Hamnpapienue BekTopa HANpsDKEHHOCTHM COBHAJACT C HAIMPABICHHEM CHIIBI,

JNEUCTBYIONIEH Ha MOJOKUTENbHBIN 3apsiy (puc. 31.1).

Ecnu BenuuuHa U HanpaBjieHUE BEKTOpA HAPSKEHHOCTH OIS B KX 10U TOY-
K€ OJIMHAKOBBI, TO TIOJIE HA3BIBAETCS 0OHOPOOHBIM.

Hcxons u3 3akona KynoHa, MOXXHO paccuuTaTh HANPSHKEHHOCThH AJEKTpUYE-
CKOTI'0 MOJIs, CO3/1aBa€MOI'0 TOYEYHBIM 3aPsiJIOM.

gt _ 1 4 (31.2)

qnp 47580 Fos }"2

Ecnu none co3paercs HECKOJIBKUMU 3apsAaMHy, TO HANPSKEHHOCTb PE3YJIbTHU-
PYIOILIETO MOJISI paBHA BEKTOPHOM CYMME HaINPsKEHHOCTEN IOJIEH, KOTOPBIE CO31aBal
OBl KKl U3 3apsA0B CUCTEMBI B OTAEIbHOCTH (puc. 31.2).

— — — — N —
E=E +E,+..+Ey=YFE;,. (31.3)
i=1

JlanHOE yTBEp)KICHHE Ha3bIBaCTCS HPUH-
yunom cynepno3uyuu (HaJIOXCHWs) nO1eH.

Ha moGo#i 3apsim ¢, BHECEHHBIN B
AIIEKTPUUECKOE T0JIe, JEUCTBYET DJIEKTPH-
Yyeckas cuia

—

Pucynok 31.2 F,, =qE. (31.4)

31.2 Ilomenyuan 31eKmpocmamuyeckozo nois

[TycTh npoOHBIA 3apsn dpp MO JICHCTBHEM CHJI MOJIS TIEPEMEIACTCS OTHOCHU-

TEJLHO 3apsja ¢ BIOJIb HEKoTOpou auHuu (puc. 31.3). Ilpu nepemenieHun U3 TOUKU
1 B Touky 2 coBepiaercs pabora

40w _, 99
8"‘2 87‘1

2 T 44
A:derzjk dr=— k (31.5)
" 8}’2

n

N3 dbopmynst (31.5) cnenyet, yto paboTa Mo mne-
pPEMENIEHUIO 3apsia B AJIEKTPOCTATUYECKOM TOJIE OIpe-
JeJsIeTCsl TOJIbKO HayalbHBIM M KOHEYHBIM MOJIOKEHU-
em 3apsiga. CienoBarenbHO, KYJOHOBCKHE CHIIBI SIBIISI-
I0TCSI KOHCEPBAaTUBHBIMHU, a 3JIEKTPOCTATUYECKOE TOJIE —
MOTCHIIMAIbHBIM. PaboTa KOHCEpBaTHMBHBIX CHJI PaBHA
Pucynok 31.3 yOBUIN MOTEHIIMAIHLHON YHEPTUH.

76
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qaq y y
Bennuuny k . MOXHO Ha3BaTh NOTCHIMATLHOU SHCPIUCH 3apsijia ¢y, B MOJIC 3a-
r
psAna q.
qaq
W, =k—2" (31.6)
eEr

OTHomIeHNE TTOTEHIIMAIBHOW SHEPIUU K BEJIMUYMHE MPOOHOTO 3apsja Il daH-
HOM TOYKH T0JIs OyJIeT OJTHUM U TEM Ke.

Homenyuan (¢) — ckansipHas pu3nyeckasi BEIMUNHA, YHEPTreTUICCKAs XapaK-
TEPUCTHUKA IJIEKTPOCTATUYECKOTO TOJIs, YUCICHHO paBHas MOTCHUUAIBHON SHEPIUH,
KOTOpPOM 001afa Obl B JAHHOW TOYKE OIS €AUHUYHBIN TTOJOKUTEIIbHBIN 3apsi;

Q= Wy . 31.7)
QHp
[p]= I[—X( =B (BOJBT).
K

[ToTeHnman MOKET ObITh MOJIOKUTEIbHBIM WIIA OTPULIATEIBLHBIM.
[ToreHman moJist TOYEYHOro 3apsAaa:

(p:kl: ! 4 (31.8)
er 4megy er

rae k — ko3pUUUEeHT MPONOPIUOHATIBHOCTH;
q — 3apsi, CO3JALINM T10JIE;
¥ — pacCTOsIHUE OT 3apsjia 0 TOUYKH, B KOTOPOH ONpeensieTcs] HOTEHLHUAI.

Ecmu r ctpeMuTcst K 6€CKOHEYHOCTH (r—>00), TO MOTEHIHAI () CTPEMHTCS K HY-
J10. DTO 03HAYAET, YTO MOTEHIIMAJ IOJIs TOYCYHOIrO 3apsja oOpaliaeTcs B HyJb B
OECKOHEYHO y/TaJICHHOM TOYKE.

Paborta A, coBepiaeMas cuiIaMH 3JICKTPOCTATHUECKOTO IOJIS IIPH IepeMeltie-
HUH 3aps/ia ¢ U3 TOUKH | C MOTCHIIMAJIOM (1 B TOUKY 2 C MOTCHIIMAIOM (;:

A=—(q9, —q9,)=q(0, — ;). (31.9)

Benuuuny A@ = @, — ¢, Ha3bIBAIOT Pa3HOCTHIO MOTEHLIMAIOB. TakuM oOpa3zom
A=qAo. (31.10)

Ecnu 3apsin ¢ U3 TOUKM ¢ OTEHIIMAIOM ( YJAIIeTCs Ha OECKOHEYHOCTD (TaM,
/1€ 110 YCIOBHUIO MOTEHIMAT PABEH HYJI0) TO paboTa CUII MO paBHA

A, =4q0.

OTtcroga ciieyer, YT0 ROMEHYuan YUCl1eHHO PaeeH padome, co8epuiaemoil
CunamMu INEKMPOCMAmMuUYecKo20 noaa npu nepemeuseHu eOUHUYH020 NOJ10IHCU-
menbHO020 3apa0a u3 IMoil moUKu Ha GeCKOHeUHOCHb.
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o=22.
q

Ha npakTuke 3a HyeBOM MOTEHIIUA OOBIYHO TPUHUMAIOT MTOTEHIIUAT 3EMJIH.

Ecmu none co3gaercs cucTemMoMr 3apsioB, TO, B COOTBETCTBUU C IMPUHLMUIIOM
CyNEepHO3ULINK, TTOTEHIIUANT PE3yJIbTUPYIOIIETO MOJISI paBeH aiareOpanyeckoirl cymme
MOTEHIIMAIOB, CO3/1aBAEMBbIX KaXKIbIM 3apsIIOM B OTJEIbHOCTH:

N
P=Q+Py+... Py =D.¢; . (31.11)
i=1

§32 I'paduyeckoe n3o0pakeHne YIEKTPOCTATHYECKHUX MOJIeH

['paduyeckn 3IEKTPOCTATUUECKOE TMOJIe HM300pa)KatoT C IMOMOIIBIO CHIJIOBBIX
JIMHUW U SKBUMOTCHIIUAIBHBIX TOBEPXHOCTEM.

JKeunomeHuuaIbHaA NOBEPXHOCHb — DTO TECOMETPUUECKOE MECTO TOYEK
AIEKTPOCTATHYCCKOTO TTOJIS, TOTSHIIMAIBI KOTOPBIX OJWHAaKOBBLI. PaboTa, coBepiae-
Masi CUJIaMHU 3JIEKTPOCTATUYECKOTO TMOJIS MPU MEPEMELIEHUH SJIEKTPUUECKOTO 3apsiaa
10 OAHOM Y TOM € SKBUNOTEHIIMATBHOW MOBEPXHOCTH, PABHA HYJIIO.

Cunoean naunusa (AuHuUA Hanpa-
JHcéHHOCMU) — DTO JIUHUS, KacaTelbHas K
KOTOPOM B KaXJOM TOYKE COBIANAET C
HAIpPaBJICHUEM BEKTOpPa HANPIKEHHOCTH

E E (puc. 32.1).

CBOMCTBA CHJIOBBIX JIMHHUM:

1. CunoBble JTMHUM HAYMHAIOTCS HA MOJIOKUTEIBHBIX 3apsjax, 3aKaHYMBAKOTCS Ha
OTPHIATEIBHBIX W YXOJAT B OECKOHEUYHOCTb.

2. CujoBbI€ TMHUM HE TIEPECEKAOTCS.

ITo rycTtoTe CUI0BBIX JUHHUHI CYJAT O BEIMUMHE HAMPSHYKEHHOCTH JIEKTPOCTATHYE-

CKOI'O IOJIS.

4. CunoBbl€ JTUHUY NEPIECHAUKYIIAPHBI S3KBUITOTCHIIMATBHBIM OBEPXHOCTSIM.

E

Pucynox 32.1

(O8]

DKBHMNOTECHITMATIbHBIE TTOBEPXHOCTH OOBIYHO YEPTAT TaK, YTO IPH TEPEXOe OT
OJHOW APKBUITOTCHIIMAIBLHOW MOBEPXHOCTH K COCEAHEU MOTEHIIMAII MEHSECTCA HA OJHY
U Ty K€ BEJIUYUHY AQ.

1. ITone Toueunoro 3apsa.

-------- BKBI/IHOTGHHI/IE{HBHBIG IIOBCPXHOCTHU

—> (CuJoBble JIUHUU
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2. Cucrema TOYEUHBIX 3aPsJIOB.

IMocMoTpUTE JTEeKIIUOHHBIE 1eMOHCTPALIMH.
1. JeMoHcTpanus 3JIEKTPUUYECKOTO MOJIsl Ha CyJITaHaX.
http://www.youtube.com/watch?v=pgEL HO3uXdg
2. Tlone BOMM3M MOBEPXHOCTH MPOBOTHUKA.
http://www.youtube.com/watch?v=eZj3jimsXkE

§33 CBsi3b MeXKIYy HANIPAKEHHOCTHIO JTEKTPUYECKOT0 MOJISI U MOTEHIUAIOM

Halinem cBsI3pb moTeHIMaNa ¢ HANPSIKEHHOCTBIO 3JICKTPHU-

—
E YECKOTO MOJIS Ha TPUMEPE DJIEKTPHUYECKOTO TMOJIsi TOUEUHOTO 3a-
—
grad@ A I psaa. Takoe moJie SBISECTCS HEOTHOPOIHBIM, TaK KaK YHCICHHOE
o+dp ¢ @-dp SHAICHNE I HAIPABIICHHE BEKTOPA HaNpsUKEHHOCTH E MEHSIOTCS

IpU MEPEXO0/I€ U3 OJHOM TOYKH MOJs B Jpyryto. M3o0pa3um Tpu
HKBUMNOTEHLHUAIILHBIE OBEPXHOCTU MOJIA ATOr0 3apsiia ¢ MOTEH-
uaiamMu @ +de, ¢, @ —doe, rne dp — 6ECKOHEUHO Majioe U3Me-
HeHue noreHnuana (puc. 33.1). OTu MOBEPXHOCTH HAXOAATCS HA Pa3HOM PaCCTOSIHUU

IpyT OT Jipyra.
N3MeHeHue MOTEHIMala B 3a/lJaHHOM HaMpaBJCHUM 7 XapaKTEePU3YET MPOU3-

Pucynoxk 33.1

d
BOJHAaA 110 HaIIPpABJICHHIO _d(P . C YMCHBIICHUCM PACCTOAHUA OT 3apsada IIOTCHIHAII
r

M0JII YBETTUYMBAETCSA. DTO O3HAYAET, YTO YHCICHHOE 3HAaY€HWEe MPOU3BOIHOU OyaeT
BO3pACTaTh B CTOPOHY, IPOTHBOIONOKHYIO BeKTOpy E. JUis TOro, 4to0bl yKasaTh
HarpaBJieHHE Hanbojee ObICTPOTro BO3paCTaHUs MOTEHIMANa, BBOASIT BEKTOPHYIO Be-
JIMYVHY, KOTOPAsl Ha3bIBAECTCS IPAJUECHTOM NOTEHIIMAIA.
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I'paouenm nomenyuana (o603navaercs gradg) — 3TO BEKTOp, HANPABICHHBIHI

B CTOPOHY MAaKCHMAaJbHOI'O BO3pacTaHUs NOTEHIMAla U YUCIECHHO PAaBHBIM U3MEHE-
HUIO IIOTEHLHMANIA, NPUXOIAIIEMYCSd Ha €IWHUIY JUIMHBI B 3TOM HAIIPaBJICHUMU.

[TomecTM B TOUKY A yKa3aHHOTO 3JEKTPUUYECKOTO IOJI MPOOHBIN IOJIO0XKH-
TeNbHBIN 3apAl ¢, . IlycTh mox NEHCTBUEM MOJIA OH CMEIIACTCS M3 TOYKH C MOTCH-

[IHAJIOM ¢ B TOYKY C moTeHnuaaoMm ¢ —do . [Ipu 3Tom coBepiaercs pabora

SA:Fdr:quEdr, (33.1)

rae dr — pacCTOSTHUE MEXK1Y SKBUIIOTEHIIMAIIbHBIMU OBEPXHOCTSIMU @ U @ —dQ .
C npyroit CTOpOHBI

8A =~y dp. (33.2)

Hpupasrusas (33.1) u (33.2) u cokpawas Ha g, HOTYIUM

E=——-. (33.3)

OTO 03HAYaeT, YTO HAMPSKEHHOCTH AJIEKTPUUECKOTO IMOJISI YUCICHHO paBHA
U3MEHEHHIO TMOTEHI[MaNa, MPUXOIAIEMycsi Ha eauHuiy mimHbl. @opmyny (33.3)
MOKHO 3aIlicaTh B BEKTOPHOM BHU/IE

E =—grade. (33.4)

3HAaK «—» TOBOPUT O TOM, YTO BEKTOP HANPSHKEHHOCTH HAMPABICH B CTOPOHY
yobiBanus noteHuana. ®opmyna (33.4) cnpaBemyivpa Jjisl JIFOOOTO AJIEKTPOCTATUYC-
CKOTO TIOJISI.

—

Ecnu none ogHopoaHoe, To BEKTOp E cOXpaHseT CBOE€ YHCIEHHOE 3HAYEHHE U

HarpasjeHue. B ciayyae 0THOpOIHOTO OIS
U
E=—, (335
y )

rae  d — pacCTOSIHUE MEKIY SKBUIIOTEHLUAIbHBIMU IJIOCKOCTSAMHU C NOTEHLUATAMHU
¢1 4 @y, U =@, — @, — pa3HOCTb NOTEHIIMAJIOB (HAIIPSKEHUE).

§34 PacuéT 3/1eKTpPOCTaATHYECKUX MOl

34.1 Teopema I'aycca

Ilomoxom eexmopa Hanpax3CcEHHOCMU INEKMPUUECKO20 NOJIA YEPE3 DIIEMEH-
TapHBIM Y4aCTOK MOBEPXHOCTH d.S Ha3bIBAETCS BEIMYMHA

)% E d® = EdS = EdS cosa.. (34.1)
. .
rae  dS =ndS, n — eIUHUYHBIN BEKTOp, NMEPHEHIUKYJIAP-
ds HBIN IUTOIAKe dS;
Pucynok 34.1 0L — YroJl MEeXK/ly HallpaBJICHUEM 71 U E (puc. 34.1).
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[ToTok BekTOpa HanpsxéHHOCTH D yepe3 mo0yI0 MOBEPXHOCTh S paBeH anred-
panvyecKor CyMME IOTOKOB HANPSIKEHHOCTUA CKBO3b BCE MAJIbIE YYACTKHU ITOM IO-
BEPXHOCTH.

®=[EdS . (34.2)
S

B
[®]=—-M" =B-wM.

M
CornacHo Teopeme ['aycca s 31€KTPOCTaTUYECKOTO OIS

Ilomox eexmopa Hanpa)céHHOCMU IIEKMPOCMAMUYECKO20 NOIA  CKEO3b
NPOU3B0JILHYIO 3AMKHYMYI0 NOBEPXHOCHIb PABEH A12edpPauYecKoil cymme 3apso0o0e,

0X6amMwvbléaeMuvlx IMou noeepxnocmoio, 0€e/1eHHOUl Ha npousee()enue €ot.
§EAS =—— Goxs. - (34.3)
: :

BBGI[GM JAOHOJHUTCIIbHYIO XaPAKTCPUCTUKY IJICKTPOCTATUUICCKOI'O I10JIA

—

D=¢gg,E, (34.4)

KOTOPYIO HAa3bIBAIOT GEKMOPOM INEKMPOCMAMUUECKOU UHOYKyuu (IneKkmpuie-
CKUM cMeujeHuem).
B atom ciyuae Teopemy ["aycca MOXKHO 3amucath CIEAYIOMIM 00pa3oM:

. . N

$DdS =" G s - (34.5)
S i=1

34.2 Ilpumepst pacuéma rnekmpocmamuyecKux noJei

[Ipu pacuére HMEKTPOCTaTHYECKUX IOJIEH B 9TOM pas3ziene MpeAroaaraeTcs, 4ro
HPOBOJHUKU HAXOAATCS B BaKyyMe, T.€. €=1.

34.2.1 Ilone pasnomepno 3aparxceHHoil 0ecKOHEeUHO OJTUHHOU HUMU

[TycTh O€CKOHEUHO NJIMHHAS HUTH 3apsiK€Ha PaBHOMEPHO C JIMHEHHOM IIIOTHO-
CTBIO 3apsna T. JIuHeinou na1omHOCmbI0 3apada HA3bIBACTCS BEIMYMHA, YHUCIECHHO

T paBHas 3apsiy, NpUXOJAIIEMyCs Ha eluHuly JUIuHbL. [lpu pas-
. HOMEPHOM pacCIpeieIeHIH 3apsiaa
: T= % . (34.6)
! S £ K
T =
yd : N M

B kavecTBe 3aMKHYTOW MOBEPXHOCTU BBIOEPEM KOAKCH-
TBHBIA TUIUHAP paamyca r u BeICOTHI [ (puc. 34.2). U3 coo0-
PI/IcyHOK 34.2 pa>1<eHI/H71 CUMMETPUHU CJEAYET, YTO HANPSHKEHHOCTH IIOJISI B
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000U TOYKE OJKHA OBITH HallpaBJ€HA IO PaJHaIbHON MPSAMOi, NEpIeHIUKYJIIsp-
HOM OCH HUTH (3apsi cuuTaeTcs nonoxkurelbHbiM). [Torok @ yepes Topubl HUIUHIpA
PaBEH HYJIIO, TAK KAK JIMHUM HANPsKEHHOCTU NEPIEHAMKYJIApHBI ocH. [loTok depes
OOKOBYIO IOBEPXHOCTb

Q)ZIEd§=E'2ﬁrl.
S

ITo Teopeme "aycca (cm. popmyiy (34.3)):

E-2nrl:q-izt—l,
€ &
Otcrona:
E- 1 .T (34.7)
2neg 1

ITone oTpumaTeNbHO 3aAPSHKEHHOW HUTH OTJIMYAETCS TOJIBKO HAIMPABICHUEM
BEKTOpA HANPSKEHHOCTH E .

34.2.2 Ilone pasnomepno 3aparxceHHoil 0ecCKOHeUHOll NJ10CKOCHmU

[TycTh MIOCKOCTH 3apsiKeHA PABHOMEPHO C IIOBEPXHOCTHOM IUIOTHOCTBIO 3apsia
c. Ilogepxnocmnoii nnomnocmopio 3apada Ha3bIBACTCS BEIMYMHA, YUCICHHO paBHAs
3apsay, NPUXOASIIEMYCsl HAa €AUHMILY Iiowaau. [Ipu paBHOMEpHOM pacrpeneaeHUu
3apsna

q
c=—. 34.8)
S (
+ Kn
+ [G] = -
= + = M
E + E
‘ [ > Hampsok€HHOCTD TIOJIT pAaBHOMEPHO 3apsiKeH-
HOM OECKOHEYHON IUIOCKOCTH OIPEACIACTCS
CIEYIOIIM 00pa3oM:
c
Pucynox 34.3 E=—. (34.9)
2g

DTO 03HAYaET, YTO HA JIFOOBIX PACCTOSHUIX OT OECKOHEUHOW IIOCKOCTU HAMpsHKEH-
HOCTB TIOJISI OJIMHAKOBA 110 BenuuHe (puc. 34.3).

JIBe paBHOMEpPHO, C OJIMHAKOBOM IIJIOTHOCTHIO G, PA3HOMMEHHO 3apsKCHHBIC
OCCKOHEUHBIE IMapalICIbHBIC IJIOCKOCTH CO3AaI0T OJTHOPOJIHOE JICKTPHIECKOE IT0JIE.
Hanpsx€HHOoCTh E 10JI1 MEXAY IIIOCKOCTSIMHU ONPEAEISAETCS COOTHOLIEHUEM:

E=", (34.10)
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34.2.3 Ilone pagnomepHo 3aparxceHHoul chepuueckoll noepxHocmu

[Tone, cozmaBaemoe cdepruecKkol MOBEPXHOCTHIO paanyca R, 3apssKeHHOM ¢
MIOCTOSTHHOM ~ TIOBEPXHOCTHOW  TUIOTHOCTBIO  3apsima o, OyaeT IEeHTpPabHO-
CUMMETpUYHBIM (puc. 35.4). DTO 03HAYAET, YTO HAIMpaBIICHUE

BekTOpa E B JII06OI TOUKE MPOXOMMT depe3 LEeHTpP chepsl, a
BEJIMYMHA HANPSKEHHOCTU 3aBUCUT OT PACCTOSIHUA ¥ OT LICH-
Tpa cepsl.
Harpsoxk€HHOCTE 1MOJIsT paBHOMEPHO 3apsiKEeHHOH cde-
PUYECKOM MTOBEPXHOCTHU:
Pucynox 35.4 1

E-= 4 (34.11)

4y 12

Cdeprueckast TOBEpXHOCTh paguyca r < R He OyneT comepkath 3apsiioB, IO-
TOMY BHYTPHU cepbl, 3apsSXKEHHON ¢ TIOCTOSIHHOM MOBEPXHOCTHOM MIIOTHOCTHIO, TIO-
JIe OTCYTCTBYET, T.€. E =0.

§35 DuekTpryecKuil TUMOJIb

Inekmpuueckum Ounoiem Ha3bIBAETCS CUCTEMA JBYX OJMHAKOBBIX IO BEJIU-
YUHE PA3HOMMEHHBIX TOYEYHBIX 3apsJ0oB +¢ U —g, PacCTOSAHHE [ MEXIYy KOTOPHIMU
3HAYUTEIBHO MEHBIIE PACCTOSIHUA 10 T€X TOYEK, B KOTOPBIX OINPEIEISAETCS IOJIE CH-
CTEMBL.

7 7 [Ipsimas, npoxoasias yepe3 00a 3apsiaa, Ha3bIBa-
O O €TCA 0Cbl0 OunoJisA. BexTop, HapaBIeHHbBIN OT OTpUILA-
-q +q TEJIBLHOTO 3apsiia K MOJOXKUTEIbHOMY W YHCIECHHO pPaB-

HBI PACCTOSTHUIO MEXKIYy HUMH, HA3bIBACTCS H/1e4OM Ou-
Pucynoxk 35.1 p y ’

nonsn | (puc. 35.1).
Bekrtop, coBmamaronuii mo HampaBICHHUIO C TUIEYOM JIUTIONS W YHCICHHO paB-

HBIN IMPOU3BCACHUIO MOAYJIA 3apAaaad ‘q‘ Ha mieyuo [ , HA3bIBACTCA JJieKmpuiecKum

MOMEHMOM OUNOJIA VTV OUNOTbHBIM MOMeHmom (puc. 35.1).

p=|ql . (35.1)
[pl=Kn-Mm.

5 Enu qumosib TOMECTUTh BO BHEIIIHEE
+q Q_. F , -
i SJICKTPUYECKOE TIOJIe HANPSUKEHHOCThIO E

— / F (puc. 35.2), TO 3apsaabl +q ¥ —g OKa)KyTcs
p . 10J] JICHCTBMEM PaBHBIX IO BEJIWYHMHE, HO
A

Isino MPOTHUBOMOJIOKHBIX MO HAIMPABICHUI CHII

4 17"1 u Fz . Monyns kaxaou cunel F =gk .

=
5 -q [1ne4o 3TOM mapel cujl paBHO /sinal.

Bpamaromuin MomeHnt cui F; u F, crpe-
Pucynok 35.2
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MUTCS pa3BEPHYTh JUIIOIb BJIOJIb M0JiA. BeanunHa MOMeHTa: paBHa:
M =Flsina=gqElsina.

Tak kak gl=p, TO

M = pEsino. (35.2)
I[aHHOG BBIPA’KCHHUC MOKHO IIPCACTABUTH B BCKTOPHOM BHUJIC
M =pxE. (35.3)

Takum 06pa30M, IMOBCACHUC NUIIOJIA B DJICKTPHYICCKOM II0JIC OIIPCACILACTCA €TI0
JAUITIOJIBHBIM MOMCHTOM.

§36 /In3JIeKTPUKH B 3JIEKTPUYECKOM I10J1e

Jusnekmpuku (A3075TOPBI) — 3TO BEUIECTBA, HE CIIOCOOHBIE MPOBOJUTH AJIEK-
TPUYECKUMN TOK. MIeabHBIX U30JATOPOB B MPUPOJAE HE CYLIECTBYET. Bce BeliecTBa
XOTsI OBl B HMYTOXKHOM CTENEHU MPOBOJAT dJIEKTpUUecKkuii ToK. OHAKO, BEIIECTBA,
KOTOPBIE Ha3bIBAIOTCS AUDIICKTPUKAMHU, IIPOBOJSAT TOK B 10" - 10% pa3 Xyxe, 4eM Be-
LIECTBA, KOTOPHIE HA3BIBAIOTCS IPOBOIHUKAMM.

IlocMoTpHTE JIEKHMOHHYIO I€MOHCTPALIMIO.
[IpoBOMMOCTH MPOBOHUKOB U U30JISITOPOB.
http://www.youtube.com/watch?ist=PLWMS8IO-3TQjPep7daowLe6lYQzw4d2eQm

CoriiacHO MOJEKYJISIPHO-KUHETUYECKONW TEOPHUH BCE BEILECTBA COCTOSIT U3 aTO-
MOB WJIHM MOJIEKyJd. B CBOIO ouepesb, aTOMBI COCTOSIT U3 MOJIOKUTENBHO 3apsKEHHBIX
AJIep U OTPULIATENIHO 3apsyKEHHBIX JJIEKTPOHOB, PACCTOSHUE MEXIY KOTOPBIMH OYEHb
maio (~107'" M), M0ITOMy aTOMBI M MOJIEKYIIbI, HAXO/AIIIECS B DIEKTPUIECKOM IOJIE,
MOYHO PacCMaTpUBaTh KaK AUMOJA. ECIIM NTU3IIEKTPUK BHECTH B 3JIEKTPUUECKOE TOJIE,
TO 3TO MOJIE U CaM JUAJIEKTPUK IIPETEPIEBAIOT CYIIECTBEHHBIE U3MEHEHUSI.

36.1 Knaccugpuxayua ousnexkmpuros

- ITo cBoel CTPYKType IUAIEKTPUKUA MOXKHO Pa3lCiINTh
/ \ Ha TPU TPYIIIIHI.

' @ X 1. BemiectBa, MOJIEKYJIbI KOTOPBIX HMEIOT CHUMMET-

@, , puanoe ctpoenue (N,, H,, O,, CHy, CO,).
Saoo-T Ecmu BHemtnee mose orcyTterByer (E =0), To LeHTp
a) TSHKECTU TOJIOKHUTENBHBIX U OTPUIIATEIBHBIX 3aps/IOB COB-
nagaet (puc. 36.1 a). J{unonabHbIi MOMEHT MOJIEKYJIBL p =0.
K N Takve MOJEKyIbl Ha3bIBAIOTCA HenoaapHvimu. Eciu
\@ S HANPSDKEHHOCTH BHEIIHEro 1oJs He paBHa Hymo (E #0),
== TO  3apsaabl  HEMNOJSPHBIX  MOJIEKYJ  CMEMIAITCs
(puc. 36.1 6). Monekyna npruoOpeTaeT AUNOJIbHBI MOMEHT
D, BEIMYMHA KOTOPOTO MPOMOPIIMOHANIbEHA HAIPSKEHHO-

6)

Pucynok 36.1 CTH JJIEKTpUYECKOro nois E.
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2. BelecTBa, MOJIEKYJIbl KOTOPBIX UMEIOT acuMMmeTpuuHoe ctpoenue (NHj, H,O, SO,,
CO).

[{eHTpbI TSDKECTH TOJOKUTEIBHBIX W OTPHUIATEIBHBIX 3apsI0B HE COBIAIAIOT
(puc. 36.2). Takue MOJIEKYJIbl HA3bIBAIOT noApHbIMU. ECn HanpsKEHHOCTH BHEIITHE-

TO DIIEKTPHUUECKOro mojsi paBHa Hymo (E =0), To MOIeKy- -~~~ IR
JIbl BCE paBHO 00JaAar0T AUMOJILHBIM MOMEHTOM. [lelicTBre (\ @ g\a
BHEIIIHETO TOJI1 Ha TMOJSPHYIO MOJIEKYJIY CBOIMTCS B OC-  ~~___ __-~
HOBHOM K CTPEMJICHHUIO TIOBEPHYTH MOJIEKYJTY TaK, YTOOBI €€

JIMITOJIBHBIA MOMEHT YCTAHOBHUJICS 10 HAIPABJICHHUIO MOJIS. Pucynox 36.2

3. BenrectBa, MosekyJibl KOTOpbix uMerOT noHHOe cTpoenue (NaCl, KCI, KBr u ap.).
[Ipy HanOXE€HUHM HA KPUCTAIUT BIEKTPUUYECKOrO MOJISI MPOUCXOJIUT HEKOTOpas
nedopmartus pemeTky. [Ipyu 7ToM BO3HUKAET AUMOIBHBIA MOMEHT.

ITocMoTpuTE JTEKIUOHHBbIE IEMOHCTPALMH.
1. Moaens HENOJIAPHOTO AUAJIEKTPHUKA.
http:// www.youtube.com/watch?v=_Usst7xzdEg
2. Mopenb oIspHOro AUAICKTPHUKA: CTEKISTHHAS TTaJIoUKa MEXy TJIaCTUHAMHU
KOHJICHCATOpA.
http://www.youtube.com/watch?v=61K3vwHODnE

36.2 Ionapuzayua ouznekmpukoe

3apsiapl, BXOJSIIME B COCTaB AMAJIEKTPUKA, HA3bIBAIOTCS CBs3aHHbIMU. [loku-
HYTb Ipelesbl MOJIEKYJIbl CBSI3aHHbIE 3apsiabl He MoryT. [loa nelicTBueM sieKkTpuye-
CKOI'O TOJISI CBSI3aHHBIE 3apsibl MOTYT JIMIIb CMEIIAThCS OTHOCHTENIBHO MOJIOKEHUIN
paBHOBECHSI.

Ecnu BHelIHee 37eKTPUYECKOE MoJI€ OTCYTCTBYET, TO IUMOIBHBIE MOMEHTBI MO-
JIEKYJ1 AUAJIEKTPUKA WIM PaBHBI HYJIIO (HEMOJISIPHBIC MOJIEKYJIbI), WM PACIpPECICHbI
10 HAMPAaBJICHUSIM B MPOCTPAHCTBE XAOTHUECKUM 00pazoM (IMOJISIpHBIE MOJIEKYJIb). B
000X clTydastX CyMMapHbBIA TUTIONBHBIA MOMEHT AUAJICKTPUKA PaBEH HYJIIO.

[Ipu nomenieHnu TUAJIEKTPUKA BO BHEIIIHEE JIEKTPUUECKOE MOJIE €r0 MOJICKYJIbI
IpUOOPETAIOT JAUMOJbHBIE MOMEHTHI WJIM MOBOPAYMBAIOTCS TaK, YTO UX JUMOJbHBIC
MOMEHThI YCTAHABJIMBAIOTCS 0 HAIPABJICHUIO MOJIs. B pe3ynbrare MUAIeKTpUK MpH-
oOpeTaer AUMOIbHBIA MOMEHT

N
P=>.Di> (36.1)
i=1

Il p; — IUIOJIbHBIA MOMEHT OJIHOM MOJIEKYJIBI.

910 03HA4YacT, 4TO B AMBJICKTPHUKEC 110 HCﬁCTBHCM SJICKTPHUYCCKOI'O ITOJISI BO3-
HUKAIOT noJisapu3auuonHnble 3ap}10bl .

Bo3HukHOBEeHHE B AUDJICKTPUKE TIOJAPU3ALUMOHHOIO 3apsanaa I1I04 ,IICﬁCTBI/IGM
QJICKTPHUYICCKOI'O ITOJISI HA3bIBACTCA no.rmpua'auueﬁ duaﬂekmpuka.

I[J'IH KOJIMYCCTBCHHOI'O OITMCAHMA ITOJEIpU3AlUU OUIJICKTPHUKA BBOIAT BCKTOP-
HYIO BCJIIMUYNHY, KOTOPYIO HA3BIBAIOT IMMOJIAPU30BAHHOCTLIO.
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Honapusoeannocme (P, ) — BeKTOpHas (pu3nyecKas BEJINYMHA, YACIEHHO paB-
Hasl IUIMOJIBHOMY MOMEHTY €IMHHIIbI 00BEMA TUAJIEKTPUKA:

_ 1 X
P,=—)> p., 36.2

rae AV — pusnyeckn 0€CKOHEYHO MaITbIii 00BEM, B3SITHINA BOJIU3H paccCMaTpPUBAEMOM
TOYKH.
Kn-m K

[P ]=— =
Y M3 M2

B cinalbix momnsix moJIIpU30BaHHOCTH H30TPOMHBIX
JUAJIEKTPUKOB TMPOMOPIHUOHATBHA HAMPSHKEHHOCTH
ANIeKTprUecKoro moJjs (puc. 36.4) B TOM ke TOUKE:

B, =y&oE, (36.3)

'

- rAe ¥ — IUAJIEKTPUUECKass BOCIIPUUMUYUBOCTb CPEbI
E — BEJIMYMHA, XapaKTEPU3YIOIIas HSJIEKTPUUYECKUE
CBOWCTBA JINDJICKTPHUKA.
JusnexTpruueckass BOCIPUUMYHUBOCTh 7 BEJU-
yiHa Oe3pa3MepHas, BCerja MOJIOKUTEIbHAs, i OOJNBIIMHCTBA TUAJIEKTPUKOB YKC-
JIEHHOE 3HAYE€HHE COCTABIISIET HECKOJIBKO EANHULI.

Pucynok 36.4

ITocMoTpuTE JIEKITUOHHYIO 1€MOHCTPAIUIO:
[TputsxkeHre TpeaMeTOB K HAAJIEKTPU30BaHHOMY TEITY.
http://www.youtube.com/watch?v=RSBB8kfW XaM

36.3 Ilone enympu ousnexmpuka

PaCCMOTpI/IM JABC OCCKOHCYHEIC MapaJuiCJIbHbIC IIJIOCKOCTHU C paBHBIMU 110 BCJIU-
YMHC, HO PAa3HbBIMU I10 3HAKY 3apAdaMu. Memﬂy ImI1aCTHHaM1 BO3HUKACT OJHOPOAHOC

IIEKTPUYECKOE TI0JIE HANPSHKEHHOCTBIO E(). Hanpsk€HHOCTH Mo B BakyyMe OyneT
OTIPENENATRLCS 3apsAaaMu Ha TuracTuHax (cMm. popmyny 34.10)

I7Ic G — MOBEPXHOCTHAS IIOTHOCTH 3aps/ia Ha IUIACTHHAX.

Brecem B 3T0 moje MmiacTUHKY U3 IudiekTpuka (puc. 36.5). B pesynbrare mo-
JSIpU3AIAK Ha JICBOW TPaHM JTUAJICKTPHUKa 00pa3yeTcss M30BITOK OTPUIIATEIBHBIX TOJIS-
PHM3alMOHHBIX (CBSI3aHHBIX) 3apsI0B C MOBEPXHOCTHOM IUIOTHOCTRIO — G’ . Ha mpaBoii
IpaHy — M30BITOK MOJIOKUTEIBHBIX C MOBEPXHOCTHOM IUIOTHOCTBIO + ¢ . CBSI3aHHBIC

—

3apsabl CO3Jar0T JOIIOJIHUTCIIBHOC SJICKTPHUYCCKOC I110JIC HaHpH)KéHHOCTBIO Ei
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= . —
E, Hanpsok€HHocTe  E, 10N CBA3aHHBIX  3apsAJ0OB
* ~ HampaBlieHa NIPOTHB BHeIIHero nois E. PesynpTupytomiee
- +
10Jie BHYTPH AUDJICKTPUKA
_ + E=E,-FE,. (36.4)
VYuuteiBas TO, YTO MOJSPU30BAHHOCTH MPONOPLHO-
- E + HaJIbHA HAMPSHKEHHOCTHU AJIEKTPUUYECKOTO oI (CM. popmy-
1
1y (36.3)), MOKHO TIOJIYYHUTh CJIETYIOUIEE COOTHOIICHHE:
_ + E
E=—"". (36.5)
—c’ +c’ I+
+C )
be3pa3mepHas BellMUnHA
Pucynok 36.5 P P

e=1+y (36.7)

Ha3bIBAETCS JUIJIEKTPUUECKON IPOHUIIAEMOCTBIO CPEJIBI.
Torma HanpsKEHHOCTH NOJISI BHYTPU IUAJIEKTPUKA

E=—. (36.8)
€

Takum 00pa3oMm, TUAIEKTPHUK BCETAa OCTA0IIAET IIMEKTPUIECKOE MOJIe.

Jluanekmpuueckas npoHUWAEMOCHb CPeObl — STO XapPAKTEPUCTUKA BEUIECTBA,
KOTOpasi IMOKAa3bIBAa€T, BO CKOJIBKO pa3 IMo0Jie BHYTPU OJHOPOJHOTO JUAJIEKTPUKA
MEHBbIIIE, YEM B BaKyyMe.

§37 TIpoBOAHUKH B 3JIEKTPUYECKOM I0JIe

IIposoonuKku — BEIIECTBA, B KOTOPHIX MMEIOTCS HOCUTENH 3apsjia, CIIOCOOHBIC
NepEeMEIAThCs MO/ IeUCTBUEM CKOJIb YTOAHO MAJION CHJIBI.

BHecem npoBoaHUK B anekTpuueckoe nose. [loa neficTBrueM mosisi HOCUTEIH 3a-
psiZia B MPOBOAHMKE HAUMHAIOT MepeMeniarbes. B pesynbrare ux nepeMenieHus: KOHIIbI
POBOJIHUKA IPUOOPETAIOT 3apsibl MPOTUBOIONIOKHO 3HaKa (puc. 37.1). Mx Ha3bIBatoT
unoyyupogaunvimu. Ilone uHIyUHUpO-

BaHHBIX 3apsAf0B E; NPOTHBOIIOJIOXKHO
HAIIPaBJICHUIO BHEIIHEro noust k. Ile-
pepacupeacseHue 3apsa0B IPOUCXOIUT
JI0 T€X IOp, NIOKA HAIPSKEHHOCTD I10JIA
BHYTpPHY NPOBOJHHUKA HE CTAHET PABHOMU

HYJIIO

Pucynok 37.1
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a JVMHUM HANpPsDKEHHOCTH BHE ITPOBOJHMKA — IMEPHEHAMKYJSPHBIMUA K ITOBEPXHOCTH.
[TosTOMy B ciiyyae paBHOBECHS 3apsiI0B MOTEHIIMAI () BO BCEX TOUKAX MPOBOAHUKA OY-
JET UIMETH OJIHO U TO YK€ 3HAUCHHUE.

NunynnrpoBaHHbIE 3apsiabl pACIPENEIAIOTCSA IO BHEIIHEH IOBEPXHOCTH MPOBOJI-
HuKa. Eciy BHYTpH IPOBOAHMKA CAEIIATH IIOJIOCTh, TO HAPSKEHHOCTD TOJIS B OTOM I10-
JIOCTY pPaBHA HYJIIO, HE3aBUCUMO OT TOT'0, KaKO€ I10JIE UMEETCS CHAPYKHU.

IlocMoTpHUTE JIeKIIMOHHBIE 1€eMOHCTPAIIMU.
1. Cetka Komn0e.
http://www.youtube.com/watch?v=NMb3E2Ar4L.0
2. Knetka ®@apajes.
http://www.youtube.com/watch?v=63TtyTc9flo

§38 D1eKTPOEMKOCTD. JHEPTHUs HIEKTPUUECKOT0 MOJIA
38.1 dnexmpoémkocmo yeOunénnozo npoeooHuKa

Ecnu yenuHéHHOMY TPOBOJIHUKY COOOLIUTD 3apsil dg, TO MOTEHIMAJ 3TOrO Mpo-
BOJIHMKA W3MeHUTCs. I3MeHeHue noTeHmana d nponopiuuoHaIbHO COOOIMEHHOMY 3a-

pany:

d(p:ldq, (38.1)
C
rae C — kodhUimeHT mponoprroHaATbHOCTH, HA3bIBAEMBIN DJIEKTPUUYECKON EMKOCTHIO.
Inexkmpuueckaa émkocmp (31eKMPOEMKOCMB) — ATO CKAJsIpHas (U3NvecKas
BEJIMYMHA, XapaKTEPU3YIOIIasi CIIOCOOHOCTh MPOBOHUKA HAKATUIMBATH AJICKTPHUCCKUI
3apsil ¥ YUCJICHHO paBHas 3apsily, COOOIIEHHE KOTOPOTO MPOBOAHUKY HM3MEHSET €ro
MOTEHITAI Ha OJTUH BOJIBT:

c=4, (38.2)
¢
(C] =% —0  ((apan).

®dapang — 370 oueHb Oouiblllasi BenuyuHa. Ta-
Kol 8MKOCTBIO OOmazan Obl map pammyca 9-10° m,
T.€. paauyca B 1500 pa3 Gosnbiiie paguyca 3emin.

Ha npaktuke EMKOCTb U3MEPSIOT B MUJUIU(a-
pagax (M®), mukpodapagax (MxP), HaHodapazax
(HD) u nukodapanax (nd).

DJIEKTPOEMKOCTh 3aBUCUT OT T€OMETPHUM IPO-
BOJHUKA U JUAJIEKTPUYECKON MPOHUIIAEMOCTH Cpe-
Pucynok 38.1 IIbl, OKPY>Karolerl IPOBOIHUK.

A
Y

Ipumep. DneKTPOEMKOCTh YeAUHEHHOU MpoBosIIei cepsnl (puc. 38.1).
C =4mnegyR. (38.3)
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IMocMoTpHTE JTeKIMOHHYIO IEMOHCTPAIHIO:
BrustHue qusnekTprka Ha JIEKTPOEMKOCTb.
http://www.youtube.com/watch?v=ERsFC-sXftho

38.2 Konoencamoput

VYeaunénusie MPOBOJIHUKYA UMEIOT HEOOIIbITYI0 éMKOCTh. Hampumep, map pasme-
poMm ¢ 3emmto umeer EMkocTh 700 Mx®. Ha mpaktuke He0OXOqUMBI yCTPOHCTBA, CIO-
cOOHBIC HaKaIIMBaTh Ha ce0e («KOHIIEHCHPOBATH») OOJbIIME 3apsabl. VX Ha3bpiBaroOT
KOHJICHCATOPaMHU.

Konoencamop — 31o cuctema 13 JIByX MPOBOJHUKOB, 3apSyKEHHBIX PA3HOUMEHHO,
pPaBHBIMHU TIO a0COJTIOTHOMY 3HAUEHHIO 3apsiiaMu. [IpOBOJHHMKHN pacroIOXKeHbI OJIU3KO
IPYT K APYTY Y Pa3AENIeHbI JUIICKTPUKOM.

VYciioBHOE 0003HAYEHHE HA CXEMAX: —

OO6pa3yroiue KOHJACHCATOp MPOBOJAHUKM HA3bIBAIOT OOKIaAKamMu. YToObI
BHEIIIHHME TeJla HE OKa3bIBAIM BIUSHUS Ha EMKOCTh KOHJIEHCATOpa, OOKJIaaKaM IMpu-
JAI0T Takylo GOpMy U TaK UX pacroyararT, 4TOObI Mmosie ObUIO COCPEIOTOUECHO BHYT-
pH KOHZEHCaTopa. ITOMY YCIOBHIO OTBEYAIOT:

- JIB€ IJIACTHHBI, PACIOJ0KEHHBIC OJIM3KO JIPYT K JAPYTY;
- JIBa KOAKCHAJIbHBIX IIHJINH/IPA,
- JIB€ KOHIIEHTpHUYECKHUE Chephl.

CoOTBETCTBEHHO, 1O (hopMe KOHACHCATOPHI OBIBAIOT:

O IUIOCKHE;
O LWINHIPUYECKUE;
o chepuueckue.
OCHOBHOW XapaKTEPUCTHKOW KOHZAEHcaropa siBisercs 3aeKkTpoéMkocts C. Ilo
OIIPEEIIEHUIO, IEKTPOEMKOCTh PaBHA OTHOILIECHUIO 3apsAla Ha KOHJIEHCATOPE K pa3Ho-
CTH MOTEHIIMAJIOB MEX/1Y OOKJIaIKaMu:

c=——1 -1 (38.4)
¢ =, U
e @) — ¢, =U — HanpsbKeHue Mexy OOKIaKaMu;
g — 3apsiz1 MOJIOKUTETHLHOM OOKIIaIKU.
BenuuuHa 31eKTpo€MKOCTH KOHJIgHCaTopa omnpenensercs GopMoi U pazMepamu
OOKJIaJIOK ¥ BETMYUHOM 3a30pa MEXy HUMH, a TAKXKE JUIIICKTPUUECKUMH CBOMCTBAMHU
Cpe/Ibl, 3aIOIHAIOIIEH MPOCTPAHCTBO MEXKTy OOKIIAIKaAMHU.

@opmynbl I pacd€Tra AIEKTPOEMKOCTH HEKOTOPBIX BHUIOB

KOHJICHCAaTOPOB.
' 1. ITnockuii kouaeHcarop (puc. 38.2).
c =05 (38.5)
Pucynok 38.2 d
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rae S — mwiomanab OOKJIAJIKH,
d — paccTosiHIE MEXKAy OOKIIaJIKaMU;
€ — IUDJIEKTPUYECKAs MPOHUIIAEMOCTh CPE/IbI (INAIEKTPHUKA), KOTOPAst HAXOTUTCSI
MEXTy OOKJIaKaMHU.
IMocMoTpuTE JIEKIHOHHYIO 1EMOHCTPALHIO.
3aBUCHMOCTB JICKTPOEMKOCTH ITIOCKOTO KOHIEHCATOPa OT €r0 T€OMETpHYe-

CKHX ITapaMeTpOB.
http://www.youtube.com/watch?v=1N9Xkl-dd8k

2. Hunuaapudeckuil konaeHcatop (puc. 38.3).

Co 2negyl (38.6)
| ' I
o Ry
l l [ rae [ — njMHa KOHIEHCaTopa;
I I
| | o o
P i e Ry v R, — paanychl BHyTpEHHEN U BHEIIHEW 0OKJIa/10K.
= [ToMruMO EMKOCTHM KaXXAbIM KOHJEHCATOpP Xapak-
TEPU3YETCs NPEeNIbHbIM Hanpsbkenuem U .. , KOTOpoe
PucyHok 38.3 MOKHO MPUKIAAbIBaTh K OOKJIaJKaM KOHJEHcaTopa, He

omnacasch npo06os. IIpu mpeBBIIICHUN 3TOTO HAPSKCHUS
MEXITy OOKIaJKaMu MPOCKAKUBAECT MCKPA, B PE3YJIbTATE YETO Pa3pyHIaeTCs AUDIICK-
TPUK U KOHACHCATOP BBIXOJUT U3 CTPOSI.
[Ipu mocnegoBaTeTbHOM COEIMHEHUHU KOHJIEHCATOpPOB (puc. 38.4) oHU coenu-
HSIOTCS PA3HOMMEHHO 3apsKEHHBIMU OOKIaaKaMu. [Ipu 3TOM BBINOJHSIOTCS CIIETY-
IOIIIHE COOTHOIIICHHS:

C, C, C, Qoo = =492 =---= 4y
A= U=U+Up+...+U, (38.7)

1 1 1 1

Prcynok 38.4 c ¢ Te,

PesynpTupyromas EMKOCTh BCEr/ila MEHbIIE MUHUMAIBHOW 3JIEKTPOEMKOCTH,
Bxosmel B 6arapero. [Ipu mocnenoBaTelbHOM COCTMHEHUH YMEHBIIAETCS BO3MOXK-
HOCTh MPOOO0S KOHJIEHCATOPOB, MTOTOMY YTO Ha KaKOM KOHACHCATOPE MMEETCS JIUIIb
94acTh OOIIEH pa3HOCTH MOTEHITMAIOB, TTOJAHHONW Ha BCIO OaTapero.

[Ipu mapainenbHOM COEIMHEHHH KOHAeHcaTopoB (puc. 38.5) coenuHsIoTCA
OJTHOMMEHHBIE 00KIaTKH. [Ipy 3TOM BBITTOHSIOTCS COOTHOIICHUS:

G,

II QO6m:q1+q2+"'+qn

G,
- U=U,=U,=...=U, (38.8)
C.,

C=C,+C,+...+C,

Pucynok 38.5
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[TapannensHO€ COEAMHEHHE KOHJEHCATOPOB HCIONB3YIOT IS TMOJYy4YCHHUS
OO0JIBIINX ITEKTPOEMKOCTEH.

38.3 Duepzus rnekmpuueckozo noasa

1. DHeprus 3apsH>KEHHOTO YEIMHEHHOTO IMPOBOTHUKA.
[Tyctb umeercs yequHEHHBIN TPoBOAHUK. OO03HAYNM:
q — 3apsan npoBOAHUKA, C — 3JIEKTPOEMKOCTD, () — TOTEHIUAI.

Ecnmu nepenectu 3apsin g u3 OECKOHEYHOCTH HAa HE3apsHKCHHBIM YEIUHEHHBIN
MIPOBOJHUK, TO OH IPUOOPETET SHEPTHUIO

2 2
W=t 4 49 (38.9)
2 20 2

2. DHeprus 3apsHLKEHHOTO KOHJIEHCATOopa.

Kak Bcskuil 3apspKeHHBIA TPOBOJIHUK, KOHJIEHCATOp 00J1a1aeT 3Hepruei. JHep-
T'Hsl 3apSHKEHHOTO KOHAGHCATOPa ONPEAETSeTCs COOTHOICHUSIMU:
CU? 2 U
e (38.10)
2 2C 2
dopmyity AJIsl SHEPIUU MOJIs1 KOHEHCATOpa MOXKHO ITPpeoOpa3oBaTh, UCIOIb3Ys
BEJIMYMHBI, XapaKTEPU3YIOLUE FIEKTPUIECKOE T10JIE.

W =

_ SSOEZ
2

14 v, (38.11)

rne V = Sd — 00béM KoHIIEHCaTOpA.
Eciu none o1HOpOIHO (4TO UMEET MECTO B IFIOCKOM KOHJIEHCATOPE), TO 3aKIIIO-
YEHHAasl B HEM SHEPTHUsl PACIIPEACIIAECTCS B POCTPAHCTBE C MOCTOSTHHOM MIIOTHOCTBIO.
Benuunna, paBHasi OTHOILIIEHUIO SHEPTUH TOJISI K 3aHUMaeMoMy 00bEMY, Ha3bIBa-
€TCSL 00DEMHOU NJIOMHOCHIbIO IHEPZUU.

w
w=—. 38.12
v ( )
JU1s1 SNEKTPUYECKOTO TOJIS:
E2
w,, = %OT (38.13)

®opmyna (38.10) cBs3piBaeT PHEPrui0 ¢ EMKOCTHIO KOHJIEHCATOpa, a (opMyiia
(38.13) — IOTHOCTH SHEPTUU C HANIPSHKEHHOCTBIO AJIIEKTPUYECKOTO TTOJISL.

IlocMoTpuTE JIEKIIMOHHYIO 1€eMOHCTPALUIO.
DHeprus 3apsS»KEeHHOTO KOHAEHCaTopA.
https://www.youtube.com/watch?v=4HPhCLOwA As&index=1
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§39 DaexkTpuyecKkuii TOk. XapaKkTepUCTHUKH TOKA

Dnekmpuueckum mMoOKOM Ha3bIBACTCS YIOPSAOUYESHHOE ABUKCHHUE DIICKTPHUC-
CKHX 3aps/I0B.

JIist mpoTeKkaHusl TOKa HEOOXOIUMO HaJIMYWe B MPOBOJHHMKE (WM B JIAHHOH
cpelie) Hocumelell 3apada — 3apsSKCHHBIX YaCTUIl, KOTOPbIE MOTYT MEpPEeMEIIaThCs B
mpeeniax BCero mpoBogHuKa. MiMu MOTYT OBITh JI€KTPOHBI, HOHBI WJIH MaKpPOCKOTIH-
YECKHEe YaCTHIIbI, HeCymue Ha cede 3aps. Tok BOZHHKAET MPHU yCIOBUH, YTO BHYTPH
MIPOBOJTHUKA CYIIECTBYET IJEKTPUICCKOE TIOJIE.

Tok, BO3HUKAIOIINI B TIPOBOIAIINX CpeaX, Ha3bIBACTCS MOKOM HPOBOOUMO-
cmu. [IpumepoM TokKa IPOBOJUMOCTH SIBJIIETCS TOK B MeTaiiax. [[ns cymiecTBoBa-
HUS TOCTOSIHHOTO 3JIEKTPUYECKOTO TOKa MPOBOJAUMOCTH HEOOXOJMMO BBITTOJTHCHHE
CJICTYIONIUX YCIOBHI:

1. Hanmuuume cBOOOIHBIX HOCUTENEH 3apsia.

2. Hanuuue BHEUIHEro 3JEKTPUUYECKOro MOJIsA, IHEPTHUSI KOTOPOTO JOJIKHA PacXo-
JIOBATHCA HAa YIOPSAOUYEHHOE ITEPEMELIECHUE MNEKTPUUECKUX 3aPsI0B.

3. Llemb MOCTOSTHHOTO TOKA MPOBOAMMOCTH JIOJDKHA OBITH 3aMKHYTOM.

KonuruecTBeHHOM XapaKTepUCTUKOMN 3JIEKTPUUECKOT0 TOKA SBJISETCS CHIIAa TOKA.

Cuna moka (i) — ckanspHas pu3nyecKasi BeTMYMHA, YUCICHHO paBHasl 3apsy,
NEPEHOCUMOMY Yepe3 MOIMepeyHoe CeYeHUE MPOBOAHUKA 3a €IMHUILY BPEMEHHU.

. d
i=%4 (39.1)
dt
[i] = A (ammep).
3a HampaBlieHHE TOKa MPUHUMACTCS HAIpaBICHUE IMEPEMEIICHUS ITOJI0XKH-

TCJIIBHBIX 3apsa0B. Ecau cuna Toka m ero HaIIPaBJICHUC HC U3MCHAIOTCA, TO TOK
Ha3bIBACTCA ITIOCTOAHHBIM. HJ’IH IIOCTOAHHOI'O TOKa

=4 (39.2)
t

JIpyroi XxapakTepUCTUKOU TOKA SIBIIAETCS INIOTHOCTh TOKA.
IThomnocms moka ( j ) — BekTopHas (pu3nuecKas BETUYMHA, YUCICHHO paBHAs

AIEKTPUUYECKOMY 3apsily, IEPEHOCMMOMY 3a €IWHUILY BPEMEHH 4YEpe3 €IUHHYHYIO
IJIOIAJIKY, PACIIOI0KEHHYIO MEPIECHIUKYIISIPHO HAPABICHUIO IBUKEHUS HOCUTEIIECH
TOKa.

jo_da__ di (39.3)
drdS, dS,
JI714 mOCTOAHHOrO TOKa
1
j=—, 394
J= (39.4)

Trac S - omanab MmornepeuYHoro CCUYCHU:A IIpOBOJIHUKA.
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L/]1=—

A
M2

3a HaIpaBJICHUEC BCKTOpPA INNIOTHOCTU TOKA IMIPUHUMACTCA HAIIPABIICHUC JIBUKC-
HUS TI0JIOKUTEIBLHBIX HOCUTEJICH TOKa.

j=J- (39.5)

Q|

r7ie U — CKOPOCTh JIBIYKEHUS TOJIOKUTEIBHBIX YACTHII.
3Has BEKTOp IUIOTHOCTH TOKA B KAKJIOM TOUYKE NMPOCTPAHCTBA, MOXKHO HAUTH
CHJIy TOKa 4epe3 POU3BOJIBHOE CEUCHHUE S:

i= j jds . (39.6)
S

§40 DaextpoaBuxymas cuia. Hanpsixkenue

Ecnu B nenu Ha HOCUTENM 3apsjia JECHUCTBYIOT TOJIBKO CHIIBI JJIEKTPOCTaTHYe-
CKOT'O IIOJIS, TO IMOTEHIMAJ BCEX TOYEK IOJIS BBIPABHHUBACTCS, U MIEKTPOCTATUYECKOE
1oJie BHYTPH MPOBOJHMKA Hcue3aeT. YToObl MOJIepKUBaTh TOK UIMTEIILHOE BPEMS, B
LIeNU JOJDKHO paboTaTh yCTPOMCTBO, KOTOPOE CHOCOOHO cO37aBaTh U IMOJJEPKHUBATDH
Pa3HOCTh MOTEHIIHUAIOB 32 CUET PaOdOThI CHII HEAJIEKTPOCTATUYECKOTO POUCXOKACHUSI.
DTO yCTPOICTBO HA3BIBAIOT UCMOYHUKOM moKa. PaboTa coBepliaercs 3a CYET HEKO-
TOPOTO 3aIaca MEXaHUYECKOW, TEIJIOBOM MM XUMUYECKOW JHEPTUN.

Cwitbl HEDNIEKTPOCTATUYECKOTO MPOUCXOKACHUS, JEUCTBYIOIINAE HA 3apsiabl CO
CTOPOHBI HICTOYHHUKOB TOKA, HA3bIBAKOTCS CHOPOHHUMU.

[Tonnast paboTa o NepeMeEIIEHUIO 3apsiia

A=Ay, + Agop- (40.1)
Pa3nennm o6e yacTu Ha BEJTMUMHY MIEPEHOCUMOTO 3apsijia g:
4 Ay + Acrop : (40.2)

q q q

BGJ’II/I‘{I/IHa, paBHasd OTHOLICHHIO MOJIHOU pa6OTBI, COBepmaeMoﬁ QJICKTPOCTATH-
YUCCKUMHU M CTOPOHHMMHU CHIIAMH IIpU IHCPCMCUICHHU 3apsld, K BCINYHUHC 3apiana

HAa3bIBACTCA HanpAayicenuém Ha J1aHHOM Y4aCTKC.

U =é. (40.3)

q
BennuuHa, paBHas OTHOLIEHUIO PaOOThI, COBEPIIAEMON CTOPOHHUMH CUJIaMHU
IIPY IIEPEMEILECHNAHN 3apsia, K BEJIIMYMHE JTOrO 3apsifia Ha3bIBACTCS 2J1EKMPOOBUIICY-

weit cunoit (30c)

A
g=—"F (40.4)
q
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=01 - ;. (40.5)
q
[ToncraBuB 3anucanubie BoipaxeHus B (40.2), moaydunm:
R | & r U=0¢,—-0, +¢. (40.6)
i Pa Hamnpsokenue Ha yuactke uenu (puc. 40.1) paBHO
Pucynoxk 40.1 CyMME DPAa3HOCTH NOTEHLHMAIOB U 3JIEKTPOABUKY-
LIEH CHJIBL.

Y4acTok, Ha KOTOPOM Ha HOCUTEIM 3apsiia JACHCTBYIOT CTOPOHHHUE CHIIBI,
HA3bIBAIOT HEOOHOPOOHBIM. YUACTOK LIENH, HA KOTOPOM HE JEUCTBYIOT CTOPOHHHUE
CHUJIbI, Ha3bIBAIOT 0OHOPOOHBIM.

s omHOpoaHoro yyactka (€ = 0):

T.€. HAIPSUKEHUE HAa OJHOPOJHOM YYacTKE COBIAAAET C Pa3HOCTHIO NMOTEHIMAIOB Ha
KOHIIAX Y4YacTKa.

§41 3axkon Oma

41.1 3axkon Oma onsa 00HopooHnozo yuacmka yenu. ConpomueieHue

Hemenkuit puzuk I'. OM dSKCIEpUMEHTAIBHO YCTAaHOBWIJI 3aKOH, COTJIACHO KO-
TOPOMY CUJIA MOKA, MEKyuLe20 no 0OHOPOOHOMY MEMAINUYECKOMY NPOBOOHUKY,
NPONOPUUOHAIbHA HANPAIICCHUIO HA IMOM NPOBOOHUKE.

==, (41.1)

Trac R - QJICKTPUICCKOC COIIPOTHUBIICHUC.

[R] = Om.

Inekmpuueckoe conpomuenenue (R) — ckansipHas usnueckas BeJIUYUHA,
XapakTepu3yolias CBONCTBO MPOBOJHUKA MPOTUBOJECHCTBOBATh MPOITYCKAHUIO DJICK-
TPUYECKOr0 TOKA M paBHAsl OTHOLIECHUIO HampstkeHus U Ha KOHIAX MPOBOJHHUKA K
cuJjie ToKa I, MpOTEKAaIoIIero mo Hemy:

R = (41.2)

U
1

ComnpoTuBiieHHE TPOBOJHUKA 3aBUCHT OT MaTepualia MPOBOJHUKA U €T0 T'eo-
METPUYECKUX pazMepoB. /{151 0JHOPOTHOTO MUIMHAPUYECKOTO TIPOBOJHUKA OHO MO-
KET OBITh pacCUUTAHO 1O (popMyIIe:

R=p—, 41.3
P (41.3)

rae [ — AjuHa NpoBOIHUKA,
S — monaapr NONEPEYHOro CEUCHUs TPOBOIHUKA;
P — YJI€JIbHOE AJIEKTPUYECKOE CONPOTUBIICHHUE.
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Yoenvnoe anekmpuueckoe conpomuesieHue npoBOOHUKA — BETNYNHA, XapaKTe-
pu3yroIiasi MaTepral MPOBOAHUKA U YUCIICHHO paBHAs CONPOTHUBIICHHUIO OJHOPOIHO-
r'o IHIMHIPHYECKOrO MPOBOJIHUKA SAUHUYHON JJIMHBI U €IUHUYHOM IUIOIIAAM IIOTIe-
PEYHOTO CCUCHUSI.

[p]=OM M.
COHpOTI/IBHCHI/IG METAJUIOB JIMHEWHO BO3pacCTacT C pOCTOM TCMIICPATYPBLI.

R=Ry(1+at), (41.4)

rae R — conpotusnenue npu temmeparype °C,

Ry — conportusnenue npu 0°C,

oL — TeMIlepaTypHbIH KO3(P(GUIIMEHT COTPOTUBIICHUS.
Temnepamypnulit KoI(hpuyuenm xapaxTepuszyeT TEMIEPATYPHYIO CTaOUIBHOCTH
MaTepualla U YUCJIEHHO PAaBEH OTHOCUTEIBHOMY W3MEHEHHIO CONPOTUBIIECHUS IPO-
BOJIHMKA IpU u3MeHeHuH Temnepatypsl Ha 1 K. [[ns uncThIX MeTamioB Temmeparyp-
HbIiT KO3 HUIMEHT NPeACTABISET BeTHYMHY Hopsaka o ~ 0,004 K.

IMocMoTpuTE TEKIIHOHHBIE TEMOHCTPALIMH.
1. 3aBUCUMOCTb CONTPOTHUBJICHUS METAJNIOB OT TEMIIEPATYPHI.
http://www.youtube.com/watch?v=NL1vjrwQNXS&
2. OTBITHI € KUJIKHM a30TOM: YMCHBIIICHUE COTIPOTHBIICHUS METaJLJIa.
http://www.youtube.com/watch?v=kjhNxoMrN7c

Bennuuna G, 06paTHa;1 COIIPOTHUBJICHNUIO, HA3bIBACTCA 9Jlel<mp0np060()umocmbro.

1
I G:E' (41.5)

[G]= L =Cm (cumeHc).
Om

Yoenvnaa snexmpuueckan nposooumocmo

a - (91ekmponposoonocmsy) G CcBsizaHA C YACIBHBIM
(; AJEKTPUYECKUM COMPOTUBJICHUEM P COOTHOIIICHUEM:
Pucynok 41.1 c= l . (41.6)
p
1 CMm
OMm-Mm M

3aBUCHUMOCTbh CUJIbl TOKa OT HANPSHKEHUS HA3BIBACTCS 60J1bHI-AMNEPHOU Xa-
paxmepucmukou (BAX). Jlng MeTaJsioB 3Ta 3aBUCMMOCTb UMEET JIMHEHHBIN Xapak-
Tep (puc. 41.1).
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[Ipu mnocnegoBaTeIbHOM COEAUHEHUM MPOBOJHUKOB KOHEI MPEAbIIyIIEro
MPOBOJHUKA COCIMHSETCS C HAYajJoOM MOCIEAYIOMIEr0 U MEXAy MPOBOJHUKAMU TOK
He pa3BeTBisiercs (puc. 41.2).

;, R R R, f=h=h=es
> U=U+Uy+...+U, (41.7)

R=R +R,+...+R

n

Pucynok 41.2

Ecnmu n npoBOAHUKOB CONPOTHUBIEHUEM Ry, R;, ..., R, COEAUHEHBI MEXKY CO-
0011 mocye10BaTeNIbHO, TO Y€pe3 MPOBOJHUKHI TEYET OJUHAKOBBIN TOK U HAIPSIKEHUE
Ha KOHIIaX COEIMHEHUs PAaBHO CYMME HANPSKEHUM HA OTAEIBHBIX IPOBOJIHUKAX.

Ecnu Havana npoBOJAHUKOB COEAMHEHBI B OIHON TOYKE (y3JI€), a KOHIBI B JIpY-
r'Oi, TO COeIMHEHNE HAa3bIBAIOT MapaJlieabHbIM (puc. 41.3).

[Ipu mapamienbHOM COEAMHEHUH MPOBOJIHUKOB CHUJIa TOKA B HEPA3BETBIEHHOMN
YacTU LIETM paBHA CyMMeE CHJI TOKOB, TEKYIIMX B Pa3BETBJIEHHBIX y4acTKax IEMH,
HaIpsDKEHHE Ha MapaJlieIbHO COEAMHEHHBIX YYacTKaxX ey OJNHAKOBO.

I, R
ey
I R I=L+1,+...+1,
I 2 2
41.8
I R l:L+L+ +L ( )

Pucynok 41.3

41.2 3axkon Oma 011 HEOOHOPOOHO20 YHACMKA

HanpsoxeHue Mexy AByMS TOUKAMH DJIEKTPUYECKOU LENHU PABHO CYMME pas-
HOCTH MOTEHIHUAIOB U JEKTPOJIBUKYIIEN CHIIBL:

U:(Pl_(p2+8.
U _ ¢ -¢,+¢
Torna [=—="—""*—| 41.9
2 2 (41.9)
U IR=0¢,—¢, +¢. (41.10)

Bripaxxenue (41.10) nazpiBaeTcs 3akoHoM Oma 1711 HEOJTHOPOIHOTO Y4YacTKa.

[Ipu oTCYTCTBUM CTOPOHHUX CHJI BenuuuHbl U U @ — ¢, coBnanarot. IlosTo-

MY B 3aladax 3JICKTPOCTATUKHU U 3aj/ladax Ha TOK, I'’ZIC paCCMATPUBAIOTCA Yy4aCTKH LIC-
I, HC COACpKAIIHC D54C, IMOHATHA HAIPSKCHHUA W PA3HOCTH IIOTCHIIMAJIOB 4YacCToO
OTOXKACCTBJIAIOT.
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Ecmu uens COACPKUT UCTOYHHUK TOKA, 3AC KOTOPOIo &,

&7 _ .
I |~ U TpU 3TOM 3aMKHYyTa, TO @ = @p. g 3amMkHyTON 1enu

| (puc. 41.4) 3axon OMa IPUMET BULI:

€
R I= , (41.11)
— ] R+r
IJI€ 7 — CONPOTHUBJICHHE UCTOYHUKA TOKA;
Pucynok 41.4 R — conpoTuBiieHNE HATPY3KU;

(R+r) — moJIHOE COMPOTHUBIICHUE TIETIH.
41.3 3axkon Oma 6 oughgpepenyuanvnoii popme

[IpeoOpazyem 3akon Oma JiJ1sl yyacTKa 1enu. 3aMEeHUM CUJTY TOKa 4epe3 TUIOoT-

HOCTb TOKa:
I=jS;

HaNpsDKCHHUE Ha KOHITAX MPOBOHUKA — Yepe3 HAMPSHKEHHOCTD TIOJIA:
U=EI;

CONPOTUBJICHUE — YE€PE3 TEOMETPUUECKUE PAa3MEPBI MPOBOJHUKA!
[
R=p—.
S
Cnenaem nosicranoBky B popmyiy (41.1). IIpoBens cokparieHust, HoIyqIum

i=E (41.12)

p
C yueroM opmyiiel (41.6) Beipaxenue (41.12) moxkHO nepenucarb B BUIE:

j=cE. (41.13)

ITnomnocms moka nponOPUUOHAIbHA HANPANCEHHOCMU NOIA 6 OAHHOU
mouKe npo6oOHUKA. ITO BEIpaXEHNE Ha3bIBacTCs 3akoHOM OMa B AuddepeHnaib-
HOH dopme.

§42 Pa3zBerBJénnble nenu. [Ipasuna Kupxrodga

JIns pacuéra pa3BETBIEHHBIX JJIEKTPUYECKHUX LENEH IMOCTOSHHOIO TOKA HC-
noJib3ytoT npasuia Kupxroda. tux npasun asa. [lepBoe oTHO-
CUTCA K y3JaM LIENH. Y3/10m Ha3bIBAETCS TOUYKA, B KOTOPOM CXO-
nuTcs 0oJjiee YeM JiBa MPOBOJAHMKA — Touka A Ha puc. 42.1.

Ilepsoe npasuno: anredpanveckas CyMmma TOKOB, CXOISIINXCS B
y3Jle, paBHa HYJIIO, T.€.

N
PucyHok 42.1 L+, +1+..=>1,=0. (42.1)
i=1

Toxku cuurtaroTcs IIOJIOKUTCIIBHBIMHU, CCJIM OHH IIOAXOIAT K Y3IIY. TOKI/I, OTXOAAIIHC
OT y3Jia, CHUTAKOTCA OTPULIATCIIbHBIMMU.
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Jis y3na A, nzobpaxénHoro Ha puc. 42.1, nepBoe NpaBUIIO 3alUIIETCS Clie-
IYIOIUM 00pa3oM:

Bmopoe npasuno: B 11000M 3aMKHYTOM KOHTYpE, IPOU3BOJIBHO BHIOPAHHOM B
Pa3BETBIEHHONW AJIEKTPUYECKOW LENu, anredpanyeckass CyMMa MPOM3BEIECHUN CHUII
TOKOB /; Ha CONPOTUBIIEHUS R; COOTBETCTBYIOIIMX YYaCTKOB 3TOr0 KOHTypa paBHa
areOpanvecKkoil CyMMe NMEIOIUXCs B KOHTYpE /IC:

N k
D LR =g, (42.2)
i=1 i=1

rae I; — cuiia ToKa Ha i-M y4acTKe; R; — aKTUBHOE COIPOTHUBIIEHHE (-I'0 YYacCTKa; €;—
3JIC UICTOYHHMKOB TOKAa HA i-M y4acTKe; N — YUCJIO0 YYaCTKOB, COJEPKAIIUX aKTUBHOE
CONPOTUBJIEHUE; k — YUCIIO UICTOYHUKOB TOKA.
Pacuér pa3BeTBIEHHON LIENMM MOCTOSHHOIO TOKAa IMPOBOAUTCS B TAKOM IOCIE-
JIOBATEJIBLHOCTH:
1) Opou3BOIBLHO BHIOMPAIOTCS HAaNpaBiIEHUS TOKOB BO BCEX yYacTKaxX LENU U
HarpaBjeHUE 00X0/1a KOHTYPa;
2) 3anuchiBaroTcs (n—1) HE3aBUCUMBIX YpaBHEHUI MpaBUiia y3JIOB, TJI€ 1 — YUCIO Y3-
JIOB B LIEIIH;

£ 1 '&I 3) TpOMU3BOJIBHBIE 3aME<HYTBICV KOHTYPBI BBIJICIAIOTCS

| T TaK, 4TOOBI KaXK/Jblii HOBBIM KOHTYp COJEpXKaj, IO

A 83.,|+ —Z B KpaHEN Mepe, OJIUH YYacCTOK LIENH, HE BXOASIINMN B
! If;'fz paHee paCCMOTPEHHBIE KOHTYPHI;

L} 7 4) ecnau TOKU COBMAJAIOT ¢ BHIOPAHHBIM HaIpaBJICHUEM

,&Ij 00Xxo1a KOHTypa, TO OHU CYHUTAIOTCS IOJIOKUTEIIb-

144'——' HBIMH. DJIC CYHUTAIOTCS IIOJIOKUTEIBHBIMH, €CIIU OHHU

Pucysok 42.2 MOBBIIIAIOT MOTEHIIMAN B HAMPaBJICHUU 00X0Ja KOH-

Typa.

s xoutypa AR|BR,A (puc. 42.2) Bropoe mpaBuio Kupxroda zamumercs
CIIeIYIONUM 00pazoM:

II(RI +”1)_12(R2 +r2):81 — €,

rAe 1; —CONPOTUBIEHUE i-T0 UCTOUHHMKA. KOHTYp 00XO1IM IO 4acCOBOM CTpETIKE.

§43 PadoTa u MomrHOCTh TOKA. 3akoH J[xkoy.ast — JleHna

[Ipu ynopsimo4YeHHOM JABHKEHHUU 3aPSIKEHHBIX YACTHUI[ B IPOBOJHUKE AJIEKTPHU-
YeCcKoe IoJjie coBepInaeT padborty. E€ npuHsATO HA3BIBaTh padomoii mokxa.

PaccmoTpuM TIpOU3BOJIBHBIN YYACTOK LEMHU MOCTOSSHHOTO TOKA, K KOHIIAaM KO-
TOPOTO MPWIOKEHO HamnpspkeHue U. 3a Bpems t 4epe3 ceYeHUe MPOBOJHUKA MPOXO-
IUT 3apsif g = It. ITO paBHOCWIBHO TOMY, 4TO 3apsij It MEpEeHOCUTCS 3a BpeMsl ¢ U3

OJHOT'0 KOHIIa ITPOBOJHHKA B npyroﬁ. HpI/I 9TOM CHIJIBI JJICKTPOCTATHYCCKOTO IIOJIA U
CTOPOHHUC CHUJIBI, HGﬁCTBY&MHG Ha JaHHOM YYaCTKC, COBCPIIAIOT pa60Ty:
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A=Uq=Ult. (43.1)

PaznenuB paboty A Ha Bpems t, 32 KOTOPOE OHA COBEPIIAETCS, TTOJIYIHM MOIII-
HOCTh, Pa3BUBA€MYI0 TOKOM Ha PACCMATPUBAEMOM YYaCTKE LIETIH:

P=UI. (43.2)

DTa MONIIHOCTh MOXKET PACXOJOBATHCS HA COBEPILIEHUE PacCMaTPUBACMbIM
Y4acTKOM IIeTH paOOThl HaJl BHEIIHUMH TEJIaMH, Ha MPOTEKAHHE XUMUYECKUX PEaK-
LA, HA HArPEBaHUE JaHHOT'O y4YacTKa LEenu U T. 1.

Ecny npoBOAHUK HEMOJABUAKEH U B HEM HE MPOUCXOJUT XUMUUYECKUX MPEBpa-
HIeHUM, TO paboTa MoJs MO NEPEMELIEHUIO 3apsiIOB UIET HAa U3MEHEHHE BHYTPEHHEH
SHEPrUM NPOBOJHUKA, T.€. IPOBOAHUK Harpesaercs. [Ipu 3Tom BbLAEIsAETCA KOJIMYE-
CTBO TeIlIa:

Q=A=1Ut.

ITo 3akony Oma U = IR . CnenaB 3aMeHy, IOJIy4aeM
Q=1°Rt. (43.3)
JlanHOE BBIpakK€HHE Ha3bIBaeTCs 3akoHOM Jlxoyis — JleHua.

ITocMmoTpuTE JIEKIIMOHHBIE IEMOHCTPAIIUN:
1. IInaBkuii npenoxpanutens. [lepexxuranre npoBOJIOKH.
http://www.youtube.com/watch?v=1SJ NFRYPjg
2. 3akoH J[[xoyns — Jlenna. llenouka u3 pa3IMuHbIX METAJUIOB.
http://www.youtube.com/watch?v=N638UEoSRY0
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YACTD 4. DJJEKTPOMAT'HETU3M

Macnemusm — ocobasi popMa B3aUMOAECUCTBUS MEXAY JIEKTPUYECKHUMH TO-
KaMH, MEXKy JIEKTPUYECKUMU TOKAaMU U MarHUTaMH U MEXJy MarHuTamMu. Maraur-
HbI€ CBOMCTBA MPUCYIIM B TOW WJIM UHOM CTENEHU BCEM 0€3 UCKIIIOUEHHUS TesaMm, Mo-
ATOMY IpPH PACCMOTPEHHWU MArHUTHBIX CBOWCTB BEILECTB BBEIECH OOLIMN TEPMUH —

MacHEeMUKU.

§44 MarmumurHoe moJie

44.1 Xapaxmepucmuxku MazZHUmMHO20 NOJA

Pucynok 44.1

- -
F F
g ————

Al
N

—

7/—-&'

S

Pucynoxk 44.3

100

B 1820 rogy narckuii pusuk Dpcren oOHApY KU,
YTO MarHUTHAasl CTPEJIKA, paclojOKE€HHas MNapajuiesIbHO
MPSMOJIUHEUHOMY MPOBOJHUKY, MPU MPOMYCKAHUU Yepe3
HEro MOCTOSHHOIO TOKal CTPEMHTCS PacHOJIOKHUTHCS
NEePHEHANKYJIIPHO TPOBOAHUKY (puc. 44.1). Ilpu uzme-
HEHUU HAaINpaBJiEeHUs TOKA CTpPeJKa MOBOpavyvBaiach Ha
180°. To ke camoe MPOUCXOJUIIO, KOT/Ia CTpEJKa Imepe-
HOCHJIACh BBEPX U pacrojaraiach Haj IPOBOJIOM.

B Tom xe romy A.Amnep ycTaHOBWJ, YTO JBa
MIPOBOJIHMKA, PACIIOIO0KEHHBIE MAapaILIEAbHO APYT APYTY,
UCIIBITHIBAIOT B3aUMHOE MPUTSKEHHUE MPU MPOIMYyCKAHUU
4yepe3 HUX TOKAa B OJIHOM HaIlpaBiI€HUU U OTTAJIKHBAIOT-
Csl, €CIIM TOKM MMEIOT MPOTUBOMOJIOKHBIE HAPABICHUS
(puc. 44.2). Cuna B3auMOJICHCTBHUS TPOBOJHUKOB TPO-
MOPLHMOHATbHA BETUYMHE TOKOB U 0OpAaTHO MPOIMOPIIHO-
HaJbHA PACCTOSHUIO MEX]y HUMU:

EILE]
2.

F

Ecnu npoBOJHUK C TOKOM MOMECTUTh MEXIY IO-
JI0CaMH TTOJIKOBOOOPA3HOTO MarHuTa, TO OH OYyJeT WIu
BTATHBATHCS, WJIM BBHITAIKUBATHCS U3 HETO B 3aBHCHMO-
CTH OT HarpaBjeHus Toka (puc. 44.3). Cuiia nqeicTBus co
CTOPOHBI MAarHUTHOTO TOJISI MPOMOPIMOHATIFHA CHJIE TO-
Ka ¥ JJIMHE NpOBOJHUKA: F ~ [ -1[.

IHocMoTpHUTE JIeKIIUOHHBIE 1eMOHCTPALINH.
1. OmbIT Dpcrena co CTPENKOM.
http://www.youtube.com/watch?v=F4JL.2vvYd8c
2. OnbIT IpcTeaa ¢ paMKOu.
http://www.youtube.com/watch?v=PSrP8084urk
3. B3aumojeiicTBue napajuiebHbIX TOKOB.
http://www.youtube.com/watch?v=g37PEIxgCVs
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Takum 00pa3oM, SKCIIEPUMEHTHI TOKa3adl, YTO BOKPYT MPOBOJHUKOB C TOKOM
U TIOCTOSIHHBIX MAarHUTOB CYIIECTBYET MAZHUMHOE NOJe, KOTOPOE OOHAPYKUBACTCS
10 €r0 CUJIOBOMY JICHCTBUIO HA APYTUE€ MPOBOJHUKH C TOKOM, TOCTOSIHHBIE MarHUTHI,
JBIDKYLIUECS SIEKTPUUECKUE 3apsiibl. B OTIu4yne oT 3JMeKTpUYECKOTO MOJsl MAarHUT-
HOE€ MOJIE HE OKA3bIBACT ICMCTBHUS HA MOKOSIIUNCA 3apsii.

JIns XapaKTEepUCTUKH CIIOCOOHOCTH MAarHUTHOTO TIOJISI OKa3blBaTh CHJIOBOE
JEWCTBUE Ha MPOBOJHUKK C TOKOM BBOAMUTCS (pU3MUECKas BEIWYMHA, Ha3bIBaeMmas
6EKMOPOM MAZHUMHOU UHOYKUUU.

MarauTHoOE MoJie UCCIAEIYIOT C MOMOIIBIO 3aMKHYTOI'0 KOHTYpa ¢ TokoM. KoHn-
Typ JAOJDKEH MMETh Majible pa3Mephl MO CPABHEHUIO C PACCTOSHUSIMH, Ha KOTOPBIX
MarHuTHOE ToJie 3aMeTHO wu3MeHsetrcsa (puc. 44.4 a). IloaBoasiiue TPOBOIHUKU
CIUICTAIOT BMECTE, YTOOBI PE3yIbTUPYIOIIAs CUIa, ACHCTBYIONIAsS Ha HUX CO CTOPOHBI
MarHUTHOTO IOJIs, OblJIa paBHA HYJIIO.

Ecnu nponycTtuTh TOK 4yepe3 paMKy U IPOBOJI, TO pam-
Ka MOBOPAYMBAETCSl U PACMOJIAraeTcs Tak, YTO MPOBOJI OKa-
3bIBAETCS B IJIOCKOCTU paMmku (puc. 44.4 0). Teno moBopauu-
BaeTCA IO IecTBEM MOMEeHTa cuil. Eciu OpaTh pa3Hbie 1o
IJIONIAIM PAMKHU C Pa3HBIMU TOKaMHU, TO MOMEHTHI CHJI, JIeH- IOT
CTBYIOIIIME HA 3TU PaMKU B JAHHOW TOYKE MoJisg, OyayT pas-
HeIMH. OJTHAKO, OTHOIIEHHE MaKCHMAaJILHOTO MOMEHTA CHJI K
IIPOM3BEICHUIO CUJIBI TOKA B paMKe Ha ee oMb OyIeT i a) 0)
JAHHOW TOYKH MOJIs OJJHUM U TEM >K€. ITO OTHOIICHUE MpPH-
HHUMAIOT B Ka4eCTBE BEJIWYMHBI, XapaKTEPU3YIOIIEH MarHuT-
HOE T10JI€, ¥ Ha3bIBAIOT MHAYKIIMEH MAarHUTHOIO TOJISI B TAHHOM TOYKE.

Pucynok 44.4

Maznumnas undykuyus (B) — sexmopnas gusuueckan eenuuun, cunoeas
Xapakmepucmuka MAZHUMHOZ0 NOAA, YUCIEHHO DPAGHAA OMHOUIEHUI0 MAKCU-
MaANbH020 MOMeHma cuil My, Oelicmeyiouiezo Ha pamKy ¢ mOoKOM cO CHOpPOHbL
MAZHUMHO020 NOA, K npou3gedenuto cuivt moka I ¢ pamxe na ee niowaos S:

B= M i . (44.1)

IS
N3 onbiTOB AMmepa cienyer, 4TO Ha MPOBOJHUK C TOKOM, MOMEIICHHBIN B
MAarHuTHOE TMOJIe, JEUCTBYET CUJIa, TPONOPIMOHAIIbHAS CUJIE TOKAa B MPOBOJHUKE U
JJIMHE NPOBOAHUKA. [[03TOMY MOXKHO J1aTh Ipyroe ONnpenesieHue MarHUTHOW MHIYK-

[IUH.

Maznumnan undykuua (B) — eexmopnas gusuueckan éenuuun, cunogas
Xapakmepucmuka MAZHUMHO20 NOAA, YUCTEHHO DPAGHAA OMHOUIEHUI0 MAKCU-
MANbHO20 3HAYEHUA CUJIbL, 0ClCMEYIOuiell HA NPOBOOHUK C MOKOM, K Bpou3eede-
Huto cunvl moka I 6 nem na onuny npoeoonuxa l:

= Finax : (44.2)
11

[B] H Kl - M KI'

AM A-c?m A-c?
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Kpome BekTOpa MarHuTHOM MHIYKIUU JUISl XapaKTEPUCTUKA MAarHUTHOTO I1OJIS
HCTIONB3YIOT BCIIOMOTATE/IbHYIO BEIMUNHY H , HAa3hIBAEMYIO0 HANMPSKEHHOCTHIO Mar-
HUTHOTO MOJsl. MarHuTHas MHAYKUUS U HAOPsHDKEHHOCTh CBA3aHBI MEXKIY COOOU co-
OTHOILIEHUEM:

B=p,uH , (44.3)
rae g =4n- 10~ Tu/M — MarauTHas MMOCTOSIHHAS,

W — OTHOCHUTCJIbHAA MarHuTHas IIPpOHUIACMOCTb CPCABI;

H — HanpsKEHHOCTh MarHUTHOT'O MOJISL.
Maznumnaa nponuyaemocms cpedvl |L — 3T0 (pU3NYeCcKass BEIMYNHA, IIOKa-

3BIBAIONIAsA, BO CKOJIBKO pa3 MarHUTHAas MHAYKIUA IIOJS B JAHHOW CPEAE OTIIMYAETCSA
OT MarHUTHOM MHIYKUHH MOJs B BakyyMe. [[ns Bakyyma p=I1.

Hanpasicénnocms mazHumnozo noasa H — BEKTOpHAS BEIMYWHA, SBIIAIOLIAS-
C KOJMYECTBEHHOW XapaKTEPUCTUKOW MArHUTHOTO moJisi. Hanmpsi»k€HHOCTh MarHuT-
HOT'O MOJISI OIIPEAEseT TOT BKJIaJ B MATrHUTHYIO MHIYKIIMIO, KOTOPBIN JalOT BHEIITHUE

NCTOYHUKMU I10JIA.
[H]=A/wm.

44.2 I'pagpuueckoe uzooparxcenue MaZHUmMHbBIX noJeil

['padpmueckn MarHUTHBIE TOJS MOKHO M300pa)kaTh C MOMOIIBIO JTMHUN Mar-
HUTHOW MHIYKIMU (CHJIOBBIX JTUHUNA MAarHUTHOTO TIOJIS).

-

Jlunus, B m000M TOYKE KOTOPOW BEKTOP MAarHUTHOM MHAYKIMHU B HampaBiieH
M0 KacaTeJIbHOW K HEH, Ha3bIBACTCS JIUHUEH MAZHUMHOU UHOYKYuu (CU10601 1uU-
Huell MAZHUMHOZ0 NOJIA).

JIuHUM MHIYKIIMHA MarHUTHOTO TOJISI HA B OJTHOM TOYKE TOJI He 0OpBIBAIOTCA,

I T.e. OHM Bcerjga HempepblBHbL. OHM HE HWMEIOT HHU
I Havaja, HA KoHIIa. BeKTopHOE 10JIe, MMEroIee Herpe-
— T = PBIBHBIE CHJIOBBIC JIMHHH, HA3bIBACTCS GUXPEBLIM HO-
/}7:;:}5555:\::\:\& Jiem. MarHuTHOE TI0JIe — 9TO BUXPEBOE TIOJIE.
J\&:E:f_-‘f:ff/ JIvHUM MHOYKIUMU TPSAMOTO IPOBOJHHUKA C TO-
B KOM, KpYyroBOTO TOKa, TOJIS, CO3/1aBa€MOTO TOCTOSH-
| HBIM MAarHUTOM, NpeACTaBjieHbI Ha puc. 44.5, 44.6,
Pucynok 44.5 44.7.
. / s %y
B~ sk .:,{;f::::\}\.?}/ P
I B s I Y =l
—F CE=DY
W N e
Pucynok 44.6 Pucynox 44.7
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Ecnm BO Bcex TOYKax HEKOTOPOM YaCTH IMPOCTPAHCTBA BEKTOP MarHUTHOW WH-

—

OyKIMM B He M3MEHSET CBOETO HAINPABIICHUSA W YHCICHHOIO 3HAYEHMS, TO MarHuT-
HOE I10JI€ B OTOM YaCTH MIPOCTPAHCTBA HA3BIBACTCSA OOHOPOOHBIM. B IPOTUBHOM Ciy-
4ae MarHUTHOE IT0JIE SIBIISIETCSI HEOTHOPOAHBIM.

IMocMoOTpUTE JTEKIUOHHYIO IEMOHCTPAIUIO.
MarnuTtHoe 1oJjie TOKOB pa3iuyHbIX KoHpuUrypauid. CUioBble TUHUA MarHUT-
HOT'O MOJIA.
http://www.youtube.com/watch?v=xPic6xzvbwc

§45 Pacuér marnutHbIx noJieid. 3akon buo-Casapa-Jlaniaca
45.1 3akon buo — Casapa —Jlannaca

B 1820 rony dpanmysckumu yuenbiMu bruo, CaBapom u Jlamiacom O6bu1 ycTa-

HOBJICH 3aKOH, HOBBOJISIIOH_II/Iﬁ OoNpCACINTb MArHUTHYIO MHAYKIIUIO dB I10JI41, CO31a-
BacMOI'o 3JICMCHTOM TOKa. HO,Z[ QJICMCHTOM TOKa ITIOHUMAIOT IIPOU3BCACHNUC TOKA I Ha

AJIEMEHT JUIMHBI dl TPOBOJHUKA.
ITo 3akony buo — CaBapa — Jlanmaca uHAyKUMs dB MarHUTHOTO MOJISL, CO3/a-

BaeMOI'0 3JIeMEHTOM Toka Idl B HpOHSBOHBHOﬁ TOYKC A, OIIPCACIIACTCA BbIPpAKCHU-
CM:

dB="0"."""" (45.1)

B cxansiproMm Buze:

_ Mou Idisino
= : —

dB (45.2)

4n r
r7Ie oL — yroJl MeX/1y HalpaBJIeHUSIMU dJIEMEHTa TOKa U pauyc-BEKTOpa 7, UAYIIETOo
OT 3JIEMEHTa TOKa K TOYKE, B KOTOPOH ompenensiercs WH-
nykuus (puc. 45.1).

AHanoruusble  QOpMyJbl MOXXHO 3amucaTh IS
HaANPsHKEHHOCTH MArHUTHOTO TOJIS:

—

dH = Ml_x;’ , (45.3)
4nur
Idl sin o
dH =——. (45.4)
Pucynok 45.1 A2

MarnuTtHoe 1oJie 11000r0 ToKa MOKET OBITh BRIYMCIEHO KaK BCKTOpHAasA CymMMa
HOHCP'I, CO3J1aBaCMbIX 3JICMCHTAPHBIMU YUYdCTKaMHU TOKOB!:

E:Lﬁ.
)
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Ecnam marauTHOE 110J1€ CO31a€TCS CUCTEMOM MPOBOJHUKOB C TOKOM, TO UHIYK-
1Usl Pe3yJIbTUPYIOIIETO MOl B JI00OM €ro TOYKE TakKe paBHA BEKTOPHOW CyMMe
VMHIYKIIMH MarHUTHBIX MOJIEH, CO3/1aBAEMBIX KaXKIbIM TOKOM B OTAEIbHOCTH:

B=B +B,+..+B,. (45.5)

JlaHHO€ YTBEpXKICHUE HOCUT HA3BAHUE MPUHIIMIA CYTIEPIIO3ULINU TTOJIEH.
3akon buo — Capapa — Jlamiaca npuMeHsIIOT JJisl pacdé€ra MoJed, co3aaBae-
MBIX TTPOBOJIHUKAMU MIPABMIHBHONW TEOMETPUUYECKON (DOPMBI B BAKyyME.

45.2 Ilpumepwvt pacuéma mazHUmMHbBIX noJeul

1. MaruuTtHOC I10JIC, CO3AaBaCMOC OTPC3KOM IIPOBOJHHKA C TOKOM

B =M(cos 0L —COS QL ). (45.6)
o, 4y,

Vel o U o, 0003HaUeHbl Ha puc. 45.2. ry — Kparyaiiiiee pac-

CTOSIHME OT MPOBOJHMKA O TOYKU. Bekrop unaykuuu B nep-
MEHJAUKYJIAPEH IUIOCKOCTH 4YepTerka, HalpamjieH K HaM U, IO-
ATOMY, U300PAKEH TOUKOM.

Jlii1 6ECKOHEYHO AJIMHHOIO MPOBOAHUKA (7, << /, [ — nnu-

Ha IPOBOJIHUKA) MOXKHO CYUTATh, 4TO o =0, o, = 7. Torga:

Pucynox 45.2 7

p=Hol (45.7)
21,

IZle 7, — PacCTOSHUE OT IPOBOJHUKA C TOKOM JI0 TOYKH, B KOTOPOW OIpEIeNseTCs

MarHuTHass UHIAYKIUS.
AHanornunyio (HopMysly MOXKHO 3alucaTh JJIs HAMPSHKEHHOCTH MAarHUTHOTO

TOJISL:
H = ! . (45.8)
2nr,
2. MaruurHoe 1oJe, co31aBaeMoe KpyroBbIM TOKOM Ha €ro OCH.
2
p—_ MoIR" (45.9)
2, 2)2
Z(R + X )3

R — paanyc BUTKa, X — PaCCTOSIHME OT LIEHTPa BUTKA /10 TOUYKHU A, paclojIoKeHHON Ha
OCH KpPYTOBOT'O TOKA.

AHanornynyto (Gopmysly MOXKHO 3alucaTh ISl HANPsSHKEHHOCTH MArHUTHOTO
HOJISL:

2
H-_ IR (45.10)

Z(R2 +x° )3/2 '
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IIpn x=0 mosyuyuM BbIpax€HHE Ui pacdy€Ta MHAYKLUUU B LIEHTPE KPYyroBOTO
TOKA:

p_bol 45.11)
2R

Harnps:k€HHOCTh MArHUTHOTO TOJISI B LIEHTPE KPYTOBOTO TOKA:

1

H=—.
2R

(45.12)
3. MarHutHoe 1noJje CoJICHOU1a KOHEYHOU JIUHBI.

Conenoup npeAcTaBisieT coO0M MPOBOJA, HABUTHIM Ha KPYTJIbIM HUIMHApPUYE-
ckuil kapkac. Ha pwuc. 45.3 mokazaHo ceueHue coyieHoWaa. BHyTpu cojeHouaa

—

HanpaBJICHUE UHIYKUMHA B COBNaJaeT ¢ HAIpPaBJICHUEM OCH.
NHayknuss MarHUTHOTO TOJI B IPOU3BOJIBHOM TOYKE A, JIEKAIIEH HA €ro OCU
COJICHOMIa KOHECYHOM JIJTMHBI PaCCUUTHIBACTCS 1O (popMmyiie:

In
=1 (cosa, —cosa, ), (45.13)
2

L -

Rr % o4 B
Ol x |A Y TIe n :7 — YKUCJIO0 BUTKOB Ha €IWHMILY JJIUHBI CO-

H000000000000000 JeHou 1a (TUIOTHOCTh HAMOTKH);
- L > Oy U O, — YIJbl, IOJ KOTOPBIMHU U3 TOYKH A BHJIHBI
Pucynox 45.3 KOHIIBI cosieHoma (puc. 45.3).

Hanpsok€HHOCT MAarHUTHOTO TOJSA B IIPOM3-
BOJILHOU TOYKE HA OCU COJIEHOMJAa KOHEYHOU JIMHEI

In
H ="=(cosa, —cosa,). (45.14)
2
Ecim />> R, To colleHOM cUMTaeTCsa OCCKOHEUHO JIUHHBIM. J[J1s1 0ECKOHEYHO
IUIMHHOTO coneHouaa o, =0, o, =n. Torna:

B=pyln. (45.15)

COOTBETCTBEHHO, HAMPSXKEHHOCTh MArHUTHOTO MO BHYTPU OECKOHEYHO
JUIMHHOTO COJIEHOMAA:

H=1In. (45.16)
§46 3axKoHBLI MATHUTHOIO IOJISAA

46.1 Maznummuotit nomok

Ilomoxom eexkmopa mazHUMHOU UHOYKUUU UAU MazHUMHbIM nomokom (dD)
CK603b n1ouwiadKy dS naszvieaemcsa ckanapuan puuueckan eeauduna

105



3J'ICKTDOM&I‘HCTI/I3M

A d® = BdS = BdS cosa., (46.1)

I

g c e " 1
N B rtne dS =ndS, n — eAMHUYHBIN BEKTOP HOPMAaJIH K IUIOIIAIKE;

n, 0L — YroJl MKy HamnpaBIEHUEM HOPMalH 7i U BEKTOPOM
VIS MArHuTHOHN HHAYKIMH B (puc. 46.1).
PrcyHok 46.1 [@]=Txn-m* =B6 (Bebep).

MarauTHbIM MOTOK CKBO3b TPOU3BOJIBHYIO TOBEPXHOCTH S:

D = f j BdS . (46.2)
S

Ecnu none oqHOpOoIHO (B = const), a TMOBEPXHOCTb IUIOCKAS, TO

® =BScosa. (46.3)

46.2 Teopema I'aycca 0na maznumnozo nons

Teopema ["aycca 11 MarHUTHOTO MOJIS SIBJSIETCS 0000IIEHNEM OMBITHBIX JaH-
Hbix. CornacHo Teopeme ['aycca:

Ilomoxk eéexmopa B cK603b 1100y10 3aMKHYMYI0 ROBEPXHOCHLL PAGEH HYJIIO:

§BdS =0. (46.4)
S

Teopema ["aycca oTpaxkaeT TOT SIKCIIEPUMEHTATbHBIN (paKT, YTO JUHUU BEKTOPA

B He uMeroT HU Havalsla, HU KoHIA. [1oaToMy uucio JIuHuil BekTopa B, BRIXOASIIMX
u3 J1I000ro 00BEMA, OrPaHUYEHHOTO 3AMKHYMOU TIOBEPXHOCTHIO S, BCEraa paBHO
YUCITY JIMHUM, BXOASIINX B TOT 0OBEM.

dopmyna (46.4) BeipakaeT Takke U TOT (aKT, UTO B MPUPOJIEC HE CYIIECTBYIOT
€MHUYHbIE MAarHUTHBIE 3aps/ibl, HA KOTOPBHIX HAYMHAIUCH Obl WJIM 3aKaHYMBAIUCH

JIMHUU BEKTOpa B.

46.3 Iupkynayusa e6ekmopa MacHUMHOU UHOYKUUU. 3AKOH NOJIHO20 MOKA

—

Hupxynayueit BeKTOpa MarHUTHOM MHAYKUMH B 1O 3aMKHYTOMY KOHTYpY [
Ha3bIBAETCS UHTETPAJ BUJIA:

§ Bal = { Bai cos(B. dr ) (46.5)
l l

rae [ —3aMKHYTBIA KOHTYp MPOU3BOJIBHON (POpPMBI,

dl — BEKTOp 3JIEMEHTApHOM UIMHBI KOHTYpPa, HAMpPaBJICHHBIN MO0 00XOay KOH-

Typa.
CoriacHO 3aKOHY TOJIHOTO TOKa!
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Hupkynayua eekmopa macHumHoil uHOyKyuu B 6 eakyyme no npou3seoins-
HOMY 3aMKHYmomy Koumypy | pagna npouszeedenuro MazZHumHOU NOCMOAHHOIU |1

Ha anzeﬁpauuecxylo CYymMmy moKoe, oxeambvpleaemblx Imum KOHmypom.

. N
§Bdl =py Y1, (46.6)
1 k=1

rae N — 9uclio MPOBOJHUKOB C TOKOM, OXBaThIBAEMBIX KOHTYPOM [ MPOW3BOJILHOM
dbopMBI.

3aKOH CHpaBeIUB JUISI IPOBOJHUKOB C TOKOM JIF000I (hOPMBI U JIFOOBIX pazMe-
poB. [Ipu BbrumcieHNN anreOpanyecKkoil CyMMbI TOKOB TOK CUHUTAETCS MOJIOKHUTEIb-
HBIM, €CJIM €T0 HaIpaBJICHHE CBSI3aHO C HANpaBJIeHUEM 00X0/a MO KOHTYPY MPaBHIOM
MpaBoro BUHTA. TOK MPOTUBOMOJIOKHOTO HAMPABJICHUS CUUTACTCS OTPUIIATEIIHHBIM.

3aK0H TMOJHOTO TOKa MOXHO C(HOpMYyIHUpOBAThH NJIsi HAMPSOKEHHOCTH MAarHUT-
HOTO TIOJIS:

Lupkynayua eexmopa nanpsaycénnocmu maznummnozo noiaH no npous-
80J1bHOMY 3AMKHYMOMY KOHMYPY PAGHA A2eOpauyecKoil cymme moKoe, 0Xeanbl-
8AEeMbIX IMUM KOHHLYPOM.

jﬁﬁdf = ﬁ:lk . (46.7)
1 k=1

§47 JleiicTBHe MATHUTHOIO MOJIsl HA MPOBOAHUK C TOKOM
47.1 3axkon Amnepa

O0600MmHKB KCIIEpUMEHTANIBHBIC TAHHBIC 110 UCCICAOBAHUIO JICHCTBUS MAarHHT-

HOTO MOJI HA Pa3IM4YHbIe TPOBOJHUKU C TOKOM, AMIIEp YCTaHOBUJ, 4TO cuna dF , ¢
KOmopoil mMazHumuoe noae oeicmeyem Ha 3J1eMeHm MmoKd, PA6HA 6EKMOPHOMY

npouseedenuro nemenma moka Idl na macnummuyr unoykyuio B.

P dF =Idl xB, 47.1)
B 7 dF = IBdlsin o, 47.2)
7l rac o — yroja MeExay HallpaBJICHHEM TOKa WM BCKTOpPOM Mar-

HUTHOI MHAYKIMK B (puc. 47.1).

HamnpasieHue cuiasl dF ONPEeeNsioT MO MPaBUIy BEK-
TOPHOIO mpou3BefeHus. Ha npaktuke ydaiie npuMeHSIOT MHe-
MOHHMYECKOE IPABUIIO JIEBOM PYKHU: €CIIM PACIOJIOKUTH Ja- 7
JIOHB JIEBOW PyKH TaK, YTOObI BEKTOP MAarHUTHOW MHIAYKIIUU
BXOJWJI B JIAJIOHb, a4 YETHIPE BBITSAHYTHIX MaJIbI[a PACIIOJIO-

Pucynok 47.1

KUTh II0 HAIIPABIICHUIO TOKA, TO OTCTaBJIEHHbIM Ha 90° B
OOJIBIION Tasel] YKa)KeT HalpaBJICHUE CUJIbI, JEUCTBYIONICH
Ha MPOBOJIHMK C TOKOM B MarHuTHOM Tiose (puc. 47.1). 1

Eciu npoBOJHUK MMEET KOHEUHBIE PAa3MEPBI, TO Pucynox 47.2
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F:jdﬁ:jldixé. (47.3)

Ilpumepvyr:
1. Cuia, geiicTByromasi Ha IPSIMOJIMHEHHBIA TPOBOJAHUK C TOKOM B OJJHOPOJHOM
MarHuTHoM none (puc. 47.2). Jns onHopoaHoro noiist B = const .

F =1IBlsina, 47.4)
rae [ — 1MHa TPOBOHUKA.
0L — yroJl MEeXK/ly HarpaBJIeHUEM TOKa U BEKTOPOM MarHUTHON UHIYKIIUH.
2. Cwia B3aMOJICMCTBUS IBYX O€CKOHEUHO JIJIMHHBIX MPSIMBIX TOKOB (puc. 47.3).

W3 onbiTOB AMIiepa ClIeyer, 4To
AIl A12 - — HapaHHeHBHBIe TOKHX OJHOI'O HaHpaBHeHHH HpI/ITﬂFI/IBaIOTCH;
I?; E’l /B1 — TapaJuleNbHbIE TOKM MPOTUBOMOJIOKHBIX HAMpaBICHUH OTTal-
/_’ ] KHBAKOTC.
B, F, =Ml 47.5)
_r 2nr

Mo:kHO TI0Ka3aTh, 4TO cujia F,;, ¢ KOTOPOM MEPBBIA TOK

Pucynok 47.3  pejicTByeT Ha BTOpOIA, paBHA U MPOTHBOIIONOKHA cuiie Fi,, ¢ KO-
TOPOM BTOPOM TOK JCHCTBYET Ha IEPBBIN.
Cuuia, nelicTByronasi Ha €IMHUILY JJIMHbBI IPOBOIHHKA!

F :Ezuolllz_

47.6
! [ 2nr ( )

Ha ocnoBanuu gopmyinsl (47.6) maercst onpeneneHue eAUHUIbI CHIIbI TOKa —
aMmriepy.

Amnep — 3mo cuna makozo HeUIMEHAIOULE20CA MOKA, KOMOPblil, NPOX00
no 08ym napaniebHblM NPAMOIUHEHHBIM NPOBOOHUKAM 0ECKOHEYHOU OUHbBL U
HUYMOMNCHO MAN020 KPY208020 CE4eHUs, PACHOJIONCEHHbBIM Ha paccmoanuu 1 m
00uUH om 0pPy2020 6 8aKyyme, 6bi3bleéal Obl MeHcoy IMUMU NPOBOOHUKAMU CUTLY
é3aumodeiicmeusn, pasuyio 2-10 7 H na Kaxcowviii memp Onunsl npoeoonuKa.

ITocMoTpHTE JTEKIUOHHYIO 1€MOHCTPAIUIO.
Tenexxka DiixenBanpaa (Cuna Ammnepa).
http://www.youtube.com/watch?v=YBi1WiNcLQQI

47.2 Paboma, coeepuiaeman npu nepemeuseHuu npo8oOHUKA C MOKOM
6 MAZHUMHOM noje

PaccmoTpuMm Lenb ¢ TOKOM, OOpa30OBaHHYIO HEMNO-

1
_ 7 A
R — %
ne B® / 7 | JIBWKHBIMA IPOBOJAMH H CKOMB3AUIMM MO HUM TIOJBHK-
€ /\dr [ HBIM MPOBOIHUKOM JTHHOM [ (pHcC. 47;4). Llenb HaxoUT-
é S | ¢4 B OMHOPOJHOM MAarHWUTHOM T0Jie (B = const), Hanpas-
dx JIEHHOM MNEPHEHAUKYISAPHO K IJIOCKOCTH 4eprexka. llo
3aKOHY AMIIepa Ha IPOBOJHUK JACHCTBYET cCuia, KOTOPas
Pucynok 47.4 CoBepIIaeT paboTy Mo mepeMenIeHno MpoBoHrKa. Ecin
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TOK B MPOBOJIHUKE MTOCTOSIHHBIN (/=const). TO
A=IAD =[(D, —D,), 47.7)

rae AQ =@, — P, — u3MEHEHUE MAarHUTHOTO IIOTOKA.

§48 MarnutHblii MOMeHT. KOHTYp ¢ TOKOM B MATHUTHOM I10J1€

48.1 Maznummnotit momenm

Maznumnvim momenmom (Z)m) N10CK020 3AMKHYMO020 Konmypa ¢ mokom I

Ha3bl6aemca 6eKmMOpPHAA (hu3uyecKan eeIudUna, YUcjieHHO PAGHA NPOU3EEOCHUID
moka I na nnowadb konmypa S:

p,, =1nlS, (48.1)

I7I€ 1 — €AUHUYHBIA BEKTOP IMOJIOKHUTEIBHOW HOPMAJIA K MOBEPXHOCTH, OTPAaHUYEH-
HOM 3THM KOHTYpOM. [lOJ0XUTENbHOM HA3bIBA€TCSI HOPMAJb, 78

~ m
HAIIpaBJICHUE KOTOPOM CBSI3aHO C HAIIPABICHHEM TOKAa B KOHTYpPE
IPaBUJIOM IpaBoro BUHTA. [I03TOMy BEKTOp p, HallpaBlIeH IEep- 78

NEHANKYJSIPHO TUIOCKOCTH KOHTYpa Tak, YTO M3 €ro KOHIIa TOK B
KOHTYpPE BUJICH UIYIITUM MTPOTUB YacOBOM cTpesku (puc. 48.1).

[P ]=A .

MarauTHBIM MOMEHTOM OIpCACIIACTCA KaK I10JIC, CO3/1aBa-
C€MOC KOHTYPOM, TaK U IMMOBCACHNC KOHTYpa BO BHCIIIHCM MAaIrHUTHOM I10JIC.

1
Pucynok 48.1

48.2 Bpawarowiuii momenm, co30a6aemulil Cuiamu, RPULOHCEHHBIMU K KOHMYDY

PaCCMOTpI/IM IIOCKUI KOHTYD, H&XOI[HHII/II‘/JICH B OAHOPOOHOM MAIrHWTHOM IIOJIC

(B =const). [lycTb KOHTYp OPUEHTHPOBAH TaK, YTO JMHUUW MArHUTHOW WHIYKUIHUH
10 napajiesibHbl IIJIOCKOCTU KOHTypa (puc. 48.2). Ha cTopo-

; ) : b PR Hbl -2 u 3—4 koHTypa 10 3aKOHY Ammnepa AEHUCTBYIOT
o ‘ /F;4 paBHBIE 110 BEJIMYUHE CWIBL F, U F},.
a : - Cuibl, TPUWIOKEHHBIE K ITPOTUBOIIOIOKHBIM CTOPO-
Z ! g HaM, 00pa3yroT napy cui. B pe3synapTare KOHTYp MOBOpa-
K, 5 —3 yuBaeTcs oTHOCUTENBHO ocu OO,
0 BekTop Bpamarouiero MoMenta M paseH
Pucynox 48.2 M =IBSsing. (48.2)

IJIe ( — YroJI MeK/Ly HAIpaBIeHHEM BEKTOPA B 1 HOPMAIBIO 7i K KOHTYPY,
S — momaar KOHTypa .

Boipaxxenne (48.2) MOXHO NpeoOpa3oBaTh, BOCMOIb30BABIIUCH MOHSITHEM
MarHMTHOIO MOMEHTA. 3aMEHHB IIPOU3BEACHUE [S 4Yepe3 MarHUTHBII MOMEHT, MOJy-
qUM
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M =p,Bsing. (48.3)
®opmyiy (48.3) MOKHO 3anMCcaTh B BEKTOPHOM BH/IE:
M=p xB (48.4)

BekTop Bpaliaomero MoMenta M HampasiieH Bjoib ocH Bpamenus OO’ Tak,
YTO U3 €r0 KOHIIA BPAIIEHUE PAMKH NOJ IEUCTBUEM Mapbl CHJI BUAHO MPOUCXOASIIUM
IIPOTUB YaCOBOM CTPEJIKH.

Ecnam MarHuTHOE I0JI€ HAIPaBJICHO MEPIEHINKYISIPHO K IIOCKOCTH KOHTYPa,

TO BEKTOPBI p, U B 6yayT coHampasieHsl. B 9ToM ciydae Bpamarommii MoMeHT M

(cm. dpopmyity (48.3)) paBeH HYJIIO.

Cunbl, IEWCTBYIOIINE HA Pa3HbIC
AJIEMEHTBI KOHTYypa, OyayT 1ubo pactsi-
ruBath ero (puc. 48.3 a), nubo Cxu-
MmaTh (puc.48.3 0) B 3aBUCUMOCTH OT
HaIpaBJICHUS TIOJIS U TOKA.

B HEOAHOPOIHOM MAarHUTHOM
T10JIe KOHTYP HE TOJIBKO CKUMACTCSI
(pacTsiruBaeTCs), HO ¥ BTATUBACTCS
(BBITAJIKKUBAETCS) B 00JIaCTh HEOTHO-
POJIHOTO TOJIS. Pucynok 48.3

[ [ ] Ld E"

§49 Cuaa Jlopenna

MarauTtHoe 1osie IEUCTBYET Ha OTAEIIbHBIE 3aPsKEHHBIE YACTULBI, IBUKYIIU-
ecsi B MarHuTHoM nosie. Cuna F,, NEHCTBYIOIIAs HA DJIEKTPUUYCCKUAN 3apsl, JBUKY-

IIUICS B MAarHUTHOM I10JIe, Ha3biBaeTcs cunou Jlopenya. Cuna JlopeHna pacCUuThI-
BaeTcs 1Mo Gpopmysie:

F,=quxB. (49.1)
Monayne cuiibl JIopeHna paBeH:
F,=¢gBusina., (49.2)

rIe g — 3apsij 4acCTUIIbI;
B — vHAYKIIMsSE MArHUTHOT O TOJISI, B KOTOPOM JIBHXKETCS 3apsil;

U — CKOpPOCTb 3aps/ia; 1?
— = JI
0L — YIOJI MEXIy BEKTOpaMu U U B.
Hanpagnenue cuibl JIopeHnia onpenensercss no npaBu- el 7

JIy BEKTOPHOI'O Ipou3BeieHNs. Ha nmpakTuke MOKHO MCIIOJb-
30BaTh MPABWIO JIEBOW PYKH, IIPU 3TOM HAJI0 YUYUTHIBAThH
3HaK 3apsaa. st oTpULaTeNbHBIX YaCTULl HAIIPABJIEHUE CH-
JIbl MEHAETCS Ha IIPOTUBOIIOJIOKHOE.

!
:Tijl
S~

B3anMHble pacrnonoxeHuss BEKTOpoB U, B u F, nng Pucynox 49.1
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nosioxkutenbHoro (g >0) u otpumnarensHoro (g<0) 3apsaoB TOKa3aHbl Ha

puc. 49.1.

Cuna JlopeHnia HampaBj€Ha BCErja NEpPHEHIUKYJSIPHO CKOPOCTH JIBUKEHUS
3apsHKEHHOM YacTHIBI U COOOIIAeT el IEHTPOCTpeMuUTeNbHOEe yckopenue. He nzme-
Hssl MOZYJIsl CKOPOCTH, a JIMILb U3MEHsIS €€ HalpasiieHue, cuia JlopeHua He cosep-
mraetT paboThl M KUHETHYECKAsi SHEPTHsI 3apsHKEHHON YaCTHUIIBI TIPH ABUKEHUHU B Mar-
HUTHOM I10JIE HE U3MEHSIETCS.

§50 IpdexT Xona

Ecnu memannuueckyio niacmunky, 600716 KOmoOpOoi meyen NOCHOAHHbLIL
INEKMPUYECKUIl MOK, NOMECMUMb 6 NEPREHOUKYIAPHOE K Hell MACHUMHOE noJle,
mo medxcoy cpanAmu, napanienbHblMu HANPAeI1eHUusM moKa U nojis, 603HUKaem
PA3HOCHIb NOMEHUUAN08.

Oto sBieHue ObUI0 0O0HapyxkeHo J. XomnoMm B 1879 rony m HazbiBaeTcs 3¢-
¢dexroMm Xouna.

Benuuuna pasnoctu noreHuuanoB U 3aBu-
CUT OT TOKa I, MHIYKIIMK MarHuTHOTO Toyig B u
TOJIUHBI TUIACTUHKH b:

rae Ry — nocrosinHas XoJuia. Ee 3HadeHue u 3HaK
OIPEICISAIOTCS TPUPOION TPOBOTHUKA.

HampaBnenuss MarHuTHOM UHIYKIUH E, TO-
ka I ykazanel Ha puc. 50.1. OgHON W3 OCHOBHBIX
npuurH 3¢p¢dexkra Xoia SBISETCA OTKIOHEHHE
HOCUTEJIEH 3apsja, ABWXKYIIMXCS B MarHUTHOM
nosie, moj aedcrteueM cuibl Jlopenna. Habmona-
ercst a¢dext Xomia BO BCeX MPOBOJHHUKAX M I0-
JYyOpPOBOJIHUKAX, HE3aBUCUMO OT MaTepuara.

JIns MeTannoB M MPUMECHBIX IMOJTYIPOBOJI-
HUKOB C OJHUM THUIIOM MPOBOJUMOCTH MOCTOSIHHAS
Pucynox 50.1 XoJa paBHa:

Ry=—, (50.2)

rae g —3apan;

n — KOHLEHTpaLUsl HOCUTEIeH TOoKa.

Opdexr Xomna sBasercs oAHUM U3 3P(YEKTUBHBIX METOAOB HCCIEAOBAHUS
HOCHUTEJIEH 3apsia, OCOOEHHO B MOJyNpOBOAHUKAX. OH MO3BOJISET OLIEHUBATh KOH-
LEHTPAIMI0 HOCUTENIEH W ONpEAENsITh UX 3HAK, CYAUTh O KOJMYECTBE NMPUMECEU B
NOJIyIPOBOJHUKAX M XapakTepe xuMuyeckux cBsizeil. Kpome storo addexr Xomna
NPUMEHSETCS JJI1 M3MEpPEHUs] BEIMYMHBI MarHUTHOW WHAYKIMU (HaTYUKU XOIia),
ONpeeeHUs BEIUUYUHbBI CUIBHBIX PA3PSAHBIX TOKOB.
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§51 MaruuTtHoe moJjie B BelecTse

51.1 Hamaznuuueanue mazHemuKa

DKCHEepUMEHTHI TOKA3bIBAIOT, YTO BCE BEILECTBA ABJISIIOTCS MarHeTHUKaMU, T.€.
CHOCOOHBI MOJ JIEWCTBHEM MAarHUTHOTO TOJII HamMarHuuumBatbes. g oObsicHEeHus
HaMarHU4MBaHus Tel A. AMIep BbIIBUHYJI TUIIOTE3Y, COTJIACHO KOTOPOU 8 MO/1eKy-
ax eewyecmea WUpPKyaupylom Kpyzoevie (Monexkynaphusvie) moku. KaxIplii Takoil
TOK O0JIaJa€T MAarHUTHBIM MOMEHTOM p, U CO3Ja€T B OKPYXKAIOILIEM IIPOCTPAHCTBE

MarHuTHOE noJie. MarHuTHOE NoJie HAMAarHMYEHHOIO Teja CIaraercsl U3 MarHUTHBIX
NOJIEN ATUX KPYTOBBIX TOKOB.

B HeHamarHuyeHHOM Tese BCe dlle-

MEHTapHbI€ TOKH PACIOJIOKEHbI XaoTHye-

E;=O g(’),éo cku (puc. 51.1 a), mo3TOMy BO BHEIIHEM

MPOCTPAHCTBE HE HAOJII0/IaeTCs HUKAKOTO

marauTHoro mnosis. [Iporecc HamarHuyu-

2) 6) BaHUS TeJla 3aKJII0YaeTcsl B TOM, YTO IOJ

BJIMSHUEM BHEIIHEr0 MAarHUTHOTO IOJIS

€ro JIEMEHTapHbIE TOKU B OOJibLICH WiIn

MEHBIIIEH CTENEeHU YCTaHaBIMBAIOTCS MapajuiesibHO Npyr npyry (puc. 51.1 6). Cym-
MapHbIii MATHUTHBIII MOMEHT MarHeTUKa CTAHOBUTCS OTJIMYHBIM OT HYJIS.

B BemecTBe pa3nuyarT ABa BUAA TOKOB, CO3/IAIOIIMX MAarHUTHOE MOJIE — MaK-
POTOKM M MHUKPOTOKH. MaKpOTOKaMH Ha3bIBAIOTCSI TOKU MPOBOAMMOCTH. MHKpPOTO-
KaMH (MOJIEKYJIIPHBIMHU) Ha3bIBAIOTCA TOKU, OOYCIIOBJIEHHBIE BH)KEHHEM 3JIEKTPO-
HOB B aTOMax, MOJIEKYJIax U MOHaX. MarHUTHOE 1oJie B BELIECTBE SIBISETCS BEKTOP-
HOM CyMMOMW JBYX IOJIEM: BHEIIHEIO MArHUTHOIO I10JIsA, CO3/1aBa€MOr0 MaKpOTOKa-
MU, U BHYTPEHHETO MM COOCTBEHHOIO MAarHMTHOIO MOJsl, KOTOPOE CO3AETCsl MUK-
POTOKAMH.

BGKTOP MarHuTHOM WHAYKINH B marnuTHOrO 1moOJis B BCIICCTBC XAPAKTCPU3Y-
CT PC3YJIbTUPYIOIICC MAIHUTHOC II0JIC U PABCH FGOMGTpH‘-IGCKOﬁ CYMMC MAarnMTHBIX

MHIYKIUI BHEIIHETO B, M BHyTpeHHEro B’ MarHUTHBIX ITOJICH:

Pucynok 51.1

B=B'+B,. (51.1)

ITepBUYHBIM MCTOYHUKOM MAarHMTHOTO TOJISi B MarHETUKax SIBJIAIOTCS MaKpoO-
TOKHM. MIX MarHuTHbBIC MOJIS SIBJSIOTCS MPUYMHOM HaMarHW4YMBaHUs BEIIECTBA, ITIOMeE-
[IEHHOI'0 BO BHEIIIHES MAarHUTHOE MOJIE.

KonnuecTBeHHO HAMarHMYMBAHKUE XapPAKTEPU3YETCsl BEKTOPOM HAMarHU4E€HHOCTH.

Hamaznuuennocmo (f ) — 6eKmopHasa Qu3uyeckan 6eaUHUHA, HUC/IEHHO
PAGHAA CYMMAPHOMY MACHUMHOMY MOMEHMY MOAEKY/l, 3AKIIOUCHHbIX 6 eOUHUUE
oovéma.

.1 Y
J=— 51.2
VZ::‘ (51.2)

rae AV — gusmyecku 6eCKOHEUHO MaTbIii 00BEM, B3ITHIN BOIM3H pacCMAaTPHBAEMOM TOUKY;
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D,,, — MarHUTHBII MOMEHT OTACIbHON MOJIEKYJIBL.

1
A-Mm> A
[J] = 3
M M
OTMeTHM, YTO CAMHMIIA U3MEPEHUS HAMAarHWYEHHOCTH COBIAJAET C CAUHHUIICH
U3MEPEHHMSI HAMPSHKEHHOCTH MarHUTHOTO TTOJIS.

51.2 Knaccugpukayua macnemuxoe

—

[To xapakTepy 3aBUCUMOCTH HaMarHM4e€HHOCTH J OT HaNps>KEHHOCTH Mar-
HHUTHOTO 110J1s1 H MArHETHKH JeIIATCS HA TPU TPYIIIIHL:
— JUaMarHeTUKu
— TapaMarHeTUKu
— (eppoMarHeTuKu
HamarumyeHHOCTh M30TPOIHBIX MAapaMarHeTUKOB W JIMAaMAarHETUKOB, HaXOs-
MUXCA B CJIAa0bIX MAarHUTHBIX TOJISIX, MPSMO MPOMOPIUOHANIbHA HAIMPSKEHHOCTH
MarHUTHOTO MOJIS:

J=yH, (51.3)

TA€ ¥ — MAZHUMHAA 60CHPUUMYUEOCMb. MarHUTHAs BOCIPUUMYUBOCTh 3aBUCUT OT
(bU3UKO-XMMHUYECKUX CBOMCTB MaTepuaia. [[ns Bakyyma y =0.
bespasmepnas BenuunHa

w=1+y (51.4)

Ha3bIBACTCS MACHUMHOU RpOHuUUaemocmoio Bemectsa. OHa sBIAETCA XapaKTEpH-
CTUKOM MAarHUTHBIX CBOMCTB BeulecTna. s Bakyyma p=1.

51.3 /luamaznemuxu. Ilapamaznemuxu

1. luamacnemuxku — BemecTBa, y KOTOPbIX MarHWTHAas BOCIPUUMYHUBOCTH
4 -5
orpunarensHa: 7y <0. YuciieHHOe 3HadeHHWe 7 HaxoauTcs B mpeaemax 10 + 10,

—

BGKTOp HAMarHM4€HHOCTH J JMaMarHeTHUKOB HarpaBJICH IIPOTUBOIIOJIOKHO HAIIpaB-
JCHUIO HaHp}DKéHHOCTI/I HaMaram4mMBaromero I10JIs1 FI . Ecnu JUaMardi€TuK IIoOMeE-
CTUTb B HCOJHOPOJHOC MAarHuTHOC I10JIC, TO OH BBITAJIKMBACTCA M3 I1OJIA.

MaruuTtHas MMPOHHULACMOCTL JUAMArHC€TUKOB p.<1, HO OTJIHMYHC OT CAWHMHIIBI
HeBenuko. K AUaMara€TuKaM OTHOCATCA MHCPTHBIC I'a3bl, BOAOPO, KpGMHHﬁ, BHUC-
MYT, 0JIOBO, MClb, INHK, BOA4, KBApIl U MHOTUC OPTaHNYCCKHC COCANHCHUA.

2. Ilapamacnemuku — BEMIECTBA, y KOTOPBIX MarHuUTHas BOCHPHUUMYHUBOCTH
-3 4
nosnoxurenpHa: y >0. YUucneHHoe 3HaueHUE 7y HaxoguTcsa B npenenax 107+ 10

—_

HaHpaBHeHI/IG HaMarHu4eHHOCTH J napaMarHe€TKOB COBIIaAJacT C HaIlPaBJICHUCM

HaprDKéHHOCTI/I HaMarHu4uBarouero moias H . HapaMaFHCTI/IKI/I BTATHUBAKOTCA B HC-
OJHOPOJHOC MArHUTHOC I10JIC.
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MarnuTtHasi BOCOPUMMYMBOCTh MapaMarHETUKOB 3aBUCUT OT TEMIIEPATYPhI U
noguuHsaeTcs 3akony Kropu:

; (51.5)

rne C —nocrosHuas Kwopu;

T — aGcomoTHAs TEMIIepaTypa.

MarauTHasi MPOHUIIAEMOCTh MTapaMarHeTUKOB W>1, HO OTJIMYHE OT €AWMHUIIBI
O4YeHb HeBeNMKO. K mapamarHeTukaMm OTHOCSTCA AJIIOMUHWN, MapraHell, MaJuIaJuu,
IJIATHHA, PACTBOPHI KEJIE3HBIX U HUKEIIEBBIX COJIEH, KUCIOPO, BO3AYX U JIp.

JI71st mapaMarHUTHBIX U IMAMarHUTHBIX BEIIECTB MAarHUTHAsI IPOHUIIAEMOCTD L
He 3aeucum OT HANPSHKEHHOCTH BHEIIHETO HAMArHWYMBAIOUIETO IMOJA, T.€. Mpea-
CTaBJIIET COOOM MOCTOSTHHYIO BEJIMUMHY, XapaKTePU3YIOIIYIO TAHHOE BEIIECTRO.

IMocMoTpUTE JTeKIIUOHHBIE TeMOHCTPALIMH.
1. Moniens HaMarHMYMBAHUS MapaMarHeTHKA.
http://www.youtube.com/watch?v=nOjBP1MA&90
2. Jlna- u mapamMarHeTUKH B HEOTHOPOIHOM TIOJIC.
http://www.youtube.com/watch?v=Jf4xb4GjjEU

51.4 ®eppomaznemuxu

Deppomaznemuku — BEILIECTBA, CIOCOOHBIE 00a-
JaTh HAMAarHWYEHHOCTHIO B OTCYTCTBHE BHEIIHETO MarHUT-
Horo noss. CBoe Ha3BaHHME OHHU IOJIYYWIH IO Hauboliee
a) pacupoCTpaHEHHOMY IPEACTaBUTENIO — XKEJE3Y.
K ¢eppomarnetnikam kpome xkeie3a, MpUHAAJIEKAT
,  HHUKelb, KOOAJIbT, TaJlOJIMHUNA, UX CIUIAaBbl U COEIMHEHUS,
0 H, H  yexoTopsle CIIaBBI M COEAMHEHMS MAPraHIa M XpOMa C He-
(deppomMarHuTHEIMU 37eMeHTaMH. DeppoMarHeTUKu sBIs-
I0TCA CUJIbHOMAarHUTHBIMHU BelllecTBaMH. VX HaMarHu4eH-
HOCTb B OrpoMHOE uncio pa3 (1o 10'’) mpeBocxoaut Hamar-
HUYEHHOCTh Jla- W NapaMarHeTHKOB, MPHUHAJIEKAIIUX K
0) KaTeropuu cI1abOMarHUTHBIX BELLIECTB.
@deppoMarHeTUK 00Jaal0T CIEIYIOIIUMU Xapak-
TEPHBIMU CBOWCTBAMMU:

S
i
::V

1. meroT odeHb OombIIMe 3HAYCHUS L U 7 (WL JOCTUra-

o 14
et 3nauenuii 10" + 10°). 1o 03Hauaer, uto GeppoOMarHeTHKHI
CO3JIaI0T CUJIbHOE 100aBOYHOE MarHUTHOE MOJIE.

2. BenmnuuHbl L U} HE OCTAKOTCS MOCTOSIHHBIMH, A SIB-

JS0TC QYHKIUSAMU HANPsHKEHHOCTH BHelHero noss. [lo-
TOMY HAMarHM4€HHOCTb J MU MarHuTHas UHAYKLIUA B Takxke
HE NPONOPLUUOHATBHBI HANPSKEHHOCTU H MarHUTHOrO IO-
JI51, @ 3aBUCAT OT Hee CIIOKHBIM 00pazom (puc. 51.2).

Pucynok 51.2
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3aBUCHUMOCTh HAMATHUYEHHOCTH J OT HAINIPSKEHHOCTU H BHEIIHETO MArHUTHO-
ro IOJIg XapaKTEepU3yeTCs HAIMYMEM MArHUTHOIO HACBIMICHUS Jy, HACTYIAIOLIEro
npu H > H,, (puc. 51.2 a). H, — HanpsKEHHOCTh HACBILIECHUS.

MarnunTtHas nHIyKIMs B pacteT ¢ Bo3pactanuem nosist H v npu H > H,, KpuBas

nepexoAuT B npsamyto (puc. 51.2 06).

3aBUCHUMOCTh MAarHUTHOM MPOHULAEMOCTH [ OT H MMEET CIO0KHBIM XapakTep.

[, — HadajibHasl MarHuTHAas IpoHunaeMocts. [Ipu crpemiienun Hanpsbk€éHHoctu H K

OECKOHEYHOCTH MarHUTHas MPOHUIIAEMOCTb L ACUMITOTUYECKU CTPEMUTCS K €AMHU-

e (puc. 51.2 B).

3. deppomarHeTukam CBOWCTBEHHO SIBIECHME MarHMTHOro rucrepesuca. I ucmepe-
3uc — SBJICHWE OTCTABAHUs U3MEHEHUSA B MHAYKIMHA MATHUTHOTO IIOJISL OT U3Me-
HEHHUsI HAIIPSDKEHHOCTH [ IEPEMEHHOI0 10 BEJIUYMHE U HANPABJICHUIO BHELIHETO
MAarHUTHOIO I1OJIS.

Ha puc. 51.3 xpuBas 0—1 cOOTBETCTBYET OCHOBHOM KPUBOM HAMarHUYMBaHMS.
Ecnu noBecTM HaMarHM4YMBaHUWE A0 HachllleHUs (Touka 1), a 3aTeM yMEHbIIATh
HaIPsHKEHHOCTh HAMAarHMYMBAIOLIErO I10JIsA, TO MHAYKLHUS B cieayeT He 110 IepBOHA-
B, yanpHOUW KpuBou 0-1, a u3MeHsercs no kpusou 1-2.

1 [Ipu H =0 coxpaHseTcs OCTaTOYHAas HaMarHU4eH-
5 HOCTb, KOTOpAasi XapaKTEPU3YETCS OCHAMOYHOU UH-
I oykyueit — B, .
Br" 3 . Nunykuusa oOpaiaercss B HYJIb JIUMITb IO JeH-
0 / H cTBUeM nons H,, MMEIOIero HampasleHUE, MPOTH-
/ S BOITOJIOKHOE TIOJIIO, BBI3BABLIEMY HAMAarHUYMBAHUE.
Hanpsox€HHocTs H . Ha3bpIBACTCA KOIPUUMUBHOU CU-
4 R 7101, YBenuunBas OOpaTHOE IOJIE, 3aT€M YMEHbIAs
€ro M HAaKJIaAbIBas BHOBb IOJIOKUTEIBHOE IOJIE, IIO-
Pucynok 51.3 Jy4UM, YTO UHAYKLHS U3MEHSAETCS B COOTBETCTBUU C

kpuBoilt 1-2-3-4-5-1, koTtopasi Ha3bIBaeTCs METIEH
ructepesuca. [lepeMarnnurBanue (peppoMarHeTHka CBA3aHO C U3MEHEHUEM OpHUEH-
TalMu 00JacTel CHOHTAHHOW HAaMarHMYE€HHOCTH (CM. M. 6) U TpeOyeT COBEpILECHUS
paboThI 3a CYET SHEPIHM BHEIIHET0 MarHUTHOro nosisi. KoaudyecTBo TEMiaoThl, Bble-
JIMBIIIEECS TIPU MEPEMArHUYMBAHUH, IPONOPIUOHAIBHO TUIOIIAIN METIH THCTEPE3U-
ca. B 3aBucumoctu ot opMbl U TUIOLIAAM METIU (HepPOMATHETUKH JIETAT Ha:
— MarHuTHoMmsrkue (yskas nemis rucrepesuca, H, ~ 1+100 A/m);

— MAarHUTHOXECTKHE (IIMpOKas ety rucrepesuca, H, ~ 10°+10° A/m).

JIns M3rOTOBJIEHUS MOCTOSIHHBIX MAarHMTOB HCIIOJB3YIOT MAarHUTHOXKECTKHUE
beppoMarHeTHKy, A CEPACIHUKOB TPAaHC(HOPMATOPOB — MATHUTHOMSTKHE.

4. Ilpn HamarHUYUBaHUU (HEPPOMATHETUKOB TPOUCXOIUT U3MEHECHUE MX JINHEH-
HBIX pa3MepoB U 00bEMa. DTO SBJICHHE HA3bIBAECTCS MacHumocmpukyuei. OTHOCH-
TebHOE y/UTHHEHHE (eppOMArHETHKOB T0CTHraeT Beanduusl ~ 10~ — 1072 Maruu-
TOCTPUKLUS UCHOJIb3YETCS B TMAPOAKYCTUKE, B YIbTPAa3BYKOBBIX TEXHOJOTHSX, aKy-
CTOJIEKTPOHUKE U IPYTUX 00JACTIX TEXHUKH.
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5. IlepeunciieHHbIE BbIIIE CBOMCTBA (DEPPOMATHUTHBIX BEIIECTB OOHApY’KHUBa-
I0TCA TIPU TeMIiepaTypax, MeHblux Touku Kropu. Touka Kropu (T.) — Temneparypa,
IpU KOTOpOW (eppoMarHeTHK TepseT CBOU (GeppOMarHUTHbIE CBOMCTBA U CTAHOBUT-
Csl mapaMarHeTHKoM. MaruuTHas BOCIPUUMYMBOCTE IIPU TeMIieparypax 1>7. noa-
yuHseTcs 3akony Kiopu — Belica:

C
=—, 51.6
=0 (51.6)

c

rae C — nocrosinHas Kroopu.

Touka Kropu mns xenesa 1063 K, nns maukens 623 K, mis kobamera 1423 K,
s crutaBa nepmaion — 823 K. [Ipu noHmxkeHnn TeMiieparypsl HUKe Touku Kropu
(dbeppoMarHuTHbIE CBOMCTBA BOCCTAHABIIUBAIOTCS.

6. OTBETCTBEHHBIMU 32 MATHUTHBIE CBOMCTBA (PEPPOMArHETUKOB SIBJISIOTCS COO-
CTBEHHbIE (MX TakK)X€ Ha3bIBAIOT CHUHOBHIMH) MAarHUTHBIE MOMEHTHI SJIEKTPOHOB.
IIpu onpeneneHHbIX YCI0BUAX B KPUCTAIIIAX BOZHUKAIOT CUJIbI, KOTOPHIE 3aCTABIISIOT
MAarHUTHBIE MOMEHTBI 3JIEKTPOHOB BBICTPAMBATBHCS MapaJUIEIbHO APYr APYry. OTH
CWJIbI Ha3bIBalOTCA OOMEHHBIMU. B pesynbrare BO3HMKAIOT O0JACTH CIIOHTAHHOTO
(caMOIIpOM3BOJBHOT0) HAMarHUYMBAHUS, KOTOPHIE HA3bIBAIOT OdoMeHamu. JIoMEHbI
uMeroT pazMepsl nopsiaka 1+10 mxm. B mpenenax kaxmoro nomeHna ¢peppoMarHeTHK
CHOHTAHHO HaMarHW4eH J0 HAaChIIEHHs M O0JaJaeT ONpeAeSIEHHBIM MarHUTHBIM
MoMeHTOM. HanpaBieHusi 3TUX MOMEHTOB JIJIsl Pa3HbIX JOMEHOB Pa3JInYHbI, IO3TOMY
IIpU OTCYTCTBHH BHEIIHETO MOJII CyMMapHBIH MOMEHT 00pasiia paBeH HyJto u o0Opa-
3€ll B LIEJIOM IPEICTABIIAECTCS MAKPOCKOIIMYECKH HEHAMArHUYE€HHBIM.

[Tpy BKJIIOYEHUH BHEIIHETO MAarHUTHOTO MOJS IOMEHbI, OPUEHTUPOBAHHBIE IO
MOJII0, PACTyT 3a CUET IOMEHOB, OPUEHTUPOBAHHBIX MPOTUB MoJs. Takol poct B cia-
OBIX MOJISIX UMEEeT OOpaTUMBIM Xapakrep. B Oosee CUIbHBIX MOJIAX MPOUCXOAUT OA-
HOBPEMEHHAs MEPEOPUEHTALMSI MArHUTHBIX MOMEHTOB B MPENENax BCEro JOMEHA.
DTOT mpolece SBISIETCS] HEOOPATUMBIM U CIYKUT MPUYUHON TUCTEpE3nca U 0CTaTou-
HOTO HAMArHUYMBAHUS.

IocmoTpuTe TeKIIHOHHBbIE 1EeMOHCTPALMN:
1. Touka Kropwu.
http://www.youtube.com/watch?v=ERWRS8 gSmEI
2. Dddekt bapkrayzena. Xpyct kocteit (heppomMarHeTrka.
http://www.youtube.com/watch?v=YiW_YFuHE3w

§52 DyekTpoMarHUTHAsI MHAYKIMS
52.1 Aenenue 3nekmpomazHumMHOU UHOYKUUU

SIBiieHUE PIEKTPOMArHUTHON MHIYKIIMU OTKPBITO B 1831 rogy M. @apaneem.

InekmpomazHumHOU UHOYKUUell HA3bl6Aemcs A61eHUe 603HUKHOGECHUS
INEKMPOOSUICYULell CUIbL 6 NPOGOOAUEM KOHmMYpPe NpuU J1H000M U3MEHEHUU Ma2-
HUMHO20 NOMOKA, NPOHU3LIEAIOULE20 IMOH KOHMYP.
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BosHukmas 31¢ Ha3bIBACTCA JJIEKTPOABHKYIIEW CHIIOM JJIEKTPOMATHUTHOU
UHAYKIUU €;. Ecay mpoBOAHUK 3aMKHYT, TO BO3HUKAE€T TOK, KOTOPBIM Ha3bIBaIOT

UHOYKUUOHHDBIM.
D7C ANEKTPOMAarHUTHOM MHIYKLIMH MPONOPLMOHAIBHA CKOPOCTH M3MEHEHHUSI Mar-
HHUTHOTO NTOTOKA, TPOHU3BIBAIOIIIETO KOHTYP.

g = (52.1)

[Ipu 3TOM HECYIIECTBEHHO, YEM BbI3BAaHO M3MEHEHNE MArHUTHOTO MOTOKA. DTO
MOKET OBITh JedopMalus WU MepeMelIeHNe KOHTYpa BO BHEIIIHEM T0JIE, WJIH U3Me-
HEHUE MAarHUTHOIO T10JI1 BO BPEMEHU.

Bripaxxenue (52.1) Ha3zpiBaeTcs 3akoHoM Dapajes 1J1s SIEKTPOMArHUTHON WH-
TyKIUU. 3HaK « —» BBeJEH B (hopmyily B cOOTBeTCTBUU ¢ TpaBmiioM Jlenia. [1paBu-
10 JleHna:

HHuoykyuonnwiit mox umeem maxkoe HanpaesieHue, 4mo cO30AHHbLIL UM Ma2-
HUMHBLI NOMOK NPOMUBOOCIICMEYEH UIMEHEHUI0 MAZHUMHO20 NOMOKA, 8bl3646-
uiez0 3mom uHOYKUYUOHHbBLI MOK.

Eciu 3aMKHYTBIM KOHTYP COCTOUT U3 N MOCIEN0BATEIbHO COCIUHEHHBIX BUT-
KOB (Hampumep, COJICHOHU), TO 3aKOH AJECKTPOMArHUTHOM WHIYKIIUH 3aMUCHIBACTCS
CJIeIyIOIUM 00pazoM:
dd  d(ND)

Si :_N = — .
dt dt

BCJ’II/I‘{I/IHy Y = NO® Ha3pIBalOT HOJHBIM MAZHUMHBIM ROMOKOM WU HOMO-
Kocuenjienuem. C Y4CTOM 3TOTO:

d¥Y
. =——. 52.2
! dt (522)

ITocmoTpuTE JIEKIIMOHHBIE 1EMOHCTPAIIUN:
1. 3akon ®apazes. ' uOkuii KOHTYD.
http://www.youtube.com/watch?v=JbYaeOYOMTQ
2. BuxpeBoe anekTpuyeckoe nose. BkitoueHue - BHIKIIOUCHUE.
http://www.youtube.com/watch?v=XccVfkMxjZ8
3. IlepemMenieHre MpOBOIHMKA B MATHUTHOE TOJIE.
http://www.youtube.com/watch?v=xZjBqwXxiRw
4. 3akon @apanes. [loTokocuemieHue.
http://www.youtube.com/watch?v=0noAS9bW_XI

52.2 Ilpunyun padbomul 2enepamopa nepemeHHo20 moka

OnHyM W3 BaKHEHIIMX MPUMEHEHUW SIBICHUS 3JIEKTPOMArHUTHON MHAYKIUU
SBJISIETCS PEOOPa30BaHUE MEXAHUUECKOU SHEPTUH B DJIEKTPUUECKYIO.
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PaccmoTpum pamky, cocTosiinyto u3 N BUTKOB, KOTOpasi BpallaeTcsd B MarHUT-

HOM T10J1€ ( B = const ) ¢ MOCTOSIHHOM YIJIOBOM CKOPOCThIO M (puc. 52.4).
[TonHBI MarHUTHBIA MOTOK, TPOHU3BIBAIOUIUI PAMKY, B JIFOOOW MOMEHT Bpe-

e MEHHU OTPEJIEAETCS COOTHOIIICHUEM:
//f- : Y = NBS cosa.,
S <A B
- L K = rae S — miomaas paMKu,
e 0L — yroJl MEXKJly BEKTOpaMu HOpMaJIk # U B.
g ITpu paBHOMEPHOM BpalllcCHUU O = O .
Pucynok 53.4 p1p P pat

Hatinem 51¢c MHIYyKIIMHA, BO3HUKAIOIIYIO B paMKe
IIPY €€ BpallleHuH, UCII0JIb3Ys 3akoH Dapanes (cM. hopmyy 52.2):
d¥Y _ d(NBScosot)

g =———= = NBS®»sin ot
dt dt

W
g, = NBSosinot =¢_,, Sinot, (52.3)

IZI€ BEJINYMHY €., = NBS® MO0XHO pacCMaTpuBaTh Kak aMIUIMTYJAHOE 3HAYCHUE I1e-

max
PEMEHHOU 3/IC.

Bo3nukHOBEHHE 3AC MHAYKIIMK BO BpallarOUIEHcsi B MarHUTHOM IIOJIE PaMKe
SIBUJIOCH OCHOBOM JJIsI CO3/[aHUs T€HEPATOPOB MEPEMEHHOT0 ToKa. ECIu KOHIIBI BUTKA
MPUCOEANHUTDH K BpaIAIOIMIMMCSI BMECTE C HUM JIByM MEIHBIM KOJIbIIaM, COIMIpUKaca-
IOIIUMCS C IBYMsI HEMTOABMKHBIMU YTOJIbHBIMH IIETKAMH, a K IIeTKaM MPUCOCTUHUTD
ANEKTPUUECKYIO 1IeMb, TO MO LIEMH MOTEUYET MEPEMEHHBIN TOK I, U3MEHSIOIUNCS TaK
Ke, KaK U3MEHseTCA J/IC €.

ITo 3akony Oma:

. € NBSo .
[=—=———sinwmt,
R R
[ =1, SINOI, (52.4)
: NBS®
rae i, =——— — MakCUMajbHOE (aMIIUTYJHOE) 3HAYECHUE CUJIbI TOKA;
max R

[ — MTHOBEHHO€ 3HA4YCHHUE TOKA.

IMocMoTpHTE JIEKIIHOHHYIO IEMOHCTPALINIO.
Jlunamo-MamrHa (reHepaTop NEPEeMEHHOI'O TOKA).
http://www.youtube.com/watch?v=xDCVTFMW{US

52.3 Toxu @yko

NHayKIMOHHBIE TOKH, KOTOPHIE BOBHUKAIOT B CIUIOMIHBIX MAaCCUBHBIX IIPOBOJ-
HHUKAX, HAXOJSIIMXCS B IEPEMEHHBIX MATHUTHBIX IOJIAX, HA3bIBAIOT UXPEGHIMU M O-
Kamu uau moxkamu DyKo.

B cootBercTtBuu ¢ mpaBuiioMm JleHna Toku Dyko BRIOMPAIOT BHYTPHU MPOBOJ-
HUKa TaKue HaIrpaBJIeHUs], YTOOBI CBOUM JCHCTBHEM BO3MOXHO CHJIbHEE MPOTHUBUTH-
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Cs PUYMHE, KOTOPasi UX BbI3bIBACT. [loaTOMY ABMXKYyIIMECS B CUIBHOM MAarHUTHOM
[OJIE XOpOIIWE MPOBOJHUKU HCTBITHIBAIOT CHIIBHOE TOPMOXKEHHE, 00YCIOBICHHOE
B3aUMOICCTBHEM TOKOB DYKO ¢ MarHUTHBIM MOJIEM. DTO MCTIONB3YIOT AJS AeMII(PH-
poBaHus (YCIIOKOCHHSI) TOJIBHKHBIX YacTell ralbBAHOMETPOB, cericMorpadoB U Jp.
npuOOpoB.

TemoBoe nenicTBre TOKOB DyKO UCTIIONB3YIOTCS B UHAYKIIMOHHBIX neyax. Ta-
KHAM CIIOCOOOM OCYILECTBIISIIOT IUIABJIEHUE METAJJIOB B BaKyyMe, 3TO JAa€T BO3MOXK-
HOCTb I10JIy4aTh MAaTEPUAJIbl UCKIIFOYUTEIBHO BEICOKON YUCTOTHI.

Toku @yko OBIBAIOT UM HEXKENATEIbHBIMHU. B aleKTpuyeckux MallMHaxX |
TpaHcopmaTopax OHU MPUBOAAT K 3HAUUTENBHBIM NOTEpsAM dHepruu. Ilostomy cep-
JI€YHUKHU TpaHC(HOPMATOPOB HAOMPAIOT M3 TOHKUX IUIACTUH Pa3fesIeHHBbIX HU30JIHPY-
IOUIMMH TTpociioiikamu. [ImacTuHbl pacmonaratoT Tak, YTOObl BO3MOXKHbBIE HalpasJie-
HUS TOKOB DYyKO OBLIM K HUM NEPIEHIUKYISIPHBIMHU.

IlocMoTpHUTE JTeKHUOHHBbIE T1eMOHCTPALIMH:
1. DaeKTpOMarHUuTHOE TOPMOKEHUE: MASITHUK.
http://www.youtube.com/watch?v=fSOQGed92Yk
2. Ilapenue xatymku ¢ TokoM. "I'pod Maromena".
http://www.youtube.com/watch?v=zPCEBVyUAI8
3. [Mapsumii MmarauT. II0CTOSTHHBINA MarHUT HaJl CBEPXIIPOBOJHUKOM.
http://www.youtube.com/watch?v=p3tsHuua00k

§53 CamoumHayKuus

C(lMOlldeKl(u}l —3IMmMo A6J1eHUe 603HUKHOBEHUA 3Jlel<mp006uafcymeﬁ CUJibl 6
npoem)ﬂmeM Konmype npu U3MEeHenuu 31eKmpuiecKkozo moka, udymezo no smo-

MY KOHHLYDY.

53.1 Hnoykmuenocms konmypa

DNEKTPUYECKUN TOK, TEKYIIUI B MPOBOASAIIEM KOHTYpPE, CO3[a€T B OKpPYKaro-
IEM MPOCTPAHCTBE MArHUTHOE MoJie. [10MHBIM MarHuTHBIA NOTOK Y, IPOHU3BIBAIO-
M KOHTYP (CLEIUIEHHBIN C HUM), OyIeT MPSMO NPONOPLIMOHATIEH TOKY:

Y=L, (53.1)

Koadpunuent nponopunoHaabHOCTH L MEXy MOJHBIM MarHUTHBIM TOTOKOM
(MOTOKOCUEIUIEHUEM) U CHUJION TOKA Ha3bIBAECTCS MHAYKTHBHOCTBIO KOHTYpa WM KO-
3¢ PULMEHTOM CAaMOMHIYKLIHUH KOHTYpA.

Hnoykmuenocmso (L) — 310 ckansipHas (u3uyeckasi BEIUYUHA, XapaKTEPU3Y-
IOI[asi MAarHUTHBIE CBOMCTBA SJIEKTPUYECKON IIEMU M paBHAs OTHOIICHUIO TMOJIHOTO
MarHUTHOTO MOTOKA, CIEIUIEHHOTO C KOHTYPOM, K CHUJIE TOKa, TEKYIEMY 110 KOHTYPY
U CO3/IAl0NIeMY 3TOT MOTOK:

L=—. (53.2)
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Jluneitnas 3aBucuMocts W ot / HaOIIOMaeTCs TOJBKO B TOM CIydae, eCiiu Mar-
HUTHAsI MPOHUIIAEMOCTb L CPEIbI, KOTOPON OKPYXKEH KOHTYDP, HE 3aBUCUT OT HaIIps-
KEHHOCTH MOt H. DTO 03HAaUYaeT, YTo cpenia AOKHA ObITh HepeppOMarHUTHasL.

NHIyKTUBHOCTH 3aBUCUT OT T€OMETPHUECKON (OPMBI M pa3MepoB KOHTYpa, a
TAaK)X€ MarHUTHBIX CBOWCTB CPEbl, B KOTOPOM OH HaxoauTcs. Eciin KOHTYp KECTKUU
1 BOJIU3M HETO HET (DeppOMArHEeTUKOB, TO UHIYKTUBHOCTD SIBJISIETCS BEIMUYUHOU TO-
CTOSIHHOM.

3a enquHuIly MHOAYKTUBHOCTU B CU npuHHUMaeTcs MHAYKTUBHOCTh TAKOIO MPO-
BOJHMKA (KOHTYpa), Yy KOTOPOTO MIPH CUJIe TOKa B HEM 1 A BO3HUKAET CIICTVICHHBIN C
HUM NOJHBIN TIpoTok ¥, paBHbIit 1 B6. D1y equnuily HassiBaroT reapu (I'H).

B6
[L] =— =TH (reHpmn).
A
NHIyKTUBHOCTH MOYKHO PACCUHMTHIBATh HA OCHOBE TE€OMETPHH MPOBOIHHUKA.

Ilpumep. IHAYKTUBHOCTh O€CKOHEYHO JJIMHHOTO cojeHouaa (puc. 53.1) paccuuTsi-
BaeTCH 10 ClIeayroIel hopmyiie:

L = noun®Si = pounv | (53.3)
| g
2
i L= HotNTS (53.4)
l ) .

N Pucynoxk 53.1
e 71 =— — INIOTHOCTh HAaMOTKH, N — YHCJIO BHUTKOB CO-

JeHouaa, S — IIOoIIalb ONEPEYHOr0 CEUCHHS cojieHouaa, L[S =V — 00bEM coJieHOou-
na.

53.2. /IC camoundykuyuu

CamMoMHAYKIUA SIBISETCS YaCTHBIM CIIyYaeM SIBJICHUS JIEKTPOMArHUTHOW MH-
nykunu. Bocnonb3dyeMmcs 3akonom Dapanest g 31€KTPOMarHUTHOM MHAYKIUU (CM.
bopmymy (52.2)):

e = d't
Y dt

Cornacno (53.1) noaHbII MarHUTHBIN TOTOK:
VY=LI.

Crnenaem 3aMeHy, MOJTYYUM:
d(LI
g€, =— ( ) (53.5)
dt
Ecau KoHTYp >KeCTKHMI M BOJIM3M HEro HeT (eppOMArHETHUKOB, TO WHIYKTHB-
HOCTh L ABJIAETCS BEIWUYMHOMN ITOCTOSSHHOW M €€ HAa3BbIBAIOT CTaTUYECKOU. B HTOM

cirydJae:

g, = L4 (53.6)
dt
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J0c camounOyKyuu nponopyuoOHaIbHA CKOPOCMU U3MEHEHUA CUIbl MOKA.
3HaK «—» 0OYCJIOBJIEH NpaBWIOM JIeHIa, COrJIaCHO KOTOPOMY MHIYKLMOHHBINA TOK
BCETrJla HalpaBJieH TaK, YTOObI IPOTUBOAECHCTBOBATH IIPUYMHE €TO BBI3BIBAIOLICH.

53.3 Toxku npu 3amvikanuu u pa3mvlKaHuu yenu

IIpy 3aMBIKaHUU LIENIH, COACPIKALLECHU MOCTOSTHHYIO H/C, CUJIa TOKA 3a CYET HIC
CaMOMHYKIIMU yCTAHABJIMBAETCS HE MTHOBEHHO, a Y€pPE3 HEKOTOPHIM MPOMEKYTOK
BpeMeHH. [Ipu BBIKIIIOUEHUH MCTOYHUKA (pa3MbIKAaHUH IETIH) TOK HE MPEeKpaIiaeTcs
MTHOBEHHO. DTO OOBSICHSCTCS TEM, UTO B KOHTYPE MOSIBISAETCS UHAYKIIMOHHBIN TOK,
KOTOPBIM MO TpaBwiy JIeHIIa MpOTUBOAECHCTBYET U3MEHEHHUIO TOKA B IICITH, BbI3BAB-
IEero SIBJICHHE CAaMOMHIYKIHMHU. VHIYKIIMOHHBIM TOK, HAKJIAALIBASICh HA OCHOBHOM
TOK, 3aMEJUISICT €r0 BO3pacTaHWE WU MPEIATCTBYET €ro yOBIBaHHUIO.

L

a) 3ambikanue yenu

K nmapamienbHO COEAMHEHHBIM CONPOTHUBJIEHUIO R U
WUHIYKTUBHOCTH L C TOMOIIBIO0 Tiepekirouatenss /1 MoxeT R
OBITh MOAKIIOYEH HCTOYHHK, 31C KOTOporo & (puc.53.2). g } ®
L =const.

[Tocne monkimroueHUs UCTOYHHMKA 3JC IO TEX IIOp, T II
MOKa CHJIa TOKAa HE JIOCTUTHET YCTAaHOBMBILETOCS 3HAYCHHUS €

Iy, B 1lemm Kpome 3AC € OyleT JNeHCTBOBATH 3JIC CAMOMH-

aykuuH g;. [1o 3akony Oma: Pucynok 53.2

dl
IR=¢+e,=e—L—
dt
PemmB manHoe nuHelHOE HEOAHOPOAHOE MU depeHIaTbHOe YpaBHEHHE H,

y4TA, 4YTO B MOMCHT BPCMCHHU t=0 cuna Toka paBHa HYJIIO, IIOJTYYUM:

I
R
] _7t
0 I=1)1-e L |. (53.7)
R R
L~ L I'padux Bo3pacTaHusi Cuiabl TOKAa WPHUBEACH Ha
0 ! puc. 53.3. U3 rpaduka cieayer, 4YTO 4e€M MEHBIIE HUHIYK-
Pucynoxk 53.3 TUBHOCTH 1M W OOJIbIIIE €€ CONMPOTHUBIICHUE, TEM OBICTpee

HapacTaeT TOK.
0) Pasmvikanue yenu.
B MomenT BpeMeHu =0 OTKIIOYMM HUCTOYHUK TepekatodaTenem I/ (puc. 53.2).
Cuiia TOKa HaYHET yOBIBaTh, B IICTH BO3HUKACT 3¢ camMmonHayKiuH. [1o 3akony Oma:

dl
IR=¢,=-L—.
dt
PemmB panHoe mnuHeiHOE omHOpOoAHOE U depeHIaTbHOe ypaBHEHUE U
yuts, 4To 1pu =0 cuia Toka uMmela 3Ha4eHue I, MoIyduM:

121



3JI€KTDOM&I‘HCTI/I3M

R
I -t
[=Ipe L . (53.8)

[locne OTKIIOYEHUSI UCTOYHMKA CHUJIa TOKA B IIEMH
yOBIBAET MO SKCHOHEHLIHMATLHOMY 3akoHy. ['padux 3aBu-
cumoctu I = f(t) npuBenen Ha puc. 53.4. 13 rpaduka cie-

[ IyeT, 4To 4eM OOJbIlle MHIYKTUBHOCTh U YEM MEHBIIIE CO-
Pucynok 53.4 IPOTHUBIIEHUE, TEM MEJIEHHEE CIIANAET TOK B LIETIH.

IHocMoTpHUTE JTEKIUOHHYIO 1€MOHCTPAIUIO:
Tox mpu 3aMbIKaHUM U Pa3MbIKAHUH 1NN ¢ MHIYKTUBHOCTHIO. MOXKHO JH,
BBIKJTIOUasi IPUOOP, C3KeUb ero?
http://www.youtube.com/watch?v=r8fE65;vWEo

§54 B3auMHasi MHAYKIMS

B3aumnou unoykuyueii Hazvleaemcs saeneHue 603HUKHOBEHUSA INIEKMPOOBU-
JHcyuell cunbl 6 00HOM U3 KOHMYPO8 NPU U3MEHEHUU MOKA 8 OPY2OM.

PaccmoTpum nBa Onu3ko pacnosioxkeHHbIX KoHTypa 1 u 2 (puc. 54.1). Konry-
PBI XapakTepU3yoT KOADPUIIMEHTOM B3aUMHON MHIYKTUBHOCTH.

1 2 B3zaumnaa unoykmuenocmp — 310 CKaysp-
EK\_ A < = E: Has (u3Mueckas BeIMYMHA, XapaKTepHU3yrolas
MarHuTHYIO CBSI3b JIBYX WJIM Oojiee KOHTypoB. B3a-
_ _  WMHasg UHAYKTUBHOCTh 3aBUCHUT OT pPa3MEpPOB U
*”’I = Vi dbopMbI KOHTYPOB 1 U 2, pacCTOSIHUSI MEXTy HUMH,
1~ 2

OT MX B3aMMHOTO PACIOJIOXKEHUS, a TaAKXKEe OT Mar-
HUTHOW MPOHUIIAEMOCTH OKPY KAIOIMIEH UX CPEJbl.
N3mepsieTcst B3aMHass UHAYKTUBHOCTD B TEHPH.

CornacHo 3aKOHY AJIEKTPOMAarHMUTHOM MHAYKUMHM MPU U3MEHEHUM TOoKa I, B
KOHTYp€ 2 UHAYIIUPYETCS DJIC:

Pucynok 54.1

€, =— ==L, —. 54.1
P d U G3-D
IIpn n3menennu Toka I, B KOHType 1 mHIynupyercs sac:
g =- =—L,—. 54.2
: a ey 642)

Eciau KoHTypsl HaxoAATcs B HeEPPOMArHUTHOU Cpele,
10 L, =L,,. ITooTOMy MOXXHO HE JeaaTh pa3inu4yus MexXAy L,

U L, ¥ MPOCTO TOBOPUTH O B3aMMHON HMHJIYKTUBHOCTU JIBYX
KOHTYPOB.

B3aumHasi MHIYKTUBHOCTD JIBYX KaTyIIEK, HAMOTAHHBIX
Ha 00IIMI TOPOUJATBHBIN JKeJIe3HbIN cepAeUHUK (puc. 54.2).

Pucynok 54.2 Ly = o (54.3)
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N|N,S
L, :““0%_ (54.4)

rae [ — InMHa CepACYHUKA;

B nmanHoM ciydae Henb3sl yTBEpXKIaTh, uTO Lj, paBHO L,;, T.K. BEJIUYUHA |,
BXOJAIIas B POPMYJIbI, 3aBUCHUT OT HANPSHKEHHOCTH H OIS B CepACUHUKE.

Ha sBneHun B3aMMOMHIYKIIMM OCHOBaHa paboTa TpaHchopmaTopa, KOTOPHIH
CITY>KUT JJIsl TIOBBIIICHUS WJIM OHWYKEHUS HAPSIKEHUS TIEPEMEHHOT0 TOKA.

§55 DHeprusi MArHUTHOTO MOJIsI

Ecnu 3amkHyTh nepexitoyarelns /7, To 1o 1enu, n300pakeHHyto Ha puc. 55.1,
MOTEYET TOK, KOTOPBIM CO3JaeT B KaTylKe (COJEHOUIE) MarHuTHoe mnoie. Ecnu
Pa30MKHYTh MEPEKII0YaTeNb, TO Yepe3 COMPOTUBIICHHE R OyaeT Teub yOBIBAIOIIHIA

L TOK, TOJJCPKUBAEMbIN BO3HUKAIOIIEH B COJICHOUJIE BJIC
CaMOWHIYKIIUH.

R Pabora, coBepiiaeMasi B 1ieru 3a BCE BpeMsi, B T€ue-

P — ¢ HHE KOTOPOro MCYE3aeT MAarHUTHOE IIOIe, UIET HA Harpe-

| I |

BAHUE CONPOTHUBIICHUSA R, COJICHOMJA U COECAUHUTEIBHBIX

? I| poOBOJIOB. Tak Kak HUKAKUX JPYTUX U3MEHEHUN HE IPOUC-

Sl XOJIUT, MOKHO CJI€JAaTh BBIBOJI, YTO MAarHUTHOE MOJIC SIBJIS-

€TCsl HOCHUTEJIEM SHEPruu, 3a CYET KOTOPOH COBepIIaeTCs
paborTa.

Hcrnonb3yst 3aKOH COXpaHEHUS] YHEPTUU MOXKHO, TO-
JYYUTH CIEAYIOINIEE BRIPAKECHHE JIJISl pacuéTa YHEPTUH MarHUTHOTO TIOJIS:

Pucynok 55.1

W=—7-1. (55.1)

9Hepm}o MAaraiMuTHOI'O IIOJII MOJKHO BBIPA3HUTH 4YCPC3 BCINYMHBI, XapPaKTCPHU-
3YIOIIHUEC CaMO II0JIC.

2
H
w =Ry (55.2)
2
rac H— HaHpH}I(éHHOCTB MArdmuTHOTI O I10JIdA.
O6T)éMHa$I IIJIOTHOCTBH W 3HCpFI/II/I MArdmTHOI'O IT1OJIdA paBHa OTHOLICHURKO aHep—

TUU K 00BEMY:
2
w, =W _MonH” (55.3)
Vv 2

®opmyiie (61.5) MoXHO TpUIATH BUL:

_ nonH? _BH _ B’

w = .
o2 2 2pgu

(55.4)
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