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dunone. AduaneKkmpuku. lNonapu3ayus
OuU3/1eKMpPUKOB. 3IneKmpuyeckoe cmeuweHue.
Teopema laycca 018 eeKmMopa 3neKmpuyecKoz20
cmeuwjeHus. [MlosedeHue eeKkmopos
HanpaxeHHocmu U 3s1eKmpu4yecKko20 cmeuwjeHus
Ha 2paHuuye pasodena 08yX OU3MNEKMPUKOS.
neKkmpemel, noe30371eKMpuUKuU,

cecHemo3/AeKmpuKu.



Knaccmpumkauma sewecrs

CBOOOAHbLIMM Ha3bIBAOTCA 3aPsibl, KOTOPbIE NPU MNPUIOKEHNN CKOMb
yrogHo cnaboro  BHEWHero  3/1eKTPUYECKOro  Moas  MOTyT
nepemeLlaTbCcs No Bcemy obbemy Tena.

CBA3aHHbIMMW HA3bIBAOTCA 3apAadbl, KOTOpble NpU HaJI0XKEHUU
AOCTAaTO4YHO CWJIbHOIO BHELWHEro »3NeKkKTpnyeCKoro nojada Anunllb
He3Ha4YnTe/NIbHO CMELLAOTCA OT NONIOXKEHUM paBHOBECUA.

Knaccndpukauma seLwecTs No KOHUEHTPauum cBob60aHbIX 3apAL0B!
v NIpoBoAHMKMN — cBOBOAHbIX 3apanos 10%2-10%4 cm3;

v’ AnaneKkTpukun — ceobogHbix 3apagos 108-1010 cm3;

v NoNynpoBoaHuKKU — ceoboaHbix 3apagos 1012-10% cm3;



AneKmpuyeckuu oumnone

3ﬂ€KTpMHeCKMﬁ aAnnosib — Cnucrtema, Ccoctodwaa U3 pPaBHbIX MO
abCoONOTHOM BEANYMHE MONOXKUTENbHOIO WU oTpnuUaTENDbHOIO
TOYEYHbIX INEKTPUHECKUNX 3aPAO0B.

| —nnevyo annons (BEKTOP, paBHbIN MO MOAYNHO PACCTOAHMUIO U
HanpaB/IEHHbIM OT OTPMULATENbHOIO 3apAAa K NoN0KUTEIbHOMY).
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P=qgl —3nexkTpuyecknin momeHT AnNons (ANNONbHBIN MOMEHT)



IneKmpuyecKoe nose ournons

[Innonb  SNEKTPUYECKU HeWTpaneH, OAHaKo OH  co3jaet
aneKkTpuyeckoe none. CornacHo NpUHLUNY cynepnosnumm

Echm r>>|, To aMnonb MoOMKHO cumMTaTb TOYeYHbIM. B

5TOM C/lydae nose Aunons ybbiBaeT ropasno . P
bbicTpee, Yem Noae ToOYe4yHoro 3apaaa. 3



Adunons 8 anekKkmpu4yecKom rnosae

Bo BHewWwHem 3n1eKTpU4Yeckom
NoJ1e€ HA 3/IeKTPUYECKUIN ANMO/b
aencreyer  napa CU. B
OAHOPOAHOM nose 3Ta napa
obpa3yeT MOMEHT CUJ1, KOTOPbIN
CTPEMMUTCS NOBEPHYTb
ANMNONbHLIK  MOMEHT  BAO/b
JIMHUN  HanpAXeHHoCTU. ITO0
NOJIOXKEHUNE YCTONYMBO.
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[NloTeHUManbHaA aHeprua gmnonA

N3 YCTONYMNBOrO NOJIOXKEHUSA
NOBEPHEM AUMONb HA MasbliA yron.
[MTpn 3TOM HYXKHO COBEPWUTb pPaboTy
NPOTUB CUA NONS.
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Aunonb B HeOAHOPOAHOM nojse

B HeogHOPOAHOM 3/1EKTPUYECKOM NoJie CUAbl, AEeUCTBYIOLLIME HA
NOJIOXKUTE/IbHbIN U OTPULATENBHbINA 3apAa, Pa3IM4YatoTCAa, NO3TOMY
NX CYMMa OT/IMYHA OT Hyna n aunonb byaet nnbo BTArMBaTHCA B
obnacTtb 6onee cnabHOro nond, AMbo BblTaNKUBATLCA.



CmpoeHue oussieKmpuKoe

[IN3NEKTPUKN COCTOAT M3 aTOMOB M MOJIEKYA. ATOM COCTOUT U3
MONOXUTENbHO 3aPAMKEHHOro fApa U OTPULLATENbHO 3apPAXKEHHbIX
3N1eKTPOHHbIX 060/104eK. B LeNoM aToM 3NeKTPUYECKU HenTpaeH,

MOCKO/IbKY 3apAdbl A4pa M 3/1EKTPOHOB pPaBHbl, OAHAaKO MONEKYNy
MOXHO paccMaTPMBaTb KaK 3IEKTPUYECKUIM AUNOb.

Mo CTPOEHUIO AMINEKTPUKM MOXKHO Pa3fdeInTb Ha TPU Kaacca:
v HenonApHble AUINEKTPUKN,

v NoNAPHbIE ANINEKTPUKMW,

v IOHHblE ANINEKTPUKMW.



HenonapHsie duanekmpuku: O,, H,, CH,,...

Echin monekynbl 06/134atl0T CUMMETPUYHBIM  CTPOEHMEM, TO B OTCYTCTBMU BHELLHEro
NEKTPUYECKOTO MOJA LEHTPbl TAMXECTU TMONOXKMUTENbHbIX U OTPULATENbHbIX 3apAaoB
coBnagatoT. AINNoabHbIA MOMEHT TaKUX MOJIEKY/T PaBEH HY/I0, @ ANINEKTPUK, COCTOALLMNMN U3
TaKNUX MOIEKY/, Ha3bIBAETCA HEMOJIAPHbIM.,

HaseaeHHbIM ynpyrun AUNOAbHbIA MOMEHT
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Bo BHelIHEM 31eKTPUYECKOM MOJ1Ie MOJIEKYNa TeEPAET CUMMETPUYHOCTb. oA aencTemem cun
NoNsA NONOXKUTENIbHO 3apAXKeHHble A4pa CMeLLAtoTCA Mo MO/, a 3/IEKTPOHHbIE 060/104KH,
nepopmumpyacb, CmelatoTcs NPOTMB  MnonfA. LleHTpbl  TAXECTU MONOMKUTENbHbIX U
oTpuLaTeNbHbIX 3apAAoB He coBnagatoT. Monekyna ctaHoBUTCA Aunonem. Takon AMMNONb
Ha3blBaeTCcA YMNPYyrMm, MNOCKOJIbKY OH MPOMOPUUOHaNEeH HanpsaxeHHoctn nons. [MNpwu
MCYE3HOBEHUM MONS UCYE3AET N AUMNOJIbHbIA MOMEHT.



MonapHeie duanekmpuku: H,O, HCI,...

Echn  MoONIeKyNbl  UMET acCMMMETPUYHOE CTPOEHME, TO B OTCYTCTBME BHELLHEro
3NEKTPUYECKOTO MONA LLEHTPblI TAMECTU MNOJIOKUTE/NIbHbIX U OTPULLATENbHbIX 3apPsAA0B He
coBnagatoT. TaKnme MOEKYbl HA3bIBAOTCA MOAAPHbIMU. WX  AUMNONbHBLIK  MOMEHT
onpeaenaeTca CTPYKTYPOIA MONEKYbl U HE U3MEHAETCA NoA, AeCTBUEM BHELIHUX GaKTOpPOB.

n03TOMy OH HOCUT Ha3BaHUe XXeCTKOrlo.

Bo BHeEWHeM 31eKTPUYECKOM MOoJie MNOASPHAA MOJNEKYNa OPUEHTUPYETCA AMNOJbHbIM
MOMEHTOM MO MOJIO.

PeanbHble MONEKY/bl BO BHELUHEM 3N1EKTPUYECKOM MOJIE HE TO/IbKO OPUEHTUPYHOTCA, HO U
NCNbITbIBAtOT AedopmaLmio. Y HUX NOABAAETCA HaBeAEHHbIN AUMNO/IbHbIM MOMEHT.



NoHHblIe dusaanekmpuku:. NaCl,...

B MOHHbIX AN3N1EeKTPUKAX HeNnb3A BblAeNnTb OTAE/IbHble MONEKY/bl.
DTN OUINEKTPUKMU UMEIOT KPUCTaN/IMyecKoe CcTpoeHue. B ys3nax
NPOCTPAHCTBEHHOW peLleTKNU pPacnonaratdTcA  WMOHbl  Pa3HbIX
3HAKOB. TaKyI KPUCTAN/IMYECKYIO peLleTKy MOXHO paccMaTpuBaTh
KaK cuctemy Asyx nogpewetok. OgHa noapelleTka COCTOUT U3
NO/IOXUTE/IbHbIX MOHOB, APYyraa — U3 oTpuLaTe/bHbIX.
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Monsapu3ayusa ousneKmMpuKos

Monspusaums - obpaTnmoe CMeLLeHue
3/1eKTPUYECKNX 3apAaos., npusogallee K
BO3HUKHOBEHMUIO CYMMapPHOro ANNONbHOTO

MOMEHTA MOJIERYN, OTINMHHOIO OT HVYAA, NpU
BHECEHUNUN OAUSINNEKTPUKA B ITEKTPUHECKOE MNMOJIE.



dneKkTpoHHaA (aedbopmaumoHHanA) Nonapmsaums

dneKTpoHHas (aedpopmaumoHHan) nonspmusauma — BOSHUKHOBEHME AUMOJbHOTO MOMEHTA
B HEMOJAPHbIX MOJIEKY/IaX. INEKTPOHHAas mnonspmusauma obycnoBieHa CcmeleHnem
3NEKTPOHHOM 060104YKM aTOMa OTHOCUTENBHO ApPa BO BHELWIHEM Mnone.
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Mpouecc agepopmaumm 3N1EKTPOHHOM O0OONOYKM HEMONSAPHOM MOJIEKYNbI HE 3aBUCUT OT
TemnepaTypbl. ANNOAbHbIN MOMEHT NOABAAETCA HE TONbKO Y OTAE/IbHON MOJIEKY/bI, HO U
Y MaKpPOCKOMUYECKMX 06EMOB BELLECTBA.



OpueHTauMoHHaA noaapmsauma

OpueHTaunoHHaA NoAApu3auma — BOSHUKHOBEHUE AUNOJIbHOrO MOMEHTa B AU3NEKTPUKE C
NONIAPHbIMU MOJIEKYNaMU BCNeACTBME OPMEHTaUUM AUNOJbHbIX MOMEHTOB MOJIEKY/ MO
HanpasAeHUIO NoNs.

Hecmotpa Ha TO, 4TO noAApHble £ =0 X , X
MOJIEKY/Ibl UMEIOT ANNONAbHBIA MOMEHT, B e —
nobom bHeckoHeyHO Mmanom obbeme Q@ — r::’@n:’::ﬁ.@ g
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MOMEHTbl OPUEHTUPOBaHbI XaOTUYHO. e e 66| .
JNeKTpUYecKkoe none Aunoneil B 3TOM BB o

c/lyyae KOMMNeHCUpyeT Apyr Apyra.

BHelwHee aneKkTpuyeckoe nose MbiTaeTcd OPUEHTUPOBATb AMMOJIbHbIE MOMEHTbI MOIEKY
Mo Nosito, O4HAKO TeMN/a0BOe ABUMKEHME MeLlaeT 3ToMy. Tem He meHee y AMnonein nosaBuTca
NPEeMMyLLEeCTBEHHAA OPMEHTaLMA, NO3TOMYy B OECKOHEeYHO Masiom obbeme BeLLECTBA
BEKTOPHasA CyMMa ANNOJIbHbIX MOMEHTOB CTaHOBUTCA OT/IMYHOM OT HYAS.



MoHHaA nonapumsauyma

MoHHaa nonAapusauma — BOSHUKHOBEHWE AUMO/IbHOIO MOMEHTA B MOHHbIX KpUCTannax,
BbI3BaHHOE CMeELeHMEM MOAPELIETOK TMOJIOKUTENbHbIX WMOHOB BAO/Ab MOAA, a
OTPULATENbHbIX — NPOTMB MONS.




BeKkTop nonapmusaummn

KonnyectBeEHHO  cTeneHb  nonApusauumM  AUINEKTPUKa B
NEKTPUYECKOM MNOJIE XapPaKTEPU3YEeTCs BEKTOPOM MNOASPU3ALUMN.
BeKkTop nonapusaumm — AUMNOJbHLIA MOMEHT eAuHULblI 0O6BEMA
BELlecTBa.

Obbem ponxKeH OblTb HACTONbKO ManbiM, 4YTOObl BHYTPU HEro
3NEKTPUYECKOEe NOJIE MOKHO OblN0 CYMTATb OAHOPOAHBIM, U BMECTE C
TeM coaepXaTb [A0CTaTOMHOEe, 4YTOObl MOXKHO OblI0 MPUMMEHATH
CTaTUCTUYECKME METOAbl NCCNeA0BAHNA, KONNYECTBO MOEKYII.



[lna oAHOPOAHOro HEnoNAPHOro AM3/IeKTPUKa, HaxoaAleroca B
O4HOPOAHOM 3/1EKTPUYECKOM Mone:
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K - AW3NEeKTpuYeckan BOCNPUMMUMBOCTb (MONAPM3YEMOCTD).

na ogHOpOAHOro NOIAPHOro AN3NEeKTPUKa, Haxo4auleroca B
OAHOPOAHOM SNEKTPUNYHECKOM MNONe€.
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Ecnn TemnepaTypa v BHELWWHEE 3NEKTPUYECKOE NOoJIe HE CINLLKOM
BE/IMKU, TO ANINEKTPUYECKasa BOCMPUMMYUYMBOCTb BblYUCASIETCA NO
dopmyne [leban-J/laHKeBeHa.



[ToBepXHOCTHbIE NoNApMU3aLLMOHHbIE 3apaabl

Monspusaumsa AUINEKTPUKA CO34aeT OTIMYHbIM OT HYAA AUMONbHbIN
MOMEHT B nwbom manom obbeme BewecTtBa, OCTaBAAA €ro
31eKTPOHeNTpanbHbiM. ObbemHbIN 3apsaa ntboro manoro obbvema
paBeH HYyA0. BHYTPU AM3NEKTPUKa SNEeKTpUYeckmne 3apaabl AUNnonemn
KOMMEHCUPYIOT Apyr Apyra. Ho Ha BHEWHUX rpaHULAX AUINEKTPUKA
NOABNAIOTCA MOBEPXHOCTHblE MNOANAPU3aALUMOHHbIE 3apAabl. OHM
co3patoT cBoe 3NEKTPUYECKOE none, HanpaBAEHHOE
NPOTUBOMNOJIOXKHO BHeELHeMY. B pe3ynbTtate HanoXeHua ABYX NONEMN
BHewHee ocnabnaercs.
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OTHOCUTEeNnbHasdA ANINEKTPUYHECKaAA NPOHULAEMOCTDb

E:EO—KE E = —
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OTHOCUTeNnbHaA AN3INeKTpnyeCKad NPpoHNUaAeMOCTb NMOKA3biBaET, BO
CKOJZIbKO pas ocnabnsetca NNEKTPUYECKOE nNoJjie BCaeacrtsue
nonApunu3aumn AN3INEKTPMKA No CPaBHEHUKO C BAKYYMOM.









BeKkTop aneKkTpuyeckoro cmelleHms (MHAYKLUnmn)

HanpA»eHHOCTb 3/1eKTPMYECKOro Moss 3aBUCUT OT CBOMCTB cpeabl. Kpome Toro, BeKTOp
HanpAXeHHOCTU npeTepneBaeT CKa4YKoobpasHble N3MEHEHUA NpU nepexode yepes rpaHuLy
AN3NEKTPUKa, MO3TOMY ANA HEenpepbiBHOTO OMWCAHUA 3NeKTPUYECKOro Mosd C y4eTom
NONAPU3ALMOHHbIX CBOMCTB cpedbl BBOAUTCA BEKTOP 3/1EKTPUYECKOro  CMeLleHUs
(aneKTpuyeckomr MHAYKUMK),
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[MONHBLIN NMOTOK BEKTOpPa CMELWEHMA B AUINEKTPUKE CKBO3b MPOU3BOJIbHYIO 3aMKHYTYIO
MOBEPXHOCTb pPaBeH anrebpamyeckor Cymme 3aK/IYEHHbIX BHYTPM 3TOM MNOBEPXHOCTU
CTOPOHHUX 3N1EKTPUYECKUX 3aPs0B.



[PaHWUYHbIEe YCNOBUA
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HanpAa»KeHHOCTb NoNA AN31EKTPUYECKOro Lapa
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BewectBo [MpoHULUaEeMOCTb
Bakyym 1
Bo3ayx 1,0006
YrneKkucabln ras 1,0009
Ctekno 3,7-10
Boaa 31
MapadpuH 2,0-3,0




CerHeToanneKTpPUKH

CerHeTosNIeKTPUKMU — AUINEeKTPUKKM, obnagatowme CrOHTaHHOM
nonApusaumen B oTCYTCTBMU SNEKTPUYECKOro Nons.

OCHOBHble CBOMNCTBA CErHETO3/IEKTPUKOB!

v [InaneKkTpuyeckas NPOHULLAEMOCTb CerHeTo31eKTPUKOB
3HAaYUTENIbHO NpPEeBbIWAeT MPOHULAEMOCTb ANINEKTPUKOB, AO0CTUras
3HayeHnin 103-10%.

v'3HaueHne AMINEeKTPUYECKON NPOHULLAEMOCTM 3aBUCUT HE TObKO OT
BHELLHero Nnoss, HO M OT TOro, KaKMM OHO BbIN0 paHee.

v [InaneKkTpuyeckaa MPOHMLLAEMOCTb, a CNefoBaTe/ibHO U BEKTOp
nonApu3saumm, HeaMHEMHO 3aBUCAT OT HanNPAXEHHOCTUM BHeLUHero
3/IEKTPOCTAaTMYECKOro NONA.

vTIo [OCTUXEHUIO KPUTMYECcKon TemnepaTypbl (ee HasbiBalOT
TemnepaTypomn uan Toukon Kiopu) cerHeTosnekTpuyeckue CBOMCTBA
Mcyesator.



CBOMCTBA CErHETO3NEeKTPUKOB OODBACHAIOTCA TEem, YTO B
OTCYTCTBMW BHELWIHEro 3/1IEKTPUYECKOrOo MNONA CErHETO3/IEKTPUKHU
npeacTasnaloT cobor mo3amKy wn3  agomeHoB — obnacten ¢
Pa3/IMYHbIMK  HaNpPaB/JIEHUAMW CMOHTAHHOM (CaMonpPOn3BOIbHON)
NONAPM3OBAHHOCTU. TaK, 4YTO B LEAOM CErHeTOINEKTPUK He
NONIAPM30BAH, T.€. ero ANNOJIbHbI MOMEHT PaBeEH HY/IHO.

Mo, AencTtBUEM 31EKTPUYECKOTO MNOASA AOMEHHbIE TPaHULbI
CMeLLATCA TaK, YTO 0bbem AOMEHOB, MONAAPU30BAHHbLIX NO MOIO,
YBE/IMYMBAETCA 33 CYET AOMEHOB, NOAAPWU3OBAHHbLIX MPOTUB MNOAS.
Bo3HuMKalowee nNpu 3TOM 3/1EKTPUYECcKoe nose AO0OMeHOoB byaet
noaaepMBaTb UX HEKOTOPYHO OPMEHTALUIO M NOCAe NpeKpaleHuns
NENCTBMA BHELLHEro nons.

0/ @/ -— / Y N306parkeHne pomeHos BaTiOs.
/ & CTpenku  yKasblBalOT

® HalMnpaB/1eHNEe BEKTOPA
e
f ‘ nonapmsaunu




B cerHerosnekTpukax HAOMIOAAECTCS SIBIICHUE URJICKTPHUYECKOIO
rucrepesuca (3amas3apiBanus). C pocTOM HANPSHKCHHOCTH BHEITHETO
AIEKTPUYECKOTO IO TOJAPU30BAHHOCTh PACTET, AOCTUTAs NPHU
3TOM HACBIIICHUS (a).

C YyMCHBIICHUEM BHEIIHETO II0JISI YMEHBIICHHUE MOJIAPU30BAHHOCTH
[IPOUCXOAUT TI0 JAPYrOM KPUBOM, U B OTCYTCTBUU TIOJIA
CETHETORJICKTPHK COXpaHSeT OcCTaTouHyro mnomspu3anuto (P.).
CErHeTO’NEeKTPUK  OCTACTCS  MOJSPU30BAHHBIM B OTCYTCTBHE
BHEIITHETO AJIEKTPUYECKOTO MOJIA.

CHSTBh OCTaTOYHYIO MOJAPHU30BAHHOCTh MOKHO MPHJIOKUB BHEIITHEE
dMIEKTPUYECKoe Tojie obparHoro HampasieHus (-E_.), HazpiBaeMoe
KOAPILIUTUBHOM cuiIon. [10MHBIN UKIT 00pa3yeT NETI THCTEPE3UCa.



fucmepesuc

Ec_ KO3 pUnTnBHAA CH1Ja, Pc_ OCTaTO4HAaA NonaApmn3aunA



[lbe303/1eKTPUKH

[Mbe303NEKTPUKM  —  AMINEKTPUKK,  MONApu3yloLLMeca  Npu
MeXaHMUYeCKOM BO3ENCTBUN.

Npamon nbe3oaddekT O6paTHbIV Nbe303dhdeKT




JneKkmpembsl

dNeKkTpeTbl — AUINEKTPUKKU, COXpaHsoWmMe MNoAspuUs3oBaHHOE
COCTOAHME nOC/Ae CHATUA BHELIHero BO34elCTBMS, Bbl3BaBLUEro
nonApmsaLumio.

CTabunbHble 3NeKTPeTbl NONYYatoT:

v'Harpesada, a 3aTem OXna)k4aa AMINEKTPUK B  CUIbHOM
3/IEKTPUYECKOM MOJIE (TEPMOINIEKTPETHI);

v’ 0cBelan B CUIbHOM 3/1eKTPUYECKOM none (poToaneKkTpeTbl);

v’ noasepras paAnoakTMBHOMY 06aydyeHuUIo (PaanosneKkTpeThbl);

v’ nonapusaumein B MarHUTHOM nose (MarHUT3NeKTpeTbl).



