YcioBue

3agada 2. /lo Kakoii ke creneHu..?

[Ipocreiinieit MOeIbIO 3apsI?KEHHOIO TeJjla SIBJISIeTCsl TOYedHblil 3apsa. [lomumo 3Toit Momenu B
IPUKJIAHON 3JIEKTPOCTATHKE IUPOKO UCTIOIB3YIOTCS M PYTHe MOJIEJN 3apsi?KeHHBIX TeJT (oI,
KBaIPYIIOJIN U T.JI.), MOJYYUBINNE HA3BAHUE MYJILTUIOEH.

Jumon 371eKTpUYecKn HeRTPaIbHbI, IIOCKOJIBKY UX CyMMAapHBIN 3aps/] paBeH Hysaio. Ho, HecmoTps
Ha 3TO, MEXKJy HUMU BO3HHUKAIOT CHUJIbI HPUTSAKEHUS, PACCMOTPEHUIO KOTOPBIX W ITOCBAINEHA 3T
3371844,

it)
L ———— T
-4 +4
——=0

DJIEKTPUIECKHI JIUTIOJb, TPEICTaBIAeT CO0O0I COBOKYITHOCTH JBYX PABHBIX II0 BeJIMIHHE DPAa3HO-
UMEHHBIX TOYEUYHBIX 3aPSJI0B +(¢ U —(, HAXOAAIIUXC Ha HEKOTOPOM PACCTOSHUU [ JIPyT OT JIpyTa.

JIu1oIbHBIM MOMEHTOM P CUCTEMBbI Ha3bIBAETCs IIPOU3BEJICHNE 3apsiia +¢ Ha PACCTOSHUE | MEXK Ty
3apgaaMu

p=ql.

BGKTOp ﬁ,ILI/IHOJH:;HOI‘O MOMEHTa HallpaBJIEH OT OTPUIATE/IbHOI'O 3apsd/a K IOJIO2ZKUTE/IbHOMY.

1. Haiiymure HANPSZKEHHOCTD 3JIEKTPOCTa-
THYEeCKOro mojs [y, co3maBaeMoro JuIo-

JeM Ha Gosbimux paccrosnuax r(r > 1) —4 +4 E’l
BJIOJIb JIMHWU, COEJUHSIONEN 3apsiyibl (CM. f O ]
puc.). - !

10 xnacc. Teoperuueckuit Typ. 1



Bripazure E); 4epe3 JUMNOJBHBIIE MOMEHT
CHUCTEMBI P U PACCTOTHUE T JIO TIEHTPA JTUIIOJIS.

*[Ipumevanne: npu Maabix © (x — 0) cnpasedauso npubausicernnoe pasencmeso

l1+2)*~14+a-x.

2. ITpoOHbrit 3aps gy HAXOAUTCA B BAaKyyMe Ha PACCTOSHUU I OT TOYEYHOro 3apsia —q;. Haitaure

1 o
CHJTY TIPUTAKEHHS MEZKJTy 3apsaiaMul. SalliIuTe Moy deHHyto (popmyty B Buae Fi ~ - n Hafijure
3HaYEHUE N B JIAHHOM IIYHKTE 3a/Ia4u.

3. [Ipobublit 3apsiyi gy HAXOIUTCS B BaKyyMe Ha

paccrosiauu (1 > [) OT IeHTpa U0/ ¢ MOMEH- D o
ToM p (cMm. puc.). Haitpure cuny Fy B3anmoseii- — e Q
CTBUSL NMPOOHOTO 3apsi/ia € JIUIOJIEM. SAIHIINATE ! r !

MOJTy9eHHYIO popMyty B Buje Fh ~ rin " Haliu-

T€ 3HA4YCHUE T B JJAHHOM ITYHKTE 3a/a9u.

4. Haiioqure cury B3aumMojeiicTBus ﬁg

JIBYX OJIMHAKOBBIX JTUIOJIEN C JUTOJIBHBIM - -
MOMEHTOM P KaXKJIbIil, paCIOJIOYKEHHBIX Ha —— ———
paccrosiauu (7 3> 1) Ipyr OT Jpyra BIOJIb ! - !
IIPAMOH, coeqUHAIONIECH 3apsA/ibl, TaK KaK

MOKA3aHO Ha PHCYHKe (CM. puC.). 3amuinure noaydeHnyo GopMmyiay B Buie Fz ~ 7% n HaiiuTe
3HaYeHne N B JAHHOM IIYHKTE 3a/Ia4M.

sl

5. DKCIIEPUMEHTBI TTOKA3BIBAIOT, YTO MO/ JeHCTBUEM BHEIIHErO SJICKTPUIECKOTO I0JIsd HAITPAXKEH-
HOCTBIO F TN3JIEKTPUKE (OT/Ie/IbHBIE MOJIEKYJIbI) TOJISIPU3YIOTCS U IIPUOOPETAIOT HABEIEHHbI (1UH-
,ZLyLLI/IpOBaHHbeI) JIUIIOJIbHBIA MOMEHT

p=agk,
OPHEHTHPOBAHHBIH 110 1010 (eM. puc.). KosddunumenT o, nmeromnuii B TaHHOM CJIydae pasMepPHOCTh
o0beMa, Ha3bIBAETCS TOJISIPU3YEMOCTBIO MOJIEKYIIbI INSIEKTPUKA.

Todueansrit 3aps1 ¢y HAXOUTCS Ha, PACCTO-
SHUU T OT MOJIEKYJIBI JUIJIEKTPHUKA C TI0-

JigpusyeMocTbio «. Haiture cuny Fy B3a- Zo -
UMOJICHICTBUS 3apsjia ¢ MOJIEKYJ/ION. 3arm- Q “““““““““““““““““
UTe MOJTyYeHHYI0 hopMysTy B Bujie Fy ~ ! ¥ !

7% 7 HaliTnTe 3HAYEHWE N B JJAHHOM ITYHK-

Te 3aJIa4M.
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6. /lumoyib ¢ MOMEHTOM p HaXOJUTCS Ha ~

PacCTOAHUU T OT MOJEKYJIbl C TOJIAPU- _#:» ____________________________

syemocTbio « (cM. pmc.). Haiimure cumy | |

F5 B3anmojieiicTBus 3apsijia ¢ MOJIEKYJIOM.
Banummre MoaydeHHyo GOPMYIy B BUIE
Fy ~ Tin 1 HailJluTe 3HAYEHUE 1 B JAHHOM IIyHKTE 33/Ia4H.

Pemienue

3anaga 10. 2. lo kKakoii ke cremneHu..?

1. HanpsizKeHHOCTB 3JIEKTPOCTATUIECKOrO Toyid Fy,
€O3/IaBaE€MOI'0 JIMIIOJIEM Ha OOJIBIIUX PACCTOSHUAX
r(r > 1) BAOIb JINHUN, COEMHSIONIEH 3apsibl, Hall- -4 +q E
JIEM TI0 ITPUHIAITY CYTepHo3uruu moJjieit. /liasg sroro
cJieJlyeT TIOCTPOUTH BEKTOPHYIO CYMMY HAIPAKEHHO-
CTeii, CO37aBAEMbIX B TOYKE HAO/IIOJICHUS IOJIOKU-
TeJIbHBIM E+ 1 OTpUNaTETbHBIM E_ 3apsiIaMi JIUTIOJIST

E=E, +E_

[Tockosibky BekTOpBI E, u E_ Ha 3TOH NHpsiMOW HPOTUBOIOJIOXKHBI JPYT JPYTYy, TO MOJY/Ib X
CYMMBI

q 1 1
EFiW=F, —FE_ = - . 1
SR e L e Y

Ucnosb3yst hopmysibl npubinzKeHHbIX Beraucaenuit (1 + 2)* ~ 1 4+ « - 2 npu MaJbIxX &, HOJIy9uM

1 1 1 o= -2 1 [

(Fy)" 7 (F) lr=a 7

C yuerom (2) Beipaxkenue (1) mpumer Bu/g

q 1 ) 1 ) q 21 1 2p
E, = —(1+-)-=(l--))=— ==— —.
' e (7“2 < * 7’) r2 ( r)> dreg 13 Ameg 13 ()

[Moxcrassst B (3) BIpazkeHue Jijisl JUIOJIBHOIO MOMEHTA P = ¢l CUCTEMbI, OKOHUATEIHHO HOJTY YaeM

Byr)=— . 2 (4)

2meg 13

C yd4eroMm HaAIpaBJIEHUs BEKTOPa JUIOJHLHONO MOMEHTA P CHCTeMBbI (4) MOYKHO TepenucaTh B BeK-
TOPHOM BHJIe (B perieHun He Tpebyercs )
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— ]_ D
E1 — . £
2meg T

Taxkum 06pasom, Kak cieyer u3 (4), MOy/Ib HANPsIKEHHOCTH TOJisi Fp, cO3/1aBaeMoro Jumnojem
BJIOJIb €r0 OCH Ha OOJIbIIUX paccTosiausx (r > [) ybbiBaeT 06paTHO HPOIOPIUOHAILHO KYOy pac-
CTOSTHUS T JI0 JTUAIIOJIST

1
ElNﬁ.

()

BameTnM, 9T0 BhIpazkeHue (4) MOXKHO IIOJIyYNTh ¥ TPAJUIIMOHHBIM CIIOCOOOM, O€3 UCIIOIB30BAHMST
MPUBEJIEHHOTO B YCJIOBUU TPUOJ/IMKEHHOIO paBeHCTBa. /lelicTBUTEIbHO, TPUHAB 0003HAYEHUS

l
rmn=rTr-— 5
l )
ro =1+ 5
nepenuiiem (1) B Buje
q 1 1 q r2—1?
Ei=E,—-E =4 il o
mEQ \T] T3 dmeg rary

C yuerom Toro, 4to 73 — ri = 2rl, u B paMKaX IPUHATHIX NPUOIUKEHUH MOXKHO CUUTATH, YTO

2,2 ol
Ty T A%, HOLYyUUM

q 2rl 1 2p

Ey

drey 1 dmey 13

O———0

UurepecHo, 4To 3aBUCUMOCTD, 1000Hast (5), COXpaHSETCd W TPU HAXOXKJEHUU HAIPIKEHHOCTH
nosist Fy «IeprIeHnKy/aspHOy JTUIOJIO, T.€. Ha MPAMOM, MepHeHINKYIAPHON OCH JIUIIOJS U ITPOXO-
JIdIei depes3 ero meHTp. B 9ToM ciiydae nuaMeHseTcs TOJBKO 6e3pa3MepHbIi KOI(MDMUIUEHT

_ L
dmeg 3

Es
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Ob61mas KapTUHA CUJIOBBIX JIMHUI U0/ Ha OOJIBIIIOM PACCTOSTHUN OT HETO JIaHa Ha PUCYHKe CIIpa-
Ba. Pacrioiokenmne moI0zKUTETLHOTO W OTPUIATETHHOTO 3aPsIJIOB JIUIIOJS COOTBETCTBYET PACIIOIO-
2KEHWIO, IPUBEJIEHHOMY B yYCJIOBUU 3a/1a4U.

2. Corumacuo 3akony Kymona mpoGHBIi 3apsis ¢y (OH sABISETCS

HOJIOZKUTEJIBHBIM TOYETHBIM 3ap5mo1v1) OyJeT IPUTATUBATHCS K TOUYEYHOMY 3apsly —g; B BaKyyMe
¢ cuJyon

CortacHo TperbeMy 3akoHy HbOTOHA ¢ Takoil ke 10 Moyt cutoit Fy 3apsa —q; Oyaer nputs-
IUBAThCA K 3apaly qo-

CJIG,ILOB&TGJH)HO, B JaHHOM CJIy4da€ CIIpaBE€/JINBO YTBEP2KIEHUEC

1
FlNﬁ.

Taxkum o6pa30M, B JJaHHOM IIYHKTE€ 3a/Ja49n

n=2. (7)

3. Ilpu B3amMHOM PACIOJIOKEHUN U0 P U
IPpOOHOTO 3apsjia ¢y KaK Ha PUCYHKE B3aUMOJIEi-
cTBue Oy/JeT HOCUTh XapakTep orTaJKuBaHusd, mo- |  _ ~ 7
CKOJIbKY OJIHOUMEHHDIN (HOHOH(HTeHbeIﬁ) 3apsa _'75%“? =~
JIATIOJST HAXOJUTCs O/1rzKe K TPOOHOMY (TI0JIOZK Y-
TeJILHOMY) 3apsijly, 9eM Da3HOMMEHHBIN (OTpuIiaTe bHbI). B TakoM ciydae CHIIbI OTTAJIKUBAHI
1peobJIaIaloT HaJl CHJIAMU PUTIKEHUS, YTO IIPUBOIUT K BO3HUKHOBEHUIO PE3YILTUPYIONICH CUJIbI
F), HAIPABJICHHOH BIIPABO (cm. puc).
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CrenoBaTesibHO, B JAHHOM CJIydae JUIOJIb OYIeT OTTAJIKUBATEH IIPOOHBII 3apsi BI0Ib CBOEH OCH C
cuJjioi

Fy=qBi(r) = {(4)} = -2 . L (8)

2meg 13

Bamernm, 9TO MPU U3MEHEHUH OPHEHTAIMU JUIoJst (—p), XapakTep B3auMOJEHCTBUS JIUIOJS C
HPOOHBIM 3aPsIIOM U3MEHUTCS ¢ OTTAJKUBAHUS Ha IPUTAZKEHNUE.

CurejroBaTeIbHO, B JJAHHOM CJIydae CIIPABE/JINBO YTBEPKJICHIEe

1
F2 ~ ﬁ
TaKI/IM o6pa30M, B JaHHOM HYHKTe 3aJlad1
n = 3. (9)

4. s ompejiesieHHOCTH OyJIeM CUYUTATh, UTO JIEBBIH JIUIIOJL P CO3/IaeT HAIPSIKEHHOCTb IO B
IIPOCTPAHCTBE, KOTOPOE JIeCTBYET Ha MPAaBBIi IUIONL —].

[TockoJIbKy OJIHOMMEHHBIE 3apsijibl JIUIIOJIei
HaXOIATCA Ha MEHBIINX

p -P
_ e e ]

PacCCTOAHUAX, 9EM PASHONMMEHHBIC, TO COIJIaC — g —Q+q +{O——0-¢

HO 3akony Kysona cuia OTTaJIKMBAHUS B CH- ' r F

cTreMe OyJieT OOJIBITE CHUJIBI IPUTAKCHUS.

ODTO TPHUBEJIET K BO3HUKHOBEHUIO PE3YJIbTH-
pytoiieil cusibl F3 OTTAIKUBAHKST MEXKJLY JUIIOJIAME, HAIPABJIEHHOI BIIPaBo (CM. PUC. ).

Ucnonbsyst (4), i paccMaTpuBaeMoOil CHCTEMbI MOYKEM 3allicaTh

[ l qp 1 1
F=q (El“” —g) B §>> T \r—1p 1P ) 1o

C momornbio GopMyJIbl TpudIHzKeHHOro Bhluncyaennst (1 + ) ~ 1+ «a -z (npu © — 0) B JaHHOM
caydae HaXOuM

1 1 1 a=—3 1 31
r¥3)” ™ (1F3) U=y "
CooTBeTcTBEeHHO, pa3HOCTh B Bhipakeruu (10) mpumer Bu

1 1 3l

KRR S

C yderom TOro, 910 p = ¢l, OKOHIATEJIHLHO MOy IUM
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B 3p? 1
C 2mey A

P (11)

CJIG,B;OB&TGJIBHO, B JaHHOM CJjly4da€ CIIpaBE€IJINBO yTBEP2KIACHUE

1
Taxum obpasoM, B JIAaHHOM IIYHKTE 331841
n = 4. (12)

Bamernm, uTo BbIpazkenue (11) mpoire moyauTh, HCIoIb3yst IPOU3BOAHYIO OT (4) MO PacCTOSTHUIO
T, OCKOJIbKY MCKOMasl cuyia F3 BBIUUCIISIETCS KaK

oFE

Fy = P

OJIHAKO TIOJIOOHBIH ITOXO0/1 BBIXOIUT 3a PaAMKH JIEHCTBYIONMIEH IIKOJIBHOM ITPOrPpaMMBbI.

5. Byznem cuntaTh, 9TO HALPSYKEHHOCTL F(1) 3JIEKTPOCTATHYIECKOTO OIS, CO-

3JIaBAEMOI'0 TOYEYHBIM 3apSIOM (o B 0DJIACTU HAXOXKJIEHUS] MOJIEKY/IbI, MEHsI- —
eTcsl He3HAYNTETHHO (B CHJIy MAJOCTH Pa3MepOB MOJIEKYJ/IbI) U DaBHA E(r)
1 do
dmeg T -
1'-) T
TOF,ZL& I/IHgLyILI/IpOBaHHbeI ,H‘I/IHOJH)H]:)H./JI MOMEHT MOJIEKYJIbI IIPUMET 3HaAY€HUE

L ®©_2o &
Arey 1?2 4w r?’

B nyskTe 3 331811 Mbl BBIYUCIMIN CUJIY B3aUMOJIEHCTBUS IUIIOJA U TOYEUHOI'O 3apsjia, IpaBia
B PACCMATPUBAEMOM CJIydae MH/YIIMPOBAHHBIN (HABEJEHHBIN) JAUMIOIbHBIH MOMEHT [J; UMEeeT po-
TUBOIIOJIOXKHOE HAIlpaB/ieHue («OT 3apsjiay ), YTO MPUBEJIET K BO3HUKHOBEHUIO B JIAHHON CHCTEME
CUJIBI TIPUTSIYKEHUSI.

Ucnonb3ys (8) u Tpernit 3akon Herorona, Haii-
JIeM CHJTY TIPUTSIZKEHUST BBIHY 2K JICHHO MOJIsIPU-
30BAHHON MOJIEKYJIBI K TOYCUHOMY 3apsiLy do Fy

oo G b @ 1 aq  ag 1| |
4 2meg 13 2meg 13 4wr? 8m2gy 1P

(13)

CuresroBaTeIbHO, B JJAHHOM CJIyYae CIIPABEJINBO YTBEPKICHIE
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Fy~ —.
ro
Taxkmm 0bpasoM, B JaHHOM IIyHKTE 3aja4n
n=>5. (14)
6. By/ileM cunTaTh, 9TO HAIPSKEHHOCTDH JI€K-
TPOCTATUYIECKOI'O I0JId, CO3aBaeMOro JIMIIO- _
JIeM P’ B 00JIACTH HAXOKJIEHHU MOJIEKYJIBI, Me- D £
HfeTCsl He3HAaYuTeIbHO. Toryma cormacuo (4) e SU -
I |
I p
2meg T

COOTBGTCTBGHHO, I/IH,ZLYIalOBaHHbIﬁ ,HHHOHbeIﬁ MOMEHT MOJIEKYJIBI B 9TOM CJiy4da€ IIPUMET 3HAYE-
HHe

1 p a p
;= agg - 228 15
pi = azo 21y 13 27w 13 (15)

B nyskTe 4 337291 Mbl BBIYUCJIWIA CHJIY OTTATKUBAHUS MEYKIY JUIOJISAMU, OPUEHTHPOBAHHBIMU
«HaBCTpeIy» JPYT APyTy. B JaHHOM cirydae JUMOJIN OPHEHTHPOBAHBI B

OJIHOM HAIIPaBJICHUU, [IOCKOJIbKY HABEJICHHBINA IUIIOJBbHBIII MOMEHT BCer/ia OPUEHTUPOBAH <IIO I10-
JII0». DTO 0OCTOATEILCTBO IPUBEJAET K BOZHUKHOBEHHIO CHUJIbI MPUTAXKEHUA MEXKIy TUIOJISIMU B
paccMaTrpuBaeMoil cucreme.

Cunras B3anmoeiicTere aumosieii o dopmyste (11), moryanm BeJMUUHY CHIIBI IPUTSZKEHUST MEZK Ty
HUMU I PACCMaTPUBAEMOIO CJLydasd

3pep 1 3p a p 1 3ap* 1

F5 = = — == = - 16
> 2meg  rt 2mee22m 3 vt Am2ey 7 (16)
CrenoBaTeIbHO, B JAHHOM CJIyYae CIPaBEIINBO YTBEPK ICHIE
1
Fy~—.
577
Takum obpasom, B JIaHHOM IIYHKTE 3a/ia4u
n="7 (17)
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Nurepecno, uro B mynkTax 3 u 4 3a/1a4u nMeeT MeCTO CU-
Jla, OTTAJIKUBAHUS MEXKTy OObeKTaMu, a B IyHKTax D u 0,
CBA3AHHDBIX C UHJLYIIMPOBAHHBIM JIUTIOJIBHBIM MOMEHTOM,
BCET/Ia IMeeT MeCTO CHJIa IPUTIKEHUs.

OTO CBA3AHO C TeM, YTO HAIPaBJIEHUE HAIIPSZKEHHOCTH
BHEIIHEro 3JIGKTPUYECKOIO 110/ OJJHO3ZHAYHO OIIPe/IeJIs-
€T HallpaBJIeHNEe BO3HUKAIOIIEIO JUIIOIBHOIO MOMEHTA P
HOJIIPU3YEMOT'0 00BEKTa — OH BCET/1a OPHEHTHUPOBAH «II0
CHJIOBOM JIMHUU» BHEIIHErO (MHLyIUPYIONIEro) IIOJIs.

B 3aBepiiieHue 3a/1a4u Ha PUCYHKe ClIpaBa IPUBEJIEHa J0-
cTaTovHO 3abaBHast (HO BepHast!) 3aBUCHMOCTH ITOKa3aTe-
JId CTEIIEHHU 7TV B BbIpazK€HUM JIJId CUJIbI B3aHMOﬂeﬁCTBH5{
F; or Homepa N myHKTa 3a/1a40.

Kak rosopurcsi, KOMMeHTapU# U3JIUIITHA, HO TaK U HE TI0-
HSTHO, TIOYEeMY IOCJeIHss TOYKa He JIOXKUTCS <«Ha, -
MyI0». BbLJIO ObI TAK Kpacuso...
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