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Bnepedu caoocnvie spemena... 1o ecé bydem xopouso.
Bedv Mol cemva.

Lomunur Topemmo, «@Dopcaaic 9»

Kybuyeckas marpernika

ToukocTeHnHbIe TMOJIBIE MPOBOALIINe KoHneHTpudeckue Kybuuek, Kyouk, Kybecca nu Kybume
co cropoHamu a, 2a, 4a, 8a HecyT 3apsiibl ¢ = ¢, o = 4q, q3 = 4q n qu = 10q coorsBer-
creenno. Buyrpn KybOuyeka Ha ocu, mpoxojdiieii depe3 MmeHTpPbl NPOTUBOIOIOKHBIX IDaHeil,
pacrosiaraeTcsi TOYEUHBIN 3apsij ¢y = ¢ Ha paccrostanu [ = 3a/4 or nenTpa rpann Kybudeka
(M. puc.). Ecoin puHSTH MOTeHIHAT Ha OECKOHETHOCTH PABHBIM HYJI0, TO moTeHuan Kyouina
OyIeT paBeH Youi, a HoTeHnuaa Kybumdueka OyIeT paBeH ©j,.

1. (4 6aana) Yemy paBha cuia Toka depes pesucrop R cpasy mocsie 3aMblKanus Kiaoda K7
2. (2 6asnra) Kakoii 3apsin mporedér depe3 ka4 K mocse ero 3aMbIKaHus?
3. (4 6asnra) Kakoe KOJIHIECTBO TEIIOTH BBIJIETUTCS B 9TOM Mpotecce?

CunraiiTe conporuienne R MHOTO OOJIBIIAM, YeM CONpPOTHBIeHNE KyOUKOBBIX.
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Aemop 3adavu: JI. M. Koadyrnos



IToaBoasiue ynpa kHeHUd

OO0mue 33129 PO TPOBOAHUKM

VYupaxkuenue 1. (0 6aaros) Todednsiii 3apsa/ ¢ HAXOAUTCS BHYTPH IOJOCTH OECKOHEYHOTO
npoBoaHuka. Ilosrocts nMeer HekoTOpyio hopmy A. Hemy paBeH cyMMapHBIA 3apsiL MOJOCTH?

A

3ameuanwme. J[jisg npou3Bo/ibHON (POPMBI TPOBOIHUKA HAWTU pacnpe/ie/ieHue He TPeCTaB/Isd-
eTcs BO3MOYKHBIM, HO OHO CYIIECTBYeT U e€lIMHCTBeHHOe. Pacmpenesenne 3apsana Jisd MOTOCTH
dopmbr A Gyiem cauTaTh U3BECTHBIM U B JlajTbHelteM Oy1eM HA3bIBATH €ro pacipeaeaeHneM X .

Yupaxkuenue 2. (0 6aaro6) Cronnoit npoBoguuk (hopmpel B Hecér 3apsi| () 1 HAXOAUTCs
B II0JI€ TOYEYHOrO 3apsia ¢. Ecam B HeM NpoAeaaTh moaocTh (popMbl A, To Kakoe moje Oymaer
BayTpu Hee! Kak Oymer pacnpeneén 3apsia BHYTpu 310 ooctu? Kakoe Oymer pacipeeneHue
3apsjia BHYTPH IIOJIOCTH, €CJH B Hee MOMEeCTHTH 3apsan ¢o? Kaxoit Oymer 3apsa Ha BHeITHEH
HOBEPXHOCTH B 9TOM cJiydae? M3MeHuTCs Jiu pacipe/ie/ienue 3aps/ia Ha BHeIlHedl MOBePXHOCTH !
MozkHO 1 HAfTH, BO CKOJBKO pa3 M3MEHUTCS MOTEHIHAJ JIEKTPUIECKOro moys B Touke C
CO3IaBAEMOTO TTPOBOTHHKOM 7
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BazoBrbie 3aaum npo cdepbl

Vupaxkuenue 3. (0 barnos) JIpe xounenrpuueckue cdepol pagnycamn Ry u Ry HecyT 3apsi-
bl Q1 1 Q2 cOOTBeTCTBEHHO. Kakoit 3apsii MpOTedéT 10 MeNu Mocje 3aMbIKaHus KII0Ya.

Q2

Y,

Vupaxkuenue 4. (0 6arr08) Hersipe Kounenrpuaeckue chepbl paguycavmu Ry < Ry < Ry < Ry
UMeroT 3apsiabl (1, (2, Q3 1 (4 cooTBeTcTBeHHO. Bee kirtoun pa3oMkHyTHL. [IpocTpancTBO MeXK-
ny chepamu HE 3amonneno mpoBogamkoMm. CunTaiiTe 9TO BO BCeX BONMPOCAX 3aJaqd, IPexKie
YeM 3aMKHYTH ONPeeIEHHbIe KIIOYH CHCTeMa BO3BPAIIAETCA B UCXOIHOE COCTOSHHE, T.e. BCe
KJIIOYU PA30MKHYTBI, & C(Pepbl 3apszKeHbl TAKZKe, KAaK U JI0 TOI'0, KAK ObLIM 3aMKHYTBI T€ HJIH
WHBbIE KJTIOYH.

1. Kakoit 3aps nporedér depe3 Kaod K| Ipu ero 3aMbIKaHUH?
2. Kaxkoit 3apstn nporedér depes K4 Ko Ipu ero 3aMbIKAHIH?
3. Kaxoit 3apsi mporedér depe3 K04 K3 npu ero 3aMbIKaHum?

4. Kaxkoit 3apsm nporedér depe3 K04 K, TpU ero 3aMbIKAHUN !

Yupaxkuenue 5. (0 6aaro6) Kybuk co cTopoHOR @ paBHOMEPHO 3apsizkeH 110 00bemy. [loren-
uaJ B ero Bepiiune pasen . Haiigure norennuan B Bepiinne KyOuKa ecjiu Bce ero JuHeinbie
pasMepbl YMEHBIMUTH B JIBa pa3a, a IJIOTHOCTH 3apsija OCTaBUTh Toi yKe? Kak m3mMeHnTCst OT-
BT, €CJTM OCTAHEeTCS TeM 2Ke 3HadeHHe 3apsaa’ Kak m3MeHuTCcsa OTBeT, ecyn KyOUK 3apsKeH 110
noBepxHoctu? Ilo pébpam?

VYupaxkuenue 6. (0 6a106) Haiiure norenmas paBHOMEPHO 3apsizKeHHOTO KyOUKa U3 IIPe ibi-
AYIEH 3302491 B €ro IEeHTPeE.

AnbTepHAaTUBHAS 327244



3amaga 1. JIpe chepbl paciioioxkeHbl Tak, Kak MPeJICTABJIEHO Ha PH- @y
cyHake. 3apsa BHyTpeHHel cdepbl (1, 3apsia BHentHel chepnl (Jo. TIpo-
CTPAHCTBO MEXK/Iy chepaMu 3amoTHIIA TPOBOIHAKOM.

1. (2 6aana) Kaxoit 3apsa nporedér depes Hero?

2. (0 6aanos) VIsmenuTcest in OTBET, €CJH IIPOCTPAHCTBO 3AIOJHATH
HE TTPOBOJIHUKOM, & 3aMKHYTH TPOBOJIOM.

Bamaua 2. (3 6aana) Bapsiipl B OpeIbIAyIned 3aade OJMMHAKOBBI [0 MOJLYJII0 M MPOTHBOIMO-
JIOKHBIX 3HAKOB (). PasHocTh morenmumaioB Mexkay chepamu Ap. Kakoe KOJIMIeCTBO TEILIOTHI
BBIJIEJTUTCS Ha, MPOBOJE MOCJe TOr0, KaK MbI UX MM 3aMKHeM? CUnuTaiiTe, 9TO CONPOTHUBICHUE
MPOBO/Ia, MHOT'O DOJIbIIIE CONPOTHUBIEHUS cdep.

Samaua 3. I[lmactuasl 1 w 4 MOAKIIOYEHBI K MCTOYHWKY HaIpszKeHus. Hysmepoit moTeHmast
BBIOpAH TaK, 9TO MOTEHNHAJ IJIACTUHBI 1 paBeH i, a MIACTHHBL 4 Yoy CyMMapHBIH 3apsn
IacTuH 1 1 4 paBeH HYJIO, 3apdaibl IJIACTUHBI 2 U 3 PABHBI ¢o M 3 COOTBeTCTBeHHO. [L1omann
IJIACTHH S, PACCTOSHUE MEXK/y JIOOBIMU COCEIHUME ILIACTUHAME d.

1 2 3 4
qéin) qéout) qiin) qiout)
qgin) qgout) qéin) qéout)
Pin j ‘\ Pout

1. (1 6aan) Haiinre moBepXHOCTHBIE IIOTHOCTH 3aps/I0B Ha [TACTHHE 2.
2. (1 6aan) Haiiure noBepxHOCTHBIE IJIOTHOCTH 3aPSI0B HA ILJIACTHHE 3.

Ha3zoBéMm gacTh mpocTpaHCTBA JieBee MIACTUHBL | «BHYTPEHHEH». A 1acTh TPOCTPAHCTBA MpaBee
IJIACTAHBL 4 «BHEITHEH».

3. (1,5 baana) Haiiiure mosie, co3aBaeMoe JIeBO TTOBEPXHOCTHIO TIACTHHBL 2 BO «BHEIIHEH »
4aCcTu MPOCTPAHCTBA.

4. (1,5 6anrnra) Haiimure nose, cozpaBaemMoe Mpapoii MOBEPXHOCTHIO IIACTHHBI 2 BO «BHYT-
PEHHEl» 4acTH MpOCTPAHCTBA.

5. (0 6asnros) Kak 310 cBsi3aHO ¢ pacupeeaeHusaMu 3apsaios Ha Ky6e? B Ywin? Ha—mtre?
Hapaeerabote?

Kpaesbimu sdppexramu MOKHO 1ipeHeOpedb.



Pemenue smm3o01a

[IpoBOAHUKOM MBI Ha3bIBAEM MAKPOCKOIHMYECKOE TEJIO BHYTPH KOTOPOIO €CTh OOJIBIIOe YHCJIO0
CBOOOOHBLT INEKMPUMECKUT 3apAJ06, KOTOPBIE MOTYT IIepeMeIaThcs Ha KaKue YIOJIHO PacCTOs-
HUs BHYTPU TPOBOJHUKA. Kcn Obl BHyTPU OJHOPOIHOIO HPOBOJHUKA CYIIECTBOBAJIO JJIEKTPU-
YeCKOe T0JIe, TO OHO MPHUBEI0 Obl B JIBUZKEHUE ITU CBOOOIHBLIC 3apsjibl. TakuM obpa3oMm, Jjid
PaBHOBECHST HEOOXOIMMO, YTOOBI MaKPOCKONIMYeCcKoe ojie £ obpalaiochk B HYJIb BO BCEX TOUKAX
BHYTPHU IPOBOJIHUKA.

CsotiicTBo 1. B ciydae 3/1eKTpOCTATHKA BHYTPH HPOBOTHUKA HAIPSIKEHHOCTD JIEKTPUIECKOTO
MOJIS PaBHA HYJITO.

Cdopmynupyem emé aBa CBOWCTBA, KOTOPHIe OYAYT MOJIE3HBI IPH PEITeHnN Halreil 3a,1a49m.

CsoiicTBo 2. Bce HecKOMIIEHCHPOBAHHBIE 3apsi/Ibl PACIIPEI/ICHBI 110 TOBEPXHOCTH ITPOBOIHHUKA.
B ssiekTpocTatuke B 00béMe MPOBOIHUKA HEe MOXKET ObITh HECKOMIIEHCHPOBAHHBIX 3aP/I0B.

HoxkazareabcTBo. [Ipeanonoxum nporusnoe. I[lycrs BHyTpu mpoBOJHUKA €CTh HECKOMIICH-
cupoBaHHBIN 3apsy q. OKpyKUM ero HeOOJIBIION TMOBEPXHOCTHIO TaK, 9TO BHYTpH Hee Oymer
TOJIBKO 3TOT 3apsg/. 1o Teopeme aycca HOTOK 4Yepes3 3Ty MOBEPXHOCTH Oy/eT paBeH ¢/cg. DTO
O3HAYAET, YTO HAIPAKEHHOCTD JIEKTPUYCCKOTO MOJIA B KAKUX-TO TOYKAX BHYTPH IPOBOJIHUKA
He paBHA HYJIO, 4TO MPOTUBOPEYUT CBOUCTBY 1.

CsoiictBo 3. Kakoii 661 (popMbl He ObLT NMPOBOJHUK U B KAKOM Obl BHEIIHEM I10jie OH He
HAXOJUJCA, TO BCerIa HaliIeTca Takoe paclpesesieHne 3aps0B Ha €ro MOBEPXHOCTH, KOTOPHIe
MBI Oy/IeM Ha3bIBaTh UHOYUUPOSAHHHLMYU, TPA KOTOPOM BHYTDH MPOBOJHUKA MOJE PAaBHIETCH
Hy110. Bosiee Toro, Takoe pacrpe/iesieHue e TMHCTBEHHO.

B 3ajijauax Ha TPOBOJHUKY 4ACTO ObIBAET JOCTATOYHO YKa3aTh HA TOT (PAKT, 4TO pacipe/ie/eHns
B OJ[HOIl U JIPYTOil 3a7a9aX COBIAJAOT, & CAMO pacIIpejiejeHre Ipu 3TOM HaM 3HaTh He HYZKHO.
[naBuoe cjeuThb 3a T€M, 4TOOBI BHYTPH ITPOBOIHUKA T10JI€ OBIIO PABHO HYJIIO U €10 TTOBEPXHOCTH
ObLIAa 9KBUIIOTEHITAATBHOM.



Pemenne ynpakaeHmit
Yupakaenue 1

OKpyzKHUM HaIlly IIOJOCTH MOBEPXHOCTHIO MPOU3BOIBLHON GopMbI A Tak, 9TOOBI OHA BCS HAXO-
JHJIACH BHYTPU HPOBOJHUKA (CM. puc.). B Kaxk10# TOYKe 9TOH HOBEPXHOCTH HAINPSIKEHHOCTD
9JEKTPUIECKOTO TOJIs1 paBHa Hy 0. Clie10BaTEIbHO PABEH HYJIO MOTOK JEKTPHIECKOTO MOJIs,
OTKY/1a 1o TeopeMe ['aycca mosydaem, 9T0 CyMMapHBI 3apsiji BHYTPHU 3TOH TOBEPXHOCTH TaKZKe
HyJsib. CjenoBaTeIbHO, 3apsi/l, NHIYIIHPOBAHHBIA Ha IOBEPXHOCTH MOJIOCTH, PABEH —(.

YopaxkHenue 2

B nepBom ciiydae noJie BHYTpH IOJIOCTH KaK OBLIO HYJIb TaK W ocTaHercd. /lelicTBure/bHO, B
CWJIy CBOMCTBA 3, IO TOTO KaK MBI CO3/JaJN TOJOCTH BHYTPHW MPOBOJHWKA, HA €r0 MOBEPXHO-
CTH 3aps/ibl PACIPEIE/IATNCh TaK, YTOObI CyMMapHOE 10JIe BHYTPH IPOBOJIHUKA ObLIO HYJIEBBIM
(cm. puc. ). Ero dopMupoBas Kak caM BHENTHHI 3apsill, TaK W 3apsijibl WHYIUPOBAHHbIE HA
MOBEPXHOCTH MPOBOIHUKA. TaKoe pacmpeseseHne CymecTByeT 1 € TMWHCTBEHHO.

B B

Puc. 1: Puc. 2:

Ecau MBI paceMOTPHM 3371249y € MOJAOCTBIO (M. pHC. 1) U TOYHO TaKzKe PACHPEIETUM 3PSl 10
MOBEPXHOCTHU MPOBOJIHUKA KAK U JIO 9TOTO, TO B TOM CJIydae BCe paBHO IMOJIe BHYTPU HETo Oy1eT
HYJIEBBIM. DTO TaKzKe sICHO CJIe/lyeT U3 TOro pakTa, 9TO MbI VIAJUIN TY YacTh MaTepuaJa, rie
He OBLTO 3apdA/a, & 3HAYAT HU B OJHON TOYKe MPOCTPAHCTBA HAMPSIKEHHOCTb JIEKTPHIECKOTO
noJsid He m3MeHHIach. OTCIO/Ia TakKe CJIEIyeT, YTO B 9TOM CJydae 3apsj Ha 3TOH MOJOCTH
UH/IYIIUPOBATHCS HE OY/IET.



Ec/in 2ke MbI IOMEIIaeM 3apsi/i o BHYTPb HOJOCTH, TO CUTYAIUS HECKOJIBKO U3MEeHsIeTCst (CM. puc. |3)).
Bo-nepBbix, B cHIy TPEIbIAYIIEro yIPaKHEHUsT CYMMAapHBIH 3aps/] Ha TOBEPXHOCTH ITOJIOCTH
Oymer paBeH —(qp. JloKa3piBaeTcd 3TO TOYHO TaK yKe KaK W B IIpeblayIneM yhnpaxkaeaunu. Core-
JIOBATEJILHO CYMMApPHBIH 3apsi/i BHEIIHEH MOBEPXHOCTH MO 3aKOHY COXpaHeHus 3apsjia OyaeT
paBeH ¢ + qp. Bo-BTOpBIX, HAM HYXKHO MOJ00pATh pACIpeeaeHnsT HA MOBEPXHOCTH MOJOCTH U
HA TOBEPXHOCTH IPOBOJHUKA TAaK, 4TOObI CyMMapHOE I0JIe BHYTPU HEro ObLJIO PaBHO HYJIIO.
[Tonpobyem BOCIIOIBL30BATHCS PACIPEISICHUAMA U3 TPEAbIIYIIUX YIIPaZKHEHUI.

[lo BHelIHe# TOBEPXHOCTH BO3bMEM PACIIpe/ieIeHHe TaKUM, KAKUM OHO OBLIO JIO CO3JaHUS II0-
JIOCTH TLTIOC HOBOE pacipejieieHne, CBOUCTBOM KOTOPOTO SBJISIETCS TO, YTO OHO HE CO3/IAET OIS
BHYTPHU JaHHOM CJIOXKHO# (puryphl. V3 3akoHa coxpaneHus 3apsiga MOJTHBIN 3apsil TPETHero pac-
npejiesienus O6ygaeT paBeH g3 = qo. Ha BHyTpeHHeil MoBepXHOCTHU 3aps/] PACIPE/IC/IUM TOYHO TaK
ke Kak B yrnpaxkuenuu 1. [TockosbKy pacipesesenne Ha MOBEPXHOCTU HE BBIPOCIO B KaKOE-TO
KOJIMIECTBO Pa3, a CTAJI0 COCTOSATH M3 JIBYX PA3HbIX, Mbl HE MOZKeM HaiTu moreHiua Touku C
u3 noaobusd pacupejenennii. Tperbe pacupeenenue sBIseTcss KAKAM-TO HOBBIM U He MOJI00HO
HHU OJTHOMY W3 ONMCAHHBIX pPaHee.

B

Distribution 1

Puc. 3:

B sToM ciiydae MBI yIoBJIeTBOpsieM BceM TpeboBaHUAM 3a/1a4M. BhIOIHAeTCS 1 3aKOH COXPaHe-
HUd 3apgaaa, 1 TpeboBaHue TOro, YTO IO0Jie BHYTPH IPOBOJHHMKA PaBHO HY/0. JleficTBUTEILHO,
BHeIHASA 000/I09Ka IKPAHUPYET [0JI€ BHEITHErO 3apsjia ¢, a BHYTPEeHHAA 000J09Ka IKPAHUDPY-
eT 110Jie BHYTPEHHEro 3apsja o U B CWJIY NMPUHINANA CYHEPIO3UINNN CyMMapHOe I10Jie BHYTPH
MPOBOJHUKA PABHO HYJIIO.

Yupakaenue 3

3ajaqy MOYKHO pemarh AByMs crocobaMu. IlepBbrit cmocob 9TO BOCHOIB30BATHCS 3aKOHOM CO-
XpaHeHus 3apsjga u MoTpeboBaTh, YTOOBI MOTEHIHAIBI c¢dep OBLIN PaBHBI JAPYTL JAPYry. DTOT
CII0CO0 MBI OCTABJISIEM YUTATEISM JIJIsl CAMOCTOSITE/ILHOTO PEITeHHUs.

Bropoii ctocod — nonpoboBaTh 0TrajgaTh perieHne 1 BOCHOIb30BATHCS TEOPEMOi € IMHCTBEHHO-
ctu. PaccMoTpuM moxoxKyto 3a1ady. BmecTo Kioda 3al0HEM IIPOCTPAHCTBO MeZK Iy cepamm
HPOBOIHUKOM. B 3TOM ciIydae HANPSKEHHOCTD 3JEKTPUUIECKOTO TOJI B 9TOH 06JIaCTH TOIKHO
paBHSATHCA Hy/I0. Torma, mo Teopeme ['aycca mosydaeM, 9To 3apsij Ha BHYTPEHHeH MOBEPXHO-
ctu obsg3aTeibHO paBen Hys0. Cre0BaTe/ibHO, BeCh 3apsi/i ¢ BHyTpeHHeHl cdephl meperedér
HA BHEITHIO W KaK-TO 1O Hell pacupemenntcs. B ganHOM ciydae 3apsi OyaeT pacrupeneaeH
PAaBHOMEPHO, HO HaM JOCTATOYHO caMOro ¢akrTa CyIecTBOBAHMs TAKOIO PACIPE/IeTeHNs.



[Ipumenum 3TOT pe3yabrar Jjisd UCXOAHON (HOpMyIUpOBKE 3aja4u. Mbl BHJIUM, 4TO B 3TOM
cJIydae Mbl y/IOBJIETBOPUIN BCeM TpeboBanusaM yrpakaeHus. CyMMapHBIH 3apsT IBYX MTOBEPX-
HocTelt (Q1+ ()2, a moTeHnHaIBI ¢ep paBHBL ApyT APYTy. CremoBaTeIbHO, depe3 KU IIPOTedéT
sapag (.

YopaxHenue 4

Pemag 3aga4y aHAJIOTHYHO IPEABLAYIIEMY IPUMEDY, MOIyYaeM, 9YTO 4epe3 KIod K mporedér
zapsan (01, depe3 kao4d Ko nporedér 3apsan Q1 + Qa, uepes kiaod K3 3apsa Q1 + Qo + Q3.

Haiiném 3apsis, KoTopslii mporedéT yepe3 Kiaod K. [Torenmuan BHerHel cdephl 1012KeH ObITh
pasen 0. fAcHo, 4To ecau OBl BCe NPOCTPAHCTBO BHE 3TOH cepbl OBLIO 3a0THEHO MIPOBOIHUKOM,
TO HAILI0CHh OBl TaKoe pacipeeaeHue 3aps/ia, YTo0bl CYMMapHOe MOJe BO BCeM IPOCTPAHCTBE
PaBHAJIOCH OBI HYJIIO, U 110 TeopeMe ['aycca MBI MOYKeM HAHTH, 9TO CYMMAaPHBIH 3apsi] 1eTBEPTOM
cepst jtomKen paBHATBCT —(Q1 — Qo — (3. Ilpumensss ToUHO Takoe Ke pacupeiesieHne s
HCXO/IHOW 3a/1a4i Mbl HMOJIYyYaeM, 9TO B 3TOM CJIydae ee MOTEHIHA/ Takke Oyaer Hy/ab. Ho g
3a/1a490 JIEKTPOCTATUKHU paciIpejesieHue Bcerja CylmecTByer U eauHcTBenno. CreaoBaTebHO
9TOT Pe3yJIbTaT TaKzKe OYIeT pelleHueM s Hamleil 3aga4uun, a dyepes KJad Ky mpoTedéT 3apsi

Q1+ Q2+ Qs + Q4.

YopaxkHenue 5

Bocnosnb3syemest meTooM pasmeprocteii. ZIcHO, 4T0 B cucTeMe eCTh OJIMH JIMHEHHbIH pa3mep a
u 3apan (). CraegoBarespbHO, oTeHnuaa B Beprnae KyOuka pasen

kQ
Y =—0,
a

e G — reomerpudeckuii (pakrop i Bepiuabl Kybouka. CaM reomerpudeckuil ¢pakTop Ham
HAXOJIMTh He HYKHO, T. K. HAC IIPOCAT HANTH BO CKOJBKO pa3 M3MEHUTCs IOTEHINAJ, a He YeMy
on papet. Obmrag dopmy/ia Jijisi OTHOMIEHNs MOTEHIIMAJ0B B Bepuinaax KyOukos Oyuer umerb

BUT
P2 _ 26n
¥1 Q1
a pasjan4ns OyIyT TOJTHKO B OTHONIEHUN 3apsiIoB. B nepBoM cirydae 3apsij] yMeHbIaeTcs B 8 pas,
cJeJoBaTeJIbHO IIOTEHIIWaJI YMEHbIIaeTCA B 4 pa3a. Bo BTOPOM CJiy4dae 3apsd/J OCTaeTCd TEM 2Ke,
cJIeI0BATEbHO TOTEHITNA yBeandauBaeTcs B 2 pasa. Ecian Kybuk 3apsizkeH 10 OBEPXHOCTH, TO
HOTEHIIMAJ yMeHbIIaeTcd B 2 pa3a. Beju ke 3apskeH 110 pédpaM, TO He U3MEHIeTCs.

YopaxHaenue 6

B cuty npuniiuna cyneprno3uiiuy noTeHua B meaTpa Kybuka paBeH cyMMe BOCHMHU MOTEHIIH-
ayioB KyOMKOB y KOTOpBIX JIMHEHHBIE Pa3Mepbl YMEHBIIEHBI B JIBA Pa3a, a MJIOTHOCTD 3apsjia
OCTaJIOCh TOM kKe. Bocrob30BaBIMINCE pe3yJIbTATOM MPeIblIYIIero IpuMepa ImoaydaeM, 9To Ho-
TeHNuaa B meHTpe KyOuka B aBa pasa 0oJibIlle, YeM B €0 BepIIUHE.



Pemnienne anprepHaTNBHON 33134
3amgaua 1

[TockoJIbKY IOJIe BHYTPH MPOBOIHUKA JOJKHO OBITH PaBHO HYJIIO, TO IO Teopeme ['aycca 3apsi
Ha BHyTpeHHell cdepe mosken ObiTh paBer Hy 0. Cjie10BaTe/IbHO, YePe3 MPOBOJIHUK, KOTOPBIA
3AMOJTHUJ MPOCTPAHCTBO MeXK 1y chepamu, mpoTedéT 3apsam (.

B cuny Teopembl 0 €JIMHCTBEHHOCTH OTBET HE HU3MEHHTCS, €CJIU MBI BMECTO TOI'O, YTOOBI 3a-
HOJTHUTH CIIONIHBIM ITPOBOJHUKOM, COSJIUHUM CGepbl IPOBOAOM. Yepe3 Hero mporedér Takoit
JKe 3apsdjl, a MO IMOBEePXHOCTH BHeNIHel cdepbl 3apsil pacupeIequTcs TOUHO TakyKe KaK W B
HpeJIbLyIEeM TyHKTE.

3ameuanue. 1. B gannom ciydae Mbl jake 3HAEM, 9TO 3apsij PACIIPEJIEJATCS PABHOMEDPHO
0 MOoBepXHOCTU. 2. B cmily TeopeMmbl 0 €IMHCTBEHHOCTH TOYHO TAKOM K€ pe3yJbTaT MbI ObI
HOJIYYUIN €CJIM OBl 9TH MOBEPXHOCTH OBLIU MPOU3BOJILHOM popMbl. [1aBHOE, 9TOOBI O1HA OBLIA

BHYTPU JPYTOW.
Samaua 2

KonudecTBo TEIIOTH, KOTOPOE BHIJIE/JUTCS Ha PE3UCTOPE 3a BpeMsd dt paBHO
dQ) = Uldt = Udg,,

rie dg, — 3apsiji, KOTOPBI ITPOTEK depe3 pPe3ucTop 3a Bpems dt.

[Tagenue HAPSKEHHUST HA PE3UCTOPE PABHO PA3HOCTH TOTEHIMAIOB ME¥XKy cdepamu, U 1mpo-
HOPIMOHAJIBHO 3apsily BHYTpeHHe# cepbl, KOTOPBI YMeHbIIAeTCs B IIpolecce MepeTeKanus
3apsa ¢ oauoit cdepnl Ha apyryio. [losTomy rpaduk 3aBUCUMOCTH HAIPSI2KEHHS Ha PE3UCTOPE
OT 3apsijia, KOTOPbIil 4epe3 Hero IMpOTeKaet, IpejicTaBiser coboil UpsaMyo JUHUIO (CM. PHC. ).

U

dr

0

0

OTKy,ZLa MbI HAXOJWUM KOJHUYECTBO TEILJIOTHI, KOTOPOE€ BBIACJIUTCA Ha pe3ucTope

Apy
AQ = g
2
b MOJLYJIb T TCs, TIOCKOJIBKY I10 YCJIOBHIO HE U3BECTHO, MEXK/IY KAKUMU ITOBEPXHOCTAMUI
31ech Mo, ebyeTcs, TOCKO 0 YCJIOBUIO He U3BECTHO, Me a OBEPXHOC
JIaHa Pa3sHOCTh MOTEHNHATOB A, U HEBO3MOXKHO OIPEIC/IUTh, sIBJIIeTCd JH Bhipaxkenue Q1 Ay

IMOJIO2KHUTEJIbHBIM, MJIN OTPpUIATECIbHBIM.



3amaua 3

T[TepBbIM JeJ0M HalIEM 3apsiibl ¢1, ¢4. Kak M3BeCTHO, HoJie co31aBaeMoe GeCKOHETHO M1acTH-
HOH (a IUIACTHHBI KOHJIEHCATOPA € XOPOIIedl TOUHOCTHIO MOZKHO PACCMATPHBATH KAK GECKOHe-
uvie) E = 0/2¢e.

1 2 3 4
O.in O_out O.in Uout
2 2 4 4
in O.out in O.out
01 1 03 |93
o—] —o

Ein El E2 E3 Eout

Haiiném nonst Fy, Fy, E3 B Ipoeknu Ha rOPU30HTAIBHYIO OCh, HAIIPaB/JIEHHYIO BIIPAaBO,

( 1
By = —-(01—02—03—04);
250
1
EQZ—'<O'1+O'2—O'3—O'4);
250
1
Egz—'<0'1+0'2+0'3—0'4>.
\ 25‘:0
KpOMe TOr'0, U3BECTHO YTO 01 = —04 U3 3aKOHa COXPAaHEHHA 3apdsa. Toma 3anuinieM pa3HOCTh

MOTEHITNATIOB MeK1y ITacTuHaMu 1 u 4

d
©Oin — Pout = d(Ey + Ey + E3) = 2 (601 4 09 — 03) .
0

OTky/a nojiygaemM MoBEepPXHOCTHYIO IJIOTHOCTD 3aps/ia Ha HEePBOil IIacTHHE

1 2e
o1 = |03— 09+ —O(SDin — Qout) | = —04.

6 d
Jlaee Haitmém pacupemesienust 3apsinoB Ha miractune 2. Jlaa teopembr [aycca paccmorpum
CAeIYIONNNA IUJINHID: JIEBOe OCHOBaHWE HAXOINTCA B ODJACTH MeXKAy IaacTuHamu 1 u 2.
[IpaBoe ocHOBaHME HAXOAWTCS IIOCEPeIWHe IIACTHHBEL 2. Torma ImMOTOK 3JIEKTPHIECKOrO IMOJIS:
&y = 51 - (—E;) (3HAK MUHYC, T.K. 1OJ€ BXOJUT BHYTDPb TTOBEPXHOCTH). 3apsiji BHYTPHU MO-
BEPXHOCTU: ¢ = 012“ - S1, rae S1 — HEKOTOpas MaJIeHbKasl IJIOMA/b BHYTpU KOHAeHCaTopa. [1o
Teopeme ['aycca mosrygaem

o '
[ToacraBnss 3nadenue g Fy nojiydaeM MOBEPXHOCTHYIO IJIOTHOCTH 3apsijia Ha BHYTPEHHEH
CTOpOHE IIJIaCTHUHDBI

. 1 EQS
ot = = a5+ 202 — (o —
2 = 3g (4 262 — o (Pin — Pou)
Ilo 3axoHy coxpanenus 3apaga o = g, — o, OTKyga moTydaeM
1 €0S
O_out - - —u~ i — .
2 35« < q3 + q2 + d (90 QPout))
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Tenepb paccMOTpUM IUJAUH/ID, JIEBOE OCHOBAHKUE KOTOPOI'O JIEZKUT BHYTPH ILJIACTUHBI 2, & IIPaBOe
BHYTpH maacTuHbl 3. [ToTOK Wepe3 3TOT MUINHIAD PaBHAETCS HYII0. SHAYUUT W 3apsji BHYTPH

pasen Hys10. Takum oGpazom nosydaem: 09" = —of'. Orciosa HAXOAUM

O3 = 39 43 — g2 — d (¢in — Pout) | -
ITo 3akoHy coxpaHeHus 3apsaaa 09" = oo — ob'. I noc/aeHss MOBEPXHOCTHAS IIOTHOCThH PAB-
HAeTCS

ou 1 €05
O3 b= ﬁ <2q3 + q2 + 07((;0111 - Soout)) .

Torna JleBasg cTopoHa IIACTHHBI 2 CO3/Ia€T BO BHENTHEH YacTH MPO-

g

Kaxk u3pectno, £ =

2e0 "
CTPaAHCTBO TOJIE
in
o
E=2.
280
To :xe camoe mna [IpaBoit moBepxHOCTH
out
o
E=2
260

Kax MBI BUIMM, «BHEIIHSIS» TIOBEPXHOCTD HE BCEIJIA CO31AeT HYJIEBOE IOJIe «BHYTPH» KOHIEHCAa-
Topa (1 HA0BOPOT, «BHYTPEHHsIsI» MOBEPXHOCTh HE BCEJIA CO3JIAeT HYJIEBOe TOJE «CHAPYKHIY ).
CBoiicTBO 4TO pacupeaeaeHne Mo Ha, HOBEPXHOCTH He CO31AeT 110/ BHYTPH KOHIEHCATOPA, SB-
JIZeTCI YHUKAJIBHBIM [0 C(DEPUUECKOT0 KOHIeHCaTOpa. TakuM 00pa30oM MOYKHO Ha MPOCTOM
npuMepe yOeIuThCs, UTO paclpeie/ieHre Ha BHENTHel cTopoHe KyOWKa BIIOJIHE MOYKET CO37a-
BaTh II0JI€ BHYTPH KyOHKa. DTO pacipejeseHue co3J1aeT HEKOTOpoe I0Jie, KOTOpoe B CyMMe C
oJIeM OT JAPYIHX paciupeneneHuii qaer Hyab. Ho camo mo cebGe 910 pacipeeneHne 1aBaTh HY/Ib
He 0043aHO.
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Penitenne ocHOBHOIT 3aa4un
CyMmMapHbie 3apgaabl TTOBEPXHOCTEMN

Haitném kakme 3apsgiapl HaxoAdTcs Ha moBepxHOcTaX KyOo. 3amumiem Teopemy [aycca ns
ojanoro u3 Hux. [loBepxuocrb BbIOMpaeM Tak, 4TOObI OHA IIPOXOJUJIA BHYTPU €0 CTEHOK. Tak
KaK CONpOTHUBJIeHUE ceMeiicTBa KyOuKOBBIX MHOI'O MHBIIIE COIPOTHB/ICHUS PE3UCTOPA, TO 3aP/T
yCleBaeT nepepaciupeeINThCd W ToJie BHYTPH MPOBOTHNKA E = 0. Torza o Teopeme ['aycca

Q
= =%:=0.
€0 E

Taxum obpa3oM cCyMMapHBIH 3aps/ BHYTPH TAaKON MOBEPXHOCTH TaKKe TOJ2KEH ObITh paBeH
HyT0. BHyTpr JTaHHON# MOBEPXHOCTH €CTH CJEAYIONINE 3aPsIbl:

e 3aps/l BHyTpeHHell crenku pannoro Kyoa,
® 3apsiJibl BeeX KYOOB BHYTPU U TOUETHOTO 3apsia (.

Taxum obpa3zoM mosrydaeM paBeHCTBO:

k—1
(in)
=D
=0
. . (in) (out)
ITockosbKy 3apsa/ Ha J11000M KybOe co3/iaeT 3apd] BHyTpeHHell 1 BHellIHelt CTeHKH, TO ¢, ~+¢q; = = k-

Orcioma nmogydaem
k—1 k
in ut
q}i):—zqz‘, qx(go ):Z%‘-
i=0 =0

Hanpuwmep, 3aps na BuyTpenneii nopepxuocru Kybudeka Oyier paBen —qg, a Ha BHEITHER ¢ +(p.
Ha BuyTtpenneit nosepxuoctu Kybuka Oyjer paBen —qg — q1, a Ha BHENHEH gy + q1 + ¢2-

Taxke 3aMeTHM, 9TO 3apsi/l HA BHYTPEHHEH HOBEPXHOCTH JIF0H0T0 KybHa I10 MOJIYJIIO paBEeH 3apsLy
Ha BHEIIHEH MOBEPXHOCTH MPEJbLIYIero (BHYTpeHHEro) Kyoa.

Tunsl pacupegenenunii mo moBepxuoctam Kybmkos

[Tonpobyem oTraaTh KaKue THIILI pacipeie/eHnii 3aps10B Oy Iy T Ha TOBEPXHOCTAX Ky0OoB. Ecin
HaM 3TO yJIacTcsd, TO 3TO OyneT eJWHCTBEHHOE DellleHre B CHJIY TEOPEMBI O CYIIEeCTBOBAHNUN W
€ TMHCTBEHHOCTH.

g mavana moiiMéM, Kakoe paclpefielieHue OyaeT Ha BHYTpPeHHeill moBepxHocTH Kybmueka.
Ecisin 661 B0 BHe KyOuueka Obl1 CILJIONIHON IPOBOJHUK, TO Ha €0 BHYTPEHHEH IIOBEPXHOCTH Ha-
MJIOCH OB TAKOE paciipeieieHne 3apsijia, 9T0 ero cymMmmMa Oblia Obl paBHA —(y ¥ 3a3KPAHUPOBAJIO
o6l Toueunblit 3apsi. HazoBém Takoe pacmupejesnenue 3apsaaoB «Pactpegenenuem 0.

Pacemorpum teneps npoctpancTtBo Mexkay Kybudekom m Kyoukom. Ilycrs Kybuuek mecér 3a-
P o + @1 ¥ OYAeT CILIONIHBIM, & BCe MMPOCTPAHCTBO Bo BHe KyOuwka OyaeT 3amoJiHeHO MPOBO/I-
HHUKOM.
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B sTom cityudae o Bremnneit nopepxuoctu Kyounueka
n Kybuka 3apsji pacnpeienTbcd TakK, 4TOObI IO-
jie u BuyTpu Kybudeka u Bo BHe KybOuka ObLIO HY-
JeBbIM. Takoe pacipefiesieHrie TOYHO CYIIECTBYET B
CUJIY TE€OPeMBbI O CYIIEeCTBOBAHUU U € THHCTBEHHOCTH.
Kpowme Toro, cymmapublii 3apsi/i Ha BHYTPEHHEI 110-
BepxaocTu KybOuka Oyaer paBern —qy — ¢. Camu 1o
cebe 3TN pacipesiesieHNs He JTOJIKHBI ObITHh OTMHAKO-
BBIMH, HO UMEHHO paclpejleJieHre Ha ABYX MOBEPX-
HOCTSX MBI HazoBeM «Pacnpenenenuem 1».

[Ipumenum teneps «Pacupenenenune 1y st BHer-
Heit noBepxuHocTu KyOuka m BHYTpEHHEH TOBEPXHO-
ctu KyOeccrl, a TakzKe /g BHEITHell TOBEPXHOCTH
Kybeccor n BHyTpennei nopepxunoctu Kyouria.

Y HaAC OCTAJIACH MOCJIE/IHss IIOBEPHOCTH — BHemHs s noBepxuoctb Kybuma. Ee cymmapubiii 3a-
P paBeH ¢o + q1 + 2 + g3 + q4. Ecau 061 KyOuie ObL1 CHJIONIHBIM, TO IO HEMY 3TOT 3aps/l
pacupejieanicst Obl TaK, 9TOOBI 110JI€ BHYTPH HEr0 OBLJI0 ObI paBHO HYJI0. Takoe pacipejesienne
TOYHO CYIIECTBYET B CHUJIY TeOpeMbl O eaumHCcTBeHHOCTH. HazoBem 310 pacupenenenueMm «Pac-

mpeaeeHneM 2y U MPpUMEHNM IJId Hallleil 3a1aq9m.

Ha pucynke 1npuBejieHO UTOIOBOE PACUpPEEJEHUEM 110 BCEM HOBEPXHOCTAM. BujHo, 410 B CH-
JIy TIPUHIIAIIA CYyTEPHO3UINY TI0Jie BHYTPU BCEX TPOBOJHUKOB PABHO HYJIIO, a 3apd/Ibl KayKI0T0
4yjeHa ceMbu KyOMKOBBIX paBHBI 3apsjaM U3 yCJIOBUSA 3ajadu. TakuMm 00pa30oM MbI yJIOBJIE-
TBOPWJIH BCeM TPeOOBAHUAM M B CHJIy TEOPEMBI O €TMHCTBEHHOCTH Mbl HAILIA TO KaK 3aps

pacipeaeuTcs 10 MOBEPXHOCTH KyOOB.
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BroruncieHne mmoTeHIINAJIOB

Paccmorpum 2 KoHmeHTprueckux Kyba ¢ pasmepamu [ u [/2. Kak nokasano panee, 3apsijpl

(in) (out)
lg | = g, /o |. O603HauMM MOLyH 3apsiioB (). CuuTasy, 9T0 FeOMETPHIECKIM Pa3MepoM OyIer
GOJIbIIIAsT CTOPOHA, METOJIOM Pa3MepPHOCTEH TOIydaeM, ITo:
kQ
Ap =—"G,

l

rie G — 6e3pa3MepHBIi TeoOMeTpUUIeCKUH KOXPMUIIMEHT It TAKOi cucTeMbl. MBI He 3HAEM ero
YUCJCHHOE 3HAYEHUEe, HO Mbl MOYXKEM €0 BBIPDA3UTH YePe3 Vi, U Pyt -

JleficTBUTEILHO, TOCKOJBKY BCE, YTO CHAPYZKH OOJIBIIOI0 KyOUKa U BHYTPHU MaJICHLKOrO KyOuKa
9KPAHUPOBAHO, TO KoHcTanta (G OJMHAKOBA /I KaKJAOH mapbl KyOHMKOB, T.K. UX pa3Mepbl U
B3aMMHOE PACIOIOKeHHe MOAOOHBI APYT Apyry. Beé uro cHapy KW WM BHYTPH BIUSET TOJIBKO
Ha MOJLYJIb 3apsd/ia, HO He Ha PACHpeeTeHus.

Tora HaiiéM pasHOCTb MOTEHINAJIOB MEXK/IY KaxKJ0il mapoii KyboB, BeJb Mbl yiKe 3HAaeM 3a-
PSIZBI Ha WX BHYTPEHHEH W BHEITHEHl MOBEPXHOCTSX, a BCE JIMHBI HaM WCXOJHO JAHBI. 3apsi
Ha BHelmHe# nosepxHoctu Kybudeka m BHyTpennein nopepxuoctu Kybecchl 1Mo MO0 paBeH
qo + q1 = 2q, cIegoBaTeIbHO PA3HOCTH IMOTEHIIUATIOB MEXKIy HUMH OYIeT paBHA

Amnanornyso pasHocThb morennuaaop Mexay Kybukom n Kybeccoit u Ky6eccoit n Kyourmem

6kq 1Ok:qG

@2—803=E ) P4 — P4 = S

Takum obpaszom pas3HOCTb HoTeHnuaJ 0B Mexk 1y Kyoumem n Kybuuekom Oyaer paBHa

kg . (2 6 10
Spln_¢0ut—;G'(§+Z+§)~

4a(Yin — Pout)

Orkyma reomerpudeckuii Koaddunuent pasen G = B
q

OTBeTnI Ha BOIIPOCHI 3aJa4u

Hawm y:ke usBecTHa pasHocThb norennuanon Mexay Kybudekom n Kybukom. Ona papHa

01— :4(90in_900ut)
1 2 15 .

OTKy,ILa CHJIa TOKa Cpa3y II0CJI€ 3aMblKaHWA KJI049a paBHa

4 ((Pin - (;Dout)

I =
15R

Jl1g oTBeTa Ha BTOPOI BOIPOC 33Ja4YU 3aMETHUM, YTO 3aMBIKAHWUS KJII0Ya PABHOCUIBLHO TOMY,
YTO MbI 3aI10JIHSEM HPOCTPaHCTBO MezK 1y Kybuuekom u Kybukom nposojgaukom. B arom ciayvae
3apsi/i, KOTOPBIH MPOTEYET 110 MPOBOAHUKY (M TOYHO TaKoii ke 10 KJI04y) OyIer paBeH

Ag=qo+q =2q.
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Yro0bl HARTH KOJHYECTBO TEILJIOTHI AeHCTBYEM aHAJOTHIHO BTOPOMY IIYHKTY AJIbTepHATUBHON
3aa4m
4 (Qpin - Soout) .
15 1
31ech HET HEOOXOAMMOCTH CTABHTH MOJLYJIb, MOCKOIBKY M3BECTHO, 9TO (Yin — QPout) - ¢ > 0

Q= AqIR/2 =
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