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BBEJAEHUE

[ensiMu OCBOEHUS! AMCLUUIUIMHBI (PU3UKA SBIISAIOTCS: OCBOEHUE 3HAHUHN
O MEXaHUYECKUX, TEIUIOBBIX, 3JEKTPOMArHUTHBIX W KBAHTOBBIX SBJICHUSX;
BEJIMYMHAX, XapaKTEPU3YIOLUX 3TU SIBJICHUS; 3aKOHaX, KOTOPbIM OHH IOJI-
YUHSIOTCS; METO/IaX HAYYHOTO MO3HAHUS TPUPO/IBI.

OBnaseHne yMEHUSIMU IPOBOAUTH HAOJIIOICHUS IPUPOIHBIX SIBJICHU,
OINMHUCHIBATh M 0000IIaTh PEe3yNbTaThl HAOMIOICHUN, HCTIOIb30BaTh MPOCTHIC
U3MEpUTEINIbHBIE IPUOOPHI; TPUMEHSTH MMOTYUYEHHbIE 3HAHUS 17151 OOBSICHEHUS
IPUHIIMIIOB JEHCTBUS TEXHUYECKUX YCTPOMCTB; AJIA pelieHHs] (PU3nIecKux
3ajad.

Pa3BuTHe mo3HAaBaTENbHBIX WHTEPECOB, MHTEIIEKTYabHBIX U TBOPYE-
CKUX CIIOCOOHOCTEH B XOJI¢ peleHusl (U3NYECKUX 3a/1a4 U BBIIIOJHEHUS Jia-
O0paTOpHBIX pabOT; CIOCOOHOCTH K CAMOCTOATEILHOMY MPUOOPETEHUIO HO-
BbIX 3HAHUW B COOTBETCTBUU C )KU3HEHHBIMU NOTPEOHOCTAMHU U UHTEPECAMH.

Bocnutanue y0exIeHHOCTH B HEOOXOAMMOCTH Pa3yMHOTO HCIIOJIB30-
BaHUs TOCTH)KEHUN HAYKU M TEXHOJIOTUH IJIsl JalbHEHUILEro pa3BUTHUS 4Yello-
BEYECKOIr'0 OOIIECTBA.

[TpuMmeHeHrne NOayYEHHBIX 3HAHUM U YMEHUN JUJISl PEeIIeHUs IPAaKTUY e-
CKMX 3aJ]a4 B TOBCEIHEBHOM KU3HU U B CBOEH OynyIiel mpodeccun.

[Ipouecc wu3yyeHUs IUCUUIUIMHBI HampaBieH Ha (QOpMUpPOBAHUE
AIIEMEHTOB chefyromux oo0meKkyapTypHbix (OK) um mpodeccnoHanbHbIX
komnereHuuii (IIK) B coorBerctBun ¢ PI'OC BIIO mno panHOMY
HAIPaBJICHUIO:

a) o01eKyabTypHbIX (OK):

- BJIaJICHUE KYJbTYPON MBIIUICHUSI, CIIOCOOHOCTBIO K OO0O0OIICHUIO,
aHaIN3y, BOCIPUATHIO HHPOPMAIIMH, TTOCTAHOBKE IIEN U BBHIOOpPY IMyTeHl ee
noctwxenus (OK-1);

- CIIOCOOHOCTBIO MPECTABUTh COBPEMEHHYIO KapTUHY MUpa HAa OCHOBE
CCTECTBEHHOHAYYHBIX, MAaTEMaTHYECKUX 3HAHWH, OPHUEHTHPOBATHCS B
IICHHOCTSIX OBITHS, XH13HH, KyIbTypsl (OK-11);

0) npodeccunonanbubix (ITK):

- CIIOCOOHOCTBIO UCII0JIb30BaTh OCHOBHBIC 3aKOHBI
€CTECTBEHHOHAYYHBIX JIUCIUIUIMH B TNPO(ECCHOHATBLHON JeATeIbHOCTH,
NPUMEHSATh METOJbl MaTeMAaTHYEeCKOr0 aHajiu3a U  MOJIeTUPOBaHMUS,
TEOPETHUYECKOTO U IKCIepuMeHTaIbHOro uccieaoanus (ITK-1).

B pe3ynbrate 0CBOCHUS TUCIUIIINHBI 00YYaIOIIUICS JODKEH:



3HaTh:
¢ CMBICT OCHOBHBIX MOHSATUH: PU3NUYECKOE SBJICHUE, PU3NIEeCcKas Be-
JINYWHA, MOJENb, TUIIOTE3a, IPUHLINI, TOCTYJAT, TCOPHUS.
+¢ CMBICIT OCHOBHBIX (PM3MUYECKUX BEIIMUYHUH.
¢ CmbIca (HU3UYECKHX 3aKOHOB (MEXaHHMKH, TCPMOIMHAMMKH, JICK-
TPOMAarHeTu3Ma, ONTUKU U aTOMHOU (DPU3UKH), IPUHIIUIIOB U MOCTY-
naToB ((popMynHpOBKa, TPAHUIEI IPUMEHUMOCTH).
¢ Brian poccuiCKUX YYEeHBIX, OKa3aBIINX HaWOOJbIICe BIUSHUE HA
pa3BuTHEe QUBHKU.
YMerh:
¢ IIpuMeHsTh 3aKOHBI PU3UKH B CEIHCKOXO3SMCTBEHHOM IPOU3BO/ICTBE;
¢ Jlornmyecku BepHO, apTyMEHTHPOBAHO U SICHO CTPOUTH YCTHYIO M TTHCh-
MEHHYIO p€ub;
¢ OnuCHIBaTh U OOBSICHATH PE3YJIbTAThl HAOIOJICHUN U DKCIIEPUMEHTOB;
¢ OnmceiBaTh (pyHIAMEHTAIBHBIC ONBITHI, OKa3aBIIHE CYIICCTBEHHOE
BIIMSIHUE HA Pa3BUTHE (PUBUKU.
¢ [IpuMeHsATh OMyYeHHBIC 3HAHMS JIJISl pEIICHHS PU3NISCKUX 3a/1a4.
Baagers:
% Meroaukoil TpoBeeHUS (PU3HUECKOrO 3KCIECPHMEHTa B jaboparop-
HBIX YCIIOBHUSIX;
% HaBplkamu pabOTBI Ha COBPEMEHHOH Y4YeOHO-HAyYHOW ammaparype
P MPOBEJICHUH JTAOOPATOPHBIX IKCTIEPUMEHTOB;
% YMeHHeM MPaBUIBHOTO 00BSICHEHHUS PEe3yJIbTaTOB SKCIICPUMEHTA,;
¢ HaBplkamu HCIIOJIB30BaHMS MPUOOPETCHHBIX 3HAHUN M YMCHHUH B TpaK-
TUYECKON JEATEeNIbHOCTH M TMOBCEJHEBHOM >XU3HU I OOeCTeueHus
0€30MacHOCTH KU3HEACATEIHPHOCTH B MPOIIECCE HUCIIOIB30BAHUS OBITO-
BBIX AJICKTPONPUOOPOB, CPEACTB PaaUO- W TEICKOMMYHHUKAIMOHHOU
CBSI3HU.



PA3JIEJI 1. PUSNYECKHUE OCHOBbBI MEXAHUKM.
MEXAHUYECKHE KOJIEBAHUA U BOJIHBI.

Jleknusa Nel
Tema: “KunemaTtuka MaTepuaJbHON TOUYKHN”.

Ilinan gekumuu:

BBenenune

1. Ilpenmet pusuka. Mexanuka. Kunemaruka.

2. JIBM>KeHHE, CIOCOOBI ONMCAHUS IBUKEHUSI.

3. CKOpOCTh U YCKOPEHHUE KaK MPOU3BOIHBIE.

4. BpamarenbHoe ABHXKEHUE. YTI0Bas CKOPOCTh. YTJI0OBOE YCKOPEHHE.
5. CBA3b M€Ky IMHEMHBIMH U YIJIOBBIMHU BEJIMYUHAMM.

BBenenue

QDu3uka — Hayka o Hauboaee 0OWUX 3aKOHAX NPUpoosl. Mcmounukamu
Quzuneckux 3HaHUl AGIAOMCIL HAOIIOO0EHUsL PUUUECKUX ABTEHUL U ONbLINYL.

QDu3uueckoe A61eHUE — COBOKYNHOCMb 3AKOHOMEPHO CBA3AHHBIX U3-
MeHeHULl, NPOUCXOOAUUX 8 NPUPOOE C MeYeHUeM 8PeMeHU.

Haoébnwoenue — cozepyanue @usuueckoeo s61eHus.

Onvim — cneyuaibHo 80CNPOU3BeOeHHOe 8 1abOPAMOPHBIX YCIOBUSX
gusuueckoe aenenue.

Ha ocHoBe ananun30B pu3nyecKuX sIBJICHUN U OTNBITOB BBISBISETCS Pu-
3MYECKUE 3aKOHBI — 3aKOHOMEPHBIC CBSI3M MEXKIY IMPOUCXOSAITUMU SIBIIC-
HusMu. [Ipu ux ananuse ObIBaeT TPYAHO OTIEIHUTH TJIABHOE OT BTOPOCTETICH-
HOTO. [[7151 3TOTO MCTIONMB3YIOT (U3MUECKUE MOJIEITH HUJIH CXEMBI, KOTOPHIE Ja-
I0T yHOPOIIeHHOE (TIPUOIM3UTEIIBHOE) IPEACTABICHUE OTACIBHOTO (hr3ude-
CKoro siBiicHHsI. [Ipy 3TOM yUYWTHIBAIOTCS TOJIBKO CYIIECTBEHHBIC MPU3HAKU
JTaHHOTO siBiieHus. Hampumep: mo0oi mpeaMeT B (U3MKE HA3BIBACTCS MeEIoM.
Teno, pasmepom, KOMOpPO2o 6 OAHHBIX YCA0BUAX MOICHO NpeHeOpeub Ha3bl6a-
emcsi mamepuaibHoi moyukou. CUATAOT, YTO Macca MAaTEPUAIbHON TOYKHU
coCcpeIoToUueHa B Hel (TO €CTh TEeJI0 HE UMEET Pa3MEPOB).

1. Ipeamer puzuxka. Mexannka. Kunemaruka

[TonsiTne Mexanuka, (pu3nka, KHHEMaTHKa MOSBUWIKNCH B JpeBHEH [ pe-
uuu B 7-6 BB. 10 H.3. Eie B ApeBHEH ['penuu roBopuioch 0 NEPBUYHOCTH
MAaTEPUU U O MATEPUAIIBHOCTH OKPY>KAIOIIEr0 HAC MUPA.

Marepus CymiecTByeT B BHJE BENIECTBA U MOJEH: TPABUTAIMOHHBIX,
AIEKTPUYECKUX, DIEKTPOMArHUTHBIX, ATOMHBIX, SIIEPHBIX U JIP.

3agavya (pU3MKOB HE TOJBKO OOBSCHUTH T€ WM WHBIC SIBJIICHUS, HO U
CO3/1aTh IIEJIOCTHOE MPEJCTABICHUE O MHUpe. DUHIITEHH nucan: «Beicimm
0roM (U3UKOB SBJISIETCS TMOMCK T€X OOIIMX 3JIEMEHTApHBIX 3aKOHOB, W3
KOTOPBIX BO3MOKHO MOJIYYUTh KAPTUHY MHUPAY.
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[lepBbIM H3BECTHBIM (DU3UKOM MEXAHMKOM B HCTOPUHU YEJIOBEUECTBA
ObLT ApXuMeJl, KOTOPBIN yAeNsuT O0IbIIIOe BHUMAHUE CO3JaHUIO PA3THIHBIX
npuOOPOB, B TOM YKCIIE U BOCHHOTO 000PYI0BaHUS.

MexaHnuka — («mexaney» - opyoue, npucnocodienue, yi08Ka, yxuupe-
Hue, no3soasaoujee nepexumpums npupoody). B mexanuke paccmampugeaemcs
osudicernue meil.

Kunematuka — pazoen gusuxu, 6 Kxomopom uzyuaemcs O0BUIICEHUE
mei, HO He UCCAeOYIOMCS NPUYUHbBI 8bI3bIBAIOWUE IO OBUIICEHUE.

JAunamuka — (om epey, dynamis cuna) pazoen MeEXAHUKU, 8 KOMOpom
uzyuaemcs 0sudicerue mej noo Oelcmeuem NPUIOHCEeHHbIX K HUM CUL.

Cratuka — pasden MexaHuKku, uzyyarowjull pagHosecue mei — meep-
ObIX, JHCUOKUX UTU 2A3000pA3HBIX, HAXOOAUWUXCA 68 COCMOSAHUU NOKOs NOO
8030elicmeuem GHeUHUX CUI.

Eauauubl usmMepeHust pu3n4ecKuX BeJUIYUH

[IpuHATO pa3nuyaTh 1Ba OCHOBHBIX BUJIAa U3MEPECHUM:
1. IIpsamoe — pe3ynomam nonyuaemcs u3 ONbIMHbIX OAHHbIX CPABHEHUS U3Me-
pAeMoll 8elUYUHbL C IMATOHOM (U3MepeHue ONUHbl — JUHEUKOU, UMaH2eH-
YUPKYIeM, MUKDOMEMPOM, 8DEMEHU — Yacamu, CEKYHOOMEPOM,).
2. Koceennoe — peszynomam nonyyaemcsi Ha OCHOBAHUU ONBIMHBIX OAHHBIX
NPAMBIX USMEPEHUL HECKOJIbKUX BEeNUYUH, CBA3AHHBIX MedHcOy coO0U PYHK-
YUOHATILHOU 3A8UCUMOCTNBIO.

Hanpumep: v = % .

COBOKYITHOCTh OCHOBHBIX €JIMHHI] U BBIPAKEHHBIX Yepe3 HHUX MPOH3-
BOJIHBIX, Ha3biBaeTcsi cucrtemoil enununl CU, npunsTton MexayHapoaHOM
KOHBEHIIUCH.

OcHoéHble eOuHuybl: ONUHA — Memp (M), macca — Kunoepamm (ke),
8pems — ceKyHoa (c), cuna moka — Amnep (A), memnepamypa — Kenveun (K),
Koauuecmso sewjecmaa — monw (vacca uzsomona C 0,012 ke), cuna céema —
Kanoena.

Jlononnumenvhble eOunuysbl: paouan, cmepaouarn (Niockutl u oovem-
HblU Y2OT).

lupoko ucnonv3yromes opyeue cucmemvl, Hanpumep, Quauueckas
CI'C. HazeaHnue cucmemvl CKIAObIBAEMCSA U3 HA36AHUN OCHOBHbIX eOUHUY —
canmumemp, epamm, CeKyHOdQ.

2. JIBm:kenue. CriocoObl onmcaHusi IBHKEHMS

MexaHnu4eckoe ABUKECHUE — U3MEHEHUe NOJIOJCeHUs meaa Uil 4ac-
metu mena 6 nNpOCMpPaHcmee ¢ medeHuem 8pPeMeHu.

CymiecTByeT 1Ba BU/1a MEXaHUYECKOTO JIBUKEHUS:
1) mocTynarenpHOE;
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2) BpamaTeiabHoe.

Ilpu mocTynaTrejJJbHOM JABHMKEHUM 8Ce MOYUKU Mead OBUNCYMCS 00U-
HAaKO080, UMelom 00UHAKO8ble CKOPOCMU U YCKOPEHUL.

BpamaTteabHbIM IBM:KEHUEM HA3bI8AIOM MAKOE 08UMCEHUe, NPU KO-
MOpOM 8ce MOUKU med, OBUNCYMCIL 8 NIOCKOCMSX, NePNEeHOUK)ISIPHBIX He-
NOOBUINCHOU NPAMOU, HA3bIBAEMOU OCbI0 8PAUACHUA, U ONUCLIBAIOM OKPYIHC-

ZA

Puc.1.1. Onpenenenune momoxe-
HUS TOYKH A KOOpJIWHATAMH X, Y
U Z, WIA PauyCcOM — BEKTOPOM
F
MartepuajJbHON TOYKOU
Hazvigaemcs meno, Qopmou u
pasmepamu  Komopozo MOICHO
npeneopeusb 6 OAHHbLIX YCI0BUSX
O0BUICEHUsL UTU NO CPABHEHUIO C
paccmosiHuem, Ha KOMOpPOM OHO
paccmampueaemcsi  (CNYmMHUK,
@ymooabHbIL MY 8 noNieme).
Bribupaem cucremy oT-
CUeTa, OTHOCUTEIBHO KOTOPOM
OyzneM paccMaTpuBaTh JIBUXKE-
HHUE MarepuagbHOM Touku. Ha-
npuMep: MPSIMOYTOIBHYIO CHC-
TeMy KoopauHat XYZ. JIBuxe-
HHUE MAaTEPUAIBHON TOYKH MOXK-

v

HOCMU, YeHmpbl KOMOPbIX Nexcam
Ha 5motl ocu (pomopvi mypouH, 2e-
Hepamopul 0gucamerneli).

Teno, OTHOCHUTENBHO KOTOPO-
rO OIpEAENseTCs MOJIOKEHHE APY-
ruX (JIBYOKYIIUXCS) TEJ, Ha3bIBacT-
csi TeJoM oTcyera. Termo orcyera,
CBSI3aHHAS C HUM CHCTEMa KOOPIH-
HAT U CUHXPOHHU3UPOBAHHBIC MEXK-
Iy co0oil yackl 00pa3yloT CHCTEMY
orcuera. OCHOBHBIM CBOMCTBOM
MEXaHUYECKOTO JBIKCHHUSI SIBIISCT-
CS OTHOCHTEJIbHOCTD.

Haubonee mpocTeiM ciiydaem JBU-
KEHUS SIBIIACTCS IBIKCHHUE MaTe-
PHAIBHON TOYKH.

ZA

A %

Puc.1.2. ]JIBuxeHue marepu-
aTbHOM TOYKH BJOJb TPOU3-
BOJIbHOM TpaekTopuu AB

HO 3a4aThb TPEMA CKAIIPHBIMHA YPAaBHCHUAMU

x = fi(t); y = f(t); z = f5(t) wam omguum Bexropusim I = T(t) (puc.1.1), a

MOJIOKEHUE MAaTepUAIbHON TOUKU A — Tpemsi koopauHatamu (X, Y, Z).
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TpaexkTopust — 2mo aunus, 80016 KOMOPOU OBUNCEMCS METIO.

B 3aBucumoctu 0T GOpMbI TPACKTOPHUH ABUKEHUE MOXKET OBITh:

-NPSIMOJIMHEHHBIM (TPACKTOPUS — MpAMAst JIMHUS)

-KPUBOJUHEHHBIM (TPACKTOPUS — KpUBas JTUHUS)

TpaekTopusi 3aBUCUT OT CHUCTEMBI OTcueTa (IpeaMeT, Majarolludii B
PaBHOMEPHO JBIKYIIEMCS MO€3]e, MMa/laeT BEPTUKAILHO BHU3 OTHOCUTEIILHO
1oe3/1a v no napadosae OTHOCUTEIBLHO 3€MIIH).

Hyrs — paccmosnue, uzmepennoe no mpaexkmopuu Om HAYALLHOU
MOYKU 00 KOHeuHoU (Onuna mpaekmopuu), (AB — nyms = AS), eoe AS — cka-
JIAPHAS hu3uyeckasn eIudUuHa.

Ilepemenienue Ar — HanpasieHHvlli OMPE30K, COCOUHAIOWUL HAYATb-

HYI0 MOYKY C KOHEUHOU. AF - BeKMOPHAs 8elUYUHA (MOOYIb, HANPAasieHue).
AF =T —T, (1.1)

3. CKopoCcTh U YCKOPEeHHUEe KaK MPOU3BOIHbIE
L
AS Jns Oornee monaHOM Xxa-
A Ar B o PaKTepUCTUKU JIB)KCHHUS BBO-
4 g JIATCS TIOHSITUE CKOPOCHU.
Cxopoctb — s9mo 6ex-
r MOpHas Qu3uYecKas GelUdUHa,
onpeoensiouas bvicmpomy
0 08UdICEHUS, U €20 HaNpasleHue 8
OQHHBIU MOMEHM 8PeMeHU.
Ilycte MarepuaabHas
TOYKA, JBUTASICH O KPUBOJIH-
HEWHOW TPAEKTOPHUH, MPOLLIa 3a
IPOMEXKYTOK BpeMeHu At myTh AS (puc.1.3)
OmHoweHue nymu, nNpouoeHH020 MAamepuaibHOl MOUYKOU, K NPOMENCYMK)
8peMeHU, 34 KOMOopblll 9MOom nyms NpoUodeH, HA3bleaemcs CpelHeill CKOpo-
CTBIO IBUKEHUSI.

Puc.1.3. JIBukeHnE TOYKHU 1O KPUBOJIU-
HEWHOM TPAaeKTOPUHU

_ AS[ m
<D>=——| —
At | c |

(1.2)
_ AT [ v |
Wil <O >=——| —
At | c |

[Ipenen storo orknoHenus: npu At—0 Ha30BEM CKOPOCTHIO B JaHHBIN

MOMCHT BPpEMCHHU HIJIN M2HOBEHHOIL CKopocmbio.
O = lim A—é _ds
a0 At dt
(1.3)



- AT dr
Wi O = IA'LT;' At dt
Mznosennaa cKopocmb 08udsceHUsa 6 aO0U Mouke MmpaeKmopuu
ecmv 8eKmop, HanpaeieHHblll N0 KaCamenbHOl K Mpaekmopuu, a no Mooy
PpasHblil npedeiy cpeoHell CKOpoCmu npu CMpemieHUU NPOMENCYMKA 8pemMe-
HU K HYTIO.
MrHoBeHHasi CKOPOCTb — nepsas Npou3BoOHAsi nepemeujerHus no
8pemMenl.

[Ipu At—0 dncneHHOE 3HaYeHUE CKOPOCTU U = % , OTKyga dS=odt.

[IpouHTErpupyem 310 BhIpak€HUE OT t 10 t+At

t+At
S= [udt (1.4)
t
Ecin geuxeHne paBHOMEpHOE
S=ut (1.5)

rae  S=[m]; v=[m/c]; t=[c].

PaBHOMeEpPHBIM Ha3vi8aemcs 08UdNCEHUE C HEUSMEHHOU CKOPOCMbIO.

[Ipu Hepasénomepnom NBUXKEHUHU CKOPOCTh MOXET MEHSITHCS KaK IO
MOJIYJIIO, TAK U [0 HAIIPABJICHHUIO.
Ecnu nBukeHre HEpaBHOMEPHOE, TO JJIsI €r0 XapaKTEPUCTUKHA BBOJUTCS I10-
HATUE YCKOPEHUS.

Yckopenne — Qusuueckas eeruduHa, xXapakmepuzyrowas oblcmpomy
U3BMEHeHUs1 CKOpOCmU No GelutUHe U HaNPAaeleHUIo.

[Iycts mMaTepuasibHasl TOUKa MEPEMECTHIACH 3a MAJIBIM IPOMEKYTOK

BpemeHH At U3 ToukH “A”, rie OHa UMeJIa CKOpOCTh U, B TOUKy “B”, rie ona

HMEET CKOPOCTh U,.
M3MeHeHne CKOPOCTH [BWKEHHS TOYKH €CTh BEKTOp AU, paBHBIN
Pa3HOCTH BEKTOPOB KOHEYHOW M HAYaJIbHOW CKOPOCTEN
Av =0, -y (1.6)
CpenHee ycKoOpeHHe — 5mo0 OmMHOWEHUE USMEHEHUSI CKOPOCMU K NPO-

MedNHCYMK)Y 6peMeHU, 3d KOMOopbvlu
X MO U3MEHeHUue NPOU3OULIO.

AvU

—

<§>—£ 1.7
At (')

Y ckopeHue HanpasiIeHO B TY
€ CTOPOHY, UTO W MpHUpalleHHUe
ckopoctu AU |

Puc. 1.4. I3MeHeHnE BEKTOpA CKOPOCTH
10 BEJIMYMHE U HAIIPABJICHUIO
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lIpeoen smozo omuowenus npu At—0 ecms [-1 npouzsoonas ckopo-
cmu no 8pemMeHu U Ha3vl8aemcs. MCHOBEHHBIM YCKOPEHUEM.

. Ao do
a=Ilim—=— 1.8
At—0 At dt ( )
TaK KaK
ds
d(—~-)
dt dt dt

Yckopenue ecmv émopas npoussoonas nymu no epemenu. 1amepsier-
cst [a] =[m/c?].

B oOmiem ciydyae ycKOpeHHE MOKET 3aBUCETh OT BPEMEHH. DTO JBU-
JKEHHE C IIEPEMEHHBIM YCKOPEHHUEM. Y CKOPEHUE, KAK U CKOPOCTh, UMEET Ha-
IIPABJICHUE — €CJIM €r0 HAIPaBJIECHHUE COBIALAET C BEKTOPOM CKOpPOCTU —
JABHIKEHHE PABHOYCKOPEHHOE, a €CJIM IPOTUBOIIOJIOKHO — pPaBHO3aMe[l-
JICHHO®.

PaccmoTrpum npumep, xorna npOWIEHHBINM IyTh ONPENEISAETCS BbIpa-
KEHHEM

S=A+Bt+Ct? (1.10)
Bo3bMeM niepByro U BTOPYIO IPOU3BOAHBIE IIYTH 110 BPEMEHHU
S _B+oc, (1.11)
dt
d’s .
prea a=2C =const = 3TO clIy4al paBHOYCKOPECHHOT'O IBHKCHHUS.
Bonee HarnsagapiM Oy1eT 0OpaTHBIN BBIBOJ U€pE3 HHTETPUPOBAHUE:
Y
S = j v-dt
t1
tl
L= J' a-dt

a
3HauuT, C = > Ecnu B BbIpa)keHUsSIX MyTH U CKOPOCTU NPUPABHATH t=0

1 0003HAYUTh Sy = A — Ha4YaJIbHBIN MPOUAEHHBIN NyTh, Uy = B — HauanbpHas

CKOPOCTb.
[Tonyyaem ¢opmynbsl pU pPaBHOYCKOPEHHOM JIBIDKEHHM Oe€3 ydeTa

BPEMEHHU: MyTh, CKOPOCTh U YCKOPEHHE MPU PABHOYCKOPEHHOM JIBH>)KEHUU
2

S=s, +vot+% (1.12)

=0, +at (1.13)
N3 popMyIbl CKOPOCTH BBIPA3UM YCKOPEHUE

11



=27 % (1.14)

Ci
QD
|

[Ipu KpUBOJIMHENHOM JBUKECHUUN
BEKTOP YCKOPEHUS MOXKET 00pa30BaTh
C BEKTOPOM CKOPOCTH IPOHM3BOJIbHBIN

YTOJL
Puc. 1.5. KacarensHoe u HOpManb-  Pa3iokuM BEKTOpP YCKOPCHHS d Ha
HOC yCKOPCHHC JIBE COCTaBJAIOIIEee ¢, - TaHI'€HLH-

—

anpHOE, U d, - HOpMasibHOE. 10 Teo-

a=+a’+a’ (1.15)

a.- MAH2CHUUAIbBHOE YCKOPEeHUe XapaKkmepusyem Usmenenue CKopocmiu no

peme Iludaropa

geuyuUHe U onpeoessemcs no oopmyne:

do
a, = m (1.16)

a, - HOPpMAJIbHOE YCKOpeHue Xxapaxkmepusyem usmeHenHue CKopocmu no Ha-

npasieHuio u onpeoensemcs no popmyne:

UZ
a, =— (1.17)
R
.=0 - paBHOMEpHOE PSIMOJIMHEMHOE BUKEHUE;

QU
1]
QU

r =0,
. a,=const, a,=0 - paBHOMepHOE JBMKEHHE IO OKPYKHOCTH;

|
|

const

a, =0,

(N
>S5
1]

= const - paBHOYCKOPEHHOE JIBUKEHHUE 110 OKPYKHOCTH;

A w e

) ar
a,=const - paBHOYCKOPEHHOE IPAMOIMHENHOE IBUKEHHE.

4. BpamareiabHoe IBHKeHUE. Y2/106a1 CKOPOCTh. YTJIOBOE YCKOPeHHe

AOCOJIIOTHO TBEPABIM TEJIOM, HA3blgaemcsi meno oehopmayusimu
KOMOPO20 MOJCHO NpeHeOpeub 8 OaHHbIX YCI0-

Al
1o —2 BUSX.
? [Ipy BpamareJbHOM JABHMKEHMH BCE TOYKH,
0, MIPUHAUICKAINE TBEPIAOMY TEJIYy, OIHUCHIBAIOT

OKPYKHOCTH OTHOCHTEJIBHO OCH BPAI[CHH.

BpartatensHoe ABMKEHHE XapaKTEepHU3yeT-
cs1 yriiom mosopota Ag , [pax]; yriowoii cko-
pocthio ® [par/c; ¢ '] u yrioBeIM yckopeHunem
¢ [pan/c?].

CpenHeil yriioBo CKOPOCTBIO @ HA3bI-
saemcst omuowenue A yenoeoco nymu K npo-
MENHCYMKY 8PEMEHU, 3d KOMOPbLL IMOM NOGOPON NPOUOULEIL.

B ciydae paBHOMEPHOTO JBHKECHHUS
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<@>= Ap (1.18)
At
rne /¢ — yroi IoBOpoOTa, paj; < @ > — CPEeIHsI CKOPOCTh paj/c; At — Bpems,
C.
B ciydae HepaBHOMEpPHOTO NBFIKCHHS MTHOBEHHAs yTJIOBask CKOPOCTh
OyJeT OonpeaensiThCs BEIPAKCHUEM:
@:iiTo%:?j_f [pan/c; ¢l (1.19)
MrHoBeHHAasl YIJIOBasi CKOPOCTb — nepéas NpoussooHds yeia Nnogo-
poma no epemenil.
[Ip HepaBHOMEPHOM BpalllaTEIHLHOM JBUKCHUU BBOJUTCS ITOHSITHE
YIIIOBOTO YCKOPEHUSI.
CpenHee yrjioBoe yCKOPeHHE — OMHOULEHUE USMEHEHUS Y2Tl08OU CKO-
POCMU K NPOMENCYMKY 8PEMEHU, 3 KOMOPbLU IMO UZMEHeHUe NPOU3OULILO

—

LA
<E>=— (1.20)

MrHoBeHHOe YIJIOBO€ YCKOPeHHE — npedeil CpeoHe20 y2lo8020 YCKO-
penus npu At—0
L 2
£=lim=—=" [pan/c’] (1.21)
MrHoBeHHOE YIJIOBO€ YCKOpeHHe
— 9MO nepeasi NPOU3BOOHAs Y2ll080U CKO-
pocmu no 8pemenu U 8mopas npou3eoo-
Has y21a nogopoma no 8pemenu
d
do_%a)_dt
Cdt dt dt?
Jlunetinoe a u yenosoe & yckopenus céssa-
Hbl MeAHCOY COO0U COOMHOULEHUEM
a=eR (1.23)
HampaBnenue yrioBoil CKOpOCTH OmNpeaesseTcs MpaBUIOM OypaBuM-
KA. GeKmop Y2lo60uU CKOPOCMU HANPAGIeH 6 CHMOPOHY HOCHYNAMenlbHO20
08udICeHUss OYpasuuKa, pyKosamka KOmopo2o0 8pawaemcs 8 HanpasieHuu au-
HEeUHOU CKOPOCMIU.
Jlunetinas U u y2n06as @ cKOpoCcmu C8:3aHvl Mextcoy coO0t COOMHO-
WieHueM:

(1.22)

Puc. 1.7. K npaBuity bypaBunka

v=aR (1.24)
[Ipu paBHOMEPHOM JIBMKEHUU T€JIA 10 OKPYKHOCTH BEJIMYMHBI UM (@ OCTa-
IOTCS. HEM3MEHHBIMU. B 3TOM Ciydae nmpu JBUKECHUU U3MEHSETCS TOJIBKO Ha-
IIPaBJICHUE BEKTOpa U . PaBHOMEPHOE ABUIKEHUE TEJIA IO OKPYKHOCTH SIBJISI-
€TCs JBWIKEHHEM C HOPMaJIbHBIM (IIEHTPOCTPEMUTEIIBHBIM) YCKOPEHHUEM.
Moaynp HEHTPOCTPEMUTEIBHOTO YCKOPEHUSI CBSI3aH C JIMHEMHOW U W yTJIO-
BOM (0 CKOPOCTSIMH COOTHOIIEHUSIMH:
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a,=—=0R (1.25)

[TycTs MaTepuaabHasi TOUKA COBEPIINIIA MTOJIHBIM 000pOT: < ¢ =27, TO-

raa At =T - IEPUO — 8peMsl, 8 meueHue KOmopo2o co8epulaemcsi OOUH noJi-
HblU 000POM, C1e008AMENbHO

27
© ="~ - YIJI0Basl CKOPOCTE NPH PABHOMEPHOM BpalleHHH (1.26)

Tak Kak v= = YacToTa — YUCTO NOJHBIX 000POMO8 8 eOUHUYY 8peMe-

nu, v=[Tu] - repu, To
®=2m (1.27)
Ecnu matepuanbHas TOUKa COBEPIIAET MOJTHBINA 000POT, TO MYTh, MPOUICH-
HBIU €10 - A4S = 27rR , TAHEWHAs CKOPOCTh v = wR , TOTJa
0= _omy (1.28)
T
5. CBs13b MEKY JIMHEIHBIMHU M YIJIOBBIMH BeJIHYUHAMH

[ToctynarenpbHOE NBUKEHUE BpamarensHoe gBrKeHHE

P AN
<5>=£’<5>:£ <a)>:—¢
At At At
gzg’*zd_s @:d_(”
dt dt dt
~ AD
At
do d°r do d%p
dt dt dt dt
v=u,+at w=0,+d
U=Ia-dt w=I5-dt

x=j(uo+at)-dt

(sz'(coo +&t)-dt

a-t?

2

S=uv,-t+ 9=y 1=
27R 2
U= —o w=—
T T
v=2mR w=2nv

S=R¢, v=Rw, a, =Re¢, an=a)2R

Bonpocwt onsa camokonmpona
Urto takoe dpuzuka?
JlaiiTe onpeaeneHne MEXaHUYECKOrO ABUXKEHUS.
JlaitTe onpeneneHne MEXaHUKHA, KWHEMAaTUKHU, TUHAMUKHU.
JlaiiTe onpeaeneHue CUCTEMBI OTCUETA.
JlaliTe onpeneneHue TpaeKTOPUH.
JlaliTe onpeaeneHue myTH JBUKEHHUS.
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7. JlaiiTe onpejieieHue nepeMenieHusl.

8. JlaiiTe ompeneneHue CKOPOCTH IBUKEHUSI.

9. JlaiiTe ompeneneHrne YyCKOPEHHUS.

10. Vkaxute QopMyiy Ui BHIYUCICHUS CPETHENH CKOPOCTH.

11. JlaiiTe ompenesieHuEe MTHOBEHHOM CKOPOCTH.

12. Vxaxute GopMymny /Ui BHIYUCICHUS MTHOBEHHON CKOPOCTH, KaK
IIPOU3BOJHOM KOOPJAMHATHI 10 BPEMEHH.

13. Vkaxute QopmMyiy /Ui BHIYHCICHUS CPETHETO YCKOPEHUSI.

14. Vxaxute GopMyiy JUisl BBIYMCIEHUS MTHOBEHHOI'O YCKOPEHUSI.

15. Vkaxute ypaBHEHHE PAaBHOYCKOPEHHOT'O ABUKECHUS.

16. 3anumuTe GopMyiTy JUisl BBIYMCIECHUS TAHT€HLIUAIbHOTO YCKOPEHUSI.

17. VYxaxute GopMymny /Ui BHIYUCICHUS HOPMAJIbHOTO YCKOPEHHUS.

18. Ykaxwute popMyiy CpelHEH yriioBOl CKOPOCTH.

19. Vxkaxute Qopmymy /Ui BEIYHCICHUS MTHOBEHHOH YTJIOBOM CKOPOCTH.

20. BriBenute popMyily, CBA3BIBAIOIIYIO YIJIOBYIO 1 MTHOBEHHYIO CKOPO-
CTH.

21. JlaiiTe ompejesieHHUE nepruoaa oOpamieHus.

22. [laiiTe ompeneneHNe 4acTOThI OOpaIeHusl.

23. 3anumure GopMyILy A BEIUUCICHUS IMKINYECKON 4aCTOTHI.

24. 3anummre GopMyITy A7l BEIYUCICHHS CPEIHETO YTIIOBOTO YCKOpe-
HUSL.

25. 3anumure GOpMyITy A7 BEIYUCICHHUS] MTHOBEHHOTO YTJIOBOTO YCKO-
peHusl.

26. BriBenute GhopMyily, CBA3BIBAIONIYIO YTIIOBOE M TAHTCHITHAIBHOE YC-
KOpEHHUE.

Bonpocwt o1 camocmosamenvHo2o uzyyeHus
1.Ponb pU3UKK B CEIBCKOXO3IMCTBEHHOM MPOU3BO/ICTBE.

Jlekust Ne2
Tema: “/IunHaMuKka MaTepHaJIbHON TOYKH U TBEPAOIO TeJa”.
Ilian Jexkumu:
1-w1i1 3ak0oH HptoTOHA. HEpIIManbHbIe CHCTEMBI OTCUETA.
Macca. Cuna. [110THOCTB.
2-11 u 3-i1 3akoHbl HeloTOHA.
Cuibl B mpupoe.
JluHaMuKa BpalaTeabHOTO JBUKECHUSL.

akrwnE

1. 1-piii 3axon HbroToOHAa. UHepuabHbIE CHCTEMBI 0TCYETA
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Junamuka — 3mo pazoen Mexamuxu, paccmampusaowui. npu-
YUHBL, BbI3bIGAIOWUE Me UTU UHble nepeMeujeHuss. B ochoee OuHamuku
nearcam 3axonvl Horomona.

3akonbl Herotona (1687), sBisttoTcst hynoamenmanvnovimu 3a-

KOHamu npupoowvl, TOATBEPAUTD WU ONMPOBEPTHYTH KOTOPHIE MOKHO
TOJILKO Ha OITBITE.

Ilepewiit 3akon Holomona: écsikoe meno coxpamsem cocmosmue
NOKOSl UNU PABHOMEPHO2O NPSMOJUHEUHO020 OB8UNCeHUss 00 meX Hop,
NOKA 8HeulHUe 8030€LCMBUSL HE 8bl8EOYNL €20 U3 IMO20 COCMOSIHUSL.

CnocobHocmb mena COXpausamv COCMOsAHUE NOKOS ULU PABHO-
MEPHO20 NPAMOJUHENUHO20 O08UMNCEHUs Ha3vleaemcss WHepuueit. Ilo-
3ToMy |-bIi1 3aKkOH HpIOTOHA HA3BIBAETCS 3AKOHOM UHEPYUU.

M3 1-ro 3akona HpioToHna cie-

T S— X "l M2 JIY€T, YTO paBHOMEPHOE IPsIMO-
/’Y: ;”,{r :A‘xﬁ:'\.'\ o o
* -------- JMHEUHOC IBM)KCHUE MIJIH ITOKOH

C€CTh CCTCCTBCHHBIC COCTOSAHUA

TEJ, OCBOOOXKIEHHBIX OT BHEIII-
Puc. 2.1. Hero BosgaeiicTBus. WMmepuus —
CpaBHenue mace 1ByX Tel HE NPUYUHA IBIKEHHSA, a €ro

CBOMCTBO.

B knHemaTHKe BCce CHCTEMBI OTCUETa paBHOIPaBHBL. B nmuHaAMU-
K€ OJIHO Y TO K€ JBMIKCHHE B PA3IMYHBIX CUCTEMaX OyJeT pa3InyHbIM.

Cucmema omcuema, 8 KOMOPOU BblNOJHAemcs 1-vlil 3aKOH
Hbviomona, nazvieaemcs unepyuanbHoimu.

Cy1iecTBOBaHME UHEPITUATBHBIX CUCTEM OTCUETa MOCTYIUPYETCS
(mpuHUMaeTcst 0e3 Jo0Ka3aTeNbCTBa) B Kiaccuueckod Mmexanuke. Ho
€CJIM €CTh XOTs Obl OJHA MHEpIMaJbHAsl CUCTEMa OTCYETa, TO JiroOas
Jpyras CUCTEMa, ABUKYIIAsCS OTHOCUTEIBHO HEE PaBHOMEPHO U Mpsi-
MOJIMHEWHO, TaK kK€ OyJeT SABJISATHCI UHEPIIUATLHON CUCTEMOI.

2. Macca. Cuaa. [lnoTtHocTh
Macca — smo ceoiicmeo mena, xapakmepusyroujee e2o uHepm-
Hocmb. 1Ipy 0IMHAKOBOM BO3JIEUCTBUU CO CTOPOHBI OKPYKAOIIUX TeEIl,
OJIHO TEJI0O MOET OBICTPO M3MEHSTh CBOIO CKOPOCTh, a APYroe B TEX
e YCJIOBHSIX — 3HAYUTENBHO MeyieHHee. [[puHATO TOBOPHUTH, YTO BTO-
pO€ U3 ATUX JIBYX TeJ 00sanaet 0oJbliield HHEPTHOCTBIO, UM, IPYTUMHU
CJIOBaMH, BTOpPOE TeJIo 001agaeT 00JIbIIe MacCou.
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Macca Tesia — mepa umepmuocmu mena 68 NOCMYNAMeENbHOM
osudicenuu, ckanapuaa eeauuuna. ONBIT MOKA3bIBACT, UTO €CIU JBa
TeJla ¢ MaccaMd My U My COCUHUTH B OJHO, TO Macca M COCTAaBHOTO
Tejia OCTaéTcs paBHOM cymMMe Macc My U M, 3Tux Ten (puc.2.1):

m=m, +m,

DTO CBOWMCTBO MAacC Ha3bIBAIOT adoumuenocmuto. llpuunHoi
YCKOPEHHUS Tejla CIYKUT HEKOMIICHCUPOBAHHOE JICMCTBUE HAa HETO
JIPYyTUX TeJl. ITO JACHCTBUE HOCUT B3aMMHBIN XapakTep M HA3bIBACTCS
ezaumodoeiicmeuem.

Duszuueckas 8erUdUHA, YUCIEHHO PABHAL MAcce eOUHUYbl 00bé-
Ma eewgecmea, Hazwvleaemcsa niaomuocmuio (p). llpu paBHOMEpPHOM

. Ke
pacnpeeneHu MacChl 0 00bEMY - p = g [—3} , I HEPAaBHOMEPHOM
M

_dm
P = av
Cunoni Hazvieaemcs 8eKMOPHAS GeIUYUHA DUIUUECKAsL 8elUYU-
HA, KOMOpas A611emcsi Mepou MeXaHuiecKko2o 8030eUcmeus Ha meio
CO CMOpPOHbL Opyeux men Uiy nojeu, 8 pezyivmame, KOMOpPo2o Mejo
npuobpemaem yckopetue uiu oepopmupyemcsi.

3. 2-ii 1 3-1 3axkonbl Hpr0TOHA
Bmopoii 3axon Hviomona: yckopenue mamepuaibHol mouku 6 uLep-

YUATIbHOU cUCmeMme Omcyema npsamo nponopyYUOHAIbHO Oelcmeyiouell
Ha MOYKYy cuie, U 0Opamuo NPONOPYUOHAILHO €20 Macce, N0 Hanpaes-
JIEHUI0 co8naoaem ¢ CUlou.

(2.1)

WIH F (2.2)

do
-9 (2.3)

[loncraBuM 3HaueHue yckopeHus B ¢opmyny cuiibl. [lomydunm

o)
[l
o 3T

Il
3

H3BecTHO, YTO

sl

OCHOG6HoOe¢ ypaeHeHue OUHAMUKU nocmynameéjlibHo2o 0BUIICCHUS.

= do
F =MN— 2.4
i (2.4)
Beenem maccy nop 3uak nuddepeniumana.
= _ d(mo)
dt
rIe P =mo- UMITYJIbC MAaTEPUATLHOW TOYKH (2.5)
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I/IMHyJ'IBCOM Mamepua]leOZZ MmO4YKU HA3bleAeENC:l 6€KMOpPHAA
geludurna, pasHa: npou%edenwo MACCbl MOUYKU HA CKOpoCcmb ee o08u-

HCEeHUAL.
d

|'01

F=——=p'(t) (2.6)

o

t

- emopoit 3akon Hviomona, evipasicennulii uepe3 npou3eo0Hy0 UMnyjibca
no épemeHu.
Tperuii 3akon HeroTOHA: 6 unepyuarvrou cucmeme omcuema

CUIbL 83AUMOOEUCMEUs 08YX Mell PABHbL N0 MOOYII0 U HANPABIEHbL 8
NPOMUBONONONCHBIE CMOPOHDL (puc. 2.2).
F=-F (2.7)
3HaK MUHYC YKa3bIBaeT HA MPOTHBOTIONOKHYIO HAIPABIECHHOCTh
BEKTOPOB CHJI. DTH CHJIBI UMEIOT OJIHY U TY K€ MPUPOTY, MPUITOKCHBI
K pa3JIMYHbIM TEJIAM M HE UMEIOT PABHOJICUCTBYIOIIECH.
Cunbl, Oeticmgyroujue mMexHcoy 4acmsamu 00H020 U Mo20 dHce me-
Jla, Ha3blearomcs BHYTPEHHUMH. Eciiyi Teno JBMXKETCs Kak 1eJoe, TO
€ro YCKOPEHHUE OMNPEACIACTCS TOJBbKO BHEIIHEW CWIOW. BHyTpeHHME
CWJIbl UCKJTIOYAIOTCS U3 BTOPOro 3akoHa HbIOTOHA, Tak Kak UX BEKTOP-
Has CyMMa paBHA HYJIO, U OHU HE MOTYT U3MEHHUTH COCTOSHUSI CUCTE-

MBI.

Paccmompum npumep: YenoBek NEUCTBYET HA TPY3 C TAKOHM ke MO MOYJIIO
CHJIOM, C KaKOH Tpy3 JEHCTBYET Ha YeJIOBEKA. DTH CHJIBI HAlPABJICHBI B MPOTHBO-
MOJIO’KHBIE CTOPOHBI.

OHU HMMEIOT OJHY U Ty ke (Qu-

a 3 3HUYECKYIO TIPHPOJY — TO YIPYTHUE CH-

F F,
m, : : s m, i1 kagara. CooO1raemMble 000UM Telam
3, 7, YCKOpPEHUST OOpaTHO MPOMOPITUOHAIE-

HBI MaccaM T

Puc. 2.2. Mmtoctpanus = m, . a m,
TpeThero 3akoHa HrroToHa m, a, m,

4. Cuiabl B Ipupoje
B npupojie cymecTByloT MHOTO pa3HbIX BUIOB CHJI: YIIPYTOCTH, TSTO-
TeHHUs, TsKecTH, JlopeHua, Amnepa, B3aMMOJEHCTBUSL HEMOJIBUKHBIX 3apsi-
JIOB ¥ T.J., HO BCE OHU, B KOHEUHOM CYETE, CBOJSTCS K HEOOJBIIOMY YUCITY
byHIaMEeHTaIBHBIX (OCHOBHBIX) B3ammojericTBuil. CoBpemeHHas (u3uka
CUMTAET, YTO CYLIECTBYIOT B IPUPOJIE JIMIIIb YETHIPE BUJIa B3aUMOICHCTBHIA:
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1) I'paBUTAIIMOHHOE B3aUMOJICHCTBHE (OCYIIECTBISICTCS 4Yepe3 TPaBUTALIM-
OHHBIE T10JISN);

2) DIEKTPOMAarHUTHOE B3aMMOJCHCTBUE (OCYIIECTBIIACTCS Yepe3 3JICKTPO-
MarHUTHBIE TIOJIs);

3) SnmepHoe (wn cuinbHOE) (0OECIIEUnBAET CBA3h YACTHI] B SIIPE);

4) Cnaboe (0TBEeYaeT 3a MPOIIECCHI pacrajia JIEMEHTAPHBIX YaCTHIL).

B pamkax kiiaccuueckoil MEXaHUKU MMEIOT JIEJIO0 C TPaBUTALIMOHHBIMU U
AIIEKTPOMATHUTHBIMU CUJIAMH, K KOTOPBIM OTHOCSITCSL YIIPYTUE CUJIbI U CHJIBI
TpeHus. [ paBUTAIMOHHBIC U YJIEKTPOMArHUTHBIC CHIIBI SBIIIOTCS (PyHIaMEH-
TaJbHBIMU — UX HEJIb3Sl CBECTH K JPYrUM, 0oJiee MPOCThIM CHJIaM. YTIpyTue
CUJIBl M CHJTBI TPEHUS HE ABISIOTCS (DyHIaMeHTaIbHBIMU. DyHIaMEHTATLHbIE
B3aUMO/JICUCTBUSA OTINYAIOTCS IPOCTOTOM M TOUHOCTHIO 3aKOHOB.

I'paButanmonHbie CHIbI (CHJIbI TATOTEHHUS) — 3TO CHJIbI IPUTSAKE-
HUS, KOTOPBIC TOTYMHSIOTCS 3aKOHY BCEMHPHOTO TsaroTeHus (puc. 2.3). 3a-
KOH BCEMHUPHOT0 TATOTeHus ObUT OTKPHIT Y. HhtoTOHOM B 1682 Tomy.

3Has, Kak JBWXKYTCS TUlaHeThl, HbIOTOH XOTeN OnpenenuTh, Kakhue CH-
JIbl HA HUX JEHCTBYIOT. Takoil MyTh HOCUT Ha3BaHHE OOpaTHOM 3a/1auu Mexa-
HUKU. Pemenue 3Toil 3agaun U npuBesio Hpl0TOHA K OTKPBITHIO 3aKOHA BCe-
MHMPHOT0 TATOTeHMsI: Bce mena npumseugaiomcs opye K Opyey € CUJOl,
NPAMO NPONOPYUOHATLHOU UX MACCAM U 0OPAMHO NPONOPYUOHATLHOU K8AO-
pamy paccmosuusi Mexcoy HUMu

F=cmM (2.8)

Puc. 2.3. I'paBUTallnOHHBIE CUIIBI TPUTSKEHUS

Koaddumuent nponopumnonanbHoctd G OAWHAKOB 1Ji1 BCEX TEJ B
npupoze. Ero Ha3pIBaKOT 2pasumayuoHHou ROCMOAHHOU

G=667-10"1 L4 (2.9)

2

OnHUM U3 NPOSIBIICHUN CHUJIBI BCEMUPHOTO TATOTCHUS SIBISCTCS CUIA
msaxcecmu. Cuna, ¢ Komopou meno npumszsusaemcs K 3emie, Ha3vl8aemcs
CHUJION THKECTH.
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F =mg (2.10)

Tak mpUHATO Ha3BIBATH CUITY MPUTSHKEHUS T K 3emMiie BOTU3U ee TOBEPXHO-
ctu. Ecnu 0603Haunth M - Maccy 3emiin, R, — ee paguyc, m — Maccy JaHHOTO
TeNa, TO CUja TSHXKECTH OYIeT ONpeeNaThCs BEIPAKEHUEM:

FzG%mzmg (2.11)
re g — ycKkopenue c60000H020 nadenus y NOBEPXHOCTU 3eMJIU:
9-Goy (212)

N

E

Puc. 2.4. Bec Tena u cuia TSHKECTH

[IycTp TENO JNEXUT HA HEMOJBUXHOM
OTHOCUTEIHHO 3€MJId TOPU30HTAIBLHOM CTOJIE
(puc. 2.4). Cucremy OTCHYETa, CBSI3aHHYIO C
3emielt, OyaeM cuuTaTh uHepyuanvHou. Ha
TEJO0 JEUCTBYIOT JABE CUJIBL: CHJIA TSKECTH Mg
U cujia peakuuu onopsl N . ITo Bropomy 3ako-
Hy HprotoHa mg+ N =ma. Tak xak Teno mo-

koutca, To a=0. B mpoekmusix Ha ock X momyduM: N -—mg=0. Orcrona

N =mg.

Cuna, ¢ komopoii meno Oeucmeyem HaA 20PUIOHMANLHYIO ONOPY ULU
BepMUKAIbLHBIL NO0BEC HA3bIBAENCSl 6€COM Med.

Ilo mpemvemy 3axony Hvtomona cuna, ¢ Komopou nogepxHocms oeti-
cmeyem Ha meJjlo, paeHa cujie, C KOmopou meio 0elcmayem Ha NO8EePXHOCb.
Taxum obpazom, 6 cOCMOSHUU NOKOS UTU NPU PAGHOMEPHOM OBUNCEHUU 8EC

mesna paseH Cuie mAdcecmu.

P =mg

Bec tena P u cuna peakiuu onmopsl N npuiosicensvt K pazuvim meaam!
Ecnu Teno moKOUTCS WM JIBUXKETCS PABHOMEPHO MPSMOJHUHEHHO IO
rOpU30HTAILHOM MOBEPXHOCTU, TO P=m( (puc. 2.6)

. |
S S l S S
mg
Puc. 2.6.

Ecnmu Temo maccoii M mMogHMMAaeTCs BBEPX C YCKOpEHHEM a, TO
P=mg+ma=m(g+a) — cocTosiHue neperpy3kmu (puc. 2.7)

—

me a

|

Puc. 2.7. mg
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Ecnu Teno wmaccoii M omyckaercss BHH3 C  yCKOpeHHEM
P =mg —ma=m(g —a)- cocrosinue 4acTHIHOI1 HeBecomMocTH (puc. 2.8)

a

mg
Puc. 2.8.

— —

B caywae, ecim Teno mamaer ¢ yckopeHueM a=0, TO
P=m(g—9)=0 - cocTossHHe N0, 1HOii HeBECOMOCTH.

CocrtosiHue HEBECOMOCTH, KOTJ]a TEJI0 HE JaBUT HA ONOPY U HE UCIIbI-
THIBAaCT BHYTPEHHMX HampspDkeHuil. OHO BO3HMKAaeT, HAIpUMeEp, B KaOWHE
KOCMHUYECKOT0 KOpaOJisi MpU €ro JBMKEHUU MO OPOUTE MPHU BBIKIIOUYECHHBIX
PEaKTUBHBIX ABUTATEIAX.

Ecnu BexkTOp yckopeHusi & HampaBJieH BEPTUKaIbHO BBEpX (puc. 6), To
[r—— a<0 u, caeaoBaTeNbHO, BEC TeJla Bceraa OyaeT mpe-

N

O
BbIIATH ITO MOAYJIIO CUITY TAXKCCTH.

@ YBenuueHue Beca Teja, BBI3BAHHOE YCKOPEHHBIM
JIBUKEHUEM OIOPBI WIIM TOJIBECA, HA3BIBAIOT MEpe-
rpy3Koil. JlercTBuEe neperpy3Ku UCIBITBIBAKOT KOC-
MOHABTBHI, KaK MPHU B3JIETE KOCMHYECKOM PAKETHI,
mg TaK U Ha YYaCTKE TOPMOKEHHUS MPHU BXOJIe KOpabis
B IUIOTHBIE cjion aTMocdepsl. bonbiue neperpysku
¥ J= UCIIBITHIBAIOT JICTYUKU TIPU BBINOTHEHUU GUTYP
BBICIIIETO MHUJIOTa)XKa, OCOOEHHO Ha CBEPX3BYKOBBIX
caMoJI€Tax.

Iy

Puc. 2.9. Ileperpy3ka

Cuia ynpyrocru
Cuna, eo3nukarowas npu oegopmauuu men, HA3bLIGACMCA CUJOIU
ynpyzocmu. Cumewenue wacmell meia OmMHOCUMENbHO Opye Opyea noo oeti-
cmeuem 8HeuHell CUlbl, Ha3vleaemcs oegpopmavueit me.

] ! ; Ecnm mocne cHATUS BHEIIHEW Ha-
| —— I'PY3KH, TEJO MOJHOCTHIO BOCCTAHABIIMBAET
| CBOUM pa3Mepbl u GopMmy, TO Oeghopmayus
Ha3zvleaemcs ynpy2oi.

e B obracmu ynpyeou Oegopmayuu
__F-Fm’ CUNa ynpy2ocmu NpamMo NPONOPYUOHANbHA
oeghopmayuu u HanpasieHa 8 NPOMuU8Ono-

=
| ¢
"1y

o &

JIOJCHYIO CMOPOHY CMewjeHus yacmetl mena
— 3akon I'yka.
F=-k-x (2.13)

Puc. 2.10. Jlepopmarius pactskeHus
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Al
Dusuueckas eIUUUHA & = £—, nokasvlearowasd 60 CKOJNbKO pas abconromuast
0

Odepopmayuss omauyaemcs om HaA4aibHbIX pazmepos meid, Ha3vl8aemcs Om-
HocumebHou dehopmanueil.

Qusuueckas GenUYUHA, PABHAS OMHOUWIEHUIO CUTbl, Oeticmeyloujel Ha
obpasey, K nIOWaou nonepeyHo2o cedenus oopazyd, Ha3vleaemcs MexaHu-
YeCKUM HANPANHCEHUEM.

F
-— 2.14
o=t (21)
B CH u3mepsieTcst B macKajsx [11a]= [iz}
M

OnbIT TOKa3bIBAET, YTO 8 oOnacmu ynpyeou oeghopmayuu mexauvuye-
CKOe Hamnpsicenue npsamo NPonopYUOHAIbHO OMHOCUMENbHOU Oedhopmayuu
mena (3axoH ['yka 111 OTHOCUTEIIBHOM e opMaIivi).
oc=E-¢ (2.15)
Odusnueckas BenuuuHa E Ha3biBaeTcs MoayneM FOHra m 3aBUCUT OT
poJla BEHIECTBA, U3 KOTOPOro COCTOUT Teno. Moodyas FOnza uucnenno pagen
MEXAHUYeCKOM)Y HANPANCEHUIO, KOMOpoe CHOCOOHO UBMEHUMb pazmepuvl 00-
pasya 6 08a pasa.

Cuiibl TpeHus
Cunvt mpenusa SBISIOTCA OJHUM M3 MPOSIBJICHUN KOHTAaKTHOTI'O B3au-
MOJICVCTBUSL TEJI, B YACTHOCTU CHJIa TPEHUS CKOJBXKCHUS BO3HUKAECT IPHU
CKOJIBXEHUM OJIHOTO TeJjia MO0 MOBEPXHOCTH APYroro M HampapJieHa Mo Kaca-
TEJLHOU K TPYIIUMCS IOBEPXHOCTSIM B CTOPOHY, MPOTHUBOTMOJIOKHYIO IBUXKE-
HUIO IAaHHOTO TeJIa OTHOCHUTENIBHO pyroro (puc. 2.11).
Tpenue sBISIETCS OHUM U3 MPOSIBICHUN KOHTAKTHOT'O B3aUMOJICHCTBUSA TEI.

Puc. 2.11.
K onpenenennto cuisl TpeHus

TpeHune pa3IuyaroT IBYyX BUJOB: BHEIIIHEE U BHYTPECHHEE.
Cubl BHEUIHETO TPEHHUSI BO3HUKAIOT HA MOBEPXHOCTHU KOHTAKTa JBYX
Tel. BHympennee mpenue — 3mo mauneeHyuanibHoe 83auUmMo0eticmaue Mexcoy
CoAMU 00H020 U Mo2o dHce mena. Ecau cuna TpeHus BO3HUKAET MPHU JBUXKeE-
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HUU TBEPAOIO TeJa B )KUJKOW MU Ta3000pa3Hoil cpene, TO €€ OTHOCSAT K CH-
JaM BHYTPEHHETO TPEHHUSI.

Tpenue medcoy nosepxHocmamu meepovix mei npu OMCymcmeuu Ka-
KOU-TUO0 NPOCIOUKU UTU CMA3KU Ha3bleaemcs cyxum. Tpenue medicdy meep-
ObIM MeNOM U HCUOKOU UTU 2A3000PA3HOU CPEOOl, A MAKAHCE MeAHCOY CLOAMU
Maxou cpedbl HA3bIBAEMCS 6AZKUM UTU HCUOKUM.

PaccmoTpuMm cyxoe Tpenue. Paznudarot Tpu ero BUaa: TPEHUE TOKOS,
TPEHHE CKOJBKECHUS U TPEHHE KaueHUS.

a) Cwiia TpeHUus MOKOSl — 2MO CUid, 0etucmeyouas mexrcoy CoOnpuKa-
CAOWUMUCS MENAMU, HAXOOSWUMUC 8 COCMOAHUU NOKOs, PABHAS NO 6elU-
YuHe U NPOMUBONONIONCHO HANPABIEHHAS CUNe, NOHYJCcOaroueli meio K 08u-
JHCEHUTO.

JI0 BO3HWKHOBEHHS CKOJBKEHHUS CHJIA TPEHHS MOKOS MOXET HMMEThb
Ar000€ HampapiIeHUE U IPUHUMATh JH000€ 3HAUEHHUE OT HYJISI 10 HEKOTOPOIo
MaKCHMAJILHOTO, TP KOTOPOM BO3HUKAET CKONIbKeHue: 0<F < F™

mp.noK mp.nok "
— max
Fmp.nmc = /'lN 1

rae |- Ko3QPUUUEHT TpeHUsl MOKOsl, 3aBUCUT OT (PU3MUYECKOW MPUPOABI CO-
IpUKacalOUINXCs Tel U 00pabOTKU UX MOBEPXHOCTEH,
0) Tpenue ckoabxenusa. Ecinu K Tely NpUIOKUTh BHEIIHIOIO CHUITY,

IPEBBILANIYI0 |F ™

mp.nok

, TO TEJI0 HAUYMHAET CKOJB3UTh. Cuja TPEeHHs MPO-

A0JKACT CYIICCTBOBATh K HA3BIBACTCS CHJION TPCHUA CKOJIbKCHHA.
Cubl TPCHHUA CKOJIBXKCHHUA TAKIKC 3aBHUCAT OT HOPMAJIbHOI'O JAaBJICHHUA
Ha MMOBCPXHOCTH COIIPUKOCHOBCHHA. HpI/I MMOCTOSTHHOM CKOPOCTH ABHMIKCHUS:

F —uN. (2.16)

p.ci

KoapuuueHTt TpeHus CKoNbKEeHHS |l 3aBUCUT OT MaTepuaia Tel, Co-
CTOSIHUSI TOBEPXHOCTEN U OT OTHOCUTENBHOU CKOPOCTHU ABUKEHUS TEN.

B) Tpenue kauenusi. [Ipu xaueHuu Tena MO MOBEPXHOCTU JIPYrOTO
BO3HMKAET oco0asi cuja — CUjla TPEHHsI KaueHUs, KOTopas MPEensTCTByeT Ka-
yeHuto Tena. Cuia TpeHUs KaueHHUsI IIPU TEX K€ MaTepralax CONpPUKacaeMbIX
TE€J BCEr/la MEHbILE CUJIbl TPEHUS CKOJBXKEHHUS. DTUM MOJb3YIOTCA Ha Mpak-
TUKE, 3aMEHSISl MOJUIUITHUKA CKOJBKEHUS IIAPUKOBBIMU WM POJUKOBBIMU
noAmUnHUKaMu. KyJlOH ONBITHBIM MyTeM YCTAaHOBWJI JUJISl KATSILErocs LU-
auHApa paauyca R:

Fe= e (2.17)
R
['ne 1 — KodpPuuMeHT TpeHus: KaueHus, BeIMYMHA KOTOPOTO YMEHBIIAETCS C

YBCIIMYCHUCM TBCPAOCTU MATCPpHAJId U HICPOXOBATOCTU €TO ITOBECPXHOCTH.

Jlist kaTsmerocs 00o0/1a Feo = 1y % (2.18)
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d. JAMHAMHKa BPAIaTEJbHOI0 ABHKECHUS
IlycTe MaTepuasibHas TOYKa M; HaXOAWUTCS HA PACCTOSHHUHU [ OT OCH
Bpamienus. [Ipmnoxum K 3Toi Touke cuiy F,. [lox melicTBHEM CHIIBI TOYKa

HAaYMHAET BpallaTesibHOEe JBUKEHUE BOKPYT ocH (puc. 2.12).
MoOMEHT MHEPITUU MaTEPUATBHONU TOYKHU OTPEICTUM 110 (opMyIIe:
li=m, 'ri2
(2.19)
MoMeHT HHEPUHMH MATEPHUATBLHOM TOYKHU, 8DAUAIOUENUCS
B0KpY2 HENOOBUIICHOU OCU, PABEH NPOU3BEOEHUIO MACCHl
9MOU MOYKU HA K8AOPAm paccmosiHusi 00 OCU. JIrobGoe
TEJI0 MOXKHO paccMaTpuBaTh KaK COBOKYMHOCTb MaTepH-
albHBIX TOYEK, HE CMEIIAIOUIUXCA APYT OTHOCHUTEIBHO
6 npyra. Takoe, He mojaaaroueecs aedpopmaluu Tejo, Ha3bl-
Puc. 2.12. BAETCA A6 COIIOMHO MEePObIM.
MoMeHT MHepUMHM TBEPAOr0 TeJIA pPaseH CyMMe
MOMEHMO8 UHEPYULl MaAmepuaibHblX MoyeK, U3 KOMmopbix
91O Meso CoOCMmoum

| :Zmi r? [KZ-MZ] (2.20)

JUtst Ten mpaBUIIBHOM TeOMETPUYECKOM (POpPMBI BBIBEEHBI (HOPMYJIbI
JUIsL pacdeTa MOMEHTAa MHEpLUHMH. PaccMOTpHUM cilydaii, KOrja oCh BpallcHUs
MPOXOJIUT Yepe3 LIEHTP mMacc ATux Ten (puc.2.13).

MoMeHT MHepI MU SIBJISIETCS MEpPOil HHEPTHOCTH TeJsia NMPHU Bpala-
TeJIbHOM JABW:KeHuM. OH UrpaeT Takylo K€ poJib, YTO M Macca MpU OMuca-
HUU MOCTyNaTeNbHOro ABMKeHus. Ho ecnu Macca cuuTaercst BEIMYMHOM I0-
CTOSIHHOM, TO MOMEHT MHEPIMU JTaHHOIO Te€ja 3aBUCUT OT MOJIOKEHUS OCH
BpalICHUS.

I ] 2 ] 2 y
l.=—ML" l. =—MR" l.==—MR"
12 g 3
bt
/-/\ ToH R TEHHAR
L Teepusiii cipepruscran
.\x ,f"" CTRPWEHE Ilap ofonoyxn
2 1 2 l 2
I.= MR =L vR? I, = —MR
I 5 ME 3
ToHkoCTeHHBIA J
LU STHH il (T Huce

Puc. 2.13. MoMeHThI nHEpLUHH | HEKOTOPBIX OJTHOPOAHBIX TBEPABIX TEII.

N3meHeHHe MOMEHTA HHEPLMHU TeJIa IIPH NePeHoce 0CH BpalleHus!
Ecnu st kakoro- nubo Tena M3BECTEH €r0 MOMEHT MHEPIIUU OTHOCH-
TEJILHO OCH, TPOXOMASAIICH Yepe3 MEHTP Macc, TO JIETKO MOXKET ObITh HAlIeH U
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MOMEHT HMHEPIIMU OTHOCHUTEIBHO JII0OOM OCH, mapajuiesIbHOW MepBOM, C HC-
noJjbp30BaHueM teopeMsl LlTernepa.

| =1, +md? (2.21)
rae | — MOMEHT MHEpIUH OTHOCHUTEIBHO OCH, MPOXOJAIICH uepe3 LEHTP
Macc; M — macca aucka; d — paccTosTHUE MKy OCSIMHU.

Teopema Illmeiinepa: momenm unepyuu OMHOCUMENbHO 000U OCU
8paujeHUsl pABeH MOMEHM) UHEPYUU OMHOCUMENIbHO NAPAIIeIbHOU ell OCU,
npoxooswet uepe3 YeHmp MAacc, CLOHCEHHOMY C NPOU3BEOeHUeM MACCbl meid
HA K8AOpam paccmosiHus Om YyeHmpa Macc 00 0Cu 8PaujeHUsL.

Hanpumep, ans nucka och BpallieHus, KOTOPOro MPOXOAUT YE€pPE3 €Tr0
kpaii (d=R)

, MR? 3

| = LmR? 4 md? = +mR* = =mR? (2.22)
2 2 2

YpaBHeHHe AUHAMHKHU BPAlIaTCJIbHOI0 ABHKCHUA TBEPAOIo TeJia
OTHOCHUTEJIbHO HENMOABHUKHOM OCH

[lycTh TBEpO€ TENO BpallleHHs BOKPYT HEMOJBHXKHOW OCH (CM. PHC.
2.12). Pa300beM 3TO TE€J0 Ha 3JIEMEHTapHble y4acTKu M;. BeiOupaem npowus-
BOJIPHYIO MAaTE€pUAIIbHYIO TOUKY, IIPUHAJIEKALLYI0 dTOMY Tely. Todka Bme-
CT€ C BpalAIOIIMMCS TEJIOM OIMCHIBAET OKPYKHOCTh. [IpoBenem oT TOYkKH
JIMHUIO ¥ 0003HaumMM ee . [Ipunoxum kx Touke cuy F,. [lox melicTBreM cu-

el F

HaIPaBJICHHON NEPIEHAUKYJISIPHO K OCH 110 KacaTeJIbHOM K OKPYXHO-
CTH, ONMMUCHIBAEMOW MAaTE€pHATbHOW TOYKOM, IBUKYIIAACS TOYKA HAYMHAECT
do,
o

Ucnons3yem dhopmyity, yCTaHABIMBAIOIIYIO CBSI3b MEXAY JTUHEHHON U
YIJIOBOM CKOPOCTBIO v, = &R,

BpamarenpbHoe aBrxkeHue. [1o Bropomy 3akony Hetotona F =ma,, a =

I (@ — yIJIOBasi CKOPOCTh; Y BCEX TOUEK BPALIAOLIErOCs Tejla OHA OJIMHAKO-
BA.
[ToacTaBuM 3HaUECHKE TUHEWHON CKOPOCTH B (OPMYITY YCKOPEHHS

_d(er)_ do
oodt Tdt
IToxcraBum 3HaYeHHE YCKOPEHUS BO BTOPOM 3aKOH HproTOHA
F=mr d_a)’
dt

YMHOX)UM 00€ 4aCTH TOCJICTHETO PABEHCTBA Ha [} K MPOCYMMHUPYEM €ro
n n da)
ZFiri :Zmiriz !
i=1 i=1 dt

n n
[0
I'ne D Fr - MOMEHT CHJIBL; ), M;I? - MOMEHT HHEPIIHH; G~ yexoperne.
= i1

M=1¢ (2.23)
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OcHoBHOE YPAaBHCHHEC JHMHAMHUKHU BPAATC/JIbHOIO IBHKCHHUA MU

BTOpOﬁ 3akoH HbroTona AJI BpamaTejJdbHOro I1BU/KCHUS . Momenm epa-
LL;CUOLL}QIZ CUJibl, I’lpMJZOOfCQHHOL? K mejy, paeer npou3eeOeHui0 Momenma uHep-
yuu mena Ha yenosoe YCKOPEHRUe.

©Woo~NoOkwDdRE

[EEN
o

11.
12.
13.
14.

15.

16.

17.
18.

19.
20.

21,
22,

Bonpocwt 0nsa camokonmponn
Cdopmynupyiite nepBbiii 3aKk0H HpioTOHA.

Kakas cuctema oTcyeTa Ha3bIBa€TCsS MHEPLMATBLHON?
JlaiiTe onpeesieHue MaccChl.

JlaiiTe onpeesieHue CUJIbl.

JlaiiTe onpeaeieHue uMITyJibCa.

JlaiiTe onpenesieHre I0THOCTH.

3anumute GopMyJIbl TUIOTHOCTH.

3anumure GopMyTy UMITyJIbca.

Cdopmynupyiite Bropoi 3akoH HeroToHa.

. BeiBenure opmyiy BTOoporo 3akoHa HpioTOHa, Kak MPOU3BOJHYIO MM-

IIyJIbCa 10 BPEMEHHU.

JlaiiTe onpenenenue Tperbero 3akoHa Herotona.

dopmyna TpeTbero 3akoHa HprotoHa.

Cuia ynpyroctu onpeneneHue. 3akoH ['yka.

JlaliTe ompeneneHue OTHOCHUTENBbHOM Aedopmaliiu, MEXaHHYECKOTro Ha-
MPSKEHMUS.

Haiite onpexneneHue cuwibl TpeHusa. Cuila TpeHUs MOKOs, CUJia TPEHUS
CKOJIbYKEHHSI, CUJIa TPEHUSI KaueHUSI.

Jlaiite onpenenenue Bec Tena (hopmyna, en. U3MEpeHus ). 3HATh YEThIpe
Cilyyasi IBU>)KEHUS Tell.

JlaTth onpeneneHrne MOMEHTa HHEPLUH Te€Jla OTHOCUTEIIBHO OCH.

Ykaxure GopMmyiy Il BHIYUCICHUS MOMEHTA WHEPIMU MaTepUaibHON
TOYKH.

Ykaxute hOpMyIIbl 11 BEIYMCICHUS MOMEHTA WHEPITUU TOHKOTO CTEPIK-
Hs1, KOJIbIIA, TUCKa (IIMIIMH/IpA), 11apa.

Chopmynupyiite Teopemy lllTeitnepa.

BriBennte BTOpOU 3ak0H HbIOTOHA 1151 BpallaTENbHOTO ABUXKEHUS.
ChopmynupyiiTe OCHOBHOE ypaBHEHHUE AMHAMUKH BpaIIaTEIHHOTO JIBU-
KECHUSL.

BOI’IpOCbl 0N CAMOCHOAMETIbHO20 usyuenusn

1. HeunepuuanbHbie cuctemMbl oTcyeTa. CUJibl HHEPIUH.
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JIEKIIH ST Ne 3/1
Tema: «PaGora u 3Heprus».

«MexaHuyeckue KoJie0aHus U BOJHBI

Il1an Jexknuu.
1. Mexanunueckas paboTta. MOIITHOCTb.

3aKOH COXpaHEHUSI UMITYJIbCA.
MoMeHT umIybca. 3aKOH COXPaHEHUSI MOMEHTA UMITYJIbCA.
Kunetnueckas sneprus. Kunetnueckas sHEprus Bpalarouerocs tena.
[TorenunanbHas SHEPTUs.
3aKOH COXpaHEHMSI MOJHOW MEXaHUYECKON SHEPTUM.

o0k wn

1. Mexanu4yeckasi pa6ora. MomHocTh

du3nveckas BeJUYUHA, PABHAS CKAJISIPHOMY NPOU3BEIEHUIO CH-
JIbl, IeficTBYIOLIEll HA TeJl0, HA NepeMelleHne, CoOBeplIaeMoe Moj JeicT-
BHEM J3TOM CHJIbI, HA3bIBACTCH MEXaHHMYECKO padoToM.

A=[F-S],mmuA=F-S-cosa (3.1)
rIe 0 — YroJd MExXIy HampaBiie-
ﬁ; ______ 7 HUSAMH CHJIBI M TIEpPEeMEIICHUS
\7 mi :_'—F (puc. 3.1). Ecou mox neiicTBueM
ETP | *~ % cunbl B 1 H, oHO coBepiaer rme-
. — peMemenne Ha | M, TO cuna co-
BepmiaeTr padory B 1 JKoyib
< [tonc] = [ - ],
Ecnu pabora coBepiiaercs rie-
Puc. 3.1. PaGoTa nocTOssHHOM CHJIBI PEMEHHOH CHIIOH, TO MOXKHO TO-

BOPHUTH 00 3JIeMEHTapHOU pabdoTe, coBepIIaeMOi Ha OECKOHEYHO MaJIoM yda-
CTKe ImyTH JanuHou dS.
Torma: dA=F-dS, (3.2)
rne cuna F=f(S) sBnsercs dynk-
HUEN NEPEMEILICHUS.

Pabora BO BpamareabHOM
JIBWKEHUU  ONpEeNeNsieTcsa 1o

dhopmyie:

dA=M -do,

rae M = f(p).
[lonnas pabora Oyner om-
PEAENSATHCS BEIPAKECHUEM:

S,
Puc. 3.2. I'paduueckoe onpenenexnue A= J‘ F.dS (3.3)

DadOTHI s
1
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P2
Bo BpamarejbHOM ABM:KEHHH A= I M-dg. (3.4)
P

I'paduaecku pabora ompeaensercs Mo IIOMAAN KPUBOJIMHEHHOU (u-
rypsl ox rpadpukoM F, (x) (puc. 3.2).

[Tpumepom cuiibl, MOAYJb KOTOPOW 3aBHCHT OT KOOPAMHATHI, MOXKET
CIIy’KUTh YIpyrasi Cujia Mpy>KuHbI, MOJUUHsomascs 3akony ['yka. s Toro,
4TOOBI PACTAHYTh MPYKUHY, K HEW HYKHO HNPHJIOKHTH BHELIHIOKW CHIy F,
MOJTyJTb KOTOPO# MPOIOPIIMOHAJICH YITMHEHHIO MIPYKHUHEI (prc. 3.3).

| | F ()

_ F " I = = kx———————— — =

7 || e Ty T
BEEEEE T T
1 I
0 X ¥ ] X x

3 Puc. 33. PacTsHyTas pyXKuHAa Puc. 3.4. 3aBucuMOCTh MOIYJISI BHEIITHEH
aB CHJIBI OT KOOPJIMHATHI MIPU PACTSKEHUU

VUCUMOCTh MOJAYJS BHEUIHEH CHIBI OT
KOOpIWHATHl X M300paxkaercs Ha rpaduke mpsimoi jguHHeH (puc. 3.4). Ilo
IUIOLIA/IA TPEYroJIbHUKA Ha pUC. 3.4 MOKHO ONPEAEIUTh padoTy, COBEPILIEH-
HYIO BHEIIHEW CUJION, NPUIIOKEHHOM K MPaBOMY CBOOOJHOMY KOHILY MPYXKHU-
HBIL:
A=k (3.5)
2
Otoit opmMmynoi BbIpakaeTcs paboTa, COBEpIlIEHHAss BHEIIHEW CUIION

IpH CXKATHH HPYXHUHBL B 06onx ciywasx paGoTa ynpyroit cumbl F,, paBHa

110 MO0 paboTe BHEIIHEH CHiIbl F ¥ MPOTHBOIIONIOKHA €l 110 3HaKy. Ec-
JM K TeTy NPUII0KEHO HECKOJIBKO CHJI, TO 001Iast paboTa BCexX CUJI paBHa aj-
reOpanyeckord cymMMe paboT, COBEpIIAEMBbIX OTACIbHBIMU CHJIAMU W paBHA
paboTe paBHOAEHCTBYIOLIEH MPUI0KEHHBIX CHJL.

MouHocTh

Qusuueckasn erUdUHA, NOKA3LIBAIOWASL OLICIMPOMY COBEPULEHUST MeXa-
HUYeCKoU pabomul, HA3blBAEMCSL MOULHOCHLBIO.
Cpennsist MOITHOCTb!

<N >:TA [Bm]: [’H—M} (3.6)
C
MrHoBeHHAasI MOIITHOCTD:
dA
dN =— 3.7
it (3.7)
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[TycTh o AeCTBHEM MOCTOSIHHOW CHIIBI F TENo JBUXKETCS C MOCTO-
SHHOM CKOPOCTBIO U, IpuueM F co HanpasineHa ¢ o. Torma mo (3.1)

A=F-S.MN3(3.5) N= FTS VYuuteisas (1.3) nonyuum:
N=F-v. (3.8)
Bo BpamarenbHoM aBmwkeHHH dN =M -dw. (3.9)

N o .
Tak xak F = —, IpXU OJHOU U TOH K€ MOIIHOCTH CHJIA TATH TCM 001b-
19

I1e, YeM MEHBIIIE CKOPOCTh IBIKEHUs. [103TOMY Mpu moapemMe B ropy HYKHO
CHU3HUTH CKOPOCTb.
2. 3aK0H COXpPaHeHUsI HMITYJIbCa

[Ipexxae 4em BBOAWTH 3aKOH COXPAHEHHUS HUMITYJIbCa O3HAKOMHUMCS C
HEKOTOPBHIMH TTOHATHSIMHU:

MexaHuyeckasi CHCTEMA — COBOKYNHOCMb MAMEPUAIbHbIX MOYeK U
mejl, paccmMampusaemvix Kak eOuHoe yeoe.

BHyTpeHHMEe CHJIBI — CUIbl 83aUMOOCUCBUS MeNCOY MAmepUaibHbl-
MU MOYKAMU CUCTEMDBI.

BHeuinmne cuJIbl — CuUibl, ¢ KOMOPLIMU GHEUIHUE Meld 0eUCm8YIom Ha
MamepuanibHvle MoYKU CUCmemd.

3aMKHyTasi CHCTeMa — cucmema, KOmopas He 63aumooelcmayem c
BHEWHUMU CULAMU (8HYMPEHHUE CUTbL 80 MHO20 PA3 NPEBOCX00SM GHEUIHUE
CUibl).

[TycTh naHa 3aMKHyTas MEXaHUYECKas CUCTEMa, COCTOSIIAast U3 N KOJIH-
YecTBa MAaTepUaIbHBIX TOUEK MaccaM My My Mg ... M, 00JIaIa0IIMMH CKO-

’

pOCTSIMU U 1, U 2 U 3 ... U n. F — paBHOJIEWUCTBYIOIIAsl BHEIIHUX CHI. F —
PaBHOJICMCTBYIOIIAs] BHYTPEHHUX CHJI. 3allUIlieM BTOPoi 3akoH HproToHa st
KaXJ 0N TOYKU CUCTEMBI:
d(mo '
( 1 l) — Fl + Fl

dt
d(";';un) F +F,
C0XuM NOYJICHHO BCE YPABHEHUS U IOJIyYUM:
d(glv) = Fl’ +F + FZI +F, 4+ + Fn' +F,

Cucrema 3aMKHYTas, CIEJOBATENbHO, JEHCTBUE BHEIIHMX CUJI PABHO
HYJIIO
! ! !
F +F, +..+F, =0, mMaTrepuajabHbl€ TOYKH BHYTPH CHUCTEMBI B3aHUMO-
JEHCTBYIOT MEXKIy cCOO0M 1o TpeTheMy 3akoHy HbloTOHA, ¢ cuiaMu paBHBIMU
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10 BCJIIMYMHC U IIPOTHUBOIIOJOKHBIMHA 110 HAIIPpAaBJIICHUIO, T.C. TCOMETPHUYCCKAs

! ! !
CyMMa BCcE€X BHYTpeHHUX cul F +F, +..+F, =0.

Bropoii 3akoH HproTOHA 7151 3aMKHYTOM CHCTEMBI 3aIIMIIETCS B BUJE:
dimv) . dP _
e 0; i 0; P=const; mou=const - 3aKOH COXpPAHEeHHUS UMIIYJIbCA.

3aKOH cOXpaHeHHs UMITYJIbCA: B U30JUPOBAHHOI 3aMKHYTOM CHC-
TeMe CyMMa MMIIYJIbCOB BCeX TeJl CUCTEMbl €CTh BEJIUYUHA NMOCTOSIHHAS.
Ot1o dpyHnaMeHTaIbHbIN 3aKOH HBIOTOHCKOM MEXaHUKHU.

3aKOH COXpaHEHUSI UMIYJIbCA HAXOAUT IIUPOKOE OTPAKEHUE B HAYKE U

TCXHHUKCEC.

Hanpumep, npu BbIcTpesie U3 opyaus, HeM30€XKHO MPOUCXOAUT ero oTkar. Omnpenensto-
LIYI0 POJIb B 3TOM SIBJICHHU UIPAeT CHUjla B3aMMOJCHCTBUSA CHapsina U opynus. OHa 3HAYUTENBHO
MPEBOCXOJUT CUJIBI CONPOTHBICHHUA M TATOTEHHMS, ACUCTBYIOIINE HA CHapsa mpH BeicTpene. Ilo-
3TOMY CHCTEMY CHapsii — OPYKHE MOKHO CUMTATh 3aMKHYTOH U IPUMEHHUTh K HEH 3aKOH COXpaHe-
HUs uMITyibca. C y4eToM TOro, YTO A0 BBICTPENa CKOPOCTU CHApsiia U OPYAMs PaBHbI HYIIIO, CIe-

ayer Mm-v=M -v,, rie m,v - mMacca U CKOPOCTh CHapsaa ; M, v o — Macca U CKOPOCTb OpYIHs

IIOCJIC BBICTPEIIA. Otcrona

00:

v (3.10)

m.
M

(6] X

Puc. 3.5. Otnava npu BeICTpesie U3 OPYIUs. Puc. 3.6. Pakera, gBuxkyiascs B cBOOO/I-
HOM IIPOCTPaHCTBE (€3 rpaBUTALIHH )

3aKOH COXpaHCHHUS UMITyJIbca OOBICHAET paboOTy PEaKTUBHOI'O JBHTa-
TEJISA, IPUBOASIICTO B ABMIKCHHUE, HAIPUMED, PAKCTHI.

B npupoae peakTUBHOE ABMKEHUE UCIOJIB3YIOT HEKOTOPBIE KUBBIE OPTaHU3MBI:
KaJabMaphel, CHPYTHI, MEAY3bl U HEKOTOPBIE IABYCTBOPYATHIE MOJUIIFOCKU IMEPEABUIAIOTCS
MOCPEJICTBOM OTJIayu BOJIBI, BRIOpachIBa€MOM M3 0COOBIX TosiocTel Tena. [Ipu aTom Kaib-
Mapbl JIOCTUTaloT CKOpOCcTH 70 KM/4 M BBINPHITMBAIOT U3 BOJABI Ha BBICOTY 5-7 METPOB.
CBoeoOpa3HbIM PEAaKTUBHBIM CHAPSIIOM SIBISIETCS «OCIICHBIN OTYpeI - paCTeHUE F0KHOTO
Kpbiva. BHyTpH co3peBIIero Imiosa HaxOAUTCs KUIKOCTh 0] BBICOKUM JaBieHUEM. by-
Jy4l OTOPBAaHHBIM OT CTEOJsl «OEIIeHBIN Orypel» BhIPhIBAETCA U3 PYK M OTJIETAET B CTO-
POHY 3a CYET OTJA4YM CTPYH KUIKOCTH, BHIOPACHIBAEMOM M3 OTBEPCTHSI B MECTE KPETUICHHS
TUTOZIOHOXKKH.

3. MoMeHT uMIyJibca. 3aKOH COXpPAHEHUSI MOMEHTA UMITYJIbCA
3anuiieM OCHOBHOE ypaBHEHUE JMHAMUKH BPAIATEIbHOTO ABUKEHUS

M=I-¢ (3.11)
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I'ne ¢ :d—a), clieloBaTeabHO, M = | o ni M =M
dt dt dt

Benuuuna paenasa npouszsedeHuio MoMeHmMa UHEPUUU HA Y2108YI0

CKOPOCHLb HA3bIEAEHLCS MOMEHMOM UMRYIbCA, ONpedensenmcs no popmyie:

L=1-w (3.12)

ECJ'II/I MOMCHT BHCIIHHUX CHII, HpI/IJ'IO)KCHHBIX K Teny, paBeH Hy.]'IIO

(M=0), To M

dt

o nuddepeHInaIoM MOCTOSHHO, a 3TO MOYKET OBITh TOJBKO B ClTydae, eCiu

MOMCHT I/IMHy.TIBCEl

=0. uddepennnan paBeH HyJIO, KOTJa 3HAYCHUE YHCIIA

L=Ilw=const.
3aK0oH COXpaHEeHHUsI MOMEHTA UMITYJIbCA: MPU OTCYTCTBUH MOMEHTA
cuil (M=(0), MOMEHT KOJHMYECTBA [ABHMKEHHS OCTAEeTCS NOCTOSTHHBIM
(L=const).
CoxpaHeHre MOMEHTa KOJUYe-
CTBa JIBIDKCHHSI MOXET OBITh TPOJIe-
MOHCTPHUPOBAHO C IOMOLIBIO «CKa-
MbH KykoBckoro» (puc. 3.7) - cka-
w, MEEYKH, KOTOpask MOXET 0e3 TpeHUus
BpallaTbCcsi BOKPYI  BEPTUKAIbHOMN
ocu. Korga yenoBek OIyCKaeT pykwu,
70 it 7777, MOMCHT MHEPLNK €TI0 yMCHBINACTCA,
Puic. 3.7. Ckambsi JKyKOBCKOTO U 4YeJIOBEK HAUYMHAET BpaliaThbcsi Obl-
CTpee 1 Ha00OopOT.

4. MoMeHT CHJIbI
MoMeHT cHiIbl — BEKTOpHasi (pu3M4yecKasi BeJIMYMHA, XapaKTepu-
3yI0LIas BpalaTe/JibHOe JeHCTBUE CHJIbI.
Ilycte paHo TBepmoe Tero,
MMEIoIee HENMOABWKHYIO OCh Bpa-

menus. [lox nelicTBUEM cuIbl F
TEJI0O HAYUHAET BPAIIaThCs
m M=Fd, (3.13)
rae d (wmu R) — mutedo cuisl

F.
. Momenm cunvl pasen npous-
8€0eHUIO cubl Ha nie4o
Puc. 3.8. MOMEHT cHIIBI M]=[H -]

Iliieyo — Kpartvaiimee pac-
CTOSIHME OT OCH BpAalleHUsl 10
JUHHUH JeHCTBHUA
cuibl. Yem Oonbue niewo, mem menbuie Cuid.
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5. KuHerH4eckasi JHeprus

JHeprus — 3T0 CKajJspHasi Gu3nvecKasi BeJUYMHA, ABJISIOAACS
eMHOH Mepoil pa3jM4YHbIX (POPM ABMIKEHMS] MATEPUH U INepexoAa JIBH-
JKeHUsl MaTepuu U3 oXHUX Gopm B Apyrue.

MexaHu4eckasi JHEPIHs NOKA3bl8AEM, KAKYI0 MEXAHUYECKYI0 pabomy
ModHcem cosepuiums meio.

Kunernueckasi JHeprusi — 5mo 2Hepeus MEeXAHUYecKo20 OBUINCEHUs.
cucmembl.

[Iycth mojx AEHCTBHEM MOCTOSTHHOM CHIJIBI F TEII0 COBEpIIAaeT paBHO-
YCKOPEHHOE JIBUKEHUE, TPUYEM BEKTOPBI CHIIBI U TIEPEMEILCHHS CO HaIlpaB-

2
nensl. Torga A=F-S. Ilo Bropomy 3akoHy HetoTroHa F=ma, S=v, -t+ a2t :

a="2 _tUO . [loncraBnsst B hopmyny pabotsl 3Hauenus F, S, a, momyanm
2 2
PNLLLL A 1 (3.14)
2 2
mo?
Du3suueckan eenuvuna E = " (3.15)

U ecms KMHETHYECKAsi JHEPIus TeJa.
VYyuuteiBas (3.15) ypaBHenuto (3.14) MOKHO IpUAATH BUI:
A=E,—E_=AE, (3.16)
Teopema 00 M3MeHeHUM KHMHETHYECKOWH JHEPrUM: padoma cuivl
PABHA USMEHEHUI0 KUHEeMUYeCKOll IHepeUU menda.

Kunernyeckasi JHeprusi Bpamammerocsi Tejaa
[Ipy mocTynarenbHOM IBUKEHUN KHHETUYECKAS DHEPTHUA Tea ONMpPENEHsAeTCs
o ¢opmysie (151 MaTepHAIIBHON TOYKH )
g, =M (3.17)
' 2
IlycTte maTepuanbHasg TOuka M;, Bpamasch BOKpyr ocu O—0', umeer
JUHEWHYIO CKOpOCTh U i. KMHeTH4eckas sHeprus MaTepuaIbHOM TOYKH M;
OIpENEIISIETCS
vi=aR;. (3.18)
[ToacTaBuM 3HaYECHHE JIMHEWHOW CKOPOCTH B (OPMYITY KHHETHYECKOM
HEPrUu

212 2
:mia)Ri:Q B2 3.19
E. = o= MR, (3.19)
JJIs1 BCEIro TCiia
n 2 2 n 2
Ean=2 2mRi=Z> mRi=1%, (3.20)
7 2 2 ‘I 2
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E.=I % (3.21)

KHHCTHUYCCKAS SHCPIUA BpallldtoICrocAa TCJIa

Ecnmu Tenmo oqHOBpEMEHHO yYyBCTBYET BO BpAIllaTEIILHOM M IOCTYIIa-
TCIbHOM JABH)KCHHAX, TO CTO IIOJIHASA SHCPTUA OIIPCACIUTCA 110 q)OpMy.He

2 2
g -let mu (3.22)
o2

[To maHHOM (hOpMYyJIEC MOKHO PAacCUYUTATh KHHETHYECKYIO SHEPTHIO KO-

JIeCa IBHMIXKYIICTOCA aBTOMO6I/IHH.

6. IloTeHuMaIbHAN JHEPTUA

I[HoTeHunagabHasi JHEPrusi - 3TO JHEPrusi, KOTOPassi 3aBUCHUT OT
B3aMMHOT'0 PACIOJIOKEHUS TeJl WIH YacTeil 0THOr0 U TOrO Ke TeJa.

[TonsaTHe MOTEHIMATLHOW SHEPIrUM MOXHO BBECTH TOJBKO JIs CHI,
paboma KOMOPvIX He 3a8UCUM OM MPAeKmopuu 08UNCeHUs: meid U onpeoe-
JIleMcsl MOAbKO HAYATbHLIM U KOHEUHbIM NO0MCeHUusAMU (CUia TSHKECTH, CHJla
YOPYTOCTH U T.J.). Takue CUJIbl Ha3bIBAIOTCSI KOHCEPBATHBHBIMM.

Paboma xoncepsamugnuvix cun Ha 3aMKHYMOU MPAEKMOPUU PAGHA HY-
J10. DTO YTBEPXKIACHHE MNOSCHSAET pUCYHOK 3.9. Ecim Teno mepememaercs
BOJIM3U MTOBEPXHOCTU 3€MJIM, TO Ha HETO JEHCTBYET MOCTOSTHHAS IO BEJIUYU-
HE Y HAIPABICHUIO CUJIA TSHKECTH F =mg .

Pabota 3To# CUJIbI 3aBUCUT TOJILKO OT BEPTUKAIBLHOTO MEPEMEICHUS Tea.
Ha nrobGom yvacTke myTH paboTy CHIIBI
TSOKECTH MOJKHO 3alucaTh B MPOCKIUSIX
BekTOpa mnepemenieHuss AS Ha ock QY,
HaIpPaBJICHHYIO BEPTUKAJILHO BBEPX:
AA=F,AS-cos¢=—-mg-AS,

rae F =F, =-mg- NpOeKIus CHUIIbI Ts-

KECTH, AS, - NPOEKUHs BEKTOpa Iepe-

MemieHud. [Ipu nogbemMe Tena BBEpX cuiia
TSOKECTHU COBEPIIAET OTPUIATEIIbHYIO pa-
Oory, Tak Kak AS,6>0. Ecmu Teno mepe-

Puc. 3.9. PaGora koHCepBaTUBHON

CHIJIBI
MCCTHJIOCHh M3 TOYKH, PACIIOJIIOKCHHOM Ha

BBICOTE hy, B TOUKY, pacnonoxennyro Ha BeicoTe h, 0T Havana KOOpAMHATHON
ocu OY (puc.3.10), TO cuIa THKECTH COBEpmIAIa  paboTy
A=-mg(h, —h,)=—(mgh, —mgh, ). DTa pa6oTa paBHa U3MEHEHUIO HEKOTOPOIl
(usnyeckoil BenmurHbl MQh, B3STOMY ¢ IPOTUBOIOJIOKHBIM 3HAKOM. DTy
(Gu3MYECKYIO BENUMUYMHY HA3BIBAIOT MOTEHIUAIBHON DHEPIUEH Tela B IIOJIE
CHUJIBI TSKECTH

E, =mgh (3.23)
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Ona paBHa paboTe, KOTOPYIO
COBEPILAET CHJIA TSHKECTH HPH
OMYCKaHUU Tejla Ha HYJIEBOU
YPOBEHb.

PaGora cuiibl TAAKECTH
paBHA M3MEHEHHI0 TOTEH-
HMAJTBHOM JHEPrum TeJa,
B3ITOMY C HPOTHBOIOJIOXK-

HBIM 3HAKOM.
Puc. 3.10. PaboTa cuibl TshKeCcTH A= —(Ep ~E, ) (3.24)

[Torennmanenas >Heprus Ep 3aBUCHT 0T BbIOOpa HYJIEBOIO ypPOBHS,
T.€. OT BbIOOpa Havana koopaunat ocu OY. Msmenenune AE, =E, —E, npu

MNEPEMCIICHUHN TCJIa U3 OAHOI'O ITOJIOKCHUS B APYroc HC 3aBUCUT OT BBI60pa
HYJICBOI'O YPOBH:I.

7. 3aKoH cOXpaHeHMs MOJHOI MeXaHUYeCKOil JHEePIruu

PaccmoTpuM Teno, cBoGoHO najgaromiee Ha 3eMito. Kak Ob110 nokasa-
HO BBILIE, C OJHOW CTOPOHBI padOTa CUIIBI TSHKECTH A=-AE_; ¢ Ipyrou cro-

ponbl A=AE, . [IpupaBnuBas npasble 4aCTH, MOIY4YUM: AE, =-AE . Orcroaa:
E,+E, =E_+E,, (3.25)
N E, + E, =const (3.26)

VYpaBaenus (3.19) u (3.20) sBasitoTcst MaTeMaTu4eckon (Hopmoit 3amnu-
CH 3aKOHA COXPaHeHHs MOJIHOW IHEPIruu. B 3aMKHymOol cucmeme 63aumo-
0elicmeyrowux meil dSHepeUus He NOAGIAEMCs U3 HUOMKYOd U He YXOOUm 6 Hu-
Kyoa, a nepexooum u3 00H020 euda 6 opyeou. Ilpu smom cymma Kunemuue-
CKOU U NOMEHYUATbHOU SHEP2UU eCb 8eTUYUHA NOCMOAHHAS.

ConocraBJ/jieHre OCHOBHBIX (DOPMYJI ITMHAMHUKHA
NOCTYNATEJbHOI0 M BPAIIATEJbHOIO IBHKEHHS

[TOCTYIIATEJIBHOE BPAIIATEJIBHOE
1. JIuHeiiHast CKOPOCTh: U = 3—: 1. VYrioBasi CKOPOCTh: @ = ?j—(f
2. JIuHenHoe yCcKopeHue: a = Z—It} 2. YT10Bo€ yCKOpPEHHUE: & = d_?
3. Cwuma: F=m-& 3. MowmeHT CHTBI
M=E-[f-F|, M=F-d
4, Macca: m [r l
T _m.R2
5 VMIyIBe: md = Ap 4. MowmeHnT nHepiuu: | =m-R
S. MowmeHnT umnynbca: L=1-@
6. 3aKOH COXpPaHEHMS WMITYJbCa:
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mo = const 6. 3akoH COXpaHEHUS MOMEHTa

nMmyiabca: W = const

i=F JF-ma - 7.6=" SM=1z M=2
m

BTOPOU 3AKOH HhIOTOHA
dp M dL

dt I dt

KUHETHYECKAA SHEPI'HA

. 52 I =2

8w =2

ok wbdE

o N

Bonpocwt 0152 camokonmponsa
JlaiiTe onpeneneHne MeXaHUIeCKoi paboThI?

®opMmyiia pabOThl TOCTOSIHHOM CHJTBI.

®dopMmyiia pabOThl NIEPEMEHHOMN CHUIIBI.

JlaliTe ompeesieHue MOIIHOCTH?

@opMyJIbl CpETHEN 1 MTHOBEHHOM MOIITHOCTH.

BeiBenure hopmyily MOLIHOCTH NPHU JBUKEHHUH C MOCTOSIHHOM CKO-
POCTBIO.

YTo Takoe KMHETUYECKAs SHEPIUs?

Teopema 00 N3MEHEHUH KHHETUYECKOW SHEPTHH.

3anumure GOopMyITy KUHETUYECKOM SHEPTHH I MOCTYNaTeIbHOIO
JBUKEHHSL.

10. 3anummuTe GopMyny KHHETHYECKOW SHEPTHH Ui BPAIIaTeIbHOTO

JABHUKCHUS.

11. Yro Takoe NmoTeHIaIbHas SHEPTUS?

12. ®opmyna mOTEHIIMATBHON YHEPTHH.

13. JlaiiTe ompeaenenne KOHCEPBATUBHBIX CHIL

14. ChopmynupyiiTe ¥ 3alIMIINTE 3aKOH COXPAHEHUS MOJIHOW MEXaHU-

15
16
17
18
19

YECKOU DHEPTHUH.

. JlaiiTe onpenenenue mieya CUibl.

. JlaiiTe onpeaeneHre MOMEHTA CUIIbI, POopMyIIa, €. U3MEPEHUS.

. JlaiTe onpeiesieHne MOMEHTa UMITyJIbca, (hopMyIa.

. CopmynupyiiTe 1 3aIMIIUTE 3aKOH COXPAHEHUSI UMITYJIbCA.

. CopmynupyiiTe M 3anUIINTE 3aKOH COXPAHEHHS] MOMEHTa HM-
nyJibca.

BOI’lpOCbl 0J151 CAMOCHLOAM EIbHO20 usyuenus

1. MoMeHT cwiIbl OTHOCUTEJIBHO TOYKHW M OTHOCUTEIHHO ocu. [lapa cui.
MoOMEHT mapsl CHII.
2. MoONTHOCTb BO BpaIllaTeIbHOM JIBUKEHUH.
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3. I'paduueckuii cmocod pacyera pabOTHI.

Jlexumus Ne3/2

Tema: « Padora. MomHOCTb. JHEPIrus.
Mexannyeckue KoJ1e0aHus U BOJHBD)

Ilnan gexkuum:

Coo~NoaR~WNE

["apmoHHMUeckne KoJaeOaHus U UX XapaKTEPUCTUKH.

CKOpOCTh ¥ YCKOpEHUE FTapMOHUYECKUX KOJIeOaHU.

OHeprus rapMOHUYECKOTO KOJIeOaTeTbHOTO IBUKEHUSI.

CBoOoanbie konebaHust. ['apMOHUYECKUI OCIUAIUISTOP.

[Ipy>XuHHBIN, MaTEMAaTUYECKUA U PUINYECKUI MasSTHUKH.

3aryxaromue KonedaHusl.

BoinyxieHHbIe KoJeOanus. Pezonanc. ABTokoaeOaHusl.

[Ipumepsl IPOSIBIIEHUS] PE30HAHCHBIX SBJICHUH B )KUBBIX OPTaHU3MAX.
Mexanunueckue BOIHEL. [lonepednbie U MpOa0IbHBIC BOJHBI. Y PABHEHUE
oerymieit Bosubl. [Ipunmun [oirenca.

10.Oueprus BomHBL. OO0BEMHasl TUIOTHOCTH SHEpruu. IlmoTHOCTH mMOTOKa

sHepruu. Bekrop YMoBa.

11.ITpupoaa U UCTOYHUKHU 3ByKa. DU3HUECKUE XapaKTEPUCTUKH 3BYyKa. -

ekt [omiepa B akyCTHKE.

1.T'apMoHuYeckne KOJIeOAHUA U UX XaPAKTEPUCTUKHU

Kosie0aHUSIMH HA3BIBAKTCH MPOLECCHI, OTJIHYAKIIUECH TOW WIH
HHOH CTeNEeHbI0 MOBTOPAEMOCTH (KauyeaH, BeTKa JepeBa, ¢a3bl JIYHBI,
MOpPCKHE NPWINBBI U OTJIUBBI, IIYJIbCOBas BOJIHA, cepAle, TOPTAHb...). B

Puc. 3.11. a) [Ipy>xuHHBIN MasATHUK;
0) MaTtemaTuueckuii MassTHUK
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TEXHUKE M OKpPYXKaIoIeM
HAac MHUPE YacTO MPUXOJINT-
Csl CTAJIKUBAThCS C TIEPHO-
IUYECKUMHA (WA TIOYTH
MEePUOIUYECKIUMU) TPOIEC-
caMH, KOTOpBIC TOBTOPSI-
I0TCSI  4Yepe3 OJMHAKOBHIE
IIPOMEXKYTKHA BpemeHu. Ta-
KHE TPOIECChl HA3bIBAIOT
KoniebamenbHbIMU.

Konebanus mupoko pac-
MPOCTPAHEHBI B MPUPOJC U
texHuke. KoiebarenbHbie



IIPOLIECCHI JIEKAT B OCHOBE TAKUX OTPACIEH TEXHMKU KaK JJIEKTPOTEXHUKA,
paANOTEXHUKA U T.[I.

Bo MHOrux ciydasx xojie0aHUsl UTPAIOT HEraTUBHYIO pojib (BUOpauuu
KPBUIBEB CaMOJIETa, KOPITYCOB CYAOB, 3JaHUN U COOPYKEHUU U3 3a pE30HaHCA
C paboTarmuUM TaM 000pYyJOBaHUEM), YTO HEOOXOAUMO YUUTHIBATh IPU UX
W3TOTOBJICHHH.

B 3aBucumoctu ot (puznuecKkoi Npuposl KojaedaHus ObIBAIOT MexaHuU-
yeckue " snekmpomazHummusie. MexaHu4eCKMMH KO0JIeOAHUSIMU HA3bIBAIOT
JABHKEHHSI TeJI, MOBTOPAKINMECH TOYHO (MM NPUOJIHU3MTEIbHO) 4epe3
OJMHAKOBbIC NMPOMEKYTKH BpeMeHH. lIpuMepamu npocThix KoseOarenb-
HBIX CHCTEM MOTYT CIYXHUTh I'pPy3 Ha NPYKHMHE WU MAaT€MaTHYECKUI MasiT-
HUK.

B 3aBucuMocTH OT Xapaktepa BO3JEHCTBHS Ha KOJIEOIOLIYIOCS CUCTE-
My, pa3jinyaroT: cBOOO/IHbIE, (COOCTBEHHbIE) KOJIEOaHUs, BBIHYK/IECHHbIE KO-
nebaHusi, aBTOKOJIEOaHHs U MapaMeTPUYECKUE KOJIeOaHus.

1. CBo0oaHbBIC NJIM COOCTBEHHbIE — KOJICOaHUs, KOTOPbIE TPOUCXOSAT B
CHCTEME, ITPEIOCTaBICHHON caMoil cebe moce Toro, Kak OHa Obljia BbIBEJICHA
U3 MOJIOKEHUSI PABHOBECHSI.

2. Boiny:kIeHHbIe - cucTeMa MOABEPraeTcsl BO3JCHCTBUIO BHEUIHEH, Te-
PUOIMYECKH W3MEHSIOIUNCA CUibl (KojeOaHue MocCTa MpU HPOXOKIACHUU
COJIJIaT, UYIIUX B HOTY).

3. ABTOKOJIe0aHMA - CUCTEMA caMa YNPABIISIET BHEIIHUM BO3JIEHUCTBHEM
(MasITHUK 4acoB MOJIy4aeT TOJYKH B MOMEHT IIPOXOKICHUS €€ uepe3 cpesiHee
TIOJIOKEHHE).

4, ITapameTpuyeckue KoJIeOaHUS - IPOUCXOINUT MEPUOIUYECKOE U3ME-
HEHHUE, KaKoro- Jub0 mapaMerpa CHUCTEMBI 32 CUET BHEUIHETrO BO3JEHCTBHS
(Hanpumep, JUIMHBI HUTU MaTEeMAaTHYE€CKOT0 MasiTHUKA).

[Ipocreitmmu koeOaHUSIMHU U3 TapaMETPUUECKUX, SABISIIOTCS 2apmo-
Huueckue Koneoanusn. I'apmonuueckue Konebanua — 3mo Konedanus, npu
KOmMOpPbIX HEKOMOpan (YPu3uyuecKan 6e1UYUHA USMEHACMCA 60 6PEMEHU NO
3AKOHY CUHYCA UJIU KOCUHYCA.

OTOT BUJ KOJeOaHHI BaKEH MO JBYM IPUYUHAM:

1. KoJIeOaHus B MPUPOJIEC M TEXHUKE YaCTO MUMEIOT XapakTep, ONM3KHUil K
TapMOHUYECKOMY;
2. MEPUOMYECKUE TPOIIECChl UHOW (POPMBI MOTYT OBITH TPEJICTABIICHBI

KaK HaJOKE€HHUE HECKOJIbKUX TaPMOHUYECKUX KOJIeOaHU.

BriBenem ypaBHEeHHE rapMOHUYECKOTO KOJieOaHUsl IPU MOMOIIU yCTa-
HOBKH, COCTOSIIEN U3 DKpPaHa W BPAIIAOIIEIOCSA IUCKA C 3aKPEIUIEHHBIM Ha
HEM HEINPO3PAYHBIM LIAPUKOM.

ITycts MaTepuanbHas Touka M ABUXKETCS IPOTUB YaCOBOM CTPEJIKU I10
OKPYXHOCTH paauycoM A. Torga e€ npoekius Ha SKpaHe COBEPIIAET MNEPHO-
JUYecKrue KoueOaHusl OKOJIO MOJIOKEHUS paBHOBECHUS B Iipeaenax oT A 1o -A
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Beipa3zum BenurHY CMEIIeHHs X B 000 MOMEHT BPEMEHHU:
X =A-sing- ypaBHEHUE FAPMOHUYECKOTO KOJICOaHUS (3.27)

-A

Puc. 3.12. T'apmoHnyeckoe KojiebaHre MaTepralbHON TOUKU

Tak kak JUCK BpaliacTcCs € TJIOBOM CKOPOCTBIO W, TO W= s —>p=W-t.
" »

[TofcTaBUM 3HAYCHUE ¢ B YpaBHCHHE TAPMOHHYCCKOTO KOJICOAHMS:
X=A-sinwt - ypaBHeHne rapMoHnueckoro koiebanus  (3.28)

Ecau QucK coBepIaeT TMONHBIA 000pOoT W= ZT—”; T= %; v =%;
W=2r-V

X = A.sinzT_”t (3.29)

X = A-sin 2zvt (3.30)

OCHOBHBIE XapPAKTEPUCTUKHA FTAPMOHUYECKOI0 KOJIeOaHUA:

1) Cmelenne X- OTKJIOHCHHUE OT TOJIOXKCHHS PABHOBECHS B JTAHHBI MOMEHT
BpeMeHU (MoxeT ObITh >0 u <0);
2) AMimTyaa A — MaKCUMallbHOE OTKIIOHCHHUE OT TIOJIOKCHHS PAaBHOBECHS
3) Mepuoxa T- Bpems B TeUeHUE, KOTOPOTO CUCTEMa COBEPIIIAET OJIHO ITOTHOE
KoaebaHue;
4) dda3a koedaHust Wi- XapaKTepHU3yeT COCTOSTHUE KOJIe0aTEIbHOM CHCTEMBI
B J11000M 3a7JaHHBI MOMEHT BPEMEHHU;
5) YacroTa V- 4nciio KoJieOaHnu B €IUHUILY BPEMEHHU.

Ecnmu k mawamy nabmionenust (aza nuMesia HEKOTOpOE HadajdbHOE 3Ha-
YEHUE ¢, , TO yPABHEHHE 3aIUIIETCS:

x=A-sin(wt + ¢,) - rapMoHHUECKO€e KoJebanue ¢ HauaabHOM (aszoit (3.31)

2.CKOpoOCTh U YCKOPEHUE FTAPMOHHYECKHUX KoJIeOaHni
Ckopocmb 2apmonuuecKux Kojaedanuil ecmv nepeas NpouU3B0OHAs
cMewjeHus no 6pemeHuU.
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JIi1st TapMOHUYECKOT0 KOJIeOaHUsl CKOPOCTh U YCKOPEHUE OIPeIesIOT-
Csl CJIEIYIOIIUM 00pa3oM :

U:%:M:A'W-COSM (332)
dt dt

a—QV_d(A-W-COSWE _ A w2 . sinwt (3.33)
dt dt

KonebarenbHOe ABMKEHHME BBINOJIHAETCS MO JEHCTBUEM CHJIBI, KOTO-
past MOXeT OBbITh ONpenesieHa 10 BTOpoMy 3akoHy HeroToHa: F =m-a, HO
YCKOpEHHUE IpU TapMOHUYECKUX KOJEeOaHUAX ompeaensercs no (opmysie
a=-A-w’-sinwt. [logcTaBum 3HaUYECHUE YCKOPEHUS BO BTOPOIi 3aKk0H HproTO-
HAa F =-m-A-w’-sinwt, T.K. A-sinwt = X, TO ITOJIy4UM

F=-m-x-w- CHJIA, IeMCTBYIOIAS HA KOJIeOJII01Ieecs TeJI0
(3.34)
3HauyeHUE JAHHOW CHJIbI MPONOPIIMOHAIIBHO CMEILICHHUIO, 3HAK «-» yKa-
3BIBAET HA, TO YTO CHUJIA HAIPABJIEHA B IPOTUBOIIOJIOKHYI CTOPOHY OTHOCH-
TeNbHO cMmelneHns. O003HauuB K = m- @®, MOJYUIHM:
F =—k - X - K6azuynpyeas cuna, evlzvleaioujas KoieobamenvHwvle osudicenusi(3.35)

3.DHeprusi rapMOHUYECKOI0 K0J1e0aTeJIbHOI0 IBUKEHHUSI
KBazuynpyras cuia sBisieTCs KOHCEPBATUBHON M MOTOMY IOJIHAsI MeXa-
HUYECKas dHEPIrUsl CUCTEMBbI OCTaETCs TOCTOSIHHOW. B npoyecce konebanuil
npoucxooum npespaujeHue KUHemuiecKou sHepeul 8 NOMeHYUAIbHYI0, U Ha-
obopom, TIpU4E€M B MOMEHTBHI HAUOONbULECO OMKIOHEHUSL OM NOJONCEHUS.
PasHoBecUsi NOJIHASL IHEPIUsL COCMOUM MOJbKO U3 NOMEHYUANbHOU IHepeUl,
KOTOpasi JOCTUTAET CBOETO MAKCUMAJIbHOTO 3HAUYCHUS.

2
E-g,_ =X '2A | (3.36)

rae A- aMmmTyaa.

[Ipy TPOXOXKIEHUM CHUCTEMBbI Yepe3 IMOJOXKEHUE pPaBHOBECHUS TOJIHAs
SHEPTUsi COCTOUT TOJBKO W3 KWHETUUYECKOW IHEPruu, KOTOopas JIOCTUTaeT
CBOEr0 MaKCUMyMa:

E=E, _ =— "= ' (3.37)

4.CBo0OoanbIe KoJIe0aHus. 'apMOHUYeCKHiT 0CHMLISTOP

Ecnu xonebanusi coBepiiaroTcst 3a CYET MEpPBOHAYAIBLHO COOOIIEHHOMN
SHEPruM U B JalbHEWIIEM BHEIIHEE BO3JEHCTBUE Ha KOJeOATEIbHYIO CHUCTE-
My OTCYTCTBYET, TO TaKue KoJeOaHUs Ha3bIBalOTCs cBOOOAHBIMU. Cucmema,
osudxcyuias noo oeucmeuem Ynpyeou cpeovl HaA3vleaemcsi OJHOMEPHBIM
rapMOHUYECKHM OCHUJLJIATOPOM.

W3BecTHO, YTO YCKOpPEHHUE MPH TApMOHUYECKOM KOJIEOAaHUU OTpeIesi-
€TCsl CIIeIYIONTUM 00pa3oM:
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2

a=—— mwm x" =-A-w,* -sinwt;
dt
x" =—A-w?-sinwt, HO A-sinwt =X, TO
x" = —x-w® wm
X”+W2'X:0 (338)

- yPagHeHue 08UIHCEHUS 2APMOHUUECKO20 OCUUTIAMOPA.

Konebanus rapMOHHUECKOTO OCHUIIIATOPA SIBISIOTCS BaKHBIM MTpUMe-
POM TEPUOIUYECKOTO IBMKECHUS M CIIY>KaT MOJEIbI0 BO MHOTHX 3ajJayax
KJIACCMYECKOW U KBAaHTOBOM (PU3UKH.

5. lIpy:xuHHbBIA, MaTeMaTHYeCKUH U pU3HMUECKHIT MASITHUKH

- Ipy>KMHHBII MasiITHUK - 3TO I'PY3 MACCOH
= M MmoABELICHHBbIM HA YNPYIoil NpPYyKUHE U CO-
k ‘} = BEPLIANOIIMNA FrAPMOHUYECKUE KOJIeOaHMsI.
s KoneOanus MasTHMKA COBEpPLIAIOTCS O]
9 I,{ JECTBUEM CHIIBI yIpyroctu. F =-k-x, K- x03¢-
- (GUIUEHT ynpyrocTy, a B ciiyyae C NMpy>KUHON OH

Ha3bIBAETCS KOAPOUIIMEHTOM KECTKOCTH.

mg YpaBHeHI/Ie ABMOXKCHHA MasiTHHKa 3allhChbI-
Puc. 3.14 BAacTCA:
[Ipy>KUHHBINA MassTHUK m-a=-kK-X

(3.39)
YckopeHue - 3T0 BTOpast MPOU3BOAHAS CMEIICHHUS TI0 BPEMEHHU:
m-x"=—k-x,T.K a=X"
Paznenum 00e yacTu ypaBHEHUS HA M, TO TOTYyYUM
4K x=0 (3.40)
m

CpaBuum Mexy coooii ypaBaenus (3.38) u (3.40), oueBuaHO,

2 k k 27 . 27
91O W," =—,a W, =,|]—, W, =— ; T =—— - nepuoJ KoseOaHusl, no/-

m m T W,

CTaBUM B (popMyJTy Ieprojia Kosebanus 3HaueHue W, uepe3 K u m, to
2

T="=,
k

m

T:27r\/E
k

Ilepuoo konedanua nPysHCUHHO20 MAAMHUKA

m
T-= Zﬂ\/% (3.41)

Puc. 3.15 Du3nvYecKuil MASITHUK - TBEP/J0E TeJO CIOo-
dmsnueckuii MagTank ~ COOHOE COBeEpPHIATH KOJ€O0AHMSI OTHOCHTEJIbHO
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0CH, He COBIA/Ialonlel ¢ HeHTpoM macce (puc. 3.15).
N3 0OCHOBHOTO ypaBHEHUS JUHAMUKHU BPALATEIIBHOTO JIBUKECHUS
J.-e=M,
rne M=-m-g-d-sing.

J{nst ManbIX KosieOaHUN MOXKHO MOTYYUTh J-£—M =0

J-¢"+m-g-d-9p=0 (3.42)
Pasnenum ypasuenue (3.42) na J . BBeném o003HaueHHE W, = m- 3; -d ,

MOJTyYNM YpaBHEHUE ¢"+W’gp =0, KOTOpOe aHa-

JIOTUYHO MoJy4yeHHOMY panee. [lepuoa kosneba-

27 27
HUA (1)I/ISI/ILIGCKOI‘O MagTHUKA T =— =

W, mgd
Vo

Ilepuoo koneoanusn gpuszuuecko2o maamuuka

J
T=21|—"—
ng-d (3.43)

MareMaTn4ecKuii MasiTHUK - MaTepHu-

Puc. 3.16.

HEPACTHAKUMON HUTH. PeanbHbll MasTHUK, Y

KOTOpPOro Macca Tejla BO MHOro pa3 OoJblie

MAacCChl HUTH, a pPa3Mepbl TeJla BO MHOTO pa3 MEHBIIE JJIMHHBI HUTH, MOKHO
CUUTATh MATEMATHYECKUM.

YuureiBasg, 4TO MOMEHT CHJIBI TSKECTU M =-m-g-l-Sine U MOMEHT

UHEPIHMHA TOYKH J =m-1°, U3 JAMHAMHYECKOTO YPaBHEHHs BpallaTeIbHOTO
JBYKCHUS TIOTYIUM: J-£=M ; m-1>-a"+m-g-1-a=0 (3.44)
2 :
Paznenus ypasuenwue (3.44) na ml°, moxyumm:
m-g-I
o+ 9 —a=0
m-1

a”+%-a:0,:> a"+W,-a=0 Wo =

Ilepuoo Konedvanus mamemamuuecKko20 MasmHuKa

2 |
T=L-027 |~ (3.45)
w, Vg

MpI npuxoauM K BBIBOJY, YTO BO BCEX CIy4asx KOjeOaHHs ONMHMCHIBA-
IOTCS OJTHAM M TE€M K€ ypaBHEHHEM X" +W; -X =0, COBIAJAIONIIM C ypaBHeE-
HUEM JBWKECHUS TAPMOHUYECKOTO OCLUILIATOpA.

6. 3aTyxawommue KojgedaHus
Bo Bcsikol pealibHOM CUCTEME UMEIOTCSI CHJIBI COMIPOTUBIICHUS, JEUCT-
BHE KOTOPBIX MPUBOIUT K YMEHBIICHUIO YHEPTUH CHUCTEMBI, T.€. 3aTyXaHUIO
KoaeOaHUH.
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VYpaBHeHuUE B cilydyae Majioro 3aTyXaHus (f << @,) MOKHO IIPEJICTaBUTh

B BUJIE:
X=X, -7 cos(at +¢,), THC =+ —p
['apMoHUYECKHIT  MHOXH-

A X(0) TEJb CoS(at + ¢,) B DTOM BBI-

paXCHUU OTBETCTBCHCH 3a
KoinebaHme, a MHOXHTEIIb

WA . oot g osster
WVVVWVVVUVV t wHus (puc. 3.17). 3aryxaro-

mee KoyiebaHue mpo-

UCXOJIUT C YacTOTOH
MCHBIIICH, YeM JacToTa Co0-
CTBEHHBIX KOJIEOaHUN .

Puc. 3.17. 3aryxatouue konebanus
r
Beauunna pB=-— Ha3blBa-

m

eTcsi ko3 puuuenTom 3aryxanus. Koapduiuent 3aryxanusi YUCIEHHO pa-
BCH 00paTHOMY 3HAYCHHIO MMPOMEKYTKA BPEMEHH T , B TCUCHHE KOTOPOTO aM-
TUTUTY/Ia KOJIeOaHUsl YMEHBIIIAETCS B «€» pas.
3aryxaHue Koje0aHuil MPUHITO XapaKTepU30BaTh JorapupmMmuuecKum
JTeKPEMEHTOM 3aTYXaHUS - HAMYPANbHbIM JI02APUPMOM OMHOULEHUST OBYX
amnaumyo Konebdaunus, omcmoawux opye om opy2a Ha 8pems pagHoe nepuo-
oyT.
nX_ %€ e =
X, X, g ALT)

LT (3.46)

O603HaunM JorapupmMudeckuii JeKpeMeHT 3aTyXanusi OykBoit 1= 3-T.

1 T
Tak kak g ==, TO 1 TOTapU(PMHUIECKOTO JEKPEMEHTA 3aTyXaHusi A = —.
T T

T 9
Benuuuna — = N, - 4nclio KoieOaHuil, KOTOPOE JI0JKHA COBEPIIUTH CUCTEMA,
yTOOBI aMIUIUTY/Ia KOJIeOaHUsI YMEHBIIWIACh B «e» pa3, => jorapudpmMuye-
CKUM JEKPEMEHT 3aTyXaHUs A YHUCIEHHO PaBEH BEIMYMHE, OOpaTHOW YHCITy

KoJieOaHUM, B TEYEHHUE KOTOPHIX aMIUIUTYyAa KOJeOaHUsI YMEHBIIACTCSA B «€»
pas.

A= (3.47)

JIJist XapaKTepUCTUKU KOJeOATEIHbHOM CHCTEMBI YacTO HCIOJIB3YIOT
TaKXe BEJIMYMHY, Ha3bIBAEMYIO JOOPOTHOCTHI) CUCTEMBI.

T
Q= 7 (3.48)
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IIpu cnabom 3aTyxaHuM KoJieOaHMIl TOOPOTHOCTh CUCTEMBI paBHA OT-
HOULIEHUIO DHEPIUM, 3allaCEHHOW CUCTEMOW B JAHHBIM MOMEHT BPEMEHU, K
yOBbUIN 3TOW SHEPTUU B TEUEHUE OJTHOTO MOJHOTO KOJICOAHMUS.

/.BbIHy:KIeHHbIE KoJIe0aHus. Pe3onanc. ABTOKOJIeOaHUA

BbIHyXIeHHBIMH KOJICOaHHSIMH Ha3bIBACTCS HE3aTyXalollhe Koseba-
HUSl CHCTEMbI, KOTOPbIC BBI3BIBAIOTCS JCHCTBHEM Ha He€ BHEIIHUX CHII, IIe-
PHOAMYECKU U3MEHSIOIIMXCS C TCUCHUEM BPEMEHH.

Cujia, BbI3bIBAIONIAsi BbIHY)KIE€HHbIE KOJe0aHUsi, Ha3bIBaeTCsl
BO3MYILIAKOUIEH (BBIHYKAAKOLIEH) CHIIOM.

Briny:xnaromas cuiaa u3MeHsercs 1o 3akony: F(t) =F, -cosw-t
Axiy . B Fo - ammiuTyna BbIHYXIaro-
ol n i€ CHJjIBI, W- IUKIHYECKass 4acTo-
Ta.

[Mox nmeficTBHEM ATOH CHIIBI B
/\" A 4 CHUCTEME YCTaHABJIMBAIOTCS IapMoO-
v | »  Huueckwe KoneOaHMS C LUKJINYe-
CKOM 4acCTOTOH W.

AX = A-cos(wW-t+¢,)
rae A- aMIUIMTyJa BBIHYKICHHBIX
""""""""""" uuu e KoJIeOaHUI CMEIICHUS; ¢,- Pa3HOCTD
a3z MexIy BBIHYKICHHBIMH KOJIC-

Puc. 3.18. BeiHyK/IeHHBIE KOTEOAHNUS Ganusimu Ax u cunoit F(t).
AMIUIATYa  BBIHY)KIEHHBIX
KOJIeOaHU 3aBUCUT OT AMILIUTYIbI
BBIHY’KIAIOIIEH CHJIBI M €€ 4aCTOThI, 3aBUCUMOCTD aMILTUTYIbI KOJIeOaHHH OT
YaCTOTHI MPUBOAHUT K TOMY, YTO IPHU HEKOTOPOMH YacTOTE aMILIMTYAa BBIHY K-
JEHHOTO KOJeOaHMs JOCTUTAeT MAKCHMAJILHOTO 3HAYEHUS. DTO SIBJICHHE I10-
JYYHIO Ha3BaHHE PEe30HAHCA, a COOTBETCTBYIOIIAS YacTOTa - Pe3OHAHCHOU

uacmomou.
Ecmu g #0, To A IOCTHTHET Mak-

xl'll

CUMAJIbHOTO 3HAYEHUsI TIPU YacTo-
TE W,,, # W,

2
W=W,, =W —28% =w,_ [1- Z\fz

0

3]

i -
(0] oy

SIBiieHue BO3pacTaHus aMm-

Pucynok 3.19. IUTUTYI6I BBIHYXKIECHHBIX KOJieOa-
Pe3onancHrlie KPHUBBIC I[IPU PA3JIMYHBIX YPOBHIAX HHﬁ, HpI/I HpH6HI/I)KeHI/IH UKJTU-
3aTyXaHUs: 1 — kosebaTenpHas cucTeMa 0€e3 TpE- “ o

YECKOM YacCTOThI BBIHYKIAIOIIEH

Hus; 2, 3, 4 — peanbHble PE30HAHCHBIE KPUBBIE NI
KoIe6aTebHBIX CHCTEM C Pa3IM4HON J06POTHO- CUJIBl K 3HAYCHUIO Wp; — HA3bIBA-

ctero: Q2>Q3>Q4.



CTCA_ PE30HAHCOM , Wpe3 — PE30HaHCHAA NUKIINYCCKAA 4aCTOTA.
HpI/I HaJIMUWU TPCHUA PC30HAHCHASA HUKINYCCKAA YaCTOTa Wpeg HC-

CKOJIBKO <W,, =+/W, —/3° ¥ MEHbIIIEe Wy.

dopma pe30HAHCHBIX KPUBBIX 3aBUCUT OT 3HadueHUs S. Uem Oomblie
B, TeM 0oJiee OJIOTMMU CTaHOBSITCS KPUBBIE.

SIBneHne pe3oHaHca UCIOIB3YETCsS B aKyCTHKE - JUISl AaHAJIN3a 3BYKOB,
uX ycwieHus WU.T.14. Ilox aerictBueM MEPUOAUUYECKUA M3MEHSIOLUMXCS HArpy-
30K B MAIIMHAX U PA3JIMYHBIX COOPYNKEHUSX MOTYT BO3HUKHYThH SIBIICHUS Pe-
30HaHCa, KOTOPbIE MOT'YT OBITh OMACHBI JIJIs1 SKCILTyaTal[iy MalluH.

ABTOKO0.J1€0aHuA

Koseb0aTenpbHasi cucremMa, cOBepmIalOINAs He3aTyXawlue KoJeda-
HHUSl 32 CYET MCTOYHMKA JHEPruM, He 00J1aaK0IIEro KoJedaTeJbHbIMHU
CBOMCTBAMH - HA3bIBAaETCS aBTOK0J1€0aTeJILHOM CHCTEMOIA.

[Tpumepsl aBTOKOJIEOAHMI: Yachl ¢ aHKEPHBIM XOJ0M, [MapOBbIE Malllu-
HBI, JIBUTATEINM BHYTPEHHErO0 CTOpaHHUs, OTOOMHBIE MOJIOTKH, dJIEKTPHUICCKUE
3BOHKH, CMBIUEK JIJIi CKPUIIKH, BO3IYIIHBIE CTOJIOBI B TyXOBBIX MHCTPYMEH-
Tax, S3bIKK B 0assHaX M aKKOPJICOHAX, TOJIOCOBBIC CBSI3KU IPU Pa3roOBOpE.

8. [IpuMepbl NPOsIBJIEHUS] PE30HAHCHBIX AIBJIEHUH B )KMBBIX OPraHu3Max

B naGoparopuu 31eKTpoakycTUKy B Mapceiie UCTIBIThIBAIN TeHepaTop,
CO3JaBaBIIMK aKyCTHMYECKHE BOJHBI ¢ yactoTroil 7 'l (mH(ppa3Byk). Jlrogu
UCTIBITHIBAIA CUJIbHBIE BHYTPEHHHUE OO0JIM, HAPYIIIEHUE KOOPJIMHAIINM JIBUKE-
HUM U 3penus. Okazanoch, 4To UHPPaA3BYK, COOCTBEHHAS YAaCTOTa KOTOPOTO
2...20 ', neficTByeT Ha BECTUOYIISIPHBINA amnmapar, OH K€ EPEXOIUT B Pe30-
HAHCHbIE KOJIEOaHMsI, HAPYIIAIOIINUNA JeATEIbHOCTh BECTUOYIISIPHOTO armapa-
Ta.

NHppa3Byk Takke BBI3BIBAECT BBIHYXKJICHHbIE KOJEOAHMS pPa3IMYHBIX
OpraHoOB, KX bl U3 KOTOPHIX 00J1a1aeT COOCTBEHHOM YaCTOTOM.

Hekortopsie U3 HUX, Takue Kak ME€Y€Hb, ITOUYKH, CAMU O cede He Co-
BEpIIAIOT KOJIeOaTeNbHBIX JBWKEHUM, HO MO JIEWCTBHEM BHEIIHEH Mepuo-
JUYECKOM CUJIbI MOTYT BOMTH C HEH B pe3oHaHc. Meauku oOpaTtuiu BHUMa-
HUE Ha OIMACHBINA pe3oHaHC OpromHoN nosocTH (4...8 I'). Pe3onancHbIe sB-
JICHUS pa3lipa)xaroT pelenTopsl, nepeaaronme nupopManro B HEpBHbIE LIEH-
Tpbl. Takum 00pa3oM, co3maroTcs pedIeKTOpHbIE peaklUuyd OpraHu3Ma Ha
pa3ApakuTeNb. ITO COMPOBOXKIACTCS OIIYIICHHUEM OO0JIM, HEMPUSITHBIMU
OILYUIECHUSIMU, 3aTPYAHEHUEM JbIXaHHUS.

Oco0eHHO BpeHbI PE30HAHCHBIE SBJICHUS JUJIS ceplilia. DTO MPUBOJIUT
K PacIIMPEHHIO0 KPOBEHOCHBIX COCYZOB M KpOBOM3JIMSIHUAM. Eciin pe3oHaHc-
HbIe KOJIeOaHUsI HAXOAATCS B IPOTUBO(A3e, TO BO3MOXKHBI TOPMOXKEHHE KPO-
BOOOpaIlleHUs, OCTAaHOBKA CEP/ALIA.
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HexoTopsle wuccienoBaTeny yKa3bplBalOT Ha IICUXUYECKOE ICHCTBUE
uH(pa3ByKa. Y OOJy4eHHBIX UM JIOACH MOpaKaroTCs BCE BUAbI HHTEIUICKTY-
aJIbHOM JEATENIbHOCTH, MOSBIAECTCS YyBCTBO TPEBOI'M, cTpaxa. Takue ke sAB-
JICHUSI UIMEIOT MECTO U Y KUBOTHBIX (MCTOYHUKHU — ABUTATENH, KOMIIPECCOPBI,
AMEKTpoIoWiKH). OTpUIIATENbHOE BO3ICHCTBUE OKA3bIBACTCS HA MOJOKOOT/Ia-
4y U MHOTHE (U3HOIOTHYECKHE (YHKIIMH CEIbCKOXO3SHUCTBEHHBIX YKUBOT-
HBIX.

9. Mexannueckue BoJIHbI. [lonepeynbie U MPOA0JIbHbIE BOJHBI.
YpaBHenue Geryueii Bosinbl. [Ipunnun I'oiirenca

IIpouecce pacnpocTrpaHeHusi KoJIeOAHUM B YIPYroi cpeae Ha3bIBa-
ercs BOJHOM. [Ipy BOJIHOBOM mpolecce 4acTULBI CPEABl HE IBUKYTCS BMeE-
CTE C BOJIHOM, a KOJIEOJIIOTCSA OKOJIO CBOUX IOJIOKEHHUI paBHOBECHS, TIEpE0-
Bas JIPyr ApYry UMITYJbC U 3HEpruto. Takum oOpa3om, BOJHA €CTh MEPEHOC
3Hepruu 0e3 nepeHoca BeLeCTBa.

Ecnau yacTunsl cpeasl K0J1e0JIOTCH B HANPABJICHUH MEPHEHIAMKY-
JISIPHOM HAIIPABJICHUIO PACIIPOCTPAHEHHS BOJIHBI, TO BOJIHA HA3BIBaETCS
nonepevHoii (puc. 3.20).

Takue BoJHBI 00pa3yroTCs B TBEPABIX TEIaX U Ha MOBEPXHOCTSIX KUIKO-
CTEH.

Ci
N

T
F nomnepeyHast BOJIHA F npoao0JibHas BOJIHA

Puc. 3.20. HanpaBneHnue pacnpocTpaHeHUs1 BOJIH

IIponoabHON Ha3bIBaETCH BOJHA, B KOTOPOl YaCTUIbI KOJIEOJIHOTCA
B/10JIb HANPABJIEHUs1 pacnpocTpaHenus BoaHbI (puc. 3.20). Takue BOJIHBI
MOTYT paclpOCTpaHAThCA B J1000H cpenie.

Ecnu o koHIy ¢cBOOOAHO BUCSAIIEH MPYKUHBI YIAPUTh CHU3Y BBEPX,
TO IO TIPY>KUHE MPOOEKUT BOJIHA, COCTOAIIAS U3 CTYIICHUN U pa3peKeHUM.

OnHoOM M3 OCHOBHBIX XapaKTEPHUCTUK BOJIH SIBJISIETCS JJIMHA BOJIHBI.
JITHHOM BOJIHBI A HA3b18AEMCA PACCMOSIHUE MeHCOY 08YMs OIUAICAUUUMU
MOYKAMU, COBEPUIATOWUMU KOTIeOAHUs 8 00UHAKOBOU (a3e.
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Konebanus Takux TOYEK OTCTAIOT APYT OT JApyra Ha BpeMs, paBHOE Tie-
proay KojiebaHUM, MOATOMY CKOPOCTh PaCpOCTPAaHEHHUS BOJHBI MOXKET OBITh
HaiijieHa o gopmyiie:

A
U:? win U=A-v (3.49)

OngpIT ITOKAa3bIBACT, 4YTO €CJIM NCTOYHHUK BOJIH IIOKOUTCA, TO UX CKO-

pOCTB BEJIMUMHA MOCTOSIHHAS U 3aBUCAIASA TOJIBKO OT CBOMCTB cpebl. Emié

o o 27
OJIHOU XapaKTCpHCTHKOI/I BOJIH ABJIKICTCS BOJIHOBOE€ YHUCJIO0 k = 7

(3.50)
k=2 (3.51)

['eomeTpuyeckoe MECTO TOYEK, 10 KOTOPBIX B TAHHBIII MOMEHT BpeMe-
HU JIOIUIO BO3MYIIICHUE, HA3bIBAETCS BOJTHOBBIM ()POHTOM.
: \ YpaBHeHnue oerymei

BOJIHBI

berymen Ha3bIBaeTcs
BOJIHA, YHOCSIIasi B TNpPO-
CTPAHCTBO JHEPIrUI0 KOJe-
0aHuil HMCTOYHMKA. YpaB-
HEHUE Oerymieil BOJHBI BbI-
pakaer 3aBUCHUMOCTb CMe-
IIEHUSI KOJIEOMIOMENHCsT TOY-
KU OT TOJIOKEHHSI PaBHOBE-
cuss OT €€ KOOpAMHAThl U

Puc.3.21. BonHoBo#i ¢ppoHT

BPEMEHH KOJIeOaHUM.

BosiHbl, BCe TOYKHM KOTOPBIX

v
o ————_ (v (v
y N MepPeMeIAITCHA ¢ OAHOM U TOil Ke
V.
! W CKOPOCTHI0, NPHHATO HAa3LIBATH
— h— e p4 At P » 1P
. ! Al A /—  berymumu.

/ f T \\ / PaccMOTpUM  IUIOCKYIO — BOJIHY.

! \/ \\/ J;A‘J/ \/ X Ilycts Touka O (puc. 3.22) cosep-

mactT TrapMOHHUYCCKUC KoJaeOaHus
COIJIaCHO YPAaBHCHHIO: Y = A] -CoOsw-t.

H—l—:-Jl-t—'vT—:-JI

Puc. 3.22. «Momenranbhbie pororpa-  Jlo TOUKH A, UMEIOIIEH KOOPAUHATHI

(bun» Gerymeit cunycounanbHol BON-  (x- ()), 310 KONeOaHUe MOWAET CITyCTs

HbI B MOMEHTBI BpeMeHH t u t+AL. X

BpeMs 7 =—.
v

Torma  kosiebaHust  TOYKU A  ONUCHIBAIOTCS  YpaBHEHUEM:
y=A,-cos(w-t—w-71)

WM, YUUTBIBAd 3HaueHue . Y =A, -Cos(w-t - % - X) (3.52)
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VuwmteiBas (3.51), monyunm: Y = A, cos(w-t—K - X) (3.53)
Vpapaenus (3.52) u (3.53) u ecTh ypaBHEHHUs O€ryIled BOJHBI, ITO3BOJISIO-
IIME OMPEACNIATh CMEIIEHUS TOYKH OT IMOJIOKECHHSI PAaBHOBECHSI B JTFOOOM MO-
MEHT BPEMEHHU Ha JIFOOOM pacCTOSTHUU OT UCTOYHUKA BOJIH.

CkopocTh nepeMeleHusi BOJHBI - 310 eCb CKOPOCHb nepemeuye-
HUs (haszvl, NOIMOMY IMA CKOPOCMb HA3bIBAEMCA (hA3080LL CKOPOCbIO.

[0
v=" (azoBasi CKOPOCTb 3aBUCUT OT YACTOTBI. DTO SIBJICHUE IOy~

YUJIO Ha3BaHUE ducnepcus 60J1H, a CPelia, B KOTOPOI BOJHBI pacIpoOCTpaHs-
I0TCS - OUcChepzupyiouieil cpeooil.
CKOpoCTh pacIpOCTpAHEHUS BOJIHBI 3aBUCHUT OT CBOMCTB CPEBI
E
v=_|—,
o,
rae E — moayns FOHra, p - IIIOTHOCTH CPEAbI.

Ipunuun I'oiirenca

IlycTe HekoTOpasi TOuka KOJI€OJIeTCS B CIUIOIIHOM yHIpyroi OJaHO-
poaHoii cpene. Torna kojaebaHust OT 3TOM TOUKU OYIyT pacpOCTPAHITHCS BO
BCE CTOPOHHBI.

T'eomempuueckoe mecmo mouek, 00 KOMOPLIX K OAHHOMY MOMEHMY
oouiniu KonebaHus, Ha3vl8aemcs (YpOHMOM 60THBL.

Ecnu ucmounuk xonebanuii moueunviii u Ko1eOaHUsl pacnpocmpamsi-
I0MCcst 8 0OHOPOOHOU cpede, mo (hpoHm 80aHbL OyOem cghepoll u 80IHA HA3bI-
eaemcs cghepuuecKoil.

Ecnu gpponm eonnel nnockuii, mo 801Ha Ha3bl8aemcs NAOCKOMU.

lNomnanackuii ¢pusuk roiirenc B konne XVII Beka gan cmoco6 mo-
CTPOEHHUS HOBOTO (PpOHTA BOJIHBI, €CJIM U3BECTHO MOJIOKEHHE €ro B HEKOTO-
PBIN IPEABITYIIMIA MOMEHT.

Hpunuun I'ioiirenca: kaxaas ToYyka (GpoHTA BOJIHBI SABJACTCH
HCTOYHHUKOM 3JIEMEHTAPHBIX BTOPUYHBIX BOJIH. Orubamwmas Bcex 3THX
3JIEMEHTAPHBIX BOJIH NMPEACTABJsET C000i HOBBIN (GPOHT BOJIHBI.

2
1

Puc. 3.23. K npunmuny I 'toiirenca



1 — ¢poHT BOJTHBI B HEKOTOPBII MOMEHT BpEMEHH 1.

2 — HOBBIY (DPOHT BOJIHBI 32 IPOMEKYTOK BpeMeHH At.

SBJIeHNe HAJIOKEHUS BOJIH JPYT HA APyra, NpuBoJsiiee K ycujie-
HHMIO BOJIHOBOTI'O NMPOIEeCCa B OJHMUX MECTAX M €ro 0cjaadJIeHNI0 B IPyIrux,
MOJIyYHJIO HA3BAHUE UHTeP(epeH UM,

SABJjieHne oru0aHusi BOJIHAMY NMPENATCTBUN MOJYYHJI0 HAZBAHUE
audpakuru BOJIH.

10. DHeprus BoJiHbl. O0beMHas IJIOTHOCTH JHEPTHM.
ILnoTHOCTH MOTOKA 3Hepruu. Bekrop YMoBa

O0beMHAs IUIOTHOCTH JHEPIHUH BOJIHBI - KOAUYECMBO dHepeuu, 3d-
KIoYeHHoe 6 eOuHuye oovema cpedwl. 11ycTh B equnuile oObeMa HaXOAUTCS
m-A® .o’

2

OO0BEMHYI0 TIOTHOCTh PHEPTUM MOJYUUM, YMHOXKAs TIOJIHYIO SHEPTHUIO
OJIHOM YaCTHUI[BI HA YHCJIO YACTHUI[ B eMHHUIE 00bemMa, HO M- N = p | Torma

E p-A”-0°
\Y 2 '

OcHoBHOM eauHuIle uU3MepeHus oObeMHoM mioTHocTu B CU siBhsiercs

3
Jlx/™m™.

W3 nmomydeHHo#l GopMyIibl BUAHO, YTO 00BEMHAA HIOMHOCHb IHEPIUU
3aeucum om NaOMHOCMU CPeOdbl.

Tak, HanpuMep, OpaKOHBEPHI I 3aMPEIISHHOTO JIOBA PBHIOBI B3PHIBAIOT B BOJIE TOJOBYIO
HIAIIKY, B3PbIB KOTOPOH B BO3/yX€ HE MNPOU3BOAUT Pa3pyLICHUN YK€ Ha PACCTOSIHUM HECKOJIbKHUX
MCTPOB. Ho IMOCKOJIBKY INIOTHOCTH BOJBI BO MHOI'O pa3 0oJIbIIE TUIOTHOCTH BO3yXa, TO B3PbIB
TaKOM IIAITKH MPpUBOAUT K rudenu pBI6LI Ha pacCTOSIHUU B ICCATKH, 4 UHOrIa U B COTHU METPOB OT
MecTa B3pbIBa. [lo 310l ke mpuunHe riryOnHHBIE OOMOBI HEOOIBIION MOIIHOCTH MPHUBOMAT K Jie-

(I)OpMaLIPII/I " pa3pbIBY KOPITYCOB NOABOAHBIX JIOAOK HAa 3HAYUTCIBHBIX PACCTOAHUAX. B Boane
SHEPrus HE JIOKAJIN30BaHa, a IICPEMCIIACTCA BMECTE C HEil.

N JacTul, KaxKaas u3 KOTOPBIX O6JIaI[aeT MOJIHOM BHGPFHeﬁ E=

£ (3.54)

11. llpupoaa u MCTOYHUKHU 3ByKa. PU3NYecKUe XapaKTepUucTu-
kM 3ByKa. D¢ ekt Jomnepa B akycTuke

AKYCTHKA - HayKa, U3ydaroliasi paclpoCTpaHSIONIUEeCS B Cpee MEXaHHU-
YECKUE BOJIHBI C 4aCTOTaMU OT cambIX HU3KHX (ycioBHO oT 0 I'm) go mpe-
nenbro Beicokux 10! - 10" ' 3Byk - mpononbHas BogHa. UeToBeK CIIbl-
T 3ByK B auamnazone 20 I'n — 20 k['u. B 3BykoBO# BOJTHE YepeayroTCs MO-
cienoBarenbHble (Da3bl MOBBIIMICHUS JABICHUS - CKATHS U MOHIKCHHS JaB-
neHus - paspexxkenns. LIlymbl — 3ByKd ¢ pa3aTuyHBIMA YaCTOTAMHU KOJICOaHMA.

Du3nvecKue XapaKTePUCTUKH 3BYKAa:
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1.  Ckopocts 3ByKa v=A1-v. B Bo3nyxe v = 330x/c, B Bome v = 1500m/c,
B koctH v = 4000m/c. CKOpPOCTh 3ByKa yBEIUYHUBACTCS C YBEIMUCHUEM ILIOT-
HOCTHU cpenbl. B Bakyyme 3ByK HE pacmpOCTpaHseTCsl - TaM HET CPeabl, CIIO-
COOHOM coBepIIaTh KoJeOaHus.

2.  HHTEHCHMBHOCTB 3BYKA - €T0 DHEpreTHYecKas XapaKTepUCTHKA, MMOKa-
3BIBAIOIASl HHEPTHUIO, MEPEHOCHMYIO BOJHOW 3a €IMHMIY BPEMEHH depes
SIMHUITY TUTOIIAIA MTOBEPXHOCTH NEPIICHIUKYIISIPHON HAIPaBICHUIO PacIpo-

CTpaHEHHUs 3BYKa.
=W [|]=[ﬂ"”"}=3—m (3.55)
ds - dt m?c| M
MHTEeHCUBHOCTD 3ByKa — OOBEKTUBHAS XapaKTEPUCTHKA.
3. U30bITOYHOE JaBJIeHNe - OTO JaBJICHHE, CO3/1aBa€MOE 3BYKOBOW BOJIHOM
CBEpX aTMOC(HEpPHOTO NaBJICHUS. Ap=/2-1-p-v, TJIe p - TUIOTHOCTh BEIIECT-

Ba.
I[JUI IIJIOCKOM FapMOHquCKOﬁ BOJIHBI 3BYKOBOC HAaBJICHHUC CBA3aHO C
A
HHTCHCHUBHOCTBIO 3BYKa | = —p . HpOI/I3BCI[eHI/I€ PU- YICJIbHOEC AKYyCTHYECCKOE
ol

conpoTuBJieHHe cpeabl. OHO SABIIIETCA OCHOBHOW XapaKTEPUCTUKON CBOMCTB
Cpeabl.
4. I'poMKOCTD (CIBIIIMMOCTE) - CYOBEKTUBHAS OIIEHKA CHUJIBI 3BYKa, BOCIIPU-
HUMaeMasi HaluM yxoM. JlJig TaHHOW 4acTOTbl TPOMKOCTh ONPEIEISETCS BbI-
coToM amMIuIuTyAbl kosieOanuii. [1o 3akony Bedepa—®exnepa

L= |g|L (3.56)

0
rae |, =10""Bm/m® - Tak Ha3pIBacMblii mopor cjasimumoctd. B CU rpom-
KOCTb 3BYyKa u3Mmepsiercs B 6emiax. Ha npaktuke ucnonwszyercs eqununa B 10
pas MenbIne — neuuben. [L]=[06]. U3 3akona BeGepa-Dexnepa ciemyer, uto
IIPY BO3PACTAHWUM MHTEHCUBHOCTH 3ByKa B 100 pa3 ero rpOMKOCTb yBEIUYH-
BAaETCS BCETO B 2 pasa.
5. BbicoTa (0ac, TeHOpP) — CyOBEKTHUBHAS XapaKTEPHUCTHKA, OMpeaeiseMas
4acTOTOM (JVIMHOI ) BOJIHEL.
6. Tem0p — cyObeKkTHBHAsI XapaKTEPUCTHKA OTTEHKA (MHIWBHUIYaTbHOCTH)
3ByKa, olpejesieMasl HAIMYUEM JIPYTUX 4acToT.

dpdext Jonmnepa B akycTHuKe

dpdexrom [domnepa B aKyCTHKe HA3bIBAETCH SIBJIEHHME HM3MEHEHMS
4acTOThl 3BYKOBBIX KOJI€OAaHMHA NMPHU JABUKEHUU UCTOYHMKA U NMPUEMHU-
Ka 3BYKa OTHOCHUTEJbHO APYr aApyra. Eciu MCTOYHMK U NPUEMHHK 3BYKA
ITOKOSITCSI OTHOCUTENIBHO APYT ApYyTa, TO

Vo =—> (3.57)
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r7i€ v, — CKOPOCTb PACIIPOCTPAHEHHUS 3BYKa B IAaHHOM Cpejie.

Ecnu mcrounuk npuOamxaeTcss K MPUEMHHKY CO CKOPOCTBIO U , TO
CKOPOCTh PacinpoCTPaHEHHUS 3BYyKa OTHOCUTEIBHO MPUEMHUKA OYIET v, +v.
L, +U

.o (3.57) A= Y rorma

Vo

Torna yactora KojieOaHuil OyJeT v =

V=V, %o 70 (3.58)

Uy

Kak BugHO npu B3auMHOM COJMMKEHUH UCTOYHHMKA U TPUEMHHKA 3ByKa
€r0 4acTOTa YBEJIMYUBAETCS, & TOH IOBBIIIAETCS.

Ecnu ncroyHuk ynansercs oT NpUEMHUKA CO CKOPOCTBIO U , TO CKO-
POCTb 3ByKa OTHOCUTEIBHO MIPUEMHHUKA Vg - v. Toraa

v=v, - Do 70 (3.59)

HpI/I B3aMMHOM yJaJICHUHN UCTOYHHUKA 1 HpI/IéMHI/IKa qacToTa 3ByKa YMCHbIIA-
CTCs, a CI'0 TOH ITIOHMNXKACTC:.

Bonpocwt 012 camokonmponsa

Kakne xoebanus Ha3pIBAIOT CBOOOTHBIMHU?

Kaxkue konebaHust Ha3bIBAIOT TAPMOHUYECKUMU?

Kaxkue konebaHusi Ha3bIBAIOT BBIHYKICHHBIMU?

Yrto Takoe aMILTUTYy1a KojieOaHui?

Urto Takoe nepuoj KoaeOaHuit?

Yro Takoe yacToTa KojieOaHu?

Yro Takoe HMKINYeCcKas 4acToTa KojaeOaHmit?

UYro Takoe (aza konebanmii?

YpaBHeHUs rapMOHUYECKUX KoJieOaHuii (5 ypaBHEHUH).

10. Kakue cuibl Ha3bIBAIOT KBA3UYIIPYTUMU?

11. ®opmyna nepuoja KoiaedaHuil GU3NUECKOro MasiTHUKA.

12. ®opmyna neproja KojaebaHU MaTEMAaTUYECKOTO MAasITHUKA.

13. ®opmyna neproa KojaeOaHuil Py KUHHOTO MasTHHUKA.

14. MuddepennunanbHoe ypaBHEHHE CBOOOIHBIX 3aTyXalOMUX Kojaeba-
HUI.

15. ®opmyna 3aBUCUMOCTH aMIUIATYAbl CBOOOIHBIX 3aTyXaOIIUX KOJe-
OaHUIl OT BpEMEHH.

16. ®opmyna kodddumreHTa 3aTyxaHusl.

17. ®opmyna 4acTOTHI 3aTyXalOIIKUX KOJIeOaHH.

18. UYro Takoe gorapudMUUECKUil TEKPEMEHT 3aTyXaHUsl?

19. ®opmysbl JorapupMUUECKOro IEKPEMEHTA 3aTyXaHHUs.

20. Yto Takoe pe3oHaHc?

21. dopmyna aMILTUTYIBI YCTAHOBUBIIIMXCS BBIHYKICHHBIX KOJICOAHMIA.

22. ®opMyIibl pe30HAHCHOM YaCTOThI U aMILTUTY/IbI.

23. JlaiiTe onpesesieHe MEXaHUYECKOU BOJIHBI.
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24,
25.
26.
217,
28.
29.
30.
31.
32.
33.
34,
35.
36.
37.
38.
39.
40.
41.
42.
43,
44,

45,

N

Kakune BoNHBI Ha3bIBAIOTCS MPOJOJIbHBIMU?

Kaxkue BOHBI Ha3bIBAIOTCS MONEPEUHBIMU?

UYTto sIBAsI€TCSI HICTOYHUKOM BOJIHBI?

Yro Takoe ppoHT BOJTHBI?

3anummre Gopmyiy Jlamnaca ajisi CKOpOCTH BOJIHBI B TBEPBIX TENaX.

3anumute Gpopmyny Jlamnaca A CKOPOCTH BOJHBI B razax.

Urto Takoe JIrHA BOJIHBI?

3anuuiuTe ypaBHEHHUE OETyIIEH BOJTHBI.

BosnnoBoe yuciio.

Ob6beMHast IOTHOCTh SHEPTUU BOJIHBI.

NHTEHCUBHOCTH BOJIHBI.

[Tpuauun ['rolirenca-dpenens.

AKycTHKA.

3Byk.Du3nyecKkue XapakTepUCTUKH 3BYKA.

3akoH Bebepa-dexHepa.

[Topor capmmMocTH 3ByKa.

VYIIbTpa3ByK U €ro JCUCTBHUE HA )KUBOM OPraHU3M.

HNHppa3Byk U ero AeicTBUE HA KUBOW OPTraHU3M.

[Ilym u ero nercTBUs HA KUBOU OPraHU3M.

Oddext Homnepa.

®dopMyIa 4acTOThI 3ByKOBBIX KOJICOaHUM TTPU B3aUMHOM COJTMKECHUU
HMCTOYHHMKA U TPUEMHHUKA 3BYKa.

dopMyIia 4aCTOTHI 3BYKOBBIX KOJICOAHUHN MTPU B3AUMHOM YIaJICHUU
HMCTOYHHMKA U NTPUEMHHKA 3BYKa.

Bonpocwt ona camocmoamenvnozo uzyuenusn
HuddepennmanbHoe ypaBHEHHE 3aTyXalOINUX KOJICOaHUH U €ro peliie-
HUE.

Jlorapudmuueckuit feKpeMeHT 3atyxanus. JJoOpOoTHOCTS.
BriBox ypaBHEHUS IITOCKOW BOJIHBI.

PA3JAEJ 2. «<MOJIEKYJIAPHASA ®PU3UKA U TEPMOJINHAMMUKA»

Jlexknusa Ne 4

Tema: “MouiexyasipHas pu3uKa U TEPMOAUHAMHUKA”

Ilnan Jgexkuumn:

1.

2.
3.

OCHOBHBIE TOJIOKEHHUSI MOJICKYJISIPHO-KUHETUYECKOW TEOpUHU Ta-
30B. MieasibHBIN Ta3 U €ro napaMeTphl.

OCHOBHOE ypaBHEHHE MOJICKYISIPHO-KMHETHUECKON TEOPHUU Ta30B.
DKCNEPUMEHTAIbHBIC Ia30BbI€ 3aKOHBI. MI30ITpO1IECCHI.
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4. TlonsiTue abCOMOTHOTO HYJIS.

5. Yucno creneneil cBo0OAbl. 3aKOH PaBHOPACHPEACIICHUS SHEPTUH
no creneHsM cBoOoabl. CpenHsisi SHEpPrusi MHOTOATOMHOMU
MOJIEKYJIBI.

6. [lepBoe Ha"aJI0 TEPMOTUHAMUKH.

7. YnenbHas U MOJISIpHAS TETTIOEMKOCTH.

8. Pabora uneanpHOro ra3za. Kpyrosbie 1iuKIb.

9. Huxmmueckue (Kpyroseie) mporiecchkl. Pabora mukiia.

10.TenoBbie MamHbL. BTOpOe Hauamo TepMoAMHAMHUKHY.
11.9uTponus.

12. I{uxn Kapnuo u ero KIIJ qis uaeansHOro rasa.

13. SIBnenus mepeHoca.

1.0cHOBHBIE MOJIOKEHUSI MOJIEKYJISPHO-KUHETUYECKOIl TEOPUHU ra3oB.
HNneaabHblil ra3 v ero napaMeTpbl

[IpencraBinenue o TOM, 4TO BCE T€JIa MOCTPOEHBI U3 MEIbYANIINX
YacTHUI[ — aTOMOB, BO3HUKJIO €IlI€ B JPEBHOCTU U OBLIO BHICKA3aHO I'pe-
geckuM punocodpom demoxkputom (V B. 10 H. 3.). OgHAKO B JadbHEH-
IIEM 3TH MPEJICTABICHUS ObUIA 3a0bIThI, U JIMIIIH BO BTOPOM MOJOBUHE
XVII B. O6b11H pa3zpaboTaHbl B KaU€CTBE HAYYHOM TEOPHUHU, TOTYIUBIIECH
Ha3BaHUE KIACCUUECKOU MOJIEKYIAPHO-KUHEMUYEeCKOIl meopuu.

Monexynapuaa guzuka — pazoen Qu3uKu, uU3y4arowuii cmpoerue
U ceolicmea 6ewecmea Ucxo0s U3 MaxK HA3bLIBAEMbIX MOAEKVIAPHO-
KUHemuyecKux npeocmaeieHull.

OHa ocHOBaHa Ha CJIEAYIONIUX MOJIOKECHUSIX.

1. Bce gewecmea cocmoam u3 o4eHb MAj1eHbKUX YACMUY — MO-
JIeKYJl.

Kaxnoe BemecTBO COCTOUT M3 OJUWHAKOBBIX MOJIEKYd. CKOJIBKO
BEILIECTB B MPUPOJIC, CTOJIHBKO U BUJOB MOJICKYJI. MOJEKYJIbI COCTOST U3
emie O0ojee MENKUX YacTHI] — aTOMOB. UHCII0 aTOMOB paBHO YHCIY XH-
MHYECKHX DJIEMEHTOB M X H30TOmnoB (109 xum. sjgeMeHTOB U Ooyee
1500 u30TONOB U3BECTHO B HAIIIE BPEMSI).

Monekynbl — pa3nu4Hble KOMOWHAIIMU U3 aTOMOB (MOJICKYJISIPHO-
KUHETUYECKasi TEOPUSl HE pacCMaTpUBAET CTPOCHHUE aTOMa).

2. Mestcoy monexynramu mena 00OHOBPEMEHHO OCUCHEYIOm CUJIbl
63AUMHO20 NPUMANHCEHUA (CUENTEHUA) U CUTIbL 83AUMHO20 OMMAIKU-
6aHUs, IPUYEM CUJIbl OTTAJIKMBAHUSA C YBEJIWYECHUEM PACCTOSHUS YObI-
BafOT OBICTpee, YeM CHIIBI crierieHus. [loaToMy Ha ompeaeieHHOM pac-
CTOSTHUU JPYT OT Jpyra MOJIEKYJIbl MOTYT HaXxOJUTHCS B YCTOWYHMBOM
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paBHOBecHuH. COTJIACHO COBPEMEHHBIM HCCIIEIOBAHUSIM, MOJIOKEHUE YC-
TOMYMBOTO PABHOBECHUSI COOTBETCTBYET MUHUMYMY UX NOMEHYUATbHOU
SHep2UlU.

3. Monekynwol, oOpa3yrouwue meno, HaAxX00AMcA 6 COCMOAHUU He-
npepvieHO20 6eCnOPAOOUHO20 OBUINCEHUAL.

Ckopocmb 08udcenuss MOAeKy 803pacmaen ¢ ygeaudeHuem mem-
nepamypbl, NO3MOMY OBUNCEHUE HA3bIBACCS MENJI08bIM OBUHCECHUEM.

Ilo mepe yBennueHus
WHTEHCHBHOCTH  TEIJIOBOTO
JBWDKCHHUS, CPEIHEE PacCTOs-
HHE MEXIy MOJEKYJIaMH BO3-
pacraer, CIeloBaTeNbHO, Te-
JI0 TEPEXOJUT W3 TBEPAOTO
cocTtosiHAs B kuukoe. llpm
JajmbHEWIIeM HarpeBe pac-
CTOSTHHE MEXy MOJICKYJIaMH
YBEJIMYMBACTCS  HACTOJIBKO,
qTO CHJIBI CHCIIJIEHUSA HNCUEC-
3al0T, CJIeJI0BATEIILHO, TEJIO MEPEXOANUT B ra3000pa3HOe COCTOSHHE.

HNpeanbubii ras. Ero mapamerpsl

Puc.4.1. TpaekTopusi OpOyHOBCKOM
YaCTHUIIbI

Hoeanvnoim 2azom Hazvieaemcs 2asz, mMexcoy Yacmuyamu KOmopo2o
OmMCYmMcmeyom cuivl 63aumMHo20 npumsdicenus. 1Ipn coyaapeHHsIX Mexmy
co00i, yacTUIIbl Ta3a BEAYyT ce0sl Kak ynpyrue mapuku KpaiiHe Majioro pas-
Mepa.

CymiecTByroniye B ACHCTBUTEIBHOCTH Ta3bl IPU HE CIMIIKOM HHU3KUX
TeMrepaTypax U JOCTATOYHO MajibIX JIaBJICHUSAX HA3bIBAIOTCS Pa3psyKEHHBIMU
razamu M 1o CBOMM CBOMCTBaM OJIU3KH K UJI€aIbHOMY Ta3y.

CocrosHue raza ompeAessieTcs TpeMs IapaMeTpamMu: IABICHHEM p
[[Ta]=[H/M?], o6bemom V [M°], TepMoanHaMuyeckon remneparypou 71 [K].

/Jlasnenue — ¢uzuueckas eenuuuna, pasHas MoOYaI0 CUbl, 0eUCm8eyio-
wetl Ha eOUHUYHYIO NIOWAOKY NOBEPXHOCIU meld NEPREeHOUKYTISIPHO K Hell

p="0, (4.1)
AS
ecim p = const

P== (4.2)
[pl= *; =[rta].

Hapsiny ¢ oObemom raza V 4acTo HCHOJB3YETCS TaKKe YACNbHBIH
00BEM V.
Yoenvnvim 06vemom nazvisaemcs o6vem oonoco kunoepamma eewjecmea
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, (4.3)
rac P — INIOTHOCTH BCIICCTBA.

v="_ 44

M ! ( . )

rae  V — o0beM BEIeCTBa;
M — macca BeniecTsa.
TepmoauHamMuueckas Temneparypa
T=273,16 + t, [K]. (4.5)
T=0K=-273,16°C — aGCOIIOTHBINA HYIb.
N3mepsieTcs TemmnepaTypa 1o HECKOJIBKUM HIKAJIaM.
[Ikana Ieabcus: Touka miaBierHus nbaa — 0 °C; TOYKa KUIICHHS
Bozbl — 100 °C (miput HOpMaTbHOM aTMOC(hEPHOM IaBICHHH).
Illkana KeapBuHa win aOcoioTHas mkaiga Temmepatyp (T =t +
273); Touka rmaasienus upaa — 273 K; touka kunenus Boasl — 373 K (pu
HOPMaJIbHOM aTMOC(HEpPHOM JTABJICHHH ).
IIIkana dapenreira: Touka TasgsHUsA Jpjaa paBHa +32 °F, a Touka Ku-
nerust Bojbl +212 °F (mpu HOpMaibHOM aTMOC(hEpHOM JaBIICHUH).

2.0cHoBHOe ypaBHeHue MKT

OcHOBHOE ypaBHEHUE MOJEKYJISIPHO-KUHETUHYECKON TEOPUH Ta30B ycC-
TaHABJIMBACT 3aBUCUMOCTh MKy naBiieHueM (p); oobemoM (V) u KuHEeTHYC-
CKOM PHEpruei MocTynaTeIbHOrO TBUKEHUS €T0 MOJIEKYJI.

Jlns BeIBOJa (DOPMYJIbI pacCMOTPUM OJIHOATOMHBIM HJICAJIHHBIN a3,
HAXOJIAIIUNCS B IIMIMHAPUYECKOM COCY/JIE C TUIOMIAbI0 OCHOBAHUA AS.

MosteKybl IBMKYTCS XaOTHUECKH U OECIOPSI0YHO, UX KOJUYECTBO
N. Onpenenum gaBiaeHHUE, OKa3bIBaeMOE Ta30M Ha IIoIaaKy AS.

X

p=—0 (4.6)

p - IaBICHHE,
Ap .
Tak kak F = ~ (4.7)
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[ToncraBum 4.7 B hopmyiy 4.6 noaydum

Ap
— , 4.8
P ASAt ( )
Ap —U3MEHEHHE UMITYJIbCa OJHON MOJIEKYIIBI; P - JaBJICHUE;
AP = mv — (—mv) = 2mv, (4.9)

Ap —HMMITYJILC,
Ap = 2mV — UMITYJIbC, COOOIIEHHBIA OJHONM MOJIEKYJION TJIOMATKHA AS .
Haiinem oOiiee unciio Mmosiekyn N B o0beMe muinHapa | = vAt
N =n, *V = n,ASVAt (4.10)
BceneactBue XxaoTHUECKOTO JBHKEHUS MOJIEKYN B IIMUIMHAPE TPETh MX
OyZeT ABUTAThCS BIOJb OCU X, TPETh BJIOJIb OCU Y U TPETh BAOJIL ocH Z.

K mmommanke AS moitaem 1/6 oT 00111eTo Yrcia MOJICKYIL.

N, :%nOASVAt (4.11)

I7le n, —KOHILIEHTpaIMs MOJIEKYJ, YUCIO MOJEKYyJl B eAuHule oobema. s
TOTO YTOOBI HAUTU UMITYJIBC COOOIIAEMBIN TUIOMIAAKE AS, MOJeKylaamMu N,
YMHOXUM TpaByto 4acTh 4.9 ypaBHEHUS Ha N

Ap =2mV %ASVA'[ = % mv°n,ASAt (4.12)
[ToncraBuMm mpaByro yacTh ypaBHeHUs 4.11 B ypaBHeHue 4.8
2
_1mviASAt, 1 mven, (4.13)
3ASAt 3

Mosnekynbl Taza 00J1aIal0T PA3IMYHBIMU CKOPOCTSIMU V,,V,,...,V, TOITO-
MY BBOJST IOHSATHS CPEIHEN KBAJIPATUYHON CKOPOCTH.

: 1
<V, >= >V N~ CPeass KBa/paTHHas CKOPOCTb MOJICKY.T
i=1

P= %m(Vm2 )n,— ocHoBHOe ypapHeHne MKT (nepssrii Bux) (4.14)

M3BECTHO, YTO KMHETHYECKAsl SHEPTUs MOCTYIATEIBHOTO JABUKEHUS OIpe/ie-
m{ V,*)
5 :
YMHOXHUM U pa3fesiuM MpaByro yacTh ypaBHeHUs 4.14 Ha 2, nomydum:
2
2 m( V") 2 y
=35 =3 E,n, — ocHoBHOe ypaBHenue MKT (BTopoii Bux)(4.15)
Tax xak KUHETHUYECKasi SHEPTUs ONpeesieTcs o popMmyIe:

Ek=gKT, TO p=n,kT (4.16)

asieTcs o popmyse: E, =

P

rae K — nocrosanas boaenmana, K =1,38 <10 zsﬂofc/l(.

N
N3BecTHO, 4TO N = v nojACcTaBuM n, B ¢popmyiy 4.16 momydum:
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P= ng nm PV = NKT — ocHoBHoe ypaBHeHue MKT (Tperuit Bux)

(4.17)
rjae p— nasienue, V — oobeMm, N — urciio monekyir,K - mocrossHHas bosbiima-
Ha, T — abcoJl0THAs TeMIIepaTypa.

3. BKCHepI/IMeHTaJII)HbIe ra3oBbi€¢ 3aKOHDbI. I/I3011p0uecc1>l

Bcakoe usmenenue cocmosinus mena unu cucmemvl mesl Ha3bl8AEMcs
mMepMOOUHAMUUECKUM RPOUECCOM.

H3onpoueccot — mepmoounHamuueckue npoyeccovl, npomexanowue 8
cucmeme ¢ HeUu3MeHHOU MAaccou Npu NOCMOAHHOM 3HAYEHUU OOHO20 U3 Na-
pamempoe COCMOSHUSL CUCTNEMBL.

H3zomepmuueckuit npoyecc

[loquunsercs 3akony bonnmsa-Mapuorra. IIporekaer npu

HEU3MEHHOU Temneparype (1=const).
VYpaBHeHHE TaHHOTO MpoIlecca UMEET BUJ:

pV = const (4.18)

s 0annoti maccel 2aza npu HeUIMeHHOU memnepamype

npouseedeHue 3HaueHUulli 0asleHus U 00vema ecms 8eiu-

YUHA NOCOAHHAAL.
B koopaunarax P-V wuzorepmuueckuil mporecc

Puc. 4.3. CemelicTBo H30TepM  U300paKkaeTCsi KPUBOU — U30MeEPMOIl.
Ha IINIOCKOCTU

(p, V) T3 > T2 > Tl.

i A

H3o06apuueckuit (uzobapuwlii) npouecc
[Tomuunsiercs 3akony I'eii-JIroccaka. IIpoTekaer npu NOCTOSIHHOM JaB-

neHuu (P=const). YpaBHeHUs] TaHHOTO MPOIIEC-
Vi ca UMEIOT BHI:
vV T
1), —=—, 4.19
) Vo To ( )
2).  V=v,, (4.20)
. To
' 3)- av = i = ;,1 ) (4-21)
: P T To 273162pao
Puc. 4.4 Cone - 4). V=mV,T, (4.22)
HC. 4.4. LEMCUCTBO U300ap .
HAa IUIOCKOCTH 5. V=vol+at), (4.23)
(V, T). p3>p2>pl. raie t— temmeparypa, °C; Vo — 00beM umeans-

HOTro ra3a npu temneparype To= 273,16 K.
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Tepmuueckuit k0o3duimeHT 00beMHOT0 pacuiipeHus (0JMHAKOB IS

BCEX UJICAJIbHBIX T'a30B)
Vv

Vol
XapaKTepUCTUKA OTHOCUTEIBHOTO yBEIWYEHUsI 00beMa ra3a mpu U3MEHECHUU
temriepaTypsl Ha 1 rpan. B koopaunartax V-7 uzobapudeckuid mpoliiecc u3o-
OpakaeTcsi KpUBOU — uzobapoii.

H3oxopnwtit npoyecc

(4.24)

Ov

Py OnuceiBaerca 3axkoHoMm Illapns. I[Ipore-
KaeT mpu mnoctosHHoM oOwveme (V=const).
VYpaBHEHUs TaHHOTO MPOIECCa UMEET BU/I:
P=p,AL+a,t) (4.25)
WJIn
! 2
p:appoT:po_1 (4 6)
To
0 i i P_ T
po TO
Puc. 4.5. CemeilicTBO U30X0p HA
mwiockoctH (P, T).
V3>V2>V1
(4.27)
rae o, = 1/To — repMudecknii K03 GUIMEHT MOBBIICHUS 1aBJICHHS.
ap= LT — XapaKTepu3yeT OTHOCUTEILHOE YBEJIUYEHUE TaBICHUS Ta3a
Po

MIpY HarpeBaHUU €ro Ha OJIUH IPajyc.
B xoopnunarax P-T u3oxopudeckuii mporecc n3o0paxaercs KpuBO —
U30X0pPOl.
Aouabammuuwiit npoyecc
Aouabamuvim Hazvleaemcesa npoyecc, ocyujecmenaiowull b6e3 mensio-
oomena c oxkpyacaroweti cpedou. [logqunnsiercs ypaBaenuto [lyaccona

pV’ = const, (4.28)
PV (4.29)
Py Vb
ol B xkoopmmnarax P-V ammabaTHbIi
Anuabara nporecc Mu300paxaercs KpUBOH —
aouadbamoit.

Puc. 4.6.Annabara
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3axon Asozadpo

Ilpu 0ounaxko8blx 0asnieHUAX U OOUHAKOBLIX MEMNEPAMYpPax 6 PAGHbIX
00beMax pasmudHbIX 24308 COOEPIHCUMCs OOUHAKOBOE YUCTO 4acmuly, WHBIMU
CJIIOBAMH:
npU 0OUHAKOBBIX OABAEHUAX U MEMNepamypax MOaU PAa3IudHbIX UOeATbHbIX
24306 3aHUMAIOM 00OUHAKOB8blE 0ObEMBL.

3akon /lanbmona
llapyuanvnviv 0asnenuem 2asa, 6xo0aue2o 8 2a308yK CMecCb, Ha3vlea-
emcsi 0asieHue, Komopoe umei vl 3Mmom 2as, eciu Obl OH 0OUH 3AHUMAT BECD
00veM, npedoCmasienHblil 2a3080U CMecU
p=p,+pP,+...+ P, (4.30)
JlaBieHre ra3oBOM CMECHU PaBHO CyYMME JABIICHUW, BXOJSIIMX B HEE
ra3oB.

4. IlonsaTre a0COTIOTHOIO HYJIA
AOCOJIIOTHBIN HYJb — 3M0 memnepamypa, npu Komopou npexpauia-
emcs nocCmynamesibHoe 08UNCEHUe MONeKY, U OasleHue, NPpou3eooumoe 2a-
30M, CMAHOBUMCA PAGHBIM HYJIO.
IIpu memnepamype 0K

T. €.
P=P,(1+at)=0;
P,#0,1+at=0;
1=-at;
t= -l;

a

t=-273°C - aOCONIOTHBIN HYJIb.
—273
273
DTO TOBOPUT O TOM, UYTO SKCIIEPUMEHTAJIbHbIC T'a30BbIC 3aKOHbI HE-
MPUMEHUMBI B 00JIACTH HU3KUX TEMIIEPaTyp.
JlecTBUTENBHO, MPU HU3KUX TEMIIEpaTypax ra3bl MEPEXOIST B )KUIKOE
COCTOSHHE (T N, = 17K - KHIKOE COCTOHHI/IG).

V =V,l+at)=V@1L+ )=0. (4.31)

KenbBun B 1852 r. ycranoBui, uto 0 K — camast Hu3kast U3 BO3MOKHBIX
temnepatyp BemectBa. [Ipu 0 K monHOCThIO mpekpaiiaercsi XaoTHYEeCKOoe
JIBUKEHUE MOJIEKYJI, OJTHAKO COXPAHSIETCS ABUKEHUE DJIEKTPOHOB B aTOME.

B Hacrosmiee Bpems yaaeTcsi OXJIaKIaTh Majible 00BEMbI BEIIECTBA 710
TEMIIEpPATYp, HE TOCTUTAIOIINX HECKOJIbKUX THICAYHBIX noJei 10 OK.
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Xa0TUYHOCTh TEMJIOBOIO JABMXKCHHUA YaCTHII I'a3a O3HA4YacT, YTO HU O1-
HO HX HaHpaBJIeHI/Iﬁ X ABHKCHUA HE ABIACTCA

A < npeuMyniecTBeHHbIM. COoyaapeHnst MEKIy dJac-

| THLAMH IPUBOAUT K TOMY, YTO CKOPOCTH HX

<4 Q """ > JBUKEHHST HENPEPHIBHO U3MEHSETCS 110 MOIYJIIO
‘ | U HaIpaBJICHUIO.

\ 4 JIBHKEHHE KaXkIOW YaCTHUI[BI MOKET OBITH

OIMCaHO 3aKOHaMU MeXaHuku. Ho umcio qacTHun
B Ira3€¢ O4YCHBb BCJIIMKO U CHIJIBI, ,ZIGI\/'ICTBYIOHH/IG MC-
KAy HUMHU TAKOBBI, YTO OIIMCATh CBOMCTBA COBO-
KYITHOCTH 9aCTHUI HCBO3MOKHO.

S5.Yucjo creneHel cB000abl. 3aKOH
paBHOpacnpeaejeHusi JHEPTUH 10 CTENeHAM
¢B000abI. CpeaHsisi JHEPrusi MHOr0aTOMHOM

MOJIEKYJIbI

Yucnom cmeneneit c60600vl | Hazvisaemcs
YUCTIO HE3ABUCUMBIX KOOPOUHAM, ONpeOensiouux
NOJNOXMCeHUe  MOJNIeKYIbl 8  NPOCMpPAaHcmee.
OnnoaromHast Mousekyna puc. 4.7 (a) umeer 3
CTCTIICHH CBOOOJBI, JByXaroMHas (6) — 5 w
MHoroatoMHasi (6) — 6. CkoJbKO OBl CTereHei
CBOOONBI HE WMeJa MOJEKyna, TPH W3 HUX
MOCTYIATEIbHbIE U BCE ATH CTENEHU CBOOOJIBI paBHOBEPOSATHHI. [lockoiabKy
HU OJHA W3 IIOCTYMAaTEIbHBIX CTEMECHEW CBOOOJBI MOJCKYJIBI HE HMEET
MpPEeUMYyIIeCTBa Mepe APYTMMH, TO Ha KaXKIyH CTENEHb CBOOOJBI JODKHA
MPUXOIUTHCS B CPEIHEM OJIMHAKOBAs dHEprus. Tak Kak JJIsd OJHOATOMHOM

6

Puc. 4.7. Yucino crenenei
CBOOOBI MOJIEKYJT

3 . :
MOJIEKYJIbI E:EkT, a 4YHCIO CTemeHed cBOOOABI 1=3, TO MOXHO

YTBEPKJIaTh, YTO HA OJIHY CTEMEHb CBOOO bl TPUXOUTCS YHEPTUS

(&) :%kT. (4.32)

B kimaccuueckoil (u3uMKe T0KAa3bIBAETCS 3aKOH pasHopacnpeoeenHus
IHEPeUU NO CMENneHAM C60000bl, COTTACHO KOTOPOMY Ha KaXKIyHO CTEIEHb
CBOOOJIBI MOJICKYJIBI TIPUXOIUTCS B CPEIHEM OJWHAKOBAsl DHEPTHUs, paBHAsS

(2)=2KT,

CrnenoBarebHO, MOJICKYJIAa, UMECIOIIAsl YMCIIO CTENEHEH CBOOOIBI PaBHOC |
Oyznet o0naaaTh SHepruei

59



E :%kT. (4.33)

m o
YMmuoxuB (10.2) Ha umcno monekyn N=N AM MOKHO HaWTH SHEPTUIO

CUCTCMBI KaK CYMMY SHGPFI/Iﬁ BXOOAIIHUX B 9Ty CUCTEMY MOJICKYJI

u=_"RgT. (4.34)
2M

I'me R=k-N, = 8.3111—‘% — YHUBEpCcaJbHas ra3oBasi HIOCTOSIHHAsI.
Mo - K

Dta sHeprus Nojaydyusa Ha3BaHUE BHYTPEHHeH JHEPTruM CUCTEMbI.

K BHyTpeHHEN »JHeprum HE OTHOCHUTCS KHHETHYECKas DJHEPTUS
JIBWKECHUS CHUCTEMBl B LEJIOM M IMOTCHUUAIBHAS JSHEPIUsA CHUCTEMBI BO
BHEIIIHUX MOJIAX.

Huddepenmupyst  (10.3) MOKHO HaWTH dU:%%R-dT WId B

MPUPAIICHUIX

AU=LMR AT, (4.35)
2M

rne AT=T,—-T,. Ecmu AT=0,T01 AU=0.

N3MeHeHne BHYTPEHHENM OSHEPIMM HE 3aBUCUT OT IIpoLecca WIH
COBOKYITHOCTH ITPOLECCOB, NPUBEAIINX K W3MEHEHHMIO COCTOSIHMS rasa, a
ONPENEIISIETCA TOJBKO HAyaJbHBIM M KOHEYHBIM COCTOSHHMEM CHUCTEMBI.
BHyTpeHHsI1 SHEprusi [BISIETCS OJHO3HAYHOM (PYHKIMEW COCTOAHMS, T.€.
KOKJIOMY COCTOSIHMIO CHCTEMBI COOTBETCTBYET OJHO M TO K€ 3HAYCHHUE
BHYTPEHHEN JHEPruHU, HE3aBUCUMO OT TOTO, KAKHE IPOLIECCHI NIPUBEIHU €€ B
9TO COCTOSIHUE.

6. [lepBoe HAYAJI0 TEPMOTUHAMUKHA
Tepmoaunamuka — pazoen Quauxu, uzyyarowull oowue ceolucmed
MAKPOCKONUYECKUX CUCTEM, He KACASICb MUKDONPOYECCO8.
OcHOBY TepMOAMHAMUKH 00pa3yeT 2 e€ Havaa:
1-0e Hayano TepMoaMHAMUKN: Konuuecmeo meniomsi, nepedartoe
cucmeme, uoem Ha UsMeHeHue GHYmpeHHell dHepauU U cogepulerue pabomoi
NpOMUE HEUWHUX CUIL.
dQ=dU+dA (4.36)
Ilepeuiii 3aKkon MmepmMoOOUHAMUKU RPUMEHUMENECH K U3ONPOUECCAM:
1. U3otepmuueckuii T=const, mo dU=0; dQ=dA
2. N30x0pHbIi V=const, mo dA=0; dQ=dU
3. M300apHbiii P=const, mo dQ=dU+dA
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4. AnnabaTHbBIA AQ=0;
A= - AU - anuabGaTHOE pacuIiipeHue
AU=-A - agnabaTtHOE C)KaTHE.

7. YaenbHass 1 MOJSIPHASA TEINI0EMKOCTH

TennoémkocTs - @usuueckas GenuuuHa, YUCIEHHO  PABHAS
OMHOWIEHUIO KOJIUYECmB8a MeNnI0moul, KOmopoe HeoOX00UMO 3ampamums,
umo6bwl Hacpems cucmemy Ha 1 K.

AQ e
C =T [c]= [7] (4.37)
Tem10€éMKOCTh ObIBaET:
- y0enbHOl
- MOJApHOU

Yoenvnaa mennoémxocmo eemjecmea - smo xonuvecmeo meniomel,
KOmopoe Heobx00umo 05t HazpesaHnus I ke eewecmea na 1 K.

dQ=c-m-dT (4.38)
o= 9Q [c]{ o } (4.39)

mdT ke K

Monapnaa mennoémkocms - 3mMo KOAU4eCmeo meniomsl, KOmopoe
Heobxo0umo ons Haepesanus 1 monsa eewecmea na 1 K.

4Q=C-v-dT (4.40)
TI€ VvV - KOJINYCCTBO BCIIICCTBA.
_dQ 1 :{ e } (4.41)
T monb - K

YaenbHas W MOJIApHAs TCIUIOEMKOCTH CBS3aHBI MEXKIYy COOOM
bopmyIoii:

C
c=~ (4.42)

Tennoémkocmv mena 3aeucum: om e20 MACChbl, XUMUYECKO2O
cocmaesa, MmepmMoOOUHAMUYECKO020 COCMOSAHUS U 68U0d mMo20 npoyecca 8
KOMOpom mesy nepeoaemcs dHepeusl.

B amnabGatHoM mporecce AQ=0,=>C=0

B m3oTepmuueckom nporecce A T=0, => C=w0

Tennoémkocmu npu nOCMOSAHHOM OAGIEHUU HA3bIBAECMCS U300APHOIU
mennoemkocmvio C, , npu NOCMOAHHOM 00bEME - U30XOPHOU MENI0eMKO-
cmoio Cy .

C,= C, + R ,-ypaBHeHue Maiiepa (4.43)
Cv= é R, rae I- 4MCiIo CTereHel cBOOOIBI.
i+2
Ch=——R
P 2
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B tepmoamHamuke BaKHOE 3HAYE€HHWE WMEET BEIUYMHA  y :%

v
aouadbamuueckas nocmosannasn. Iloacrasiss
3HAYCHUS TEIUIOEMKOCTEH MOXHO IOJTYYHTD:

_i+2

i
8. PadoTa ugeajabHOIO ra3a.
Kpyrosbie nukJibl

[lycTp ra3 HaxoAuTCAd B COCyHAE, KOTOPBIU
3aKpBIT MOPIIHEM, AS - IUIOMAAb TOPITHS.
Prc. 4.8. Konpenenennio  [Tepemectum nopuens Ha paccrosaue Al, mox

padoTHI .
neiicteuem cuiel F (puc.4.8).

[Ipu sTOM coBepiuTCcs padoTa:

A=F-Al (4.44)
W3BecTHO, 4TO P= g —F=P-AS (4.45)

[ToxcraBuM mpaByto yacTh ypaBHeHus 4.45 B 4.44, nony4um:
A=P-AS-Al =p-AV,AV =AS-Al - usmeHenne oobEMA.

a) A= p-AV - paboTa npu u300apHOM mpolecce.

0) npu u3oxopHoM npouecce A=0 , T.x. V=const

B) mpH U30Tepmuueckom npouecce (T= const)

V2
A= [pdv, (4.46)
V1
RT
0003HaUYNM p = —
Vv
_tRT v _rTn Ve 4.47
A_levdv_RTanl (4.47)
Pl V2
TR 5Ty, TO paboTa IpM M30TEPMUYECKOM Ipolecce Oymer
2 1
paBHa
P
A=RTIn-1t
= (4.48)

2

') IpH aANA0ATHOM Ipolecce
dA=-dU, o6o3nauum dU=C,dT
dA=- C\dT

TZ
A= jxm =—Cv(T,-T)=Cv(T,-T,)

T
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A=Cv(T;-T,) (4.49)
9. Hukauyeckue (Kpyrosbie) mpoueccol. Padora nnkia

KpyrossiM mnpoumeccoM uJIM HUKJIOM HA3bl8AEMCs Npoyecc, npu
KOMOPOM cucmema, npouos psaod COCMOSHUL, 60368PAWAEMCS 8 UCXOOHOE
cocmosinue. Ha pV- nuarpamme nmukin u300pakaeTcs 3aMKHYTOM KpPHBOM.
Ecoum nukn ocymectBisiercs mo yacoBoit ctpenke (1), To oH Ha3biBaeTcs
npamovim, eciu B oOpatHom HarpasieHu (11)- oopammuwim.

CoBepuiuB I1IMKJI, CHCTEMa BO3BpAIllAa€TCsl B HCXOJIHOE COCTOSHUE.
[TosToMy M3MeHeHHEe BHYTPEHHEH SHEPTUH 3a IUKI paBHO Hymo, T.e. dU=0.
CnenoBatenbHO, paboTa, COBEpIICHHAsI CUCTEMOM, Oy/leT paBHA KOJIUYECTBY
TEIUIOTHl MOJIYYEHHOMY cUCTeMOil. PaboTa, coBeplleHHas CUCTEMOMl paBHa
wiomaau 1ukia Ha pV- muarpamme. OJHaKO HY’XKHO UMETh B BHUAY, UYTO B
IPOILIECCE OCYIIECTBICHHUS LIMKIIA, CUCTEMA HE TOJIBKO II0Jy4aeT, HO U OTHAET
HEKOTOpOE KOJIMYECTBO TEIUIOTHI U, ciieaoBaTeabHo Q=Q;— Q;,

rae Q;— KOJMYeCTBO TEIJIOTHI, TOJYIeHHOE CHCTEMOM;

Q, — KOJIMYECTBO TEILIOTHI, OTAaHHOE crcTeMoit (Q; <0).

[ToaToMy TepMuUYecKHil KO3(P(PUUMEHT TMOJE3HOr0 JEHCTBUS LHUKIIA

MO>KHO HalTH 1o hopmyre:

A Ql _Qz

n= 61 = T (4.50)

P Muka Ha3pIBaeTcsi 00pPATHUMBIM,

€eCciu OH Moorcent ocyuwecmeambsvcs

KAaK 6 npAamom, makxK u e 06panHOM
HanpaejieHuu u npu mMom 6

OKpyJcaouleil. cpede U 8 CaAMOll

cucmeme He npoucxodum HUKAaKux

) ¥ . . .
USMEHEHUU. Beaxkuu Opyeou
npoyecc, He Y0081eMEOPAIOUULL
Puc. 4.9 Kpyrosoii nponecc Ha nuarpamme (P, V).  smum yenosusm oyoem
abc — kpuBas pacumpe cda — kpuBas CxKaTHsL.
pHBast pACIIMPEHHUS, pUBast CHKATHS HeOBGPATHMBIM.

Paborta A BKpyroBoM IIpoliECCE paBHA IJIOIIALN
PabGora mukna omnpenensercs IO

bopmyite:
Au :Apacump. 'Acofcam.

[Iportecc Oyaer oOpaTUMbIM, €CIM OH SIBISETCS PaBHOBECHBIM.
OOpaTuMOCTh PaBHOBECHOTO MpoIlecca CIAEAyeT M3 TOro, 4TO €ro Jrobdoe
MIPOMEKYTOUHOE COCTOSIHHC TaKKe SIBIISICTCSI COCTOSIHUEM
TEPMOJIMHAMUYICCKOTO PAaBHOBECHS.

10.TennoBble Mamnubl. Bropoe Hauaj10 TepMOAUHAMUKH
Bropoe Hauyajo TepMOAMHAMHUKH YCTAHABIMBAET HEOOPATUMOCTH
MaKpOCKOMUueckux npoueccoB. IlepBas popmynupoBka 3Toro Hauyana Oblia
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nana B 1850 romy Knaysuycom: wnegoszmoowcen npoyecc, npu KOmMopom
MenIoma camonpou38oibHO nepexoouna bvbl om MeHee HA2pemo2o meid K
bonee Hazpemomy.

Hcropudecku BTOpOe Hadajao TEPMOIMHAMUKH BO3ZHHMKIO W3 aHAIHM3a
paboTHI TETJIOBOTO JBUTATEIIS.

TemyoBoii ABUraTeb npeocmasisiem cobou cucmemy, pabomarouyio
3a cuem GHEWHUX UCTMOYHUKO8 Mend, KOMopas nepuoouyecKu nogmopsiem
Mom UIU UHOU MEPMOOUHAMULECKUT YUK U Npeobpazyem meniomy 6 mexa-
HU4ecKyto pabomy.

[IpuHuunuanebHas cxeMa Terlo-
BOr'O JIBUTATeNsl M300pa)keHa Ha pHuC.
4.10. JlroOoli TEIUIOBOW [ABUTraTellhb
JIOJDKEH UMETh pabouee Teno, Harpe-
BaTesb ¢ Temuneparypor T, KOTOPBIN
nepeaaeT paboueMy Telly KOJUYECTBO
A=01-0> TerIoThl Q; U XOJIOAWIBHUKA C TEM-
nepatypoil T, , KOTOpbIi 3a0upaer y

: . pabodero Tenga KOJWYECTBO TETUIOTHI
Xonoaunsuuk 7> Q,

HarpeBatens 7

O\

Pabouee
TENo

Puc.4.10. TeruioBoil nBUTraTeNb

B pesynbrare coBepmraercsa pabora A= Q;- Q.. Orcioma cremyer, YTO He-
BO3MOYKHO €O3/1aTh [BHMraTejb, KOTOPbI BCI MNOJYYEHHYH) TeIUIOTY
npespama’j 0ol B padoTy. ITOT NPUHIUI HA3BIBAETCS BTOPHIM HAYAJI0M
TepMoauHaMHKH B popmyaupoBke KeabBuna-Ilnanka.

_ Ql - Qz
KI1]I nBuratens pasen: 77 = Q <1 (4.51)
1

X0J10AWIbHONH YCTAHOBKOW Ha-
3bIBAETCH HUKJIUYECKH JIelicTBYIO-
1ee yCTpoOiiCTBO, KOTOpoe MOojaaep-
’JKMBaeT B XOJIOJMJIbHOH KaMmepe
Temneparypy 0oJiee HHM3KYH, 4YeM
OKpYXKAKOLIeH cpese.

PaccmoTpum  paboTy  XOJI0AMIIBHOM
MamuHbel. B 3TOM ciiydan, ot Oonee
XOJIOJHOTO Telda OTOMpaercs HEKO-
TOpPOE KOJIMYECTBO TEIUIOTHI Q,, a 00-
Jee ropsaeMy nepeaaéTcsl KOJIMIeCTBO
tertoTel  Qp > Q, . UToOBI 3TO OBLIO
BO3MOJKHO, Ha/T pabO4YuM TEJIOM HaJI0
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Pabouee
TEJIO

XonoannbHUK 7>

Puc. 4.11. XomomamsHas MarmmHaa



coBepuTh padoty A= Q- Q.. M3 ananuza paboThl X0JIOIUILHONU MAIIMHBI
BBITEKAaeT Jpyras (OpMyJUpPOBKa BTOPOTO  Hadaja  TEPMOJUHAMUKHU
(Knaysuyc). be3 coBepuienusi paboThl HeJIb351 0TOOPATh TEIJIOTY y 0oJiee
XO0JIOIHOTO Tejia M mnepeaarb eé Oosee ropsuemy. CamMonpomn3BoJiLHO
TEMJIOTA MOKET MepPexXoauTh TOJbKO OT 0oJiee rOpsiuuX TeJ K MeHee
ropsiunM.

Q,

Beanuuna 7n=—2— > 1 Ha3piBaercss KOIQPPUUUEHTOM IOJIE3HOIO

Ql _Qz
AEeCTBUSA X0100UbHOU YCHAHOBKU.
XonoauiabHash YCTaHOBKA MOKET OBITh HCIIOJb30BaHA KaK TEIUIOBOU

Hacoc JIsi oToruieHus. [Ipu 3ToOM 3JeKTpO’HEPTUs UCHOJIb3YeTCs ISl TOTO,
4yTOObl TPHUBECTH B JEHUCTBHE XOJOJWIBHYIO YCTaHOBKY, B KOTOpPOMl
HarpeBarelieM SBIIETCS OTalIMBA€MOE TIOMENIEHUE, a XOJOAWIbHOM
Kamepor - HapyxkHas atMmocdepa. Ilpu 3TOM oTamiuBaeMoe MOMEIICHUE
noJiy4aeT OoJIiblliee KOJMYECTBO TEIUIOThI, YE€M €ro BBbIACNSECTCS IMpHU
HEMOCPEJICTBEHHOM  MpeoOpa3oBaHUM  DJIEKTPUYECKOW  DHEPTrUd  BO
BHYTPEHHIOIO DJHEPrUI0 HArpeBarelieM THUMa JJIEKTPUUYECKUX TEYEH,
ANEKTPUYECKUX TUTUTOK U T.1.

Ilpumenenue nepeozo u 6mopozo HA4aANa MEPMOOUHAMUKU K HCUBLIM OP2AHUSMAM .

JKuBble OpraHu3Mbl - 3TO CBOEOOpa3HbIC TEIUIOBHIC JIBUTATENH, MMOJydYalolie TeIJIOTY B pe3yibTare
MPOUCXOSIIINX B HEM 3K30TEPMHUECKUX PEAKIMH, B KOTOPBIX YIaCTBYIOT OHOJIOTHYECKUE MAKPOMOJIEKYJIBI.
Kak nro0o#i TemnoBoii 1BUrarelb, OpraHu3M BBIIEINSIET TEIUIOTY U COBEpILIAET paboTy. DTO BO3MOXKHO JIMIIIb
NPY HAaJIW4KE B OPTaHU3ME UCTOYHMKA Terula. Ha oMH M3 NCTOYHHMKOB «OKMBOTHOTO TEIIa» BIIEPBBIE yKa3all
B KoHIle 18 Beka dpaHiy3ckuii xumMuk JlaByasbe, KOTOPBIA YCTaHOBUII, YTO CYIHOCTB JIBIXaHUsI 3aKJIFOYAETCs
B DK30TEpPMHYECKON (C BBIZEICHHEM 3HEPIUH) PEaKkiMu NMPHCOEANHEHHUs KUCIOPOAa BO3AyXa K BOAOPOIY H
YIIIEpOJLy, HaXOSIIMMCS B MOJIEKYJIaX OpraHM4ecKuX BeuecTB. [103ToMy KH3Hb, 110 00Pa3HOMY BBIPAKEHHIO
JlaByasbe, peCTaBIAET COO0H «3aMeUIEHHOE TOPCHHUEN.

Maifep, HEMEIKUH yueHBIH cepeanHbl 19 Beka, CIy)KMBIIMH BpadoM Ha KopaOie, 3aMeTHiI, YTO IpHu
IUIaBaHUM B TPOITMKAX I[BET BEHO3HOW KPOBHM, KOTOPYIO OH BHJIEIN IPH KPOBOITYCKAHMAX Y YICHOB KOMAHJBI,
spue, 4YeM ITIpH [UIAaBaHUHM B XOJOAHBIX MOpsix. OH C yIUBICHHEM OTMEYal, YTO B CHIIBHYIO )Kapy BEHO3Has
KpPOBb M0 IBETY MOYTH HE OTINYACTCS OT apTepUabHOW, 3HAUNT OHAa CHJIBHO HACHIIICHA KHCIIOPOAOM,
KOTOpBIN ObUT MaJlo M3pacXo/I0BaH OPraHU3MOM B apTepHalbHOl cucteMe. ClieoBaTeNbHO, MPEIOIOKII
Maiiep, npu Hanuyuu OOJBIIOrO NMPHUTOKA TEIUIa W3BHE B JKapKyl0 MHOroay HOTpeOleHHe KHCIopoja
OpPraHU3MOM YMEHBIIAETCS ¥ BHYTPEHHUE HCTOYHHMKH TEIlia padOTalOT MEHEe HHTEHCHBHO.

Brrson (B 1842 1.) cnenan Maiiepom:

Beinensironasicsi B Ipolecce OKUCICHUsI BHYTPH JKHBOTO OpraHM3Ma SHEPrisi YaCTHYHO MPEBPAIIAeTCs
B TEIUIO, a YacTMYHO pacXojayeTcs Ha COBEpLICHHE MeXaHW4ecKod paboTel. T.0. Maiiep BmepBble
pacnpocTpaHuiI NepBOe HAYaJI0 TEPMOJANHAMUKH Ha )KUBOW OPraHU3M, 3aJI0’KHII OCHOBBI OMOIHEPTETHKH.

Hanpreiimme pabotsl I'. T'emromsia (1847) u 1. JIxoynsa (1850) n obGoOmieHne pe3yiabTaToB MX
UCCIIEI0BaHUT O3BOIHIM CPOPMYIIMPOBATH 3aKOH COXPAHEHHUS M TIPEBPAILCHHUS YHEPTHH.

11. DuTponus
Iumponus - @yHKkyus cocmosHus, ougpgepeHyuaiom Komopou

dQ

A6J1senicsi ontHoulenue. —
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K

rae  AS- npupamneHue dHTpormu; dQ - KOJUYECTBO TEIUIOTHI, T -
TEeMITepaTypa CHCTEMBI.

DHTponus SBISAETCA KOJUYECTBEHHONW MEPOW CTENEHU MOJIEKYJISPHOTO
Oecropsijika B CUCTEME.

CooO1ieHue cucteMe Temiia NPUBOJAUT K YCHJIECHHUIO TEIJIOBOTO
JBIDKEHUSI MOJICKYJT M CJICJIOBATEIPHO K YBEIMUCHHUIO CTENIEHU Oecropsiaka B
cucreme. Uem BbIme Temreparypa (T.e. OOJbIIe BHYTPCHHSS DHEPTHUS
CHUCTEMBI), TEM OTHOCHTEIIbHO MEHBINEH OKAa3bIBACTCS JOJIsA Oecropsiika,
00YCJIOBJICHHOTO COOOIIICHHEM JTaHHOTo KostruecTBa Teruia dQ.

IIpu Temnepatype adCOJTIOTHOTO HYJISI JHTPONUSI BCIKOr0 BellleCTBA
paBHa 0. (teopema Hepecra) unm Tperbe Hauamo TepMoguHaMuku. OTcrona
BBITEKAET, YTO SHTPOIHS BCIKOTO TEJIa CTPEMHUTCS K HYJTIO IPH CTPEMIICHHH K
HYJIIO TEMIIEPATYPHI.

lim AS=0
T—0

as = [ﬂ_ﬂ (4.52)

12. Iluxa Kapuo u ero KIIJI nys uaeajabHOro raza
OcHnosvieanace Ha 6mopom nauane mepmoounamuku Kapno ooxkazan
meopemy: U3 8cex NepuoouyeckKu Oelucmsyrowux MAauuH, UMerouux
00UHAKOBblE MeMNnepamypvl Hazpesamenss U XOJOOUTbHUKA, OOIbUUM
Koa(hpuyuenmom nonezHo2o oeucmeus ooradarom obpamumsvle MAUWUHBL,
npu smom KIIJ] smux mawun oOUHAKo8 u He 3a8UCUM OM KOHCMPYKYUU U
npupoost paboyeco mea.

Kapno pUAYyMall HKJI,
Kod(pulreHT MOJIE3HOTO NEeUCTBUS
KOTOPOTO SIBISIETCS HAWOOJBIIMM. ITOT
IIUKJI TTOTy4Yuni Ha3BaHue 1ukia Kapuo. On
cocTouT 3 NBYX aauadar (1-2, 3-4) u nByx
o u3orepm (2-3, 4-1) (puc. 4.12).

0 : M

P 1

Koa¢ppuuuent MOJIE3HOI'0
Puc. 4.12. luxn Kapno AEHCTBHSI Takoro MHMKJIA, Kak
nokasan KapHo, onpezensercs mo Gpopmyie:
T,-T
p=ri_2 (4.53)
Tl

rae T; — Temmepatypa HarpeBaTels, T, — TeMIiepaTypa X0JIOAHIbHUKA.

Bo emopoit meopeme Kapno ooxazan, umo xo3gguyuenm nonezno2o
Oelicmeusl peaibHOll MAwuHbl, pabomarowjeil. ¢ memu dce Hazpesamenem u
XONOOUNbHUKOM 6ce20a MeHbule 3mo2o 3Hadenus. Qopmyna Kapro, maxkum
obpasom, onpeoeisiem MAKCUMAIbHOE 3HAYeHUe Kodphuyuenma none3nozo
oeticmesus meniogo2o 08ucamelsl.
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TeopeMa KapHO INOCIHy)XHJila OCHOBAHHEM JId  YCTAHOBJICHUA

Ql _Qz

TEPMOJMHAMUYECKON mIKainel Ttemneparyp. M3 dopmyn n=—-—"% wu

Q
Tl_T Qz

2 TZ
n=—" ", CIeNYeT, 4T0 % =_". s cpaBHeHus temmeparyp Tiu T, aByx
1 1 1

T€JI HaJAO0 OCYIIECTBUTh OOpaTuMbIil 1uki KapHO, B KOTOpOM OJHO TelO
UCIIOJIb3YETCSl B KAUECTBE HArpeBaTes, a IPyroe B KaueCTBE XOJIOAWIBHUKA.
M3 1mony4eHHOro paBeHCTBA CIEAYET, YTO OTHOIIEHHE TEMIIEpaTyp PaBHO
OTHOIIEHHUIO KOJMYECTB TEIUIOTHI OTAAHHOIO B JaHHOM LUKIE K
MOJIy4eHHOMY B JAaHHOM LIUKJIE.

[Tpu 3TOM XMMHUYECKHI cOCTaB pabOYero Tena He BIUSAET Ha Pe3yJIbTaT
CpPaBHEHHUs, I[OATOMY Takas TeMIepaTypHas IIKaja HE CBA3aHa CoO
CBOMCTBaMH BEILIECTB.

14.51Bnenusi nepeHoca

SIBIeHMSIMU TIEPEHOCA HA3bIGAIOMCA HeoOpamumble NPoOYeccol, 8
pe3yavbmame KOmopviX NPOUCXOOUm RPOCMPAHCMBEHHbIUL NEePEHOC IHepIUl,
Maccwl, KOIU4ecmea 08UHNCEHUS.

K siB1eHMsAM nepeHoca OTHOCATCS:

a) nuddy3us (mepeHoc Macchl)

0) TeIrI0MPOBOAHOCTD (IIEPEHOC YPHEPTHUN)

B) BHYTpEHHEE TpEeHHE (IIEPEHOC KOJIMYECTBA JIBHIKCHHUS).

[lepenoc sHeprum, Maccbl, M KOJMYECTBAa BEILECTBAa BCEraa
MPOMCXOIUT B HAMPABICHUH, OOPaTHOM HX TPAIUCHTY.

Cpeonan  Onuna  c60000H020  npobeza  MONEKYIbl  NPAMO
npOnOpUUOHAIbHA €€ cpeOHell apugmemuueckoil cKopocmu <v>u
00pamno NPONOPUUOHAILHA CPEOHEMY HUCTY CHIOJIKHO8EHUU </> 3a
COUHUYHDBLIL RPOMEICYMOK 6PEMEHU.

V)

Ay =2
(A 2 (4.54)

Iuddy3usa. Ocmoc. OcmoTruyeckoe JaBjieHHMe M €ro poJjib B
JKM3HEAeSTeJIbHOCTH PACTEHHUIA.

[Iycth B HEKOTOpOM OOBEME raza MMEET MECTO HEOJHOPOJIHOCTh a
MMEHHO: Ta3 UMEET Pa3INYHbIE TUIOTHOCTH p1 U P; .

Monekynsl audPyHAUPYIOT TyAa, TA€ IUIOTHOCTh MEHbIIE, TJIe
KOHIIEHTpalUs HUKE, B PE3yJIbTaTe HAYHETCS NIEpEMEILIMBAaHUE ra3a.

SIBjieHHe TIPOHMKHOBEHHUSI MOJIEKYJI OJIHOTO BeIIecTBA B
MEKMOJIEKYJISIPHOE NMPOCTPAHCTBO APYroro (nmepeMemnBaHue BelleCTBA)
Ha3biBaeTcH quddys3uei.

OnuceiBaeTcs npouecc ouggysuu ypasuenuem Quka:

Ap
AM = -] AS - At
A (4.55)
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rae A M - nepeHocumas Macca; %— TPaUeHT TUIOTHOCTH; AS —
mwiomanb; At- Bpems; - xoadbdunuent muddys3uu, 3aBUCAIMNA OT poja
BEII[ECTBA, TEMITEPATYPHI, TaBIICHHUSI.

3HaK MHHYC TOBOPUT O TOM, YTO Macca MEPEHOCUTCS B CTOPOHY
YMEHBITICHUS yOBIBAHUSI TUTOTHOCTH.

Ecnu B 3TOM ypaBHEHUU PUHSTH:

AS= 1M, At=Ic, AP - 1K—i,TO
Ax M
AM

= -— =" =AM, tne H- xoddpdurment nuddysun.
Ap
“ELAS - At

Koyppuuyuenm oughgpyzuu uucnenno pasen macce eewecmaa,
NnepeHocumMo2o 8  eOuHUyy  epeMeHu  uepe3  eOuHuyy — NIowaou
NepneHOUKYISIPHO ~ HANPABIeHUI0  PACNPOCMPAHeHUs Nnpu  2paouexHme
NIOMHOCMU PABHOM eOUHUYe.

Koy¢ppuuuenm ougppyzuu 3asucum om memnepamypvl u Maccwl
oup@dyroupyowux MoaexyI.

JMuddy3us nmporekaeT HE TOJNBKO B ra3000pa3HbIX, HO U B TBEPJbIX U
KUJKUX Teax.

B sxkunkoctn muddysua nporekaer B 1000 pa3 memneHHee, yem B
2

rasax, (Hanmpumep, 1t O,  J1=8- 10° 2 , a JUUIS JKUJTKOCTHU I[=10'10 ~10°°
C

=)
)
Koadduruent auddy3un 1 5KUAKOCTH ONpeaesieTcs mo Gopmysie:
q= 2
67/IRn

rne K- mocrosunas bonwsimana; T- abcomioTHast temmeparypa; R-
paguyc MoOJIeKyl; 7 - (9TTa) KOA(DPUUMEHT JTUHAMUYECKON BSI3KOCTH
AKHUJKOCTH.

To ectb ckopocTh mnpoTekaHus AUGYy3UH B KUAKOCTH MPSIMO
IPOMOPLHMOHANbHA TeMIIEpaType U OOpaTHO MPOINOPLHUOHAIbHA BSI3KOCTU. B
TBEPABIX TelaxX CKOPOCTh MpoTeKaHus Auy3un eme MeHbuie (OMbIT cO
CBUHIIOBOH U 30JI0TOM MJIACTUHKAMHU).

Juddy3us, NMPOTEeKAKIIAA yepes MOJIyNIPOHUIIAeMbIe
NeperopoiKu, Ha3bIBaeTCs 0CMOCOM.

OcyiecTBiseTcss OCMOC 3a CYET JIONOJHUTENBHOrO JaBJICHUS,
0OyCJIOBJIEHHOTO Pa3IMYHON KOHIIEHTparuend AudyHIAUpYOMUX YacTUIl 10
pa3HbIe CTOPOHBI IEPETOPOIKH.

DTO [JaBJieHWE HAa3bIBACTCA OCMOMIUYECKUM U MOXET ObITh
paccuuTaHo 1o GopmyJe:

68



2
p= gnO(E> (4.56)
rie No- KOHICHTpamus (YUCIO0 MOJICKYJ BEIIeCTBa B CAWHUIYY OO0BEMA);

(E)—cpeaHss KHHETUYECKasl SHEPIrus MOJICKYI.

P=pgh- ruapOoCcTaTUYECKOE JaBICHUE.

Huddys3us nMeeT BaKHOE 3HAYCHUE B JKU3HEIEATEILHOCTH KUBOTHBIX
u pactennil. Okoso 98% HeoOX0AMMOTO )KMBOTHOMY OpraHU3MY KHCJIOPOJa
MIOTJIOIIAETCS JISTKUMH B miporiecce Audy3um.

OOMeHHBIE TIPOIIECChl B KUBBIX OpraHM3Max MpOTeKaeT Osaromaps
muddy3un  HMOHOB  Yepe3  KIEeTouHble MeMmOpanbl. [IpoHMKHOBEeHHE
PacTBOPEHHOTO BEIIECTBA B PACTUTEIBHYIO KJIETKY ONpENeNsieTcs ypaBHEHU-
eM:

AM =—JIAC , Tae AC- pa3sHOCTb KOHUEHTpAUWW BHYTPU KIETKU U
CHapyXHu.

Hubdy3us sgBisieTcss OCHOBHBIM MEXaHHU3MOM, OO0€CIIeUHUBAIOITUM
ra3o00MeH MEXJIy IOYBEHHBIM U aTMOC(PEPHBIM BO3JyXOM, T.€. BBIHOC
YIJIEKUCIIOro ra3a B arMocepy M INEpeHOC KUCIopoJa B 0OpaTHOM
HanpasieHuu. IlyreMm  nuddy3noHHoro  oOMeHa  4Yepe3  JIUCThA
OCYILECTBIISIETCSA YACTUYHO U MUTAHUE PACTECHUIA.

TenonpoBOAHOCTH - 3TO MPOLECC PACIIPOCTPAHEHUS TEMJIOTHI OT
0oJiee HarpeTbIX YacTHIl Tejla K MEHee HAarpeTbiM, He COIPOBOKIAI0-
INMICH MEePEeHOCOM MAacCChl BellleCTBA WM M3JyYeHHeM JHepPruu B BHJE
3JIEKTPOMATHUTHBIX BOJIH.

TennonpoBoAHOCTh 0O0yCNOBI€HA TEM, YTO YacTHUIbl BO3ayXa
(MOJIEKyJbI, aTOMBI, DJIEKTPOHBI) O0JaJaf0T OOJBIION KUHETHYECKOU
AHEPrUen U nepeaaroT €€ MeHee ObICTPhIM YaCTHUIIAM.

[lepenaya TEMmIOTHI TEIJIONPOBOJHOCTBID MOXKET OCYIIECTBISATHCS
MEXIy JIIOOBIMH TEJaMu JIN0O Yepe3 MpOMEKYyTOUHYIO cpeny. Uepes Bakyym
TEIUIOTa HE TMEepeNaeTcs, TaK KaK TaM OTCYTCTBYIOT YaCTHIIbl BEIECTBA.

I[Iporecc TEMIOMPOBOJHOCTH OMUCHIBACTCS ypasHenuem Dypeoe:

AT
AQ = —XEASAt (4.57)

AT
o IPaJyueHT TEeMIIEpaTyp, MOKAa3bIBAET U3MEHEHHE TEMIIEpaTryp Ha
X

K
CAWHULY JJIMHBI (—j 3Hak MHUHYC TOBOpPHUT, O TOM 4YTO JOHCPIUA
M

NEPEHOCHUTCS. B CTOPOHY YMEHBIICHHsI TeMmmepaTypbl. AS- rmomanb
nosepxHoctu. (1M, At-Bpemst (1c¢).

ITyctp AT :15, AS=1m" , At=1c, Torma AQ =y
Ax M
7 (Ko3agppuyuenm mennonpoeoonocmu)- YucieHHO pPABeH KOIUUECm8Y

o 2 .
menjiomsl, nepeHocumou uepes mou;adky ]]l/l nepneHduKyﬂﬂpnou
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nomoky 3a Ic npu epaduenme memnepamypvl pasHvim —I, o 3asucum om
ceolicme cpeobl (sewecmasa,).

. AQ [ Bm }
AT \sat m-K
AX

MNHTEHCHBHOCTHLI0 TEILJIOBOI0 IOTOKA HA3bIBACTCS KOJIMYECTBO
TCIUIOTBHI, IICPCHOCHMMOC B CAWHHIY BPCMCHHU 4YCPC3 CAMHUIY IIIOIIAAN
IMOBCPXHOCTH:

AT
-y — ASAt
ASAt ASAt AX

B
Haun0ob111yIo TeIIonpoBOIHOCTh UMEIOT METAILTHI ( y = 40 — 400—m[( :
M .

Bm
Jns cpaBHEeHUA: ys030yxa = 0.024 ——.
m-K
B xuBBIX OopraHu3mMax TKaHHW UMCIOT pa3JINYHbIC TCINIOIIPOBOJHOCTHU U
9TO Pa3IMuIuC BECbMa CYIICCTBCHHO AJIA TCIINIOBOT'O PEKUMaA OpraHr3Ma.

3HaunuTeIbHAS TCILJIOIIPOBOAHOCTD MBIIICYHBIX TKaHEH

Bm
(x= O.S—K ),[I03BOJIIET OBICTPO MEPEHOCUTH TEILJIO OT BHYTPEHHUX OPTaHOB
M .

K HapyXHBIM (KOKa), IpeoXpaHsisi BHYTPEHHHE OpraHbl OT Ieperpesna.

[Ipy HU3KHX TemIiepaTypax BHEIIHEW CpPEAbl CIIOW KUPOBOW TKAHU
(x=017)

MPENATCTBYET OBICTPON yTEUKE TEIlIa.

Medwcoy monexkyramu HCUOKOCMU CYWECMBYIONM  CUNbL  83AUMHO20
NPUMSAIICEHUS, KOMOpble NPOAGIAIOMCA NPU  OBUNCEHUU OOHO20 CHOS
HCUOKOCMU OMHOCUMENbHO 0py2020 8 6Uude GHYMPEHHE20 MPEeHUs UlU
6A3KOCHU.

BuyTpenHee TpeHue (BS3KOCTb) — 3TO CBOHCTBO peajbHBIX
JKUAKOCTEeH (WM ra3oB) 0Jiaroapsi KOTOpOMY BHIPABHUBAETCH CKOPOCTh
JABUKEHHS PA3JIUYHBIX CJIOEB.

Ilycth naHa HEMOJBWKHAS IJIaCTUHA A B JKMAKOCTH, a APYTryIO
IacTuHy B- mosiokuiim Ha MOBEPXHOCTh KUAKOCTH. [lepemecTtum €€ mon
JIeUCTBUEM CUITBI F.

CKOpOCTb JIBUXKEHMSI CIOEB JKUAKOCTH BO3pAacTaeT OT IJIACTHUHBI A K
mractuHe B. Tak kak ciionm )XKUAKOCTH NEPEMEIAIOTCA IPYr OTHOCUTEIIBHO
JpyTa, TO KAKABIM CJION MOJTYy4aeT YCKOPEHUE CO CTOPOHBI BEPXHETO CJIOSl U
TOPMO3UTCS] HU>KHUM.

Hvromon ycmanosun, umo cunvl mpeHus medxicoy CLoAMU HCUOKOCMU,
OBUNCYWUMUCSL  C  PA3HBIMU — CKOPOCMAMU, — 3ABUCAM  OM  HIOWAOU
CONPUKACAIOWUXCSL CTIOEG U OBICMPOMbL, C KOMOPOU MeHIemcs CKOpOChb Npu
nepexode om O00HO20 CI0Si K OpPY2OMY 8 HANpasieHuu, NepneHOUKyIaspHO
MeyeHUuI0 HCUOKOCMU, IMa elTUYUHA HAZbIEAECM CA 2PAOUEHIOM CKOPOCHLU.
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AD

grad:? = F
Cl/IJIa BHYTPCHHEI0 TPEHUA COTJTaCHO (l)OpMyJIe HbroToHna paBHa:
Av
Fp = —UEAS , (4.59)

r7ie AS - TUIOIIA/lb COMPUKOCHOBEHUS CIIOEB )KHUIKOCTHU; 77- KOI(DPHUIHEHT
JTUHAMUAYECKOU BSI3KOCTH KUJKOCTH.

F
A as
Al

Koygppuyuenm ounamuueckoui 6A3KOCMU YUCIEHHO pPABEH CUJe
BHYMPEHHe20 mMpeHUs, OeucCmeyliowuil Ha eOuHuyy Hniowaou mpyuuxcs
C0€8, npu epaouenme CKOpOCmu pagHom 1.

Koaddunment auHaMudeckon BSI3KOCTH 77 3aBUCHT OT POJia KUIKOCTH

1 oT €€ Temriepatypbl. C OBBIILICHUEM TEMIIEPATypPhbl 77 YMEHBIIIACTCA.
H
=] 2 wc|~lrma-c]
M
B cucreme CI'C enununeit usmepenus Ba3koctu ciryxut Ilyas (IT).
r]-| 2]
(&7}

5
1Ua~c=110 €101

04

n= ,ecnn%:l, AS=1T0 n=F

JlanHag eauHUIIA BSI3KOCTH HAa3BaHa B YECTh 3HAMEHUTOI'O YYEHOTO
[lyasenns.

Bonpocwt ona camokonmpons

1. CdhopmynupoBaTh OCHOBHbBIE MTOJIOKEHUS MOJEKYJISIPHO—
KUHETUYECKON TECOPUH.

2. Uto Takoe uaeanbHbId Ta3? [lepedyncinTe OCHOBHBIC XapaKTEPUCTUKU
UJI€aJbHOIO rasa.

3. OcHOBHOE ypaBHEHHUE MOJIEKYIIPHO—KHHETHUECKON TEOPUH ra3a.

4. ®opmya 3aBUCUMOCTHU JABJICHUS UJICAJTLHOTO Ta3a OT TEMIIEPaTyphI.

5. 3akoH [lanpTOHa.

6. YpaBuenue MenneneeBa—Knanepona.

7. Urto Takoe u3omnporecchl (onpeaeneHue)?

8. Cdopmymnuposats 3akoH boitsi—MapuoTra.

9. Cdopmynuponats 3akoH I'eli—JItoccaka.

10. Cdopmynupoats 3akoH [laps.

11. Yto Takoe 4uciao CTeneHer cBOOO0 bl MOJIEKYJIbI?

12. ®opmysna BHYTpEHHEH SHEPTHH.

13. ®opmysl paboOTHI Taza.
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14.
15.
16.
17.
18.
19.
20.
21,
22,
23.
24,

25,
26.
217,
28.

29.
30.
31.
32,
33.
34,
35.
36.

w

N OA

CdopmynupoBath repBoe Ha4aI0 TEPMOJIUHAMUKHU.

IIprmeHneHne nepBoro Hayajga TEPMOAUHAMHUKH K U30IIPOLIECCAM.

UTto Takoe ynenbHas TEMI0EMKOCTh?

Yrto Takoe MOJISIpHAs TEIIOEMKOCTh?

dopmysia MOJISPHOHN TEIIIOEMKOCTH IIPU TOCTOSSHHOM O00BEME.

dopmysia MOJISIPHOM TEITIOEMKOCTH IIPU OCTOSIHHOM JIaBJICHUH.

DOU3NYECKNAN CMBICIT YHUBEPCAIBHON Ta30BOM MTOCTOSTHHOM.

YpaBuenue Maiiepa.

AnuabaTudeckas MoCTOSTHHAS.

Kakoii npouiecc Ha3pIBaOT aiua0aTHBIM?

[IpuMeHeHne mepBOro Hayajga TEPMOJUHAMUKHU K aJInabaTHOMY IIPO-
eccey.

VYpasuenus [lyaccona.

Kakwne npoueccrl Ha3bIBAIOT HUKIUYECKUMU ?

PaGota nukia.

Bropoe Hauwano tepmoauHamMuku B (opmynupoBke KenbBuHa—
[Imanka.

Bropoe nHauano repMmoguHaMuku B popmyauposke Kiaysuyca.

KIIJI mukma.

Huxn Kapuo. KITJ nukia Kapno.

Yrto Takoe SHTpOIHs ?

UTto Takoe jyirHa CBOOOAHOTO MPoOera MOJICKYJIbl ?

®opmyna HeroToHA 111 BA3KOTO TPEHUSL.

®dopmyna Ouka s audys3un.

®opmyna Pypbe 1715 TEIIONPOBOJHOCTH.

BOI’IpOCbl 07151 CAMOCHOAM EIbHO20 usyuenun

Maccsl atoMoB 1 MoJieKys1. OTHOCUTENbHAS MOJEKYJsipHas macca. Ko-
IM4YecTBO BemecTa. Yucno ABoraapo. MonsipHas mMacca.

ITocrostaHas bonbsiimana.

CpenHsisi KHHETUYECKasi SHEPrus MOCTYNaTeIbHOTO JBUXKEHUS OJHO-
aTOMHOU MOJIEKYJIBI M €€ CBSI3b C TEMIIEPATYPOU.

Tepmomerpuueckoe teino. [kansl Temmeparyp.

Pacnpenenenue Monekysa o CKOPOCTSIM.

Pacrnipenenenne Makcseia.

Pacrnipenenenue bonbiumana.

BapomeTpuueckas hopmyia.
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PA3JIEJI Ne3 «QJIEKTPUHYECTBO U MAT'HETHU3M»

Jlexus Neb
Tema Jeknun: «JeKTPUUYECKOe 10JIe B BAKYyMe»

Ilnan aeknun:

1. Dnextpuyeckuii 3apsa. Hocurens 3apsga. DieMEHTApHBIN 3JIEKTpHYE-

CKUH 3apsij. 3aKOH COXPaHEHUs AIEKTPUUECKOTO 3apsiia.

2. 3axoH Kymona.

3. DIEKTpUUECKOE MOJIE U €r0 CBOMCTBA.

4. Hanpsk€HHOCTD OIS

5. [loTok BekTOpa HApPSHKEHHOCTH dJIeKTpudeckoro mnoist. Teopema rayc-

ca.

6. Pabota cui 31eKTpUYECKOTO MOJId NpU MEpPEMEIICHUH B HEM 3apsija.
[Torenuman. Pa3HOCTh MOTEHIIMAIIOB.

7. HanpspkeHHOCTD 3JEKTPUUECKOro MOJIs KaK IpaJueHT NOoTeHInaa

8. Lupkynsius BEKTOpa HAIPSHKEHHOCTH SJIEKTPUUECKOTO TMOJS 0 3aMK-
HYTOMY KOHTOpY.

1. Dnexrpuuecknii 3apsia. Hocuresn 3apsaaa. JiaeMeHTAPHBIH
JIEKTPUYECKHUI 3apsi]l. 3AKOH COXPaHEHHH JJIEKTPHUYECKOro 3aps-

aa

N3yueHune 37IeKTPUIECKUX SIBJICHUM HAUHEM C DJIEKTPOCTATUKH.
B npupoze cymiecTByrT ABa pojia 3JIEKTPUUYECKUX 3aPSIOB — MOJIOKUTEIb-
HbIE U OTpUIATETIbHBIC.

[TonoxxuTenbHbIE 3apsiabl BO3HUKAIOT, HAIPUMED, HA CTEKIIE, HATEPTOM
KOXEH, a OTpULIATEeNIbHbIE — Ha SHTape, HaTepTOM IIepcThio. OJTHOMMEHHO
3apsHKEHHBIE 3apsiibl OTTAIKUBAIOTCA JIPYT OT Jpyra, a pa3HOMMEHHbBIE MPU-
TATUBAIOTCS.

3Hak 3apsia, BO3HUKAIOIIETO Ha TeJie P AJIEKTPHU3allMi TPEHHUEM, 3a-
BHUCHUT HE TOJIBKO OT XMMUYECKOI'0 COCTaBa Tejla, HO U OT TOr0, C KaKUM JIpy-
TUM TEJIOM OHO COTpPUKACAeTCs Mpu TpeHuu. Tak, cTekno, Hatéproe daHe-
JBbI0, 3apsKaeTcs MojoXkuTeabHo. KpoMe Toro, 3HaKu 3apsioB, BO3HUKAIO-
IIUX TIPU TPEHUU, 3aBUCAT OT COCTOSIHUSI TPYILUXCS TOBEPXHOCTE.

[Ipu snekTpuzanuu Ten TpPEeHUEM Bcerga oba Tesna OJAHOBPEMEHHO
ANEKTPU3YIOTCA, MPUYEM OJHO W3 HUX TOJYYHUT MOJIOKUTENbHBIM 3apsn, a
Jpyroe — oTpuuaTebHblid. Eciu 10 anekTpu3anuu Tena He ObUIH 3apsiKEHBbI,
TO MOJIOKUTEIBHBIN 3aps]l OTHOTO TeJla paBEH OTPULATEIbHOMY 3apsy JIpy-
roro. T.0. ObUT YCTAaHOBJICH 3aKOH COXPAHEHUs YJIeKTPUUYECKUX 3aPS/I0B:
«JIeKTpUYeCKHEe 3aps/ibl He BO3HHUKAKT M He HMCYE€3aKT, OHU MOIYT
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ObITH JHMIIb NepPeAaHbl 0T OJHOr0 TeJa K JPYroMy HJIH INepeMelleHbI
BHYTPH IAHHOTO TeJIay.

W3 3aK0Ha COXpaHEHUS SICKTPUUECKUX 3apsIOB CIEYET, YTO B JTFOOOM
HEUTPAIIEHOM BEIIECTBE UMEIOTCS 3apsbl 000MX 3HAKOB, MPUYEM B PaBHBIX
KOJIMYECTBax. B pe3ynbrare COMPUKOCHOBEHUS JABYX TeNl IPU TPCHHU YaCTh
3apAI0B TEPEXOIUT U3 OJHOTO Tena B npyroe. Tema 3apspkaroTcsl pasHO-
MUMEHHO.

B pe3ynbrare onpITOB OBLIO BEISICHEHO, YTO JJIEKTPHUYCSCKUI 3apsi JIF0-
OO0ro TeNa COCTOMT U3 IIEJI0T0 YUCIIa SJIEMEHTAPHBIX 3aPS/IOB.

B 0OBIYHBIX 7a00pATOPHBIX OMBITaX ISl OOHAPYKEHUS W MU3MEPEHUS
HIEKTPUIECKUX 3apsIIOB UCTIONB3YETCs IJIeKTPOMETP - IPUOOP, COCTOSIIHUI
U3 METAJUIMYECKOTO CTEPIKHS M CTPEIIKH, KOTOPast MOXKET BpAIaThCs BOKPYT
TOPU3OHTAIBHOI ocH (puc. 5.1).

Haumenvwas wacmuya, obaadarowas ompuyamenbHblM Ij1eKmpuie-
CKUM 3apsi0om, Haszvlieaemcs dnekmporom. Ero macca paBHa 9,1x10%'kr.

Haumenvwas wacmuya, umerowas noaodcumenvHuli 3apa0 HA3bI8AEMCs
npomonom. Ero macca mnpuOIM3UTEILHO paBHA Macce aroMa BOJOpPOJa
1,6 x10?"kr . IIpOTOH M 3JIEKTPOH BXOJAT B COCTaB BCEX ATOMOB U MOJIEKYIL

Bce Tena nensitcst Ha MPOBOJHUKU U TUAJIEKTPUKU. [Ipo6ooHuKom Ha-
3v18AEmMcs meno, 8 KOMopoM daeKmpuiecKue 3apsaobl Mo2ym c60600HO nepe-
mewamucsi no ecemy oowvemy. IIpOBOTHUKM — METaJUIbl, paCTBOPbI KHUCIIOT,
COJIEH U IIEJIOYEH, PACTUIABIICHHBIE COJIM, PACKAJICHHBIE Ta3bl U JIp.

Pucynok 5.1.I1epeHoc 3apsiza ¢ 3apspKEHHOTO Tella Ha SJICKTPOMETD.

VY ausnekTpuka cooOuiaeMble €My 3apsJibl OCTAIOTCS Ha TEX K€ MeCcTax,
KyZia ObLTH MEePBOHAYATHHO TIOMEIICHBI (TUIICKTPUKHU - STHTAPh, CTEKJI0, Kay-
4yK, Macja, cepa, CMoJia, 300HHT, ra3bl MPU OOBIYHBIX TEMIIEPATYPax).
Paznenenue Tenm Ha MPOBOJHUKH M JUAICKTPHUKU YCIOBHO, TaK KaK CIOCO0-
HOCTH T€J MPOBOJUTH JIEKTPUUYECKHUI TOK 3aBUCAT OT YCIOBHM, B KOTOPBIX
ATU TeJla HaXOASATCA, HAlpUMEp, IPU BBICOKOM TeMIIEpaType CTEKJIO CTaHO-
BUTCS TPOBOJHUKOM. Kpome TOro, CymiecTBYeT epynna ewjecms, Hasvléae-
MbIX NOJLYNPOBOOHUKAMU — KOMOPbIE 3AHUMAIOM NPOMENHCYMOUHOE NON0IHCE-
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Hue Mexncoy nposooOHUKamu u ousiekmpuxamu. Ilpumepsl OJTyITpOBOTHUKOB:
repMaHuid, KpEMHUH, TEIUTYP, CEJIEH.

2. 3akon Kynona

B xonme XVIII Beka mosiBuiack HacToATeNbHasE HEOOXOAMMOCTh TIEpe-
X0/la OT KaU€CTBEHHOTO UCCIEAOBaHUS JIEKTPUUECKUX SABJICHUMN K KOJIUYECT-
BCHHBIM.

B 1784 rony Kynon 3akoHumI1 CBOE OyecTsIIee UCCIIeI0BaHUE YIIPYTO-
ro kpydeHuss HuTH. OH YCTaHOBWJI, YTO CHJIAa 3aKPyYMBAHUS HUTH TIPOIIOP-
[MOHAJIbHA YTy 3aKPYYMBaHUSI HUTU. DTO JaBajO0 HOBBIM, UCKIIOUUTEIHHO
YYBCTBUTEIBHBIA METO/ U3MEPEHUS CHIIBI ITyTEM CPAaBHEHHUSI C CHUJION, BO3HHU-
Karomie mpu 3akpydyuBaHud HUTH. HoBBIM mpuOoOp mosydusl Ha3BaHUE KPY-
THUJIBHBIX BECOB.

3aK0H B3aUMOJICHCTBUS TOUCUYHBIX 3apsa0B ObUT ycTaHoBJeH KymoHoMm
B 1875 romy ¢ moMOIIBI0 KPYTHIIBHBIX BECOB (pHC. 5.2).

TouyeyHbIM 3apsiioM Ha3bIBaeTCsl
3apsil, COCPeJOTOYECHHbIH Ha Teje, pas-
MepaMH KOTOPOro B JAaHHBIX YCJIOBHSIX
MO’KHO NpeHedpeYb.

TOHKaA 3akon KyJaona: cuna ezaumooeiicm-
KBaplEBad : 8UsL 08YX MOYEUHBIX 3apsA008, pPACHOJIO-

HHTE JICEHHBIX 6 BaKyyme, NPONOPYUOHAbHA
NpouU38e0eHUI0 3aps0o8, 0OPamHo NPonop-
YUOHANbHA K8AOpamy pAaccmosiHUs MedxHcoy
3apsadamu U HAanpaeieHa 600Jjb NPIMOL,
npoxooswet uepe3 yeHmpul 3apsi0os.

3apAXeHHHHR | | | |
I apHK AR
LIKaNa Cuna F Ha3pIBaeTCs KyJIOHOBCKOU
i CUJION. DTa CHJIa ABISETCA LIEHTPAIbHON
Pucynok 5.2. (puc.6.3).

[Tpu6op Kynona Ecnu 3apsiipl HAXOASTCA B OAHOPOAHOM U
W30TPOIHOM cpene, To 3akoH Kynona nme-
eT BUJ:

0, XQ,
Fo=k——", (5.2)

er

rjae € — JIUPJIEKTPUYECKasl MPOHUIIAEMOCTh CpeJlbl, BEJIMUMHA, MOKa3bIBaIO-
1asi, BO CKOJbKO pa3 YMEHBIIIAETCS CUJIa B3aUMOJEHUCTBUS 3apsiJi0oB B Cpeie
110 CPAaBHEHUIO C BAKYyMOM.
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A
ﬂ-\,_,.tH\r 3nauyeHne Koddduienra K 3aBucur
1 ‘xx\y OT BBIOOpa CHUCTEMBI eAMHUIl. B MexmyHa-
& ponuoii cucreme (CH) xosddurmment K
=
4 ﬁ:"\ npuﬂnmaercl:(ﬂ paBHpIM
= . (5.3)
Artg,
: D
f -12
& \lr rae & = 8,85*10 " — - snexrpuueckas
M
g1 2,
A “‘Hb}r MIOCTOSIHHASI, OTHOCSINASICS K YHCTY (yH-
7\ ::' JaMEHTAIbHBIX (PU3NYECKUX TTOCTOSIHHBIX.
g3
Pucynok 5.3.

Cunbpl B3aUMOIENCTBUS OTHOUMEH-
HBIX U Pa3HOMMEHHBIX 3apsI0B

3. DieKkTpHUECKOe MoJie

[Ipu uccnenoBaHUU B3aUMOJICHCTBUS AJIEKTPUUECKUX 3aPsI0B BCTACT
BOIIPOC, MOYEMY BO3HUKAIOT CUJIbI, NEUCTBYIOIIME HA 3apA/bl, U KaK OHU IIe-
penaloTcsl OT OJIHOTO 3aps/ia K APYyromy.

JI1s1 HOHUMaHMS TPOUCXOKICHUS U Mepeladn CUJil, JEUCTBYIOIIUX Me-
Ky TOKOSIIMMUCS 3aps/iaMu, HEOOXOAUMO JOMYCTUTh HAMUUE MEXIY 3a-
psiaMu KaKoro-To (PU3NYECKOT0 areHTa, OCYyIIEeCTBIISIONIETO 3TO B3aUMOICH-
CTBHE. DTUM areHToM, no MHeHu0 M. Dapaznes, SBIAETCA JIEKTPUUYECKOE
nosie. Kora B kakoM-1100 MecTe MOSIBIISIETCS DIIEKTPUUECKHM 3apsiji, TO BO-
KpyT HEro o0Opaszyercs SJIEKTPUUYECKOE MOoJje. DJIeKTpUuYecKoe IoJie npej-
CTaBJIAeT CO00M CO3JAHHYIO 3apsiiaMu 0co0yr ¢opMy MaTepuu, Yepe3
KOTOPYK OCYIIECTBJISICTCH B3aUMOACICTBHE MEXKAY 3apsaamMH (MHBIMH
TeJIaMH).

ITone, kak BeliecTBO, sBJISIETCS (OpMOIl MaTtepuu, 00JIaaroel Mac-
COM U DHEPTUEH.

OCHOBHO€ CBOMCTBO 3JICKTPUUECKOTO TMOJI 3aKIOYAETCA B TOM, YTO Ha
BCAKUU JIPyrou 3apsiji, MOMEIICHHBIA B 3TO ToJie, OyJeT AeHCTBOBATh CHIIA.
Mg Oynem paccMaTpuBaTh SJEKTPUYECKHUE TMOJISA, CO3/1aBa€Mble HETOJIBUK-
HBIMU 3JIEKTPUYECKUMH 3apsaMU U Ha3bIBAEMbIC 21€KMPOCMAMuU4ecKumMu
NOJIAIMU.

Jliisn oOHApyKeHUs1 U ONBITHOIO MCCJIEI0BAHUSA, IJIEKTPOCTATHY e-
CKHUX MOJIell MCIOJIb3yeTCsl NMPOOHBIA JIEKTPUUYECKHUIl 3apsia, pa3Mepbl
KOTOPOI0 HACTOJBKO MAJIbl, YTO HE UCKAKAIOT HCCJIeyeMoe dJIeKTpule-
cKoe moJie.
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4. HanpsaxéHHOCTb MOJIA

OtHomenue cunbl F, qeiicTByromEeN Ha HEMOABUKHBINA TPOOHBIN 3apsl
0, DOMEIICHHBIA B JAHHYIO TOUYKY IOJIS, K BEJIMYWHE 3TOTO 3aps]a HE 3aBHU-
CHUT OT BEJIMYUHBI 3TOTO 3apsijia (| U MOXKET ObITh MPUHATO 32 XapaKTEPUCTUKY
II0JI B JAHHOM TOYKE. YKa3aHWE Ha HENOJBHKHBIN 3apsii UMEET IPUHIUIIN-
aJIbHOE 3HadeHHe. J[e0 B TOM, UTO CHJIBI, NEUCTBYIOLIEE HA DIICKTPUUECKUI
3apsiJl, 3aBUCAT HE TOJIBKO OT 3JIEKTPUYECKOr0, HO MarHUTHOTO nosis. OxHako
MarHUTHOE I0JIE, KaK MOKA3bIBAET ONBIT, IEHCTBYET TOJBKO Ha JBHKYIIHICS
AIIEKTPUYECKUH 3apsijl U HE AEUCTBYET HAa HEMOABMKHBIN 3apsia.

—

HanpsizkeHHOCTBIO 3JIEKTPUYECKOro nmoJisi E HasbiBaercs: pusuye-

—

CKasl BeJIMYMHA, YHCJIEHHO paBHasi cmiie F , qeiicTByIomIeil HAa MOJI0KH-
TeJbHbIN eAMHUYHBIN 3aPAJ, IOMEIICHHBINA B JAHHYIO TOYKY IOJIA:

—

- F
E=— (5.4)
q
Kak cremxyer uz ¢opmyn 5.1 u 5.4, g mois ToOU4eYHOTO 3apsna ( Oynem
UMETh

E=—_—. (5.5)

BekTop HaIpsy)KEHHOCTH JIEKTPUUYECKOTO IO/ COBIIANAET 110 HAIPABIICHUIO
C HaIlpaBJICHUEM CWJIbI, JEUCTBYIOIIEN HA MOJIOKUTEIbHBIN 3apsaa. [loaTomy
BEKTODP HANPSKEHHOCTU JJIEKTPUYECKOTO IIOJISI HAIPABIEH OT IOJIOKUTENb-
HOTO 3apsia K OTpuiareaIbHoMy 3apsay (puc. 5.4).

@ I, — DNEeKTpUUYECKOe I0JIE  MOXHO
IPEICTaBUTh TI'paUUECKU, HCIOIb3YsI

TaK Ha3bIBACMbBIC CHJIOBBIC JIMHHNU (J'IH-

@ E HUU HAMPSKEHHOCTH).
HenpepbiBHasi JIMHUSA, KacaTeJIbHAs
Puc. 5.4. HanpaBiieHue BeKTOpa K KOTOPOM B KaXKI0W TOYKe COBIIA-
HAIPSKEHHOCTH DIIEKTPUYECKOTO JaeT ¢ BEKTOPOM HAMPSIKEHHOCTH
ToJIst

IJIEKTPUYECKOr0 TO0JIsl, HAa3bIBAETCS
CUJIOBOI JTUHUeEH moJist (puc. 5.5.a).
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Ecian B ka:xaoil To4ke MoJisi BEKTOP

v

HaNPsAKECHHOCTH O0CTAECTCH BEJIUYH-

v

HOM NOCTOSIHHOM, TO I0Jie Ha3bIBa-

€TCdA OJAHOPOAHbBIM, B MNPOTHUBHOM

v

2

Puc.5.5. K onpenenenuro cuio-
BBIX JIMHUM DIEKTPUYECKOTO

)

ciaydae mojie CYMTAeTCsl — HEOJHO-
poaHbIM. CUJIOBBIC JTMHUHU TAKOTO TI0-
JIS1 TIPEJICTABIISIIOT CO00# TpsiMble Ta-
pasuieNbHbIe JIUHUM (puc. 5.5.0).

v

CunoBble JTMHU CUJIOBBIC JTUHUU DJIEKTPUUYECKOIO TOJII HAYMHAIOTCA Ha IO-
JIOKUTEIBHOM 3apsiie M 3aKaHYMBAIOTCS HA OTpUIIATEILHOM 3apsije (puc.5.6).
[ToaTOMy HMHOT/Ia TOBOPSIT, YTO TMOJIOKHUTEIBHBINA 3apsi] MOKHO CUUTATh MC-

Puc. 5.6. K onpenenenuro
HAIPaBIIEHUS CHIIOBBIX
JIMHAN OIS

— —

TOKOM 3JICKTPUYECKOTO IIOJIs, a OTpPHIIa-
TENBHBIN 3apsi] — CTOKOM TOJIA.

Ecnu anektpudeckoe moie co3aaéres
HE OJIHMM, a HECKOJLKUMH 3apsaaMHu, TO Ha
OCHOBaHUH MPHUHIUIIA HE3aBUCUMOCTH JCH-

crBust cun F = ZFi MOXHO YTBEp)KIaTh,

YTO HANPSKEHHOCTh Pe3yJbTHPYIOIIEro
JJIEKTPUYECKOro moJis 0yaer paBHa reo-
METPUYECKOl CyMMe HaNpPSKeHHOCTEN,
C031aBaeMbIX KaKIbIM 3apsijioM B OT-
N1eJbHOCTH, T.€.

E=E,+E,+..+E, =Y E, (5.6)

@opMyna 5.6 BbIpa)xkaeT NPHUHIMI Cyneprno3uluu nojieil. Mcnonb3ys

IIPUHIMII CYNIEPIIO3ULANA MOJIEH,

MOJXHO pacCUuTaThb HAIIPAXKCHHOCTDL ITOJIA,

€CO31aBacMOro MMpoTsAKCHHBIM 3JICKTPUICCKHUM 3apsa10M.

Puc. 5.7. K onpenenenuro moroka
BCKTOpa HaprI)I(eHHOCTI/I
AIEKTPUIECKOTO TTOJIS

4. TIoTOK BEeKTOpPa HANPSAKEHHOCTH
JIEKTPUYECKOI0 MOJIS.
Teopema I'aycca

Yucso CWIOBBIX JIMHUM, NPOHM-
3pIBAIOIIUX HEKOTOPYI) MOBEPXHOCTb,
PACIOJIO)KEHHYI) B JJIEKTPHYECKOM
1oJie, Ha3bIBaeTcsi NMOTOKOM HalpH-
JKEHHOCTH  JJIEKTPHYECKOI0  MOJIs
CKBO3b 3Ty IOBEPXHOCTb.
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Yucno JMHUM HATPSHKEHHOCTH, NPOHU3BIBAIOIIMX 3JIEMEHTAPHYIO ILIO-
mazaky dS, HopMaib K KOTOPOM 00pa3yeT yroi o, ¢ BEKTOPOM HAIPSKEHHOCTH
E, 6yner pasno: ExdSxcose . E x dS x cos .

Benuuna AP =ExdSxcoso=E, xdS nasvisaemcs nomoxom eexmopa

Hanpsicennocmu yepes niowaoxy dS (puc. 5.7).
JI1st TPOM3BOIBHOM MOBEPXHOCTH S MOTOK BEKTOPa HANPSHKEHHOCTH D
ompeensaeTes mo popmyiie:

®=[E,xdS (5.7)
S

/1€ MHTETPUPOBAHUE JJOJKHO OBITh MTPOU3BEACHO O BCEU MOBEPXHOCTH S.
IToTok BEKTOpa HaNpSHKEHHOCTU — BEJIMYMHA CKaJspHasd. 3HAK MOTOKa
3aBUCHUT HE TOJBKO OT 3JEKTPUUYECKOTO MOJIA, HO U OT BHIOOpA MOJIOKHUTEIb-
HOrO HampasieHus Hopmaiu Nk mosepxHocTH. Kak mpaBuio, 3a MOJOKH-
TEJIbHOE HaIpaBJIEHWE HOPMaJM MPUHHMMAETCSl HANPABICHUE BHEIIHEW HOP-

MaJM K TIOBEPXHOCTH.

Ao Pacuer snexkTpuyeckux nojei 3HaYUTENbHO YII-
polaercs, eciim UCIoIb30BaTh Teopemy ['aycca,
TEOpEMY, OIPEAEISIONUIYI0 MOTOK BEKTOpa Ha-
a3 NPSHKEHHOCTH 3JIEKTPUYECKOIO OIS Yepe3 JII0-
< ‘ Oy10 3aMKHYTYIO MOBEpXHOCTh. OHa OblIa ycTa-
q HoBiieHa M.B. OcTporpajackuM B BHJIE HEKOTO-
poil oOuielt maTeMaTuyeckor Teopemsl u ["ayc-
COM — IPUMEHUTEIBHO K CIIy4ar0 3JIEKTpHUYe-

\ dh

v ckoro mois. JlokaxkeM TeopeMy BHaudaje st
Puc. 5.8. K nokasatensctey ~ TOYEUHOro 3apsna (. OKpyXMM TOYCYHbBIA 3a-
teopemsl [aycca pan cdepoit paguycom R (puc. 6.8) u Toraa s

MOTOKA BEKTOpa HAIPsKEHHOCTH,
c yueroM popmyn 5.7 1 5.5, momydaum

q 2_Q
O=|ExdS=E|dS=ExS=—"—x47R“ =—
'! '! dng,R® €g (5-8)

[TonyueHnHslii pe3ynbTaT OyJET CHOpaBeUIMB W I JIHO0ON Apyroit
3aMKHYTOW TMOBEPXHOCTU. ECIM MOBEPXHOCTh HE OXBATHIBAET 3apsIOB, TO
®=0. B »TOM ciyyae JUHUM HAMPSKEHHOCTU W BXOJMST, U BBIXOAAT U3 TO-
BEPXHOCTH.

B o0miem cityyae, korja 3aMKHyTasi IOBEpXHOCTh oxBaThiBaeT N aek-
TPUUYECKUX 3apsJIOB,

Zq‘ | (5.9)
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®opmyna 5.9 Belpakaer Teopemy I'aycca — moTOK BeKTOpa HANPSIZKEHHO-
CTH JJIEKTPUYECKOro MoJisi 4yepe3 JH00YI0 3aMKHYTYI0 NOBEPXHOCThH pa-
BeH ajiredpamyeckoil cymMMme 3apsi/ioB, OXBATHIBAOIIUX ITOH MOBEPXHO-
CThI0, IeJIEHHOM HA 3JIEKTPUYECKYI0 MOCTOSIHHYIO.

Hcnons3ys Teopemy ['aycca MOXKHO paccuuTath HAPsHKEHHOCTD DJICK-
TPUUECKOTO TOJII BO MHOTUX cly4asX. PaccMOTprUM HEKOTOpBIE MPUMEPHI.

PtlBHOM(!pHO 3APAIICECHHAA NJIOCKOCH b

[Tycte umeeTcsi OeckoHEYHas! IIIOCKOCTb, PABHOMEPHO 3apsiKEHHas ¢
HNOBEPXHOCTHOM INIOTHOCTBIO 3apsia G.
B sTOoM citydae B KauecTBE 3aMKHYTOM TO-
BEPXHOCTH yJOOHO BBIOpaTh MpsAMOM Iu-
- JUHIP, NEPIEHAUKYISIPHBIA K 3apsKEHHOU
#- E, TUIOCKOCTH, OTPAaHMYEHHBIM JBYMS IUIO-
CKMMHU OCHOBAHUSIMH, IUIOMIAABI0 S KaxK-
' nasi, IepIeHIUKYISPHBIMU K JIMHUSM Ha-
MPSHKEHHOCTH U PACTIONOXKEHHBIMU TI0 00€
cTopoHbl TwiockocTu (puc. 5.9). Tak kak
BEKTOP HANpPSDKEHHOCTH HE TPOHU3BIBACT
OOKOBOM TOBEPXHOCTU LWIMHIpA, TO
O =2xE xS, no nmo reopeme 'aycca

quﬂzcxs,

€ €

£ A A F A A
&z

Puc. 5.9. TTone paBHOMEpHO 3apsi-
YKEHHOH IUIOCKOCTH

W3 paBeHCTBa MpaBbIX YAaCTEW 3TUX BBIPAKEHUN CIEIYET, YTO PABHO-
MEpHO 3apsKEHHAs INIOCKOCTh CO3/AaeT OAHOPOIHOE DIIEKTPUYECKOE IOJIE C
HaIpsKEHHOCTBIO o

E=—
2, (5.10)

Ilone y nosepxnocmu 3apsaixcenHozo RPOBOOHUKA
Y4uuThiBas, 4TO BEKTOP HAMPSDKCHHOCTH TIOJS TMEPIICHAUKYJISIPEH T0-
BepxHOCTH npoBoAHUKa (puc. 5.10) u mosie BHyTpH MPOBOJHUKA OTCYTCTBY-

€T, MOXKHO MONy4uTh O = &gk = D. 158101

—

E o
A A E - (511)

Benmnunna D mosyuwiia Ha3BaHUE 3IIEK-
TPUYECKOTO CMEUIEHUs, TaK Kak y IO-
BEPXHOCTH 3apsDKEHHOTO  MPOBOJAHHUKA
OHa paBHA IOBEPXHOCTHOW IIJIOCKOCTH
3apsAna o, T.e. BEJIMYMHE 3apsaa, cme-

Puc. 5.10. ITone y noBepxHoCcTH
IIPOBOJIHUKA
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CTUBHICTIOCA BHYTPH IIPOBOJAHHUKA, HA CAMHHUIIC IIJIOMIAAN ITIOBEPXHOCTH.

Kaxk BHUJIHO M3 IMOJYYCHHOI'O BBIPAXKCHHA, HAIIPAKCHHOCTD 3JICKTPHUUC-
CKOT'O IIOJIAI B 9TOM CJIy4dac HC 3aBUCHUT OT (1)OpMI>I IMPOBOJHHUKA U PACIIPCAC-
JICHUA 3apsA10B B HCM.

Ilone 08yx 3apajxceHHbIX NAACHUH
PaccMoTpuM snekTprueckoe Ioje, co3laBaeMoe IBYMsI PaBHOMEPHO
3apsOKEHHBIMU TUTaCcTHHAMU. [Ipu MOsSBICHNM HA OJHOM M3 IJIACTHH 3apsijaa ¢
MOBEPXHOCTHOM MJIOTHOCTHIO +G (puc.5.11). D1u 3apsiasl mox 1elCTBUEM CHU-
JIbI B3aUMHOTO TIPUTSDKEHUS OyAyT COCPEIOTOUYEHBI HAa BHYTPEHHHUX MOBEPX-
HOCTSIX TUIACTHH. 3apsKEHHbIE TIOCKO-
-— - - CTH KaXXJOM CO37al0T MO 00€ CTOPOHBI
OT ce0sl DIIEKTPUUECKOEe IOJe C HaIps-

«— - «— JKEHHOCTBIO, BbIpakaeMol (opmyon
o
E=—.
Puc. 5.11. Ilone nByX 3apsKeHHBIX 2¢ 0
TIIOCKOCTEH BHe miacTvH 3TM HANpPSKEHHOCTH Ha-

MPaBJICHbl B pAa3HbIE CTOPOHbI U UX
cymma paBHa Hymwo (puc. 5.11). Mexny ninacTuHamu, HapOTUB, 3TH MOJIA
HaIlpaBJICHBI B OJIHY CTOPOHY U, CKJIaJIbIBAsICh, AIOT

E=—2_, (5.12)
£+ &,
Ilone pagnomepno 3apasricenHol Humu
PaccmoTpuMm 3mekTpudeckoe moJie, CO3JaBaEMOE PAaBHOMEPHO 3apsi-
JKEHHOM C JIMHEMHOW IUIOTHOCTBIO 3apslia T HUThIO. B KadecTBe 3aMKHYTOM
MOBEPXHOCTU B ATOM Cliy4yae yJ00HO B3SITh HIIMHAPUYECKYIO MOBEPXHOCTD,
OChb KOTOPOW COBIAMAET ¢ HUTHIO. OUEBUAHO, YTO U B 3TOM CIIy4ae BEKTOP
HaNPSHKEHHOCTH TEPIECHIUKYJISIPEH HUTH W OyJIeT MPOHU3BIBATH OOKOBYIO
MOBEPXHOCTh UWJIMHIApa paguycom I. CienoBaTenbHO, MOTOK BEKTOpa Ha-
T/

q
npsukennocty @ =E - 27 -/, no no teopeme I'aycca P = e . s
0 0

PaBEHCTBA MPaBBIX YACTEW ATUX BBIPAXKEHUM CIEIYET, UTO HAIpPSHKEHHOCTH
AIEKTPUUYECKOTO TOJISI PABHOMEPHO 3apsiKEHHOW HUTU OMPEACISIETCS BbIpa-
KEHUEM

1 =

E = —
2neg, I (5.13)
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6. PabdoTa cu 3/1eKTPUYECKOT0 NOJIsl P NepeMellleHUH B HeM
3apsja. [lorennuas. PasHocTs noreHumnasioB

Haiinem pa0oTy 51I€KTpHUYECKOro TMOJIs,
CO3/1aBa€MOT'0 TOYCUHBIM JJIEKTPUICCKUM 3apsi-
JIOM (g, IPH TIEpeMENICHUH 3apsiaa ( U3 TOUKH |
Touky 2 (puc. 5.12). Ilo onpenenenuro padbora
Ha MaJIOM y4acTKe MyTH ompezensercs mo ¢op-
myne dA =FxdSxcosa

qq
0603naumns dSxcosa=dr g F= kr—zo , TOJTY-

YUM VIS 3JIEMEHTapHOU paboThI

a9
O dA = kr—zO dr WNuTterpupyst mosyd4eHHOE BBbI-
Puc. 5.12. K onpenenenuro pado- paxeHue, OyJeM UMETh
THI TIOJIS1 TIO TICPEMEILIICHHIO 3apsi- .
( 1 1
- Azj‘k%dr:—quo —_=| 61
Beeaem dyHKIHIO T , I
1Y%

OyHKuMs @, ompenesieMas BbIpakeHHEM O.15, Ha3bIBaeTCs nomeH-
UUAOM IJIEKMPUUECKO20 noasa 6 0anHoi mouke. C yuetoMm dhopmynsl 5.15
BbIpakeHue 5.14 npumer BuU
A=—0(p,— o) (5.16)

Beanunny (@2-¢1)=A@ HA3BIBAIOT PA3HOCTHI0 MOTEHUHNAJIOB MEKIY
ABYMSI TOUKAMM JIEKTPUUYECKOro moJs. M3 ypaBuenus 5.16 cienyer, 4uro
Pa3HOCTh MOTEHIMAJIOB YUCJIEHHO paBHa paboTe CHII MOJIA MpHU MepeMelie-
HUU €JUHUYHOTO MOJIOKHUTENBHOTO 3apsaa MEXAY STUMU TOUYKaAMH TOJIS.

Br160op npousBosibHON mocTosiHHOM C B BbIpakeHUH 5.15 Moxet
ObITh MPOM3BOJIbHBIM. [IpocTeimuii ciaydail Mbl TIOJYYUM, €CJIH TOJIOKUM
C=0, Torna moTreHUMAN TOYKH, YJIAJEHHON B OECKOHEYHOCTh, OyAET paBeH
Hy10. B aTOM cityuae

qg A W
p=K=—=—=— (5.17)

r-q 4q

IHoTeHuMAaJ TaHHOH TOYKH JIEKTPHUYECKOI0 MOJIS YMCJICHHO PABEH
padoTe, KOTOPYI0 COBEPIIAKT CHJbI IOJISI NepeMelleHUus] MOJI0KUTeb-
HOI'0 €IMHUYHOIO0 3apsAaa U3 0€CKOHEYHOCTH B JAHHYIO TOYKY IO0JIs.

Ha npakTuke oka3anoch yno0Hee cuuTaTh MOTEHLIMAN 3€MHOM MOBEPX-
HOCTH PaBHBIM HYJIIO.

[ToTeHman >JeKTPOCTATUYECKOTO MOl MPEeNCTaBiIseT coOooi (PyHK-
LU0, MEHSIOILYIOCS OT TOYKHM K TO4Ke. OJTHAKO BO BCSIKOM PEaIbHOM CIy4yae
MO>KHO BBIJIEIUTH COBOKYITHOCTh TOUEK, UMEIOIIUX OJIMHAKOBBIN MOTEHIIHAIL.
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I'eoMeTpuueckoe MeCcTO TOYEK, HMEIONIUX OJUHAKOBBIN MOTEHIU-
aJ1, Ha3bIBAKOTCSI MOBEPXHOCTHIO PABHOI0 MOTEHIMAJIA, UM IKBUIOTEH-
HHUAJTbHON MOBEPXHOCTHIO.

DNEeKTpUYECKoe Moje MOXXHO H300pa-
1 KaTh HE TOJBKO C MOMOIIBIO JTUHUN HaIpPs-
KEHHOCTH, HO M C MOMOIIbIO AKBUIIOTECHIIU-
anpHBIX NOBepxHOCTEW. [Ipm 3TOM HyX)HO
UMETh B BHUJy, YTO JIMHUM HaNpPsKEHHOCTH
BCETa TEPICHANKYIAPHBI SKBUITOTEHITNATb-
HBIM TTOBEPXHOCTSIM.

OKBUTIOTEHIIUAILHBIE TOBEPXHOCTHU
TOYEUHOT'0 3apsijia MPeCTaBISAIOT OO0 cde-
pBI C TICHTPOM, COBMIAJAIONIUM C TOYCYHBIM
1 3apsiioM (ITyHKTHPHBIC JIMHUM Ha puc. 5.13).

N3 BeIpaxenus 5.16 cinemxyert, 4To pa-
00Ta CHJI PIIEKTPUUECKOTO TMOJS HE 3aBUCHUT
oT (OpMBI M JJIMHBI MYTH, a OMPEACIACTCS
HAaYaJIbHBIM U KOHEYHBIM IOJIOKEHUEM 3a-
psga B moisie. PaboTta cunm 3IeKTpHUECKOro
MOJISI HAa 3aMKHYTOM TyTH ((1=0;) paBHa Hy0. CieoBaTeIbHO, dJIEKTpUYE-
CKOE TIOJIe SABJISETCS MOTCHIIMAIBHBIM, a JJICKTPHUECKUE CHIIBI — KOHCEpBa-
TUBHBIMH.

Panee MbI moka3zanu, 94To paboTa KOHCEPBATUBHBIX CHJI paBHA U3MCHE-
HUIO MOTEHIIUAILHON YHEPTUHU, B3SITON C MPOTUBOIOJIOAKHBIM 3HAKOM:

A=—(W,-W,)=AW . Tlockomeky B 6eckoneuroctn Wi=0, To

A= —W2 =—(@. CnenoBareyibHO, MOTCHIIUAJIbHAS PHEPTUS 3apsijia B IOJE
ompeaesieTcs o Gopmyse

Puc.5.13. JIuau Hanpsi>KEHHOCTH U
HKBUIIOTEHIMAJIbHBIE IOBEPXHO-
CTH TOYEUHOTO 3apsja

W=qgxg (5.18)
s JAaHHOTO CJICAYCT, 4TO MOTCHIHUAJ — IHEPreTUYECCKAsA XapaKTepu-
CTHUKA I10J141.

7. HanpsizkeHHOCTD 3JIEeKTPUYECKOro MoJis
KAaK rpaJilueHT MOTeHIHAJIA
YCTaHOBUM CBSI3b MEXKIY HANPSHKEHHOCTBIO MOJS M MOTEHIMAJIOM.
CymiecTBOBaHUSI TaKOM CBS3M CIEAyeT U3 TOTo (akTa, 4To padoTa 3JIEKTpH-
YECKUX CHUJI, BhIpakKaeMas uepe3 HANpsKeHHOCTb, MOXKET ObITh BbIpakeHa U
yepes pasHOCTh ITOTEHIIMAIOB.
Haiinem paboTy no mepemenienuio 3apsiga B HampabieHun ocu X. C

onnoii cropons, dA=E, xdxx(, no ¢ mpyroit - dA=-0gxde. Orciona
CIIEJTyeT, uTo
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c_do o _dp . _ dp

T dx Y dy' ¢ dz-

Torna B o0mieM ciydae OyjaeM UMETh

E=— _i+—j+g—k =—grad ¢ =-Vo. (5.19)
z

HanpsipkeHHOCTB 3IEKTpUYECKOTO OISl paBHA IPAaJUEHTy MOTEHIUANa,
B35ITOMY C IIPOTHUBOIOJIOKHBIM 3HAKOM. 3HAK MUHYC TOBOPHUT O TOM, YTO Ha-
IPSDKEHHOCTB 10JIS BCET1a HalpaBJieHa B CTOPOHY YObIBaHUS MTOTEHIIMATIA.

JU1st OAHOPOAHOTO 3JEKTPUUYECKOIO MOJIA BhIpakeHHe 5.19 npuHumaet
BUL Ag

E=— (5.20)

rne d — paccTosTHIEe MEXTy IByMsI TOUKaMH,
A@ — pa3HOCTh NOTEHIIMATIOB MEX/1y HUMHU.
JUist monst co cpepruuecKol WM HUIMHIPUYECKON CUMMETpUEN BbIpa-
)keHue 5.19 umeer Bua

do
E=-r (5.21)
8. HHpKyJIﬂHI/Iﬂ BEKTOPaA HANIPSZKEHHOCTH JICKTPHUHICCKOT0 IMOJIsA

M0 3AMKHYTOMY KOHTOPY

Ecnu B kayecTBe 3apsjia, IEPEHOCUMOrO B IOJIE, B3SATh IMOJIOKUTEIb-
HBIA €TUHUYHBIN 3aps]l, TO padboTy 1Mo ero nepemMernieHuto Ha mytu dl MoxHO

—

Haiitu 1o Qopmyne: OA=FxdlxcoSa, HO B »3TOM Cciyuae F=E.

dlcosa=dl wu, cnenosarensno, dA =E xdl.
Jlis onpeneneHus paboThl HA 3aMKHYTOM IYTH 3TO BBIPaKEHHE HEOO-

XOJMMO TTPOMHTETPUPOBATH: A= §E xdl.
|

Bripaxxenue ffEXdI-HasbIBaeTCH LHMPKYJ/JISLHMEd BEKTOpPa Hamnps-
|

JKEHHOCTH D>JIeKTpuueckoro mojs. Panee Mbl Mmokaszanu, 4to padboTa cui
AIEKTPUYECKOTO IO HA 3aMKHYTOM ITyTH PaBHA HYJIIO, 3HAYUT

fEXdlZO (5_22)

PaBeHCTBO HYIIIO 5TOrO UHTErPad TOBOPHUT O TOM, YTO B IIPUPOJE CYILECTBY-
€T JBa BHJA DJICKTPUUECKHUX 3apsJIOB, ABJISIONIMXCS MCTOKAMUA W CTOKaMH
AIEKTPUYECKOTO MOJIS.

HpnMeHeHne JICKTPHYECTBA B TCXHUKE, MCAUIIUHE U OHOJIOT MM
C TeueHneM BpeMeHH 00JacTell IPUMEHEHUsI SIEKTPUUECTBA CTAHOBHUTCS BcE Ooutbine. [lyist mpenot-
BpallleHus 3a0UBaHUs SUEEK CUTA IPH NMPOCENBAHMUK MEJKHX YacTHUI] HaJl CHTOM ITOMEIIAIOT TEJO0, 3apsKeH-
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HO€ NOoJ0XKUTeNbHO. CUTO 3apsxaroT oOTpULATeNbHO. YacTHIIbI, ONaAas Ha CUTO, 3apsKAIOTCS OTPULIATENBHO
U MPUTATUBAIOTCS K MOJIOKUTEIBHO 3apsLKEHHOMY Telly, 3apsKaroTCs MOJOXKHUTENBHO U T.J., IOKa HE IIPOBa-
JsiTest B oTBepeTre. [t moKkpacku aBToMoOMIed. ABTOMOOHIIb 3apsDKAIOT TIOJIOKHUTENBHO, @ YACTHYKH Kpac-
KU - oTpunarenbHo. ONHOMMEHHbIE YaCTHYKU KPAcKU OTTAJIKMBAIOTCS APYT OT APYra M MPUTATHBAIOTCA K
aBTOMOOWII0. CIIOM KpackW OJJMHAKOBOW TOJIIIMHBI, HET pa3OpBI3rUBaHus Kpacku. J[is yBelMueHns: HHTEH-
CHBHOCTH KOITYEHUsI PHIOBI, €€ 3apsDKAIOT MOJIOKUTENBHO, a JAbIM - OTpUIAaTeNIbHO. B aTOM ciydae Her pac-
cestHUA AbIMa. B xumun, Hagano xoropoMy nomnoxun @apaneil. Ilepemenienne BemecTBa — IBIKEHHE 3aps-
JIOHOCUTENEH - HallI0 OJHO U3 IEePBBIX CBOMX NMPUMEHEHHH B MEIUIMHE JUIS BBOJA COOTBETCTBYIOILUX Je-
KapCTBEHHBIX COEIUHEHUIl B Teno denoBeka. CyTh METOAA COCTOMUT B CIEAYIOIIEM: HYXKHBIMU JIEKApCTBEH-
HBIMH COEIMHEHHMSMH ITPONUTHIBACTCS MapJisl WM JIt00ast Apyrasi TKaHb, KOTOPask CIIYXKUT MPOKJIAJKOH MEXITY
3JEKTPOJAMHU U TEJIOM YeJIOBEKa; OHa PacIojiaraeTcs Ha ydacTKe Tejla MOJUIeKaIleMy JICUEHUI0. DJIEeKTPOb
MOAKIIOYAIOTCS. K UCTOYHHMKY IOCTOSHHOTO TOKa. MeToa MmoJo0HOro BBOJA JISKAPCTBEHHBIX COCIMHEHUIT
BIIEpBbIE MPUMEHEH BO BTOPOIl nonoBuHe XIX Beka, MHUPOKO pacnpocTpaHEH U ceifuac. OH HOCUT Ha3BaHUe
anekTpodopesa uwmu MoHopopeza. HoBble TOCTHXKEHHS 3JIEKTPOTEXHHKH COOTBETCTBEHHO PACIIUPHIM BO3-
MOJKHOCTH HCCIeI0BaHus '">KUBOro" snekTpudyecTBa. MarTeyuu, NIpPUMEHHB CO3JaHHBIII K TOMY BpeMEHU
rajlbBaHOMETP, JOKa3aj, YTO MPH KU3HEAEATEIIbHOCTH MBI BO3HUKAET JIEKTPHUSCKUN noTeHIuan. Paspe-
3aB MBIy NONEPEK BOJIOKOH, OH COCNUHUI €€ ¢ OJHUM M3 IMOJIOCOB rajlbBAaHOMETPA, a MPOAOJIBHYIO IMO-
BEPXHOCTH MBIIIIIBI COSAUHII C JPYTUM IOJIOCOM M MOIy4ui moTeHnuan B npenenax 10-80 mB. 3nauenue
noTeHuana o0yciosieHo BuaoM Mbimi. [To yreepkaenuro Marreyud, OHOTOK T€YET OT MPOJOJIBHOM IO0-
BEPXHOCTH K TIONEPEYHOMY pa3pe3y, U MONEepPEeUHbIi pa3pes ABIACTCS IEKTPOOTPHLIATEIBHBIM. JTOT JIF000-
TBITHBIN (DakT ObUT MOATBEPIKIAEH ONBITAMHU HAaJ| Pa3IMYHBIMH KHBOTHBIMH - Y€periaxaMu, KpOJIUKaMH U NTH-
1[aMH, [TPOBOAUMBIMH PSJIOM HCCIENOBATENEH, U3 KOTOPBIX CIEAYET BBIICIUTh HEMeUKuX ¢usnoioros /lio-
Oya-Peiimona, I'epmana u Hamero cooteuectBeHHuka B.JO. Harosma. Ilenstee B 1834 roxy omy6GimkoBai
paboTy, B KOTOPOH H3Jaraiuch pe3yiabTaThl HCCICIOBAHHUA B3aUMOJCHCTBYIA OMOMOTEHIIMANIOB C IPOTEKa0-
MM TI0 JKUBOW TKAaHHU MOCTOSHHBIM TOKOM. OKa3ajoch, YTO MONAPHOCTh OMOMOTEHIMANIOB IIPU STOM MEHS-
ercs. M3mensiercs n amruutyna. OHOBpEMEHHO HaOMIOAAI0Ch U M3MEHeHue (usnonorndeckux GpyHkuui. B
naboparopusax (GU3HoI0roB, 6HMOIOrOB, MEIUKOB MOSBILIOTCSA JIEKTPOM3MEPUTENIbHBIC IPUOOPEI, 0Onanao-
M€ JOCTaTOYHOM YyBCTBUTENBHOCTHIO M COOTBETCTBYIOLIMMHM IpenenamMu ui3MepeHuil. Haxamnmmsaercs
607BII0H M pa3HOCTOPOHHUN AKCIIEPUMEHTANIBHBIN MaTepuai. Tak, Hanpumep, B 1aboparopuun YHUII CTAY
CO3/1aHa YCTAaHOBKA JJIsl U3MEPEHUs] OMOMOTEHIMANA CEMSH.

Bonpocwt 0152 camokonmponsa
1. 3axkoH coxpaHeHUs dIAEKTPUUECKUX 3apsiaoB (Ppopmyna, hopmMyIUpOB-
Ka).
2. Dnektpudeckuit 3apsan (ompenenenue). HazoBure nBa poaa 3yeKTpH-
YEeCKHUX 3apsJI0B.
3akoH Kynona (bopmyna, popmyaupoBka).
YTo noka3pIBaeT JUAIEKTPUYECKasi IPOHUIIAEMOCTb CPE/Ibl?
Ecnu B3auMOAeNCTBYIOIIME 3apsbl HAXOMATCS B OJHOPOAHOM H30-
TPOIHOM cpezie, YeMy paBHa KyJIOHOBCKasi cuiia?
6. Uro Takoe saeKTpHUecKoe moje?
7. Kaxkue BemiecTBa Ha3bIBAIOTCS TUAIEKTPUKAMHU, TPUBECTH MPUMEPBHI.
8
9

oo

Kaxkoe nosie Ha3bIBae€TCsI OJJHOPOIHBIM, HEOJHOPOHBIM?
Yrto Takoe mpoOHBIH 3apsil.
10. JIuauu Hanps>KEHHOCTH (OompeaesieHue).
11. Kakue BemiecTBa Ha3bIBAIOTCS MMPOBOJHUKAMU, IPUBECTU TPUMEDPHI.
12. I'padmyecku M300pa3uTh JIMHUM HAMPSKEHHOCTH PA3HOUMEHHBIX 3a-
PSZ0B U OTHOMMEHHBIX 3aps0B.
13. Uto Takoe HAmpsHKEHHOCTh JIEKTPUUECKOro moJjs (popmynia, onpee-
JICHUE, €J. U3BMepeHus)?
14. Yemy paBeH OTOK BEKTOpA HAIMPSKEHHOCTH B OJTHOPOIHOM ToJie?
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15.
16.
17.

18.
19.

20.
21,
22,

23.
24,

25,

2

(o]

YeMy paBeH MOTOK BEKTOpa HANPSHKEHHOCTH B HEOHOPOIHOM 110J1e?
Teopema I"aycca (hopmyna, hopMyaupoBKa).

Yemy paBHaA HAMPSHKEHHOCTD TOJS Y MMOBEPXHOCTH 3apsKEHHOTO TIPO-
BOJIHHUKA?

Yemy paBHA HaMPsHKCHHOCTH TIOJIST PABHOMEPHO 3apsKEHHOW HUTH?
Yemy paBHA HaAPSHKEHHOCTH IMOJISI PABHOMEPHO 3apsiKEHHOU TUIOCKO-
cTu?

Yemy paBHA HaNPSHKEHHOCTH TOJIS IBYX 3apsKCHHBIX TIJIACTHH?

Yemy paBHa paboTa 1Mo MEPEeMEIIESHUIO 3aps/a B MOJe.

3ammcaTth (popMyiry, KOTOpas CBSI3bIBACT HAMPSDKEHHOCTh M PA3HOCTH
noteHnuanoB. Ha 4ro yka3siBaeT 3HaK MUHYC B (hopMyJIe.

[Tpunnun cynepmo3uiuu nosiei (popmyia, onpeneneHue).
[ToTenmuan snekTpudeckoro nois. PasHocts moteHimanos (popmyna,
OTpeieICHUE, CAUHUIIBI U3MEPEHUS).

DOKBUIIOTEHIIMATBHBIE TMOBEPXHOCTH. M300pa3zute SKBUMOTEHIIUATb-
HBIE TIOBEPXHOCTH TOUEYHOTO 3apsi/a.

. [upKynsamust BEKTOpa HANPSHKEHHOCTH TI0 3aMKHYTOMY KOHTOPY

(bopmyma).

Jlexnus Ne6
Tema JiekuHU: «JJeKTPUUYECKOE 10JIe B Cpeie.
IIpoBOAHMKH B JJIEKTPUYECKOM MOJIE»

Ilian Jexkuum:
1. DnexkTpuueckuil AMNONb. [IMMOJIb B OAHOPOAHOM U HEOAHOPOJAHOM IOJIE.
2. Quonextpuku. [lonspuzanus nusnekTpukoB. HanpspkeHHOCTh MOJs B TU-

DIEKTPUKE.
3. TIpoBOJHUKHM B 3JIEKTPOCTATUYECKOM TOJIE. DJIEKTPOEMKOCTb.
Konpnencaropsi.
4. DHeprusi B3aUMOJICHCTBHS TOUCUYHBIX 3apsAJIOB. DHEPIHUs AJIEKTPOCTATUY C-
CKOT'O IOJIs.

1. JaexkTpuyeckuii 1unob. /[unojb B 0ITHOPOJHOM ¥ HEOJHOPOIHOM

mnmoJie
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JJIeKTPUYECKUl M-

q _ q 0JIb — DTO CHCTEMA U3 JBYX

@ | =< +> P PaBHBIX [0 BEJIUYMHE U IPO-

THBOIIOJIOKHBIX O 3HAKY 3a-

PANIOB, PACCTOSHUE MEXIY KO-

TOPLIMH BO MHOTO Pa3 MEHb-

e PACCTOSHUI IO paccMar-
PHBAEMBIX TOUEK.

Bekrop |, HampaBneHHbIH 0 OCH AUIIONS OT OTPHULATENHLHOIO 3apsaaa K

IMOJIOKHUTCIIbBHOMY, U paBHBIﬁ pacCCTOSAHUIO MCIKAY 3apssaaMH, HA3bIBACTCs
IJICYOM JTHUII0JIA.

Puc. 6.1

Bexrop P=0-1 (6.1)
Ha3bIBAECTCS AUNOJbHBIM MOMEHTOM WM 3JIEKTPHYECKMM MOMEHTOM
JTUATIOJIS.
Bo BHemHeM OJHOPOAHOM MOJE€ Ha JUIOJIb OyAeT AeHCcTBOBATH
MOMEHT napsl cui F.

M =F-lIsina =|q/Elsina = pEsina (6.2)
~ E —
rneE:a, F=Eq

Ouesuano, uto M=0, nipu Sina =0, T.€. B 0AHOPOIHOM BIEKTPHIECKOM
IMOJIC JHUIIOJIb OPUCHTHUPYCTCA TaK, YTO €TO I[HHOHBHBIﬁ MOMCHT HalIpaB-
JICH BAOJIb BCKTOpa HAIIPAKCHHOCTH IT10JIA.

PaccmoTpuM, Kak OyneT ceOst BECTU JHUIONbL B HEOJHOPOJHOM TojIe. B
3TOM CIIy4ae JUIO0Jb OyaeT 00aaaaTh MOTEHIMAILHON dSHEPIUEi
W =dq(p, —¢,)

do

Tak kak (¢2—¢1):[2—¢-|-C080{j u d—:—E, TO JJIs1 MOTEHIHUAJILHOMN
X X

DHEPIuM MOJIy4YUM BbIpakeHue W =—-p-Ecosa .
Pannee MbI TOKa3anu, 4To
_dw
* dx
Y 3HAQYUT, 4TO HA JIUIIOJIb B 3TOM cliydae OyJeT JeHCTBOBATh CUJia

F

F.=p d—E cosa (6.3)
7 dx '
IIpu <%, F >0 - qunosb Oyner BTATMBaTHCS B MOJIE.

T
IIpu a >E’ F <0 - qunosb OyneT BHITAIKUBATHCS U3 MOJISL.
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2. Jwmyaextpuku. [oasipuzauus q1u3J1eKTPUKOB.
HanpsizkeHHOCTD MOJIA B AUJIEKTPUKE
JAm3aekTpuKH (KaK U BCAKOE BEIIECTBO) COCTOST U3 AaTOMOB U MOJIEKYI.
[TonoXUTENbHBIN 3aps/l COCPEIOTOUYEH B siApax aTOMOB M MOJIEKYJ, a OTPU-
IaTEIBHBIM — B 3JIEKTPOHHBIX 00O0JIOYKAX aTOMOB. Tak KakK IMOJOKUTEIbHBIN
3apsij BCEX SIJIEP MOJIEKYJbl paBEH CyMMAapHOMY 3apsiy JIEKTPOHOB, TO MO-
JIEKYJIa B LIEJIOM HEUTpaIbHA U €€ MOKHO PACCMaTPUBATh KAK JICKTPUUECKHUMN

—

JIATIONb C THIIOIBHBIM MOMEHTOM OTpeIelsieMbiM o dopmyme: P =0 - |
0 &y HepByw rpynny au-

By -

o - " IJIEKTPUKOB (a30T, BOJOPO/,
O @) e —=+

o @) e KHUCJIOPOA W [Ip.) COCTaBJISIIOT

OO o '®) e e " BCIIECTBA, MOJICKYJblI KOTOPBIX
— e — TP+

Co~ 0O ec— 89 HMCIOT CUMMETPHUYHOC CTpOEC-
— [-— —=&E—— t

OO OO O SCl = HHUE M, CJICOOBATCIbHO, OH-

- m—%— — + [V —
O 0 oo MOJBHBIM MOMEHT P, =0. Mo-
E-F+ B JIEKYJIbl TaKHX JIHDJICKTPUKOB
Prc. 6.2. HAa3bIBAIOTCS HENMOJIAPHBIMHU.

Ionstpu3sanys HEMOJIAPHOTO IUIIIEKTPUKA
Bo BHEIIHEM 3JIEKTPUYECKOM TI0JIE C HANPSIKEHHOCTBIO E 3apsjibl He-
MOJIIPHBIX MOJIEKYJI CMELIAIOTCS B pa3Hble CTOPOHBI (AeGopMallMOHHAS WIN
JJIEKTPOHHAS MOJSIPU3alMsi) U AUDJIEKTPUK MPUOOPETAET AUMOIBHBIIA MO-
MEHT
p,=n-B-&-V-E. (6.4)
rae B - Ko3pOUIMEHT TPONOPIUOHAIBHOCTH, Ha3bIBAEMbIN MOJISIPU3YyeMO-
CTBI0 MOJIEKYJIBI U 3aBUCSLIUN OT CTPOCHHS MOJIEKYJIbI; &, - DJIEKTpUUYECKast

nocTtostHHast; V - 00beM AUAIIEKTPUKA.
//—105" Bropyo rpynmy amM3ieKTpUKOB (BOIa,
4\, OKHUCh YIJiepoja, METaH, HUTPOOEH30JI, aMMHU-
2 -

aKk) oOpa3yroT BEIEeCTBA, MOJIEKYJIBI KOTOPBIX

H*f:: *} ijl—l* MMEIOT aCCUMETPHYHOE CTPOEHHE U 00aja-
N % Y IOT JUMOJIBHBIM MOMEHTOM P, # 0. MoJieKyJibl
t\E[:I_,/ J TaKUX JUAJIEKTPUKOB HA3bIBAIOT MOJISPHBIMH.
Puc. 6.3. B oTCyTCTBHMU BHEIIHETO 3JIEKTPUUYECKOTO MO-
Mornekymna Boabl Jsl, BCJEICTBUE XAOTHYECKOTO TEIJIOBOTO

JNBWKCHUS, JUMOJbHBIE MOMEHTBI MOJICKYI
OpPUEHTUPOBAHbl XAOTUYECKU U PE3yJIbTH-
PYIOLIHAN JUTOIbHBIN
MOMEHT paBeH HyJ0. Eciu Takol IH3JIEKTPUK OMECTUTh BO BHEIITHEE DJICK-
TPUYECKOE TOJIE, TO CHJIBI 3TOTO MOl OYAyT CTPEMUTHCS MMOBEPHYTH JUTIOIU
BJIOJIb TI0J1S1 (OPMEHTANMOHHAS MOJSIPU3alMs) U JTUIJICKTPUK TTPUOOpETaeT
JTATIOJILHBI MOMEHT
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r>V=n-E-V-3i—iT. (6.5)

re N — KOHIICHTPALUs MOJICKYJ; P, - JAUMOJbHBIH MOMEHT MOJICKYJIbI; K —
nocrosinHas bonbsimana; T — aOcomtotHas Temneparypa; V — o0beM AUAJICK-
TpHKa.
Kax BugHO M3 3TOT0 BBIPOKECHHS OPUCHTAIIMOHHAS MOJISPU3AINS 3aBU-
CUT OT a0COJIFOTHOU TEMITepaTyphI.
() Tperbio rpynny amdjexktpuxoB (NaCl,
‘ @ f KCI, KBr) npeacraBisifoT Tak Ha3bIBacMBbIC
| ' HOHHbIE KPHUCTA/UIbI, TPEICTABISIONINC
coO0OM KPUCTAUTMYECKHUE PEIIETKH C TMpa-
O v @ BUJILHBIM Y€pPEIOBAaHUEM MOHOB Pa3JIMYHBIX
. 3HaKOB. B 3TOM citydae Henb3si paccMaTpu-
@' BaTh OTJCIBbHBIC MOJIEKYNBI, a HY)KHO pac-
Puc. 6.4. CMaTpUBaTh JIB€ TOJPEHICTKA BIBUHYTHIC
VIOHHBI KpUCTAILT pyT B apyra. [Ipu momenennu Takoro
JUDJIEKTPUKA BO BHEIIIHEE DJIEKTPUUYECKOE TMOJI€ PEIIETKH CMEMIAlOTCs OTHO-
CUTEJIBHO JIPYT Jpyra (MOHHASl MOJSIpU3anusl) U JTUDJIECKTPUK MPHOOpETaeT
JIATIOJIbHBIA MOMEHT, OTJIMYHBIN OT HYJIS.

Wrak, BHECEHHE AMAIICKTPUKA BO BHEITHEE JIEKTPUUECKOE T0JIE MPUBO-
JTUT K BOSHUKHOBEHHUIO OTJIMYHOTO OT HYJS PE3YIBTHPYIOMIETO JTUITOIHLHOTO
MOMEHTA, T.€. K MOJSPU3ALMNH TUDTICKTPUKA.

Ionsipuzanus AUIIEKTPUKA - 30 Nepexod e20 8 maKkoe COCMOsHUe,
K020a 6HYMPU MAN020 00bEMA 8ewecmsea 2eoMempuidecKds CyMMa 8eKmo-
P08 OUNOJIbHBIX DNIeKMPUUECKUX MOMeHmo8 moekyn He paena (. Taxoi ou-
9NeKMPUK HA3b18AEMCsL NOJIAPUI0BAHHBIM.

Tonapuzayus OusneKmpuxkos ¢ NOJAPHLIMU MOAEKYIAMU HA3bIBAEMCS
OpueHTANMOHHOI. OHa YMEHBIIIAETCA C MOBBIIIICHUEM TEMIIEPATyPHI.

lonapuzayus Ous1eKmMpUKo8 ¢ HEeNnoOAAPHLIMU MOLEKYIAMU HA3blEAem-
¢ neopManMOHHON MJIHM 3JIEKTPOHHOU MOJISIPpU3aLMei.

B meepovix  kpucmannuueckux ousnexmpuxax muna NaCl, umerowux
UOHHYI0 KPUCMATLIUYECKVIO PEUEMKY, 603MONHCHA UOHHAS TOJISIPU3AIHA.

JIJIst XapakTepUCTUKH TIporiecca MOISPU3alid BBOJAT MOHATHS BEKTOP
TOJISIPU3AITUH.

—_

Py L
e V

n
(6.6)
i=1
r7€ P, - AUMOJIBHBI MOMEHT OTJEIHHON MOJEKYIbI; V- 00bEM Tena.
BekTop moasipuzanum omnpeaessieTcsi CyMMApHbIM 3JIEKTPHYECKHM
MOMEHTOM BCEX €ro MOJIEKYJl, PaCHOJI0KEeHHbIX B eJMHHIIE 00béMA.
IIbe303¢p¢ekT. OnbIT MOKA3IBAET, YTO B HEKOTOPBIX KpUCTAJLIaX MOJIS-
pHU3aIys MOXKET BOZHUKATh TOJIBKO MO ACHCTBUEM 3JIEKTPUUECKOTO TMOJIs, HO
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U TIOJ ICHCTBHEM MEXaHWYECKHX HAMpPsDKeHWH. JTO sSBIICHUE, BIIEPBBIC U3Y-
geno I1. m XK. Kropu, monayunsno Ha3zBaHHE MHhE30JIEKTPHIECKOTO A derTa
uu nibe30dd ekra.

Ecmu w3 xpucramia KBapia BeIpE3aTh OMPEICIICHHBIM 00pa3oM IuIa-
CTHHKY M C)KMMAaTh (pacTsIruBaTh) €€ B HAMPABICHUU NEPICHINKYISIPHOM K
ONTHYECKOM OCH, TO B HEH BO3HHMKACT IMOJIIPU3ALINS, H Ha TOBEPXHOCTH ITLIa-
CTHHKY TIOSIBJISIFOTCS TIOJIIPU30BaHHBIC 3apsbl (puc. 6.5). OmbIT OKa3bIBacT,
YTO NMPU U3MEHEHUH 3HaKa JehOpMaIHH, T. €. TIPU MePEXoJie OT PACTIKCHUS
K C)KaTHUIO, 3HAK TOJISIPU3AIMOHHBIX 3apsI0B U3MEHseTCs. BennunHa BekTopa
HoJIApU3anuy (B ONPEICICHHOM HHTEpPBaJic M3MCEHEHHI) POMOPIHOHAIbHA
MEXaHHYECKOMY HaIPSKCHHUIO.

— T Hapsiny ¢ mnpsmeiMm  1mbe3oddexTom,

2 Bty 7 CYLIECTBYET U oOpaTHOE €My SIBJICHHE
Dol + i (oOpatHbIi TTbe302(DEKT): B MbE303JICK-
P L ¥ TPUYECKUX KPHUCTAIIaX BO3HUKHOBEHUE
P - LA MOJIIPU3allMK  BCETJa COMPOBOXKIAETCS
E_ = j'j B : Mexanudeckumu nedopmanuamu. [lo-
T + ATOMY, €CJI Ha METAJUTMUECKHE OOKIaI-

KH, YKpCILICHHBIC Ha KPUCTaJlIe, MOJaTh
Puc. 6.5. ITse303¢dexr HaIpsHKEHUE, TO OH TOJ ACHCTBHUEM I10-
JIS1 TIOJIApU3YeTCS U AChOPMHUPYETCS.

Haﬂpﬂ)KeHHOCTb IMOoJId B THUIJIECKTPHKE

I/ITaK, BO BHCIIHEM J3JICKTPOCTATHYCCKOM II0JIC JUIJICKTPHK ITOJIAPU3YCT-

n
csl - IPHOBPETaeT OTIMYHBINA OT HyIS JUTIONBHEI MoMeHT L, = Z P;
i-1

Jnst onpeneneHusi HANPSHKEHHOCTH AJIEKTPUUYECKOrO MOJ B JIUAJIEK-
TPUKE PACCMOTPUM CJIEAYIOIINAN ONBIT. [IoMECTUM IIIACTUHKY U3 AUAJIEKTPHU-
Ka B OJHOPOIHOE DJIEKTPUUECKOE TIOJIE ¢ HANPSIKEHHOCTBIO E,, co3maBaeMoe

OECKOHEYHBIMH 3apsDKCHHBIMH TIacTUHAMU. [1oa neficTBHEM 3IeKTPUYECKO-
TO TTOJIS 3PSl B TUDJIEKTPUKE CMEIIAIOTCS: OTPUIIATEIbHBIC 3apsSAbl POTHB
T0JIs, TIOJIOXKUTEIIbHBIE 10 MOJI0. B pe3ynbrare 3Toro Ha MOBEPXHOCTSX T1J1a-
CTHHKH TIOSIBIISIIOTCSI CBSI3aHHBIEC DJIEKTPUUECKUE 3aPsIbl, CO3AI0NTNE JOTOJI-
HHTEBHOE DJIEKTPHYECKOE TI0JIE C HANIPSKEHHOCTBIO E'.

CoryiacHO TPUHIUITY CYNEPIO3UIMU TIOJIeH HAMpPSKEHHOCTh TOJS B
TURJIEKTPUKE OyIET ONpenensaThes o hopmyie

E=E,—E'. (6.7)
Tak xak noJsie E' co3maercs 3aps>KEHHBIMU TIOCKOCTAMU, TO
!
(o2
E'=—. (6.8)
&g

rae o' - IMOBECPXHOCTHAA IMIIOTHOCTL CBA3AaHHBIX 3apPA10B.
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o +o Takum 006pa3om, IS HAPSHKEHHOCTH
MOJISl B IURJIEKTPUKE OKOHYATEIIBHO T0-
TYYUM:

1E S (6.9)

&
rac ¢ - NUIJICEKTPpHYECKasi INMPOHHUIac-
—> -+ + MOCTHh BelleCcTBa - BCIMYMHA, I10Ka3bl-
Baromias, BO CKOJIBKO pPa3 3JICKTpOCTaTHU-
YCCKOC II0JIC B HOUIJICKTPHUKC MCHBIIIC,
—>7 + 4UeM B BAKyyMC, CBA3aHaA C AHUIJICKTPpHUYC-
CKoOH BOCIIPUMUMYUBOCTBIO BCHICCTBA H
3aBUCUT OT poJa BCUICCTBA. HaHpﬂ)KGH-
HOCTBb JJICKTPHYCCKOI'O IIOJIA E 3aBHUCHUT

OT CBOMCTB CpPEJIBI.
E= F_E : (6.10)
F E
3. IIpoBOAHMKH B 3J1€KTPOCTATHYECKOM II0JI€.
uiekTpoeMKOCcTh. KoHgeHcaTopbl
Ecnu noMecTuTh IPOBOJHUK BO BHELIHEE IEKTPOCTATUYECKOE I0JIE, TO
3TO 1nosie OyAeT JeHCTBOBATh HA CBOOOJIHBIE 3apsAbl IPOBOJIHHUKA, B PE3YJIb-
TaTe Yero OHMW HAYHYT NEPEMELIAThCsl — MOJOKUTEIbHbIE BAOJb M0JIsI, OTPU-
IaTeabHbIC — MPOTHUB 10 (puc. 6.7, a). Ha ogHOM KOHITIE TPOBOIHHUKA OYIET
HAKaIlJIMBaThCSl U30BITOK IMOJOXKHUTEIBHOTO 3apsia, Ha JIPYyroM KOHLE — H3-
OBITOK OTpHIATENbHOrO 3apsaa. IIpouecc NMpoucxoauT 10 TeX Mop, Moka He
YCTAaHOBUTCSI PAaBHOBECHOE PACIpPEACIICHUE 3apsA0B, IPU KOTOPOM 3IIEKTPO-
CTaTUYECKOE T0JIe BHYTPH MPOBOAHKUKA oOpaliaercs B Hylb (puc. 6.7, 6).

OtcyTcTBHe NoJs BHYTpH mpoBoanuka ( E =—grade =0) o3Hauaer, uro

E

Puc. 6.6. [Tonspuzanus
B IUIJIEKTPUKE

0

MOTEHIMAJI BO BCEX TOYKAX BHYTPHU MPOBOJAHUKA MOCTOSHEH, T.€. MOBEPX-
HOCTb MPOBOJHUKA B JICKTPOCTATHYECKOM MOJIE ABJIACTCS SKBUMOTCHIIAA b-
HoM. OTClOZ1a K€ BBITEKAET, UTO BEKTOP E mons HAIpaBJIEH 110 HOpMaJu K
KaX10U

E

»
»

»
»

3
iy

v

v

Puc. 6.7. [IpoBOHUK B DIIEKTPOCTATUIECKOM ITI0JIC
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TOYKE IMOBEPXHOCTH IPOBOJHHKA. TakkuMm 00pa3oM, HEHUTpaJbHBIH MPOBOJ-
HUK, BHECCHHBIA B 3JIEKTPOCTATHYECKOE IOJIe, Pa3phIBacT 4acTh JIMHUNA Ha-
MPSHKCHHOCTH: OHU 3aKaHYMBAIOTCS Ha OTPUIIATEIBHBIX HaBEACHHBIX 3apsiaax
¥ BHOBb HAYMHAIOTCSI HA MOJIOKUTEIBHBIX 3apsaax. MHayrmpoBaHHbIE 3apsi-
JIbI PACIIPEICIIAIOTCS Ha BHEITHEH IMOBEPXHOCTH MPOBOHUKA. SIBIIeHUE mepe-
pacipeesieHus TOBEPXHOCTHBIX 3aps/I0B Ha MTPOBOIHUKE BO BHEITHEM DJICK-
TPOCTATHYECKOM I10JI€ HA3BIBACTCS 2/1eKMPOCMAMU4eckol UHOYKyuell.

OnbIT TOKA3bIBACT, YTO HE3aBHCHMO OT CIIOCO0a 3JIEKTpU3AIlMU Tela,
€To 3apsiJl Bcera MpOIOPIIMOHANICH TOTCHITHATY.

q=C-o. (6.11)

Koy(ppuumeHT nponopuuoHaAJILHOCTH MEXKAY 3apsiioM Tejia U ero
MOTEHIMAJIOM HA3bIBAETCSl JIEKTPOEMKOCTHIO (WJIH MPOCTO €MKOCTHIO)
MPOBOHUKA.

N3 6.11 cnenyer, 4to

c-4 (6.12)
®»

Enununa uamepenus emkoct B cucreme CU HaswiBaercs ®apanoil.
®dapana (D) - 3TO EMKOCTh TAKOT'O MTPOBOAHUKA, TOTEHIIHMAT KOTOPOTO MOBHI-

K
maetcs Ha 1 BonbT pu coobmiennu emy 3apsnaa B 1 Kynos. [<1)=?jZ 1.

Jl1st emkocTH chephl MOTYyYUM BhIpakKeHUE
C=4r-g,-&-R. (6.13)
N3 6.13 crnenyeT, 4TO €MKOCTh YEAMHEHHOTO MPOBOJIHUKA 3aBUCHUT OT
€ro TCOMETPUUYECKHIX Pa3MEPOB, a TAKKE JUIICKTPUUESCKUX CBOUCTB CPEIbI.
VYenuHeHHbIe TPOBOTHUKU UMEIOT MAJIbIE EMKOCTH U HE UCIIOJIb3YIOTCS
Ha TpakThKe. PaccMOTpuM cucTeMy ABYX MapauIeIbHBIX METATHICCKUX
IJIACTHH, PACCTOSHHUE MEXKITY KOTOPHIMH 3HAYUTEIHLHO MEHBIIIE UX JIMHEUHBIX
pa3MepoB.
3apsiniuM TIIACTUHBI PaBHBIMU MO aOCOJTIOTHOMY 3HAYECHHIO 3apsigamMu
MIPOTHUBOIIOJIOKHOTO 3HaKa W TOMECTUM MEXIy HUMH JMAJIEKTpUK. Takas
CHUCTEMa IPOBOJHHUKOB HA3bIBACTCS TUIOCKMM KOHAcHcaTopoM. KoHaeHca-
TOPOM HAa3bIBAIOTCS JBAa TNMPOBOAHHKA, Pa3ieJIeHHbIX CJ0eM JIUIJIeK-
TPUKA, TOJIIHHA KOTOPOTr0 BO MHOI0 pa3 MeHbIlle pa3MepoB MPOBOIHU-
ka. Kaxxnmas u3 miacTiH Ha3piBaeTcs OOKJIaJKaMu KOHJIEHcAaTopa. DJICKTPHU-
YECKOE T0JIE COCPEOTOUCHO BHYTPH KOHACHCATOPA.
‘l 3apsaoM KOHJEHCaTopa HAa3bIBAIOT MO-

+ N

e e JIyJIb 3apsJia OJIHOM U3 00KIanoK. Bemnuu-

AR RARERRRRARAE Ha, U3MepsiemMasi OTHOILIEHHEM 3apsija OJ-
-4

=== ] HOﬁ M3 INIACTHUH KOHACHCATOPA K Pa3HOCTH
‘l IIOTCHIINAJIOB M€>I<)1y HHUMH, Ha3BIBACTCIA
Puc. 6.8. ITnockuii kougencarop ~ JICKTPOEMKOCTBIO KOHAEHCATOPA:
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(6.14)

BennunHa eMKOCTH KOHJIEHCATOpa ONPEAEIAETCS €r0 FeOMETPUYECKU-
MU pa3MepaMu, a TaKkKe TUIICKTPUUECKUMU CBOWCTBAMHU CpPEJIbl, 3aIlOJIHSIO-
el KoHaeHcarop. B 3aBucumoctu OT (POpMBI OOKIAJO0K, KOHJIEHCATOPHI
OBIBAIOT IJIOCKUMHU, CHEPUUECKUMU U LIMIIMHIPUYECKUMHU.
Tabmuua 1 - EMKOCTH KOHAEHCATOPOB

Tun Cxematnueckoe | @opmyna g pacue- | [Ipumeyanus
KOHJIEHCATOpa n300pakeHue Ta EMKOCTH
[Imockuii S - mwromanp
KOHJEHCATOP - 6 £.S IJIACTUHBI;
— E— C=-1-2" d - paccros-
d HUE MEXY
q MJIaCTUHAMU
‘rl ir:
Cdepuueckuit ', RiuR;-
KOHJIEH
JleHCATOP C=4mz,RR, (R, ~R,) | Pauycel
BHEIIHEW U
BHYTPECHHEU
00KIa10K
[nnuHapryecknii h — BeICOTA
KOHJIEHCATO WJIMH]IPOB
" R
N '”(RZJ
h | 18 '
P IR

IIpu nocsiefoBaTEILHOM COETUHEHNU KOHICHCATOPOB (puc. 6.9), 3apss

BCEX KOHAEHCATOPOB PaBHbI: (1 = (2 =

... =(Qn=0. PazHOCTh MOTECHIIHATIOB

MEXKAY MEPBBLIM U N- HBIM KOHACHCATOPAMU Ap =A@, + A@, +...+ Ag@,

|C|I CI'-TIz Cy 13 (6.14) crenyer Agp :%
‘ d 4 ___F‘ - Torz[aﬂ=&+i+...+i
Ap, ' Ap, A, C C C, C,
1 1 1 1
- / . W —=—+—+..+—.(6.15
: = e c e e, e, O
Puc. 6.9. ITocnenoBaTenbHOE COETUHEHNE
KOHJIEHCATOPOB
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C IIpu nmapa/uieIbHOM COeAUHEHUHU
-

§ KoHJeHcatopoB (puc. 6.10), 3aps-

) JIbI KOHJICHCATOPOB CKJIATBIBAIOTCS

. CTB * 0=Q01+ Qo+.+ On , @ PA3HOCTH IIO-
TEHI[UAJIOB paBHBI

(-_—.T? Ap=Ap, =Ap, =..=Ap,. U3 (6.14)

o

caenyet, uto (=C-A¢@, TOTIAa
C-Ap=C,-Ap+C, -Ap+...+C_ -Ap

Puc. 6.10. IMapannensHoe coequnenue n
KOHJICHCATOPOB nmC=C +C+..+C, = ZCi .(6.16)
i1

I/ITaK, IIpH napaJuiCJIbHOM COCMHCHNHN KOHACHCATOPOB CKJIIAABIBAKOTCS
HNX CMKOCTH, a IIpHU IIOCJICIOBATCIIBHOM - CKJIAAbIBAIOTCA BCIIMYNHBI, o6paT-
HBIC EMKOCTM.

4, JHeprusi B3aUMOAeHCTBUSI TOUEYHBIX 3apPsiI0B.
JHeprus 3apsizKeHHbIX IPOBOITHUKOB

Kaxk Ob110 MOKa3aHo BBIIIE, UTO ANEKTPUUECKUIN 3apsi, HAXOIAIIHUICS B
AIEKTPUUYECKOM I0JIe, 00JIaaeT MOTCHIIMAIbHOW YHEPTrUe, KOTOPYIO MOXKHO

HalTH 1o opmyne W, = kGG
r

[losTOMy SHEprusi CUCTEMBI ABYX TOYEUHBIX 3apsANOB (; U (,, pacmo-
JIOKEHHBIX HAa PAacCTOSHUU I APYr OT JApyra MOXET OBbITh OIpeiesieHa clie-
ayromum oOpaszoM. IlycTs 3apsia (, HAaXOOUTCS B JIEKTPUUYECKOM I0JIE, CO3-
JTaBa€MbIM BTOPBIM 3apsaom. Torxaa

W, =0, ¢ =K % 'rQ_z : (6.17)

OdeBHIHO, CIIPABENTIMBO U 0OpaTHOE YTBEp)KIEHHUE: 3apsia (, B TOJE
NEepPBOTO 3apsa Oyner obaagaTh IHEpruen
w, =k %2 (6.18)
r
W3 (6.17) u (6.18) cnenyet, uro W; = W, = W , u 0011yr0 SHEPTHIO
CHCTEMBI JIByX TOUCUHBIX 3apsJOB MOXHO 3alKCaTh B BUJIC:

1 1 1
W = EWl +EW2 = E(ql @y U, Pr,). (619)

Jns cuctemsl, coctosineld u3 N TOUeUHbBIX 3apsiioB Beipaxenue (6.19)
3aMMIIETCS B BUAE:

1 N
W = EZQi@d’ (6.20)
i1

I'ne i=Kk.
ITycTh 3apsa mpoBOAHKMKA paBeH (, ero emMkocTh C, a MOTEHIHAT ¢ .
Jlnis yBeMUeHus 3apsijia Teja Ha BeauuuHy 0 Hy)KHO coBepiIuTh padoTy dA
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= (-de. Judpepenuupys nannoe Bbipaxkenue noayuum dq = C-dy u Torma
dA=C.¢p-do.

HuTerpupys moJiydeHHOE BbIpaKeHUe, HallieM, uTo
2

A= C;” +const. (6.21)

Tak xak paboTa paBHa U3BMEHEHHUIO YHEPTUHU, TO MOKHO TOBOPUTH, UTO
3apsHKEHHBIN TPOBOJIHUK 00JIaaeT SHEpruei

2 2
w9 _a¢_a (6.22)
2 2 2C
Kak u Bcsikuit 3apspkeHHBIN IPOBOIHUK, KOHIEHCATOP 00J1a/1aeT SHEpTUei
C-Ag?
wz—jfl. (6.23)
B cmyuyae mockoro konaeHcatopa C = 8'2_0'5’ Ap=E-du Toraa
BbIpakeHUe 6.23 mpuUMeT BUT
&S & oS
W = 20d E?.d?=2°2.d-EZ. (6.24)

W .
Beenem Benuuuny, W= KOTOpYI0 OyleM Ha3blBaTh 00beMHOM

IJIOTHOCTBIO JHEPTHH. Tor):[a I JICKTPUYCCKOIro IIOJIsI B KOHACHCATOPC
IIOJIY4HUM, 4YTO

EZ
= w(’z (6.25)
C yuetom Toro, uto D = & ,E BeIpaxkeHue 6.25 mpumer Buf
ED
W= BN (6.26)

Tot dakr, 4T0 0ObEMHAs MIIOTHOCTh SHEPTUM BBIPAXKAETCS YEPE3 Xapak-
TEPUCTHUKH DIEKTPUYIECKOro moJisi (E u D), FOBOPHUT O TOM, YTO CaMo Io-
je o0JaaeT SHeprueH.

Bonpocwt ona camokonmponsa

Kakue BeniecTBa Ha3bIBAIOT JUAJIEKTPUKAMMU ?

UTo Takoe NEKTPUUECKUN TUIOJb?

Uto Ha3bIBAETCS NUMOILHBIM MOMEHTOM (Oompenenenue, hopmya).
Urto Takoe miiedo aumnods (onpeaeneHue, Gopmyna).

B dem cocTouT siBJI€HUE MOSPU3ALUN TUDIICKTPUKA?

Buasl nusnekTpukoB (ornpeesaeHue, MpuMepshl).

Bunpl nonsipuzaruu: nedopmaimoHHas; OpueHTAIMOHHAS, HIOHHAS.
Uemy paBeH BEKTOP MOJISIpU3ALNHT?

ONoablhwdE
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9. UYro xapakTepu3yeT 3JIEKTPUUYECKasi EeMKOCTh IPOBOJIHUKA, OT YEro OHA
3aBUCHUT?

10.Yto nmpencrapnser coboit konaeHcatop? M3 kakux cooOpakeHUMN BbI-
OupaeTcsi reOMETPHs €ro 0O0KIaT0K?

11. Kak paccuuTbhIiBaeTcsd €MKOCTh OaTraped KOHJIEHCATOPOB MpU UX Ma-
paJLICIIBHOM U TTOCJIEI0BATEILHOM COSTUHEHUSAX ?

12.Ha3oBuTe ycia0BUs paBHOBECHUS 3aps/IOB B IPOBOJIHUKE.

13.Yemy paBHA €eMKOCTb IJIOCKOTO KOHJeHCaTOpa?

14 Yemy paBHA €MKOCTb HUIUHIPUYECKOTO KOHJEHCATOpA?

15.Yemy paBHA €eMKOCTh C(pepruIeCcCKOro KOHAeHcaTopa?

16.Yemy paBHa 3HEPruUs IIIOCKOTO KOHJIEHCATOpa?

17.Yemy paBHa 3HEPrus 3aps>KEHHOTO MPOBOAHUKA?

18.Yt1o Takoe 00beMHasl MIIOTHOCTh YHEPTUU?

19. 3anucats hopmyny oObeMHAs UIOTHOCTh YHEPTUH, BRIpAKCHHAS de-
pe3 XapaKTepUCTHKH dj1ekTpruieckoro nojs (E u D).

Bonpocut onsa camocmoamenvnozo uzyueHus
1. Cerneroanektpuku. [Ibe3031ekTpruecKkuii 3P hexT.

Jlexkuus Ne7
Tema: “3aK0HbI MOCTOAHHOI0 TOKA”

Ilnan aeknun:

1. DneKkTpruyecKnil TOK, CHJIa U TIOTHOCTH TOKA.

2. 3akoH OMa 1715 y4acTKa 3JIEKTPUYECKON e U 3aMKHYTOH LETIH,
coaepxkamert J(C. uddepennuansuas popma 3akoHa Oma.

3. I[locnenoBarenbHOE U NapAIIENIBHOE COEAUHEHUE TPOBOIHUKOB.

4. IIpyuriHa MOSBIICHUS DIEKTPUUECKOTO MOJs B poBoaHuKe. DJ[C nc-
TOYHUKA TOKA U €r0 CMBICII.

5.IlepBoe u BTOpOE npasuia Kupxroda.

7. KoHTakTHas pa3HOCTh NOTEHIIUAJIOB. TEepPMOIIEKTPUUECKUE SIBJIEC-

HMU:.

8. DIIEKTPUYECKUI TOK B PA3JIMYHBIX CPEIAX.

1. DnexkTpUYeCcKU TOK, CHJIA U IVIOTHOCTH TOKA
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DJIEKTPUYECKMM TOKOM HaA3bl-
eaemcs ynopaooueHnoe 0guice-
Hue JI1eKmpuuecKux 3apsaoe.
Hocutenssmu TOka MOryT OBITh
AJIEKTPOHBI, HOHBI, 3aAPSKEHHBIC
YaCTHULBI.

Ecin B mnpoBOgHUKE CO3/1aTh
ANEKTPUYECKOE TMOJIE, TO B HEM
CBOOOHBIE AJIEKTPUUECKHUE 3apsi-

Puc. 7.1. YnopsimoueHHOE IBHIKEHHE JIEKTPO-
HOB B METJUTMYECKOM MPOBOTHUKE

Jbl IPUIYT B IBUKEHNUE — BO3HUKAET TOK, HA3bIBAEMbIII TOKOM NMPOBOAHMO-
cTu. Ecim B mpocTpaHCTBE NEpEMENIAeTCs 3apsHKEHHOE TENO, TO TOK Ha3bI-
BaeTCH KOHBECKIMOHHBIM.

Tok MOXKET Teuyb B TBEPJbIX Tenax (MeTraiax), >KUAKOCTAX (IIEKTPO-
JUTax) W razax (ra3zoBbli pa3psi 00yCIIOBICH JABUKEHUEM KaK MOJOXKUTEIb-
HBIX, TAK U OTPHUILIATEIbHBIX 3aPSAIOB).

HocurensiMu Toka sIBIASIIOTCS

- B METaJUIaX — HAIPaBJICHHOE JIBUKEHHE SJIEKTPOHOB;

- B )KMJIKOCTSIX — HOHOB;

- B ra3ax — 3JIEKTPOHOB U MOHOB.

3a HampaBJieHMe TOKA MPUHATO MPUHUMATh HANIPABJICHUE JIBUKCHHUS
MOJIOKUTEIBHBIX 3aPSAJIOB.

JIJ1s1 BOBHUKHOBEHUS M CYyIIeCTBOBAHMS TOKA HEO0X0AMMO:

1) HajgMuue CBOOOTHBIX 3apSKCHHBIX YaCTHIIL;

2) HaJM4YHE DIICKTPHUYECKOTO IOJIS B TIPOBOTHUKE.

OCHOBHOH XapaKTePUCTHKON TOKAa SIBJASIETCH CHJIA TOKA, Komopas
paesna eeauyune 3apaoa, npouwieouieco 3a 1 cekynoy uepe3 nonepeunoe ce-
YyeHue nPpoeoOHUKA.

=29 (7.1)
At

|:[%:A]

rae  AQ — BenuuuHa 3apana; At — BpeMs NpoxoKAeHUs 3apsiaa.

Cuia Toka - BeMuuHa cKaysipHas. TOK, cuila U HanpaBJIeHUE KOTOPOIO
HE U3MEHSIOTCS C TEUEHUEM BPEMEHHM, Ha3bIBAIOTCS MOCTOAHHBIM, B IIPOTUB-
HOM CJly4ae — epeMEeHHbIM.

DNEeKTPUYECKU TOK MO MOBEPXHOCTH MPOBOJHHKA MOXKET OBITH pac-
NpEeNEIEH HEPAaBHOMEPHO, TO3TOMY B HEKOTOPBIX CIy4dasX IMOJIb3YIOTCS IO-
HSITHEM IUIOTHOCTH TOKA | .

CpeI[HﬂH IJIOTHOCTDb TOKA paBHA OTHOIICHUIO CHUJIBI TOKa K IJIOIIaax
MMONEPEUYHOro CCUYCHUA IMMPOBOAHHKA.
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. Al
<J>=-o. — CpeJHAA IIOTHOCTS TOKA (7.2)

2

M
rae Al — m3meHeHue Toka; AS — U3MEHEHUE IUIOMIAIH.

BripazuB cuily M IJIOTHOCTH TOKA YE€PE3 <v > - CPEAHIOI0 CKOPOCTH
37eKTPOHOB B MPOBOJHUKE MOTy4YnM: | =ne(v)S, rae N — KOHIEHTPAIHs 3a-

. Al dl
j=Ilm—=—
As—>0 AS  dS [

A 1 — MIHOBEHHAs IJIOTHOCTh Toka  (7.3)

PSAI0B B IIPOBOJTHHKE.
j=n- e<u>
2. 3akoH OMa /17151 y4acTKa JIeKTPUYECKOil 1enu U 3aMKHYTOM 11enu, co-
nep:xameit /C. Iudpepenunanbuas popma 3akona Oma

B 1826 r. Hemenkuii pusuk I'eopr OM 3KkCIEpUMEHTAIIBHO YCTAHOBUIL,
4yTO cujia Toka | B mpoBOAHMKE MPSAMO PONOPIMOHANIbHA HaNpskeHuto U
MEXKy €ro KOHIIaMH
l=k-U, (7.4)
rae K — koadduimeHT npornopuuoHaibHOCTH, HA3bIBAEMBIN 3JIEKTPOIPO-
BOJITHOCTBIO WM TpoBOoAUMOCTEIO;  [k] = [CM] (cumeHc).

1
Bennunna R= K [Om] (7.5)

HAa3bIBACTCS JIEKTPUYECKUM CONPOTHBJIEHHEM NMPOBOIHUKA.

C y4eToM 3JIeKTPUYECKOTO CONTPOTUBIICHUS TPOBOJAHUKA, MTOJIYIUM
CJIeAYIOIIee BhIpaKeHUE:

| == (7.6)

3akon OMa 1J11 OJTHOPOJHOI0 YYACTKA LENHU, He COoAepKalIel Uc-
TOYHHUKA TOKA: CUIA MOKA 8 NPOGOOHUKE NPAMO NPONOPUUOHATIbHA NPU-
JIOHCEHHOMY HARPANCEHUI0 U 00pPAMHO NPONOPUUOHATLHA CORPOMUETe-
HUI0 NPOBOOHUKA.

Beipazum u3 atoit popmynsr R

SIS (7.7)

| A

[TpoBoHMK, 00TaAAIOIINI SIIEKTPUYECKUM COMTPOTUBIICHUEM, Ha3bIBa-
ercs pesucropoM. B CU enuHuiel 31€KTPUUECKOTO COMPOTUBICHUS TPO-
BOAHUKOB ciIy>kUT OM. ConpoTtusienue B 1 Om obsagaeT Takoi y4acTok Iie-
1, B KOTOPOM Ipu HanpsixeHuu 1 B Bo3HUKaeT Tok cuioil 1 A.

DJIeKTPUYECKOe CONMPOTHBJIEHHE MPOBOJIHUKA 3aBUCUT OT (HOPMBI,
pa3MepoB U BemecTBa MpoBoAHUKA. CONPOTUBIEHHE MPOBOJIHUKA TPSIMO
HPONOPIMOHAIBHO ero JuuHe | 1 00paTHO MPOMOPIMOHAIBHO IIOMIAIN T10-
MIEPEYHOI0 CCUCHUS S.
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R=P§,
rIe p — XapakTepu3yeT MaTepHall, U3 KOTOPOrO H3rOTOBJICH IPOBOJI-
HHK U Ha3bIBACTCS YAETbHBIM CONPOTHBJICHHEM IIPOBOIHHKA.

Beipazum p u3 popmyssl 7.8, MOTyIUM:
p="02 o) (7.9)

(7.8)

M
0
rae Ry — conmpotunenue npooanuka npu 0°C; t — remneparypa, C; o —
TEeMIEPATYPHBIN KO3PPUITUEHT conpoTuBiIeHus (11 MeTamuia a~0,04 rpax
)
ConpoTuBieHHE MPOBOJIHUKA 3aBUCUT OT TemrepaTypsl. C yBeTH4eHH-
€M TeMIIEpaTypbl CONPOTUBIICHUE YBEINUUBACTCS.

R=R,(L+ot). (7.10)
CDOpMyJIa CIIpaBCJInBa U 1JIA YACIIBHOI'O COIIPOTHUBIICHUA
p=p,[L+at), (7.11)

A€ Po— YACIbHOE cCOnpoTuBIeHUE npoBogHUKa rpu 0°C.

OpnHako HauOONBIINI MHTEPEC MPEACTABISICT YAUBUTEIHFHOE SIBJIEHHE
CBEPXNPOBOAUMOCTH, OTKphIToe narckuMm ¢usukom X. Kammepnunr-
Onnecom B 1911 romy. Ilpu HexoTopoil ompenenaeHHOH Temmeparype T,
pa3sIMYHOM JJi1 pa3HbIX BELIECTB, YACJIBHOE CONPOTUBICHUE CKAYKOM
YMEHBIIIAETCS 10 HyJs (COMPOTUBICHHE HEKOTOPHIX METAIIOB: alIOMUHUH,
CBUHEI], IIMHK | Jp.): METAJIJI CTAHOBUTCS a0COJKTHBIM IPOBOIHUKOM.

[ToacraBum BeipaskeHue 7.9 B 7.6 MOTyYruM BBIpaKCHHE:

U US
I = — =
T o (7.12)
S
[Ieperpynnupyem 4iieHbl BBIPAXKEHHUS, IOy YUM:
I 1 U
= 7.13
575 (7.13)

rae = ] — INIOTHOCTH TOKa;

=y — yACJbHAaA IIPOBOANMOCTD BCIICCTBA ITPOBOJHHKA,

—|Cx |k »|—

=F — HaNpsAKCHHOCTD DJICKTPHUYCCKOIO ITOJIA B IIPOBOAHHUKE.

OKOHYATENBHO MOJYYUM BBIPAKEHUE:
J=7-E (7.14)
3ak0H OMma B n1udpepeHuuanbHON popme.
IlycTp 3aMKHyTast dJIEKTpUYECKas LENb COCTOUT U3 MUCTOYHHUKA TOKA C
£, C BHYyTPEHHUM COIPOTHUBJICHHEM I ¥ BHEITHUM R.
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/

e=U+— 7.15
q (7.15)

A
rac U :(Pl_q)z_ HAIIPAKCHHUC HAa BHCIIHCM COIIPOTUBJICHUU, A — pa60Ta

M0 MEePEeMENICHUIO 3apsia (| BHYyTpU UCTOYHUKA TOKa, T. €. paboTa Ha
BHYTPEHHEM COIPOTUBIIEHUU. Toraa
A=1UR, (7.16)
TakK Kak U=Ir, TO
A =17rt, (7.17)

2

I“rt
NepEenuIIeM BbIPaKEHUE IS € , yUTEM 4TO q=1It, &=IR+ , cokpatum |

e=IR+Ir. U  1=—° (7.18)
R+r

3akon OMa i 3aMKHYTOH JIEKTPUYECKON LeNu: 6 3AMKHYMmOoll
INEKMPUUECKOU Yenu IIEKMPOOSUNCYWAA CUIA UCIOYHUKA MOKA DAGHA
CyMMe NAOeHUIl HANPANCEHUA HA 6CeX YUACMKAX Uenu.

3.IlocsenoBateibHOE U NapaJjie/ibHOE cOeJMHEeHNe TPOBOHUKOB.
DnexkTpuyeckasl LeNb MPEeACTaBIseT CO00Ml COBOKYIHOCTH Pa3IMYHBIX
IPOBOJAHUKOB U HMCTOYHUKOB Toka. B oOmiem ciydae nenp sBIs€TCS pas-
BETBJICHHOM U COJIEPKUT YYaCTKH, TJI€ TPOBOJHUKU MOTYT COEAUHATHCS MO-
CJIEIOBATEIBHO U MapAJIENIBHO.

R, R, R, Ilpu nocnedosamenvnom coedune-
; I ; — Huu nPoeoonuKos (puc. 7.2):
— a) cuja TOKa BO BCEX YaCTSIX LIENHU
U onuHakoBa (| =const );

0) HampspKeHUE Ha 3aKUMax Lenu

Puc.7.2. TlocnemoBaTelbHOE COEIH- PaBHO CyMME€ nageHun HaHpﬂX(eHHfI

HEHHE POBOJHUKOB n
Ha oTaenbHbIX yyactkax (U => U, ).
i=1

YuuTtbiBasg 3TH TMOJOXKEHUS U UCIOJB3Yys 3aKOH OMa I OJTHOPOJHOTO

ydacTka, Haijiem o01iee (9KBUBAJIEHTHOE) CONPOTUBIICHUE TIETTH:
IR, =IR +IR, +...+ IR,

0o
i R, =>R. (7.19)
i=1

Takum oOpazom, o0lee CONMPOTUBJIEHUE LENH, COCTOSIIIEN U3 MocJie-
JA0BATEJbHO COCIUHEHHBIX NMPOBOJIHNUKOB, PABHO CyMMe CONPOTHBJICHUI
O0TJeJIbHbIX MPOBOHUKOB.
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I Ilpu napannenvnom coedunenuu

] nposoonukoe (puc. 7.3):
; & ; a) clwia TOKa B HEPa3BETBJICHHOMU
4 B YaCTH €M paBHA CyMME CHJI TOKOB,
_h MPOTEKAIOIINX B PA3BETBICHHBIX yda-
— :
| Z, | crkax e (1 =) 1,);
| T | i=1

0) majeHus1 HanpsHKEHUs B mapai-
JICIPHO COCIMHEHHBIX yYacTKax IeIn
OJIMHAKOBHI U PaBHBI HAMPSHKEHUIO HA
3aKHMax IeTH

(U,=U,=..=U_=U).

C y4eTroMm 3THX MOJIOXKECHUN U HAa OCHOBaHWHU 3akoHa Oma JJ1s1 OJHOPOI-

HOTO y4yacTKa IIeH Haiijem ol1iee (9KBUBAJIEHTHOE) CONPOTUBIICHUE TIETTH:

Puc.7.3. IlocnenoBarenpHOE COEqU-
HEHUE NMPOBOJHUKOB

U u U U
— = — .,
R06u4 Rl RZ Rn
i
1 n ]
— =) — 7.20
R i1 R ( )

Takum o0pa3zoMm, HpM NapauieJbHOM COeJIMHEHUM IPOBOAHUKOB
CKJIAJABIBAIOTCH BEJHYUHBI, O0paTHbIC CONPOTHBJICHHUAM OTACIbHBIX
YYaCTKOB Lenu (POBOAUMOCTH BeTBeil).

4. llpyyMHA NOSIBJIEHUS 3JIEKTPUYECKOI0 TOKA B NPOBOJAHMKE.
I/IC uCcTOYHUKA TOKA M ero (PU3NYeCKUuil CMBICJI.

3akoH OMa MOKa3bIBAET, YTO IUIOTHOCTh TOKA MPSMO MPOHOPIIMOHANb-
Ha HanpspKeHHOCTU E 3JeKTpUuecKoro moJisi, AeWCTBYIOIIEr0 Ha CBOOOIHBIE
3apsJibl ¥ BBI3BIBAIOLIME UX YIIOPSIAOYEHHOE ABUKEHUE.

Yro xe mpeAcTaBiseT U3 ce0sl AIIEKTPUUYECKOE I0J€ B MPOBOJHUKE?
DTO 3JEKTPOCTATUUECKOE TOJIE, CO3aBAEMOE JIEKTPOHAMHU U TMOJOKUTEIb-
HbIMU HMOHaMU (I10J1€ KYJIOHOBCKUX cwi). KyJIOHOBCKHME CHIIBI MPHUBOIAT K
TaKOMY IepepacipeielIeHHI0 CBOOOAHBIX 3apsii0B, IPU KOTOPOM 3JIEKTpHUYe-
CKO€ I10JI€ B IIPOBOJIHUKE MCYE3AET, a OTEHIMAJIBI BO BCEX TOYKAaX BBIPABHHU-
BatoTcs. [103TOMY KyJIOHOBCKME CHIJIBI HE MOTYT SIBUTHCS IPUUYUHOW BO3HUK-
HOBEHUS ITOCTOSTHHOTO JIEKTPUYECKOr0 TOKA.

Jlist moaiepkaHusl OCTOSSHHOTO TOKAa B LIEMIM Ha CBOOOJHbBIE 3apsiibl
JOJDKHBI J€MCTBOBAaTh CHJIbI HERJIEKTPUUECKOTO MPOUCXO0XKICHMS, Ha3bIBae-
Mble cmopornnumu cuiamu. CTOPOHHHME CHJIbI BBI3BIBAIOT pa3/ielICHUE pa3-
HOMMEHHBIX 3apsiIOB M MOJJEPKUBAIOT PA3HOCTh MOTEHUHUAIOB HAa KOHIAX
npoBoAHMKA. JJ00aBOYHOE AJIEKTpUYECKOE IMOJIE CTOPOHHUX CHJI B TPOBO/I-
HUKE CO3/1aeTCsl UCTOYHUKAMH TOKA (TraJibBAHUYECKUMH 3JIEMEHTaMU, aKKy-
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MYJIATOpaMHu, 3JEKTPUYECKUMU reHepaTopamu). VICTOUHUK CTOPOHHUX CHUJI B
LENHU MOCTOSIHHOTO TOKa TaK K€ HEOOXOJIHMM, KaK HAacoC B THAPABIUYECKOM
CUCTEME.

3a cuer co37aBaeMOT0 CTOPOHHHMU CHJIAMU TOJISI DJIEKTPUUYECKHUE 3a-
PAIBI IBUKYTCS BHYTPU MCTOYHHMKA TOKA MPOTUB CUJI DJIEKTPOCTATUYECKOTO
nonsi. bnarogaps 3ToMy Ha KOHIIAX BHEIIHEW LENH MOJAEPKUBACTCS pa3-
HOCTb MOTEHIMAJIOB U B LEMH UAET MOCTOAHHBIN 3eKTpuueckud Tok. Cto-
POHHUE CUJIbI COBEPIIAIOT PadOTy 3a CUET IHEPTUH, 3aTPAUUBAEMON B UCTOY-
HUKE TOKa (MEXaHUYECKOU, XUMUYECKOH U T. 11.).

du3nyeckas BeJIMYNHA, PAaBHASI OTHOUICHUIO PadOThI A.; CTOPOH-
HHUX CHJI NP NepeMellleHUH 3apsiia ( OT OTPULATEJBLHOI0 IMOJII0CAa HC-
TOYHHKA TOKA K MOJOKUTEJIBHOMY K BeJMYMHE 3TOr0 3apsiia, Ha3bIBa-
eTcsl JJIeKTPoABMAKYIIeH cuiioi ucrounuka (31C):

g=—. (7.21)
q

DNEeKTpOJIBUKYIIAsl CUJIA, KAK U Pa3HOCTh MOTEHIUAJIOB, U3MEPSIETCSA B BOJIb-
tax (B).

[lerb MOCTOSIHHOTO TOKa MOKHO pa30UTh HA OMPENIETIECHHBIE YYACTKH.
Te y4acTku, Ha KOTOPBIX HE JIEMCTBYIOT CTOPOHHHE CHUJIBI (T.€. yUYaCTKH, HE
coJiepKalife HCTOYHUKOB TOKa), HA3BIBAIOTCS OJHOPOJHBIMU. YYACTKH,
BKJIIOYAIOIINE UCTOYHUKH TOKA, Ha3bIBAIOTCSI HEOJHOPOIHBIMHU.

5. IlepBoe u BTOpOe mpaBuiaa Kupxroga

Ha nmpakTuke 4acTo MpUXOIUTCS paCCUUTHIBATEH CIOXKHBIC DJICKTPUUYECKHE
O IIOCTOAHHOI'O TOKA. I[J'ISI ynpouieHusd pacd€TOB CJIOXKHBIX 3JICKTPUYCCKHUX
Heneu, copepkalux HeOAHOPOHbIE YUaCTKU, UCTIONIB3YIOTCs mpaBuiaa Kupx-
roga, KOTOpbIe ABISIOTCS 0000IIeHnEM 3aKkoHa OMa Ha ciTydail pa3BETBICHHBIX
LETIEH.

B pa3BeTBICHHBIX LEMAX MOXHO BBIICIUTH Y3JI0Bble TOYKH (y3JIbl), B
KOTOPBIX CXOJATCA HE MEHEe Tpex MpoBoAHUKOB (puc.7.4). Toku, BTekaronye B
Y3€J1, IPUHATO CYUTATH IMOJIOKUTCIbHBIMU, TOKH, BBITCKAOIIWEC U3 y3JIla - OTPH-
HaTeNbHBIMH. B y37axX 1enu mocTOsSSHHOTO TOKa HE MOXKET MPOUCXOIUTh HAKOTI-
JICHHUE 3apsI0B.

Otcroza cienyer nmepsoe NpaBujio
Kupxroda: Anzeopauueckas cymma cun
MOKOG 6 y3/1€ pazeemenenusn 31eKmpu-
YyecKoil yenu pagHa Hyio

ZIFO (7.22)

Ilepsoe npasuno ABNSIETCS yCIOBUEM T1O-
CTOSIHCTBA TOKA B Lienu. s y3ma Ha puc.
7.4. nepoe mpaBuio Kupxroda 3amu-
Puc. 7.4. Y3en anexTpudeckoi menu IIeTCs:
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L-1L-1L+1,-1,=0.
Bropoe npaBuino Kupxroda ssisercs oboOmiennem 3akoHa Oma Ha pas-
BETBJICHHBIC JJIeKTpHuecKue nenu. OHO 3By4HT Tak: B n11000m 3amkuymom
KOHmYype pa3eemeneHHOou 3NeKmpuieckoll yenu anzedpauieckas cymma
npouseedenuii |; na conpomuenenua R; coomeemcmeyrouwux yuacmkog
IMO20 KOHMYpPa pagHa anzedpauieckou cymme npuiodxcennvix ¢ nem 3/4C
&

Zli'Ri:ZEi' (7.23)
i=1 i=1
obxon obzxon s cocTaBiieHUs1 ypaBHe-
3 o HUSI HEOOXOIMMO BBIOpATh
Tl 4 8 e _ ¢ Hanpaenenue 00x00a

kouwmypa (10O 4YacoBOU

CTpEJIKE WJIA MIPOTHUB HEE).
oz obzon Bce moxu, cosnadarowue

—_— s

no HAnpasieHuro ¢ 00xo-

ER LRI I:IR _ g Oom Kommypa, cuumarom-
cs NOJIOHCUMETIbHBIMU.
i i 5JIC MCTOYHHKOB CUMTAa-
Puc. 7.5. «IIpaBuia 3HaKOB» I0TCS  TTOJIOXKUTEIBHBIMH,
€CIM OHHM CO3Jal0T TOK,
HaIlPaBJICHHBII B CTOPOHY

00x0/1a KOHTYypa.
R N Jns  uenm, wW300pakeH-

< HOW Ha puc. 7.6, cuctema

b

— - aBHEHUU UMEET BUI;

Tfl ) I yp A
=5 =+
&

. l1R1+12R2=—¢g1-£2,
T L o— - il A —12R2+13R3=g2+¢3,
I3

LH_)_ <l —l1+12+13=0.
S ] I e

Puc. 7.6. IIpumep pa3BeTBIEeHHON
AJIEKTPUYECKOM LIeTH

Takum obpaszom, mpaswia Kupxroda cBoasT pacdeT pa3BEeTBICHHOU
AIEKTPUYECKON IIEMMM K PEMICHUI0 CHUCTEMBl JIMHEHHBIX anre0OpanvecKux
ypaBHEHUH. DTO pelieHUE HE BBI3BIBACT NMPUHITUMUAIBHBIX 3aTPYIHEHUMH,
OJTHAKO, OBIBAa€T BECbMa TPOMO3JKHM JaXke B Cllydae JOCTAaTOYHO MPOCTHIX
nerneid. Ecnu B pe3ysibTaTe perieHus cuiia Toka Ha KaKOM-TO y4acTKE OKa3bl-
BaeTCS OTPHUIIATEILHOM, TO 3TO 03HAYACT, YTO TOK HA 3TOM YYacTKE HJICT B
HaIpaBJICHUH, MPOTUBOIOJIOKHOM BBIOPAHHOMY TOJIOKHUTEIBHOMY HaIpaB-
JICHHIO.

p—— |
e L
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6. KonTakTHasi pa3HOCTh NOTEHHUAJIOB. TepModJiekTpruecKkne siBJIeHUs

DONEeKTPOHBI B METAJJIE HAXOIATCA B OECHOPSAIOYHOM TEIJIOBOM JIBU-
XKEHUHU. DIIEKTPOHBI, O0Jajalolue HauOOJbIIed KUHETUYECKON >HEpruei,
MOTYT BBUIETETh U3 METAJIa B OKpYy:Karoliee npocTpaHcTBo. [Ipu 3ToM oHUM
COBEPIIAIOT PadOTy MPOTUB CHJI MPUTSHKEHHS CO CTOPOHBI M30BITOYHOTO T0-
JIO)KUTENBHOTO 3apsifia, BO3HHUKAIOIIETO B PE3YJIbTATE BBLUIETA JJIEKTPOHOB,
o0pa3yromux BOKPYT TPOBOIHUKA ‘‘djeKmpoHHOe 001aKko”. Mexay diek-
TPOHHBIM T'a30M B METaie U ‘“3JIEKTPOHHBIM 00JaKoM™ CYIIECTBYET IHUHA-
MHYECKOE PABHOBECHE.

PabGora BbIXOJAa 3JIEKTPOHA — MmO padoma, KOMOPYI0 HYHCHO CO-
gepuiumsv 0714 YOQieHUs INEKMPOHA U3 Memania 6 0e36030yuiHoe npo-
CMPAanHcmaeo.

Henocratok 37eKTpOHOB B MPOBOJHUKE U HM30BITOK B OKPYXKAaIOIIEM
€ro MPOCTPAHCTBE MPOSIBISETCS B OUYEHb TOHKOM CJIO€ TI0 00€ CTOPOHBI I0-
BEPXHOCTU MPOBOJHUKA (HECKOJIBKO MEKATOMHBIX PACCTOSIHUM B MeETalie).
CrnenoBaTesbHO, TOBEPXHOCTh METaJUIa MPEACTABISET CO00M IBOMHON AIIECK-
TPUUYECKUH CJI0M, MOI00HBIN 0Y€Hb TOHKOMY KOHJICHCATOPY.

Pa3HoCTh MOTEHIIMATIOB MEXKIy OOKIJIaJKaMi KOHJIEHCATOPa 3aBUCHUT OT

paboThI BBIXOJIA AJIEKTPOHA.
A=, (7.24)
e
A€ € — 3apsj dIEKTPOHA; AQ — KOHTAKTHasl pa3HOCTh MOTEHIIUAIOB MEXIY
METaJIJIOM U OKpY’Karolen cpenioi; A — paboTa BbIxoaa (3JIE€KTPOH-BOJIBT —
2-B).

Pabora BeIX0/1a 3aBUCHUT OT XUMHUUYECKOHN TIPUPOJIBI METAILJIA U COCTOS-
HUSI €r0 TOBEPXHOCTH (3arps3HEHUE, BiIara).

Bo3HMKHOBEHHE KOHTAKTHOW Pa3HOCTU IMOTEHIIMAJIOB MEXKIY COMpUKa-
CaIOIIUMUCS METAJUNIMYECKUMH MPOBOJHUKAMHU ObLIO OTKPBITO B KOHIIE XVIII
B. HTAIBSHCKUM (u3ukoM Aneccanzipo BombroMm. OH 3KCIIEpHUMEHTAIIBHO yC-
TaHOBWJI ABa 3aKoHa BoJbTa:

1. Ilpu coedunenuu 08yx nNpoBOOHUKOB, U320MOBTEHHBIX U3 PA3TUYHBIX
Memanioe, Mexcoy HUMU 603HUKAEM KOHMAKMHAA PA3HOCMb NOMEeHUUA-
/108, KOMOPAA 3A6UCUM MOJLKO OM XUMUYECKO20 COCMmasa u memnepa-
mypel.

2. Paznocmov nomenyuanoe mexcoy KOHuamu yenu, cocmosaueil u3 nocie-
008amMeNIbHO COCOUHEHHBIX MEMANNUUECKUX NPOBOOHUKOB, HAXOOAUUXCA
npu 00UHAKOGOIl memnepamype, He 3A6UCUNL OM XUMUYECKO20 COCMAsa
HPOMENHCYMOUHBIX NPO6OOHUK0E. OHA paéHa KOHMAKMHOU PA3ZHOCMU NO-
MEeHUUAN08, 603HUKAIOWUX NPU HENOCPEOCH BEHHOM COCOUHEHUU KPAUIHUX
nPOBOOHUKOE.

TepmossekTpuueckue siBJIeHHsI

TepMmoasiekTpuyecKkue SBJICHUS B METa/UIaX IITUPOKO MCIOJIB3YHOTCS

JUIS. U3MEPEHUsl TeMmIieparyphl. s 3TOTO HUCMOJB3yIOTCS TePMO3J1eMeHThI
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WIH TePpMONAPBI, npedcmasnaouiue coooi 06e npo6oI0KuU, U320Mmoe6JieH-
Hble U3 PasnuyHbIX MEmanioe u cniagoé. KoHupl 3TUX IPOBOJIOK CIHASHBI.
OpuH cnail momeniaeTcss B cpeny, Temreparypy /3 KOTOPOW HYXXHO H3Me-
PUTB, & BTOPOM — B CPEAY € IMMOCTOSHHON U3BECTHOU TEMIIEPATYPOM.

TepMonapbl UMEIOT psJ NPEUMYILECTB Mepes OOBIYHBIMU TEPMOMET-
pamMu: NMO3BOJISIOT U3MEPSTh TEMIEPATYPHI B IIUPOKOM JUAINA30HE OT JECAT-
KOB JIO ThICAY I'paaycoB a0COJIIOTHOM HIKaibl. Tepmonapsl 00gagaroT 0071b-
IIOW YyBCTBUTEIBHOCTBIO U IO3TOMY JAIOT BO3MOXHOCTh M3MEPATH OYEHBb
Masie pazHocTH Temmepatyp (1o 10 rpaz.). C momomibio TepMonapsl MOX-
HO CJIEIUTH 32 U3MEHEHUEM TEMIIEpaTypbl BO BpeMEHU. BO3MOXKHOCTH ycTa-
HOBUTH T'aJIbBAHOMETP HA 3HAYMTEJIBHOM PACCTOSIHUM MO3BOJISIET IPUMEHSTh
TepMonapbl B aBTOMAaTUYECKUX yCTpoilcTBax. JlJid yBeIMYeHNs 4YyBCTBUTEIb-
HOCTH TEPMOIIap IMPUMEHSIOTCS UX IOCIEA0BATEIbHBIE COCAUHEHUS, Ha3bI-
BaeMbl€ TepMOOaTapesMu.

7. DJIeKTpUUYEeCKH TOK B Pa3JIMYHbIX Cpeaax

JJIeKTPUYECKHUIl TOK B razax

['a3pl B HOPMAJIBHBIX YCIIOBUSIX SBJISIOTCA AUIJIEKTPUKAMM, COCTOAT
UX JJIEKTPUYECKU HEUTPAIBHBIX aTOMOB M MoOJIeKy. [Ipu noHuzanuu razos
BO3HHMKAIOT HOCUTEIHU DJIEKTPUUECKOTO TOKa (MOJ0KUTEIbHBIC 3apsiabl). Ho-
HHM3aLMs ra3a MOXET IIPOUMCXOUTH I10]1 BIUSHUEM BHEIIHUX BO3JICHCTBUN —
CUJILHOTO HarpeBaHus, yJIbTPapuOJETOBBIX U PEHTIEHOBCKUX JIy4eH, paauo-
AKTUBHBIX M3JIyYCHHUH, mpu OOMOapaAHpOBKE aTOMOB (MOJIEKYJ) ra30B OBICT-
PBIMH 3JIEKTPOHAMU WJIK MOHAMM.

Mepoii npouecca uonuzauuu aenaemc:i WHTEHCUBHOCTH HMOHU3A-
MM, U3MEpAEMasi YUCIOM Map MPOTHUBOMOJIOKHO 3apSIKEHHBIX YACTHII, BO3-
HUKAIONIUX B €IMHIYHOM 00bEeME rasa 3a eIMHUYHbBIA MTPOMEXKYTOK BPEMEHHU.

YaapHoil MOHM3ALMeEH Ha3bléaemcsa Ompvie Om amoma (MoaeKyJivl)
00H020 UNU HECKOIbKUX INEKMPOHOE, GbI36AHHBLIL COYOAPEHUEM C AMOMA-
MU UMW MOJEKYIAMU 2a3a IJIEKMPOHOE UNU UOHO6, PA30ZHAHHBIX IJ1€K-
mpuuecKkum noJyem ¢ paspsaoe.

InekmpuuecKkuil MoK 6 2azax Hazvleaemcs ra30BbIM paspsaaom. [us
OCYIIIECTBJICHUSI TAa30BOTO pa3psia K TpyOKe ¢ HOHU3MPOBAHHBIM Ta30M
JIOJDKHO OBITH AJIEKTPUIECKOE MM MAaTHUTHOE TIOJIE.

1. HecamocTosiTeIbHBIN Ta30Bblil pa3psiji — 3TO JJIEKTPONPOBOJ-
HOCTbh I'a30B, BbI3BAHHAsI BHCIIHUMU UOHU3ATOPaAMH.

2. CaMoCTOSITeJIbHBII Ta30BbIi pa3psij — pas3psiji, KOTOPbIN MPOJI0JI-
JKAETCS TOCJIE MPEKPALICHUs AEHUCTBUA BHEIIHEro noHu3aropa. [logaepxu-
BAETCA M pa3BUBAETCS 32 CUET YJIAPHON MOHU3ALINY.
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HecamocTosiTenbHBIN ra30BbIN pa3psii NEPEXOJUT B CAMOCTOSTEIbHBIN
npu U, — HanpsbkeHun 3axuranus. [Iporecc Takoro mepexoaa Ha3bIBaeTCs
JJIEKTPUYECKHM NMPodoeM rasa.

B 3aBucuMocTH OT [aBlieHHMsI ra3a U OT HANPSIKEHUS] Pa3lInyaror:
TICIOLIMN pa3psa; KOPOHHBIN pa3psii; UICKPOBOU pa3psa; AyrOBOM paspsii.

v Taeoumuii pa3psii UCIOIB3YETCS B ra30CBETHHIX TPYyOKax, ra3oBBIX

Ja3epax.

v" KopoHHBIIi pa3psaa — IpUMEHSETCS TpU 00e33apakUBaAHUN CEMSH

CEJIbCKOXO35IMCTBEHHBIX KYJIbTYD.

v' MckpoBoii pa3psin — MONHUS (TOKHA 10 HECKOJBKHX ThICSY AMIIEp,

JUTMHA — HECKOJIBKO KUJIOMETPOB).

v Iyrosoii pa3psa (T=3000 °C — npu arMoc(hepHOM JIaBIICHHH, TEMITE-
patypa raza pasxa 5000...6000 °C). Ucnons3yercst Kak ICTOYHUK CBE-

Ta B MOILIHBIX MTPOKEKTOPAX, B IPOEKIIMOHHOM ammaparype.

IInasma — ocoboe arperaTHoe COCTOSIHHE BEILECTBA, XapaKTEepPHU3YIO-
1ieecsi BBICOKOM CTENEHbI0 HOHU3AIMH €r0 YaCTHII.

[1na3ma noapaszaessercs Ha:

e 11200 MOHU3UPOBAHHYIO (0L — JIOJU TPOILICHTa — BEPXHUE CIIOH aTMO-
cdepsl, noHOChEpPA);

® YAaCTUYHO MOHU3UPOBAHHYIO (HECKOIBKO %);

® [OJHOCTHIO MOHHU3UPOBAHHYIO (COJIHIIE, FOpSAYME€ 3BE3/bl, HEKOTOPHIE

MEX3Be3HbIe 00J1aKa).

HckyccTBEHHO co3AaHHas IUla3Ma HCIOJIb3YEeTCsl B Tra3opa3psIHbIX
JaMIIaX, MIa3MEHHBIX UCTOYHUKAX AJIEKTPUUYECKOW IHEPTUH, MarHUTOAWHA-
MUYECKHX T€HEpaTopax.

Tok B KHAKOCTAX. JJeKTpou3. 3akonbl Dapanest

HaGnronenust mokasanu, 4TO MHOTHE KUJKOCTH OYEHb IJIOXO MPOBO-
JAT SJIEKTPUYECKUN TOK (JUCTUIIMPOBAHHAS BOJA, TNIMIIEPUH, KEPOCHUH U T.
1.). BogHble pacTBOpHI coJeid, KUCIAOT U HIEJI0YEl XOPOIIO MPOBOIST 3JEK-
TPUYECKHUH TOK.

DJIEKTPOJIM3 — IPOXOXKICHUE TOKA 4Yepe3 >KUAKOCTb, BBI3BIBAIOILIEE
BBIZICJICHHE Ha D3JIEKTPOJAX BEIIECTB, BXOJAIIMX B COCTaB 3JIEKTPOJIUTA.
DJIEKTPOJUTHI — BEIIECTBa, oOJafarouue MOHHOW mpoBoAuMOCThio. MoH-
Hasi MPOBOAUMOCTb — YIOPSIOYEHHOE JIBXKEHHE HMOHOB MO/ JEHCTBUEM
AIIEKTPUYECKOTO TOJIS.

DJIEKTPUYECKHUI TOK B AJIEKTPOJIMTAX MPEACTABISET COOOM mepemerie-
HUE MOHOB O0OOMX 3HAKOB B IMPOTHBOMOJOXXKHBIX HampaBieHUsX. [lomoxu-
TEJIbHBIE MOHBI JABUXKYTCS K OTPULATEIBLHOMY JJIEKTPOAY (KaToay), OTpula-
TEJIbHbIE MOHBI - K MOJIOKUTEIbHOMY 3JEKTpoay (aHoxy). Bo3HukHOBeHHE
MOHOB B AJIEKTPOJIUTAX OOBACHSAETCS JIEKTPUUECKOI Iucconuanueii — pac-
nA0OM MOJIeKY]l pACMBOPUMO20 8eUeCmMBd HA NOJOHCUMENbHbIE U OMPUYa-
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menbHble UOHbL 6 pesynbmame e3aumooeiicmeus ¢ pacmeopumenem (Na'Cl’;
H'CI; K'T).

Hanpumep, xmopun mean CuCl, qucconuupyer B BOZHOM pacTBOpE Ha
HoHBI Meu 1 xnopa: CuCl,” _Cu™+2Cl".

T i HpI/I INOAKIIOYCHHUHN JJICKTPOJOB K HC-
AHOJ [ecaron TOYHHUKY TOKAa HWOHBI IOJ JI€MCTBUEM
] ] SJICKTPHUYCCKOI'0 II0JIA HAYMHAKT YIIO-

EIG)-—@ c‘%;» PAAOYCHHOC JBHIXKCHHUC. IIOJIOXKHUTCIIb-

- +@ HbIC MOHBI MEAW IBUXYTCA K KaTody, a

-9 "‘@ OTPHUIATCIIPHO 3apPsAKCHHBIC HOHBI XJIO-

C) G- U | pa — k a”ony (puc 7.7). JlocTUrHyB Ka-

- =~ TOJa, UOHBI MEAW HEUTPATU3YIOTCS W3-

Puc. 7.7. 9)1@[(’[130_]1143 BOJHOI'O OBITOYHBIMU QJICKTpOHAMH KaToda H
pacTBoOpa XJiopuaa Meau IMPpEBPamar0TCA B HCUTPAJIBbHBIC aTOMBI,

ocenaromue Ha karoae. MoHsl xjaopa, TOCTUTHYB aHOZA, OTIAOT, HO OJHOMY
ANEKTpOHyY. [Ipy MOAKIIIOYEHNU 3JIEKTPOJOB K HMCTOYHUKY TOKA MOHBI MOJ
JIEUCTBUEM JJIEKTPUUECKOT'O MOJISI HAUMHAIOT YIIOPSAJOUYECHHOE IBUKEHUE: T10-
JIOKUTEIIbHBIE NOHBI MEJIN IBUXKYTCS K KaTOMY, & OTPUIATEIIBHO 3apSIKEHHBIE
MOHBI XJI0pa — K aHoxy (puc 7.7). JlIocTUTHYB KaToJla, MIOHBI MEIU HEUTpau-
3YIOTCSl U30BITOUHBIMU SJIEKTPOHAMU KaTOJa W MPEBPAIAIOTCA B HEHUTpasb-
HBIE aTOMBI, Ocefaroue Ha katoae. MoHbI Xjopa, JOCTUTHYB aHOAa, OTHAIOT,
HO OJTHOMY JJIEKTpOHY. Ilocne 3Toro HeuTpalbHBIE aTOMBI XJIOpA COCIHHS-
I0TCS TIOTIAPHO U 00pa3yroT Mouiekysibl xjopa Cl,. Xiop BeiensieTcs Ha aHO-
JI€ B BUJI€ MY3bIPHKOB.

CreneHpl0 AUCCONMALNMHU ¢ Ha3bIBaeTcs yucio Monekyn N’ nucco-
[IMMPOBABIIMX HAa HOHBI, K 001IeMy Yrciry MoJiekyi N

/
az%q (7.25)

[Ipu TenoBOM JIBUKEHUU HOHOB, MPOUCXOJUT U OOpaTHBIN IMpolecc
BOCCOCIMHEHHUS MOHOB, Ha3bIBAEMbI PEKOMOUHAIUEIA.
3aKoHBI JIEKTPOJIN3a ObUIM HKCIEPUMEHTAILHO YCTAHOBJICHBI aHTJIHH-
ckuM puzukom M. @apazneem B 1834 r.

1. Macca eewecmea, gvloenaouiezoca Ha 3j1eKmpooe, nPAMO NPOnop-
UUOHANbHA INNEKMPUUECKOMY 3apady ¢, npouieouiemy uepes 3J1eK-
mpoaum.

m=Kk-q wm m=KIt, (7.26)
rae K — ayiekTpoXuMHYeCKrii SKBUBAJICHT BEILIECTBA; PABEH MAcCe BEIECT-
Ba, BBIJICIIMBILIETOCA MMPU MPOXOKACHUU YEPE3 DIEKTPOJIUT €TUHUIIBI KOTUYE-
CTBa DJIEKTPUYECTBA. g=1-t,
| — mOCTOAHHBIN TOK, MTPOXOAAIINN Yepe3 IEKTPOJIUT.
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2. 3J1el<mpoxumuuea<ue JIKeueajileHmosl eeuiecme, npAaAMo nponopuuo-
HAJIbHbl OMHOWEHUAM UX AMOMHDBIX (MOJZﬂprlX) Mmacc K edienm-
HocCmu n.

k=C

=5 =

, (7.27)

T~
m S|(>

1
rac A — aToMHas Mmacca; N — BAJICHTHOCTD, = E - IOCTOsAHHAsA @apazxeﬂ; C

— YHUBEpCcaJIbHas TOCTOSTHHAS JIJISI BCEX AJIeMeHTOB. F = 9,648 - 10* Ki/Momb.
DuU3NYECKU CMBICI CIIEIyET U3 00BEIMHEHHOTO 3aK0Ha 3ekTpoiau3a dapa-
nest

m=12 1t mzléq. (7.28)

Fn Fn

®Ousnyeckuit cmbicia: nocrosinHas Papages (F) paBHa KkoJam4ecTBy
3JIEKTPUYECTBA, KOTOPOe He00X0AMMO NPONMYCTHUTH 4epe3 IJIeKTPOJIHUT
JJIS1 BbIIeJICHUS HA 3JIeKTpoe 1 rpaMM-IKBHBAJICEHTA BelleCTBA.

N3 00beIMHEHHOTO 3aKOHA JIEKTPOJIM3a OMPEACIISIETCS AIEKTpUYe-
o nk
CKHi 3apsn (] 11000ro HoHa q= iN— ,
A
(7.29)
rie  Np—uucio ABoraapo, Na = 6,022 - 10%® momp ™.
3apsz 1-BaJeHTHOTO HOHA PAaBEH AJIEMEHTApHOMY 3apsany q = e = 1,602 -
10" K. JTro6oit BJICKTPUYECKUM 3apsJl KPATCH 3JIEMEHTAPHOMY 3apsily.

Bonpocwt ona camokonmponsa

UTto Ha3bIBaeTCs IJIEKTPUUECKUM TOKOM?

Ha3oBure 2 ycimoBHsl CylIeCTBOBAHHS JIEKTPUUYECKOTO TOKA.

Cuna Toka (onpenenenue, popmyna, €. HK3MEPEHUs).

[TnoTHOCTH TOKA (OTmpeaeneHue, GopMyna, e1. U3MEpPEHHUS).

UTo ABIAIOTCSA HOCUTESIMU TOKA: B METAJUIAX, B )KUJKOCTSX, B ra3ax.

3aBHUCHUMOCTD DJIEKTPUIECKOTO COMPOTUBIIEHUS OT ()OPMBI M pPa3MepOB

npoBoiHKKA (hopmyIia, ell. UBMEPEHHUS) .

9. ®opmyna yAeIbHOTO CONMPOTHBIICHUS.

10.3aBUCUMOCTD 3JIEKTPUUYECKOTO COMPOTUBIEHUS U YAEIBHOTO COIpO-
TUBJICHUS OT TemnepaTypsl (popMyIibl).

11.3axon Oma aJi ydyacTka Lenu.

12.3akon Oma 1t 3aMKHYTOM 11enu, conepxariei IJ1C.

13.Ilnddbepennnansuas Gpopma 3akona Oma.

14 .TTapannensHoe coeAMHEHUE MPOBOAHUKOB (cxema). UeMy paBHBI TOK,
HaIpsHKeHUE, CONPOTUBIICHUE?

15.Yt0 Ha3bIBAaETCS y3J70M DJICKTPUUECKOM 11enu?

16.T1epBoe mpasmiio Kupxroda.

17.Btopoe npasuiio Kupxroda.

0N OGEW
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18.CTopOoHHME CHUJIBI.

19.Y nenpHOE conmpoTuBiieHuE (onpenenenue, Gopmyna, . U3MEpPeHus).

20.3aBUCUMOCTD YACIBHOIO COMPOTUBIICHUS OT TeMneparypsl (hopmyra).

21.TTocnenoBaTelbHOE COEIMHEHHE MPOBOJHHUKOB (cxema) UeMy paBHBI
TOK, HaMPsDKEHUE, CONPOTUBIICHUE?

22.0OnpeneneHue paboTa BbIX0Aa SIEKTPOHA.

23.3akonbl BonbTa.

24.Yt0 Ha3BIBaCTCS TEPMOIAPOii?

25.Kakoii pa3psa Ha3pIBaeTCs HECAMOCTOSTEIIBHBIM, CAMOCTOSITEIIEHBIM?

26.YT0 Takoe MeKTPUIECKUid TpoOoii?

27.JlaiiTe onpeIelICHHE IEKTPOIIH3a, HOHHOU MMPOBOIUMOCTH, JICKTPH-
YECKOM IUCCOIaUm?

28.3axonn1 Dapajes.

29.Cremnenp JUCCOUAIIN.

BOI’IpOCbl 0151 CAMOCHOAMEIbHO20 usyuenun

1. PaboTa u MOIIHOCTb MOCTOSTHHOTO TOKA.

2. 3akon JIxoynsa-Jlenna. Juddepennnansuas Gopma 3akona Jxoys-
Jlenna.

N3mepuTenbHbIe MOCTBI IIOCTOSTHHOTO TOKA.

4. DIeKTpUYECKHUil TOK B TBEP/BIX TeJax.

w

Jlexkuus Ne8
Tema: “MaraurHoe moJje”

Ilnan aeknuu:

1.

2.
3.
4

Sl

MarsuTtHoe 1oJjie 1 ero XapakTepUCTUKHU.

3akoH buo-Casapa-Jlannaca.

Cuna Amnepa. Cuina Jlopenua.

[loTok BekTOpa MarHMTHOM MHAYKUIHMH. Teopema ['aycca st MarHUTHO-
IO I10JIS B BaKyyMe.

JlnaMarHuTHBIE, TapaMarHuTHbIE, eppoOMarHuTHbIE BeliecTBa. Maruur-
Has IPOHULIAEMOCTb.

B3aumuas unaykuusa. Tpancpopmarop, pu3ndecKkuid IpUHIUI €ro JIei-
CTBHSI.

SIBnenue caMOMHAYKIHUU. VTHTYKTUBHOCTb.

OHeprusi MarHUTHOT'O MOJIS.

B3anMoOCBs3b DNEKTPUUECKUX U MATHUTHBIX BEJTMYUH
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1.MarHuTHOe 1oJie U €ero XapaKTePUCTHKHU

MarnuTHbI€ siBIeHUs ObUITM M3BECTHHI enlé B ipeBHeM mupe. Kommnac
obu1 M300peteH 6omnee 4500 ner Tomy Hazaa. O nosiBuwiics B EBpome npu-
ommmsutenbHo B XII Beke HOBoOM 3pbl. OnHako Toyibko B XIX Beke Oblta oOHa-
pPYKEHA CBA3b MEXAY SJEKTPUUECTBOM M MATHETHU3MOM, U BO3HHKIIO MPEI-
CTaBJICHUE O MATHUTHOM I10JI€.

B XVIII Beke Obuto 00paiieHO BHUMaHHE Ha HaMarHUYMBaHUE Ke-
JIE3HBIX MPEJIMETOB U NIEpEMarHuuUBaHUE KoMIiaca BOJIM3U IPO30BOI0O pa3psi-
J1a. DTO HABOJIWJIO HA MBICIb O CBSI3M MarHUTHBIX SIBJIEHUW C AIEKTPUYECKH-
mu. Oto moarBepaun marckuii gusuk X.K. Opcrpen (1820 r.). OH ycraHO-
BUJI, YTO DJIEKTPUUECKHUI TOK BO3JCHCTBYET Ha PACIIONIOKEHHYIO MOOIU30CTH
MAarHUTHYIO CTPEJIKY, OPUEHTUPYS €€ MEePIEHAUKYISIPHO TPOoBOay. B ToM xe
roay (ppaniry3ckuit Gpu3MK AMIiep dKCIEPUMEHTAIBLHO OOHAPY U MarHUT-
HO€ B3aMMOJICHCTBHUE ABYX TPOBOJHUKOB C TOKOM.

[To coBpeMEHHBIM MPEICTABICHUSAM, IPOBOJHUKH C TOKOM OKa3bIBa-
IOT CUJIOBOE JICWCTBHE JAPYr HA APYra HE HEMOCPEICTBEHHO, a YEpPEe3 OKPY-
YKAIOIINE UX MAarHUTHBIE TTOJIS.

HNcToyHnKaMy MarHUTHOTO TIOJISL SIBIIIFOTCS ABHIKYIIMECS JIeKTPH-
yeckue 3apsabl (TOKW). MarHuTHOE MOJi€ BOSHUKAET B MMPOCTPAHCTBE, OKPY-
YKAOIIEM MPOBOJHUKHU C TOKOM, IMOJIOOHO TOMY, KaK B IPOCTPAHCTBE, OKPY-
YKAIOIIEM HETOJBUKHBIE JIEKTPUUYECKUE 3apsAJibl, BO3HUKAET 3JIEKTPUUECKOE
nojie. MarHuTHOE MOJIe MOCTOSHHBIX MAarHUTOB TAKXKE CO3/IACTCS JJIEKTPHUYIE-
CKMMHU MHUKPOTOKaMU, IUPKYIUPYIOIIUMHA BHYTPU MOJIEKYJ BEIIECTBA - I'M-
nore3a Ammepa.

VYuensie XIX Beka NBITAIUCH CO3aTh TEOPUI0 MArHUTHOTO MOJIS I10
AHAJIOTUHU C DJIEKTPOCTATUKOM, BBOJISI B pACCMOTPEHUE TaK HA3bIBAEMbIE Mar-
HUTHBIC 3aps/bl IBYX 3HAKOB (HampuMep, ceBepHbId N M I0KHBINA S Moiroca
MarHuTHOM cTpesiku). OJTHAKO OMBIT MOKA3bIBAET, YTO MU30JIUPOBAHHBIX Mar-
HUTHBIX 3apsiiOB HE CyllecTByeT. MarHUTHOE MoJie, B OTJIMYHUE OT DJIEKTPU-
YECKOTr0, OKa3bIBAET CUJIOBOE JACHCTBHUE TOJBKO HA JABUXKYIIUECS 3apsibl (TO-
KH).

JIns onucaHus MarHUTHOTO TOJISI BBEAEM CUJIOBYIO XapaKTEPUCTHUKY I1O-
751, aHAJOTMYHYIO BEKTOpPY HAIpPSKEHHOCTH AJIEKTpUueckoro mois. Takoi
XapaKTEPUCTUKOMN SBISIETCSI BEKTOP MATHUTHOM MHAYKUMU. MarHurHas
UHAYKIUSA B JaHHOW TOYKE OJHOPOJHOTO IMOJIsi OMNPEEseTCs] OTHOUIEHUEM
MaKCHMAaJIbHBIM BpaIllalOIIUM MOMEHTOM, JEHUCTBYIOIIUM Ha paMKy C Mar-
HUTHBIM MOMEHTOM, PaBHOM €JIMHUIIE, KOTJ]Ja HOPMaJIb K PaMKe MEPIEeHINKY-

E
JSIpHA K HaMpaBJICHUIO TOJs (aHamor E=-—).
0

B = Mo [B]=Tx (8.1)

m
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3a MOJIOKUTENBHOE HANIPABJeHHE BEKTOPA IPUHUMAETCS HallpaBJe-
HUE OT FOKHOTO ITOJIFOCA S K CEBEPHOMY IONIOCY N MarHMTHON CTpPEJIKH,
CBOOOJIHO YCTaHABIIMBAIOUIEHCS B MATHUTHOM IoJie. MarHuTHOE MoJie SBJIS-
€TCSI CWJIOBBIM TIOJIEM, €70 MOKHO M300pa3uTh CWJIOBBIMM JIMHUSAMU. Takum
o0pa3oMm, ucciaenysi MarHUTHOE T0JIe, CO3/1aBaéMO€ TOKOM WJIHM MOCTOSHHBIM
MarHuTOM, C IOMOIIbI0 MaJ€HbKOW MArHUTHOM CTPEJIKH, MOKHO B KaKJION
TOYKE IPOCTPAHCTBA ONPEACIIUTH HAMPABIEHUE BEKTOPA.
AHAJIOTUYHO CHJIOBBIM JIMHUSIM B
ANEKTPOCTATUKE MOXXHO TOCTPOUTH
JIMHUHM MATHUTHOW MHAYKIUM — JIU-
HUU, KacaTeJbHbIE K KOTOPBIM B KaX-
JI0Ol TOYKE COBIIAJIaIOT C HAIpPaBJICHU-

eMB. [Ipumep MMHUM MarHUTHOW WH-
JYKIHMHU TI0JIEM TOCTOSIHHOTO MarHuTa
M KaTylIKH C TOKOM IIPUBEJCH Ha
puc.8.1. JInHUM MarHUTHON WHIYKIIMH
Puc. 8.1. JIuHMYM MarHUTHOM HHAYKIMKH  BCETJa 3aMKHYTHI (OHH HE WMEIOT HH
oJiell ITIOCTOSIHHOT'O MarHuTa u KaTyluIKHu Hayaja, HU KOHHa), OHU HUTJE HE 06_
TokoMm PBIBAIOTCHL.

DTO 03HAYaeT, UTO MAarHUTHOE I10JIC HE UMEET UCTOYHUKOB — MAarHHUT-
HBIX 3apsaoB. KapTuHy MarHUTHOM WHAYKIIUM MOKHO HAOIIOIaTh C MOMO-
B0 MEJIKHUX KEJIE3HBIX ONHWJIOK, KOTOPbIE B MAarHUTHOM I10JIE HAMarHU4u-
BAaIOTCA M, MOJOOHO MAaJICHBKUM MAarHUTHBIM CTpPEJIKaM, OPUEHTUPYIOTCS
BJIOJIb JINHUW UHAYKIIUH.

HanpasJjieHue CHJIOBBIX JIMHMM MArHUTHOTO MOJISI ONPEIENISETCS
NPaBWJIOM OypaBUYMKA. PYKOSAMKA OYpAGUUKA, BBUHUUBAEMO20 NO HANPAB-
JIEHUIO MOKa, 8pawaemcs 8 HanpasieHuu MacHUmMHuIX cunosvix aunuu. Ilpa-
BWJIO OypaBUMKa YaCTO HA3hIBAIOT MPABUJIOM MPABOr0 BUHTA.

—

Hapsny ¢ mHaykuuen B uCnonb3yeTcss NOHATUE HANPSHKEHHOCTH Mar-
HUTHOTO MoJjisi H, xkak Mepbl BO3/IEUCTBUS Ha MPOBOJAHUKHU C TOKOM U Mar-

HUTHYIO CTpeJKy (pa3MepHocTh e€ - A/m). HampsbkenHocTs H XapakTepusy-
€T MarHUTHOE IT0JIe, CO3/IJaBaeMOC¢ MAKPOCKOIMUYESCKUMH TOKAMH U MO3TOMY
OTIPEACIIACTCS UX BETUYMHAMH, KOHPUTYpAIKEeH B MPOCTPAHCTBE U HE 3aBU-
CUT OT CBOMCTB cpeAbl. /[ 0OqHOPOAHON W30TPOITHOM CpEelbl CBI3b MEXIY

BeKTOpaMH MHAYKIMH B M HANPSKEHHOCTH H ONPEAENSeTCs BHPaKEHHEM
B=yp-u-H [Tn] (8.2)
Amnanornyio D=¢-¢,-E
rne 4, =47-10" '/ m—MarauTHAs TOCTOSHHAS, [/ —MAarHUTHAs MPOHU-

11aeMOCTh Ccpebl (Oe3pa3sMepHast BeIMYMHA), TTOKAa3bIBAOIIas, BO CKOJIBKO pa3
MAarHUTHOE T0JI€ MAaKPOTOKOB YCHUJIUBAETCS 3a CYET MOJISI MUKPOTOKOB JIaH-
HOW CpeJibl.
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MarsuTHoOE I10J1€ MOXKHO I/1306pa)KaTb C IIOMOIIBIO JIMHUU HaIpsKCH-
HOCTH MAarouTHOI'O IIOJIA. Henpepbwuaﬂ JIUHUA, KacameéejibHasA K Komopoﬁ 6
Kaxicooil mouke coenaoaem c¢ GEKMOPOM HANDPANCEHHOCMU MACHUMHOZ0
noJisi, Hasvleaemcs JuUHuUel HaANpAMCeHHOCMU MACHUMHOZ0 RNOJIA. JInaun

HaIIPpsSKECHHOCTU MArHUTHOI'O ITI0JII BCCr'Zld 3aMKHYTLI.

aH =1 9

: 8.3
to 1o -dl ( )

dusnyecknii CMbICJ:

Hanpsasxcénnocms macHumHo20 nois HAnpaeieHa no KacameaibHOU K
CUNIOBOU TUHUU NOJISl, A NO MOOYJIIO PABHA OMHOWEHUIO CUIbL, C KOMOPOU NO-
Jie Oeticmayem Ha eOUHUYHbBLU dJleMeHm MOKA (PACNOIONCEHHbLU NePNeHOUK) -
JIIPHO NOJIIO 8 8AKYYyMe), K MACHUMHOU NOCMOSHHOU.

JIns BBIUMCIICHHS TOJHOM HANpsHKEHHOCTH H MarHWTHOTrO TOJIS HAJlo
TCOMETPUYECKH CYMMHPOBATh 3JieMeHTapHble HanpsbkéHHocTH OH. Ecmu
MIPOBOJIHUK PACIIOJIOKEH B OJHOW IJIOCKOCTH, HANIPSKEHHOCTh BHIYUCIIUM 10
dbopmyite (13 hopmyisl 8.3)

1 ¢l -sina
H_!dH_E!r—Z-dI . (8.4)

EnvHnna HanpspKeHHOCTH MarHUTHOTO MOJS — amnep Ha memp. 1 A/m -
HaIpsUKEHHOCTh TaKOro IIOJI, MAarHWTHAas WHAYKIHS KOTOPOIO B BAKYyME
pasra 47107 Th.

MaruutHoe 1noJie Ha3bIBacTCs OAHOPOJHBIM, €CIU BO BCEX €ro TOYKax
BEKTOP MArHUTHOH MHIAYKIMH B MMeeT OJHO H TO e 3HaueHue. B mpoTuBs-
HOM CJIy4yae MarHuTHOE I0JIE€ HAa3bIBAETCS HEOJHOPOAHBIM.

JIns MarHUTHOTO MOJISA, KaK U IS 3JEKTPUYECKOTO, CIIPABELINB IMPUH-
AN CyNepHo3HIMu; MATHHTHOE NoJie B, co3/laBaeMoe HeCKOJILKHMH Hc-
TOYHHMKAMH, PABHO BEKTOPHOI CyMMe I0JIeil Z§i , IOPOKAAEeMbIX KaKIAbIM

HCTOYHHUKOM B OTACJIBbHOCTH:

=il (8.5)

3. 3akon buo-Casapa-Jlaniaca
B 1820 roay MarHuTHOE MoJje MOCTOSSHHBIX TOKOB U3y4aJlOCh Ha OMBITE
buo u CaBapom. Pe3ynbTaThl ONBITOB ObUIM MaTEMAaTHYECKU OOpabOTaHBI
JlanmacoM W TOATOMY, 3aKOH IMOJY4YWJl Ha3BaHue 3akoHa buo-Caapa-
Jlarutaca.

Mol dIsina

Jlnst aneMenTa Toka OHU noJiyduniiv popmyiy: dB = i
T

r (8.6)
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rae I - pacCTOSHHME OT 3Jie-

MEHTa TOKa JI0 paccMaTpu-

BAEMOW TOYKH, O - YrOJ Me-

KOy HANpaBICHUEM TOKA U

HaIlpaBJICHUEM Ha paccMmar-

puBaeMyro Touky. Puc.8.2.

WUIKOCTPUPYET 3aKOH buo—

CaBapa Ha mpumepe MarHuT-

HOTO TOJISI MPSIMOJIMHEMHOTO

MIPOBOJAHUKA C TOKOM.

Ecnu npocymMmmMupoBaTh (IPOMHTErPUPOBATH) BKJIA/Ibl B MATHUTHOE T0JIE BCEX
OTZIEJIbHBIX YYAaCTKOB MPSIMOJIMHEWHOTO MPOBOJIHUKA C TOKOM, TO MOIYYUTCS
dbopmyna 1 MarHUTHOM MHAYKIUU TOJIA PSIMOTO TOKa:

My | ' (8.7)

= | e

Puc. 8.2. MnmmrocTpanust 3akoHa
buo-Casapa

4. Cuaa Amnepa. Cuna Jlopenna
Amnep (1820) Ha ombITe yCTaHOBWJI, YTO HA MPOBOJHUK C TOKOM B
MArHMTHOM I0JIe JeiiCTBYeT CHJia

F=I[B], (8.8)

MO/YJIb, KOTOPOH ompeessercs no Ggopmyire:

F=1-B-/-sina (8.9)
a HapaBJICHHE, IT0 TIPABUJIY MTPABOTO BUHTA WY MPABUJLY JIEBO PYKH:
ecnu pacnoiodcums Jiegyro
PYKy mak, 4moo0sl JUHUU
UHOYKUUU MAZHUMHO20 hO-
J1A 6X00uUnu 6 1a00Hb, a ue-
molpe GbIMAHYMBIX NATbUA
Ovliu  HanpaejieHvl 600.1b
moKa, mo OmeEeOeHHbll
Oonvuion naney yKaycem

Puc. 8.3. IlpaBuiio neBoit pyku Hanpaenenue cuivl, Oeicm-
¥ [PABHUJIO OypaBynKa eywuieii. Ha  NPOBOOHUK
(puc.8.3).

Bo3HMKHOBEHME ATOM CHJIBI CBS3aHO C TEM, UYTO MarHMTHOE I10JI¢ JICUCT-
BYET Ha 3apsKCHHBIE YACTULBI, JABWKYIIUECS B MPOBOJHUKE C HEKOTOPOU
ckopocThio V. Cuia, AEHCTBYIOIIAs Ha 3apsj B OTOM Cilydae, HA3bIBAETCS
cuioii Jlopenua u onpezensiercs no Ggopmyse:

F =q[oB], (8.10)
a ee MOIYyJab F=q-v-B-sina (8.11)
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II€ O — YroJl MEXKIY HalpaBICHUSMH CKOPOCTH YacTHUIbl U BEKTOpA
MarHUTHOW UHAYKIUH.

MarautHOoe  mosie  He  JEUCTBYeT  Ha
NOKOSIIMHCA 3apsiJ ©W B 3TOM  COCTOMUT
CYLIECTBEHHOE OTJIMYME MArHUTHOTO TOJSI OT
AIEKTPUUYECKOTO. Cuna  Jlopenua ecezoa
NEpNeHOUKyIApHa  cKopocmu  uacmuuysvl (ee
nepemewienui)) U - nOIMOMy  pabomel  He
cosepuiaem, a, c1e008amenNbHO, HE UIMEHAECH
KUHemu4ecKyl 3IHepauio dacmuuyvl. BripaxeHue
s cwbl Jlopenma (8.10) mo3BossieTr omnpeneluTh XapakTep JABHMIKCHHS
3apsKEHHOM 4YacTulbl B MarHUTHOM noJie. [Ipu o =90° wactuna asmxercs

. B

<

F Puc. 8.4.

mv
110 OKPYXXHOCTH pazmyca R B Ecin yron o yaoBIETBOPSET YCIOBHIO

0<a<90°, To yacTuia OBMKETCS MO CHUpaiM ¢ paguycoM R u mrarom h.
Ecii cKOpocTh 9acTuIibl V COCTaBISIET yroJ O ¢ BEKTOPOM MAarHUTHOM
MHIYKIHA B HEOJHOPOZHOTO MATHAUTHOTO IIONS, HHAYKIUS KOTOPOTO
BO3PACTaeT B HAIIPABICHUH JIBHKEHHS YacTullbl, TO0 R mh ymensmatorcs. Ha

9TOM OCHOBAHO SBJICHHUC (bOKyCI/IpOBKI/I 3apPsAKCHHBIX YaCTHL B MAarHUTHOM
ITIO0JIC.

Hamnpasnenue cumnbl JlopeHiia onpenensieTcss NPpaBWJIOM JIeBOH PYKH:
ecu 1a0oHb N1e60U PYKU PACNOJIONCUMb MAK, YmoObl 8 Hee 8X00UNU TUHUU
UHOVKYUU MACHUMHO20 NOJIS, 4 Yembvlpe BblMAHYMbIX NAlbyd HANPAGUMb
80016 gekmopa N, mo omozHymviti OONLUWIOU naiey NOKAdX’Cem HANpaesieHue
cunbl, deticmsyrowei Ha noaoxcumenvhwiil 3apso (puc. 8.4). Ha orpunarenb-
HBIH 3aps]l CUJla CO CTOPOHBI MAarHUTHOTO TOJIS JEHCTBYET B MPOTHUBOIIOJIO K-
HOM HalpaBJICHUU.

5. loTok BekTOpa MmaruuTHoi uHAYKuMU. Teopema I'aycca niasi mar-
HHUTHOIO MOJIAA B BAKyyMe
[Tyctp miomanky dS npoHMU3bIBaeT MarHUTHOE TOJIE ¢ MHIyKIuei B,
TaK 4TO HampamjieHUuE BeKkTopa B oOpasyer yroa o ¢ HampaBie€HUEM HOP-
MaJIM K IJIOLIAKE.

/o

IloTokOM BeKTOpa MArHMTHON HMHAYKUUH

WM MAarHUTHBIM MOTOKOM 4e€pe3 IIIOMIAAKY

dS HasbiBaeTCs ckajspHas (u3MuUeckas Be-

JMYWHA, paBHAs

d®=B-dS-cosa (8.12)

Puc. 8.5. IToTOK BEKTOpa MarHUTHOM MHIYKLHUU YEPE3
MIPOU3BOJIHHYIO TTOBEPXHOCTH TUIOMIAABIO S
ompeaesieTcs 1o popmye

v 0|

dS

S|
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®=[B,-ds (8.13)
S

rac Bn =Bcosa - IMPOCKIMA BEKTOPA g Ha HaIIpaBJICHUC HOpMAJIK K

wroniaake dS (puc. 8.5).
Ecnu mockasi MoBepXHOCTh PacioyioKeHa MEPIeHINKYISIPHO BEKTO-
pyB, To yron =0 u
@, =BS. (8.14)
Otcrona onpeenseTcs eINHNIIa MATHUTHOTO TTOTOKa gebep (BO): 1 Bo6 —
3TO MarHUTHBIN MOTOK, IPOXOSAIINI CKBO3b IIOCKYIO MTOBEPXHOCTH ILIOIIA-
1610 1 M°, PACIIONOXKEHHYIO TEPICHANKYIIPHO OXHOPOIHOMY MATHHTHOMY
IOJTI0, MHAYKIHUS KOTOporo paBHa [ 7.
3HaK MOTOKA OMPEIESETCS HAPABICHUEM MTOJIOKUTEITHFHON HOPMAaJH K
koHTYypy. Kak mpaBuio, moTok Bektopa B CBSI3bIBaIOT C KOHTYPOM, IO KOTO-
pOMY TEYET TOK.
Teopema I'aycca it MATHUTHOTO TOJISI: NOMOK 8eKMOPA MASHUM-
HOU UHOYKYUU Yepe3 JH00VI0 3AMKHYMYI0 NOBEPXHOCMb 8Ce20d PABEH HY-
o, m.e.

®={B-ds=0. (8.15)
S

DTO CBS3aHO C TCM, YTO JIMHHUH MarHUTHOM HHAYKIOUKW 3aMKHYTBI U
IIO9TOMY 4YHUCIIO JIMHUN BXOOAIINX B ITOBCPXHOCTH C OI[HOﬁ CTOpPOHBI, pPaB-
HO YHCIIy JIMHUM BBIXO/AIIINX C ,Z[perP'I CTOPOHBI.

5./luamMarHuTHbIE, IAPAMATHUTHBIE, (DePPOMATHUTHBIE BelleCTBA.
MarHuTHasi IPOHUIAEMOCTh

Maruetukun MOAPA3AEIAOTCS Ha crabomacHumHule u
CULbHOMACHUMHbIE — 6eujecmed. K cnabomarHUTHBIM  OTHOCATCA
napaMarHeTUKy U JUaMarHeTUKH, K CHIIBHOMAarHUTHBIM — (peppOMarHeTUKH.

He Bce BemecTBa 0MHAKOBO IIPOBOAAT CWIOBBIE JIMHUHA MarHUTHOIO
nons. Tak, HanmpuMep, 4epe3 Keae30 MAarHUTHBIE CUJIOBBIE JIMHUU MPOXOIST
BO MHOTO pa3 Jierde, 4em uepes Bo3ayX. pyrumu cioBamMu CioCOOHOCTD Xke-
Je3a MPOBOJAUTh MATHUTHBIM MOTOK OOJbIIE, YEM OKPYXKAIOIIEro BO31yXa,
M03TOMY MHAYKIIMSI MATHUTHOTO MOJIS B JKeJie3e 00JIbllie, YeM B BO3IyXE.

Benuuunna, xapakTepusyromias MarHUTHbIE CBOMCTBA Cpelibl, B KOTOPOU
JEUCTBYET MAarHUTHOE II0JI€, HA3bIBACTCS MArHMTHON INPOHULAEMOCTbIO
(). OHa moka3bIBaeT, BO CKOJBKO pa3 MAarHUTHAs UHIYKIHsS B B OJHOPO/I-

HOU U30TPOIHOM cpesie Ooublle (MU MEHBIIIE), YEM B BaKyyMe:

B
-2 8.16
H=g (8.16)

0

s Bakyyma pu=1.

J{uaMarHuTHble CBONCTBA HAOJIOJAIOTCS Y BEIIECTB aTOMBI, KOTOPBIX
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UMEIOT MarHUTHBI MOMEHT P, ; PaBHBIA HYJIO (HEMOJSPHBIE AUDIEKTPUKN),
Hanpumep, Bi,Ag,CuU, GONBIIMHCTBO OPraHUYECKUX COCIMHCHUM, YTIIEKHC-
JIBIM Tas3.

DNEKTPOH, NBWKYITUNCS 1O KPYyroBoi opOute, momooeH Bouky. [lon
JeMCTBMEM MAarHUTHOTO MOJIA, MHAYKLKSA B KOoTOporo cocramisieT yroiu o ¢
OCbI0 OpPOUTBHI 3JIEKTPOHA, BOZHUKAET IPELECCU 3IEKTPOHHOU OPOUTHI, IPH
KOTOpPOM BEKTOpP MAarHUTHOTO MOMEHTa aroMma p;, COXpaHss IMOCTOSIHHBIM

YIoJI (L, BPAIIaeTCsl BOKPYT HAMNPABICHUS BEKTOpPAa MATHUTHOW UHIYKIUHU C

o o e-B o o o
HEKOTOPOU YaCTOTOU o = o m Ha3pIBaeMmoil JlapmopoBo# yacroroii. OHa
-m

HC 3aBUCHUT OT YyIJIa HAKJIOHA O WM OJMHAKOBA IJIXI BCCX IJJICKTPOHOB. 210
ABUIKCHUC JJICKTPOHA 3KBUBAJICHTHO KPYTOBOMY TOKY. HOCKOJILKy 9TOT TOK
HHAYIHUPOBAH MAaIrHUTHBIM IIOJICM, TO IIO IIPpABUITY .HGHI_Ia, Yy atoMa I10sBJIA-
CTCA COCTABJIAIOIIASA MArHUTHOI'O ITIOJIA, HAIIpaBJICHHAA ITPOTHUB BHCIIHCTO
MarHMTHOTO IOJIsA. DTa cocTaBJpfromiadg CymeCTBYCT ¥ BCCX aTOMOB U O6y-
CIIaBJIMBAeT COOCTBEHHOE MAarHUTHOE IOJIC BCIICCTBA, 0cna6nsn0mee BHCIII-
HEC€ MAarHUTHOEC 10JIE, IIO3TOMY Y AMAMAarHe€TUKOB ), < Om p< 1.

ITapamMarHuTHBIE CBOMCTBa HAOIIOJAIOTCSA Yy BEIIECTB, aTOMBI KOTO-
PBIX UMEIOT OTJIMYHBIA OT HYJISI MATHUTHBI MOMEHT P; (TTOJSIPHBIE AUAJICK-

TpUKHU). B OTCYyTCTBUYM BHEIIHETO MAarHUTHOTO TOJIs, BCIEACTBUE TEIJIOBOTO
JBU)KCHUSI, MATHUTHBIE MOMEHTBI aTOMOB Pa30pPUEHTHUPOBAHBI U MOATOMY
MarHWTHBIA MOMEHT BENIECTBA paBeH HyII0. [Ipu BHECEHNM TapaMarHeThKa
BO BHEIIIHEE MarHUTHOE T0JIE MAarHUTHBIE MOMEHTBI aTOMOB OPUEHTUPYIOT-
csi Mo NoJyto (IMOJTHOM OPUEHTAIMU MPENSTCTBYET XaOTHYECKOE TEIIOBOE
nBkeHue). TakuMm 00pa3oM, MmapamMarHETUK HaMarHUYMBAETCs, CO3aBas
coOCTBEHHOE€ MAarHMTHOE I0JI€, HAMPABJICHHOE M0 BHEITHEMY TMOJI0 U yCH-
JIUBAET €TI0 U, CJICN0BATEIbHO, y, >0, 1 >1.

B mapamarnerukax HaOmomaeTcs U JUaMarHUTHBIN 3(Q¢deKT, HO OH
3HAYUTEIBHO Cllabee mapaMarHUTHOTO U UM MOKHO MpeHeOpeyb.

O6006m1as BhIIIE CKa3aHHOE MOXHO CKa3aTh, YTO B Clydae, KOT/Ia Mar-
HUTHBIM MOMEHT aToMa BEJIMK, TO MpeodIaaloT napaMarHuTHbIE CBOMCTBA,
€CJIM MaJl, TO IMaMarHUTHHIE.

deppoMarHeTHKH TIOMHUMO CIIOCOOHOCTH CHUJIbHO HAMarHUYMBATh-
cs 00aaloT elle U JPYTMMHU CBOMCTBAMHM, CYIIECTBEHHO OTIMYAIOUTAMHU
WX OT KA - ¥ TapamMaraeTukoB. Hapsmy ¢ aTum cBoicTBOM, 1yt heppomar-
HETUKOB XapakTepHO: 1) KpHUCTAIIMYECKOE CTpoeHue; 2) Ooibline Mojo-
KUTEIbHbIC 3HAYCHHUS] MATHUTHON MPOHULIAEMOCTH (O COTEH ThICAY: JIA
xeneza — 5000, s crutaa cynepmaiioss — 800000), a Takke HenuHeliHast
€€ 3aBUCUMOCTb OT HANPSKEHHOCTU /H MAarHUTHOTO MOJSl U TEeMIEPaTyphl;
3) cnoCOOHOCTh HAMAarHUYUBATHCS 10 HACBIIICHUS TPU OOBIYHBIX TEMIIEpa-
Typax yXe B cla0bIX MOJsxX; 4) eucmepes3uc — 3aBUCUMOCTh MarHUTHBIX
CBOMCTB OT MPEAMIECTBYIOIIET0 MAarHUTHOTO COCTOsIHUA (''MarHUTHOW HcC-
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topun"); 5) mouxa Kropu, T. . TemnepaTrypa, Bblllle KOTOpO MaTepual Te-
psieT heppOMarHUTHBIC CBOMCTBA, TIPEBPAIIasCh B OOBIYHBIN MapaMarHeTHK.
Ha puc. 8.6 nokazana 3aBUCUMOCTh MHIYKIIMA MAarHUTHOTO moJjisi B ot
HaIpPSKEHHOCTH H, HAMarHWYEeHHOCTH J U MarHUTHOW MPOHUIIAEMOCTH 4 OT
H nuia msarkoro xenesa.

|
I
I
l

a) H, H H
0) B)

Puc. 8.6. 3aBUCUMOCTh @) HHAYKIIMM MAarHUTHOTO 1ojs B ot Hanpsbken-
HOCTH H, 6) HAMarHMYEHHOCTH J OT HANPSKEHHOCTH H; B) MATHUTHON TIPO-
HUI[AEMOCTHU 4 OT HAIPSKEHHOCTU H 1J1s1 MATKOTO JKeJe3a.

Ha pucynke BUHO, yTO B 1 J pacTyT BHayajie ObICTPO C YBEJIMUYECHUEM
HANPSHKEHHOCTH HaMarHWYMBAIOLIETO IOJIs, 3aTEM UX POCT 3aMeyIsieTcs, a,
HAYMHASI C HEKOTOPOTO 3HaUeHus H,,. ,HAMATHUYCHHOCTh JTOCTHTAET MPaKTH-

YECKH MPEAENbHOrO 3HaueHusa J, . . 9To coctosgHue CTOJIETOB Ha3Ball Mar-
HUTHBIM Hacvbiyenuem. Uagykuus B =y H +J nocie 1ocTHKeHns MarHuT-

HOI'0 HACBILIEHUS PACTET MPONOPLUUOHAIBHO H.

B cBs3M ¢ HEOIHO3HAYHOCTBLIO 3aBUCUMOCTH B oT H mOHSITHE MarHwT-
HOW MPOHULAEMOCTH NPUMEHSETCS JIMIIb K OCHOBHOW KPHUBOM HAaMarHu4e-
Hus. [{ns HekoTopoil Touku KpuBo B = f(H) (puc. 8.6) marHuTHas IPOHHU-

LAEMOCTb L OTIPENIENSAETCS KaK TAHI€HC YIJIa HAKJIOHA MPAMOW, MPOBEAECHHON
W3 Hauana KOOpAMHAT K paccMaTpHBaeMoil Touke KpHBOii, T. e. 1= B/(u,H).

Kak cienyer u3 puc. 8.6, npu yBenndennn H yron HakiioHa (a 3HAYUT U L)
cHayasna pacteT, B Touke C (npsmass OC sBISIETCS KacaTeIbHOW K KPHUBOM
B= f(H)) mocTuraer MakcCuMmyma, a 3aTeM yObIBaeT.

[Ipy UMKINYECKOM NEpeMarHUYeHUM KpUBas HamMarHu4eHus oOpasyer
TUCTEPE3UCHYIO TIeTito (puc. 8.7).

Ecnu noBecT HamarHudeHue 10 HachlieHus (Touka 2 Ha puc. 8.7), a
3aT€M yMEHbIIaTh MATHUTHOE MOJIE, TO UHAYKIUS B cleayeT He 1Mo NepBOHA-
YaJIbHOW KpUBOM 1-2, a U3MEHsETCA B COOTBETCTBUM C KPUBOM 2-3.

B pe3ynbTaTe, KOrja Hamnps>KeHHOCTh BHEIIHErO MOJII CTAHET PaBHOM
HYJIIO (TOukKa 3), HAMarHW4eHHe HE UCUe3aeT U XapaKTEePU3yeTCs BEIUYUHON
Bocn KOTOpasi Ha3bIBACTCS OCHMAMOYUHOU UHOYKYUEH.

E€ MOXXHO M3MEHUTB, CO3/1aB BHEIIHEE TT0JI€ [, UMEIOIIEEe HATPaBJICHUE,
MPOTUBOIOJI0KHOE MOJII0, BhI3BaBIlIEMy HamarHuueHue. [lone HanpsixeHHO-
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CThI0 H., Mpu KOTOpPO# OcTaTouHAasl MHAYKIUS HUCUYE3AET, HA3BIBACTCS KOOP-
YUMUBHOU CUJIOMN.

5
Puc. 8.7. IleTns rucrepesuca

[Tpu nanbHelIIEM yBETHMUEHUU MPOTHUBOIIOIOXKHO HAMIPABICHHOTO TOJIS
dbeppoMarHeTk HaMarHM4YMUBaeTCs J0 HachlllleHus (KpuBas 4-5). 3atem ep-
POMarHeTHK MOKHO CHOBa pa3MarHUTHUTH (KpuBasi 5-6-7) m CHOBa HaMarHu-
TUTh 10 HAachllleHus. ['ucrepe3uc NMPUBOJUT K TOMY, YTO HaMarHUYeHUE
(deppoMarHeTruka He SIBISIETCS OAHO3HAYHOUM (DYHKIMEN HanpsHKEeHHOCTH H,

T.C. OIHOMY H TOMY KC 3HAUCHUIO H COOTBCTCTBYIOT PA3JIMYHBIC 3HAYCHUA

HaMarHu4eHus J .
deppoMarHeTHKH ¢ Majio (o 1-2 A/cM ) KO3pUUTHBHOM CHITON (y3KOi

neTyie TucTepe3nca) Ha3bIBAIOTCS MATHUTOMATKMMM,A ¢ OOJIBIION (10 He-
CKOJIbKHUX TBICAY A/CM) — MArHUTOTBepAbIMHU. Bennuunel H., B

oem? Himex
OIIpEAEIISAIOT 00JaCTh MPUMEHEHUS (PEPPOMArHETUKOB.

[Iponiecc HamarHu4eHus: peppoMarHeTuka MPUBOAUT K U3MEHEHHUIO €T0
JVHEHHBIX Pa3sMepoB U 00beMa. DTO SBICHHUE MOIYYNUIIO HA3BAHUE MACHUMO-
cmpuxyuu. B Hacrosiee BpeMs O0JbIIOE 3HAYEHHE IMPUOOpENN MOIYyIpo-
BOJIHUKOBBIE (DEPPOMArHETHKU — heppumsl, XUMUYECKUE COCAUHEHUS THUIIA
Me-Fe,O,, rae Meé — noH aByxBajieHTHOro Meramia. OHM OTJIMYAOTCA 3a-

METHBIMU (EPPOMArHUTHBIMU CBOMCTBAMU U OOJBIIMM YACIBHBIM COTIPO-
TUBJICHUEM (B MWJIJTUAPJIBI pa3 OoJiblie, 4eM y MeTallioB). depputhl mpume-
HSIFOTCS JIJISl U3TOTOBJICHUS TTOCTOSIHHBIX MarHUTOB, CEPJACUYHUKOB TpaHChOp-
MaTOpOB, KaTyIIeK UHAYKTUBHOCTH, (DEPPUTOBBIX aHTEHH W T.].

6.Bzanmuas nnaykuus. Tpancdopmarop,
(pusnyecknil NPUHIKIL €r0 JeHCTBUSA

PaccmorpuMm nBa HenoaBuxkHbIX KoHTypa | m ll, pacnonosxennbie
JI0CTATOYHO OJIM3KO APYT K apyry (puc. 8.8).
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Ecnu no koutypy | nporekaer Tok |;, To Bropoi
KOHTYp OyZIeT NPOHU3bIBATh MAarHUTHBIN OTOK
Dy =Ly -1y (8-17)
rae Ly;- k03 puimeHT nponopuoHaIbHOCTH.
Ecnu Toxk |; u3meHsiercs, TO MarHUTHBIN MOTOK,
MIPOHU3BIBAIONINI BTOPOM KOHTYp, OyJET u3Me-
HATBCA, U B KOHType Oyner Bo3HuKaTh J[C
WHYKIUU
2 —_d®21 :_L21% (818)
dt dt
AHAJIIOTUYHO MO>KHO YTBEPKIaTh, UTO MPHU MPOTEKAHUU IO BTOPOMY
KOHTYpY M3MEHsIoerocss Toka l, , B mepBoM KOHType OyJIeT BO3HUKATH

OJC uHayKunmn

Puc. 8.8. Bzaumuas
WHTYKITUS

g, =-12 1, % (8.19)
dt dt

SABnenne Bo3HUKHOBeHHS D/IC MHAYKIMHA B OJHOM M3 KOHTYPOB IIPH
M3MEHEHUHU TOKa B PYroM, HAa3bIBAaeTCs B3aMMHOM mHAykuue. Koapdu-
LMEHTHl MPONMOPUUOHATIBHOCTH Ljp, L1 Ha3biBaroTCS B3aMMHOM WHIYK-
THBHOCTBI) KOHTYPOB U 3aBHCST OT T€OMETPUUYECKONU (POPMBI, pa3MepoB,
B3aMMHOT'0 PACIOJIOKEHUSI KOHTYPOB U MarHUTHON ITPOHMUIIAEMOCTH CPEJIbI,
OKpy>Karollieid KoHTypa. B Hamewm cinydae Ly, = Ly;.

SIBneHne B3aMMHOW MHIYKIIMH JIEKHUT B OCHOBE pabOThl TpaHcpopMa-
TOpa, MPUMEHAEMOro IJs WU3MEHEHHUS HaNpsHKEHUsT NEPEMEHHOrO TOKa.
Tpancpopmarop 6611 u300perer 1.1, A6109Kk0BBIM U yCOBEPIIEHCTBOBAH
N.®. Ycarunbim.

[lepBuuHas 1 BTOpu4Has OOMOTKH TpaHCchopMaTopa, UMEIOIINE COOT-
BETCTBEHHO YHMCJO BUTKOB Ni, U Ny, 3aKpPEIUVIEHbl HA 3aMKHYTOM (eppomar-
HUTHOM cepJieuHuKe (puc. 8. 9).

.
— )
= D
p— | | 72
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Puc. 8.9. Tparchopmarop

MarHuTHbeIld TOTOK, CO3aBAa€MbId NEPEMEHHBIM TOKOM, TEKYIIMM B
MEePBUYHON 0OOMOTKE, MMOTHOCTHIO JIOKAJIU30BAH B CEPACYHHUKE U, TIOITOMY, OH
OyJeT mpOHU3bIBaTh 00€ 0OOMOTKHU. VI3MEeHEeHne MarHUTHOI'O TTOTOKA BHI3bIBa-
et nosienenue DJIC mHaykiuu Bo BTopuuHON oOoMoTke M DJIC caMouHIyK-
1uu B nepBuyHOU. [1o 3akony OMa TOK B IEPBUYHOM OOMOTKE OINpeesaeTcs
cymmoit BHemHe D/JJC u 3/1C camouHaykiuu
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do
LR, =E,—n,— (8.20)
dt
Tak kak CONMPOTHUBIICHHE MEPBUYHON O0OMOTKH Majo, To |; R; <<E; u mo-

ATOMY

do
El = nl E (821)
O/1C nHAyKIMH, BO3ZHUKAIOIIAsl BO BTOPUYHOU 0OMOTKE
do
E2 = _n2 E (8.22)
Paznenus 8.21 na 8.22, nomyuum
E_m_y
E. n,

3HaK MUHYC TOBOpUT O TOM, 4TO DJ[C B 00MOTKaX MPOTUBOMOJIOKHBI
no dasze, K - kodpdunmnent Tpanchopmanuu. [Ipu k > 1 - Tpancdopma-
TOP MOHMKAIOIIMIA, TpY K < 1 - mMOBBIIAIOIIHIA.

[IpeneOperas moTepsiIMU SHEPrHMM Ha BBIJCICHUE JKOYJIEBa TeIuia
(KTLI Tpanchopmaropa Majio OTIIMYAETCS OT €IUHUIILI) U, IPUMEHSIS 3aKOH
COXPaHEHUS SJHEPTUU MOYKHO MOJIYYUTh

U,-l,=U, l,=>—-Lt=-2 (8.23)

2 1
T.€. TIOBBIIICHUE HAMPSKEHUS] TPUBOJUT K YMEHBIIICHUIO CUJIBI TOKA U Ha-
000poT.

Tpanchopmarop, cocTosiuii U3 OJHONM OOMOTKH, HA3bIBACTCS aBTO-
TpancdopmaTopoM. B sToM cryuae HanpspKEHUE MOAAETCS Ha BCIO OOMOT-
Ky, @ CHUMaeTCsl ¢ 4acTu €€ B MoHmxkaromeM Ttpancpopmarope. [loBbI-
maromuil Tpanchopmarop padotaeT B 00paTHOM HaIpaBIICHUH.

7.51Bnenne camouHayKkuuu. UHAYKTUBHOCTH

SIBneHue ANEeKTPOMArHUTHOM MHIYKUMU HAaOJII0JAeTCs BO BCEX Clyya-
SIX, KOTJ1a U3MEHSETCS MArHUTHBIN MMOTOK, IPOHU3BIBAIOIIMKA KOHTYp. B ua-
CTHOCTH, 3TOT MEPEMEHHBI MAarHUTHBINA ITOTOK MOXET CO3[aBaThC TOKOM,
TEKYILIUM B caMOM KOHType. [loatomy npu écakom uzmenenuu cunvt moka 6
Kakom-1ubo koumype, 8 Hem gosHuxaem I/C unoykyuu, Komopas 8vi3vl8a-
em OONOJHUMENIbHYIL MOK 8 KOHmYype. Omo_siBJIeHUe MOJYYHJI0 Ha3BaHHe
CAMOMHIYKIHH.

CornacHo 3akoHy buo-CaBapa-Jlamiaca MHIYKIMS MarHUTHOTO IOJIS
IPONOPILIMOHABHA CUJIE TOKA, BbI3bIBAIOLIEro noJjie. CienoBaresbHo, TOK B
KOHTYpE ¥ CO3/JIaHHBI UM MarHUTHBIN MOTOK OYIYT CBSA3aHBI MEXIY COOOM,
Y MBI MOKEM HAIMCATh:

d=L-1 (8.24)
rae L - koaduument nponopiioHaabHOCTH, MOJIYYUBIINN HAa3BaHUE HMH-
AYKTHBHOCTH KOHTYpa. HIyKTMBHOCTH KOHTYpa 3aBUCUT OT I'€OMETPHU-
YECKHUX pa3MePOB U (GOPMBbI KOHTYpA, a TAK:KE OT MAarHUTHBIX CBOMCTB cpe-
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JIbl OKPY>KaroIel MPOBOIHUK.
OnpenenuM MHAYKTUBHOCTh KaTyIIKU. Tak KaK MarHUTHBIA MOTOK,

IIPOHU3BIBAIOIINYT KaTyIIKy @ =N-B-S, B= -1 -n-1,10
2

cD:,u-,uO-NT-S-I:,u-,uo-nz-V-I. (8.25)

CpaBuuBas 8.24 u 8.25, Haiijgem, 4To
L:/’l/’lo n2 V
[IpuMmeHss K sIBAEHUIO caMOMHAYKUMHU 3akoH PDapazes, noayuum g D/C

CaMOUHIYKIUU
L (8.26)

dt
Koaddumment nponopruonansaoctd L B 9T0# hopmyse HazwpiBaeTCs
KOY(P(PUIHEHTOM CAMOMHAYKIUU WJIH HHIYKTUBHOCTHI KATYUIKH.
Ennnuna uanykrusHoct B CU HaszwiBaetcst ['enpu (I'n). UHIyKTUBHOCTD
KOHTypa WIM KAaTylmKd paBHa | ['H, eciu nmpu cuiie MOCTOSIHHOTO Toka 1 A

coOcTBeHHBIN MOTOK paBeH 1 B6: 1 I'n =1 BO/1A.
8.JHeprusi MArHUTHOT O MOJISA

MarauTHOe TOJ€ HEpPa3phIBHO CBSI3aHO C TOKOM, OHO MOSIBIISIETCA U
MCYE3aET BMECTE C MOSBJICHUEM U MCUYE3HOBEHHEM ToKa. ClienoBaTeNbHO,
4aCTh YHEPTUHU JICKTPUUECKOTrO MO UAET HA CO3JaHUE MArHUTHOTO MOJIS.

MarnuTHoe 1oJje 0JKHO o0NafaTh dHEprue, paBHoOM pabote, 3aTpa-
YMBAEMOM TOKOM Ha CO3JIaHHUE ITOTO MOJIA, WIA Ha CO3aHUE NMOTOKA Mar-
HUTHOM MHAYKLHH, CBI3aHHOTO C TOKOM.

SIBrieHME JIEKTPOMArHUTHOW MHAYKIWM OCHOBAaHO HA B3aWMHBIX Ipe-
BPALLICHUSX SHEPTUM JIEKTPUUECKOI0 TOKA U MArHUTHOTO MOJISL.

JHeprusi MATHUTHOTO MOJIS1 MPONOPUMOHAJIBHA KBA/IPATy €ro Ha-
NPSKEHHOCTH U 00BEMY 0XBAYE€HHOI'0 MMPOCTPAHCTBA.

2
W :%-v (8.27)

Tak kak B=pu-u,-H , TO OKOHYATENLHO OyIeEM UMETH W = % vV (8.28)

Bripaxkenue sHEpruM MarHUTHOTO TOJISI YEpe3 XapaKTEPUCTHKW Mar-

HUTHOTO ToJiss B u H ybenutenbHO CBUAETENLCTBYET O TOM, YTO SHEpPrue
o0J1ataeT caMO MarHUTHOE II0JI€E.

O0beMHO TJIOTHOCTHIO JHEPIMH MATHUTHOTO MOJISI Ha3bIBaeTCsl

OTHOIIIEHHE IJHEPTHU MATHUTHOIO MOJIS K 3aHUMAaeMOMY UM 00beMy:

VT L T 5 N (8.29)

) 2 2

Tot dakt, 4T0 00BEMHAs TJIIOTHOCTh DHEPTUU BBIPAKAETCS Yepe3 OcC-

HOBHBIC XapaKTEPUCTHKW MAarHUTHOTO IOJIS, TOBOPUT O TOM, YTO CaMO Mar-
HUTHOE TI0JIe 00J1a7]aeT IHEPTUEH.
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9.CymiecTBOBaHME 3JIeKTPOMATHUTHBIX BOJIH

CymiecTBOBaHUE AJIEKTPOMArHUTHBIX BOJH OBLJIO TEOPETUYECKHU TMpe-
CKa3aHO
anrauiickuM gusukom [x. Makcsemiom B 1864 rogy. Makcsesni BBen B hu-
3UKY MOHSTHE BUXPEBOIO 3JEKTPUUECKOIO IMOJI U MPENIOKUI HOBYIO TpakK-
TOBKY 3aKOHA 3JIEKTPOMarHUTHON MHAYKIMH, OTKpbITol Mapaneem B 1831 r.:

Bcesikoe n3MeHeHre MATHUTHOTO MOJISI MOPOKAAeT B OKPYKAK0IIEM
NPOCTPAHCTBE BUXPEBOE YJIEKTPHUYECKOe 110JIe, CHJI0OBbIe JUHUM KOTOPO-
ro 3aMKHYTbI. 1 BbICKa3ay THmnore3y O CyHIECTBOBAaHUHM M OOpPAaTHOIO MPO-
necca:

MN3mensronmeecss BO BpeMEHH JJICKTPHYECKOe 1MOJIe MOPOXKAaeT B
OKpPYKaoleM NPOCTPAHCTBE MATHUTHOE T0JI€.

I'unore3a MakcBenna ObUla JIMIIb TEOPETUUECKUM MPEANIOTIOKEHHUEM,
HE MMEIOUIUM 3KCIEPUMEHTAIBHOIO NMOATBEP/KICHUS, OJJHAKO HAa €€ OCHOBE
MakcBemly ynanoch 3amucaTh HENPOTUBOPEUYHMBYIO CUCTEMY YpaBHEHUH,
ONMCBIBAKOLIUX B3aUMHBIE IPEBPALIEHUS IEKTPUUECKOT0 U MAarHUTHOTO I10-
Jied, T.e. CUCTEMY YpaBHEHHH AJIEKTPOMArHUTHOTO moJis (ypaBHeHud Mak-
cBesuia). M3 reopun MakcBesnia BBITEKAET PsiJi BAXKHBIX BBIBOJIOB:

E

Puc. 8.10. DnekrpoMaruuTHasi BOJHA
- -

5
BekTopsl E, B 1 v B3aUMHO HEPIICHAUKYJISIPHBI

1. CyliecTByIOT 3JEKTPOMArHUTHBIE BOJIHBI, TO €CTh PAaCHpPOCTPAHSIO-

nieecs B MPOCTPAHCTBE U BO BPEMEHM AJIEKTPOMArHUTHOE MOJIe. DIEKTPO-

- -

MarHMTHBIE BOJHBI MOMEPEYHbI - BEKTOPbl E W B IEPICHIUKYISAPHBI APYT
APYry W JeXKaT B IUIOCKOCTH, MEPIEHAMKYJIIPHON HAIPABICHUIO PaCIpO-
crpaHeHus BosHbI (puc.8.10).
2. DJEeKTPOMArHUTHBIE BOJIHBI PACIPOCTPAHSIOTCSA B BEINECTBE C KO-
HEYHOH CKOPOCTHIO
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1 3.10°

L= =
V& o Hiy \/;

3I[€CB EN },l — I[I/IBJ'ICKTpI/I‘-ICCKaH N MardiuTHas HpOHI/IHaCMOCTI/I BCIIICCT-
Ba, €p U g — SJICKTPHUUCCKAA U MaIrHUTHAA ITIOCTOAHHBIC!
£0=8,85419-107" ®/m, po =1,25664-10"° I'n/m.
CKOpPOCTbh JIEKTPOMAarHUTHBIX BOJIH B Bakyyme (e=u=1):

1 299792458.10°m/c

Véok

IIpocreniien cuCTeMO, SKBUBAJIEHTHON NIEPEMEHHOMY TOKY, SIBIIIETCS
IEKTPUYECKUIN JUINOJIb. DJIIEKTPOMAarHUTHOE TI0JIE JUIIOJISI UMEET OCHOBHBIE
YEPTHI.

1. Hanpsxénnocts E xonebnercs B INIOCKOCTH OCH JIUIIOJS NEPIEHIUKYIISIP-
HOE HaIIPaBJICHUIO 3JIEKTPOMArHUTHOTO U3TyYCHHUS.

2. Hanpspk€HHocTs H MarHuTHOrO mojist KojiedyeTcsl NepneHAuKyJIsIpHO Ha-
NPSKEHHOCTH E 3JIEKTpUYECKOro MOJIA.

3. Konebanus E u H coBepiatorcs B oiHo# (hasze.

4. DNEeKTPOMArHUTHOE M3TyYEHUE MAKCUMAJIBHO B HAIpPaBJICHUH MEPHEHIU-
KyJIsIpa OCH JUIOJI U PABHO HYJIIO B HAIPABJICHUU OCU JUIIOJIS.

5. DIIEKTPOMAarHuTHOE TOJIE PACHPOCTPAHSAETCA B BHJIE MONEPEUYHOU AIIECK-
TPOMarHUTHOM BOJHBI, COCTOALIEH M3 2-X COBHAAAOIIMX MO (aze BOJH -
ANEKTPUYECKOMN (T.€ BOJIHBI HAIPSHKEHHOCTH 3JIEKTPUUYECKOTO MOJIA) U Mar-
HUTHOU (BOJIHBI HANPSKEHHOCTU MAarHUTHOT'O TOJIS).

CcC =

Bonpocwt ona camokonmpons

1. Yro mpencramisier cOO0OM MarHUTHOE TOJIe, KAKUMH CBOMCTBAMHU OHO
oOnamaet?

2. UYto Ha3pIBalOT MHAYKIMEH MarHuTHOTO Toist? Kak ompenensitor Ha-

IIPABJICHUE BEKTOPA MArHUTHON MHIYKIINH?

Kax ynraercs nmpaBuio OypaBunka?

JIuHuM HANPSIKEHHOCTU MAarHUTHOTO MOJIs (OTpeaesiCHuE).

5. Kak cBs3aHbI BEKTOPHI HANPSHKEHHOCTH U MHAYKIIMM MarHUTHOTO T10-
ns?

6. 3amumure 3axkoH brno-Capapa-Jlamnaca.

7. Ha3zoBuTe enMHMIIBI MAarHUTHOW WHAYKIIMU W HAMPSOKCHHOCTH Mar-
HUTHOTO TIOJIsI, TAWTE UX OMPEIEICHUSI.

8. CdopmynupyiiTe 3aKkoH AMIepa.

9. [IlpaBwmiio neBoOi pyKH.

10. Kakas cwima IeCTBYeT CO CTOPOHBI MATHUTHOTO TIOJIST HA IBYKYIITU -
cs 3apsa? YUemy oHa paBHa?

11. Yrto Ha3BIBAIOT MOTOKOM BEKTOPA MATHUTHOW WHIYKIIUN?

12. Chopmynupyiite Teopemy 'aycca 111 MAarHUTHOTO MOJIs, OOBSICHUTE
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ee GU3HYECKUN CMBICIL.

13. Yro Takoe MarHUTHAs MPOHUIIAEMOCTH?

14. Kakue BemiecTBa Ha3bIBAIOT JAMAMarHeTHMKaMM, MapaMarHeTUKaMH,
deppomarnetukamu? KakoB MexaHW3M HaMarHU4MBaHHs (eppomar-
HETHUKOB?

15. Yto Ha3bIBalOT SBJICHHEM 3JIEKTPOMarHuTHON mHAYKIuu? Chopmy-
JUPYUTE 3aKOH IEKTPOMArHUTHON UHIYKIIHH.

16. B gewm 3akirodaroTcs sIBJICHHUS CAMOMHAYKIIMU U B3aUMOUHIYKITUHU?

17. Yrto Takoe MHIYKTUBHOCTb KOHTypa? OT 4ero oHa 3aBHCHUT, KaKOB €€
buznueckuii cMpicn?

18. PacckaxuTe npuHIMI paboThl TpaHchopmaTopa.

19. Yemy paBHa 3HEpPrusi MATHUTHOTO TOJIS?

20. Yto Takoe 0ObeMHas IMIIOTHOCTh YHEPTUU?

21. 3akoH >MEKTPOMATHUTHOW WHIYKITHH.

22. Teopust MakcBeia (BbIBOJIbI).

Bonpocwl ona camocmoamenvnozo uzyuyenus
Pacuer MarauTHBIX MoJiel ¢ noMomplo 3akoHa bruo-Casapa-Jlamnaca.
[upkynamnust BEKTOpa MarHUTHOW MHAYKIUU 110 3aMKHYTOMY KOHTYDY.
3aKOH IMMOJHOTO TOKA.
BuxpeBoil xapakTep MarHUTHOTO TTOJIS.
Pacuer MarHuTHOTO MOJIA HA OCU TOPOUA U COJIEHOUAA.
3akoH Kropu.
Oddext bapkraysena.
MarauTocTpuKLus.
. Kospuurusnas cuna. OcraTouHas MHIYKLHS.
10 I'ucrepe3ucHble TOTEPU SHEPTUMU.
11. AxtudeppomarHeTuku. OeppuThI.
12. YpaBHenus Makcaeia.
13. DnexTpoMarHuUTHBIE KOJIEOaHUSI.

Woo~NoaR~WNE

PA3JIEJI Ne4 OIITUKA 1 CTPOEHHUE ATOMA.

Jlexnus Ne9

Tema: «I'eoMeTprueckasi U BOJIHOBAsl ONITHKA
Iliaan:
3aKOHBI TEOMETPHUUECKON ONTUKH.
Tonkue nuH3b1. M300paXkeHre MpeaMeToB C MOMOIIBIO JTUH3.
Nurepdepenuus cera.
Hudpakmus cBera.
[Tonapuzanus csera.

AN
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1. 3aKkoHBI reoMeTPUYECKO ONTHKH

OcCHOBHBIE 3aKOHBI T€OMETPUYECKONW ONTUKU OBUIM M3BECTHBI 33J10JIT0
JI0 YCTaHOBJIEHUS (hPU3UYECKON MpUpoJibl cBeTa. K OCHOBHBIM 3aKOHaM pac-
MPOCTPAHEHHUSI CBETA OTHOCSTCS: 3AKOH RPAMOIAUHENHO20 pacnpocmpane-
HUA c6ema, 3aKOHbL OMPAXMCEHUA U NPEIOMICHUS C6emd, 3aKOH He3a8UCU-
MOCHU CEEMOBHIX NYUKOE.

3aKkOH NPAMOJIMHEHHOr0 pacnpo-
CTPAHEHHUSI CBETA: 6 O0OHOPOOHOU cpeode
ceem pacnpocmpanaemcsa nPAMOJIUHEHHO.

JlokazaTenbCTBOM 3TOTO 3aKOHA CIYKHUT
o0pa3oBaHKE TEHU C PE3KMMH TPAHUIIAMH OT
Puc. 9.1, OGpasosanme TeHu HEMPO3PAYHBIX MPEIMETOB MPH OCBEIICHUU
33 HEIIPO3PAYHBIM IIPEIMETOM UX HWCTOYHUKAMU CBETa MaJlbIX pa3MepoB

(puc.9.1).

3aKOH He3aBUCHUMOCTH CBETOBBIX NIYUYKOB: ¢hghexkm, npouzeooumulii
OMOCIbHLIM NYUKOM, He 3A8UCUM OM MO20, OCUCMEYIOm U 00HOBPEMEH-
HO ocmanbHble RYYKU UIU OHU YCIPAHEHbL.
Tnockocts nagemnms 3aK0H OTpaKeHUsl CBETA. OMPAIHCEH-
4 HbLIL 1YY JeHcum 6 0OHOU NIOCKOCMU C na-
\ 0aruwum J1y4om u nepneHOuUKyIApom, npo-
\2 N 6€0CHHOM K 2panuye pazoena 08yx cpeo 6
i mouke nadenusn ay4a. Y2on nadenus o pa-
% \ een yeny ompadicenus 3 (puc. 9.2).
G N\ I 3aKoH mpeJiOMJICHUS CBeTa. Jiyu
% N\ naoarowuil, Y4  HPEIOMIACHHBIL U
. NepneHoOuUKyap, NPOBeOCHHbI K paHuye
\ paszoena cped 6 mouKe nadeHusn Jayu4a,
aexcam 6 00HOU naockocmu. Omuouwienue
CuHyca yena RAOeHUsA K CUHYCYy yaia
Pric. 9.2. 3aK0H OTpAKEHHs 1 npenomaeHus ecmos 6eIUYUHA NOCMOAHHAA

™,

IIpEeOMIICHHS CBETa 071 08YX OAHHBIX CPeO:
sina
——— =Ny, (9.1)
Sinli

rae N, — OTHOCHUTEIBHBIN I0KA3aTelb IIPEIOMIICHAS BTOPOU Cpebl OTHOCH-
TEJILHO TEPBOM.

OTHOCHTEJBbHBIN MOKA3aTeIb NPEJOMJIEHHS JIBYX CpEJl pPaBEH
OTHOIIEHUIO UX a0COJIIOTHBIX TOKA3aTeNel PEIOMIICHUS

n

2
n

n21_

(9.2)
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AOCOJIOTHBIN MOKAa3aTelb NpeJOMJICHHUA ITI0KAa3bIBA€T BO CKOJIBKO pa3
CKOpPOCTB CBCTA B CPpCAC MCHBIIC YCM B BAKYYMC, T.C.

rJlie ¢ — CKOPOCTh CBETa B BaKyyMe, V — CKOPOCTh CBETa B JAHHOM Cpejie.
VYuuteiBas 9.2 3aKOH NPETOMIICHHS MOYKHO 3aIlMCaTh B BUJIE:
2=l (9.3)
sini n,

W3 cMMMETpHH 3TOrO BBIPAKEHHUS BBHITCKACT 0OPATHMOCTh CBETOBBIX
ny4ykoB. Ecin 00paTuTh mpenoMIIeHHBIH JIyd, 3aCTaBUB €ro MajaTh Ha rpa-
HUIly pasjeia Mmoj YoM i, TO MPeJOMIICHHBIN JIyd B MEpBOi cpeae OymeT
PacIpOCTPaHATLCS BIOJb MMAAIOIIETO JTyYa.

W13 3akoHa MpeoOMIICHHS CICIYET, YTO MIPHU PACIPOCTPAHECHUH CBETa M3
ONTHUYECKU MEHEE ILUIOTHOU Cpclbl, B Ooiee IJIOTHYIO (n2 > nl), OTHOIIICHHUC
sina :
=i >1 W, CJIeJIOBAaTEIbHO, YTOJI MAJACHUS O OOJIBIIE yIiia MPeJOMIICHHS |
(puc. 9.3.a).

Ecnu e Jiyd cBeTa MepexouT U3 ONTUYECKU 0o0Jiee TUIOTHOW Cpejibl, B

<1 wu, ciegoBaTeabHO, O < I

Sina
MCHCC IINIOTHYIO (n2 < nl), TO OTHOIICHUC

sSini

(puc. 9.3.0).

a)

Puc. 9.3. [Ipenomiienne cBeTa: a) IpH Mepexo/ie U3 ONTUUYECKU MEHEee TIOTHOM cpe-
Jibl, B O0Jiee MIIOTHYIO0; 0) Mpu nepexojie u3 6oJiee TNIOTHOW Cpe/ibl B MEHee IJIOTHYIO

C yBelMuYeHHUEM yTJia MaJICHUSI YBEIUYUBAECTCS U YrOJl MPEIOMIICHUs, U
IIPM HEKOTOPOM 3HAYEHUU YIJIA MAJEHUS O, YrOJI IIPEJIIOMIICHUS OKa)XETCs
paBHbIM 90°. OTHOBPEMEHHO C 3TUM MHTEHCUBHOCTH MPEIOMIICHHOTO Jy4a
YMEHBIIAETCSI, & UHTEHCUBHOCTh OTPAKEHHOI'O JIyda YBEJIMYUBACTCA W MPHU
yrie MaJeHusl PaBHOM (., UHTEHCHUBHOCTH IIPEJIOMIICHHOIO JIy4a CTAHOBUTCS
paBHOW HyNO. [Ipy 3TOM WHTEHCUBHOCTH OTPAKEHHOTO JIydya CTAHOBUTCA
PaBHOM MHTEHCUBHOCTH MAaJArolIero Jyya. [Io3ToMy 3TO siBJIeHHE TOJIyYrII0
HA3BaHHUE IOJHOI0 OTPa’KeHUsl. YroJ HaJeHus o, MOJY4YH/] Ha3BaHHe
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NpeieJIbHOTO YIJIa MOJHOro oTpaxeHus. [Ipu yrinax nageHus 6oabiux o,

BECh MAJAMONIHI CBET OTpaXKaeTCs B MEPBYIO cpeay. M3 3akoHa MpesoMIIeHUs
csera (9.3) ecnu yuectp, uto 1 =90° 1 N, =1, MO’KHO TOITYYUTH BBIpAKEHHUE:

sina, :%. (9.4)

SIBneHuE MOJHOTO OTPaKEHHUS HAILIO IIMPOKOE IMPAKTUYECKOE MpUMe-
HEHUE B MPU3Max MOJIHOTO OTpaKeHHs. Takue mpu3Mbl IPUMEHSIOTCS B OU-
HOKJISIX, MEPUCKOIAX, TEJIECKoMaxX, a TAKXKE B pe@hpaxmomempax, M0O3BO-
JSAIOLIMX ONPENENATh NOKa3aTeNb NPEJIOMIICHHs BEIECTBA. SIBJICHHE MOJIHO-
IO OTPaKEHUS UCIOJB3YETCS B ceemogodax. CBETOBOJ MPEACTABISAET COOOM
KBapLEBYIO HUTb, OKPYKECHHYIO CTEKJISHHBIM BOJIOKHOM, IOKa3aTeab IIpe-
JIOMJICHHsI KOTOPOTO MEHbIIIE, yeM y HUTH. CBeT, NMaJarlnid Ha TOpel CBe-
TOBOJIa, IPETEPIIEBACT HA IPAHULIEC PA3/ETa HUTh — BOJIOKHO IIOJIHOE OTpaXKe-
HUE U MOXET paclpOCTPAHATHCS TOIBKO 10 HUTH.

2. Tonkue aun3bl. U300paxkeHue npeaMeToB ¢ MOMOIIbIO JIMH3

Pa3znen onTuky, B KOTOPOM 3aKOHBI pacIpOCTPAHEHMs CBETA paccMmar-
PUBAIOTCS Ha OCHOBE INPEJCTABICHUS O CBETOBBIX ITy4KaX, Ha3bIBAC€TCs Ieo-
MeTpHYeCKOoil onTuKOM. [1o1 cBeTOBBIMM Iy4YKAMH IOHUMAKOT HOPMAJIb-
HbI€ K BOJIHOBBIM IOBEPXHOCTSIM JMHUH, BAOJIb KOTOPBIX PaCIpPOCTPAHIETCS
IIOTOK CBETOBOU 3HEPIUHU.

JIMH3BI IpeACTaBIsAIOT cOO0M MpO3pavyHbIe Tella, OrPAaHUYEHHBIE JBYMSI
MOBEPXHOCTAMHM (OJIHa M3 HUX OOBIUHO c(pepuueckasi, MHOTIA LIWJIUHIPUY -
CKasi, a BTopas — ceprueckasi WiM II0cKasi), MPeJOMIISIOIINMUA CBETOBBIMU
Jy4d, CrocoOHbIe (OPMUPOBATH ONTUYECKHE M300paKeHUsT TpeaMeToB. Ma-
TEPUAJIOM IS JIMH3 CIYXaT CTEKJIO, KBapll, KPUCTAJLIBI, JIACTMACCHI U T.II.
[lo BHemHel (opme JIMH3BI JEISATCA Ha: JBOSKOBBINYKJIIbIE, MIIOCKOBBITYK-

K Jble, JBOSIKOBOTHYTBIE, IJIOCKOBOTHY-
Tbl€, BBINYKJIO-BOTHYTHIE, BOTHYTO-
BbINyKJbIE. [l0 onTmyeckum CBOMCT-
BaM JIMH3bI JEJIATCA HA cOOMpalouue
U pacceuBaloLue.

JIun3a Ha3bIBaeTCA TOHKOM, ec-
JM €€ BEpIIMHBbI MOKHO CUUTATh COB-
Puc. 9.4. [Ipenomnenue cBera B JUH3E NAJAOMMU, T.€. €CJIU TOJIIMHA JINH-

36l Maja [0 CPABHEHMIO C paguycamu
KPUBHU3HBI OTPaHUYMBAIOIINX MOBepXHOCTEH (puc. 8.4). Ilpsmas mpoxos-
1asi 4yepe3 UEHTPbl KPUBU3HBI TIOBEPXHOCTEN JIMH3BI, HA3bIBAETCS TJIABHOM
ONTHYECKOH ocbl0. B nanpHelmux pacdyerax OyqeM cuuTarh, 4To Touku O,

u O, ciouBaroreda B o1Hy Touky O. Bcee paccrosiHus OyaeM OTCUMTBHIBaTh OT
sToi Touku. Touka O nmoayuynsa Ha3BaHUE ONTHYECKOT0 IIEHTPA JTUH3BI.

127



[Ipenominenue Ha nepBoi chepruecKkoil MOBEPXHOCTH cO3/1ao Obl 6e3
BTOPOW MPETOMIISAIOIIECH MOBEPXHOCTH B CIUIOIIHOM CTEKJIE C IOKa3aTeaeM
npejaoMieHus N,, u3odpaxeHue Ha paccrosHuM OC=a OoT ONnTH4ecKOoro

LEHTpA, TaK 4To,
N N NN, (9.5)
d a R,

Jlist BTOpO#t cheprueckoit moBepxHOCTH TOYKa C SBISAETCS MHHMBIM
UCTOYHUKOM cBeTa. [locTpoeHne n3zoOpakeHust 3TOH TOUKU Ha BTOPOU Ipe-
JOMJISIFOIIIEH TTOBEPXHOCTH JaeT Touky S’ Ha paccrosauu f=O0S' ot ontu-
YECKOro LIEHTpa, TaK YTO

n, n n,—n

24 1__"2 1 9.6
a f R, (5:6)

CymMmupys Beipaxkenus 9.5 u 9.6 momyuum:

1 1 1 1
n|l—+—=|=(n,—n)| —+— 9.7
1(d fj(z 1)R1 R, 57)
BBOoJs OTHOCUTENBHBIN [TOKA3aTEIb PENOMICHUS N, = Ny , OKOHYa-
nl
TEJIBbHO MOJTYyYUM OOLIYI0 (POPMYITY JIMH3BIL:

1 1 1 1
—+==(n,-1)] —+— 9.8
d f (M =1) R, R, 58)

OO6mast ¢popmyna JMH3BI MPUTOJHA JIJISL JFOOOM JIMH3BI MPU MPOU3BOIHHOM
MOJIOKEHUY MCTOYHHMKA cBeTa. Hy»XHO TOJBKO MPUHATH BO BHUMAaHUE 3HAKU
d, f, R. PaccrosHue ot npeamera 10 JMH3BI 0 CYUTAEM TOJOKUTEIBHBIM IS
JEHCTBUTEIILHOTO MCTOYHWKA (HA JIMH3Y IMaJaeT PACXOJSIIHICST MydoK JTy-
yeit). J[jas MHUMOTO MCTOYHHKA 3TO PACCTOSIHUE CUMTAETCS OTPUIIATEIIbHBIM
(Ha MMH3Y MaAaeT CXOAIMNCA My4YOK Jy4yei). PaccTosiHue OT JIMH3BI 0 U30-
Opakenus f cuuTaercs MOJIOKHUTETBHBIM JIJIS ICHCTBUTEIHLHOTO H300pasKEHUS
WUCTOYHHMKA CBETA M OTPUIIATCIBLHBIM — JJISI MHUMOTO M300pakeHus. [[1s1 BBI-
MYKJIOW MOBEPXHOCTU PAAUYC KPUBU3HBI CUUTACTCS TOJOKUTEIbHBIM, IS
BOTHYTOH TOBEPXHOCTH — OTPHUIATEITHHBIM.
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Puc. 9.5. Ilpenomiienne napauieaIsHOTO IMydYKa Jydei B coOuparomniei (a) U paccenBaroIiei
(b) nmuuzax. Touku Ol u O2 — nenTpsl chepuueckux nosepxHocter, 0102 — rnaBuHas om-
tudeckas ocb, O — onTuueckuit neHTp, F — rmaBueIi Gokyc, F' — mobounsnii gokyc, OF' —
no6oyHas ontudeckas ocb, d — dokangpHas MIOCKOCTh
Ecnu cersmasicss Touka, Jiexkamias Ha rJIaBHOM ONTHYECKOW OCH, yJia-
JseTCsl OT JIMH3BI, TO M300pakeHue ee nepemeniaercs. [lonoxxenue n3obpa-
JKEHHMSI, KOTJla ICTOYHHUK yJaJICH B OECKOHEYHOCTh, HOCUT Ha3BaHUE IIaBHO-
ro poxkyca JuH3bl. J[pyruMu cioBaMH, 3TO €CTh TOYKa, B KOTOPOM Mepece-
KaloTCsl JIydd (WJIM UX TPOAOJDKEHHMS) Majarolllde Ha JIMH3Y MapajieibHO
rJIaBHOU ontuyeckor ocu (puc. 9.5). Paccrosnue ot auH3bI 10 Pokyca Ha-
3pIBaeTCA (POKYCHBIM paccrosinueM F. Jlins onpenenenuss (poxycHoro pac-
CTOSIHUSA JIMH3BI Mbl UMEEM:

1 1 1
mpu d =0 —=(n21—1) —+— (9.9)
F R, R,
N3 Beipaxenus 9.9 cnenyer, 4to (HOKYCHOE pacCTOSHUE JTUH3BI 3aBU-
CHUT TOJBKO OT OTHOCHUTEILHOTO MOKAa3aTessl MPEeIOMIICHUS MaTepraia JINH3bI
U PaINyCOB KPUBHU3HBI OTPAHUYHMBAIOIINX TTOBEPXHOCTEH.
Bronst pokycHoe paccrosiHue auH3BI F BeIpaxenue 9.9, mMoxxer ObITh

3aIIMCaHO B BUAC:

(9.10)

1
~+
d

-h|

1
F
Bemuunua D :E Ha3bIBAETCSA ONTHYECKOM cujioM JMH3LI. Enumanna

U3MEpPECHUS M= JUOIITpHSA.

JIMH3BI C MOJOKUTEILHON ONTHYCCKOM CHUJIOW Ha3bIBAIOTCS COOMparo-
IIUMHU, a C OTpUIIATEeIbHOW — pacceuBaronuMu. [loctpoenre n3zo0pakeHus B
coOuparolei u paccenBaroleii un3ax (puc. 9.6).
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a) v 6)

Puc. 9. 6. TloctpoeHue n300pa>keHUsI B JIMH3aX.
a) cobuparoras JIMH3a; 0) pacceuBaroIIas JIWH3a

OTHOLIEHNE TUHEWHBIX Pa3MEPOB M300paKEHUS U TpeAMeTa Ha3blBa-
€TCS JIMHEHHBIM yBeJIMYeHHEeM.

=

H
= (9.11)

o |—h

3.Aurepdepenuns cBera

Nurepdepenuns cBera — NIpoCTPaHCTBEHHOE MepepacipeiesiecHUe CBe-
TOBOT'O MTOTOKA MPH HAJIOKEHUU JBYX (MJIM HECKOJIbKMX) KOTC€PEHTHBIX CBE-
TOBBIX BOJIH, B PE3yJbTaTe YEro B OJJHMX MECTaX BO3HUKAIOT MAKCUMYMBbI, B
JPYTUX — MUHUMYMBI HHTEHCUBHOCTH.

KorepeHTHOCTh — COIrJIaCOBaHHOE MPOTEKAHHWE BO BPEMEHHM U IMPO-
CTpPaHCTBE KOJIEOATENbHBIX MPOLECCOB. DTOMY YCIOBUIO YAOBJIETBOPSIOT
MOHOXPOMaTHYeCKHE BOJHBI — BOJIHBI TOCTOSIHHOM YaCTOTHI.

JIns onmcaHus CBETOBOM BOJHBI MOKHO BOCIOJIB30BAThCSl YPaBHEHUEM
rapMOHUYECKUX KOJieOaHU X =ACOS(cot +(p0), rae nog X MOHHUMAIOT Ha-

— —

NPSKEHHOCTH dJIeKTpudeckoro E wmm marautHoro H moseii Bomubl. Tornma
UHTEPPEPEHITNIO CBETAa MOXKHO OOBSCHHTH, pACCMaTPUBAas CIOKECHHE KOJIe-
Oanuii. JIsi 1BYX rapMOHHMYECKHUX KOJEOAHUM OJHOTO IMEepHOJia, TIPOHCXO-
JAIIUX 110 OJTHOMY HANpaBJICHHIO, PE3YIbTUPYIOIIAs aMILINTy1a A U HHTCH-
cuBHOCTb Bous! | (pu 1~A):

A2 =AZ+AL+2AA,c08(9, — @) 1 =1 +1,+21,-1,cos(p, —¢,)(9.12)
OTcroa ClIelyer, 4To B TeX TOYKax MpOCTpaHcTsa rue cos(e, —¢,)>0,
to I>1 +1,, a Tam roe COS((p2 —(p1)<0, to |<I, +1,. B yactHOCTH, TIpM
l, =1, Oymem nmers |=4l, mpu (¢,—¢,)=0, ..2nm u 1=0 npu
(¢, — @) =m... Cm+1)m.
JIyist TIOTydYeHNs KOTePEHTHBIX (¢, — ¢, = CONSt ) CBETOBBIX BOJIH TPHMe-

HAIOT METOJ Pa3JesIeHHs] BOJHBI, U31y4aeMOW OJHUM HMCTOYHUKOM, Ha JBE
YaCTH, KOTOPBIE IIOCJE MPOXOXKIAECHUS PA3HBIX ORMUYECKUX nymeil HaKIa-
JBIBAIOTCS IPYT Ha APYyTa, U HAOMoAaeTcss MHTEpPEepeHIIMOHHAs KapTUHA.
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AHanu3 xoja JIy4el OT IBYX KOI€pEHTHBIX UCTOYHHMKOB ITO3BOJIAET YC-
TAHOBUTH CBSI3b MEXAY BO3HHKIIEH pazHOCThIO (a3 (¢, —¢,) B Touke M u

onmuueckou paznocmoio xooa A=L, —L =1,n, —1.n . IIpu pacnpocrpane-
HUU JIy4e¥ B ONHOPOJHOM Cpejie NOKa3aTeNy MpeIoMIIeHus N, =N,, a Hallpu-
Mep, B BO3/yXe nmpuHUMaroT N =c/v =1. Torma

((02 _(01) :i_ﬂ(l—z - Ll):i_ﬂ.A

0 0
Ecnmu ontudeckast pa3HOCTh X0J1a paBHA IEJIOMY YUCITY JIJIMH BOJIH B Ba-
KyyMe
A=tmAi, (m=0412,...), (9.12)
T.e. KojeOaHusa, Bo3OyxaaeMple B Touke M obeuMu BOJIHAMHU, OYIyT
MIPOUCXOIUTh B oAMHaKoBoM (paze. CnemoBatensHo (9.12) sBusercs ycrosu-
em unmepgepenyuonnozo maxkcumyma. Ecmu

A=+(2m +1)%, (m=012,...), (9.13)

T.€. KoJiebaHus, BO30ykJgaeMble B TOUke M o0euMu BOJIHAMH, OYIyT
npoucxoauTh B mpoTtuBodaze. CiemoBarenpHo (9.13) sBnsiercss ycioeuem
UHmMeppepeHyUOHHO20 MUHUMYMA.

YcnoBrus MAaKCUMyMOB U MU-
HUMYMOB TIpU HUHTepdepeHuuun
CBETA, OTPAXEHHOTO OT BEPXHEN U
HIDKHEH IIOBEPXHOCTEW TOHKOM
MJIOCKOTNIApaJIEIbHOU TUIEHKU
(puc. 9.7), HaxoaAIICHCS B BO3IY-
xe (N, =1) Moryt OBITb BBIYHUCIIE-

"

nd

Hbl COOTBETCTBCHHO IIO BBIpaXKeE-
: HUSIM:

- | A=2d+/n* —sin®i + 4,/2=m4,
A=2dVn’ —sin’i + 4,/2=(2m+1)4,/2

Puc. 9.7. UnarepdepeHuus cpeta B
TOHKHUX IUICHKaX

IIpocBeT/ieHHe ONTHKHU COCTOMT B TOM, YTO HAa MOBEPXHOCTH JIMH3BI
HAHOCUTCSl TOHKas IUIEHKA C TOKa3aTesieM MPEIOMIICHUS MEHBIINM, YeM Y
MaTepuaa JIMH3bI. Eciii onTudeckas ToIIMHA TUIEHKH YAOBICTBOPSET YCIIO-
o d =4,/(4n), To oTpaxkéHHBIE TyYM OT JMH3HI M OT TUIEHKM JAOT HH-
TepdepPEHIIMOHHBIT MUHUMYM. A 3TO, B CBOIO OYepe/lb, MPUBOIUT K YBEIIH-
YEHUI0 UHTCHCUBHOCTH CBETA, MPOXOIAIIETO CKBO3b JIMH3Y 0€3 MOTEPh.

Cy1ecTBYIOT pa3jiMuHble cIOCOObI HAOMIOACHUS JBYTyueBOM uHTEepde-
PEHITMY CBETA HA DKpaHEe, OCYIIECTBIISIEMOH JICJICHHEM BOJIHOBOTO (DpOHTA U B
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KOTOPBIX CO3Aa€TCA OMTHUYECKAsh Pa3HOCTh X0Ja A : OT ABYX IIEJIEH B OIBITE
FOunra (puc. 9.8), ot 3epkan u Oounpusmel @penens (puc. 9.9), ot 3epkana
JImoina u T.11.

Puc. 9.9. Xon nyueii B Oumpusme
Openens

Puc. 9.8. Cxema unTepdepeHIIMOHHOTO
onbiTa FOHra

4.Inppakuus cBera

JNudpakuusa - COBOKYINHOCTh SIBJICHHM, HAOJIOJaeMBbIX IMPU Pacrpo-
CTPAaHEHUM CBETa B Cpelie BOJIU3HM HEMPO3pPAaYHBIX TEJ, CKBO3b Majble OTBEpP-
CTHUS U T.J. M CBSI3aHHBIX C OTKJIIOHEHHUSIMU OT TEOMETPUUYECKOU ONTHKHU.

PacnpocTpanenue BojgH 0OBsCHSETCS ¢ NMOMOLIbI0 npunyuna Itoticen-
ca, COTJIACHO KOTOPOMY Ka)KJasl TOUKa, A0 KOTOPOW JOXOJMUT BOJHA, CIYKHUT
LEHTPOM BTOPUYHBIX BOJIH, a Oru0aromas 3TUX BOJH 33JaET MOJIOKEHUE
BOJIHOBOTO (pOHTA B CIEAYIOLIUHA MOMEHT BpeMeHH. DPpeHenab TOMOJHUII
npuHuuMn ['roiirenca pusznyeckum cogep:kaHuem, J00aBUB B HETO HICHO 00
unmepgepeHyuu 8MOopPUYHLIX BOJIH, CO30A8AEMbIX QUKMUBHLIMU UCMOYHU-
kamu. CornacHo npuHiuny ['roiirenca — @penensi, CBeTOBas BOJIHA, BO30YXK-
naeMasi KakuM-JIM00 MCTOYHHUKOM, MOXKET OBITh MPEJCTaBIICHA KaK pe3)ib-
mam cynepno3uyuu MopUdHbIX 80JIH, U3IYUAEMbIX KO2EPEHMHbIMU (DUKMUE-
HBIMU UCTOYHUKAMU.

@penenem ObUT TIPEIJIOKEH Oojee MPOCTOM CIOCOO HAXOXKACHUS aM-
IUTUTYJBI PE3YJIBTUPYIONINX KOJICOAHUN 018 CUMMEMPUYHBIX CYyYAe8 Ou-
@dpaxyuu, koeoa pazmep omeepcmusi 3HAYUMENbHO 00lbULe OJIUHbL BOJIHbL.

B cnekrpanbHbIX mpubOpax BBHICOKOTO Kilacca MPUMEHSIOTCS AH(PpaK-
HMOHHbIE peleTKU. PeneTky npencTapisioT co0oi mepuoandeckue CTpyK-
TYpbl, BBITPABUPOBAHHBIC CIECHUATBHONW AEIUTEIBHON MAIlMHOW HA MOBEPX-
HOCTH CTEKJISIHHOM WJIM MEeTaJUIM4ecKou miacTuHku (puc. 16.7). ¥ xopomux
pELIETOK MapaJieIbHbIE APYT APYTY IITPUXU UMEIOT IJMHY nopsiaka 10 cMm, a
Ha Kaxaeli muummmerp npuxoautcs g0 2000 mrpuxos. Ilpu sTom obimas
JrHa perneTku gocturaet 10—15 cm. M3roroBnenne Takux penieTok Tpedy-
€T IPUMEHEHUS CaMbIX BBICOKMX TEXHOJIOTHIA.
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[Ipocreimas nudpaxkiuoHHas
pelIeTka COCTOMT M3 TIPO3PATHBIX
y4acTKoB (Iesei), pa3aeacHHBIX
HENPO3pAYHBIMU MTPOMEKYTKaAMH.
Ha pemrerky ¢ moMomp0 KOJUTH-
MaTtopa HampaBisIeTCs — Iapai-
JETBbHBIA TyYOK HCCIEAYEMOTO
ceera. HaOmionenue Beaetcs B
(GOKaNbHON TJIOCKOCTH  JIMH3HI,
YCTAHOBJICHHOW 3a  PElETKOU
(puc. 16.8). Ilonnas mudpaxim-

Puc. 9.10. Jluppakuronnas pemerka ~ OHHAA KapTHHA JUIA IBYX INejieH
OTIpEJICNIACTCSA CICTYIOIUMHA YC-

JIOBUSIMU:
a-sinp=tmi (m= 1’2’3"")-FHaBHBIe MHHHAMYMBI (9.14)
d-sing=+m-24 _ - apupe MaKCHMYMBbI (9.15)

d-sinp=(2m+1)- 1/2
v

F p— — |_llu_

- IOTIOJTHUTENIbHbIC MUHUMYMBI  (9.16)

[
A AR

m=-1 m=0 m=1

Puc. 9.12. Pacnpenenenue MHTEHCUBHOCTH
Pric. 9.11. npu  audpakmu  MOHOXPOMATHYECKOTO
CBETa Ha pEIIeTKaX C Pa3IMYHbIM YUCIOM
nienen. lo- MHTeHCUBHOCTh KOJIEOAHUW MpH
Tupakuy cBETa Ha OAHOMU MU

Hudpakuus ceera
Ha peIIeTKe

Ha pucynke 16.9 mokazaHo pacnpeneiieHue WHTEHCUBHOCTH CBETa B
Tu(PaKIIMOHHON KapTHUHE TMOJIy9aeMOM OT JBYX mejeil. MOoXKHO ToKasarh,
yro npu N mensax Mexay AByMS TJIaBHBIMH MaKCHMyMaMH OYJIET pacroJia-
ratbess ( N -1) JTONOJHHUTEIBHBIX MHUHHMYMA, Pa3[eICHHBIX BTOPHYHBIMU
MaKCHMYMaMH, CO3/Ial0lUMH BechbMa ci1adbiii (hoH. Uem Oouibiiie 1mieneu, Tem
OOJIBITIIE SHEPTUHU MPOXOJIUT Yepe3 MUPPAKIIMOHHYIO PEHIETKY, TeM OOJIbIe
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MHHAMYMOB 00pa3yeTcst MEX/1y TJIaBHBIMH MaKCHMyMaMH, TeM OoJiee WH-
TEHCHUBHBIMH U 00Jie€ OCTPhIMH OyAYyT CAMU MaKCUMYMBI.

OCHOBHBIMH XapaKTEPUCTHKAMU TUPPAKIIUOHHONW PEIMIETKH SBIISIOTCS
oucnepcusi 1 paspewaiowas cuia. Jlucnepcust onpeaenser yrioBoe pac-
CTOSIHUC MCKAY ABYMs CIICKTPpaJIbHBIMU JIMHUAMHA, OTIIMYAOIIUMHCS, II0
JJIMHC BOJIHBI HA CAMHUILLY. Pa3pemaloluaﬂ CuJ1Ia onpeac/siCT MUHUMAJIbHYTO
Pa3HOCTb IUTHH BOJH OA, TIPU KOTOPOW JIBE JIMHUK BOCIIPUHUMAIOTCS B CIICK-

op A

e pasnenpHo: D =—- R=—
TpE pa3aciibH Py u Py

5.IMoasipu3zanus cBera
Ceer mpexcraBisieT co0OM MONEpeUHble JIEKTPOMAarHUTHBIE BOJIHBI, B
KOTOpbIX BeKTOpbl E u H KonmebnroTcs BO B3aMMHO NMEPHNEHIUKYISIPHBIX Ha-

IIPaBJICHUAX U NEPIEHAUKYISIPHBI BEKTOPY CKOPOCTH PacIpOCTPAHEHUS BOJI-
Hbl V. [loaTOMY J17151 MOJTHOTO ONMUCAaHUS COCTOSIHUS MOJISIPU3aLUUA CBETOBOTO
y4yka JOCTATOYHO 3HATh IOBEIEHHWE OJHOTO W3 3THUX BEKTOPOB. OOBIYHO
paccmaTpuBaeTcs nosesneHue BekTopa E (cBeToBO# BeKTOp). DTO CBSI3aHO C
TE€M, YTO B3aUMOJICHCTBHE CBETA C BEIIECTBOM OOYCIOBJIEHO MMEHHO 3JIEK-
TPUYECKON COCTABIIOIIEH 3JEKTPOMArHUTHOW BOJIHBL. IlOCKOCTB, B KOTO-
poii KoJIebIeTCsl CBETOBOM BEKTOP, HA3bIBAETCS MJIOCKOCTBHIO MOJISIPH3AIUM.

CaeToBas BOJHA, U3JIy4aeMasi HCTOYHUKOM, IPEICTABIIAET COOOH H3Iy-
YEeHUE OTPOMHOIO YHCJIa aTOMOB, KaXIbId U3 KOTOPBIX M3JIy4aeT CBET HE3a-
BUCHMO OT JpYrux aTtomoB. [103ToMy B CBETOBOW BOJIHE MPUCYTCTBYIOT KO-
ne0aHus BCEBO3MOXKHBIX HampaBieHUil. CBET cO BCEBO3MOXXHBIMU U PaBHO-
BEPOSITHBIMU HaNpaBiICHUSIMU KOJIEOAHUU CBETOBOIO BEKTOpA MOJIYYMJI Ha-
3BaHUE €CTECTBEHHOI0 CBETA.

CaeTt, B KOTOPOM KO0JIe0aHHUS CBETOBOI'0 BEKTOpPa, KaAaKUM J1HM00 00-
pa3oM ynopsiioueHbl (B pe3y/ibTaTe BHEIIHEr0 BO3/1eHCTBUNA) HA3bIBACT-
csl MOJISIPU30BAHHBIM.

Ecian kose0aHusi CBETOBOI0 BEKTOPA NMPOUCXOIAT B OJHOM IJIOCKO-
CTH, TO TAKOH CBET HA3BIBAETCH IJIOCKO MOJISPU30BAHHbBIM.

3a Mepy noJiipu3aliiy CBETa MPUHUMAETCSA BEJIMYMHA Ha3blBaemas CTe-

MEHbIO NMOJIsIpU3allnH

P— Imax — Imin ’ (917)

Imax_’_lmin

max' Nmin - AHTEHCUBHOCTB KOJICOAHMS B IBYX B3aUMHO NEPIICHIU-

rae |
KYJISIpHBIX HarpaBiieHUsIX. B yacTHOCTH N7isi ectecTBeHHOTO cBeTa P = 0, Tak

kak | =1, , a 408 IUIOCKO NOJSAPU30BaHHOrO cBera P = 1, Tak Kak

l...=0.

min
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EcTecTBeHHBIN CBET MOKHO ITPeoOpa3oBaTh B INIOCKO MOJISPU30BAHHBIN,
UCIIOJNB3YS JUIsl 3TOTO TaK HA3bIBAEMBIE MOJISAPHU3ATOPHI, IPOITYCKAKOIINE KO-
Je0aHus TOJBKO OJHOTO HAIpaBJICHUS, HAIPUMED, KPUCTAIUIBI TYPMAJIMHA.

Eciau Ha myTH CBETOBOIO Jiy4a MOCTAaBUTH IUIACTHHKY, OINPE/IECICHHBIM
0o0pa3oM BBIPE3aHHYIO W3 KpUCTaJla TypMajiuHa, TO MPH BpaLICHUH IjIa-
CTUHKHM BOKPYT HampaBJeHHUS pacHpoCTpaHEHHUs Jydya, He HaOJtomaeTcss HU
KAKUX M3MEHEHU B MHTEHCUBHOCTH Jy4a, MPOMIEAIIEr0 4Yepe3 IUIACTUHKY.
Takum 00pa3om, CBETOBasi BOJIHA, MMaJIal0IIasi HA TYPMAJIUH OT OOBIYHOTO UC-
TOYHHMKA, HE OOHApYy>KWBAET aCUMMETPUU IO OTHOIICHHUIO K HaIpaBJICHUIO
pactipoctpanenus. Mnaye Oynetr oOCTOSITh J1€70, €clid Ha MyTH Jiyda, BbI-
HIEIIIEr0 U3 NEPBOM MIIACTUHKUA YCTAaHOBUTH BTOPYIO TAKYIO K€ IJIACTUHKY
(puc. 7.8). B 3aBUCHUMOCTH OT TOT0, KAK OPUEHTUPOBAHBI AT MJIACTUHKU M H-
TEHCHUBHOCTb CBETA, BBIIIEAINIETO0 W3 BTOPOM IIACTUHKHU, MEHSETCS OT MakK-
CUMaJIbHOW (IUITACTUHKHU TapajijiesibHb) A0 HyJsl (MOJHOE ramieHue) (Iia-
CTUHKHM B3aMMHO TEPHEHAUKYJSIpHBI). MaJioc Ha OmnbITe YCTaHOBWII, YTO
HHTEHCUBHOCTb CBETA, NPOLIEIIero BTOPYI0 IJIACTHHKY M3MEHsSIeTCs 10
3aKOHY

. 2
|=1,-cos” ¢ (9.18)

rze lo- ”YHTEeHCUBHOCTB CBETA, NAJAa0LIEro Ha BTOPYIO IUIACTUHKY.

r

¥

Puc.9.13. TlpoxoxieHne ecTeCTBEHHOTO CBETa Yepe3
JIBa UCATBHBIX TTOJISIPOUIA

Pe3ynpTaThl ATOTO OMNBITA MOXHO OOBSCHUTH CIEIYIOUIUM OOpa3oM.
[TepBas TutacTHHKA, TMPOITyCKasi CBET TOJILKO OJHOTO HAmpaBJICHHS, TpeoOpa-
3yeT €CTECTBEHHBIN CBET B TUIOCKO MOJIIPU30BAHHBIN U TIO3TOMY Ha3bIBACTCS
NoJISIpU3aTopoM. BTopast miracTHHKA CITY>KHUT JJIs ONIPEACIICHHS CTENIEHH T10-
JSPU3alliA CBETA W Ha3bIBaeTCs aHajm3aTopom. Ecim omruueckue ocu mo-
JsipuU3aTOpa U aHaIu3aTopa MapajuielbHbl, TO CBET MPOXOIUT Yepe3 aHaIHu3a-
Top 0e3 m3MeHeHus. Eciam onTudeckas och aHanM3aTopa MEePIeHIUKYIIIpHA
ONITUYECKOHN OCH TOJSPU3aTOpa, TO AaHAIM3ATOP HE MPOITyCKaeT KoeOaHui 1
WHTEHCHUBHOCTH CBETA, MMPOXOSAIIETO Yepe3 BTOPYIO TUIACTHHKY, OyeT paBHA
HYJTIO.
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Ecnu ecTecTBEHHBIN CBET C HHTEHCUBHOCTBIO IeCT MMpOIMyCTUTb Y€PE3 ABC
IIJIaCTUHKHW, TO MHTCHCHUBHOCTDb CBCTA, BBIIICAIICTO U3 HCpBOﬁ IINTAaCTUHKHU U

ecm

1
NaJarolero Ha BTOPYIO IIACTUHKY, OyaeT |, = > l,, ¥ Toraa 3akoH MaJo-

ca OyJieT UMETh BU/I:
I :%- |, -cos® ¢ (9.19)

I[Ipumepbl NpUMeHEeHUs! MOJISIPU3ALMNH

Sueiika Keppa (kroBeTa 3amoHeHHAS JKUAKOCTBIO U JBA JIEKTPOJIA) CIIY)KHUT HIe-
aIbHBIM CBETOBBIM 3aTBOPOM U LIMPOKO IMPHUMEHSETCS B MCCIEIOBAHUU OBICTPONEPEMEH-
HBIX MPOIeccOB((OTO U KHHOCHEMKA, 3aMUCh U BOCIIPOU3BEICHHE 3BYKa, ONTOBOJIOKOHHAS
CBsi3b | Jp.). ECiiM Ha 371eKTpOo/Ibl 10JaTh HAMPSHKEHUE, TO JKUAKOCTh CTAHOBUTCS aHU30-
TPOIHOM U, CBET Oy/IeT MPOXOaUTh yepe3 cuctemy. [Ipu u3meHeHNH HanpsHKEHUS Ha JIeK-
Tpoaax OyJeT U3MEHSTHCS 1 MHTEHCUBHOCTH CBETA, POXOSIIETO YEPEe3 CUCTEMY.

OcHoBano Ha 3¢ dexre Keppa — ontuyeckoil aHU30TPOIIUU BELIECTBA MOJ] 1eHCTBU-
€M D3JIEKTPHUYECKOro MOJs. DTO SBJICHHE MPAKTUYECKH OE3MHEPIMOHHO, T.€. MEePEeXoi U3
OJIHOTO COCTOSIHHSI B JIPYTO€ MPOUCXOINT 32 BpeMs MOpsIKa 10" ¢.

HekoTopsie BeliecTBa B TBEPIOM U KHUAKOM COCTOSHUU 00JIaal0T CIIOCOOHOCTHIO
BpalllaTh IUIOCKOCTh MOJSPU3AIMH CBETa. Takue BellecTBa MOJIYyUrIN Ha3BaHUE ONTUYECKU
AKTHUBHBIX BEIIECTB.

Mgl y)ke yKa3blBaldH Ha TO, YTO CBET HE MPOXOAUT Yepe3 CKPEIICHHbIE MOISPOUIbI
U 1oJie 3peHus Oyaer TeMHbIM. Eciu ke Mexay aHanu3aTopoM U MOJSpU3aTOPOM IOMec-
TUTH KIOBETY C ONTUYECKU aKTUBHBIM BEILIECTBOM, TO TOJIE 3peHUS MpocBeTisieTcs. UToOb
CHOBa €ro CJeNlaTh TEMHBIM, aHAIU3ATOP HAJI0 MOBEPHYTh HA HEKOTOPBIKA Yroia ¢ . OTo U
€CTh TOT yroJl, Ha KOTOPBIA MOBOPAYMBAET IJIOCKOCTh MOJSPU3AIMN ONTHUYECKH aKTHBHOE
BEIIECTBO.

DTO sBJIIEHHE WIIMPOKO MPUMEHSETCA ISl ONpEeNeNeHUs KOHIIEHTPALMKU BELIECTBA
(mamprMep, caxapa B KPOBH YEJIOBEKA).

Bonpocel onsa camoxkonmpons.
3aKOH NPAMOJIMHENHOTO PACIIPOCTPAHEHUS CBETA.
3aKOH HE3aBUCUMOCTH CBETOBBIX ITyYKOB.
3aKOH OTpaXE€HHS CBETA.
3aKOH MpeTOMIIEHHUS CBETA.
AOCOTIOTHBIM ¥ OTHOCUTEJNBHBINA MOKa3aTeIu MpeoMIICHUs (ompese-
JICHHUS).
SIBneHue NOJIHOTO BHYTPEHHETO OTPAKEHHUS.
8. Uto Ttakoe nmun3a? Kakue OBIBAIOT JIMH3HI.
9. ®okyc nmunH3bl. POKYCHOE paccTosHME. | TaBHasg onTUveckas och, MO-
OouHas ONTUYECKAs OCh.
10.®@opmyna TUH3HI.
11.Yt0 Takoe onTUYeCcKasi Cuja JIUH3bI?
12.Yto Takoe uHTEpPepeHIus ceera’?
13.Yt0 Takoe KOrepeHTHOCTh?
14.31aTh yciaoBue HHTEPPEPEHIIMOHHOTO MaKCUMYyMa.
15.31aTh yciaoBue HHTEPPEPEHIIMOHHOTO MUHUMYMA.
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16.Yto takoe audpakius cera?
17.ITpunuun I'roiirenca.
18.1Tpunnun I 'torirenca-dpenens.
19.Yto Takoe aucmnepcus cera’?
20.YTo Takoe nosspusaius ceera’?

21.Kakoii cBeT Ha3bIBAC€TCA ECTECTBEHHBIM, TMOJSIPHU30BAHHBIM, ILIOCKO

MOJIIPU30BAHHBIM?
22.Y10 Takoe CTENeHb MOsIpU3aun?
23.3akoH Mamtoca.
24.Yt0 Takoe MoJsIpu3aTop U aHAIU3aTop?

Bonpocut o1a camocmosamenvnozo uzyuenusn
I'ma3. Oukn. OnTudyeckue mpudopHI.
HNuTtepdepomeTpsl.

WnN e

Bynsda-bperros.

OCHOBBI TEOPUU OTHOCUTEIIBHOCTH

TerutoBoe U3IIy4eHue.

KBaHTOBBIE SIBJIEHUS B ONITHKE.

Teopus bopa. DneMeHThl KBAHTOBOM MEXAHUKHM.
VYpasuenue lIpenunrepa.

®du3rKa aTOMHOTO siApa.

©oo~NOoOh
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http://urok/

Ha undopmannonHom caiite By3a, caiite kadeapsl B IMYHOM KaOMHETE MpernojaBaresei
pa3sMelIeHBI JIEKTPOHHBIE KOHCIEKTHI JICKIUN, SK3aMEHAIIMOHHBIE BOMPOCHI, JabopaTop-
HbIE MMPAKTHKYMBI U pabovne TEeTpajy, IPUMEHIEMBbIE IS TIO3HABATEIILHOM 1EATEIIbHOCTH
CTYJICHTOB.
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