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1. BseAeHltle 

KoHeYHa51 uenb peWeHII151 OCHOBHOiil 3a,IJ,aYII1 3neKTpOCT8TII1KII1 - onpeAeneHII1e 

noTeHu,ll1ana cp(r) 111 aneKTpii1YecKoro non51 E(r) B npocTpaHCTBe. HaiiiAeHHOe 

peweHII1e cp(r) AOn)KHO np111HII1MaTb 3apaHee 3ap,asaeMoe 3HaYeHII1e so scex 

TOYKax Ha Ka)I<Aoiil 1113 nosepxHocTeiil npoBOAH111KOB. no cyr111 Aena pewaeTc51 

rpaHII1YHa51, 111n111 KpaeBa51 3aAaYa, B KOTOpOiil 3H8YeHII1e cpyHKL.I,111111 OnpeAeneHO Ha 

3aAaHHbiX rpaHII1u,ax. Haxo)I<AeHII1e noTeHU,111allOB 111 aneKTpii1YeCKII1X noneiil np111 

3aAaHHOM pacnpeAeneHII1111 aneKTp111YeCK111X 38P51AOB B npOCTpaHCTBe nerK'o 

pewaeTC51 TOnbKO B npocTeiiiW111X cnyYa51X, KOfAa nonO)KeHII151 BCeX 38P51AOB 

cpii1KCII1pOBaHbl. PeweHII1e 3aAaY aneKTpOCTaTII1KII1 B T8KOM cnyYae CBOA111TC51 K 

npii1MeHeHII110 3aKoHa KynoHa 111 HecKonbKII1M 111HTerpll1posaHII151M. Ho AJ151 

peanbHbiX ripaKTII1YeCKII1X 3neKTpOCTaTII1YeCKII1X . 3a,IJ,a'l He BCerAa 1113BeCTHO 

AeiiiCTBII1TenbHOe pacnpeAeneHII1e 3ap51AOB. nonO)Kfml-'te, KOTOpoe npl-1Hl-1M810T 

3ap51Abl, 3aBlt1Cl-1T OT Hanp51)KeHHOCTl-1 3neKTp~1YeCKOn)· non51 E, a i:>Ho, B CBOIO 

oYepeAb, onpeAen51eTc51 caMII1M pacnpeAeneHl-'teM 3ap51AOB. 8HeceHII1e n106oro 

npoBOAH111Ka 1-1n1-1 l-130n51Topa B none APYrl-1X 3ap51AOB, pacnono>KeHII1e. KOTOPbiX 

l-13BeCTHO, npl-1BOAI-1T K ABl-'t)KeHl-110 BCeX 38P51AOB 111, TeM CaMbiM, K l-13MeHeHl-110 
" . " 

nnOTHOCTII1 pacnpeAeneH~151 3ap51AOB Ha K8)KAOM Tene He3aBl-1Cl-1MO OT TOro, 

51Bn51eTC51 n111 OHO npOBOAHl-1KOM l-'tnl-1 Al-13neKTp~1KOM. PeweHII1e HeKOTOpbiX 

npOCTeii1Wl-1X 38AaY MO)KHO Haii1TII1 B By30BCKI-1X yYe6H~KaX nO 3lJeKTpOCTamKe l-1 

3n.eKTpOMarHeH13MY [ 1-5]. ,l1,1151 npaKTl-1YeCKl-1X . 38Aa'l 6blnl-1 pa3patJOTaHbl 

cneu,l!lanbHble MeTOAbl npll16nii1)KeHHoro BbiYl-'tcneHl-151 none iii,. rpacpii1YeCKII1e ~1 

nonyrpacp1!1YecKl-1e . cnoco6bl. 6onee cnO)I<Hble 3ap,ay111 pa3pewii1Mbl np111 

npl-'IMeHeHl-1111 ·· p51Aa npl-1eMOB 111 · cne~l!lanbHoro MaTeMaTII1YecKoro : annapaTa, 

n03BOn51JOW,ero B OTAenbHbiX cnyYa51X nonyYaTb peWeHl-'te B aHanl-1T111YeCKOM Bl-1Ae 

[6, 7]. Haxo)I<AeHl-'te peweHl-151 B o6w,eM BI!IAe npeACTaBn51eT : 3HaYIIJTenbHble 

MaTeMaTl-'!YeCKI!Ie TPYAHOCTII1. 3TII1 38AaYII1 Y8CTO OYeHb AaneKII1 OT npaKTI!1KII1. 

PeanbHO B. OCHOBHOM npl-1XOAI-1TC51 l-'!MeTb Aeno C peweHl-1eM 38Aa4; AJ151 

KOTOpbiX He 1113BeCTHbl pacnpeAeneHl/151 3ap51AOB, HO 3aAaHbl CpOPMbl 

npOBOAHI!IKOB, l-1X OTHOCI!ITenbHOe pacnonO)KeHl-'te B npOCTpaHCTBe 111 nOTeHU,l-18nbl. 

noi!ICK peweHI!151 B aHanii1TII1YeCKOiil cpOpMe AJ151 T8KI!1X CII1CTeM, K8K npaBII1nO, 

51Bn51eTC51 CnO)KHOiil MaTeMaTl-1YeCKOiil 38A8Yeiil. 

Mbl CTapaeMC51 HaiiiTl-1 TaKYIO. KOHcpl-1rypaU,11110 3ap51AOB, KOTOpa51 C03AaeT 

Tpe6yeMyJO KOHcp111rypau,11110 '. aneKTpii1YecKoro non~ 111im · ·nc>TeHu,l!lanbHoe 

pacnpeAeneHl-'te B l-1HTepecylOW,eiil Hac 'l8CTII1 npoCTpaHCTBa. npVJMeHeHl-'te 

TeopeMbl eAII1HCTBeHHOCTII1 cyw,ec-TseHi-io 'o6nerYaeT Haxo)I<AeHII1e peweH111iil. Ecn1-1 

KaKI!IM - m16o cnoco60M' (XOT516bl nyreM AOfa,IJ,K111) yAanOCb HaiiiTi-1 Bblpa)KeHI!Ie 

AJ151 noTeHU,I!Iana cp(r), YAOBneT~Op5110W,ee nOCTaBJleHHbiM ycnOBl-151M, TOrAa 

TeopeMa eA111HCTBeHHOCTII1 ll03BOn51EH CAenaTb 3aKJllO'leHl-1e, YTO HaiiiAeHHOe 

Bblpa)KeHII1e 51Bn51eTC51 eAl-1Hcn3eHHbiM 111 .111CTl-1HHblM peweHII1eM 3a,IJ,aYII1 [7]. TaKoiil 

BbiBOA OYeBl-'!AeH C cpii13111YeCKOii! TOYKI-1 3peH~151. Ecn111 peWeHII1e He OAHO, TO 6yAeT 

He 0AII1H noTeHU,IIIanbHbliil pen beep. B 3TOM cnyYae B Ka)I<Aoiil TOYKe none E 6yAeT 

HeOAH03H8YHbiM, YTO '51Bn51eTC51 cpll13l1YeCKIIIM a6cypAOM. 8 COOTBeTCTBII11!1 C 
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TeopeMO~ eA~HCTBeHHOCT~ 3ap~A Ha nosepXHOCT~ npOBOAH~Ka pacnpeAeneH 

eA~HCTBeHHbiM o6pa30M. 3TO CneAyeT ~3 COOTHOWeH~~. onpeAenmow,ero CB~3b 

nosepXHOCTHO~ nllOTHOCT~ . 3ap~AOB ~ HOpManbHO~ COCTaBn~IOW,e~ 

aneKTp~4eCKOro noll~ cr = li oE. . EA~HCTBeHHOCTb no!m E onpeAen~eT 
eA~lHCTBeHHOCTb pacnpeAelleH~1~ 3ap~Aa Ha nosepXHOCTH npOBOAH~Ka. 

HanoMH~M HeKOTOpble nonO)I(eH~~ aneKTpOCTaT~K~, KOTOpble HaM 6YAYT 

none3Hbl s AanbHe~weM. PaccMoTp~M n'po~3BOllbHYIO c~cTeMy 3ap~)l(eHHbiX 
npOBOAH~K08, HaXOA~W.~XC~ B HeKOTOPOM orpaH~4eHHOM npOCTpaHCT8e, 

cao6op,HDM oT APYr~x 3ap~A08. nycTb nonHbl~ 3aP~A k-npoBOAH~Ka paseH 

Q(k), a Ka)I(Abl~ k-np080AH~K xapaKTep~3yeTC~ onpeAelleHHbiM 3Ha4eH~eM 

noTeHu,~ana cp(k). B noAo6Ho~ c~cTeMe u.enecoo6pa3HO np~n~caTb 6ecKoHe4HO 

yAalleHHbiM . T04KaM npocTpaHcTsa noTeHu,~an, pa8Hbl~ HYlliO. nqsepxHOCTb 

Ka)I(Aoro npo80AH~Ka ~Bll~eTc~ 3KB~nOTeHu,~anbHO~, aneKTp~4eCKoe none E Ha 

ero no8epXHOCT~ Bblpa)l(aeTC~ 4epe3 rpaA~eHT CKall~pHO~ cpyHKU,~~ q>(r), 

onpeAell~IOW.e~ noTeHu.~all aneKTp~4ecKoro non~ 

E = -gradcp(r). (1) 

BeKTop Hanp~)l(eHHOCT~ aneKTp~4ec·Koro non~ s n106o~ T04Ke no8epxHocT~ 

npOBOAH~Ka HanpaBJleH no HOpMall~ K nllOCKOCT~, · KOTOpa~ ~8n~eTC~ 

KaCaTellbHO~ K nosepXHOCT~ npOBOAH~Ka 8 3TO~ T04Ke. np~ 3TOM HOpMallbHa~ 

COCTaBn~IOW,a~ nom'! E, CB~3aHa C n08epXHOCTHO~ nllOTHOCTbiO 3ap~AOB cr 

ClleAyiOW,~M COOTHOWeH~eM : 

cr=coE •. (2) 
rAe &

0 
- 3lleKTp~4eCKa~ nOCTO~HHa~. nosepXHOCTHbl~ ~HTerpall OT cr paseH 

nonHoMy 3aP~AY Q(k) 3Toro nposoAH~Ka. CooTHOWeH~e (2) eA~HCT8eHHbiM 

o6pa30M CB~3bl8aeT E ~ cr, HO 3TO C08CeM He 03Ha4aeT, 4TO TOnbKO cr 

~8ll~eTc~ ~CT04H~KOM non~ E. 3JleKTp~4ecKoe none E C03AaeTc~ aceMM 
38pfiP,8MM CMCTeMbl , a no8epXHOCTHbl~ 3ap~A ~8n~eTC~ ll~Wb,4aCTbiO 3ap~A08, 

C03AaiOW,~X 3TO nolle. TaK KaK C8~3b Me)I(Ay nolleM ~ nOTeHU,~anoM Bblpa)l(aeTC~ 

COOTHOWeH~eM E = -grad q>(r), TO noTeHU,~all Ha nosepXHOCT~ AaHHOrD 

np080AH~Ka TaK )l(e, KaK ~ Hanp~)l(eHHOCTb noll~, onpeAell~eTC~ seeM~ 3ap~AaM~ 

8CeX np080AH~K08. 

2. 063op cyw,eCTBYIOW.It1X MeTOAOB peweHit1Sl 38A8Y 3JleKTpOHHOH 

OnTit1Kit1 

H~)l(e AaeTc~ KpaTK~~ o63op cyw.ecTByiOW.~X MeTOAOB peweH~~ 38Aa4 

ane'KTpOCTaH1K~ 8 3lleKTpOHHO~ onT~Ke All~. ~X cpa8HeH~~ G MeTOAOM, 

npeAJlO)I(eHHbiM B 3TO~ pa60Te. 

B HaCTO~w,ee speM~ Ha~6onee npOAB~HYTbiM~ MeTOAaM~ 8 HaXo)I(AeH~~ 

peweH~~ 38Aa4 aneKTpocTaT~K~ ~sn~IOTC~ MeTOAbl peweH~Ci 3aAa4 
3JleKTpOHHO~ onT~K~. 3TO Hanp~MYIO CB~3aHO C W~pOK~M . np~MeHeH~eM . 
3lleKTpOHHO-OnT~4eCK~X np~6opOB B HayKe, TeXH~Ke ~ 6b1Ty. B nepsy10 o 4epeAb, K 

H~M ClleAyeT OTHeCT~ aneKTpOHHO-llY48Bble ~ TeneB~3~0HHble Tpy6K~, C~CTeMbl 

TpaHcnopT~p08K~ ny4KOB ~OHOB All~ ~ccneAOBaHI!IC1 no Ql~3~Ke TBepAoro TeJla 
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~ 8 YCKOp~TellbHO~ TeXH~Ke, QlOTOYMHO)I(~Tell~, aneKTpOHHble M~KpOCKOnbl; 

B 3a8~C~MOCT~ OT Ha3Ha4eH~~ np~60pbl BKnl04aiOT B-ce6~ QlOKYC~PYIOW,~e 

aneMeHTbl (ll~H3bl), OTKJlOH~IOW,~e C~CTeMbl (AeQ>neKTOpbl), aHall~3aTopbl. B 

C8~3~ C MOW,HbiM pa38~T~eM Bbi4~Cll~TenbHO~ TeXH~K~ OTKpblll~Cb W~pOK~e 

803MO)I(HOCTH All~ KOMnbiOTepHOrD paC4eTa ~ HaXO)I(AeH~~ none~. 8 HeKOTOpb.IX 

cny4a~X KOMnbiOTepHble paC4eTHble MeTOAbl AaiOT 803M0)1(H0CTb np~MeH~Tb ~ 

aHan~T~4ecK~e cnoco6bl peweH~~ 38Aa4. Ho OCH08Hoe HanpasneH~e -

np~MeHeH~e 4~ClleHHbiX MeTOA08 MaTeMaT~4eCKOrD MOAell~P08aH~~. KOTOpble 

8 Ka)I(AoM KOHKpeTHOM cny4ae no3BOll~IOT ·Ha~T~ onn1MallbHYIO . KOHCTPYKU.~IO 
aneKTPOCTaT~4eCK~X ycTpO~CTB. . 

,[J.n~ onpeAeneH~~ TpaeKTop~~ AB~)I(eH~~ aneKTpoHos 4epe3 aneKTpOHHO

om~4eCKYIO c~cTeMy, 8b14~ClleH~~ a66epau.~~ ~ ps:~Aa APYr~x ee xapaKTep~cT~K 
He06XOA~MO 3HaTb pacnpeAeJleH~~ 3JleKTp~4eCK~X noTeHU,~aJl08 ~ nolle~ 8 

Me)I(SJleKTPOAHOM npOCTpaHCT8e, KOTOpble onpeAen~IOTC~ flOTeHU,~allaM~. Ha 

aneKTPOAaX onm4eCKO~ . C~CTeMbl. noTeHu,~anbHa~ cpyH~~H~ cp(r) np~ 
OTCYTCT8~~ C8060AHbiX 3ap~AOB 8 npOCTpaHCTBe nOA4~Hs:!eTC~ ypasHeH~IO 

nannaca ·· 
• ~{p(r)=O. . • •. .(~ ) 

<!>yHKU.~~ cp(r) AOJl)I(Ha · y,D,osneTso~~Tb 3aAa8aeMbiM rpaH~4HbiM ycno8~~M. 
np~ 3TOM B Clly4ae OAH03Ha4HOrD . onpeAelleH~~ rpaH~4HbiX 3Ha4eH~~ 

npOH380AHO~ dcp(r)/dn, rAe n - HOpMallb K nosepXHOCT~ Ha ee rpaH~U,e, ~MeeM 
Aeno c peweH~eM 3Ma4~ He~MaH~. np~ OAH03Ha4HO~ ·onpeAelleH~~ rpaH~4HbiX 

< - • '<· ' ' ' . ' 

3Ha4eH~~ Q>yHKU.~~ cp(r) pewaeTc~ Kp~e8as:~ 3aAa4a A~P~X1le [8] .. · B 
COOTBeTCTB~~ C .KJlaCC~4eCKO~ 3Jle.KTpOA~HaMI!IJ<O~; ,3Ta Kpae8as:l . 3aAa4a 

CBOA~TCs:l K. ~HTerpanbHOMy ypaBHeH~IO ~Jl~ C~CTeMe ~HTerpallbHbiX ypasHeH~~. 
KaK npas~Jlo, AJls:l 6ollbW~HCTBa aneKTpOHHo-onm4eCK~x 3aAa4 np~XOA~TCs:l 

pewaTb ~MeHHO 3aAa4y ,[l.~p~X1le. ,[l.ns:~ 3aAa4 aneKTPOHHO~ om~K~ pa3pa6oTaHbl 

~ ~cnollb3YIOTcs:~ TP~ MeTOAa peweH~s:~: MeTOA. rpaH~4HbiX -aneMeHTOB ·. (Mf3), 

MeTOA KOHe4HbiX pa3HOCTe~ (MKP) ~ MeTOA KOHe4HbiX 3JleMeHTOB (MK3). 6onee 

nOAP06HyiO ~HcpOpMaU,~IO 06 3T~X MeTOAaX MO)I(HO nOLJY4~Tb B (9] ~ 

U.~T~pyeMO~ TaM Jl~Teparype. 3AeCb )l(e 3T~ MeTOAbl paCCMaTp~BaiOTCs:l KpaTKO 

Jli!IWb C U,eJlbiO o6paT~Tb BH~MaH~e . 4~TaTells:l Ha CJlO)I(HOCTb peWeH~s:l 3aAa4 

aneKTpocTaT~K~ Aa)l(e c np~MeHeH~eM . KOMnbiOTepHbiX Bbl4~cn~TellbHbiX 
MeTOAOB. noaTOMY np~ Bbi4~CJleH~s:IX CTapaiOTCs:l TpexMepHyiO 3aAa4y CBeCT~ K 

nnocKo~. 3m CTaHOB~Tcs:~ B03MO)I(HbiM np~ peweH~Iil ps:~Aa · 38Aa4 aneK'rpoHHO~ 
om~K~ ocec~MMeTp~~HbiX c~cieM [9]. · ' · · · · 

noA06Hbl~ nOAXOA C8eAeH~s:! TpexMepHO~ 3aAa4~ K nllOCKOCi np~MeHs:JeTCs:l ~ 

np~ peweH~~ ps:~Aa 38Aa4 MarH~TOcTaT~K~•[10];: · .~ 

2.1. METOJJ. TPAHM'/Hb/X 3flEMEHTOB 

<!>~3~4eCKi:m ~Aes:l, Jle)l(aW,as:l B OCHOBe MeTOAa rpaH~4HbiX 3lleMeHTOB 

(MeTOAa ~HTerpallbHbiX ypaBHeHH~, MeTClAa 3aps:IAOBO~ nllOTHOCTI!I), 3aKJl104aeTCs:! 

B paC4eTe pacnpeAelleH~s:! nnOTHOCT~ 3aps:JA08 Ha.nosepXHOCTs:IX 3lleMeHT08 

3lle~pOCTaTI!I4eCKO~ C~CTeMbl, KOTOpOe COOTBeTCTByeT · nOTeHu,~allaM, 

np~JlO)I(eHHbiM K 3JleKTpOAaM. Ha OCH08aH~~ 3THX pe3yllbTaTOB np080A~TCs:l 
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pac4eT npocTpaHCTBeHHOro pacnpeAelleHit!Sl noTeH~Itlana, _ C03AasaeMoro 

COBOKYnHOCTbiO STitiX 3aps:!AOB. no STOMY pacnpeAelleHitiiO B AaJlbHec:iweM MoryT 

6b1Tb Bbl41t1C1leHbl s Heo6xOAit1MbiX T04Kax noTeH~ItlaJlbl 1t1 APYrltle xapaKTepltiCTit!Kitl. 

MeToA 6a3~t~pyeTCSl Ha xopowo lt13BeCTHOC1 cJ>opMyne AJlSl noTeH~Itlana oT 

T04e4HOrD 3apHAa Q B HeKOTOpOc:i T04Ke npOCTpaHCTBa P : 

<1>=-I_Q, 
4JT& r 

rAe E- AltiS1leKTplt14ecKas:J nocTOSlHHas:~, r- paccTOSlHitle OT 3aps:~Aa AO T04Kitl P. Ans:~ 

sneKTPOAa, nosepxHOCTb KOToporo pasHaS; 
-~· 

<I> =_I_ J1 ~s. 
4JT c r 

rAe dS - sneMeHT nosepxHOCTitl S, cr - nosepxHOCTHaH nllOTHOCTb 3aps:~AOB 

SJleMeHTOB, COCeAHitiX C SlleMeHTOM d$. CllmKHOCTb MeTOAa Hanps:JMYIO CBSl3aHa 

co CJlO}I(HbiM xapaKTepoM rpaHit14HbiX ycnos~t~c:i. 

MeTOAOM 3aps:JAOBOC1 nnoTHOCTitl noTeH~ItlallbHble pacnpeAelleHitls:J Ha 

Bbl6paHHbiX rpaHitl~ax annpOKCit!MitiPYIOTCSl HeKOTOpoc:i. CYMMOc:i aHa1llt1Tit14eCKitiX 

cJ>yHK~Itlc:i - T04Hb1Mitl peweHitls:JMitl ypasHeHitlc:i Jlannaca. To4HOCTb peweHit!Sl c 

yseJllt14eHitleM paCCTOSlHit!Sl OT SlleKTpOAa yBe1llt141t1BaeTCSl. 8e1llt141t1Ha 

SJleKTplt14eCKOro nOJlfl B STOM C1ly4ae fiBJlSleTCH TaK}I(e CyMMOc:i aHa1llt1Tit14eCKitiX 

cPYHK~Itlc:i, nOSTOMY B03MO}I(H0 nplt!MeHeHitle MeTOAOB 41t1CJleHHOro 

AltlcPcJ>epeHU,ItlpOBaHit!Sl. 3TO 8 KOHe4HOM ltiTOre n03B011SleT BeCTitl paC4eT 

TpaeKTOpltlc:i 3aps:J}I{eHHbiX 4aCTitl~. 8 SJleKTpOHHOH OnTit!Ke STOT MeTOA 

lt1Cn01lb3YeTCSl AJlSl peweHit!Sl 3aAa4 KaK aKCitla1lbHO-CitiMMeTplt14HbiX CltiCTeM, TaK 1t1 

6onee CllO}I(HbiX [11]. 

2.2. METO,[l KOH£l/Hb/X PA3HOCTEI7t 

0CHOBHaSl ltiAes:J MeTOAa KOHe4HbiX pa3HOCTeH (MKP) COCTOitiT B TOM, 4TO BCSl 

06JlaCTb peweHit!Sl KpaeBOH 3Ma41t1 noKpbJBaeTCSl KOHe4HOH nps:JMOYrDllbHOH 

ceTKOH. Ans:~ npocTOTbl ~t~cno1lb3yeTcs:~ KBaApaTHas:~ ceTKa, s y311ax KOTopoc:i 1t1 

Bbl41t1CJ1SliOTCSl 3Ha4eHit1Sl noTeH~ItlallOB • 803MO}I(Hbl ABa cnoco6a peweHitiH C 

ltlcnoJlb30BaHitleM MKP: MeTOA Ps:JAOB Tec:inopa 1t1 ltiHTerpallbHbiH MeTOA. 3Titl 

CnOC06bl MO}I(HO pea1llt130BaTb TOJlbKO 41t1C1leHHbiMitl MeTOAaMitl peweHit!Sl. MeTOA 

KOHe4HbiX pa3HOCTeH, XOTSl It! lt1Cn01lb3yeTCSl AJlSl peweHit!Sl CJlO}I(HbiX 3Ma4 [12], 8 

nocneAHee speMH np~t~MeHs:JeTcs:~ see pe}l(e. • 

OcHOBHble ltiAeltl 1t1 cJ>opMyllbl MKP 04eHb npocTbl, Ho npaKTit14ecKoe np~t~MeHeHitle 
STOro MeTOAa K peweHitiiO KpaeBbiX 3Ma4 MO}I(eT OKa3aTbCSl 4pe3Bbl4aHHO 

TPYAOeMKitiM, ec111t1 rpaHitl~bl lt!MeiOT CJlO}I(HYIO cJ>opMy. 3m TPYAHOCTb ycTpaHeHa 

B MeTOAe KOHe4HblX SlleMeHTOB (MK3) 6naroAapSl lt1Cn01lb30BaHit110 TpeyroJlbHbiX 

CeTOK. TaKitle CeTKitl MOryT 6b1Tb nocTpOeHbl np1t1111060H cJ>opMe rpaHitl~bl, eCJlltl ee 

MO}I(HO nplt16Jlltl}l(eHHO npeACTaBit!Tb MHOrorpaHHitiKOM. 

2.3. METO,[l KOH£l/Hb/X :3flEMEHTOB 

npltl HaxO}I(AeHitlltl peweHitiH MeTOAOM KOHe4HbiX SJleMeHTOB ltiHTepecyiOW,aSl 
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061laCTb AeJlltiTCSl C nOMOW,biO peweTKitl Ha OTAellbHble SJleMeHTbl. noTeH~ItlaJl B 

Hy}I(HbiX · T04Kax CeTKitl_ Bbl41t1C11SleTCSl C nOMOW,biO HeKOTOpoc:i npo~eAypbl B 

3aBit1CitiMOCTitl OT noTeH~Itlalla COCeAHMX T04eK. T04HOCTb MeTOAa 3aBit1CitiT OT 

Bbi60pa Sl4ec:iKitl peweTKitl, nOJlO}I(eHit!Sl T04eK, B KOTOpbiX BeAeTCSl pac4eT, cPOPMbl 

1t1 pa3Mepos Sl4eHKitl CeTKitl. T04HOCTb MeTOAa CHitl}l(aeTCSl C yBe1llt14eHitleM 

paCCTOSlHit!Sl OT MeCTa, AJlSl KOTOporo ltiW,eTCSl peweHitle, AO SJleKTpOAa. 8 

31leKTPOHHOH OnTit!Ke MeTOA lt1CnOJlb3yeTCSl AJlSl onpeAelleHit!Sl nOTeH~ItlaJlOB 
aKcltlaJlbHO-cltiMMeTplt14HblX CltiCTeM, napaKcltlallbHblX ny4ee1 1t1 a6eppa~1t1C1. 8He 

napaKcltlaJlbHOH 061laCTitl MeTOA He n03B011SleT nony41t1Tb YAOBJleTBOPit!TeJlbHble 

pe3y1lbTaTbl lt13-3a HeB03MO}I(HOCTitl nplt!MeHit!Tb 41t1C1leHHOe AltlcPcJ>.epeH~ItlpOBaHitle. 
8 MeTOAe KOHe4HbiX SJleMeHTOB nocTyllltlpyeTCSl Bapltla~ltiOHHblc:i npltiH~Itln, 

npltl nplt!MeHeHitlltl KOTOporo npOBOAitiTCSl Mlt1Hit1Mit13a~lt1Sl HeKOTOporo 

cPYHK~ItiOHaJla, cPit131t14eCKitiH CMbiCJl KOTOporo COOTBeTCTByeT SHeprltlltl, 

3anaceHHOH CltiCTeMOH (10, 13]. 8 Ka4eCTBe TaKoro cPYHK~ItiOHana WlSl aKCitlaJlbHO

CitiMMeTplt14HOro AecJ>neKTopa [1 0] B3SlT ClleAYIOW.ItiH: 

r ff 1 [ a<I> 1 a<I> 1 a<I> 1] 
I J,. = S -;/iu ( arm) .. + (m azm )" +(m~)- Jr rdrdz o 

TaKOc:i Bbl6op CBs:J3aH c reM, 4TO lt13-3a ycnos~t~c:i CltiMMeTpltlltl noreH~ItlaJl <l>(r, 8, z) 

MO}I(HO Bblpa31t1Tb 4epe3 cyMMY 41leHoB 6ecKoHe4Horo Ps:JAa ct>ypbe. 

~HTerp~t~posaH~t~e no nosepxHocm S npoBOAitiTCSl Alls:J scex 3Ha4eHitiC1 r 2?: 0. 
npeAnoJlO}I(ItiM, 4TO U(S)-:- noTeHL(ItlaJl Ha nosepxHoCTitl spaw.eH~t~s:~, BK11104aiOw,eC1 

nosepXHOCTb sneKTPOAOB AecJ>neKmpa. TorAa U(S) MO}I(HO Bblpa31t1Tb 4epe3 

cyMMY 41leHos Ps:JAa ct>ypbe 

"' 
U(9) = 2:u .. cos m9, 

m=l,3,S ... 

rAe 

' 4 Jr/2 

Um =- 'JU(9) cos m9 d9 • 
7r 0 

ECJlltl npltiHSlTb, 4TO noTeH~Itlall B 3a3ope Me}I(Ay SlleKTPOAaMitl lt13MeHSleTCSl B 

3aBit1CitiMOCTitl OT yrna ::l JlltiHeHHO, .TO 41leH PSlAa U., MO}I(HO npeACTaBitiTb B 

Blt!Ae HeKOTOpOH CYMMbl, 4TO cyw,ecTBeHHO ynpow,aeT KOMnbiOTepHble pac4eTbl. 

8 [13] BMeCTO peWeTKitl C nOCTOSlHHbiM WaroM [10] lt1CnOJlb3yeTCSl peweTKa C 

nepeMeHHblM waroM. nocKOJlbKY s MKP Aa}l(e 4~t~cneHI-ioe peweH~t~e cTaHoB~Tcs:~ 
04eHb CJlO}I(HbiM, · AltlcJ>cJ>epeH~ItlaJlbHble ypaBHeHit!Sl B 4aCTHblX npOit13BOAHblX He 
lt1CnOJlb3YIOTCSl. 

04eHb Ba}I(HOH npo6JleMOH B STOM MeTOAe SlBJlSleTCSl Bbi60p CeTKitl. Ha 

npaKTitiKe ltiHAit!BitiAYallbHbiH Bbl6op nOJlO}I(eHitiSl Ka}I(Aoro Y31la CJlltiWKOM 

TPYAOeMoK Alls:J noJlb30BaTens:~ nporpaMMbl. Pa31llt14Hb1Mitl asTopaMitl npeAJlo)KeHbl 

YA06Hble aJlrOpltiTMbl AJlSl aBTOMaTit14eCKOH reHepa~ltlltl CeTKitl [9]. ToT, KTO 

np1t1o6pe11 rDTOByiO KOHe4HO-S1leMeHTHYIO nporpaMMy, 06bi4HO nOJly4aeT 1t1 KaKOH-

1111'160 MeTOA reHepltlpOBaHitiSl CeTKitl, HO COCTaBJleHitle C06CTBeHHOH nporpaMMbi, 

KaK npas~t~no, o4eHb TPYAHas:~ 3aAa4a. PaccMoTpeHHble BblWe MeTOAbl w~t~poKo 
5 



HCn011b3YIOTCfl npH peweHHI-1 3a,na4 311eKTPOHHOCi OnTHKI-1. Y ~a)I(JJ,Ora MeTO,[la 

eCTb C80H pa3pa60T4HKH 1-1 npH8ep)f(eHU,bl, aKTH8HO npO,[t011)f(aiOW,He pa60Tbl no 

HX C08epweHCT808aHHIO. 

2.4. CPABHEH11E MET0/108 

npo8e,neM KpaTKHCi aHa11H3 3THX Tpex MeTO,[l08 peWeHHfl 3aAa4 

311eKTpocTaTHKH 311eKTpoHHOCi omHKH. MKP 3Q>Q>eKTH8eH T011bKO Tor,na, Kor,na 

rpaH~U,bl C08na,naiOT C 11HHHfiMH KaKOCi-111-160 pery11fiPHOi:1 CeTKI-1, TaK KaK 

8Klll04eHHe 8 paCCMOTpeHHe Hepery11flpHOCTei:1, 8CTpe4aiOW,HXCfl npl-1 pac4eTaX, 

ype38bl4aCiHO rpOM03,[lKO. ~' 
MK3 TeopeTH4eCKH npHMeHHM K peweHHIO 11106oro THna Kpae8biX 3a,na4, 

,na)f(e K • TpeXMepHbiM. 3TOT MeTOA MO)f(eT 6b1Tb 04eHb 3Q>Q>eKTH8eH, ec111-1 

no11b308aTe1110 ,nocTyneH anpo6Hpo8aHHbiCi pa6oTaiOw,HCi naKeT nporpaMM. 8 

npom8HOM c11y4ae npe,nno4THTe11eH Mr3, nocKo11bKY noc11e,ni-IHC1 11erKo 

nporpaMMHpyeTCfl CH11aMH OAHOra yYeHOra, no KpaCiHeCi Mepe 8 OAHOMepHOM 

8apHaHTe. 

KaK MKP, TaK 1-1 MeTOA rpaHH4HbiX 311eMeHT08 ,naiOT 3Ha4eHHfl noTeHu,Ha1108 

8 y311aX ,[tHCKpeTHOCi CeTKJ-1 . .a11fl 8bi4HC11eHHCi TpaeKTOpHCi 4aCTHU, He06XOAHMO 

3HaTb" Hanpfl)f(eHHOCTb n011fl 8 111060Ci npOH38011bHOi:1 T04Ke npOCTpaHCT8a . .a11fl 

peweHHfl 3Toi:1 3a,na4H 8 Mr3 Hanpf!)f(eHHOCTb 311eKTPHYecKoro no11fl MO)f(eT 6b1Tb 

8bi4HC11eHa KaK Henpepbi8Hafl cynepn03HU,Hfl aHa11HTW.JeCKHX Q>yHKU,HCi npH 

H38eCTHOM pacnpe,ne11eHHH n08epXHOCTHbiX HCT04HHK08. 3Ta )f(e 3a,[la4a 

pewaeTCfl · 8n011He YA0811eTBOPHTe11bHO 1-1 8 MeTOAe KOHe4HbiX pa3HOCTei:1. 

Hepery11HPHOCTb )f(e ceTKH, npHMeHfleMoi:-1 8 MeTo,ne KOHe4HbiX 311eMeHT08, 

npH80,[lHT K TOMy, 4TO T04Hbli:1 pac4eT Hanpfl)f(eHHOCTI-1 n011fl CTaH08HTCfl 

npaKTH4eCKH He803MQ)f(HbiM. npaKTHKa HCn011b308aHHfl MK3 8biHy)I(JJ,aeT 

orpaHH4H8aTbCfl HHTepn011fiU,HeCi 1-1 AHQ>Q>epeHU,Hp08aHHeM 8 OKpeCTHOCTH 

OnTH4eCKOCi OCJ-1. 

lt1cno11b308aHHe 111060ra 1-13 Tpex MeTOA08 Tpe6yeT COOTBeTCTBYIOW,era 

nporpaMMHoro o6ecne4eHHfl. .a11fl 3Toro pa3pa6oTaHbl naKeTbl nporpaMM, 

KOTOpble no Mepe pa38HTHfl 8bi4HC11HTe11bHOCi TeXHHKH C08epweHCT8YIOTCfl y)f(e 8 

Te4eHHe A8YX .necHm11eTHCi [9]. 
. Co8epweHCT808aHHe nporpaMM n038011fleT COKpaTHTb 8peMfl C4eTa, HO 

OCH08HOCi np0611eMOCi fl811fleTCfl pa3pa60TKa nporpaMM. 80 8CeX KOHKpeTHbiX 

C11y4af!X 4HC11eHHOf0 peWeHHfl He06XOAIIIM pa3yMHbiCi KOMnpOMIIICC Me)I(JJ,y 

3aTpaTaMIII 8peMeHIII Ha HaniiiCaHI!Ie COOTBeTCT8YIOW,eCi KOMnbiOTepHOCi 

nporpa~Mbl ( 11111111 CTOIIIMOCTbiO ee npiii06peTeHIIIfl) Ill C3KOHOM11eHHbiM 8peMeHeM 

C4eTa. 

a. npeAJJaraeMbiVI anre6palt14eCKII1VI MeTOA 

3.1. Af7TOP11TM nPE,aiiArAEMOtO METO,aA PEWEHI1fl3A,aA'-13JTEKTPOCTAT11KI1 

L(e11bl0 ,[la11bHeCiwero 1113110)f(eHIIIfl fl811fleTCfl 060CH08aHIIIe Ill OniiiCaHIIIe H080f0 

MeTO,[la peweHIIIfl 3a,na4 311eKTpOCTaTIIIKIII Allfl CIIICTeM, noTeHU,IIIa11bl 311eMeHT08 
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KOTOpbiX nO,[l4111HfiiOTCfl ypa8HeHIIIIO flan11aca 4cp(r)=0. npeAJ1araeMbiCi. 

IIITepaTIII8HbiCi MeTOA OCH08aH Ha a11rap111TMe, He Tpe6yiOW,eM peweHIIIfl 3a,[la4111 

,a111p~xne 11111111 HeCiMaHa, no3TOMY np111 era npiiiMeHeHIIIIII HeT Heo6xo,n111MOCTIII 

IIICn011b308aTb C110)f(Hble MeTO,[lbl MaTeMaTIII4eCKOCi Q>i.13111KIII, IIICn011b3yeMble AJlSl 

peweHIIIfl 3Ma4 311eKTpocTaTIIIKIII. HanpiiiMep, ,[la)f(e np111 peweHIIIIII 3a,[la4111 

.a111p111xne Allfl ypa8HeHIIIfl Ilan11aca Ha nnocKOCTU s o611aCTfiX c rpaHIIIU,eCi, 

COCTOSlW,eCi 1113 KOHe4HOra 4111C11a rna.p.KIIIX KpiiiBbiX, 6bl11 IIICn011b30BaH MeTOA 

rpaHIII4HbiX IIIHTerpa11bHbiX ypa8HeHIIICi [14). npeAJ1araeMbiCi anrapiiiTM CTPOIIITCSl 

Ha Q>opMy11e 311eKTpOCTaTHKIII AJlfl T04e4HOra ·3apf1Aa <l>=Q/47tEI' , a peweHIIIfl 

3a,na4 311eKTpOCTaTIIIKIII np080,[1SlTCH IIICK1li04111Te11bf.l0 a11re6pa1114eCKIII. 

To4Hble peweHIIIfl ypasHeHIIICi $1113111KIII MOryT 6b1Tb no11y4eHbl T011bKO Allfl . 

orpaHII!YeHHoro Kpyra 3aAa4. Ha npaKTIIIKe scer,na IIIMeiOT ,ne11o c 

np1116111!1)f(eHHbiM peweHI!IeM. np111, peWeHIIISlX 3a,[la4 B MeTOAaX MaTeMaTIII,'leCKOCi 

Q>1113111KIII npiiiMeHf!IOTCfl Tplll pa3HbiX MeTO,na: MeTOA TeOpllllll B03MyW,eH~1Ci, 

8apl!laU,IIIOHHbiCi Ill Bapif1aU,IIIOHHO-IIITepau,IIIOHHbiCi (8-lt1 - MeTOA). noc11e,[lHIIICi 

0611a,naeT MHOfiiiMIII npeiii_Myw,ecTBaMIII, , 8 4aCTHOCTIII, OH n03
1
8011SleT no XOAY 

pac4eTOB ,ne11aTb OU,eHKY norpeWHOCTIII Ha Ka)I(JJ,OCi CTaAIIIIII 8bi4111C11eHIIICi. 3TO 

C8oCicTBo 8-VI - MeTo,na, no)f(a11yC1; fi811SleTCSl Ha1116011ee u,eHHbiM [15]. ·· 8~1t1 -

MeTOA n038011SleT TaK)f(e np111 He06XOAIIIMOCTIII npOBOAIIITb KOppeKU,IIIIO B npou,ecce 

cYeTa. 

8 npeAJ1araeMOM MEno,ne 8-ltl - MeT~A npiiiMeHfleTCfl Allfl. peweHIIIfl OCHOBHOCi 

3a,[la4111 311eKTpOCTaTHKIII AJlSl . np080,[lHIIIKOB npm13B011bHOCi Q>opMbl 111. 

pacn0110)f(eHIIIIO, HaXOAfiW,IIIXCfl nOA 3a,naHHblMIII noTeHU,IIIa11aMIII. npeAJ1araeMbiCi 

MeTOA ocHosaH Ha TeopeMe e,niiiHCTEleHHOCTIII, ·yrsep)I(JJ,aiOw,eCi, . 4TO · ec11111 

HaCi,neHo KaKoe-'111116o peweH111e 3aAa4111 o noTeHu,llla11e, YAOB11eT80PHIQW.ee 

rpaHIII4HbiM YC110BIIIfiM, TO OHO eAIIIHCTBeHHO. rpaHIII4HbiM Y~110BIII~M A011)f(eH 

YAOB11eTBOpfiTb noTeHU,IIIa11 11111111 era HOpMa11bHaSl npOIII380AHafl Ha rpaHIIIU,e 

paccMaTplll8aeMoCi o611acm. 

TeopeMa eAIIIHCTBeHHOCTIII no3B011fleT npo8eCTIII 3aMeHy pea11bHbiX 3aPHA08, 

HaXO,[lSlW,IIIXCfl Ha n08epXHOCTIII 3apst)f(eHHOfO np080AHIIIKa, 8CnOMOraTe11bHbiMIII 

11111HeCiHbiMIII 11111111 T04e4HbiMIII 3apHAaMIII, HO pa3Mew,aeMbiMIII 8 06beMe 

np080AHIIIKa Ha HeKOTOpOM paCCTOfiHIIIIII d OT era no8epXHOCTIII. EC11111 8 

pe3y11bTaTe TaKoCi 3aMeHbl y,nacTcfl HaCiTIII 8e111114HHb1 8CnoMoraTe11bHb1X 3apst,no8, 

C03,[laiOW,IIIX 3aAaHHble 3Ha4eHIIIfl noTeHU,IIIaJlOB Ha n08epXHOCTIII np080AHIIIK08, TO 

TeM caMbiM nocTa811eHHafl 3a,na4a 6y,neT peweHa. 3aMeHa pea11bHbiX 3apHA08 

T04e4Hb1MIII, 11111HeCiHblMIII, pa3Me.U.taeMbiMIII B 06beMe np080,[lHIIIKa, n038011fleT 

cyw,ecTBeHHO ynpOCTIIITb MaTeMaTI!I4eCKIIIe . pac4eTb1 nplll peWeHIIIIII 3a,[la4 

311eKTpOCTaTIIIKIII, a TaK)f(e .11136e)f(aTb nOfl811eHIIIfl HeonpeAe11eHHOCTeCi, 

803HIIIKaiOW.IIIX np111 r~ 0. Cnoco6 pa3Mew,eHIIIfl 3apf!A08 8HYTPIII npo80AH111Ka 

npii!MeHfi11Cfl paHee AJlfl pacYeTo8 ::meKTpiiiYecKIIIX no11eC1, noTeHu,llla1108 111 
- . . ' 

HeKOTOPbiX ,npyr111x xapaKTepiiiCTIIIK MHoronpo801104HbiX AeTeKTopo8 YaCTIIIU. 

[ 16, 17]. Ha 3TOM )f(e cnoco6e ocHo8aHa nporpaMMa paC'IeT08 xapaKTepiiiCTIIIK 

MHOranp0801104HbiX ,neTeKTOp08 Allfl . 3KCnepii!MeHT08 no Q>1113111Ke . 8biCOKIIIX 

3Heprii!Ci [18]. npiiiMeHfi11Cfl 3TOT cnoco6 111 np111 peweHIIIIII oT,nenbHbiX 3a,na4 

311eKTpOHHOCi OnTIIIKIII [19). 

7 



Ec11~ pacnpeAe11eH~e scnoMoraTe11bHbiX 3apSlAOB HOC~T A~CKpeTHblei 

xapaKTep, TO s611~3~ caMoi1 nosepxHocT~. Ha KOTopoi1 pa3Mew,eHbl 3aPSlAbl, 

sKB~noTeHL!~allbHble nosepxHOCT~ ~MeiOT B011Hoo6pa3HYIO CTPYKTYPY (p~c. 2). 
3Ta CTpyKTypa CBSl3aHa C pacn0110)1(eH~eM 3apSlAOB, HO Ha4~HaSl C HeKOTOporo 

paCCTOSlH~Sl 3KB~nOTeHL{~allbHOi1 nosepXHOCTbiO SlB11SleTCSl r11aAKaSl 
nosepXHOCTb 6e3 KaK~X - 11~60 OC06eHHOCTei1. 3TO paCCTOSlH~e 3aB~C~T OT 

pacCTOSlH~Sl Me)I(Ay 3aps:~AaM~. pa3Mew,aeMbiM~ s y311ax ceTK~. ~11~ paccTOSlH~Ci 
Me)I(Ay 11~H~SlM~, Ha KOTOpbiX pacn0110)1(eHbl 3apSlAbl .. 

PaCCMOTp~M CeTKY, COCTOSlW.YIO ~3 3apSl)l(eHHbiX npOB01104eK 6eCKOHe4HOC1 

AJl~Hbl, pacn0110)1(eHHbiX B OAHOi1 n110CK~CT~ ~ napan11e11bHbiX Me)I(Ay co6oi1 Ha 

paccTOSlH~~ a APYr OT Apyra. )J,lls:~ sToro c11y4as:1 3KB~noTeHL!~a11bHble 
nosepxHOCT~ s611~3~ ceTK~ c 3aps:~AaM~ ~MeiOT nep~oA~4ecKyiO CTPYKTypy. 

C11eAoBaTe11bH~, <I>YHKL!~IO 3a8~C~MOCT~ noTeH1..1~a11a cp(z), rAe z- paccTOSlH~e OT 

ceTK~ AO T04K~ Ha61110AeH~Sl. MQ)I(HQ pa311Q)I(~Tb 8 PSlA cDypbe. noACTaH08Ka B 

ypa8HeH~e nan11aca pa3110)I(eH~Sl cp(z) 8 PSlA cDypbe AaeT AllSl nDTeH1..1~a11a 

3Ha4eH~e aMn11~TYAbl 8 8~Ae n-i1 rapMOH~K~ no11s:1 q> n (z) =An exp( -z/ Z
0 

). 

Koscj)cj)~l.l~eHT An onpeAe11SleTCSl n110THOCTbiO 3apSlA08 npo801104eK. V13 

Bblpa)l(eH~Sl AJlSl XapaKTepHOro paCCTOSlH~Sl Z
0 
=aj21tn C11eAyeT, 4TO Ha 

paccTOSlH~~ a aM!]11~TYAa nep8oi1 rapMoH~K~ yMeHbwaeTCSl s exp(21t) pa3. np~ 

paCCTOSlH~~ OT CeTK~ AO T04K~ Ha61110AeH~Sl, pa8HOM xapaKTepHOMy, 3K8~

nOTeHL!~allbHaSl n08epXHOCTb Sl811SleTCSl npaKT~4eCK~ n110CKOCTbiO (20). 

)J.lls:~ ceTK~ ~3 3aps:~)l(eHHbiX napa1111e11bHbiX Me)I(Ay co6oi1 npo801104eK, 

pa3MeW,eHHbiX APYr OT Apyra Ha pacCTOSlH~~ a . ~ Me)I(Ay A8YMSl np080AS1W.~M~ 

no8epxHoCTSlM~ c Hy11e8biM noTeHL!~a110M (c~cTeMa MHoronpo801104HOi1 

nponOpl.I~OHa11bHOi1 KaMepbl), 3TO paCCTOSlH~e np~MepHO pa8HO a /2 (17,21). 

P~c. 1. 311-eMeHT 3apSl)l(eHHOro np080ASlW,ero Tapa, Ha n08epXHOCT~ KOTOporo 

3aAaH noTeH1..1~a11. Ha 8HYTPeHHei1 8CnoMoraTe11bHOi1 Topo~Aa11bHOi1 
no8epxHOCT~ 8 y311ax. ceTK~ pa3Mew,aiOTCSl 3aps:~Abl, C03Aal0w,~e 3aAaHHbiC1 
noTeHL!~a11 Ha no8epxHocT~ 8HewHero Tapa 
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l 
Ha npaKmKe pea11bHble np080AH~K~ ~MeiOT KOHe4Hble pa3Mepbl, a caM 

np080AH~K MO)I(eT ~MeTb CaMyiO pa3H006pa3HYIO cj)OpMy. nosTOMY 

noCTa811eHHYIO 3aAa4y 803MO)I(HQ pew~Tb T011bKO 8 C11y4ae ~Cn011b308aH~Sl 

c~cTeMbl T04e4Hblx 3aPSlAOB, pacno110)I(eHHblx 8HYTP~ npo80AH~Ka 8 y311ax 

HeKoTopoi1 ceTK~. cDopMa ceTK~ onpeAe11SleTCSl cj)opMoi1 caMoro npo80AH~Ka, ~ 
4eM 611~)1(e aHa pacno11araeTcs:1 K no8epxHocT~ npo80AH~Ka, TeM T04Hee 

HaeiAeHHas:~ np~ peweH~~ noTeHL!~a11bHas:~ no8epXHOCTb 6yAeT co8naAaTb c 

pea11bHOi1 noEiepxHOCTbiO npoBOAH~Ka. Ha p~c. 1 8 Ka4eCT8e 3aps:~)l(eHHoro 
npo80AHW.ero Te11a noKa3aHa 4aCTb Tapa, era no8epxHOCTb Sl811SleTCSl 

3KB~noTeHL!~a11bHoi1 c 3aAaHHbiM noTeHL!~a11oM. BHYTP~ Tapa pa3Mew,eHa 

TOpO~Aa11bHaSl n08epXHOCTb, HeCyW,aSl Ha ce6e 8 COOT8eTCT8~~ C np~HSlTbiM 
MeTOAOM T04e4Hble 3apSlAbl, C03Aa10w,~e 3aAaHHoe 3Ha4eH~e noTeHL!~ana. 

3.2. Bb/50P AIIIOP/IITMA 

nos:~cH~M MeTOA~KY 8bl6opa anrop~TMa ~ peweH~Sl Ha era ocHo8e. 

nep80Ha4allbHO paCCMOTp~M HeKOTOpyiO a6cTpaKTHYIO 3aAa4y, nOSlCHSliOW,yiO 

CYTb MeTOAa ~ era 803MQ)I(H0CT~. nycTb Mbl ~MeeM HeKOTOpyiO (OCH08HYIO) 

no8epXHOCTb ~11~ ee 4aCTb, Hanp~Mep,nnOCKOCTb KBaApaTHOi1 cj)OpMbl, KOTOpaSl 

P~c. 2. cDparMeHT noTeHL!~anbHOCi nosepxHocT~. o6pa3o8aHHoi1 To4e4HbiM~ 
3apSlAaM~, pacn0110)1(eHHbiM~ no,r:i COOTBeTCTBYIOW.~M~ MaKC~MyMaM~ no y3naM 
ceTK~ C K8aApaTHbiM~ Sl4ei1KaM~. PaCCTOSlH~e Me)i{,[J,y 3apSlA,OM ~ no8epXHOCTbiO 

pa8HO d, paCCTOSlH~e Me)I(Ay COCeAH~MH 3apSlAaM~ - a. 8onHoo6pa3Hble 
OC06eHHOCTH noTeHLt~a11bHOi1 n08epXHOCT~ C8Sl3aHbl COOTHOWeH~eM Me)I(Ay a 
~ d. P~CYHOK COOT8eTCT8yeT C11y4al0 a>d 

SlBllSleTCSl 3K8~nOTeHL!~allbHOC1 C noTeHL!~aJlOM U. 3TOT noTeHL!~an C03AaeTCSl 3a 

C4eT 3apSiAOB, pacnono)l(eHHbiX_ Ha Apyroi1 (8cnoMoraTenbHOi1) no8epxHOCT~. 
HaXOASlW,eeicSl Ha HeKOTOpOM paCCTOSlH~~ OT OCH08HOC1. nyCTb 3T~ 3apS1Abl 

3aH~MaiOT cj)~Kc~po8aHHoe nono)l(eH~e. OnpeAe11~M 8en~4~Hbl 3apHA08, 
3aAa8W~Cb 8e11~4~HOi1 noTeH1..1~a11a OCH08HOC1 n08epXHOCT~ ~ pacnOJlO)I(eH~eM 

3aPSlA08 Ha 8cnoMoraTenbHOi1. PeweH~e nocTa8neHHoC1 3aAa4~ EsbmonH~M 
MeTOAOM nocneAOBaTe11bHbiX np~611~)1(eH~C1 (8-Vl - MeTOA). 
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8 ct>opMy11e Afls:l noreHL.(Ha11a TOYeYHoro 3aps:~Aa np~-1 pacyere onycTHM 

CHCTeMHbl~ K03cPcPHL.(I-18HT. npH 3TOM cPOPMY11a 3anHW8TCs:! KaK lJ=qjr. noKpoeM 
Bbr6paHHYIO noTeHL.(Ha11bHYIO nosepXHOCTb C8TKO~, o6pa30BaHHO~ B3aHMHO 

nepn8HAHKY11s:!pHbiMH 11HHI-1s:!MH. nyCTb YHC110 s:!YeeK C8TKH paBHO mxm. 8 06Ll!8M 

c11yYae pa3Mep s:~Ye~KH ceTKH 1-1111-1 ee war 3aaucuT OT ¢opMbt noaepxHocTu. 
3HaYeHHs:! noTeHL.(HMOB 6yAeM paCCYHTbiBaTb B Y311aX CeTKI-1. 8 HaWeM C11yYae 
YHC110 y3110B, B KOTOPbiX pa3Mell!aiOTCs:! 3aps:!Abl, paBHO n=(m+1 )(m+1 ). 3aps:!Abl 

pacn0110)f(HM · B Y311aX TaKoi'! )f(e CeTKI-1, KOTOpyro Mbl pa3MeCTHM Ha 

cPHKCHposaHHOM paccTOs:!HHH d or noreHL.(Ha11bHoi1 nosepxHOCTH. Or Bbr6opa 
Be11HYHHbl d 3aBHCHT, HaCK011bKO TOYHO 3KBHnOTeHL.(Ha11bHas:! nosepXHOCTb, 

no11yYeHHas:! nyTeM pacYeTa, 6yAeT COBrl~AaTb C nosepXHOCTbiO 3aps:!)f(eHHOfO 

npOBOAHHKa. EC11H paCCTOs:!HHe d M8HbWe HeKOToporo OrlTHMa11bHOrO 3HaYeHHs:!, 

BMeCTO n110CKOCTH H11H 6e3pe11becPHOi1 nosepXHOCTH n011YYHM 

3KBHnOTeHL.(Ha11bHYIO nosepXHOCTb C B011H006pa3HbiMH OC066HHOCTs:IMH, 

nOA06HyiO TOi1, YTO H306pa)f(eHa Ha pHC. 2. 

8 COOTBeTCTBHI-1 C npHHL.(HnOM cynepn03Hl..(HH nOTeHL.(Ha11 B Ka)f(AOM Y311e 

ceTKH nOTeHL.(Ha11bHOi1 nosepXHOCTH paseH CyMMe noTeHL.(Ha110B OT. Ka)f(AOfO 

TOYeYHOrO 3aps:!Aa. 8bi60p Be11HYHHbl d, 6011bWe~ ee ·onmMa11bHOrO 3HaYeHHs:!, 

BeAeT K yse11HY8HHIO YHC11a HTepal..(Hi'! H speMeHH CYeTa H3-3a Heo6XOAHMOCTH 

yse11HYeHHs:! YHC11a 3aps:!AOB. nos:!CHHM 3TOT C11yYa~. nycTb d<<a, rAe a -
paCCTOs:!HHe Me)f(Ay COCeAHHMH 3aps:!AaMH. 8 3TOM C11yYae noTeHL.(Ha11 B 

Bbl6paHHOM Y311e 3aBHCHT npaKTHYeCKH T011bKO OT COOTBeTCTBYIOLl!ero 3aps:!Aa. 

EC11H B pe3y11bTaTe nepso~ HTepal..(HH, B COOTBeTCTBHH C 3aBHCHMOCTbiO 

noTeHL.(Ha11a OT TOYeYHOfO 3aps:!Aa U=qjr, Mbl no11yYH11H era 3HaYeHHe 

U=0,5U(x,y). U(x,y) - 3aAaHHoe rpaHHYHOe 3HaiJeHHe noreHL(Ha11a no~epxHOCTH. 
TOrAa AOCTaTOYHO BMeCTO aaps:!Aa, pa8HOro Q, BJs:!Tb 3aps:!A, paBHbl~ 2q, H Ha 

3TOM BCs:! npol..(eAypa pacYeTa 6yAeT , 3aKOHYeHa. TaKl.-!M o6pa30M, YHC110 

~nepal..(H~ onpeAe11s:!eTCs:! COOTHOWeHHeM Me)f(Ay WaroM, CeTKH a H paCCTOs:!HHeM 

d Me)f(Ay nosepXHOCTbiO, Ha KOTOPO~ Mbl pacn0110)f(HM 3aps:!Abl, H nosepXHOCTbiO 

npOBOAHHKa. 06 3TOM peYb no~AeT 8·nepeAH npH paCCMOTpeHHH KOHKpeTHbiX 

npHMepos. 

KaKHM cnoco6oM onpeAe11s:!Tb se11HYHHbl 3aps:!A08 Afls:l Ka)f(Aoro c11eAYIOLl!ero 

wara HTepal..(HH? t-13 npoCTbiX coo6pa)f(eHH~ C11eAyeT, YTO 8e11HYHHa 3aps:!Aa 

C11eAyrOtir,ero wara HTepal..(HH Q(i+ 1) A011)f(Ha cpaBHHBaTbCs:! C Be11HYHHO~ 3aps:!Aa 

npeAbiAYLl!ero wara HTepal..(HH q(i). 3HaYHT, MO)f(HO npeAn0110)f(HTb nps:!MYIO 

npO~Opl..(HOHa11bHYIO 3aBHCHMOCTb q(i+1) - q(i). noCMOTpHM, KaK CBs:!3aTb 

no11yYeHHoe 3HaYeHHe noreH4Ha11a H 8611HYHHY 3aps:~Aa Afls:l C11eAYIOLl!ero wara 

HTepal..(HH. nycrb 8 pe3y11bTare pacYera no11yYeHo 3HaYeHHe noreH41-1a11a 

U(i+1 )>U(i) 1-1111-1 U(i+1 )<U(i), H3 3THX HepaseHCTB C11eAyeT, YTO Be11HYHHa 3aps:!Aa 

Ails:! C11eAYIOLl!ero Wara · HTepal..(HH q(i+ 1 ) A011)f(Ha HMeTb o6paTHyiO 3aBHCHMOCTb 
OT no11yYeHHOro 3HaYeHHs:! noreHL.(Ha11a q(i+1 )=q(,i)/U(i). 3TO n0110)f(eHHe 

npHBOAHT K YM8HbWeHHIO 3aPs:!Aa Afls:! C11eAYIOLl!ero wara HTepal..(HH, eC11H 
U(i+1 )>U(i), H K era yse11HYeHHro Ails:! c11yYas:~ U(i+1 )<U(i). ttlrepal..(HOHHbli1 

npOL.(ecc 3asepwaeTCs:! npH AOCTH)f(eHHH paseHCTBa 3aPs:!AOB q(i+1 )=q(i). t-13 
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Bb!pa)f(eHHs:! q(i+1 )=q(i)/U(i) C11eAyeT, YTO 3TO paseHCTBO, B KOHeYHOi1 CTeneHH 

onpeAe11s:IIOLl!ee 3aBepweHHe HTepal..(HOHHOfO npol..(ecca, B03MO)KH0 T011bKO npH 
U(i)=1. ,Q11s:1 HTepal..(HOHHOfO npol..(ecca 3TO 03HaYaeT, YTO rpaHHYHOe 3HaY8HHe 
noTeHL.(Ha11a B npol..(eCce HTepal..(Hi1 He06XOAHMO n0110>KHTb paBHbiM 1. T011bKO B 

3TOM C11yYae see 3aps:!Abl BO BCeX KOHTp011bHbiX TOYKax BbiYHC11s:IIOTCs:! eAIIIHbiM 
cnoco60M. 0TCIOAa B03HIIIKaeT He06XOAIIIMOCTb HOpMlllpOBKlll noTeHL.(llla11a 8 

AaHHOi1 KOHTp011bHOi1 TOYKe no OnOptJOMY !1 HOpMlllpOBKH no11yYaeMbiX 3HaYeHllli1 

3aps:!AOB TaK)f(e no 3HaYeHHfO onopHoro 3aps:~Aa. 
PacYeT HaYHeM C TOrO, YTO 8 KaYeCT8e HaYMbHOrO npH6m1)KeHllls:! norpe6yeM 

paseHcrsa scnoMoraTe11bHbiX 3aps:!AOB Me~y co6oi1: q(1)=q(2)= ... =q(n)=1. 

noACYlllras noreH4111a11 s Ka~oM y311e noreHL.(Ha11bHOi1 nosepxHoCTH KaK cyMMY 

noreHL.(Ha11oB or Ka~oro ~13 n 3aps:!AOB, no11yY111M n 3HaYeHI1i1 noreH4~1a11os 

U( 1 ),U(2), ..• U(n). KaKlllM o6paaoM Bb16paTb 8811HY~1Hbl 3aps:~AOB Afls:l C11eAyrow,t.1x 

npH6m1)K6H!1~? CpasH~1M · 8KnaA or Ka)f(Aoro ~1HAv18HAyanbHOro 3aps:~Aa s noreH-

4111a11 KaKOro - 1111160 y311a ceTKt-1 noreHL.(llla11bHoi1 no8epxHocm. nycrb 3TOT yae11 

t.1M68T HOMep k, tfal16011bW!1~ BKnaA 8 ero nOT6Hl..(Ha11 no Cpa8H8Hl110 C BKnaAOM 

11106oro APYroro aaps:~Aa, KaK npaBH110, Aaer 3aps:!A, HaXOAs:!Ll!l1i1cs:~ Ha caMoM 
611H3KOM paCCTOs:!Hlllt-1. 8 HaWeM KOHKpeTHOM C11yYae OH pacn0110)f(8H B 

611H)f(a~weM y311e ceTKH 3aPs:!A08 1.1 paseH q(k). noreHL.(Ha11 L\8HTpa11bHoro y311a, a 

TaK)f(e 3aps:!A, eMy COOT88TCT8YIOL1!1.1~, np!1M8M ,ll.;1s:! BCeX warOB ~1Tepal..(lll~ B 

KaYecr8e onopHoro. noc11e nep8oro wara s pacYerax _noreHL\Ua11 8 l..(eHTpa11bHOM 

ya11e 6yAeT HMeTb MaKCHMa11bHoe 3HaYeHllle. OrpaHHYIIlMCs:! Ails:! npocTOTbl 

aHa11H3a paccMorpeHHeM T011bKO AlllaroHa11bHbiX y311o8, 3aPSJAOB ~1 noTetfl..(Ha11oB. 

nycTb noTeHL.(Ha11 l..(eHTpanbHOrO yana pa8eH U(m+1). CoonmweHHe Me~y 
noTeHL.(HMaMH AHaroHa11bHbiX Y31108 6yAeT Bblrlls:!A8Tb CJ18AY!Oll!lr1M o6pa30M: 

U( 1 )<U(2)< •.• <U(m)<Um+1 ). PaaAeJJIIIM no11yYeHHbre 3HaYeH~1s:! · noreHL.(!.1aJl08 

8cex ya11o8 ceTKH Ha aHaYeHHe onopHoro. noc11e aro~ onepal..(lllt-1 

OTHOCHTellbHble, HOpMHp08aHHble no onOpHOMy 3HaYeHHs:! nOT8Hl..(~1all08 

At.1aroHallbHbiX yano8 aanv1wyrcs:~ cneAYIOLl!HM o6paaoM: U( 1,1 )<U(2, 1 )< .•. 

<Urn, 1 )<U(m+1, 1 ), a U(m+1, 1 )=1. nep8as:! 4l-1cPPa 8 CK06Kax 0603HaYaeT HOMep 

yana, 8TOpas:~ - HOMep wara HTepal..(HH. . 8 AallbHe~weM 8cerAa 6yAeM 

HCnOilb308aTb TOilbKO HOpMHp08aHHble 3HaYeHllls:l. noTeHL.(V.all08 80 8C8X yanaX H . . ' . 
HOpMt.1p08aHHbl8 )!(8 3HaYeHI.1s:! 8C8X 3aps:!A08. 8 .. COOT88TCT8111H C 8b1We 

npH88A8HHbiMH pacc~eHHs:!MH rlpliiM6M Cll8AYIOL1!H~ cnoco6 8bl6opa 881lt.1YHH 

3aps:!A08 Ails:! KaAAOrD nOCil6AYIOL1!8fO i+1-ro nplii6Jlv1)f(8Hllls:!: 
q(k,i+1 )=q(k,i)/U(k,i). (4) 

Mbl 8HA811H, YTO TaKO~ cnoco6 onpeAelleHHs:! 3aps:!A08 Ails:! 8CeX CJ18AYIOLl!IIIX 
waro8 yHIII8epCalleH Ill He 3a81.1CHT OT COOTHOW8Hllls:l nOT8Hl..(Hall08 no 

OTHOW8HH.IO K onopHOMy. np088A8M HOpMIIIP08Ky 3HaYeHH~ aaps:!AOB no 

onOpHOMy. 8 peayllbTaTe Afls:l AHarOHMbHbiX 3aps:!A08 nOilyYIIIM C118AYIOL1!88 
COOTHOW8Ht.18: q(1,1)>q(2,1)> ••• >q(m+1,1), a q(m+1,1)=1. PaCCMOTpliiM 

peaynbTar. nep8oro wara nocneA08aTeJlbHbiX nplll6nmKeHt.1~. EcnH U(k, 1 )< 

U(m+ 1,1 ), TOrAa Heo6XOAIIIMO Y88JllllYHTb noTeHL.(lllall 8 Y31l8 C HOMepOM k npt-1 
Cll8AYIOL1!8M npH6JlH)f(8HHH, Cll8A08aT8JlbHO, He06XOAIIIMO y8ellHYHTb k-~ aaps:!A. 

11 



B c11y<-~ae U(k, 1 )>U(m+1, 1) AJlfl yMeHbWSHHfl noTeHI..\Ha11a _ npH c11eAy10w,eM 

npL1611mK8HHL1 He06XOAHMO YMSHbWHTb k-£1 3aps:JA. JlerKO SL1A8Tb, YTO s 

COOTSSTCTSHL-1 C COOTHOW8HL18M (4) npOI..\SAypa L13M8H8HL1fl S811L1YL1Hbl 3aps:JAOS 

npm1CXOAHT asTOMaTHYeCKL-1. npH STOM OnOpHbl£1 3aps:JA H OnOpHbl£1 nOTSHI..\L-1311 

scerAa npHHHMaiOT SAHHHYHOe 3HaYSHL18, a 3HaYeHHfl OCTa11bHbiX nOT8HI..\L13110S 

. aBTOMaTHYSCKL-1 6YAYT CTpSMHTbCfl K 3HaYeHHIO OnopHOrO 3a CYST L13M8H8HL1fl 

sem1YL1Hbl COOTSSTCTSYIOW,ero 3apRAa S CTOPOHY yse11HY8HHfl L111L1 YM8HbW8HL1fl 

npH Ka)KAOM C118AYIOW,8M ware HT8P31..\HH. PaCYSTbl 33K3HYHSaiOTCfl npH 

AOCTL1)1(8HHH HS06XOAHM0£1 TOYHOCTL-1. HanpHMep, 8C11H AJlfl SCSX 3H3Y8HH£1 

_ nOT8HI..\Ha110S Bbln011Hfi8TCfl YC110SHe L\y<E, rAe L\U. =(U(k,i)-U( 1 ,i))/U( 1 ,i), a E 

s:JS11fi8TCfl HeKOTOp0£1 HanepeA 3aAaHH0£1 S811W-IL1H0£1, TO HTepaTHBHbiCi CYST 

MO)I(HQ 3aKOHYL1Tb. YMH0)1(8HL18 )1(8 B811HYHH, n011YY8HHbiX nOC11e CYeTa, Ha 

COOTB8TCTSYIOW,H£1 KOScpcpHI..\L18HT n03B011HT Sblpa3HTb n011YY8HHbl8 pe3y11bTaTbl S 

YHC11aX Ill COOTSSTCTSYIOW,I!IX 3118KTpL1Y8CKI!IX 8AI!IHI!II..\3X. npliiHfiTafl npOI..\8Aypa 

cyw,eCTS8HHO ynpow,aeT KOHTp011b 33 XOAOM paCY8TOS. 

3.3. On/IICAH/IIE AfliOP/IITMA 

TaKHM o6pa30M, npol\ecc peweHHfl 3aAaYH, H11H -era a11ropL1TM, AJlfl O,D,Horo 

38pfi>KeHHOro npOBO,D,HMKa COCTOHT 1!13 8 STanos Ill Sblr11fiAHT C118AYIOW,L1M 

o6pa3oM: 

1 ). PacYeT KOOPAHHar pa3Mew,eHHfl scnoMoraTe11bHbiX 3aPRAOS, C03Aal0w,Hx 

Ha nosepxHOCTH nposoAHHKa 3aAaHHbiL1 noreHI..\Iila11. PacYer KOOPAHHaT 

KOHTp011bHbiX TOYSK, pacn011Q)K8HHbiX Ha KpaTYa£1WeM paCCTOfiHHL-1 OT 

COOTS8TCTSYIOW,HX SCnOMOraT811bHbiX 3aps:JAOS Ha nosepXHOCTI!I 3aps:J)I(8HHOrO 

npCBOAHHKa. 8 KOHTp011bHbiX TOYKaX npOBOAHTCfl cpaBHSHL-18 Ha£1A8HHbiX 

3H3Y8Hiil£1 nOT8HI..\I!Ia11a C 3aAaHHbiM, T.e. nposepKa Bbln011H8HL1fl rpaHIIIYHbiX 

YC110SH£1. 

2). np~1CS08HL18 HaYa11bHOrO 3HaY8HIIIfl S8111!1YI!IHbl 3apRAa q=1 seeM 

scnoMoraTe11hHbiM 3aPRAaM. 

3). 8biYI!IC118H~1e nOT8HI..\IIIa110B Ha nosepXHOCH1 npOBOAHIIIKa S KOHTp011bHbiX 

TOYKaX. 

4). HopMIIIposKa scex SH08b no11yYaeMbiX 3HaYeHIIIL1 noreHI..\Iila11os noc11e 

Ka)I<Aoro i-ro wara 1!1Tepai..\L1111 U(k,i) no onopHoMy Un(k,i) = U(k,i)/U(1 ,i). 

5). 8bl'li!IC118Hiil8 HOSbiX 3HaYSHIII£1 3aps:JAOS AJlfl C118AYIOW,ero wara IIITepai..\HL-1 

no COOTHOWSHIIIIO q(k,i + 1) = q(k,i) / Un (k,i)m (m 2: 1). 

6). HopMI!IposKa scex SbiYI!IC118HHbiX npoMe)l(yTOYHbiX 3HaYeHIIIL1 3aps:JA08 no 

se11111YI!IHe onopHoro. 

7): Bbm011HeHI!Ie Aa11bHeL1wlllx pacYeTos. HaYIIIHas:J c Tperbero sTana AO 

MOM8HTa AOCTIII)I(SHI!Ifl HOpMIIIp08aHHOro 3HaYeHHfl nOTSHI..\IIIalla Un(k,i)=1±8U 

AJlfl SCSX TOYSK nosepXHOCTIII, rAe 8U - 33A3HHas:J.HaMIII TOYHOCTb. 

8). PacYeT HOSbiX 3HaYeHIIICi 33PfiAOS q(k)=q(k,i)/U(k,i), KOTOpble C03AaAYT 

noTeHI..\Iilan u = 1 Ha sce£1 nosepxHOCTH npH 3aAaHHOL1 norpewHOCTIII oU. 

Aa11ee no no11yYeHHOMY pacnpeAe11eHHIO 3apRAOS pewaercs:J ocH08Has:J 3aAaYa 

3118KTpOCT3TIIIKL1: onpeA811fiiOTCfl S8111!1YIIIHbl S118KTPIIIY8CKI!IX n011e£1, nOT8HI..\11131108, ' 
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SKSiilnOTSHI..\111311111, KapTa Clll1108biX 11111Hiil£1 S118KTpHY8CKOrO n011fl, nosepXHOCTHas:J 

n110THOCTb 3aps:JAOS L-13 COOTHOWSHI!Ifl a=cfi,, , a Tal()l(e APYrllle xapaKTepHCTI!IKH 

CIIICT8Mbl. 3aAaYa pewaeTCfl S npocrpaHCTSe 11111111 Ha n110CKOCTI!I S 3a8111CHMOCH1 

OT nocTas11eHHoL1 3aAaYI!I. 

4. nplitMeHeHI!te npeAJlO)f(eHHQrO MeTOAa K peweHI!tiO KOHKpeTHbiX 

3aAa'-1 

4. 1. 3APR/l,bl HA nf70CKOU CETKE 

A11R nposepKIII 111 orpa6oTKIII MeToAa S03bMeM s KaYeCT8e ocHOSHo£1 

nOT8HI..\Ha11bH0£1 n088pXHOCTIII n110CKYIO KS3ApaTHYIO n088pXHOCTb C CSTK0£1, 

o6pa30S3HH0£1 S3aHMHO nepneHAIIIKY11flpHbiMH 11HHIIIfiMIII C paSHbiM warOM. 

BcnoMorare11bHOL1 no8epxHOCTbiO Afls:J sroro c11yYas:J C11Y)I(IIIT TOYHO raKas:J )Ke 

nosepXHOCTb, pa3M8W,8HH3fl OT. OCH08H0£1 n088pXHOCTH Ha paCCTOs:JHL-1111 d. B 

y311ax scnoMorare11bHOL1 no8epxHocrH pa3Mew,aiOTCs:J roYeYHble 33PSJAbl. noYeMy 

Sbl6paHa n110CKaSl KS3ApaTH3Sl n088pXHOCTb npo80AH111Ka? 3TOMY SCTb no 

KpaL1HeCi Mepe Tplll npiiiYIIIHbl. 

- 0rpaHI!IYeHH3Sl S npocrpaHCTSe n110CKOCTb, Hecyw,aSl 33PSlAbl, 8 OT111!1Yiil8 OT 

33MKHYT0£1 Kplii8011111H8£1H0£1 nosepXHOCTIII, nOM0)1(8T npOC118AIIITb S11111SlHIIIe Kpaes 

Ill ee yrna. B STIIIX MSCTaX n110CKOCTI!I 8 COOT88TCT8111111 C 33KOHOM S118KTpOCTaTIIIKIII 

no cpa8H8HHIO C l\SHTpOM Ha01110A38TCSl YS811111Y8H1118 J:]OSepXHOCTH0£1 n110THOCTIII 

3apSlA08 Ill yse11HY8Hiil8 S118KTPIIIY8CKOrO n011fl, AOCTiilraiOW,ero MaKCIIIM311bHOro 

3HaYeHIIISl s yr11ax. 

Ha 111060£1 nOT8Hl\111311bH0£1 nosepXHOCTI!I HOpM311bHaSl COCTa811SliOW,3Sl 

3118KTPL1Y8CKOrO n011Sl A011)KHa 6b1Tb pasHa no11HOMY 3H3Y8HIIIIO n011Sl S 

COOT88TCT8111111 C Sblpa)I(8HL18M E = -grad q>. Ha n110CK0£1 nosepXHOCTI!I STO 

no110)1(8HIIIe 11erye noAAaercs:~ nposepKe. 

- Pe3y11bTaTbl, npeACTaS118HHble S npSlMOYrD11bH0£1 CIIICTeMe KOOPAIIIHaT, 

Sl811SliOTCSl xopmue£1 Harns:JAH0£1 L1111110crpal\HeL1 H n03S011SliOT CYAIIITb o 

npa811111bHOCTL1 npeAJ10)1(8HHOrO M8TOAa. 

3m TPH ¢aKTopa A011)KHbl o611erYIIITb npo8epKy 8bl6paHHoro anropHTMa, 

OnpeA811111Tb OnTL1Ma11bHOe COOTHO.W8HHe Me)I<Ay paCCTOSlH~~eM OT nosepXHOCTL1 C 

33PRAaMH AO nosepXHOCTL1 3apSl)I(8HHOro npOSOAHIIIKa d H WaroM C8TKL1 a, a 

Tal()l(e pa3pa6oTaTb npllleMbl peweHIIISl 3aAaY. 

Pa3M8CTL1M n110CKOCTb 3aPSJAOS Ha paCCTOfiHIIIH d =1 MM OT nOT8Hl\Ha11bH0£1 

n110CKOCTH. noKpOeM 8bl6paHHYIO nOT8Hl\L1a11bHYIO n110CKOCTb CeTK0£1 ~13 900 
Sl'l88K (p111C.3), o6pa30SaHH0£1 S3aiiiMHO nepneHAL1KY11SlpHbiMIII 11L1HHSlML1 C waroM 

a, paSHbiM 1 MM, (C11yYa£1 a=d). 1-'13 YCJlOSH£1 CIIIMMeTpllllll HeT He06XOAL1MOCTL1 

paccYIIITbl8aTb noTeHLtHa11 AJlSl · scex 31 ~31 y311os noreHl\Ha11bHOL1 n110CKOCTH. 

AocraTOYHO CAe11aTb pacYeT AJlSl y311a s HaYa11e KOOPAHHaT, HaXOAs:~w.erocs:~ s 

u,eHTpe ceTKH, AJlSl y311os Ha ropiii30HTa11bHOCi 11111HHIII od, HCKlliO'-laR·l\eHTp, AO 

rpaHHl\bl ceTKH (15 y311os). Aa11ee H~Ho Sbln011HHTb pacYeT AJlSJ y3no8, 

ne)KaW,HX Ha AlllaroHanlll be, o-iceKa10w,eL1 SMecTe c ropH30HTanbHoL1 JlHHHe£1 

npiiiMepHo 1/8 n110W.3AI!I' K8aApaTa (15 y3nos). 1-1 pa6oTa 3aKaHYHsaercs:~ 
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Pille. 3. LJaeTb KB(lApaTHO~ nnoeKOeTIIl, Ha KOTOpO~ 3aAaHbl KpaeBble yellOBIIlfl: 
nOTeHUIIlaJl Bbl'lllleJlfleTefl B KOHTpOilbHbiX TO'lKaX, 0603Ha'l8HHbiX KpeeTIIlKaMIIl. 
To'le'lHble 3aPfiAbl, eo3Aa10w,llle 3aAasaeMyiO _ senlll'llllHY noTeHUIIlana, 

pa3Mew,eHbl no y311aM TO'lHO TaKO~ :>Ke eeTKIIl 

pae'leTaMIIl AJlfl OeTaJlbHbiX 105 y3110B, Ile:>KaW,IIlX M8:>KAY roplll30HTa11bHO~ JllllHIIle~ 
od Ill AlllaroHaJlbiO DC (pllle. 3). 06w,ee 'lllleJlO TO'l8K AJlfl pae'leTa eoeTaBIIlT m= 
136. TaKIIlM o6pa30M, lll3-3a elllMMeTpllllll B AaHHOM KOHKpeTHOM eny'lae YAaeTefl 
eoKpaTIIlTb BpeMfl e'leTa B 7 pa3. noAe'llllTaB noTeHUIIlaJl B Ka:>KAOM lll3 m= 136 
y3nos noTeHUIIlallbHO~ nnoeKoeTIIl KaK eyMMY noTeHulllanos oT Ka>KAoro lll3 961 
3apfiAOB, nony'llllM m 3Ha'leHI-1~ noTeHUIIlanos U(1 ),U(2), ... U(m). npllleBOIIlM 

OeTaJlbHbiM y3JlaM eeTKIIl eOOTBeTeTBYIOW,IIle 3Ha'l8HIIlfl nOT8HUIIla110B Ill 

npoAOil:>KIIlM pae'leT. 
Pe3y11bTaTbl JipeAeTasneHbl Ha pllle. 4. Ha HeM noKa3aHa 3aBIIlelllMOeTb 

noTeHUIIlana BAOilb AlllaroHalllll nnoeKoeTII1, npeAnonaraeMo~ B Ka'leeTBe 
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I I ____.- s•//-~ln 
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2 4 6 8 10 12 14 16 

Pille. 4. 3asll1e~MoeTb noTeHU111ana BAOJlb A111aroHa11111 oc (p111e. 3) noene 25 waros 
111Tepau111~. Benll1'lii1Ha k -ro 3aps:1Aa AJlfl eneAyiOw,ero i+1 wara 111Tepau111111 

paee'lii1Tb1Ba11aeb no eOOTHOW8HII110_ q(k,i+1 )=q(k,l)/ Um (k,l) . 3Ha'l8HII18 eTeneH111, 

/m yKa3aHO OK~JlO eOOTB8TeTBYIOW,II1X Kpii1BbiX, n - HOMep Y3Jla 
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noTeHull1a11bHO~. no 0e111 a6eu111ee. OTJlO:>KeH HOMep Y3~a eeTKII1, nepBbl~ HOMep 
eooTBeTeTsyeT 1-My y311y, eneAyiOw,eMy noene. ueHTpallbHoro. Pe3y11bTaT .AaH 
noene 25 111Tepau111~. · 

8bl'lllle118HII1fl 3aps:!AOB 6bl11111 BblnOJlHeHbl B eOOTBeTeTBII1111 e Bblpa:>KeHI-18M 

q(k,i + 1) = q(k,i) I U(k,i)m. Ha p111eyHKe 3Ha'leHII1fl eT~neHII1 m o6o3Ha'leHbl 

Ulll<j:lpaMI-1 OKOJlO eOOTBeTeTBYIOW,ero paenpeA811eHII1fl. t.-13 pii1CYHKa eJleAyeT, 'lTO 
TOJlbKO B o6naeTII1 1113 18x18 fl'l88K nOT8HU111a11 U(x,y)=:1. 80 Bee~ OeTaJlbHO~ 
0611aCTIIl Ha nOT8HU111a11b,Hbl8 paenpeA8118HII1fl OKa3biBaiOT 60JlbWOe BJ1111fiHII18 Kpafl 
nosepXHOeTII1. npii1MeH8HII18 AJlfl Bbl'lll1eJ18HII1fl 3apf1Aa Bblpa:>KeHII1fl 

q(k,i + 1) = q(k,i) I U(k,i)m BMeeTo Bblpa:>K8HII1fl q(k,i+1 )=q(k,i)/U(k,i) np111seno K 

eoKpaw,eHIIliO 111TepaTII1BHoro npouecea. 
Ha p111e. 5 noKa3aHO OTHOeii1Te11bHOe paenpeA8118HII18 3apfiAOB B OAHOM 1113 

KBaApaHTOB eeTKII1, . Heeyw,e~ TO'l8'lHbl8 3apf1Abl B eBOII1X Y311aX. Ha 118BOM 
p111eyHK8 nOKa3aHa nOJlHafl KapTII1Ha, Ha npaBOM npii1B8A8HO paenpeA8118HII18 B 

Pille. 5. PaenpeAeneHII1e B811111'lii1H TO'le'lHbiX 3apfiAOB Ha 'leTsepTII1 .nnocKoeTII1 
nocne 25 111Tepaulll~. nonHoe paenpeAeneHII1e noKa3aHo enesa, enpasa noKa3aHo 

paenpeAeneHIIle B yseJ1111'leHHOM MacwTa6e 

6onee KpynHoM MaewTa6e. · 3apfiA 111 noTeHul-'lan B ueHTpe eeTKII1 npi-1Hf1Tbl 
paBHbiMII1 8A111H111U8. t.-13 p11eyHKa B111AHO, 'lTO npoll1eXOA111T YB811111'l8HII18 3apfiAOB OT 
ueHTpa K KpafiM B eOOTB8TeTBII1111 e 3aKOHaMII1 . 3JleKTpOeTaTII1KII1. 3aTeM 
Ha61110AaeTefl yMeHbWBHII1e Be11111'lii1H 3apfiAOB, a 3aTeM cHosa 111x poeT. 
Ha1116onbwee 3Ha'leHIIle senll1'lii1H 3apHAOB npii1XOA111TCfl Ha nepii1MeTp eeTKII1, a 
MaKelllMa11bH08 3Ha'l8HII18 111M810T 3aps:!Abl B yrnaX eeTKII1 (IleBafl 'laeTb p111e. 5). 

Tpe6osaHII1e paBeHeTsa.noTeHU111aJla BAOilb nepii1MeTpa eeTKII1 noTeHU111any 
ueHTpa npii1BOA111T K poeTY se11111'lii1Hbl 3apHAOB nepii1MeTpa. 3apf1Abl, 
paenOJlO:>KeHHble BAOJlb nep111MeTpa, 1113-3a esoe~ 60JlbWO~ Be11111'lii1Hbl 
onpeA811fiiOT noTeHUII1aJl He TOJlbKO no nepii1MeTpy eeTKII1, HO 111 B 0611aeT111, 
nplllMbiKaiOW,8~ K nep111M8Tpy. no3TOMY 1113-~a paBeHeTBa nOTeHUII1aJla B 0611aeT111 
nepii1M8Tpa noTeHUII1a11y UeHTpa aBTOMaTII1'l8eKII1 np111 Ka:>KAOM ware 111Tepaull1~ 

BMeeTe e yseJ1111'leHII1eM 3apfiAOB nepii1MeTpa npoll1eXOAII1T yMeHbWeHII1e se11111'lii1Hbl 
3aps:!AOB BAOilb 611111:>Ka~WII1X 11111i-m~ K nepii1MeTpy, 'lTO 111 OTpa:>KeHO Ha p111e. 5. 

t.-13 pe3y11bTaTOB pae'leTOB 51eHO, 'lTO B3f1Tafl nnoeKafl nosepXHOeTb no eBOII1M 
pa3MepaM H8AOeTaTO'lHa AJlfl Bbln011H8HII1fl Ka'leeTB8HHOrO aHa111113a. nosTOMY 
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AJlfl AaJlbH8C1WltlX paC48T08 6bllla 83f1Ta nllOCKafl K8aApaTH3fl no8epXHOCTb 

pa3M8pOM 50x50 fi488K C T8Mltl )1(8 3Ha48Hltlf1Mltl a ltl d, T.e. no 1 MM. 

noreH~MaflbHbte pacnpeiJ,eneHMR. Pe3yllbTaT CYeTa 8A011b 'laCTltl AltlaroHallltl 

np~t~8eAeH Ha p~t~c. 6; Ha · HeM noKa3aHa 3a8ltlCltlMOCTb noTeHu~t~ana aT HoMepa 
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1.0075 
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1.0025 

0.9975 
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n 

18 19 20 21 22 23 24 25 

PltlC. 6. noTeHUltlaJlbHble pacnpeA8118Hltlfl 8 y3nax AltlaroHallltl npfiMOyrOllbHOCl 

ceTKltl pa3MepoM 50x50 fiYeeK, nocne 20, 30 1t1 50 waro8 lt!Tepau~t~Cl, rpacj>lt1Kit1 1, 

2 ltl 3 COOT88TCT88HHO 

y311a AJ151 20, 30 1t1 50 lt1TepaUit1C1, 1-e, 2-e 1t1 3-e pacnpeA8118Hit1fl COOT88TCT88HHO. 

81t1AHO, YTO nocne 50 lt1TepaUltlel YaCTb. nllOCKOCTit1 pa3M8pOM 23x23 51488K 

npaKTit148CKit1 51811518TC51 3K81t1nOT8HUltlallbHOC1 lt1 pa3M8p C8TKit1 8nOJlH8 nplt18Mll8M 

AJlfl AallbHeelwero aHallltl3a. Ha p111c. 7 noKa3aHo noTeHUit1allbHoe pacnpeAeneHit1e 

1.01 

1.008 

1.006 

1.004 

1.002 

0.998 

u 

I 
I 

>-··--- ---+-- -··-···-·- -·-· 

I 

n 

I 
18 19 20 21 22 23 24 25 

P~1C. 7. noTeHUltlaJlbHble pacnpeA8118Hit151, pacCYltlTaHHble 8 Y31laX Alt1aroHalllt1 (a) lt1 

oc111 a6cu111cc (6) np51MoyronbHOC1 ceTKltl pa3MepoM 50x50 51YeeK, nocne 50 waro8 

lt1TepaUltlel. 3ap51Abl paCC41t1Tbl8allltlCb 1113 COOTHOW8Hltl51 q(k,i+1)=q(k,t)/Um (k,t) C 

noKa3aTeneM cTeneHit1 m=6 
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no y3naM ceTKit1 8A011b ee AltlaroHanlt1 (o6o3Ha'leHo 6yK8oel a ) 1t1 pacnpeAeneHitle 

BAO-':'b oc111 x ( 6). Benltl'liiiHa noTeHUit1ana a 24 y311e ocltl, pa8Ha51 1 ,004, MeHbwe 

3HaYeHII1fl 8 TaKoM )1(8 y3ne Ha Alt1aroHanlt1, paeHoM -1 ,01. 3Ta pa3Hit1Ua Bbl38aHa 

T8M 06CTOfiT81lbCTBOM, YTO 88Jlltl'llt1Ha nOC118AHero 3apf1Aa Ha AltlaroHalllt1, 

KOTOpblel 8 OCHOBHOM onpeA8Jlfi8T nOT8HUit1all 8 24 Y3118, 6onee 48M Ha nop51AOK 

npeeblwaeT 881llt141t1HY nocneAHero 3ap51Aa Ha ocltl ceTKit1. Ha p111c. 8, 9 a 111 6 

noKa3aHO,. KaK lt13M8H518TC51 nOT8HUltlall B 3aBit1Cit1MOCTit1 OT 'llt!Clla lt1Tepault1C1," 

COOTB8TCTB8HHO, B 25-M 1t1 24-M Y31laX Alt1arOHallltl, npltl6Jlltl)l(a51Cb K npeA8JlbHOC1 

B8Jllt141t1H8. 
u 

1.04 ..-,--,----.---~---..-------,----, 

1.03 

1.02 

1.01 

~~~~-------t-------r----------~ n 

0.99 LJ___L _ _L_ __ __L_ __ __;_ ___ ~__j 

10 20 30 40 

Plt1C. 8. noTeHUltlall 8 npeAnOC118AH8M - 24 Y3118 Alt1aroHaJllt1 B 3aBit1Cit1MOCTltl OT 

'lltlcna lt1Tepault1C1 n 

Ha paccTOfiHit151X, eo MHoro pa3 npeBbiWaiOLUit1X pa3Mep 3aHit1MaeMoel 

3ap51AaMltl (06JlaCTit1, 8 COOTB8TCTBit1ltl C 3aKOHOM KynoHa, 3KBit1nOT8HUit1aJlbHOC1 

n088pXHOCTbiO 6yAeT ccj>eplt148CKa51. nplt1 nplt16Jllt1)1(8Hltlltl K CltlCTeMe 3ap51AOB 

3aMKHYTa51 nOT8HUltlallbHa51 n088pXHOCTb lt13M8Hfi8T C8010 KOHcj>lt1rypaUit110, 1t1 8 

0.9975 

0.995 

u 

·! 

.j 0.9925 . 

I 1/ <I I .i I 
o.99 • I 1 

0.9875 •··----

0.985 

0.9825 L.___..!.._.J..._ _ __t. __ _._ __ ..L-_ _ _. 

·o . 30 40 

P~t~c. 9 a. noTeHu~t~an 8 nocneAHeM - 25 y3ne A~t~aroHanlt1 8 3a8ltlCltlMOCTltl aT 

'lltlcna lt1Tepault1C1 n 
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P111e. 9 6. Ta >Ke 3aBI-1el-1MOeTb, 4TO 111 Ha p111e. 9 a, Ho s 6onee KpynHoM MaewTa6e 

HaWeM KOHKpeTHOM eny4ae H8KOTOpbl9 ee y4aeTKI-1 eTaHOBSlTeSl nnoeKIIIMI-1. TaKIIIM 

o6pa30M, <t>aKTI-148eKI-1 Mbl paeeMaTplllBaeM . HeKOTOPYIO 3aMKHYTYIO 

noTeHU,IIlallbHYIO nosepXHOeTb, o6pa30BaHHYIO 3apS1AaMI-1, pa3M8UJ,8HHbiMI-1 Ha 

KBaApaTHO~ nnoeKOeTI-1. 

noeMOTplllM, KaK :na nosepXHOeTb BblrllSlAIIIT B ee49Hl-1111 BAOJlb AlllaroHaJll-1. 

LfaeTb ee48Hl-1Sl BAOJlb AlllaroHalll-1 noKa3aHa Ha p111e. 10, Ha HeM 100 A8119Hl-1~ no 

1001 I 

50 --~-·-

0 X 

-SOt-!~ t~l- ttJt 
-1oo I I _ -- -- ·----
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Pille. 10. BillA Kpa~He~ 4aeTI-1 ee49Hl-1Sl BAOJlb AlllaroHalll-1 OeHOBHO~ 

noTeHU,IIlaJlbHO~ nosepXHOeTI-1, OKpy>KaiOUJ,e~ KB8ApaTHYIO eeTKY e T0494Hb1Ml-1 

3apS1AaMI-1 {noKa3aHbl T04KaM111). rpaHI-14Hbl9 yellOBIIISl u=1. 

100 A9119Hl-1~ WKallbl eOOTB9TeTBYIOT 1 MM 

' 
OeSlM eOOTBeTeTBYIOT 1 MM B npoeTpaHeTBe. Ha p111e. 11 a noKa3aHa 4aeTb 

ee48Hl-1Sl OeHOBHOVi noTeHU,IIlaJlbHOVi nosepXHOeTI-1 nnoeKOeTbiO X-Z. TaM >Ke 

noKa3aHbl 2 ee4eHI-1Sl ew,e ABYX noTeHu,lllallbHbiX nosepxHoeTe~. paenono>KeHHbiX 

Bb1W8 Ill_ Hlll>Ke OeHOBHO~. B ee48Hl-1111 nOT9HU,l-1allbHO~ nosepXHOeTI-1, HaXOASlW,e~eSl 
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P111e. 11 a. BillA 4aeTI-1 ee4eHI-1Sl oeHOBHoVI noTeHu,lllallbHOVi nosepxHoeTI-1 ( epeAHSlSl 

KPIIIBaSl) Ill nOT9HU,l-1allbHbiX nosepXHOeTe~, HaXOASJUJ,IIIXeSl BbiWe 111 Hlt1>K9 OeHOBHO~ 

100 A9119Hl-1Vi WKallbl eOOTBeTeTBYIOT 1 MM 
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Pille. 11 6. LfaeTb ee49Hit1Sl OeHOBHOii1 nosepXHOeTitl _ B yseJllt149HHOM MaeWTa6e. 

nlllKI-1 BOJlHIIleTO~ eTPYKTYPbl eOOTBeTeTBYIOT paenOilO?KeHI-110 3aps:iAOB-

Hlll>Ke oel-iosrioVI, nepl-10A1114eeKaSl e'rPYKTYPa · s MeeTax pae'nono>KeHIIISl T04e4HbiX 
3apSlAOB MeH'ee. Bbrpa)i{eHa, 49M. BAOilb ._AIIlaroHalll-1·-·.· LJaeTb, ee4.9Hl-1Sl OeHOBHOVi 

nOTeHU,IIlallbHOVi nosepXHOeTI-1 B yBelll-14eHHOM Macw-fa6e rmKa3aHa Ha . p111e. -116. · 

Ha SKBI-1nOTe,HU,l-1alllt1 '~a6Jl10AaEnCSl nepl-10A1114ee-KaSl. CTpyrrypa, onpeA911SleMaSl 

eooTseTeTBYIOW.IIIMI-1 ni4e4HbiMI-1. 3aP~AaMI-1, noTeHu,lllanbHaH KPIIIBaSl YAMSJeTeSl oT 

nnoeKoeTitl 3aPSlAOB, 'eneAOBaTellbHO; . np0111CXOA1t1T poeT, noTeHU,IIlalla npl-1 

nOCTOSlHHOM 3Ha4E;!Hl-1111 z. 3-roi poeT Bbi3saH 06UJ,It1M YB91llt149Hit1e'M .T0494HbiX 

3apSlAOB K. KpaHM GeTKitl (plllC. '5)~ Ha p111e. 12 noKa3aHO ee49Hl-1e oeHOBHOVi 

noTeHu,lllcillbHOV! nosepxHoeTitl nnocKoeTbiO z=O. Ha oeHosaHit11t1 pHcyHKOB 1 0~ 12 

BnOilHe MO)KHo npeACTaBit1Tb <t>opMy OCHOBHOVI ninel-iu,L.tanbHOV! nosepXHOCTitl AJlSl 

ellleTeMbl To4e4Hblx 3apSJ)J.os, pa3Mt'm.teHHbix ·no y3naM "npSJMoyronbHo~ eeTKitl Vi· 
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PHC. 12. YaCTb CeYeHHH OCHOBHO~ noTeH~HanbHO~ nosepXHOCTH nnOCKOCTb~ 

z=O, a KOTopo~ pacnono:>KeHbl scnoMoraTenbHble TOYeYHble 3apHAbl 

o6ecneYHBa~W,HX nnOCKH~ yYaCTOK 3KBHnOTeH~HanbHO~ nosepXHOCTH 8 ee 

~eHTpanbHO~ YaCTH. 

Pacnpe,D.eneHMfl aneKTpw-1ecKMX nonei!t. PaccMOTPHM KaK snHHeT Ha 

sneKTPHYeCKOe none H era HOpManbHy~ COCTaBml~W.Y~ COOTHOWeHHe Me)I(Ay 

paCCTOHHHeM d OT nosepXHOCTH C 3apHAaMH AO nosepXHOCTH 3apH:>KeHHOrO 

npoBOAHHKa d 1-1 waraM ceTKH a. 3asHCHMOCTH sneKTPHYeCKora nonH E 1-1 

nOTeH~Hana <p OT paCCTOHHHH Me:>KAy 3apHAOM 1-1 MeCTOM Ha6n~AeHHH AnH 

TOYeYHOrO 3apHAa onpeAenH~TCH COOTHOWeHHHMH: E -1/r2 H <p -1/r. 86nH3H 

CaMara 3apHAa sneKTpl-1YeCKOe none 6biCTpee cnaAaeT B 3aBHCHMOCTH OT 

paccTOHHHH r, YeM noTeH~Han. YAaneHHble 3apHAbl oKa3blsa~T 6onbwee 

BnHHHHe Ha senHYHHY noTeH~Hana 8 TOYKe Ha6n~AeHHH, YeM Ha senHYI<IHY 

sneKTPHYecKoro nonH. nosn)My Hcnonb30BaHHe An~ aHanH3a 3aBHCHMocm E(r) 

no3sonHeT H36paTb 6onee YYBCTBHTenbHbl~ cnoco6 nposepKH pe3ynbTaTos 

HTepaTHBHOra npo~ecca, YeM 3aBHCHMOCTb <p(r). no aHanH3y noBeAeHHH 

sneKTpi-1YecKoro nonH Ha npeAnonaraeMo~ noTeH~HanbHO~ nosepxHOCTH MO:>KHO 

6onee TOYHO o6ocHosarb cooTHoweHHe Me:>KAy paccTOHHHeM 3apHAOB APYr OT 

Apyra 1-1 paCCTOHHHeM Me)I(Ay nosepXHOCTb~ BCnOMOraTenbHbiX 3aPHAOB H 

nosepxl-iocTb~ npoBOAHHKa. B HaweM YaCTHOM cnyYae nosepxHOCTb npoBOAHHKa 

AOil:>KHa 6b1Tb nnocKo~. EcnH noTeH~HanbHaH nosepxHOCTb HJJH_ ee ceYeHHe ·He. 

HMe~T 3aMeTHbiX BOmioo6pa3HbiX OC06eHHOCTeti, TO 3TO ew,e He 03HaYaeT, YTO 

HX HeT B pacnpeAeneHHHX nonH. 3neKTpHYeCKOe none BAOnb n~60~ nHHHH Ha 

nnOCKO~ noTeH~HanbHO~ nosepXHOCTH He AOmKHO HMeTb yKa3aHHbiX 

oco6eHHOCTe~. HopManbHaH cocTaBnH~w,aH sneKTpHYecKora nonH AOn:>KHa 6b1Tb 
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PHC. 13. 3aBHCHMOCTb nOJlHO~ aenHYHHbl 3JleKTpl-1YeCKOrO nonH , BbiYHCneHHO~ 8 

y3nax AHaroHanH CeTKH (sepXHHH KpHBaH) H Me:>KAy ee y3naMH (HH:>KHH51 KpHBaH) 

8 TOYHOCTH pasHa nOJlHO~ BeJlWJHHe nOJlH. TaKOBbl ABa Tpe60BaHHH K 

3KBI-1nOTeH~HaJlbHO~ nosepXHOCTH, BbiTeKa~w,He 1-13 noBeAeHHH aneKTPHYeCKOrO 

nonH Ha nosepxHOCTH npoBOAHHKa. Ha pHc. 13 noKa3aHo pacnpeAeneHitle 

nonHo~ senHYHHbl nonH E,. BbiYHCJJeHHO~ BAOnb AHaroHanH a y3nax nnocKOCTit1 

(sepxHHH KpHBaH) 1-1 Me:>KAY Y3IlaMH. Ocb a6c~Hcc - npoeK~HH paccTOHHit1H Me:>KAY 

y3naMH. HecMoTpH Ha paseHCTBO nonHo~ senHYHHbl nonH 1-1 era HopMaJJbHO~ 

COCTaBJlH~W,e~ 8 yKa3aHHbiX TOYKaX pacYeTa, B npoMe:>KyTKaX Me:>KAY y3naMH 

aneKTplt1YecKoe none MeHbWe, YeM a y3nax. Ha p111c. 14 npeACTasneHa 

3aBHCHMOCTb nonHo~ senHYHHbl rionH E, BAOJJ·b-OCH x a y3nax 1-1 Me:>KAY HHMH. 

PacnpeAeJJeHHe npeACTaBnHeT C06o~ MOHOTOHHY~ <f>YHK~l-1~- .6e3 BHAHMbiX_ 
OC06eHHOCTeC1. - - - - -
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PHc. 14. 3aBit1Cit1MOCTb nonHo~ senlt1Yl-1Hbl sneKTplt1YeCKora nonH • BbiYit1CileHHOC1 B 
y3nax 0Cit1 OPAHHaT (sepXH5151 Kplt1Ba51) 1t1 Me:>KAy ee Y3IlaMit1 
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PacYeT )J.11Sl CeTKl-1 50x50 SlYeeK C a=1 MM l-1 d=1 ,4a noKa3all, YTO B 3TOM 

CllyYae BOJ1H006pa3Hble OC06eHHOCTH He Ha61110AaiOTCSl He TOJlbKO B 

pacnpeAeneHHH noreH~Hanos Ha see~ nnocKo~ YaCTH npeAnonaraeMo~ 

3KBHnOTeH~HallbHO~ nosepXHOCTl-1, HO l-1 B pacnpeAelleHHSlX 3JleKTpHYeCKHX 

none~ no 3TO~ nnocKOCTH, KaK 3TO 6brno paHee npH a=d (pHc.13). OrpaHHYHMCSl 

noKa30M 3aBHCHMOCTH Hanps:~)((eHHOCTH 31leKTpHYecKoro nons:~ E, Jl.11Sl cnyYas:~ 

d=1 ,4a TOllbKO BAOllb AHaroHanH. PacnpeAelleHHe E, npeACTasneHo Ha p1-1c. 15, 

Ha KOTOpOM CnllOWHaSl KpHBaSl npoBeAeHa Yepe3 Y31lbl CeTKH, B MeCTe 

pa3MeW,eHHSl TOYeYHbiX 3apSlAOB BAOllb AHarOHalll-1. TOYKaMH noKa3aHbl 3Ha'leHHSl 

·" nOJlSl B npOMe~KaX, Ha paBHOM paCCTOSlHl-11-1 Me)((Ay COCeAHHMl-1 3aps:JAaMH. 

nonHOCTbiO 3To pacnpeAeneHHe noKa3aHo Ha p1-1c. 15a, era HaYallbHbl~ yYacroK s 
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PHC. 15a. 3aBHCHMOCTb nOJlHO~ BellHYHHbl 31leKTpHYeCKOrO nOJlSl, BbiYHClleHHO~ 
B Y31laX AHaroHalll-1 (CnllOWHaSl KPHBaSl) l-1 Me)((Ay ee Y31laMr..1 (TOliKH Ha KpHi30i71).

PaCCTOSlHHe Me)((Ay OCHOBHO~ nllOCKOCTbiO C 3aAaHHbiMH rpaHHYHbiMl-1 

ycnoBHHMH u=l 1-1 nnocKOCTbiO c scnoMoraTellbHbiMH 3aPs:JAaMH pasHa 

paCCTOSlHl-110 Me)((Ay COCeAHHMH 3aps:JAaMH Ha AHarOHalll-1 (d=1 ,4 a) 

Et 

1.61-t--+--t-+--l---f-

1.511----t-+-+--1----! 
1.41---t---t---i-------t--+---hl 

1.1 r---t---t--+--=-4----+--

2_5 5 

X 

7_5 10 12_5 15 17.5 
P1-1c. 15 6. HaYallbHbl~ yYaCTOK pacnpeAeneHHSl, noKa3aHHoro Ha p1-1c. 15 a, B 

_ 6onee KpynHOM Macwra6e 
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6onee KpynHoM MacwTa6e - Ha pHc. 156. -3m pacnpeAeneHH~ ·- ncil<a3bu3aror 

npaBHJlbHOCTb CAellaHHbiX BbiBOAOB 0 COOTHOWeHH-SlX paCCTOSlHHSl Me)((Ay 

nosepxHocrbro c 3aps:~AaMH 1-1 HMHTHpyrow,e~ · nosepxHoCTbiO 3aps:J)((eHHoro l-ena. 

3TO paCCTOSlHHe He AOll)((HQ 6b1Tb MeHbWe paCCTOSlHHSl Me)((Ay COCeAHH_Ml-1 

AHaroHallbHblMH 3aps:JAaMH. 

AHanu3 u BbiBO,abl. OcHOBHO~ pe3yllbTaT - npaBHllbHocri:. npe)J.11o)((eHHbJX 

anropHTMa l-1 MeTOAHKl-1 peWeHHSl · OCHOBHO~ 3aAaYH 31leKTpOCTaTHKH )J.11Sl 

e,aUHCTBeHHOTO 38pR)KeHHOTO npOBOti,HI/IK8. noA60p MeCTa pa3MeW,eHHH-3aps:JAOB 

H HX BeJlHYHH n03BOJ1SliOT no <f>opMe npOBOAHHKa l-1 3aAaHHOMy Ha HeM 

noTeH~Hally nOllY'lHTb HCKOMOe peweHHe. 3TO peweHHe BClleACTBrrle TeopeMbl 

8AHHCTBeHHOCTH 6yAeT npaBHJlbHbiM. 

,LJ,pyme pe3yllbTaTbr: MHHHMallbHoe- paccros:JHHe Me)((Ay nosepxHOCTbiO, 

Hecyw,e~ TOYeYHble 3aps:JAbl, l-1 nosepXHOCTbiO, HMHTHpyrow,e~ nosepXH-OCTb 

npOBOAHHKa, paCCTOSlHHe Me)((Ay COCeAHHMl-1 TOYeYHbiMH 3apSlAaMH. ,lJ,JlSl. 6011ee 

TOYHbiX pacYeTOB 3TO paCCTOSlHHe d =1 ,41a ; YTO CJle,[i,yeT l-13 npiiiBeAeHHOro 

BbiWe npHMepa C CeTKO~, COCTOSlW,e~ l-13 KBaApaTHbiX Sl'leeK pa3MepOM axa. 

noreH~HaJlbHble pacnpeAelleHHSl Ha npeAnOnaraeMO~ 3KBHnOTeH~HallbHO~ 
nosepXHOCTH C MaKCHMYMOM B61ll-13l-1 nepHMeTpa nllOCKO~ YaCTH (pHC. 4,6) 

CBHAeTeJlbCTBYIOT 0 TOM, 'lTO Bbi60p KOHTpOJlbHblX TO'leK B61lH3H Kpaes 

nosepXHOCTH )J.11Sl pacYeTa noTeH~HallOB CAellaH He COBCeM KOppeKTHO. 3TO 

npHseno K KpaeBbiM 3<P<PeKTaM BAOllb scero nepHMerpa, HO npo6neMa nerKo 

pa3peWHMa, KaK 3TO 6yAeT noKa3aHO HH)((e. 803HHKWHe 3<f>cfleKTbl HHCKOJlbKO He 

MeWaiOT ycTaHOBHTb He06XOAHMO~ OnTHMallbHOe paCCTOSlHHe Me)((Ay 3apSlAaMH 

l-1 HMHTaTOpOM 3apSl)((eHHOro npOBOAHHKa, )J.11Sl 3TOrO HCn01lb3yeTCSl ~eHTpaJlbHaSl 
061laCTb. 

PaCCMOTpHM KOHKpeTHble npHMepbl, HJllliOCTpHpyrow,He 3<f><f>eKTHBHOCTb 

npe)J.110)((eHHOro.MeTOAa K 6011ee CJlQ)((HblM CHCTeMaM. 

. 4.2. AMA<PPArMA 
,lJ,Ha<f>parMbl C KPYrllbiM OTBepcmeM B ~eHTpe AOCTaTO'lHO WHpOKO 

npHMeHSliOTCSl npl-1 <f>opMHpOBaHHH nyYKOB HOHOB l-1 31leKTpOHOB HOHHbiX 

HCTOYHHKOB. 8 (22] AHa<f>parMa C KPYrllbiM OTBepCTHeM paCCMaTpHBaeTCH B 

Ka'leCTBe aHOAa 31leKTpOHHO~ QYWKH. 0Ha .SlBJlSleTCH .OAHHM l-13 31leMeHTOB 

31leKTpOCTaTHYeCKO~ CHCTeMbl 31leKTPOHHO~ OnTHKl-1, <f>opMHpyrow,e~ ny'lKH 

YaCTH~ HOHHOro HCTO'lHHKa (23]. _ _ . 

nepBbiM npo6HbiM KaMHeM)J.11Sl npeAJlO)((eHHOrO BbiWe MeTOAa SlBJlSleTCH era 

npHMeHeHHe K paCYery noTeH~Halla AHa<f>parMbl l-1 HeKOTOpbiX 3KBHnOTeH~HaJle~. 
BcnOMOraTeJlbHble 3apSlAbl pa3MeW,aJlHCb TOJlbKO B OAHO~ nllOCKOCTH no 

OKpy)((HOCTSlM. PaCCTOHHHe -Me)((A~,' 3aps:JAaMH no paAHYCY Bbi6HpallOCb paBHbiM 

pacCTOSlHl-110 Me)((Ay 3apSlAaMH Ha ·. HaH60JlbWe~ no AHaMerpy OKpy)((HOCTl-1. 

,lJ,HaMeTpbl BHyrpeHHe~ l-1 . BHeWHe~ OKpy)((HOCTe~ paBHbl 5 l-1 30 MM 

COOTBeTCTBeHHO. nnOCKHe YaCTl-1_ 3KBHfrOTeH~HaJlbHO~ nosepXHOCTl-1 orpaHH'leHbl 

OKpy)((HOCTSlMH c PaAHycaMH B 6 1-1 29 MM. Paccros:JHHe Me)((Ay nnocKOCTbiO 

3apSlAOB l-1 noTeH~HaJlbHO~ nllOCKOCTbiO d=1 MM. KOHTPOllbHble TO'lKl-1 AllSl -

pac'leTa noreH~Halla nllOCKO~ YaCTl-1 pa3MeW,aJlHCb Ha nllOCKHX y'laCTKaX 
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noaepXHOCH1 npon1B COOTBeTCTBYIOW.HX 3aps:JAOB, 3a lt1CKJJI04e!iltleM ·KpaeBbiX no 

PaAHYCY . aaps:JAOB. ,lJ,ns:J CBeAeHH>I K Mlt!HHMYMY KpaeBbiX 3cpcpeKTOB OKOJJO 
BHYTpeHHeH .lti.BHeWHeH rpaHH~ AHacpparMbl KOHTpOllbHble T04Kit1 6blm1 B351Tbl B 
nJJOCKOCTitl 3aps:JAOB. _ 0HH pa3MeW,aJJit1Cb Ha TOM - )!(e paAHyce, 4TO 1t1 
BCnOMOfaTellbHble 3aps:JAbl, Ha paCCTOs:JHitlltl, paBHOM d/2 OT nocJJeAHHX: -
YMeHbWeH~t~e - paccTOs:JHHs:J B 3TOM cnyyae no cpasHeHHIO · c noAo6HbiMH 

paCCTO>IHitls:JMitl Alls:J nJJOCKOH 4aCTit1 AHacpparMbl ' cyw,eCTBeHHQ· yMeHhWaeT 

Belllt141t1HY KpaHHHX aaps:JAOB. 3Tit1M CaMbiM YCTpaHs:JeTCsl KpaeBOH :3cpcpeKT rpaHH~ 

roiocKoro aneKTpOAa, paccMoTpeHHbiH paHee (p~t~c. '4).· -nocne ·nepaoro· wara 

pacYem, cooTBeTCTBytOw,ero- cnyYaiO;_.;i<orAa :ace· ~cnoMoraTeJJbHble aaps:JAbi 

paBHbl Me)!(Ay co6oL1, Ha~t~6onbwee 3Ha4eH~t~e : nonyYeHHoro rioTeH~Hana 
np~t~XOAHTCs:J Ha BHYTPeHHIOIO 4aCTb A~t~acpparMbl. Ha ilnocKOCTb aaps:JAOB' aToiiJ 

4acn1 A~t~a<)>parMbl np~t~XOAHTcs:J ~t~x Ha~t~6onhwas:~ KOHUeHTpa~HH. noaTOMY nepBbliiJ 

aaps:JA OT ~eHTpa Ha ocwx np~t~Hs:JT s KaYecTBe onopHoro. B KaYecl'ae onopHoro 

B3s:JT It!_ noTeH~ItlaJJ KOHTpOJJbHOH TOYKH AJJ>I 3TOro 3aps:JAa. PeayJJbTaTbl pacYeTa 
npeACTaBJJeHbl Ha plt!C ... 16. Ha HeM lt1306pa)!(eHa YaCTb Ce4eHit151 AHacpparMbl 

z· 

Of--l-It I I I I t"l X 

0 500 1000 1500 2000 2500 3000 

16. LfaCTb . CeYeHl.-151 nOTeH~HaJJbHOH nosepXHOCTitl KpyrnoiiJ AHacpparMbl 

(3aMKHYTas:J KpHBas:J), Ha KOTOpOJii aaAaHbl_ rpaHl.-1'-!Hble YCJJOBitls:J u=1, nJJOCKOCTbiO 
y=Q. noKa3aHbl lt1 HeKOTOpble 3KBit1nOTeH~i1aJJH 8 nJJOCKOCTitl ceYeHitls:J. 

100 ,i:J.eJJeHHIIJ WKim COOTBeTCTBYIOT '1 MM 

nJJOCKOCTbiO y=O (3aMKHYTas:J KpliiBas:J) Ill 3KBlllnOTeH~lllaJJlll 8 nJJOCKOCTIII Ce4eHllls:J. 

3KBlllnOTeH~lllaJJlll npoBeAeHbl Yepe3 TOYKIII C KOOPAIIIHaTaMlll z=200,300,500,700 

Ill X=2400 All >I BCeX KpliiBbiX. 100 AeJJeHllliiJ WKaJJ BAOJJb OCelli X Ill Z COOTBeTCTBYIOT 
1 . MM.. np111 nOTeH~lllaJJe OnopHOH TOYKIII U;=1 OTHOCIIITeJJbHOe 3Ha4eHllle 

noTeH~lllana B KOHTPOJJbHbiX TOYKax nosepxHOCTH pasHa 1 ± 0,0003. 

4.3. TOPOU/1, 
CneAYIOW.liiM o6beKToM All>~ pacYeTa cn~~m TOPOIIIA (p111c.1 ). Era 

reoMeTpliiYecKllle xapaKTepliiCTIIIKlll: paccTos:JHllle aT ~eHTpa Tapa AO era oceaoiiJ 

JJIIIHllllll pasHa 20 MM, PaA~t~yc OKPY:>KHOCTIII a ceYeHllllll Tapa -1 0 MM. PaAIIIYC ' 
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OKp~HOCTlll, no KOTOpOIIJ pa3MeW,eHbl · 3aps:JAbl, paBeH . 9 MM. · Ha . pill C. 17 
nOKa3aHbl HeKOTOpble noTeH~IilaJJiil B · · Ce4eHllllil TOpa - nJJOCKOCTbiO X-Z,. 100 · 

AeJJeHllllli WKaJJbl BAOJJb OCeH X Ill Z COOTBeTCTBYIOT 1 MM. 

z 

I IJII X I I I? I I I 

0 500 1000 1500 2000 2500 3000 

17. CeYeHllle 3KBlllnoTeH~lllaJJbHOH noaepxHocm Tapa 111 APYrliiX 3KBiilnOTeH -

l.(lllaJJbHbiX nosepXHOCTeH nJJOCKOCTbiO y=O. _ 
_ 100 AelleHIIIJii,WKM COOTBeTCTBYIOT 1 MM: 

Ha p111c.18 (cneaa) noKaaaHo pacnpeAelleHllle noTeH~t.1ana Ha4t.1HaSI OT ~eHTpa 

TOpa BAOIIb OCIII X. LfaCTb pacnpeAelleHIIISI B Alllana30He OT 10 AO 30 MM 
COOTBeTCTByeT . nosepXHOCTI1 TOpa. Ha 3TOM )!(e pt.1CYHKe (cnpasa) . 8 

OTHOC14TellbHbiX eAHHIIILJ,ax noKa3aHa 3aBIIICit1MOCTb noaepXHOCTHOH. niiOTHOCTitl 

aaps:JAOB cr OT yr11a BAOIIb YaCTt-1 OKp~HOCTitl, o6pa3y10w,elli TOp; BeCb A~t~ana30H 
yrnOB OT <p=O AO <p=1t pa36HT Ha 40 ltiHTepBaJJOB. npliiMeM niiOTHOCTb aapSIAOB cr 

B TOYKaX noaepXHOCTitl Tapa, 611H)J(aHWit1X K era OCH 14 pacnOIIQ)!(eHHbiX no 

BHYTPeHHelli oKp~HOCTH ceYeHHSI mpa nnocKOCTbiO x,y, paaHolli 1. Ha p~t~c. 17 

TaKaS! TOYKa pacnono)!(eHa np~t~ z=O, x=1000. 
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18. n.oTeHLJ,ItlaJJbHOe pacnp~AelleHHe BAOIIb O.Citl a6CLJ,IIICC lt1 . nosepXHOCTitl Tapa 

(neBbllli p111c.) Cnpasa :- yrnosoe pacnpeAelleHllle. nosepxocTHolli. nnoTHocrn 

aapSIAOB TOpa B OTHOCHTellbHbiX eAHHHLJ,ax. 40 AelleHH~ rm yrny <p COOTBeTCTBYIOT 

7t- PaAlllaHaM, <p - yron B nJ10CKOCTJ.1 y=O · - · - - -
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Ha p11c. 1_ 9 noKa3aHo. pacnpeAeneHI1e- sneKTpi1YecKoro non>~ 8 nnocKOCTI1 
rna8Horo . ceYeHI1>1, 8 .. KOTOpoei· HOpManbHbre. cocTa8n>JrOu.tl1e non>J 113-3a -
CI1MMeTpl11!1 pa8Hbl Hymo. Ecn11 . no8epxHOCTb Tapa. 1!1MeeT OTPI1ttaTellbHbiH 
noTeHUI!1an, TO 8eKTOp nOll>! Hanpa81leH no PM11YCY OT UeHTpa K no8epXHOCTI1 
Tapa AJl>l ero 8HYTpeHHI1X o6nacTeei. ,Qil>J 8HeWHI1X yYaCTK08 8 CeKYu.tec:i 
nnOCKOCTI1 OH Hanpa8neH 8 npOTI180nOilQ)KHOM Hanpa8JleHI111. 0 pacnpeAelleHI111 
sneKTpi1YecKoro nOll>! no nosepXHOCTI1 Tapa MO)KHO CYAI!1Tb no PI1CYHOKY 18 

E E 

_.< 

0.8,- -+----- ---
0.6t . +··· . 

0.4~-. j- -·: 

II j 

0 2 4 6 8 10 30 30.5 31 31.5 32 32.5 33 33.5 

19. PacnpeAelleH11e slleKTpi1YecKoro noll>! 8 nllOCKOCTI1 rlla8Horo ce'-leHI1>1 Tapa 
BAOilb PMHyca. Clle8a noKa3aHo pacnpeAelleHI!1e OT tteHTpa AO no8epxHOCTI!1 
Topa, cnpa8a - pacnpeAelleHI1e c 8HewHeei CTOPOHbr 

(cnpa8a): HanOMI1HaeM, YTO Ha nosepXHOCTI1 HOpMaJlbHa>l COCTa8Jl>IIOu.ta>J nOll>! 

E. pasHa ero nollHOMy 3HaYeH~ro E,. TorAa 8 cooT8eTCT81111 c Bbrpa)KeHI1eM (2) 

cr=~. £. 11 8elli1YI1Ha E,- nponopul1oHall~Ha ~o8epxHOCTHOC1 nllo~HOCTI1 
3ap>JA08 Topa cr. P11c. 18 oTpa)KaeT pacnpeAelleHI!1e noll>! no no8epxHoCTI1 
Topa. 

5. 3neKTpOCTaTL1Ka HeCKOflbKL1X 3ap~)f(eHHbiX npOBOAHL1KOB 

5.1. 0/1,/IIHAKOBb/E CC/JEPbl 

,[lo CI!1X nop Mbl paCCMaTpi1BaJ11!1 np1!1MeHeHI!1e MeTOAa K peweHI110 OCH08HOC1 
3MaYI1 SlleKTpOCTaTI!1K1!1 All>l OAHOrD 3ap>I)KeHHOrO np080AHI!1Ka. nepec:iAeM K 
peweH1!110 3aAaYI!1 AilS! Cl1cTeMbr 3apst)KeHHbiX npo80AH1!1KOB. HaYHeM c npocToro 

nimMepa A8yx OAI!1HaKOBbiX ccpep, 11Merou.ti!1X paEjHbre noTeHUI!1anbr, 
o6pa3oBaHHbre 3apstAaMI!1 OAI!1HaKosoro 3HaKa. 3TH ABe ccpepbr 8 AaHHOM MeToAe 
MO)KHO paCCMaTp1!18aTb KaK OAHO Teno. 3MaYa pewaeTC>I TOYHO TaK )l(e, KaK 1!1 
AilS! OAI1HOYHOrO 3apst)KeHHOrO · np080AHI1Ka, Hanpi1Mep, nOA06HOrO TOpy. 
BHYTPI1 Ka)I(Aoc:i 113 ccpep pacnollaraeTcst ccpepa c 8CnoMoraTellbHbiMI!1 aapstAaMI!1. 
BcnoMoraTellbHble 3apstAbl · pa3Meu.tatOTC>I Ha nepeceYeHI!111 · PMIIIYC08, 
npOXOA>Juii!1X Yepe3 . KOi-lTpOilbHble TOYKIII ccpep"np080AHI!1KOB; CO ccpepoc:i" C 
8cnoMoraTellbH.biM1!1 .. 3apstAaMI!1. ,[!11aMeTp Ka)I(Aoc:i ccpepbr paseH 22 MM, 111x 
UeHTpbl pacnOilO)KeHbl 8AOilb OCI1 Z. PaCCTOS!HI1e Me)I(Ay' L(eHTpaMI1 -30 MM. 
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PacYeT npoBOA11TC>I c 11cnollb308aHI1eM 3aP>JA08 o6e11x ccpep. Ha p11c. ·. 20 
noKa3aHO CeYeHI1e OAHOC1 113 ccpep nllOCKOCTbiO y'=O. Ha pi1CYHKe KpOMe 
SKBI1nOTeHU11alleC1 noKa3aHbl Cl11l08ble lli1H1111, HaYI1HaiOu.tl1eC>J Ha ccpepe. 
3epKallbHOe OTpa)KeHI!Ie OTHOCI!1TellbHO lli1Hiil11 z=O AaeT nOilO)KeHI1e 8TOpOC1 
ccpepbl. 8 COOT8eTCT811111 C 3aKOHaMI!1 SlleKTpOCTaTI!1KI1 All>l STI!1X ccpep OAHa 1!13 
nOTeHU11allbHbiX n08epXHOCTeC1 nepeXOAI1T 8 KOHiil'leCKYIO n08epXHOCTb _11 

CMbiKaeTCSl 8 TOYKY, KOTOpoc:i B paCCMaTplil8aeMOM CllyYae >181lSleTCSI HaYallO 
KOOPAIIIHaT. Ha PliiCYHKe ClleA TaKoc:i no8epxHoCTI1 noKa3aH wTp1!1xosoH llliiHHeH. 
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20. 3K81!1noTeHUiilalll!1 111 Cl11l08bre lli!1HI!11!1 OAHOC1 1!13 A8yx ccpep c pa8HbJMI!1 
noTeHU1!1allaMI1 s nllOCKOCTI!1 ocesoro ceYeHI1R, npoxoA>Ju.tero Yepea tteHTpbr 
ccpep 

,[lnst ccpep, 11MetOu.ti!1X Te ·)l(e reoMeTpliiYeCK1!1e xapaKTep1!1CTIIIKIII,_ 3apst)l(eHHbJX 
AO paBHbiX noTeHU11allOB, HO npOTiii80nOil0)1(HbiX 3HaK08, peweHI!Ie 3MaYI!1 
CTp011TC>I aHallOri1YHbiM cnoco60M C yYeTOM pa3Hii!Ubl 8 3HaKaX 3ap>IA08. np11 
nepeXOAe OT ccpepbl C 3apstAaMI!1 OAHOrO 3HaKa K. ccpepe .. C 3ap>JAaMI1 
npoTI!1BonollO)KHOro 3HaKa Heo6XOAI!1MO csoe8peMeHHO MeH>JTb :3HaKI!I 3apstA08. 
3apRAbl 8 06011X cJiyYa>IX pa3JI1eu.tatOTC>I 8AOilb napallllellec:i, npOBOA11MbiX Ha 
8CnoMoraTell.bHOC1 ccpepe Yepea paBHbre · yrll08bre · 1!1HTep8anbr. 3apstAbl BAOilb 

napallllellec:i pacnollararoTcst Ha paccTostHiill!1 APYr or Apyra npi!IMepHo paBHOM 
paccTostH1!110 Me)I(Ay napallllellRMiil. 

,[lll>l ccpep C OAIIIHaK08biM11 no 3HaKY 3ap>IAaMI!1 8 KaYeCTBe OnOpHoro 3apstAa 
6epeTC>I 3apRA OAHOc:i 1!13 ccpep, pa3Meu.teHHbJC1 Ha OCI!1 Ha KpaT'-lac:iweM 
paCCTOS!HI!1111 OT 8TOpOH ccpepbl. lt1. KaK onopHbiH 1!1CnOilb3yeTC>I 3apstA Ha1!160ilee 
YAalleHHbrc:i OT BTopoH ccpepbr AllR.cllyYa>J noTeHU11allo8 pa3HbiX no 3HaKY. noclle 
nep8oro wara pacYeTa, cooT8eTCT8YtOu.tero pa8eHCT8Y . 8cex 8CnoMoraTellbHbJX 

3ap>JA08 Me)I(Ay co6oC1, Hai!I60ilbwee 3Ha4eHI!Ie ndnyYeHHoro nOTeHulilalla 
npi1XOAI!1TC>I I!IMeHHO Ha KOHTpOilbHYIO T04KY, COOT8eTCT8YIOlltYIO onopHOMY 
3ap>IAY· 3TO 06bS!CHReTC>I TeM, 4TO 8 CaMOM HaYalle pac4eTa 8 8elli14_11HY 
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noTeH~..t~laJla S pa£1oHe KOHTp011bH0£1 T04Kitl AaiOT SKJlaA 6JM>Ka£1Witle 3apSlAbl 

OAHOfO 3HaKa. 
AHanom4HbJM o6pa30M pewaiOTCSl · 3aAa4~t~ 'MHor~t~x 3apSJ:>KeHHbJX 

nposoAHitlKOS, np~t~ ycnos~t~~t~ paseHcTsa noTeH~..t~t~anos nposoAH~t~Kos Me:>KAy co6o£1 
no a6co1110TH0£1 seJl~t~41t!He. OA~t~HaKOSbJe ccj>epbJ 6bJJlltl Sbl6paHbJ AJlSl 
Har11SlAHOCTitl npeACTaSJleHit!Sl no11y4aeMbiX pe3Y11bTaTOB. 

B pac4eTax scnoMoraTellbHbJX 3aPSJAOS AJlSl Ka:>KAoro ·ClleAYIOW.ero wara 
nplt16111tl:>KeHit!Sl Mbl lt!CnOJlb30Sa111tl ClleAYIOW,ee COOTHOWeH~t~e Me)f(Ay 3apSlAaMitl It! 

noTeH~..t~t~anoM: q(k,i + 1) = q(k,i) I U(k,i)m. 1113 sToro SbJpa:>KeH~t~Sl cneAyeT, 4TO 

OHO nOflHOCTb/0 HenpMMeHMMO AJlSl "' CltlCTeM HeCKOJlbKitlX 3apSl:>KeHHbiX 

npOBOAHitlKOS, cpeAitl KOTOpbiX HaXOAitlTCSl XOTSl 6bJ OAitlH npOBOAHitlK C HylleBbiM 
noTeH~..t~t~aJlOM. PeweH~t~IO ::no£1 3aAa41tl, a TaK:>Ke peweH~t~IO 3aAa4 co MHor~t~Mitl 

3apSl:>KeHHbiMitl npOBOAHitlKaMitl, lt!MeiOW,It!Mitl pa3Jllt14Hble noTeH~..tltlallbl, nOCSSlW,eH 

ClleAyiOW,Itl£1 pa3Aell. 

5.2. nP0/113BOJ1bHAf/ CMCTEMA 3APfi>KEHHb/X nPOBO/l,HMKOB 

KaK 1t1 s npeAbiAYW.HX np~t~Mepax, cHa4alla paccMor:p~t~M ABe ccj>epbJ, OAHa lt13 
KOTOpbiX HaXOAitlTCSl nOA 3aAaHHbiM noTeH~..tltlallOM, a noTeH~..tltlall BTOpo£1 ccj>epbl 

paBeH HYlliO. ,QllSl peweHit!Sl 3aAa41t1 S STOM Clly4ae nplt1MeHitlM np~t~HL.tltln 

cynepno31tll..tltlltl. PeweH~t~e ~t~w,eM s Asa STana: Ha nepsoM AJlSl clly4aSl paBHbJX 
noTeH~..t~t~allos 1t1 OA~t~HaKOSbJX no 3HaKy aapSlAOS o6e~t~x ccj>ep u=u( 1,1 )=u(2, 1 )= 1, 
Ha BTopoM :nane AJlSl Tex :>Ke ccj>ep, c TeM :>Ke caMbJM pacnollo:>KeH~t~eM 3apSlAOB, 
HO c npoT~t~sonollO:>KHbJMitl no 3HaKy noTeH~..t~t~allaM~t~ u(1 ,2)=-u(2,2)=1. nepsbre 
.ltlHAeKCbl 1 It! 2 - 0603Hcl4aiOT nepByiO It! STOPYIO ccj>epbl. BTOpble ltlHAeKCbl 1 It! 2 
coo'iseTCTSYIOT smM ABYM sTanaM. B pe3yllbTaTe pacYeTos nolly4~t~M c~t~cTeMy 
3aPSlAOS q( 1,1) It! q(2, 1) AJlSl Clly4aSl paSHbiX noTeH~..tltlallOS It! OAit!HaKOBbiX no 

3HaKY 3aPSlAOS o6e~t~x Ccj>ep It! STOpyiO CltlCTeMy 3apSlAOS q(1 ,2) It! -q(2,2) AJ1Sl 
Clly4aSl paSHbiX noTeH~..tltlaJlOS ccj>ep no a6COlliOTH0£1 . Selllt141t!He, HO 
npOTitlBOnOllO:>KHbiX no 3HaKy. 

·. npocyMM~t~pyeM nonapHO 3apSlAbl, COOTSeTCTSyiOW,Itle Ka:>KA0£1 lt13 STitlX ccj>ep. 

TorAa s pe3yllbTaTe cyMM~t~posaH~t~SJ 3aPSJAOS nepso£1 ccj>epbl C03AaeTcSl c~t~cTeMa 
3aPSJAOB AJlSl nepso£1 ccj>epbl q(1) = q(1 ,t) + q(1 ,2). nonapHoe cyMM~t~poaaH~t~e 
3apSJ.iJ.os sl-opo£1 ccj>epbr coaAaeT c~t~cTeMy q(2)=q(2, 1 )-q(2,2) AJlSl sTOpo£1 ccj>epbl. 

Ha OCHOSe nplt!HL.tltlna cynepn031tlllltlltl 3Titl CltlCTeMbl aapSlAOS C03Aa10T noTeHUitlall 
pasHbJ£1 2u (u=1) Ha nepao£1 ccj>epe 1t1 Hylleso£1 noTeHu~t~all Ha sTopo£1 ccj>epe. 

YMHO:>KaSl see 3aPSlAbl Ha cooTseTCTBYIOW.Itl£1 K03cj>lt1UitleHT k, nony4~t~M 3Ha4eH~t~Sl 
aapSJAOS, C03AaiOW,Itlx Tpe6yeMbl£1 noTeH~..t~t~an nepso£1 ccj>epbl U(1)= ku(1) 1t1 

U(2)=0. ,Q11S1 peWeHit!Sl 3aAa41tl C npolt13SOJlbHbiM COOTHOWeHitleM noTeHUitlaJlOS 
Me:>KAy ccj>epaM~t~ paccMoTp~t~M KoM6~t~HaU~t~IO 3aPSJAOB AJlSl nepao£1 ccj>epbJ q( 1) 1t1 

q(2) - AJ1Sl STOp0£1. 

q(1) = aq(1,1) + pq(1,2) 
q(2) = aq(2, 1) - pq(2,2). 
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(5) 

3m KOM6~t~HaU~t~Sl 3aPSlAOB q( 1) 1t1 q(2) co3AaeT noTeHu~t~allbJ nepao£1 ccj>epbl 1t1 

STOp0£1 ccj>epbl COOTBeTCTSeHHO 
U(1)=(a+P)u U(2)=( a-p)u. (6) 

CllyYa£1 a=P=l HaM~t~ paccMOTpeH BbJWe. PaccMOTPitlM ew,e OAitlH 4~t~ClleHHbJC1 

np~t~Mep. npeAnOllO:>KitlM, Mbl XOTitlM 3HaTb pacnpeAelleH~t~e · 3apSlAOB AJ1Sl 
noTeHu~t~alla nepso£1 :ccj>epbl, pasHoro 12,5u, 1t1 noTeHu~t~alla sTopoC1 ccj>epbr; 

pasHoro -3,5u. AllSl sToro pew~t~M oYeHb npocry10 c~t~cTeMy ypas~-teH~t~C1 

(a+P)u=12,5u 1t1 ( a-p)u=-3,5u. B pe3yllbTaTe nollyYaeM 3Ha4eHi1Sl a=4,5, P=8. 
TaK~t~M o6paaoM, AJlSl peweH~t~Sl 3aAa41t1, noAo6Ho£1 paccMoTpeHHo£1, 

He06XOAitlMO 3HaTb 6a31tlCHOe pacnpeAelleHit1e 3apSlAOS, C03AaiOW,ItlX: 

- paBHbJe eAit1Hit14HbJe noTeHu~t~allbJ ABYX ccj>ep ltlllltl soo6w,e ABYX Tell 
npOit13SOllbH0£1 cj>OpMbl, 

- pasHbJe no a6colliOTHo£1 sen~t~4~t~He eA~t~Hit14HbJe noTeHU~t~allbl ABYX ccj>ep (ABYX 
Tell npO!t13BOllbHOC1 cj>opMbl). 

2 

~II 

:!~II 
6 
4. cr 

h 

-6L---------~---------=~ 
5 .10 15 20 25 30 35 

21. PacnpeAelleHit!Sl nosepXHOCTHOC1 nllOTHOCTitl 3aPS1AOS AJlSl ABYX ccj>ep SAOllb 

Mep~t~A~t~aHos. noTeH~..t~t~all nepso£1 ccj>epbr nocToSJHeH 1t1 paseH 4u. Kp~t~BbJe 1- 4 
COOTBeTCTSYIOT Clly4al0 paseHCTBa nOTeHUitlalla BTOp0£1 Ccj>epbl 3u, 2u, U, 0 
COOTBeTCTSeHHO. Hltl:>KHitle Kplt!Bble OTHOCSlTCSl KO BTOp0£1 ccj>epe 

AllSl paccMoTpeHHoro Clly4aSl cooTseTCTBYIOW.~t~e 6aa~t~CHbJe aapSlAbl o6pa3yiOT 
6a31tlCHyiO KOM6~t~HaUit110 noTeHUitlallOS ( 1, 1) It! ( 1,-1 ). TorAa Ha OCHOBe 6a31t1CHbiX 

pacnpeAelleHitl£1 3apSlAOS MO:>KHO ~blnOllHit1Tb S~l41t!ClleHit!Sl SlleKTplt14eCKitlX nolle£1 
1t1 noTeHUitlallOB 1t1 Apyr~t~x xapaKTep~t~CTitlK B npocTpaHcTse, oKpy:>KaiOW,eM c~t~cTeMy 

ASYX ccj>ep · (Asyx Tell npo~t~3BOllbH0£1 cj>opMbl). AllSl sTOro AOCT~T04HO 
BOCnOllb30SaTbCSl COOTHOWeHit!SlMitl (5), lt13 KOTOpbiX MO:>KHO nolly41t!Tb 

pacnpeAelleH~t~Sl aapSlAOS, 'o6ecne4~t~saiOW,ItlX 3aAasaeMbJe noTeHu~t~allbJ 
(3aAaHHbiS rpaHit14HbJe YCllOSit!Sl) AJlSl ST0£1 CltlCTeMbl, 1t1 BblnOllHit!Tb .. see 

He06XOAit1Mble paC4eTbl. 
noKa:>KeM STO HaClleAyiOW,ItlX np~t~Mepax. Ha plt!C. 21 AaHbl pacnpeAelleHit!Sl 

nllOTHOCTitl aapSlAOS AJlSl ABYX ccj>ep. reoMeTp~t~YecK~t~e xapaKTep~t~er~t~Kitl 3·;oC1 

CltlCTeMbl TaK~t~e >Ke, KaK S np~t~Mepe C ASYMSl ccj>epaM~t~,paccMOTpeHHOM paHee.Ha 
YeTbrpex sepxH~t~x Kp~t~SbiX noKaaaHbJ pacnpeAelleH~t~Sl nllOTHOCTit1. aapSlAOB cr 

SAOllb Mep~t~AitlaHa nepso£1 ccj>epbl AJlSl cllyYaes, KOrAa nollO:>Kit1TellbHbre 
noTeH~..t~t~allbJ sTopoC1 ccj>epbJ paSHbJ ·3u, 2u, u, 1t1 Clly4aC1 Hyllesoro fiOTeHu~t~alla. 
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noTeHu,lllan nepso~ cct>epbt IIIMeeT nocTOSlHHoe nonmKIIITenbHOe 3HaYeHIIIe 

U( 1 )=4u. Ha YeTblpex HIII)I(HIIIX KpiiiBbiX npiiiBeAeHbl pacnpeAeneHIIISl nnOTHOCTe~ 

3apSlAOB AnSl smpo~ cct>epbt. B cnyyae u(2)=0 see 3aPS1Abl smpo~ cct>epbt 

oTplllu,aTenbHbl (HIII)I(HSlSl Kplllsas:~). Ans:~ u(2)=u OTPIIIU.aTenbHbte 3apS1Abl 3aHIIIMaiOT 

6n111)1(a~wy10 r10nycct>epy K nepso~ cct>epe. no Mepe yseniiiYeHIIISl noTeHu,lllana 
BTOpO~ cct>epbl nnOLLJ,aAb, 3aHI.1MaeMaSl OTp1.1U,aTenbHbiM1.1 3aps:~AaMIII, 
COKpaw.aeTCSl (Kp1.1Bble 3 1.1 4 p1.1c. 21 ). 

Ha p111c. 22 noKa3aHbl noTeHu,HanbHbte KPIIIBbte s nnocKOCTH ceYeHIIISl y=O rex 

)1(~. ABYX cct>ep C COOTHOWeHI.1eM nOTeHU,HanOB 4 : 3,3. Q HeCKOnbKO He06biYHO~ 

'··'" 
Zmm 

1-~~'>::;0~:-tl 7/Ja _J X mm 

-10 -5 0 5 10 

22.BL1A 3KBI.1nOTeHU,1.1ane~ CI.1CTeMbl ABYX cct>ep 8 nJJOCKOCTI.1 y=O. noTeHU,Han 
sepxHe~ cct>epbt paseH 4u, noreHU.Han H1.1)1(He~ paseH 3,3u 

cPOpMe 3KB1.1nOTeHU.HanbHO~ nosepXHOCT1.1 C nOTeHU.IIIaJJOM U(2)=3,3u MO)I(HO 

CYAL1Tb no p1.1c. 23, Ha KOTOpOM npeACTaBJleHO CeYeHHe 3TO~ 

3KBHnoTei1u.HaJJbHO~ nosepxHocm. Ha sepxHe~ YacTH HIII)I(He~ cct>epbt, 

OrpaHI.1Y6HHO~ rpyweBHAHO~ yceYSHHO~ nosepXHOCTbiO, HaXOASlTCSl 

oTpHu,aTenbHbte 3apSlAbl. OcTanbHaSl YaCTb cct>epbt 3aHSlTa nono)I(I.1T6JlbHbiM1.1 

3aps:~AaMI.1. B ysenHYeHHOM BHAe YaCTb ceYeHHSl c CHJJOBbiMIII niiiHI.1SlMIII 

aneKTPIIIYecKoro nons:~ noKa3aHa Ha p1.1c. 24 111 25. Ll,Hct>po~ 5 o6o3HaYeHa YaCTb 

H1.1)1(He~ cct>epbt (plllc.25), a U.HcPPaMH 1-4 - 3KBHnoTeHu,HaJJI.1. CnHBaiOLLJ,IIIecs:~ 
KPIIIBbt'e 2 1.1 3 11MeiOT nOT6HU,1.1aJl, 6111113K1.1~ nOTSHU,IIIaJJy CcPSpbl. np1.1 3HaYeH1.1111 

noTeHu,lllana, 'pasHoro noTeHu,Hany cct>epbt, KPHBbte nonHoCTbiO cnHsaiOTCSl 1.1 
06pa3yiOT 3KBIIInOT6HU,1.1aJlb, noKa3aHHYIO Ha p1.1C. 23. 

Ans:~ peweHHH 3aAaYI.1 Tpex 3aps:~)l(eHHbiX npoBOAHIIIKOB Heo6XOAI.1MO 
npeABaplll"renbHO COCTaBIIITb Ill peWI.1Tb CIIICTeMy y)l(e Tpex ypasHeHIII~. 
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Zmm 

-10-5 0 5 10 

23.8VIA 3KB1.1nOT6HU.L1am1 CI.1CT6Mbl AByx CcPSP npH 3HaYeH1!1H nOT6H~II1aJla, 
pasHoro 3,3u , D nnocKocm y=O. noreHu,l!1an sepxHe~ c¢lepbl paseH 4u, 
noTeHU.Han HIII)I(He~ cct>epbt paseH 3,3u 

Zmm 

I I I~ .. I I I I lxmm 

2 4 6 8 10 12 14 16 

24. BillA Yacr111 ceYeHHH noreHU.HMbHbiX nosepxHocrei;i c111creMbl AByx cct>ep 
(plllc.22) nnocKOCTbiO y=O. Ha • p~1c. TaK)I(e. 1113o6pruKeHbl CII1JlOBble J1111H~m 

3Jl6KTp1!1Y6CKOrO nOllSl 

PaCCMOTPL1M C116AYIOW.1!1i;1 np1!1Mep. npeAnOJl0)1(1!1M, HaM He06XOA111MO onpeASJliiiTb 
AnH Tpex' npOBOAH111KOB B6Jli.1YI.1Hbl 3apSlAOB, C03Aa10W.L1X Ha HIIIX nOT6HU,II1aJlbl B 
COOTHOW6HII1111 6:4:2. COCTaB~1M CII1CT6MY Tpex npOCTbiX ypa8H6HII1H: x+y+z=6; 
x+y-z=4; X-y-z=2. 3n1M ypaBH6HII1HM COOTBSTCTBYIOT Tp1!1· 6a3111CHbiX 

pacnpeAeJJeHII1SI aapSlAOB, C03Aa1DLLJ,II1X noreHU.111Mbl, onpeAens:~eMbte 

K03cPcP111U.I!1eHTaMII1 nepeA nepeMeHHbtMII1 x, y, z. Koa<PcP111U.HeHraM nepeA 
· nepeMeHHoi;i x: 1, 1; 1; K03cPcP111U.111eHraM nepeA nepeMeHHOH y: · 1, 1, -1; 
K03<t)cP111U,1116HTaM. nepeA. nepeMeHHOH z: 1,-1,-1 COOTBSTCTBYIOT Tp1.1 6a31!1CHbiX 

1<0M61!1HaU.I!1111 nOT6HU.111aJ108. nepBaSl 6a3111CHaSl KOM61!1HaU.I!1Sl - paBHble .6A111HII1YHbl6 . 
noTeHU.~1anbl u, u, u; sropas:~ - noreHU.IIIanbt u,u,-u, · 1.1 rper!'>eH KOM6111HaU.HIII 
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Zmm 

I I ~¥b..V,/ i \ lxmm 

2 3 4 5 

25. YacTb pHc. 24 B OKpecTHOCTH HH)I(Hei1 cc:pepbr. 5 - 3K8HnaTeHl.lHallbHaH 
nosepXHOCJb HH)I(H8i1 cc:pepbl (ee nOT9Hl.lHall pa8eH 3,3u); 2 (II 3- 3K8HnOT9H
l.ll1aJlH, COOT8eTCTBYfOW.He nOT9Hl.lllaJly 3,3005u; 1 (II 4- CHJl08bl9 JlHHHH 3IleKTpH
'l9CKOfO nOils:l 

Zmm 

I I V · I i Xmm 

IOU 200 300 400 500 600 

26. Oce8oe ceYeHHe cHcTeMbl H3 Tpex cc:pep. noKa3aHbl TOilbKa YacTH ceYeHHH 
A8YX cc:pep CHCTeMbl 81 (II 82, a Ta10K8 CHJl08ble JlHHHI-1 3JleKTpH'leCKOf0 nOJls:l. 

100 AelleHHi-1 WKall COOT8eTCT8YfOT 1 MM 

COOTBeTCT8YfOT nOT9Hl.ll1aJlbl U,-U,-U. PeweHI-19, npi-188AeHHOi1 8b1We Ca.1CTeMbl CHCTeMbl TpeX cc:pep. npa-1 aTOM Hanps:l)l(eHHOCTb nOils:l Ha no8epXHOCTH MaJlOi1 
ypa8H8HI-1i1, Aa8T C1leAyfOW,Hi1 pe3yllbTaT: x=4, y=1 H z=1. cc:pepbl npH cp=O AOil}I(Ha 8 Tpl-1 pa3a npe8b1WaTb Hanps:l)l(eHHOCTb B OTCYTCT8a.1e 

B Ka'leCT8e npHMepa npHMeHeHHH MeTOAa K 3aAa'le Tpex Ten 6brna peweHa aToi1 cc:pepbr. PacYeTbl, BblnOJlHeHHble 8 cooT8eTCT81-1H c npeAJ10)I(eHHbl~ 
3aAa'la onpeAeneHHH senH'lHH 3apHA08 AilH Tpex cc:pep, HaXOAHW.l1XCH Ha OAHoi1 MeTOAOM, noKa3anH xopowee (8 npeAenax 1 ,5%-2%)· cornac1-1e c TeopHeH. 
OCH. ,ll,Be Kpai1HH8 cc:pepbl AHaMeTpOM no 25 MM pa3M8W,8Hbl Ha paCCTOHHHH Pacxo)I(AeHHe Bbi3BaHO cyw,SCTBYfOW,ei-1 HeOAHOPOAHOCTbfO 3JleKTpH'leCKOfO 
Me)I(Ay l.leHTpaMH 35 MM, Tp9TbSl cc:pepa C AHaMeTpOM 5 MM HaxOAHTCs:l TO'lHO nOJls:l B 06IlaCTH pacnOJlO)I(9HHs:l MaJlOi1 cc:pepbl. . 

M8)1(Ay A8YMH nep8biMH. 3aAaBa8Mbl9 B9JlH'lHHbl nOT8Hl.lHaJl08: HylleBOi1 AJls:l no aHaJlOfl-11-1 C CHCTeMOi1 ypa8HeHI-1i1 (6) 1-1 (7) AJls:l ABYX 1-1 Tpex np080AHHKOB 
CpeAHei1 cc:pepbl, pa8Hbl8 no a6COJlfOTHOi1 BeJlH'lHHe 1-1 npOTHBOnOJlQ)I(Hble no CHCTeMa ypa

8
HeHI-1i1 ·. · 

3HaKY eAHHl1'lHble noTeHl.lHanbr 6onbwf..1x cc:pep. nocKOilbKY no onpeAeneHHfO U( 1 )=(a+P+y+o)u, U(2)=(a+P+y-o)u, U(3)=(a+P-y-o)u, U(4)=(a+P-y-o)u (8) 

U=1, 1-13 (6) CileAyeT s:l 8Ils:leTCs:l OCH080i1 Afls:l onpeAelleHHs:l HeH38ecTHbiX 8eflW:la.1H a,p,y 1-1 8, a no HHM 1-1 
U(1 )=1 = x+y+z, U(2)=0= x+ y-z, U(3)=-1 = x-y-z. (7) 3apHA08, co3Aaf0w,Hx 3aAaHHbre nOTeHl.lHaflbl YeTbrpex 3ap~}l(eHHbiX 

1113 nep80ro l1 TpeTbero ypa8H8Hl1i1 nofly'laeM X=0. L-13 8TOporo H TpeTbero np080AHHK08. no aHaJlOrl-11-1 c (5) 3apHAd onpeAefls:lfOTCs:l 1-13 COOTHOWeHHI-1 
ypaBHeHlliil CfleAyeT y =z= 0,5. 3THMH 3Ha'leHHs:lMH x=O, y=0,5 1-1 z=,0,5 Cl1CTeMa q( 1) = aq( 1,1) + pq(2, 1)+yq(3, 1 )+oq(4, 1 ), 

ypa8HeHHi1 YAOBileTBOpHeTCs:l. Koac:pcpmJ,HeHTbl npa-1 y l1 Z 8 Ca.iCTeMe (7) npl1 x=Q q(2) = aq( 1 ,2) t pq(2,2 + yq(3,2) -Oq(4,2), (9) 

noKa3biBafOT, 'lTO Afls:l peweHHs:l nOCTa8JleHHOi1 3aAa'lH Hea6XOAI-1MO Hai1TH ABe q(3) = aq(1,3) + pq(2,3)- yq(3,3) -oq(4,3), 
6a3HCHble Cl1CT8Mbl 3apHA08, C03AafOW,I-1e TOJlbKO ABe 6a3a.1CHbiX Ca.1CTeMbl q(4) = aq(1,3)- pq(2,3)- yq(3,3) -8q(4,3). 

nOT8Hl.lHaJlOB (x=O! ). noTeHl.lHaJlbl cc:pep npa-1 3TOM CileAyfOT COOTHOWeHa.is:lM .1: 1: PaCCMOTpi-1M 'la.1CfleHHbli1 npa.1Mep. Ba3bMeM . nHTb . 3apH)I(eHHbiX np080AHI-1KOB, 
-1.:1-1 1: -1:-1. Ha pa.1c. 26 noKa3aHa 'laCTb OCeBoro Ce'leHHH MaJlOi1 S1 1-1 60JlbWOi.1 HanpHMep, C GOOTHOWeHI-ieM noTeHLJ,I-iallOB 20; 12; 0; -8; -24. PeWa.1B CHCTeMy 
S2 cc:pep, a TaiOKe HeKOTOpble CHil08ble Jla.iHHI-1 3Il9KTpH'l8CKOrO nOJls:l, ypaBHeHI-1i1, nOAOGHyfO Ca.iCTeMe (8),, Afls:l.3TOfO KOHKpeTHOrO Cily'laH nafly'laeM 
Ha'li-1HafOw,l-1ecH Ha 6onbwei1 cc:pepe. KaK noKa3alll-1 pac'leTbl, Me)I(Ay 6onbWI-1MI-1 a=-1/2, P=l3/2, y=4, 8=6, J.l=4. 

cc:pepaMI-1 B. o6nacTH, KOTopyfO 3ai1MeT ManeHbKaH cc:pepa, aneKTpa.i'lecKoe none Ha ocHo8aHI-11-1 paccMoTpeHI-1H npl-18eAeHHbiX ••JJIIIMt::JJuts )!""'" ,,,_,..m~·" · 
nar.h-RO~MmKHnr-n..-rn"'Rl-1 COCTa8JleHl1s:l CHCTeMbl ypa8HeHl1i1 (8,9) H CXeMa peWeHHs:l 3aAa'l CViCTeM C m 

nony'leHHoe 3aPHA08oe pacnpeAelleHHe Ha no8epxHOCTH Manoi1 cc:pepbr 1-1 
88JlH'lHHy 3IleKTpH'l8CKOfO nOJls:l C TeopeTH'l8CKI-1M np.eACKa3aHI-1eM. no TeOpl-11-1 
3apHAbl 8AOilb Mepa.1Aa.1aHa Manoi1 cc:pepbl AOJl)I(Hbl 6b1Tb pacnpeAelleHbl 8 

COOT8eTCT8a.1M C C<:>_:_<Jl_,_~~~<J> __ ::_y~-~e~Y.I?}~t\~Y.CQ~ .. ~JieiSTOPOM cc:pepbi.I-1.0Cbf0.. --!·--

32 

COCTaB,.M MaTpHl.lY 1-13 3HaK08 + l1 - Afls:l Ca.1CTeM,nOA06HbiX (8) np080AHI-1KaMl1. •• . , 
1-1 (9), HO AJls:l Cfly'las:l m np080AHHKOB. 3HaKI-1 8 i -i1 CTpOKe onpeAefls:lfOT 3H~KI-1 
'llleHOB j -ro ypa8HeHI-1H CHCTeM, nOA06HbiX (8), AJls:l HaXO)I(A9HHs:l era KOpHel-1, a 
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........................ 

..................... -

.................. --

TaJOKe 3HaKH YfleHos ypasHeHH>I, onpe.o.enmow,ero 

He06XO)J,HMble 3ap>J)J,bl (9). ,lJ,anee He06XOAHMO BblnOJIHHTb 

paC'18Tbl )J,JI>I HaXo:>K)J,8HH>I m CHCTeM 3ap>I)J.OB, C03)J,aiOW,HX 

8)J,HHH'1Hbl8 noTeH~HaJibl CHCT8Mbl 1.13 m 3JieMeHTOB. 3HaKH, 

+ +- - ... - - -,, CTO>IW,He nepe)J, 8)J,HHH'1HbiMH noTeH~HaJiaMH 3Jl8M8HTO~ 

+- - - ... - - - CHCT8Mbl, COOTBeTCTBYIOT 3HaKaM MaTpH~bl. ,lJ,Il>l nepBOH 

CHCT8Mbl 6epYTC>I 3HaKH nepsoe1 CTpOKH MaTpH~bl, )J,JI>I 

BTOpOC1 CHCT8Mbl 6epYTCH 3HaKH BTOpOC1 CTpOKH MaTpH~bl 1.1 T.)J,. C y'-leTOM 

3a)J,aHHbiX 88Il1.1'1HH noTeH~HailOB Ha 3JI8M8HTaX . COCTaBJl>I8TC>I 1.1 pewaeTC>I 

cHcTeMa ypasHeHHC1 (8), TeM caMbrM pe':!:'aeTcs:r nocnisneHHas:r Kpaesas:r 3a.D,a'-la 

)J,JI>I CHCT8Mbl 1.13 m 3aps:r:>KeHHbiX npOBO)J,HHKOB. TaKHM 06pa30M, 3Tan OT 

COCTaBil8HH>I MaTpH~bl )J,O OKOH'-IaHH>I Bbi'-IHCil8HH>I 88Jli.1'-IHH 3ap>I)J,OB CHCT8Mbl 1.13 

m 3Jl8M8HTOB H8Jl>I8TC>I 9-M 3aKJIIO'-IHT8JibHbiM 3TanOM npe)J,JIO>K8HHOrO 

anropHTMa peweHH>I 3a.D,a'1 3Il8KTpOCTaTHKH CHCTeM, YAOBil8TBOP>IIOW,HX 

ypasHeHHIO nannaca. 

6. 0nTL-1MIII3aU,IIIH IIITepaTIIIBHOro npou,ecca 
0AHH 1.13 cnoco6os coKpaw,eHHs:r speMeHH pacYeTos np1.1 peweHHH 3aAaY

Hcnonb30BaHHe CHMMeTpHC1 3ap>J>K8HHbiX npOBO)J,HHKOB. npHMepOM TOMY MOrYT 

CJIY>KHTb 8blnOJIH8HHbl8 paC'18Tbl )J,JI>I nJlOCKOC1 KBa.D,paTHOC1 C8TKH, HM810W,ee1 

'18Tblpe OCH CHMMeTpHH. fllcnOilb308aHHe CHMMeTpHH n0380IlHJl0 COKpaTHTb 

8peMs:r C'-leTa Ka>K)J.oe1 HTepa~HH npwv1epHo s ceMb paa. 

MO>KHO IlH COKpaTHTb CaMO '-IHCilO HTepa~HC1, HCnOilb3Y>I OnHCaHHbiC1 BbiWe 

noaTanHbrC1 sapHa~HOHHO-HTepal.IHOHHbrC1 ·cnoco6? AHanH3 noKa3i:.rsaeT, '-ITO 

COKpaTHTb '-IHCJlO HTepal.IHC1 MO>KHO TOJibKO Ha 8TOpOM 3Tane Bbi'-IHCJl8HHC1, 8CJlH 

BMecTO 8bJpa>KeHHs:r q(k,i+1 )=q(k,i)/U(k,l) Hcrionb30BaTb .o.pyroe, 8 KOTOpoM · 

noTeH~HaJI U(k,1) BXOAHT s HeKoTopoC1 CTeneHH m: q(k,i + 1) = q(k,i) I U(k,i)m. 

Pe3yilbTaT 3TOro nO)J,XO)J,a y>Ke 6br.ri noKa3aH Ha pHC. 4, Ha KOTOpOM npHBe)J,eHa 

'aaBHCI.1MOCTb H3M8H8HH>I paC'-IeTHOro nOT8Hl.IHaila OT '-IHCila HTepal.IHC1 )J,JI>I m=1 ,2 

1.1 4. Ha KOHKpeTHbiX npHMepax pac'-!eTOB Bbi>ICHHM, KaKHM 06pa30M MO>KHO 

Bb16paTb OnTHMaJibHOe 3Ha'18HHe m KaK 8 Ha'-lafle HTe.paTH8HOro npOl.I8CCa, TaK 1.1 
s era KOHI..Ie. 

Ha p1.1c. 27 noKa3aHo H3MeHeHHe noTeHL.~Hana nocne.o.Hee1 yrnosoe1 TO'-IKH Ha 

AHaroHanH OT YHcna ~nepal.IHC1. CnnowHas:r rna.o.Kas:r KPH8as:r npe.o.cmsns:reT 

3aBHCHMOCTb nOT8Hl.IHaJJa 8 3TOC1 TO'-IKe OT '-IHCila HTepa~HC1 (m=4). TO'-IKaMH 

noKaaaHa aasHCHMOCTb AJI>I .o.syx 3HaYeHHC1 m. ,lJ,ns:r nep8biX 15 HTepal.IHC1 m=4. 

,lJ,ns:r nocne.o.y10w,1.1x pacYeT08 6panocb m=6. np1.1 aToM see nocne.o.y10w,1.1e 

HTepal.IHH npHBO)J,>IT K pa36pocy nOJly'-laeMbiX 3Ha'18HHC1 BOKpyr rJla)J,KOC1 KpHBOC1. 

B COOT8eTCT8HH c aaBHCHMOCTbiO q(k,i + 1) = q(k,i) I U(k,i)m np1.1 3Ha'-leHHs:rx 

nOT8Hl.l~1aJla, M8HbWHX '18M U=1, HO 6JIH3KHX K 3TOC1 8eJIH'-IHHe, 3HaMeHaT8Jib 

CTaHOBHTCH CyW,eCT88HHO M8HbWe e)J,HHHLibl. 3TO npHBO)J,HT K pe3KOMy 

YB8Jli.148HHIO COOTB8TCTBYIOW,ero nOT8Hl.IHaJla )J,JI>I Cile.D,yiOW,ero wara HTepal.IHH 

U(k,i+ 1 )>U(k,i). Cne.o.cTsHeM aTOro, a cso10 oYepe.D,b, np1.1 cne.o.y10w,eM ware 

34 

u 

1.04 I 
I I 

I A 
1.02 

~ 
.- ~ \j . 

~ I 
I 

I :· 
I I 

n 

0.98 

0.96 

0.94 
0 • 5 10 15 20 25 30. 

27. fi13M8H8HHe nOT8Hl.IHaila B nOCile)J,HeC1 TO'-IKe )J,HaroHaJlH (pHC. 3) B 

3aBHCHMOCTH OT '-IHCJia HTepal.IHC1. CnJIOWHa>l KpHBas:r COOTB8TCTByeT pac'-leTaM 

aaps:r.o.os no cooTHOWeHHIO q(k,i+1)=q(k,l)/Um (k,1) c noKaaaTeneM cTeneHH m=4. 

TOYKaMH noKaaaHo H3MeHeHHe noTeHL.~Hana ,i:vls:r A8yx 3Ha'-leHHC1 m. ,D,ns:r nepsbrx 

15 HTepal.IHC1 m=4 1.1 m=6 - AJI>I nocne.o.y10w,Hx 

nonyYaeTcs:r ew,e MeHbwee 3Ha'-leHHe 3aps:r.o.a no cpasHeHHIO c HCXOAHbrM. np1.1 

npO)J,OJl>K8HHH npOl.I8CCa KapTHHa n08TOp>!eTC>I: npOHCXO)J,HT )J,aJibHeC1wee 

YB8IlH'18HHe pa36poca·BOKpyr nJJaBHOC1 KpHBOC1 1.1 T.)J,., HA8T "pacKa'-IKa". 

IIIHas:r KapmHa CKJJaAbJBaeTcs:r, ec111.1 · pacYeT npo80AHTb 8 cooT8eTCTBHH c 

ypasHeHHeM q(k,i +I)= q(k,i) I U(k,i)m s caMOM ' Ha'-lane l-1Tepal.IHOHHoro 

npo1..1ecca AJI>I m>1. B 3TOM cnyYae npoHcxoAHT npot..tecc nps:rMo 

npOTH80nOilo:>KHbJC1: C Ka>K)J,biM C1l8AYIOW,HM waroM HTepaLi,HH pe3KHe CKa'-IKH 

nonyYaeMbiX 3Ha'-leHHC1 noTeHL.~HaJlOB yMeHbWaK?TC>I ~- 4epe3 HeKo;ropoe '-IHCilO 
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28.3aBHCHMOCTb noTeHt..tHaJJa OT '-IHCila HTepat..tHC1 B O)J,HOC11.13 KOHTpOilbHbiX TO'-IeK 

3JleKTpOCTaTI.148CKOC1 )J.Byx31leKTpO)J.HOC1 1lHH3bl. noKa3aTeJlb CTeneHH m=2 )J,JI>I 

scex 100 HTepa~HC1 
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~>-nepal..l11t1 no11HOCTbiO npeKpall.laiOTC~. Ha p11c. 28 noKa3aHa 3aBI-1CI-1MOCTb 

noTeHL.ll-1alla OT 411C11a 11Tepal..l11t1 All~ ABYX311eKTPOAHOt1 CI-1MMeTpi-14HOt1 

311eKTpOCTaTI-14eCKOt1 1111H3bl, COCT0~11.1et1 1-13 AByx TOHKOCTeHHbiX Ll111111HAPOB C 

paBHbiMI-1 no Be11Wli-1He, HO npOTI-1BOn011Q)KHbiMI-1 no 3HaKY noTeHL.ll-1a11aMI-1. 

npi-1BeAeHO 3Ha4eHI-1e nOTeHU11a11a B npOI-13B011bHO Bbl6paHHOt1 KOHTp011bHOt1 

T04Ke. 3ap~Abl All~ scex 100 11Tepau11t1 pacC411TbiBa1111Cb no ypasHeHI-110 

q(k,i + 1) = q(k,i) I U(k,i)m np11 m=2. np11 aToM T04HOCTb, no11y4aeMa~ noc11e 

100 1-1Tepau11t1 All~ aTot1 :>Ke CI-1CTeMbl np11 m=1, pasHa T04HOCTI-1 noc11e 50 

l-1Tepaui'lt1 c m=2 . Vlcn011b30BaHI-1e CTel']eHet1 m>2 B Ha4a11e 11Tepaul-1oHHoro 

npouecca B HeKOTOpbiX c11y4a~x cpa3y -)Ke npi-1BOA11T K "pacKa4Ke", noaToMy 

onmMa11bHblt1 Bapl-1aHT Bbl6opa CTeneHI-1 m 3aBI-1CI-1T OT KOHKp8THOt1 3aAa411. np11 

peweHI-11-1 HeKOTOpbiX 3aAa4 All~ 311eMeHTOB C n11aBHbiMI-1 rpaHI-1L.laMI-1 MO:>KHO 

6paTb Aa:>Ke m=2+8. 

npl-1 peWeHI-11-1 KpaeBOt1 3aAa411 Cl-1CTeM, 311eMeHTbl KOTOpbiX 11MeiOT pe3KI-1e 

rpaHI-1L.lbl, B03MO:>KHO nO~B118HI-1e 110Ka11bHbiX OTKJlOHeHI-1j;! n011y4eHHbiX 3Ha4eHI-1j;! 

noTeHL.ll-1a11a OT 3aAaHHOrO. Ha pi-1C. 7 3TO OTKJlOHeHI-1e COCTaB11~eT 1% All~ 24-1/1 

T04KI-1 A11aroHa1111 1-1 0,4% All~ 24-t1 T04KI-1 Ha OCI-1 _a6CL.li-1CC. npeAJ10:>KeHHblt1 

MeTOA peweHI-1~ no3B011~eT noc11e 3asepweHI-1~ 11Tepaul-1oHHoro npouecca 

npoBeCTI-1 KOppeKL.ll-110 paCn0110:>KeHI-1~ COOT88TCT8YIOLl.\11X BCnOMOraTe11bHbiX 

T04e4HbiX 3ap~A08 1-1111-1 11X Be1111411H, 4T06bl yMeHbWI-1Tb 8e1111411HY OTKJlOHeHI-1~ B 

3TI-1X 110Ka11bHbiX T04Kax. 

Ha p11c. 29 noKa3aHo pacnpeAe11eHI-1e noTeHUI-1a11a 8A011b o6pa3YIOL1.1et1 All~ 
AByx311eKTpOAHQj;! CI-1MMeTpi-14HOt1 311eKTpOCTaTI-14eCKOj;! 1111H3bl, COCT0~11.1et1 1-13 

ABYX TOHKOCTeHHbiX L.li.1111-1HAP08 C pa8HbiMI-1 no 8e1111411He, HO npOTI-180n0110:>KHbiMir1 

no 3HaKY noTeHUHa11aMI-1. Ee 8HYTPeHH11t1 paAHYC R=5 MM, a 3a3op Me:>KAy 

L.li-1111-1HAPaMH - 1 MM, AJ11-1Ha L.li-1111-1HAPa - 30 MM. Ha 8epxHeM PI-1CYHKe noKa3aHo 

pacnpeAe11eHI-1e noc11e 3a8epweHI-1~ HTepau~r~oHHoro npouecca. CpeAHI-1t1 

pi-1CYHOK npeACTa811~eT 3TO :>Ke pacnpeAe11eHI-1e, HO noc11e KOppeKL.ll-11-1 n0110:>KeHI-1~ 

3ap~A08 86111-13!11 3a3opa. Ha HI-1:>KHeM p11cyHKe noKa3aHo pacnpeAe11eHI-1e noc11e 

nposeAeHir1~ scex KoppeKL.ll-1j;!, 

np11 npo8eAeHI-111 KOppeKL.ll-11-1 fi0110:>KeHI-1~ 1-1 Be1111411Hbl 8CeX 3ap~A08, KpoMe 

KOppeKTI-1pyeMbiX, cj>I-1KCI-1py10TC~ 1-1 He l-13MeH~IOTC~. nocK011bKY 'He06XOA11MO 

n011Y411Tb l-13MeHeHI-1e noTeHL.ll-1alla 110Ka11bHOt1 T04KI-1 Ha Ma11y10 8e1111411HY ( 8 

paCCMOTpeHHOM C11y4ae 3TO 113MeHeHI-1e COCTaB11HeT -0,1% ), 113MeHHTb 

_ no11o:>KeH11e 3apHAa 1-1111-1 era 8e1111411HY HY:>KHO TaK:>Ke Ha o4eHb Ma11y10 8e1111411Hy. 

CocTa8Hot1 4aCTbiO npeAJlo:>KeHHoro MeTOAa HB11HeTcH 11cno11b30BaHI-1e 

sapHall110HHO - 11Tepal..ll-10HHoro MeTOAa (8-Vl- MeTOAa). OH no3B011~eT no XOAY 

paC4eT08 Ae11aTb OL.l8HKY T04HOCTI-1 Ha Ka)!(Aot1 CTaAI-11-1 Bbi411C11eH11t1. 8 

HaCTO~Ll.let1 pa60Te KOHTP011b 3a XOAOM pac4eT08 OCYLl.leCT811~11C~ no ABYM 

8e111141-1HaM: CP8AHeMy 3Ha4eHI-110 noTeHUI-1a11a U 1-1 cpeAHeMy OTKJlOHeHir110 -
dU, paCC411TaHHbiX no 8CeM KOHTp011bHbiM T04KaM. Ha p11c. 30 noKa3aHbl 

3aBI-1CI-1MOCTI-1 8e111-1411H U 1-1 dU OT 41r1C11a l-1Tepal..ll-1t1 All~ 311eKTpOCTaTI-14eCKOt1 

11~H3bl. noH811eHI-1e Hepery11~pHOCTet1 8 3a811CI-1MOCTI-1 U OT 411C11a 11Tepal..l11t1 
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29. noTeHL.ll-1allbHOe pacnpeAe11eHI-1e 8A011b nosepXHOCTI-1 OAHOrOI-13 311eMeHT08 

311eKTpocTaTH4ecKot1 A8yxa11eKTpOAHOt1 1111H3bl. Ha 8epxHeM pHCYHKe npi-1BeAeHo 

pacnpeAe11eHI-1e . noc11e 3aBepweHI-1~ 11TepaTI-18HOro npouecca. Ha. _ cpeAHeM 

pi-1CYHKe - noc11e KoppeKL.ll-11-1 no11o:>KeHI-1H 3ap~A08 86111-131-1 3a3opa 111-1H3bl. H11:>KHI-1t1 

p11cyHoK npeAcTa811HeT noTeHUHa11bHoe pacnpeAe11eH~1e noc11e 8cex KoppeKU11t1 

n0110:>KeHI-1~ 3ap~A08 
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30. CpeAHee 3HaYeHrtm noTeH~Ir1ana u 1r1 OTKJlOHeHir1Sl OT cpeAHero du a 

3aBir1Cir1MOCTir1 OT Ylr1Clla lr1Tepa~lr1~ AJlSl aneKTPOCTaTir1YeCKO~ ABYXSJleKTPOAHO~ 
Jllr1H3bl 

CBSJ3aHo c lr13MeHeHir1SlMir1 cTeneHir1 m a npo~ecce BbiYir1ClleHir1~ no <PopMyne 

q(k,i + l) = q(k,i) I un (k,i)m' onpeAeJlSliOW,e~ BeJllr1Yir1Hbl 3apSJAOB AJlSl 

cneAyiOw,ero wara lr1Tepa~lr1~. 

1. Cnoco6 nocTpoeHI.1fl CI-1110BbiX 111.1H1.1111 nonfl 1.1 3KBI-1noTeHU.1.1anell1 
noSJCHir1M cnoco6 nocTpoeHir1Sl Clr1JlOBbiX 111r1Hir1~ aneKTplr1YecKoro nonSJ 1r1 

3KBir1rlOTeH~Ir1aJle~. ,0,11Sl nOJlyYeHir1Sl aHaJllr1Tir1YeCKir1X ypaBHeHir1~ Clr1JlOBbiX Jllr1Hir1~ 
He06XOAir1MO yYeCTb, YTO 3JleMeHT AJllr1Hbl Clr1Jl0BO~ Jllr1Hir11r1 ds napanneneH 
BeKTopy HanpSJ)KeHHOCTir1 nOJlSl E . 3TO 03HaYaeT, YTO CllaraiOW,Ir1e 3JleMeHTa ds 
no OCSlM KOOPAir1HaT dx, dy, dz nponop~lr10HallbHbl COCTa8JlSliOW,Ir1M 8eKTOpa E: 

dx/ Ex =dyl Ey =dz! Ez. 

Ypa8HeHir1Sl 3K81r18aneHTHbl Clr1CTeMe A8YX Alr1<P<PepeH~Ir1aJlbHbiX ypasHeHir1~: 

dxldz=Ex!Ez, dyldz=Er1E2 , 

lr1HTerpallbl OT KOTOpbiX lr1MeiOT 81r1A 

!, (x,y,z) = c, ' !2 (x,y,z) = c2 . 
KOHCTaHTbl, CTOSlW,Ir1e 8 npa80~ YaCTir1 - nOCTOSlHHble lr1HTerp!r1p08aHir1Sl. 

CosoKynHOCTb A8YX nocneAHir1X ypa8HeHir1~ npeAcTa8nSJeT co6o~ ypa8HeHir1e 

Clr1Jl080~ . Jllr1Hir11r1. Bbi60p 3Tir1X KOHCTaHT COOT8eTCT8yeT 803MO)KH0CTir1 

np01r1380JlbHOro 8bl6opa ·KOOPAir1HaT TOYK1r1 npocTpaHCT8a, Yepe3 KOTOPYIO Mbl 

XOT1r1M ; npo8eCTir1 Clr1110BYIO Jllr1Hir110 nOJlSl. fllr1Hir11r1 nonSJ; npOXOASlW,Ir1e Yepe3 

8b16paHHYfO TOYKy, CTPOSlTCSl MeTOAOM Ylr1CJleHHOfO lr1HTerp!r1p08aHir1Sl 

Alr1<P<!JepeH~Ir1aJlbHbiX ypa8HeHir1~, Hanplr1Mep MeTOAOM PyHre- Kyna [24]. 
B HacToSJw,e~ pa6oTe lr1Cn011b308ancSJ npocTo~ 1r1 HarnSJAHbl~ cnoco6 

nocTpoeH!r1Sl Clr11108biX Jllr1Hir1~ nonSJ [1]. OH on1r1caH Hfr1)Ke. PaccMoTplr1M cnyYa~. 

KOrAa pacnpeAeneHir1e 8Cex npo80AH1r1K08 8 npocTpaHCT8e HaMir1 saAaHo. B 
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pesynbTaTe npo~ecca BbiYir1cneHir1Vr Mbl 3HaeM nosepxHOCTHoe pacnpeAeneHir1e 1r1 

8elllr1Yir1Hbl 3apSlA08 Ka)KAOrD np080AHir1Ka. B 3TOM CJlyYae Mbl MO)KeM 

onpeAelllr1Tb COCTaBJlSliOW,Ir1e 3JleKTplr1YeCKOfO nOJlSl lr1 nOTeH~Ir1a11 8 Ka)KA0£1 TOYKe 

npocTpaHCT8a, 8 TOM Ylr1cne AJlSl 111060£1 nnocKOCTir1 npocTpaHCT8a. C1r11108ble 

Jllr1Hir11r1 311eKTplr1YeCKOro nOJlSl HafllSlAHO AeMOHCTPir1PYIOT 8eKTOpHblti xapaKTep 

aneKTPir1YecKoro nonSJ. Clr11108bre Jllr1Hir11r1 npeACTa811SliOT co6oti npocTpaHCT8eHHbre. 

Kplr18ble, KaCaTeJlbHble K KOTOpbiM 8 ~1060~ TOYKe npOCTpaHCT8a C08naAaiOT C 

Hanpa811eH!r1eM nOJlSl 8 3T0£1 TOYKe. C1r1Jl08aSl Jllr1Hir1Sl nOJlSl, np08eAeHHaSl Yepe3 

11106y10 TOYKY npOCTpaHCT8a, lr1 3KBir1nOTeH~Ir1allbHaSl no8epXHOCTb 8 3T0£1 TOYKe 

B3alr1MHO nepneHAir1KY11SlpHbl. Ha OCH08aHir11r1 3Tir1X 06W,Ir1X CBOtiCTB Clr1Jl08biX 

Jllr1Hir1~ lr1 3K81r1nOTeH~Ir1aJlbHbiX n08epXHOCTeVr Mbl MO)KeM nOCTp01r1Tb KapTbl 

Clr11108biX Jllr1Hir1Vr 1r1 3K81r1noTeH~Ir1aneV! ritreTOAOM .3aMeHbl yYacTKa KPir180Vr 111r1Hir11-1 

oTpesKoM Kacai-enbHO~. BocnonbsyeMcSJ TeM, YTO cnara10w,1r1e aneMeHTa ds 
Clr111080ti Jllr1Hir11r1 nonSJ no ocSJM KOOPAHHaT dx, dy, dz nponop~lr10HaJlbHbl 
COCTa811SliOW,Ir1M 8eKTOpa nOJlSl E: 

dx/ Ex =dy! Ey =dzl Ez. 

nycTb Heo6XOA1r1MO npo8ecm Clr1Jl08YIO Jllr1Hir110 nOJlSl Yepe3 TOYKY A. 0TJ10)Kir1M 

lr13 3T0£1 TOYKir1 npOir1380JlbHO MaJlblti 0Tpe30K . E B Hanpa8JleHir11r1 8eKTopa nOJlSl E, 

Mbl nplr1XOA1r1M 8 TOYKY A'. B aTo~ TOYKe 8eKTOP nonSJ E MO)KeT lr1MeTb ~e Apyroe 

Hanpa8neHir1e. npoAOJl)Kir18 nocneAo8aTeJlbHO yKasaHHbre onepa~1r11r1, . 8 

pesynbTaTe nonyY~1M noMaHyiO npocTpaHCT8eHHYIO Jllr1Hir110. B npeAene np1r1 

6eCKOHeYHOM yMeHbWeHir11r1 COCTa8ilSliOW,Ir1X ee 0Tpe3K08. (E ~ 0) JlOMaHaSl Jllr1Hir1Sl 

C08naAeT C lr1CKOMOti Clr1Jl080~ Jllr1Hir1e£1, npOXOASJW,e£1 Yepe3 <j:llr1KCir1p08aHHYIO 

TOYKY A. 
KaKir1M o6pa30M npo80Air1TCSl 3K81r1noTeH~Ir1anb 8 npocTpaHCT8e? MeTOA TOT 

)Ke, YTO lr1 AJlSl nOCTpOeHir1Sl Clr1Jl08biX Jllr1Hir1ti nOJlSl. BepHeMCSl K o6w,eMy C80tiCTBY 

Jllr1Hir1~ nOJlSl lr1 3K81r1nOTeH~~aneti, 8 Clr111Y KOTOporo 3K81r1nOTeH~Ir1aJlbHaSl 

nosepxHOCTb nepneHAir1KY11SlpHa 8eKTopy aneKTplr1YecKoro nonSJ. Ha am~ 

no8epxHocm 11106aSJ npolr1380JlbHaSJ no <j:lopMe KPir18aSJ Sl811SleTCSl 

3K81r1nOTeH~Ir1aJlbiO. noaTOMy MO)KHO rD80plr1Tb 06 3K81r1nOTeH~Ir1alllr1 TOJlbKO KaK 0 

Jllr1Hir11r1 Ha n08epXHOCTir1 lr1Jllr1 nllOCKOCTir1, KOTOpaSJ 8bl61r1paeTCSl B 3a81r1Cir1MOCT1r1 OT 

pewaeMoti saAaYir1. 

PaCCMOTplr1M HeKOTOPYIO nllOCKOCTb. nycTb BeKTop. 3JleKTplr1YeCKOro nOJlSl 

Jle)KIH 8 3T0£1 nllOCKOCTir1 lr1 C08haAaeT C HeKOTOpbiM 0Tpe3KOM, HaYir1HaiOW,Ir1MCSl·8 

8 HeKOTOpOVr TOYKe B. TorAa OTpe30K, TaK)Ke HaYir1HaiOW,Ir1VrCSl B 3TOVr_ TOYKe 1r1 

nepneHAir1KY11SlPHblti nep80My, Sl8JlSleTCSl YaCTbiO KaCaTeJlbH0£1 K 3K81r1nOTei-t~lr1aJllr1 

8 TOYKe B. TaKir1M o6pa30M, AJlSl HaXO)I(AeHir1Sl Hanpa811eHir1Sl KaCaTeJlbHOti K 

3K81r1nOTeH~Ir1aJllr1 8eKTOp 311eKTplr1YeCKOro nOJlSl Heo6XOA~MO no8epHYTb Ha yron 
rt/2. Ecm1 yrllbl Me)I(Ay 8eKTOpOM nOJlSl 1r1 OCSlMir1 X 1r1 y pa8Hbl COOT8eTCT8eHHO 

a 1r1 fJ , TO KOOPAir1HaTbl CJleAyiOw,e£1 TOYKir1 Ha 3K81r1nOTeH~Ir1aJllr1 6YAYT · pa8Hbl 

x 1 = X
0 

+ s cos[J 1r1 y 1 = yo- s cos a AJlSl Hanpa8neHir1Sl 8A011b KacaTellbHO~ 

Jllr1Hir11.1 OT TOYKI.1 B. 3aMeHOVr 3HaKOB + 1.1 - Ha npOTI.180nOJl0)KHble n011YYI.1M 
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KOOPA11HaTbJ Afls:l SK811noTeHu,l1alll1 8 npoTI18onollO)I(HOM Hanpa81leHI111. BbJ411Cll>l>l 
Hanpa8Jls:IIOU-\11e KOCI1HYCbl 8eKTOpa nOJls:l 8 STOt1 TOYKe 11 npOBOAs:l AallbHet1W11e 

8bJYI1CJleHI1s:l, KaK STO yKa3aHO, Mbl MO)I(eM nOCTPOI1Tb SK811nOTeHU,I1aJlb. 
noApo6Hoe on11caH11e npi1MeHeHI1s:I MeToAa nocTpoeHI1>1 Cl11l08bJX lli1H11t1 nons:~ 11 

SK811nOTeHU,11aJlet1 AaHO 8 [25]. 
PaccMoTpeHHbJM cnoco6oM 6bllll1 paccYI1TaHbJ KOH<jmrypau,11s:1 Cl11lOBbJX Jli1H11t1 

nOJls:l 11 SK811nOTeHU,I1alll1, noKa3aHHble Ha pi1CYHKaX, npl18eAeHHbiX 8 TeKCTe. 

8. BbiBOAbl 
Paapa6oTaH anr9p11TM Afl>l YI1CTa' anre6pai1YecKoro MeTOAa peweHI1>1 

Kpae8biX 3aAaY SJleKTpOCTaTit1K~1 npOI1380JlbHbiX CI1CeM, YAOBlleTBOps:IIOU-\11X 
ypa8HeHI1JO nannaca t.c:p(r)=O. 06ocHo8aH, a TaK)I(e paapa6oTaH 11 Yl1cneHHbJt1 

11TepaTI18Hblt1 MeTOA peWeHI1s:l 3aAaY Ha OCH08e npeAfJO)I(eHHOro anropi1TMa. 

npeAflO)I(eHHblt1 MeTOA peweHI1s:l Kpae8biX 3aAaY SlleKTpOCTaTI1KI1 npOCT 1t1 

AOCTYneH, He Tpe6yeT nplt1MeHeHit1s:l MeTOAOB MaTeMaTit1YeCKOt1 <j>lt131t1Kit1, 
lt1CnOJlb3yeMblX Afls:l peWeHI1s:l nOA06HbiX 3aAaY. noArDT08Ka COOT8eTCTBYIOU-\It1X 
KOMnbJOTepHbiX nporpaMM AOCTYnHa KaK <j>lt1311Ky-SKCneplt1MeHTaTOpy, TaK 11 

HaYit1HaJOU-~eMy nporpaMMI1CTY. 
ToYHOCTb peweHit1>1 nocmsneHHbJX KpaesbJX aaAaY onpeAens:~eTCs:l YI1CllOM 

WaroB 11TepaU,11t1, 8 npl18eAeHHbiX 8 pa6oTe nplt1Mepax TOYHOCTb HaXOAit1TCs:l Ha 

yposHe 10-4 -10-6 . 

nplt1MeHeHit1e MeTOAa He OrpaHit1YeHO nplt1BeAeHHbiMit1 nplt1MepaMit1 paCYeTa 
CI1CTeM npOCT0£11 KOH<j>l1rypaU,1111. 

MeTOA Tpe6yeT HaXO)I(AeHit1s:l CTOJlbKit1X 6a311CHbiX CI1CTeM aaps:IAOB, Afls:l 

CKOJlbKI1X SlleKTpOA08 111111 np080AHit1K08 pewaeTC>I 3aAaYa. 3TO MO)I(eT npi1BeCTI1 
K' yse1111YeH1t1JO 8peMeHI1 YI1ClleHHbJX pacYeTOB. Ho ecn1t1 Helt1aMeHHa 

reoMeTplt1YeCKas:l KOH<j>l1rypaU,I1s:l npOBOAHit1K08 CI1CTeMbl lt1 np11 STOM He06XOAI1MO 
sapbl1po8aTb Ha Hlt1X Hanps:~)l(eHit1e, nonyYeHHbJe 6aalt1CHbJe KOH<j>lt1rypau,lt11t1 

3aps:IA08 n0380Jls:IJOT Bbl'li1Clllt1Tb SlleKTplt1YeCKI1e nOJls:l, nosepXHOCTHbJe 

pacnpeAelleHit1>1 aap>~A08, noTeHU.It1allbJ Ha scex sneMeHTax cl1cTeMbJ. 3To 
AOCTit1raeTCs:l Bbl'llt1ClleHI1s:IMI1 nOCJle npOCTOrO CJl0)1(eHI1s:l nonyYeHHbiX 8elllt1Yit1H 

3ap>1AOB np11 Ka)I(AOM 113MeHeHI111 KpaeBbiX yCllOBI1£11. 8 KOHeYHOM CYeTe 

Ha£11AeHHbJe 6a311CHble CI1CTeMbl aap>IAOB n0380Jls:IJOT 8bl6paTb OnTit1MallbHble 

ycnos1t1s:1 Afl>l AaHHo£11 reoMeTplt1YecKo£11 KOH<j>1t1rypau,1111 aap>l)l(eHHbJX sneMeHTOB 
CI1CTeMbl. 

MeTOA npi1MeHI1M Afls:l peweHit1>1 aaAaY sneKTpOHHo£11 omi1Kit1. )J,ns:I 
111lllJOCTpau,l11t1 era soaMO)I(HOCTe£11 , 6bJlla peweHa Kpae8as:l aaAaYa Afl>~ 

AByxsneKTPOAHOt1 CI1MMeTpi1YHOt1 sneKTpocTaTit1YecKot1 Jli1H3bJ. PeaynbTaTbJ 
BMeCTe C HeKOTOpbJMit1 APYflt1M11 nplt1MepaMI1 6yAyT ony6Jli1K08aHbl. 8 OTJ111Yit1e OT 
MeTOA08 peweHit1s:l KpaeBbiX 3aAaY SlleKTpOHHOt1 OnTit1Kit1 - MeTOAa KOHeYHbiX 
pa3HOCTe£11 (MKP), MeTOAa rpaHit1YHbiX SlleMeHTOB (MrP) 11 MeTOAa KOHeYHblX 
SlleMeHT08 (MK3) - npeAfJO)I(eHHbl£11 MeTOA yHit1BepcalleH 11 era nplt1MeHeHit1e He 
3aBit1C11T OT Tl1na nOCTa8JleHHOt1 3aAaYit1. 
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8 nepsoHaYallbHOM 8aplt1aHTe nporpaMMbJ 6bllll1 Han-lt1caHbJ Ha s:~3bJKe GW
BASIC, aaTeM 6bJlllt1 peanlt1308aHbJ Ha >13bJKe C. non Hoe speM>~ cYeTa Afl>l 100 
11Tepau,lt1t1 Ha PC c 486 npou,eccopoM np1t1 TaKT080£11 YacToTe 66 Mru. 8 
BOCbM11AeCs:ITit1 KOHTpOllbHbiX TOYKaX OT 10000 3ap>IA08 (80 000 000 paCYeT08) 

COCTa81ls:leT 30 MI1HyT. 

3aKilt04eHI!1e 
A8TOP nplt1HOCit1T cepAeYHYJO 6naroAapHOCTb M.r. Wa<j>paHo8o£1J, sas:~swet1 Ha 

ce6s:1 TPYA BHit1MaTellbHO npoYit1TaTb pyKoni1Cb s npou,ecce ee noArOTOBKI1 1t1 
CAenaswet1 u,ellbJt1 P>IA noneaHbJX aaMeYaH11t1, yYTeHHbJX a8TopoM. AsTopy 

np11s:ITHO no6naroAaplt1Tb CBOI1X KOllller no pa60Te 3a noMep)I(KY 11 nOMOU-\b 8 
TeXHit1YeCKOM o6ecneYeHit111 pa6oTbJ. Oco6eHHO npi13HaTelleH asTop 

A.n. Yp11HU,esy, oaHaKOMI18WeMy a8TOpa c MHoroYI1CJJeHHbJMit1 CI1CTeMaMit1 

cospeMeHHoro nporpaMMHoro o6ecneYeHI1>1. 
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