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2.1. CnnoBbie NUHuUN
3NIeKTPOCTaTU4YeCKOro nons

+ TeopemMa OcTporpaackoro-lraycca,
KOTOPYO Mbl AOKaxeM n obcyamm
no3xe, yCTaHaB/IMBAET CBA3b MeXAay
S1EKTPUYECKNMU 3apaaamMm m
aneKkTpnyeckmm noseM. OHa
npeacrasnsgetr cobon 6onee obuLyto u
6ofiee n3dLHyt0 OPMYNUPOBKY
3akoHa KyJsioHa.




OcTtporpaackmm Muxaumn
BacunbeBuu (1801 - 1862)

OoTeyeCTBEeHHbIN MaTEMATUK U
MeXaHUK. YUnsca B XapbKOBCKOM YH-
Te (1816 - 1820), coBepLleHCTBOBaI
3HaHuUS B lNapuxke (1822 — 1827).

OcCHOBHble paboTbl B 06n1acTu
MaTeMaTUHECKOoro aHaamnaa,
MaTeMaTU4yecKon OU3nNKH,
TeopeTnyeckon MmexaHunkun. Pewinn
pPA4 Ba)XHbIX 3a4a4 rmapoAnHaMUKK,
Teopumn TeN0Tbl, YNPYrocTu,
6annNCTUKN, SNIEKTPOCTATUKU, B
4aCTHOCTM 3a[a4y pacnpoCcTpaHeHuns
BOJ/IH HA MOBEPXHOCTU XUAKOCTU
(1826 r.). MNonyunn
andpdepeHumnanbHoe ypaBHeHMEe
pacnpocTpaHeHus Tenna B TBepAbIX
Tenax u XnaKocTtax. MI3BecteH Teo
peMoun OcTporpaackoro-aycca B
anekTpoctatuke (1828 r.).



HEMELKNN MaTeMaTuK, aCTpoOHOM U OU3UK.

NccnepoBaHUs NMOCBSAWEHbI MHOMUM
pasaenam QuUsnku.

B 1832 r. co3aan abcontoTHYO CUCTEMY Mep
(CrcC), seegst Tpy OCHOBHbIX €ANHWULLbI:
eanHnuy BpeMeHun — 1 ¢, eauHnLy ONUHbI —
1 MM, eAVHWULYY Maccbl — 1 M.

B 1833 r. coBMecTHO c B. Bebepom
NOCTPOWU/ NepBbin B [epMaHnu
SN1eKTPOMarHuUTHbIN Tenerpad.

Ewe B 1845 r. npuwen K MbiCnn 0
KOHEYHOW CKOPOCTU pPacrnpoCTpPaHEHWH
3N1eKTPOMAarHuUTHbIX B3anmMmoaenctenn. Usy
4yas 3eMHOW MarHeTusMm, nsobpen B 1837 r.
YHUMONAPHbIN MarHuToMeTp, B 1838 r. -
obudpunapHein. B 1829 r.

+ CdopmMmynmnposan NpMHUUMN HAUMEHbLUEro
NpuHyxXaeHnsa (npuHuun Faycca).
+ OauH n3 nepeblX Bbickasan B 1818 r.

NMpeAnoioXeHne o BO3SMOXXHOCTHU
cywecrBoBaHUA HEEBK/INAOBOU N’EOMETPUIN.




+ OCHOBHas LUEHHOCTb TEOPEMBI
OcTporpaackoro-laycca coCcTouT B
TOM, YTO OHa NO3BOJIAET
r71y6.)ke rnoHsTh ripuposay
3/IEKTPOCTATUYECKOIO M0oJis U
ycTaHaB/imBaeT 6onee obLLYyt0 CBS3b
MeXAYy 3apsA0oM U MOJIEM.



— 3T0 JINHUU,
KacatesibHasi K KoTtopbiM B /1to6ou
TOYKE 10J151 COBMNaAaEeT C
HaripaB/1IeHNEM BEKTOPA
Haripsi>keHHOCTU




Ha3bIBa€ETCS
3J/IEKTPOCTATUYECKOE I10J71€, BO BCEX TOYKAX
KOTOPOIro Harps>XeHHOCTb O4MHaKoBa rio
BE/INYMHE U HarpaB/IEHUIO, T.e.
OaHopoAHOE 3/1eKTPOETaTn4YecKkoe rnose
n3obpaxxaercs napansiesibHbIMMU CUTOBbIMUA
NMNHUAMUN HA PaBHOM pacCTOSAHUW APYr OT
ApYyTra




B cny4ae To4ye4Horo 3apsaa, nMHuu
HaMPSXXEHHOCTU UCXOOAT U3 MONOXUTENBHOIO
3apsaa u yxoosaT B OeCKOHEYHOCTb; U U3
BeCcKOHEYHOCTUN BXOOAT B OTpULUaTENbHbIN 3apa.

¢ ryctora CUnoBbIX JIMHWA 06paTHO
NponopLuoHarnbHa KBagpaTy pacCTOSIHUSA OT
3apsgaa




+ [lna cucTtembl 3apaaoB, Kak BUAUM,
CUJI0BbI€ JIMHWUW HamnpaB/eHbl OT
NOSIOXUTENbHOIro 3apsaaa K
OoTpULATEIbHOMY







« 'ycToTa cni0BbIX JIMHWI [OJIKHE
6bITb TaKOH, YTOObI EANHUYHY IO
rnaoLanKky, HopMasibHy K BEKTOPY
Harps>KeEHHOCTU MEPECEKA/IO TaKOE
NX YNC/10, KOTOPOE PaBHO MOAY/IHO
BEKTOPAa Harips»>KeHHOCTH , T.€.



s €CJ/IN HA PUCYHKE BblAENUTb
naowaaky TO
HaMpPSAXeHHOCTb N306pa)XeHHOoro
nons 6yaer paBHa




2.2. [10oTOK BeKTopa

Hanps>XeHHOCTW

o [los1IHOE YMC/10 CUTI0BBLIX JIMHUU,
MpoxoAsLNX 4Yepe3 rnoBeEPXHOCTh S
Ha3bIBaeTCcs MOTOK@M BEeKTOopa

HanpspikeHHoctu @ yepes 5Ty

[T0OBEPXHOCTb
+ B BeKkTOpHOM (bOpPME MOXXHO
3anuncaTb — CKangpHoe

npousBeJeHue ABYX BEKTOPOB, rae
BEKTOP



o TaKMM 06pa3oM, NOTOK BEKTOpPA €ecCTb
cKansp, KOTopbin B 3@aBUCUMOCTU OT

BENYUHDLI Yraa a MBXXET 6bITb KaK
NONIOXUTENbHbBIM, TaK W

oTpuuaTe/IbHbIM.



[nsa mepsoro pucynka — MOBEPXHOCTb A, OKPY>XaeT
NONOXUTENbHbIWM 3apa4 1 NOTOK 34eCb HanpasneH
Hapyxy, T.e.

[loBepxHOCTb A, — OKpYyXaeT oTpuuatenbHbIN 3apag,
30€ecCb 1 HaIl)aBJICH BHYTPb.

OOLMKN NOTOK Yepe3 NOBEepPXHOCTb A paBeH HYII0.

Onuiure BTOPOU PUCYHOK CaAMOCTOSTEIILHO.



2.3. Teopema OcTporpanckoro-
[f[aycca

o YITak, no oripegesieHnto, rnoToK
BEKTOpAa HarpsxeHHocTH
3J/IEKTPUYHECKOIrO roJis paBeH YnUciy
JIMHUUN Haripsi>kKeHHOCTH,
rnepeceKkarlLLnx rnoBepxHocCTh S.



+ MOTOK BEKTOpPA HAMpPsS>XEeHHOCTU Yepes
NPOU3BOJIbHYO 3/1EMEHTAPHYIO
nJaowagky dS éyner paBeH:

+ I.€. B OOAHOPOAHOM MONE
+ B Npon3BO/ILHOM 2/1EKTPUYECKOM Mone



+ [loacunTaeM NOTOK BeKTopa 4epes
NPONU3BOJIbHYIO 3aMKHYTYIO
MOBEPXHOCTb S, OKPY>XatoLLyto
TOYeYHbIn 3apsa g .

OKpyXuM 3apsa g cpepoun S,.




+ LleHTp cdhepbl coBnagaeT C LEHTPOM
3apsaa. Pagmnyc cpepbl S, paBeH R..

+ B KaXaown Touke NOBEPXHOCTU S,
npoekunsa E Ha HanpaB/eHune
BHELLHEN HOPpMaJZin 0AMHAaKOBa U
PaBHa




«TOrga nNoTok yepes S,



+ loacumMTaeM NoTok yepes cpepy S,,
MMeEKLLY0 paanyc R,:



+ W3 HenpepbIBHOCTU NNHWUU crenyeT, uTo
NOTOK N Yyepe3 ntobyto npomn3BosibHY O
NoBEepXHOCTb S 6yaeT paBeH 3TOU Xe
BEJINYUNHE:

+ — Teopema Naycca gnsa ogHoro 3apsiga.



« Ans noboro yncna npom3BoOJSIbHO
DACMOJIOXKEHHbIX 3apsa0B,
HaXoAALWMXCS BHYTPU NOBEPXHOCTMW:

o — TEopeMa aycca ANnss HECKOJIbKNX
3apsigos.

o INOTOK BekTOpa Hanpsi>keHHOCTH
3J/IEKTPHUYECKOro rnoJsisi 4yepes
3aMKHYTYIO MOBEPXHOCTb B BaKyyMe
paBeH asirebpanyeckKkon cyMmme Bcex
3apsigoB, PpacrosiOXKeHHbIX BHYTPH
NMoBepxHOCTH, AE€JIEHHOM Ha €.



[TosIHbIM MOTOK MPOXoAsLNN YEPE3 S, HE
OXBaThbIBarLUyo 3aps/s g, paBeH HYJIIO!



Takum obpa3oM, 47151 TOYEYHOro 3apssa
g, MOJIHbIN MOTOK YepE3 /1tobyio
3aMKHYTYO NMOBEPXHOCTb S bygeT
pPaBEH:

— €CJIN 3apsif] pacriosioXKeH
BHYTPW 3aMKHYTOM MOBEPXHOCTU ;

— €CJ/In 3apsa pacriosioXKeH BHE
3aMKHYTOUN MOBEPXHOCTU

3TOT pe3y/ibTaT HE 3aBUCUT OT (DOPpMbI
MOBEPXHOCTU, M 3HAK MOTOKA
coBrafa€eT co 3HakoM 3apsaa.



o DNeKTpudyeckune 3apdaabl MoryT 6biTb
«pa3Ma3aHbl» C HEKOTOpPON 06 BEMHOM
MNJ1I0THOCTbIO Pa3/IN4YHON B Pa3HbIX
MecCTaX MpOCTPaHCTBA:

+ 3pecb dV - ¢puznyeckn 6ecKoHe4YHo
MaJibin 06 beM, Noa KOTOPbIM crieayeT
NOHMMATb TakKoOU 06bEeM, KOTOPbIN C O4HOM
CTOPOHbI JOCTATOYHO Masi, YTObbI B
rpegesiax ero rnJioTHOCTb 3apsa CYNTaTh
O0AMHaKoOBOU, a C Apyrom — 4OCTaTOYHO
BEJ/INK, 4TObbI HE MOr/ia rnpPosiBUTHCS
JANCKPETHOCTb 3apsiga, T.e. TO, YTo 1tob6oun
3apsig KpaTeH LEenoMYy YNCY df1eMeHTap-
HbIX 3aps40B 3/IeKTPOHA WM NMPOTOHA .



CyMMapHbIX 3apsaa obbema dV byaeT paBeH:

Torpoa 3 TeopeMbl Naycca MOXHO NONYUYUTDb:



2.4. QnudhbdbepeHumnanbHaa doopma
Teopembl OcTporpaackoro-laycca

+ [lycTb 3apan pacnpeaeneH B
npoctpaHcTee AV, ¢ obbeMHOM
MJOTHOCTbLIO . Toraa



+ lTenepb ycTtpemMmm , CTArmBagd
ero K MHTepecyrLien Hac Touke.
O4yeBMAHO, YTO NP 3TOM byaetr
CTPEMUTbLCS K p B A@HHON TOYKe, T.e.

o BennunHy, aBSOLYHOCS MNMPpeaesioM
OTHOLLUEHUS K AV, ripyu ,
Ha3bIBaroT E u
o0bo3Ha4yaercs



+ AuBepreHymns nons £

4

4

4

(2.4.1)

AHaANIOrM4YHO onpependeTcd
anBepreHums nwoboro apyroro
BEKTOPHOIo nos4.

3 aTOro onpepeneHnsa cneayeT, uTo

B nekaptoBon cucrteme KoopauHaT



NTak,
(2.4.3)

HanncaHme MHOrMx OpMYIJ
ynpoLlaeTcs, ecni BBeCTuU
BEKTOPHbIN AnddepeHLUnanbHbIn
onepatop (Habna)

roe i, j, k -
OpTbl ocen (eaAnHUYHble BEKTOPbI).



+ CaM no cebe onepatop cCMbICNa He
nmeet. OH npnobpeTaeT CMbIC/T B
coyeTaHMn C BEKTOPHOUN UNN
CKalIApHOUN PYHKLIMEN, Ha KOTOPYIO
CUMBOJIMYHO YMHOXAETCH:

o ANppepeHUnanbHas ¢popma
TeopeMbl OcTporpagcKkoro-
raycca.



« B Tex Touykax nmongd, rae
(nonoXxwuTtenbHble 3apsabl)

/4

o Ae ~
(oTpuuaTesibHble 3apsbl).



2.5. BbluncneHue anekTpuyeckKkux
rnosieu ¢ NOMoOLbI0O TeopeMbl

OcTtporpaackoro-laycca
2.5.1. None beckoHe4YHOU OAHOPOAHO
3apsKeHHOW MNJIOCKOCTMU




[loBEpXHOCTHAas NJIOTHOCTh 3aps/4a Ha
NpOn3BOJSIbHOW MIOCKOCTU njowaabto S
onpenenseTcsa no gopmyne:

dg - 3apsa, cocpeaoToOYeHHbIXM Ha nJiowaan ds;
dS - pusnyeckn 6eckoHeyHo Masibin y4yacToK
NMOBEDXHOCTU.



+ [MpeacrasuMm cebe unnnHap c obpasyrowmmm,
nepneHaAnKynapHbIMU MIOCKOCTU, U
OCHOBaHUAMKU AS, pacnonoXXeHHbIMK
CUMMETPUYHO OTHOCUTESTbHO M/IOCKOCTU




CyMMapHbIXA NOTOK Yepe3 3aMKHYTYIO
NOBEPXHOCTb (UMANHAP) 6byaeT
paBHa:

BHYTpU NOBEepPXHOCTW 3aK/to4eH
3apaa . ChepoBaTtesibHO, U3 TeopeMbI
OcTporpaackoro-laycca nonyymm:

OTKYyAda BUAHO, YTO HAMpPSAXeHHOCTb
nosd NaoCKoCTn S paBHa:

(2.5.1)



2.5.2. lone aAByXx paBHOMEpPHO
3apsKeHHbIX NMJIOCKOCTEN

+ [lycTb ABe 6eCKOHeYHble NJIOCKOCTU
3apsi>XeHbl pa3HOMMEHHbIMU
3apsaaMm ¢ oauMHaKoOBOM Mo
BEMNYUHE MSIOTHOCTbIO O




+ PesynbTHpyrouwee none, Kak o110
CKa3aHo Bbllle, HAaX0ANTCHA KakK
Ccyneprno3numns rnosen, cosgaBaeMblix
Ka>Xao0n 13 rnnockocten. Toraa BHyTpu
[1J10CKOCTEU

+ BHe ninockocren Hanpsi>KeHHOCTb NMoJisi

+ [lonyyeHHbIN pe3ynbTaT cripaBeasiue n ans
NJ1IOCKOCTEN KOHEYHbIX pa3MepoB, ecnu
PACCTOSAHME MeXAy MJIOCKOCTAMM ropasao
MeHbLlUEe JIMHEUHbIX Ppa3MepoB M/1I0CKOCTEN
(MJTOCKMN KOHAEHCATOop).



e PacnipegesieHne Harnpsi>keHHOCTH
IEKTPOCTATUYECKOro Nosia Mexay njaactTuHamu
KOHOEeHCaTopa NOKa3aHO Ha pPUCYHKe:




+ Mexpay nnactmHaMm KoHAEeHcaTopa
NEeNCTBYET cuJla B3aUMHOIo
npuTsaXxeHuna (Ha eanMHuLy nnowaaun
NJIACTUH):

. T.€.

o MexaHnyeckune cusibl, AEUCTBYIOLINE
MEXAY 3apsi>KEHHbIMU Tes1aMU,
Ha3bIBaroT MOHAEPMOTOPHbIMM.



+ Cnna nputaxXeHusa Mexay niaactTmHaMu
KOHAEHCcaTopa:

o+ rae S — nnowagb 06KNaAOK KOHAEHCcATopa.
o |.K.

+ OJTO bOpMYya ANS pacyeTa NOHAEPMOTOPHOM
CWUNbl



2.5.3. None 3apsixxeHHOro 6eCKOHe4YyHoro
uunuHapa (HUTKn)

+ [lycTb nonie coznaercd 6ecKoHeYyHou
LUINHOPUNYECKOW MOBEPXHOCTbLIO
paanyca R, 3apsaXXeHHOU C
NOCTOAHHOWU NINHENHOWN MJIOTHOCTbIO

+ rAe dg — 3apd4, cocpefgoTOYeHHbIN Ha
oTpe3Ke umnuHapa



[lpeactaBuM BOKpPYr umnuHapa (HUTKH)
KOaKkcmasibHy0 3aMKHYTYIO NOBEPXHOCTb
(UnanHAPp B UMINHAPE) paanyca r v asinHou |/
(OCHOBaHUA UMNUHAPOB NepneHaANKYIAPHO OCKH).




+ [Ong oCHOBaHWN UNINHAPOB

+ 01 60KOBOW NMOBEPXHOCTU
€. 3aBNUCUT OT paCCTOAHWNA TI.

« CrnnegoBarte/ibHO, NMOTOK BEKTOpa 4Yepes
paccMaTpuBaeMyro MNoBEPXHOCTb, paBeH



*

[pwn Ha MOBEPXHOCTU byneT 3apsaa

[To Teopeme OcTporpaackoro-lraycca

Ecnu , T.K. BHYTpW
3aMKHYTOW MOBEPXHOCTN 3apsaoB HeT.




+ paunyeckun
pacnpeaeneHune
HaMpsA>XeHHOCTW
S/1eKTPOCTaTUYeCKC
ro nond unnnHAapa
NoKa3aHo Ha pucC




2.9.4. Ilone gByx KoakCuanbHbIX
LUMNMHAPOB C OAUHAKOBOU JFIMHEUHON

NJMOTHOCTbHLHIO )\, HO PA3HbIM 3HAKOM




»BHY TP MEHbLLLErO U BHE 60/1bLLIErO0 UNINHAPOB
rnosie 6yger oTcyTCTBOBaTh

B 3a30pe mMexay unnmHapamm, none
onpeaendercd Tak Xe, kKak B n. 2.5.3:




Takum obpasom Anga KkoakcmanbHbIX LUMUHAPOB
NnMeeM:

+ DTO CMpaBensinBo U
nns 6ecKkoHeYyHo
OJINHHOTO
UunnnHapa, n ans
LUANHAPOB
KOHEeYHOW AJINHBbI,
eC/in 3a30p Mexay
LUANHAPAMU
HAMHOIo MeHblle
ONVHBI ULMANHAOPOB
(LMIMHAPUYECKUNN
KOHAEeHcaTop).




2.5.5. [lone 3apsaXeHHOro NycToTesnioro
lwapa




+ Boobpa3nM BOKpYr wapa — cepy
paaunyca r (puc).




+ Ecnu TO BHYTpb BOOb6pa>xaeMou

cdepbl nonageT BeCb 3apsaa g,
pacripeaeneHHbIn no cpepe, Toraa

+ OTKYAQ MoJie BHe cPhephbl.

o BHYyTDN Ccpepbi, Npu nosie
6ynert paBHO HY/IO, T.K. TaM HeET
3apsa0B:



Kak BUAHO, BHE cdepbl Nosie TOXAECTBEHHO MOS0
TOUYEYHOro 3apsaa TOM Xe BeNIMYUHDbI,
NOMELLEHHOMY B LIEHTP cdephl.




2.5.6. None o6 bLeMHOro 3apsXeHHOoro
Liapa
o [Na nona BHe wapa paanycom R nony4dyaetcs

TOT XX€ pe3ysibTaT, YTO U AN NyCTOTENOMN
cdepbl, T.e. crnpaBeanea opmyna:




BHYTpUK WWapa npu cipepmnyeckad
NoBEepXHOCTb byaeT coaep>kaTb B cebe
3apsaq, paBHbIW

roe p — o6beMHasa NJIOTHOCTb 3apsaa:
o6beM Lwapa:

Toraa no teopeMe OCTporpaackoro-
[[@ycca 3anuLem



o [.€. BHYTPpM LWIHApa

4

+ [.€., BHYTPpU LLAapa WUMeeM




Takum obpa3om, umeeM:
nosie 00 bLEeMHOro 3apsi>keHHOro wapa

&



NSXNMA OKO




