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Bb16op onTHMa.TlblIOI'O Bapna11Ta KOIICTPJKUHII MHOronpOBOJIO'IHbIX )lCTCKTOpOB, 

npom03HpOBat!lle HX xapaKTepHCTHK HeJib3ll C)leJiaTb 6e3 npennapHTeJibllblX paC'ICTOB. 

ToJibKO Ha OCIIOBe aHaJIH3a pe3yJibTaTOB pac'leTOB, BCCCTOpOIIIIIIX , MaKCTHblX 11cnbITa1111il:, 

llOCTH)KHMbl Tpe6yeMbie CBOHCTBa )lCTCKTOpOB C MHHHMa.TlbllbIMH 3aTpaTaMII. IlpH 

pa3pa6oTKe neTeKTOpon HOBbIX KOHCTPJKUHH paC'ICTbl nrpalOT OCIIOBIIYIO pOJib, a J{Jlll 

llCTCKTOpOB, J)KC npHMCHllCMblX B npaKTHKe cpH3H'ICCKHX 3KcnepHMCIITOB, paC'ICTbl 

no3B0Jll!IOT JiyqUie noHllTb HX CBOHCTBa. IlporpaMMbl J{Jlll TaKHX paC'ICTOB CJIO)Kllbl, HX 

nO)ll'OTOBKa Tpe6yCT cneUHa.TlbHbIX MaTeMaTII'ICCKIIX 31IaHIIH, MOUIHOH Bbl'IIICJIIITeJiblIOH 

TCXHHKH. IlpHMCHllBUIIICCll panee cnoco6bI paC'ICTa xapaKTepHCTIIK ITJia!IapllblX 

nponopUHOlla.TlbllblX KaMep BblllOJIIICHbl II npennoJIO)KCHIIII, 'ITO CfJnia.TlbHblC 

npOBOJIO'IKII KaMepbl He orpaHII'ICHbl no 'IHCJIY n no J{JIIIHe. HacTOllUiall . pa6oTa 

noKa3bIBaeT, 'ITO 6oJibIIIHIICTBO CBOHCTB ITJiaHapHblX n:eTeKTOpOB' MO)KHO pac-

C'IIITaTb no O'lellb npoCTOMY II 3cpcpeKTIIBHOMY anropIITMy. Cnoco6 HaxO)KJlCIIllll 

peUieu11ii oc11on11oil: 3Ma'III 3JieKTpoCTaTIIKH MTITIK, npeJ{JIO)KCifllbIH n naimoii pa60Te, 

0CIIOBall 11a MCTO)le 3epKa.TlbHblX II306pa)KelIIIH, IIJIH, TO'!Hee, ua MCTone 11axo)[(Jlel1Hll 

peme1rnil: 3aJ{a'l 3JICKTpbCTaTIIKH no rpaHII'lHblM ycJIOBllllM. 

O6oc11ona11ne MCTona nponeneno c rron:po611bIM a11an1130M TaK11x ocHOBHbIX 
- . 

xapaKTep!ICTIIK, KaK noTeUIIa.Tlbl CHnia.TlbllbIX nponoJIO'ICK, pacnpe)leJICHHe 

3JleKTpH'ICCKHX noneii n 061>eMe KaMepbl, II aHaJIH30M xona CIIJIOBblX JIIIHIIH IIOJill II 

3KBIIllOTeHUHaJICH Ha 11a1160Jiee KpllTH'lCCKIIX yqaCTKaX KaMepbl. , K TaKIIM yqaCTKaM 

OTHOCllTCll o6JiaCTII Kpaii11nx nponOJIO'ICK. IlpeJ{JIO)KCII npoCTOH MCTO,!( nocTpOellllll 

3KBllllOTCIIUllaJICH II CHJIOBbIX JIHIIIIH llOJill. MeTO)l MO)KHO IICllOJib30BaTb B CIICTCMax 

. 11p0B0,!(IIIIKOB, 3apl1,!(b[ KOTOpbIX 113BeCTIIbl HJIII IIOJl)lalOTCll paC'ICTaM. BoJMO)KIIOCTII 

' npllMCIICllll anropIITMa IIOKaJallbl Ha 11p11Mepe peUICIIllll IICKOTOpbIX 3aJ{a'l ll onpeneJieHHll 

OCIIOBHbIX napaMCTpon JlCTCKTOpOB C BblCOKOH CTenellblO TO'IIIOCTH. Pa3B11Tblll 110,!(XO,!( 

1103B0JlllCT pa~C'IIITaTb XapaKTCpllCTIIKII flJiaUapllblX nponopUIIOIIa.TlbllblX II npeficpoBblX 

KaMep KOHKpCTIIbIX pa3MepoB. 

I1rrauapm,1e MHoronp0B0JI0'IHhle nponoplUIOHaJII,Hble 

KaMephl 

IlJiauapHbie MIIOI'OllpOBOJIO'lllble 11po11opu11011a.T1bllble KaMepbl (MTITIK) llBJllllOTCll 

O)lHHMH H3 OCIIOBHblX KOOp,!(HHaTHblX ,!(CTCKTOpOB B 3KcnepHMeHTaX Ha BblBCJlCIIIIblX 

nyqKax ycKOpHTeJieii. THIIH'IHall MTITIK COCTOHT II3 IIJIOCKQH CCTKH CIIrllaJibllblX 

npoBOJIO'ICK, paCIIOJIO)KCIIHblX 3KBHJlHCTalITHO II napa.TIJieJlbflO ' . npyr npyry. 3Ta CeTKa 

npoBOJIO'ICK pa3MemaeTCll Me)[(Jly ,!(BYMJI KaTOllllblMII IIJIOCKOCTllMII, naXO,!(llUIHMHCll IIO)l 

BbICOKHM OTPIIUaTeJibHbIM 11anpll)Ke1111eM. lllHpoKoe 11p11Me11e11He MTITIK CTaJIO 

B03MO)Kllb!M 6naronapll cpaBHIITeJlblIOH llpOCTOTe KOIICTPJKUII II TCXHOJIOOIH 

11JroToBJien11ii:, 11x xoporneMy 11poCTpa11CTBe11110My pa3perneH1110. Maccoooe 11p11Me11en11e 

B 3KC1Iep11Me1ITe npHBeJIO K OTHOCIITeJlbHO HCBblCOKOll CTOIIMOCTII O)lHOI'O KattaJia 

pernCTpau11n. TmaTeJibllbie H nceCTopomrnc 11cCJienona11nii: KaK cuoiiCTu CaM11x MTITIK, 

TaK II MCT0,!(0B Cl>CMa 11ncpopMau1111 [ 1-4] TaK)KC cnoco6CTBOBaJill lllllpOKOMY 



! 
l 

l 

~ 
I 

l 
! 

1 

I 
-,] 

i 
l 
l 

IICn0Jib30Bamuo KaMep. B npaKTHKe npllMCHCHllll nponopuHOHaJibHbJX KaMep 

Bblpa6oTaJICll II JICKOTOpblii CTannapT 0CII0BllblX pa:mepon, onpeneJillJOJUIIX 

xapaKTCpIICTIIKll KaMepbl. TaK, paCCT0l!IJHe MelKlly ClffllaJibHblMll nponoJI0'IKaMII s, 

onpenenl!JOIUee npoCTpaHCTBCHH0e pa3perne1111e, C0CTaBJil!eT 2MM. YMCllblllCHHe ::>Toro 

pacCT0llllllll )lJill n0BbllllCllllll npoCTpaHCTBe11oro pa3perneHllll npttnon11T K Heo6xonIIMOCTII 

yMCHblIICllllll ,llllaMeTpa CllI11aJibHblX npOB0JIO'ICK, yneJlll'ICHIIIO pa60'IHX Hanpl!JKCHIIH H 

CBl!3al!HblX C 3TIIM pllnoM TPY.llHOCTCH KaK B H3fOT0BJICHlllf, TaK II B 3KCI1JJyarnum1 KaMep 

[3]. TI03TOMY yaeJIH'IClllle pa3perneHHll 3a C'leT yaen11'1Cllllll 'IIICJJa npoBOJI0'ICK 11a 

. enIIHlluy )lJillllbl OCYJUeCTBIIM~ · )Ullllb )lJill KaMep ne6oJJbllJOfO pa3Mepa. 

TioBbJIIICHIIC npoCTpallCTBCHHOfO pa3perne1111ll nnBoe B03M0JKII0 H npll IICl10Jlb30Ba!llllf 

KaMep 6oJJbllJOI'O pa3Mepa. Ho )lJill 3TOro neo6xo.nHMbl yJKe nne 11ne11Tl1'1Hble KaMepbl. 

3TH .nne KaMepbl pacnonaraJOTCll mipanJJeJibHO MelKlly co6ott Ha MIIHHMaJibH0 B03MOJKIJOM 

paCCT0llHIIII .npyr OT .npyra. Tipll 3TOM CHI11aJibllblC npOB0JJ0'IKH KaMep TaKJKe 

napaJJJJeJibllbI MCJKllY ,·o6oi-i II ornocHTCJJbH0 11pyr npyra CMeIUeHbI na nononn11y 

paCCT0llllHll MelKlly CIII11aJibHblMll npoB0JIO'IKaMII [5]. ECTeCTBCHHO, TaKal! CIICTCMa 

no3B0JilleT B.llB0e YBeJIH'IHTb pa3peIIICHIIC no cpaBHCHlllOC pa3peIIICHIICM on11ott H3 KaMep, 

. C0CTaBJll!IOIUHX 3TY CHCTeMy. Ho 3T0T nyTb llOBbllllCHHll pa3perneHHll, KaK II nepBbIH; C 

tteo6xo,nnMOCTblO Tpe6ycr YBeJill'ICllllll 'IHCJJa KallaJI0B pernCTpaUHH BO CT0JlbK0 pa3, BO 

CK0JibK0 YBeJill'IHBaeTCll 'IHCJIO npoB0JJ0'ICK ua e.n111111uy )lJillllbl • 

B 11a'1ane CCMH)lCCl!TblX ronoB nonpoc O 'IIICJJe Kal!aJI0B perncTpaum1 H3•3a 

,ll0CTaT0'III0 BblCOKOii CT0HM0CTII onnoro Kattana CT0l!JJ O'leilb 0CTpo. He cnyqaiino, '!TO 

JKeJiallHC C0KpaTJITb 'IJICJI0 Kal!aJJOB pernCTpaUHII ITpll 06eCI1C'ICIIIIH TO'IHOCTCH HC XyJKe, 

'ICM B MTITIK, ll0CJJyJKllJI0 onttoii 113 npH'IHII pa3Bl1Tllll MeT0)lllKH .npeiicpoBblX KaMep 

(.ll.K) [ 1,6]. ,ll.anbllCHIIIIIC MeT0nH'ICCKIIe IICCJJenonamll! c .npeiicpoBblMll KaMepaMH, HX 

fa30Bb1M 11anon11eH11eM [7] 1103B0JJHJIII CYJUeCTBCl!HO YBeJill'IIITb K0opn11ttan1yio T0'IHOCTb 

.npeiiqlOBblX KaMep [8~101. 
Bo3MOJKHO Jill yae.rIH'IIITb npoCTpaHCTBCHII0e pa3perne11He nponopuu-

OHam,noii KaMepbl B.llB0e 6e3 yae.ri11'1CHllll 'lllCJJa npoB0JJ0'ICK na enu-

HHUY .llJlllHbl, H, cnenoaaTeJibll0, 6e3 YBeJIII'ICHllll 'IHCJJa KaHaJI0B pernCTpau1111? 

OrBeTIIM 11a noCTaBJICIIHblH oonpoc. PacCMOTpllM cnyqaii, Korna 'leTllblC np0BOJI0'IKll 

CMCJUCIJbl K on11oii, a IIC'leTHbJe • K npyrott KaTon11ott IlJJOCK0CTH B 0TJlll'IIIC OT CJJYtJal! 

CMCJUCHJlll. BCCX CllflHI.TlbllblX npoBOJJ0'ICK B HanpaBJICHHll K onnoii ll3 KaT0nllhlX 

IlJIOCKOCTeii (acuMMeTpll'IHall KaMepa) [1,2]. TiycTb JJHHeiiHall IlJI0TH0CTb 3apll.lla KIDKJJ:Oii 

npoB0JI0'IKll paBHa cr, a KaT0nHblC llJJ0CK0CTII naxonl!TCll non 11yneBblM noTCHUllaJJOM. B 
na'laJibJIOM C0CTOl!IUIII Bee npoBOJIO'IKII HaxO)ll!TCll B MenHaJIHOH IlJJOCKOCTH na 

3KBll)lllCTaHTHOM paCCTOl!HIIJI Me)K)ly co6oii. Ha KaTOJUIOH IlJJOCKOCTll llllllYl.lllPYJ0TCll 

3apl!,!1bl, CBl!3aHJlble .c 3apl!naMH COOTBCTCTBy10meii npoB0JJO'IKH. Bee yqaCTKH KaT0)lllbIX 

llJIOCKOCTeii, 3apllnbl K0TOpblX CBl!3aHbl C 3apimaMII COOTBCTCTBYJUCH npoBOJIO'IKH, paBHbl 

MClKllY co6oii. Pa60'lal! ll'leiiKa KaMepbl B ce'lemm l!BJilleTCll npllMOYfOJJbHIIKOM C 

pa3MepaMH 2sxL (pile.la), rne s. pacCTOl!IUIC MClKllY cocenHHMll npoBOJJO'IKai.111 B pllllY, 

a L • paCCTOl!HIIC MClKllY IUJOCKOCTblO KaToaa II IUIOCK0CTblO npOBOJIO'ICK. 

TipoaHaJJII3HpyeM, 'ITO npo1130H)leT npH CMCIUCHIIH ne'leTHblX 11p0BOJIO'ICK no 

11anpaBJICHJIIO K nepBOH KaTO)lllOH IlJIOCKO('TH C onttonpeMeHHblM nepeMC(UCHIICM qeTHblX 

npoBOJJ0'ICK T0'IHO mt TaKoe )KC paCCTOl!Hlle B npoTHBOll0JIJKHOM HanpaBJJeHIIII. 

2 

KoJJll'ICCTBO 3apllnOB, llllllYJUlpycMblX 3TIIMII npoBOJJ0'IKaMII Ha nepooii KaTonnoii 

IlJJOCKOCTII, 6yncr yneJJll'IIIBaTI,Cll. YtJaCTKII 3TOH nJIOCKOCTII co CBl!3allllhlMII Ha IIIIX 

3apllnaMH OT C00TBCT';'rBYJ0IUIIX IIC'lt.'TllbIX np0llOJI0'ICK TaKJKe 6ynyT yneJlll'IIIBaTbCll. 

,IJ.JJl! Tex )KC caMblX np0BOJJ0'ICK C00TIICTCTBYJ0lllllC yqaCTKII llpOTIIBOllOJJOJKHOii 

IlJJ0CK0CTII KaTona 6ynyT C0KpamaTbCll BMCCTe C yMCllhlllCIIIICM 'IIICJJa CBll3allHblX 

3apllnon. Bee CKa3alJH0C cnpaBC)lJIIIBO II )lJill 'leTllbIX np0B0JI0'ICK CMCIUCllllblX B 

np0TIIB0ll0JI0JKII0M 11anpaBJIClll!ll. Ha IJCKOTopoM pacCT0l!IIIIH d MClKllY llJI0CK0CTl!Mll 

IIC'leTllblX ll 'leTllhlX np0B0JJ0'ICK 11a KaTon11oii 11JJOCKOCTII, 6mtJKaiiweii K npoB0JJO'!KaM, 

yqaCTKH, 3aHJtMaCMblC llllllYl.lllPYCMhlMII 3apl!.iiaM11 3TIIX npoBOJJO'leK, 6ynyT B Tpll pa3a 

npeBbllllaTb C0OTBCTCTBYJOlllllC yqaCTKII npyiuii KaTOn11oii IlJJ0CKOCTII (puc.16). Pa60'lall 

ll'ICHKa B CC'ICIIIIII TC11Cpb yJKe 11e l!BJllleTCll npl!MOYJDJJbllllKOM, a 6yncr npenCTaBJil!Tb 

qmrypy, nono611yio CIIJIY3TY Tamm ncnyinKII. 
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Pttc. l. ,ll.nc cxcMbl 6a1onoii l!'ICHKII MTITIK. O1cna 110KaJa11a cxcMa crnn.!lap-rnoit 

KaMcpbl. Cnpana • KaMcpa co CMCII\Cllllhl_MII llp0II0JI0'!KaMII, 1a11np11xona111,1 o6JlaCTII 

KJiaCTepon nponom)'ICK w 1, w2 11 w3. 

KaK 6yncr ocyiuecTBJll!TbCll pcrnCTpam1ll 'laCTIIU B TaKOH KaMepc co CMCIUCllllblMII 

11pOBOJI0'1KaM11? Bo3MOJKllhl Tpll CJJYtJal! llp0X0)K)lCllllll '!acnm II IIX pcrne---rpau1111 

CllfllaJJbllblMII npoBOJI0'IKaMII. PacCMOTpllM 1011y np0B0JJO'IKII w2 na CXCMC, 

npe,nCTaBJICIIIIOH Ha pnc.16. EcnH 'laCTlllta llp0X0llllT '1epe3 3a111TpllXOBam1yio 30IIY (puc. 

16) 0K0JI0 np0B0JI0'IKII w2, TO CllfllaJI na pcrnc-rp11pyi01uyio CHCTCMY II0CTYIHIT T0JlbK0 

OT 3TOH np0B0JIO'IKII. TipoXO)K)lClll!C '!aCTHU II 11e1arnTp11xona11111,1x 3011ax MCJKllY 

npoBOJJO'IKaMH wl II w2 IIJJII w2 II w3 conpOllOJKllaeTCll c11maJJaMII KaK OT 

np0BOJIO'IKII w2. TaK II OT npOB0Jl'IKII wl IIJIII w3. B 3TIIX nByx CJIYtJal!X 

pernCTpllpYJ0TCll ,llBOHllhlC KJiaCTcphl wl, w2 IIJJII w3. w3. 

KaK onp~.lleJIHTb paCCTOllHIIC d MClKllY IJC'ICTllblMII II 'ICTllblMII npotlOJIO'IKaMII, 11p11 

K0T0poM yqaCTKII KaT0)lllblX IUIOCKO('TCH, 6m1JKaiim11e K C0OTBCTCTBYJ0IIUIM 

npoBOJI0'IKaM, 6y.nyT 8 Tpll pa3a npeBbllllaTh yqae-'TKII na .npyiutt KaTClllllOH IIJI0CK0L'Tll. 

Peme1me noCTaBJIClll!OH 3a)la'III 6hlJJO BblllOJIIICII0 cnoco6oM, 0CIIOl\a!III0M Ha MCTOllC 

mo6paJKCllllll 3apl!ll0B. HeKOTOphlC pc3yJlbTaTbl paC'leT0B 110 ::>TOH 3a)la'le II 3a)la'!aM, 

Cllll3aHllblM C npcii<pOBblMII KaMepaMII, npcn1..·Ta1JJJC1lbl B [ 11 ]. B 0TJlll'IIIC OT 

KJiaCCll'ICCK0ro nonxo,!la K pemc111110 3a)la'IH cnoco6 OCIIOBblllaJICll Ha K0IIC'IIIOMM 'IIICJIC 

11106paJKe1111ii. 06oc1wna1111c cnoco6a nano 1111JKc. 

3 
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3neKTpOCTaTHKa 

HanoMHHM 11eKOT0pb1e II0JJ0)KeJIHll ::JJJeKTpoCTaTl!KII, K0T0pble 11aM 6yJlyr II0JJeJHbl ll 

JlaJJbJJettllleM. PaccMOTpllM np0113llOJJl,H)'I0 CIICTeMy Japll)KeJJHblX np0BO)lllllK0B, 

ttax0!lllIUIIXCll ll 11eK0T0p0M orpamt'-lelltlOM npoc-rpa11crne, c1106ol1HOM OT llPYfHX Japllll0B. 

TTycrb nom1b1tt Japllll k -npooommKa paBCII Qt . a Ka)l(Jlbltt k - np0BOJlllllK 

xapaKTepmycrcll onpeJlCJICllllblM 3Jla'-1e1111eM H0TCHUnaJJa 'P, • B no)lo611011 CIICTeMe 

uenecoo6pa:mo np11n11caTb 6ecK011e'-11IO YllaJJellHblM T0'-IKaM npocrpallCTBa noTeHUllaJJ, 

paBHblH 11ymo. no11epx110CTb Ka)l(Jloro npoBO)lllllKa JlllJIJleTCll ::JKllltnOTeHUHaJJbllOH, 

::JJJeKTpl!'-leCK0e none na ero noBepXIIOCTII £ onpellCJJlleTCll '-1epe3 rpan11e11T noTeHUl!aJJa 

E = -grad <p. 

BeKTOp 11anpll)KeJIJIOCTII ::JJJeKTpH'-leCKOro IIOJlll B mo6ott TO'-IKe IIOBepXH0CTII 

npoBO)llll!Ka nanpallJlell no IIOpMaJJII K flJJOCKOCTII, KOTOpal! llllJllleTCll KacaTeJJbllOH K 

nonepXHOCTII npoB0)lHllKU ll ::JTOH TO'-IKe. TTpn ::JTOM IIOpMaJJbllall COCTallJllllOillall flOJlll 

En CllllJaHa C JlOBCpXHOCTJIOH HJJ0TJIOCTl,JO 1apllllOB t CJJell)'I0IUIIM COOTIIOlllel!lleM : 

=c.E., (1) 

me &. -::iJJeKTpll'-ICCKall JlOC'fOllllllall. TT011cpXIIOCTllblH HllTerpan OT t pa11e11 Jl0JIIIOMY 

JapllllY Q k ::lTOfO npoBOlltll!Ka. CooTIIOUJCIIIIC (l) el{llll(.,'TlleHHblM 06pa10M CBll3blllaeT 

£ H t, 110 ::JTO conceM ne OJlla'-laeT, '-ITO TOJlbKO t llllJllleTCll l!CT0'-llll!KOM IIOJlll E. 
3JJCKTpH'-leCKOe II0JJe E COJ)laCTCll 6Ce.MU JajJJIOa.MU cucme.Mbl • a nonepXIIOCTJJblH '.lapllll 

llllJllleTCll Jllflllb '-!aCTblO 1apl!J10ll, C03llUIOIUIIX ::JT0 II0JJe. TaK KaK Cllll3h Me)l(Jly JlOJJeM H 

IIOTCHUHaJJ0M Bblpa)KaeTCll C0OTII0lllellHeM E = -grad <p • Bee CKa3UllliOe OTIIOCHTCll II K 

IIOTem111any <p • TToTCIIUllaJJ Ila nonepXII0CTII JlUIIII0fO npOllO)lHHKa TUK )Ke, KaK H 

nanpll)KCIIIIOCTh H0JJll onpellCJJlleTCll BCeMII 1apl1JlUMII 11cex npOBO)llllfK0B. 3aBIICIIMOCTb 

n01'e11u11ana <p II ::JJJeKTpll'-ICCK0ro H0JJll E OT paCCT0llllllll Me)l(Jly 3apllll0M II MeCT0M 

11a6mo)lel!Hll )lJlll T0'-1e'-1110ro JapllllU onpe)leJllll0TCll CO0TIIOllleHl!llMH: <p ~ l/r2 
• a E ~ 1/r. 

Cr!e)lOBUTeJJhllO, YJlaJJCllllble 1apl!Jlbl 0KU'.lblllaJOT 6oJJbUJee BJll!Jltllle na BeJJH'-IIIHY 

noTeHUHaJJa B T0'-IKe 11a6JIIO)lCllllll, '-ICM 11a neJJll'-IIIIIY ::iJJeKTpH'-leCK0ro flOJlll. 

Ha npaKTl!Ke, ll OCIIOIIIIOM, npllXOllllTCll l!MeTb )ICJIO C peU1em1eM 1ana'-1, )lJlll 

K0T0pblX HC 11'.llleCTHbl pacnpenenemtll 3aplll10ll, 110 3UllUHbl cpopMbl np0B0JlHHKOB, HX 

OTII0CHTCJlbllOe pacnoJIO)Kelllte ll npoCTpUIICTBe II noTeHUHaJJJ,I. Kotte'-IHOH UCJJblO 

pemellHll OCIIOllllOH 1ana'-111 ::JJJeKTp0CTaTIIKH llllJllleTCll onpe)leJJeHlle ll npocrpaHCTBe 

Jl0Te11u11ana <p (r) ::JJJeKTpll'-ICCK0ro fl0JJll E (r), a TUK)Ke 11axo)l(JleH11e pacnpe)leJJellllll 

3apl1!10ll 11a npoBO)lHl!KaX no '3Ha'-lellHI0 E 113 C0OTII0Uletlllll (1) . TTpll ::JTOM Hatt)leHttoe 

peme1111e <p (r l llOJJJKiIO np111111MaTb 1apa11ee 3ana11aeMoe 111a'-le1111e BO ncex TO'-IKax na 

Ka)l(JIOH 11'.l noncpx110CTett IIpOIIOllllllK0II. TeopeMOH ellHIICTlle_HH0CTII [12,13] B Teop1111 

::JJJeKTpoCTaTl!KII ll0Ka·11,maeTCll, '-!TO (10(.,'TUllJleHHall TUKHM o6pa30M 3Ulla'-la IIMeeT 

e)lllllCTIICIIII0e pemc,mc. no cyrH JleJJU Mbl l!MeeM )ICJI0 C rpallH'-IIIOH 1ana'-lett, ll 

KOTOpott 111a'-1et111e cp)'l!KllllH onpeJ1CJ1e110 11a 1ana11tlblX rpammax. 
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TToHCK pelllettllll II aHaJJIITll'-leCKOH cpopMe, KaK npaBHJJO, llBJllleTCll CJJOJKHOH 

MaTeMUTll'-leCKOH 3a.!la'-lett. TTp11Me11e1111e TeopeMbl eJlllHCTBell!IOCTII CYIUecTBeHH0 

o6ner'-!aeT HaXo)l(JleH11e pemetmii. TTpennonoJKHM, tJTo KaKHM-m160 cnoco6oM (xoTll 6b1 

nyreM )lOfUllKII) YllaJJOCb IIUHTII llblpaJKelll!C )lJlll <p • Yll0BJleTBOpll!Olllee II0CTallJlellllblM 

YCJJ0llllllM, TOr)la TeopeMa 06 0)lll0311U'-IIIOCTII fl03BOJJlleT CllCJIUTh 3aKJJJO'-leJme, '-ITO 

11att)leH11oe Bblpa)Ke1111e llllJllleTCll e)lllllCTBeJIHblM II IIO::IT0MY IICTIIHIJblM pemenlleM 

'.lUllU'-111. 

MeTOn H306pa,Kem1ii 3apsrnoB 

Pe1IleH11e HeKOT0pblX 3a)la'-I ::JJJeKrpoCTaTIIKH onupaeTCll 11a xop0lll0 pa3BHTblH ll 

MaTeMaTH'-ICCK0M CMblCJJe MeT0ll pellleHHll OCHOIIHOH 3a)la'-IH :;meKTp0CTaTHKH - MeT0)l 

mo6paJKeHIIH. MeTOJl MOJKIIO np11MeHIITb JlJlll naxo)l(JleHHJI pacnpe)leJJeHHH 

::ineKTpH'-leCKHX nonett n norenuHanon n pa6oqeM 06-beMe IIJJa11ap111,1x 

MH0roIIp0B0JI0'-lllblX neTCKT0pOII, •TUKIIX KaK nponopUHOllaJJbHble KaMepbl [2.14.15]. 

CaMott npocroii cncreMott, HJJJJIOCTpHpytoIUett npnMeue11ne MeT0lla mo6paJKeHHH, 

llllJllleTCJI CHCTeMa C T0'-le'-lllbJM 3UpJIJIOM Q, naX0JlllIUlfMCJI na pacCT0JIHIIII h nan 

nonepXHOCThlO IIJJ0CK0ro npoB0lllll!Ka PellleHHe OCHOBHOH 3alla'-111 3JJeKTpOCTUTIIKll 

MeT0llOM mo6pa)KeHHH JlJlll ::JTOH CllCTeMbl paccMarp1111acrcll npaKTll'-leCKII BO ncex 

Y'-le6HHKaX no 3JJeKTpOCTUTIIKe. TTpennoJJOJKl!M, '-IT0 IIJIOCK0CTh p llllJllleTCll 

nonepXHOCTbJO npOIIOllllllKa neorpaHll'-leHHblX pa3Mepon C uyneBblM noTeHUHaJJ0M. 

KaKoBa JlJlll ::irnro CJIY'-Jall KOHcjJ11rypa1111ll ::JJieKrpnqecKoro ITOJill, KUK pernaeTCJI 

II0CTaBJieHHllll 3a,naqa? Orner MO)KH0 llOJI)"IIITb C IJOMOIUhlO HeKOTOporo llCKyccrneHH0ro 

np11eMa. noucK pemeHllll CII0)lllTCll K pellleHIIIO Jlpyrott 3a,naqn, a IIMeHHO, K 1anaqe C 

llllYMll T0'-le'-IHblMlf pa:mo11MeHHblMH 3apllJlUMH. 3JJeKTPH'-leCKOe II0JIC, 06pa1oi:iannoe 

pa3HOHMeHHblMH 3UPllJlUMII Q II -Q, IICJOJIY nepneHllllKYJillpH0 ITJIOCK0CTII p . TTnoCKOCTb 

p pacn0JI0)KeHa Ha panHOM pacCTOllHIIII Me)l(Jly 3Upll)laMII II nepne!IJlllKYJillpHa K 

npl!MOH, coe)lUHllJOIUeH ::ITII 3apl!Jlhl (pttc.2). Bb16paB paCCT0Jll{lle OT IIJJ0CK0CTlf )10 

ol 
/J 

X 

P11c. 2 ToqeqHhIH 1apl!Jl Q , pacnOJIO)KeHHhJH 11a.n 6ecKoneqno 6onbrnoif 

IIJJ0CK0CTbJO np0BO)lHIIKa, H ero 3epKaJJbHOe mo6paJKeHlfe -Q. 
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3apa,u~ B COOTBeTCTBHII C Tpe60BaH11iM11 ccpopMym1pOBaHHOH 3a,uatJ11, MO)KIIO y6e,Ul!TbCa, 

'!TO KOHcpmyparlHa nOJrn Me)K,lly 3apa,uoM Q II nJIOCKOCTblO p IIOJlHOCTblO COOTBeTCTByeT '· 

Tpe6oBaHlrnM noCTaBnemmii 3a,ua'111. J].eiiCTBIITCJlhllO, ::ineKTpH'leCKOe none BCIO.UY 

nepneH,UIIKynapHO K noBepXHOCTII npoBO,llllllKa, a B OKpCCTHOCTII 3apa,ua Q OHO 

COOTBeTCTBYeT nonIO TO'le'IHOro 3apa,ua. nocKOJlhKY Tpe60Ba111rn TeopeMbl 

C,llll!ICTBCIIIIOCTII BblITOJJIICllbl, Mbl MO)KCM 3aKJ110'111Tb, '!TO Haii,ueHHOe perneHne HllJlHeTCH 

e,UHHCTBellllblM II BepIIbIM. Bcnn'!IIIIY II 11anpallJICHIIC nona MOJKIIO Bhl'IIICmtTb, 

BCPHJBllIHCb K 3a,uaqe C ,UBJMH 3apa,uaMH, np11Me11aa ,llJJH perne1111H 3aKOII Kynoua ,llJJH 

TO'le•rnoro 3apa,ua H npllHUIIII cynepn0311Ullll ::ineKTPll'ICCKIIX IIOJieii. no COOTIIOIIlCHIIIO 

(1) MO)KHO nonyqHTb pacnpe,ucne1111e rIJlOTIIOCTll 3apa.uoB 11a IIJlOCKOCTII. C rIOMOIUblO 

IIIITerpnpoBaHHa MO)KHO y6e,u11Tbca, '!TO rIOJJllblH 3apau, llH,Uyu11poBaHHblH 11a HJIOCKOCTII, 

6ylleT paBell -Q. no Tpa,ll11Ullll ' OIIl!CaHHblH MeTOJl pememrn Ha3bIBaeTca 
0

MeTOJlOM 

11306pa)KCHHii, IIOCKOJlbKY OTp11uaTCJ1bllbIH 3apan -Q MO)KIIO paccMaTpl!BaTb KaK 

3epKanhnoe 11306pa)Ke1me 3apana Q, xorn TO'!Hee ::!TOT MCTOJl cnenyeT Ha3bIBaTh 

MeTOJlOM pemeunii no rpaHH'lllblM ycJIOBIIHM. MeTOJl 11306pa)KCHIIH, no cymecrny, 

OCHOBaH Ha no)lrDHKe IIOTCHUl!aJJa IIO)l 3a,ua11HbIC rpaHH'lllble ycnOBl!a. Mb! CTapaeMca 

11aiiT11 TaK}'IO Ko11cp11rypaumo 3apanoB, KOTOpal! co3naeT Tpe6yeM}'IO Koncp11rypaumo 

::incKTp11qecKoro nona B ~rnTepec}'lomeii nae tJaCT11 npocrpa!ICTBa. · B ::!TOM cnyqae 

ttaiine11110e pernem1e HllJIHCTCH npaBIIJlbHbIM H C)lllHCTBeHHblM B COOTBeTCTBIUI C 

TeopeMOH CJIHIICTBCIIHOCTH. TaKoii BhIBOJI O'ICBll,UCII C !pl13ll'ICCKOH TO'IKH 3peIUIH. Ecm1 

perne1111e ne OJIHO, TO 6yneT He O,UIIH noTCIIUllaJJbllblH pcnbecp. B ::!TOM cnyqae B Ka)K,llOH 

TO'IKe none E 6yneT HCOJIH03Ha'!HbIM, '!TO aBnaeTca !p11311'1CCKIIM a6cypJIOM. B 

COOTBeTCTBIIII C TeopeMoii e)lHJICTBeHHOCTII 3apa,U Ha IIOBepx110CTII npoBO,llHIIKa 

pacnpencneH CJIIIHCTBCHHbIM o6pa30M. 3-ro cnenyeT 113 (1). EllllHCTBCHHOCTb nonH E 

onpencnaeT C)lllHCTBC!IIIOCTb pacnpencnemrn 3apa,ua Ha IIOBepXHOCTII npOBO)llll!Ka. 

PacnpocrpalIHM MeTOll Ila CHCTeMy, COCTOHIU}'IO 113 TO'IC'IIIOro 3apana Q. 
pacnoJJO)KCHHOro MC)K,lly )lBJMH 6eCKOHC'IH_O IlpOTa)KCHlihIMII IIJlOCKIIM_H npoBOllHHKaMH, 

napanJJCJlbllblMII Me)K,lly co6oii. nnocKOCTl1 UaXOJillTCH no,ll 11yneBbIM noTCHUllaJJOM. 

3apan Q HaXOJIHTCH ua paccTOHHHllX, paBHbIX s II r OT ::ITIIX IIJIOCKOCTeii (nycTh r < s ). 

)J,TIH ::!Toro CJJYtJal! KOH!pllrypau11H ::ineKTpll'!eCKOro nona onpe)lCJlHeTCa 

3HaKonepeMe1111oii 6cCKOIIC'IHOH nocnellOBaTCJlhHOCTblO 3apa,UOB, HllJIHIOIUHXCa 

11306pa)KeimeM HCXO,llHOro 3apa,ua (pnc.3). Cnyqaii 6eCKOJIC'IHO ,llJJHHHOro 

nOJlO)KHTCJlhHOro mmef'moro 3apana ffiil C Jll!Heii11oii ITJlOTHOCTblO s, pacITOJlO)KCHHOro Ha 

paccroamlll r II s OT JIByx 6ecKOHe'!HO npOTlJ)KCIIIlblX ID.IOCKOCTeii c H-yneBbIM 

ITOTeHUHaJJOM Ha Ka)K,llOH IIJIOCKOCTII. npencrnBneH Ha pile. 4. 3neKTPll'ICCKOe none, 

o6pa30BaH11oe npOTa)KCHHhlM JlllHCHIIblM 3apHllOM, onpe,ueruieTCH 6eeICOHC'IHOii 

nocne,uoBaTCJlbHOCTblO 311aKonepeMeH1IhIX mmeiillhlX :iapaJIOB - C TOH )Ke Jll!Heii11oii 

IlJIOTHOCThlO -s. B CC'!Cllllll, o6pa30BallflOM IlJlOCKOCTbIO, nepneH,UHKYJ1Hp11oii 'JJlilICHHOMY 

3apH,uy, ::!Ta 3HaKonepeMe1maa nocne,uoBaTCJJhHOCTh npe,ucraBneHa Ha puc.36. Ha HeM 

3HaKaMH + II - o603Ha'!ellbI mmeii111,1ii 3apall II ero 11306pa)KeH,ml B IIJIOCKOCTII 

CC'ICHHH. 

PacCMOTpllM CIICTi:My napaJJJJCJlbHblX nponI)KCHHhlX JllllIHllblX 3apHJIOB, 

HaxOJillIUHXCa Me)K,lly npoTH)KCIIHbIMII )KC. napaJJJ1CJ1bHbIMII Me)K,lly co6oii IIJIOCKOCTHMH c 

, HYJlCBblM noTeHUllaJJOM. nycTh miHeHHblC 3apa)lbl - ll
0

MCIOT .. pa3Hble .. 3llaKII, -.pa3ll}'IO -

BCJll!'IIIHY II pa3MCIUCHbl Ha pa3n11'1HOM paCCTOllHIIII ,upyr OT ,upyra. JlerKO IIOHHTb, 'ITO 
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P11c. 3. To'!C'lllhlH Japlln Q MC)K)ly llllYMll 6cCKOIIC'IIIO 6oJJI,IUIIMII IIJIOCKIIMII 

npollO)llll!KaMII p II /J (a). EccKOIIC'lllaJI IIOCJJC)lOBaTeJJbIIOCTb 31IaKOI1CpeMCllllbIX 

3apH/lOB Q , onpcucmIIOIIIal! KOIHjmrypamuo JJICKTpll'ICCKOro JJOJlll, C03,UaBaeMoro 

3apll/lOM Q Me)K,lly IUIOCKOCTllMII p II /J • 

m 

a 

p 

n 

P11c. 4. J11111ciim,1ii 3apllll Ila 6cCKOIIC'IIIO )lJIIIIIIIOM npollO)lllllKC MC)K)ly .UllYMll lie 

orpaIUl'ICIIHblMII 110 pa3Mepy npOBO)llllllllMII IIJIOCKOCTllMII p II JJ • 

TaKaJI CIICTeMa 3apll/l0ll o6pa3yCT JJlCKTPll'ICCKOC IIOJIC, KOTopoc Ofll!CblllaCTCll KaK nOJJC 

OT 6CCKOJIC'IIIOH 311aKOI1CpCMCHIIOH IIOCJIC)lOllaTCJlbllOCTII JllllICHllbIX JapallOll, 

napaJJJlCJlbHblX IICXO)llll,IM mmeiiIIblM 3apl!)laM. J].na cnyqaa pamn,IX IIOJIO)KIITCJll,llblX 

JlllHCHHhlX 3apa,UOll, pa3MCIUCIIHhlX II O)llIOH IIJlOCKOCTII Me)K,lly_ rrapannenb-

lllJMH IIJIOCKOCTHMH H 3KBIIAIICTaHTHO Me)l(Ay co6oii, Mb! HMeeM neno 

c rrpoo6pa30M : · MI1oronpononotJ110ii nponopm1011am,11oii KaMcpbI [I]. Ecm1 )KC, 

Harrp11Mcp, nee 'leTllblC JlllllCHIIblC IICTO'IIIIIKIIII IIMCIOT IIOJIO)KIITCJlbllblC on1111aKOllblC 110 

BCJlll'IIIHC 3apl1,Ubl, a IIC'leTllbIC Jll!HCHIIhlC 111..'TO'IIIIIKII IICCYT 1apll,llhl OTp1111aTCJ1blIOl'(l 

3HaKa, a ·Te Ii npyrne llCTO'IIIIIKII paJMCUICllbl 3KllllllllCTalITIIO MC)K,lly co6oii II 

npoBO)lHIUHMH IIJIOCKOCTHMH, TO Mbl IIMCCM llCJIO C npoo6pa30M npocrciimcii IIJiallapuoii 

npciicpoBoii KaMCpbl [6]. 
Pernemic 3a,ua<1 0 11p0Tll)KCHllblX JIIIIICHllblX 3apl!llaX MC)KJlY npoTlJ)KCIIllhlMII 

rIJlOCKOCTHMll OCIIOllallO ua pa3Ill!TblX II MCTOllaX MaTCMaTII'ICCKOH q>ll3llKC cnoco6ax 

pcrnc1111a no,uofoibIX JaJi°atJ. ,[{.rrn llaXO)KJlCIIIIll pcmc1111ii Clll..'TCMbl JIIIIICHIIl,IX 111..'TO'lllllKOll, 

co1na10m11x Te 1m11 m11,1e nonll u 3am1Mmo11111x nee npocrpaucrno, pa3pa6ornu crpomii 

MaTeMaT11tJccK1-1ii annapaT [16.17]. 
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B npaKTltKe !pllJll'leCKoro ::lKCnepHMCIITa Ml,I IJCer.ua IIMeeM .lleJlO C mmeiiHblM 

3apll.110M (npoBOJIO'IKa nponopUIIOllaJJb!IOro C'ICT'IIIKa, nponopUIIOilaJJbIIOH IIJIII 

.upeiicponoii KaMepbl) orpalllt'leIIIIOii .11Jlllllbl. IlnocKOCTII, MClK.llY KOTOpblMII 3aKJIIO'lellbl 

npoBOJJO'IKII C'leT'IIIKOll II IJCeBOJMOlKllblX KaMep, TaKJKe orpa1111'1ellbl no pa3MepaM. 

TaKIIM o6pa30M, pemall Ja,lla'ly C npOTlllKellllblMII o6'beKTaMII [ 16, 17], Mbl, no cyrn, 

nonyqaeM np116n11JKe11111,1e peme1111ll .11Jlll 11au111x peanbHblX o6'beKTOB, npoc-rp.a11crneH110 

orpaHH'feIIHblX. IlpaBOMepnoCTh 11epe11ecemtll peme1111ii, naii.ueHHbIX .11Jlll npOTlllKeHHbIX 

o6'beKTOB na o6'beKTbl. orpallll'ICIIHble no paJMepaM, onpaB,llbIBaeTCll np11 HeKOTOpblX 

o6CTOllTeJJbCTBaX. )J.na nnanapnbIX MHoronponoJIO'IHbIX KaMep (MTITIK) TaKHM 

o6CTOllTeJlbCTBOM BJJlleTCll TOT cpaKT, '!TO n IIIIX paCl-"fOllHllll MelK.lly coce.UHIIMII 

npoBOJIO'{KaMII, IICCYIIUIMII mmeiillblC 3apll.11bl, a TaKJKe MelK.lly KaTO.llllbIMII 

nJJOCKOCTllMII BO MIIOro pa1 MCilbllle paJMCpou KaMCpbl. HMCIIIIO 11a OCtlOBailllll ::iroro 

paC'fCTbl [2,14] MOlKHO C'IIITaTb cnpane.11J1llllblMII .11Jlll MTITIK, IIJIII, no llCllKOM cnyqac, 

WUI !IX UCHTpaJibHbIX o6nacTeii. PeJyJibTaTbl paC'fCTOB [2] npHBC,[(CHbl KaK n CaMoii 

ny6n11Kau111f, TaK II B ofoope [3], noCBllIUCHHOM MHOronpoBOJIO'lllbIM 

nponopu11ot1aJJbHblM II .upeiicpoBblM KaMepaM. 

B006111e TO'fHbie pemeHHll ypaBHet111ii !p11311KH MOl)'f 6brrb nonyqeHbl TOJlbKO ,1lJlll 

orpaHH'fCHHOro Kpyra Ja,lla'I. Ha npaKTHKe ocer.ua HMeIOT ,lleJJO C np1t6J111lKeHHblM 

pemeHHCM. HcnoJJb3YJOTCll TPH paJHblX Mern.ua: MCT0,11 Teop111t B03MYIUeHHH, 

nap1tau1toHHblH ll Bap1taUHOHHO-HTepauHOHHbIH (B-11 MCT0.11), Ilocne.111111ii o6na.uaeT 

MHOmMII npeHMyiUeCTBaMH, B TOM 'IHCJJe TeM, '{TO OH (J03BOJilleT no xo.uy paC'ICTOB 

,lleJiaTb oue11Ky norpell!HOCTH .11Jlll KalK,1lOH CTa,llllH Bbl'{IICJ1e1111ii, 3TO ero CBOHCTBO, 

noJKanyii, llBJlllCTCll t1a116onee BalKHbIM [18]. 

O60CHOBam1e MeT0JW Il0HCKa perneHHii MeTO~0M 

H3o6pa)KeHnii npn orpam1qeHH0M qncne H3o6pa)KeHnii 

Oc-raHOBHMCll Ha Mern.uax peme1111tt, np11MeHetlllbIX B [14] 11 [2] .11Jlll MTITIK 11 

.upeiicpoBblX KaMep TOJlbKO .11Jlll IIJIJIIOCTpauHH IIX CJIOlKHOCTH, HJ-Ja KOTOpoii 'faCTO 

. TepllCTCll !pl!Jll'{CCKIIH CMblCJI Tex IIJIII llllblX MaTeMaTlt'leCKIIX .ueiiCTBHH. If B TOM ll B 

.upyroM cnyqae pemeHHe HIUeTCll ll npe.unoJJOJKemm 11eorpat11!'1eHiiOH .llJIIIHbl CllrHaJibllblX 

npoBOJJO'leK. B ::JTOM cnyqae noTeHUllaJI ll pa6o'!eM o6'beMe He 3aBHCllT OT KOOp.UHHaTbl 

ll.llOJlb npOBOJIO'IKH, H npo6neMa pemeHl!ll CllO,llllTCll K .llB}"MepHoMy cnyqa10. YcJJOBHe 

neorpaHJt'leHIIOCTII 'IIICJJa CllfllaJibllblX npOBOJIO'feK no3BOJlllCT BOCnOJJb30BaTbca xopomo 

pa3BHTblMII peuenTaMII pelllCI!llll noCTallJ1e1rnoii 3a,1la'III C np1tMe11eH1teM KOHqx>pMHblX 

npco6pa3ona11uii Ila KOMflJICKCIIYJO ITJIOCKOl-"fb [ 16, I 7]. 
B [ I 4] pemenue noCTaBJJCIIIIOH 3a,1la'IH HCKaJIOCb B attaJIIITH'{CCKOH cpopMe B BH,lle 

neKornpoii noTeHUHaJibttoii !pYIIKUHII W(z)=V(z)+iU(z) • .[leiiCTBHTeJibHall qaCTh CVYIIKU:1111 

V(z) OflJICbIBaCT noTellUllaJJ, a U(z) - ::ineKTpll'iCCKOe none. V(z)=const HBJlllCTCll 

ypam1et111eM ::JKmmoTenuuanu II U(z)=const - ypau11e1111eM JJHHHH ::meKTpH'iecKoro 

nona,npoXOllll!Uett '1CpC3 TO'IKY C KOOpllHl!aTOH z. <l>YHKUIIH W(z) 6bJJia Haii.ue11a C 

noMOlllblO KOll!pOpMHbIX orn6palKCIIHH ::JJIJIIIITTll'leCKIIX !pYIIKUIIH .S!Ko611 [ 19] 11 

npco6paJOBaHHll lllllla w=sn(z). 3necb sn - 3JIJIIIITTH'feCKHH CIIHYC, z=x+iy - KOOPllllllaTa 

11a KOMITJICKCIIOH nnoCKOCTII. C1tCTCMa K0OpllllllaT Bb16pa11a CJICllytOIUIIM cnoco6oM: 0Cb X 
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JIClKIIT B ITJIOCKOCTH npoBOJI0'ICK II HM ncpnell,llllKYJJllpHa, OCb y 11anpaBJie11a no 

HOpMaJIH K HJIOCKOCTII npoBOJIO'leK. OKOll'laTeJJbtlblH Bll.11 HCKOMOH noTelll[llaJibHOH 

!pYIIKUHlt nocne pa.ua npeo6pa10Ba11uii : 

snz-i/.fi. 
W(z)=-2crln . ~ ( 2) 

snz +1/vk 

AurnpoM [2] pememtc 11aii.11et10 .llJIH KOIIKpcrnoii KOHcpurypaUHH TaKlKC B Bil.UC 

KOMnJJeKCHOro noTCHUHaJJa Ys(z) B TaKOH lKC CHCTCMC KOOpilHHaT, HO C 

ucnOJ1bJOBa1111eM T3Ta-!pYHKUHH. CY!lleCTB)CT CBll3b 3JIJIIIITTll'fCCKHX ll T3Ta •qJYIIKUHH. 

3nmmTH'feCK!le qJYHKUllll sn(z) MOlKIIO nocTpOl!Tb ll3 4 T3Ta-qJYHKUIIH 'iepc3 HX 

COOTIIOIIICH!la [19]. Cnoco6 pemenua c noMO!llbl0 KOMnJJeKCHOro nore111.1uana Ys (z) 

uan B [17]. Ilocne Pll.Ua npeo6pa30Ba!IIIH II orpaIUl'ICl!llll no CTeneHllM paJJJOlKCHIIH 

cpyiIKUllll y s (z) IICIIOJlb30BaJJOCb CJICUYJ0IUCC npu6m!lKCHHOC Jtta'fel!IIC KOMITJICKCHOro 

HOTCHUHaJJa : 

y s<z )',., (2p Us )-2ln[2 sin(pz/s)], ( 3 ) 

B OKOH'laTeJibH0M BU.UC peIIICHllC n aHaJIHTH'fCCKOH cpopMe npcuc-raBJieJIO B ofoopc [3] II 

.11Jlll HOTCHUHaJia HMCeT CJICllytOIUIIH Bll.11: 

rue 

V( ) - cvo {2;r L ln[4( . 2 JrX h2 ;ry )]} . x,y - -- --- sm-+s - , 
4m:0 s s s 

( 4 ) 

V(a)= V 0- HanplllKet111c na nonepxnocrn cumaJibnoii npoBOJJO'fKII, V(L)=0 

2 Jr& 

nanplllKCHHe Ha KaTOUHOH ITJI0CKOCTII, C= L / 1 ( 0 
-yUeJibllall CMKOCTb 

(;r s- n 2;ra/s) 

npOBOJIO'fKII . 

B [2] 6bJJIII paCC'fHTaHbl Y.lleJlbHb)C CMK0CTII CIICTCMbl npOBOJIO'fKa - KaTO,u, 3cp1JcKTbl, 

CBJIJaHHb)C C HJMCHCIIIICM mrnMeTpa npoBOJI0'fCK, co CMelUCIIIICM OUHOH IIJ npOBOJIO'feK B 

nnoCKOCTII npOBOJIO'fCK II B HanpaBJJCHHII, CH neprreHUIIKYJJllpllOM, II up. 

B03BpaTHMCll K 06oc1-IOBat111IO pCUICl!llll OCHOBIIOH Ja,lla'{H ::JJICKTpOCTaTIIKH .11Jlll 

MITITK KOHKpeTHblX KOI-IC'IHblX pa3MCpOB MeTOU0M 11306pa)KCIIIIH. Co6cTBCHHO MCTO.ll 

mo6palKCHHH .11Jlll pcrne11I1» n106oii Ja,ua'fII Tpe6yeT Bb1rronnc1111ll npoc-roro 

C}"MMllpoBaHJ!ll llCHCTBIIH BCCX Japll.U0B It ncex IIX mo6palKCHIIH. Ho np11 ::JTOM_ .11Jlll 

pCIIICHilll Ja,lla'IH, B CO0TBCTCTBHII C TCOpHCH ::JJICKTpOCTaTHKH, C}"MMHpOBaHIIC .llOJllKIIO 

6bITb BblITOJJHeHO IJO 6cCKOHC'IIIOMY '{l!CJIY 11306paJKet111ii. Kc-raTII, OTCJO,lla II B03HIIKJJa 

11co6xonHMOCTb noHCKa II 06oc110Bat1I1ll peIIICHIIH B aHaJIIITH'fCCKOH cpopMC. 

IlpoanamnnpycM BOJMOlKHOCTb BbII!OilllCHllil Ja,lla'fH ncnocpe,uCTBCHHblM 

C}"MMilpOBaimeM, HO no orpaHil'fCHHOMY '{IICJJY 11306palKCIIIIH. PeanmaUilll TaKOro 

rro.uxona noJBOJJIIJla 6bI ynpoCTIITb pcrnenuc HCKOTpblX nonpocoB. IlpH orpaHll'ICHHOM 

'{ltCJIC llJ06palKeHIIH OTrra.uaeT t1co6xo.1111MOCTb C03llatlllll cneUilaJibHOro MaTeMaTH'leCKOro 

annapara, nono6t1oro paCCMOTpCHHOMY B [16.17]. Ilp11 STOM peIIICHHe IllUCTCa C 

noMO!UblO 'fHCTO anrc6paH'{CCKIIX onepau11ii, HCKJIJO'faJOTa CJIO)Kllb)C paC'fCTbl. 

Pean113auua MCTo,ua nmnonllCT peIIIHTb Ja,lla'ly o KpacBbIX ::icpcpeKrax B MTITIK, KoTopyta 

HeJib3ll pemHTb cnoco6aMII, paCCMOTpeHHblMII B [16,17]. 
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Bo3!.IO)KHOCTh pelllCJIIUUI TIOCTaBJICHIIOH JaJ.{a'II! MCT0)l0M 11306paJKe1rnii npll 

ncnocpC/lCTBeHII0M C)'MMllp0BaH!lll ozpaHU'leHH020 'lUCJlQ U306pa:iKeHUU CJIC)l0BaJJa y:JKe 

113 'IIICTO cp113ll'ICCKIIX coo6palKCHllii. 

Ha p11c. 5 noKaJano MC)l1Iam1oc ccqc1111c MTTTTK. MclK/ly JlB)'WI nyttKTllpHhIMII 

JIIIHIUIMII (MCCTO pacnoJJ0::KCHml KaT0)lllblX IIJIOCKOCTcii) 3HaKaMI! + o603Ha'!Cllbl 

aH0)lHble npoB0JI0'IKII. Ha HCK0T0p0M pacCTmltHIH OT IIJI0CK0CTII aH0/l!lblX npoB0JI0'ICK 

cnpana Il0Ka3a!I0 cc ll306pa::KeHIIC C II0MCpoM k. Ha paCCT0llHIIII r IIaX0)lllTCl! 

11306pa::Kem1c Il0JI0)KHTCJlbllblX JIIIIICHHblX 3apl!Jl0B C II0MCp0M n. 3a HIIM cme )lBa 

3HaK0ncpCMCHHblX mo6pa::KCHllll C H0McpaMll (n+ 1) 11 (n+2) • .!la.JJCC CJIC)lYJOT 

11306pa)Kel11lll IIJIOCKOCTeii II TaK )lO 6cCKOIIC'IIIOCTll. To )KC caMoc ueo6XO)lllMO 

pacnpocTpaIIIJTb Ha JICB)'I0 Il0JI0BHHy. B C00TBCTCTBl!ll C MCT0)l0M ll306pa)KCHIIH 

TI0Temman II ::JJICKTpll'ICCK0C II0JIC n mo6oii T0'!Ke BIIYTPII o6ocMa, orpallll'ICHH0ro 

KaT0)lllblMII IIJI0CK0CnlMII, a TaK)Ke 11a caMIIX TIJI0CK0CTllX, onpC)lCJll!CTCll C)'MM!lponaHl!CM 

k n n+l n+2 
I+ 11 + - + I 
+I + + + 

I+ I + + - + 

I+ + + + 

+I + + - + 

+' + 

V + - + 
I 

+I + - + 

+ + + - + 

+' + + - + 
I+ I + + + 

I+ I + + + 

m r + + +m 

Pnc. 5. CxeMa MTTTTK 113 m nponono'!CK II nocJIC)lona-rCJJbH0CTh JI1aK011epcMe1rnhIX 

JIIIHCHllb}X 3apl!/l0B, 3am11,!aIOlUIIX '!aCTb npocrpa11crna. 

3JICKTpH'ICCK!IX TIOJJeii H TI0TCIIUllaJJ0B, C03)laBaCMbIX BCCM 6ecKOIIe'IHblM 'IIICJI0M 

JIIIIICHHblX IICT0'IHIIK0B. 

TTpC/lTIOJIO)KllM, '!TO paCCT0llllllC MClK/lY TIJI0CK0CTbIO aH0)lHblX npoB0JI0'ICK 11 ee Il • 

b!M ll306pa)KCHHCM r 0TJlll'!aCTCJi IIC3!1a'IIITCJlbH0 OT pacCT0l!Hllll MClK/lY nepilbIM 

JIIIIICliHblM IICTO'IHHK0M 3T0ro 11306pa)KCHHll II TIOCJIC)lCH aHO)l!IOH npOBOJIO'IKOH. Ha 

pllc. 5 0110 paBH0 R. YcJJOBIIe r = R BbITT0JIIIllCTCll,ecJm sin a =.t g a . C T0'IH0CTbl0 

0,1% ::JT0 C00TBCTCTBYCT yrny a=0,045 Pall, nplI a=0,1 Pall 06ecne'II1BaCTCll TO'IH0CTb 

0,5%. .!l.rrn KaMCJ)bl. H3 ·m all0)lllbIX npoB0JI0'ICK rrp11 T0'IH0C-"TII He XYJKC 'ICM 0,1 % 

M0)KIJQ 3afl!ICaTb CJIC/l)'!OlUCC ycJJ0BllC /lJlll r: r > 20(m-l)x s • C YlJCT0M Toro, '!TO r = 

2Ln, 06111cc 'IIICJIO 1no6pa:KCHIIH n JlJlll llOJl)'TIJIOCKOCTII X >0 )lQJl)KHO Y/lOBJICTB0pl!Tb 

CJIC/lYJOlllCMY CO0Tl!OlllCHIIIO: 

n > lO(m-l)x s/L. (5) 
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3aTIIIlllCM '.:lTO COOTIIOllJCIIIIC /lJlll Y/lO0C-"Tlla IIOJlb'lOllail!lll n JipyroM Bll)lC, a IIMCllllO: n > 

N, rnc N=lO(m-l)x s/L. lh cooT110111e11m1 N=lO(m-l)x s/L cc)lyeT, '!TO N npaKTll'ICCKII 

nponopUIIOHaJlbHO m. Bm1111KaCT nonpoc, Ha KaK0M MllllllMaJJb!I0M 3Ha'!Cllllll m M0::KII0 

0CTatI0BIITbCll, 'IT06bl. np11 pelllCIIIIII llOCTallJICllIIOH Jalla'III TI0Jl)"laTb HCCMClllCHHblC 

3Ha'ICH!lll BCJlll'lllll TIOJICH II TI0TCIIU!laJIOB. HeKOTOpbIC CJICllYJOllll!C pe3yJJbTaTbl paC'ICT0ll, 

npc)lCTaBJICHHblC B [2], OCTaBillllXCll BIIC flOJlll 3pC1111ll ee ainopa C IIHTCpCC)'IOIIICH nae 

T0'IKII 3pCll!lll, TIOMOralOT OTBCTl!Tb Ha TIO<-"TanJICHllblH nonpoc 0 BCJlll'IIIIIC m. 

1. BCJJll'IHHa eMKOCTIIOH CBllJII c (j) • MClKllY Bb16panuoii npoooJJo'!Koii (i=O) II 

C0CC)lHIIMII npoB0JI0'!KaMII j )"l,ICllbUJaCTCll II0'ITII 11a 3 nopl!JlKa JlJlll j = 11. 
2.OfHOCIITCJlblIOC 113MCIICIIIIC Japl!Jla ti.q(j) / npoB0JI0'IKII C II0MCpOM j =10 npll 

CMClllCHIIII np0B0JI0'IKII (i =0) )'MCHbIUaCTCll npaKTll'ICCKII ananorn'!H0. 

lb attaJIH3a '.:lTIIX pc1yJ1bTaTOB CJIC)l)'CT, '!TO 'IIICJIO npoBOJIO'ICK )')KC MO)KIIQ orpattll'll!Tb 

npH Jlla'!CIIHllX m ~ 20-25. 

BbinOJIHCll!lC COOTHOIJICllllH (5) npllllO)lllT K IICK0T0pbIM CJIC)lCTBllllM. TTepooe 113 1111x: 

113MCHCIIIIC IIOTCIIUHaJia Dtp (n:i) 11a IIOllCpXIIOCTll mo6oii i - ii np0B0JI0'IKH OT mo6oro 

11306pa)l(Cllllll 113 IIJI0CK0CT!l C IIOMCp0M n>N 6y11yr patllll-1 MClK/lY co6oii C 3apa11ce 

3a)laBaCMOH ll BTIOJIIIC onpC)lCJICIIIIOH CTCTICllblO T0'IIIOC,'TII. B ClllC 6oJJblllCH MCpc ::JTO 

cnpaBC)lJIIIBO llJlll BKJJa)la CJIC)l)'!OlUCH IIJIOCK0CTII mo6paJKe1111ii ll a6comon1y10 llCJlll'IIIIIY 

::ineKTpnqecKoro nonll : DE(n,i) = Const • 

BTOpblM 0'!Cllb na::Kllb(M CJIC)lCTllllCM C00TIIOIIICIIl!ll (5) l!BJil!eTCll CJICJlYIOlUCC. TTp11 

BblTT0JIIICHllll )'CJI0Bl!ll (5) llbl'IIICJICHllblC 3lla'!Cllllll llOTCHUllaJia ll mo6oii TO'IKC, r.ue 

npe)lII0JJaraeTCll paCII0JIQ)KIITh KaT0Jlll)'I0 TIJI0CK0C-"Th, paBllbl MClK/l)' co6oii. TToTCIIUllaJI 

onpeJlCJJllCTCll C T0'III0CTblO no HCKOTOpoii a)lllllT!lllIIOH IIOCTOllllllOH, K0T0pal! llC 11rpaCT 

pom1 npn llbl'IIICJICHl!H 31Ia'!Cllllll -grad tp . T.C. llCJlll'Illllhl '.:lJICKTpll'ICCKOl'O TI0Jlll E. 

Bo3bMCM B Ka'ICCTBC ::JTOH a)lllllT!lllHOii llOCTOl!IIIIOH llbl'IIICJICIHI0C :ma'!CIIIIC IIOTCIIUllaJJa 

B TIJI0CK0CTII paCTI0JI0)KeHlrn KaTo)la, ll0 C o6paTllblM 3llaKoM. Mhl llllJIYlJIIM ll ::JT0M 

cnyqac nynenoii ll0Temman Ha KaTO)lHbIX TIJI0CK0<,"Tl!X. 3TIIM caMblM llblll0JillllCTCll 

nepeoe 2/JGIIU'lllOe ycJIO(JUe np11 11axo)K)lett1111 pclllelll!H MCT0/lOM 11106palKct111ii C IIX 

orpaHll'!eHllblM 'IIICJI0M. 

C)'MMHpyll llbl'IIICJICtlll0e 3Ha'!CIIIIC II0TClllllHI.IJa Ila l!0llCpXIIOCTII 11pon0JI0'IKII C 

TaKOH a)lllllT!lllHOH TIOCTOlllltlOH, TI0JIYlJIIM paJH0CTb II0TCIIUl!aJI0ll MClK/lY II0llCpXII0CTblO 

np0B0JI0'IKll ll KaTO)l0M. 

Ecm1 llbITT0JIIICII0 CO0TII0lllCHIIC (5), TO TCM caMblM llhlll0JlllllCTCll II Ilp0CT0C 

ncpaneHCTB0 L<<r. Bo3bMCM n+ I ll306pa::Kem1e II 11aii)lCM pac'!CT0M ll3MCIICilllll 

TIOTeHUllaJJOll KaT0)la H aH0lltlblX npoll0JI0'!CK, C03)laBaCMblC ::JTIIM 113o6pa::KCIIIICM. B 

pe3yJJbTaTe TI0JIYlJIIM, '!TO 113MCIICillle TI0TCIIUl!aJJa ll mo6oii TO'IKC KaTO)lIIOH TIJI0CK0C-"TII 

OT ::JTOro 11306pa)Kettml pamlO 113MCIICIIIIIO II0TCIIUllaJia 11a TI0BCpXII0C-"TII mo6oii 

aHO)lllOH npBOJIO'IKH C T0'III0CTbl0, K0Topym Mbl 3a)la)lllM llbi6opoM 'IIICJJa mo6pa)KCllllH n. 

Tipn Bblll0JIIICIIIIII C00TIIOUJCHl!ll (5) II npalll!JlbllOM lll,!6opc llCJlll'IIIII mmeii111,1x 

TIJIOTIIOCTeii 3apimon s(i) /lJlll ncex n >N paJII0CTb TI0TCllllllaJIOB npoMc::KyrKa KaT0)l -

TI0llCpXHOCTb Ka)K)loii allO)lllOH npol!OJIO'IKII i l!BJillCTCll IIOC-"TOllllliOH llCJlll'IIIIIOH 

v(i)=const. TcM caMblM BbITI0Jlll,leTCll emopoe zpaHU'IIIOe YCJlOOUe • TT03TOMY, IIOJl611pal! 

COOTBCTCTB)'I0IUHe llCJIU'Illllbl JIIIIICHllblX 3apll,!10ll Q(i), MCT0il0M 1no6pa::Ke1111ii II 
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nocJlell0llaTeJibHblX np116muKe1111ii: M0JKII0 peUJIITb 0CIIOllllYI0 Jaixaqy 3JICKTpoc:raTl1Kll 

Ml! MTTTTK c ozpaHul/eHHbl.M 'IUCJ/O.M npoao1w'leK 11 11x u106pa».eHuu . Orc1oixa 

noJ1yqaeM aJirop11TM pac'ICT0ll xapaKTep11cn1K MTTTTK. 

AmopuTM perneHft 3a,natm 

L TTp11cooe1111e t1a'laJ1bt1oro 1t1aqe1111ll JlHHCttHoii nJI0TH0CTII 3apaixa s =1/M llCeM 

mrneii:HblM IICT0'IHIIKaM. 

2.BbI'IHCJie1111e noTCIIUllaJI0ll Ha O)UIOH 113 KaT0llllblX nJIOCKOCTeii: ll T0'IKaX 

nepece'let111a 11opMan11 K a:roii: nJI0CK0CTII, npoxo11a111eii: qepe3 ue11Tp COOTllCTCTll)'IOlllCH 

np0llOJI0'lKll (TO'IKa A p11c.6). 

m 

I - + - I + I - +n - + + + 

~ I - + - I + I - + + + + 
,:i 

I - + - I + I - + + + + 

+ + + + - I + I - + + + + 

+ + + + - I + + + + + 

+ + + + + + + + + 

+ + + + + + + + + 

+ + + + - I : I - +1 - + + + 
2 3 NS=2k-1 

P11c.6. MTTTTK w1 n 11pot1011oqeK, 06pa·m11a111iaa KaT0Jllll,IMH rn1ocKocniM11 

) II m. Komfmryparma 3JICKTpll'ICCKoro l!0J!ll, COJllallCM0ro 3apa11aM11 npoB0JI0'leK 

KaMCphl, 011pc.ue.rrneTCll 3llaKcmcpCMCIIIIOH II0CJICl{0llaTCJll,II0CTblO NS CJI0Cll JIIIIICHllblX 

3apa.uon. Bc:ranKa II0llCllllCT c11oco6 m,16opa T0'ICK A II B, II K0T0pblX np01131l0,UllTCa 

m,I'IHCJICllllll ll0TCllllllaJI0ll CIICTCMbl npoII0Ji0'IKa - KaT0,U. 

3 Bbl'IIICJICHlle H0TCHUllaJla KaJK,!lOH npoB0JI0'IKII 11a noBCpXH0CTII l T0'IKa B _pnc.6) 

4. Onpe.ueJ1e1111e pa1l!oc:r11 no-re11u11anoB MCJKllY npooono'IKoii II Karn,uoM U ; ( A, B) B 

TO'IKax A II B. 

5. Bbl'IIICJICIIIIC IIOllblX 3Ha'ICIUIH JlllllCHllblX nJJOTIIOCTeii: s 113 COOTIIOWCHIIH 

a i (k + I) = a /k) / U i (k + I) , me· i - 110Mcp npoBono'IKH u k - 110Mep mepau,m. 

6.HopM11poBa1111e nccx no11yqe11111,1x 111a'!c1111ii a i 
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a i = a i (k + 1) / a (k +I), r11c a (k + 1)- H0B0C 111aqem1e mrneii11oii 
0 0 

nJIOTIIOCTII ueHTpaJlbllOH npoB0JI0'lKH. HH.UCKC "o" BO BCeX CJl)l'la»X 0TH0CIITCa K 

UCHTpaJlbIIOH npoBOJI0'IKC. 

7, HopMllpOllallllC ncex HOllblX 31Ja'ICIIIIH U, :U.=U:(k+l)/U (k+l) M» 
1 1 1 0 

aHaJll13a, 0UCl!Klf norpeumoCTH If T.,U., npH Heo6XOJIHMOCTII paC'!CT M0JKeT 6bITb 

npo,uon;KeH, 11a'l11Haa co BToporo 3Tana. 

8. BbmOJIHClll!e .UaJlbHCHlllllX paC'!CTOB npn .UOCT!IJKCHIIII 1apat1ee 3aiiaHHOH 

norpellll!0CTII 8U B onpe.uenemm OTH0C!lTCJibtlblX 3Ha'lett11ii: u. 
TTpH IIOCTJl)KCHIIH 33,llaHHOH rrorpelllHOCTll OU paCC'll!ThlBaIOTCll BeJill'IHHhl 

noTCIIUllaJI0B, 3JICKTpll'ICCKIIX noneii ll o6ueMe 3JieMeHTapHOH ~'ICHKH KaMepbl, 

norol!Hble CMK0CTII npoB0JI0'ICK no 0TH0lllCIIHIO K KaTo,uy, 3KBHnOTCl!UllaJlll, KapTa 

CllJI0BblX JlllllllH 3JICKTpll'ICCK0ro n01rn, .upyr11e xapaKTepl!CTllKII CllCTeMbl. 

TToaCl!llM, KaKllM o6paJOM llbl'lllCJlllCTCa noro1111aa CMKOCTb rrpoB0JIO'ICK KaMepbl. B 

C00TBCTCTBllll C npeM0lKel!HblM anropUTM0M onpe,ueJiae-rca Jll!Heii:naa nJI0Tl!0CTb 3apaixa 

s(i) B.UOJib KaJK,!lOH i npOll0JI0'IKll. TTpH TaKOH mrneihmii: flJIOTIIOC'fll 3apa.ua Bbl'IIICJlllCTC» 

pa3HOCTb II0TCIIUllaJI0B nonepXHOCTb npOBOJIO'IKII - KaT0.U u (nyttKTbl 4 ll 6 anropun.m). 

Tor.ua MOlKII0 Bbl'IIICJIUTb norom1y10 CMKOCTb C npOBOJIO'IKll, no OTl!0llle!IIIIO K 

KaTO.UY B e.ummuax rr<l>/M, C(i)= 271' Go s(i) I u ' e. - 3JICKTpll'ICCKall noc:roaHHaa, 60 = 

8.854 n<l>IM. 

3neKTJ)OCTaTUKa CTalUlapTHoii rrponopu.noHMbHOii: KaMepbI 

(npuMep npllMCHCl!Hll MeTO.ua) 

B Ka'lec:rne npornnma B03bMCM MTITTK co c:ran.uaprnhIM pacc:roa11neM MCJKllY 

npoBOJI0'IKaMU s = 2MM, paccroa1111e MeJK,!ly llii0CKOCTblO CllrHaJlhHhlX (aHO)lllbIX 

npoBOJIO'ICK) 11 KaTO.UIIOii: flJI0CKOCTbIO L=8MM. HMeHHO .una KaMepbl c TaKIIMll 

lleJIH'll!HaMu s II L BblIT0JIHellbl paC'!Ctbl, pC3YJibTaTbI K0TOpb!X ony61111KOBaHbl B [2,3]. 

Bb16pallllble pa3MCpbl s II L H03ll0Jlll!OT cpaBHIITh noJiyqaeMblC peJyJibTaTbl 

Bbl'lllCJICHllii llpll orpa11uqe11110M 'IIICJie npoBOJI0'leK II !IX ll306pa)Kel!IIH C 

ony6JI!IKOBaHHblMII ,Ual!UblMII. TTpll paC'!CTaX1 BblIT0JIHeHllblX B [2], npe,urroJiafaJIOCh 

6ecKOIIC'IIIOC 'IIICJI0 npOB0JIO'ICK (mrneiiJ-lblX 3apa110B) t1eorpa11n'lemmii llJIHHbI, a TaKlKe 

6ecKOHe'IHOe 'IIICJI0 nx 1no6paJKCHIIH ll CO0TBCTCTBIIII C Tpe6onaHUCM MaTeMaTII'ICCK0ro 

annaparn [16,17]. 
Ha116onee rrpoCT0 HaXO.UllTCa peI11e1111e .u.rrn Me.u11amwii nJIOCK0CTll KaMepbl, 

paCIIOJIOlKCHHOH nepneH,UllKYJI»pHO nJIOCKOCTII CllrHaJlbHblX npoBOJIO'leK.PerrmM 3a,uaqy 

IIMCHHO ,!lJill 3T0ro CJl)"lall. B MC.UllaJIIIOH flJIOCK0C'fll B Cl!JIY CHMMCTpHII ,ueiiCTBYCT 

T0JibK0 C0CTaBJiaI0lllall 3JieKTp11'1CCKOro ITOJill, 11anpaBJie1111aa ll)lOJib pa,a11yca 

npoBOJI0'IKll. B1,16epeM CIICTCMY K0Op.UllliaT, Ha'laJI0 CHCTCMbl pa3MCCTHM B UCHTpe 

npollOJIO'IKll MllHOii 2L (pnc. 7). Hanpalll!M 0Cb Z no OCH npoBOJI0'IKll. B Cl!JIY OCCBOH 

CIIMMeTpnu noTCHUllaJI II 3JieKTpH'IeCK0e nOJle, C03.UaBaCMbie mmeii:HbIM 3apa,ll0M 

npollOJIO'IKll, 3aBncaT TOJibKO OT pacc:roirn11a .uo UCHTpa llp0BOJI0'IKll f II KOOp,UUJ-laThl z. 
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P11c. 7. JI1111ett11b1tt 3apa11 KOIIC'-!Hoi1 11mmu. 

PaccMOTpllM IIJI0CK0CTb, npoX0)lJUU)'IO '-Iepe3 T0'-IK)' C K00p/111HaTaMII f II Z H 0Cb 

z. 3ap»/l 3JICMCHTa )lJIIUlbl dz'. paBHblH sx dz' (s - JIIIHCHIIM IIJI0TH0CTb 3apa11a ). 

C03)laeT B T0'-IKC (r,z) CJIC/l)'IOIUHH II0TCIIUl!aJJ : 

• udz' 
drp= 4n-&

0 
,/r 2 +(z -z')2 

(6) 

Cne)lOBaTCJJbHO, II0TCHUHaJJ cp, C03)laBaCMblH BCCH 3ap»lKCIIHOH llllTb!O, II0Jl)"-laeTCll 

mITerp11poBaH11eM no z' B npe)lenax OT -L 110 L : 

L 

<p= f o-dz'l4n-&0 Jr 2 +(z-z')2 
, (7) 

- L 

<p= __ u_ln( z -L +,jr 
2 

+(z -L)
2

). 

4n-&o z +L+.Jr 2 +(z +L) 2 
(8) 

KOMIIOHCHTbl Hanpl!lKCHII0CTII 3JICKTPH'-ICCK0fO II0Jlll Ez II Er II0Jl)"-laI0TCll 

)lll(pcpepeHUllpOBaHIICM no z II r : 

E z 
_ o<p ___ u_( __ I 
-- a - 4,rc

0 
Jr 2+(z -L)2 -;=====>' 

Jr 2 +(z +L) 2 
(9) 

E =-orp= __ u_(----.===z=-=L 
r a- 4·,rco Jr2 +(z -/,)2 

z +L ) 
Jr 2 +(z +L) 2 

• 

(10) 

,lJ,TJl! MC)lllaH!IOH flJI0CKOCTII (z=O) C0CTaBJil!I0IUM 3JICKTpll'-ICCK0ro II0Jlll B)l0Jlb OCH Z 

B CllJI)' CllMMCTpllll panna 0. nmlTOM)' ::lJICKTpll'-ICCK0e II0JIC 3a8HCllT TOJlbKO OT r • ll OHO 

panno COCTaBJil!IOIUCH IlOJlll E, n ::lTOH IIJ]0CK0CTH. 3JJeKTpll'-ICCKOC II0JIC onpe)leJJllCTCll 

3aBIICIIM0CTbl0 OT f B CJIC)l)'IOlllCM Bll)le: 
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I 
Ii 

\ 
l 

al 
E(z=O)= ~ 

2,r & or,v -;- 1.., (11) 

TTp11 ::lT0M Il0TCIIUll,lJI Il mo6oi1 T0'-IKC llJI0CK0CTII z=O 1\,10)1(110 HaHTII 113 Bblpa)l(Cllllll (8): 

rp(z = O) =-':!!:._ In L +~r 2 

21ro O r 
(12) 

TaKIIM o6pa30M, np11 peWCHIIH 3alla'-1l1 0 K01Icjmrypa11m1 ::lJICKTpll'-ICCKOro II0Jl}l II 

f!0TCIIIUlaJJa ll ofrhCMC 3JICMCHTapHOH ll'-ICHKII IlKJlal! KalK.Uoro mo6palKCHllll 

onpeJleJJllCTCll 113 llblpa:+:e1mii (8), (9) II ( JO). ,lJ,nll MC)lllaHIJOH f!JI0CK0CTII 3TOT IlKJlal! 

M0)Kl!0 HaHTII 113 BhlpalKClll!ii ( 11) II ( 12). 
Ha pllC)'l!Ke 6 II0Ka3aHO ' MCll1!a1moc CC'ICIIIIC nponop111!01IaJlblIOH KaMepbl, 

o6pmoBaHIIOH KaT0/lHhlMll llJI0CK0l-'TllMII I II m. C11creMa K0opmmaT Ilbrnpana TaKIIM 

o6pa30M, '-ITO 0Cb a6cm1cc JIC)l(IIT Il MC/11Ja1moii IIJJOCK0CTII 11 11anparu1cHa Il)lOJlb 

np0B0JI0'-ICK. Ha,1;u10 CIICTCMhl K00pJIIIIIaT C0lllla)laCT C ue11Tp0M KaMcpbl. Ha p11C)'HKC 

mo6pa::«CIILI KaT0J{Hble IIJI0CK0CTII, Clll'llaJJhllhlC npoB0JJ0'IKII, 31IaK011CpCMCIIllhlC 

JlllIICHHble 3apllll!,I, K0T0pblC llllJlllIOTCll 11306palKCIIIICM JlllllCHilblX 3ap»l!0ll np0II0.'l0'ICK 

KaMep1,1. O6rucc 'IIICJJO 1111ocKocTdi 11306palKc1mii m111cii111,1x 3apll11011 NS=2k- I. B 
C00TBCTCTBIHI C Tpc6ona1111cM MCT011a KaT0llllblC IIJIOCK0CTII HaX0Jil!TCll fl0ll II)'JIC!lblM 

ll0TCHUllaJJ0M ( nepll0C rpallll'IH0C )'CJI0BIIC ). B npCllllOJJO)KCHllll, 'ITO JIIIIICHHall 

11JI0TII0CTb 3apllna s(i) B)l0Jib KIDK.QOH i-H npoB0JI0'IKII Il0CT0llHHa, 1apllll Ka)KJIOH 

CllrllaJlbllOH npoB0JI0'IKll pallCII s(i)x2L. TTpo!lOJIO'!Ka BMccn: co Cll0IIM mmciim,IM 

3apanoM }IIIJl}ICTC}I IICTO'IIIIIK0M. JI11m.:ii111,1c IIJI0TII0CTII KalKl!0I'O ll306palKCIIllll KalK.UOI'l) i
llCT0'-lllf1Ka paBlll,I 110 a6comoTIIOi1 IICJlll'IIIIIC J1111!cii11rn1 IIJlOTII0CTII CaM0l'O l!CT0'-IIIl!Ka. 

3Ma'Ia 3UKJII0'JaCTCll B Il0IICKC 11co6xom1Mb!X ·ma'ICllllii Jllll!Cii111,1x rIJJOTIIOCTCii 3apllJ10ll 

s(i) BCCX l!CT0'llll1K0B, TaKHX, 'ITo61,1 llJlll Ka;K.Uoii llp()IJ0JI0'IKII pa111ocn1 ll0TCllll!l,l)JOJl 

now.:pXH0CT!, 11p0ll0Jl0'1Kll - KUT0Jl 61,1;m pam11,1 MCJKJJ)' co6oif (BTOpoc rpa!lll'll!0C 

YCJtOllllC). TTpll llblll0JIJICIHUI '.:lTl!X llll)'X rpa1111•1111,1x Yl"JIOJl!lii. BCJ!CllCTlll!C TC0pCMhl 

Cllll!!CTllCHIIOCTll, naiinc1111r,1c 3lta'ICIHlll s(i) 6y11yr pCIIICIIIJCM IIOCTaltllCIIIIOii '3a)1a'm. 

OrrpCl!CJlHil ll3 m,1palKCIII1H ( 11) II ( 12) BKJ]a)1 Ka:i(Jloro J111llcii11oro '.!aplllla II llCCX cro 

l13o6pa)KellJJI! ii BCJJ!l'll11lhl f!0TCllll!l,l)Ja II 3J!CKTp11'1CCK(ll'0 l!0J!ll )lJ!ll Jll\l0Oi'l T0'-!Kll C 

KoopmmaTaMII X II y, IlblllOJlllllll CyMMllpo11arn1c 110 llCCM ·iapirnaM 11 1no6pa)l:C1111l!M, 

Il0.ll)"-IHM ll 3TOii T0'-!Ke :ma'!Clllfll II0TCIIIUlaJ!a 11 '.:lJICKTpll'ICCK0IU II0J!ll: 

rp(x,y)=L ¢,,(x,y) 1,· (x ,y) =LE ,.1 (x,y). (13) 
1,k ,.k 

l1ycTh '.:lTO 6ynCT, 11anp11Mcp, T0'!Ka A (1ipcu110.11al'i\CMall 110:.cpXII0CTh KaT011a) IIJlll T0'!Ka 

B (nonepXIIOCTb cm·11am,11oii npoBOJIO'IKII) p!1CYJIKa 6. Pc!liCllllC 6yn.cM llCKaTb C 

npllMCIICl!llCM aap11auH0Hll0-HT(!pau1mmmro MeTo}la, KOTOphlii 1103II0JIIIT IIp0BCl-'l ll 

m1c11Ky 1101·pcm11ocn1 pcmcmrn 11a moGoM mare 1rrcparn111. Pc11111M 1a11a'ly JlJlll MTT£1K, 
COCTmllHeii 113 83 11p011D.ll0'1CK. B lliUlhllCHIIICM Mhl noiiMCM, '!TO IICT "lallllCIIMOCTll OT 
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! ( 

11 

'IIICJ!a npoBOJI0'ICK. Tiycn, BCC 83 np0B0JI0'IKII HMCI0T .UllaMCTp d=20 MKM, L=8MM, 

s=2MM. Toma pacCT0llllllC MCJKllY Kpaiil!IIMII 11poll0JI0'-1KaM11 s(m-1) pa11110 164 MM. 

OnpCJICJIHM pa1H0CTb l!0TClll(IHIJI0II JI 0TII0CIITCJll,111,IX CJilllllll(aX (7 ::JTall pac'-ICTa) ,[(Jill 

KaJKlloii 11po110JIO'-IKII 11p11 YCJI0BIIII e1)u11111/H02() wp111)a BCCX npoll0JI0'-ICK 11 IIX 

mo6pa)l(CIIIIH. Pac'-!CTbl 11p011C.UCM C orpamt'-ICllllblM 'IIICJI0M 11106pa)l(CHllii, 110 

JI0CTaT0'-1110 6om,m11M. '-IT06hl Bblll0JIIIIITb ycJJOllHC (2). BOJbMCM 06111cc 'IIICJI() 

nJIOCKOCTeii 11106pa)l(Cllllii mmeiiHhlX 1apll.U0II NS;::301, TCM caMhlM Y.U0ll.flCTB0pllll 

YCJI0BHC (2) T. C. r >> sx(m-1). Pc1ym,raT paC'-!CTa B rpacpll'lt:CKOM !Ill.UC llpCJICTall.flCII 

11a puc. 8, 11a K0T0p0M 1no6pa)l(CflO pac11pCJICJICIHIC pa111ocn1 II0TCllllllaJI0II ,[(]Ill OJ!IIOH 

113 II0JIOBl111 KaMCphl. Bmmo, '-!TO '-ICM 6J11!)1(C K KaJKll0MY 113 Kpae11 KaMepbl, TCM MCllblllC 

0TII0CIITCJlbllal! pa111ocn, II0TCIIUl!i.UIO!l 11p0MC)l(YfKa llp0II0JI0'-IKa - KaT0)l. !J,J1l1 Kpaii1111x 
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Pnc.8. Pa1HOCTb ll0TClll(llaJ!0ll u 11p0ll0JI0'-IKa - KaT0.U II 1a1ll1CIIM0CTII OT ll0JI0)l(Clfllll 

npoB0JIO'-ICK. JI1111cii111,1c IIJI0TII0CTII ·iapl!Jl0II llCCX 11poll0J]0'-ICK pa1m1,1 MCJKllY co6oii, 

.Ul!aMCTpbl npollOJI0'-ICK ommaK0lll,I. X=O C00TllCTCTIIYCT UCllTPY KaMCpbl. 

llp0ll0JI0'-ICK otia pC3K0 11a.uaeT, .U0X0.Ull )10 70% OT 111a'-1Cllllll 13 UCIITpe KaMepbl. C 

qJ11311'-ICCKOH T0'-IKII 1prn1rn mrrcpnpcrnmrn II0JIY'-ICIIIIOrn pC3YJlbTaTa .U0ll0Jlbll0 npoCTa. 

BcuOMIIHM C00TII0IUCIIIIC MC)l(,[(Y Japl!Jl0M 11a llp0ll0JIIIHKC q, ero IT0TCIIUllaJJ0M V H 

::>JJCKTpoeMK0CTbio C : q=CV. ITpu pauc11crnc 1apll.U0!l Bccx npoBoJ10'-!cK HJ 

C00TII0lllCllllll cm:.uycT, '-!TO YMCllblllCIIIIC II0TCIIUllaJIOU Kpaihmx np0ll0JIO'ICK Clll1Ja110 C 

Yf3CJ!H'ICIIIICM CMKOCTCii Kpaiilmx npoll0JIO'-ICK 110 0TII0lllCIIIII0 K KaT0)lY, PcaJJbllOC 

Jlla'!CIIHC CMKOCTCH Kpaii1111x llf!0ll0JIO'-ICK M0)l(II0 11ailT11, llblll0JIHllll llbl'IHCJICHHll no 

BCCM 8 ::nanaM )l0 Heo6XO)lHMOH TO'IHOCTH. PaccqHTaCM OTHOCHTCJlbHble 3Ha'!eHHll 

11anpll)l(Cllllii ui (7 :ffall lll,l'-IIICJICIIIIH), C llhlCOKOH T0'-III0C.'Tbl0, 11anpm1cp, TaKoii, '-!TO 

!ICC U; = 1,000000 ± 0,000002. Pe1ym,TaTl,I paC'-ICT0ll llCJlll'-11111 3ilpll.UOll IlpCJICTaBJICllbl Ba 

pllc.9. 

YllCJll!'-IClll!C llCJlll'-11111 Japlll!0ll Kpaii1111x npollOJI0'!CK KaMCpbl 06ycJ10llJICH poCTOM HX 

mmcii11oii CMK0CTII. 1-'h p11c. 9 CJIC.UYCT' '-!TO 11a1160JJb!JICC 113MCIICHIIC llCJlll'lllll 3apll,U0B 
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Puc. 9. Beml'IHHa 3ap51l!a Q ua npOll0JIO'IKC ll OTII0CllTCJlbHblX C)llllUIUaX B 

3alll!CIIM0CTII OT cc 110JI0)l(Cflll51. Pa3HOCTb IIOTCHUllaJJ0ll llpOll0JIO'!Ka - KaTOJI O)lllllaK0Ba 

,[()Ill ucex llp0UOJIO'ICK KaMCpbl: 

06,13a110 '-ICTblpeM KpaiimtMII llp0U0JI0'!KaM. l13MCHCHIIC llCJlll'lllHI,I 3apl!.UOll :i>TIIX 

npoBOJIO'-ICK C0CTallJl51CT 57, 24, 12 II 6 %% no cpamICHl!IO C llCJlll'IIIIIOH 3ap51J!0ll Ha 

OCTaJJbllblX npoBOJI0'-!Kax. 

OmmM 113 MCT0)l0ll 6op1,61,1 C yre'!KaMH II ll03M0::Kllb1Mll npo60l!Mll 11a Kpru!X 

KaMCpbi llBJlllCTCll HCII0J!b30llalll!C 3-4 Kpaii1111x npoBOJIO'ICK 60J1blllero 1111aMeTpa. 

TiocMOTpllM, K 'ICMY M0)l(CT npllllCCTII Yf3CJlll'ICIIIIC ,[(HaMCTpOB Kpaiinnx 11poll0JI0'-ICK. 

TiyCTb 1111aMCTpbl 1 11 83 npoll0JIO'ICK pallHbl 50 MKM, .UIIUMCTpbl 2 11 82, ,UHaMCTpbl 3 11 

81, )lliaMCTpbl 4 11 80 panHI,1 40, 30, 25 MKM CO0TBCTCTBCIIHO. JJ:11aMcTpbl OCTaJJbllblX 

npOllOJI0'-ICK 0CTallllM pall!IblMH 20 MKM. Pac'!CTbl H aHaJJll3 pC3YJlbTaTOB npollC)lCM npll 

COil0CTaBJICIIIIII ,Uallllb(X, IT0JIY'faCMblX JIJ151 33 n 301 mo6pa)l(CHIIH. Ha'!HCM co CJIY'fal!, 

Kor11a '-IIICJI0 11306pa)l(e1111ii NS=301. Ha pHc. 10 npc11CTaBJ1cHo pacnpc,ucne1111c 1apl!JI0B · 

110 Ilp0B0JI0'!KaM 

3apl1Jlhl nepllb!X 

no 0THOlllCIIIIIO K C,[(llllll'IH0MY 3ap51/lY UCHTpaJJbllOH npoB0JI0'-IKII. 

(nocncmmx) 'ICTblpcx npOBOJI0'-ICK pall!Ibl 1.79, 1.32, 1.14 11 1.06 

OTIIOCHTCJlbllblX CJIIIHIIU. B 11anpll)l(CHHOCTb :i>JICKTpll'-ICCKOro fl0Jlll !l6JIH311 II0BCpXH0CTII 

npOBOJIO'IKII OCHOUIIOH BKJlaJI ll!IOCIIT 3apl!Jl CaMoii npoB0JIO'IKII, npn 3TOM BCJIH'-lll!la 

IlOJlll IlpllM0 nponopu110HaJJbHa 3apllJIY npollOJI0'-IKH. Y'IIITblllal! 3aBIICHMOCTb IlOmI Ha 

llOBCpXH0CTII npoBOJI0'!Kll OT cc paJIHyca, llblpil)l(alOIIlYJOCll ll BH)lC E~q/r, !IC TPYJIHO 

y6C.Ul!TbCll, '!TO llCJlll'llma 3JICKTp11'1CCKOro Il0Jlll Ha IIOBepXHOCTII :i>TIIX npoBOJIO'ICK 6y11CT 

MCHblllC, 'ICM Ha OCTaJJbllblX IlpOBOJIO'-IKaX KUMepbl. J13 allaJJll3a pC3YJlbTaTOB 

Bbl'IHCJICHHH, a IIMCIIHO, H3 paBCHCT!la JIIIIICHHblX IlJIOTHOCTCii 3apll)l0B npoB0JIO'ICK 

OCHOlllIOH '!aCTH KaMCpbl (pile. 9, 10), MO)l(IIO C)lCJlaTb CJICJIYJOIIlllH BblllO.U, Ilpn 

YMCHblllCHIIII (YIJCJlll'ICIUIII) o6mcro 'll!CJJa llpOBOJIO'ICK, npn HCll3MCHHOM pa3MCpc 

1111aMCTp0ll npollOJIO'-ICK II npn ycnomrn coxpancmrn llCCX OCTaJJblibIX reoMCTpH'ICCKIIX 

xapaKTCpl!CTIIK KaMCpbl OTIIOCIITCJlbllbIC llCJlll'IHHbl 3apl!J!Oll npoBOJIO'ICK He 6y.uyr 

H3MCHl!TbC51. CoKpaTl!ll 'IIICJIO npOllOJIO'ICK 110 53 II 33 llblllOJIHIIM pac'!CTbl C. TCMII ::KC 

Tpc60Bam1>1Mll, KaK II JlJlll CJIY'fal! C 83 np0llOJI0'-IKUMI!. Ha pllc.11 110Ka3aH0 

pacnpe,UCJICIIIIC 3apll)l0H JlJIJJ KaMCpbl 113 53 ll 33 npOllOJIO'ICK. CpaB11e1111e pC3YJlbTaTOll 
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Pttc. 10. Pacnpc.11CJiem1e 3ap,1.110B no npoB0JlO'lKaM KaMephl B 3aillfClfM0CTII OT !IX 

noJIO)KClflf)I. D:naMCTphl 4-x Kpaii1111x npoB0JIO'lCK yneJIWJCilhl, 0CTaJibllhIC paB!Jbl 20 MKM. 

O6mee 'lHCJI0 npoB0JJ0'lCK • 83. Pa3HOCTb II0TCJ-IUllaJI0B npoB0JI0'lKa • K,lT0.11 ommaK0lla 

)lJI)I BCCX npoB0JI0'lCK KaMCpbl. 
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Pnc. 11. Pacnpe)lCJICIHIC 3ap,1.11oll [IO npoll0JJO'lKaM llJl,I 2 . X KaMep 113 33 ll 53 
npoB0JI0'lCK C00TBCTC"fllCIIJI0 ll 3allHCIJM0CTll OT llX f!0JI0X(Cllllll. Ll,HaMCTphl 4-x Kpafornx 

npollOJI0'lCK yBCJill'lCJJbJ, 0CTaJihllbJC pallllbl 20 MKM. Pa31IOCTh f!OTCIIUIIUJIOB npoBOJI0'lKU 

• KUTO)l 0)lMIIUKOBU J\.ml BCCX npoB0JI0'JCK KaMepu. 

paC'ICTOB ,!l)Ill CJIY'{aCB m=83 ll m=53 TT0KUJb!llUCT. 'lT0 pa3ll!IUU B BCJlll'lll!IUX 3Upl!Jl0ll 

Kpal'nmx np0II0JJO'ICK HC npell!,IlllUCT (3+4)x o·
6

• D:;rn KUMCpbl H'.l 33 np0B0JIO'lCK, CCJIH ll 

KU'!CCTBC llCJill'lHli 3Upll/l0ll B3l1Tbl )lUJ!Hh!C KaMCpbl 113 83 npoll0JIO'lCK, 113MCI1Clll1C ll 

pa1uocT1I no-rc11uuw10B nponoJIO'IKII - KaT0Jl !IC npcllbllllac-r BCJlil'llIJ-1bl Ix 0-4
• Bee '.:>TO 

)IBJUJCTCll xopoU!I-IM TT0/lTllCp:K,llCJ-IIICM C/lCJla!III0fO llbllllC llbIIl0,!la, 'lT0 113MCIIC!IIIC llCJlll'lllil 

1ap5!)l0ll Kpaihmx npoH0JlO'lCK Cllll'.lUII0 T0JlbK0 e yriCJlll'·lCJIIICM IIX CMKOCTl!, a IIC C 

'IllCJI0M npoB0JI0'lCK KaMCpbl . 

18 

Tencp1, nocMoTpllM, 'lT<> Gy/lcT npo11cxom1n, 11p11 'lllCJJC mo6pa)KCHltii NS=33. Ha 

pllCYJIKC 12 II0Ka3alJ0 0TII0JIICIJIIC JIIIIICliJll,IX IJJJOTJIO(,"fcii 1Upll/l0B COOTllCTC"fllYJOlllllX 

nponoJJ0'ICK u. (301) /u. (33) .UJJll NS=301, 11 NS=33. HecymcCTBCIJJJal! pa1111111a 
I I 

(<0.0004) II llCJJll'lllllilX JIIIIJCttllblX IIJJOTJJOLTcii 11p11 6om,moii pa1111111c B 'll!CJIC 

ll3o6pa)KCIJIIH llllJll!CTCll II0)lTBCp)K,!lCJIIICM 11palll1JJJ,Jl(JCTII m,1Gopa aJlropllTMa 11aXO)K,!1Cllllll 

llCJill'lllll 3apl!/l011 nponoJJ0'lCK. 
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Puc. I 2. On10111c1111c paC'ICTllbJX m111cii111,1x 11s10T11ocTcii 1apl!ll0ll /lJJll 30 I 11 33 
ino6palKCIJHi-'1. 

B COOTJICTCTllllll C 11po11c.uypoii paC'lCT0ll. Mbl )l()611Jll1Cb, 'lT061,1 pa1110CTh 

TTOTCIIIUlaJI0ll MC)K,!ly moGoii llpOllOJIO'lKOii If KaT0)l0M u A - u. CTUJJa IIOCTOl!IIJIOii 

llCJIH'lllllOH. 

ITocMoTpllM, np11 KUKHX yc;1omrllx mmcKoCTII I II m (p11c.6) fiyllyr 

:/Kllllfl0TCIIIU!aJibllblMI!. O11pC/lCJIIIM pa:!II0CTJ, ll0TC[ll[llaJIOJl Mc)K,!ly TO'lKOH, JJC)KUJitcii 11a 

IIJI0CKOC"fll, me /lOJJ)KCIJ IIUX0)lllTl,Cll KffHlll, llponm C0OTJICTCTllYJOJllCii Ilp0llOJI0'IKII 

(TO'lKII A(i) p11c.6), II TaKoii )KC TO'lKOH, OTIIOClllllCiicll K JtCIITpa;11,11oii llp0llOJJO'lKC. 

PaCCMOTpllM 0TII0IJICJIIIC noJiyqc1111oii pa3IJ0CTII II0TCIIUIIUJJ0Jl Jl TO'lKUX A(i) K pa3II0CTII 

fl0TCIIUHaJI0ll llCIITpaJll,llal! llp0ll0JIO'lKa • II0llCpXII0(,"fJ, KaT0/lU ( u A - u B ). 3-ro 

0T110111e11ne llJlll NS=33 ll 11po11e1nax 110Ka:ia110 11a p11c. 13. H1 p11cy11Ka CJIC/lYCT, '!TO 

IJJI0CKOCTb, npC/lll0JiaraeMal! ll Ka'lCCTllC KaT0)la, IIC llllJll!L"fCll '.:>Klll!II0TCIIIUIUJll,IIOii. 

IT0.uo611oe OTIIOIIJCIIHC /lJll! NS=301 II0Ka·1a110 Ila pile. 14. ITOJIO)KCIIIIC II '.:)TOM CJJY'{aC 

C)'lltCCTllCIIIIO YJIY'{IIIIIJI0CI,. C IJ0l'pCIIIIJ0CThJO OU, K0T0pal! IIC IIpClll,JJJiaCT 0. J 'If,, 

m,16pallllall IlJIOCKOCTh M0)KCT cqm:aTJ,Cll '.:)KJlllJI0TClllUIUJlhllOii. 

Ha KUK0M )KC 'll!CJIC ll3o6pa)KCJJllH CJIC.UYCT 0CTalJOIIIIThCl!'! OG11111ii 0TllCT Ila '.:)TOT 

llOllpoc 6y.ucT CJIC/lYJOlllllH. l/ucJ/0 1110fipa,1,;eHuit c)()J/,1,;HO ofiecne'llllnb fl(/J/Y'll'HUl' 

HeCMeU,eHHblX 3Hal/eHUU pacc11umblaaeMblX BeJIU'IUH. C YIICJlll'ICIJIICM 'IIICJJa 1110GpalKc1111i-'1 

3IJU'lCJll!C IICKOMOH llCJlll'IIIJJJ,I 6y)lcT CTpCMIITl,Cll K IICKOTOpoii IIOCTOllllllOii llC.llll'lllllC. 

3U)lUJlllll!Cb llCJlll'IIIIIOtt 11orpc11111ocn1, M0)KIJ0 llJlll KalKll0Hl KOIIKpCTII0IU CJIY'{al! 11aiiT11 

lleo6xo)ll!MOC 'll!CJI0 1no6palKCIIIIH. ITpllMCpoM '.:>Tom CJIYlKIIT IJaX0)K,!lCIIIIC JJJllleii11oii 
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Puc. 13. OrnocHTCJlhllOC 1!1MCHCIIIIC IIOTCllllllaJJa ll 11pouc11Tax B)lOJJb rJJIOCKOCTII, me 

)lOJJJKCII paJMCll{aTl,Cll Kffl'O/l KaMCphI, )lJJ}I 33 mo6paJKCIIIIH. nJIOCKOCTb IIC llllJJ}ICTCll 

::>KBIIITOTCHUllilllbllOH. 
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P11c. 14. Pacnpc)lCJICIIIIC, IlO)l06110c ,no6paJKCIIIIOMY 11a pHC. 13. Pac'!CT llbIIIOJIIICH n.rrn 

301 mo6paJKe11m1. 

l!JIOTIIOCTJI 3apl!Jl0ll npOllOJIO'fCK, JlllllCHllall IIJIOTIIOCTb 1apl!JlOll onpeJlCJJllCTCH C 6oJJbll!Oll 

TO'IHOCThlO )')KC np11 NS=33 (pnc. 12). 

PaccMoTpllM IIJllfllHIIC 'IHCJia mo6paJKc1111ii NS 11a TO'IIIOCTh onpeJlCJJCHHll llPYTHX 

XapaKTepl!CTIIK MnnK. Ha1160JJbIUal! :la!llICHMOCTb llOJJ)''c!aCMblX pe3yJihTaTOll OT 

KOIIC'IHOro 'flfCJla 1no6pa:Kcm1ii JlOJJ:Klla 11a6mo)laTbCll ll o6JiaCTll Kpaihmx npoBOJIO'ICK. 

3-roro CJICJlYCT O;fUIJlaTb 11a OCIIO!lilllllll ).lall,llb!X, llpCJlCTallJ!CllllblX 11a pHCYifKaX 8-14. 

npoa!laJlll1HpycM !IOllCllC!IHC KaKoii ;11160 CIIJIOllOH JIIIHIIH !l6Jill311 Kpal! KaMCpbi. TTpH 

JlOCTaTO'IIIOM 'IHCJIC ll'.I06paJKCIIHii TO'!Ka ncpeCC'fCIIHH CHJ!OBOH JJIIIIIIH C K3TOJllfOl1 

l!JIOCKOCTl,IO IIC JlOJl)!(!la CMCIUilTbCll ll TOM HJJII IIIIOM 11anpaI1JIClllll!. noJJOJKCHHC 3TOH 

TO'IKH IIC !IOJIJKIIO 3allHCCTb OT 'IIICJ!a mo6pa:KCIIIIH (11a•m11aii C IICKOTOporo), a TaK::KC 

OT JJJIHIILI llpDBOJIO'fKH. PacCMOTpl!M CJIY'filH 2L= 180 MM nycn, CHJ!Ollal! JJHHllll 

lla'll!llaCTc>l na 4 npoBOJIO'IKC OT Kpaa KaMcpbl (80 llpOBOJIO'IKa 113 o6mcro 'IHCJJa, 
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PHc. 15. Cl!JIO!lblC JIIIIIl!ll ::lJJCKTpll'ICCKOI'O ITOJJll, ' npoxownune qepe3 TO'IKY MeJK.D;y 

3-ii 11 4-ii KpaiiHHMll npoBOJJO'IKaMH, JlJIH 'IHCJJa H306paxeHllH 33, 53 ll 83 (cnpaaa 

HaJICBO ). 100 JlCJJCHllH - 1 MM. 

pammro 83) H npoXOllllT qepe3 TO'IKY c KOOPJlHHarnii Ha OCH x nocpemme MC::KJIY 80 - ,ii 

H 81 - . ii npO!lOJIOKaMII. H C KOOpJlllllaTOii 1 MKM no OCII y. Ha pllCYJIKC 15 ITOKa3allbl 

JJIIHIIII ::)JJCKTpH'ICCKOro ITOJIH, npoXO)lalUIIC '!CpC3 llb!6paHHYJO TO'IKY JlJIH pa3IIH'IIIOl'O 

'IIICJJa 1no6pa)KCIU1ii. ITpaBal! Kpllllal! COOTBCTCTBYCT NS=33, )laJ!CC cnpana HaJ!CBO JlJill 

53, 81 mo6paJKCHllii COOTBCTCTBCHHO. Pa3HOCTb KOOPJlHHaT TO'IKII ncpeceqeuua 

c11JI0Boii JJHHHll c Karn11noii nnocKOCTbIO JlJlll NS=81, NS=!Ol II NS=201 n cpanuemm 

co CJJY'faCM NS:301 COCTaBJJHCT 3,15 MKM, 1,55 MKM 11 0,5 MKM COOTBCTCTBCHHO. I-fa 
pac'ICTOB CJIC.!IYCT, 'ITO 'IIICJ!a 113o6paJKCJll!H NS=53 .lIBIIO HC)lOCTaTO'IHO, a TCJ\.1 6oJJCC 

NS=33. B o6onx CJIY'fal!X CIIJIOBal! JJIIHllll !IC nepcccKilCT MCCTO pac110JJO)KCIHIH KaTOJlHOH 

HJJOCKOCTII no HOpMilllll, HC BblITOJJIIllCTCH OCHOBHOC Tpe6onaHHC 3aKOIIOB 

::lJICKTJ)OCTaTIIKII. Ha 3TOM p11cyHKC npaMOH (X=7700) llOKITTatt)WJl JllfHIIII I!OJIH B 

orcy-rcrn11e Kpaea1,1x 3cpcpeKTOB. AHaJJH3 Kpacnux ::>cpcpeKTOB MTTTTK, n1,monne111,1ii Ha 

OCHOBC pa3BIITOI'O MCTO)la paC'ICTOB, npoBC)lCH B [21). 

B1,1paJKemrn JlJ(ll paC'ICTOB llOTCIIUllaJJOB II noncii (5-9) IIOJJY'fCHbl )lJIH KOHC'IIIOH 

J.IJlllllbl npoBOJJO'ICK MTTIIK (mmeiiHhIX 3apa11on). PaccMOTpllM, KaKOBO BJ!lll!HIIC Jl]IIIHbl 

npoBOJ!O'IKII 2L Ha BbJ6op 'IIICJia ll306pil)KCHIIH NS. He3aBIICIIMOCTb OT J.lJJHHbl 

npoBOJJO'IKII np11 )lOCTaTO'fHOM 'IIICJJC 113o6paJKCHIIH CJICJlYCT 113 a11an113a pllCYJiKOB 9-11. 

nnneiiHal! HJIOTHOCTb 3apHJlOB npoBOJJO'ICK S OCTaCTca ITOCTOHHHOH )lJlll BCCX 

npoBOJJO'ICK, KpOMC ~ 10 KpaiiHIIX,11 !IC 3a!ll!CIIT OT IIX o6mero 'IIICJJa. 0TCIO)la CJJCJlYCT, 

'ITO JllllICHHal! HJJOTHOCTb 1apl!)la TaK)KC 6yJlCT I!OCTOHHHOH II B)lOJJb llpOBOJJO'IKII 3a 

IICKJIIO'ICIIIICM cc KOHUOB. TToCKOJJbKY llMCCTO /lHCKpCTHOro pacnpeJlCJJCHHH 3apa,non OT 

npoBOJJO'IKII K npOBO.'!O'IKC paccMaTplIBacTca HcnpepbIBHOC pacnpCJlCJJCHIIC 3apa11on 

ll)lOJlb llpOBOJJO'ICK. BocnOJib3)'CMCH aHaJIH30M XO)la TOH JKC ClillOllOH JJIIHIIII, KaK II B 

npeJll,lllYJllCM CJJ)"IaC. PacCMOTpllM CJIY'faH 2L= 1500 MM. IlpH YBCJJll'ICHIIII 'IHCJla 

11306paxen11ii KOopmrna-ra TO'IKII ncpCCC'ICllllll CIIJIOBOH Jlllllllll C npe)lITOJiaracMoii 

KaTOJlHOH IJJJOCKOCTblO CTpCMIITCll, KaK 3TO If Tpe6yeTCll, K HCKOTOpOMY npe11CJJy. 3-ro 

ITOJJOlKCIIIIC IIDJ!IOCTpHpycT pllCYJiOK 16, Ha KOTOpOM ITOKa3aHa 3aBHCHMOCTb KOOpJlllllaTbl 
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Puc. 16. PacqeTHOe ITOJIO)l(et111e TO'-IKH nepece'-leHUll CIIJJOBOH Jllflllfll C KaTOllHOH 

[IJJOCKOCTbIO B 3aBHCIIMOCTH OT '-IUCJla 113o6pa)l(CIIIIH NS npu llJIHHe npoBOJJO'-leK 

1500MM, 
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Puc. 17. lfacTb puc.16 B )'BeJJl!'-leHHOM Macuna6e. To'-IKII xapaKTepH3YJOT MeCTO 

nepece'-leimll c KaTOllHOH [IJJOCKOCThlO llJlll KaMepbl c llJIIIHOH npoBOJIO'-leK 180 MM. 

TO'-IKII nepece'-!cHHll OT '-IHCJJa 11306pa)l(e1111ii (2L=l500MM). Ha p11cyi1Ke 17 cnnournoii 

JIIIHHeH IIOKaJaH Y'faCTOK p11cy11Ka 16 B )'BeJJll'-ICIIIIOM MaCllJTa6e. Ilpu nepexo11e OT. 400 

mo6pa)l(ellJ!H K 500 KOOpllHllaTa nepece'-ICIIHll CMemaeTCl! Beem Ila 0,5 MKM. To'-!KaMII 

Ha 3TOM pHCYJIKe 06mHa'-1e110 ITOJIO)l(C!JHe TOLJKII nepece'-!ellHll llJlll KaMepbl C 

rrpOBOJJO'-IKaMII llJJHHOM 180 MM, I10JJO)l(e1111e TO'-IKH nepece'-!ellllll CIIJJOBOM JIIIHIUI C 

KaTOllHOH [IJJOCKOCTblO CTpeMHTCll K npc11eny If HC 3aBI!CHT OT llJIHllhl npoBOJIOLJKII, 

Ha'-ll!Hal! C HCKOTopom '-IHCJJa 11306pa)l(el1l!H. 3-ro l!BJlllCTCll eme Olllll!M )'KaJam1eM 11a 

orpaHH'-ICHIIOCTb 06J1aCTH, B KOTOpoii MOryr npollBl!TbCll KpaeBblC ::icp<pcKTbl 11a KOJJl\aX 

aHOllHblX npOBOJlO'-ICK. TaKUM o6pa30M, B 6oJJblllllHCTBC CJJY'faCB llOCTaT0'-1110 

orpaHH'-ll!ThCll NS=l00-200, ITOJJY'filll BHOJJIIC KOppeKTl!blC pe3)'J1bTaTbl. Pa3tll!Ua ll 

HOJJO)l(C!IHH TO'-IKH nepece'-ICIUUI Cl!JJOBOM .im111m C KaTOllll011 HJlOCKOCThlO np11 

OllllllaKOBOM '-IHCJJC 1Ho6pa)l(C!IIIH, 110 npll pa3llblX ll)ll!l!aX npOBOJIO'-IKI!, JICrKO 
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061,l!CIIIIMa. Ilpll 60JlblUIIX llJlllllax npollOJIOLJCK II MaJlblX IICJJll'-lllllax NS paccTOllHHC 

MC)l(lly KOllllaMII IJOCJlel(IJCro ino6pa)l(Cllllll llpOllOJIO'-ICK II IICIITpOM KaMCphl CYJIICCTilCIIIIO 

11pellbllllacT pacCTOlllfl!C MC)l(ll)' IIJIOCKOCTblO JTOIU 11106pa)l(Cllllll II 11e11TpOM KaMCpbl. 

C1nya1urn fl :>TOM CJl)"-JaC allaJIOnt'llla TOii, LJTO ll011111KaJia C m,16opoM IICJJll'-ll!llbl NS 

llpll 06oc11ona111111 llOJMO)l(IIOCTII pCILICllllll OCIIOBIIOH ]aJla'III :)JJCKTpOCTaTIIKII c 

orpamI'-ICllllhlM 'IIICJIOM mo6pa)l(CIIIIH (pile. 5). 

OnT11M11Jaum1 11TepaT1rnttoro npouecca 

BoJM{))l(lf() Jill COKpaTIII, 'IIICJIO IITCpam,ri. IICIIOJlb])'ll 01111cam11>1ii llbllUC IJO:>TallllblM 

11ap11au11011110-11Tcpa1111011111,11'i c11oco6 IIOIICKa pe111e1111ii'? AllaJJII] IIOKa]bll!aCT, '-!TO 

COKpan1n, '-ll!CJIO llTCpa1111ii MO)l(lf() TOJlbKO 11a 5-M 3Tane Bbl'-IHCJlCHl!H, ecm1 IIMCCTO 

n1>1pa)l(c1111ll a (N + 1) = a (N) / (U (N + 1)) 11c110;11,1onaTb llP)TOC, 11 KornpoM 

311aMe11aTeJJb BXOllllT II HCKornpoii cTc11c1111 m: a· (N + 1) = a (N) / (U (N + 1)) m_ Ha 

KOIIKpCTIIOM np11Mcpc llbll!CIIIIM, KaKIIM 06pa·10M MO)l(lf{l lll,16paT1, OHTIIMaJlbllOC Jlla'lCIIIIC 

m. PcumM "laJla'-ly - 011pc11c;1irn,, KaK l11MClll!TCll JICJll1'-llllla 11oro1111oii _CMKOCTII dC 

npOllOJIO'-IKI! KaMCpM llCIITpa.r11,11oii o6JJaCTII 11p11 cc CMCU(Clllll! na 0,2 MM II 11a11pallJICIIIIII 

K KaT011y. BCJlll'-!Jllla dC onpCllCJlllCTCll In llhlpa)l(Cflllll ds=dCxV, me ds=s(N)-s(O), a s(O) 

- Jll!llcii11a» IIJJOTIIOCTI, Japl111a 11p0110JIO'IKII /lO cc CMClllCllllll. Ilp11 llbl'-IIICJICIIIIII II 

0T11oc11Tc;11,111,1x cm1111111ax V=l II dC=ds. B coorneTcT111111 c np1111ll-roii 11po11c11ypoii 

llhl'IIICJICIIIIH OllpCllCJIIIM KOOp/lllllaTl,I ll]06palKc1111ii npOIIOJIO'ICK KaMcphl, II TOM '-IIICJle II 

Koopmman,1 CMCUlCJIIIOii llp0110J10'1KII II cc mo6pa)l(CIIIIH. TTpllCIIOIIM C Y'fCTOM JllaKOII 

BCCM HJ06pa)l(Clllll!M JIIIIICHIIYIO II.IIOTIJOCTb II COOTIICTCTJll!II C pacnpClleJJCIIIICM, 

IIOKaJaHHbIM Ha pnc.10. Ilo nplllll!T(Jii 11ponc11ypc IIOJl)'LJIIM IIOllb!C Jlla'-!Cllllll JlllllCHllblX 

IIJlOTHOl-'TCH s(i). r11e i - IIOMep npoBOJIOLJKII • l1TcpaIUll! npo110JI)l(aCTCll 110 TCX nop, IIOKa 

IIC IJOJlY'fl!M llJlll BCCX npOIIOJIO'ICK 111a•1c1mc OTIIOCIITCJll,IIOii pa3110CTII IIOTCIIllllaJIOB V=I 

±dV, rne dV-1U11am1al! TO'-IIIOCTb. 
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Puc. 18. HJMCIICIIIIC llCJIH'lllllhl CMKOCTII llpOIIOJIO'-IKII, CMCll(CIIIIOii Ila 0,2 MM K 

KaTOllllOH flJIOCKOCTII, II 1am1Cl!MOCTJI OT 'IIICJJa ,rrepaimii. TTp11 IIWIIICJICIIIIII JIIIIICIIIIOH 

rIJIOTHOCT!I 3apl!/la cr /llll! KalK!IOH flOCJIC/lymmcii IITCpa111111 llCIIOJlhJOllaJIOCI, IIJ,lpa)l(CIIIIC 

er (N + 1) = a (N) I (U (N + I)) m, rite m=2. 
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Ha rpacjmKax IIOKa1a11a 1a1111CIIMOCTh ll'IMCl!Cllllll CMKOCTII dC OT '-IIICJ!a 11Tcpa1rnii N. 

Benwmua s(N) n COOTJICTCTBIIII c 5- M ::nallOM MCTOl!a Jlbl'-IIICJJCIUIH onpel!CJlllCTC}I m 

Bb1pa:Ke11m1: 

a (N + 1) = a (N) / (U (N + 1)) m (14 ) 

. Ha p11c. l 8 IIOKa1a1m, KaK MCllllt:TC}I IICJlll'-11111<1 dC 11 1a11J1CIIMOCTII OT '-IIICJJa IITCpaUIIH 

llJlll m=2. 81,1'-111c;1c111rn 11pcp11a111,1 11p11 N=20, 11p11 KOTopoM dVae0,00004. Ha pllc.19 
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P11c. 19. PacnpCJlCJICIIIIC, allaJIO['Jf'-IIIOC llOKaJammMy 11a pnc.18. CnJJOlllllaM KpllBaM -

m= I, TO'-IKII - m=2. . 

llpllBCllCllhl rpacjmKII llJf}I m= I II m=2. CIU!Olllfla}I JJIIIIIUI COOTIICTCTBYCT m=l, np11 3TOM 

dV=0,0000002 llJlll N=20, TO'-IKaMH 06m11a'1c11a 1a1mc11MoCTb JlJl}I m=2. PeJKlfC 

ll3MCIIClfll}I s(i) np11 Ka:KJ!OM IIOCJICllYIOUlCM mare l!Tepaum1, CJICllYJOIIUIC 113 

COOTIIOIJICIIH}I (14). llpllBOIDIT K Jlla'-lllTeJll,IIOMY pa16pocy TO'-ICK. Bbl'-IIICJICHIUI 

IIOKa'3aJJH, 'ITO lleJIH'-IJ!lla m a::J,5 }IIIJUICTC}I OIITIIMaJlbllOH. Ha pile. 20 110Ka1auu 

pe3yJ1HaThl Bbl'IIICJICIIIIH Jl}l}I m=I.5 ( TO'IKII) II m=l (CIUIOIJIIIM KpllBM). TTp11 TOH )KC 
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P11c. 20. lhMCIICIIIIC llbl'IIICJl}ICMOii IICJJll'lllllbl CMKOCTII npoBOJJO'-IKII OT '-IIICJJa 

l!Tt:parmii llJlll m= I (CII.IIOIJllfa}I Kpl!BM) 11 llJlll m= 1,5 (TO'-IKII). 
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TO'-lllOCTll Bbl'IIICJICHIItt norouuoii CMKOCTII npoBOJIO'IKII '-IIICJIO I1Tepau11tt Jl}lll CJIY'Jal! 

m=l,5 COKpamaeTCll np11Mept10 B llBa pa3a no cpaBHCIIIIIO C m=l. norouuaa CMKOCTb 

npoBOJIO'-IKII, CMClllCIIHOii 11a 0,2MM OT nepBOHa'-laJJbHOro IIOJIO:KCl!llll, YJlCJlll'-IIIJiaCb B 

1,00593±0,00001 pa1. 

Crroco6 TTOC'fl)Oemrn: CHJIOBhIX mrnnii TTOJHI 

TTO}ICflllM cnoco6 noc-rpoe1111l! CIIJIOllhlX Jllllllltt 3JICKTpll'-ICCKOro IIOJI}I II 

::lKBIIIIOTCHUllaJJCH. B [2] ::lKBIIIIOTCIIUllaJJII II Jlllllllll IIOJlll, npOXOIDIIUIIC 'lepe3 

Bb16paUHYJO TO'-IKY 11a KOMIIJICKCIIOH HJIOCKOCTII z, CTpm!TCll llOCTaT0'-1110 CJIOJKllblM 

cnoco6oM: '-IIICJICIIHhlM IIIITerp11poBa1111eM m1cpcpepei1UllaJJbllblX ypam1e1111ii MCTOllOM 

Pyiffe - Kyrra. Mernll '-IHcneuuoro 1111Terp11pona1111l! Tpe6yCT coorneTCTBYIOIUem 

nporpaMMHOro o6ecne'lCHllll H CaM no ce6e npo,u;omKHTCJICH no BpCMCHH. B HaCTOHIUCH 

pa6oTe IICIIOJlh30BaJJCll npocroii II HarJil!llllblH cnoco6, OflllCb!BaeMblH IIH:Ke. 

8 pt:3YJihTaTC npOllCCCa Bbl'-IHCJICIIHH Mb! 3HaeM JIHHCHIIYJO flJIOTIIOCTh 3apHJla 

Ka:K.u;om IICTO'-IIIIIKa II pacnpClleJJCHIIC BCCX IICTO'-IIIIIKOB B npoCTpaHCTBe. TorJla no 

cpopMyJiaM (8-10) Mb! MO:KCM onpellCJlllTh COCTaBJil!IOIIIIIC 3JICKTp11'-ICCKOm nom1 H 

llOTCIIUHaJJ B Ka:K,u;OH TO'-IKC npocrpaHCTBa, a m Bh!pa:KeHHii (11 11 12) TC )KC 

BCJlll'-IIIHbl Jl}lll MCJlllaHHOH llJIOCKOCTII. CIIJIOBblC JIIIHIIH 3JICKTp11'1CCKOm llOJlll llBJil!IOTCll 

HarJil!llHbIM cnoco6oM om1carml! BCKTop11oro xapaKTepa nonll. 011n npt:JlCTaBJIHIOT co6oii 

npocrpaHCTBCIIHblC KpHBblC, Kacan:JibHblC K KOTOpT,IM n mo6oii TO'IKC npocrpattCTBa 

COBllMalOT C 11anpaBJICIIHCM nom B 3TOH TO'IKC. CIIJIOBaH JIHIIHH nom1, npOBC)lCIIHal! 

'lepe3 mo6y10 TO'IK)I, H 3KBllllOTCHllllaJJbHM llOBCpXHOCTh B 3TOH TO'IKC B3al!MHO 

nepneJl}lllK)IJIHpHbl. Ha OCHOBaHHII 3TIIX 0611111x CBOHCTB CHJIOBhlX mmuii II 

3KBHflOTCHllHaJihHh!X nOBCpXHOCTCH Mb! MO:KCM llOCTpOHTh KapTbl CHJIOBblX Jll:IHHH 11 

3KBllllOTCllllllaJICH MCTOJlOM 3aMCHhl Y'JaCTKa KpHBOH JIHHIIII OTpC3KOM xacaTCJlhHOii. ,lv!H 

narn.!l)lHOCTH paccMOTpHM MCTOll llOCTpOeHHH JIIIIIIIH flOJIH II 3KBHllOTCllllllaJICH 11a 

llJIOCKOCTll. TToKaJKCM npIIMCHCllllC MCTOlla Ha annpOKCIIMU!lllH OTpC3KaMU KacaTCJlhllhlX 

llyrII OKp)IJKHOCTH paJ111y9a R. B1,16epeM KaKYJO•Jiu6o TO'IKY A tta llJlocicocrH, 'lt:pe3 

KOTOPYID neo6xo)ll!MO npOBCCTII CHJIOBYIO JJIIIIIIIO (pnc. 2 I), ll npOBC)lCM ll3 3TOH TO'lKll 

0 

P11c. 21. CxeMa, llOJICIDIIOlllWI MeTOll annpoKCHMU!lllll llyrII OKpy,ICHOCTH AD o-rpe3KOM 

KacaTCJlbHOH AC llJlll llOCTpOCllllll CHJIOBblX Jflllll!H llOJlll ll 3KBllnOTClllllfaJJCH. 
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KacaTenbHYJO. Ilyc-rh AC - oTpe3oK, arrrrp0Kc11M11pyioru11H uyry oKp~IOCTII AD. 

H.3 rroCTpoemrn c,1euyeT 

dR= BD tg0 =R tg0 x tg0 I 2. )l.m1 yrnon q , TaKIIX, '!TO 3Ha'!eH11e tg q = sin q = 
0 2 

q HMeeM dR =R2 . Ilocne n rnaron, 11p11 ycnon1111 q = const, orpaH11'!11nrn11cb 

0 2 0 2 
rrepBbIMII unyw1 '!neHaM11 611110Ma, 11MeeM R "'R (l+n--). Orcmua dR=Rn--. 

n 2 . 2 
Ilp11Mep: q = O,OI, n=IOO , rrp11 R=l rron)l'IIIM dR=0,005. 3TO 03Ha'!aeT, '!TO rrp11 

arrrrpOKCIIMa1um uyr11 B 0/lllH pam1a11 C IIOMO!UbIO 100 OTpe3KOil KacaTeJJbllbIX II pau11yce 

,nyr11 OKPYJKHOCTll B 100 MM ynen11'!en11e pau11yca COCTaBHT 0,5 MM. Ilp11 )IBeJJH'leHHII 

q11cna rnaron n k pa3 np11 TOH JKe .nmrne uyrn nen11'!1rna yrna )IMCHblilacrca TaKJKe n k 
pa3, cnenonaTenbHO, ll dR )IMCHblliaeTCll B k pa3. KapTbl c11nonbIX RIIHIIH II HOTe11u11aneH 

CKopee HOCllT Ka'!eCTneHHbIH, HJIJIIOCTpanmHbIH xapaKTep, II03TOM)I rrp11 IIOCTpoemm 

JUUIIIH rrona nrromie MOJKHO o60HTIICb ne6onblIIIIM 'IIICROM rnaron l!TepaUHH. Ecn11 

B03Hl!KaeT tteo6xou11MOCTb IIOR)l'IIITb no KapTe cnnoBbIX m!IHIH KORll'ICCTBCHHblC 

uaHHble, TO )IMCHbllICHIIC IleJJll'IIIHbl OTpC3Ka KaCaTeJlbHOH 1103BORllCT IIOR)l'IIITb CKORb 

yrouno TO'lllb!C pe3ynbTaTbl, HO UCHOH 6onee MIITeJlbHbIX Ilbl'IIICne11l1H. 

PaccMOTpllM 11a Hpl!Mepe, KaK 3TOT crroco6 peanH3)1CTCll rrpaKTll'ICCKII. IlyCTb 

ioopmrnaTbI TO'IKII A paB!lbI x
0 

II y 0. Koopmmarn TO'IKII C (p11c. 21) naxouHTca 

cneuYJO!UIIM cnoco6oM. IloCKORbK)I ll3BeCTlll,I pacrronoJKeHl!C BCCX IICTO'IHIIKOB 11 

BeJJll'll!Hbl IIX 3apll/l0B, TO MOJKHO Bbl'IIICnl!Tb KOMIIOIICIITbl 3neKTpH'leCKOfO HOJIJl 

E. e EY n TO'!Ke A II TeM caMbIM II narrpanna10ru11e KocunycbI neKTopa nona cosa 11 

cosb B 3TOH TO'!Ke. A 01111 annaioTca TaKJKe narrpanna10ru11M11 Koc1111ycaM11 KacaTenbHOH 

K nmnm nona Il 3TOH TO'!Ke. B TaKOM Cn)l'laC KOOp/lllllaTbl TO'IKII C X1 0 y I MOJKIIO 

HaHTII 113 BbipaJKe1111H: 61 = x0 + s cosa II y1 = y 0+ s cosb , rue s - BeJJll'IHHa oTpC3Ka 

KacaTenbuoH AC. JJ,rra npocTpanCTna JaJla'!a pernaeTca auanorn'!uo paccM0Tpe11110H, 110 

Mll Ilbl'IIICnCllllll npocTpa11crne11HoH KOopmmaTbl 11eo6XO/ll!MO IICIIORb30BaTb BCC TPII 

nanpanna10ru11x Koc1111yca neKTopa 3nCKTpll'ICCKoro rrona. 

ITOCTf)OCHJie 3KBIIIlOTCHUliaJieii 

KaKIIM o6pa30M nponeCTII 3KBIIIIOTCIIU11Mb n npoCTpauCTne? BepneMC)I K 06111eMy 

CBOHCTBY RIIIIHH rronll II 3KBIIIIOTCIIUHane11, B cnny KOTOporo 3KilllIIOTel!UIIMbHM 

rronepXIIOCTb rrepnell/lllK)lnapua BCKTOPY 3RCKTp11'1CCKOro nona. Ha 3TOH nonepXHOCTII 

n106aa npo111nonblla8 no cpopMe n111111a annaeTCll 3KBIIIIOTeHUllaJibIO. ITo3TOMY MOJKIIO 

ronopl!Tb 06 3KBHIIOTeHUllaJIH TORbKO .KaK O imHIIII Ha nonepXHOCTH Hnll IInOCKOCTll, 

KOTOpaa BI,1611paeTCll B 3aBIICHMOCTII OT peruaeMOH 33,lla'lll. 

PaccMoTpllM HCKOTopyio rrnocKOCTb. IlyCTb BCKTOp 3nCKTpll'ICCKOfO nom1 neJKHT B 

3TOH IInOCKOCTII II connauaeT C 0Tpe3KOM AE (p11c.22 ),Toma nllHllll UV llMllCTCll 

KacaTeJJbIIOH K 3KlllllIOTCHUIJMII Il . TO'IKC A. TaKIIM o6pa:ioM, una naxo)Klle!Urn 

uanpanne1111a KacaTenbllOH UV. IlCKTOP 3RCKTpll'ICCKOfO nona 11eo6xO/lllMO IIOBCPHYTb ua 

yron p / 2. Ecnll yrnbl MC)Kll)I BCKTopoM IIOJ])I II OC)IMII x II y paBUbl a II b • TO 

KOOp/ll!HaTbl CRC/lylOIUCH TO'IKII Ha 3Klll!IIOTCIIUIIMII pan!lbl X1 = XO + S cosb II 

Y1 = Yo· s cosa .IlJlll nanpannemrn Il/lORb mnnm OT TO'IKII AK TO'!Ke u. 3aMCHOH 3tiaKOil 
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P11c. 22. CxcMa nocrpocmrn '.:lKllllllOTCIIUllaJIII 11a IIJIOCKOCTII no nanpallJllllOU(IIM 

KOCIIH)ICaM IICKTOpa '.:lJICKTpll'ICCKOro IIOJlll E np11 cro IIOIIOpOTC Ila yron p / 2 II 

11anpanne111111 U 11n11 V. 

+ JI - 11a nponmo110JIOJKllhlC llOJl)l'IIIM KoopmmaThl l{Jlll '.:lKIIIIIIOTClll(llaJIII 11 11anpanne111111 

AV. BbI'IIICJlllll 11anpa11.m11011mc KOCIIIIYChl llCKTOpa llOJill II 3TOH TO'IKC II IIpOBOllll 

11anbl!CHIIIIIC Ill,l'IIICJICllllll, KaK '.:JTO )1Ka1a110, Ml,I MOJKCM lIOCTpOIITb '.:lKllllllOTCllllllaJib. 

PacCMOTpllM pm:. 23,KOTOpblH CJl)IJKIIT IIJIJIIOl.,1paimcii MCTO/la lIOCTpOCllll)I 

3KBIITIOTCIIUilaJIII ll MCllllUIIIIOH IIJIOCKOCTII KaMepbl. Ha IICM IIOKa1a111,1 Kp11m,1c. 

0.21 I I I f". I I 1';.\ l 

01 I I ( f I ~ I I I l X 

-0.21 I..,.. -=I ~''" I I l/'/ l 

-0.4 

77 77.25 77.5 77.75 78 78.25 

P11c •. 23. HlIJllOCTpaIU!ll MCTOlla lIOCTpOCllllll 3KllllflOTCIIU!laJIII '1Cpc1 3a/lallll)IIO TO'IKY 

Ha 11JIOCKOCTII npn 'laMCIIC Kpl!IIOJIIIIICHIIOl'O <rrpc]Ka OTpC:lKOM KUCilTCJlbllOii (IICJlll'llllla 

OTpC3Ka 4.0, 10 ·11 5 MKM). 

na'!1ma10U[IICC)I ll OJUIOH II TOH )KC TO'IKC C KOop111111aTaMII x=77,5MM II y=O. Koopm111aTa 

x=78MM COOTBeTCTByeT 81-H (TpCTI,CH OT Kpal!) npollOJIO'IKC KaMepbl. BIICillllllll Kpllllal! 

nocrpoe11a c maroM 40MKM, KoTOphlH · pa11c11 crrpcJKY KacaTCJlbllOH AC (p11c. 21 ). Kpllllal! 

llOJt)Klla 6blTI, 3CpKaJibll0 CllMMt.,pJl!IIIOii OTIIOCIITCJlbllO JIIIIIIIII y=O. H1-1a 6om,moro 

mara · 11 MaJIOro pau11yca npo11cxom1T 11cpcxo11 11 06Jia1.,,1, c .11pymM 111aqc1111eM 

IIOTCIIUllana, II pe3yJlb'faTC flO<..,pocua Jlllllllll, lie llllJllllOU[al!Cll '.:lKIIIIIIOTCllllllaJlbIO. 

Cne11onaTCJll,tlO, 11co6xo1111MO YMCJlblUIITb llCJlll'IIIIIY mara. Kp11Ilal!, pac11onOJKClllllUI 

M.CJKJ,l)I IIHCUIHCH II . m1yrpcl11JCH KpllllblMII, IIOCTpocua C marnM lOMKM. BIIYTPCllllllll 

. 3aMKJ~yraa KplllllUI IIO<..,pocua C 11jaroM 5MKM, II Olla llllJll!CTCll 3KilllllOTCIIIUlanbto. B 
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cpopMe Kp11110ii npmmnmoTcll Kpacm,1e ::icpqx:KTbI MnnK. '-Im oco6emm xopomo 1111L1110 

Ha pHC. 24, Ha K0T0pOM noKaJaHbl IICK0T0pblC CHJIOBblC Jlllllllll IIOJlll II 3K!lllllOTCIILlllaJIII 

TOH ::KC 8 I-ii np0B0JI0'-IKII. Cl!JJOilblC Jlllllllll 0TXOllllT OT noBCpXIIOCTII llpOBOJIO'-IKII noll 

yrnaMII B 5, 30, 60, 90, 120, 150 11 175 rpMycon K OCII x. B OTCY'fCTBIIC KpaCBblX 

3cp<peKTOB Tpll IICpllblC Jlllllllll L{OJl::Kllf,I 61,m, CIIMMCTpll'-lllf,I TpCM II0CJIC!lllllM. Jlmmll, 

ll!lYlllall non yrnoM 90 rpallycon. L{0Jl::Klla ll!lTII t.,poro no Jlllllllll x=78 MM. 

-11 I:=\ +r=.::u 4'" I\ ~ 'I 

77 77.5 78 

X 

78.5 79 

Puc. 24. CIIJJOilblC JIIIIIIIII II IIOTe!IUllaJI!I JJICKTPll'ICCK0ro IIOJlll B OKpCC'flIO(.,"flf 3. ii 

Kpaii11eii npollOJIO'-IKII. OTcyrcnmc CIIMMCTpllll 0TII0CIITCJlbH0 npllMOii x=78 MM CBll3aH0 

C KpaenbIM ::icpcpeKTOM • 

TToTCIIUllaJlbllblC JIIIIIIIH !l0Jl::Kllbl 61,1Tb TaK::Ke CHMMeTpll'IHhl OTHOCHTCJlbHO JIHHHH 

x=78 MM. Ha pHc.25 ITOKaJaHa Kaprn JIHHHii ITOJUI H 3KBHIIOTCHUHaneii B OKpecrnocrn 12-ii 

npoB0JIO'-IKII OT Kpaa KaMCpbl • CIIMMCTpllll X0L{U JIIIIIHii nom1 ll JKBIIIIOTCIIUllaJlCii 

rouopHT 06 0TCY'fCTilllll KPUCilblX ::icpcpcKTOll II paiio11c JTOH npoB0JI0'-IKII. 

.!I.rill cpa1mellllll npllll0)lllM paC'-le'rllblC L{Ullllble 11oro1111oii eMKOl."fll npoBOJl'-IKII, 

nonyqemn,Ic ll [2] II 011y6m1KOBailllblC II [3], C 11am11M11 )laHHbIMII (rn6n11ua 1). B 

Tafumue npllllCllCllbl BCJlll'-lllllbl norollllblX CMKOCTCii npoB0JI0'-leK KaMepbl B pF/m. 

Ta6nnua 

1 2 3 4 

3,33 3,327 5,33 5,331 

3,47 3,472 5,71 5,711 

3,56 3,562 5,96 5,959 
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0 I I ( =:::I=:=- Y,,K --::t:: 1 I I X 

-0 sl tr-',tl:::bxic1F' l 
-JI II / I f I tti1= l 

59 59.5 60 60.5 61 

P11c. 25. KapTa ClfJIOBblX Jll!HHii H 3KllJIITOTCIII{HaJ1eii B OKpcCTH0CTH 12- ii OT Kpaa 

nponoJJ0'-IKH. CHMMe'l'pll'-lllblH XO)l 3KBllllOTeHUllaJ1eH H JIHHHH llOJlll CBH)leTCJlbCTByeT 06 

OTCY'fCTBIIH KpaeBblX ::icj1cpcKTOB. 

flepBble nne K0JIOIIKH 0THOCl!TCll K KaMepe C paCCTOllHHeM Me::K!ly KaTO)lOM H 

llJI0CK0CTblO CllrHaJlbtlblX npoBOJI0'-ICK 1=8 MM. )].ne BTOpblC • K KaMepe c 

I =4MM. B 1-ii 11 3-ii KOJI0HKax np11ne)lellbl )laHHble pa6oTbl [10], BO 2-ii 11 4-ii 

KOJIOHKaX naHbl pC3YJJbTaTbl pac'-!eTOB anrnpa na1111oii pa6oTbl Wlll KaMepbl 113 83 

npoBOJI0'-leK. norom1yio eMKOCTb, np1me)le1myio ll ra6JJHI{e, HMCIOT npoBOJIO'-IKH KaMCpbl, 

Wlll KOTOpblX OTHOCHTCJlbllall BCJIH'-IIIHa 3apllna Q=l, T.e. Wlll ncex npoBOJI0'1eK, 3a 

HCKJIIO'-leH11eM ~ 5-6 npoB0JIO'-ICK C Ka::KJIOffi Kpaa KaMepbl (puc. 10). .!I.rill 3THX 

npoBOJIO'-ICK K KpallM KaMepbl BCJIH'-IIIHa CMKOCTII ynCJJll'-IHBaeTCll nponopUHOllaJlbllO 

llCJlll'-IHHC 3apll)la Q. 

3aIOUO'leHHe 

Pa3pa6oTaHHblii MeTO)l pac'-!e-ra 3JJeKTpOCTaTH'-ICCKIIX xapaKTepHCTIIK I1J1a11ap11oii 

MflnK npHMeHHM Wlll pac'-le'l'OB xapaKTCpllCTHK 11J1aHapllblX npeiicpoBblX II 

MIIHll·!lpeiiq>OBbIX KaMep. Ha OCHOBe npCWIO::Ke1111oro MeTOna BbIITOJJHeHbl pac'leTbl 

KOHcj:mrypau11ii 3JJeKTPll'-ICCKHX noneii B 11J1aHapHblX nponopUH0HaJJbllblX H npeiicpoBblX 

KaMepax, ynyqmaIOUlllX HX cnoiiCTBa [11]. Bnepllble npoBeneHbl HCCJle!lOBaHllll KpaCBblX 

::icpq>eKTOB B MTTITK, ll03B0JIHllWHe onpencnttTb pa3Mepbl o6naCTH, B KOTOpoii 3TH 

::iqicpeKTbl urpaIOT JaMeTH)'IO ponb [21]. flpeWI0::KeH anropHTM pemeHHll OCHOBIIOM 3a)la'-IH 

3JleKTpoCTaTIIKII (03'.3) Wlll MHOronpollOJJ0'-IHbIX )leTeKTopon. 3-roT anropHTM MO::Ke'I' 

6b1Th np11MeHCH Wlll 11axo::KJ1etnlll_pememrn ()33 !lJlll npoBO!lHHK0B JJI06oii cpopMbl npn 

HX npott3BOJlhHOM pa3MCIIlCHHH B npocTpaHCTBe. 

AnTop n1,1pa)l(aeT 11cKpeil111010 6naro)lapt10CTh M. r. IllaqipaHoooii 3a ue11111,1e 

3aMe'-!aHHll, C)leJiaJIHhIC eIO B npouecce 110/lffiT0BKII PYK0llllCH K ny6JJHKailllll. 
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