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OfilJ.tA}l X.-\PAKTEPV!CTHKA PAEOTbl. 

\K'l'\'d.~bHoc:rb TeMbl. 0oTpe6HOCTb B llOBblX tlH<1AHTH'leCK>IX H 'IHCAeHHbIX 1'1eTOAaX 

peweHHll npo6Ae~1. CBR3a.HHblX c rpaHH'IHblMH. 3iJAa'laMlf 3AeKTPOAffl!aMHKH, IlOCTOllHHO 

B03HHKaeT B CBR3H c pa3BHTHeM 3KcnepHMeHTa.J\.bHhlX MeTOAOB B caMblX pa3JUfqHblX 

obAaCTllX cfiH3HKlf • TaKHX KaK Heb6XOAlfMOC1'b MOHIITOpHHra Il}"IKOB 3ap11.1KeHHblX qacTHL\ 

CoiepXKOpOTKOH AAHTehbHOCTH HAR HX ABY'XIl)"IKOBOe ycKope1rne - B ycKOpHTeAhHOii 

tpH3HKe npo6Ae~rn Bb!COKOTO'IHOH 3AeKTPOAffHdMH'leCKOH tlTieCTaL\IUi 06'beKTOB • B 

p<lAflOAoKaUHH. AKrya.J\.bHblMH H npeACTaB"11IOUJ;HMff KaK TeopeTH'lecKHii, TaK H 'IHCTO 

IlPHKAilA!IOH HHTepec npOAOAJKaJOT OCTaBaTbCll upo6AeMhl IIOHCKa 3J\eKTpOAlfHdMH'leCKHX 

peweHHH B TaKHX KJ\aCCH'leCKHX TeAax, KdK TpeXOCHblH 31\!\HUCOHA, 31\!\HIICOffAbl 

BpfilL\eHHR, TOpOHA, 6HL\HAHHAPHqecKHe C'l'pYKTJ'Pbl. 

LieAhro pa60TW llBAf!eTcll: 

- pa3pa6onca MeTOAOB onpeAeAeHHll npOAOJ\bHo:ii cfiyHKL\HH pacnpeAeJ\eHHll 3aplfAOB B 

crycTKe no H3MepeHHOMY speMeHHOMY npoct>HJ\10 BCnblllIKH nM H qepeHKOBCKOro 

H3A}"leHHH. Yl.ieT Hi!llH'IHll urepoxoeaTocTeii Ha nosepx11ocTH MHure1111. 

• pa3pil.60TKa MeTOAlfKH BOCCTaHOBAeHJur IIOJ\HOH KapTHHbl pacce11sarow;mc CBOHCTB 

o6'beK·ra no AaHHhlM 6AH)KHe30HHblX H3Mepe11Rii. 

• pa3paOOTKa paBHOMepHblX KopoTKOBOAHOBhlX ~leTOAOB aCHMIITOTl!'leCKOfO pa3AeAeHl!ll 

nepeMeHHblX B ypaimeHHRX feJ\bMfOil.bL\8 If MaKcBeMa, HX npHMeHeHHe K KOHKpeTHblM 

BHeWHHM H BHyrpeHHHM 36A8'1aM 3AeKTp0AffHaMHKH. 

- pacnpocTpaHeHHe MeTOAOB reoMeTpH'leCKOH TeOpHH AHct>paKL\HH (ITAJ Ha 3iJAa<ry 06 

lf3A)"!eHHH lf3 OTKphlToro KOHL\d KpyrAoro BOJ\HOBOAd c cpAaHL\eM. Y'leT MHOfOKpaTHblX 

AHcppaKL\lfH Ha KpOMKe pacKpblsa BOAHOBOAa. 

- pa3pa60TKa MeTOAffKH 'IHCJ\eHHoro pacqeTa co6CTBeHHhlX tPYHKL\lfH B peryAflpHb!X 

6HL\HAHHAPH'leCKHX CTJJYKTJ'PaJC. I1HTepnpeTaI(HH pe3yJ\bTaTOB 'IHCAeHHblX pacqeTOB H 

pa3pa60TKa TeopHH co6cTBeHHblX 6HL\HAHHAPR'leCKHX MOA. 

HaV'!HaJI HOBH3Ha. Bnepsble noAyqeHhl CAeAyro~Re pe3yil.bTaTbl: 

HaiiAeHhl YCAOBlfll aAeKBaTHoro BOCIIpOH3BeAeHHR BpeMeHHhlM npo¢HAeM BCnblWKH 

nV! H 'lepeHKOBCKOro H3J\.}"leHHll cryCTKa 3aplUKeHHblX - 'ldCTHL\ npOAOJ\bHOH tPYHKL\HH 

pacnpeAeAeHHll 3apliAOB B cryCTKe. YcTaHOBAeHa B03MO:iKHOCTb noAyqeHlfR HH¢opMaQHH o 

pacnpeAeJ\eHHH 3apllAOB B crycrKe no HHTerpaAbHblM xapaKTepHCTHKaM ere nepexoAHoro 

lf3A)"leHHll - no <PYHKL\Hlf noqepHeHHH ¢oT011J\eHKH, 3KCnOHHpyeMOH B Te'le!!Hlf Bcero 

Bpe~reHH npoxo.JKAeHlfH crycTKa qepe3 rpaHHl1Y pa3AeAa. 

Pa1p,160TaHa TeOpHH nH Ha rpaHHL\e pd3AeAa c l.llepoxoBaTOCTiDIH npOH3BOAbHOro 

T~!lld. no.\}''!t'Hbl YCAOBHSI ilAeKBilTIJOro BocnpmnBeAeHlfli BCflb!WKr>ll nH llpOAO.\hHOii 

1 



--1-

•PYHKU,1111 puct!pt\WAellHl! 3apl!AOB B L'fYCTKf' tlllll HMll'lllH wepuX()BtlTlll.l'C'H Ha rpaHHl.\C' 

pa3Ae.M. 

Pa3pa6oTaHa TeopHII soccTa11os11.eHH11 pacceHBdlOll.\HX CBOHCTB o6'heKTa no ,\<lHHb!M 

H3Mepe11111l Hd ,i.syx noaepxHOCTl!X cKaHHpoaamrn, OXBdTblBdlOll\HX 06'bt:KT H 

pacnoAo.lKeHHblX B6AH3H aero. MeTOAJ!Ka Y"IHThlBaeT b03AeikTBHe AJiarpaMM 

H3MepHTeAbHOro 30HAd H H3AyqaTeAII, OOACBe1rnsaromero 06'beKT. 

f'emeaa B npHo.\H.lKeHHH ITA 3dAa1ia o nocTpoe1111H paeHoMepnoif (Ha rpamuw cseTa 11 

Tel!FI nepBH'lHOl'O llOAl! II Hd KaycT11Ke Kput>BblX .\}nreH:) aCHMllTOTllKll no.\11 113AY"ielli'IR 11'1 

OTK[/blTOrO KOHi.id KpyrAoro BOAHOBOAa c OCeCllMMeTpll'lHblM OTOrHyrbJM lld'.l<I/\ 

KOHH'leCKHM cp11.am~eM. HccAeAoBaaa creneH& cosnBAeHHII no11.yqeHHblX pe3yALTd'ron c 

TO'IHblM peUieHHeM AMI BOAHOBOAB 6e3 cj>ABHu.es. 

Pa3pa6oTBHa reopHll nocTpoeHHII cor11.acoea1111&Ix c reoMe'fJJH'lecKoH onTllK<JH H 

paBHOMepHblX Ha KaycTH'!eCKHX IIOBepXHOCTllX KOpOTKOBOAHOBblX dCHMllT01'1f'll'CKllX 

pellleHHH ypdBHeHHH reJ\hMfOAhl\a H MaKCBeMa. Pa3BHTd MeTOAOAOrHll npHM<'ll"llllll 

TeopHH K BH}"I'peHHHM 3i!Ad'laM 3AeKTpOAJ!HaMHKH. HaliAeHbl p<111110M<'p11we 

KOpOTKOBOAHOBble dCHMilTOTH'leCKHe perneHHl! Ahli co6CTBeHHblX JAeKTpoMdl'llllTl!blX 

KOAe6aHHH B IlO.\OM TPeXOCHOM 3AAHIICOHAe, IIOAblX CIIJ\IOCHyrO~l II DlJ'l'llllYTOM 

ccj:JepOHAdX, B TOpOHAe c HeOAHOPOAHblM 3dIIOAHeHl!eM H B ll0.\0111 

ccj:Jep11qec1<oii no.\oCTll c PBAHBA&Ho - neoAHopoAHh!M 3anoAHeHHC'l 11 

BOAHOBOAe c a.KCllBA&HO - HeOAHOPOAHblM 3dilOAHeHl!eM. 

TOpllllAe, B 

II KpyrAOM 

- Pa3pa6oTaH '!HcAeHHhlii MeTOA pac'leTa co6cTBeHHh!X CllMMC'TJIH'll llJX H 

aHTHCHMMe1"pH'!HblX E-MoA 11 HX nonepe'!Hh!X co6cTBeHHh!X 3Ha'leHHH Ahli p1•1y11.11puwx 

6HU.HAHHAPH11ecK11x CTPYKTYP (BoAHoBOAa 11 pe3oHaTopa). B&111s11.eHbl JaKoH0Ml'p11ncT11 

reHepau.1rn co6cTBeHHblX MOA s ynoMl!Hyrwx CTPYK-rypax. B&1pa60Ta11a cllt:TPM.i 

KAaCCHcj>llKdl\HH 611IJ;HAHHAPH1leCKHX MOA-

06ocHoBaHHOCTb H AOCTOBepHOCTh IIOAyqeHHblX B AJ!CCepTa1.11111 pe3yAbTdTllR 

onpeAeAlleTCl! CAeAY!Oll.IHM: 

HenocpeACTBeHHaJI CBll3b MeJt<Ay IIPOAOALHblM pacnpeAeAeHl!eM 3dPllAOB II c1yc1•1<e II 

BpeMeHHOH 3dBllCllMOCThlO BCilb!WKH era nepeXOAHOl'O H3AyqeHllll o6ycAOBAeHa CBf!3hKJ 

ME'Jl<AY Mrttoee1111oii llHTeHCllBHOCTblO nY! crycTKa H KOAH'!eCTBOM 'ldCTI-11.\, nepeceKaIOU\HX 

B AdHHb!H \IOMeHT rpa1111u.y pa3AeAa. 

MeTOAbl BOCCTdHOBAeHlllI pacce11sa10lIIJIX CBOHCTB o6'beKTa OCHOBdHbl lid 

\ldTeMdTH'!eCKll KoppeKTHblX BAropHTMax BOCCTdHOBAeHHll JAeKTPOMdfHllTHblX IIOAeii (no 

pacnpeAeAeHllf!\! llX TaareHU.HBJ\hHblX 3AeKTpll'leCKllX KOMilOHeHT Ha OXBdTb!BcllOU\l'H 

o6'beKT nosepXHOCTll} II Ha np11111.111ne B3allMHOCTll. l-1x np11MeHe1111e [( 061,PK'l'<IM, Mf! 

KOTOpblX cymecTB\'('T TO'IHOe perne1111e 3cli\cl'lll pc1c·ce111urn (TdKHX KdK llldJll. ,\dt'T 
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WKHAae\!ble pe3yAbTdTbl. HHTepnpeT11pyeMble pe3yAbTdTbl [10.\y<ldklTCll TiJK>Kl' B C.\) 'lill!X 

KOHKpeTH'.3dl\llll Attdl'pdM\I H3,\y'laTeAll II 113Mep11TeALHOl'O 30HAd 8 npllBCAeHHUX B 

,\11ccepTdl\Hll np11Mepax (3AeMeH'f<1PHhle 311.eKip11qecK11ii H \ldfHHTHblii AHIT<:>AH). 

pelll~Hllll, IIOAy'!eHHhle Ahli 113AyqeHHf! 11pyr11.oro BOAHOllOAd c cj>AdH!\e~1. B npe,i.eAe 

Ahli BOAHOBOAa 6e3 cpAaHl.\eB COBOdAdlOT c c~eCTBYIQ[l\l!M MJI 3T0l'O CA}"laJI TO'IHb!M 

pellleHlleM llUAOTb AO BToporo '!AeHa ero KOPOTKOBOAHOBOH aCHMIITOTHl<"I, 

IJ"illeHH:e, no11.yqe1111oe Ahli nepeXOAHOl'O 113A}"leHHll Ha HAea.\bHO - npoao;i.qll\eli 

rpaHHl.\e pd3AeAa c np0113BOAhHbl\IH mepoxosaTOCTSIMH B npeAeAe nAOCKOii .rpanu11w 

pa3AeAa nepeXOAJIT B H3BecTHOe perne1111e. A/-Jl MBAhIX 11 11011.ornx wepoxoaaTocreii llAH 

rnepoxoBaTocTeii c 6oAblliHMH (no cpas11e111110 c AAHHOH BOAHW) nepHOABMH peme1111e 

AaeT HHTepnpeTHpyeMhle pe3yA&TdTbl. 

TeOpllll IIOCTpoeHllll KOpOTKOBOAHOBblX paBHOMepHb!X acHMilTOTH'leCKHX peweHHH 

anpo611posaHa Ha HeCKOAhKHX BH)'TpeHHllX 3AeKTPOAJ!HaMH11ec1<11x 3BAa'lax. Pewenlll! 

3THX 3{lAd'l YAOBAeTBOpllIOT rpaiill'!HbIM YCl\OBllffM H, 6YAY"IH KOHe'!HblMH Ha KaycTHKax 

reoMeTPOOnTH'leCKllX Ayqeli, CBOAffTCl! K 113BeCTHblM reOMeTpOOIITH'leCKllM perneHllllM 

BABAH OT KaycTH'leCKHX nosepXHOCTeH. DpHMeHeHHe MeTOAlfKH K 3BAa'ldM, llMe!Oll.lllM 

TO'll!Oe pewea11e, npHBOAHT K TOMY )Ke TO'll!OMY perneHlllO. 

pe3yA&TaTbl_ 'lHCAeHHblX pac11eToB 6111111AHHApl!'lec1<11x CTPYKTYP coBndAalOT c 

pe3YAbTdTdMH pa3pa6oTaHHOH Teop1111 npeAeAhHblX COCTOl!Hllii 6Hl\HAHHAPH1lecKHX )IOA. 

YcTdHOBAeHO TdK)Ke COBndAeHHe pe3yALTdTOB pac11eros H TeOpHH c 3KcnepHMeHTdJ\hHblMH 

AaHHhlMH, no11.yqeHHhlMH B 11.a6opaTop1111 pBAffocpH3HKH Ep<Dl-1. 

npaKTH'leCKdl! ueHHOCTh. 

Pa60T&1 no onpeAeAeHHIO yc11.0BHH dAeKBdTHOCTll epeMeHHoro npocj>HAII scnh!WKH 

nY! Bb!IIOAHllAllCh no AOrosopy c LBL (ClllA) B CBll3H c 3KCilepHMeHTdJ\hHb!Mll pa60TaMll 

no re11epau.11H crycTKOB IIHKOCeKYHAHOH AAffTeAbHOCTll H Heo6XOAHMOCTblO llX 

MOHllTOPHHra. <l>HKCHposam1e BpeMeHHoro npocpHAII nepeXOAHOro H3A}"leHllll cryCTKOB 

ynoMl!HyrOH AAlfTeAbHOCTH llBAlleTCll 3BAa'leH, TeXHH'!eCKH Ocyil.\eCTBHMOii II 

11eo6x9AHMOCTb npoBeAeHHl! TeopeTH'leCKHX llCCAeAOBaHHii 3aKAfQ'!BAdCb B npaBl!AbHOil ee 

HHTepnpeTdl\1111. OT'!eTbl no llPOAeAaHHOH pa6oTe 6b!AH ony6AHKOBdHbl B PllAe 

npenpllHTOB LBL [1·3]. 06 aKT)'MbHOCTH H npaKTH'!ecKoH 11eHHocl'H npoBeAeHHwx 

HCCAeAOBaHllii CBllAeTeJ\hcTByeT Td!OKe HaAH'IHe 3KCIIep11MeHTdJ\hHbJX pa6oT no 

onpeAeAeHHIO speMeHHoro npoQ»uu! BCIIbllllKH OilTH'leCKoro nepeXOAf!OfO H3Ay<leHl!ll 

CpYCTKd c 11eAblO BblffBl\eHllll IIPOAO!l.bHoro pacnpeAeAeHHl! 3dPllAOB B HeM [A I). 

<l>11Kca1~Hl! speMeHHoro npocj:JHM! qepeHKOBcKoro H3Ay'!eH11H KBHaAHpye~1oro 

crycTKa ~10JKeT c11.yJK11Tb 6a3oil AAf1 pa3pa60TK11 ~teTOAJlKH no Hepa3pymarorne~1y 

H>HTf>O.\J(, pacllpf'/\P.\ellUl! 3apl1AOB B crycTKe. 
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npaKTl!'h•CKilH L\eHHOCTb <t>oTO)teTpH'leCKl!X ~teTOAOB 3ilKAIO'l.:t<•rnl B HX llpOCTOTe: 

II pH llX llCllOAb I• •BdlUIH B 3KCl!epH~leHTe HeT Ht'OOXOAHMOCTH B cpHKCdl~llH MrllOBeHHblX 

l!OTOKOB . HHTeUCHBHOCTeH. OpoMe.lKyn<H BpeMeHH, tteo6XOAHMhle MJ1 npolieAeHHll 

H3MepeHHH, cpaBHHMbl B 3TOM cAyqae co BpeMeHeM npoXOJKAeHHH cryCTKa '1epe3 rpaHm~y 

pa3AeAa. 

1'-leTOAbl onpeAeAeHHH pacceHBil!Oll.UIX CBOii:CTB 06'LeKTOB, o6CYJKAaeMble B 

,:\l!Ccep'Fdl\HH, ~l<)l)'t CAy:>KHTb OCHOBvn MJI C03AdHltli HOBOro IlOKOAeml!! H3MepHTeAbltl.IX 

KOMnAeKCOB A,\J! onpeAeAeHHli 3TOii Ba.lKHeiirneli PdAHOAOKdL\llOHHOH xapaKTepHCTHKH 

o6'heKTa. 

npaKTH'leCKOe IlpHMeHeHHe pe3yA.bTaTOB pac'!eTOB IlOASI H3Ay<ieHHll H3 OTKpblTOro 

KOHL\a KpyrAoro BOAHOBOAa c ct>AaHu;eM BlfAllTCH B nAaHe pacwHpeHHli B03MOJKHOCTCll llpH 

IlOA6ope xapaKTepHCTHK OTpe3KOB KpyrAhlX BOAHOBOAOB, H<lilOA.b3yeMblX B KC1 11C'CTBe 

H3Ay<laTeAeH HAH H3Mep11TeAbHblX 30HAOB. a TaKJKe B pacnpocTpaHeHHll npl!MCUHeMOii: 

)leTOAHKll Ha· BOAHOBOAbl c 6oAee C.1\0.lKHblM {Hanp11Mep, 3MllIITll'!eCKHM) nonepe'IHblM 

ce'leHHeM. 

np11BeAeHHble B AlfCCepTdL\Hll I!pl!Mepbl IlOCTpOeHHJI pellleHHii BH}'TIJl~lll!HX :JdAd'l 

)AeKTPOAHHa~IHKI! AeMOHClJ-IHP)llOT umpoKl!e B03MO.lKHOCTH pa3pa6orn1111oro MCTOAd 

paBHOMepHoro ilCRMilTOTl!'leCKOro pa3AeAeHl!li nepe:>leHHblX B ypaBHeHllHX r1•J11,MroAl.l\d 11 

:'vlaKCBeAAa. OocAeAHHii 3Ha'IHTeAbHO paclllHplleT B03MO:>KHOCTH ~leTOAd J.ld:IAPAeHllli 

nepeMeHHMX 3a C'leT acmmTOTll'l€CKOro HX pa3AeAeHHll:. MeTOA paClllHPIWT l'P<IHllI\bl 

np11MeHllMOCTII reoMeTpH'leCKOH OllTHKH, I!peAOCTdB.l\llli paBHOMepHble 1111 K<1YCTHKdK H 

corAaCOBaHHble c reoMeTpOOllTH'1€CKllMH BAa.l\H OT HHX, perneHHJI. <l>oKttAhllhH' II 

KaycTl!qecKHe pa3AO.lKeHHH, noAyqeHHble MeTOAOM acHMIITOTH'leCKOfO p113A<'A"lllUI 

nepeMeHHblX, MoryT 6h!Tb Il.l\OAOTBOpHo npHMeHeHbl K AH<tipaKL\HOHHbl~I nOAlIM, ycT(Mlutll 

!IX pacXOAllMOCTH Ha KayCTHKdX II rpdHHIJ,dX CBeTa II TeHH. 

HcC.l\eAOBaHllH no onpeAeAeHHIO co6cTBeHHb!X <PYHKU.HH H co6cTBeHHblX 3Ha'leHHH 

6111.\HAHlfAPH'leCKHX CTp}'K'ryp (6HL\HAHHAPH'leCKoro BOAHOBOAll HAH 61!1.\HAHlfAPH'ICCKOl'O 

pe3011aTopa).BblnoAHHAHCb B paMKax npoeKTa MHTL.l A-087, KOHeq11oii L\eAbJO KoToporo 

liBAHeTCH pa3pa6oTKa BblCOKOrpdAHeHTHOH AByxil}"IKOBOH cxeMhl ycKopemrn cryCTKOB 

3apH1KeHHblX 'ldCTillJ, c pa3HeceHHblMH TpaeKTOpHllMll. OCHOBHblM 3Ae~1eHTOM 3Toii cxeMbl 

llBAlieTCll 6AOK, COCTaBJ\.eHHblii H3 nocAeAOBaTeAbHOCTll 6111.\HAHHAIJH'leCKllX pe30HdTOpOB, 

pa3Mepb1 KOTOpblX corAaCOBdHbl c 'ldCTOTOH CAeAOBaHHli cryCTKOB, COBll<1AaI0111ei1 c 

'!llCTOTOii BTOpOH CllMMeTpH'lHoii 6HL\HAHHAPll'leCKOH MOAbl c ttyAeBblM IlPOAOAbllblM 

llliAeKCO~I. 00 3i!AaHHblM pa3~1epaM (r,=4.4952CM, r_.= 4 0457CM, d=8.0914CM Al'UJ. 11<1CT0Tbl 

c.\e,i.oea1111H crycTKOB v = 2.7972rrl\) 6b!A 113roT011AeH 6HL\llAllHAPH'lecKHH P<''<lllldTop. 

f I 1\1epe111!l! ('r<) '.J,\eKTpOAHHdMl!'leCKllX nclpd~H'TpuB, npoBeAeHHble B .\ctfiop,rropH!! 

- ~ -

pa,.\Ho<p11311KH Ep<l>\1 \d.\H o.\1!3Kll<' K pac'!eTHL.IM (pa36poc nopH,\Ka 30-50'.l.!rl\) 3Hd'temrn 

'!ac1'0T 11epsblx , ;"'X c11~1~reTpwnthlx MOA 6111.\llAHHAPH'!ecKoro pe3oHaTopa 11 

.COBrtdAdlOll\ee c pdC'IeTHbl~I {B npeAeAaX TO'IHOL'Teii li3Mepe1111H:) pacnpeAeAe1111e 

npOAO.l\bHOH 3AeKTpH'leCKOH KOMllOHeHTb! BTOpoii CHMMe-rp11q11oii E-~IOAb! Ha OCH 

cn~1MeTPHH nonepe'!Horo ce'!eHHH pe3oHaropa. 

OCH03Hb1E nOAO.>KEHHH 

1. 060CHOBhJBaeTCli S03MO.lKHOCTh BOCllpOH3BeAeHHll speMeHHblM rrpo<t>HAe~I nepeXOAHOro 

II 'lepeHKOBCKoro H3Ay<ieHHH cryCTKa 3apH.lKeHHb!X 'lacTHu; Ilp0AOJlhHOii cpYffKlJ,HH 

pacnpeAeAeHHll 3apll,l,OB B HeM. Y'IHTb!BdeTCSI: Ha!Ol.OHHblH BAeT cryCTKa, ero nonepe'!Hble 

pa3MCpbl, HdAll'!He rnepoxosaTOCTeH Ha rpaHlllJ,e pa3AeAa BaKyYM-HAeabHblii npOBOAHHK 

H orpaHH'leHHOCTb qdCTOTHOH IIOAOCbl nponycKaHHll H3MepHTe.l\bHOro np116opa. 

2. Pa3Bl!Ta Teopllll nepeXOAffOro 113Ay<ieHllli 3ai:iit.lKeHHOH 'ldCTHL\bl H crycTKa 

3apll>KeHHblX 'laCTHI.\ Ha HAedJ\bHO - IIpOBOAllll\eii rpaHHL\e pd3AeAa BdKY)')I - HAeaAbllblK 

npoBOAHllK c mepoxoaarocTl!)lll'. npo113BOA.bHoro rnna. 

3. Pa3pa6oTaH aAropuTM no,\ttoro BoccTaHoBAeHHH pacceHBaIO~X csoi!cTB o6"LeKTa no 

,i.aHHblM H3)1epeHHl!, IIpOH3BOi\HMblX 86.l\llJH o6'beKTa. 

4. Pa3pa6oTaHd TeOpllS! H3.l\y<leHHH H3 OTKpb!TOfO KOHIJ,a KpyrAoro BO.l\HOBOAa c 

oceCl!M)!eTjlll'lHbI\I rjJAaHL\eM. OTOrHyTb!M Hd3dA· 

5. Pa3BHTa TeOpHli CTOCTpoeHHJI paBHOMepHb!X acl!MllTOTH'leCKHX peme1111ii ypasHeHllH 

feAbMl'OAbL\a II MaKCBeAAa. no.l\yqeHbl paBHOMepHble acHMllTOTll'lecKHe pellleHHli A/\JI 

HeCKOAbKllX KOHKpeTHblX BffYTPeHHHX 31JAd'l 3A€K'rpOAffHdMHKH. 

6. PaJpa6oTaH MeTOA 'lHCAeHHoro pac'!eTa co6cTBeHHbIX E MOA peryAS!pHbIX 

6111.\HAHHAPll'lecKllX CTPYKTYP· BbIHBAeHbl 3aKoHOMepHocTH HX reHepaL\HH H pa3pa60Ta11a 

CllCTeMa HX KAaccm.jJHKal.J;HH. 

Arrpo6aUHll pa60Tbl. MaTeplldAbl AHCCepTauHH AOKAi!AblBdAHCb Ha Vl (POCTOB- Ha -

Aotty, 1977) II vrn (AbBOB, 1981) Bcecol03Hb!X KOHcpepeHL\llHX no ,i.mppaKl\HH H 

pacnpocTpnHeH1110 BOAH, Ha III (1984) 11 N (1987) Bcecol03Hb!X Ko11cjlepeHL\llHX no 

aHTeHHbl~f H3)1epeHHl!)I (EpesaH, BHHHPH), Ha HayqHo - TeXHH'lecKoli: KOHcjlepeHL\1111 no 

coepeMeHHbl)I npo6.\eMaM PdAff03AeKTpOHllKll (MoCKBa, M311, 1988), Ha 17 

l°'.lf'lKi\y'HapOAHOH KOH<t>epeHL\Hll no .l\l!HeHHblM ycKopl!TeAlIM (LINAC-17, l..lyKy6a, 51nOHHH, 

11)94). Ha EaponeH:cKOii KOH4>epeHL\HH no ycKopeHlllO 3AeMeHTapHbIX 'ldCTI!I\ (EPAC-94. 

,\(Jl!,\OH. 1994) II Ha m Me}[(AyttapOAHOH KOH<tJepeHL\llll no aHTeHHaM H cpP.\CTBaM CBHJll 

{ flopnl!elK. 1997). \ !dTep11a\bl AHCCepTal\l!H AOKAilAb!BdAl!Cb TdKJKe ua \l()CKOBCK'1M 

,.,.,11mapP no TP<ip1rn _\mppaKuH11 [pyK0BoN1Te.l\H - •1A.-Kopp AH CCCP A.A.BaiiHWTeii11 11 

l 
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51.H.<De.\hA) Ha TeopeTH<1ecKHX ce~nrnapax BHMY! PaA"'O¢H3H'lecKHX H3Mepem1ii H Ha 

ceMHHapax no HOBblM: ~!eTOAdM ycKopeHHR Epct>VI. 

ny6J\HKa!IHH tia6o1'hl. Oc:;HOBHh!e pe3yAbTaThl AHCCepTaIJ,HH ony6!1..11KOBilllbl B 25 pi!OOTax 

(cTaTI.:il, AOKAa.AbI Ha BcecoI03Hh!X H Me.lJ!:AyHapO,A,HblX KOH<pepem~HHX). 

06'heM' K cwy1q:ypa. A,HccepTiUIHJI COCTOHT H3 TPeX 'ldCTeH, K<UKAaH H3 KOTOpbIX 

BKAro.J.l.e-r ABe rAaBbl, ·B;~AeHHH, 3dK.\10'1eHHll H CilHCKa IJ,HTHposaHHOH Jl..l!TepaTYPhl- Bee 

l'.\dBbl 3dBepmaIOTCll Bh!BOAaMH K HH~!. OcHOBHOH TeKCT AlfCCepTdIJ,HH COAep)KHT 186 

CTpaIµ!IJ, (BKAIO'li!JI pHCyHKH, rpa¢HKH H Ta6AHI.\b!}. CilHCOK !l..llTepaTYPb! Ha 4-x CTpaHHIJ,ax, 

orAaBAeHHe - Ha 4-x crpaHHIJ,ax. 

COA,EP>KAHHE AHCCEPTAUHM 

Bo BBeAeHHH o6oCHOBaHbl aKryahbHOCTb TeMbl AHCCepTaIJ,HH H ee COOT8eTCT8He 

Cilel\HaAb'iioCTH "TeopeTH'leCKaH cpH3HKa", ¢H3H'leCKaH H MaTeMaTH'leCKllll KoppC'KTllOCTh 

MeTOAOB HCCAeAOBaHHH. 060CHOBb!BaeTCH pa36HeHHe MaTepHMa Ha '1111."l'H H l'AdBhl H 

rrpHBOAlfTCll KpaTKoe COAep;iKaHHe AHCCepTaIJ,HH, npH 3TOM IIOA'lepKHBdl'TCll l!08H.3Hd H 

npaKTH'leCKaH IJ,eHHOCT.b IIOAyqeHHb!X pe3yA.bTaTOB; c¢opMyAHpOHclllbl Te:rnchl, 

BblABHraeMble na 3dll\HTY. 

B nepBOH YacTH . AHCCepTaIJ,HH paCCMdTpHBalOTCH 3(1All'IH, HCXOAHldt' /\dlllllde MJI. 

KOTOp.blx IIOAyqaIOTCll B pe3yAbTaTe H3~IepeHHH. 

B nepsoif rAaee AifccepTdl.IHOHHOft pa6oThl noKa3blBaeTCJI B03MOJIUIOcTb onp<'i\eAeHHll 

IIPOAOAbHOH <l>YHKIJ,HH pacnpeAeAeHHll 3dPllAOB B cryCTKe (npeAfiOAaraeTCll, 'IT() CKOpOCTh 

ABH'lKeHHll Bcex qac~ B crycTKe OAHHaKOBa H paBHa ii) no BpeMeHHOMY npmpHAIO 

PHc.1.HIHCllOHHhlil M<'1 

CJYCT1C8 B rpdHHl.f}' 

p83AeAB BdXJIYM 

q 
lfAeiJAhHh/H npOBOAHHK 

z 

BCIIh!UlKH ero nepeXOAHoro H3AyqeHHJI. YcTaHaBJ\HBaIOTCll ycAoBHll, npH KOTOphlx 

BCnblmKa nepeXOAHOro H3AyqeHHll Ha rpaHHl\e pa3AeAa BaKYYM - HAeaAbHblH rrpoBONIHK 

<1AeKBaT1lo BOCilpOH3BO~T BO BpeMeHH IlPOAOAbHYJO cpyttKIJ,HIO pacnpeAeAeHHJI 3aplli\OB B 

cryt:TKe. npeAfiOl\arae~!ble H3~1epeHllll BpeMeHHOrO npo¢HAJI BCllbllllKH nepeXCJi\HOro 

-9-

1{3!\.Y'leHHJI IlpOH380Al!TCJI B OOTH'leCKOH o6AaCTH ero 'ldCTOTHOfO ClleKTpa B 

11peA110AOJKeHHH orpaHH'leHHOCTH noAoCbl perncTpaI.IHH H3MepHTeA.bHoro npu6opa Iv 

i<pHCTpYKl.IHH H npHHIJ,Hne AelkTBWI np116opa, pa3pa60-raH11oro B HHHO<llH, (Epesali), 

CJIOC06Horo H3Mepl!TL BpeMeHHOH npocpHA.b HMilYA.bMHOH BCl!blillKH IlHKOCeK)'HAHOH 

Nt.HTeA.bHOCTH CM. B t2·4ll. PaccMaTpHBaen:JI KaK HOpMaAbHb!H, TaK H Ha!V\OH!fs.iH (pHc.1) 

BAeT crycTKa B cpeAY· l13AyqeHHe pei-HCTpHpyeTCJI B BaKYYJl!e B Aa.\hlfeH 30He - Ha 

paccTOJIHHH R. npesw111a10ll\eM AJIHHy 30lt.bl cpopMHposaH!tll H3A)"-leHHJI. 

YcTaHoBAeHo: 

Ii Bcnwl!!Ka nepexoAHoro 'H3J1.yqeHHJ1 AHHel!:aoro crycTKa npH perHCTpaI.IHH scero 

cneKTpa H311.yqeHHll l!OAHOCT.bIO (IAeKBaTHa BO speMeHH KB~TY cpyttKIJ,HH 

pacnpeAeAeHH!I aapJ!AOB Z(z} s aeM: 

I(R,t): Z 2(,BR-vt) (I) 

3AeC.b p = v/c' c . CKOpOCTb CBeTa B BaKy-yMe. t - speMJI (t=O COOTBeTCTByeT MOMeHry 

BAeTa cryCTKa ~ rpaHHIJ,Y pa3AeM). 

2. np11: perHCTpaI.IHH BpeMeHHoro npocpHAll BCilbllllKH nepeXOAHOfO H3J1.yqeH1rn B 

orpaHH'ieHHOH l!OAOCe '!aCTOT (Lim = 20) Ol!TH'!eCKoro cne!CTpa pe3yJ\..bTdTbl H3MepeHHH 

(IAeKBaTHhl KBdAPdTY HH3KO'laCTOTHoil om6aIOll\eH Z Az) cpyttKl.IHH pacnpeAeAeHHll 

3apllAOB B crycTKe: 

I(R,t): z:(,BR-vt) (2) 

zAL)= df Z(z)sinQ(L-z)/v dz 
-d/2 L-z 

(3) 

rAe d - AAHHa crycTKa. 

3. B CAyqae cryCTKa c KOHe'1HhlMH nonepe'IHhlMH pa3MepdMH (a-era MaKCHMdhbHblH 

PaAHYC) B 061.IJ,eM CAyqae HaKAOHHOro BJl.eTa crycTKa ycAOBHllMH (IAeKBaTHOro 

socnpoH3BeAeHHll BpeMeHHh!M rrpocf>H.AeM BCIIhllllKH rrepeXOAHOfO H31\yqeHHll orn6aro~el!: 

ero npOAOAbHOH ¢YHK!.1HH pacnpeAeAeHHJI 3apl!Ad, JIBAJllOTCJI: 

Q . n•(t ) 211" ii..l. . B'(l ) I p v -asm..., +tgl{/0 =--,asm +tgl{/0 << , =-
v . fJ k c 

· 0.d I 2a . n•( ) I -:?. , -sm..., l+tgl{/0 << 
2v d(J 

(4} 

1 
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rAe ii.- - AhHHa BOAI!bl QeHTpill\h~oii qacTOTbl perncrpapye~mro cneKTpa, ti' · yroA Me;KAy 

HanpaijA.eHire~1 Ha6AIOAeHHll H HanpaBAeH11e~1 remteTJloonTwtecKoro oTpa>KeHl!H 

p, 

GJ 

~2 
Ii 
·/ 
11 

PH<i.2. PerHCTpillfSJR nepexo,4Horo H3AyYeHHR Ha ljJoroO/JeHxy.· a-o:r AJfCoepcHoii 
cpEl4h1, 6-npH npoJtOJK,4eHHR 'lepe3 AHH3Y, c-npH npOXOJK,4eHHH 'lepe3 O(eAh; 

1-C:f,YCTOK, 2-<jJoroilAeHKil, 3-AHH3il, 4-:JKpiJH 

TpaeK'l'OpHll crycrKa, lflo - yroA n(lAeHHll TpaeKTopHH crycTKa (pac. l). 

B To:ii JKe rAase (§1.3) noKa3blsaeTCH B03MOJKHOCTb noAyqeHHll HHcpopMill\HH o 

xapaKTepe ¢YHKL\lllf pacnpeAeAeHIDI 3dPl!Ad B crycTKe c nOMOIL\blO IUITC!'pdAhHOH 

xapaKTepHCTHKH nepeXOAI!OrO H3AyqeHHH crycTKa - nyTeM ero perHcTpill\HH Ha 

cpoTOUAeHKe B Te'IeHHH Bcero BpeMeHH ero npOXOJKAeHHH qepe3 fJldllHllY pa~AeAa. 

3aBHCHMOCTb ¢opMb1 <l>YHKL\HH llO'lepHeHHH llAeHKH OT BHAa 4>YHKL\HH p11cnpeAeAeHHH 

3apHAOB B crycTKe B03HHKaeT npH HaAH'IHH qacTOTHOH 3aBHCHMOCTH B cneKTpdJ\bHOH 

aMllAHTYAe 110~ nepeXOAHoro H3AyqeHHH crycTKa B o6AaCTH perncTpdl.\HH I!AeHl\OH ero 

ODTH'IeCKOro nepeXOAHoro H3AyqeHHH. 3TO MOJKeT HMeTb MeCTO, B 'ldCTHOCTH, B CAy'lae 

AffCIIepClj:OCTH cpeAbl (B 061.acTH 'lysCTBHTeAbHOCTH IIAeHKH), B KOTOPYJO H3 BaKyyMa 

BAeTaeT cryCTOK (pac.2a). noAOOHb!H a¢¢eKT B03HHKaeT Ta.KJKe 11pH HaAHqHH cpaKTOpd, 

B03AeHCTBYJOIL\ero Ha nepexoAHoe 113AyqeHHe AO ero perncTpdl.\HH nAeHKoii. TaKHM 

cpaKTOpOM, B03AeHCTBYJOIL\HM Ha BeAH'IHHbl ODTH'leCKHX DYTeii Ayqeii rrepeXOAHOro 

H3AyqeHHll. MOJKeT CAYJKHTb BblDYKAall 

orrrnqecKall AHH3a (pac.26) HAH oTBepcTHe B nAocKOM 3Kpfille (pac.2c), noMell.\ae~lble Ha 

DYTH Ayqeii onH MeJKAy rpaHHl.\eii pa3AeAa H ¢oTOllAeHKOH. YcTaHOBAeHa 3dBHCHMOCTb 

Melf<Ay ¢YHKl.\Heii noqepHeHHJI nAeHKH I(p) H cpypbe - o6pa30M HH3KoqacTomoii 

orn6a10ll.leii ¢YHKL\HH pacnpeAeAeHHll 3apHAOB B crycTKe F(w): 

1(p)= s:cos9···rA(p.wr/F(w-w0 ). /'d~ 
";-!J v l 

(5) I 
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31\t'Ch p Xd(JdKTepa3yeT TO•IKY lid nAeHKe, .-!(p.w) - •PYHKl\IHI, cpopMd 3dBl!CH~[q(;I[ 

R{r,z} 

~----: v,z 

Pnc.3. Cfepenxoscxoe 
H3A}"'leHHe cryCTICil 

KOTOpoli OT <racTOTbl o6yCAOBAeHa BHAOM B03AeHCTBHH Ha uepeXOAffOe H3AyqeHHe. 

B §l.4ifAaBhl I 06ocHOBhIBaeTcH B03MOJKHOCTh onpeAeAeHHH rrpoAOAhHOH cpyaKl.IHH 

pacnpeAeAeH11rn 3apffAOB s crycTKe ·npH H3MepeHHllX MrHOBeHHOH HHTeHCHBHOCTH ero 

'!epeHKOBCKpro H3AY'!eHHH (pac.3) B orpaHH'leHHOii !IOAOCe 'laCTOT ODTH'leCKOH o6AaCTH 

crreKTpa. HaiiAeHbl ycAOBHJ! (anill\orH'IHh!e ycAOBHHM AAll nepexoAHoro H3AY'!eHHll), apH 

KOTOpb!X H3MepHeMaH speMeHHaH cpyttKl.\lll! 1(i?. t) <}AeKBaTHa KB(lApary HH3KO'laCTOTHOH 

om6aIOIL\eii npoAOAhHOli ci>YHKL\HH pacrrpeAeAeHHll 3apHAOB a crycTKe Ld (vt - z - ngo) 

(3). 

Oc110BHhle pe3yAbTaThl nepsoif rAaBhI orry6,u1Kosa11bl B pa6oTax [1-5] 

Bo BTOpoii rAaBe AHCCepTdJ.IHH H3AOJKeHhl ~!eTOAhl If aArOpHTMbl orrpeAeAeHl!J! 

pacceI!Bd!Oll.\lfX CBOHCTB o6'beKTOB llO H3MepeHHllM IIOAeii B HenocpeACTBeHOH 6AH30CTH 

OT HHX. CTOKd3dHd B03MOJKHOCTb yqeTa H HCKAIO'leHHH lfCKaJKdlOl.l\HX B03A€HCTBl!K 

PHc.4. OcHOBHiill cxeMa H3MepeHHii: J-o6'beKT. 2-H3Ay"'IBTeAb, 
3-lf3MepHTeAbHble 30/W>T 

Rllf'lllBf'ro 1!3Ay'leHHH H_ AJ{arpaMM 30HAOB. 



,, 
" l_" 

l )cn<.•B!.' ,,, pe1yAhTaTw L\aBbl 2 011yu.u1KuBdHhl B pd6oTax [6-11] H >IBM!IOTCR 

pd31Hi1'H'.e~l l~~':.t->H clKdA n.~l.fepyHH O BO~l'.\10.>KHOCTH onpe .. \eAeHHH AHdI'pilM~I 

H<lnpaBAeHHOCTII :i¢c!Je\<THBHOH IIOBepXHOCTI{ paccmlHllll [:JCTP) pa3AH'IHhlX 06'heKTOB 110 

AaHHbl~! 113Mep.;HHfi: !IOAe:H B "30He pacKpblaa" o6'heKTa, T.e., B6AH3H OT Hero !!AH B ero 

6Am1rneM IIOAe !6~:11rneH :JOHe) (A.2-A.5]. B pa6oTax (7,8) 6blAH pa3pa6oTaHbl MeTOAhl H 

aJ\ropHT~lhl aeooxo~HMOH o6pa60TKH AdHHblX lf3MepeHHH M5I nepeXOAd B AaAhHIOIO 30Hy. 

no,\CBeTKa OCf!.tlK11'a H ll3Mt<!peHHll KO~IITOHeHT IlOAll paccel!HHll B6AH3H OT nero 

npoHJBOAl!TCll rip» 3TOM c !IOMOll\hlO AJJyx 3AeMeHTapHhlX 3AeKTpH'leCKHX AHHo.wii 

(30H,l,OB), rrepe~1eu.rp!OIAHXC!I !IO 3dAdHHhlM noeepXHOCTllM CKdHHpOBaHH!I, IIOAHOCTblO HAll 

'ldCTH'IHO OXBdTblBlllOUJ,HM o6'heKT H pacnOAOJReHHhlM Ha AJ060M pacCTO!IHHH OT Hero. B 

pa6oTax (9, 10] nplfBOAffTC!I MOAHq>HK~HH 'ynoM!llfYThlX aAropHTMOB, 1103801\ll!Oll\He B T.'I. 

HCKAJO'laTb HCKaJK<!-lOUJ,ee B03AeikTBHe BHell!Hero H3Ayqel!Hll (B T.'I. np!!Moe B03AeHCTBHe 

ceoero H3AY\Ja!Oll\ero 30HAd) Ha H3MepHTeALHblH 30ffA, AAropHTMhl 06061.qeebl Ha cAyqa:H 

H3MepHTeAbHOro H H3Ayqa1<;>1.qero .30ffAOB c IIpOH380AbHblMH . Affdl'pdMMaMH 

HanpaBJ\eHHOCTH (10). 

0CHOBHOH :sapllaHT cxeMbl ll3MepeHHH npeAyCMaTpllsaeT H<L\H'llle Tpex (pnc.4) 

KOHQeHTp11qecr:ax ccpep11qecK11x rroaepxHocTeH (c pilAJ!ycaMH r,'<r.'<r,). nPpsble ABC 

· IIOBepXHOCTll J'IBA!l!OTClI IlOBepXHOCTllMH CKami:poBaHHlI H3Mep1!TeAbHOrO 30HAa 

(1!3~1epnTeAhnhlx 30HAOB). Ha rrosepxHocru TpeTheii ccpepw cKaHnpyeT H3AY'l<1TeAb. KaK 

30HA, TaK If H3.\y"l{aTeAb - 3AeMeHTapHble 3AeKTpH'leCKHe AHilOAH: HX MOMeHTbl KacaTeAbHhl 

nosepXHOCT!IM COOTBeTCTB)'!Oll.\HX ccpep H MOI)'T npHHHMaTh ABe B3aHMHO 

opTorOHdAbHble opneHT~HH BAOAb yrAOBblX OpTOB ee. e+ ccpepn'leCKOH CHCTeMbl 

KoopAHHaT, CB!l3aHHOH c o6ll.\HM QeHTpOM ccpep. AaHHb!e H3MepeHHH MOI)'T 6b!Tb 

rrpeACTaBAeHbl B BHAe MaTpHl.\bl: 

£qp(r2, r, 1
•
21; q=S,cjl; p=S,cjl (6) 

3AeCh If .J.aAee: rrepshl:H apl)'llleHT YKa3hlaaeT Ha TO'IKY pacrroAoJKeHHll H3AyqaTeA!!, 

BTopo:H - Ha ToqKy na6AJOAeHH!I; aepXHHH Hl!AeKC y-Ka3b!BaeT Ha opneHTaQHIO H3AyqaTeAl!, 

HHJKHHH - Ha vpHeHTaQHIO H3MepHTeAhHOro JOHAa. CTOA H3MepeHHb!MH Adl!HblMH (6) 

!IOHHMalOTCll pt>rHCTpHpyeMhle 30ffAOM pedAbHble KOMIIOHeHTbl IIOAHOro IlOA!! CHCTeMbl 

113AyqaTeAb - 06beKT. 

Ha6op .i.aHHhlX H3Mepennti (6) II03BO.\J!eT peKoHcTpynposaTh noAe pacceirnHll 

o6'heKTa B np0113soAbHOH TO'!Ke rrpoc-rpaHcTBa R, (R, <: r,2). T.e., IIOAY\JHTh AH 3nP 

OO'heKTa. l13A:.--iaJOIQHH AlfIIOAb Hd.J<'.OAHTCll llPH 3TOM TaKJKe B npoH3BOAbHOH TO•JKe 

npocTpancTBa R_ JJl.eKTpH'1ecKne cocTaBAl!IOLQHe l)OAll paccellHHll npeACTaBJ\lllOTCll s Blf,l\e 

~ I 3 · 

pcn.\OJKellllH no KOMllJ\l'KCllbnl 31\eKTPH'lecKmt BCKTOpHb!~! ccjlepH'leCJ<H~I rapMOHHKaM 

E,1R) [Ab]: 

Eqp(R2,.R1 ) 'F La,,"ENq(~) E:"P(R,j· (7) 
.~. M 

0606U1eHHwe HHAeKcb! c'\b1Mnpoaamrn N, M aM.IO'!aJQT napaMeTpbl, xap<1KTepH3YJOU\He 

llOAHhlH Ha6op opror?Hiij\hHb!X seKTOpHbIX c¢epn'leCKHX rapMOHHK. Ko3<t>¢HllHeHTbl 

pa3AOJKeHHH aNM OIIPeA~TCJI no AaHHblM H3~tepeHHH (6) B ABa 3TaIIa: 

l}- /'051. Ka}ll'.Aord IlOAOJl<;eHH!I H3AyqaTe.'\ll orrpeAeA!l!OTCll K03cpcjJHl~HeHTbI 

pa:i,,oJKemrn H3~!epeHHoro'noAll no BeKTOpHb!M ccjlepH'leCKHM rapMOHHKaM Ahli Ka)f(AOH H3 

1\Byx noeepXHOCTeH CKaHHpoaaHHll H3M:epHTeAbHOro 30HAa: 

aq "1.2 ( r2 I = F { Eaql( r,. r, 1
·
21. E;q ( r,. r,'·2

), N, r,1.2
} (8) 

OnepaTop F rrpeACTBBAReTCll B BHAe H\rrerpaAa !IO nosepXHOCTH H3MepeHHH: 

F{ E1; .E+, N, r} = J [E,x HN (r)] dS/ f [EN x HN (rl] dS (9) 
s s 

nepBb!e ABa era aPI)'llleHTa yrAOBble KOMIIOHeHTbl H3MepeHHhlX IIOAeH, TpeTHH 

apl)'ll1eHT YKd3b!BaeT Ha HHAeKc onp,eAeAReMoro K03cpcpHQHeHTa (cooTBeTcTBYJO!.QHH 

HHAeKcy MarHHTHOH ccpepl!'!eCKOH rapMOHllKlf HN(r)); '!eTaepTb!H apl)'llteHT orrpeAeAlleT 

PilAHYC ccpepnqecKOH noaepXHOCTII HHTerpHposaHHJI. 

3as .. CHMOCTh K03cpcpHQHeHTOB pa3AOJKeHHll (8) OT PilAllYCa ccpepb! H3MepeHHH 

o6ycAOBAena HdAH'!HeM BHell!Hero !IO OTHOllleHH!O K ccpepe H3MepeHHH HCTO'IHHKa 

lf3AyqeHHll. Bb!AeAeHHe K03cpcpHQHeHTOB pa3AO?KeHH!I, COOTBeTCTB)'lO!.QHX IlOJ\10 

pacceHHl!ll 06'heKTB, rrpOH3BOAlfTCll c IIOl'IOU\blO (8) 

a"N ( r2) = {aq N, 2 (r2) XN (r, 1)-aq N:I (r, lXN (r, 2) }/ { XN (r,21- x" (r, 1)} 

XN(rJ = F { E"s( r). EN+( rl. N, r}, EN( r)=Re{ EN(r)} (10} 

BHenrnee H3AyqeHHe, o6yCAOBJ\eHHOe HCTO'IHHKOM IlOACBeTKH H B03MOJKHb!MH 

rrapd3HTHh1MH !IOJ\RMH, B o6AaCTH BHyTpH ccpepw H3MepeHHH MOJKeT 6b!Th npeACTaBAeHO B 

BHAe pa3AOJKeHHll !IO AeHCTBHTeAhHblM BeKTOpHb!M ccpepH'leCKHM rapMOHHKaM EN( r }: 

Eq0(r2,R} =:L 13Nq(r2)ENp(R), R $ r2 , 
N 

13,. qlr2 I= { aqN (r2) - aqN (r2)}/{ XN (r, 2)- XN (r, ')} 
2 I 

2) nosrnpnoe npnMeHeH11e orrepaTopa F: 

a~" = F{a9N(r2}. a~N(r2 ), M, r2} (12) 

(11) 

~)Ta onepaQHH npl!MeH!leTCll Ha OCHOBe npllHQHild B3dHMHOCTH AJ\11 .l.Byx 

:1.\e"ett-rapnhlx 3AeKTpnqecKnx· AHilOAeH. ~ pedAbHhlX HJ.\yqa-reAll H H3MepHTe.'l.bHoro 

JOHN! Heo6xoAHMa AOITOAfl!"TeAbHdll ~laTe~taTH'JeCKd!I o6pa6oTKa AaHHblX H3MepeHl!H. 
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C'BH3b ,,, ';K..W H3MepeHHbl,UI 3Ha'leHll>l'IH noAeii Ii KO~JcpqlllllHeHTa,IH Jlol l.\OJKeHHll 

nn,\eii, cpHKCHpye,lblX 3Ae"l'HTapHhl'I JAeKTpH'leCKHM AHno.\e,1, ''cyu1ecTBAf!e·1 ell <1epe' 

K03cjlcjJHl,HeHTbl pa3AOJKeHH>I c• ,(r, '·') H K,. 

3')-e'leHTapHoro 3A€K"fPH'IeCKOf0 ,l.HilONI: 

£•,(r2, r, 1.2) = ~ C' ,.(r, '.2)u• "u{r~)/K~ 
N 

IlONI H3MepHT€AhHOl'O 30H,ll,d Ii no.\ll 

(13) 

Ko~HUi . pa3AOJKeHKll '1'\1 , 1(r2) H!mepeHHoro nOJ\8, (HCKaJKeuaoro ,11,HarpaMMoii 

:lOH,l,il) CBll3bl'BaIOTCll c KOJ<j>cj)HL\HeHTdMll pa3AOJKeHHll IlOAll, c:t>HKCHpyeMoro AlflIOAe'' 

cWAYIOU~HM o6pa3oM: 

a'• M.12 (r,) = ~ C"MJ u• N.l.2 (r,J/K" , 

CNM =F{C
9"(r,1.2),c+"(r1''

2J, \1-1. r,'.i} 

(14) 

(15} 

npH KOHe'!HblX H paBHbIX NH M BblpaJKeHHe (14) CB0,11,HTCH K CHCTeMe AHHeHHblX 

ypaaHeHHH OTHOCHTeAhHO K03W<Pili:IHeHTOB pa3AOJKeHwi IlOASI 06'beKTd, cpHKCHpyeMoro 

AHnoAeM. 

B 60AhlIIHHCTBe CAy'!aeB AHarpaMMa :lolfAd o6AWeT onpe,11,eAeHHOH CHMMeTpHeit 

EcAH OHa o6Ad,ll,aeT d3HMJ'TdAhHOii 3aBHCHMOCTb!O (OTHOCHTeAbHO OCH, nepneH,11,HKYAS!PHOH 

K ll.'LOCKOCTH pacKpb!Ba 30H,11,a) 'l'Hna 

FstS,lj>) =fs·(S)sin($), F$(9,cp) =f$(3)cos(lj>), (16} 
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N 

q., ,Ir,)= F { £"~ ( r 2, r,), £'~( r 2, r,J, M, r2 }, 119} 

. D"" = F { dsN ( r 2 }, ct•"( r 0). M, r2 }. 

Ec.l\H AHarpaMMa H3AJ"lilTeAH HMeeT a3HMJ'TaAbHYJO 3aBHCHMOCH> nma (16), TO, KdK 

H B ( 11r. MOJKHO 3a1mcaTb: 

DNM = 6'11-, d,, > o",,(r,) = q"p(r,)/ d., (20) 

B OCTaAbHblX >Ke CAJ"liHIX, ;\j\H KOHe'!HblX H paBHblX MaKCHMMbHblX 3Ha'!eHHH 

HH,l.eKcoB N H M, cjJyHKLIHOHaALHaH 3aBHCHMOCTb O,.,(r1) Mo.lKeT 6wTb noAyqeHa H3 

COOTHOllleHHH ( 19), KOTOpble H B ~TOM CAyqae o6paUJia:lOTCll B CHCTeMY AHHeHHblX 

ypaBHeHHH. 

noAe pacceJIHHH 06'beKTa IIpH HCil0Ab30BaHHH iipOH3BOAhHblX ,11,HarpaMM 

H3A)"ldTeNI H H3MepHTeAhHOro 30ffAOB MOJKeT ~h!Tb 3aUHCaHO, IIO,ll,06HO (7}, B BHAe 

pa3.\0)KeHHH 110 BeKTOpHblM ccj:lepH'leCKHM rapMOHHKaM: 

E'r1R2;R,) = L KNQNMENq(R2)£Np(R,l 
N 

O"' = F { O"s( ri), ON$( r,), M, r, :} (21) 

TO. s sToM cAyqae CN., = o,.,M CM ( rAe oq - CHMBOA KpoHeKepa), H 3,11,eCb, KaK H B (7}, R, H R, J'Kd3hIBaIOT Ha llpOH3BOJ\bHoe pacnoAoJKeHHe s npocTpaHCTBe 

a• "·'·2(r2) = cx'q M.1.2!r2)KM/ CM (17) 

B 06UJieM CAyqae npH BblB0,11,e CHCTeMbl (14) MeT0,11, He Tpe6yeT HMOJKeHilll 

orpaHH'lel'IHH K <PopMe ,11,HarpaMMbl 30H,ll,a H MOJKeT 6b1Tb HCIIOAb30BaH KaK IIPll 

onpe,11,eAeHHH 3nP rraccHBHbIX o6'heKToB, Ta.K H rrpH arrecrat1HH aHTeHH. MeToA 

1IpH:o-leHHM H npH HaAH'!HH BHellIHero H3AyqeHHH. 

Ha OCHOBe IIOAJ"leHHblX pe3YAbTaTOB MOfJ'T 6b1Tb BOCCTaHoBJ\eHbl llCTilHHble 

KOMilOHeHTbl IIOAeil .pacceHHHH i!Cllb!TyeMoro o6'beKTa E \(r2,T1 1.2) Ha nosepXHOCTJIX 

H3~1epeHHH. AAll AaAbHeHWHX BblKAd,11,0K ,11,0CTaTO'!HO HMeTb pacnpe,11,eAeHHll 3Ti!X 

. KO~lilOHeHT Ha ?AHOH H3 IIOBepxnocre:il H3MepeHHH, HanpHMep, npH r, = r, I > Y!x CBH3b c 

K03cpcjJHll;HeHTdMll pa3J\OJKeHHll d\,(r,) llOJ\JI H3AyqaTeASI MOJKeT 6b1Tb rrpeACTaBAeHa 

CAeAytOWiHM o6pa30M: 

-,. 
Eqr(r2, r,) = L: dq N(r2) 0 N,(r,) 

" 
(18) 

r,11,e QN(r,) BKAd,11, COOTBeTCTBYJO~ei! seKTOpHOH ccpep11'!eCKOH rapMOHHKH B IIOAe 

pacceJIHllll o6'beKTa. OpHBe,11,eHHOe COOTHOllleHHe ( 18} ~iOJKeT 6h1Tb CBeAeHo K 

f!e3dBllCHMb!M OT TO'!Kll pacrroAOJKeHHil i13AY'IdTel\Jl COOTHOllleHHH~I 

q.-.elr,) = ~ D""O""(r,} , 

H.3AJ"laTeAll H H3MepHTeAhHOro 30H,ll,OB. 

B cAyqae, ecAH ,11,HarpaMMbl 30HAOB HMelOT a3HMyraALHYJO 3dBHCHMOCTb THlla (16}, 

TO 

QNM = <XNMKM/CNdM (22) 

r,11,e Tenepb CXNM - K03epcpHL1HeHThl pa3J\O)KeHHH peaALHblX IIOAeii, IIOAyqeHHb!X npH 

o6AytieHHH o6'beKTa npOH3BOAbHblM H3AJ"ldTeAeM THna (16} no IIOKa3aHHHM 

ll3MepHTeAhHOro 30HAa c IIP,OH3BOAbHOH AHarpaMMOii roro JKe Tillla. 

c IlOMOUJihlO COOTHOllleHHH (21} MOfJ'T 6b1Tb onpe,11,eAeHhl aMilJ\HTYAHble H cpa30Bble 

xapaKTepHCTHKH IlOAeH pacceHil'HH o6'beKTa B npOH3BOAbHOH > TO'IKe npocTpaHCTBd . 

\'13.\)"laTeAb rrpH 3TOM TaK;JKe MO;JKeT HdXOAHTbCH B npOH3BOAhHOH TO'IKe npocTpaHcTBa H 

np!!HHMaTb ,11,se B3aHMHO - opToroHaAbHble opHeHT~HH. 

A;IJI OIIHCaHHJI IIOAeH pacceHHHH 06'beKTa B AaAbHeH 30He CAeAyeT nepeiiTH K 

acil.\!J'TOTH'leCKHM BblpaJKeHHJIM ,II.NI BeKTOpHblX ccpepH'IeCKHX rapMOHHK, cnpase,11,AHBblX 

/\All 60,\bWHX 3Ha'!eHl!M PC!AHdAhHoro apryMeHTa: 

E-;,.(R) = E'."r (R/ R'/e••R /R (23) 
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).; i th> \}"1emu1 a6co uoT11wx xapaKTepncrnK noNI pacct>5lHl!H o6DeKTa IB AdJlbHeii 

'11)11<') L'." \Y"T wi6aBHTbCH B BhlpaJKeHHllX AMI IlOAeH (:21) OT Heunpe,WAeHHOfO 

11op~11!pCE >4HOfO MHOJKl!Te.\ll, B03Hl!KdlO~ero npu H3MepelillffX OTHOCl!Te.\bHhlX BE'AINHH. 

TaKilll BOHIO>KHOCTb l!MeeTCll l'IPH onpeAeAeHim 3nP HcnbftveMoro OO'beKTd. HOCKOJ\.bKY B 

onpeAeAeHue 3TOH . BeAH'lHHbl BXOAHT OTHOWeHHe· IL\OTffOCTI! :nrepnrn, i<r.nycKaeMOR 

o6'beKTOM B AaHHOM' 11anpasJ1.eHHH, K nAOTHocrn 3Hepnrn I n11Aa10llleii 1a Hero nAocKoit 

11ciJ1.Hhl. 

B CA}'kte oTcyrcTBHH napa311T11oro sHe1mwro HM}"Ie111ui: e;\lmcT11eit11b1:>1 

llCTO'IHHl'.-·\I BHelJrnero 1no OTHOl!IeHHIO K noeepXHOC1rHM 113Mep<:-HHHI ll3AY'leHHll 

l!BJ\HeTCff ll3J\.Y'ldTe~. B 3TOM CAflde pacqeTHble 1eo::i¢q>miueHTbl pa3AOlKeHHl! IIOJ\JI 

1!3AY'ldTe.\JI C TOqHOCTh!O AO IlOCTOllHHOfO MHOJKHTeAA COI!lllt!Ad!OT C nupeAeJl.HeMbIMH C 

HOMO~hlC ( 11) K03cpcjm11HeHTd..'lH pa3AO)KeHHll BHel!IHero H3AY'leHHll. I1cnOAh30BdHHe 

IlOCJl.eAflHX BMeCTO pacqeTHblX K03cpcp1!!1HeHTOB ct•~(r,) ll03BONieT ycTpdHl!Th 

HeonpeAe.',eHHOCTb B BblpaJKeHHKX AAfl. oupeAeJ\eHHll Affarpa111M 3fIP: 

crq(R/ R, R/ RI= 4n{I I IKNON,,E'Nq(R../ RJE~P(R,11?) I 2}/ 
P N,M 

I {I 'l:Kr-;E.,,,(R:f l?)eNq(O) I 2}, R, = R, = R 
N 

(24) 

3AeCb up1! R" = R, HMeeM OAHOII03Hf1HOHH)"IO AHarpaMMY 3nP; B npoTHslio,1 CAy'!ae (R: ~ 

R, ) - ABYX:!03Hf11!0HHY!O. 

OT'-!eTHM, qTo see onepaQHI!, CBll3aHHble c KOMileHca11HeH B03AeHCTBl!ll AHarpa~IM 

30HAOB, E~ Tpe6YIOT AOHO.\HHTe.\.hHblX 1!3MepeHl!H. /:vJI HX OCyrr(eCTBAeHHll HeOOXOAIUla 

J\Hlllb AOIJ.:.\HHTeAhHaH MaTe,1aTW1eCKal! (KOMilblOTepHal!) o6pa6oTKa AaHHblX H3MepeHHH. 

/ 
/ 

/ A 

I 
I 

I 
I 

I 

I -M 

~s 
8 '---4> 

I 
I 
\ 
\ 
\ 
\ 
'\ 

'\ 

' ' 
F;,c.5. KpJTAhlii so.wosoA c t:j!AaHI.{eM - tjmryp11, o6pa30BiJHHM 
s.:cawemteM soxpyr OCH M.'I noAy6ecxonegnoro cexropa AOB 

Bo BTOPOll 'ldCTll ,l.l!CcepTaI.;1111 pcCCMOTPeHbl 'aHeWHHe rpaHH'IHble 3dAaqH. 

N 

'.'I' 
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B .. Tlli~.T_bt')I. D!!JI~ NICCt.'pni;1rn anaraeTCll TeOpllll H:l.\}"teHl!lf H3 OTKpb!TOl'O KOH!.\d 

'P}TA<1ro ;· \llOBO;\d c icecmI\leTpH'IHbl't KOH11qecKH~I <pAaHll''\I (pHc.I)). Ha p<11~Kpb1B 

BllMIOBOAd 11a6eraeT COOCTBi'lllldJI BOJ\HOBOAHdJI \fOAd 6ecKOHeq11oro KpyrAoro BOJ\.HOBOAil c 

"tllMYTdAbHOR 3aBHCHMOCTblO npOll3BOJ\bHOfO nopa~a. /:vJI nocrpoeHHll IlOJ\H 1!3J\yqeHHll 

11cnoAh3yeTCll npH6J1.HJKeH11e IT,\ [A7), np116.\11.JKeHHe K11pxrocjJa (J\.8) .H cpoI<iaJl..hHble · 

pa3AoJKeHHJI ocecHMMeTpH'IHblX uo.\eH no ·<l>YHK11Hl1.M EecceJ\JI [A9, ll..10]. PaccMbTpeHbl 

-"dAfIPHhlll H 3AeKTpO!>farHH. rlbIH c.'y'!alf t 12-15]. 

TeopeT11t1ecK11ii. aHwpec A<>HHott npo6.\e\lbl ·iaKA10,aeTrn B OTCYTc·rs11H ioqHoro 

peweHllll -\dHHoif 3dAaq11 11 -: TPY-\Hocrn~m. eoJHHKatoll\HMH npll nonblTKax ee pe1IIelfH11 

acHMilTOTH'!ecKHMH MeTOA(l)IH, s qaCTHo~. a 11pH6JUl)l(e~HH ITA - BBHAY n0Ayre11e0oro 

xapaKTepa HOJ\eH BTOpH'IHOff II -BCeX HOCAeAYJ01!1HX AH4JpaKQHH Hd KpOMl<e p~cKpblBa 

BOAHOBOAa. KpHTepHeM CTporocrn noAyqaeMblX peUieHHH llBJ\HeTcll 11x cpaB!fieHHe c 

TOqffb(M peweill!eM Ba:iiHnrrei\Ha f>,. \jj BOJ\HOBOAa 6e3 cjJAaHQeB (A. I I]. nonb!TKH pe!!IeHHll 

:JTOH 3i!Ad'IH [l\..12, l\.13] AdBaJ\ll COBnd,.l,eHHe c TO'IHblM peUieHHeM TOJ\bKO B nepso!oi 'i!\.eHe 

ero HepaBHO,IepHOH aCHMilTOTl!KH. ;..!eTOAHKa pac'!eTa, npHBeAeHHal! B AffCCepTaQHH, 

06ecneq1.rnaeT coBndAeHHe c nepBbi\IH ABYMJI 'IAeHaMH HepaBHOMepHo:ff aCHMTOTIIKH 

Toq.11oro peweHHll. 

B fP.O'leTpOOllTllqecKO\I npl!OJ\H)KeHHI! H•'.'l.e BOJ\HOBOAHOR ·MOAbl KaK B CKaJIJ!pHOM, 

TaK H B J.\eKTpOMdl'HHTHO\I CAY'!WIX npeACTaB.\JleTCll (pHc.6) B BHAe CHCTeMbl Ayqeii, 

KdCdTeAbHblX K COOCHOMY UIL\HffAp:; piJAHYCa _am/ Xmn , l'Ae a - PdAHYC BOJ\.HOBOAa, ;( mn -

n-b!H KopeHb ¢YHKQHH EecceJ\JI m-oro nopsr,\Ka (AJl.ll rpaHHqHoro ycAOBHll A;lpHXJ1..e, 

a) 

Plfc-fi ,J,ntjJpaK[JHH Hil on:puro.'I KOH[Je BOAHOBOAil 

a/ IWH}'C AH</JpdK/.fHOHHbIX .ty'leii 
b/ nror.;erc o6pd30BdHllfl ,\fHuroKpdTHblX Alfc/>{JdK!JHH 

b) 

'" ~ -I I 11.\l! •. ,, npm!3BO..\HOlf l..\.\Jl rpa1111q11oro YC.\OBHll Heii~taHa. c =I). reoMeTpHqecKal! 
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Kapnma ,\l!CppaKL(l!OHHOfO m- \)!, o6yC.\< >B.\eHH.'151 l'ellMeTpl!eii nepBl!'IHOro l!OM! II 

KOllCTp)'HpyeMM COf;\dCHO 3dKUld~! rTA (.\.7), l'<lKOBa: 113 Kd.;K,l,Oii TO'IKH Ha Kpm!Ke 

llCXO,\HT COBOKYUllOCTb AH<PpaKl(HOHHblX AY'leH, ,,Jpa3YJOll\llX KOHll'!eCKYIO noeepxHOCTb c 

yrAo:.t noAypacTeopa /3 = arccos m/ ka . c eepumHoH: e TO'IKe ;l,KcpPaKllHll H ocblO, 

KdCdTeAbROH K KpOMKe B TOH >Ke TO'IKe. Kapnrna J\}"leH . ,\11$paKl\HOHHOl'O llOAJI' 

np01!3BO,\httoro nopRAKd AllcppaKl.l,Hll llAeH-rwrna reoMe'rp11qecKoif Kap-r11He· no.'ll'! 

nepB!!'l!IOll A11cppi1Kll!UI. 

B AHCCepTill~lll! l!Cll0Ah3yeTCll npHeM, np11~1eHeHHblH B [i\.14) AMI llJ\OCKO!'<J 

BOMIOBOAd: 3Ha'leHl!ll AHcf>paKL(llOHHOfO IlOAll nopl!AKa Bblllle nepeoro Ha KpOMKe 

BOAHOBOAd paCC'll!Tb!BdeTCll B npH6AHJKeHliH K11pxroctia. -3Ha'leHHe IIOJVI n-KpaTHOH 

_, 
e., e;, 

z 

e, 
CR 

PHc. 7. ,J.HljJpaKIJHOHHble KOH}'Cbl, 

AHcppaKullH Hd KpOMKe B TO'IKe If/ !IpeACTdBAlleT co6oii n-1 - KpaTHblH HHTerpaA no 

nosepXHOCTH BOAH?BOAa. dCl!MllTOTl!Ka KOTOporo B npH6J\llJKeHHll CTdl\HOHdpHOH ¢a3hl 

HMee-r BHA: 

IT e 
( ) 

ie n-I ,;2a(>m /J-PmP)n+.m~ 
Qn('!l)=D (/)'·-:;_ J2asiII/3n 3'2 (25) 

rAe D(rp'.!!...J -AHcppaKuHOHHhlH Ko3cp¢111111eHT [.\.15], qJ' = arccos c~so - }TOA nOAemrn. 
. 2 ~P 

KaK CJ\eAye-r 113 reoMeTpH'leCKOH c-rpyl<T)'pbl A}"leH Kpaeeoro llOM!, KaJKAOMY 

HaapaB.\eHl!IO B apoc-rpaHCTBe, xapaKTep113ye~I0~1y }'I'J\OBblMll KOOPAHHdTdMI! (},rp 

(::/~ - fJ < B < ,--::/7. + /J, 0 5 !fJ < 2;r) ccj)ep11•1ecKoir cl!cTeMb! KoopAl!HaT. CBll3dHHo.i1 c 

UCb!O BO.\l!OBO.\d II llf>HTPO~l era pacKpbl_Ba. !!ilpd.'l.\t".\bHbl ABa Ay<ia A11¢paKL(llOHllOro no.\ll, 

T 

... 

... 
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l!CX<\\>lll\11X >ii TO'leK '//, , "' - ·::: ± arccos ..;_~s /3 (puc.7). Aliarpc1~1~w Kpileeoro IIOJ\ll B 
2 smB 

nepe,lHeM 110.\YllPOC'fPdHCTBe B cK.W!pHO~I CAy-<rae 3aill!Cb!BdeTCll B BllAe: 

U(O.<.?)"' 'sin/3 ~,Me1s(t1) + .;Jcie ·"<(o}}, 
Vsin- 0 -cos

2 /3 
(26) 

rAe 

,:,';~ "'D(qJ 1 ,<p,',)+.J7D(~.<p,'.,)fo,,(11) 
*" n""-U 

(27) 

,\lldl'pdMMb! KOJKAOl'O 1!3 ABYX Ay<leH, aapdJ\J\eAbHb!X 

_ cosB 
O,rp :!fJ,', =I!'+ arccos~/3 - cooTBeTCTBYJOll\He HM yrJ\bl AHctipaKuHH; 

Sill 

((}) J . , , cos /3 I!' S = kasm- 0-cos· f3 -marccos-. -- -
smB 4 

(28) 

ttanpaBAeHHIO 

onHcbleae-r cpa30Bble coo-rHoweHHll MeJKAy KpaeBblMll noAllMH. <DaK-rop Vsin 
2 
B-cos' f3 

o6ycAOB.l\eH KpHBH3HOH KpOMKH I! HdKJ\OHHblM lll!AeHHeM J\}"leH nepBH'IHOro !IOJ\ll 

e , rp,,_, 

e, 
(/} n-i 1-1 l 

PHc.8. CBR:Jh Me.'1!;4y opraMH AOKiJJl.hHhlX 

cljJepHqecKHX CHCTeM xoop,4HHdT apH 

OOCAeAOBdTeAhHblX AJl¢paK1fHRX 

(fl"' ::/2) H o6pdll\deTCll B HOJ\h Ha KaycTHKe (OAHOilOJ\OCTHbIH nmep6oAOHA BPdll\emrn). 

aCHMTITOTa KOT<Jpol! - KOHH'leCKdll noeepXHOCTb. Ll,llJ\llHAPll'-leCKdll Cll~!~!e-rpl!ll !!OJ\ll (26j 

ll03BO.\}!eT npOi!3BeCTH era aCHMllTOTH'lecKyro CIIIHBKy co CKdAllpHb!M cpoKdJ\bHb!M 

pa~.\OJK€Hl!E'M [J\.10) HecMoTpll Ha ToJKAec-reeHHocTb reoMeTpH'IecKOH KaprnHb! 

nepBl!'IHoro Ii All$paKul!OHHOfO IlOAeH B CKdJ\llpHOM ii 3J\eK-rpOMdfHllTHOM CAY'!dl!X, 
... 

pacc,10-rpett11e l!X B 3AeKTpOMdfHl!THOM CJ\)"lde ycAOJKHl!eTCll l!X BeK.rOpHbiM xapaKTepOM. 

npouecc IIOCJ\€AOBt1Tell.hHb!X AIHppaKuHH B 3TOM CJ\)"lde MOJKIJO pacc~ldTpHBdTb Kai\ 

noo".\"BdTP.\hHble AHcppaKI\Hll AByx cKa\l!pHbIX BOAH - -YAOB,\eTBopmomllx rpaHH'!HblM 

yc:.\11HHH~1 AllPHXAe (o- = - I) 11 He>iMcJHa k = !), ecJ\11 Ko~moHeHTbl AllcppaKul!oHHhlX 11 
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.\H<flp<1r11py10U.(HX noAeli 3dlll!CblBdTI, R AOKiL\hllh!X ccjlepwteCKHX CHCTeMaX KOOpAJ{HitT, 

c 1 • 1aHHhlX c ·roqKoA AJl¢paK1.vm. B 1To't cAy'!ae np11 Kd>K,\llM B3aHMo,\elicTBHH c 

Kpo\fKOH, no.\;lpHM KOMIIOHeHTa npeo6pa3yeTC!I. B no,\.llpHy10, a d3HMyTa\hHd!I - H 

d3H\ty-rdl\hHYIO, npH'le~I nepBall npeo6pa3yeTC!I KaK BOAHd, YAOBAeTBOpHIOll..la!I rpaimqHhl\1 

ycAOBH!l!\l AHpHXAe, a BTOpaH - rpaHH'IHblM yc.\OBH!IM Heli\fdHa (PHc.8). 

noAHOe IIOAe, KdK H B CKdA!lpHOM CAf'lde, o6pa3yeTCH B Ai!J\hHeH 30He OT Ayqeli, 

llCXO,l,l!UJHX H3 TO'leK ¥11 ' Ha KpoMKe. noc.\e rrpoeKTHptJBaHIUI C)'MMapHOI'O BKAil,l\d Ha 

yr.\OBhle opThI 0611..1eli c¢epw1ecKoli: CHCTP\tbl KOOPAHHaT npoH3BOAHTC!I acHMUTOTH'!ecKasi 

CIIJHBKa 3TOfC IIOAH c BeKTOpHblM <tJOKdl\hHblM pa3AO}l(e!HleM [/\.9]. Bhl11..1eynOMl!HyTd!I 

npou:eAypd ycrpam!eT paCXOAHMOCTH Hd I'pdHHU:e CBeT-TeHb nepBH'IHOrO IIOAll H Ha 

KaycTHKe, HO OCTaBAlleT paCXOAHMOCTb Ha rpaHHU:e CBeT-TeHb Ayqeli MHOroKpdTHblX 

AHi:J:>paKU:HH '(nAOf:KOCTb pacKpblBd BOAHOBOAd). 

noAyqeHHble dCHMIITOTHKH, KaK B CKdAllpHOM, HdK 11 B 3AeKTp0Mdl'HHTHOM CAy<ld!IX, 

COBilaAaJOT c nepBhlMH ABYJ'l!I '!AeHdMH HepdBHOMepHblX dCHMIITOTHK TO'IHOI'O pellleHH!I 

[.\.I IJ COOTBeTCTBeHHO AAll CKdAllpHoro Ii 3AeKTpOMdfHHTHOfO CAyqaeB. 

B '!eTBepToif rAase pa3pa6oTaaa MeTOAHKa pac'!eTa nepexoAHoro H3A)"leHHH Ha 

HAedAbHO-npoBOAHll..leR nosepXHOCTH pa3AeAa c wepoxoaaTOCTl!MH (pHc.9). 

z 

Pnc.9. nepeXOAHOe H3A}"leHHe Ha 
mepoxosaroi/ rpaHnl(e pa3,4e11a. 

Teop1rn nepeXOAHOrO-H3Ay<IeHH!I (nH) Ha wepoxosaToli rpaaHu:e pa3Ae.\a pa3BHTa 

B OCHOBHOM B pa6oTax [A.16, A.17] Ii B PHAe APyrHx pa6oT Tex }l(e dBTOpOB. B pa6oTe 

(:\.16] pdCCMaTpHBdeTCl! TeopHl! nH 3dpll:iKeHHOH 'laCTHU:bl B CA)"lde rpdHHl.\bl pd3AeAa C 

npOH3BOJ\.bHbl~!H wepoxoeaTOCTl!MH, HO c MdAblMH pa3HOCTl!MH AH3AeK1"pH'leCKHX 

npoHHJ.\de~!OCTeH cpeA, pacnOAO:JKeHHblX no o6e CTOpOHbl rpaHHl\hl pa3AeAa. \leTOAlfKd, 

pa"lp<160TilHHa!l B pa6oTe [.\.I 7J, npHI'OAHa Ahli npOH3BOAbHblX 3Hd'JeHHH AH:JAeKi:pll'leCKHX 

.I 

1 

J 
a 

.::;1 

upoHH:l\ae'.'tOCTPii cpeA !ii.1 f)6e CT' 1pOHhl 1rr rpaH.i~t~bl pd3Atl.\d npH. MdAhIX n iiO.'\OfHX 

mepoxoea-rocTH x. 

B AHCCepTat.i;HH enepBhle paccMOTJl•'H CA)'ldii. rnepoxoa<1-roli rpaHHU:LI pa3AeAa 

BdKKYYJ'l·HAeaAhHblii tipOBOAJIHK c npoH3BOAbHOH cjlop~!OH II pd3MepdMH rnepOXOBdTOCTeH 

(pHc.9). HcnoAb3yeTCJI aHaAOrH!I c TeopHeii pacceRHHH CBeTa Ha wepoxoeaToli rpaHKu;e 

pd3AeAa [.\.18J. rpaHH'IHble YCAOBH!I Hi'AdfdlOTCll Hd lllepOXOBdTVlO rpam1u:y pd3AeAa H 

llpHBONITCll K ypasneHHJO <Dpe,\rO.\b~ia nepeoro poAa A/ill <Dypbe-o6pa3a 

c, ·rnHrPlll\HdAh!IOH K IIAUCKOCTH z =\) KO~tnoHel!Tbl il•).\H CTH: 

~,(q,w)+ Q(~, jc;.w)= -G(q,w) (29) 

3AeCb Q HeKOTOpblH Af!HeiiHblH HHTerpa.\hHblH onepaTOp, G - <Dypi,e-o6pa3 

noA!I 3ap11Aa. PeweHHe 3Toro ypasHeHHll noA~"laeTc!I MeTOAOM nocAeAoBaTeAbHblX 

npH6AH}l(eHHH e BHAe P!IAd Heil:Matta: 

~,0 (q.w)= -G(q,w) 

~: (q. w )= -o(~,"-' (q,w )}, ij,w )- G(ij, m) 
(30) 

OnpeAeAll!OTCH OCHOBHble xapaKTepHCTHKll wepoXOBdTOCTeif, npH KOTOpblX 

IIOBeAeHHe BO BpeMeHH BCilhlWKH nH tipH HaAH'll!H lllepOXOBdTOCTeH COBrtaAaeT C ee 

noBeAeHHeM npn HAedAbRO-tIAOCKOH rpaHHJ.le pa3,l,eAa. HMara10Tcll orpaHH'leHHll Ha 

MaKCHMdAbHYJO BblCOT)' h =!q(rt.,. )laKCH~tal\.hHYIO KpynI3ffY r = 1v 4(1t,, 

rnepoxoeaTOCTeii, HX cpeA1rne rrepHOAbl /., ,!_, H Ha IlOAyUJHpHHY IIOAOCbl nponycKaHHll 

l
(JJ :" 

H3~tepHTeAbHOro rtpH6opa Q. B '!aCTHOCTH, ecAH -;; h• << l,fm << !, TO 

2(211- l)E.. « 1, 
Wo 

I._, >> iiJ., (31) 

rAe ii = 2 max(n, m); CtJ
0 

11 A. - 1.1eH'l'pa\bHaJl 'lacroTa noAOCbl nponycKaHHll H3MepH"reAbHOro 

np116opa H COOTBeTCTBy'IOlliaJl eH MHHd BO.\Hbl. 

Co'leTaHHe IlOA)"leHHblX ycAOBHH (31) c yc.'1.0BHllMH AAll HAedl\hHO - nAOCKOH 

rpaHHl.\bl pa3AeAa (4) COCTdBAl!eT Heo6XOAffMblH Ha6op ycAOBHH Ahli dAeKBdTHOI'O 

eocnpOH3BeAeHHll BpeMeHHblM npocpHAeM nepeXOAHOfO H3A)"leHH!I cryCTKa ero 

IlOAOhhHoro pacnpeAeAeHHl! 3apl1Ad npH HaAH'IHH wepoxoeaTocTeli Ha rpaHHu;e pa3AeAa. 

no,\)"leHHble COOTHOWeHHl! (29) H (30) I103BOAlllOT pdCC'IHTblBdTb IlepeXOAffOe H3A]"leHHe 

KaK JapH>KeHHOii 'ldCTill.\hl. TaK H crycTKa 3apR:iKeHHb!X 'ldCTHl.\ Hd HAei!J\hHO - npOBOAlUl\eH 

rpctHHJ.le pa3,,eAa c rnepoxoBaTOCTl!MH npOH3BOAbHOfO THna. 

l'e3}".\bTdTbl, 113.\0>KeHHble B rAaBe 4, orty6AllKOBaHbl B pa60Te [16]. 



-12 -

!} _ _rpeTh1~H 4d(TU r\HCCepTat~HH paCCM011WHbl BHYTPPHHl{e rpaHH 1lH'>Je 3d;\il4:H. 

B nl!TOH rAaBe Attccep1\tl1liOHHoil p<1<:iuTbl pc13HHBdeTCll TeopHll nocTpoemrn p<1HHOMep11<>1i 

KOpOTKOBOJ\HOBOil aCIHtnTIY!'HKH •1acnmx pewe1rnli ypasHeHliii feAbMfOAbl.\a Ii !'vlaKcse.Ud_ 

_\AH H30Tp0fIHblX HeOAHOPOAHblX cpeA c .tOMOl.l.(blO npOH3BOJ\bHOJ'O Ha6opa <1>YHKl.\HH 

f,(q,il=l,2,. .. s, rAe s=l,2,3, YAOBJ\e'rsopl!IOWHX AHHeKHblM ,\,licpcpepeHl.\HdhbHblM 

ypciBHCHHllM' BToporo ITOpllAJ<a: 

:"

2

, r, (;;,)+a, (c;,) d.~ r, (c;, )+ p, (c;, )t~ (c;,) = o. 
'of ..,, 

132) 

Pewe1me C:..'TpOHTCll COOTBeTCTBeHHO B ¢opMe CKaA!lpllOH llAH seKTOpHOH CJ'!'!M: 

U = "°'Air·"· ,,Ja,(<,}f<, ,,Ja,.(<,)d~, ~f.(J:) ~f (J:) 
L.J e . .. e · 1 '='1 ••• · .s "s ' 

'1• ., ... 0.1 d~/1 d.;:· 
(33) 

£}- "". {A'".,,} i,Ja,(~,}I<, 1,Ja,(~,)1<, .!!:_f.(~ ) ... d'• f (; ), 
- - L.. -, ... , e ... e df'' '"' df'·'' H 11 ... '•"'O,I D 1 

¥ • ':lot ~s 
(34) 

COAep}!{dW:liX np0113BeAeHllll BCCB03MO>KHh!X KOM611Hfil(llH QJyHKU:llH f 1 (q1 ) 11 HX nepBblX 

npoH3BOAHhlX. OrrpeAeheHHe aMllllHTYA A'• .,, ,A'" '• ,D'" .. '· !lpeAcTaeeMeMblX, !IOA06Ho 

reoMeTpOOllTH'!CCKHM dMllAHTYAdM, B BHAC pa3J\O>KeHHH no o6paTHbl~I CTefleHJIM ik (k -

BOJ\HOBOe 'IHC,\O) H KOOPAHHdT ;" ... ;, CBOAHTCll K onpeAeAeHH!O dM!IA!ffYA H 3HKOHMOB 

HeKOTOpblX AyqeBbIX npeACTdBAeHHil 

U = }: Mp, P, exp(1kvt p, P, 1 
Pi· ·p,::.:1),1 

£}· {M'"·p,} ii = p, ~-0.1 Np, ,, exp(iklf/ P> .,, ), (35) 

npH'leM d.MfIAHTYAbl hYtJeBblX npeACTaBAeHHil (35) CBll3a.Hbl c dMllllHT)'AdMH npeACTaBAeHHH 

(33) H (34) COOTHOllleHHllMH: 

M p,.·p, -. -

/if P1"'P, 

L A''''• 
11>"1,=0,1 z 1

1 .. ·i,' 

I D''''• 
'1 t,=0.J x'1 .. ·I,' 

AfP1"'P, L A"'· 
11• .. ;~:0,J z 11 

.. ·'s ' 

x'' '· = fl[efa,(;,)d<, ~P1k,)]'-'/i. 
/•I 

(36) 

t:IAettw HX reoMeTpoonTH'lecKoro pa3J\O>KeHHll M:• .. ,, ,!Vt:•·'· ,-fl;• "P, no o6paTHblM 

cTeneHllM ik YAOBJ\eTeopl!IOT peKyppeHTHbIM AH¢¢epeH~HdAbHh!M ypastteHHiIM, rrp11 n=O 

COBllaAa!OW:HMH c reoMe'rpOOIITH'leCKllMH ypaBHeHHllMH nepeHoca. AplJ'l'!eHTbl c;, 
y~oBAeTBOplllOT ypaBHeHHllM 

f.o/;,x~;J =cµ: vi;,vc;, =r 1'*r· (37) 

- ~3 -

Ht><)OX<);\H~lb[~[ H AOCTilTO'IHbl~I ::cAOBHeM pdBI!· ·\tepHOCTli KOHCl'p)fHpye~IOH 

<1CH~HITO'ntKli Hit KaycT11Ke (, =t, r.:i.e J, - KOpHll yp<lBUemiJI ,IJ1(¢'1)=0, HBAlleTCll 

BblllO.\HeHHe CAeAji!Otl.\HX npeAehbHblX HepaBeHCTB: 

I 
. ,, ;;, I: 4, .\J p, p, ,.u.p,,,. Jill"' .. p,.,.tp,_,. "· ii < oo (38) 

AMI cKM.'lpttoro Ch}"ldll, H 

liin ' .\i .-, •• • 0 
"·"" P. - M P1 --p, ,.l,r .. , ,-.1 }l 

j.;, -t~, .V'" p,.,.o.p,,,. .. p, -N''""p,_,.1.p,.,. P. vp,(.;,) l<OO (39) 

AAfl 3AeK-rpmiarn11nioro ChYtJall. 3TH HepaseHCTBa BblIIOAHJllOTCJI. B 'ldCTHOCTH, eCJ\H 

ci>YHKl.\HJI p1(;,) pa3AaraeTcJI s pllA Teilhopa s oKpec.J'HOCTH TO'IKH q1 = ~1 . 
' 

B Toil JKe rhaBe rrpllBOAlfTCll pl!A rrpHMepos rrocTpoeHHll pasHoMepHbIX 

KopoTKoso.\.HOBh!X acHMilTOT1111ecKHX peweHllH MJf. noAblX 11 3anoAHeHHhlX AH3AeKTpHKOM 

pe3oHijTopoB H ~OAHOBOAOB. 

0CHOBHble pe3yAhTdTbl fhasbl 5 OnyOAHKOBaHbl B pa6oTax [17-24). 

B i:.recToii rAaBe 11ccAeAYfOTCJ1 noAble peryMpHble CTpYKTYPhl, KOHTYP rronepe'!Horo 

cetJeHl!JI KOTOpblX COCTdBheH H3 BHeWHHX 'laCTeH Ayr AByx nepeceKd!Ol.l.(HXCll 

OKpy>K~OCTeH c HepaBHh!MH PdAH)'Ca~IH 0111.\HAHHAPH'leCKHH BOAHOBOA 11 

6Hl.\HAHH,lpH<JecKHH. pe3oHaTop (pHc.10). reoMeTpHll HX nonepe•rnoro cetJeHHll 

onpeAeMeTCll pa3Mepa~IH PdAHYCOB OKPYJKHOCTeH I1 • Iz II paCCTOllHHeM MeJKAy HX 

11eHTpa~m d B AaAbHeill.l.(eM noharaeM: r, =i I, r2 s r1, d0 = r, - r2 s d S r1 + r2 = d' . 

EHl.\111\Hl!APH'leCKllii pe3oHaTop llBAlleTCl! OCHOBHblM 3J\eMeHTOM nepcneKTllBHOil 

¥yxnyqKOBOH ycKOpll!Oll\eH CllCTeMbl c pa3HeceHH.bIMH TpaeKTOpHllMH ycKOplleMoro H 

ycKopll!Olliero crycTKOB 3heMeHTapHbIX 

P;,c 10. 5HUlfAHH.4PHlfecKilH 
rTD\i"KT(,7Jd. 

'ldCTHl.l;. Ee peaAH3yeMOCTb 

PHc.11. r!onepegHoe celfeHHe 
6H[fHAHJIAPHlfeCKOH crpyK1Jpb1. 

CBll3aHa c 
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B0'3MO>KHOCThk1 no.\ytteHHH H rronepettH0!\1 cpqf!lHUt pt->30!h.rropd neo6XOr-\H~lblX 

pacnpeAe,\<>Hmi HO.\eH:. !1ccAP,\0BaH11i! npoBONL\HCb 11 ABYX 11anp<>BAe111rnx: 113bICKilHHe 

cnoco6a pac'!eTa co6cTBeHHbIX MOA - 61!L\HAIU!APH'lecKOH CTPYKTYPbl H no11cK 

3aKOHOMepHOCTel{ HX cjJopMHpOBaHHi! B 3aBHCHMOCTH OT HX nopi!AKOBoro !IOMepa Ii" 

reoMeTPHH nonepeq11bro te'leHim. 

fIOAHM f:_HCTeMa 3AeKTpOMdrHHTHblX r:o6CTBeHHblX MOA 6H1,\HAHIIAPH'leCKOH 

c<rpy1nyphl BKAKJ'!aet MOAhl c paBHblMH 11y.~N upoAOAbHblMI! MarHlfTHblMH I E - MOAb! I H 

3AeKrpH<1eCKH.\ll~ {Ii. - MOAbl) KOMno11e11Ta~IH. Moii,w MOIJ''T 6b1Tb CHMMeTp11'IHbl.\lH liAH 

at1T11cu~1MeTpH'<1lblM~ 0T11oc11Tel\h110 nAocKOCTH, coAep>Kall\eii: ocu l.lllAHHAPOB. A'ff 

KaJKAOH 113 qe11>1p~x rpyn" MOJKeT 6b!Tb noAyqeHa AHCKpeTHilll noCAeAOBdTeAbHOCTb 

pacno!\o.1KeHHblX a nopi!AKe so3paCTaHl!ll. nonepe'IHblX co6cTBeHHb!X 3Ha'!eHHH 

k= k. (n= 1,2,3 ... ). Dopl!µ,KOBblH HOMep n np!!CBdHBaeTCll COOTBeTCTBYJOlI.\€H 

KOAe6aTeAbHOH ''IOAe. fvsi E - MOA 3AeKTµOMdrHl!THilll 3dAa'la CBOAHTCi! K CKaN!pHOH 

AB)'Mep11oii: rp<'IH'!Hoil 3iJAa<1e AHpHXAe AAlI aMnAHTYAb! u(k,r) npoAOAhHoii: 

3!\eKTµH'-!eCKOH KOMIIOHeHTbl. 

PeweHHe Hil,\eTCfl M€TOAOM HYAeQoro BHeWHero IlONI [J\.20, J\.21], o606ll.\€HHb!M H 

MOA11cjJH4Hpo11a~Hbl'.\f HdMH i:1PHM€HHTe.'\bHO K paccMaTµHBaeMOH 3dAa'le. PeweHHC, 

llOA06HO pa6oTa.\! [,\.20, J\.21 ], Hll.\eTCi! B BHAe llHTerpa\a no KOH'rypy nonepe'IHOro 

ce•1e1111H 6Hl,\llAllHAPH'!ecKOH CTPYKTYPbl s. 

u(k,r) = J 7(s)f4°(~,0(s)-rl)ds, (40) 

,\'.,.po-I 

LCpgp(!i') 
T(s) = _,r__,'P.;:..' __ _ 

{f(ff)}' 
f(lf/) = p 2 

(s)cos
2 If/, (41) 

rAe p,.=O, gp(lf!)=cospl/f AAfJ. Cl!MMeTµH'IHbIX MOA H Po= I, g P (If!)= sin Plf/ MH 

aHTHCHMMeTpHl!HblX MOA. B (40) H (41): T PilAHYC·BeKTop TO'!KH nonepel!Horo 

ceqe1111JI, /f. 11 
( x) - cpyttKu;Hi! faHKeN! nepsoro poAa HY!\esoro nopi!AKa, T(s) 

pacnpeAeAeHHe. a~III.AHT}'Abl npoAO,'\bHOH KOMilOHeHTbl TOKa Ha KpOMKe, If/ - noN!pHilil 

KOOPAHHaTa PaAllYCa-seKTOpa p(s} TO'IKll Ha KpOMKe rronepe'IHOro ce'!eHHi! CTp}'KTYIJbl, 

HCXOAHLL.lero H3 TO'IKH nepece<1eHHi! AByx oTpe3Kos: OTPe3Ka. coeAHHi!IOll,\ero 4eHTpb1 

OKpyJKHOCTeH H OTfle3Ka, C0€AHHi!IOll\ero H3!\0Mb! Ha KpOMKe nonepe'IHOro ce'!eHl!ff 

[pl!C 11 ). npeACTaB.\€Hl!e 7f s) B cjJOpMe (41) o6yCAOB!\eHO HCL\H'IHeM y pacnpe,'l,eAeHllil 

" __ ,. 

2 45 k 0,35 3,9 0 35 

4.9 
2 35 

3.5 

2.25 
4,5 

3,1 

2.15 
4.1 

2,7 3.7 2 JS 

d. 2,3 -. I 3,3 
d 1.95 

0 0,5 • 1 1,5 2 0 o.~ 1 1,5 2 0 0,5 1 1,5 

k 
5.4 

'6 

• 2 

3.6 
0,5 du 

0,35 

1 1,5 2 

6,5 

6,1 

5,7 

5,3 

4,9 

d 4,5 
0 0,5 du 1 1,5 

Pnc.12. 3aBHCJJMOCTb nonepe'lHbIX co6cTBeHHbIX 3Ha'leHHii nepab!X lIRTH 

(n = 1,2,3.4,5} CHMMe-rpH'lHbIX E - .'fOA 6HJ<HA.Hlf.4PH'leCKOI'O BOAflOBOAd OT 

paCC7VRHHJI Me.IR;4y OCRMH J<HAHH,4POB H PiJAHYCd MdAOIYJ J<HAHH,4PiJ. 

2d 

TOKa q!HryN!pHOCTeH Ha H3AOMiLX KpG.\lKll ·(ff=±rr/2). 0nTHMH3al,\IDI peweHHi! no 

napa.,IeTpy v np0113BOAHTCll rryreM MHHHMH3au;HH cpyHKu;HH 

{42) 

rAe L'(kr, J) - '!HCAeHHOe peureHHe 311Aa'IH AN! n - HOH c66cTBeHHOH MOAbl (c 

co6cTBeHHhlM 3Ha'!eHl!eM kn,.) npH AaHHOM 3Ha'!eHHH napaMeTJla v, Po - TO'!Ka Ha 

KpO,!Ke rronepeq11oro ce'!e!IHl!, fAe 3TO perne1111e HMee'f MaKCHMdl\hHOe OTKAOHeHHe OT 

ttyNI: ~I • TO'!Ka B nonepe'IHOM ce'!eHHH, rAe TO JKe perueHHe HMeeT MaKCHMMbHOe ,. 
a6cO.\IOTHOe 3Ha'leH11e. DpH '!HCAeHHOM cqeTe [40) HCilOJ\h3Y€TCi! pa3!\0JKeHHe rpacjJa 

cpyfiKu;llH 5ecce!\ll. naJ?aMeTp q= q(P,nml (F,l,e v,run -3Hd'l'eHH€ napaMeTpa V, npH KOTOpOM 

cpyttKUl!ll 142) 'll!HHMilAbHa) ffBN!eTClI 'lllC!\eltHb!M KpHTepHeM TO'IHOCTH IlOAY'leHHOFO 

pPllleHl!ll. ~OCTl!l'ae,1b1e TOqHQCTH sapbllpYJOTCll B 3aBl!CHMOCTH OT HO,lepa MOAbl H 
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re· 'leTpUH nonepe•rttoro ce•reHHll CTPYKT)'pbl. npH N = 11 nHH COAep)l{dTCll B npeAeAilX OT 

q o:o!O ..i AO q: 10 :. 

Ha pHc.12 II 13 npHBeAeHbl rpaqmKH, H306paJKalO~"' 3dBHCH~IOCTb co6cTBeHHb!X 

3aaqeuuii k. OT napaMeTpa d AMI nepBb!X lll!Til CHMMe'fPli'IHblJ< 

H Tpex aHTHCHMMeTJ>H'IHblX £- :\IOA. .K<UKAaH j<:pl!Bdll .1a !IHX COOTBeTCTBYeT 

orrpeAe,wHHqMY· '!Ha'!e!IHIO pi!Affyca 'la.:.oro qHAHffApa ~r2 =U.35. 0.4. 0.45 •.•. 0.9, 0.95,.1). 

f1p11 uccAeAOBaHHH l<>BHCH~IOCTI! co6cTBeHHblX '.lnd'leli(nH t 0 OT .1apaMeTpd d np11 

cjlllKCllpO'BdHHb!X Ii II II o6HapyJKHBdlOTCll !leKOTOpb!e 3dKO!HOMepHOCT .. [25,26). 1'1x MOJKHO 

l!OHl!Tb, npoaHaAH3Hpoeae 3.11.eK'fPOAHHdMH'leCKHe C<lCTOJIHM CTJ>YKT)'Pbl npH npeAeAbHblX 

311a'leHH~X napa!'>IeTPa d: npH ~= d,, H d= rl. B 1epsoiv CAyqae OHljH.11.HHAPH'lecKdll 

CTPYKTYPil BblpOJK,AaeTCll B Kpyrosoii ljHAHHAP·; Bv BTupo~. CAyqae Td JKe CTPYKTYPd 

nepeXOAHT II' CliCTeMy. COCTOJ!w;yIO H3 AByx H30.11.HpOBdh ... hlX 

C.11.~"!ae CHMMeTpH'IHdll 6HljHAHfIAPH'leCKdll E - MOAd 

qHAHHAJJOB. B nepBoM 

BblpOJKAaeTCll B ~IOAY Kpyroaoro I.\HAHHApa. Ee co6CTBeHHOe 3Ha'leHHe COOTBeTCTB}'eT n -

OMY 'I.II.CH]' IlOC.\CAOBaTC.11.bHOCTH pacno.11.oJKeHHblX B UOPJIAKe B03pacTaHIU! KOpHeil 

cjlyHKljl!M BecceM!. X.n· Bo BTOpOM CAyqae Ta JKe MOAll B 3dBHCHMOCTH OT 3Ha'!eHHJI 

PaAliyca r, MOJKeT TpaHccjlopMHpoaaTbCJI. B onpeAe.11.eHHyro MOAY 60Abll!Oro HAH Ma.II.Oro 

ljll.\l!H,l.pa. npH onpeAeAeHHhlX {pe30HdHCHb!X) 3Hd'ICHHJIX Pi!AlfYCd MdAOro ljH.11.HHAPa 

MO,\bl c paBHhlMH CoQCTBeHHhlMH 3Hd'ICHHJIMH o6pd3YJOTCJI B 06m1x llHAHllAPdX. B )TOM 

CAy"'!ae r,=lj,; = X./Y., (j :2: f. i; j -11m1epa MOA Ma.II.Oro H 60.11.bIIIOrO I.IH.11.H!!APOB). npn 

k k 
# 

16 5k 

3.8 \\\~n7• I/ 5 \fi@l(\ 
.. ~ 
6,1 

3.7 \\vii 4,6 

~ 
5,7 

5,3 

3.6 \ ~J 4.2 
4,9 

3,5 d 3.8 ~d 
4,5 

0.5 1 1.5 2 0 0,5 1 1,5 2 0 0.5 1 1,5 

P11c:·1J. 3aB11c11MoCTb nonepe'lHb/X co6crseHHb/X 3Hd'leHHH- nepshlx tpex 

dHTlfCHMMerpll'lHhlX (n =I, 2, 3/ E MOA 6HlfHAHlfAPH'lecKoro soAHoBOAd 01 

pacrTVRHHR MeJK4y OCRM/f lfll.'lHJW 9 H PiiAHYCd Md.101'0 lfllAJ!H4Pil. 

d 
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111c1Allw .1HTHCH~meTpH'IHhlX E - ~IOA H3 noc.\eAoBaTeAbHOCTH Kop11ell cpyuKu;Hil fa~cc1,\.~ 

C,\('AYPT HCKAIO'IHTb KOpHi! z .. , (i=0, 1,2 .... ). COOTBeTCTB}'lOII.IHe co6CTBeHHbl'i 31!d'leHHH~! 

1130Tpl>l!HblX E MO~ Kpyrosoro l.\IL\liHAPd· npH HCC.11.eAOBdHHH ff ~IQ~ 

6HljllAflHAPH'leCKOH CTpp:Typw pacn1aTpHBB.!OTCll nOCAeAOBdTeAbHOC'rH x..' KOpHeH 

npOH3BOAHblX cjlyUKllHM 6ecce./l.JI. 1'1cC.11.:AOBaHHe B03MOlKI!blX npeAe.11.bllbl:J!'. C<>CTOHHHH 

rHcTe~lbl nm•BOAHT K noC.11.eAOBaTeAbff"r'f« 3Ha'leHH'ii n"30HaHCHblXI paAffycos. 

peilAfl3ye~lblX npH HMH'llll! n - Oll MOAbl B 5HllH!\.HHAPWlec;KoH CTpYK'fYpe: 

rn.o, rn.l ~ r,,_\ ! 'rn- L.'.:: f . . :.:. • r,J-: l: f n-3,3' '~-.~ 4~ ... rn-s,l (4;3) 

i'\,A'1 'leTHb!X n s =I= n/2. AAJI He'leTHb!X n s=(n-:-1)/2, I =(n+l)/2.-r.o =I). 

nepeceqem1e p~-cOM r1 ero pe30HaHCHOrb 3HaqeHHll npHBOAffT K nepeXOAY ·. \ . 
npeo5AaAd!Oll.leH MOAb! Kp)TOBOro I.\H.11.HllAPd 113 OA!!OrD I.IH.11.H!IAPd B Apyroii (I)HC.14). 

Ko.11.H'!ecrso _HHTepBaAOB MCJKAY pe3oHaHC!lblMH PaAffYCaMH, coBtldAa!Oll.lee c 

'IHC.11.0M He paBHblX ~-.\JO pe30HaHCHblX PaAHYCOB H paBHOe HOMepy MOAf>l 

6HljHAH!!APH'leCKOH CTp)'KTyPbl onpeAe.11.J!eT qffCJIO ee pa3.ll.H'IHblX pea.11.H3illjHH B -

36BH cm10CTH oT se.11.H'IHHbl pdAffyca Ma.11.on;i U:H.11.H!!APB· AM KaJKAOil H3 pea.ll.H3dl1Hil MOAbl 

6Hl.\HAHHAPH'lecKoii cTpyxTypw npH C.11.a6oii CBJl3H Me"JKAy ljH.11.HHAPdMH xapaKTep110 

npeo6.\ap.6HHe MOAl>I OA!IC>fO H3 l\H.11.H!!APOB. CTpH r, * _ r; .• _ H d ~d ' aM!IhHT)'Ad MOAbl 

.~ J:>l 

r2=0.65 

-1 
r2:0.7 

~ 
-·~y· 

r,=0.75 
_, 

·~ 
. _, r2=0.6 

P11c. 14 PacnpeAeAeHJte npoAOAhHOH :JAeKrpHYecKo.H KOMnoneHTN BTOpoii 

CHMMerpH'IHOH E - .'lv,J,b/ Hd OCH CHMMtnpHH nonepe'IHOl'O Ce'leHHJI BOAHOBOAil 

IIPH CAa6oJ] CBR3H .w~y lfHAHHAfJdMI{ (;jd=0.14) ,4.iR pi13AH'lHhlX 3Hd'leHHii 

Pd/IHJ'Cd MdAoro IJlfAHifAPil (r,, =0.62 .. '). 

Apyroro l.\H.\HHAPcJ 3aryxaeT. 3To npoHCXO..l)lT TeM MeMeHuee, 'ICM 6.11.HJKe 3Hd'ICHlle 

paAH)'Cd ~!a.\oro qHAHHAPd K pe30!la!ICHO\IY· o.\H30CTb P6'.\1'YCd Md.II.Oro ljH.11.llHAPd Ii: 

pe3011auc110:-1y 11pr,wnpe,w.vieT ~wAy, B03HHKdlOicylO B ApyroM I.IHAHHApe: ee HOMep. 

conTm"l'CTBYP1 BTnpn,1y IHLWKCV p<'3otWHCHc>ro p11AHyca. Pe3011aucnoe 3Ha'leHHe .pi!AHyca 
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r, ''"-'oro l\l' H!ll,\Pd p,urpaHll'IHB<1eT ,3,BP J>CE',l,HH" pearn3al\>IH 'toAb! 61H.\lf.'l.lfHAp1t<ieCKOH 

c-rpyK1ypw. B :JTcnr c.\y'rae HM>'•'T ,i.,,· ··n pdBHonpaBHdll reHepat\Hll j - TOH 'IOAW 

OOAbl.!IOrO L\HAHH,\[Jd H i - TOH MOAbl ~!d.\Oro UHAl-IHAPd. IlpH d ~ d ' B :.lTCJM C.\)l'lde 

a6COAIOTHOP 3Hil'!Cl!He OTllOllleHHfl 'ldKCllMy:>lOB MOA Mdi\Oro II .60Abl.!IOro L\lL\HffAPOB 

CTpeMHTClI K onpeAeAeHHOMY KOHe'IHOMY npeAeAY (pac.15). 

KoAl!'lecTBo pe3oHaHCHblX P"~ycoe y CHM,1eTp1r<1HblX 11 aH'!'HCHMMeT[lH'IHblX '!OA c 

O,\JmdKOBblMll nopHAKOBblMH HOMepa'!ll COBild,l,i1eT. np!f 3TOM l!MeeT MeCTO HeCOBmtAelute 

HX BPAH'lllH ('!TO l)(JYCAOBAE'HO HeB03,I0.1KllOCTb!(J pecL\Jl3df.\Hlf lf30TpOlIHblJS MOA Kpyrrrnoro 

UHAHHAPd n ilHTl!Cll,1MeTp11•rnoM CAy<iae). 

KaK AAll CHMMeTplf'IHblX, TaK H AAfl dHTHCHMM~T[lH'IHblX MOA. npH d ~ d ' 

B03MO:n<:Hbl ABe B3aHMHO npOTHBOilOAO]IU!bie ·OpHeHT~Hll MOA KpyrOBhlX l\HAHffAPOB, 

COOTBeTCTB)'lOIU;He ABYM nocAeAOBaTeAbHhlM 'IOAaM 6Hl\lfAHHAPH'leCKOii: CTpyKTyPbl. 

HH3llleH MOAe COOTBeTcTByeT opaeHT~l'llI, nopOJKAdlOIU;dlI MeHbWee 'IHCAO nepeceqeIDfH c 

IIAOCKOCTb!O CHMMeTpHll CTp)'KTYPbl (pllc.15). Ll;HAHHAPH'leCKHe MOAb[, COCTaBMllOI.L\He 

-1,1 
d=t.61 -11 d=f.62 -1,1 d=t.621612 

PHc.15. Pacape,11eAeHHe npoAOAhHOH :i .. teK"lpH'leCKOH KOMIIOHeHTbl BTOpoii 
(IIJ7HKTHPHll.R KPHBdfi) H rpeTheii (CIIAOIUHiJJI KpHBd.R) 6H!UfAHH;4[JHVecKoii E-MOAhJ 
Ha OCH CHMMerpHH noaepe'IHOI'O ceveHJ!Jl 6H[JHAHHAPH'TeCKOI'O BOAHOBOAa IJPH 
r,=r,,=0.6276122375 H d-n, +r~,. 

CHMMeTpH'IHble H aHTHCHMMeTpH'IHble ~IOAbl CABHH)'Thl 110 cjJa3e OTHOCHTeAbHO APyr Apyra. 

ripH HCCAeAOBaHHH 3aBHCHMOCTI! BeAH'IHHbl llPOAOAhHOro co6cTBeHHOro 3Hd'leHHH 

k, OT 3Ha'leHiIH. rrapaMeTpOB d H r, o6HapYJKllBd!OTCll AerKO HHTepnpeT11pyeMble 

3dKOHOMepHOCTH, xapaKTepHble AAfl rrpOH3BOAhHblX d: [25, 26] 

1.EOAbllleMy PCJAHYCY G coOTBeTCTByeT MeHblIIee rro BeAH'IHHe co6cTBeHHoe 

3Hd'leHHe np11 cpHKCHpOBdHHb!X d H 60.'l.bl!IHH pa36poc co6cTBeHHblX 3Ha'leHHH Ha 

rrpornJKen1111 06AacT11 onpeAeAeHHll d, nocKOAbKY yeeAR'leHHIO r, npH cp11Kc11poaaHHbIX 

d COilYTCTByeT so3pacTaH11e o6ll.\ero o6'heMa paccMaTpHaae~wii CTpYKTYJlbI. 

conpoBOJKAd!Oll.\eecll yc1neHHe~r CBll3H MeJKAy l.\HAHffApaMH. 

2.KoHe'IHb[H yqacTOK o6AaCTH onpeAeAeHHH rrapey_MeTpa d, KdK npaBHAO. 

xapi!KTep113yeTCll B03pdCTdHHe~t ( 6crseHHb!X 3Ha'leHHii c pocTml d. 3To rrpoHCXOAHT B 
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}"CAOIH!HX OC:.\dtl \l'llltll •."H>l'HI Me>K+\Y l.\HAHHAPd~lH. KOl"Ad pnL T d npmi· ~' .. HT K 

::. \lf'Hbllle"lUUO ·1q.1tleKHIHJ{{,fQ nfrhP:"-11!. 'HCTeMbl. 

3. Y'1eHh111em1e cu6cTBeH111,rx 311a'!eHHH 11a Hd'liL\bH "' yqaCTKe , ·~.\aCTI! 

onpeAeAeHHll d II HX B0"3pdCTaHHe lld KOHe'IHOM yqaCTKe npHBO,\IIT K HdAH'lll!O nap 

~~
·' 

" 

·:l.(J& -0:6 05 15 

d=0.46 d=O.Tf 

f: ' 
1 

·12 5 

., 

·1,2 d=f.16 

'·' 

d=0.86 

~ . 

7 

41 ·1,2 

. 

~ 2 2 

<• d 1 01 

~ ' 

54 .·; 

Puc.16 TpancifiopMaJJHH qerseproii CHMMerpH'IHOii E-Mo,v,r 
(r,=0.55) OT E,,, npif d=0.46 KE,, IIPH d=J.54. 

3Ha'le!!HH rrapa~reTpa d (d=d,.d=d,,d, <d,), llPH KOTOpblX KOAe6aHHll rrpH 

cpHKCHpOBd!!HhlX G HMelOT OAHHdKOBbie co6cTneHHble 3Hd'leHIDI. rip11 d. ~d' 

KOAe6aHHH B 1.1eAOM onpeAe.'l.lllOTCll MOAOH, 6AH3KOH no CBOeH c-rpyKType H co6crneHHOMY 

3Hd'leHHIO K_ OAHOH .H3 MOA lf30AHpoaaHHOro Kpyroaoro l.lHAlfHAPd. 3-ro o6CTOlITe.'l.bCTBO 

o6ycAaBAHBaeT Ha.A.H'!He IIOA06Horo pacrrpeAeAeHHll IlOAfl B TOM JKe l\llAllHApe If npH 

d = d, (CM., HanpHMep, pHC. 16 npH d= 1.25Hd=1.54). 

4.B CAyqae L\HAHHAPOB c paBHblMH PilAHYCdMH crpyJCTYPa np1106peTaeT 

AOilOAHHTeAbHYJO IIAOCKOCTb CHMMeTJ)a'H, npOXOAJ!ll.\)'10 qepe3 AHHHlf CTblKOB MeJKAy .l,l!Yllfll 

L\HAHHAPdMH. TaK, nepaaH H TpeThll MOAbl CHMMeTpH'!Hhl, a BTOpal! - aHTHCllMMeTpH'IHa 

OTHOCHTeAbHO yrroMl!Hyroli IIAOCKOCTll Ha BCeM npOTH:n<:eH!lll o6Aac;rn. onpeAe.\eHHll 

11apa~1eTpa d. C.\OJKHee IlOBeAeHHe 'leTBepTOH MOAhl: npH d <du"'°· 735 OHa CHMMeT;)H'IHa 

OTHOCHTeAhHO yrro~!llttyl"OH IlAOCKOCTH, a 11p11 d >du - dHTllCHMMeTpH'IHa (pac.12. n=4). 

AAlI IIlITOH MOAbl HMeeT MeCTO npOTllBOIIOAO:n<:Hoe: npH Ij = T2 ,l,.'l.ll d <du KOAe6aHHH 

aHTHCllM~leTpH'IHbl, AM d >du . CHMMeTpH'IHbl (pHc.12, n= 5) . . J3 CBll3H c ;THM rrp~ r:' 

6AH3KllX K lj' KpHBblP, OrtHCblBdlOU.\He co6CTBeHHblP 3Hd'leHl!fl 'leTBepToii . 'l0Abl. 
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nplh>l~!)'·f'.tlOT T~Jl!Ky J11•p1·1H:6d, 1qHr np0).1>)1(,\PHHH l!t'PP'i KOTupy10 K1t.\t•fiaHH.H flAdfHIO 

nep"'' '.VL r OT KB1n11u1 '''ieTp11qHwx K KBa~lfilHTHcn1MeTpll'IHbl'' I pttc l 71 

S. KaJKAoii c11,meTp11•rnoi-i MON' c nopl!AI<OBhIM 110,H'fl• ''' cm 1TBeT<.:TByeT 

fJ70 -15 , 5 

d=O.IJ .1 

t• -1.S '·' 

d=0.13 
_, 

15 

PHc. 17. , Tpi1HctjJopMi1Jlllfl verneproii (reMHaR xpnBaR) H mrroii (caerA.i11l KpHBaR) 
CJJMMerpH'IHHX E - MOAB ayvae IUJa3Hpi1BH.bEX piJAHYCOB JlHAHH4JJOB (r2=0.98) npH 
Tf3MeHeHHH napi1Merpi1 dB OKpecTHOCTH d=d •. 

CllMMeT1mq11aJ1 MOAa c HOMepo,1 i (j < i), Ml! KOTOphIX sepxHHe rpaHHQbl AHaila30HOB 

co6cTBE'HHhlX 3Ha'Ie1mii COBilelAdlOT II paBHhl %, . l1x MHHHMilhhHble He pasm,ie HYAJO 

pe3oHaHCHble pa,.i,nycw paBHhl cooTBeTCTBeHHO Xo/X1 11 x11 /x.;- A11ana30H H3MeHeHHH 

co6CTBeHHblX 3HaqeHHH aHTHCHMMeTpH'IHOH MOAhl npH Mi!AblX pa3Mepax pil;\Hyca MaAoro 

11HAllHAPd HMeeT )!eHhlllHH pa36poc, 'IeM AHana30H H3MeHeHHH co6CTBeHHblX 3Hd'leHHH 

COOTBeTCTBYIOl.l.I;eii CHM,leTpHqHoii: MOAhl- 3To MOJKeT 6b1Th o6bl!CHeHO MeHhllIHM qacAOM 

pe3oHaHCHh!X paAHycoe y aHTRCHMMeTpH'IHOH MOAbl H MeHhWHM HcKaJKeHHeM CTPYKTYP 

KpyrOBblX l.\HAHHAPH'IeCKHX MOA B aHTHCHMMeTpH'IHOM C'."YlJae. 

B 3dBHCHMOCTH OT BeMf'IHHbl PaAHYCa MaAoro 11HAHHAPa 6Hl.\HAllHAPH'leCKaJI MOAa 

MOJKeT HMeTh pa3AH'lHble pedhH3dQHH. KoAe6aHHe, COOTBeTCTBYIOil.lee OAffOH H3 TdKHX 

peaAH3dl.\HH, npH H3MeHeHHH napaMe'I'pa d OT d = do AO d = d' llOCTeneHHO 

TpauccpopMHpyeTCll (CM. pHC. 16) OT n -oi-i MOAhl 60AhWOro QHAHHAPd [npH d = d,,) AO 

COOTBeTCTByt01.1.I;eii 'I0Ahl 60Ahll!Oro HA.II MaAoro l.\llAllHAPOB (rrpH d = d') H MOJKeT 6b!Th 

H,\eHTHcjJHf.\HPOBdHO c IIOMOll\hlO llOCAeAOBaTeAhHOH 3dllHCH CllMBOAOB COOTBeTCTBYIDll\HX 

MOA npH d = d,-, II d = d'. B llOCAeAHeM CAyqae CAeAyeT ynoMHHyn., B KdKOM HMeH!i.O H3 

Ql!.\HHAPOB reHepHpyeTCll KOAe6aHHe. AAl1 6oAhWOf0 1.1HAHHApa npeA\araeTCll 

HcnOAh30BdTh cmIBOA B (Big). A-\JI MaAoro - s [Small) 
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I la OCHOBe upe.l,AOJKeHHOH H/1,l'HTHcpHKill.\HH )10)!\<'T 6h!Tb COCTdll.\"l!il c-rpyK-rypHaH 

cxeMd MOAJ,l. CrpyKT)- pllill! CXt''1d TpeTbeH CH~l~!eTpl-t'll!Oli E- MOAhl llP•'.\CTaBAr'lld 11a pHc. 

18. 

I 13AOJKeHHbJe coo6pa>KeHHl! ll03BOAl!lOT npeACKd3blBdTh KOllcpHrypdl.\HIO 

BE 21 

/ BE 21 , SE01 

/~SE01 
__.-"? 

E21 ~BE1,, SEp1 

"'-.... ~ BE11 

~ BE 1 ,, SE11 

r 2 ;:: r 3. 1 

r2;:: r2, 1 

r2;:: r2.2 

PJJc.18 Ctp]fKrypHdR cxeMil 
7JJeTbeH CHMMerpH'IHOli E­
M0.4hl 

pacJJpeAeAeHHJI llOAll npOH3BOAhHOH 6HQHAHHApH'leCKOH MOAbl B nonepeqHQM ceqeHHll 

CTPYKTYPhl H seAH'IHH)' ee co6crseHHoro 3Ha'IeHIDl AAfl. 3dAdHHh!X reoMeTpH'leCKHX 

llapaMeTpOB noJJepe'lHOro ceqeHHH CTIJYKTYPhl rrpH CAa6oii: CBl!3H Me]f{Ay 1.1HAHHAPdMH H 

sw6apaTh oJJTHMilhhHble reoMeTpH'IeCKHe napaMel'phl CTPYK'fYPhl, npH KoTOpblx 

rettepapyeTcl! MOAa c 11eo6xoAHMblM pacnpeAeAeHHeM noAH B norrepe'IHOM ceqeHllH 

CTPYKTYPbl-

OcHOBHble pe3yAhTaThI HdCTOllll.\ei-i fJ\.aBhl orry6AllKOBaHhl B pa6oTax (25.26]. a TdKJKe B 

KBapTilhhHhlX 11 roAOBOM oT'IeTe TIO TeMe MHTL\ A-087. 

OCHOBHblE PE3YAbTATbl PABOTbl 

I. HfiliAeHbl ycAOBHJI aAeKBaTHoro BOCIIpOH3BeAeHllJI BpeMeHHblM npocpHAeM BCilblWKH 

OJJTH'IeCKoro JJepeXOAHOro H3AYlJeHHll cryCTKa 3apsi>KeHHhlX qacm11 Ha HAedAhHO IIJ\OCKOH 

rpaHHQe pa3AeAa BdKYYM HAedAhHblH 1IpOBOAHHK HH3KO'IdCTOTHOH .orH6aIDil.leH 

npoAOAhHOH ¢YHKIIHH pacnpeAeJ\.eHHJI 3dPHAd B crycTKe, OT06paJKdIDil.lei-i ~laKpOCTPYKTYPY 

crycTKa. 

2. Pa3pa6oTaHHall ~1eTOAHKa pac'leTa nepeXOAHOro H3AYlJeHHl! Ha HAeaAbHo-npoBoAHmei-i 

rpaHHl.1€ pa3AeAa C wepOXOBdTOCTl!MH llOlBOl\JleT IIOA)"IHTh JJOAe nYf KdK OTAeAhHOH 

'ldCTHQbl, TdK H crycTKa npH H3BeCTHOH cpyHKI\HH pacnpeAeAeHHJI wepoxosaTOCTeii. 

V!cCAeAOBaHHe llOBeAeHHl! llOAll DYf BO BpeMeHH Il03BOl\HAO IIOAyqHTh YCAOBHJI 

HeHCKil)!{eHHoro BOC11pOH3BeAeHHJI IIOBeAeHHl! BO BpeMeHH IlOAll OnV! OTAeAhHOH 'ldCTHl.1bl 

I{ crycTKa np11 HaAHqHH ll!epoxosaTocreii:. npa YCAOBHH HeKorepeHTHocrn 

per11cTp11pyeMoro 11 YJKOH 110J1.oce qacToT onrnqecKoro cneK-rpa q<'peHKOBCKoro 
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IU,\)''IPlllHI IIOKd'.l«,!d iJAeKBaTHOCTb ero npe)lt'l!Horo ll!>ll•PHl\JI llp•J,~: \bHOli ljlfflK!lHH 

pdcnpeAel\eHlili 'l<IP~AOB B crycTI<e. 

3. HaliAeHbl yc,\OBHH, llPH KOTOpblX B03M "KHO IIO.\Y'lelrne 1rncpopMi!'.:l!H 0 CTPYKT)"pe 

crycTKa npH perHcrpa~HH HHTerpMbHOH xapdKTepHCTHKH ero nepeXO,.\H<JfO 1131\)"leflHll -

cj>yqK~HH IIO'lepHeHlrn Ill\eHKH, 3KCllOHHpye~rnH B Te'leHHH ecero epeMeHH npoxo)l(AeHHH 

crv<.TI<a qe~:i rpam1~y paaAel\a. 

4. Pa:.pa60TaH a\r0pHTM eoccTaHoBAeHHll pacceHea101~Hx cBolicTB o61'<'!KTa 110 AaHHblM 

6.\H)!{H('3011Hb1X 113~·1t>pe!IHH Ta11rem1HilJ\bllblX COCTdB.\HIO~HX }.\eKTp11'!eCKOH KO)!llOHeHThl 

ero IIOl\JI paccellHllH. MecT011axo)l(Ae1rne H 11a;1,yqaro~He ceolicTBa p<?KOHCTPYHPYe~!blX 

HCTO'IHHKa IlOACBeTKH H KOOpAHHaTbl TO'IKH lld6J\l{)A€HHll - llpOH3BOAbHbl 

5. CxeMa apoee,i.eHHll H3MepeHHH H aArOpllTM o6pa6oTKH FIX peayJ\bTaTOB Il03BOl\JleT 

HCK.IUO'laTb aenocpeACTBeHHoe B03AeHCTBHe H311.Y'Jij.Tel\JI H HHblX aapa3HTHblX HCTO'IHHKOB 

1'131\}"leHHll Ha H3MepHTel\bHblH 30ffA. 

6. 6e3 AOilOJ\HH1'€1\bHblX H3MepeHHH npOH3BOAflTCJ! HCKJ\l0'1€HHe HCKaJKeHHH, 

B03HHKa!OWHX BC\€ACTBHH B03AeHCTBHfl AflarpaMMbl H3MepHTeAbHoro 30HAa: npH 

H3BeCTHOK AHarpa.'!)!e H3MepHTel\bHOro 30HAa BOCCTaHaBAf!BdeTCfl HCTIIHHOe 3Ha'!eHHe 

noJ\fl, aa~1epeHHoro 3J\eMeHTapHb1M 3AeRTpw1ecKnM AHilOl\e~1. Opu npoH3BOl\bHoli 

pedl\bHOH AHdrpa)rne H3AyqaTel\fl 6e3 AOilOJ\HHTel\.hHblX H3MepeHHH BOCCTaHaBAHBdeTCH 

Ka(lTHHd IIOJ\fl paccef!HHH o6'beKTa, nopoJKAaeNa.sJ 31\eMeHTapHblM 31\eKTpH'leCKHM 

AHllOl\eM. 

7. Pa3pa60TaHa 11pHH~lfllHaJ\bHdfl cxeMa H3MepHT€1\bHOH ycTaHOBKH A,\.~ H3MepeHHH Ha 

cq>epH'leCKHX nosepXHOCTeli CKaHHpOBaHHfl. 

8. Pa3pa6oTaH ilJ\I'OpHTM BOCCTaHOBJ\eHHH paccettea10~Hx CBOHCTB AByx 
B3aH~!OAeHCTBYJOIU,l!X 061.eKTOB no AaHHblM 611.HJKlle30HHblX H3MepeHHH IJOAeii pacceirnHH 

KaJKAOro H3 HHX B OTAel\b7ocTH. 

9. B nptt61\HJKemm ITA no11.yqeHo paBHOMepHoe Ha KaycTHKe H Ha rpaHHQe cseTa H 

TeHH nepBH'IHOro IlOl\JI pemeHHe All.fl IIOl\fl H3AY'J€HHH H3 OTKpblToro KOHQa KpyrAoro 

BOl\HpBOAd c cpAaH!leM B CKdl\flpHOM H 3AeK'l"pOMarHHTHOM CJ\}"lill!X. /J.,JIJI C\yqaJI BOJ\HOBOAa 

6e3 cpAaHQeB ycTaHOBAeHo COOTBeTCTBHe IlOAyqeHHOro peIUeHHJI c TO'IHblM pemeHHeM 

BIIAOTb AO BTOporo 'l.\eHa pa3AOJKeHHH ero HepaBHOMepHOH aCHMIITOTHKI! 

10. Pa3BHTa nepeHOpMHpOBO'IHilll Teopm1, no3BOl\JllOll1dfl IlOl\Y'JHTb paBl!OMepHble 

acH~IIlTOTH'leCKHe peweHHH All.fl ypaeHeHHfl reAbMrOl\bQa liJ\H ypaBHeHHH Ma.KceeMa, 

npaBHJ\bHO OilHCb1Bd!OI11He IIOl\fl Ha reoMe'l"pOOIITH'leCKHX KaycTHKdX l! COBIIdAalO~e c 

reo~!eTpOOilTH'leCKOil Hl\H A!fcppa.K~HOHHOH KapTHHOlf llOl\eH BAMH OT Kd'.·'CTHKH. 

11. Pa3pa6oTaH a\ropHTM 'IHCl\e· ·qoro pac'!eTa CH~!MeTpH'!HblX 11 a1m1CHMMeTpH'IHb!X 

IOTHOCH'Tel\bHO OCI! CHMMeTpHH nonepe'IHOro Ce'leHHf! 6HQHJ\HHAPH'IE':KOH CTpYKT)"Pb!) 
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fo!L\HA>!HAPH'!eCKllX E-)!OA. A.l\r1)pttn1 OC!I08<1H Ha MeTOAE' BHPll!Hero HyAeeoro DO/JI. 

HcXOAHilll <pop~1a noHcKa peweHHfl COAeplKl!'r onT!f)!H3at\HOHHblP. 11<1pa'1eTpb1, IJ01\6opo)1 

KOTOpblX o6ecne'IHBaeTCff HaHA}"ILUee y,\OBl\eTBOpeHHe pememrn rpi.l!Hl'IHblM ycAOBHf!M. 

Pa3pa60TilHdfl - TeopHH 6!i~HJ\HHAPH'leCKHX MOA- H npeAJ\OlKeHHdfl CHCTeMa HX 

KAaccH¢HKaQHH IlOATBepJl(AaeT pe3yl\bTdThl 'IHCJ\eHHblX pac'leTOB. 

TaKHM obpa30M, B AffCCepTa~HOHHOH pa6oTe pa3pa60TdHb! OCHOBbl HOBblX 

HilllpaBAeHHH B OOAclCTH pa3BHTHH Teopm! II C03AdHHfl aAropHTMOB pemeHHff IlllipOKoro 

K.Aacca rpaHH'lllblX 3dAa'I 3,\eKTpOAH!laMHKH, COOTBeTCTBYJO~l!X cneQHdl\hHOCTl'.l 

"TeOpeTH'leCKdfl cpH3HKa" (01.04.02). 
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UflpwJbL 1't.[wGj11't.[w.u1wu 

tiU11Ul=IUSICln'l tLt;4SPU'l1'uUU1'4U4UlJ =iuuu1.iurq1;rr 
'llUPUUt;Srtrr nrnCUUlJ St;UntfC!SmlJC: 

w1llflnl.jlwqj111 

UU1bGwtunump1wn ub2 11tiuiw11ljt.[wo bu ttb4ui11wrij1Ciwtlpljwljwu Wf1U1Wpfl0 L. Ob11pflO 
tlJOrif1110bp[!: l2CiOuip4qmtl bu ljwp6w[ppw1flO tlmnwpljtlwO tmonttlGbpfl uuiwgtlwO 
hpl.lGwtuOriti11Cib[1[!, Pil.WJ!iO hwzitwp4WJj'!Ci brtw0wlj0b[1[!, 1wt.llnttlOb11ti U1tUW[Ub[1fl hfltlw(i l[J1W 
11wzuib11'1 t.[b11wljwOqtlwli hptlGwtun11ti11Gbp[! L. uuiwgt.[wo on hbuiL.JWL hptlGw4wn 
WJlr)JntCipGbp[!' 

Uuiwgt.[wo bCi pwG<'lpmljmtl L'19Pbf111 pw2tuitw6mp1wn L. Opw wGgmllw1tin L. 
1b[1tCil.jnt.IJwCi 6wpwqw11illwO pGuibCiupitmpiwn ctwllwOw4w1tin 4wtut.[wontpJwCi 
hwuwuiwuiwutuwCimpJwG uiw1LlwGCibf1[! Cibri. ou.iuiti4wljwCi hw6w)1lwJf1Ci lllj'lflnLJpnul 1wt.1town 
ritll!lpnul: '1f1lllwf14l[wo tiu· qow1tin pwCi<'lrrntljQ, pwu011nLlj[] t.[ti112wtln11 LWJOwljwu 1wlflubrml; 
pwu<'lrnL1.1fl mri.rtwhwiwg L. pbJl llmUJQ[! hwrll flribwtw4wCi hw11n11rif11 pwctwCitlwCi uwhuwuti L. 
wuhWJ'lf.l uwhliwufl flbUUlbfl[!: Uzwljqwo t wCigmuwitin tSwriwqwipuwCi hwzqwpljfl brtwCiwlm 
wCihWJ'lp f1ribw1,wljwCi hwrtn(11'lf11 uwhtlwCifl flbUUlmtl (l.jwtlw1wljwO OL.fl wGhwripmp1mGCib11l1 
hwllwri) tlpwt.[nri 1.tig12fl L. pwCi011mljp hwtlwr: 

Uzwl.jt.[wo t w1,qnritiptl, njifl uf12ngnt.[ l[bJ1w4wCiqCiqmtl t llw11uuti gptlwO pumf.1wq11brfl 
lflLUl.jWl.llWJ'l lJ.lWU1ljOJ1[! !Wl.jltlw(i WJ"lfljnLCipGbflfl hptlwu tlrw: :lwlflnulGbf1[] 4WU1WJ'lt.lnul b(i 
uwruf1G[) UjWJ"ll/lWlj~ tlwljb11bl[nLJ11fl lf.J"ILU !Wl.jlnrt qnuriti 1.11b11.wl.jln)1lntpjmGCib11f1 llp2ngnt.[: 
tiwriwqwJPPID CmLJGuil:lu uibrtwzwrictt.[nul t (w0ljw)1l iwlflnrtl19l tlwrtlf1Ci[! UIWJ"ll/1W4nri wn 
uwlMll•m1pt1 1jrw1nt.[: bflljm tlwl.jb11L.nLJputirG t1. qU1ul[mtl bu Ljln11<1w11lJl[n11. tlwruup ubfl<'lwt.[nr 



-36-

qnmmu ~wlfmulGbplJ tn1wuwlj[] t.. !UJlfnlw!i w11rum!igCibr1fl il2w4ilwu WLqnplJpil[] 
UUJtuw:flbUntil t !5WllWqWJP!IJ flWZllllJ (IJliiUfbU !iwu WJL W[llllWglJ(j jl.lwuqW[lnl'J. 
wq11wGzwCiubp)l) !Wl/lll!)l tlflw wullti2wljw!i wq11bgmpJ'1Jli pwgwunul[!: Uzwljl.{w6 b!i 
U1WQmgli! !Wlj1"tlllibf1 1uiwhw!i2n'l !5wnwqWJPill t.. 1wljmfl qnli'lli 11)1wqpwllfibp)l 
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