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AHHOTaAIMA

C T1mpuBlieYeHHEM TEOMETPHYECKOTO U MeTaUu3M4ecKoro
KJIIoYer mocTpoeHa Mopens Beenennoir Cera. B Heil oTpakeH
JyaJlu3M, OCHOBaHHBI Ha B3auMMOJEHCTBUU u3HadasbHOrO CBera
CO CBOMM OTpaXeHHeM. YCTaHOBJIEHO TPHUCYTCTBUE OCHOB
KOCMHUYECKO MY3bIKM M 30JI0TOro cedeHus. [lokazaHo, 4TO
BO B3aHMOIIeI>iCTBHH JUHAMHUYECKOIO MW CTAaTHUYECKOIro acIIEKTOB
(popMHpOBaHMS CTPYKTYpBl HampsikeHUs1 BceleHHOH MpHCyTCTBYIOT
MPOMOPLUKM KOHTYPOB BEPTUKAIBHOTO CEUeHUsT W OCOOEHHOCTD
PaCIIOIOKEHU S ETUTIETCKUX MMUPpaMU/] I1JIaTO T'uza.
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IIpeaucaoBue

«Bcenennasa Ceera», T. 1 — 310 epBas U3 KHUT, 3alyMaHHBIX
aBTOPOM KaK MHCTPYMEHT K IMO3HaHUIO BceeneHHoi 1 yenoBeka.
Kak yTBepxkianu MHOrue y4yeHsle, B yacTHocty, I1. [lupak, amns
9TOr0 HEOOXOIMMO CO3/JaHUE HOBOW MaTeMaTUKH, U TaKOW MaTe-
MaTUKOW CETOIHS MOKET CTaTh CaKpaJlbHas FEOMETPHUsl, U3BECT-
Hasl C APEBHUX BPEMEH.

[TpunsATto cumtarh Iludparopa pomoHayaIbHUKOM Hay4YHBIX
mkois1. C oqHoi ctopoHsl, [Tudarop — 0OCHOBOIONOKHUK COBpE-
MEHHOW HayKH, C JPyrofl — 330T€pPUK — NpeJcTaBuTeNb Erumner-
CKOW 930TE€PUUECKON IIKOJIbI, SIPKUM TPEICTABUTENIEM KOTOPOM
o1 ['epmec Tpucmeruct, ¢ IMeHeM KOTOPOTO CBSI3BIBAIOT BO3-
HUKHOBEHHE repmernyeckon ¢punocoduu. [Indarop, kak npu-
eMHUK 3HaHuil ['epmeca Tpucmerucra, ObUT NOCBSAILEH B Taid-
HbIE CaKpaJIbHblE 3HAHUS M CaM CTPOTrO OXPaHsI TH 3HAHUA
OT NOCTOpOHHUX. CBOM 3HaHUSI OH MepeJaBall yCTHO CBOUM MHO-
TOYMCJIEHHBIM YYEHHMKaM aKyCMaTHKaM W B BUJE IeOMeTpuye-
CKMX 00pa30B Y3KOMY KpYTry TeM, KOro Ha3blBaJl MaTeMaTUKaMHU.
OT Tex 3HaHUM O CErOJHSLIHEro JHSA JOLUIO HE TaK MHOIO —
OTPBIBKM €IMHOr0 3HaHus 0 Beenennow — rpeyroibHuku [uda-
ropa, 30J10To€ ceueHue, teopema Ilugaropa, cooTHoleHrEe Ha-
TYPaJIbHOI'O TApMOHUYECKOT0 psAja U Jp.

B cBoeii kuure «Bcenennasa Ceera», T. 1 B. B. ABnees, oT-
TAJIKMBAACh OT mpencrasieHun Iludaropa, [lnarona, biasar-



CKo, coBpemeHHoro ¢uiocoda [lnornHa, oOBSACHSIET CyIle-
CTBOBaHME TPAHCLICHJCHTHBIX KOPHEW TBOPEHHUS U CO3[IAET Ha-
yuHylo 0a3y B BUjie MPOCTPAHCTBEHHO-BEKTOPHBIX TOCTPOSHUIA
mozenu Beenennoit. B pabote ApneeBa, Kak MHe MTPeCTaBIIsET-
Cs1, HAlJIEH KJII0Y K TIO3HAHUIO CTPYKTYpbl BeesieHHOM, BbIpaskeH-
HOW B YMCIIOBOM U F€OMETPUYECKOM IpeCTaB/ieHuu. ToT yte-
PAHHBINA KJIIOY K MTO3HAHUIO, KOTOPBIM TaK THIATEIbHO CKPBIBAIU
nuparopenipl OT HEMOCBAIEHHBIX.

C ynuBuTenbHOM JierkocThio B. B. ABaeeB nepexoauTs OT mo-
HATHS TOYKU (HABEIEHHOIO 3apsija CO3UJaHMsI) K MOCTPOCHUIO
BHayaJle MpOCTENIINX (PUTyp, 3aTeM, BCE, YCIOKHSIS, IPUBOIUT
yutatens K crpykrype Bceenennoit Cera; naer meradusnye-
CKYyI0 KapTuHy Mupa, rae tpeyronsHuku [udaropa, 305motoe ce-
YEHHE U MHOT'OE JIPYroe SBJIAIOTCSA CJIEACTBUEM pa3yMHOU Opra-
HU3alMKU MaTepun. Takou Moaxo/ JaeT MHOTOYMCIIEHHBIE KJIIOUX
K OOBSICHEHUIO TAallHBIX MUCTUYECKMX 3HAHUU U BOOPYKAeT CO-
BPEMEHHOIO YYE€HOro MaTeMaTUYeCKUM armapaTtoM (reoMeTpust
Y YMCJIOBBIE COOTHOILIEHM) U1 TO3HAHUS OKPYKAIOLIETO MUPA.

CuHTe3 3HaHMM JPEBHEW U COBPEMEHHOUM HAYKU — TOT IIyTh,
KOTOPBIM MO3BOJIMT YEJOBEKY Ha HOBOM YPOBHE OTKPBITh MHO-
rOYMCIIeHHbIE 3aKOHOMEPHOCTH OPTraHU3alluK U OBITUSI MaTePUH,
YTO HEMHUHYEMO MPUBEAET YYEHBIX K HOBBIM OTKPBITUSIM B CBO-
UX 00NacTsIX 3HaHWi. B 3TOM cMmbIciie paboTa ABzieeBa, HapsLy
¢ Teopueii puznueckoro Bakyyma I'. U. llunoBa, umeet Henpe-
Xofsiltiee 3HaUeHne, U ymaio, OyJeT olleHeHa COBpeMEeHHUKaMU
10 JOCTOMHCTBY.



B. B. IlerpocesaHn

Kanaupar TexHu4eckux Hayk, mpodgeccop Kadeapbl JeKTpo-
HUKU U CPEJCTB CBSA3U MHKEHEPHOU MIKOJIbI [[aTbHEBOCTOUHOTO
(penepasnpHOrO YyHUBEpcUTeTa, BiaanBocTok.



OT aBTOpA

Bomnpocel, kacaiomyecss BOSHUKHOBEHUSI U 3BOMIIOIMKM Bce-
JIEHHOM, 2 BMECTe C Hell YeJIoBeKa, OeCIOKOUIIN YMbl MHOTHUX T10-
KOJIEHWH BBIIAIOIIUXCSA yYeHBIX U (praocodoB. MOXHO KOHCTA-
TUPOBATh, YTO K HACTOSIIIIEMY BPEMEHHU I10 3TUM BaKHEUIIIUM BO-
rpocam OBITHS CYIIECTBYIOT JIB€, BO MHOTOM ellle OTIAYAOIIH-
ecs1 no3utivi. C OHOW CTOPOHBI, Mbl UIMEEM [IEJIO C BO33PEHU-
SIMA MAaTEPUATTUCTUYECKON HAYKH, C APYTrOu — 930TePUIECKUMU
3HAHUSIMU, OITyOJIMKOBAaHHBIMU B PA3JIMYHBIX OKKYJIBTHBIX TPaK-
TaTax.

g [DOCTHXKEHHWST MCTMHHOIO IMOHMMAaHWSI BO3HUKHOBEHMS
BceneHnHoii u 4enoBeka, UX HEPa3phIBHOU CBSI3M, HEOOXOIUMO
BCTaTh Ha MYTh CHHTE3a, MPEILyCMATPUBAIOIIETO Pa3yMHOE 00b-
e/IMHeHUEe 3HaHWUW COBPEMEHHOM M OKKYJIbTHOW HayK. Bo MHO-
r'OM JIpeBHUE 3HAHUS MIPEACTABIIEHBI AJUIETOPUSIM U CUMBOJIAMU,
YTO MPEACTABIISAET ONPEAETICHHbBIE TPYAHOCTH B UX UHTEpIIpeTa-
1un. [laHHasi KHUTA MIPENCTaBIsAeT MpUMep MOA0OHOTO MOAX0Ia
B MCCJICIOBAHUY YKa3aHHBIX TTPOOJIEM.

PesynbTatoM mpoaenaHHON paOOThl CTal MOM TI€pBbIE ITIa-
' B 0OOCHOBAaHMK MHOI'O B3IVISIa HA BOSHUKHOBEHHE M 3BOJIIO-
1Mo BecesleHHOM, OTIMYAIoIIerocst OT CYIIECTBYIOIIMX KOCMOJIO-
T'MUYECKUX TEOPHH U, B YACTHOCTH, OT HauOoJjIee pacipoCTpaHeH-
HOM cpeu KocMosioroB Teopur Bospiioro B3pbiBa. Peus naer
0 TEOpUM B3aUMOJEUCTBHS U3HaUYaIbHOrO CBETa CO CBOMM OTpa-



KE€HHEM, KOTOpasl MOJI0KEHA B OCHOBY JyaM3Ma IIPOUCXOXK/IE-
Hus Beenennoii. Ee mocTpoenye crano BO3MOXKHBIM Oaromapst
ICTIOJIb30BAHUIO FEOMETPUYECKOTO ¥ META(PU3UUECKOTO KIII0Uer
B [IONBITKE OObEAVHUTH 3HAHUS COBPEMEHHOM U OKKYJIbTHOM Ha-

K.

CBsa3aTbCs C aBTOPOM MOKHO I10 3JIEKTpOHHOM TouTte: E-mail:
avdeevkniga@gmail.com...
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BBenenune

[Mpoucxoxnenue BeeneHHOM, KU3HU U YesioBeKa OeCrOKOuU-
JIO YMbl MHOTMX MOKoOJieHud miofiel. K HacrosimieMy BpemeHu
CJIOKUJIOCH JIBA AUAMETPAJIBHO MTPOTUBOMOJIOKHBIX MTPEACTABIIE-
HUS 00 3TUX aKTyaslbHbIX Borpocax ObTHsi. CO CTOPOHBI pesu-
T'H, KaK BepoydeHue, naercsi ouonenckoe oObsCHEHUE, T B JIH-
ue bora npencrasiena TBopsAmasa cwia. Jpyry cropoHy npen-
cTaBiyisieT Hayka. OHa Ha MaTepUATMCTUYECKOM OCHOBE CTPOUT
TEOpPUU U TUIIOTE3bl U MUPO3JAHUU C MO3UIMUA TOYHBIX HAyK,
a B BOIIPOCE MPOUCXOKAECHUSI )KU3HU OIUPAETCS Ha IBOJIIOLIMOH-
HOE Y4eHue, Iie OTIIPABHON TOUKOU SIBJISIETCS] aOUOTeHE3 — BO3-
HUKHOBEHHE )KHMBOTO U3 HEXXUBOTO.

Ha moi#i B311511, HU pesiurusi, HA HayKa He MOT'YT B HacTosiiiee
BpeMsl MPETeH/I0BaTh HA UCTUHHOCTh CBOero myTu. Bepa B 00-
ra, Kak B JIMYHOCTb, BPsi/l JIU CBOWCTBEHHA CO3HAHUIO YeJiOBe-
Ka, BCTYNMBIIETO B TPeThe ThicsUeneTre. [ pyOblii aHTpormoMop-
(pu3m, X0Ts 1 OcTasICA ellle OCHOBAHUEM Halllell HaCTOSIIIEN Teo-
JIOTUU, JOJKEH CMEHUTbCS NMOHMMaHWEM TOro, 4to cjaoBo bor
€CTb CUMBOJIMYECKOE IpecTaBieHre 0 BceleHHOM U KHU3HU B MX
IMHAMAYECKOM Pa3BUTHHM OT HeObITHS K ObiTHIO. C Apyrou cTo-
POHBI, Bce OoJiblile M OOJIbIIE CIBIIHB 00ECIIOKOEHHbIE TOJIO-
ca yueHbIX. MHOrve NpUIUIM K BBIBOAY, YTO CIIMIIKOM CJIOXK-
Ha KU3Hb, YTOOBI MOXHO OBLIO OOBSICHUT €€ MPOMCXOXKJICHHE
KaK pe3yJbTaT CIy4yaillHOrO B3aMMOIEHCTBUS XUMHUYECKUX 3Jie-



MeHTOB. Tak, rie xe Boixon? 1 BUxKy ero B 0ObeIMHEHUH YCH-
il penuru U Hayku. Llenb y HUX ofiHa, HO CIIMIIKOM JOJITO
WIyT OHM K HEW pa3JiesIbHO MapayiebHbIMU Tporamu. COmm-
KEHUE YUYEHBIX M CIyKUTeJell Bepbl TOJKHO MPOUCXOIUTH Iy-
TeM OJYXOTBOPEHHs MEPBbIX U (POPMUPOBAHUS MATEPUAIUCTU-
YecKuX B3MISAI0B y BTOpbIX. Kak crieactBue, penurus crienou
Bepbl CMEHUTCSI peJIUrMell UCTUHHBIX 3HaHUM. [IpoTuBOCTOSIHYE
UACATMCTUYECKOTO U MAaTepUATMCTUUYECKOTO BO33PEHUI HA MUP
JOJDKHO 3aBEPIIUTHCS KOMITPOMHUCCOM. [TTyOoKO yOexeH, uTo
cymHocTh BeeneHHol u ObiTHsi BOMpaer B cebst 00a HaripasJie-
HUsA PUIOCO(PCKON MBICIIH.

Ceiiuac 4eJ0BEYECTBO MOJOIUIO K KPUTHYECKOW OTMETKE.
D70 olyHIaeT KaX/Ibli — KTO pa3yMOM, a KTO U Ha YPOBHE UHTY-
UIMH KaK HEOOBSICHUMYIO BHYTPEHHIO TpeBory. [IpuunHsel Ta-
KOTO COCTOSTHHSI BO MHOTOM OITpe/ie/ieHbl OTCYTCTBUEM OTBETa
JUTSI YeJIoBeKa Ha BEYHbIE BOITPOCHI: KTO OH, OJ1arofapsi Kakou cH-
Jie TIOSIBWJICS B 9TOM MHPE, B YeM CMBICIT ’KM3HU U T.].7 MHorue
HAIIIY MPEJICTaBIeHUs] JaJIEKU OT UCTUHBI M WILTI030pHBI. Bee co-
[IUAJIbHBIE U SKOJIOTMYECKHE MOTPsICEHUs YeJIOBEYEeCTBA €CTh OT-
pakeHHre HeCOOTBETCTBUSI CO3HAHMS M, COOTBETCTBEHHO, 00pa-
3a KU3HU JIIOJIeN 3aKOHaM, KOTOPBIM MOYMHEHa 3Bostons Bee-
JIEHHOM.

CoBpeMEHHOE COCTOSIHUE HAayKW HE B TOJHOW Mepe OTBe-
qaer goctmkennio 3tor neau. C XVI — XVIII BB. Hayanock
cOMKeHEe HayYHOTO M TEXHUYECKOro IMporpeccoB. Yem ajb-
IIe MMPOUCXOIWIO UX B3aMMHOE Pa3BUTHE, TeM OOJbIlle HayKa



B CBOUX croco0ax moiydeHusi HHGOpPMAIUU 00 OKpYKaloIeM
MUpe nonajaia B 3aBUCMMOCTb OT TEXHUYECKMX CpeAcTB. Ye-
JIOBEK TPaTUT CBOIO SHEPrHI0 W HANPABJSAET CBOW WMHTEJUIEKT
Ha CO3[jaHue Pa3IMuHBIX MPUCHOCOOIEHUI U MPUOOPOB, ¢ MO-
MOUIBI0 KOTOPbIX OH IBITAETCS MPOHUKHYTh B MaKpO- U MHK-
pomup. B pesynbrate BOZMOKHOCTh MOMYYEHHs] HEOOXOIUMOM
MH(pOpPMALIMM BO MHOTOM OI'paHMYEHAa paMKaMU pa3pelaoiien
CIIOCOOHOCTH TE€X CPEJICTB, C MOMOILBIO KOTOPbIX yUYEHBIN Ipo-
BOJMT ucciefoBaHus. Kak cieicTBre TeXHOKpAaTUUeCcKoro MmyTu
pa3BUTHS: B 00pa30BaBIIIEHCs MO3HABATEIHHON CUCTEME «UeJIo-
BEK — TEXHUYECKOEe CPEJICTBO» MEPBbIil MOCTENIEHHO yTpayrBa-
€T CBOM IIPUPOIHBIE BO3MOXKHOCTH HENIOCPEACTBEHHOIO BOCIIPH-
ATHUA BCEOOBEMIIIOIIMX MCTUH. Hamm criocoOHOCTH 3aJI0KEHBI
B €r0 TOHKOM KOCMHAYECKOW CYIITHOCTHU M MPOSABJIAITCA KaK WH-
TyULMs, BEpHEe TBOpUecTBO Jlyxa.

Bca ucropus 4enoBedecTBa MNOJIHA MTPUMEPOB OCMBICIEHUS
cymHocti BceenenHoit u Obitus. OHM OTpakeHbl BO MHOXKE-
cTBe (PUII0CO(CKUX, OKKYJIBTHBIX M HAyYHBIX TpakTarax. OgHako
TI0 HACTOSAILEE BPEMSI B COZHAHUH JIIOJIEU B 11EJIOM HE CJIOKUIIOCH
€IMHOr0 M UICTUHHOTO MPEeJICTaBIEHHS 00 YKa3aHHBIX BBILLIE JKH3-
HEHHO ONpe/eNAIIMX MOHATUAX. MHOrue noctuxeHus puiio-
CO(PCKOM U PEUTMO3HOU MBICIH, 4 TaKKE OKKYJIBTHOM HAayKH,
HE HAIUIY BOIUIOLEHMS O IPUYMHE UX HECOOTBETCTBUSA CYIIIE-
CTBYIOILIEN HAy4yHOM KapTuHe Mupa. VIMeHHO Marepuanucruye-
CKasl HayKa IJIJABEHCTBYET U ONpE/IENISIET B 3TOM IUIaHe X0z (op-
MUPOBaHUs1 MAPOBO33PEHUS U CTEPEOTUIIA MBIILUIEHUS Y JIIOAEH



TEXHOKPATUYECKOr0 MUpa.
[o 3TOM NMpUYMHE OCTAJIACh MPAKTUYECKU HE3AMEYEHHOM Ha-
YYHbIM MUPOM MH(OpMaIUs, JaHHAS YesIoBeYecTBy Benukumu
Vuurensmu TauHctBenHou [llamOansr yepe3 Eneny IlerpoBHy
bnasarckyio, Anucy A. beiinu u Eneny MBanoBny Pepux. Ha py-
oexe XIX — XX croneruil B CBET BBIXOLAT aBa ToMa «TalHON
HlokTpuHnel», B Kotopou E. I1. binaBarckas BorioTuia cBoe 1o-
TUYECKO-aNrebpanyeckux ajuieropuii KHuru «JIzuan». [eppas
TIOITBITKA ITOJ0OHOM padOoThI ObLIA MPeNprHATA B “ PazobmayeH-
Hou M3une». BpIio nosnokeHo Hayaslo B JOBEACHNUH JO CO3HAHMA
JIIOJIe COKPOBEHHBIX (330T€pUYECKUX) 3HaHUM BocToka.
EcTecTBEHHBIM MPOJOIKEHUEM MOCTHKEHUS] 3HAHUM O KOC-
MHYECKOM TBOPEHMHU CTaJlo nepBoe uzganue B 1925 r. tpakra-
Ta «O KOCMUYECKOM OTHE». ITO PE3y/IbTaT COBMECTHOM TEJeMa-
Trueckor padotel Tubderna u A. A. Beittn. B Hem fmaH nicuxo-
Jornyeckui ko4 K «TaitHou JlokTpuHe». [IpumepHO B 3TO ke
BpeMsi ObLT CIIeJIaH ellle OJIMH IIar B MPOJABMKEHUN OKKYJIBTHO-
ro yueHus. B 20—30 rr. npomioro cronerus nosBiIsieTcss MHO-
roromusiii Tpya E. W. Pepux «Arnn Vora», um «Kusas stu-
ka». Co3annbiii Ha pyHaamenTe “ TaitHOM JIOKTpUHBI “ U CUH-
TEe3MPOBABIIINIA BCE IPEBHUE YUSHHUSI, OH BMEIIAeT B ceOe KIToun
K Oecrpe/ie/TbHBIM 110 CBOEH TITyOrHE U OXBaTy 3HAHUSIM. Xapak-
TEp UX U3JIOKEHUS U CTETIEHb OTKPOBEHUSI OIPE/IEIeHbI YCIIOBU-
€M 00s3aTeJIbHOrO COOMIONICHUsI IBYX MPHUHIIMIIOB: YTO HE 0CO-
3HaHO, TO HE MOXET ObITh BOCIIPUHSTO, M Pa3BUTHE CO3HAHUS,
KaK ¥ JIIOOOTO JPYroro acrekTa ObITHS, IIOJYMHEHO SBOJIOIMOH-



HOM CrIMpajii BOCXOeHus1. Bce 310 npenonpenensier HeJlerkui
NYTb MOCTUKEHUSI UCTUHBI.

B niesiom «TaitHas JJokTpuHa» 1 «Arau Mora» — 310 BeMKoe
yueHue ku3Hu. OHO HEOOXOOUMO JIJIsl YesIOBeYeCTBa, BCTYIAlo-
IIETO Ha HOBBII BOMIOIIMOHHBIN BUTOK B 310Xy OrHs. Boiciias
CBSI3b UYEJIOBEKA C KOCMHUYECKMMU JOCTHKEHUSIMUA OyleT CTpo-
UTbCS1 HA OCHOBE BCE CYIIIETO U BCEMPOHMKAIONIETO OrHsl. JleTasb-
HOE U3yuYeHHe 3TUX paboT MO3BOIMIIO OCO3HATH BEINYME MTOJBH-
ra ux aBTOpoB. YesoBeueCTBy JaHbl 3HAHUsI, KOTOPbIE TOJIKHBI
CTaTh OCHOBOW JIJIsS HapoKaaroriencs Hayku Oymymero. [Tpen-
JlaraemMble KOCMOJIOTYECKUE MOCTPOEHM S — 3TO MOIBITKA U3J10-
’KUTh CBOE BUJIEHHE MTPoOIeMsbl BomoIMY BeeneHHol, HaBesH-
HOe ajuieropusiMu U cumBosiamu. [Ipu 3TOM craBWiIach Lieib,
10 BO3MOXHOCTH, 3HaHUSI OKKYJIBTHOW HayKH PACKPBITh Yepes
MOHSATUS O0Jiee JOCTYIHbIE CO3HAHUIO YeJIOBEKA.

B ocHOBY MonempoBaHusl IPOMCXOXKIEHNUS U pa3BuTus Bee-
JICHHOW TOJIOKEH HECKOJIbKO MHOM B3MJIS[l HA CYILIECTBYIOIIYIO
U3/peBie KOHLIENIMIO nonsipHocTy mupa. He ocmenuBatock 3a-
SIBUTh, YTO Hal/IeHbl YHUBEPCAJIbHBIE KJIIOYM K MOHMMAHHUIO OC-
HOB Mupo3jaaHus u ObiTus. He mue 06 stom cymuts. Ho, To,
YTO MpeAJiaraemMasi CUCTeMa 1o CBOMM KOHCTPYKTUBHBIM U (DYHK-
[IMOHAIHBIM OCOOEHHOCTSIM BOIUIONIAET MPUHIIUI CO3UIAHUS
¥ criocoOHa Ha BceX TUIaHax OBbITHSI TBOPUTH U OOBETUHSTH Ma-
noe u Benvkoe, Ha Mot B3IU15], UMeeT MecTo. OHa MOXET CITy-
KUTb TEM €IMHBIM OCHOBAaHUEM, KOTOPOE JIE)KUT B CYHUIHOCTU
BCETO MPOsIBJICHHOI'O U He MposiBJIeHHOTO. Bosee Toro, uepes sty



UJIEI0 CYIIECTBYIOIIME MTPOTUBOPEUUS U TOXKAESCTBEHHbIE B3IJIsI-
Il [0 MHOTMIM aCTIEKTaM KOCMOJIOTMH MEXY OKKYJIbTHOM 1 Ma-
TEPUAIMCTUYECKOW HAyKaMH, MEXy HayKOH B LIEJIOM U PEJIUTH-
€il, COOTBETCTBEHHO, YCTPAHSIOTCS M 00bequHsII0TCs. Hackosbko
9TO OTBEYAET UCTUHE, TOKAKET BPEMSI.

OmHO BakHOE IUIsT MEHSI OOCTOSITENBCTBO YKa3bIBaeT, UTO,
BO3MOXHO, MOM IyTh He omubdoueH. Korma ocHOBHas ujiest Obl-
Jla ouepyeHa B CO3HAHUM U MPeCTosIa yriIyOeHHas AeTanu3a-
1S, MHE B CUJTy Pa3HbIX OOCTOSITEILCTB CTAJIA JOCTYITHBI Y/H-
BUTEJIbHBIE IO CBOEU OlyXOTBOPEHHOCTA KHATY Manim 1. Xon-
na (1992), Kapna I'. ¥Ounra (1997) u I1. [I. Ycnenckoro (1992).
Marepuasbl, KOTOpBIE JIETJIM B OCHOBY UCCJIEJOBAHUI 3TUX aBTO-
POB, U UX BO33PEHUS 110 PA3IMYHBIM ACIEKTaM KOCMOJIOTUH YIU-
BUTEJIBHBIM 00Pa30M HAXOMAT OTPaXEHHE B MOEM IpEACTaBIIe-
HUM KapTUHBI BO3HUKHOBEeHUS Beenennon Ceera. B npennarae-
MO KHUI'€ pedb UJET O TOW YacTh BceneHHo, KoTopast JIEXKUT
3a MpeeaMH Halllero BOCOpUATUsA. DTO MUP AyxoBHOro Ceera,
HAMHOI'O MPEBOCXOISAIIMN MATEPUATIBHBIA MUP U SABJIAIOIINNCS
€ro OCHOBOM. B HeM Hailies1 cBoe oTpaxeHue Liesbli psaj pusnde-
CKHX 3aKOHOB U IPUHIIUIIOB HAIlIEX HAYKH, YTO CBUAETEILCTBYET
0 JIEVICTBUU KOCMUYECKOI'0 3aKOHA aHAJIOTHIA.

Ncnonb3oBanue cdeppl, Kak €JUHCTBEHHO BO3MOXHOU W3-
HayaJabHOW (PpOpMBI BO B3aMMOJEMCTBUU MCTEKAIOLIETO U OT-
paskeHHoro CBeTa, MO3BOJIMJIO BOIUIOTUTh MOAEb BceneHHou,
B CTPYKTyp€ KOTOPOM MPUCYTCTBYET MY3bIKAJIbHO-MaTeMaTHye-
CKOE€ YCTPOMCTBO KOCMOCA. DTO TMO3BOIIO OOOCHOBAThH MHOW



B3IJISI]1 HA CYILIECTBYIOIIEE C IPEBHEUIIINX BPEMEH YUEHHUE O KOC-
MHUYECKON MY3bIKE, B OCHOBE IPOSIBJIIEHUSI KOTOPOH, KaK rapMo-
HU3MpYIOIIee HAYaslo, JISKHUT 30J10Toe ceueHrne. EctecTBeHHbIM
o0pa3oM Hallien CBoe BOILIONIEHHe B3MisA Ha Benukyio nupa-
MUy Xeorca, Kak Ha 3eMHOU aHaJIor, B YCTPOMCTBE KOTOPOIO
OTpakeHbI TIPOTIOPIVH B3aMMOCBSI3U TUTIEPKYOa CTPYKTYpHI Ha-
npsokeHus u cgepnl Beenennon Ceera.
«To, umo eeepxy, NOOOOHO Momy, UMmo 6HU3Y

U Mo, umo 6HU3Y, NOOOOHO MOMY, UIMO BEEPXY»
(«H3ympyonas ckpudicanev» I'epmec Tpucmezucm)



1 IIpo6ema Hauagaa
BO3HUKHOBeHUS Bcesennonn CBera

OTIpaBHOI TOYKOH B JIIOOBIX PACCYKIEHUSX OTHOCHTEIBHO
BO3HUKHOBEHHUS U pa3Butus BeenenHoit Certa 10mkeH OBITh OT-
BET Ha BOIIPOC, KACAIOLIUIICS NIEPBOOCHOBBI — TOT'O, YTO IpeIIIe-
CTBOBaJIO co3uanuio Mupo3aanus. [Ipodmema Hauana BosHO-
BaJla YMbl MHOTUX MOKOJIEHU MBICIIUTENIE U OCTAeTCsl OHUM
U3 aKTYaJIbHEUIIMX aCleKTOB KocMosioruu. Ha stor cuer cyme-
CTBYeT JBa (PpUIOCO(PCKUX y4eHUs — Ayaau3M U MoHu3M. Co-
IJ1aCHO NEPBOMY HAIPABJIEHUIO, MPU3HAIOTCSI PaBHOIPABHBIMU,
HE CBOJMMBIMU APYT K APYTy JBa Havasa — ayxa u marepun. Hau-
60Jiee U3BECTHBIM IIPEJCTABUTEIIEM 1yATUCTUYECKUX BO33PEHUI
ObL1 JlekapT, KOTOpBIN ObITHE pa3Aessiyl Ha MBICISIIYIO U IPOTSI-
KeHHy1o cyocTanimu. [IpeacTaBuTesv BTOporo yueHus paccmar-
PUBAIOT MHOToOOpa3ue MUpa B CBETE eJMHON OCHOBHI (CyOCTaH-
1IM1) Bcero cyiero. Beicien (popMort MOHU3Ma SIBJISIETCS IMa-
JIEKTUYECKUI MaTepUajIn3M, UCXOALIUI U3 TOrO, UTO BCE SABJIE-
HUsI B MUPE €CTh HE UTO MHOE, KaK pa3jIn4yHble BU/Ibl POsIBIIE-
HUS JBrKymieics Matepun. Ocoboe 3HaueHre umeeT (pusoco-
(pus [Mnoruna (1995), koropsit cunTe3nposain yuenue [tarona,
ApucToTenisi, CTOMKOB U T€pMETUKOB. B ero Kocmonornyeckon
KapTUHE MPOCIIEKUBAIOTCS IEMEHTHI CUCTEMBI. BokecTBEHHOe
apcTBO UM npeacTaBieHo boxectBenHoi Tpuanoi — Tpemst mo-



crnenoBareibHbIMU cyOctanimsivu (IlepoenuHoe, BokecTBeH-
HbI Pasym — mpIcismasn neponpuuriHa u Beenenckad Jdyma),
OTpaXaIIMMH TIepexo]] OT MPOCTOTO W BCEEIUHOTO K CIOKHO-
MY, HO YaCTHOMY.

[TpuHsATHE TOW WM MHOW TOYKU 3PEHUs] OTHOCUTEIHHO KOC-
MoJtornyeckor moaesm Beenennon Ceera BO MHOTOM OIpefiesie-
HO TIpeJCTaBJIeHueM O camoM Tporiecce cosuaanus. Korna Her
BO3MOXXHOCTH HETOCPEACTBEHHO BOCHPUHUMATh MEPBOOCHOBY,
HEOOXOIMMO 0OPATUTHCS K CIIEICTBUIO TBOPEHUSI — MUPY, OKPY-
*Katormemy Hac. Mi6o B Hem, ObUTO, ecTh U Bcerga Oyner To, YTo
OTpeJIesIsieT JIIObIe MOCTPOCHUS U SIBJISIETCS] OCHOBOW U CKPBITON
NoOyIUTETbHOM TPUUMHOM K co3uaaTeibHoMy aeicTBrio. Co3u-
JaHWe JTI000M MaTepraibHOM CUCTEMbI BOBMOKHO IPH HAJTUIHMH
KaK MUHAMYM JIBYX 00513aTeJIbHbIX KOMIIOHEHTOB — TOTO, U3 UETO
BO3HUKAET MPeAMETHBIA MUP, U CHJIbI, 00eCIIeUMBAIOIICH JIBIIKE-
HUe MaTepuaa. DKCTparoiupys 3To B Mpolioe, korna Beenen-
Hoii CBeTa elnie He ObLIO, MPUXOIMIIL K BHIBOY, YTO COOJTIOZE-
HHE YKa3aHHBIX YCIIOBHMIA ObUIO BOZMOXKHBIM IMPH HAJTMYUH JBYX
HavaJl, MOTEHIMAIbHO HeCYHMX B ceOe 9TU (PyHKITUM.

Takum 0O6pa3om, NMpU3HaBast TBOMCTBEHHOCTb MIEPBOOCHOBHI,
s1 HUKaK He OTOXKJIECTBJISIIO 3TO C CYIIECTBOBAHUEM JIBYX CaMO-
CTOSITEJIbHBIX CyOCcTaHIIMi. B IpOTUBHOM Citydae, KCXO/s U3 CY-
IIECTBYIOIIETO ONPE/Ie/ICHUsI 3TOro aTpruoyTa OBITHSI, HEOOXOIM-
MO ObUIO ObI MPU3HATH [1BE MEPBOOCHOBBI. OHAKO MPHU TAKOM
YCIIOBUM BPsiJl JIU BCce MHOrooOpasue ypoBHel u (opMm 00beK-
THUBHOTO MHUpPA OJIUIETBOPSITIO Obl HEPA3PHIBHYIO U TOC/IEIOBA-



TEJIbHYIO LieNb co3ujaHus. Takoe eqUHCTBO BO3MOKHO TOJBKO
MIPU CYIIECTBOBAHMYU U3HAYAILHO YEr0-TO HEJIEIMMOTO U BCE CY-
miero. CieioBaTellbHO, YKa3aHHBIE BBIIIE Havajia HEOOXOIUMO
paccMaTpuBaTh Kak JiBa TPAHCUEHAEHTHBIX 37eMeHTa EnuHoro.
1o ectb [lepBoeaunsiii — [lepBoe u Equnoe Hauano. “ Hemumn-
HOe Ha4a.n0 8Ce20 eCMb NePeoe, UM BEPXOBHOE, UMEHHO NONOMY,
umo oo — becmenecroe u Abconromno Eouroe, npocmoe » (I1no-
TiH,1995. C. 33). Takoil Moaxoa K MOHMMAHHUIO MEPBOOCHO-
BBI TO3BOJISIET OOBEVMHUTD AYaTMCTHUECKOE U MOHUCTHYECKOE
BO33peHUs. [IBOMCTBEHHOCTh cylHOCTU [lepBoennHoOro — ectb
CKPBITHIN (haKTOP K MHTETPAIIMU JIEMEHTOB €ro CJIaraloiiux.

[lepBoocHoBa 310 Heuto «TO», KOTOpOe He CBA3aHO C Ka-
KOH-TM00 CUCTEMOW M BMeIaeT adCOMIOTHO BCE IJIs CO3MIa-
HUS (TTIOCTPOCHUS CHCTEeM). SIBJISISICh CYyOBEKTOM 110 OTHOIICHUIO
K OOBEKTY TBOPEHHMS, KOHKPETHOTO M OIPAaHUYEHHOTO, KaK JII0-
0ag crcTeMa, OHO €CTh HE UTO MHOE, KaK «... Eounas, Abconom-
Has /leticmeumenvbHoCmb, KOMopasi npeouecmayen 6cemy npo-
s8nenHomy u ycaosromy Cywemy. * (bnaBarckas, 1991. T. 1.
C. 48).

Besnecymnocts 1 O6ectipenienbsHOCTh [lepBoeuHOro ornpee-
JIeHa OTCYTCTBUEM KAKOW-JIMOO OpPraHU3allMOHHOM CBSI3U MEX-
JIy ero 3JieMeHTaMU U, CJIeI0BATeJIbHO, OTPAHUYEHHI B UX pac-
npoctpanenuu. Ho, Kkak U3BECTHO, B MUPE CUCTEM CBSI3b HEBO3-
MOKHa 0e3 JBMKEHHS. 3a CYeT ero MPOUCXOAUT OObeTUHEHUE
37IeMeHTOB B cucteMy. CTaHOBUTCSI OYEBUJHBIM, UTO JIBUXKE-
HHe, WM TPOIecC, HeOOXOAUMO TIOHMMATh KaK Tepexojl Iep-



BOOCHOBBI M3 HECUCTEMHOI'O COCTOSIHUSI K UHTETpaIluy JIeMeH-
ToB. C 3TOM MO3UIMM M3HAYAILHOE COCTOSIHUE IEPBOOCHOBBI
JOJDKHO XapaKTepU30BaThCsl A0COMOTHBIM TIokoeM. OHako ao-
COJIIOTHOCTb 3TOTO YCJIOBUSI ITPABOMEPHa /1151 TPOSIBJIEHHOT'O MU-
pa, HO Ha HOyMEHAJIbHOM YPOBHE OHAa OTHOCHUTEJIbHA.

JI7151 OCO3HAHMS 3TO OCOOEHHOCTH HEOOXOIMMO 0OpaTUThCS
K TaKMM Ba)KHEUIIUM MOHATUAM (punocodpun ApUCTOTeNs, Kak
akT ¥ noreHiys. CBOMM y4YEHUEM O JAEUCTBUTEILHOCTU U BO3-
MOXHOCTU 3TOT JpeBHerpeueckuit puiocod BBET B OHTOJIO-
TUI0 TIPUHIIAT pa3BUTHS. «BO3HUKHOBEHUE» OH OOBSICHSIET Ue-
pe3 BBeJIeHUE TIOHATH S aKIUJICHTAILHOTO He OBITHS, I OTCYT-
ctBust (popmbl. Tak, ApUCTOTENH MO-CBOEMY OTPa3UJl CBOMCTBO
MIEPBOOCHOBBI, KOTOPOE B CUCTEMHOM TOAXOAE TOXKIAECTBEHHO
OTCYTCTBHIO KaKOU-TMOO opraHu3aruu. Beib akiaeHws o3Ha-
YyaeT HeCyIIeCTBEHHOE B TPOTUBOIOJIOKHOCTh CYyOCTaHIIMOHAb-
HOMY, UJIU CYIIIECTBEHHOMY, U SIBJISIETCSI HECUCTEMHBIM 00pa30-
BaHHUEM.

[Mepexom ot HEOBITUS K OBITHIO APHUCTOTETh OOBIICHSIET KaK
nepexo/l OT MOTEHIIMATBHOTO COCTOSIHUS K aKTyaJIbHOMY COCTOSI-
Huto. Eciu 310 cootHecTH ¢ anementamu IlepsoeauHoro, To ajist
MOCJIeA0BATEIbHOIO MEPEBO/IA UX B AKTYaJIbHBIN PsAJl HY)KEH UM-
nyJibC. [ToOyIuTeTbHBIMY IPUYMHAMH TSI STOTO JOJIKHBI OBITh
Henb n Naes, BoruiommeHne KOTopsix faet popmy. IMEHHO K Ta-
KOMY MMOHMMAaHUIO MPUYMH BO3HUKHOBEHUS CyOCTAaHIIMOHAIBHO
cywero npuuien Apucrorens. Maes u Llens um TpakTyorcs Kak
JIBa U3 YeThipex Hauaj. OcTajbHble COOTBETCTBYIOT YKAa3aHHBIM



BBIIIIE SJIEMEHTaM.

Ecimu ucxoguth U3 ITBOMCTBEHHOCTH MEPBOOCHOBBI, TO BO3-
HUKaeT BOIMPOC, KAKOW U3 JIByX JIEMEHTOB MOI' CTaTh HOCHUTE-
nem Wnen. OTBeT Mbl HaiiieM, €CJIi CHOBA 0OpaTUMCs K CyITHO-
ctu co3uaanusi. HeBodmoxxHo peaninzoBath Maero aJist 1ocTrxke-
Hus llemm 6e3 nukenus. CienoBaTenbHO, JEMEHT, HeCYIUn
B ce0e 9TO MOTeHIMAIbHOE CBOMCTBO, IOJKEH BMEIaTh yKa3aH-
HbII aTpulyT pasyma. CornacHo yueHuio « TaitHON JJOKTpUHBD»,
C HUM JIOJKHO OBITh CBSI3aHO aOCOTIOTHOE, A0CTPAKTHOE JIBUKE-
HIe, TIpeJiCcTaBsioee Oe3ycnoBHOe co3HaHue. Peus uzer o 60-
*kecTBeHHOM Jlyxe, MOTEHIMSI KOTOPOro K aKTUBHOCTH (TIPOSIB-
JIEHUIO CO3HAHUSI) POSIBIISIETCS B BO3MOKHOCTH MEPUOAUYECKO-
ro ucreyenus sHeprun AdcomorHoro Ceera. [Ipu atom IlepBo-
€/IUHBIA OT TOTO HUCKOJIBKO HE M3MEHSIETCS U OCTaeTcsl B TO-
Koe. D10 “ Edunviii Beenernckuii Ceem, komopblii 015 uenoeka
ecmob Toma...» «Tema 6 ee KopeHHOM Mmemaghu3uuecKkom OCHoO-
eanuu, ecmo cyb6wvekmueHblil u avcontomuwiii Ceéem....» (bnasar-
ckas, 1992. T. 2. C. 416; 1991, T. 1. C. 117).

dyHKIMIO BTOPOro 371ieMeHTa BhinonHsieT [Iporomarepusi, ko-
TOpasi MaccuBHa B cBoell cymHocT. Ee «Oe3paznuuue» Heoo-
XOVIMO OTOXAECTBIIATh C MOHSTUEM Xaoca, KOTOPBHI B psife
JPEBHUX KOCMOJIOTMIA ITPUITMCHIBAETCS 3TOMY eMeHTy [lepBo-
enuHoro. CUCTEeMHBIN MOAXO/I MO3BOJISIET BHECTU HEKOTOPYIO SIC-
HOCTb B IOHMMaHHUE TaKOTo COCTOsIHUA. [[j1s1 3TOr0 HeodXonumMo
YSACHUTB, YTO XaOTUYHOCTh [IpoToMaTepuu mposiBisieTcsi B mac-
CHBHOCTH €e caMoil K ce0e, T. €. OTCYTCTBUU CBSI3U MEXKJIy ee



JIEMEHTAPHBIMU YacTsIMU. Takoil MOAXO MpeAroiaraer cyiie-
CTBOBAHUE JIByX YPOBHEN OObeIMHEHUsI MOTEHIIMAILHO aKTHUB-
HOTO U MAacCUBHOTO 3jieMeHTOB [lepBoeanHoro Ha myTu oOpa-
30BaHUs cUcTeMbl. [lepBblii ¥ BBICIINI (CyOCTAaHIIMOHATBHbIN)
MpeyCMaTpUBAET BbIBOJ IEPBOOCHOBBI U3 HEMTPATBHOIO COCTO-
SIHASI TIyTeM OOpa30BaHUsl ONOCPEOBAaHHOW (Uepe3 cuity Oe3-
YCJIOBHOT'O CO3HAHM ) CBSI3U MEXK/1Y JIEMEHTAMMU, YTO TIO3BOJISIET
BBECTH JBMKEHUE (JIENICTBUE) B CO3UAATEbHbIN npouecc. bia-
rofaps atomy [lepBoeuHbIN, Kak erHasT PeabHOCTh, U3 00Ma-
CTU aOCTPAKTHOTO MPOCTPAHCTBA MPOSIBIISIETCS] B POCTPAHCTBO
CO3HAHUSI-CUJTbI.

Bropoii ypoBeHb (MaTepuasibHbIii), KaK YyXe ObLJIO CKa3aHo,
MpeyCMaTPUBAET YCTAHOBJIEHUE MPSIMOM CBSI3U MEK/1y YaCTsAMU
Matepuu. B mposiBlIeHHOM Mupe, rie BO3BHUKHOBEHUE U CYIIIe-
CTBOBaHHUE MaT€pPUAJIbHBIX CCTEM CTaJI0 BOZMOKHBIM Oylarofapsi
JBUKEHUIO U TOJIKO €My, COCTOSIHME Xa0Cca TaKKe UMEET MECTO
Y BO3HUKAET MPU HApyUIEHUH CUCTEMHOCTH (TOpsijiKa) B Jei-
CTBMM. DTO IPUBOAUT K Pa3pbIBy CBA3EU MEXKIY JIEMEHTAMH,
Y KaK UTOT — K UX XaOTUYECKOMY JIBUKEHMIO.

Bce ckazaHHOE BblllIE OTHOCUTENBHO MPEJAKTOBOIO COCTOS-
Hus [lepBoeauHoro Oyner HEMONHBIM, eciu, 3aberas BIiEpes,
0co00 HEe OTMETHTh IJIaBHOE CBOWMCTBO AbOcomorHoro Caera.
CBoMM TEPUONYECKUM MCTEUYEHHUEM OH CIIOCOOEH BOCIpPUHU-
Mmartb [lepBoe Hauano uepe3 poxaenue ot Hero. ITnotun (1955)
B CBOEI KOCMOJIOTHH 3TO COCTOSIHUE OOBSCHSIET KaK MPOIIECC CO-
3epuaHusa uim npossiaeHusa boxecrBeHnoro Pasyma. B muane



JATLHEUIIIETrO CO3UIaHUST OH CTAHOBUTCSI MBICJISIICH TTEPBOITPH-
YUHOU.



2 OT 3HepreTUYECKON TOYKH
K cuioBon cpepe CBera

«H ckazan Boe, da 6yoem ceem,
u cman ceem» (boimue. I'a. 1)

2.1 loaspuzanus [lepBoeauHOroO

JlaB KpaTKyl0 XapaKTEePUCTUKY IPEJAKTOBOIO COCTOSHUS
[MepBoearHOrO, Kak IEPBOOCHOBHI BCETO CYIIEr0, HaM MPEJICTO-
UT PacCMOTPETh Tporiecc co3unanus Beenennon Crera. [pen-
JIO)KCHHBIC HMJKE F€OMETPUUYECKHUE MMOCTPOSHUSI MOJIEIA MUPO-
30aHMsI KaK OAMH M3 METOIOB MPAKTHUYECKOrO OKKYJIbTH3Ma,
Ha MOY B3IJISII, C TIPUBJIEYEHUEM MeTa(pU3MIecKOro KJroJa mo3-
BOJISIET OCO3HATh HE TOJIBKO pEealIbHOE CYIIECTBOBAHUE TPAHC-
IIEHJICHTHBIX KOpHEel TBOPEHUSI, HO M B OIpejieIeHHON Mepe 1aTh
UM Hay4dHoe oObsicHeHue. [1o cyTH, Mbl UIMeeM JeJIO C IeMEH-
TaMU CaKpaJIbHOU TeOMETPHH, KOTOpasi B CBOEH CYIITHOCTH OTpa-
’KaeT MPOCTPAHCTBEHHO-BEKTOPHBIE TIOCTPOCHUSI.

HauHeM c oTBeTa Ha BOITPOC, KAKUM 00pa30M IPOUCXOJIUT I1e-
pronnyeckoe ucreueHre AdcomorHoro Ceera. [[1s 3TOoro He0o-
XOIVIMO BepHYThCs K nonsitusim Mneu u Lenu kak moOyaureisb-
HBIM TIPUYMHAM TIepexofa OT HeOBITUS K OBITHIO. 3aMKHYThIC



MeX Ty COOOM, OHU CTAHOBATCS N3HAYAIBHBIMU ITOJTIOCAMU, MEK-
Iy KOTOPbIMM BO3HMKAET HaMNpsiKeHHe, Mo CUjie BMellaioliee
MOIIIb BCETO, YTO OYJIET MPOSIBJIEHO TOCIIe.

YroObl CymuTh, KaK CTaJ0 BO3MOXHBIM 0ObenuHeHue Maen
u Llenmu, oOpatumcs Kk pa3MbliieHdsIM JIeHOHHIIa OTHOCHUTETBHO
JaBvkeHus1. OH MPUILET K 3aKJIIOUEHUIO, © ... Umo 6ce 6 npupooe,
npasoa, MONCHO 0OBACHUMb MEXAHUUECKU, HO CAMU MeXaHuue-
CKUe UCXOOHble HaUaAa 3a6UCSIN OM MemagPu3uUUecKux U HeKo-
MOpPbIM 00PA30M MOPANBHBIX HAYAN, A UMEHHO OM CO3ePUAHUS
npoussoosieli u koneurou npuuun...» (1982.T. 1. C. 214). Vka-
3aHHBIE TIPUYUHBI U €CTh HE YTO MHOE, Kak Mnes u Llenb, oxBa-
yeHHble MbIcsien [lepsonpuunnoit. [Ipu sToMm nepBast npuyu-
Ha JleTepMuHUpyeTcsi boxkecTBeHHbIM PasymoM ripu oco3HaHumn
uM llenn, kakoBou siBisiercs [lepBoenuueiid. B aTom 3akimoua-
eTcs nposieyieHue boxkecTBEeHHOro Yma, ero MblIIIeHHS.

MoskeT BO3HMKHYTh BOIIPOC, KaK MOXHO OCO3HATh TO, YTO
OecripeniesibHO. Beb MbIIIUIEHHE COCTOMT B CO3EPIIAHUN MBIC-
JIMMOTO, a 3HAYUT KOHKPETHOro W KoHeuHoro. Cremyer Oxu-
natb, uyto Llenb — 3TO HEYTO KOHKPETHOE, OTpaskaroliee CyIIl-
HocTh [lepBoenuHoro u aerepmuHupoBaHHast uM. Eciu K 3T10-
My 100aBUTh, 4TO UcTeueHne AOcomorHoro CBera u co3epiia-
Hue boxecTBeHHbIM PazymoM OIHO U TO ke, TO ClIeyeT JIornye-
ckoe 3akmouenue, uto Llens [lepBoeanHoro sBisieTcs: mepBbIM
3BEHOM LIENH MTPUUMHHO-CIIEICTBEHHBIX CBSI3ell B 00pa30BaHUU
dopmbl ugeu.

Jlnst oGnerdeHust BOCIIPUATHSI CMBICIIA BBIIIIECKA3aHHOTO, T10-



npoOyeM HHTEepPIpPeTUPOBaTh 3TO TOCPEICTBOM TMPUBJICUCHHS
AQHAJIOTWI W3 MEKTPOAVUHAMUKHN U APYTUX Pas3/ieiioB (PU3MKU.
Ho mpex/ie HeOOXOAUMO MPHUHSTh K CBEACHUIO OJIHY BEJIHMKYIO
UCTHHY: UCTeKalomuid AOcomoTHe CBeT ecTh Bce HaYaJlbHAs
sHeprus [lyxa, koTopasi JIeXXUT B OCHOBE MPOSIBJICHUSI BCETO CY-
IIero, MPUYAcCTHOrO K ObiTHiO0. Bee OecunciienHoe pazHooOpa-
31€ BUJIOB SHEPIUM, U3BECTHBHIX M HEM3BECTHHIX YeJIOBEUYECTBY,
€CTh TIPOM3BOIHOE OT 3TOro GoxkecrBeHHoro Ceera. MpICeH-
HO MpeJICTaBuM, 4To OecnipenebHast [IpoTomarepus ecTh TpaHC-
nieHaeHTHoe nose (puc.l), rae [lepoenuHsiii, mpeObBast B ca-
MOM cele, criocoOeH Oe3 Kakoro-iauOo IBMKEHHSI, a TOJIbKO
3a cYeT BHYTPEHHEro HarpsiKeHusl — nposiBiieHust Bonu, cgop-
MHPOBaTh U3 CBOEH Oe3rpaHMYHON TyXOBHOM MOTEHIIMH TOUYEY-
HbIM 3apsAn Lleny, oTpaxamoimmi ero equHylo CylHoCcTb. boxe-
CTBO, OCTaBasiCb HEM3MEHHBIM, TPOSIBUT CBOIO OECKOHEUHOCTh
Y €IMHCTBO B KOHEUHOU U €IMHOU SHepreTudyeckou Touke. O Hen
B 3oxape ckazaHo: “ Hedeaumas Touka, He umerowsas npedena
U KOmopasi He modicen 0bimv NOHSIMA, NO NPUMUHE CEOELl YUCMO-
moul U APKOCMU, PACNPOCMPAHUNACL CHAPYICU BHYMPb, 6155
sapkocmsv, komopast nocayxcuna Heseuoumori Touke [loxkpoeom»
(bnaBarckas, 1992. T. 2. C. 439).

AKKYMYJIMPOBaHHMEM B TOUKY YaCTU CBOETO OECIpe/ieIbHOTO
JTyXOBHOTO noteHIuasa [leppoeanHbiii OCyIecTBUII CBOM O0Ke-
CTBEHHBII 3aMbICeNl B 0003HaYeHUU ceOs1 Yepe3 TO3UTUBHBIN 3a-
psaa Llenu — nputsrarenbHbii HeHTp co3uganus Beenennon Cie-
Ta. Tak GeckoHeuHas1, im 6e3rpaHUYHAs IepBasi MPUUYNHA JIajia



ObITHE MIEPBOMY M KOHEUHOMY WJIM OTpaHUYeHHOMY. B 310t 13-
HAaYaJIbHON MPUIMHHO-CIIEICTBEHHON cBs3u Mnest Gecripenens-
HOM cpepbl HEOBITHS ObLJIA BOILUIOIIEHA B TOYKE, KOTOpasi 1o Cy-
TH CBOEH ecTh cpepa, cxarasi 10 HEBEPOATHO MaJIbIX 110 KOCMHU-
YECKUM MEpPKaM pa3MepoB.

Touka, Kak OTHO W3 OCHOBHBIX MOHSITUN T'€OMETPHUU, OJIH-
HeTBOpSIIolee eIMHCTBO Havasia U KOHIIa, Ha MeTapu3ndeckoM
YPOBHE CUMBOJIU3UPYET SHEpreTuueckoe Hayasno. OHa ecTb rpo-
SIBJIEHUE CO3UJATEIbHOTO 3apsi/ia B LIENU TPUUMHHO-CJIE/ICTBEH-
HBIX CBSI3€H, OMPE/IENMBIINX BIOCIEICTBUN TOPSAKN OBITHSI.
BBuay nputdratenbHoM CWiIbl 3TOM MeTapU3MYEeCKOM TOYKHU
IPOIIeCC CO3UIAHUS M3HAYAIBHO ObLT HAMpaBJIeH Ha Hee U BO-
KpYr Hee. DTUM caMbiM ObLITM CO3[]aHbI YCTIOBUS JIJ1s1 TIOJTHOM 3a-
BrucuMoctu Beenennoi Csera ot Lienu [lepsoeaunoro. menHo
00 310l nogunHeHHocTu ropopu [Tnotun (1995) B cBoeM BO3-
paskeHUr APUCTOTEITI0 OTHOCUTEIBHO HavaJl (MpUHIMIOB). B cu-
JIy OCHOBOIIOJIATAIOIIETO 3HAUYEHH S STOTO aCTIeKTa OBITHS TOIbI-
TaeMcsl PaCKpPbITh HOYyMEHAJIbHYIO TPUPOAY MPUTSTaTEIbHOU CU-
JIBI 3apsijia CO3UIAHUSI.

Haunewm c toro, 4yto 0co00 akIeHTUpyeM BHUMAaHUE Ha TOY-
Ke, KaK Ha TIOHSITUH LIeHTpa OyayIIer CUCTEMBI. DTO 0OCTOSITETb-
CTBO TIPEIoJiaraer, 4ro Jodoe CO3MJaHNUE OTHOCHTENHHO Hee
OyeT 3aBepIIeHHBIM TOJIBKO MPU JBUKEHUM TI0 KPYTy. “/deudice-
HUe, K KOMOpomy CmpemAeHUue Hanpaeasiemcs, eCmo Kpy2080e,
ubo Kpye ecmov Haubonee cogeputenHas gpopma.... Haubonee co-
BEPULEHHAS, BbLIUEONUCAHHAS. (POPMA OONHCHA ObIMb NOCMOSIH-



HO KPY2080Li; MO eChb, OHO OOANCHO UCXOOUNMb OM UEeHMPA K ne-
pucpepuu, u om nepucpepuu x uenmpy» (bnasarckas, 1991, T.
1, C. 167). Takoe nmpeacTaBjieHUE O HAPABJIEHHOCTH JAECUCTBUS
HE TTPOCTO aOCTPaKIMS, a UMeeT MyCTh TPAHCIIEHEHTHOE, HO pe-
asibHOE BoruioiieHre. OHO MOATBEPKAAeTCs HE TOIBKO MOCIeI0-
BaTEJIbHOCTBIO 0Opa30BaHMsI CHCTEMbl CO3HIAHUS, HO M CaMOu
Bcenennoi Caera.
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Puc. 1. Ionspuzauus [leppoeauHOro: a — HaBeIEHHBIA TOYEY-
HBII 3aps co3uganust; 6 — Jlyx (IoTeHIMa bHO aKTUBHOE Hava-
710); B — [IpoTomarepus (1accuBHOE Hayaso); T — UcTeueHue Ao-
comotHoro Cgera ([lyxa)



Enn IIporomarepuio NpuHATH 3a TPAHCLIEHACHTHBI HE UMe-
IOIUI KOHIIOB MPOBOJHUK, TO B MOMEHT HaBe/IeHUsI B TOUKY
3apsaa Llenw mpou3oiaeT mposiBjieHue OJHOTO U3 TOMIOCOB U,
KaK CJI[ICTBUE, BOKPYT HEr0 BOZHUKHET BUOPAIIUsI IOTEHINAITb-
HO aKTUBHOTO 3jieMeHTa — Jlyxa, 4To rnpuBeeT K KCTeYeHu o AD-
comotHoro Caera (cBeToBast amuccusi) (puc. 1). B nonumanuu
[TnoTrHa 3TO pokAeHre BTOpol cyocTaHiuu. Dmanaruio CBera
MOJKHO B OIpEJIeIEHHON CTEeIIeH! CPaBHUTH C IIPOIIECCOM IJIEK-
TpU3ALIUY MaTepUAILHOTO ITPOBOJHUKA MTPU MPUKOCHOBEHUHU €T0
K 3apsKeHHOMY Teny. Mbl 3HaeM, 4TO B 3TOM CiTydae Ha KOHITax
MIPOBOJHUKA BO3HUKAIOT OJMHAKOBBIC MO BEJWYMHE W pa3HbIe
1o 3HaKy 3apsapl. Ecim kakuMm-to 06pa3oM co3iaTh pa3HOCTb
MOTEHIIMAJIOB, TO B TPOBOJHUKE BOZHUKHET IEKTPUUYECKUIA TOK.
Hagenenue IlepBoenvHbiM 3apsiaa JEUCTBUSI MOXKHO HPUHSTh
Kak (popMHUpOBaHKE TOJIOKUTEILHOTO mosoca. Ho 1y1st BO3HUK-
HOBEHHSI KaKOro-auodo JABMKEHHUS HEOOXOIMM BTOPOM IOJIIOC,
HE PaBHBII MO BEJIMYMHE U MMPOTUBOMOIOKHBIN N0 3HaKy. [1pu-
YeM, €CJIU MPOBOJIUThH AHAJIOTHIO C MAaTEePUATbHBIM MPOBOAHU-
KOM, TO TOYKU TPUJIOKEHHUST OOOUX 3apsIOB JOJKHBI OTCTOSAThH
JPyT OT ApYra, 4TO SBJISACTCS OIHUM U3 00S3aTeJIbHBIX YCIIOBHMA
JUTs1 BOBHUKHOBEHMSI PA3HOCTU MOTEHIINAJIOB.

Jlnst Toro 9roOBl OTBETUTH HA BOMPOC, KAKUM 00pa3oM CTa-
JIO BOBMOKHBIM BBITIOJTHEHHE BCETrO KOMIUIEKCA TIePEeUIHCIEHHBIX
YCJIOBUM, HEOOXOAMMO OTMETUTH OJIHY MPUHIIMITNATIBHO BAKHYIO
ocobenHocTh. OHa cBsi3aHa ¢ McTteueHreM AOcomoTHoro Ceera,



6arogapsi KOTOPOMY IMPOUCXOAUT KOHBEKIHS (TIEPEeHOC) YacTh-
yek naccuBHou Marepuun Martpukc. B pe3ynbrate BOKpYr Touey-
HOTO 3apsiia JeUCTBUSA U3 HUX (popmMupyercs cBeTsieecs cde-
pUUecKoe «00JIaKo», KOTOPOE CTAHOBUTCS CyOCTAHITMOHAIBHBIM
HOCHUTEJIEM TOTEHIMATIOB OTPUIATEILHOTO 3HaKa. HensOexHo
MPUXOIUIIIb K aHAJIOTUY U3 HAIlero MarepuaibHoro mupa. [lon
BO3JIEMICTBUEM COJIHEYHBIX JTyYeH C BOIHOU MOBEPXHOCTHU 3€MJTU
BMECTE C BOCXOISAIIMMY TOKaMH TeIlia B atMocdepy nepeMeria-
I0TCSI MeJTbUaMIIie KareabKH BOJIbl, U3 KOTOPBIX 00pa3yoTcs 00-
JlaKa.

Takoe cpaBHeHUE MO3BOJISIET OCO3HATH, UTO Benukumu Bona-
mu [IpocTpaHcTBa, 0 KOTOPBIX HEOAHOKPATHO TOBOPUTCS B « Taii-
Hou [IokTpuHe», Ha MeTtapuznyeckoM ypoBHe siisieTcs [Iporo-
marepusi. IMeHHO 9T0 aOCTpakTHOE KEHCKOe Havajio IMof BO3-
JeVCTBUEM BUOPHUPYIOIIETO TOJIOKUTETLHOTO 3apsiia BhISIBIISICT-
csl U KOHIEHTpUpYyeTcs Oarogapsi UCTEKaloeMy pekocMuye-
ckomy Terty — AbcomorHomy CBery. BoT kak 3TOT Hauab-
HBIM 3Tall BO3HUKHOBEHUS BceeneHHOM B ajuieropuyeckon op-
Me onuchiBaetcs B « TaitHou [loktpune: “IIpexcoe uem menavie
ayuu, ucxooaugue u3z Ooumenu Ceema, npooyosim Hcu3Hs 6 Be-
aukux Booax I[Ipocmpancmea, evisensitomest Inemenmeol Ilepso-
20 Teopenus, u uz nux oopasyemcsi Beauxan Umup uau Epzenv-
mup (oyxeanvro Kunsuas I'nuna) Ipeoseunas Mamepus, oudp-
gpeperyuposannas uz Xaoca» (bnasarckas, 1992. T. 2. C. 527).

W3 cka3zaHHOrO BbIIIE CIEAYET, YTO MOJ BO3JEHCTBUEM IIO-
JIOXKUATEJILHOTO 3apsaaa gercrsus [yxa npoucxogut guddepen-



muaiust [Iporomarepun 1 CBeTa U 3TH NIEMEHTbI, O0beNHEH-
HBIE B 3TOM IIPOLIECCE TPUYNHHO-CIIEAICTBEHHOU CBA3BIO, U3 HEW-
TPAJILHOTO APYT K JAPYTY COCTOSIHUS 3aHUMAIOT MOJISIPHBIE MOJIO-
KeHUsA. DTO KAUECTBEHHO HOBOE COCTOSIHUE NIEPBOOCHOBBI, J€-
JIatoIiee ee TPaHCIIEHAEHTHBIM MPOBOAHUKOM. C 3TOro MOMEHTa
B aCIMEKTe YKa3aHHBIX JIEMEHTOB, COOTBETCTBEHHO, MTPUOOpeTa-
I0T CBOe MeTapu3rueckoe ObITHE MYKCKOE M KEHCKOEe Havaua.
OHM CTaHOBATCS HOCUTEJISIMUA Pa3HbIX 0 3HAKY 3apsi/IOB.

Kak yxe ormeuasnock, ucteuenre AdcomorHoro CBeTa 1 rnpo-
spieHre boxectBeHHoro Pazyma Ha merausnueckoM ypoBHE
SIBJIEHUS TOXK/AECTBEHHbIe. B 3TOM cityyae naspHeilee cosep-
uanvie Llenu [lepBoenvHpIM IPUBEJET K YBEIUUEHUIO C(heprye-
CKOT'0 «00J1aKa» 0 TUTAaHTCKUX Pa3MEPOB C MAKCUMAJIbHOW KOH-
ueHrpauyen IIporomarepun Ha nepudepun. 1o U €CThb TOT I0-
kpoB Henenumont Touku, 0 KOTOpOW TOBOPUTCS B IPUBEIEHHON
BbIITIe CChbUTKE U3 « TaiHoi JJokTpuHb». IMaHaiuss AOCOTIOTHO-
ro Ceera oT 1eHTpa K nepudepuu nporucxonut B ¢opme cde-
puyeckoil BoHbl. ToueuHbIH 3apsi Kak Obl pa3myBaeTcs B ce-
Py, IPOEKIIUA KOTOPOM €CTh Kpyr. B 3TOM 3akiouaercs 330Te-
PUYECKUI CMBIC] IPUYNHHO-CJIECTBEHHOW CBSI3U TOUKU U KPY-
ra. Ecmu uepes snepreruueckyio Touky IlepBoeauHsiii 0603Ha-
uni cebs kak [lenb, To mytem Tpancdopmainu ee B cepy Obia
niposipiieHa Mies ero GecripeieIbHOCTH. “ Dmom 60rvutotli kpye,
KOmopblii c600umcsi Bocmounvim 330mepuzmom K mouke 6Hym-
pu becnpedenvhozo kpyea, u ecmov Asanoxumewapa, Jloeoc uau
I'nazon, o komopom 206opum T. Cyo6oa Poy ” (bnaBarckas, 1992.



T. 2. C. 530). B st0i1 cBsi3u MHeHue [1noTrHa 0 ToM, uTO “ UY8-
CMBEHHOoe CO3EPYUAHUE MOHCcen OblMb CPABHUMO C AUHUEL, d YM-
cmeerHoe — ¢ kpyezom» (1995. C. 23) HaxoouT OTpakeHUe B MO-
€M IIpeJCTaBIeHUU (POPMUPOBAHKS MBICIIAIIEN IEPBONPUYNHON
o6paza [epeoequnoro — Unen Cepsr.



2.2 ®opmupoBaHne OMIOJSIPHOM
cchepuueckon cucremnl CBeTa
KaK NPOosiBJIEHHUE BbICIIIEr0
HepreTuueckoro Tpueanncrsa

W3 OCHOB 27IEKTPOOMHAMUKYN U3BECTHO, YTO JIEKTPUUYECKUN
3apsJ — 3TO UCTOYHUK NIEKTPUUECKOTO I0J151, CBA3aHHBIM C Ma-
TepUaIbHBIM HOCUTEJIeM. YCTaHOBJIEHO, YTO NP TMPUOIKe-
HUM OJHOMMEHHBIX U PAa3HOMMEHHBIX 3apsi0B, COOTBETCTBEHHO,
IIPOMCXOZIUT OTTAJIKMBAHUE U ITPUTATMBaHUE. Takoe B3anMonen-
CTBHE MEXKIy 3apsiaMu OObBSCHSETCS CYIECTBOBAaHHEM 3JIEK-
Tpuueckux cwi. Eciu 310 Tak, TO NOHATHE 3apsiia OTOXKIECTB-
JISI€TCsl C MMOHSATUEM cuIbl. [Ipy 9TOM JI0JIKHO CYIIeCTBOBATD /1Ba
BUJA CWJI — OTTAJIKUBAHMUA U NPUTSKEHUA. TONBKO MPU TaKOM
YCJIOBUM BO3MOKHBI PA3JIMYHBIE CJIEICTBUSA UX B3AUMOJEUCTBUS.
Ho 31ech BO3HMKAET NPUHUMIMAIBHBIA BOIIPOC OTHOCUTENIBHO
uX npupoabl. MOXHO MPeanonoKuTh, YTO pa3Hble CUJIbI CyIIe-
CTBYIOT HE3aBUCUMO JPYT OT Jpyra, Tak Kak IpuHaIjIekar pas-
HBIM MaTepUaJIbHBIM HOCUTENAM. Eciau 310 Tak, TO HE BO3HHU-
KaeT nmpoOJieMbl OTHOCUTEJIBHO CYITIECTBOBAHUS HOCUTEJISI CUJTBI
orrankuBanus. Mcreuenne AdcomorHoro CBeTa WLTIOCTPUPY-
€T HaM ero MeTa(pu3nyeckoe MposABJICHUE B CAMOM HavaJle TBO-
penus. Nm saenserca [lyx, yepe3 kotopbiii IlepBoenunsbii mpo-
SBJISIET CBOIO BOJIIO, KOHLIEHTPUPYS €r0 B SHEPTETUUYECKYIO TOU-



Ky. EcTecTBeHHO, YTO BEKTOp CHIIBI IPU 3TOM Oy/IeT HarpasjieH
OT Hee. DTO HaXOAUTCS B COOTBETCTBUH C TIOHSATHEM MOTEHIINA-
Jia IeCTBUS. 3aKOH aHAJIOTUU YKa3bIBAa€T, UYTO TAKOW MPUHIIMIT
JIOJKEH JIeICTBOBATh Ha BCEX YPOBHSX OBITHS.

OnHaKO B MPOTUBOIIOCTABIIEHUH C CYIIECTBYIOIIUM B TIPU-
pozie TIOTEHIIMAIOM AEWCTBUSI HE MPEACTaBIISIETCS] BOZMOKHBIM
HE3aBUCHMOE CYIIIECTBOBAHUE HOCHUTENSl CUJIBl TPUTSKEHUS.
B mpoTtuBHOM ciyyae BEKTOp TaKOW CUJIBI ObLT OBl HampaB-
JIH Ha HEro, 4To MPOTHBOPEUYMUT TOHATHIO 3apsifa, CBSA3aHHO-
IO C KOHLIEHTpAlMen, Il MOCIEAYIOIEd OTIa4l MOTEHIHAIA.
Takoe HeCOOTBETCTBUE CHUMAETCS, €CIM TIPETIONOKUTh CYIIe-
CTBOBaHHE JBYX CHJI KaK CJIE/ICTBUS IByX COCTOSTHUI OJTHOTO Ma-
TepHaJbHOTO HOCUTeNsA. B 3TOM ciyyae MX HEoOXOOMMO pac-
CMaTpUBAaTh KaK Mapy CUJI, CBSI3aHHBIX MPUYUHHO-CJIEACTBEHHON
cBs3bl0. OIHA U3 HUX TIOPOXKJIAET CBOIO MPOTHUBOIMOIOKHOCTb.
CBs13b TIPOTHBOIIOJIOKHOCTEN BO3MOXHA, €CIIM OHU SIBJISIIOTCS
3JIEMEHTaMU OUTIOISIPHON CUCTEMBI.

371ech MBI TIOJIONUIM K BAXKHOMY MOMEHTY, TpeOymoiemy 0o-
Jiee IeTaIbHOro paccMoTpenus. Heo6xonqumo 1ath OTBET, B Ka-
KOU Mepe TPUHIIUI CUCTEMBI U TIOHSATHE CUJIBI CBS3AHBI MEXIY
coOoit Ha MetausrueckoM yposHe. [Ipu 3TOM crenyer ydecTb,
4TO CHJIa, KaK Mepa MEXaHUIeCKOTO JAeHUCTBU S, MOKET ObITh IPO-
SIBJIEHA TOJILKO B MPOTHBOJICHCTBUM C OOBEKTOM TMPUJIOKECHUS.
B nportuBHOM ciyyae OHa OcTaeTcsl TOJILKO MEpOW MOTEeHIINU
K JIEUCTBUIO. B Mupe MatepraibHBIX CHUCTEM 3TO YCIIOBUE BBITION-
HseTca 4yepe3 Tperni 3akoH HploToHa, mpegycMmarpuBarolim,



YTO NP B3aMMOJENCTBUM JIBYX TeJl IECTBUIO BCErAa COOTBET-
CTBYET PaBHOE Y MPOTUBOIIOJIOKHO HAIPABJIEHHOE MTPOTUBOEH-
ctBue. B 3TOM cityuae cuia mposiBisieTcs uepe3 o0pa3oBaHue A1-
HAMUYECKOUW CUCTEMBbI U3 JIBYX TeJl, U OHa B PAaBHOU CTENEHU SIB-
JIsIeTCs MEPOU, KaK JIJIsl IEUCTBUSA, TaK U JJIs1 TPOTUBOICHCTBUS.
CrnenoBatenbHO, MOKHO YCJIOBHO TOBOPUTH O TOJIOXKUTETBHON
cuie neiictBus CBeTa ¥ OTPUIIATENILHOM CUJjle TPOTUBOACUCTBUS
naccuBHou [IpotomaTtepuu. OiHaKO BO3HUKHOBEHUE MOCTIeTHEN
CHJIbI BO3MOJKHO TOJILKO Yepe3 oTpakeHue Certa.

He BbI3bIBaCT COMHEHMS, YTO BEKTOPHI CHJIbI JICHICTBUS Ha-
BeIeHHOrO 3apsiaa Llenu, craBiero nojoKUTeIbHBIM TOTIOCOM,
OyayT HampaBJieHbl Ha cepy. B 310l cBsA3M cieyeT oxuaaTh,
YTO BEKTOPbI MPOTUBOJCUCTBYIOIIEN CHJIBI OydyT HarlpaBJieHbI
HaBCTpevy BeKTopam NepBoui cviibl. Ecim 310 Tak, T0 HE0OX0am-
MO TIPU3HATH, YTO JIaHHAas cepa SIBISIeTCS MECTOM MTPOSIBJICHU S
3TOM cwiibl. Toraa Mbl UMEeEM JIeJIo ¢ OTpULIaTeNIbHBIM cheprye-
CKHUM T1oiIocoM. Ho 3To MpoTUBOpEYHT MOHATHIO TIOTIOCa BOOO-
111e, KOTOPbIl B FTEOMETPUIECKOM BbIPAKEHUHU SIBJISIETCS TOUKOM —
KpailHUM TMPOSIBJIEHUEM Yero-To AUaMETPATIbHO MTPOTUBOIIONOK-
HOT'O Ha JPyroM KOHIIe UX OOIIEH OCH.

He comHeBasich B TOM, YTO HOCUTEJIEM OTPUIIATETbHON CHIIbI
sBisiercs [IpoTomarepusi, MPeICTOUT AaTh OTBET HA BOMPOC, Ka-
KHMM JIOJDKEH OBbITh B HEW TIOJIIOC MPOTUBOAEUCTBUA. Ecim yum-
THIBATh, YTO cpepuyeckasi CHMMETPUSI B JIGUCTBUU CBETOCHJIbI
TOYEeYHOro 3apsiaa yxa BO3MOXHO TOJbKO MPU BO3HUKHOBEHUH
BOKPYT Chepbl MONOKUTETHHON CHJIBI HEOOXOMMMOTO KOJIYe-



CTBA TOUYEYHBIX IMOJIIOCOB OTPHIIATEIBHON CHIIbl. B 1ieoM BO3-
HUKaeT cpepruyecKkasi 3epKajibHO-CUMMETPUYHAs CUCTEMA, IIIe
cepe ucrekaroiero Adcomornoro CBeTa 10 KHBI TPOTUBOCTO-
SITh cpepbl €ro OTpaxkeHusl, paBHbIE YMCITy OTPULIATEIbHBIX TO-
JIIOCOB. DTO OJMH U3 aCMEeKTOB MposiBJieHUs TBopsiero Ceera.

[IpoBeneM MpoCToi IKCIEPUMEHT MO MOJECIUPOBAHUIO MPO-
1iecca 00Opa3oBaHus IyTU KaK YaCTU OKPYKHOCTH CUJIOBOTO Kpy-
ra, MpeJCTaBJISAIONIEr0 ABYXMEPHYIO MPOEKINI0 chepbl, YTOOBI
000CHOBATD ITO MpernonokeHue. Takou Moaxoy He CIyvaeH, Tak
KaK BBISIBJIEHUE CUJI, MO3BOJISIIOIIMX AYT'€ OCTaBaTbCsl COTHYTOM,
JJaeT BO3MOXXHOCTb B LIEJIOM CYJUTh O XapaKTepe pachpenese-
HUSI 9JIEMEHTOB CBSI3U B PacCMaTpUBaeMOW CHJIOBOW CUCTEME.
Bech sKcnieprMeHT COCTOUT M3 MIECTH MOCIeOBATEIbHBIX ITa-
0B, rpapuYecKu NPEICTaBICHHBIX Ha pucyHKe 2. [Ipeamnomno-
KM, MBI IMEEM YIIPYTYIO CITUILY, KOTOPYIO HEOOXOMMO COTHYTh
B nyry. [IpenBaputebHO BO3bMEM JPYrylo, Oojiee JIMHHYIO CITH-
Iy, pacrojioXkKHB €€ M0 BePTUKAIU U CTPOro IMocepearHe mep-
Boit. CoelHUM 00€ CIUIIBI )KECTKO B TOUKE UX mepecedeHuss M
(puc. 2.a). BeptukanbHas cnuia B SKCIEPUMEHTE SIBJISIETCS] Ma-
TEPUATTM30BAHHON JIMHUEN HANPSKEHHOCTH, OTHOCUTENILHO KO-
TOpPOM B TOUKe M NPEeICTOUT COTHYTh TOPU3OHTAJIBHYIO CIIHILY.
JLJ1s1 3TOrO COEAMHUM €€ KOHIIbI BeKTOpamu HaTskeHuss AO u BO
C IIIAPUKOM, HAHU3AHHBIM Ha BEPTUKAJILHYIO CITUILY U UMUTUPY-
I0IIMM TOYKY MOJIOKUTENBHOTO 3apsija. [lepemernas ero, cornem
TOPU3OHTAJIBHYIO CHMILY B JYT'Y U TEM CaMbIM IPUBEAEM CHUJIO-
BYIO CHCTeMY B padouee COCTOsTHUE.



JanpHewiee MOJeIMPOBaHUE CBSI3aHO C BBISIBJIGHUEM BCEX
BO3MOKHBIX KOMOWHAIIMI JIEMEHTOB CBSA3U CAJIOBON CHUCTEMBI,
Onaroziapsi KOTOPbIM IIPU CHSITUU BBIIIIEYKa3aHHBIX BEKTOPOB Ha-
TSKEHUS U CLIETJICHUS] CIUIL B TOUKE UX NepeceyeHus ayra Ha-
MPSKEHUST OCTAeTCsl B HEM3MEHHOM COCTOSIHMM. Takou 1mojaxoj,
Ha MO B3[JIs1[1, TO3BOJISIET OCO3HATh META(hU3UUECKYIO TPUPOTY
JYTU HATIPSDKEHUS KaK 4acTy CHJIOBOTO Kpyra.

Ha pucynke 20 mpeacraBieH BapyuaHT, KOTJA P BHIMOJTHE-
HUW OTMEUYEHHBIX YCJIOBUM JIyra HampspKeHUs HE MEHSIET CBOe-
IO COCTOSIHUS 32 CUeT ABYX COIJIACOBAHHBIX OMEpAaIHii: C OTHOM
CTOPOHBI, (PUKCAIIMU IApUKa B TOUKe O U MPOBEICHUS OT HEero
BJIOJIb BEPTUKAJIBHOU CIIUIIBI K AyTe HalpsiHKEHUsI BEKTOpa JKeCT-
koctd OM, a ¢ Apyroi CTOPOHBI, — COEAMHEHUsI KOHIIOB AyT1
BeKTOpamH kecTKocTd O’A v O’B, paBHbBIMU 110 MOJIYJTIO [IEPBO-
MY BEKTOPY, OT TOUKH O Ha BEPTUKAJILHOM CITHIIE C TPOTHUBOIIO-
JIO)KHOU cTOpoHBI. B 00pa3oBaBIlieiicsi CUIOBOM CHCTEMe Harpsi-
JKEHUE UCKOMOMW Iyrvl TpaHC(hOPMUPOBAHO HA TPU OTMEUEHHBIX
BEKTOpa, U3 KOTOpbIX onuH (OM) npuHuUMaeT (pyHKIMIO CHJIBI
nercTBus, a 1Ba Apyrux (O’A u O’B) — QyHKIMH COCTABJISIIONINX
CWJIbI MPOTUBOAEUCTBUSI. Takoe TeXHUYECKOe BOIUIOIIEHHE 1103~
BOJISIET CIENIaTh MEePBbI BHIBOM, YTO Ha MeTa(hU3UIECKOM YPOB-
He TTpyu 0Opa30BaHUM TyTH HATIPSIKEHUSI KaK YacTH OKPYKHOCTU
CHJIOBOTO KpyTa IOJIIOC OTPHIIATESIbHOW CHJIBI Oy/IeT HaXOAUTh-
cq B Touke O, 3epKaJIbHO-CUMMETPUYHOM TOUKe O MPOSIBIEHUS
MOJIOKUTETLHON CHJIBI IEVCTBU L.

Tenepb Mbl HECKOJIBKO U3MEHUM YCJIOBUSI SKCTIEPUMEHTA, 3a-



MEHUB BEKTOP MOJIOXKUTEIbHON cuiibl OM Ha ABa Ipyrux BeK-
Topa xkecTkoctd OA u OB, coeguHuB UMU TOYKY O C KOHLIAMU
ayru (puc. 2.B). Kak Mbl BuauM, 06pa3oBaH mapajuiesiorpaMm
MPOTUBOACUCTBYIONTUX CHJI, Ofarogaps KOTOpOMY Ayra Harmpsi-
JKEHU S COXPaHSIET CBOE COCTOSTHUE. DTO J1aeT OCHOBAaHUE C/iesaTh
JPyroi MPUHIUINAIBHO BaKHBIA BBIBOJ OTHOCHTEIBHO METa-
(pm3ukuM paccmarprBaeMon cua0Bou cucteMbl. CTaHOBUTCS O4Ye-
BUJIHBIM, UTO KPYroBasi CAMMETPHSI B IEUCTBUU TOJIOKUTETbHON
Y OTPHIIATEJILHOM CHJI 32 cYeT OOBEIMHEHHS UX COCTABJISIOIIIX
B MapajuIeJIOrpaMMbl CONPSIKEHUS ¢ OOIIMM JIJISI HUX TTOJTIOCOM
B IIGHTPE CUCTeMbl. B 3TOW CBA3M eCcTecTBEHHBIM OyIeT BOIIPOC
OTHOCHUTEJIbHO KOJIMYECTBA TaKUX (PUTYpP, KOTOPbIE MOTYT ObITh
BKJIIOYEHBI B CUCTEMY.
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Puc. 2 MopenvupoBaHue mporiecca 00pa3oBaHUsI IyTH CHJIO-
BOT'O Kpyra 1 MeTa(pu3M4eCcKni acrieKT KOCMOJIOTMYECKOTO CUM-
BOJIa OYKBBI «A»



Hanuuue conpsikeHHOM CBSI3U MEXY MOJIOKUTEIbHBIM U OT-
PULIATEJIBHBIM TIOJIIOCAMU CBUIETENLCTBYET, UYTO AOJIKHA CYIIE-
CTBOBAaTh MOJAOOHAS CBSI3b M HA YPOBHE AYT MPUJIOKEHUS CHT
JEUCTBUS U TPOTUBOAEUCTBUSA. DTO CIEAYET HE TOJIIBKO U3 Ieo-
METPUYECKUX IMOCTPOEHU, HO M HAXOAUT MOATBEPKICHUE B KC-
nepuMenTe. Ecny B34Th ele 0qHy aHAJIOTUYHYIO CITULLY U, IIPEeJ-
BAPUTEJILHO 3aKPEIUB €€ KOHIIbI B TOUKaX A U B, COTHYTb B MpO-
TUBOIIOJIO)KHOM HAITPaBJICHUH BEKTOPOM skectkoctu O’M’, To
IpU CHATUM BEKTOpOB OA u OB BTOpas yra OCTAHETCA TaKkKe
6e3 u3meneHus (puc. 2.r). HakoHell Ky IbMUHAIIMOHHBIM MOMEH-
TOM B 9KCIIEpUMeHTe OylIeT COeAMHEHUE TPy KUHAMU B HATSIKe-
HUE TOYEK NepeceueHust Ayl C BEPTUKAJIbHOW CIULEN (JIMHU-
€l HaNpsIKEHHOCTH) U CHSITHE OCTABUIMXCSl BEKTOPOB KECTKO-
ctu O’A 1 O’B, UMUTHPYIOIIUX COCTAaBJISIONIME OTPUIIATETbHOM
cuitbl. OOpa3oBaBIIAsCS CUCTEMa U3 3epKaIbHO-CHMMETPHYHBIX
YT COXPaHSIET CBOE HAIPSI)KEHHOE COCTOSIHUE 3a CUET CHUJIBI CO-
KpaleHus NpyxuH (puc. 2.1).

OObeTMHUB BCE BBISBJICHHBIC JIEMEHTHI CBS3H, MBI TIOJTY-
YMM HE MPOCTO MapasuleorpaMM NPOTUBOAEUCTBYIOIINX CUJI, —
nepes; HaMM NpPeJCTaHeT YIUBUTEbHAS MO CBOMM XapaKTepH-
CTUKaM (BO3MOXXHOCTSIM) 3€pKaJlbHO-CUMMETPUYHASI CUCTEMA.
Ha puc. 2 npencrasinena gjuarpaMMa U3 KOTOpOW BUJTHO, YTO pac-
CMaTpuBaeMas CUCTEMa COCTOMT U3 JBYX TPEyrojpbHUKOB OAB
1 O’AB, CHMMETPUYHBIX OTHOCHUTEILHO MX OOIIEro OCHOBAHUS
AB, KOTOpO€ SIBJISIETCSI POEKIMEN JIByX COIpPsIKEHHbIX OYI Ha-
npsikeHusi. I3 reomeTpum U3BECTHO, UTO JUHUA AB, coequHs-



01as1 KpaillHUe TOYKU JIYTH, SIBJISIETCS] XOPIO — CUMBOJIOM Ha-
MPSDKEHMUSL.

Ecnu BHUMATENBHO MPUCMOTPETHCS K PUCYHKY, TO MOXKHO
YBUJETh, YTO IO CBOEW KOHCTPYKTUBHOW OCOOEHHOCTH U TIPUH-
UMy AEWCTBUS AaHHAs CUJIOBAas CUCTEMA MPEACTaBIISIET MeTa-
(pm3ryUeckuil aHaIOT JIyKa, BCEM U3BECTHOTO CTPEIKOBOTO OpY-
xkus. Ho Kak Bellie ObUIO OTMEUYEHO, 3TO 3€pKaTbHO-CUMMET-
pUYHasi CUCTEMa M IO3TOMY C JIYKOM MOJIOKUTEIbHOU CUJIbI
JeUCTBUS, PEICTABIEHHOro ceKTopoM OAB 1 BEKTOPOM-CTpe-
7ol HanpspkeHus: OM, conpsbkeHa TMONOOHAst KOMIIEHCAITMOH-
Hasl IPOTUBOJICUCTBYIOINAs NofcucTemMa — cektop O’AB ¢ BEeKTO-
poM-cTpesioit Hanpsokenust O'M’.

OxBarbiBasi B3MJISIAOM CUCTEMY, MOKHO MBICIIEHHO MpeAcTa-
BUTh JIMHAMUKY COMNPSDKEHHOHN CBSI3U JIBYX MPOTHUBOAEUCTBYIO-
IIMX CUJI M MpoLecc TpaHC(hOpMalu HABEAEHHOIO TOYEYHOIO
3apsia IEUCTBUS B CUJIOBOU TPEYroyibHUK OAB, KOTOpBIN B CHU-
JIy cBoed MeTa(pu3nyecKOr CYIIIHOCTA BMECTE C OTPULIATEIbHON
COCTABJIAIOIIEH €CTh HE YTO MHOE, KaK NapasuIeIorpaMM COMps-
’KEHHBIX MPOTUBOMAEHCTBYIOMUX cuil (puc. 2.x). Bunen azore-
PUYECKUI CMBICIT MTPEBPAIEHUS SHEPTETUUECKOM TOUKU 4Yepe3
TOYKHM CONPSIKEHUS YT NPUIOKEHUS MONOKUTEIbHON U OTPU-
LATEIbHOW CHJI B TIPSIMYIO JIMHUIO HAMPSIKEHUs, IepeMelieHre
KOTOPOU OT TOUKHM CO3UAAHUS B MPOLIECCE YBEIUUEHUS CUIIOBO-
ro TpeyrojbHUKa oOpasyeT miomaab. O0 3Toi HOyMEeHaJIbHOM
MIPUPOJIE CBSI3U TOUKH, IPSMOU | TUTOIIAM roBopUTcs B “ Taii-
Holl [lokTpuHe». Bot kak 00 stom mumer JI. ImurpueBa B cBo-



UX KOMMEHTApUSIX K 9TOMY MOUCTUHE OE3J0HHOMY MCTOUHUKY
3HAHUW — CUHTE3y HayKH, peaurud u puiocoduu: “ O, mouka!
Beauxoe Ilpeo nauanvroe TPU. Tot — He moavko Yucno, mol —
llepevuii, Hoeanvhwiii, Tpeyzonvhuk 6 Kpyee, poscoaeus éce zeo-
mempuueckue gouzypol u ucaa, komopwie 6yoym meopums Mup,
kak moavko npociemcs [Lrowaoo Kpyea» (1992.T. 1. C. 68).
Kaxnas kocMororus, rjie Obl OHa HU 3apOJUJIaCh, HAUMHAETCS
¢ Touku, Kpyra, TpeyronpHuka, Kagpara u uucen or 1 g0 9.
He siBiisiercsi UCKJTIOUEHUEM U TIpe/jiaraeMasi YuTaTesio MOJIeIb
Bcenennon Caera. IlepBble miaru 1mo MOAEIMPOBAHUIO STOrO
nporiecca yOeauTeJIbHO TIOATBEPXKIAI0T, YTO YKa3aHHbIe apXau-
YECKME CUMBOJIbI UMEIOT MECTO B paccMaTpyBaeMon MeTau3u-
yeckol cucreMe. OHU OTpaxaloT MOCIeq0BaTeIbHOCTh (DOPMHU-
POBAHUSI SHEPTETUIECKUX CBA3EW B 00Pa3yIOIIENCsl CHCTEME CO-
3UJaHKS. YUUTBIBasl aKTyaJbHOCTh STOTO BOMPOCA, 3[1ECh U Ja-
Jiee TOMbITKA MaTepUaM30BaTh I30TEPUUECKUE 3HAHUS 4Yepes
pacKpbITUE B JIOCTYIMHBIX aBTOpPY Ipenenax (puU3M4eckoll Kap-
THHBI KOCMOJIOTUM Oy/IET COTPSsIKEHA ¢ HAXOXKIEHHEeM COOTBET-
CTBUSI OTJEJIbHBIX €€ aCMIeKTOB TEM WJIM MHBIM CUMBOJIaM U aJijie-
rOpUsAM. DTO MO3BOJIUT CYJUTh, HACKOJIBKO aPXAUUECKUE UCTUHBI
COBIAAAIOT CO CJIOKUBIIMMUCS B COBPEMEHHOUN HayKe B3IJIsAAa-
MU Ha pa3Hble sIBJICHUsI TPUPOJIbL. [1osBIIsSETCA BOZMOKHOCTH 00-
paTuTh BHUMAHUE YATATENS HA TO, YTO APEBHUE CUMBOJIBI U aJI-
JIETOPUU 3TO HE MPOCTO aOCTPAKTHBIE YMO3PEHHsl, & OTPaKEHUEe
MYyCTh METa(pU3UUECKUX, HO PEaJIbHO CYIIECTBYIOIIMX KOCMUYe-
CKHUX OCHOBaHUM; Clieflysl 3aKOHY €QUHCTBA M aHAJIOTUU, JOKa-



3aTh, YTO HACTYIIJIO BpeMsl OOpaTUTh BHUMAHWE Ha OKKYJIbTHYIO
CTOpOHY NpHpoabl. B Hell GecripeNieNTbHbIN U ellle He3a1eHCTBO-
BaHHBIN TIOTEHIIMAN JIJIs1 TIporpecca vejoBevyectBa. VIMEHHO 3TO
umena B Buny E. I1. BraBatckas, popmyaupys 1iejib CBOEro Tpy-
Ja.

«llugpazop paccmampusan mouxy, Kak RPONOPUUOHANBLHO CO-
OMEeMCcmeyouyto eOUHULe... U OH ONPeoeasin MOUKY, KaK Mo-
HAOY, UMEIOWYIO NONONCEHUE, U KaK Hauano ecex seuiell. [Ipeo-
noAazanoch, UmMo AUHUSL COOMBENMCMBO8ANA OBOUMHOCTIU, UOO
OHa OblAA NPOU3BEOEHA NEPELIM OBUNCEHUEM OM HEOeAUMOI NPU-
poobl U 00pazosana coedureHuem 08yx mouek» (bnaBaTckas,
1992. T. 2. C. 770). JeicTBUTEIBHO, HABEJICHHBIN B TOUKY 3a-
PsIIT CO3UAAHUS OTpaXkkaeT Heenumyto rpupoay [lepBoenuHoro.
Ero Bnusinue ObUIO BOILIONIEHO B (DOPMUPOBAHUN SHEPreTude-
ckoro 1ienTpa Beenennoit Ceeta. Mi3HavuanbHO B CO3UAATEILHOM
nporiecce Onaromapsi JSHCTBUIO TPUHIIMIA MOJNSIPU3ALAN TOY-
KU TPWIOKEHUS TIOJIOKUTETbHON CHJIBI HA JIyre MCTEKAIOIEero
Cgera 3epKajbHO CUMMETPUUYHBI TOUKAM Ha JIyTe ero OTpaxe-
HUS — MeCTe MPUJIOKEHHS OTPUIATEIbHOM CHITBI, Uell 3apsij] KOH-
HEHTPUPYETCS B TOUKE IMOJII0CA MPOTUBOACUCTBUA. CONpsiKeH-
HOE€ TIPOTUBOCTOSIHME CHJI UCTEKAoIero u orpaxkeHHoro Ceera
HAIILJIO CBOE BOILIOIIeHHE B (POPMUPOBAHUU MEXKy HUMU IMPO-
CTPAHCTBEHHOW CYOCTaHIIMOHAJILHON CTPYHBI HANIPSKEHUSI, SIB-
JIAIOIIENCS OCHOBaHMEM CUJIOBOTO TpeyroibHuka. OH JIefCTBU-
TEeJIbHO MJICAJIbHBIN, TaK KaK UMEET CBOE OTpakeHUe, WU IPO-
THBOJIEICTBHE, 6€3 KOTOPOrO HEBO3MOKHO Ha MeTa(pr3NIecKOM



YPOBHE MPOSIBIEHUE CUJIBI.

DTO M €CTb TOT TPEYIOJIBHUK, KOTOPBIA SIBJSETCA OIHUM
U3 MEPBBIX KOCMOJIOTMYECKUX CUMBOJIOB JIpeBHOCTU. OH Onu-
uerBopseTr Beiciyo Tpuany wim TpueguHCTBO Bhiciiero boxe-
cTtBa. B enquHOI CBSI3M ¢ HUM HAXOAUTCS APYTOi CUMBOJ — OyKBa
A. DTOT BOIPOC MOJ, CBOMM YIJIOM 3PEHHMS IETAIBHO PACCMOTPE-
na JI. Imutpuena (1992). Bugenbe 3TuM aBTOPOM IIPUPOJIBI FE0-
METPUYECKOI0 TPUEANHCTBA B YKA3aHHBIX CUMBOJIAX BO MHOI'OM
COBIAAAET C U3J1ara€MbIM MHOIO B3[JISIIOM Ha MeTa(hU3UUECKUI
ACMEeKT KOCMOJIOTHH.

[Ipexae yem paccCMOTPETh UMEIOIIMECS TOUYKU COMPUKOCHO-
BEHMUSI, ITPUBEEM CJISAYIOIINE BBIICPKKH U3 €€ PaOOThl OTHOCH-
TeJIbHO Npupos! Beiciiero boxectsa: “ Ecau vt 6ykea A moena
2080pUMb, MO OHA paccKazana ol credyiouee: “ A —mpuedurivlii
cumeon — /lyx, Mamepusi u Pazym. /o nposiéreHusi MeHsi u3 mpex
Aunuil s 6vina npocmo Eounuyeti, oonoii Jlunueii, A ovina Eou-
Hoe. Tlomom cmana /leyms, nomom Tpems. Mou b6okosvie cmo-
porwl —3mo /lea Hauana Ipupoowt — /lyx u Mamepus, oeéa 1y-
ua, Komopule U3YUaromcs u3 oouieri eepxueti mouxu. yx u Ma-
mepusi no Mepe ux naoeHusi 6HU3 NOCMENEeHHO Pa3beOUHSIONCS
MouM mpemvum acnekmom — Poxamom, — SMUM HCUBLIM OZHEM
Pazyma» (C. 290). “ Ilo mepe pazwsedunenus /Jyxa u Mamepuu
pacmsdcerue 3moi Humu-Poxama docmuzaem npedena, KOmo-
pulii nepecmynums Heavss. Moo, kak moavko cpeounHas AuHus ¢
ASIHCEM HA 3eMAI0», OyKkea A MeHo8eHHO ucuesrem. OHa npespa-
MUMCst 8 PAGHOCMOPOHHUIL MPEY20NbHUK — UMEHHO 8 PAGHOCMO-
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POHHUIL, nomomy umo 3mo — mpueourwlii cumeon» (C. 291).

Yuraremo He MpencraBisieT OOJBIIOTO Tpyaa yOequThCs
B TOM, YTO OyKBa «A» Kak KOCMOJIOTMYECKUI CUMBOJI ITPEACTaB-
JieHa B rpaduueckoM H300paxeHUH YBETUYMBAIOIIECs B pa3-
Mepe paccMaTpyuBaeMoi OUMoNsipHOM cucTeMsl. [[nst ymoOcTBa
BOCITPUSITHS U COOTBETCTBUS BBIIIECKA3aHHOMY Ha pUC. 2.5 OHa
noeepHyTa Ha 180°, Tak Kak MOHATUA BepXa U HU3a Ha MeTapu-
3MUYECKOM YPOBHE CBSI3aHBI C MOHATUSAMU LIEHTPA U nepudepun
Kpyra. BekTopbl COCTaBISIONIMX CUJT IEICTBUS U MTPOTUBOJEH-
CTBUSI — 9TO OOKOBBIE CTOPOHBI ITPOSIBIIEHHOM 1 3epKAJIbHO OTpa-
JKEHHOU OYKBBI «Ax. [IpsiMast HanpspkeHUs (CTpyHA) MeXy HU-
MU — ee TnornepeyHas JuHusA. Eciiu B3Is/10M OXBaTUTh Hayaslb-
HO€ U KOHEYHOE COCTOSIHUE, TO JEMCTBUTEBHO MOXHO YCMOT-
peTh TOSIBJICHUE CHJIOBOM KOHCTPYKIIUH, MIMUTHPYIOIIEH OyKBY
«A» ¢ nocneaywien TpaHcopMalen ee B CUJIOBOU TPEyroib-
HUK.

Terneps HEOOXOMUMO HAUTU COOTBETCTBHUE MEX]y TPEMs ac-
NEKTAMM PacCMAaTPUBAEMOM SHEPreTUYECKOU Tpruagpl 1 CUMBO-
JIM3UPOBAHHBIMU UM yesioBeueckMMH noHsATusM Oten, Marb,
Coin u lyx, Marepusi, Pazym (MbICib). DTO 04eHb BaXkHO, Tak
KaK, YCTAHOBUB HUTb CBSI3M MaTepUAIbHOTO U JyXOBHOIO Ha Ha-
YaJIbHOM 3Tare, Mbl He JOJKHBI €€ YIIYCTUTh IPU JaJIbHEUIIeM
MOJIEIUPOBAaHUM KOHCTPYKTUBHBIX MPEOOpa3OBaHUM, KOTOpPbIE
JOJIKHA TIpEeTepIeTh CUCTEMA CO3UIAaHUA HAa MyTH (hOPMUPOBA-
nus Beenennoit Ceera. [ 3T0ro He0OXOAMMO MOMHHUTH, UTO
YKa3aHHBIE BBIILIE TPYU aClEKTa — 9TO, COOTBETCTBEHHO, CHJIA UC-



tekawomero Ceera ([yxa), cuna orpaxensoro ot [Iporomarepun
Cgera 1 BO3HUKIIIEE MEX/1y HUMU HalpsikeHue. B cuinoBom Tpe-
YIOJIbHUKE, TpapUuecKy MPeICTABICHHOM IapaJuieIorpaMmMOM
COIPSKEHHBIX CUJI, 3TO COOTBETCTBYeT cropoHaM OA u OB, O
‘A u O’B, nuaronanu AB. IlepBble 1Be CHIIBI — 3TO, COOTBET-
CTBEHHO, aKTUBHOE B CBOEU MOTEHIIMU MYKCKOE Ha4aJlo U Mac-
CUBHOE jkeHcKoe Hauaso. [log BoznenctBuem 3apsna [lepsoenn-
HOro 06a Havyasa 4yepe3 BO3HHKIIIEE CUJIOBOE MPOTUBOCTOSIHHE
nposiBuin ce0s1 B boxectBenHoM “ Bpaunom» Corose kak Otelt
u Marp, naB poxnaenue ceoeMy CoiHy (Poxary) — CBETOHOCHOU
MPOCTPAHCTBEHHOM CTPYHE HATSIKEHUSI.

Heob6xoaumo oco3HaTh, YTO B 3TOM mpotiecce norennus Ot-
1a OblTa TposiBJieHa B uctekaomeM CBete, a oTeHIMS Mate-
pu — B ero orpaxenuu I Iporomarepuent. beli caenan nepsbli mar
Kk Bermkomy OObeMHEHUI0 TPOTUBOICHCTBYOIIMX Hadan Cee-
Ta U CUHTE3a UMHU CBETOHOCHOM CTpyHbI HampsikeHus (CbHa).
Ha metaduznueckoM ypoBHE B IByXMEpPHOM MPOEKIMU ITO Pe-
QIM30BaHO B 00PA30BAHMH CHJIOBOTO TPEYTOJNBHUKA, SIBJISIOIIE-
rocsl CTPYKTYpPHBIM 3JIEMEHTOM KPYrOBOM 3€pKaJIbHO-CUMMET-
puyHOH cucteMbl. Ecii 0OpaTuThCst K XpUCTUAHCKOMY YUYEHUIO
o IIpecesroii Tpoutie B Tpex boxectBennbix Jlumax: Orent, Coin
u CsTou [lyX ¥ COMOCTaBUTh €r0 ¢ TEOMETPUUYECKOUN (hOpMaIIU-
3a1uel sHepreTuyeckoro TprueauHCTBa Ha puc. 2.€, TO OHO OyJeT
COOTBETCTBOBATh €r'0 MO3UTHUBHON YaCTU — TPEYroibHUKY OAB.
Beprmna, ocHOBaHUE M OOKOBBIE CTOPOHBI TIpe/ICTaBIAI0T CBsl-
Ty1o Tpowuity.



B 3akiroueHue 3Toy I71aBbl MOKHO CHEJIaTh BBIBOJ, UTO W3-
Ha4yaJIbHO B OCHOBE (DOPMUPOBAHUS CUJIOBOM CHCTeMbI BeeneH-
Hou CBeTa JIeXUT napajljieorpaMM IIPOTUBOACUCTBYIOIINX CHIT
VICTEKAIOILETo M oTpaxeHHoro Ceera. Yepes Takylo reOMETpUIO
BEKTOPHOTO TOCTPOEHUSI OBbUIO IByXMEpPHOE MpOsIBJIEHHE KOC-
MHUYECKOI'0 3aKOHa NojisApu3auuu. B npeaenax stor craTMuHOU
B CBOEM HAITPSIKEHUU MOICUCTEMBI CTaJl BO3MOKEH CUHTES CTPY-
HBbI HATSKEHU 1 TPOCTPAHCTBA.



2.3 OcHOBHbIE TPUHIUATIBI
NPOSBJIEHUSI TeOMEeTPHHA
U CHJIOBBIX XapakTepuctuk CBera

CrenaH nepBbly 11ar, NO3BOJISIOIUI CYOUTh, YTO Ha MeTa(u-
3MYE€CKOM YPOBHE MPUHIIUII CUCTEMbI U3HAYAJIEH, U 3aKJIIOUEH
B MPOSIBJIEHUHU 3aKOHA mojsipu3anuu cuiibl [lepBoenuHoro mo-
CPEACTBOM COTPSIKEHUsI AEUCTBUS CUJIbI UCTEKAIOIIETO U OTpa-
’eHHOro Ceera. ITo npeIonpeaeanio BOSHUKHOBEHUE 3aMKHY-
TOU OMIOJIAPHOM CUCTEMBI, OJlaroapsi KOTOpOW MOSBUJIACH BO3-
MOXXHOCTb JUIsl TiepeBoAa HaBeleHHoro 3apsina Llenw B Waeio
Kpyra 3a cYeT HalpsiKeHUs] BO3HUKILETO MeTapu3nYecKoro cu-
JIOBOT'O TPEYTOJIbHUKA, OJTMIETBOPSIOIIETO BHICIIEE SHEPrETHYE-
ckoe TprueauHcTBO. X04y HAalIOMHUTD, YTO HA JAHHOM 3Tarle MO-
JIeJIMPOBAHMS 17151 IOCTETNIEHHOU a1alTalliy CO3HAHUS Peub UIET
O JIBYXMEPHOM BOCIIPUSITUM KapTUHBI BOSHUKHOBEHUs1 BceneH-
Hou Cgera. Tem He MeHee, yke cerMdac BUAHO, YTO NOJSAPH-
3auus CBera, 0ObeAUHSIIONIAs TPUALY: IEHCTBUE, TPOTUBOICH-
CTBHE M HAIpsDKEHUE HaBevuHO Ipuodpesia cBoe ObiThe. biaroma-
ps1 9TOMY TpeTHil 3akoH Hpl0TOHA MOTyuns1 cCBoe HOyMEHaJIbHOE
POXJIEHUE, U BMECTE C HUM IOSIBUJIACh BO3MOKHOCTD 17151 aKTUB-
HOTO JEHCTBUSA (JIBUXKECHUSI).

C npyroit CTOpOHbI, €C/I TPUHUMATh BO BHUMaHHUE, YTO BO3-
HUKHOBEHHE MeTa(pU3NIEeCKON CUIIOBOW CUCTEMBI U IIPOSIBJICHUE



BoxecrBenHoro Pazyma cyTh OqHO U TO ke, TO TpaHcopMalien
TOUYEYHOro 3apsija Llenn kak ncrouHrka 1yxoBHOro Ceera B Kpy-
roBou 3apsin Mpen Obuta 00O3HAUEHA I'paHMIIA TIOTEHIUATBHO-
IO IPOCTPAHCTBA, B Mpe/eIax KOTOPOro HET ABMKEHUS U JIUILb
TOJIbKO HAIPsI’KEHUE UM CO3EPLIAHKE.

[Iponomkas MOIEIUPOBATh PA3BUTHE BO3HUKILIEW MeTahU3H-
YECKOU CUCTEMbI, MOKHO CKa3aTh, YTO MPU AAJIbHEUIIIEM BO3/IEH-
CTBUM TOJIOKUTEIBHON CBETOCWUJIB JOIKHO MPOUCXOIUTh YBe-
JIMYEHUE ee B pa3Mepe U, COOTBETCTBEHHO, BO3pacTaHUe Harpsi-
JKEHHOCTU CHUJIOBOTO TIOJIsL. DTO 0OPa3HO MOXHO CPABHUTH C pe-
3MHOBBIM 1IAPOM, BHYTPU KOTOPOTO MOMEIIEH UCTOYHUK HarHe-
TaHWs BO3AyXa. ECTECTBEHHO BO3HMKAIOT BOMPOCHI, JO KaKOro
npeziena 1o OyAeT MPOUCXOAUTh U UTO MOCeAyeT aabine. s
OTBETa Ha HUX HEOOXOIMMO JaTh OIIEHKY XapaKTepa pacripe/ese-
HUS TOJISIPHBIX CUJT B TIPEJIENIax CTPYKTYPbl CUJIOBOTO TPEYTOJIb-
Huka Cgerta (puc. 3).

B 3710#i CBSI3U BO3HUKAET BONPOC OTHOCUTENLHO BEJIMYMHbBI
HaBeJICHHOTO 3apsifa co3uganus. Kakum uuciom Oyner orpene-
JIEHO KOJIMYECTBO YCJIIOBHBIX €IMHUIL TOTEHIIMAA, CKOHIEHTPU-
poBaHHBIX B TouKy [lepBoeauHbiM. MHe npejcTaBisiercs, 4uto,
TIPE’K/ie BCEro, OHO JOJKHO OBITh YeTHBIM. MI0O TONBKO Tak MO-
KeT ObITh BHIpaKEHA ero JABONCTBeHHas mpupoma. [Iposisienue
€e yepe3 COMpPsKEHUE CUJT ICUCTBUS U POTUBOJEUCTBUSA TIPE/I-
0J1araeT, YTo OJHUM K3 OCHOBOIIOJIAraloIIMX MPUHLIMIIOB IO-
crpoenus Becenennoi CBera siBiisieTcst cuMMeTpusi. B uucioBom
BBIPAKEHUM OHA HAXOJUT MTPOSIBJIICHUE B YETHOCTH.



Uro kacaercsi caMoil BEJIMYMHBI 9TOrO YKCA, TO B OIpe/e-
JIEHUW ee HeoOXOOUMO MCXOQUTh M3 TPUHIMIA HAYaJIbHOU ca-
MojioctaTouyHOCTH. HeoOxoaumo 3aaymarbcsi HaJl TeM OOCTOsI-
TEJIbCTBOM, YTO JIaX€ B HallleM MaTepUaJbHOM MHpPE IIPU OIpe-
JICJIEHUY BEJIMYMHBI TOW WJIM MHOW (PUBUYECKON XapaKTepUCTU-
KM Mbl UCTIONIb3YEM YHCJIa, KOTOPbIe COCTABJIEHbl U3 COUYETaHMS
ot 1 10 9 enunui 1 ux cymmsl — 10. Bee, 4to cBepx atoro, uaer
KaK MOBTOPEHHE B TOM WJIM MHOM MEpPE 3TUX JECATH KayecTB.
Huxe Oyner mokaszaHo, YTO Ha MeTaU3MUECKOM YPOBHE UHC-
soM 10 onpesneneHo KONMMYECTBO JIEMEHTOB IPOSIBIICHUS JBOU-
CTBEHHOU cuibl boxecTBa.

Ecnu 0ObeIMHUTh yKa3aHHBIE BBIIIE YCJIOBHUS, TO MCKOMBIM
YUCJIOM IODKHO ObITh 28. HeszaBucumo OT TOro, Kakas MOIIb
CO3BMJATENTLHOTO 3apsijia CKPhITa B HEM, HaUepTaHUe ero abco-
JIIOTHOTO BBIPXEHUS COSUHSET HaMMEHbIllee YeTHOE YMCIIO 2,
OIpeIENAIIIEe CUMMETPUIO CUJT JEUCTBUS U TPOTUBOJCHUCTBUSA,
Y 930TEPUYECKYIO0 CYMMY JIECATU KaueCTB — 24-8. KOCBEHHBIM J0-
Ka3aTeIbCTBOM TOTO, YTO YKa3aHHAsl BEJIMUMHA CO3UJATETbHOTO
3apsila COOTBETCTBYET UCTUHE, OyJIET TO, YTO UMEHHO B Hel Mpu
TIOJIHOM PACKPBITUM OUMOJISIPHON cHiloBOi cucteMbl CBeta Oy-
JIET MPOSIBJIEH OCHOBOMOJIAraoNINM 17151 (pU3MUECKOro IiaHa ce-
MEPUYHBII MPUHIUI TBOPEHUS.

[Tpu obOpa3oBaHuM paccMaTpuBaeMoil cdepuyeckoit Oumno-
JIIPHOM CUJIOBOM CUCTEMBI U YBEJIMYEHUY €€ Ha KaXKYI0 €UHU-
Iy IOTEHIMAJIa, 3aTPAYEHHOTO MOJIOKUTEIBHOM CHIJION UCTEeKalo-
mero Ceera, Oy/ieT MPUXOTUTHCS aHAJIOTUIHOE YBEJIMYEHUE OT-



pUILIaTeIbHOM CUIIbl OTpaxeHHoro Ceera. IHpIMU cllOBaMu, CyM-
Ma SHEPruil Kak KOMTM4YeCTBEHHAsl Mepa JeUCTBUS 3TUX CUJT — Be-
JIMYMHA TIOCTOsSIHHASA. BCIOMHUM, 4TO 3TO OHO M3 INIABHEHIITUX
CBOICTB 3aMKHYTOUN (pU3MYECKOU cuctembl. Ee sHeprusi HUKo-
ra He ucue3aeT U He co3aaercs u3 Huvero. [Ipu Bcex siBeHU-
sIX BHYTPHU CUCTeMbI OHA TOJIbKO MTPEBPAIIlaeTCsl U3 OJHOTO BUA
B JPYroil UM MepeaaeTcs OT OHOIO Tela K IpyroMmy, He u3me-
HAACh KOJIMYECTBEHHO. lIpuaepxrBasch 3akOHa aHAJIOTH, TTO-
CMOTpPUM, B KAKOU Mepe ITU MOJIOKEHUsI OTHOrO U3 (pyHIaMEH-
TaJIbHBIX 3aKOHOB MIPUPOJIbI — COXPAHEHHE U MPEBPAILICHUE SHEP-
T'MY — HAIIUTA CBOE BBIPAKEHUE HA HAYAJILHOM Tarle CO3UIAHMS
Bcenennon Caera.

Beliie orMeuanock, 4to Bce HaYasaoch ¢ KoHIeHTpauuu [lep-
BOEJIMHBIM B TOUYKY [IyXOBHOW HEpPruu U (pOpMUPOBaHUS 3a-
psiia co3uaHus. DTUM ObUIO OCYIIECTBJICHO €JMHEHUE CKPbI-
TOI SHEepruu u ee cyOcTaHIMOHAIbHOrO Hocutens. [locnenHuii
Ha SI3bIKE aCTPAJIbHOW MEXaHWKH CTaJl OIHUM M3 JIBYyX Tel Oy-
JyIiei OUToNsIpHON crIoBoM cucteMbl. CYIITHOCTh HaBE/IEHHOU
TIOTEHITUAJILHOW SHEPruv HEOOXOIMMO pacCMaTpuUBaTh Kak KO-
JIMYECTBEHHYIO MEpY COCTOSIHMS elle He MPOsIBJIEHHOW B Je-
crBuM cucteMbl Mexay [lepBoeaunbiM u ero 3apsaom Llenu,
mexay dyxom u ITporomarepuen.



Puc. 3. Cunoson tpeyrosnpauk Ceera

C dunocodcekoii Touku 3penus Llenoe odo3HaumIO ceds ye-
pe3 TMOJIOKUTENTLHBIN 3apsi/i B OTHOW M3 JIByX CBOMX 4YacTei, 0e3



KOTOPBIX OHO HEMBICIUMO. BO3HUKIIIEE COCTOSIHUE XapaKTepu3y-
€TCs1, C OJTHOM CTOPOHBI, OTCYTCTBUEM KAKOTO-JTMOO IMPOSIBJICHHO-
IO JBUKEHMS, 4 C IPYTOM — CKPBITOM BO3MOXKHOCTBIO €ro. Beipa-
’KEHHEM TaKOTO COYETaHUsI CBOMCTB MOXKET ObITh TOJBKO HETO1-
Jamporasics olieHke BuOpanus. B Hee [lepBoeinHbId, KaKk UCTOY-
HUK BHEIIHEW CWJIbI, BJIOXKWJI YaCTh CYMMAapHOIO MOTEHIMAJIA
cBoeli OecrpeieibHOM Motu. 1o u ecth ['osoc, nmm CnoBo, Ko-
Topoe Obuto B Hauane.

Ecmu obparuthcs k Pur-Bene, To u3 nByx HamOoiee 4acto
ynoTtpeoisieMbIX B Hell TepMuHOB Car 1 Acat nepBblii COOTBET-
CTBYET OnMcaHHOMY coctosiHuio IlepBoeauHoro: «...ub6o Cam,
camo no ceoe, ne ecmo Hu “ Cywyee», Hu» boimue». Cam ecmo
HENPenoNCHblll, GeUHO CYuuil, HeusmeHHwvll u eeunvlii Kopenw,
oM KOmopoz0 U 8 cuay Komopoeo ece npoucxooum. Ho smo ecmo
Heumo 20paszoo bonviuee, Hexcea NOMEHUUANbHASL CUNA 8 CeMe-
HU, ycmpemasouyas npoyecc pazeumus ...~ (bnaBarckas, 1997.
T.4.C.8).

Takum oOpa3zoM, Ha MeTa(pU3MUECKOM YPOBHE MBI BHUIMM
MOATBEPXKJCHUE, YTO SHEPrUsl KaK KOJIMYECTBEHHAs Mepa Jei-
CTBUSI BO3HUKJIA HE U3 HU YEro, a MpOosIBUJIACh U3 BEYHOU U Oec-
npenesbHON cuiibl TlepBoenuHoro, Jiexkarieid BHE KaKOH-THOO
cucTeMbl, MO0 OHa ecTb Bce. KoHIleHTparmeil ee B SHepreTu-
YeCcKyl0 TOUKY OBUIO CO3[aHO HEOOXOAMMOE YCJIOBUE IS TIO-
CTpOEHMSI 3aMKHYTOW cuiioBoil cuctembl. [locieanee oOctos-
TEJILCTBO CTaJI0 OCHOBOIIOJIATAIOIIEH TPUUMHON COXPaHEHM ST Be-
JIMYUHBI HABEJIEHHOTO 3aps/ia CO3MIAHMS B IMpeAeax CUCTEMBI



IpU NOCIEAYIOUIEM MpeBpallieHuu SHepruu. Tak yepe3 MpHH-
IIUIT 3aMKHYTOUN CUCTEMBbI COXPAHEHHUsI 3aKOHBI TIPUOOPENN CBOE
TPAHCLEHJAEHTHOE CYIIIECTBOBAaHUE, a JIorajaka (gpuinocodoB-Ma-
TepUAIMCTOB aHTMYHOCTHU O HAIMYUK HEU3MEHHOTO (CTaOMIIbHO-
r0) B BEYHO MEHSIOIIEMCSI MUPE — CBOE MOITBEPKICHHE.

INocnenoBasiee 3ateM ncredeHre AocomorHoro Csera mog
BO3JICMCTBMEM BUOpaluM 3apsifa JAEWCTBUS CBUAETEILCTBYET
o TpaHcopmaimu Jlyxa B cocrosinue apuxenus. [Ipu atom no-
TEHIIMaJIbHAsI SHEPrusl BUOpAIMK IIpeBpaIiaeTcss B KMHETHYe-
CKYIO SHEPIyio 3MaHaluuu. B 3Tom nporecce Takue NOHATUS Kak
MaTepusi, JBUKEHUE U SHEPrUsl HaXOIST CBOE MEepBOHAYAIbHOE
Borutonienre. Ha meradusuueckom ypoBHe n3HavaibHblii CBeT
yepe3 CBOE OTpakeHHe MPeACTaBiseT NepBoe MPOsiBJICHNE Ma-
TEpUaIbHOM CWJIbI (TOYHEE CBETOCWIIbI) AercTBUsA. OH SIBIISIET-
cs TeM MoJsipu3aTopoM, Onarogapss kotopomy IIpotomarepus
u JlyX U3 HEUTPaJIbHOTO OTHOCUTENILHO JIPYT JIPyra COCTOSIHUS
3aHUMAIOT MOJIsIpHbIE, a [lepBOOCHOBA B 11€JI0M B 30HE JEHCTBUS
CTaHOBUTCS MOJISAPU3OBAHHOM.

C oOpa3zoBaHueM Ayrd Kak 4acTH OKPY:KHOCTH TTPUJIOKEHUS
JIJIST TIOJIOXKUTEIbHOM CUJIBI McTeKamolero CBeTa U BO3HUKHOBE-
HUEM B COMNPSIKEHUHU alleKBaTHOW AYTY NPUJIOKEHHUSI OTPUILIA-
TEJIbHOW CWJIbI €r0 OTPAXKEHHS MPOU30LUIO MPOSBJIECHUE TPaHC-
LIEH/ICHTHOU SHEepreTnyeckou cucreMbl. C 3T0ro MOMEHTa MpUH-
LUIT MOJISIPHOCTU CUJI MOJIyYUJT CBOE MeTa(pu3nuecKkoe poxkje-
Hue. OH B COYETaHWM C 3aMKHYTOCTBIO CUCTEMBI MpeoIpesie-
JIWJT BO3MOKHOCTB TIEPEX0/IA OT OIHOTO COCTOSIHUSA K IPYTOMY —



OT OTHOHM CWJIBI WJIM SHEPruv K Apyroil m Haodopot. Tem ca-
MBIM B OCHOBY CO3HWJIATEJILHOTO Tporiecca ObUT TOJIOKEH OCHO-
BOIIOJIAr A0V 3aKOH OOPHOBI TIPOTUBOIOJIOKHOCTEN, KOTOPBIN
HEYKOCHUTEJILHO JIEHICTBYET Ha BceX ypoBHsIX ObiTusl. Bo Bcex
Clly4yasix OH OTpaXkaeT MPHHIIUI JEeUCTBUSI OUITONISIPHOUN CHCTe-
MBI, HE3aBUCUMO OT YPOBHsI ee opranuzanuu. LlemsoctHocTb Ta-
KOU CHCTEeMBbI a0COJTIOTHA, MO0 3JIEMEHTHI, ClIaraiolue ee, CBs3a-
HBI KaK MIpUYMHA U cieacTsre. Ham mpeacrout yoeautsesi, Ha-
CKOJIBKO TaKO€ TMpeJICTaBIeHre 00 OCHOBe opranu3anuu Beenen-
Hoi CBeTa COOTBETCTBYET JICUCTBUTEILHOCTH.

Ho npexne HeoOXOIMMO OTMETUTH, UYTO B MIPOTUBOJCUCTBUN
oTrpaxxeHHOro ot ITporomarepun CBera Kak CJIEICTBUE Ha JE-
CTBME WCTEKAIOIEro OT 3apsiia co3ujanusi Ceera 3aJl0kKeH
CMBICJT BTOPOTO U3 IBYX YKa3aHHBIX Bblllle TEPMUHOB. Peub naer
00 Acar, mpuposa KOTOpPOro 3akJio4yeHa B CleayIonen auiero-
pun «TartHou [lokTpunbl» : «Cam poycoaemcesi om Acam, u Acam
nopoxcoaemcsi Camom — UCMUHHO, HENPECMAHHOE OBUNCEHUE
8 Kpy2e; Ho, mem He MeHee, SMOo Kpye, Keaopamypa Komopozo no-
cmuzaemcest auuts npu evicovatiwiem Ilocesuenuu ...» (braapat-
ckas, 1997. T. 4. C. 8). Ee MO)XHO MHTEpIPETUPOBATh KAK CUJTY
ucrekawouero Ceera (Car), pokJaoILylocs 4Yepe3 CBOe OTpaxke-
Hue (Acar), a cuity orpaxkeHHoro Cera (Acar), NpOsIBJISIONTY-
10cs1 nocpeacTBoM ucrekarwoiero Cera (Cart). B atom 3akimoueH
MeTapU3NYECKU acTieKT TBOMCTBEHHOM cuibl CBera npu ¢op-
MUPOBAHUM CUJIOBOTO Kpyra (cdepsi).

Bo3sBparasice K OIleHKe paccMaTpUBAEMOUM OUTIONSIPHON CH-



crembl CBeTa, MOKHO CKa3aTh, YTO C MEPEMELEHUEM OT IOJIO-
JKUTEJIBHOTO TOUEYHOTO 3apsiia CONPSIKEHHBIX YT ITPUIOKEHUS
CHJI IeMCTBHS M POTUBOAEICTBUS Oy/IEeT MPOUCXOIUTD IIPEBpa-
IIEHUE KMHETUYECKOW 3HEPrMU pacKpbiBaolenicsa yactu OAB
CHJIOBOTO TPEYIOJIbHUKA B IOTEHIMAIbHYIO SHEPTUIO COITPOTUB-
JIEHUS €r0 KOMIeHCAIMOHHO! YacTu O’AB. YucieHHO OHa paB-
Ha pa0oTe, KOTOPYIO CTPEMUTCSI COBEPILUTD OTPULIATEIbHAS CUJIA
TI0 NIEPEMEILEHNIO CUCTEMBI B UCXOJHOE COCTOSIHUAE — JI0 ITOJTHOTO
CIIMSIHUA QYT HAIPSKEHUS ¢ TOYEYHBIM 3apsaaoMm aeicteus. Cre-
JOBaTeJIbHO, IOTEHUMS MTPUTATATEIbHON CUJIBI LIEHTPA CUCTEMBI
3aKJII0YEHA B MPUYMHHO-CJIEICTBEHHOIN CBS3M MEX[Y IMOJIOKU-
TEJIbHBIM M OTPULATENILHBIM TOTI0CAMU IIPOTUBOJEUCTBYIOIIUX
cui Ceera.

HecoMHEHHO, MBI IMEEM [IEJIO C KOHCEPBAaTUBHOM CUCTEMOM,
TaK Kak paboTa JIeHCTBYIOUIMX B HEM CHJI 3aBUCUT TOJIBKO OT Ha-
YaJILHOTO M KOHEYHOTO ee nojioxeHus. Ilox aeiicreuem KoHeep-
BaTUBHBIX TOJISIPHBIX CHJI, COOTBETCTBEHHO, COBEPIIAETCS I0-
JIOKUTENbHASL U OTPUIIaTeIbHast padoTa, KOTopask B 3aMKHYTON
cucTeMe B CyMMe paBHa Hy/0. Kak WM3BECTHO, MpU JAEWCTBUU
TOJILKO KOHCEPBATUBHOM CUJIbl padoTa SIBJISETCS €IMHCTBEHHOM
Mepoil u3MeHeHus1 3Hepruu. [lostomy npu yBelIW4yeHUM [aH-
HOU MeTa(pU3NIeCKON CUIIOBOM CUCTEMBI OHA OTPaXaeT U3MEHE-
HUE JBYX CONPSKEHHBIX SHEPrUil — SHEPruu 3apsija JeicTBUs
Yl SHEPIUU 3aps/ia POTUBOAEUCTBUS.

Ha pucynke 4.a HamIssAHO BHUIHO, YTO HA KaXJayl0 YCJIOB-
HYIO €/IMHUILY MOTEHIIMaNa, 3aTPAYeHHOrO MOJIOKUTETBHOU CH-



JIOH, SHeprusi 3apsijia ISHCTBUS Ha Ayre MPUJIOKEHNUs] YMEHbIIIa-
ercs, a MOTEeHIMaJIbHAS SHEPrUs 3apsia MPOTUBOAEHCTBUS yBe-
muuuBaercs. [1pu 3ToM B niepBoM cilyyae coBepiiiaemasi padoTa
Oy/IeT ONOKUTENILHOM, a pUpaIlieH!e MOTEeHIMAaa SHEPIUU OT-
pUIIaTENTbHBIM, TOTIa KaK BO BTOPOM — HA000poT. B 3T0M CcBSI3M
HEen30eKHO MPUXOAUIIG K 3aKII0UEHHIO, YTO B XapakTepe pac-
npejieieHus MOTEHIMAIOB B KOCMUYECKOM CUIJIOBOM TMone Ce-
Ta MPOCJIEKUBAETCS ONpe/Ie/IeHHAs aHAJIOTUsI C pacipe/ieieHueM
MIOTEHINAJIOB B JIEKTpHUECKOM Tosie. Kak M3BeCTHO, OTEHIH-
aJl ToJIsl TIOJIOKUTENIBHOTO 3apsijia YMEHbIIAETCS NPpU YIaJIeHUN
OT 3apsja, a NOTeHUMAJ OISl OTPULIATENIBHOIO 3apsiia — yBe-
muuBaercsi. OIHAKO B TOHUMAHUM TIPUPOJBI TIONIOKUTEILHOTO
Y OTPUILIATEILHOTO 3apsI/IOB MpejijiaraemMasi TPaKTOBKA OTJINYAET-
Cs1 OT TAKOBOM B COBPEMEHHOU (PU3HKE.

Bpiiie Obu10 OTMEUEHO, YTO Ha MeTa(U3nYEeCKOM YPOBHE Ma-
TeprasIbHble HOCUTENU TOJIOKUTEIbHON Y OTPUIIATESIbHOW CHUIT
(3apsAIOB) HEOTHENMMBI JIPYT OT JIpyra Kak MpUYdHA U Clie/l-
crBue. OHU TIPEACTABIISAIOT COOOW eMHYI0 OUIIOJISIPHYIO CHCTEe-
My, IPOSBIISS AyaJUCTUUECKYIO MTPUPOAY U3HAYATIBHOW CBETO-
cuiibl. B OCHOBax 3MeKTPOAMHAMMKY YKa3bIBA€TCSl HA CAMOCTO-
SITEILHOCTD CYIIIECTBOBAHUSI MOJIOKUTEIBHOTO U OTPUIATENILHO-
IO 3apsAA0B U UX MOJIEH. DTO MPEICTABIEHUE OCHOBAHO TOJIBKO
JIMIIb HA TOM, YTO TaKWUM YCJIOBHBIM pasfielieHHeM MOXHO 00b-
SICHUTD, TIOYEMY TPU NIEKTPU3AIMK Tel OHU B OJHOM Cllyyae
MPUTATUBAIOTCS, A B IPYTOM — OTTAJIKUBAIOTCS.

3aKOH aHAJIOTMH NO3BOJISAET YCOMHUTBHCA B MPABOMEPHOCTH



TaKOTO CYXJEHUsI OTHOCUTEIBHO MPUPOJIbI AMEKTPUIECKUX CHUIL.
Ecnu npuiepxxuBaTbcs €ro, To Ha MeTapu3nIeCcKOM YPOBHE BbI-
SIBJIGHHBIE TIOJTIOCHI TIOJIOKUTEIbHOM W OTPULIATESIbHOUM CUJT TBO-
pamero CBera MOXHO TPUHSTHh 32 COOTBETCTBYIOIIME TMTaHT-
CKHe JIEKTPUYECKHe 3apspl, a 00pa3oBaBIlieecsl CHJIOBOE T10-
Jie ecTh He YTO MHOE, KaK KOCMHYECKOE JIEKTPUYECKOe MOJIe.
[TpyHIIMIT TIONSIPHOCTA CUJI MO3BOJISIET C/IEaTh MEepPBOE YyTOU-
HEHHe OTHOCHMTENBbHO ero mpupoapl. OHO MpeacTaBiseT coOon
€IMHOEe ToJIe IByX NMPOTUBOAEWCTBYIOHIMX cul. Takoil moaxon
TIO3BOJISIET B3IJISTHYTh HA TaKKe aTpUOYTHl SHEPreTHUECKOTO T0-
JIS KaKk TIOTEHIIUaJ, Pa3HOCTh MOTEHIIMAIOB, HAMPSKeHUE U Ha-
MPSDKEHHOCTh € TIO3UIIMK 3aMKHYTOM CHCTEMBI, CTpeMsIencs
He B OECKOHEYHOCTb, a K OMpPeIeICHHOMY COCTOSTHUIO.
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Puc. 4. Pactipenenenre eMHUL IOTEHLIAAIA B CUJIIOBOM Tpe-
yronbHuke Ceera

[TorpoOyeMm BBISICHUTB, B Kakoi Mepe 3akoH KyioHa, orpene-



JISIOIIMI CUJTY B3aUMOJEUCTBUS EKTPUUECKUX 3apsIIOB, MTPU-
MEHUM Ha MeTa(pU3UIECKOMY ypOBHE. [lJ15 3TOro mpumem K cBe-
JICHUIO, YTO TOUKH COMPSIKEHUS AYT B pacCMaTpUBaeMoi OUIo-
JIIPHOM CHUCTEME B PABHOM CTETIEHU OTPAKAIOT CUJIbl JEUCTBUSA
(Fn) v npotuBoneictus (Fom).Ilepen Hamu AuHaAMUYecKast CH-
cTemMa MPOTHBOJEHCTBYIOIIUX CHJI, HEPABHBIX O aOCOMIOTHON
BesmuuHe (puc. 4.a). He mpuberast moka k 3akony Kynona, a, py-
KOBOJICTBYSICh TOJIbKO MOJYJIEM BEKTOPOB, Mbl BUAUM, UTO PaB-
HOBECHO-TIOJJBM)KHASI CUCTEMA ITPEKPATUT YBEJIMUYEHUE B MOMEHT
JOCTUKEHHUS B TOUKAX CONPSIKEHUS TPOTUBOIECUCTBYIOIINUX CUIT
paBEHCTBa MOTEHIIMAJIOB MOJOKXUTEIbHOIO U OTPULIATEIBHOIO
3apsAA0B. DTO IPOU3OUIET PY 3HAYEHUH Kaxxaoro 14 eauHuuam
MOTEHIIMAIA — POBHO MOJIOBMHE BEJMYMHBI HABEIEHHOT'O 3apsiia
cosupanus. [Ipy 3TOM pa3sHOCTh NOTEHIMAIOB B TOYKAX COIpSI-
JKeHus1 OyZieT paBHa HYJIIO.

CornacHo 3akoHy KynoHa, cuia B3aMMOIENCTBYS IByX TOUEU-
HBIX 3aps1JI0B IPSIMO MPOMOPLIXOHATIbHA TPOU3BEJCHUIO UX BEJIH-
9KH, 0OpPaTHO MPOMOPIMOHAIBHA KBA/IPATy PACCTOSHUS MEXTY
HUMU Y HaIlpaBJIeHa BJOJIb PSIMOM, COEAUHSIONIEN TU 3aPsI/IbL:

F=Kq 1612/1’2 . [lepen Tem Kak BOCIOJIb30BATLCS 3TOM (POPMYJION
ee He0OXOIMMO OTKOPPEKTUPOBaTh, TAK KaK BOIPOC UJIET O Me-
Tapu3NIEeCKOM YpOBHE. Bhlllie oTMedanock, 4to ¢ 00pa3oBaHu-
€M KOCMUYECKOW OUIIOISIPHON CUCTEMBI ITPOU3OIILIO OrpaHuye-
HHUE TOTEHIIMAJIbHOIO MPOCTPAHCTBA, & TOUHEe, MPOCTPAHCTBA
CBETOCWJIBL. B OT/IMuMe OT MpUHSTON eMHUIIBI U3MEPEHHUsI pac-
CTOSIHUSI B MAaTE€PUAIbHOM MHpPE 371eCh TAKOBOH Oy/IeT YCJIOBHO



NpUHATasA eAUHULA U3MEPEHN S TOTEHIMAJIOB CONPSAKEHUS JIBYX
npoTUBOAEHCTBYIOIMX ciil. Kazamock Obl, rpadpuuecku Ha pu-
CYHKeE 4.B OHa JJI0JIKHA COOTBETCTBOBATD JJIMHE PAJYCOB-TIOTEH-
LIMAJIOB [IBYX COIPSDKEHHBIX 4epe3 Oyru OKpyxkHocrer. OnHa-
KO B paccMaTpuBaeMoy CHCTeME MpsMasi JTUHUs, COeIMHSAIoIAs
TOYEUHBIE TIOJIOKUTEJIBbHBI Y OTPULIATEIbHBIA 3aPsi/ibl, MEHBIIIE
CYMMBI JUIMH 3TUX paguycoB. MiMeomascs pa3Hula CBUIETENb-
CTBYET, YTO TPaHC(OPMALIMS SHEPIETUUECKON TOUKU B CUJIOBOU
KPYT COIPOBOXKAAETCS MEPEBOIOM OOIIIEro MOTEeHIIMaa COmpsi-
JKEHU S IPOTUBOAEUCTBYIOIIMX CUJI B KAYECTBEHHO MHYIO SHEPre-
TUYECKYIO CBSI3b OUIOISIPHON CHCTEMBI.

I'eomerpuueckas (popManu3anus CTPyKTYpbl paccmarpuBa-
€MOM CUCTEMBI CBETOCHUJIbI IOKa3bIBAET, YTO OTMEYEHHAs BbI-
e pasHuIa oOpasyercs 3a CYeT YaCTUYHOTO B3aMMOIIPOHHK-
HOBEHUS COIPSKEHHBIX OKpYXXHOCTeH. Eciu 310 yBA3bIBaTH
C 0COOEHHOCTBIO TpaHC(OPMALIMK TOUEUHOTO 3apsija B CUIOBOM
KpYI' Yepe3 3epKajbHOE NPOTUBOJECUCTBUE, TO IS BBIICHEHUS
NPUPOAbl BO3HUKAIOIIEH Pa3HUIBI TIOMPOOYyeM CMOAEIMPOBATH
9TOT NPOLECC C BBIIIOJHEHUEM JAHHOTO ycioBus. [Ipuuem, kak
¥ B IIpEBIIYIIUN pa3, FEOMETPUYECKHE ITOCTPOECHU S HA PUCYHKE
5 MOryT ObITh OJKPETUIEHbl HECTIOKHBIM TEXHUYECKUM BOILIO-
LIIEHUEM (IKCIIEPUMEHTOM).

Ilepen HamMu ONpeneNeHHON BEJIMYMHBI BEKTOpA CUJ Jeu-
crBuss OM u niporuBoperictBuss O’M, UbM TOYEUHbIE 3apsibl
CUMMETPUYHBI OTHOCUTEJIBHO TOUKM NpUIokeHuss M (puc. 5.a).
[IpoBeaem paanrycoM, paBHBIM MOAYJIIO 9TUX CHIL, U3 ToueKk Ou O



’ IBe OKPYXKHOCTH, KOTOpble OYIyT CONpPHKAcaThCs MO Kaca-
TEJIbHOU B TOUKE COMPSIKEHUsI BEKTOPOB MTPOTUBOAEUCTBYIOIINX
cuil. B oO6pa3oBaBIneiicsi cucteMe pacCTosTHUEe MeXLy ABYMsI CO-
NPSKEHHBIMM TOUYEYHBIMHU 3apsilaMd PaBHO CyMMeE UX pPajny-
COB-TIOTEHIIMAJIOB, YTO COOTBETCTBYET U3MEPEHUIO B HE MPOSIB-
JIEHHOM MPOCTPAHCTBE CBETOCHIIBL. OIHAKO B 9TOM Cllydae BO3-
HUKaeT HecooTBeTCTBHE. CBSI3b OKPYKHOCTEN MPOTUBOIEHCTRY-
IOIIMX CHJI B €IMHCTBEHHOHN TOYKE He AesaeT UX COMPsIKEHHbI-
Mu. BeInonHeHre 3Toro ycioBusi BOSMOXKHO TOJBKO MPU HAJIH-
YUU IBYX TOUEK COMPSIKEHUS, T. €. Uepe3 YTy MPOTUBOACUCTBUS
(puc. 5.B). Tonbko TOrya BCNEACTBUE YBEJIMYEHUS] B pa3Mepe
Kpyra CHJIbl IeficTBUSI OyleT MPOUCXOAUTh aJeKBAaTHOE yBEJIH-
YEeHUE CHJIBI TPOTUBOIEHCTBHS, O€3 KOTOPOTrO HEBO3MOXKHO Ca-
MO BO3HMKHOBEHHME Kpyra MOJIOKUTEIbHOUN CHIIbl UCTEKAIOIIErO
Cgera.

B sTOM mporniecce cuiibl JEWCTBUS U TPOTUBOIEHCTBUS Yepe3
CBOM COCTABJISIIOIIME B TOUKax conpsbkeHnu M; u M, obecrie-
YMBAIOT HEOOXOIVMBIN PaIyC KPUBU3HBI JIJIS IyT TIPUJIOKEHUS
KaK 4acTell OKpYKHOCTel CUIOBOro Kpyra. B aTom ciyyae cuiio-
BOU TPEYTrOJIbHUK, OO BEIMHSIONINI B aCTIEKTe MapaijiesiorpaMmMa
OM;0’M> nipOTUBONEHCTBYIONINE CHJIbI, HEOOXOOUMO paccMart-
pUBaTh Kak 37eMeHT, oOpasyoiuii ayru. Kpyroeas cummerpus,
KOTOpOW MOTYMHEH TPOoIiecC TpaHCHOpPMAIK SHEPTreTUIeCKOM
TOYKHM B CHJIOBOH KpYT, TpeOyeT CHHXPOHHOTO JNEWUCTBUSI COOT-
BETCTBYIOIIIETO YMCJIA TAKUX CUJIOBBIX JIEMEHTOB. 3/1€Ch MBI TT0-
JIOIUIA K BaKHOMY MOMEHTY, CBS3aHHOMY C OTBETOM Ha BO-



POC, KAKOMY 3aKOHY MOAYMHEHO (POPMHUPOBAHUE CUIIOBOTO TPe-
YIOJIbHMKA, & BMECTE ¢ HUM Iyr npwioxkeHus cuin Ceera. Ot-
BET Ha HEro MO3BOJUT PEIIUTh APYTyI0 MpoOeMy, Kacaroly-
10csi popmbl TpeyronbHuKa. [1o muenuto Imurpueson (1992),
OH JIOJKEeH OBITh PABHOCTOPOHHUM, TTOTOMY YTO 3TO TPUEJUHBIN
cumBod1. Cornamasice ¢ Hel, s, TeM He MeHee, CIMTal0 HeoOXO0-
JMMBIM TIPUBECTH JIOBOJIBI B TOJIb3Y STON TOUKH 3PEHUSI.
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Puc. 5. MopnennpoBaHue mporecca pas3jiokeHUs] paBHOJEH-
CTBYIOLIMX BEKTOPOB UCTEKAIOLIETO U oTpaxeHHoro Ceera Ha co-
CTaBJISAIOLIME BEKTOpa ¢ 0Opa30BaHUEM CHJIOBOTO TPEYTOJIbHU-
Ka — IPOSIBJICHUE BBICIIETro SHepreTuyeckoro TpueauHcTBa



Jlns oTBeTa Ha TEPBBIN MMOCTABJICHHBI BOMPOC OOpaTHM-
csl K m300paxkeHno Ha pucyHke 5.0. [lpencraBieHHasi cucte-
Ma B OMpe/IeIeHHON CTereHN OTpaxaeT aOCTPaKTHbIE MOCTPO-
€HMSl, HO OHU peasbHbl, TAK KaK MMEIOT MaTephajbHOE MOj-
TBep:kaeHUe. [Ipennonoxum, 4to nepea Hamu (PparMeHT CUcTe-
MbI, 00pa30BaBIIECs B pe3ybraTe TpaHchOpMAIUN SHEPreTh-
YeCKOW TOYKU B CHJIOBOM Kpyr. OIHAaKO B CHJIy KaKMX-TO 00-
CTOSITEJILCTB BMECTO MOJIOKEHHOW CBSI3U B JIByX TOUKaX OKPYXK-
HOCTHY ITPWJIOKEHUS TPOTUBOAECUCTBYIOIINE CHUIIBI OKA3aJIMCh CO-
NPsIKEHbl B OHOW TOYKE M MO JIMHUM CBS3U SHEPreTUYECKUX
tientpoB O u O’. Teneps 3amagum ceOe BOIPOC, KAKUM 00pa-
30M, HE MEHsIsl CUCTEMY MOKHO BOCCTAaHOBHUTbH TpeOyeMble TOY-
KM, KOTOpbIe ObI TOCPEJCTBOM BEKTOPOB MPOTUBOAEHCTBYIONITNX
CWJI OTPaKaJIM CBSI3b MOJTIOCOB U OKPYKHOCTEN. EMMHCTBEHHBIM
croco6om OyieT MpoBeIeHNe OT KasKA0TO SHEPreTUYeCKOro 1eH-
Tpa KacaTeJbHbIX JIMHUU K OKPYKHOCTH C LIEHTPOM HPOTUBOIIO-
JIOKHOTO 3HAKa ¥ BOCCTAHOBJICHMS [0 HUM IO TOYEK Iepeceye-
HUust M; u M5 BEKTOPOB CUJI ISUCTBUS U TPOTUBOJIEUCTBUSI.

B pe3ynbTate Mbl CHOBA MPUIEM K MapasuieorpaMmy COIpsi-
KeHHbIX ¢l OM;0’M>, KOTOpBIN OKa3ajcsl He 3a/IelCTBOBaH-
HbIM. [Ipy cpaBHEHUM cUCTEM Ha PUCYHKE S5.a-B HEM30EKEeH BbI-
BOJI, UTO HA MeTa(pU3MIECKOM YPOBHE B IByXMEPHOM OTOOpaske-
HUM TpaHCOpMaLIKs TOYEUHOTO 3apsiia B CUJIOBOM KPYT MOJYU-
HEHa JIEMCTBUIO 3aKOHA PA3JIOKEHUSI TPOTUBOACUCTBYIOIIMX CHJT
Ha COCTaBJISIOIINE. DTO MPOSIBJIEHUE ElIIe OJIHOTO acleKTa TBOpsI-



miero Ceera. [lepen Hamu He IPOCTO MapaUIEIOrpaMmM, a pomMo
conpsbkeHHbIX cwil. HarmsagHo BUAHO, YTO U1 NPUBEACHUS CH-
CTEMBI Ha PUCYHKE 5.0 B COCTOSIHME COIPSIKEHHOCTH €€ OKPYK-
HOCTE! HeOOXOAMMO YBEIMYUTH TIOC/IETHUE B pa3Mepe 10 JIMHUU
CBSI3U 3aPs1/IOB 10 MOMEHTA CJIUSIHMSI OCHOBAHUI TPEYTOJIbHUKOB
OAB v O’A’B’. D10 Oynet cONpOBOXIATHCS COMPSIKEHHBIM TIe-
PEMELICHUEM 3€PKaIbHO CUMMETPUYHBIX ITOJIOBUH AyTr MA, MA
“u MB, MB’, B pe3y/bTaTe KOTOPOro OT TOYKH M B 00€ CTOPOHBI
OHM OYEPTAT CBOMMHU KOHTYPaMH JIPYT Ipyra 10 CJIMSAHUSA KOHLIA-
MU C TOUKaMH conpsixeHus M; u M, TpOTUBOIEUCTBYIOIINX CUIL.
Takoe 0ObeIMHEHNE MOATBEPKAAET, UTO MpoIiecc Ayrooopa-
30BaHUs B Tpezesiax OUTONSPHON CHUIIOBOM CHCTEMBI ITPOMCXO-
JWT B pe3yJIbTaTe pa3ioAkeHs IPOTUBOJECHUCTBYIOIIMX CHJI Ha CO-
crapisomye. OH NpOsABISAETCA B JEJIEHUM TOYKU MPUJIOKEHUA
M na nBe Touku M; u M5 v ocieyomemM Ux pacXoxIeHN! MO/
BO3JICVICTBUEM JIBYX Iap CONPSKEHHBIX COCTABJISIONIUX CHIT e-
CTBMA M NPOTUBOAENCTBUA. Hepa3prlBHaA CBA3b paBHBIX 110 MO-
JYJII0 BEKTOPOB COCTABJISIIOIINX TPOTUBOJCUCTBYIOIUX CUJT A€-
JIaeT BO3MOKHBIM [IBUKEHUE TOYEK MX MPUJIOKEHUS TOJIBKO Ye-
PE3 MPEOAOJIEHUE CONTPOTUBIIEHUS 32 CUYET B3AUMHOI'O KOMIIEH-
CAlMOHHOTO TIepeMeIIeHUST Kk 10U MPOSIBIISIONIEHCS TyTH B 00-
JIaCThb JICVCTBUS CBOEM MPOTUBOIOJIOKHOU CUJIbl. B 3TOM Citydae
IBUKeHue Touek M; u M5 B CTOPOHBI OyJeT MpsSIMOJTMHENHBIM.
Pa3nenenue TOYKM NPUIOKEHUSA PABHOACWCTBYIOIIMX CHJI
Ha JIB€ TOYKHU U UX JABWKEHHUE B CTOPOHBI 110 NPSMOM JINHUU Ha-
XOIUT OTpakeHue B cienytomeM MHeHuu I[Tudaropa: « IIpeono-



NA2A10Chb, MO AUHUSL COOMBENCMBOBANA 0BOUMHOCTU, UDO OHA
ObLAA NPOU3EEOEHA NEPBLIM OBUNCEHUEM OM HEOEAUMOT NPUPOObL
u oopazosana coedurerue osyx mouek» (bnaBarckas, 1992. T.
2. C.770).

C yBenMueHUeM CUIJIOBOrO TPEYTOJIbHUKA HA KaX[Iylo 3aTpa-
YEHHYIO €UHUILY OTEHI[MAIA CUJIbI IEUCTBU S IIPOUCXOIUT YBE-
JIMYEHWE PacCTOsTHUs MEXAy ayramu HarpsikeHus. OHM Bce
6otbiiie ¥ OoJbIle OYAyT OTAAIATHCS OT JIMHUM CBOEH 3epKasib-
HOW CUMMETPHUM — ITPOCTPAHCTBEHHOW CTPYHBI HATSKEHMSI, CO-
€AMHSAIOIIEH TOUYKU CONpsikeHus. Ecim moMHUTB, YTO paccmar-
pUBAEMbBIE JIyTH, COOTBETCTBEHHO, SIBJISIIOTCSI MECTaMU MPUJIO-
’KEHU S TOJIOKUTENIbHOM crJibl cTekatoniero Ceera ([lyxa) u or-
pUILIATEeSIbHON CUJIBI ero oTpaxeHust ot Ilporomarepuu, TO BbI-
JEePKKHU TPUBOAMMBIX HUKE UTAT U3 KHUATH JImutpuesou: “ Jyx
U Mamepusi o mepe NA0eHUsl 6HU3 NOCHENEHHO PA3eOUHAIONCS
mpemvum acnekmom — Poxamom ... “n “Ilo mepe pazseounenus
yxa u Mamepuu pacmsiicernue 3moii numu-Poxama docmuea-
em npedead...» UMET MeTapu3nIeckoe 0ObsICHEHHE.

[logBoasi UTOTr BBIIECKA3aHHOMY, MOXHO KOHCTaTHUPOBATb,
YTO CUJIOBON pOMO SIBJISIETCS FeOMETpUYecKor (POpMOM, KOTO-
pasi TO3BOJISIET HA IByXMEPHOM YPOBHE OTOOpPAKEHUsS CYIUTh
HE TOJILKO O CBSI3M 3apsiJ0B UCTEKAIOIIETO U OoTpaxeHHoro Cae-
Ta, HO Y JIEMEHTEe HaNpsi>KeHUs1, BOHUKIIIEM Mex a1y HUMu. Ham
YK€ U3BECTHO, UTO B3aMMOJIENCTBUE MEXY TPOTUBOAECUCTBYIO-
HIMMH CUJIAMU HAXOJUT CBOE BOILIOLIEHUE B CUHTE3€ MPOCTPaH-
CTBEHHOW CTPYHBI HAaTsKEHUsSL. B 3TOM CBETOHOCHOM 3J€MEHTE



HaNpsKeHUs] U3HAYaIbHBIA IPUHIUI TOJSIPU3alMA UMEET CBOE
IIPOZIOJKEHUE, HO YK€ B HEUTpPaJIbHOM — 1of yrioM 90° ruioc-
koctu. JleficTBre W MpOTUBOAEHCTBUE, OyIy4YHl, COOTBETCTBEH-
HO, 3JIEMEHTaMH ITPOSIBJIEHU S CUJI UCTEKAIOILIETO U OTPaXKEHHOIO
Cgera, TpaHC(OPMUPYIOTCS C BEPTUKAIBLHOTO (JyXOBHOIO) TLIa-
Ha HA TOPU3OHTAJIbHBIN ((PU3UYECKUI) TIJIaH KAK CHJIbl HATSIKE-
HUS U COKpAITIeHHS].

W3 3Toro cnepyer, 4to B TOUYKAaX HATSKEHUS U COKPAICHUS
MPOCTPAHCTBEHHOW CTPYHbI, COOTBETCTBEHHO, HAXOMAST BOILIO-
HICHWE MOTEHIMABI MTOJIOKUTEILHOIO M OTPULIATENILHOTO 3apsi-
noB. 3aberast HECKOJIbKO BIIEpeji, MOKHO CKa3aTh, YTO B TPEX-
MEpPHOM OTOOpaXeHUU PacCMaTPUBAEMON KOCMUYECKOW OWIIO-
JISIPHOM CUCTEMBbl MPOCTPAHCTBEHHAs] CTPYHAa CUJIOBOTO Tpe-
YTOJIbHUKA €CTh HE UTO MHOE, KaK PalnyC-BEeKTOP Kpyra HaTsKe-
HUS, SBJSIOMErocs: (POKAIbHOM TUIOCKOCThI0 MeTaU3N4eCKOr
mH3bl. OHa 00pa3oBaHa YaCTUYHBIM B3aUMOIPOHMKHOBEHHEM
cep uctekaoiero u orpaxxeHHoro Ceera u Ha pUcCyHKe 4 npej-
CTaBJIEHA BEPTUKAJIbHBIM CPE30M.

C npuBieYeHMEM 3aKOHA €IMHCTBA M AHAJIOTMY KOCMUYeCKast
muH3a CBeTta sBisgercs MeTapu3n4ecKM aHaJIOTOM MaTepUaJib-
HOU cobuparomeid mH3bl. OIHAKO B OTJIMYKE OT Hee, cooupa-
I0ILIEN TTAPAJLICJIbHBIM ITyYOK JIy4eu MOCJIe MPEJIOMIICHUS B TOU-
Ky (pokyca c 0OpaTHOI CTOPOHBI JIMH3BI, paCCMaTprBaeMasl JIMH-
3a KOHIIEHTPUPYET HarpsibkeHue B cede. ToueuHble MonoKUTe b-
HBIl U OTPUILIATESIbHBIA 3apsibl, PACIOIOKEHHbIE CUMMETPUY-
HO OTHOCHUTEJIbHO Hee, He BBIMOMHSIOT (DYHKIMIO (POKYCOB, Kak



9TO y CPABHMBAEMO JIUH3bI, & CIIyKaT UICTOYHUKAMU U3JTyYEHU S
u orpaxenusa Ceera. I1a (PyHKIMA IPUXOIUTCA HA ONTUYECKUN
ueHTp B Touke K (puc. 4.B), rie Mpu MOJHOM PACKPBITUU CH-
CTE€MBI MTOTEHIIMAJI CUJIbl COKPAIIEHUS JOCTUTAET MAKCUMAJIbHO-
IO 3HAYEHUsI U PaBEH BEJIMYMHE HABEAEHHOTO IMOJIOKUTEIbHOTO
3apsia ACVCTBUS.

N3 3akoHa paznokeHus MPOTUBOACUCTBYIOIIMX CUJT UCTEKAIO-
1Iero ¥ oTpakeHHOro CBeTa Ha COCTABJISAIOIIME CIIEAYET OTBET
Ha BTOPOI BOIPOC, KACAIOIIUIACS (DOPMBI CUIIOBOTO TPEYTOJIbHU-
ka. Ha pucynke 5.6 m3oOpaxkeHa OuronsipHasi ciucTeMa MoTeH-
LMAJIbHOW COTPSIKEHHOM CBSI3U JIBYX 3€PKaIbHO-CUMMETPUYHBIX
oKpyxHocTeil. OHa npeacTaBjieHa poMOOM MPOTUBOAEHCTBYIO-
nmx cuil. Tenepp MyTeM HECIOKHBIX FEOMETPUYECKUX MOCTPO-
€HUI TonpoOyeM BBISICHATh, CKOJIBKO TaKUX OWTIONSIPHBIX CH-
CTeM JJOJKHO OBITh 3aJeiCTBOBAHO B Tpoliecce (hPOPMHUPOBAHUS
CHJIOBOT'O Kpyra ¢ COXpaHEHUEM KPYTOBOW CUMMETPUU JIEMEH-
TOB OTHOCUTEJIHHO OOINEr0 MOJIOKUTENIBHOTO MOoJTioca B Touke O.
Kak BuaHO Ha puc. 5.1, ux Oyaer mects. CeaoBaTebHO, TPaHC-
(popmanusi ToueyHOro 3apsaa IeMCTBUS B CUIIOBOM KPYT JOIKHA
IIPOMCXOIUTh CHHXPOHHO B IECTH HAIIpaBJIEHUSIX C (POPMUPOBA-
HHEM COOTBETCTBYIOIIETO YKMCIIa CUJIOBBIX TPEYTOJIbHUKOB C 00-
1€l BEPUIMHOM B SHEPreTUUECKOM LieHTpe. CHUI0BOM Kpyr, Ta-
KUM 00pa3oM, pasaensiercs Ha mecTb 60° IeHTpaJbHBIX YIJIOB.
[Tpumensist tpuronoMmerpudeckyto pyHkiuo Cos 60°, Haxonum,
yro karer BC TpeyroibHuka OBC (puc. 5.0) cocraBisieT Y2 ru-
noteHy3bl OB, sBJsIONIencss O0KOBOM CTOPOHOU TPeyroJbHUKA



OAB. Takum 00pa3oM, B OCHOBE MOCTPOEHUs pomMOa MPOTUBO-
JEUCTBYIOLIUX CHJI JIEKUT PAaBHOCTOPOHHUI TPEYTOJIbHUK.
PaccmarpuBaemas Metadpu3nyeckass CUCTEMa NO3BOJISAET Ha-
IJISIIHO YSICHUTh OCOOEHHOCTH MPOSIBJIEHUSI IBOMCTBEHHOW CH-
a6 CBeTa npu IeCTBUY NPUHLIMIA Noisipyu3auuu. Ecny yuutsi-
BaTh, UTO B3AaUMOJICUCTBUE IBYX N3HAUATBHO MOJISIPHBIX 3aPsiIOB
Ha YPOBHE BEKTOPOB COCTABJISIIOIINX MX CHJI TPOUCXOUT B TOY-
Kax COINpSIKEHUs1, TO BEJIMUMHA TOJIOKUTENILHOIO 3apsa B HUX
paBHa BEJIMUMHE HaBEIEHHOIO 3apsja Iocje TpaHchopmaluu
YaCTH €ro MOTEHIIUAILHON SHEPIUH, a BeJIMUKMHA OTPUIIATETbHO-
ro 3apsijia — BeJIMUMHe MPUOOPETEHHOTO aIeKBATHOTO MOTEHIIN-
ana. Tak, HanpuMep, BEJIMYMHA MX Ha YETBEPTOM SHEpreTuye-
CKOM ypOBHE (puc. 4.a), COOTBETCTBEHHO, paBHa 24 u 4 e1uHU-
nam. Yro kacaerca koapdpuuuenta K B ¢popmyne Kyinona, or-
paXaloIlero BIUSIHUE CPE/Ibl HA CUITY B3aMMOJACUCTBUS JIEKTPU-
YeCKHX 3apsoB, TO UM MOXHO MpeHeOpeub. Ha TpaHciieHaeHT-
HOM YPOBHE Cpe[lbl B HAllleM [MOHUMAaHUU HET, €CTh TOJbKO Ma-
Tepusi-ciiia B acriekte Ceera. 7o 1axe He (PU3UYECKUI BaKyyM
B COBPEMEHHOM TPE/ICTABIICHUH, a TO, U3 Yero OyAeT COTBOpeHa
TUraHTCKas KOCMUYECKask MbIcieopMa CO3UIaHUS.
['eomerpuueckas opmanmzaiysi TPUUMHHO-CIIEICTBEHHOU
CBSI3M MEXAY KOCMUYECKUMHU TMOJIOKUTEIbHBIM U OTPULIATENb-
HBIM 3apsilaMH TIOKa3bIBAaET, YTO MO Mepe yBEJIUYEHHUs B pa3-
MEpEe CBSA3BIBAIOIIEN MX CUCTEMBI IIPOMCXOIUT BbIpAaBHUBAHUE
MOTEHIIMAJIOB U YMEHbIIIEHUe CUIIbl B3aumozencTBus. Kak yxe
OTMEYaJoch, MPU AOCTHKEHUU 14 eArHMI] HACTYyHAaeT pPaBeH-



CTBO CHWJI JIEMICTBUS W MPOTUBOAENCTBUS. ECIM Mbl IpUMEHUM
(popmyny KysnoHa ¢ yyeTom BbIIIEpACCMOTPEHHBIX MOIPABOK, TO
B 9TOM CJlyYae Cuia B3aUMOJICHCTBUS Mekay MeTapu3nuecKu-
MU 3apsilaMH B YKCJIOBOM BbIpasKeHUM OYIIET BbIIVISIETh Kak 14 @
14/196 = 0, 1. e. paBHa Hymo. [losyyeHHBIN pe3ynbTaT MOIHO-
CTBIO COOTBETCTBYET COCTOSIHUIO PABHOBECHSI COTTPSI’KEHHBIX CHIL.

JlOMOMHUTENHHO K CKa3aHHOMY BBIIIIE OTHOCUTENIBHO PacCTo-
SIHUSI MEX]Ly TIONIOKUTENIbHBIM U OTPULIATENIbHBIM 3apsiiaMu Ou-
noJisipHON crcteMbl CBeTa HEOOXOIMMO JI0OABUTh, YTO MX CO-
MPSIKEHHOCTD MO3BOJISIET YSICHUTH MeTa(pU3MIECKUIA CMBICTT BO3-
BEJICHUSI BO BTOPYIO CTereHb paauyca (r) B (popmyse KysoHa.
Ha nByxmepHOM ypoBHE OTOOpaskeHUsl STOT MPOLIECC CBSA3aH
C B3aMMONPOHUKHOBEHUEM Pa/InyC-BEKTOPOB MPOTHUBOIEICTBRY-
IOLIUX CHJI UCTEKAIONIEero U oTpaxeHHoro CBera Mo JIMHUU CBSI-
31 MX 3apsAJ0B. DTO PaBHOCWILHO YMHOXEHHUIO BEJIMUMHBI Ca-
Moi Ha cebs1. TombKO Mpy TAKOM YCJIOBUM BO3MOKHO BO3HUKHO-
BEHUE CUJIbl B3AMMOJICVCTBUS U HAMPSIKEHUSI MEXKAY 3apsiIaMHu.
[eomeTprueckum O0TOOpakeHNEeM TaKOU CBSI3U 3apsIIOB SIBJISET-
Cs1 IByHAIIpaBJIEHHBII BEKTOP, KOTOPBIN OTPaKaeT TOMIIUHY Me-
TaPU3NYECKON JIMH3bI.

dopmyna KynoHa nMeeT TpaHCUEHIEHTHBIE KOPHU U OTpaka-
€T He CTOJIbKO CHJIy B3aUMOJEUCTBUS [IByX 3aBUCHUMBIX U pa3-
HBIX 10 3HAKY 3aps/I0B, CKOJIbKO COCTOSTHME OUTIONSIPHOM CHUJIO-
Boi1 cuctemsl Ceeta. [IprueM B3anMoaenicTBUE MOJIOKUTEILHON
Y OTPULIATEIbHOM CUJI €CTh HEe YTO MHOE, KaK BEeJIMYMHA, OTpa-
JKaloIas MpeBOCXOACTBO MEPBOU CHIIBI HAaJl BTOPOM 10 MOMEH-



Ta IOCTUKEHUSI UMU PAaBEHCTBA. DTO XOPOLIO BUHO MPH COMO-
CTaBJICHWY BEJIMYMHBI OTHOIIECHH I IOTEHLIMAJIOB 9TUX CUJI B pac-
CMaTpUBaeMOM CUCTEME C JaHHBIMH, [TOJTy YEHHBIMH 110 (popmyIie
Kynona. Haripumep, Ha 4-0M SHEpreTH4ecKoM ypoBHE B 000MX
ClTy4asix UICYMCIIEHHsT CUJIa JIeWCTBUs ucTekamorero Ceera 00b-
11€ CHJIB ero oTpaxenus IIporomarepueil B 6 pa3 (24x4/16 = 6).

['eomerprueckas opMann3zanys NO3BOJSAET HAITIAAHO OCO-
3HATh CMBICJT IPSIMOY U OOpaTHOM 3aBUCUMOCTHU B (hopMyJie B3a-
MMOOTHOILIEHUST COMPSIKEHHBIX cUi (3apsiaoB). Ilpexne Bcero,
9TO aTpHOYTHI CHCTEMBbI. BHe ee He MOXKeT ObITh 3aBHCIMOCTH BO-
o6me. Ha meradu3nyeckom ypoBHE Mbl IMEEM JEJIO C HEOObIU-
HOW CUCTEMOM, CBsI3bIBatoIel [ lepBonpruunHy C ee cieicTBUEM —
HaBEJIEHHbII TOJIOKUTEbHBINA 3apsiji CUjibl ucTekatolero Ce-
Ta C IPOSABJICHHBIM OTPULIATENIEHBIM 3aPsIOM CUJIBI €I0 OTpaXkKe-
HusA. B 3TOM equHCTBE cuila JeUCTBUS MOPOXKAAET CUILY IIPOTH-
BOJICWICTBUS M MEXAYy HUMHM IpsiMasi CBsi3b. YeM Oosbliie Chiio-
BOE IMPOCTPAHCTBO, TEM MEHbIIIE PEBOCXOICTBO 3apsifa NepBon
CWJIBI B TOUKAX CONPSKEHUS U, COOTBETCTBEHHO, MEHBIIE CHJIA
B3aMMOJIEMCTBUS MTPOTUBOACUCTBYIOIMX CUJl. Yepes Takylo cu-
CTEMY CBSI3U MPUYMHBI U CJIEICTBUSA, IEUCTBUS U MTPOTUBOJCH-
CTBUS1 TPOUCXOIUT TpaHchOpMaI|sl HAaBEIEHHOTO MOJIOKUTEb-
HOTO TOYEYHOro 3apsifa B cdepuyeckoe cuiioBoe nosie Ceera,
CTPYKTYPHBIM 3JIEMEHTOM KOTOPOTO B JIBYXMEPHOW NPOEKLIWN
SIBJISIETCS] pOMO MPOTUBOAEUCTBYIOIINX CHJL.

CootHocs opmyay KysoHa ¢ cyiiecTtBoBaHUEM 3TON MeTa-
(pusmueckoit cuctembl, HEOOXOIUMO OOpAaTUTh BHUMAHUE ellie



Ha OTHO Ba)KHOE OOCTOSITENILCTBO. B mMcuunciissieMoM 1o Hei rpe-
BOCXO/ICTBE CHJIbI IEUCTBUS HAJ] CUJION TPOTUBOJIEUCTBUS IO MO-
MEHTa JIOCTWXKEHUsT UMM PABEHCTBA 3aJI0KEHA BEJIMYMHA CU-
Jbl nonisipu3atuu. OHU CyIIECTBYIOT M NOJNSIPU30BAHBI 10 TEX
Nop, MOKa MEXAY HUMH €CTb Pa3HOCTh MOTEHIMAJIOB. Takum
oOpasom, Orarogapsi Toi XapakKTepUCTUKe CUIIOBOTO mosist Jlyx
u [Ipotomarepus nuddepeHipoBaHbl B cUCTeMe Kak JIBe MPo-
TUBOIIOJIOKHOCTH.

Brarogapsi npuHLIMITY HONSIPU3ALIAYA SHEPIeTUYECKUE XapaK-
TEPUCTHKHU B 00pa30BaBIIIeNCS 3aMKHYTOW CUCTEMe OyIyT CKJia-
JIBIBATHCSI TIO/] BO3JICUCTBUEM TOJIOKUTEBHON 1 OTPULIATEIbHOM
cuit. ToukM conpsikeHus Iyr COBMENIAIOT B ce0e MpHIoKeHe
UX NOTeHLXANI0B. Pa3HOCTh MEXly HUIMU XapaKTepu3yeT Harpsi-
JKEHHUE CUJT HA TOM WM UHOM SHEPreTUYeCKOM YPOBHE CCTEMBI:
U = ¢, — @y Hanpumep, Ha 4-om ypoBHe 0HO paBHO 20 equHu-
naMm (puc. 4.a). Ilo Mepe yBenmyeHus: OUIONISIPHON CUCTEMBI 9TO
HAINpsKeHUE YMEHBINAETCS], TaK KaK MPOUCXOIUT BBIPABHUBAHUE
MOTEHIIMAJIOB MPOTUBOJCHCTBYIONINX CUJI. B 11e710M HanpsikeHue
BCEW CHCTEMbI MPOTUBOAEHCTBYIOIIUX clil CBETa paBHO pa3HO-
CTU HaNpsLKEHUN MEXAY €€ HauabHbIM U KOHEYHBIM COCTOSIHU-
eM Us = AUn - AUk =28 — 0 = 28.

3nech ciienyer 0co00 MOAYEPKHYTh, UTO Pa3HOCTb MOTEHIIU-
QJIOB KaK OCTaTOYHOE HaIpsiKeHUe TOce repeBoaa oOIIero mno-
TEHLIMaJa CONPSIKEHUsI TPOTUBOJECUCTBYIOIIUX CHJI B HEUTPAIb-
HYIO TUIOCKOCTb MPUHA/IJICKUT OTBJICYEHHOMY (HE MPOSIBJIEHHO-
My) mpocTpaHcTBy AocomotHoro Ceera. Touka compspkeHUs



CHWJT MCTEKAIOIIEro M oTpakeHHOro CBeTa SIBJSIeTCs TOM TOUKOM,
yepe3 KOTOPYI0 MPOUCXOAUT TpaHCOpMAaIsl CO3UIATETHHOTO
MOTEeHIIMAasIa Ha 00pa30BaHKe OOBEKTUBHO CYIIIECTBYIOIIETO dJ1e-
MEHTA MTPOCTPAHCTBA CTATUYECKOTO HANIPSIKEHU .

Heo0xonrmo oOpaTuTh BHUMaHUE Ha MECTOIIOIOKEHHE B pac-
CMaTpUBAEMOI CUCTEME TOMIOCa OTPUIIATENIbHON CHUJIbI, OTBET-
CTBEHHOTO BMECTE C MOJIOKUTEIbHBIM 3apsAoM 3a (hOpMHUPO-
BaHUE YKA3aHHOIO YPOBHS1 HANIPSKEHUS] TPOTUBOAEUCTBYIOIINX
cuil. Micnonb3ysi napasuienorpaMm COIpsiKEHHBIX CUJI, Mbl BBIXO-
MM Ha BOCBMOH YpOBEHb MTPUOOPETEHHOTO OTPHULIATEILHON CH-
JIOW MOTEHIMAJIa, YTO OINpeeisieT aHATIOTUYHYIO BETUUUHY MPO-
TUBOAEWCTBUSA. B CBOIO ouepe/ip, 4J1s1 BOCBMOIO YPOBHS BEJIMUU-
Ha (popMUPYIOIIEro ero OTPULIATENILHOTO 3apsiia paBHa 16 eau-
Huniam. CpaBHUBAsi OTHOILEHHE MEXAy BeIUUYMHAMM YKa3aH-
HBIX OTpHIIATEIbHBIX 3apsAaoB 16:8, a Takke MekAy KaKAbIM
13 HUX U BEJIMUYMHOW MOTEHIIMAIA X CUJI B TOUKaX MPUJIOKEHUS
16:8 u 8:4, BUAMM, YTO OHO BO BCEX CIIydasiX KpaTHO 2.

[TpyryrHA OTMEUEHHOM KPaTHOCTH B 0OPa30BaHKU U ITPOSIBJIE-
HUM BEJMYMHBI OTPUIIATESIBHOTO 3apsifa JIeKUT B ACUCTBUU 3a-
KoHa TBOpsuero Ceera, COIJIACHO KOTOPOMY Pa3JIOKEHHUE IMPO-
TUBOAEWCTBYIOLIMX CHJI HA COCTaBJISIIOUINE B JIByXMEpPHOW WH-
TeprpeTalyy MOAYMHEHO MpaBuily mapaienorpamma. Hauwm-
Hasl ¢ €IUHUYHOTO CUJIOBOTO TPEYroibHUKA (pHC. 4.a), Ha KaxK-
JYI0 TOCJIeYIONIYI0 3aTPAYEHHYI0 €IMHUIY MOTEHIMaja MoJo-
JKUTEJIbHOW CBETOCUJIbl BOCCTAHOBJIEHHE MapaslieiorpaMma Co-
MPSKEHHBIX CHJT MIPUBOIUT K MPUPAILIEHUIO 2-X €IUHUI] TIOTEeH-



Maja K 3apsly OTpULATEIbHON CUIIbI OTpaXeHus. B pesynbrare
YBEJIIMYCHUE 3aps/ia IPOTUBOAEUCTBUS IPOUCXOOUT B apu(pme-
TUYECKOU MPOrPECCUU C Pa3HOCTHIO 2.

W3 BbIIIECKA3aHHOTO CJEAYeT, YTO B paccMaTpuBaeMoi Ou-
nosspHou cucrteMe CBeTa MOXKHO BBIIEIUTH JIBE CONPSIKEHHbIE
MIOZICUCTEMBI Y, COOTBETCTBEHHO, OTPAaHUYEHHBIE UMU CTPYKTY-
PbI IBYX ITPOCTPAHCTBEHHO-BPEMEHHBIX KOHTMHYYMOB — OTBJIE-
YEHHOI'0 MPOCTPAHCTBA ABOMCTBEHHOM CWJIBI U IIPOSIBJIEHHOIO
NpOCTpPaHCTBAa HanpsikeHusA. CuioBas MOICHCTEMA IMPEACTaB-
JIEHa BEKTOPAMH NapaJijiejiorpaMmma IpOTUBOAECUCTBYIOLIMX CUIT
UCTEKAIOIIET0 U OTpaxkeHHOro CBeTa, MOJOKUTENBbHBIM U OT-
pULIATENIbHBIMUA 3apsAJaMy. YBEJIMUYEHHUE HalpshkeHUs (pa3Ho-
CTU MOTEHLMAIOB) B TOYKAX CONPSKEHUS COCTABJSIOIIMX CHII
JEUCTBUA U NPOTUBOJEUCTBUSA B HAIIPABJICHUU TTOJIOKUTEIBHO-
IO 3aps/ia YKa3bIBaeT, 4TO CHJIOBAS MOICUCTEMA OTPAXAET HEO/-
HOPOJIHOCTh KOCMMYECKOTO JIEKTPOMArHUTHOIO noss. BuaHo,
YTO C YBEJIMYEHUEM HAIPSKEHUsI CONPSKEHHBIX CUJI IIPOMCXO-
JUT CXOXICHUE CWIOBBIX JIMHHUWA. DTO HAXOOUTCS B COOTBET-
CTBHH C CYILECTBYIOUIUM IPEICTaBIECHUEM, KaK JI0JKHA BBIMJISA-
J€Thb KapTHHA JIEKTPUUYECKOTr'0 1107151 ToueuHoro 3apsiaa. Heooxo-
VMO OTMETHUTb, YTO CUJIOBbIE IMHUM HOPMAJIbHBI K Ayram, Ipej-
CTaBJIAIOIIMM CPE3bl 9KBUIMOTEHLIMAIBHBIX IOBEPXHOCTEN Chepl
nenctBusa Csera.

CrpykTypa BTOpPOM IOICUCTEMBI B [IByXMEPHOW ITPOEK-
LM [IPEACTABJIEHA IPOCTPAHCTBEHHBIMU CTPYHAMU HATSKEHUS.
dopMHpoBaHKE BEIMYMHBI HAPSKEHUS TOTO BOIUIOIIEHHOIO



B OBITHE CBETOHOCHOTO JIEMEHTA, KaK YK€ OTMEYaoCh, CTAHO-
BUTCS BO3MOXHBIM 3a CYET TpaHC(pOpMalMK NOTEHUMAIa CO-
MpsDKEHKST IPOTUBOIEHCTBYIONMX cul CBeTa ¢ BepTUKAIBHOTO
Ha TOPU30HTAJIbHBIN J1aH. OHA CKJIa/IbIBAETCS U3 PA3HOCTH IO-
TEHLIMATIOB MEXAY CUJIAMU HATSKEHUSI U COKPAIEHUs CTPYH,
KOTOpBIE 110 AHAJIOTHH C NIEPBOi MOJCUCTEMOM SBJISAIOTCS CUJIAMU
JeVCTBUSA U TpoTUBOAeHcTBUSA. Ha puc. 4.a BUJHO, UTO B HAUa Ib-
HOM COCTOSIHMM TNoAcUCTEMBbl HanpsikeHne paBHO (0. OHO Hauu-
HaeT PacTH MO0 MEpe POCTa SHEPreTUYEeCKOro ypoBHs MPOsiBIe-
HUS ¥ JOCTUTaeT MAaKCUMAJIbHOTO 3HAYeHU S B 28 eTUHUI] TIOTEeH-
Maja B MOMEHT JIOCTHKEHUsI CTAaTUYECKOTO PAaBHOBECHST MEX-
Iy IpoTuBoaencTByomumMuy cuiiamu Ceeta. Takum oOpaszom, Be-
JIMYMHA HaMPSIKEHU s BTOPOU MOICUCTEMBI KaK Pe3yJIbTUPYIOLAsT
Bceu cuctemsl paBHa: Us = AU — AU, = 28—0 = 28 eguHMLIaM.

I[lo BenmunHe oHO coBnagaert ¢ 3apsaaoM Llenu. Takoe paBen-
CTBO HE CJIy4allHO, a C MPUBJICYEHUEM T€OMETPUYECKOu (op-
MaM3alMy HAJISJHO YKa3bIBaeT, 4To 28 eIMHUIl HABEJEHHO-
ro 3apsijia Co3UJaHus TPaHC(OPMUPOBATIUCH YePe3 HAIpsKEHNE
MEXIy CUJIaMH JEUCTBUSA U IIPOTUBOAEUCTBUS U3 HENPOSIBJICH-
HOT'O MTPOCTPAHCTBA MPOTUBOCTOSIHUS AbcomoTHoro Ceerta /]1y-
xa/ n [Iporomarepun B IpOSIBIEHHOE MPOCTPAHCTBO CUHTE3UPO-
BAaHHOTO MU CyOCTaHITMOHAIBHOTO SJIEMEHTa HalPsKEHHsI. DTO
niepBble JBE CTYNEHHW B IIeMu MpeoOpa3oBaHusl JBONCTBEHHON
cwiibl CBeTta Ha 1yTy (pOpMUPOBAHUST SHEPIETUUECKON CUCTEMBI
Bcenennoi.

Crnemyer oOpaTiTh BHUMaHHME Ha XapaKTep pacIpesie/ieHus



NOTEHIIMAJIOB CHJI HATSDKEHHUSI M COKpPAIEHWs] HA 3TOM BOILIO-
IIEHHOM 3JIeMeHTe HanpsikeHus. Ha ero AByHanpaBieHHOM Bek-
TOpe OHM pacipe/iesieHbl B 00paTHOM 3aBUCHMOCTH OTHOCHTEJb-
HO TOYKM MEepeceyeHusi C BEKTOPOM PAaBHOAEHCTBYIOIIMX CHJL.
Takum 00pa3oM, MPUHIKI NOJISPU3ALUK CUJT JEUCTBUS U MIPO-
TUBOJIEICTBUS OCTAeTCs HEM3MEHHbIM. MakcuMallbHble 3Have-
HUSl YKA3aHHBIX XapaKTEPUCTUK HAIpsDKEHUs] 3TOr0 3JEeMEH-
Ta MPOSIBJIEHUS], COOTBETCTBEHHO, IPUXOAATCS HAa KpailHUE JBe
TOUKU CONPSIKEHNS COCTABIIAIOMMX MPOTUBOAEHCTBYIOIIMX CHJT
1 Ha okyc auH3bl CBera.

Eciay moMHUTB, YTO CHITbI HATSKEHUS M COKPAIIEHUs1 BOILIO-
AT B ce0e M3HAYaJIbHbIE PUHLMITBI JEHCTBUS UCTEKAIOLIETro
u oTpaxeHHoro CBera, TO B 3TOW CBSI3M BECbMa IpUMEYaTe Ib-
HO MPOTUBOMNOJIOKHOE paclpe/iesieHie Y HUX €AMHUL] IOTEHIM-
asioB. Kak yxke oTMeyasnoch, B He MPOSIBJIEHHOM ITPOCTPAaHCTBE
10 Mepe YBEJIMUEHUsI CUJIOBOT'O MOJIsS CYMMa eJUHUI] OTEeHIHUA-
JIa CHJTBI IEMICTBUSI YMEHBIIIAeTCs1, @ IPOTUBOJIEHCTBUS BO3pacTa-
eT. B mposiBJIeHHOM MPOCTPAHCTBE C PacTsKEHUEM CTPYHBI CyM-
Ma eMHUI] OTeHIIMAJIa CUJIbl HATS)KEHUS] YBEJTMUMBAETCS, a CH-
JIbl COKpAIIEHHs YMEHbLIAeTC.

[MpumHa Takoro pacrnpeneseHus: eJuHUI] MOTEHIIUAJIOB Jie-
KUT B MPOSBIEHUM MPUHIMIA MEPenoispu3alii MPUYMH-
HO-CJIEICTBEHHBIX CBsi3ed. Cuiia HaTsKeHUs MPOCTPAHCTBEHHOM
CTPYHBI, Oyy4u HpOsIBJIEHUEM IPUHLIMIA AEHCTBUS, MO OTHO-
IIEHUIO K cuile ucTekamomero Ceera sABJISETCS ero ClaeJCTBUEM,
no3TOMy 00a JEHCTBHS B IJIaHE MPOSIBJICHHS CBOMX MOTEHIIHUA-



JIOB HAXOAASATCS B 0OpaTHOM 3aBUCUMOCTH — OJTHO OTIAET, APYroe
npuodpetaet. Toukol MHBEPCUH B 3TOM Iporiecce sSBsieTcs ho-
KyC MeTahu3UUECKOM JIMH3bI, Uepe3 KOTOPBIN KaK «BXOJI» HaBe-
JEHHBIY TIOJIOKUTEJIbHBIN 3apsf TPaHC(POPMUPYET €UHULIBI TTO-
TeHuuana CBera /Jis IPOsIBIIEHUS JIEMEHTA HATSKEHUSI.

B cBoo ouepenp, B mporecce (popMUpOBaHUSI MPOCTPaAH-
CTBEHHOU CTPYHBI CHJIa €€ HaTsKeHUsl, Oy/1yuu CJIeICTBUEM IPO-
SIBJIEHUSI CUJIbl, JEVCTBUSI HA BBIIIECTOAILEM IUIAHE, CTAHOBUT-
Cs1 MPUYMHON 17151 BOBHMKHOBEHUSI CUJIbI COKPAIIIEHUsI KaK Ove-
PEIHOrO CJeJCTBUSI, KOTOPOE 3aTeM CTaHEeT MPUYMHON CBEPTHI-
BaHUsI KOCMUYECKOHN cucTeMbl co3ufanus. [IpuHiun nepe mo-
JIApU3alui [IPUYMHBI U CJIECTBUSI CTAHOBUTCS OCHOBOIIOJIAra-
IOIIUM B ITOCTYTIATEeIbHOM el OECKOHEUHBIX IMpeoOpa3oBaHUi
Ha IMyTH COBEPIICHCTBA KU3HU U CO3HAHUSI.

Kak u3BecTHO, C HanpsiKEHWEM CBsI3aHA ellle OflHA XapaKTe-
PHUCTHKA CUJIOBOTO MOJIsl — HaNpsiKeHHOCTh. Ha ypoBHe conpsi-
JKEHHBIX CUJI OHA YMCJIEHHO paBHA Pa3HOCTH HANpsKEHUH MPo-
TUBOJEUCTBYIOIIMX CWJI HA €OUHMIIE JIMHBL (d) TMHUM Harpsi-
’KEHHOCTH MX PaBHOJIEHCTBYIOIIMX BEKTOPOB, U3MEPSIEMON pac-
CTOSIHUEM Mexx Ay Ayramu npuioxenusi: E= AUy, —AUy /d =28 —
0/14 =2.

HaiineHHast BeJiMurHa TIpUpAIIeHUsT HANPSHKEHUs HA eTUHU-
1y JUTMHBI IMHUW HATIPSIKEHHOCTH SIBJISIETCS TPaJIMEHTOM Harpsi-
skeHusl. Ero BeKTop HarpaBjieH B CTOPOHY YBEJIMYEHUsI Harpsi-
KEHUSI MEK/1y COCTABJISIONIMMU MPOTUBOJEHCTBYIONINX CUJI, T.€.
K HaBEJCHHOMY IMOJIOXKUTEILHOMY 3apsily JAedcTBUsl. PaBHBIN



1O BEJIMUMHE BEKTOP HAMNPSKEHHOCTH HAIpaBJIeH MPOTUBOIIO-
noxHo. Ha puc. 4.6 BUHO, 9TO MOITYJI OOOMX BEKTOPOB COCTaB-
JISIOT BeJIMUUHY, Ha KOTOPYIO MTPOUCXOIUT B3aUMHOE TIPOHUKHO-
BEHME BEKTOPOB PABHOICHCTBYIONINX CUJT AEUCTBUS U MIPOTUBO-
neuctus. B acriekte MeTapu3nyecKon JJMH3bI OHU OMPEIeISIOT
ee TOJIIUHY [0 OCU MaKCUMAJILHOTO HATIPSIKEHUS.

['pacpuueckass MHTEpHpeTays MO3BOJSIET TAKKe YSICHUTH,
YTO HAMPSKEHHOCTb W TPAJUEHT HAIpsDKeHUs B TOJCHCTEME
BEPTUKAJBHOTO TJIAHA COMPSIKEHBI U SIBJISIOTCSI COOTBETCTBEH-
HO TIPOM3BOHBIMU CHJT HICTEKaromero B [Iporomarerepuio u oT-
paxkeHHoro eto Ceera. Yepes 3Ty CBSA3b HAa €JVHUILY HANPSIKCH-
HOCTHU, 3aTpauyeHHON MEePBOU CUIION, CIeyeT aJleKBaTHOE MpH-
partieHue HarpsbKeHUsi BTOPOi ciiibl. B pesynbrate nuHaMude-
CKOE HalpsiKeHUe, WITH TIPEBOCXOACTBO CHIIBI JICUCTBUS HAJl CH-
JION POTUBOICHCTBUS Uepe3 TOCTHKEHUE PAaBEHCTBA MEX /Ty HU-
MU TOCTENEHHO TPaHC(OPMUPYETCS B HAMPsIKEHUE MPOSIBIICH-
HOT'O TIPOCTPAHCTBA HATSKEHUSI TOPU3OHTAIBHOTO TUIAaHA, KOTO-
pOe IOCTUraeT MaKCUMAJILHOTO 3HAYEeHU ST B MOMEHT CTATUIeCKO-
rO PaBHOBECHUsI MPOTHBOJCHCTBYIOIIMX CHJI. DTO ele OJWH ac-
NeKT MPOsIBJIEHUs pUHIMIA nonsipusanuu CBeta rpu oopazo-
BAaHUM 3aMKHYTOU CUJIOBOU CUCTEMBI.

HarpsikeHHOCTh BTOPOU TOJCUCTEMBI B acreKTe MPOCTpaH-
CTBEHHOW CTPYHBI paBHA Pa3HOCTH HAINPSKEHUH B KOHEUHOM
¥ Ha4YaJIbHOM COCTOSTHMM Ha €MHUIIE UIMHBI JIMHUU HAIpsKeH-
HOCTHU, U3MEPSIEMOI OCHOBAHUEM JIEMEHTAPHOTO CHJIOBOTO Tpe-
yroJIbHUKA. B 4nCcI0BOM BhIpakeHUH 3Ta (hopMyJia HIYEM He OT-



ryaercsi ot (popMyJIbl HANPSKEHHOCTU COMPSIKEHHBIX cuit: H
= AU — AUy /d = 28 — 0/14=2. B pe3ynbrare — Ta ke BEJINYH-
Ha npuparieHus Hanpsokenus. Eciu e 6pats BO BHUMaHUE, 4TO
Pas3roBOp UAET O Pa3HBIX IIOCKOCTSIX MPOSIBJICHH S HATTPSIKEHHO-
CTH, TO €IMHCTBEHHBIM OTJIMYMEM OyJIeT MoJIoXkKeHre B (hopMyJIax
3HAYCHUI HAPSOKEHU I HAYAJIBHOTO U KOHEYHOTO COCTOSIHUSI CH-
CTEMBI. DTO CBSI3aHO C TEM, UTO Y COMPSIKEHHBIX CUJT MAKCUMAJTb-
HOE 3HaYeHUEe HAIIPSKSHU I IPUXOUTCS HA TIOJIOKUTENIbHBIN TO-
YEYHBIH 3apsifl, a y IeMeHTa MPOCTPAHCTBA HATSKEHUS — Ha TIO-
CJICTHAY SHEPreTHUECKHIA YPOBEHb.

BekTopbl HANPSIKEHHOCTH U TPafieHTa HalpsbKeHUsl B TOJI-
CHCTeMe TOPU3OHTAIIBHOTO TIJIaHA HATIPABJIEHBI TI0 CTPYHE HATSI-
KEHUs TIEPICHANKYJISIPHO TAKOBBIM MTPOTUBOICHCTBYIONIHX CHJT
B HENIPOSIBJIEHHOM ITPOCTpaHCcTBe (pUc. 4.0). TO BakHOE 00CTO-
SITEJIbCTBO, CBUJIETENIBCTBYIOIIEE, YTO TpaHcopMalvs Harpsi-
JKEHUSI MEKIy UCTEKAIOIIUM U OTpakeHHbIM CBETOM B HAIpsiKe-
HME JIEMEeHTa HATSHKeHUsI CBSI3aHa, MPeXk/e BCEro, C M3MEHEeHH-
€M HaIlpaBJIeHUsI BEKTOpa STOU CUIIOBOM XapakTepuctuku. [1pu-
YYHA JIEKUT B CKPHITOM Ha MeTahu3M4eCKOM ypOBHE MPUPOJIEe
NPOSIBJIEHUS 3aKOHA JIEMCTBUSA U TPOTUBOAEHCTBHS.

MeicieHHO 3aiaauM ceOe BOIMPOC, KAKUM 00pa3oM MOXKHO
COXPaHWTh JMHAMUYECKH PAaBHOBECHOW CHUCTEMY W3 TPOTHBO-
JEWCTBYIOIIUX CUJI TPH MpeoOIaJaHuu 3apsaa CUIIbl IEHCTBUS
HaJl 3aps/IOM CUJIbI IPOTUBOACUCTBUsA. EIMHCTBEHHBIM, HA MO
B3JISAJ, CIIOCOOOM OyJeT MepeBojl COMPSIKEHHOTO AeUCTBUS X
MIOTEHIIMAJIOB B HAIIPSIKEHHE TI0 BEKTOPY, HATIPaBJICHHOMY Hel-



TPaJbHO MO OTHOIIEHMI0 K BEKTOpPaM MPOTUBOAEUCTBYIOIIMX
CcuI, T. €. IEPIeHJUKYISPHO UM B 00e CTOpoHBI. BmecTe ¢ Bek-
TOPOM HANPSKEHHOCTH MPOTHUBOJECUCTBYIOIIMX CHJI 00pasyeT-
Csl TPEXBEKTOPHAS MOCTyIATEIbHAs CUCTEMA HANPSKEHU, 1EU-
CTBHE KOTOPOW COMNPSKEHO M HAIIPABJIEHO BIEpE] U B CTOPO-
HBL. DTO SABNISIETCA MOOYIUTEBHON TPUYNHON MPOSIBJICHUS 3a-
KOHA pa3JIoKEHU s IPOTUBOIEHCTBYIOIINX CUJI M KAK CJIE/ICTBUE —
oOpa3oBaHKe 4yepe3 OYTM UX MPUJIOKEHHUS MPOCTPAHCTBEHHOM
CTPYHBI HaTsKEHUSI.

BekTopsl HaNPSKEHHOCTU U TPaIMEHTA HANPSKEHUS OHO-
MEPHOTO JIEMEHTA MPOCTPAHCTBA HATSKEHUSI UMEIOT MHOU Xa-
PAKTEP PACHOIOKEHUSA OTHOCUTEIIBHO (POKyca MeTapU3NIECKOU
JIMH3bl. AKTMBHOE MPOTUBOIENCTBUE COCTABJISIOIIMX BEKTOPOB
conpsikeHHbIX cril CBeTa M Kak CJIe[CTBUE — YaCTUYHOE B3aUM-
HOE€ ITPOHUKHOBEHUE UX PAaBHOACWCTBYIOLUIMX BEKTOPOB IO JIH-
HUY HAIpsKEHHOCTH 00YCIOBMIO (DOPMHUPOBaHKME Ha KaxXIOM
SHEPreTUYeCKOM YPOBHE paccMaTpUBAaeMbIX BEKTOPOB B 3€p-
KQJIBHOM CHUMMETPUM OTHOCUTEJIBHO TOYKHM TpaHC(OpMaluu.
ITO HAXOOUTCA B COOTBETCTBUM C CYLIECTBYIOIIMM ITPEACTAB-
JIEHUEM OTHOCHUTEJIBHO XapaKTepa pacroyIoKEHUs] BEKTOPOB Ha-
NPSKEHHOCTU U TPaIMeHTa HANPSKEHUS B KakK/I0M TOUKE JIEK-
TPAYECKOTrO MOJsA. 11 TOPU30HTAIBHOTO IIIaHA BEKTOPBI Ha-
NPSDKEHHOCTU U TPaIMEHTa HANIPSKEHU S, CBA3aHHBIE C ONOCpe-
JOBaHHBIM (POPMUPOBAHUEM 3JIEMEHTA HATSKEHUS, COBMEILIE-
HbI B IByHalIPaBJIEHHOM, OTHOCUTEJILHO (POKYCa CHJIbI COKpalle-
HusA, BekTope. HampaBienue Ha (pokyc oTpaxkaer BEKTOp rpa-



JMEeHTa HanpspkeHus, Oarogapsi KOTOpOMy B apu(pMeTHIecKOn
IIPOIPECCUN C PA3HOCTBIO 2 BO3PACTAET HANPSKEHUE MPOCTPaH-
CTBEHHOU CTPYHbI. B TPOTUBOIOIOKHYIO CTOPOHY K TOUKaM CO-
NPSKEHUsI COCTaBJISIOIIMX POTUBOAEUCTBYIOIMX CUJI HAITPAB-
JIEH BEKTOP HAIPSKEHHOCTU. B 11e10M MBI MIMEEM KaueCTBEHHO
HOBOE CTaTMUYECKOE HAIPSKEHUE, COMIOCTABUMOE C PACTSKEHHU-
eM MeTapu3NYECKOM NPYKUHBI, I1€ HAIIpaBJIE€HUE U BEJIUYHMHA
HaTSKEHUS COOTBETCTBYIOT BEKTOPY HAIIPSIKEHHOCTH, 4 HAITPAB-
JIEHUE 1 BEJIMYMHA CUJIbl COKPAILIEHNS — BEKTOPY I'paJlMeHTa Ha-
N PSIKEHUSL.

C 3T0r0 MOMEHTa IPUHLMI NOJISIPU3ALIAY JIBOMCTBEHHOU CH-
Jb1 CBETa HAXOOUT CBOE MPOJIOJKEHUE B HAYAJIBHOU (popMe BO-
IUIOLEHU 1eKTpoMarHeTusMa. Cuiibl HaTSKEHUsl M COKpalle-
HHSI CHHTE3UPOBAHHOTO CYOCTaHIIMOHATIBHOTO SJIEMEeHTa Harpsi-
KEHHUs] HeOOXOAMMO paccMaTpUBaTh Kak MEPBOE CTATHYECKOe
NIPOSIBJIEHUE CUJI OTTAJIKUBaHUS U IPUTSKEHU. B 11e710M B poM-
Oe, Kak ABYXMEpHOU (hopMe OTOOpakeHHsI ITPOTHUBOIACHUCTBYIO-
nmx cuil CBera, reoMeTpuieckn (pOpMaaIu30BaHa CBA3b JIEK-
TPUYECKOM COCTABJISIONIEH BEPTUKAIBHOIO IJIJAHA 1 MAarHUTHOU
COCTaBJIAOLIEN TOPU3OHTAIIBHOIO IUIAHA.

PaccmarpuBaemas metapu3znueckas cucteMa Mo3BossieT ysc-
HUTb NTPUPOLY CONPSIKEHHOM CBSA3U IMPOTUBOACUCTBYIOIIMUX 3a-
PA/I0B IEKTPUYECKON CHJIbI C MATHUTHBIMY TTosmocamu. [ocnen-
HUe (POPMUPYIOTCA 3a cYET TpaHC(OpMallUU B IUIOCKOCTb HEW-
TPaJIbHOTO HAIPSKEHUs 33/1€MCTBOBAHHBIX MMOTEHIIMAJIOB TOJIO-
JKUTEJIBHOIO ¥ OTPULIATEJILHOTO 3apsI0B C COXPAaHEHUEM ITPHUH-



una nosspusanuu. [1og0KUTENbHBIN MOMIOC CUJIbI HATSIKEHUS
U OTPULIATEJIbHBIN TIOJIOC CUJIBl COKPAIIEHUsI B JIByXMEpPHOM
CTPYKTYpe MarHUTHOW COCTABJISIIOINEH KOCMUYECKON OUIIONSAP-
HOW CHCTEMBbI pacloJIOKeHbl Ha IByHANIPABJIEHHOM BEKTOpe-pa-
Jyce 3JeMEeHTa MPOCTPAHCTBA HATSKEHHUsI (CTPYHE) B HYJIEBBIX
TOYKaX CBOMX MPOTUBOIMONOKHOCTEN. OHM COOTBETCTBEHHO $IB-
JISTIOTCS] MATHUTHBIMU TOJTIOCAMU OTTAJTKUBAHUS U TTPUTSIKEHUS.
B nenom B mpenenax (pokaybHOU MJIOCKOCTH MeTapu3nuecKon
JIMH3BI OTHOMY OTPHIIATEILHOMY TOJIIOCY B IGHTPE MPOTUBOCTO-
SIT TATh TOJIOKUTETBHBIX TOMIOCOB B TOUKAX COMPSKEHUSI KPY-
roB HatskeHus cepel Beenennon Ceera.

Bce cka3zaHHOe BblllIEe yKa3blBa€T Ha TO, YTO TaKUE SHEpre-
TUYECKHME XaPaKTePUCTUKU KakK 3apsill, MarHUTHBIA MOJIOC, TO-
TEHIIMAJ, Pa3HOCTh MOTEHIIMATIOB, HANPSDKEHHE M HAMPSIKEeH-
HOCTh OTPaXal0T BO3HUKHOBEHHE W (pOpMUPOBAHUE LIEMH TIO-
CJIEIOBATENIbHBIX PUYMHHO-CJIECTBEHHBIX CBSI3€U 3JIEMEHTOB
TpaHcOPMAITMOHHON OUITONSIPHOM CHIIOBOM crcteMbl. CructeM-
HBIU TIOAXOJ MCKJIIOUAET HE3aBUCUMOE CYIIECTBOBaHME B IPU-
pozie OTpULIaTeNIbHOTO 3apsifa. VM3HavyambHO NEHCTBYET TOJIBKO
OJIVH 3apsiji ¥ ofiHa cuJia aerctBus AbcomotHoro Ceera. Ho ux
IIPOSIBJIEHHE CTAJIO BO3MOXKHBIM uepe3 orpaxenue Ceera IIpo-
TOMaTepuen. «/[6a NPOMUBONONONCEHUS BCe20a YMBEPIHCOaIon -
cs 83aumno. Kozoa oona wacmo cmpemumcs Kk 081a0eHur0 8uou-
Mocmblio, Opy2as uacme cmpemumcs 8 Hesuoumocmo» (Pepux,
1992.T. 2. C. 306). «<Huumo ne modxcem cyuwsecmeosamso 6€3 c6o-
ell nPOMUBONON0NHCHOCIU, 084 ObLAU 8 HAUANE U CIMAHYN OOHUM



6 konue» (YOur,1997. C. 195).

Sl B MOMHON Mepe OCO3HAI0 BCIO CEPbE3HOCTh TAKOI'O BBIBO-
Jia, HApyIIAIoLIEro CJOXKUBIIeecs: HayuHoe npeacTtasienue. Of-
HaKo IMyTb K UCTHUHE — 3TO He npsAMas nopora. Ilocnenyomue
MOCTpOeHU S MeTapu3nIeCcKOr KapTUHBI KOCMOTeHe31ca, Ha MOM
B3IJIS1/1, TO3BOJISIIOT MO-HOBOMY B3IJISIHYTh Ha 9Ty IIpodsieMy Obl-
tHs. K aTomMy ectb npeanocbuiku. Tak, W3BECTHBIN aHIJTMICKUIA
yuenslit [Ton IaBuc /1989/, npoBoast aHaoruio BO B3aMMOJIE-
CTBMM MarHUTHBIX MOJIOCOB M JIEKTPUUECKUX 3aPsAOB, MPaBO-
MEPHO 3aJaeT Borpoc: «Modicem Obims, cyuecmeosarue 8 npu-
POO€e UBOAUPOBAHHBIX MAZHUMHBIX NOoAt0co8 uckaovero 7» (C.
85). Kazanoce Obl, 4TO MeIIaao 3TOMy aBTOpPY 3a/1aTh TaKOK BO-
MIPOC U 110 OTHOIIEHUIO MEKTPUYECKUX 3aPsi/IOB.

Bonee Toro, Takve NOHATHUSA JEKTPOANHAMUKU KAK JIEKTPU-
YECKU M MAarHUTHBIN TOJIIOCHl B pacCMaTpUBaeMOM KOCMMYE-
CKOW OUMOJIIPHON cUCTeMe CO3UJaHusi OObEeAUHEHbI MPUYNH-
HO-CJIE/ICTBEHHOH CBA3bI0. DTO JIBE CTYIEHU B €IMHOM ITpoliecce
IIPOSABJIEHUS ABOVMCTBEHHOM crjibl CBeTa, MO3BOIAIOIIUE TPAHC-
(bopmupoBaTh LIEHTP SHEPIUU MOJIOKUTEIBHOTO JIEKTPUUYECTBA
(ucrekaroniero Cera) U HEHTPbI SHEPTUU OTPULIATENILHOTO JIEK-
TpuuecTBa (OTpaxkeHHOro CBeTra) U3 OTBJIEUYEHHOIO MPOCTPAH-
CTBa B IUIOCKOCTb CHHTE3a 3THX CHJ ¢ (pOPMHPOBAHUEM IMPO-
CTPaHCTBA MarHUTHOIO HAMPSIKEHUS U MOMTIOCOB OTTAJIKUBAHUS
Y TIPUTSIKEHUS.

[IposiB/IeHHDII HEHTP HANPSKEHUsI HA TOM WJIM MHOM Hepre-
THYECKOM YPOBHE paccMaTpHBaeMOl OUIOJISIPHON CHUJIOBOM CH-



CTeMbl MOJXKHO TPHHSATH 32 TOT MPOOHBIA 3apsi/l, C MOMOIIBIO
KOTOPOTo Yy4eHble MCCIEAYIOT eKTPUYecKoe Moje. BakHbiM
MOMEHTOM B 3TOM SBJSIETCSI TO, YTO paccMaTpvBaeMasi TOY-
Ka Ha CTPyHE HaATSKEHWs SIBJISIETCS CYOCTAaHIIMOHAJBHBIM Me-
CTOM TPUJIOKEHUS] CyMMApPHOTO JIEHCTBUS TIOTEHIMAJIOB TIOJIO-
JKUTEIBHOTO Y OTPUIIATENILHOTO 3apsA0B. DTO OTpakaeT U3Ha-
YyaJIbHOe JISVCTBUE TPUHIIUIA TOSPU3AIUN CBETOCHIIBI U, €C-
7 OyZieT YyroJHo, MOJISIPHOCTH 3apsAAoB. 3aderas Briepe, Heoo-
XOIMMO CKa3aTh, YTO STOT MPHHIIMIT HerokoieOnM. Ha pasHbix
YPOBHSIX OBITHSI OH BOIUIOIIEH B Pa3HBIX 10 CBOEW KOHCTPYKITUH
SHEPreTUYeCKUX CUCTeMax.

EcTb elie oiH MPUHINII, KOTOPBI UX OObEAMHSET — MPUH-
UM 3aMKHYTOW CHCTeMbl. biaromapst 3ToMy W3HAYaJIbHO [IEHi-
CTBYIOT 3aKOHbI COXPAHEHUSI SHEPrUU, UMITYJIbCA, MOMEHTA KO-
JIMYeCTBA JIBUKEHUSI U, HAKOHEI], JIeKTPUIecKoro 3apsiaa. Jeii-
CTBWE €T0 HaIJISTHO MPEICTaBICHO B PaCCMaTPUBAEMON CHIIOBOK
cucteMe. HaBeieHHBIN MOIOKUTENbHBIA TOYSUHBIN 3apsif] B ITPO-
recce (POPMUPOBAHUS CUCTEMBI TPaHC()OPMUPOBAH 4YEpeE3 JBa
CJIaraeéMbIX — CUJI JEUCTBUS UCTEKAIOIIEr0 U MPOTUBOACUCTBUS
oTpaxkeHHOro Ceera 0e3 U3MeHEeHUsI UCXOAHON CyMMapHOH Be-
JIAYMHBI.

He npencrasnsieTcss BO3MOXHBIM BBITIOJIHEHUE 3TOTO (hyH[a-
MEHTAJILHOTO 3aKOHA MPUPOJIbI, €CIM MPU3HABATh HE3aBUCHMOE
CYIIIECTBOBAHME TMOJIOKUTEIPHOTO M OTPHIIATESIHBHOTO 3apsiOB.
[MTapaiokcanbHOCTb CUTYAITUM 3aKJII0YAETCS B TOM, UTO TIPU CY-
IIECTBYIOIIEH TOYKE 3PEHUsI OTHOCUTESILHO TOrO aTpudyTa CH-



JIOBOTO TIOJISl TIPECTaBJICHUsI TIO BCEM JIPYTUM, TIOCJie COOTBET-
CTBYIOIIE KOPPEKTUPOBKH, BO MHOIOM BITUCHIBAIOTCSI B pac-
CMaTpUBaeMyio Mojiesib MeTadpu3nieckor cucteMbl. CTaHOBUTCS
OYEBUHBIM, UTO SHEPIeTUUECKON XapaKTEPUCTUKON K TpUYe-
CKOM COCTaBJISIIOIIE KOCMUYECKOTO IEKTPOMArHUTHOTO OIS,
KaK 3TO U MPUHSTO CUUTATh, siBJsieTcsl moteHiman. OH xapak-
Tepu3yeT YUCII0 TpaHChOPMUPOBAHHBIX equHUI] CBeTa MOJ0KU-
TEJIbHBIM 3apsiIOM M YUCIIO MPUOOpeTeHHbIX eauHuil CBeTa oT-
pULIATETLHBIM 3apsiAoM. Takou 1yan3M eCTeCTBEeHHO MPeAroa-
raeT CyIIecCTBOBaHUE Pa3HOCTH MOTEHIIUAJIOB. Torjga CTaHOBUTCS
MOHSITHBIM, TIOYEMY Pa3HOCTh MOTEHITUAJIOB SIBJISIETCS HAMPsIKe-
H1eM. V160 OHO 1o CBOEH CYIIHOCTU HEMBICIUMO Oe3 MPOTUBO-
JEUCTBUS U SIBJISIETCSI CUJIOBOM XapaKTEPUCTUKOM, OObEAMHSIIO-
1IeW MOTEHLIUAJIBl PA3HOrO 3HAKA.

[To cBoeMy MecTy MONOXKEHUs1 B CUCTEME MOTEHIMaJbl MO-
JIO)KUTEIHOTO W OTPUIIATENIbHOTO 3apsIIOB MPUXOASATCS HA TOY-
KU COTPSKEHUsI COCTABJISIIONINX CUJT JEUCTBUSI U TTPOTUBOJIEH-
cTBus1. Yepes HUX OCYIIECTBISETCS EPEBOJL OOIIEro MOTEeHIHA-
JIa COMPSIKEHUS U3 OTBJIEUEHHOTO MPOCTPAHCTBA IBOMCTBEHHOM
MEKTPUYECKON CUJIbI B TIPOSIBJIEHHOE MPOCTPAHCTBO HaIpsiKe-
HUSI MarHUTHOM COCTaBJisioniedl. B HeM moTeHnumabsl mpoTUBO-
JEVCTBYIOIIUX CHJI HaXOMSAT BOIUIOIIEHUE B ABYHAIPABIEHHOM
BEKTOpPE MPOCTPAHCTBEHHOW CBETOHOCHOM CTPYHBI HATSIKEHUSI.

W3 cka3aHHOTO BBIIIE CIEAYET, YTO HApsiAy C OINpeesIeHHON
aHAJIOTME! CYIIECTBYET PUHITUIHATIBHOE PACXOK/IEHHE B TIOHH-
MaHUM MeCTa MPWIOKEHUs PACCMATPUBAEMbIX SHEPreTUYeCKUX



XapaKkTepUCTUK. B n3araemMoii TOuke 3peHurs OHU SBJISAIOTCA aT-
pubyTaMu ISHCTBUSI IBYX COMPSUKEHHBIX CHJT 3aMKHYTOM OUTIO-
JISIPHOM CUCTEMBI, TOT/1a KaK B JIEKTPOIUHAMUKE ITU XapaKTepu-
CTUKU BBIBOJATCS U3 paOOThI, COBEPIIAEMON CUJIAMHU T10J141 T10 T1e-
pPEMEIEHNI0 POOHOTO 3apsijia U3 OJHOW TOUKU B JIPYIyI0 WM
B OECKOHEUHOCTb, T. €. B TIPeJIe/iaX OTKPBITON CUCTEMBI. DTO MPO-
TUBOpEYME CHUMAETCsl, €C/IM MPU3HATh, YTO CHJIa M COBEpIlIae-
Masi paboTa NMPOSBISIOTCS TONBKO B IPOTUBOAEHCTBUY U, CIEI0-
BaTeJIbHO, B CUJIOBOM I10JI€ IIEPEMEILIEHHE U3 OJHON TOUKHU B IpY-
I'yI0 O3HayaeT Mepexojl U3 OIHOIO YPOBHS HANpPSKEHUS B Jpy-
roi1. [Toatomy nipu onpesiesieHnu rpaiieHTa (IIpUpalleHusi) peub
UJIET HE O MOTeHluane, a o HanpspkeHuu. C Apyro CTOpPOHBI,
€CJIU eCTh JIEUCTBUE M MPOTUBOJECUCTBUE, TO ITOT IPOIIECC CO-
BEpIIAECTCA B 3aMKHYTOM CHJIOBOM CHCTEME, TPaHULIAa KOTOPOU
orpejesieHa MaTepUabHbIMU HOCUTEJISIMU COTPSIKEHHBIX CHIL
B aByXMeEpHOM BapuaHTe paccMaTpuBaeMoOW MeTapu3N4ecKOu
CHCTEMBI, CTPYKTYPHBIM 3JIEMEHTOM KOTOPOH SBJISIETCS CUIOBOM
TPEYroJIbHUK, OHA OIpe/ie/IeHa ILIECThIO OTPULIATEIbHBIMU TOUEY-
HBIMU 3apsi/laMH, PACMOIOKEHHBIMU B KPYTOBOM CUMMETPUU OT-
HOCHUTEJILHO TTOJIOKUTEJIBHOTO 3apsja (puc.5, 6).

Jl0BOZIOM B NOJIb3Yy U3JI0KEHHON TOUKH 3PEHUS1 OTHOCUTEIIBHO
COOTHOUIEHU S SHEPreTUUECKUX XapaKTEPUCTUK OIS TOYEYHOTO
3apsijia AefcTBUs OyJeT NpeACTaBIeHHas Ha pUCYHKE 4 reoMeT-
puueckas opMann3alusa JEMEHTOB CBA3M MeTa(pU3NYeCKOU
CWJIOBOM cucteMbl. Uepes Hee Kak OHY U3 IIECTU JBYXMEPHBIX
OWTIOJNIIPHBIX TIOZICKCTEM HAIJISAHO BUAHA BCS MOCIIEIOBATENb-



HOCTb TpaHcOpMaIMK HABEIEHHOTO TOJIOKUTEIHHOTO 3apsijia
B [10JIE CWJIOBOTO Kpyra. B 3Tom nmpouecce NoTeHIAIIbl JEMCTBUS
Y TIPOTUBOACUCTBHUS SIBJISIIOTCS CyO7IeMEHTAMMU MPOSIBIISIONIEH-
Cs1 CUJIOBOU cucTeMbl. VIX MpUYMHHO-CIIeICTBEHHAS CBSI3b OTpa-
JKaeT IUCTBUE CUCTEMBI IBYX COIPSI’KEHHBIX M HEPaBHBIX 110 a0-
COMoTHOM BesmmuuHe cuit. [loceqHee 06CTOATEIbCTBO SIBIISACTCS
MIPUYMHON BO3HUKHOBEHUS ME/1y HUMU HAMPSDKEHU ST, KOTOpPOe
COXpaHsieTcsi, IoKa ecTh HepaBeHCTBO. ClieloBaTeNIbHO, HAIPsI-
KeHHe — aTpuOyT 3aMKHYTOW CUCTEMBI.

B 3aksoueHne 3ToM IIaBbl BEpHEMCS K OTMEYEHHOMY BBIIIE
CBOWCTBY COXPaHEHMS IEKTPUIECKOrO 3apsijia MPU PacKpbITUN
KOCMHYECKOU OunonsipHoit cuctemsl CBeta. C HUM TECHBIM 00-
Pa30M CBsI3aH OKKYJIbTHBIN IPUHITUI pacTsokeHus yncna. O Hem
Yuurens Pakkonu, nmenyemsbiit rpadgom CeH-KepmeHoM, roBo-
pUT B IOKTpUHE, NocBseHHoN Crety. [Tonpodyem HailTh 00b-
SICHEHUE CJIeYIONIUM HEJIETKUM JIJIs1 OCO3HAHUS IIUTAaTaM U3 3TO-
IO MOJTHOTO JIyXOBHOI'O cofiepkaHus Tpyaa: « Haubonee mpyoro-
NOHUMAEMbIM MOJCEM OblMb NPUHUUN PACMANICEHUS. YUCAA, KO-
mopulii ucnoav3yemcsi Baaovikamu ons nooodepocanusi eapmo-
HUU U nopsioka 6o Bceaennoli... Lugpa nsamo, Kk npumepy, max
U ocmaemcsi YUgpoii nsims, HO HYMPU ceOs1 OHA MONHCEM COOep-
AHcamo AUOO NAMb OONLUUX, MO0 NAMb MAALIX MazHUmMoes. Oo0-
HOIL U MOL Jice YUEPPPOTL bl MOJKCENe MePUMsb NPeOMenbl 2U2ann-
CKUe U MUKPOCKONU4ecKuUe. .... Meree ecezo s3mom npunyun ume-
en OMHOUEHUe K KOAMUECTBEHHOMY BbIPANCEHUIO, HO Doee 8Ce-
20 OH C8A3GH C ONUHOU C8EMOB020 B0NOKHA, HA KOMOPOU HAXO-



osimcs mampuurwle epanu» (Ilnatronosa, 2000. C. 39—41).

Cpa3y XO4y OTMETHTb, YTO Ha MeTa(pU3M4YECKOM YypOBHE
B Iu1aHe popmupoBanus Beenennon Ceera 4MCIIO €CTh HE YTO
MHOE, KaK Mepa KOJIMYECTBA €IMHMI] TOTEHLIMAJIA, CKOHLIEHTPU-
POBaHHBIX B HABEJIEHHOM [UIs CO3WJAHMA 3apsle. DjIeMeHTap-
HBIM CWJIOBOM TPEYTOJIBHUK Ha PUCYHKE 4 ABJIAETCS JBYXMED-
HBIM [IPOCTPAHCTBEHHO-BEKTOPHBIM IIPOSIBJICHUEM JIAHHBIX €/11-
HMILl MOoTeHUmata. HarisgqHo BUAHO, YTO NP PacKpblTUU Ou-
HOJISIPHOM CHUCTEMBI C Ka/bIM IOBBIIIEHUEM 3HEPreTUYecKO-
IO yPOBHS BEJIMYMHA 3apsAAa CO3UIAHMA OCTACTCS] HEM3MEHHOU
B aOCOJIOTHOM BBIPKEHUU CYMMBbI €IMHHII TOTEHIMATIOB HCTe-
Karouiero u orpaxeHsoro Ceera. [Ipoucxonut ux nepepacripe-
JeneHre U3 00JacTH MOJOKUTEIBHOW CHIIBI B 00JIACTh OTpPUIIA-
TesapHOU. [IpH 3TOM, Kak yxe 0TMedanoch, 3TO CONMPOBOXKIACT-
Cs1 IepeBOJIOM OOIIMX €MHUI] TIOTEHIIMAIOB CONPSIKEHUSI B HEl-
TPaJIbHYIO IJIOCKOCTh U 00pPa30BaHUEM IIPOCTPAHCTBEHHOM CTPY-
Hbl. Ha 3TOM nposIBIEHHOM CBETOHOCHOM 3JIEMEHTE HaIlpsiKe-
HU1 HAXOJUT CBOE BOIUIOLIEHHE N3HAYAIBHOE YMCJIO CO3UJAHUA
B BUJI€ IOTEHIIMAJIOB HATSKEHUs U coKpaueHns. C NOBBILEHN-
€M 3HEPreTUYECKOro YPOBHS IIPOUCXOIUT YBEJIMUYEHUE HATSKE-
HUS CTPYHBI, YTO TEOMETPUUYECKH HAXOAUT OTPAXKEHHE B yBEJIM-
YEHWUHU JJIMHBI OCHOBAHUS CUJIOBOTO TPEYTOJIbHUKA.

Kaxpaa crpyHa mnpencrasisieT onpejeneHHoe 4ucio. OHo
Ha BCEH JJIMHE 3TOTO JIEMEHTA HaTsSKeHUsI B aOCOIIOTHOM BbI-
paXXE€HUM OcTaeTcsl HeM3MeHHBIM. [IponcxoauT TosbKo nepepac-
IpeJesieHre MOTEHIMAJIOB HATSKEHU U COKpaleHus. Mcnomb-



3ysl IPaBWJIO MapasuiesiorpaMMa, BUIAKUM, YTO CO BTOPOIO SHEP-
T€TUYECKOTO YPOBHS 3TOT IEMEHT HANPSKEHUS SABIISECTCA OC-
HOBAHUEM [JIS PA3HBIX 10 BEJIMYMHE COMOAUYMHEHHBIX CUJIOBBIX
TpeyroibHUKOB. [ToaTOMY Mpu OMHOM U TOM ke aOCOMIOTHON Be-
JIMYMHE CYMMBbI 33JIelICTBOBAHHBIX B IPOSIBJIEHUU MOTEHIIUAJIOB
VCTEKAIOLLIETO U OTpakeHHOro CBeTa OHU SABJISIOTCS Pa3HOU Me-
POM IJIMHBI IPOCTPAHCTBEHHOM CTPYHBI.
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Puc. 6. ®parMeHT CTpyKTypbl KOCMUUYECKOIN OUTIOISIPHON CH-
CTeMBI MTPOSIBJICHUsI TBOPSIIeH critbl CBeta (IByXMepHOE 0TO0-
paxeHue)



B MOMeHT 10oCTUXEHUsI CUCTEMOI CTATUYECKOTO PAaBHOBECH ST
1 4 eguHMI] MOTEHIMAIA CO3UIAHUS TIOCPEICTBOM CBOETO 3€p-
KQJIBHOTO YJBOEHHS IOCJIEIOBATENIBHO PaCIIpE/IEICHbl Ha J1e-
MEHTE HaTskeHWs. B nenom nepes HamMu JBYyXMEpHasi peller-
Ka HalpspKeHUWs, TAe Kaxiaas sueiika, MpeCTaBJIeHHAs pPOM-
O0OM IIPOTUBOAICHCTBYIONIHX CHJI, SIBJISIETCS JIEMEHTAPHBIM ITPO-
CTPaHCTBEHHBIM MarHUToM. Vckomoe uncio co3uganus B Oyk-
BaJIbHOM CMBbICJIE PACTSHYTO Ha MOJOTHE Mwupa, COTKaHHOM
U3 BUOPHUPYIOIUX CBETOBBIX BOJIOKOH.



2.4 Boiciiee 3HepreTu4ecKoe
TpueauHcTBO U CUMMeTpPHS
B KOCMHYeCKO
ounoJisspHoil cucreme CBera

B MOMEHT IOCTHKEHUsSI KOCMUYECKOW OMITONISIPHOUM CHUJIOBOM
cuctemort CBeTa CTaTUYECKOTO PABHOBECHS MPOSIBJICHUE BbHIC-
1IEr0 SHepreTuyeckoro TpreauHCTBA HAXOAUT CBOE OTPaKEHUE
B OIpEIEJIEHHOM COOTHOILIEHUH KOJIMYECTBEHHBIX MOKa3aresen
IATH cocTapysionmx. HaOmomaeTcss paBeHCTBO TOTEHITUAJIOB
MPOTUBOACUCTBYIOIINX CUJI B TOUKAaX COMpspKeHus 14 equHu-
11am, a BEJIMYMHA OTPULIATESILHOTO 3apsa U HAIIPsIKEHUS CUCTe-
Mbl JOCTUTAIOT BEJIMYMHbI HABEAEHHOTO IMOJIOKUTEIBHOTO 3apsi-
Ja B 28 yCIOBHBIX eAVHMI] (puc. 4.a). MecToIoIOKeHE ITUX Be-
JIMYMH U BCEX MPOMEXKYTOUHBIX 3HAUEHUI YKAa3aHHBIX XapaKTe-
PUCTHK B SHEPr€TUUECKOM TPEYTOJIbHUKE MO3BOJISIET HAITISAAHO
YBUJIETb, YTO MPUHLIMIT OIS PU3ALIMU ABOMCTBEHHOM cuiibl CBe-
Ta 00JIaaeT CHMMETpHEH.

C MOMeHTa BO3HMKHOBEHUS U B MPOIIECCE PACKPBITUS KOC-
MUYECKOM CHJIOBOM CHCTEMbI TpaHChOpMalusi KOJIMYECTBEH-
HBIX [MOKa3aTesiell IPOUCXOAUT C COOIIOIEHNEM CUMMETPUU OT-
HOCHUTEJIbHO JIBYX COIPSIKEHHBIX B3aMMHO NEPIEeHIUKYISPHBIX
OCell — JIMHUM HANpPsIKEHHOCTU (PaBHOIEUCTBYIOIIMX) CUIT IeW-
CTBHSl U IPOTUBOJAEUCTBUSA U MPOCTPAHCTBEHHOM CTPYHbI HATsI-



xkeHus. [IpuHrMas BO BHUMaHUE, 4TO MPU HEMPEPHIBHO U3Me-
HSIIOIIUXCS OTEHIIMAIaX MTPOTUBOAEUCTBYIOIIMX CHJI CyMMa MX
aOCOJTIOTHOTO 3HAYEHUsI OCTAaeTCsl HeM3MEHHON 1 paBHOM HaBe-
JEHHOMY 3apsifly JEUCTBUSI, JIeJlaéM BbIBOJl O HEPA3phIBHOM CBSI-
31 CHMMETPHUU U COXPaHEHU sl 3aKOHOB B MPUPOJIE.

[eomerpuueckas ¢opmManuzaius 3Hepreruyeckoro Tpu-
€IMHCTBA yKa3blBaeT, YTO ITU JIBA CBOWCTBA B paccMarpuBae-
Mol Metadusnueckon cucteme CBeTa CBsI3aHbl Uepe3 ee Harlpsi-
JKeHHEe TMOCPEJICTBOM HaMMEHBIIIero MPUHIUIA JASUCTBUS — OfI-
HOTO U3 BapWallMOHHBIX MPUHIMMIOB MexaHuku. [Ipu nepexone
CUCTEMBI U3 OJHOW KOH(UTypaluH B MOJSAPHYIO K HEM KOH(pHU-
Typalmio COXpaHEeHUE BEJTMUUHBI €€ MOJTHON SHEPTrUu MPOUCXO-
JIUT 32 CYET PA3HOCTH MOTEHIMAJIOB COTPSIKEHHBIX CUJT IEUCTBUS
Y IPOTUBOAEUCTBUS U MOCTIEIYIOIIEr0 HAMMEHBIIIETO MpUpallie-
HUSI TUHAMUYECKOTO (IO JITHUY HAMPSIKEHHOCTH ) U CTATUYECKO-
ro (1o CTpyHe HaTsI’KE€HUsI) HANPsLKEHUN CUCTEMBI, T. €. Yepe3
IPaJeHT HaIPsKEeHUsI.

[ocnennsist puzmyeckas BeIMUYUHA, UMEIOIIAs CTALIMOHAPHOE
3HaUeHHe, OTPaXxaeT TO JICUCTBHE, O1arogapsi KOTOPOMY IPOUC-
XOIUT TIOBHIIIICHWE SHEPreTUYECKOro YpOBHSI OUMONSIPHOM CH-
JIOBOH CHCTEMBI. DTO BHyTPEHHEE «JIBUKEHUE» 00ECIIeUMBACTCS
Ha YPOBHE JIBYX COIPSI)KEHHBIX CHUJIOBBIX CYO3JIEMEHTOB 3a CUET
TIPEBBIIIEHNS] MMOTEHIMAIA OJHOTO HaJl MOTEHIMAIOM JIPYroro.
Pa3HOCTh MOTEHIMAJIOB B KOHCEPBATUBHOW CUCTEME SIBJISIETCS
TOX 0O0OOIIEHHOW CHJIOH, Oyarogapsi KOTOPOM CTAaHOBATCSI BO3-
MOXHBIMHU SHEpreTHuecKue mpeodpasoBanusi. M3 storo ciemy-



€T, UTO B OCHOBE HEepreTuyeckoro TprueanHCTBa JIeKUT He TTPO-
CTO CUMMETPHSI, a 3epKaJIbHAsI CHMMETPHSL. DTO 0OCTOSATETIHCTBO
ABJISIETCS. OCHOBOITOJIATAIOIIUM I BO3HUKHOBEHHUS CO3UJAI0-
et cucreMbl. CTAaHOBUTCSI BOZMOKHBIM IEPEXO[T U3 OJJHOTO CO-
CTOSIHUSA B APYroe MpH COXPaHEHWH BEJTMYMHBI OOIIETo 3apsijia.
MiMeHHO 3TO OTpakeHO B OMIOISIPHOM critoBou cucteme Caera,
rae HaOMogaeTcsl afeKBaTHOE MPOTUBOCTOSIHUE MUHYCA TLTIOCY,
MPOTUBOAIEUCTBUS JiercTBUIo, [IpoTromarepun nyxoBHomy Cie-
Ty.

3epkaibHasi CUMMETPHSI B TMPOSIBIEHUM CUJT MCTEKAIOIIETO
(mercTBUsA) U oTpaxkeHHOro (mporuBoneuncTeus) Ceera coxpa-
HSIETCS Ha BCEM MPOTSHKEHUM JUHAMUYECKOrO PACKPBITUS CU-
CTEeMBbl, BIUJIOTh JI0 JOCTHKEHUsI CTAaTUYECKOTO PaBHOBECHS. DTO
yKa3bIBaeT Ha JIEUCTBUE 3aKOHA COXPAHEHUsI YETHOCTU B COCTO-
SIHUM OWTIONISIPHOW CUJIOBOM CHCTeMbl. B pesysbrate BearmunHa
OTPULIATESIbHBIX TOUEYHBIX 3apsI/IOB U SHEPreTUYECKUe YPOBHU
MX PacrojioKeH!s B CUCTEME UMEIOT YETHOE 3HAYCHHUE.

Kak m3BeCTHO, YETHOCTD SIBIISICTCSI KBAHTOBO-MEXaHUUECKOU
XapaKTePUCTUKOM MHUKPOYACTHI, OTPAXKAIOIIECA CBOWMCTBA CUM-
METPUM UX BOJTHOBOM (PYHKIIMM OTHOCHUTEILHO MTPOCTPAHCTBEH-
HOU MHBepcuu. Takas aHAJIOTHSI CBUJIETEbCTBYET O TPAHCIICH-
JEHTHBIX KOPHSX €llle OJHOTO 3aKOHA (PU3MKH, MOITYYMBIIETO
CBOE€ M3HAYAJIbHOE ObITHE MPH MPOSIBJICHUH JBOMCTBEHHOU CHITBI
Cgera. 13 conpsikeHHOUN CBSI3U JIEUCTBUS U MPOTUBOJECUCTBUS,
MPOSIBJICHU S TIPUHIIUTIA TIOJISIPU3ALIMU TIOJyYaeT CBOe BOILIOIIIEe-
HUE MPUHIUI KBAaHTOBAHUSI KOCMHUYECKOTO 3JIEKTPOMArHUTHO-



ro noJjist. B coCTOSTHMM TOCTUTHYTOTO CTAaTUUECKOTO HATIPSIKEHU ST
OHO TIPEJICTaBJIsIeT COOOM KATMOPOBOUHOE TI0JIe, TIe TEOMETPH-
YEeCKMM KBAaHTOM B JIByXMEPHOM TPOSIBJICHUH SIBJISIETCS SJIeMEH-
TapHBIA cuioBoi pom6 Ciera.

Tenepp Ha JByXMEpPHOM YPOBHE PACCMOTPHUM TMPOSIBICHHE
BBICIIIET0 SHepreTudeckoro TpueauHcTBa B pOPMUPOBAHUY TE0-
METPUU CHJIOBOTO Kpyra. [ljist HarmsimHOCTH Ha pucyHKe. 6.a, O
Npe/ICTaBJIeHbl (PparMeHThl OUMOJISIPHON CUCTEMBI, T]IE, COOTBET-
CTBEHHO, M300pakeHbl MEPBbIE MATh SHEPTETUUECKUX YPOBHEN
Y KOHEYHBIN YPOBEHb JOCTUTHYTOIO CTATUYECKOTO PABHOBECHS.
B niesnom mepen HaMu cucTeMa CTOJIb COBEpIIEHHAsi B 00be/Iu-
HEHUU JIEMEHTOB €€ CJIaralolyX, YTO MPUXOAUTCS COTTIACUThCS
¢ BenukuM JIeliOHUIIeM B CYIIECTBOBAHUH TPEyCTAHOBJICHHON
rapMoHuM B cosuganuu Beenennon Ceera. Ho camoe nopasu-
TeJIbHOE TO, YTO 3T KPAacoTa, 00bEAUHSIONIAsi OPraHMIEeCKOe Iie-
JI0€, TPOU30IIUIA U3 Xa0ca OT HABEJEHHOW SHEPreTUUECKON TOY-
KH.

HetpynHo yOenuTsCsi B TOM, 4TO, Kak ObLIO YCTaHOBJICHO BBI-
e, Tpancopmarus ToueqHoro 3apsiaa Llemm B Mnero crnoBoro
Kpyra MpOUCXOIUT Yepe3 MPOsIBJICHUE IIECT OUMOSPHBIX AyT
00pa3yIoIuX 3JIeMEHTOB, MPEICTABIEHHBIX PABHOCTOPOHHUMU
CUJIOBBIMU TPEYTOJIbHUKAMH. VX TONOXKHUTENbHbIE CyO3/IeMeH-
Thl OTHOCUTENILHO TIEHTpa Kpyra JercTBus (ucrekaromiero Cae-
Ta) MOMAPHO HAXOAATCSA B 3epKaIbHON cummerpuu (puc. 6.B,
r). Takasi cUMMeTpUsI CTPYKTYPbl CHJIOBOTO TIOJISI COXPaHSIETCs
npu OOBEIVMHEHNH TIOJIOKUTENIBHBIX CMEXHBIX TPEYTOJTbHUKOB.



B pe3sysbrare 06pa3ylorcs mecth poMOOB, TAKKe MOMAPHO CHM-
METPUYHBIX OTHOCUTEJIbHO SHEPreTUYecKoro neHTpa. Kak mbl
BUJIUM, MPOCTPAHCTBEHHOE NMpeoOpa3oBaHUe B Ipeesiax Kpy-
ra CBS3aHO C YMCJIOM HIECTb. DTO CBUETENLCTBYET, YTO B CIIY-
yae JByXMEPHOM TpaHC(OpMAIIMM SHEPTETUYECKON TOUYKHU pac-
KPBITUE MIOMYMHEHO CUHXPOHHOMY IIECTH HaIlPaBJICHHOMY Jeii-
CTBHMIO, IJIe KaX/I0€ U3 HUX KaK Ha YPOBHE BEKTOPA CHJIbI, TaK
¥ Ha YPOBHE CHJIOBOTO TPEYTOJbHUKA SIBJISETCS 3€PKAIbHBIM
oTpaxkeHueM Jpyroro. TONbKO MPU TAKOM YCJIOBUM BO3MOKHO
(opmMupoBaHue CHIIOBOTO Kpyra, rae 00pas3yomiie CHIIbl, OCTa-
BasiCh 3epKaJIbHO-CUMMETPUYHBIMU, BIUCHIBAIOTCS B €0 MEPU-
MeTp.

JIOTIONMTHUTENTPHO, KaK TOATBEPXKJIEHHE CKa3aHHOMY BHIIIE,
HEOOXOIMMO yKa3aTh Ha OTHO BaXKHOE 00CTosITeNhcTBO. OHO 3a-
KJII0OYAeTCsl B COOTBETCTBUU FE€OMETPUU CUJIOBOTO Kpyra (puc.
6) cymectByoie popmylie IIUHbI OKpY:KkHOCTU 27tr. Kak u3-
BECTHO, OTHOIIICHUE BEJTMYMHBI TIOCIeJHEN K JUaMeTpy BbIpaka-
€TCsl TPAHCLEHJEHTHBIM unciaoM 7t = 3,14159.... Eciu uckimo-
YUTh JIECATHIE TOW BEJIMUYMHBI, TO B TIEPEBOJIE HA PAUYC MOJTY-
yiM OTHOIIeHue 1:6. IMEHHO 3TO OTHOIIIEHHE Mbl BUJVIM MEX-
1y OKPY)KHOCTBIO M YHCJIOM BIHCAHHBIX B HE€ PABHOCTOPOHHHUX
TPEYroJIbHUKOB, Yb€ OCHOBAHUE PABHO PAINYCYy.

JlecsiThle AOMM TPAHCLIEHAEHTHOrO 4YKMClia, 3TO Ta COBOKYII-
Hasl pa3HUIIA B [UIMHE, HA KOTOPYIO IIECTh IyT OKPYKHOCTH Ipe-
BOCXOIAT XOpA (CTPYyH), CTATMBAKOIIME UMX KOHUBL. [IprHMMas
BO BHMMAaHHE, YTO Mbl MMEEM [I€JI0 C CUJIOBBIM KPYIoM, Cle/ly-



€T OTMEUYEHHYIO Pa3HUILy COOTHECTH C MPOIIECCOM Tyroodpa3o-
BaHMs. OHa CBSI3aHa C HANpPSKEHUEM CHCTEMBI, HAIlpaBJIEHHbIM
Ha CO3/IaHKe OTNPEeIeIEHHOTO Payca KPpUBU3HBI, Onaronapsi Ko-
TOpoMy OOecreunBaeTcs CONpsiKeHne Iyr U 00pa3oBaHUe Kpy-
ra. Tako¥ noaxof MO3BOJISIET OCO3HATb, UTO YUCIIO JT ITO HE MPO-
CTO OTHOLLIEHME JIJIMHBI OKPY/KHOCTU K €€ AUAMETPy, a OTpaKe-
HUe MeTapu3nYecKoill Npupoasl TpaHcopMalliy SHepreTuye-
CKOW TOYKHU B CMJIOBOM KpyT. Llesioe aToro uncna, paBHoe 3, cooT-
BETCTBYET YUCITY OCEM, OTHOCUTEIBHO KOTOPBIX TPOUCXOAUT pac-
XO’K/IEHUE COCTABJIAIOUIMX MPOTUBOAEUCTBYIOIIMX CUJI U (POPMHU-
pOBaHMe OUIOJISIPHON CHUJIOBOM CUCTEMBI C KPYTOBOI CUMMETPH-
el (puc. 6.a).

Ecnu npu 3TOM He 3a0bIBaTh CBSI3b 3aKOHA PA3JIOKEHUs MPO-
TUBOAEUCTBYIOIIMX cujl TBOpAwero CBeTa Ha COCTABJIAIOIINE
c 00pa3oBaHMEM MPOCTPAHCTBEHHON CTPYHBI HATSKEHUs, TO
€CTb OCHOBAHME MPEATOJIOKUTh, YTO B YUCJIE TT 3AKJIIOUEH TPAHC-
LEHJIEHTHbIA MeXaHU3M (POPMHUPOBAHUsSI CTPYKTYP JIEKTpUYe-
CKOW M MArHUTHOM COCTABJIAIIOLIMX KPYrOBOTO OIS ABOVICTBEH-
Hou cwibl Cgera. JlecaTble OONM 3TOTO 4Yucia JOJDKHBI COOT-
BETCTBOBATh BEJIMYMHE OOIIEro MOTEHIMANa COMPSKEHUS MPO-
TUBOAEWCTBYIOUIMX CUJI TPAaHC()OPMUPOBAHHOTO B HEUTPAJIbHYIO
IUIOCKOCTB /17151 TPOSIBJIEHU S JIEMEHTA HaNPsKEHU 1 — IPOCTPaH-
CTBEHHOM CTPYHBI HATS)KEHUSI. DTO HAMJISITHO BUIHO U3 TEOMET-
pun cuil Ha pucyHke 6. Illects cTpyH, paBHBIX MO JJIMHE Pajau-
YCY CHJIOBOTO Kpyra, oOpas3yloT mecTUyroibHuK. [Liomans ero
OrpaHUYMBAET MPOSIBJIEHHOE IBYXMEPHOE MPOCTPAHCTBO HAIIPSI-



KEHHUSI.

Takum oOpa3om, repesi HaMH TPEXOCHAsI CTPYKTypa KOCMH-
YeCKOM 3JIEKTPOMArHUTHOM CHCTEMBI, I7Ie KakJasi OCh SIBJISICT-
Csl PaBHOJICWCTBYIOIIEH TOJISIpU30BaHHbIX cil. Ha HuX momap-
HO Ha OMIHAKOBOM PACCTOSTHUH OT 3apsijla TIOJIOKUTEIbHON CU-
JIBI JIEXKAT IIECTh 3aps/IOB OTPULIATETIHON CHJIBI, UTO JIEJIAeT CH-
CTeMY CUMMETPUYHOI OTHOCHTEINBHO ee 1eHTpa. [To mepe 0600-
IEHKs] CUMMETPHH BBISIBIISIIOTCS] O0OJiee BHICOKME MHTEr PAllOH-
HbIE YPOBHH CHJIOBBIX CBSI3€i B COCTOSTHMU cucTeMbl. COIpsikeH-
Hasi B KPYrOBOW CHMMETPUM CBSI3b MApaJUIeNIOrpaMMOB TIPOTH-
BOJICWCTBYIOIINX CHJI JIEKTPUIECKOTO TONIsI TOCPEACTBOM TIPO-
SIBJICHHOTO IIECTUYTOJIbHUKA HAMTPSHKEHH S MATHUTHOT'O TOJIs1 00-
pasyeT 3epKajbHO-CUMMETPUYHYIO, OTHOCUTEJILHO 3apsiia Jiei-
CTBHSI, CTATUYHYIO CHJIOBYIO CYIIEPCUCTEMY W3 JIBYX TPEYrOJIbHH-
koB ABC u A’B’C’ (puc. 6.a, 0), BepIIMHBI KOTOPBIX TPUXOIATCS
Ha OTpHIIATENIbHBIE 3apsijibl. DTO OoJiee BHICOKUI YPOBEHb PO-
SIBJICHUSI BBICIIIETO SHEPreTuyeckoro TpHeInHCTBa, Ha KOTOPOM
OUIIOJISIPHOCTD IIECTH CTPYKTYPHBIX JIEMEHTOB TpaHC(hOPMUPY-
eTCsl B KPYTOBYIO OMITOJISIPHYIO CHCTEMY Y TeM CaMbIM MTPUHITHIT
3aMKHYTOW CHCTEMBbI MOJTyYaeT CBOe BOILIOIIEHHE B (hOPMHUPO-
BaHMU KOCMHYECKOTO eJMHOTO 3JIeKTPOMATHUTHOTO TTOJIS.

[Ilecth TOYEK TMEepecedeHnst Cynep TPEYroJbHUKOB SIBJISIOT-
Csl y3JIOBBIMU B CTPYKTYpE JIEKTPUUECKOI COCTABIISIOMEH Ou-
nosisipHo cucteMbl CBeta. DTO MecTa MPHUIIOKEHHS TOTEHIINA-
JIOB MPOTHBOJICHCTBYIONIMX CHJI. Yepe3 HUX B MpejiesiaX CUIoBO-
ro Kpyra, 00pa30BaHHOT'O IIECTBIO JINH3aMH HAIPSIKEHUsI, TIPO-



CTPAHCTBEHHbBIE CTPYHBI OOBETUHSIOTCS] B MIPABUJIbHBIN MIECTH-
YTOJIbHUK. B 11e1u nociie1oBaTesibHbIX CONpPsIKEHHBIX CBA3EH 3TO
niepBasi, HO He MocJeHssl (PUrypa HanpsKeHUs: MAarHUTHOTO T10-
ns1 Ceera. [locnenyromiasi MHTerpanus cBsi3aHa ¢ 0Opa30BaHU-
€M LIECTH CyIep CTPYyH. Brillie 0TMeYanock, YTO CMEXKHBIE YEpe3
OOKOBBIE CTOPOHBI CHJIOBBIE TPEYTOIBHUKH 0OpasyloT B Tpejie-
Jax Kpyra ucrekaiomiero Ceera mecTb CUIOBBIX poMOOB. Kax-
JbIA U3 HUX OTHOCHUTENBHO OOIIEl BEPIIMHBI B TOYKE MOJIO0KH-
TEJILHOTO 3apsifia, OTPAKAIOIIEN SHEPreTUUECKUN LEHTP CUCTe-
MBI, IPE/ICTABISAET MOJCUCTEMY U3 IBYX METa(pU3NYECKUX JIYKOB
(puc. 6.6). Mbl cCHOBa NIPUIILIA K MJIe€ ITOrO0 KOHCTPYKTUBHOIO
00pa3oBaHuUsl, OJMIETBOPSIONIETO B CBOEH CYITHOCTHU CBSI3b JH-
HAMUYECKOTO (IEKTPUYECKOT0) U CTATUYECKOTO (MAarHUTHOIO)
HaIpsKEHUN.

[lpn oObenMHEHMM JIYKOB B Tpefenax Kak[Ioro CHJIOBO-
ro pomMOa Mbl MOMYYMM IIECTb Cylep JYKOB, CTPYHAMU KO-
TOpBIX Oy/IyT OUArOHadM BEKTOPa HATSKEHUs paccMaTpUBae-
MBIX MapayutenorpaMMoB. [Ipu nx oObenuHeHnr U POpPMHUPO-
BaHUU JIBYX 3€pKaJIbHO-CUMMETPUYHBIX OTHOCHUTEJIBHO IIEHTpa
PaBHOCTOPOHHUX TPEYTOJIbHUKOB ITPOLIECC ONTUMU3ALMU CTPYK-
TYpPbI CTATUYECKOTO HAIIPSIKEHUS B MTPeIesiaX Kpyra UCTeKalolle-
ro CBera nojyyaer CBOe 3aBepIleHHE. YKa3aHHbIE TPEYrOlIbHU-
KU, TIepeceKasich, 00pa3yloT IMECTUKOHEYHYIO 3B€3/Ty, OXBaThIBA-
IOLYI0 B KPYTOBOM CUMMETPUY TOUYKHU COTPSIKEHUST COCTABIISIO-
HIMX CUJI JEUCTBUSL U MPOTUBOAEHCTBUS. DTa (pUrypa u 1mecTu-
YTOJBHUK, B KOTOPBII OHA BOMCaHa, 00pa3yloT MOACUCTEMY Ha-



NpsIKeHUsI B KPYroBou ounosnsipHoi cucteme Ceerta.

Ecnu conocraButh reomeTprueckue n300paxkeHus Ha pUCyH-
Ke. 6.0-T, TO MOXXHO YBUJETh MPOSIBJICHUE JIBYX COIPSIKEHHBIX
YpOBHEN 3epKajibHOM cumMmeTpun. OnuH CBs3aH ¢ (POpMUPO-
BaHUEM TPEXOCHOW CHJIOBOHM TOACHUCTEMBI, COCIUHSIONIeN ue-
PE3 COCTABJISIONIME TPOTUBOIEUCTBYIOIIMX CUII IOJIOKUTEIIbHBIA
U OTpUIIATeJIbHBIE 3aPsi/ibl NEKTPUUYECKOro mosis. pyroit mpu-
XOOUTCSl Ha 00pa3oBaHUE U3 MPOCTPAHCTBEHHBIX CTPYH TpeX-
OCHOW TMOACUCTEMBI HalpsiKeHusi MarHuTHoro nosnsi. HerpyaHo
yOeUThCS, YTO B TIOCIIETHEM CITydae OCH CUMMETPUH 00pa3oBa-
HBl COCTaBJISIOIIUMU CUJT ACUCTBUS M TTPOTUBOACUCTBUS, TOT/IA
KaK B [IEpBOM MOJICKCTEME TaKOBBIE ITPECTABJIEHBI UX PABHOJEH-
CTByIOIIUMU. B 11e110M ocu 06enx mojicucTeM MoBepHYTHl OTHO-
CUTEJIbHO ApYT Apyra Ha yroi B 30°. Takas pa3HHIa B OpUEHTA-
IIUU TIOJICUCTEM OTHOCUTEJIbHO MX OOIIero IeHTpa o0ycIoBJIeHa
MPOSIBJIEHUEM 3aKOHA Pa3JIOKEHUsI MPOTHUBOIEHCTBYIOIIMX CHUJI
YCTEKAUIEro 1 orpaxkeHHoro Ceera. IMEHHO Ha 3TOT yrou pac-
XOJSTCSI COCTABJISIIONINE OT PAaBHOIEHCTBYIOIINX, 0Opa3ys IIeCTh
CHUJIOBBIX TPEYTOJIbHMKOB. DTO BaKHOE OOCTOSITENILCTBO, Kak Oy-
JeT NIOKa3aHO HUXKE, ABJISAETCS KII0YEBBIM MOMEHTOM B IEPEXO-
Jie OT JBYXMEPHOI'O K TPEXMEPHOMY MTPOCTPAHCTBY MPOSIBICHUS
IBOMCTBEHHOM cruibl CBeTa.

OTmeueHHBIN 3aKOH 00J1a/IaeT TUHAMUYECKOW CUMMETpUEN,
TaK Kak B mpolecce TpaHC(OpPMalUU SHEPreTUYECKOM TOYKHU
B KPYIOBO€ 3JIEKTPOMArHUTHOE I0JIe COOTHOIIIEHUE BEIMYMH
SHEPreTUUeCKUX XapaKTEPUCTUK OCTAaeTCsl HeM3MEeHHbIM. B 11e-



JIOM CHCTEMa COXpaHsIeT KPYroByl0 CUMMETPUIO MPHU MepeXoie
C AMHAMMUYECKOTO HaIpsKEHUS EKTPUUYECKOro MoJisl B CTaTH-
YeCKOe HalpsiKeHUe MarHUTHOro nos. IIpu stom B reomerpun
NOCJIEHETO MoJs KaxJas (purypa Hecer CBOI (PYHKIIMOHATb-
HYIO 3HAYMMOCTb, ONPEAESIsisi SHEPreTUYECKYI0 CTPYKTYpPY MpPO-
SIBJIEHHOTO TIPOCTPAHCTBA HAIPSIKEHU L.

CaenaH nepBbIi IIar K IOHMMAHMIO TOTO, YTO CUJIa HEOTAEIIH-
Ma OT cuMMeTpur. HeBO3MOXHO TposiBieHue NercTBUsl 0e3 ero
3epKaJIbHOTO OTPaXeHUs1 — MPOTUBOAEUCTBUS. B 3TOM equHCTBe
IPOTHUBOMOJIOKHOCTEN — KJTI0Y K TOHMMAHUIO PUPO/bI B3aUMO-
nevictBuid. VI3HaYasbHO, KOT/a erie He ObUIO MPOSIBIEHO (POPMBHI,
CUMMETpHS1 HalllJla CBOE BOIUIOLIEHUE B TAPMOHUU U COpa3Mep-
HOCTHY UCTEKAIOILLETO Y OTPAXKEHHOIO M3HaYasibHOro Ceera. 910
HAISIAHO TIOATBEPKAACTCA CTPYKTYPOM PacCMaTpUBaeMoOu Me-
Tapusnueckoni cucteMsl. Ham mipeacrout yoeauTbes, uto Mup
POXJIEH Ha 3€pPKaJIbHOM CUMMETPHUH U yIIpaBJisieTcs ero. 1iis aTo-
ro HeOOXOAMMO IMEePEHTH K PAaCCMOTPEHUIO MCKOMOKM CHUCTEMBI
Cgera B TpexMepHOM M3MepeHnu. [1pr 3ToM HeoOXoarMo moa-
YEPKHYTb, YTO MOJEIIMPOBAHUE C UCIIOIb30BAHUEM [IByXMEPHOU
U TPEXMEPHOW MPOEKIMi1 — BCEro JIMIIb TMOIBITKA 00eCTeunThb
OoJiee JIETKYIO0 afanTalliio CO3HAHWS YUTATElNs] K BOCHPUSATHUIO
HEOOBIYAHO CJIOKHOM B CBOEM MHOTOOOpa3vu KAPTUHBI CO3H-
JaHusl. DTO HUKAK He CBUJETEIIbCTBYET O MOJI0OHBIX ITArax pac-
KpbiTUsA BeeneHHomu.

HeoOxoaumo ckazaTh, 4TO €€ BOMIONHUS C CaMOro Haydaia
Obl1a MoYMHEeHa C(hEePUIECKON CUMMETPUH B MIPOSIBIICHUH CUT



TBOpsliero Ceera. Ha pucyHke 7.a BUIHO, 4TO B 3TOM CJly4yae
NIPOSIBJIEHUE BBICIIIETO SHEPreTudecKoro TpreanHcTBa ObLIO BO-
IUIOIIEHO B popMupoBaHuu cepsl ucrekawouiero Ceera B co-
NPsDKEHUM C IBEHAALAThio cepamu ero orpaxeHus. CUIOBbI-
MU 00pa3yOIIMMU IEMEHTAMU CTATU JBEHAAIIATh OUTIONSIPHBIX
Jepe3 o0IIHe MATHYTOIbHbIE OCHOBAHUS Map MpaMu (puc. 7.1)
c 0o0I1Ieli BEPIIMHOW UX TOJIOKUTEITBHBIX MUPAMUJL B TICHTPE CH-
creMbl. BeplinHbI OTpuIaTebHBIX TMPAMU IPUXOAATCS HA OT-
puIIaTesIbHbIC 3apsi/ibl, PACIOIOkKEeHHbIE B C(DepPUUIECKON CUMMET-
pun BOKpYT cdepbl ucrekawomero Ceera. B nesom peus naer
00 3JIeMEeHTaX OTBJIEYEHHOI'0 NPOCTPAHCTBA MPOSIBJICHUS IBOM-
CTBEHHOMU cuiibl CBera.

[Ipu nepexone k TpexMepHOMY Boctipusituio cpepsl Beenen-
Hoil CBeTa HEOOXOAMMO YYHTHIBATH, YTO JIEMEHTAMHU CHHTE-
32 €€ CTPYKTYpPbl CTATUYECKOTO HAMPSIKEHUsT SIBJISIIOTCS KPYru
HaTsDKeHMs1, 00pa30BaHHbIE YACTUYHBIM B3aUMOIPOHUKHOBEHME
cepsl ucrekatoniero Ceera U IBeHaaAlUaTh cep ero orpaxe-
HUS. B MOMEHT IOCTHXEeHUsI pacCcMaTprBaeMOi OUTIONSIPHOM CH-
cremoit CBeTa paBHOBECH S HAIIPSKEHNE MarHUTHOTO TOJIA pac-
npeJesiseTcs Mo MJIOAAM KPYrOB C MAKCUMaJIbHbIM 3HAYEHU-
€M IMPUTAraTeIbHOM CUJIbI COKpAIleHUs B UX LeHTpax. Haxonsch
B c(pepryUECKOM CUMMETPUU OTHOCUTENIBHO LIEHTPA CO3UIAHMS,
paccMaTpuBaeMble KPyru COMpsKEHbl MEXy cOOON B COOTHO-
mieHuu 1:5. PucyHok 7.a HarjisiHO OTpakaeT, 4To JAHHOE COOT-
HOIIIEHHE B UX B3aMMOCBsI3U Ha cepe CBeta mpeaorpeaeinio
reoMeTpuIo (POPMUPYEMOM BHELTHEN CTPYKTYPBI €€ CTATUYECKO-



IO HaNPSKEHMS, TJIe TPEYTOJIbHUK SIBJISIETCS IBYXMEPHOU (pUry-
POH CBSI3U LIEHTPOB COKPAILEHUS C IEHTPAMU HATSKEHUsl MPO-
CTPAHCTBEHHBIX CTPYH.




Puc. 7. BHelHss CTPyKTypa CTaTUYECKOTro HanpsikeHus cdpe-
pbl Beenennon Ceera

B 1iesioM noctpoeHne BHEIHEN CTPYKTYPbl CTATUYECKOrO Ha-
npsokeHust cepol Beenennoit CBera ObUIO BOIUIONIEHO B CHH-
XPOHU3UPOBAHHOU COMPSIKEHHOU CBSI3U — (hOPMHUPOBAHUS CyO-
CTaHIIMOHAJILHBIX 3JIEMEHTOB HAIpsOKEHUs, KaK B Tpeaeax
YBEJIMYMBAIOIIMXCSI KPYTOB HATSKEHUs, TaK U MEXKIY HHUMH.
B 31011 00BEIMHEHHOM CUCTEME PABHOCTOPOHHUI TPEYroJIbHbIN
THUI CBSI3U JIEMEHTOB HAMPSIKEHUS CTall CTPYKTYPHOU €IUHU-
el B (pOpMUPOBAHUU BHYTPEHHMX W BHEIIHUX TO OTHOIIIe-
HUIO K KpyraM HaTsKEeHUs MATUYTONbHUKOB. B mepBoMm ciydae
peub uaer o OpPMUPOBAHMU UCXOASIIMMU K3 LIEHTPOB IPO-
SIBJIGHUsI IByHANIPABJICHHBIMU PaJNyC-BEKTOPAMU HAIPSIKEHUS
TMOJICUCTEMBl B3aMMOCBSI3aHHBIX Yepe3 TOUKM KacaHWsl KPYroB
HaTsKeHUs ABEHaJUaTy MATUYToJbHUKOB. BTopou ciyvas ot-
pakaeT HaTsKeHUE, KOTOPOe BO3ZHUKAET MEkKAY Kpyramu Mop
BO3JICVICTBUEM PACXOASIIUXCS [0 BHEITHUM TPEYTOJIbHUKAM TO-
YeK HATSOKEHHSI CTOPOH-BEKTOPOB BHYTPEHHUX MSATHYTOJbHU-
KOB. B cBOI0 ouepeb, IEHTPbl ITUX TPEYTOJIbHUKOB CTAHOBSITCS
TOYKAMU HATSKEHUsI CTOPOH-BEKTOPOB BHEIIHUX MATUYTOJbHU-
KOB.

Takum 00pa3oM, B CUCTEME CBSI3W TMOJICHCTEMbI BHYTPEHHHX
Y TOJICUCTEMBl BHELIHUX NATUYTOJIBHUKOB cepbl BeeneHHon
Cgera BrOpas mojcucreMa oOpasyeT NOIEKadAp HANpsKEHUS
MarHuTHOTO ToJist. [Tpu 0O beTMHEHNH er0 C BHYTPEHHUMMU TISITH-



YrOJbHUKAaMU BO3HMKAeT 3BE3[IHBIN JO/IEKad1p, OAHA U3 JBEHA-
JUATH TPaHEX KOTOPOro IMpecTaBieHa Ha pucyHke 7.1. CuMBoO-
JIMYHO TO, YTO, €CJIM HE CYUTATh BHYTPEHHUM MATUYTOJBHUK, TO
niepel HaMH MPaKTUYECKH MoJHast Korusi o0paza opaeHa «[lode-
Ibpl» — BbIciero BoeHHoro opaeHa CCCP. Ta ke naTukoHeyHast
3BE3/]A C BIIMCAHHBIM B HEE KPYI'OM.

B TpexmepHOM BapuaHTE paccMaTpUBaeMOU C(hepuvecKon
ournonsipHor cuctembl CBeTa COXpaHsieTCsl Ta ke 3aKOHOMEp-
HOCTh BO B3aUMHOU OpPUEHTAIIMN BEKTOPOB HAMPSIKEHUSI COMpsI-
JKEHHBIX MEK/Ty COOOH TEKTPUIECKON 1 MATHUTHOH ITOACHCTEM.
BekTopsl rpaiueHTa HanpsKeHusl U HaIpsKEHHOCTH MPOCTPaH-
CTBEHHBIX CTPYH HaTS’)K€HUS1 BTOPOU MOICUCTEMbI OPUEHTHPOBA-
Hbl TIEPIEHIMKY/ISIPHO TAKOBBIM PaBHOMENCTBYIOIIEN TPOTUBO-
JEUCTBYIOIIMX CUJT (OCb CHMMETPHAX KOHYCA) NMEPBOU IOJCHUCTE-
™Mbl (puc. 7.6, T). B 3Tol 11eJI0CTHOM cUCTeMe, JIOCTHUTIIIEH CTa-
TUYECKOTO PABHOBECH I, BEKTOPHI IPAMIEHTA HAIIPSKEHUSI CTPYH
HarpasjieHbl K (DOKycam HX IPOsIBJICHHS, OTpaxasi coOOW Ha-
IIPABJICHUE W BEJIMYMHY CWJIBI COKPALIeHUs. B mpoTHBOIONOXK-
HOM HallPaBJIEHUU K TOYKaM COIPSIKEHUS KPYTOB IPOSIBJIEHHOTO
IIPOCTPAHCTBA HAIPABJIEHbI BEKTOPBI HAPSKEHHOCTH, KOTOPhIE
OTpaXaloT HallpaBJIEHUE U BEJIMUMHY CUJIbl HATSKEHUSI.

Ha npumepe 3Be31HOTO A0AEKadIpa BUJHO, UTO C IEPEXOIOM
OT IJIOCKOCTH K 00beMy B OMITOJISIPHOM CHCTEMe MpOCIIeKUBa-
ercs1 Oosee BHICOKMI YPOBEHb IMPOSIBIIEHUsI HEPA3PHIBHOM CBsI-
31 3epKaJIbHON CUMMETPUU U ITPUHLIMIIA MTOJISIPU3ALIMU CUJT Je-
cTBUA U potuBonercTers. OHa 3akimodaercs B (GOPMUPOBAHNN



CUMMETPUH B pacIpelesieHH JBYX MPOTUBOIMOJIOKHBIX O 3HA-
YEHUIO [IEHTPOB CTATMUECKOTO HAMPSDKEHUSI B CTPYKType Mar-
HUTHOTO TIOJISl — COKpalleHus U HaTsokeHusl. OHU PUXOASTCS,
COOTBETCTBEHHO, Ha LIEHTPbl KPYIOB COINPSIKEHUs C(Pepbl UCTe-
katomiero Csera v cpep ero OTpakeHusi ¥ BEPLUIMHBI TSI TUYTOJb-
HUKOB. M3 3TOro cremyer, 4to B mpeaenax cepruecKon Ou-
HOJISIPHOM CUJIOBOM CUCTEMbI (POPMHUPOBAHUE MTPOCTPAHCTBA HA-
NPsIKEHUs TOJYMHEHO 00Pa30BaHUIO U3 CTPYH HATSKEHUSI YIJIO-
BbIX (puryp. B 3TOM muiaHe TpeyrosbHUK, Kak J1eMeHTapHast yrI-
JoBast (purypa Ha MIOCKOCTH, OObEIUHSIET TPU CTPYHBI, (hOPMU-
pysl AIBYXMEpPHOE MPOCTPAHCTBO HampsikeHus. B cBoio ouepesp,
IUIOIIAb TPEYTOJIbHUKA SIBJISIETCS TOU 3JIEMEHTAPHOM JIByXMEP-
HOW STYEHKOM, U3 KOTOPOH CKJIa/IbIBaeTCsl 0ObEMHOE MPOCTPaH-
CTBO HalPsKEHUs 3BE€3/IHOTO JI0/IeKadIpa.

Crnemyer oOpaTWTh BHUMAaHWE, YTO TPEYTOJbHUK, KaK THII
MIPOCTPAHCTBEHHOW CBSI3M, OCTA€TCS] HEU3MEHHBIM MPUHIUIIOM
MPOsIBJIEHK S BBICIIErO SHepreTruyeckoro TpueanHcTBa. B mera-
(pu3uke TpaHchopMaIM HABEJEHHOTO TOYEYHOTO 3apsaa Aeu-
CTBHSI €r0 BOIUIOIIEHNUE HAIIO OTPaXX€HUE B JEMCTBUM 3aKOHA
pasyioxkeHus1 MPOTUBOAEUCTBYIOIUX cuil CBeTa ¢ 00pa3oBaHU-
€M MPOCTPAHCTBEHHON CTPYHbI HATsKeHUs1 B OcHOBaHMU. OHa,
KaK 3JIeMEHT CHUHTe3a, SIBJISIETCS TeM «MOCTHUKOM», Oiaromapsi
KOTOPOMY CTaJl BO3MOXEH NMepeBO CO3UAATEIbHOIO MOTEHIM-
ajia U3 IJIOCKOCTH HE MPOSIBJIEHHOTO MPOCTPAHCTBA CBETOCUJIBI
B IIOCKOCTb MPOSIBIIEHHOT'O TPOCTPAHCTBA CTATUYECKOTO HAIMpsI-
KeHWsl. B HeM MpeacTouT pa3blrpaThCsi MUCTEPUM MPEoOpa3o-



BaHUH, Oyarofapsi KOTOPHIM B TpeJiesiax pacCMaTpUBaeMON CH-
CTEeMbl Hapsily CO CTaTMYHOM COCTaBJISIIONIEH OydeT IMposiBie-
Ha AMHAMMYECKM aKTMBHas nojacucreMa cosunanus. [1pu stom
TPEYTrOJIbHUK, KaK T€OMETPUYECKUM PUHLUI B (POPMUPOBAHUA
SHEPreTUYEeCKON CTPYKTYpPhl, OyleT Mo-IpeKHEMY IJIaBEHCTBO-
BaTh B 3TOM ITpoLIecce.

[TonBonss WTOr BBHIIECKA3aHHOMY, MOXHO KOHCTaTMpOBATh,
YTO 3BE3[HbIN JOAEKAIP SBJAETCS BHEIIHUM JIEMEHTOM B 00-
1IE CTPYKTYPE CBSA3M MPOCTPAHCTBA CTATUYECKOTO HAIPSKEHUA
KOCMHYECKOTO MarHUTHOro mnojsi. CBonMu pedpamMu-CTpyHAMH
OH OObE/IMHSET B €IMHYIO CUCTEMY JBEHA/LIATh LIEHTPOB COKpa-
IeHUA (TIPUTSKEHUA) IBYXMEPHBIX KPYI'OB IIPOCTPAaHCTBEHHO-
ro HaTsoKkeHus. Yepes HUX, KaK OCH CUMMETPUU CHJIOBBIX KO-
HYCOB, B3aMMHO IPOHUKAIOT PAaBHOACHCTBYIOLIME TPOTUBOICH-
CTBYIOIIMX CHJI JIEKTpUYEcKoro nojsi. Takum oOpa3oM, 3Be31-
HBII JIOIEKA3p HA META(PU3UUECKOM YPOBHE SBJISAETCS TEM MHO-
TOrPaHHUKOM, KOTOPBIl HEMOCPEACTBEHHO 00eCIIeUnBaeT Iepe-
XO[] Yepe3 LIEHTPbl CBOMX I'PaHEl U3 He MPOSIBJIEHHOI'O IPOCTPaH-
CTBa CBETOCHJIBI (CUJIBI JIEKTPUYECKOrO MOJsI) B MPOCTPAHCTBO
CTaTUYECKOTO HAINPSIKEHU s MarHUTHOTO 11oj1s. OH sABJsAeTCA Ya-
CTBIO BHEIITHETr0 Kapkaca, 00eCIeurBaIoOIIEero CBs3b JIEMEHTOB,
ClIaralluX CTPYKTYpy KOCMUYECKOro chepuyecKoro 3JeKTpo-
MarHUTHOTO MOJIS.

EcrecTBeHHbIM OyleT BONPOC OTHOCUTENBHO TI'eOMETPUM
CTPYKTYPbI HAIIPSKEHU S B IIpeiesiaX Kpyra HaTskeHUs C IPUTS-
raTeJIbHBIM [IEHTPOM COKpaleHus (puc. 7.B). 31ech MHOTO 00-



IIEr0 C PAaCCMOTPEHHOM BBIIIE CTPYKTYPOI HANPSIKEHUSI CUIIO-
BOI'O Kpyra, SIBJISIONIEroCsl IByXMEPHOM MPOeKIHen chepsl UC-
tekatwomiero Ceera (puc. 6). Touku conpsikeHusi KpyroB Hatsi-
JKEHUs ABJISIOTCS AyrooOpasyoiumu. Mexy HUIMU B Ipoliec-
Ce Pa3BEPTHIBAHUS CUCTEMBI BOZHUKAIOT XOP/IbI-CTPYHBI HATSIKE-
Hrs1. OHM 00pa3yoT B Mpeaesax KakIoro Kpyra maTHyTrOJIbHUK
HarpsokeHust. [lo TOl ke cxeme, cOXpaHsisi IPUHIIMIT HATSIKe-
HMA 110 TPAMOU JIMHUU, CTOPOHBI 3TOI'O MHOTOYTOJIBHMKA MOX-
HO I10 TTapaM 0O0BbEAMHUTH CyTIep CTPYHaMH B CUCTEMY Hampsike-
HUA MATUKOHEYHOU 3Be37bl (IlenTarpammer). OHa oxBaTbIBaeT
BCIO TUIOIIAb Kpyra HaTsbkeHusl. B pesynbrate oOpa3syercs co-
KpaTuTesibHas cucTeMa, Oiarogapsi KOTopoi 3akJiapiBaeTcs 1o-
TEHLMAJIbHASA BO3MOKHOCTb 1S CBOpPAYMBaHUS IJIOIIAAN Kpyra
HAaIpsKEHU s CHOBA B TOUKY.

BHemHss crpykTypa HanpsikeHus: cepbl Beenennoit Cera
Oy/IeT 3aBepLIEHHOM ¢ BKJIIOYEHHEM UKOCa3Ipa, KOTOPBII BO3HU-
KaeT IpY YCTaHOBJIEHUM BEKTOPHOM CBS3M LIEHTPOB KPYIOB Ha-
TSKEHUA. DTOT MHOTOTPaHHUK SBJISIETCA TPEXMEPHOM (PUTypou,
KOTOpasi ONTHUMHU3UPYET MPOCTPAHCTBO J0AEKadIpa, 00pa30BaH-
HOT'O OTHOCHUTEJIBHO KPYTOB HATSKEHUsI BHELIHUMU IATUYTOJIb-
Hukamu. Ha 3tom (popmupoBaHue BHEIIHEN 4aCTH CTPYKTYpPhl
TOJISI CTATUYECKOTO HAIpsIKEHUs], OXBAThIBAIOILIEH TOBEPXHOCTD
cepruvecKoll CHIIOBOM cHCTeMbl, Oyaer 3aBepiieHa. [lepen Ha-
MU BHEIIHUI BUJ] KPUCTAIBHOTO KOCMUAYECKOTO I11apa HaIpsiKe-
HMS, B KOTOPOM MOTEHIMaJbl CO3UIaHUs BoIuomaT Beenen-
Hylo CBera. Ero MOXXHO CpaBHUTh C AparoleHHbIM MeTapusu-



YECKUM TMI'AHTCKUM U3[IeJIMEM U3 JBEHAATH KPYIJIBIX PaBHO-
3HAYHBIX 110 CHJIe KPUCTAJUIOB, OOPAMJICHHBIX B OTIPaBy CUMMET-
pUM ¥ TAPMOHMU.

C pmanpHEWIMM yBeJWYeHueM OumolsipHoi cucteMbl CBe-
Ta B pa3Mepe U, COOTBETCTBEHHO, POCTOM €€ HANPSKEHHOCTU
Ha IyTU JOCTMKEHUS CTaTMYECKOrO PaBHOBECHUS (POPMHUPOBA-
HHME CTPYKTYpBl MPOCTPAHCTBA HAIpsUKeHHs! OyoeT Harpaslie-
HO BIIYOb K TMOJIOKUTENbHOMY MOJoCcy AercTBus. [lepBoi reo-
METpUYECKON (PUrypoi HAMPsIKEHUS B 1IETTH TOCTIeI0BATE IbHbBIX
CBsI3€il BHYTPEHHEW CTPYKTYyphl cTaHeT KyO. K Takomy BbIBOmY
IIPUXOIUIIb TIPA PACCMOTPEHUH CUJIOBOTO Kpyra Kak JIByXMep-
HOW MPOEKIMK paccMaTpuBaemMon chepruyecKor CUcTeMbl (puc.
8.a). Bplmie ObLIO yCTAaHOBJIEHO, YTO TOJI€ HANPSDKEHUs Kpyra
cwiibl ucTekaomero Ceera MpeicTaBIeHO MPAaBUIBHBIM IIECTH-
yronbHUKoM ABCDEF v nByMsl BOIMCAHHBIMHU 3€PKAJIbHO CUM-
METPUYHBI OTHOCUTEJIBHO LIEHTPA PABHOCTOPOHHUMU TPEYTOJb-
Hukamu ACE u BDF, KOTOpblE CBOMMHU CTOPOHAMH-CTPYHaMU
OOBEIMHSIOT CMEKHBIE CTOPOHBI-CTPYHBI IIECTUYTOIBHUKA, 00-
pasys IECTUKOHEYHYIO 3B€3/1y HANIPSKEHUS.



Puc. 8. MozaenrpoBaHue nporecca CBEPTKU IIECTUYTOJIbHAKA
HaNpsoKEHWsI B OIMH M3 BOCBMH KyOOB rurepkyoa BceneHHOi

Cgera



Teneps, abcTparupysch OT yCIOBHOCTEH, MOMpoOyeM B3IJIsi-
HYTh Ha IIECTUYTOJBHUK KaK Ha JIByXMEPHYIO MPOEKINI0 KyOa
HAMPsDKeHUsI 110 JIMHUY JIMarOHAJIM, CBSA3BIBAIOIIEH JBE MPOTH-
BomnosioxHble BepiHbl G u H (puc. 8.0, B). Ha npakTuke B Ta-
KOE COCTOSTHHE KyO MOXET ObITh IIPUBEICH COBMEIICHUEM Uepe3
CKaTue 10 IMaroHaJiM YKa3aHHbIX BepimH. HeoOxoaumMo Bhisic-
HUTb MeTa(pU3NIECKYI0 PUPOAY CBS3U IIECTUYTOJIbHUKA U KyOa
HaIpsKEHUI U OTBETUTDb HA BOIPOC, KAKKUM YCJIOBUSIM ITOJYMHEH
B cui10BoM cpepe CBeTta nepexo]] K TpEXMEPHOMY IPOCTPAHCTBY.

Bpiitie ObIIO YCTaHOBJIEHO, UTO CTPYKTypa HAINPSIKEHUS TLIO-
I[aJ I HATSDKEHUS MIECTUYTOJIbHUKA TMPEJICTaBIIeHa ByMS 3ep-
KaJIbHO-CUMMETPUYHBIMU OTHOCUTENIBHO IIEHTPA TPEYroJbHUKA-
MU, CTOPOHBI-CTPYHBI KOTOPBIX, TIepeceKasich, 00pa3yIoT CBSI3aH-
HYIO CUCTeMY HallpsDKE€HUsl IIECTUKOHEUHOW 3Be3/bl. Eciu Mbl
3pHUTEJIEHO TIEPEHECEM ee Ha KyO, TO TaKoW CBSI3U He OyleT, Tak
KAaK 3TOT JIEMEHT CTPYKTYPbl HANPSKEHU I LIECTUYTOJIbHUKA, 3a-
HsIB COOTBETCTBYIOIIIME IPAHN MHOTOI'PAaHHMKA, 00pa3yeT /1Ba Ma-
paJlIeNIbHBIX, HO HE COMPUKACAIOIIUXCS TPEYTOJIbHUKOB. Y UUTHI-
Basl, 4TO y Ky0a OCTaloTCs ele Tpy MoA0OHbIE ABYyXMEpHbIE MPO-
€KIIMH, B 11eJIOM Mbl OyIeM UMETb YeThIPe He COMPHUKACAIONTIECs
napbl TPEYroJIbHUKOB (puc. 8.r-xk). Takum 00pa3om, CTaHOBUT-
Cs1 OUYEBHIHBIM, YTO 0Opa30BaHUE B Mpenesiax CHIOBOM cepsl
TPEXMEPHOTO MPOCTPAHCTBA KyOa HaNpsHKeHUs1 HEBO3MOKHO Oe3
napasuieibHoro ()OpMHUPOBAHUS B HEM TPEXMEPHOW T€OMETpPHU-
4ecKoi (pUrypbl, OObEIMHSIONIECH TPEYTONbHUKHU KaK JIEMEHTHI
3aMKHYTOW ABYXMEPHOH CBSA3MU.



Mbl MofoNuIM K MOMEHTY, KOTOPBIM MO3BOJISIET aTh OTBET
Ha TOCTABJIEHHBII BbILIIE BOMNPOC OTHOCUTENIBHO MeTadusnye-
CKOHM MpUPOIBI CBSA3M MIECTUYTOJbHMKA U KyOa. HeoOxomumo
MIOMHUTb, UTO IPHU TPaHC(HOPMALIMM TOUEYHOTO 3apsi/ia ACUCTBUS
B CUJIOBOW KPYI IMHAMUYECKOE PABHOBECHE ITOU OUIONISIPHON
cucteMbl CBeTa MpHU MPEBOCXOICTBE MOJOKUTEIBHON CUIIBI J10-
CTUTaeTCs 3a CYeT MepeBojia OOIIEro MOoTeHIaIa CONPSHKEHUS
B HeUTpasibHOE (TEePrEeHIUMKYISIPHO B 00€ CTOPOHBI) HaIlpaB-
nenue. Takoe MPOCTPaHCTBEHHOE MPeoOpa3OBAHUE HE BIIUSET
Ha CUMMETPHIO CUJI JEUCTBUSA U MPOTUBOIEUCTBHUS, KOTOPAs Ha-
XOIUT CBOE MPOIOJDKEHHUE Yepe3 JIEMCTBUE 3aKOHA Pa3JIOKEHUS
npotuBoAercTByoIMX cuil Ceera B (pOPMUPOBAHUM CBETOHOC-
HOW IMPOCTPAHCTBEHHOM CTPYHBI HAIIPSIKEHM S, TIe 00€ TTPOTHBO-
MOJIOKHOCTH BOIUIOLIAIOTCS B CUJIAX HATSKEHUSI U COKPALLIEHUSI.

DTO M eCcTh Ta JUHUS, KOoTopasi, o MHeHuo [Iudaropa, cum-
BOJIM3UpYET yucio 2. Tenepb Mbl 3HaEM, YTO MeTapu3nvecKas
MpUpOAA ITOTO UYHUC/a 3aKJII0UeHa B ABYX TOUKAX COMNPSIKEHMS
COCTaBJISIIOIIMX MPOTUBOAEHCTBYIOIIMX CHUJI, KOTOPBIE, PaCXo-
J5ICb B CTOPOHBI, HATSATMBAIOT MEXIAY COOOI MPOCTPAHCTBEHHYIO
cTpyHy HanpsikeHus. Haumnas ¢ Hero, u 10 10 BK/IoUMTENIBHO
BCE YHCJia B CBOEN MeTahu3rUecKOr MPUPOJIE OTPAKAIOT CUM-
METPHIO TOTO UJIM MHOTO TUIA FEOMETPUU IIPOCTPAHCTBA HAIIPSI-
KEHHUSI.

B cuHTe3€e mpOoCTpaHCTBEHHOW CTPYHbI HATSKEHUS, I1IE€ CUM-
MeTpHs HAOMIOAAETCs B pacipe/ie/ieHNH eMHUI] TIOTEHIHAasa OT-
HOCUTEJIBHO TOUKH INIEPECEUYEHUs] C PaBHOACUCTBYIOLIEH MPOTH-



BOJICWICTBYIOIIUX CHJI, ObLT IPOSIBJIEH OJJHOMEPHBIN JIEMEHT /17151
MOCJIEYIONIEN T€OMETPU3ALIMM UM ITPOCTPAHCTBA HAIIPSIKEHHUS.
B 37011 CTpyKTYpHOU eIuHUIIe Ha TPAHCIIEHJEHTHOM YPOBHE Ye-
pe3 3epKAJbHYI0O CUMMETPUIO CUJI HATSKEHUS U COKpPALUCHUS
MOJTYYWJI CBOE NEPBOE IMPOSIBJICHUE HAWBAXKHEUIIMIA MPUHLIUIT
CO3UAAHMS — MPUHLMIT 3aMKHYTOM CUCTEMBI. DTO MEPBbIA 1Iar
Ha NyTU (pOpMUPOBAHUSI CAMO MO3HAIOIIEN CUCTEMBI.

[lepexon K IByXMEpPHOMY 3aMKHYTOMY ITPOCTPAHCTBY Hampsi-
KEHUSI CTaJl BO3MOXEH Onarofapsi COBMECTHOMY IPOSIBJICHUIO
3aKOHA Pas3/IoKEHMs MPOTUBOAEUCTBYIOIMX cuil CBeTa Ha Co-
CTaBJISIIOLIME U TTPUHIUIIA 3€PKATIbHOM CHUMMETPUU OTHOCUTEIb-
HO HaBEJEHHOIO IMOJIOKUTEJIbHOIO TOYEUHOro 3apsijia — LeH-
Tpa (OpMUPYEeMON CHJIOBOM CHUCTeMbl. B pe3ynbTare BO3HMK-
el KPyroBOW CUMMETPHH B pacripeie/IeHUU OUITOJISIPHBIX CH-
JIOBBIX TPEYTOJbHUKOB WX OCHOBAHUS CTPYHBI HATSKEHUS 3a-
MKHYJIM B IIpefesiax Kpyra ucrekawouiero Csera mpocTpaHCTBO
HalpsKEeHUs! LECTUYTONbHUKA.
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Puc. 9. MozaenpoBanue nporecca CBEPTKU IIECTUYTOJIbHAKA
HaNpsoKEHWsI B OIMH M3 BOCBMH KyOOB rurepkyoa BceneHHOi

Cgera



Ha pucyHke 6.a npuBeneHa 1ByXxmMepHas poeK1us (pparMeH-
Ta pacCCMATPUBAEMON C(PEPUUECKON CUIIOBOM CUCTEMBI C ISTHIO
NoC/IeI0BaTeIbHO BIMCAHHBIMU B KPYTHY ICUCTBUS IIECTUYTOJb-
HUKaMH, OTPaXalolMMU JUHAMHUKY pOCTa HAMPSKEHUS IPO-
CTpaHCTBa OT IieHTpa K nepudepun. B npegenax 3Toro MHO-
TOYTOJIbHUKA TOJIOKUTEIbHBIN JIEMEHT CHJIOBOTO TPEYTOJIbHU-
Ka oObeqUHSET TpU MeTapu3ruecKre TOUYKHU — JIBe TOUKHU CO-
NPSKEHK S COCTABJISIIONIMX BEKTOPOB IIPOTUBOAENCTBYIOIIMX CHUJT
Y HEeHTp cuctembl. OHAKO 3TO €lle He MPOsIBJIEHUE 4uucia 3,
KOTOpoOeE, corniacHo ydeHuro [Iudaropa, cCOOTBETCTBYET ILTIOCKO-
CTU TpeyroJibHuKa. TpeThsl TOUKa ocTaeTcsl BHe OBITHS, TaK Kak
npuHamiexut IleppoenuHomy. Pacxonsinuecs ot Hee BeKTopa
COCTaBJISIIONIMX CHJIBI UcTeKatomiero Cera OyKBaJIbHO CUMBO-
JIMBUPYIOT IEUCTBUE M3HAYAJIBHOIO KOCMUYECKOIrO 3aKOHA pas3-
JIOXKEHUSI PABHOJEHCTBYIOIINUX BEKTOPOB MPOTUBOJAECUCTBYIOIIUX
CWJI. DTa TOUKA, ABJIASACh TPAHCUEHIEHTHBIM OCHOBAaHUEM B IIPO-
SIBJICHUU CO3UJIaTeJIbHOM CUJIBI, YEPE3 CUJIOBbIE TPEYTOJIbHUKU
OJHOMEPHBIMU CTPYHAMH HATSI)KEHUSI OINpE/IesieT 3aMKHYTYIO
MO KPYry TPaHWIly Mepexoja M3 OTBJIEYEHHOrO MPOCTPAHCTBA
JBOVMCTBEHHOM cuiibl CBeTa B MPOSIBJIEHHOE MPOCTPAHCTBO Ha-
MPSDKEHUS.

[Mporecc ontumm3amy ¢ COOJIOIEHUEM TTPUHITUATIA HATSIKE-
HUS TI0 TIPSIMOM JIMHUY TO3BOJISIET B Mpefieiax YCTAaHOBJIEHHOM
I'PaHMILIbI IPOBECTU TEOMETPU3ALIMIO CYIIEP CTPYHAMHU MPOCTPaH-
CTBa HAmpsDKeHHs] C 0Opa30BaHUEM [BYX 3€pKaJTbHO-CUMMET-
PUYHBIX TPEYroJbHUKOB. B Kaka0M M3 HUX BOIUIOIIEHO YKCIIO



3 — TpU IIEHTpa HATSKEHUSI B OOBETMHEHHBIX C IIECTUYTOJIbHU-
KOM BEpIIMHAX U TP LIEHTpa COKpAILEHUs Ha CTOPOHax. Tob-
KO TAKOW TUI '€OMETPUU JIETAET BO3MOKHBIM COXPAHUTh CBS3b
CO BCEMM TOUYKAMU COMPSIKEHUS] CTOPOH-CTPYH IIECTUYTOJIbHU-
Ka (6.B, I).

COOTBETCTBEHHO YHCITY AUATOHAJIEN-OCEN CUMMETPUH TMEPE]]
HAMM OJlHA U3 YeThIPeX JABYXMEPHBIX MPOEKIMil KyOa Hampsi-
kenus. Kak yxe orMevyanoch, Ha MPaKTUKE B TAKOE COCTOSIHUE
TpPeXMEpHBI KyO MOXHO TPUBECTU TyTEM CXKATHs JIByX Bep-
IIVH, TPOTUBOJIEKANMX N0 AuaroHanu. [{ns sroro pedpa mie-
CTUIPaHHUKA JOJKHBI MMETh TOJBUXHYIO CBSI3b B BEPIIMHAX
coeilvHeHus. B pesynbTraTe Ha TJIOCKOCTH KyO MPUMET COCTOsI-
HUE CIIBOEHHOTO IECTUYTOJIbHUKA (pHc. 9.a-B), rae BepvHbl G
U H, cIMBIIUCDH, 3aUMYT LEHTP cucTeMbl. [Ipy 3TOM MbI HarIsiI-
HO YBUAMM, YTO CWJIa CXKaTusl, HallpaBJIeHHAsl Yepe3 Hero mnep-
NEHIMKY/ISIPHO TJIOCKOCTH PUCYHKA, TPAHC(POPMUPYIOTCS B CUITY
PACTSKeHUsI KBaJpaTOB-TpaHell B poMObl HampsikeHus1. TOIbKO
IIPU TAKOM YCJIOBUY MOKHO TPEMS I'PaHsIMUA 3aMKHYTh Ha ILJIOC-
KOCTH JBYXMEPHOE IPOCTPAHCTBO. B MpOTUBHOM cCilyyae npu co-
XpaHeHUM rpaHeil Kyoa KBaJpaTaMu HeU30e:KHO MPOU30IIIeN Obl
Pa3phIB CBSI3M B peOpax U IByXMepHast IPOEKIHS BhITJIsiaesa Obl
Kak Ha pucyHke 9.r. CTaHOBUTCSI OYEBUIHBIM, UTO B JIByXMEp-
HOM M3MEpPEHUM TpaHcpopMalysi TOYEUHOTO 3apsijia JeMCTBUS
B CWJIOBOW KPYT MPOMCXOIUT Y€PE3 TPEYroJbHBbIA TUIl F€OMET-
pur 00600ITIeHNST OMTHOMEPHBIX MTPOCTPAHCTBEHHBIX CTPYH HATSI-
KEHUSI ¢ 0Opa30BaHUEM IIECTUKOHEUHON 3BE3/bl HAMPSIKEHUS,



00BETUHSIONIEN IIECTh CUIIOBBIX POMOOB.

Tenepp mpomonenrpyeM OOpaTHBIA MpoOLiecC Mepexoa Iie-
CTUYTOJNIbHUKA B TPEXTPaHHBIA yroi KyoOa. [l 3Toro BepimHy
H, cKpbITYIO OT Hac, 3a(prKCUpyeM U TeM CaMbIM OOecTieuuM e
MPOTUBOAEUCTBYIOLIYIO COIPSIKEHHYIO CBSI3b OTHOCUTEJIBHO Ha-
VX JEUCTBHUI C APYTo BEPIIMHOMN. DTO, B CBOIO OUepe/ib, ooec-
NIEYNT BHITIOJTHEHHE 00S3aTEIbHOTO YCIIOBHSI COXPAaHEHUS IIeH-
Tpa B HENOABUXHOM COCTOSIHUM OTHOCUTEJBHO (DOPMUPYEMOM
cucrembl. [lepemenias BepiiHy G B HaripaBJieHUH, TPOTUBOIIO-
JIO)KHOM CXAaTHIO, MOXHO JIETKO YOemUThCsl, YTO TpaHcgopma-
1M1 HIECTUYTOJIbHUKA B TPEXI'PaHHbIA yroy Ky0a HEBO3MOXKHA
6e3 MpeosioyieHusl B HEM HAIpsDKEHUs] CUCTEMbI CUJIOBBIX POM-
O0B.

BosHukaer Bompoc, KakuM 00pa3oM BO3MOKHO COXPaHEHHUE
IIEJIOCTHOCTH CUCTEMBI U TpaHcopMalisi poMOOB B KBa/IpaThl.
Hns oTBeTa Ha Hero oOpaTUMcsi K MOCTPOeHHsIM Ha puc. 9.0,
r. Mbl BUIUM, YTO BHINIOJIHEHHWE 3TOTO YCJIOBUSI TpeOyeT BO3-
HUKHOBEHUS OONOAHUMENbHO20 HATIPSIKEHU A, HE IOITYCKAIOILETO
B CBOEM [ICMICTBUU PACXOKACHUE MAPAJIEIOrPAMMOB B IIJIOCKO-
CTU Ha cyMMapHbIit yros B 90°. To BO3MOXKHO, €C/I OHO OyJeT
HaIpaBJIeHO B IPOTUBOMNOJIOKHOM HANIPABJIEHUH 110 OTHOLLEHUIO
K CHCTEMe HaIlpsKeHUs] pPOMOOB — BEKTOPaM-IHArOHAJISIM HaTI-
KeHUs1, 00pa3yloIIuM TpeyroibHUuK BsDgFs. IHBIME crioBamu,
CBSI3aHO C (pOPMUPOBAHUEM JIOTIOJTHUTEIIbHBIX CyNIEp CTPYH-AHa-
TOHAJIeH, CTPEMSIIIINXCS TIEPEBECTU POMOBI B COCTOSTHUE KBapa-
TOB.



Ha wmeradgusuveckoM ypoBHE 3TO YCJIOBUE BBHINIOJHSETCS
3a cyer cymnep CTpyH apyroro tpeyroibHuka AsCs Eg (puc.9.B).
Oba TpeyroyibHUKA, OOecrevrBasi MOJHYI0 ONTUMH3AIMI0 Ha-
NPsIKEHU S TUIOIIA/IY TIECTUYTOIBHUKA, HAXOMSITCS B 38PKAJIbHON
CUMMETPUH APYT K Apyry. B 3ToM ciy4yae MOXKHO cUMTaTh, 4TO
NPUHIIMIT 3epKaIbHOM CUMMETPHH, JIeKAIUIA B OCHOBE (pOpMHU-
POBaHMsI IBYXMEPHOU CUCTEMbI HAIIPSIKEHUSI STOrO MHOTOYTOJTb-
HUKa, BJISIETCS TeM (DAKTOPOM, KOTOPBIN CBUJIETENTLCTBYET O €T0
JBOMCTBEHHOCTU. Peub naeT o JByX 1eCTUyrojabHUKaX, COIpsi-
’KEHHBIX Yepe3 OOIIMiA KOHTYp. DTO XOPOIIO BUAHO MPH COMO-
CTaBJIeHH M300paxkeHuil Ha puc. 9.a-B. DTO TOT JBOWHON Iiie-
CTUYTOJIbHUK, KOTOPBIH MOTy4YaeTcsi B SKCIIEpUMEHTe TIPU CiKa-
THU KyOa B TUIOCKOCTh. ClieyeT OKuIaTh, YTO paBHOBECUE JaH-
HOH TByXMEpHOM (PUTYpbl MOXKET OBITh IOCTUTHYTO 3a CYUET Iie-
peBo/ia MOTEHIMAaIa COMPSIKEHUSI B IUIOCKOCTh, TEPIEHAUKYJISAP-
HYIO UM, T. €. B HEeTpaJIbHOE HallPaBJIeHUE TPETHETO U3MEPEHUSI.
B ¢opmupoBaHuu CTpyKTypsl HapsikeHUsI KOCMUUYECKON CHIIO-
BOW cpephl ITO mar K 00beMHOMY IPOCTPAHCTBY.

Jls1 Toro 4yToOBl BBISICHUTH, KakK B 11€JIOM Cpearupyer JIByX-
MepHasi CUCTEMa U3 IIeCTH MepeceKalonuxcsi poMOOB U KaKou
Ipy 9TOM OyleT pe3ysbTar, OCYIECTBUM MOJEIMPOBAHUE JaH-
HOTO TIpoliecca MO MPUHIMITY OT oOpaTtHoro. CKOHCTpyupyem
cucTeMy, U300pakeHHyIo Ha puc. 9.r. B Hell B nociieioBaresib-
HOU 11enH uepe3 oOIIyo BepiinHy G CONpsiKeHbl TPU KBaapara.
OHM UMEIOT KECTKYI0 BHYTPEHHIOIO CBSA3b 110 JUArOHAIAM U TO-
JBIKHYIO B MECTaX CTBIKOBKHM CTOpOH. IIpu 3TOM, Kak Mbl BU-



JIM, YCJIOBHE CONPSI)KEHHOCTHU YacTel CUCTEMBI HapyIileHo. Pac-
TIOJIOKUB €€ Ha IJIOCKOCTH, TONPOOyeM BOCIIOTHUTH 3TOT MPOOeT
COBMEIIIEHUEM CTOPOH, 0OPa3yIOIINX CyMMapHBIN Yo pa3pbiBa
B 90°. B pe3ynbrate cucrema NpujeT B ABMKEHHUE IO HAIPAB-
JICHUIO NIEPIIEHAUKYJISIPHOMY OT TJIOCKOCTH C MOCJIEYIOIIUM 32a-
MBIKAHUEM TPEXTPAHHOIO YIJIA.

Crnenysi 3aKOHY aHAJIOTWM, TOJMYYEHHBI OMBITHBIM IMyTeM
pe3y/lbTaT Ha MeTapu3MYecKOM YpOBHE MOKHO HMHTEPIIPETH-
poBaTh Kak CJEACTBHE BO3HUKHOBEHMS CHIIbI, OOECIeYMBaIO-
1IeV B3aMMHOE IMPUHYAUTEIBHOE COKPALLIEHUE CyNep CTPYH 3ep-
KaJIbHO-CUMMETPUUHBIX TPEYrOJIbHUKOB. B pe3ynbrate Bepiim-
Ha G, MpeACTaBAIAs TOUKY-MOTEHUIMa, PUIET B JIBUXKE-
HUE MO0 OCH CUMMETPUU OT CKPHITON HEMOIBMKHON BEPILMHBI
H - uentpa paevictus. [lnockoct poMOOB, TpaHC(HOPMHUPYSCH
B KBQJIpaThl, C PaBHBIMU IO MOJYJII0 BEKTOPAMU-IUArOHATSAMU
COBEpIIAT JIPYT K IPYry CHHXPOHHOE COMMKEHUE TaK, 4To 00pa-
30BaHHBIE MU pedpa CMECTSTCS B TUIOCKOCTH TPEThETO U3Mepe-
Hud Ha yroi B 30°(puc. 9.e). B cymme 1o Kpyry [u1sl KakA0HW Ja-
CTH ABOMHOI'O ECTUYTOJIbHUKA OHO paBHO 90° U sIBJISIETCS] KOM-
NEHCAIMOHHBIM IIPOTUB BO3MOKHOTIO pa3pbiBa HA aHAJIOTMYHBIN
YTOJI CUCTEMBI COTPSKEHHBIX POMOOB.

Kak crnencrBue, 3aMKHYTBHII KOHTYp IIECTHYTOJbHUKA
AsBsCsDsEsFs mperepnuT W3MEHEHWE — U3 JIBYXMEpPHOU
Ha IUIOCKOCTU KPUBOHM TPaHC(OPMUPYETCs B 3aMKHYTYIO TPeX-
MEpHYIO KPUBYIO HAMPSKEHUSI, OXBATHIBAIOIIYI0 OOBEMHOE TPO-
cTpaHcTBO. [1pH conocraBieHny NOCTPOEHUH Ha PUCYHKE 9 pac-



KPBIBAETCSI CKPHITHI MEXaHM3M Tepexoja Ha MeTapu3nieckom
YPOBHE OT TUIOCKOCTH K 00BbeMy Mpu (POPMUPOBAHUH TPEXMep-
HOW CTPYKTYpbl HalpsKeHUs1 C(PEpUUECKON CUJIOBOM CHUCTEMBI.
CTaHOBUTCSI OUYEBUIHBIM, YTO TMPU TPaHCHOPMAIMHA TOUEYHOTO
3apsiga CO3WJIAHUS B CUCTEMY ITOJOOHOIO THIMA OyIeT MPOUCXO-
JIUTh HE TOJIBKO (POPMHUPOBAHUE TPEX Map 3€PKaJbHO-CUMMET-
PUYHBIX OTHOCUTEJIBHO 1IEHTPa CEKTOPOB PACKPBITHS CHIIOBOTO
Kpyra, HO M COMPSDKEHHBIN C TUM MPOIIECCOM MepeBOj1 HAIpsi-
KEHUS B TUIOCKOCTh TPEThErO M3MEpEeHUsl. DTO XOPOIIO BUIHO
U3 XapakTepa M3ruda JMHUU COMPSDKEHUS ABYX MPOSIBIEHHBIX
TPEXTpaHHbIX YIJI0B ¢ BepmumHaMu G u H (puc. 9.e). OHa aBnis-
€TCsl JIEeMEHTOM CBEPTKHM B TPEXMEPHOE MPOCTPAHCTBO HIECTH-
I'PaHHUKA OJHON M3 BOCbMH, B COOTBETCTBUM C UHUCJIOM TpeX-
T'PaHHBIX YIJIOB KyOa, TBOMHBIX MIECTUYTONBHBIX TIIOCKOCTEH.

bnaronapss CMHXpPOHHOMY CBOPAYMBAHHUIO BOCBMH TaKHX
TUIOCKOCTeN (hOpMUpYeTCsi COOTBETCTBYIOIEE YHUCIIO KyOOB, I0-
MapHO CUMMETPUYHBIX OTHOCUTENILHO BepIIUHbI H B TOYKE TO-
noxuTepHOro 3apsina (puc. 10.a, 6). B pesynbrare oOpasyercs
runepky0. O6pa3HO 3TOT NPOLIECC MOKHO CPABHUTh C PaCITycKa-
HHEeM KyOMYeCcKOro 1BETKa-KPUCTAJlIa, YbM HAOYXIIIKE JIeTIeCTKU
UCXOJAT U3 €IUHOTO MeTa(pu3nUeCcKoro KOpHsl pocTa.



Puc. 10. MoaenupoBaHue npornecca CBEpTKU PELIETOK BOCh-
MU IIECTUYTOJIbHUKOB HAMPSIKEHUsI B KPUCTAIMUECKYIO CTPYK-
Typy runepky6ba BeenenHoi Ceeta



MbI noionui K BaXKHOMY MOMEHTY, KacaloleMycsi 0COOeH-
HOCTU CTPYKTYpPbl HANPsKEHUsI TPAHCIIEHAEHTHOTO TUIEpKyoa
B CBSI3U C MPOSIBJIEHUEM TPEXMEPHOU MEePUOAUYHOCTH B (hOp-
MHPOBAaHUU €ro BOCbMH KyOOB. [lJis 3TOro HeoOXoaumo oOpa-
TUTbCS K ABYXMEPHOI ITpoeK1ny oHoro u3 Hux (puc. 10.B), rae
KaK MpUMEP MPeCTaBIeHbl IIECTh U3 YETHIPHAALIATH MOCIE0-
BaTeJIbHBIX YPOBHEN CTPYKTYPBI HAMPSKEHUS IECTUYTONIbHUKA.
OHa mpencrapiieHa BYXMEPHOM PEIIETKON U3 3JIEMEHTapHbIX
CHJIOBBIX POMOOB. VX TOJOXUTETBHBIA U OTPHIIATEIbHBIA Tpe-
YTOJbHUKY MPEACTABIISIIOT AEUCTBYIOUIYIO M TPOTUBOAECUCTBYIO-
HIyI0 3JIeMEHTapHble siueiKu. [l HarIsiIHOCTU Ha TIPUBOAM-
MOM PHUCYHKE STYEMKM BTOPOro poja 3amTpuxoBaHbl. K 310N
0COOEHHOCTH MBI BepHEMCsI HECKOJIBKO HIFIKE, KOTjia TepemiemM
K PacCMOTPEHHIO 0Opa30BaHUSI TPEXMEPHON KPUCTATUTUIIECKON
peIlEeTKY.

B meradusuke Tpancdopmaliuu ToueyHoro ucrouHuka Cae-
Ta B KPYI CBETOCWJbI C KAXJIOW €IMHUIIEN 3aTPAYeHHOro Io-
TEeHIMaJla Ha 00pa30BaHUE IeMEHTa PaBHOBECHS (CTPYHBI Ha-
TSOKEHUs1) MEX]ly MPOTUBOMIEHCTBYIONIUMU CUJIaMU B apudme-
TUYECKOW MPOTPECCUU C Pa3HOCTHIO 12 MpOUCXOAUT mpupariie-
HUE JIEMEHTAPHBIX sTYeeK. DTO PaBHOCWIBHO MapalieIbHOMY
nepeHocy (TPaHCIISAIUN) sTYeeK, re OOKOBbIE CTOPOHBI-BEKTOPBI
MPOTUBOAEUCTBYIOIIUX CUJT SIBJISIIOTCS TIOCTOSTHHBIMU, WU NEPU-
oJlaMU JIByXMEPHOU peleTku. Ee HanpsikeHue pacTteT B Kpyro-
BOW CUMMETPHHM OT IIeHTpa K niepudepun. LleHTpbl Makcrumaib-
HOTO HATSKEHMSI U COKPAIIIEHUsI, COOTBETCTBEHHO, MPUXOISATCS



Ha BEPUIMHbI U CEPEANHBI CTOPOH-CTPYH LLIECTUYTONbHUKA.
MogenipoBaHie mpoLecca CBEPThIBAHUS JABOWCTBEHHOIO
IIECTUYTOJIbHUKA B KyOMUECKYIO MOJICCTEMY TUIIepKyOa MO3BO-
JIJIO YOeTUThCsI, UTO IO/ BO3JACHCTBUEM UMUTHPOBAHHOU CH-
JIbl JIEWCTBUs, HAMPABJIEHHOW OT HEMpPOSIBJIEHHOro lieHTpa H
10 BEKTOPY-AUArOHAIM K POSBIEHHOMY NOTEHIIMATY-BEPILIVHE
G (puc.10.r, 1), BUIMMAs 4acTh IIECTUYTOJIbHUKA HAYHET CBO-
pauuBaThcsl B OOpaTHOM HampaBjieHUu. B pesysnbrare CTPyKTy-
pa ABYXMEpHOU peleTku Oy/eT MOCIe0BaTeIbHO BKIIIOUATHCS
OT MEPBOIo K IIECTOMY SHEPreTUYECKOMY YPOBHIO. B compsixke-
HUM C HEWl B 3epKAJIbHON CUMMETpUU Oy/IeT MPOUCXOJUTh aHa-
JIOTMYHOE CBOpavYMBaHue MpoTUBOierCcTBYIoMIer yactu. C nepe-
MeleHreM BepIiHbl G 10 OCU-UaroHaaIu CMMMETPHUH OT HETIO-
JBVKHOM BEPIIMHBI H 1Ba CONPS)KEHHBIX YEPE3 JIMHUIO CBEPTKH
TPeXTPaHHBIX yrjia OyAyT BO BCTPEUYHBIX ABMKEHUSX BCE OOJIbIIIE
1 0OJIbIlIe OXBATHIBATh MPOCTPAHCTBO OOBEMHOTO HAIPSIKEHUS.
D710 NposiBIeHre MeTapu3nuecKoro MpUHIIMIA pOCTa TPEXMep-
HOT'O TIPOCTPAHCTBA B 3aMKHYTOUM OUIOJISIPHON CHUJIOBOY CHCTE-
Me. OHO SIBJISIETCS MIOATBEPKIEHUEM CIIEAYIOIIETO BbICKA3bIBA-
HUs X0JUIa OTHOCUTENIBHO 3TOTO acrnekTa ObITus: « Mamepuanu-
cmuuecKuii peHomer pocma ecmo OBUIICEHUE USHYMPU HAPYIICY,
HEKULl pOO pAaCUUpeHusi, nocpeocmeom KOmopozo HAMUHAENCs
npouecc 803HUKHO8eHUsL hopmbl. /s punocopa, oonaxo, pocm
ecmuv 08UdICEHUEe BHYMPb, HO He COKPAUeHUe, a HanpasaeHHOCHb
cosuanusi k uenmpy ovimusi» (1992.T. 2. C. 84).
[Mectuyroneuuk A;B;C;D;E;F;, OrpaHMYMBalONIMM MPO-



CTPAHCTBO HAmNpspKeHUs B | eAMHMIlYy 3aTpaue€HHOro M MpHUOoO-
PETEHHOr0 MOTEHLMAJIOB CUJI JIEUCTBUSI U TPOTUBOAEUCTBHUS,
IIPU CBEPTHIBAHUM OTHOCUTEJILHO METa(pU3NIEeCKOro KOpHS po-
cra B Touke H oOpasyer napasiesnenure]l, B MUHUIMaJIbHOM 00b-
€Me KOTOPOro COIAEPKUTCS HaMMEHbLIEEe YUCIIO TOYEK HATSKe-
HUS U COKpAIleHUA. 3aKOH aHAJIOTUH [TO3BOJISIET CYUTD, YTO MBI
MMEEM JEJI0 C TPEXMEPHOU JIEMEHTAPHOU STYENKOW, Yer HapyXK-
HBI TPEXTPAHHBIN YTOJI yKa3bIBAET HA OJHO U3 BOCBMHU HAITPaB-
JieHul B 00pa30BaHUM KPHUCTAJUIMYECKOW PEIeTKH TUIepKyOa
HanpsxeHusd (puc. 11.a). Bocemb aneMeHTapHbIX A4YEeK, PacIo-
JIO)KEHHBIX B €I0 yIJIaX, IPEACTABIISIOT COOTBETCTBYIOIEE YUCIIO
MeTa(pU3NUECKUX BEPLIMH POCTA WIN EIUHUI] CUCTEMBI OTCUETA
HAaIpsKEHMS B TPEXMEPHOM IPOCTPAHCTBE 1ECTUT PAHHMKA.

B s1oii cBSI3M cnegyeTr oOpaTuTh BHUMaHWE, YTO IMPHU BO-
IUIOIIEHUM OJHOM M TOW K€ BEJIMYMHBI MOTEHIMAJIA ACUCTBUSA
JJIMHA (DOPMUPYEMBIX pedep-CTPyH HATsSKEHUs JaHHON 00beM-
HOH (purypsl HanpsikeHus: OyJIeT B JBa pa3a MpPEeBBIIATh TaKo-
BYIO CTOPOH-CTPYH IIeCcTUyrojbHuKa. C nepexonom k cdepe, rue
B TPEXMEPHOM ITPOCTPAHCTBEIH CUHTE3UPOBAHHOIO TMIEepKyoOa
TOYEYHBIN 3aps/l IEUCTBUSA ABJAETCA METAPU3NIECKUM KOPHEM
pOCTa BOCBMM XOTbh M CONPSIKEHHBIX, HO HE3aBUCUMBIX B CBO-
UX MPOCTPAHCTBAX HAINPSUKEHHS KyOMUecKnxX mouacuctem, ¢op-
MHUPOBaHKE KPUCTAJUTMYECKON peleTKy OyeT MPOUCXOIUTH ITy-
TEM IIPUPALLIEHUS JIEMEHTAPHBIX IYE€EK U3HYTPU BO BCTPEYHBIX
TPEXMEPHBIX BEKTOPaxX TpaHCIAMU. B pesynprare, Kak mpumep,
IIPY BOIUIOIIEHUH | e JMHUILIBI MOTEHMAIA CUIIBI JEUCTBUSA ITOJIO-



JKUTETPHOTO TOYEYHOTO 3apsia B 00pa30BaBIICICS OUIOISIPHOM
cuioBoit cpepe Oymer chopMUPOBaH BOCBMEPUYHBIN 3JIEMEH-
TapHbIi KyO HanpspkeHust (puc. 10.06)., Ubsi IByXMepHast POeK-
1151 1aCT IECTUYTOJIbHUK, 10 pa3MepPy COOTBETCTBYIOLIUI YPOB-
HIO HaNpsDKeHUs! B 2 €UHMIIBI 33/IeICTBOBAHHOIO MOTEHIMAaa
cosuganus (puc. 10.B). D10 pesynbrar 3€pKaJBbHOIO (ABOMHO-
ro) MPUPOCTa IEMEHTAPHBIX sYEEK Ha KaXJOW OCU-IMaroHa-
JIM TPEXMEPHOTO MPOCTPAHCTBA (DOPMUPOBAHUS KpPUCTAILIINYE-
CKOH peleTku runepkyoa. CrenoBatenbHO peOpo-cTpyHa Iie-
CTUTpaHHMKA OyAeT B JjBa pa3a IJIMHHEE CTOPOHBI-CTPYHBI aHA-
JIOTUYHOTO YPOBHSI HANPSI)KEHUSI IIECTUYTOIbHUKA.
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Puc. 11. Pacnipenenenue envHUL NOTEHUMAIOB HATSKEHUS
Y COKpAIllCHUsI CTPYH KPUCTAUTMYECKOM PEIIeTKH TUMepKyoa
Bcenennon Ceta



Ha pucyHnke 11 Mbl BUIMM KPUCTAJUIMYECKYIO PELIETKY META-
(usnyeckoro runepkyoda, chopMUPOBAHHYIO TPEMS YCITOBHBIMU
eIMHUIIaMU NIOTeHIMAaJIa CUJIbl ieiicTBUSA. OHa OObeAUHSIET B M-
nepkyO BOCEMb MJIEHTUUHBIX KyOnueckux noacucreM. Ecim mbl
NIOCMOTPUM Ha XapakTep paclipelesieHus1 NOTEeHIMAIOB Halpsi-
JKEHUs Ha HUX, TO YBUAUM HECKOJIBKO MHYIO KAPTUHY, YEM Ta,
KOTOPYIO CJIE/IOBAJIO OKU/IATh TIPH TpaHCOpMAIUK B KyO aHasIo-
TMYHOIO YPOBHS HaNpsDKEHUs IIecTuyroibHUKa. Kaszanock Obl,
YTO IPUA CBEPTHIBAHUM JABYXMEPHOM PEIIETKH LIECTUYTOJIbHU-
Ka OT IIEPBOrO K MOCIEIHEMY PAAY A4YEEK, NOCIEA0BATEIbHOCTD
YBEJIMYECHUS CUJIBI HATSKEHUS JOJIKHA COXPAHUTBCS.

Kak Mbl BUIMM, 37IeMEeHTapHas syelika B BEepLIMHE KyOuue-
CKOH MofcHCTeMBI, 00pa30BaHHas M3 MEPBOro psijia siueeK pe-
LIETKH IIECTUYTOJIbHUAKA, BMECTO HAMMEHBILIETO NOTEHIIAAIA Ha-
TSDKEHUSI UMeeT MakcuMaiibHoe 3HadeHue (puc.l1.6). Ipuun-
Ha TakoW TpaHchopMalliu JIEKUT B MeTa(pU3NYECKOM IPUH-
LMIIE POCTAa TPEXMEPHOrO MPOCTPAHCTBA HAIPSKEHUs TMIIEp-
KyOa. C KakIpIM TOCIEIYIONIMM MPOSIBJICHUEM €IUHUIIBI TIO-
TEHLIMaJIa CWIbl JEWCTBUS PACKPBITUE €rO MPOUCXOAUT 32 CUET
BCTPaMBaHUs MEKAY AYEMKaMK KPUCTAUINYECKON PELIETKH J10-
HOJIHUTENbHBIX TPEXMEPHBIX €JUHUL] HATSKEHUS TIPOCTPAHCTBA
(puc.12.6). B 1eiom neMeHT Takoil BCTPOWKHU BBHITJISIUT Kak
TPEXMEPHBIM KPECT HaNpsiKeHus. B aToM nmponecce snemeHrap-
Hble SIUEMKM B BEpIIMHAX I'MIepKyOa aHaJIOrMYHbl TOUYKaM CO-
NPsIKEHU 1 IPOTUBOAEUCTBYIOIIMX CUJI IPY (POPMUPOBAHUY 111E-
CTHYTOJIbHOW PELIETKU HAIPSKEHU s, IO3TOMY py (POPMUPOBA-



HUY KPUCTAJUTMUECKON PEIIeTKH MOTEeHIIMa BOILJIONIAeMOr CU-
JIbI HATSDKEHUST B HUX Oy/IeT BO3pacTaTh. DTO HE UTO MHOE, KaK
MeTahpU3UIECKUI aCTIEKT MaTepPUATMCTUUYECKOTO POCTa U3HYTPHU
Hapyxy. B mpoTHBOMNOIOKHOM HaIpaBJIeHUU CHAPYKU BHYTPh
YBEJIMUMBAETCSI HEMTPOSIBJIEHHBIN MOTEHIIMAI CUJIbl COKPAIIICHUS.
DTO POCT NOTEHIMAIBHOW HMMITYJIbCHOM CHJIBI OCO3HAHUS, TIO-
TOBOU MpU JAOCTUKEHUU PABEHCTBA MEXIY MPOTHUBOACUCTBYIO-
My cuiamMu CBeTa HarpaBUTh BOTUIOIIEHHBIN CO3UIATeTbHBIN
MOTEHIMA K UCTOYHUKY CBOETO 3apOXK/ICHHS.

Pacnipenenenrie MoTeHIMANIOB CUJI HATSKEHUS U COKpallle-
HUSl KPUCTAJUIMYECKON pelIeTKU MeTapu3nyecKoro rUrepKy-
0a mpencraBieHo Ha pucyHke 11. a-B. MakcumalibHble 3Ha-
YEHUsI ITUX XaPAKTEPUCTHK TPOSIBJICHWS] TBONCTBEHHOW CHUJIBI
CBeta mpUXOIATCS COOTBETCTBEHHO HA BEPIIMHBI U CEPEeIUHbBI
pedep-CTpyH BOCBMH KyOW4eckux mojcucteM. [Ipumvevaresib-
HO pacripejiejieHle MOTeHIIMAJIOB CHJIbl HATSKEHWsl Ha UX Ipa-
HsX. TOYKM MaKCMMaJIbHOTO 3HAY€HUs pacIpeiesieHbl 1Mo aua-
TOHAJISIM Ha BEPIIMHAX JIEMEHTApHBIX stueek (puc. 11.6, 13.a).
C y4eToMm TOro, YTo Ha HUX MPUXOISATCS HyJIEBbIE MOTEHIUATIBI
cwibl cokpaieHust (puc. 11.B), MOXHO rOBOpUTh O (POPMUPO-
BaHUM JIBYHAIPABJIEHHBIX BEKTOPOB M30CTATUYECKOIO HaIMpsIKe-
HUs1. DTO MPOsIBIIEHUE KAUECTBEHHO JIPYroro 3JIeMeHTa B CTPYK-
Type KpUCTALTMUYECKON PEIIETKH IMIepKyoa.

B oTiuure ot mpocTpaHCTBEHHBIX CTPYH HATSKEHUsI, 00pasy-
IOIMX peOpa KyOMUeCcKUX MOJICKCTEM, B HEM HET MOTEHITUAA CH-
bl cokparttieHus1. [1o MO0 OH paBeH JUIMHE TUaroHaId TPaHu



TPEXMEPHOU STYEHKHU. DTO HE YTO MHOE, KaK JIEMEHTapHOE OfI-
HOMEPHOE 3BEHO CTPYKTYPHI KeCTKOCTU. Ha ypoBHe KyOrmuecKux
TIOJICUCTEM U3 HUX Ha KaXJIOU rpaHu rumnepkyoa oopasylorcs ye-
ThIpe Kpecrta (puc.13.a), KoTopble B conpsiKeHUU (hOpMUPYIOT
MOBEPXHOCTHBIN Kapkac. C nepexooM Ha TpEXMEPHBI YPOBEHb
CTaHOBUTCSI OYEBUIHBIM, UTO, HAYMHASI C JIEMEHTAPHOM STYEHKHU
Y KOHYasl TUMIEPKYOOM, MBI IMEEM JIeJI0 C HAapYKHBIM IPOsIBIIe-
HUEM CHUCTEMBbI COMIOYMHEHHBIX TPEYTOJIbHBIX MJIOCKOCTEN U30-
CTaTUYECKOro HarpsikeHus (puc. 11.r, o). B coBokynHoCTH OHM
00pa3yloT AByXMEpPHYIO PEIeTKy, KOTopas, repecekas 1Mo aua-
rOHAJIM, OObEM IIECTUTPAHHUKA KacaeTcsl BEPIIMH JIeMEHTap-
HBIX SY€EK C MAKCUMAJIbHBIM B HUX 3HAYEHUEM MOTEHIMAIA CU-
Jibl HaTsbkeHus. HecoMHeHHO, KpUCTalsIMuecKasi pelerka ¢ Ta-
KOW OCOOEHHOCTBIO paclpeiefieH!sl eIUHHUI] TIOTeHITNAa CHJIbI
HATSDKEHUS OmpeiesisieT MaKCUMAJIbHYIO TPOYHOCTh CTPYKTYPBI
1o BceMy o0bemy (popMHpyeMoro Tena. ITo BakKHOE 0OCTOsI-
TEJIbCTBO U K HEMY MbI BEpHEMCS1, KOr/ia OyieM IMPOBOJUTH CBSI3b
C MaTepHajIbHbIMU aHAJIOTAMHU.



Puc. 12. MexaHu3M pocTa KpUCTAJIMYECKON pELeTKH T'H-
nepky6a Bcenennoii Ceta

B npuBenenHom Ha pucyHkax 11,13 rumepkybe BepIIuHBI



CONPSIKEHUsI BOCBMU KYOUUYECKHX TIOJICUCTEM C MaKCUMAaJIbHBIM
MOTEHIIMAJIOM CUJIbl HATSI’KEHUSI HA HUX €CTh HE YTO MHOE, KaK
TOYKU COOPKH IJIABHOTO 3JIEMEHTa BHYTPEHHEN CTPYKTYphl Ha-
npsukeHnss Beenennort Ceerta. B paccmarpuBaeMoM npumepe
OHO B TOYKaX CIEIJICHUs COCTaBJISIET 6 €IUHULL, UTO PABHO CyM-
Me TpaHC(POPMUPOBAHHBIX B HEUTPATbHYIO TUIOCKOCTb MPOSIB-
JICHHOTO TIPOCTPAHCTBA, PABHBIX 0 BEJIMYMHE NMOTEHIIUATIOB UC-
TeKarwoulero 1 orpaxkeHHoro Ceera. CieyeT oxuaaTh, 4To B MO-
MEHT JOCTUKEHUsI CUCTEMOM CTaTUYECKOrO PAaBHOBECHS HA ITU
HEHTPBl HATSDKEHUS TPU PABEHCTBE MPOTUBOAEHCTBYIOMIMX CHIT
B 14 enunur OyaeT MPUXOAUTHCSA CyMMa IMOTEHIUAJIOB, PaB-
Has 3a/laHHOMY B 28 €AMHHULl TOYEUHOMY 3apsay AevcTBus. Ta-
KM 00pa3oM, pacKpbIBaeTcsl ele oqHa mMeTau3UKH CO3Ua-
Hus Bcenennon Cpera. HaBeneHHBIM MONOXUTENBHBIA 3apsij
0e3 Kakux-J1u00 MOoTeph Yepes3 AeWCTBHUe MPUHIIMIIA MOJsSIpU3a-
IIUU JBOVWCTBEHHOM cruibl CBeTa TpaHCOPMUPYETCs U3 00IacTH
HEeOBITHSI B 00JIACTh MEPBOTO MPOSIBIEHUSI — B 3aMKHYTOE MPO-
CTPAHCTBO CTATUYECKOTO HAMPSIKEHUsI, B TEOMETPUU KOTOPOTO,
KaK B KJIMIIIe, HAXOIUT CBOE BOILIOIIEHNUE OObeIMHEHHBIN MTPUH-
LUI TBOPEHUS.

Nznaraemasi Mmonenb (popMUpOBaHUST KOCMUYECKOW CUJIOBOM
CHCTEMBI TMO3BOJISIET YBUAETh MeTapU3MUECKyl0 MPUPOAY CBS-
34U BO3BEJCHHUSI JTIOOOTO YKClia BO BTOPYIO M B TPETHIO CTEle-
HU ¢ (POPMHUPOBAHHUEM, COOTBETCTBEHHO, JIByXMEPHOU pEeIleT-
KU HAIPsKEHU S IIECTUYTOJIbHUKA U KPUCTATUIMYECKON PELLIETKU
HarnpsokeHust runepkyoa. [Ipumepom mepBoro ciaydast sIBIsieTcst



u3o0paxkenue Ha pucyHke 10.B, rae 4ucio copMHUPOBAHHBIX
S/IEMEHTApHBIX sAYeeK onpesensercsa no gopmyie 6 ¢~ B neit
@y — BEJIMYMHA 33[EMCTBOBAHHOIO IOTEHLIMANIA JEUCTBUSA VIS
(popMHpOBaHMS COOTBETCTBYIOIETO YPOBHSI HANpsKEHUs LIe-
CTUYTOJIbHUKA, a KO3(ppuimeHt 6 — 4ucao HarpaBiIeHU pac-
KPBITHSI CUJIOBOTO KpYyra, BHYTPb KOTOPOI'O BIIMCAH JAAHHBIA MHO-
royroiibHUK. Bo3BeJeHue noreHuyana cuibl JIeCTBUS BO BTO-
PYIO CTeTleHb OTPaXkaeT AByXMEpHOe MPOsiBIeHUE PUHIIMIIA [10-
JSIpU3alvU TBOMCTBeHHOM cujibl CBeTa ¢ 00pa3oBaHUEM COOT-
BETCTBYIOIIIEN MEPHOCTU MPOCTPAHCTBA HATSKEHUS.

Yucno 3neMeHTapHBIX S4YeeK B PacCMaTpPUBAEMOM IIIECTHU-
YIONILHUKE HAMpSKEHUs paBHO 662 = 216. Ecim snemenrap-
HYIO SYEHKY JBYXMEpPHOM PELIETKH IIECTUYTOJIbHUKA MPUHATH
32 eIMHUIYy MPOSIBJIEHUS MPOCTPAHCTBA HATSKEHUS, TO TOJY-
YEHHOE YUCIJIO COCTABJIAET IUIOLIAAb €ro HanpsikeHus S,. B Hen
3HAKOMble HaM aTpUOyThl TeOMETPUU U (PU3MKU HepaszjieauMbl
KaK acreKThl mposiBieHus TBopsiero Ceera. Henp3s oOoiTu
CpaBHEHME IUIONIAIM HAMpPSKEHHOCTH IIECTUYTOJIbHUKA C TIO-
JIEM KOCMHUYECKOH «IIIaXMaTHOU JOCKW», TJI€ CBETJIBIE 1 TEMHBIE
SYelKU (KJIETKU) OMULETBOPSIOT MPOTUBOCTOSIHUE B KOCMOIO-
HUYECKOU MapTUH.

C nepexoyioM K TUTEpKyOy UMCIIO IEMEHTapHBIX STYeeK Kpu-
CTAJUTMYECKON PelleTKH onpesiensercs no gopmyne 8¢,°, Tie
KO3(P(UILIMEHT 8 OTpakaeT YMUCIIO HAPABJIEHUN CBOPAYMBAHMS
BOCBMEPHYHOI'O IIECTUTPAHHUKA, a BO3BEJEHUE B TPETHIO CTe-
NIeHb SIBJISIETCS] TPEXMEPHBIM MPOSIBJIEHUEM MPUHLIMIA TOJISIPU-



3alliM TBOMCTBEHHOW CHJIBI C 0Opa30BaHHWEM OOBEMHOIO IPO-
CTpPaHCTBA HANpsKeHUs. YNCIIo /IeMEeHTapHbBIX sSTYeeK WM 00b-
€M HaIlpsKeHHOCTH Vy; B IPUBEEHHOM Ha pucyHke 11 nmpume-
pe coctapisiet 8+ 3% = 216. [Ipu MeHbIIeM B /1Ba pa3a TOTEHIU-
ajie JeWCTBUS TOJIyYEHO TO K€ YUCJIO sYeeK, YTO U B PacCMOT-
pPEHHOM ciiydae (pOpMHUPOBAHUS IByXMEPHOW pPEIIeTKU HIeCTH-
YrOJIbHUKA. DTO SBJISIETCS OATBEPKICHUEM CIETAHHOTO BHIBO-
JIa OTHOCHUTEJILHO XapaKTepa POCTa KPUCTATMYECKON PeleTKH
CBETOHOCHOT'O TMIIepKyOa HAPSKEHUSI.

J1J151 TOJTHOTO BBISICHEHU S KAPTUHBI (DOPMUPOBAHUS TPEXMEP-
HOU peIIeTKN HanpsikeHUs HEOOXOIUMO OTMETUTb OfIHY OCO-
OEHHOCTD MPUPAIICHUS B HEW JIEMEHTAPHBIX sIYEeK Ha Kaxoe
NPOsIBJIEHHUE €MHUIBI IOTEHIMAJIa CrJIbl IeiicTBrs. Kak yxe oT-
Meuasoch, 00pa30BaHUE ABYXMEPHOH PEIIeTKH HIeCTUYTONbHU-
Ka HanpspKeHUs MPOUCXOAUT B apU(PMETUUECKON MPOrpecCUu.
B TpexmMepHOM aHaiore HeT MOCTOSTHHOTO YHCIIa, KOTOPOE MOX-
HO UCIIOJIb30BaTh KAaK Pa3HOCTb ISl ONpE/eIeHUs] KOJIMYEeCTBa
siYeeK B pAAAX KPUCTALIMYECKON peleTKU. 3/1eCh Mbl CTAJIKU-
BaeMCsl C pa3HUIIEeH, KOTOpasi C KaKIbIM MPOSIBJICHUEM TOTEHIH-
asla IeWCTBUS YBEIMYMBAETCS B apU(PMETUUECKON TPOTrPECCUH.
Ha ypoBHe (hopMupoBaH¥si OAHOTO U3 BOCbMH KyOOB THIepKyOa
NpYpalieHue K pa3HULIbl paBHO 6 U B 11€7I0M [IPUPOCT MPEACTaB-
JieH uucnamu 6, 12, 18, 24 ..., a KOJIMYeCTBO siueeK B psijiax, Co-
OTBETCTBEHHO, uuciaamu 1, 7, 19, 37, 61 ... (puc. 12.8, 1).
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Puc. 13. DnemMeHTbl CTPYKTYpbl N30CTATUYECKOTO HAIPSIKE-
HUs runepkyoa Beenennoii Ceera

B npenenax rumnepky0Oa, ryie MpOSIBIISIETCS BOCBMEPUYHBIN



MIPUHLIMIT pOCTa, IpUpallleH!e K pa3Hulle cocTabiisieT 48 (48, 96,
144, 192 ...). Torma KOIMYECTBO siYeeK B psimax OydeT mpej-
CTaBJIEHO TTOCJIEA0BATEJILHOCTRIO uncen 8, 56, 152, 296, 488 ....
CymMmMupysl KOJTUYECTBO STYE€EK MIEPBBIX TPEX PSAJOB, Mbl ITOJTyYUM
3HAKOMOe HaM uucyio 216, oTpakaoiiee 00beM HaPsSKEHHOCTH
HIECTUTPAHHMKA B 3 €VHMUIIBI ITPOSIBJICHHOIO MOTEHIMANA JAe-
CTBUsI cBeTOCWIBI (puc. 11).

st Toro 4yToOBl pazoOpaThes B (peHOMEHE TAKOTO pOCTa KpH-
CTAJUTMYECKOM PEIeTKH, 00paTUMCs K N300paKeHUI0 HA PUCYH-
ke 12.B, T/1e Ha MpUMepe OTHOW U3 BOCBMU KyOMUYECKUX TOJICH-
CTeM NPEJCTABJIEHbl PSAJbl STYEEK, COOTBETCTBYIOIIME MOCIEN0-
BaTeJIbHOMY IPOSIBJICHUIO MEPBbIX YETBIPEX €IUHUI] MOTEHINA-
na Ceera. OHU MO3BOJSIOT HE TOJILKO BBIHECTU MPEACTABIIEHUE
0 psilax S4€eK U X COOTHOILIEHUSIX B KPUCTAJUIMYECKON pelieT-
Ke Turepkyda, HO U YBUAETh peajibHOe MPOSBICHUE PA3HUIIBI
¢ ee npupaieHueM. OHa BOILUIOUIEHA B KOHTYpE, OYepUMBalo-
IIeM TpeXMepHBIH psaf stueek (puc. 12.r). Kak Opu10 ycTaHOBIEHO
BBIIIIE, 3TA JIOMaHasl JIMHUS SBJISIETCS JIEMEHTOM CBEPTKH JIBYX-
MEPHOM IBOMCTBEHHOM IJIOCKOCTH IIECTUYTOJIbHUKA B TPEXMEP-
HOE MIPOCTPAHCTBO MOJICUCTEMBI TuniepkyOa. KommuectBo siueek
B HEM OIpe/esisieT BEIMYUHY Pa3HUIIbl, C IPUOABJIEHUEM KOTO-
POH K YKCITy sTUeeK MPEIbIIYIIero psiga 00pa3yeTcs Ce Ay o
paa. IIpu 3Tom nipupaieHue K pa3Hulle — BeTMYMHA OCTOSTHHAS
Y COOTBETCTBYET LIECTH SUYEHKaM JIEMEHTA CBEPTKU Ha YPOBHE
MPOsIBJIEHUS IOTEHIMAIA JENCTBUA B 1 eIMHUIy. DTO XOPOIIO
BUJTHO MPY COBMEIICHUH COOTBETCTBYIOIIMX PSAJOB C JIEMEHTa-



MU cBepTKU. K ToMy ke paccMaTpuBaeMblii JIEMEHT CBEPTKHU
SIBJISIETCS] OAHMM U3 BOCBMU CTPYKTYPHBIX €JUHHUL] TPEXMEPHOTO
KpecTa HallpsiKeHHsl, 3a CYET KOTOPOTO IMPOMCXOJUT pacTsikeHne
o0BbeMa KPUCTAJTMUECKON pellieTK rurepkyoda (puc. 12.0).

VBenuueHue pa3HUlIbl HA 6 sTY€EeK C KaKAbIM MPOSIBIEHUEM
EIUHUIBI TTOTEHIMATa CO3UIAHNS TIPEAONpeeIeHO 0OCOOEHHO-
CTbI0 (DOPMUPOBAHHUS ABYXMEPHOIN PEUIETKU IIECTUYTOJbHUKA
HarpsibkeHusi. Kak Ham M3BECTHO, STOMY YHCITy paBHA pa3HU-
11a B apupMETUIECKON MPOrpeccuy MpuoOaBIeHUs TIeeK OT psi-
Ja K paay. [IpeBocxoAcTBO Ha 3Ty BEJIMUMHY KakKI0TO Clelylo-
IIEro psifia MO3BOJISAET MPU MOC/IEI0BATEbHON UX TpaHcgopma-
IIUU B PSIJIBl TPEXMEPHBIX SYEEK COXPAHSATH LIEJOCTHOCTh JIMHUU
CBEPTKM OTHOCHTEIIBHO OXBaThIBAEMOrO 00beMa KpHCTAJUINYe-
CKOH pemieTky Kyoa.

OtMeueHHBIE OCOOEHHOCTH (POPMHUPOBAHUS KPHUCTAIITMYE-
CKOM peleTKH rurnepkyda Kak OCHOBHOT'O 37IeMeHTa BHYTPEeHHe!
CTPYKTYpbI HanpsikeHus1 ccpeprl Beenennoi Ceera OyayT Heros-
HBIMU, €CJI He PACCMOTPETH eIl PsiJi BaXKHBIX OOCTOSATENbCTB.
Tak, Ha npumepe (popMHpPOBaHUSI BTOPOTO psifa sSYEEeK OHOM
U3 BOCBMM KyOuueckux moacucteM (puc. 12.B, T) Ha mepBblid
B3IJISI] BUIHO OTpEeSIeHHOEe HeCOOTBETCTBUE CKA3aHHOMY BbI-
mre. Ecm Mbl 3puTebHO K iepBoMy psay B 1 siaeiiky nmpubaBiM
9JIEMEHT CBEPTKU B 6 sYeeK, To OyJeT He XBaTaTh OTHOM sTUSHKH
JUIsI TIOJTHOTO OXBaTa 00beMa HalpsiKeHUsl KyOMYecKo# MoACH-
CTEMBI B 2 eTUHUIIBI TIOTEHIMAJIA 3aJeVCTBOBAHHOUW CBETOCHIIBL.

Ha pucynke 14 rpaduyecku Oosee HarjIsiIHO MMOKa3aHa MpU-



porna MeTapu3n4YecKoro pocta OJHOW W3 BOCBMH KyOMUYECKUX
nozicuicteM runepkyoa. [Ipy BHMMaTeIbHOM M3y4YeHUM BUJIHO,
YTO MPH TMOCTIeJOBATETbHOM BOIUIOIIEHUH €MHUIL MOTeHIaIa
aecteus (@) CBera KpUCTA/LIMYECKas PEelIeTKa YBEINIUBAET-
cs1 B 0OBbEeMe IyTeM BCTPAaUBAHUSI AJIEMEHTOB CBEPTKH. DTO MPH-
BOIUT K HEOOBIYHOMY JIeJIeHHIO, Oarogapsi KOTOpoMy Ha ypOB-
HE 3JIEMEHTapHOro rurepkyda B 1 equHUIly MOTEHIMAaIa TpeX-
MepHasi BEepIIMHA pocTa (sYerka) TPaHCAUPYeT OT cedsl Hapy-
Ky CBOIO KOIMHIO, TPAHC(POPMUPYSCh TIPU 3TOM B TOUYKY pOCTa
HEOTPHIBHO CBSI3aHHYIO C 3apsoM co3ujaHus (Meradusmye-
CKUM KopHeM). OHa 1 ecTb Ta HeJoCTaloIIas ssuerka, 0 KOTOpon
OBbLJIO CKa3aHO BHIIIIE.



El

Puc. 14. MexaHu3M pocTa KpUCTALIMYECKOM PELeTKH T'H-
nepky6a Bcenennoii Ceta

C KaXJIbIM TMOCJICAYIOIINUM ITPOABJICHUCM IMOTCHIHAJIA Cse-



Ta 3JIeMEHT CBEPTKHU JEJUT 00beM KyOMYeCKOM TOJICUCTEMBI Ta-
KM 00pa3oM, 4TO CO CTOPOHBI BEpPIIMHBI POCTa (POPMHpPYET-
csi KyO C 4YMCIIOM siYeeK, COOTBETCTBYIOIIMM OOBEMY MOJCH-
CTEMBI ITPEJbIAYILIEr0 SHEPTETUYECKOIO YPOBHS, a K TOUKE pO-
CTa MPUMBIKAET JIEMEHT CBEPTKU TOro *e€ ypoBHs. B 1enom
rpacduyeckasi MHTepIpeTaiys Mo3BoJsieT YCTAHOBUTB, YTO (hop-
MHPOBaHUE KPUCTATUIMYECKOMN PEIIETKU TUMepKyOa MPOUCXOAUT
32 CYET BCTpaUBaHMs IEMEHTOB CBEPTKU MEXy MeTadusnye-
CKMMH BepIlIMHAMHM U TOuKaMu pocTa. Eciu 310 Tak, T0 Heus-
OeHO MPUXOIUIIL K MBICIU, YTO (JOPMHPOBAHUE BHYTPEHHEN
CTPYKTYpHI HampsikeHust cepsl co3uaanus BeeneHHow conpsi-
’KE€HO CO CKPYYMBAHUEM ABYXMEPHOI'O POCTPAHCTBA B TPEXMEDP-
HO€ IIPOCTPAHCTBO. [JIsl HAISIIHOCTY Ha TpuMepe hopMUpPOBa-
HUS KPUCTAJIMYECKOM PEIIETKU TAKOW MEPeXo] OTPa)EH Ipa-
(pnueckn Ha pucyHke 15. TpexmepHbIN 2JIEMEHT CBEPTKU BO3-
HUKAET 3a CUET IO MAPHOIr0 BCTpPEeYHOro noopora Ha 90° mpo-
TUBOAEWCTBYIOLIUX SIYE€EK PEIIETKU IECTUYTONIbHUKA HaMpsiKe-
HUS C MEPEBOJOM UX M3 IUIOCKOCTU JBYXMEPHOIO M3MEPEHUS
B IUIOCKOCTb TpeTbero usmepenus. [Ipu atom sueiiku Tpancdop-
MUPYIOTCSI U3 poMOOB B KBajpaThl. CTOJNb CJIOKHOE TiepeMelie-
HUE BO3MOXKHO 3a CUET JIEHCTBUS MO CUCTEME CIMpaJiell HEeKOn
cwibl. Kak u Graromapst Kakoy cuJie, 3TO MPOUCXOIUT, HaM TIPe/i-
CTOWT B JAJIbHEHIIIEM YCTAaHOBUTD.

Bo3Bpaiiasice K BBICKa3aHHOMY BbIILIE TIPEATIONIOKEHHUIO O CY-
IIECTBOBAHUY B TIpe/ieiax TUepKyOa HanpsKeHUsT TPEXMEPHON
(urypsi, 00BeUHSIONIEH TPEYTOTBHUKH KaK JIEMEHTHI 3aMKHY-



TOM JBYXMEPHOH CBSI3U, MOXKHO CKa3aTh, YTO OHO MOJTyYaeT CBOe
noaTBepkaeHue. CylecTBOBaHUE TaKOM (PUTYPbl 3aKOHOMEPHO,
TaK KaK OHA €CTECTBEHHBIM CIOCOOOM IOJy4aeT CBOE BOILIO-
HieHre Onaronapss BOCbMEPUYHOMY MPUHIUITY (hOPMHUPOBAHUS
KPUCTAJUIMYECKOM PELIETKU U OTMEUYEHHOI0 XapakTepa pacipe-
JeJIeHUs1 B HeW eIMHMI] IOTeHIMAJIa CUJIbl HATSKEHHUSL.

MopnenvpoBaHue B 3TOM HANPaBJIEHUU IMO3BOJIWIO TPUMTH
K 3aKJIIOUEHUIO, YTO B TUIEPKYOe IMPOCIIeKUBACTCS HepapXusl
CBSI3€i1 €IMHOIO MHOIOYPOBHEBOIO TPEXMEPHOI'O ITPOCTPAHCTBA.
Bocemb BepIiH 3TOro MIECTUTPaHHUKA OYEPUMBAIOT KyOaTypy
cepst Beenennoii Ceeta (puc. 16). [1pu 3TOM HEOOXOAMMO OT-
METUTb, YTO €r0 MPOCTPAHCTBO, KAK M MPOCTPAHCTBO APYIMX
MHOTOI'PAaHHUKOB, SIBJISIETCS] IPOM3BOIHBIM OT B3aUMOAEUCTBUS
cepsol ucrekaomero Ceera U ABEHAALATH c(ep ero orpaxe-
HUS (puc. 7). B 3TOM NpOTUBOCTOSIHUM MBI BUIUM, YTO B 00pa-
30BaHUM KakKJO0H BEPIIMHbBI HAMPSKEHUS TUMEPKY0a, Kak TOUKU
CONpsIKEHUs] TPOTUBOAEUCTBYIOIIMX cul CBeTa, y4acTBYIOT TpU
OTpPUIIATETbHBIX 3apsiia U OOWH OOIMIMI IJIs1 BCEX MOJMOKHUTENb-
HBIW 3apsil.

OnTuMu3anys MPOCTPAHCTBA HANPSIKEHUsI TUIEepKyOa Haxo-
IWT CBOE OTpakeHWe B OObEJIMHEHUU YEThIpeX Map TPEeyrolib-
HBIX IJIOCKOCTEN B JBa NEPECEKAIIIMUXCS 3€pKaTbHO-CUMMET-
PUYHBIX OTHOCUTENIBHO LIEHTpa CO3uAaHus Terpadapa (puc. 13,
17). B atom mporiecce pedpa-CTpyHbl YeThIPEXTPaHHHUKOB, Tie-
peceKasich Ha CTOPOHAX TUMEPKYOa, SIBJISIIOTCS JIEMEHTAMU CBsI-
31 B OOBEAMHEHUH OHOMEPHBIX CTPYH B ABYXMEpPHBIE IJIOCKO-



CTHM U30CTATUYECKOTO HAMPSIKEHUST C MAKCUMAJIbHOM BEJTMYMHOMN
Ha HUX. Takas CB3b MPOCIIEKUBAETCS HE TOIBKO HAa YPOBHE TH-
nepKyOa, HO ¥ €ro BOCbMH KyOOB, BKJIIOUAsI SJIEMEHTAPHYIO sTUCH-
Ky. Ha pucynke. 17 npeacraBieHa TeTpaspruyecKasi CTpyKTypa
HaANPSKEHUsI KPUCTAJTMYECKOW PEIIeTKU BCEJIEHCKOTO IIeCTU-
I'PaHHMKA, CBUIETEJILCTBYIONIAS], YTO MIPUHIIUIT TEOMETPUUYECKON
(popmanmzanu ABOMCTBEHHOM CUJIbI TBOpsIero Ceera HeE3aBU-
CUM OT YPOBHSI €r0 BOILIOLIEHUSI.

['panu TeTpasapoB, Kak clielyioliasi CTYNeHb B YCHUJIEHUH
MIPOCTPAHCTBEHHON CBS3H, OOBEAUHSIOT JByXMEPHbIE TIOCKO-
CTU B BOCEMb TPEXT'PAaHHbBIX MPSMBIX YIJIOB HANIPsKeHUsI. Takum
00pa3oM, K yKa3aHHBIM BBIIIIE TPEM IUIOCKOCTSIM MPOTSKEHHO-
CTH IIPOCTPAHCTBA HANIPSDKEHMS TIPUOABIISIETCST YeTBepTasi, 00b-
eAuHsoas uX. byagyun oCHOBaHMEM TPEXI'PaHHOro yIja, OHa
ABJISIETCA MEpOU ero HarnpsixkeHus. M3 storo cienyer, 4To MHO-
rOYpOBHEBasl CUCTEMa MePEeCeKAIONINXCS TETPA3IPOB OTpaKaeT
CTPYKTYpPY HAIpsiKEHHUSI TPEXMEPHOTO MPOCTPAHCTBA TMIIEPKY-
Oa.

HeoOxoauMo BbICKa3aTh HECKOJIBKO MPE/IBAPUTEIIHHBIX 3aMe-
YaHWUW TIO0 TpoOsieMe pa3MepHOCTH TpocTpaHcTBa. Eciu mipu-
3HaBaTh, YTO OHO CHJIOBOE, TO MpejyiaraemMast Mojaeib (popMu-
pOBaHUsA KOCMUYECKOU CUCTEMBI co3ugaHnus Beenennon Ceera
CBU/IETEJILCTBYET, UTO MPUHIIUAI TPEXMEPHOTO TIPOSIBJICHHUS TTPO-
TSKEHHOCTH TTPOCTPAHCTBA 3aJI0keH M3HayaibHO. K Kakum Obl
TIOITBITKAM MaTeMaTHYeCKOro 0OOCHOBAHUSI BO3MOKHOI'O CYIIIe-
CTBOBAHUsI YETBEPTOTrO U3MEPEHUs TPOTSIKEHHOCTU Mbl HE TIPU-



Oerasu, OHO He OyeT yKa3blBaTh Ha peasibHyI0 (PU3UYECKYIO CH-
Tyanuio. Tem Oosiee, MbITaThCSI HAUTH JOTIOIHUTETLHO HAITpaBJIe-
HUe, TIepIEeHAUKY/ISIPHOE Cpa3y K TpeM B HallleM IPOCTPAHCTBE.
Benp cyTh Takoro cTpemiieHus JOJKHA CBOIUTHCS HE K TTOUCKY
NePIeHIUKYJISIPHOCTH, a K 00bEIMHEHUIO CYIIeCTBYIOLIETO.
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Puc. 15. DneMeHTH CBEPTKM PELIETKU IIECTUYTOJIbHUKA Ha-
NPsDKEHUS] B KPUCTAJUTMUECKYIO PElIeTKy OTHOTO U3 BOCBMH KY-
60B rurnepkyoa Beenennoit Ceeta
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Puc. 16. onekasnp u rumepkyd — 37€MEeHTH CONpSDKEHUS
BHEIIIHEH ¥ BHYTPEHHEH CTPYKTYp HanpsikeHus cepsl Beemnen-
Hou Ceera
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Puc. 17. Terpasapuueckas CTpyKTypa HarpsixeHus: Beenen-
Hout CBeta

B npeanaraemoii Mozieny 3To peasim30BaHoO B TNIOCKOCTH, MTPO-



XOJSIIed uepe3 IMaroHaJli CTOPOH TPEXTPAHHOTO yIjia B TPeX-
MEPHOM MPOCTPAHCTBE Ky0a. M3 3Toro ciemyer, 4to B MpoOCTpaH-
CTBE CBETOCHJIbI CYIIIECTBYET TOJILKO TPU U3MEPEHU S MPOTSIKEH-
HOCTU. BhisiBNIeHHas1 yeTBepTast pa3MepHOCTb SIBJISIETCS XapaKTe-
PUCTUKOM COCTOSIHUSI TPEXMEPHOTO MTPOCTPAHCTBA — €r0 HaIpsi-
KEHHOCTH, TI03TOMY HEOOXOIUMO TOBOPUTH HE 00 M3MEpEHUH,
a 00 ypoBHE ONTUMU3AINY 00beMa HATIPSIKEHU I, TIPeICTaBIIeH-
HOT'O TOH WJIM MHOW TeOMETpHel CBS3M CyIep CTPYH HATSKEHUSI.
[TpaB Obu1 [ITONMEMEN, KOTOPBI YTBEPKAAT: «...UMO 8 NPUpo-
0e 8000Ule He MOdCem CYUecmeoeams bonee mpex npocmpaH-
cmeennbix usmeperuil» (esuc, 1989. C. 165).

B nenu nocnenoBaresibHOM CMEHbl MHOTOI'PAHHUKOB HArpsi-
JKEeHUs B Tpenesiax OWITONISIpHOW CUiIoBOM cdepbl BceeneHHoM
Cgera runepky0 sIBIsieTCsl MPOU3BOJHBIM OT JiofeKaspa. Ero
BEpILIMHBI COMPSKEHbl C BOCHBMbBIO BEpIIMHAMU 3TON (PUTYPBI
TakUM 00pa30M, UTO KaXible JIB€ U3 JIBEHAAaTHU OCTaBIIMX-
Cs1 BEPIIMH JONIEKadpa BO3BHIINAIOTCS HAJ IPaHbIO THUMEPKyOa
(puc. 18.a). CoBmeltieHre BEpIIMH JO/IEKadIpa U KyOa SBIISET-
csl elle OJHUM MPUMEPOM IPOsIBJICHHUsI PUHIIMIIA, KOTAA Clel-
CTBUE CTAaHOBUTCSI IPUYMHOM 1J1s1 BOSHUKHOBEHUSI CIIE/1YIONIErO
CIIE[ICTBUSL. DTOT MPUHIIUII JISKUT B OCHOBE YCUJICHH I IPOCTPAH-
CTBEHHOU CBSI3U B CTPYKType HampspkeHus Bceenennon Ceera,
i€ KaX/Iblid MOCJIEAYOIMI MHOTOTPAHHUK BKJTIOYEH B CTPYKTY-
Py MpebIyero MHOror paHHUKA.

Oo6parumcsi K M300pakeHUIO A0eKa3Ipa C BIIMCAHHBIM B HETO
KyOOM, 4TOOBI YICHUTb CMBICNT CKa3aHHOTO. Kak yxe ynommuHa-



JIOCh, IPUUMHOM BO3HUKHOBEHMS! YIJIOB MEPBOM (PUTYPBI CTAJIO
PACTsKEHUE IByXMEPHOTO IIPOCTPAHCTBA MEX/AY PACXOISIIMMHU-
Cs TOYKaMU COTPSIKEHUsI KPYTOB HATSKEHUsSI OT HEUTPaIbHBIX
TOYEK MO TPEM BEKTOpaM-CTpyHaM. Eciu y4uThiBaTh, 4TO pac-
TsDKEHUE TTOBEPXHOCTH cpepbl peAroaraeT yBeJInueHue B pas-
Mepe KPYrOB HATSKEHUs, TO CJIEAyeT OXUAATh PACXOXKICHUE
HEHTPOB COKpAIlleHWs] — BEpIIUH J0AeKadpa. DTO CTAHOBUT-
csl IPUYMHON BO3HUKHOBEHMSI MEXAY HUMHU JIOTIOTHUTEIbHBIX
CTpyH HaTsikeHUsl. POpMUpPOBaHUE U3 HUX T€OMETPUU CIIeTYIO-
el CTPYKTYPbl HANPSKEHUsI MTPOMCXOAUT B paMKax Ipoliecca
ONTUMU3ALINH, T. €. CTPEMJICHUSI OXBATUTh MUHUMAJIbHBIM UHC-
JIOM CBSI3€i MaKCHMMaJIbHO BO3MOXHBINA 00beM J10AeKasipa. 1o
CTaJIO TPUYMHON COBMEIIIEHUSI TPUHITUIIOB 3aMKHYTOUN CHCTEMBI
Y IPSIMOYTOJILHOM CCTEMbI KOOPAWHAT B BOIUIOIIEHUU TPEXMEP-
HOT'O MIPOCTPAHCTBA TUTIEPKYOA.

Ha npumepe conpsikeHHOH CBsI3W JofeKa’dapa U Kyda BUII-
HO, 4TO B MeTadu3uke (POPMUPOBAHUS CTPYKTYpPbl MPOCTPaH-
CTBa HaIPsI’KEHUSI ITPOCIICKUBACTCS IPUHIIUIT COBMEILEHU S ABYX
(pyHKIIMOHATBHO MPOTUBOMOIOXHBIX IIEHTPOB HATSKEHUS U CO-
kpaimenusi. Tak, (popmMupoBaHe BepIlIMH J0AeKadIpa Kak LeH-
TPOB COKPAIIIEHHSI €ro pedep-CTPYH CTAJI0 MPUIMHON (hOPMHPO-
BaHMS B 9THX TOYKAX BEPIIMH THIIEPKyOa, HO yXe KaK IIEHTPOB
HATsDKeHUsT pedep-CTpyH 3TOM (pUrypbl. DTO MPUHITUITHAIBHO
Ba)XXKHO, TaK KakK MO3BOJISIET OCYIIECTBJISATh MEPEX0o U3 BHEIII-
Heil CTPYKTYpbl HampsikeHusi cpepbl BeesleHHON BO BHYTpEH-
HIOIO CTPYKTYpPY HAlpsKEHUsI €€ TPEXMEPHOTro MPOCTPAHCTBA.



Bo3sBparasice K OIieHKe CTPYKTYpBl TMIIEpKyOa, MOKHO CKa-
3aTh, UTO TETPAIP SABJISAETCS MEPBOU 0OBEMHOI (PUTYPOIA B TIPO-
1iecce ONTUMU3ALIMY IIPOCTPAHCTBA €0 HAITPSIKEHUA. 311€Ch, KaK
U B CIy4yae C MKOCA3APOM U [I0AEKadAPOM, JIEMEHTOM CBS3U
SBJISETCS TPEYIOJIbHUK HarnpsikeHus (puc. 7.a, 18.B). PazHuia
JMIIb B TOM, YTO B CPABHMBAEMOM CiTyyae OH OOBEAUHSET Ofi-
HOMEPHbBIE JIEMEHThI HATSIKEHUS B ABYXMEPHYIO CTPYKTYpY Ha-
NpsKEHUs1 TIOBEPXHOCTH cepbl, Torna Kak y Kyda — IByXxMep-
HbIE JIEMEHTHI HATSKEHH S B TPEXMEPHOE MPOCTPAHCTBO HAIpsi-
JKEHHUSI.



Puc. 18. B3anMocBsI3b 1ofiekasnpa U rurnepkyoda B CTpyKType
HanpsixeHus Beenennon Ceera

OobpazoBaHue TETPAdIPUUECKON CTPYKTYPBl H30CTaTHUECKO-



r0 HaTpsDKEHUs] B TUTNIEPKYOe TMO3BOJISIET HA YPOBHE €ro KyOOoB
¥ HUKE OOBEAMHUTh TOUYKM MAKCHMAIBHOU CHJIBI HATSDKEHUS
B BEpILIMHAX C 0Opa30BaHMEM IIEHTPOB COKpAILEHUs Ha mepe-
cedyeHun pedep-cTpyH Terpasapos (puc. 17, 18.6). C mepexo-
JIOM Ha ypOBEHb TUNEepKyOa 00beJMHEHNE BEKTOPaAMHU-IUaroHa-
JIIMU TOYEK MaKCHMAJIbHOTO HATS)KEHUS B €r0 BEpIUMHAX MpU-
BelleT K 0OpPa30BaHMIO0 HA TPaHSIX IIECTH LIEHTPOB HATSIKEHHMS.
Takoe oTnure B 00pa30oBaHUU OOBEAMHSIONIMX HEHTPOB MO3-
BOJISIET C/IENaTh BBIBOJ, YTO B CIy4yae CBOPAYMBAHMS CHUCTEMBI
HAIPsDKEHHs TUTIEPKYOa 3TOT MPOIECC HAYHETCS C SIeMeHTap-
HbIX siueeK. BbIsBlIEHHbIE IIEHTPbI B TETPAdAPUIECKOM MOACUCTE-
Me TurnepKyOa Mmo3BOJISIIOT CeNaTh CASAYIOIIMI TIar B ONTUMHU-
3allU¥l POCTPAHCTBA HANPSIKEHUSI ¢ 0Opa30BaHUEM OKTad/IpH-
YECKOM CTPYKTYpHI (puc. 19).

Ha sTom nponecc onTuMu3aiuy NpoCcTPaHCTBa HANPSIKEHUS
runepkyda He 3aKaH4YMBAeTCsl, a UMEeT MPOAOIKeHue B 0Opa-
30BaHUM TPETHETO U MOCIEAHEr0 YPOBHS, IPEACTaBIEHHOIO CH-
CTEMOM B3aMMHO MEPHEHUKYJSPHbIX CyNep CTPYH HATSKEHUS
(puc. 20). OO6benuHsIs NEHTPHl HATSKEHUST B OKTAdAPUYECKOM
CTPYKTYp€, OHM 00pa3yIoT CUCTEMY B3aMMOCBSI3aHHbIX TPeXMep-
HBIX KPECTOB HAIPsIKEHUSI C €AUHBIM B MEPECEYEHUH LIEHTPOM
COKpAILleHUs JJis1 BCel CTPYKTYpbl CTAaTUYECKOIO HAMpPSKEHUS
kocmuyeckou cpepbl CBeta. OH MPUXOAUTCS HA HABEIECHHBIN
[lepBoeiMHBIM TOYEUHBIN 3aPsi]l CO3UIAHUS.

PesynbraT MozpenrpoBaHusi O3BOJISET cAeaaTh JONOTHEHUE
K CKa3aHHOMY BBIII€ OTHOCUTEJIbHO MPUPOIbI MPUTAraTEeIbHON



CWJIbl IIEHTpa paccMarpuBaeMoll MeTau3M4YeCKOM CHCTEMBI.
Ccpbutasich B 3TOM BOMPOCE Ha CYIIECTBYIOIIYI0 TPUYUHHO-CIIEI-
CTBEHHYIO CBSI3b MOJIOKUTEILHOTO TMOJI0CA ISHCTBUS C OTPHIIA-
TEJIbHBIMU TMOJIIOCAMU MPOTUBOJEMCTBUS, MOXHO TEINEPb CKa-
3aTh, YTO 3TU (PUIOCO(PCKUE KATErOpUH, OTPAKAIOLIUE OJHY
u3 popm BceoOIeli CBS3U U B3aUMOJICHCTBUS SIBJIEHUIA, HAIIUIA
CBOE€ BOILIOIIEHNE B (DOPMUPOBAHUM CBETOHOCHOUM CTPYKTYPHI
HanpsikeHus BeenenHoi. OHa sIBJISIeTCSl KapKacoM J1J1s1 MaTepu-
aJIbHOTO BOIUIONIeHUSA. B Hell mpuynMHa Kak JeMCcTBUE MCTEKa-
oiero CBeTa U ClIEICTBUE KaK MPOTUBOJCUCTBUE OTPAXKEHHO-
ro CBera npeJcTaBjieHbl COOTBETCTBEHHO €AMHCTBOM CUJI HATS-
KEHUS1 U COKpAILEHUsI B 3JIEMEHTE CHHTE3a — MPOCTPAHCTBEH-
HOW CBETOHOCHOW CTpyHe. PackpbiBaeTcsi ofiHa U3 rpaHeil 00-
JKECTBEHHOI'O aKTa TBOPEHMSI, KOraa camo Teopsmmn Ceer my-
TeM reoMeTPHU3aIUK MPOCTPAHCTBA HAMPSIKEHUSI CO3/IaeT CUCTe-
MY CBETOCHWJIbI, CIIOCOOHYI0 B CBOMX OCHOBHBIX IIEHTPaX CKOH-
LHEHTPUPOBATh MAKCUMAJIbHYIO CHITy COKPAIIIEHUS U IIPY MTOJTHOM
BOIUIOIIEHUH HAIIPABUTH €€ K [JIABHOMY LIEHTPY — 3apsily CO3U-
JAHUS.

['eomerpuueckas popmanmzauus moaenu Beenennon Ceera
MO3BOJIMBIIIAS YCTAHOBUTH HAJIMUKE B €€ CTPYKTYPE HaIlPSKEHU S
MSATH BIMCAHHBIX JIPYT B Ipyra MHOTOI'PAaHHUKOB, B OMpPEAesIeH-
HOW Mepe COIpHKacaeTcs ¢ MUparopeickuM yueHUeM reoMeT-
pUYECKUX Tes B acTpoHOMUK. OHO ObLJIO BIOCIECTBUM PaCIIIH-
peno [naronom B ero «Kanone». Kerutep maist Toro, 4to0bI Ipo-
JEMOHCTPHUPOBATH IJIATOHOBCKYIO IOKTPUHY, uTO BeenenHast co-



CTOMUT W3 MSATHU MPABUWIbHBIX TeJl, MPEAJIOKUII Clielyloliee mpa-
BUJIO: «3emas ecmb Kpye, uzmepumensv écezo. Bokpye nezo onu-
coleaemcs 000exa’op. Onucvisarouum ezo kpyzom oyoem Mapc.
Bokpye Mapca onucvisaemcs mempasop, u cgpepa, €20 Onucwvléa-
rowas, oyoem FOnumepom. Bokpye FOnumepa onucviéaemcesi kyo,
u cgpepa eoxpye neeo oyoem Camyprom. Tenepo enuem 6 3emnio
uKocasop, u kpyz enympu Hezo 6yoem Benepoii. Bnuuiem 6 Be-
Hepy OKmasop, u Kpye enympu Hezo oyoem Meprypuem» ( Xou,
1992. T. 1. C. 229).

HecmoTpst Ha HEMOMTHOE COOTBETCTBUE MPUHIIAITY ONTUMU3A-
IIUU TPEXMEPHOTO MPOCTPAHCTBA HAMPSIKEHUS B MPEITIOKEHHOM
Kerniepom nopsijike pacrosioxeHusi MHOTOIPAaHHUKOB BaXHO OfI-
HO, YTO Y€ B JIaJIEKOM IPOIILJIOM B OCHOBY FAPMOHUYHBIX TEO-
puii 0 Bcenennoii Oblta monoxeHa reomerpus. Hazmeroch, 4To
C MpUBJIEYEHUEM MeTa(pU3NUEeCKOro KJoua paccMaTpuBaeMble
KOCMOTOHUYECKHE MOCTPOEHUsI TPUBJIEKYT BHUMAHUE IIUPOKO-
o Kpyra CreluagiucToB 1 Ofarofapst STOMy CTaHET BO3MOXKHBIM
BO3POXIEHNE Ha COBPEMEHHOM YPOBHE 3TOro criocoda (puiio-
codcrBoBanusl. K 3ToMy ecTh MpeArnochUTky, Tak Kak MpUBJe-
YeHHEe 3aKOHA aHAJIOTMU MOKa3bIBAE€T HA TOXJECTBEHHOCTh JIe-
CTBUSI 3aKOHOB U TIPUHIUIIOB CO3MIAHUS HA BCEX YPOBHSX Obl-
THSL.
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Puc. 19. Oxkrasnpuyeckas CTpykTypa HanpsikeHus1 Beenen-
Hou Cgera
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Puc. 20. Cucrema TpexmMepHBIX KPECTOB CTPYKTYpPbI Hamps-
xenus Beenennon Ceera

[TonBomst mepBbIid UTOT MOJIEIMPOBAHUSI, MOKHO CKa3aTh, YTO



MeuTa DUHIITENHA O OCTPOSHUU €IMHOM TEOPUU MOJIsi Ha OC-
HOBE FeOMETPUU UMeJia peaibHoe OCHOBaHUe. PaccmarpuBaemas
KOCMHYECKasi OMMOJsIpHAst CUCTEMA CBETOCHIIBI IIETUKOM U TIOJ-
HOCTBIO BOIUIOIIEHA Ha 3TOM MpuHIUNe cosumanus. Cremyer
OKHJIaTh, YTO KaK apXeTHIT OHA CBOMM KJIMIIE IPEIONPeIeH-
J1a 3BoMmoIMIo BeelleHHON Ha yTH ee MaTepualIbHOTO MpOsiBIie-
Hus. B Taitnoit JlokTpuHe 00 3TOM cKazaHo crieaymworee: ~ ...
agonoyusi u coomrouternue matin Kocmoca, e2o pocma u pazeu-
musi — OYX08H020 U PU3UUECKO20, AOCMPAKMHO20 U KOHKPENHO-
20 — OblAU, NPeXcoe 8Ce20, 3ANUCAHBL 2e0MEMPUUECKUMU UBMEHE-
Husimu gpopmur» (bnaBarckasn,1992. T. 2. C. 396).



2.5 /IBeHaauaTh Jy4deHd TBOPSAIIETO
Cgerta — nposiBJieHHEe JMHAMHAYECKOTO
aACIeKTa B BO3SHUKHOBEHUM
Bcesiennoii CBera

Bpitiie MHOI0 He ClTy4aiiHO OBUIO BBICKA3aHO IMPEIOIOKEHIE
O CYIIECTBOBAHUHU OIPEJIETICHHON CUCTEMBI CIIUpasien Kak op-
Mbl TIposiBJieHHs cuiibl CBeTa, MO3BOJIAOIIEN B IIpeaesiax cde-
Pbl CO3UAAHUS OCYLIECTBIISATh HE TOJBKO MPOSIBJICHUE OJHOMED-
HBIX 2JIEMEHTOB HAMPSDKEHU S, HO U COOPKY M3 HUX JBYXMEPHBIX
U TPEeXMEPHBIX 3JIEMEHTOB CTPYKTYpPbl TMTAaHTCKOTO KOCMHYe-
CKOTrO CBETOHOCHOTO KpucTajuia. HecoMHEHHO, peub UAET O CU-
se TBopstero Ceera. PaccMoTpeHHas reomeTpuyeckas MOJEb
CTaTUYHOU B CBOEM HAIPsI’KEHUH BBICILIEN HEMaTepUaIbHON CO-
craBiisiiolier BecesleHHOM ecTh CiieICTBUE MTPOSIBJICHU S €r0 IMHA-
MHUYECKOI'0O ACIEKTa.

Crnenyer OTMETUTD, YTO COBMECTHOE ITPUBJIEYEHUE FTE€OMETPH-
YEeCKOro 1 Merapu3nueckoro Kjiaoverd K mMojaenupoBaHuio Bee-
seHHou CBeTa OCHOBAHO Ha IMPOSIBJIEHUU OHOTO U3 OCHOBOIO-
Jlaraloliyx 3aKOHOB TBOPEHHUS — Pa3JIOKEHUs PAaBHOAEWCTBYIO-
HIMX BEKTOPOB POTUBOIENCTRYIOIIMX CHJT UCTEKAIOIIETO U OTpa-
seHHoro CBeTa Ha COCTaBJISIIOIINE BEKTOPA C IIEPEBOIOM OOIIETO
MOTEHIIMAJIA HATIPSKEHUS] B HEUTPAIbHYIO TIJIOCKOCTh M CUHTE-
30M 3JIEMEHTAa HaTsKeHU s pocTpaHcTBa. Ero AByxMepHoe rpo-



SIBJIEHWE HaM Yyke 3HakoMmo. Termepb mompoOyeM paccMOTpETh
3TOT BOMPOC Ha YPOBHE Bcen cepbl BeesneHHom.

st 3T0r0 HEOOXOAMMO B3IJISIHYTh HA TOUCUHBIH 3apsif] CO3M-
JaHus B IGHTPEe KOCMUYECKON CUCTeMbI He KaK Ha OOBIYHBIH /1151
Hac arpudyT TeOMETPUIECKUX TIOCTPOSHUIA Ha TUIOCKOCTH, a KaK
Ha cepy SHEpPruM, CKaTyio 10 HEBEPOSITHO MAJIbIX Pa3MEpOB.
Kak ncrounuk ucredyenuss CBeTa OHa, B CUJTY MPOSIBJICHUS 3a-
KOHOB TOJIIpU3alMd U CUMMETpPUH, TpaHchopMupyeT u3 ceds
cepy IeicTBUS B CONPSIKEHUH C IBEHAALAThIO cpepamu mpo-
TUBOAEUCTBUS. B pe3ynbTate Takoro nmpoTUBOCTOSTHUS, KAK MBI
y’ke 3HaeM, U3 MKOCadpa U 3BE3[HOro JojeKasapa popmupy-
€TCsl BHEIIIHUI KapKac HanpsikeHust. OOpas3yonMy JieMeHTa-
MU B 3TOM MpoIiecce SIBJSETCS] COOTBETCTBYIOIIEE YUCIO CUIIO-
BbIX KOHYCOB. MIX OCHOBaHUsI — KPYryl HaTS)KEHUsI COMPSIKEHBI
Mexay coOoil B cootHorennn 1:5. Kak cieicTBre Takoro mpo-
SIBJIEHUSI 3aKOHA CUMMETpUU 1pu popMupoBanuu cdepsl CBeTa
CTano oOpa3oBaHUE B HUX IATU PAAUYC-BEKTOPOB HATSKEHUSI.
Kazasoce Obl, 9TO OTpakaeT YHCIIO COCTAaBJISIONIMX, HAa KOTO-
pble IeATCSl paBHOJIEHCTBYIONINE BEKTOPHI UCTEKAIOIIETO U OT-
paxenHoro CBeTa npu nepeBojie 00I1ero NoTeHIraa HarpsiKe-
HUSI B HEUTPAIBHYIO TUIOCKOCTh C OOpa30BaHUEM TPEXMEPHOTO
opmoobpazyiomiero anementa. Ho 31o He coBceM Tak.

Ha puc. 21.a npuBeneH oguH u3 12 KpyroB HaTsKEHUS
¢ (pparMeHTOM CTPYKTYpbl HanpsikeHus. [lonpoOyem MbiciieH-
HO TIPE/ICTaBUTh, KAKUM O0Opa30M BO3MOXKHO OT LIEHTpa B TOY-
Ke A HaTshKEHUE MO MATU paJnuyc-BeKTopam ¢ (h)OPMUPOBAHUEM



BEKTOPOB-CTOPOH MATUYTOJIbHUKA, TIPU 3TOM COOMIOfIast MPUH-
LUIT HATSIKEHUS MO NMPAMOM JIMHUK. CTaHOBUTCS OYEBUHBIM,
YTO BBIMOJIHEHUE ITOTO YCJIOBUS BO3ZMOXKHO, €CJU JIJIs1 JOCTUXKE-
HUs1 PABHOBECH 1, MEXY IPOTUBOJEMCTBYIOIIMMY CUJIaMU UCTE-
Kamomiero 1 orpaxenHoro Cpera nepeBoj OOIIEro MmoTeHIman
HAIPSKEHUsI B HEUTPATBHYIO TIOCKOCTh OyeT COMTPOBOXKIATHCS
JICJIEHUEM PABHOJECHMCTBYIONIMX BEKTOPOB Ha MSTh Map COCTaBJIsI-
IOLUX BEKTOPOB.



Puc. 21. Iunamuyeckuii (ABOMHbBIE KPYyrM BCTPEYHOM LIMp-
KYyJIILIMU) U CTAaTUYECKUU (CTPYHBI) ACIIEKTHI IPOSIBIICHUS JBOU-
crBeHHOM cuiibl CBeTa B (OPMUPOBAHUH JTyYaMU CTPYKTYPBI Ha-
npsbkeHus: BeenenHou



C nposBiaeHHEM KaX[IOW €IUHUIIBI NMOTEHIMAIA CO3UIAHUSA
OHH OT TOYKHU conpsiKeHus1 ((POKYC MPUTSIKEHNS) B 3epKaJIbHOM
CUMMETpUU OyIyT MOJ] ONPEIeIEHHbIM YTIJIOM KPUBU3HBI COBEP-
IIaTh BCTPEYHbIE TyrooOpa3Hble IBMKeHUsl. B pe3ysbrare B ripe-
Jesax (POKaJIbHOU TUNIOCKOCTH MeTa(pU3NIECKON JIMH3bI JUHAMHU-
YEeCKMH acneKT TBopsmiero Ceera MojlydyuT CBOE BOIUIOLICHUE
B BUJIE TOKOB, (POPMUPYIOLIMX ITSATH JIEIECTKOBBIN SHEpreTuye-
CKUH «1BETOK». OH B CBOEM MPOAOJIKEHUU SIBJISAETCA MCTOY-
HUKOM OOpa30BaHUsSI B MPOTUBOAEHCTBHU IIPYr K APYTy ABYX
KPYrOB CKpPYy4MBaHMS MPOCTPAHCTBA HampsikeHust (puc. 21.0).
Tenepb Mbl BUIMM, YTO UUPKYJsiuus CBeTa MO JaHHOU cxeMme
TIO3BOJISIET MPOSIBIIATHCS] BEKTOPAM HATSKEHUsI C 00pa3oBaHUEM
YKa3aHHOM BbIIIIE BHEIIHEN CTPYKTYPbl CTATUYHOTO HAIPSIKEHU I
Bcenennon.

Bonee nonHoe npencraBieHre 00 STOM KOCMUYECKOM BeJlu-
KOJIENIU COEJUHEHU S TMHAMUKY U CTaTUKU B POSIBJIEHUU TBO-
pamero Ceera MOXHO IOJYyYUTb, IIOCMOTPEB Ha PUCYHOK 22.
X0opo1o BUIHO, YTO BOIUIOIIEHUE OJHOMEPHBIX 3JIEMEHTOB Ha-
TSKEHUS1 BHEIITHETO KapKaca U3 MKOcaspa U AoJeKasipa sBJsi-
€TCsl TApMOHUYHBIM CJIEACTBUEM IIUPKYJIsiliiU TOKOB Cera. Eie
BEJIMYECTBEHHEH ITPEJCTaHET KapTUHA TBOPEHMUS, ECIIU K ITOMY
PUCYHKY N0OaBUTh M300pakeHHe Ha pUCyHKe. 23, rie mocieo-
BaTeJibHble cipany nupkyasiuu Cera B npezenax jgyya ¢op-
MUPYIOT OJUH U3 12 371eMEHTOB HaPSIKEHU S 3BE3THOTO TOJEKA-
snpa cpepsl Beenennon.



L1t TOro 4ToOBI B CAMOM MTPHOIMKEHHOM JIs1 CO3HAHUS (hop-
Me TIpe/ICTaBUTh BCE TAWHCTBO TOMOOHOTO TBOPEHMS, MOXHO
MpUBECTU TIpUMep W3 Haied xkus3Hu. [IpeactaBum, 4Tto BEK-
Top OA cunbl nagatomero Ceera (puc. 21.a) 10 MOMeHTa co-
MIPUKOCHOBEHUSI C BEKTOPOM €ro oTpaxkenus ot [Iporomarepun
€CTb JIEKTPOJ], K KOTOPOMY IPH MEKTPOCBAPKE MOJIBEIEH TOK.
Ho To/1bKO B MOMEHT ero KOHTaKTa ¢ 0ObEKTOM CBapKH CKPBITOE
B HEM HaIlpsiKeHUe MPOSIBUT ceOsl B OCIENMUTENIBHOM Iyre CBeTa
Y KaK CJIeJICTBUE TMOSIBUTCS CBapOuHbIN 1mOB. Ha meradusuue-
CKOM ypoBHe B cepe mposiBieHust AdcomorHoro CBeTta Taku-
MU «IIIBaMU» SIBJISIIOTCS CTPYHBI HATsDKeHUs. B HUX JTyXOBHBIN
CBeT u ero oTpaxeHue B CBOEM MPOTUBOCTOSIHUM OObETUHEHBI
1U1s1 0Opa30BaHMsI CBETOHOCHOTO KPUCTAJIJIa MUPO3JAHUS.

Jns Goee yOeqWTEILHOTO TOATBEPKISHUS TpeiaraeMon
KapTUHBI MIPOSIBJIEHUS] JUHAMUYECKOTO aclieKTa TBOPEHUs Ciie-
ayet OoJiee neTalbHO OCTAHOBUTHCS Ha puc. 21.a, rie B coyera-
HUM JIBYXMEPHOTO U TPEXMEPHOT0 M300pakeHUI MoKa3aHo hop-
MHUPOBAaHUE CTPYKTYpbl HANpsKEHUsT MeTa(pU3MUeCKOW JIMH3bI
KaK OCHOBAHUS OJHOW W3 JIBEHA/ATU OWTIONSIPHBIX MHPAMHM-
nanbHbIX cucteM cepbl Beenennoit Ceera. Ecnu BHUMarenb-
HO M3YYUTh T€OMETPUIO MOCTPOSHUM, TO HE COCTABUT OOJIBIIION
TPYAHOCTU 3aMETUTD, UTO y3JIOBOM TOUKOM B 9TOM MPOIIECCE SIB-
nseTcsl POKyC HAMpsKeHUs! B LIEHTPE JIMH3bL. JTO BXOI U BbI-
X0[I, Uepe3 KOTOPbIN BEKTOPbl PABHOAEHUCTBYIOIINX UCTEKAIOIIETO
u oTpaxkeHHoro CBeTa OT TOYKHU KacaHusi A B TPOTUBOAEWUCTBUU
MPOHUKAIOT B 00JIACTh CBOEU MPOTUBOIOJIOKHOCTH, OTPE/IEIsis



TOJIIUHY MPOSIBJISEMON JTMH3bI HATPSIKEHUSI.

Kak ™Mbl 3Haem, mapajijiesibHO C MPOSIBJIEHUEM KaKAOW €OU-
HUIB TIOTEHIIMAMa CO3UJAHUSI OT TOUKM KacaHWs TOf YIJIOM
90° paBHOIEHNCTBYIOIIKE BEKTOPA TPAaHC(OPMHUPYIOTCS B PABHBIE
10 MOJYJII0 COCTABJISIONIUE paanyc-BeKTopa. VIMeHHO 3T0 00-
CTOATEJIbCTBO MPEJONpeNesseT X Pa3ABOSHUE U yrooOpa3sHoe
JBUKEHUE TI0 HEUTPaIbHOM TUIOCKOCTH, (POPMUPYS CIIBOSHHbIE
Kpyru npotuBodaszHoro npuxkeHuss Ceera. Toibko Tak MOXeET
ObITh chopMHpoBaHa cuiioBast cpepa BeemeHHoM, riae paBHO-
JEWCTBYIOIIME pailyC-BEKTOPA, COXPaHsIsl pAaBEHCTBO IO JIMHE,
TpaHC(OPMUPYIOTCS B COCTABJIAIONINE PAJAUYyC-BEKTOPA, HE Tpe-
pbIBasi KACaHUS C €€ MOBEPXHOCTBIO.

[IposiBieHre aUHAMHUYECKOro acrekTa TtBopsiiero Caera
B JIByX MEPIEHAMKYJSIPHBIX APYr K APYry IUIOCKOCTSX (hop-
MUDYET B IpeJesax MeTapu3nuecKux JIMH3 elle JOMOTHUTENb-
HBIE CTPYHBI B CTPYKTYpPE CTATUYHOro HanpsikeHus. CoetuHeHne
VMU PaBHOAEWCTBYIOUIMX BEKTOPOB C TOUKAMM KacaHUsl JIMH3
o0pasyeT ukocasnpudeckue manku (puc. 21a.). OHu, Kak 37e-
MEHTHI MPOSIBJIEHUSI KOCMHUYECKOTO 3aKOHA MPOTUBOJCUCTBUS,
MMEIOT CBOE 3€pKajibHOe oTpaxeHue. Kak uror — nepen Hamu
o ccpepe BeenenHon B npegenax Metapu3nyeckux JMH3 00pa-
3yl0Tcs 12 map 3epKajbHO CUMMETPUYHBIX MMPAMUJL HaIpsiKe-
HUS C MSTAYTOJIBHUKOM B OOIIMX st HUX OcHOBaHMsX. KoHyc
U NMMpaMua Kak oObeMHbIE Tesla Ha MeTau3UYecKOM YpOBHE
B COIPSIKEHUM BOIUIOIIAIT TPEXMEPHOE MPOSIBIEHUE TUHAMMU-
YEeCKOrO M CTATUIECKOTO aCTIeKTOB TIPOSIBJIEHUS CUJTBI BUOPUPY-



fomero Ceera.

Puc. 22. [lunamuyeckuil (JBOMHBIE KPYT'd BCTPEUHOU IUP-
KYJISILIUM) U CTATUYECKUNA (CTPYHBI) aCTIEKThI TTPOSIBJICHUS JIBOM-



cTBeHHO cuiibl CBeta npu popMupoBaHuu BeeneHHoit

>~

Puc. 23. CucreMa IBOMHBIX KPYrOB BCTPEUHOMN LIUPKYJISLIANA
JIBONCTBeHHON cuiibl CBeTa B OJHOM M3 JABEHA/LIATH TpaHeu



3BE3IHOrO JofieKkasapa BeeneHHon

Tenepp, Korga O4YEBUAHO, 4TO (DOPMUPOBAHUE CTPYKTY-
pbl CTaTMYEcKoro HampsikeHus cepsl BeenenHo#t orpenene-
HO BCTPEYHOM LMPKYIsiend TOokoB CBeTa N0 CABOEHHBIM KpYy-
ram CKpy4YHMBaHHsI IPOCTPAHCTBA HATSKEHUsI, TONPOOyeM B3IJIs-
HYTb Ha 3TOT MPOLECC B LIEJOM B IMpefiesiaX CUJIOBOTO KOHY-
ca MpM BOIUIOIIEHUU €MHUI] MOTeHIMata co3uaanus. Ha pu-
cyHKe 24 u3o0paxeH parmMeHT oqHOTO U3 12 jyueit TBOpeHus
Bcenennon Csera. B 3101 NOMCTHHE 3aBOpaXMBAIOILEN KAPTH-
HE pacITyCKaHUe «IBETKa» U PKyHpyoiiero CBeTa mporCXOauT
TaKUM 00pa3oM, YTO Ha KaXJIOM IOC/IEAYIOIIEM YPOBHE MPOsIB-
JIeHUsI 3apsiia CO3UIAHUS YHCIIO PSIZIOB «JIETIECTKOB» U, COOTBET-
CTBEHHO, YMCJIO CABOEHHBIX KOJIEl CKPyUYMBaHMs IPOCTPAHCTBA
HarpsoKeHHsI OyJIeT ONPEAENISITHCS C YIeTOM YMCiIa X Ha TIPe/ibl-
JylieM ypoBHe. Takasi 3aKOHOMEPHOCTb BHITEKAeT U3 OCOOEHHO-
CTH BOIUIOIIECHU S €IUHMUII MOTeHIIMaa co3unanusi. [Ipexe Bce-
r0, 3TOT MPOLIECC HOCUT UMITYJIbCHBIN XapakKTep.

Enunuiia noreHnmana, Oymrydn MEpoi CHIIbI UMITYJIbCA UCTe-
katoriero CBera, He MEHSIET CBOI0 BEJIMUMHY MpU TpaHcgopma-
IIUH B TOUKY COTPSIKEHUSI C eMHUIICH MTOTEHIUAIA CBOETO OTpa-
keHus1. BO3MOXXHOCTD poIBMAKEHH I TBOPALLIETO JIyya ¢ (hOpMHU-
pPOBAaHUEM CTPYKTYpbl HalpsikeHHs OoJiee BHICOKOTO SHEpPreTH-
YEeCKOro YPOBHsI IIPY PABEHCTBE BOIUIOIIAEMBIX €TUHMII TOTEH-
Masa JISNCTBUS orpe/esieHa MpeodiaaHueM BeJTMYMHbBI T0JI0-
KUTETBHOTO 3apsaa. O6pa3HO roBopsi, Kak Obl MPOMCXOAUT Ha-



THETaHWE CO CTOPOHbI UCTOYHMKA CO3WAAHUS. DTO OCTUraeT-
Csl 32 CUET OYepEIHOrO UMITYJIbCA MO BEKTOPY HAMPSKEHHOCTH
BEPTUKAJIBHOIO IUIaHa 4yepe3 (POKYC MeTapu3M4eCKOM JIMH3BI.
OH npoucXoAUT B MOMEHT 3aBepllieHus (POPMUPOBaHKS HA rO-
PU30OHTAJILHOM ILJIaHE JIEMEHTA HATSKEHU S (TPOCTPAaHCTBEHHOM
CTPYHBI) U COOTBETCTBEHHO CHSITHS HAMIPSIKEHUST MEXKTY IPOTH-
BOJICUCTBYIOMIMMU cuiiamu. [IpruemM ero BeuumnHa Kax/Iplid pa3
pacrer Ha | eMHUIly IOTEHIIMATIA.

Kak yxe oTmeuanoch, TOUKa COMPSIKEHUsI PABHOIEICTBYIO-
[IMX BEKTOPOB CUJI UCTEKAIOIIEro U oTpakeHHOro CBeTa U ecTh
Bpara, riie B MOMEHT pa3BepThiBaHusI BceieHHOM OTKPBIT TOBKO
Beixon, a Bxop 3akpbIT. BoT kKak 00pa3Ho 00 3TOM roBOpHUTCS B
Hoktpune o Ceete»: «Cyugecmeyem Hekas obaacms, Ha3vléde-
mast Ocmposom Baascencmea, 20e nem Bpemenu u Ilpocmpat-
cmea, HO 20e OHU, B03MOJICHO, co3oaiomcs. Tam cosepuiaemcs
mauncmeo nepexooa mpex Jlyueil, He 3HAIOWUX O CB0EM DA3-
oenenuu, ubo cmanu eOUHbIMU, 0N OOHO20 00BEKMUBHO20 YUC-
aa K opyeomy. Tam npoucxooum ckauox, nepesoossujuli Cmpenxy
ecenenckux uacos. Tam 3apoxcoaemcs credyrowas Bcenernnas.
Tam omovixaem eeurno meopsuguii Ceem» (Ilnatonona, 2000.
C.70).

Eciu oOpatutbesi K cuioBoMy pomOy Ha pucyHke 4.6, TO
B 9TOM JIByXMEPHOM OTOOPaKEHUU JIy4 TBOPEHUs JeUCTBUTEb-
HO TPOWCTBEHEeH (TpuenuH), 100 B CBOEM MOCIIEI0BATEIbHOM
PACKPBITUU OH MPEJCTaBJIEH BEKTOPAMH MCTEKAIOIIEero U OTpa-
sxeHHoro CBeTa, a TakXke JIByHAIlPaBJEeHHBIMU BEKTOPAMU IPO-



CTPAHCTBEHHBIX CTPYH HATSIKeHUsl. BEeKTOpbI IPOTUBOJEHCTBY-
ommx cul CBera B aJlJIErOpuYeckod (popMe MOKHO CPABHUTH
CO CTpeJIKaMU BCEJIEHCKUX YaCOB OTCUUTHIBAIOIIMX BPEMS U IIPO-
CTPaHCTBO.

VIMIyibCHBIN XapakTep MpOSIBICHUS] TBOPSIIETO MPUHITHIA
aydom CBera MMeeT MPOJOIKEHUE B IUIOCKOCTH IPOSIBJICHUS
9JIeMEHTa HaTshkeHHsl MPOCTpaHCTBA. B Touke pokyca JIMH3BI
COOTBETCTBEHHO BEJIMUMHE IEKTPUIECKOTO UMITYJIbca, oOecre-
YHMBAIOIIETO TPAHC(OPMAIIMIO OT MOJIOKUTEIBHOTO 3apsijia eu-
HMII [TOTEHLIMaJIa CO3UAAHUS, (POPMUPYETCS] UMITYJIbC HAITPSIKe-
HUS 17151 00pa30BaHM s 1yTOBBIX pa3psiIOB, HAIIPABJIECHHBIX B HEi-
TpaJbHYIO IJIOCKOCTb. Ero BenumHa nocieioBatebHO BO3pac-
TaeT, YTO SABJISIETCS MPUIMHON (DOPMUPOBAHMS TTPUTSITATETLHON
CHUJIBI JUISI LMKJIMYECKOTO MEPeBOAA CIBOCHHBIX KPYTroB LIUPKY-
nsiuun CBeTa ¢ HUKECTOSIIETO SHEPreTUYeCKOro YpoBHsI Ha Bbl-
HIECTOSIINK ypoBeHb (puc. 24). 3aech CKpbiTa MeTapuznyecKast
NpUpOA CBS3M TOTEHIMATa W HalpsbkeHust pu (hopMHUpOBa-
HUM culoBoro nosst. Eciu peus naer o 3aMKHYTOH cucteme, To
HEBO3MOJKHO yBEJIMUEHHE MOCIeAHEN XapaKTEPUCTUKU TPHU BO-
TUIOIIEHUH TOTeHIIMAaIa AeUCTBUs 0e3 BKIIIOYEHH I IPEIbIAYIIIX
3HAYEeHUI. DTOT HAIILIO CBOE OTPaKEHUE MPU TeOMETPUUYECKON
(popmanmzanmn monenmn Beenennon Csera. Ha Bcex ypoBHAX
ee TPOsBJIEHHsT padoTaeT MPUHITUI «MaTPEIIK» — MOC/IeI0Ba-
TEJIbHO BKJIIOUEHHE JIEMEHTA CTPYKTYPbI HAITPSIKEHU sl HUKECTO-
SIIIIETO SHEPreTUYECKOrO YPOBHS B COCTAaB BBIIIECTOSINIErO. Pu-
CYHOK 25, rie B JByXMEPHOM MPOEKIMY MOKa3aHO (POPMHUPOBA-



HHE CHJIOBOTO poMOa C BEpPTUKAIBLHBIM cedeHueM MeTtapusnde-
CKOH JIMH3bl B OCHOBaHUH, MPEKPACHO WLTIOCTPUPYET 3TO.

Puc. 24. llukanyeckuid xapakrep (pOpMUPOBAHUS JBONHBIX



KPYrOB BCTpeuHOU IUpKYJsiiiy CBeTa B TBOPSIIEM JIydye

Ucxonsaume or (okyca HampsiKeHUsl JIMH3bI IyrOBblE pas-
paabl CBera nociieloBaTesbHO YBEJIMUMBAIOT JJIMHY MPOCTPaH-
CTBEHHOW CTpyHBl. TakuM 00pa30oM, OKKYJBTHBIA ITPHHIIUII
«PACTSKEHHS] YMC/Ia» MMEET elle OJHY I'PaHb CBOETO IPOSIB-
seHust. OTMEUEHHbI XapakTep JOPMUPOBAHUS COUPAJIEN TTPO-
CTPAHCTBA HATSI’KEHUSI COITIACYeTCsl ¢ OCOOEHHOCThIO 0Opa3oBa-
HUsI TPEXMEPHBIX JIEMEHTOB CBEPTKU KPUCTANIMYECKOM pelleT-
Ky rurnepkyoa Beenennoii (puc. 14). B aTom enuHOM mporecce
3aKJII0YeHa O0KeCTBEHHAsl TPUPO/Ia CAMOBBIPAKEHHU S TBOPSILIE-
ro Ceera.

HeBo3moxHO nepeaars rpadpuueck Ha OTHOM PUCYHKE BCIO
KapTUHY COE/IMHEHU I IEMEHTOB CTaTUKU U JUHAMUKU B SHEpre-
TUYECKOU CTPYKTYype Toi yactu Beenennon Cera, KoTopas Jje-
KUT 3a ITpeiesiaMu MUupa (PU3MYECKOro U sIBJISIETCS €70 OCHOBOW.
Jnst obnerdyeHus: 3puTesbHOTO BOCIIPUATHS Ha puc. 26 u300-
pakeH (pparMeHT CUCTEMBI Tpex M3 12 jaydend TBOpeHus, OT-
BETCTBEHHBIX 32 (POPMHUPOBAHUE OTHOM U3 BOCBMH KyOMUECKHX
TIOJICKICTEM BCEJIEHCKOTO TUMepKyoa.

OtmeueHHas Bblllie UJesl UMITYJIbCHOTO XapakTepa MposiBiie-
HUS TBOpsLIero Ceera Mo3BOJISAET HECKOJIBKO M0 MHOMY B3IJIsA-
HYTbh Ha U3BECTHYIO TEOPHUIO BOJBIIOro B3phiBa B MPOUCXOKIE-
HuM Bcenennoi. Eciu MBICIEHHO MPEICTaBUTh, UTO ITOT IMPO-
1IeCC OT HABEIEHHOTO TOYEUHOTO 3apsijia CO3UIaHUsI ObLT MPaK-
TUYECKU MIHOBEHHBIM C PACKPBITHEM B C(hepUUYECKO CUMMET-



pun 12 nydeit, TO €ro MOXHO CPaBHUTb CO BCIBIIIKOM cepsl
CBETOCWIBI. JTO U €CTh Ta CyNEpCWa, K MO3HAHUIO KOTOPOU
crpemsTcs ¢usuku. [Ipoucxoxaenue BeeneHHO — 310 He BHe-
3aIHOCTh Y HE MPOsBJIEHNE YyJ0BUIIHOTO KaTakJIM3Ma, a 1ieje-
HarpaBJieHHoe TposiBiieHre Bonu [lepoenuHoro.

Tenepsp, Koraa nokaszaHa NpUYMHHO-CIIEICTBEHHAS CBSI3b JIU-
HAMUYECKOrO M CTATUYECKOro acneKkToB TBopsiiero Ceerta, cie-
ayeT Oosee AeTaTbHO OCTAHOBUTHCS HA OCOOEHHOCTH €r0 LIMPKY-
JISILIMY B CUCTEME CONPsIKEHHBIX JTydeld. Ha puc. 27.a npuBeeHsl
CMApaJIM CKPYYMBAHUsI MPOCTPAHCTBA HATSKEHUsl B Mpeesiax
IIECTH JIy4eu, oXBaTbiBawolMX noinycdepy Beenennout. OTHOCH-
TEJIbHO (POKyCa HAIPsIKEHUSI B HUX MOKHO BBIJEJUTD /1B TUIIA
BpallleH!s1 — 110 YaCOBOM CTpEJIKe U MPOTUB Hee. [lJisl Hars-
HOCTHU TaKasl ABOMCTBEHHOCTh MpOsiBJIeHUs IMpKynsaimu Ceera
Ha PUCYHKE OTpakeHa CILJIOIIHOM JJMHUEN U IITPUXOBKOU. 3€Ch
MBI CTAIKMBAEMCS C META(PpU3NUYECKUM TTPOSIBIEHUEM AHTUIUK-
JIOHMYECKON M LIMKJIOHUYECKON AEATEIbHOCTU. M3BECTHO, UTO
B atMocepe 3emMII UM COOTBETCTBYIOT 0OJIaCTH TIOBBIIIIEHHOTO
JaBJICHUsI C MAKCUMYMOM B LIEHTPE ¥ IOHMKEHHOTO C MUHUMY-
MOM B IIeHTpe. BeTpa B HUX yIOT B TPOTUBOIIOJIOKHBIX HAIIPAB-
JIeHUsIX. AHTUIMKJIOHBI Y IIUKJIOHBI B CBOEM OOpa30BAHUU CBsI-
3aHbI MEX/1y COOOH, HO HUKOT]a He HAKJIaAbIBAIOTCS APYT HA APY-
ra.

B cdepe nposiBnenus ceerocuibl TBOpeHus: BeeneHHou aH-
TULMKJIOHUYECKAs! U LMKJIOHUYECKAsH JIEATEIbHOCTh COBMEIIIe-
HbI B Jiy4ye. 1M COOTBETCTBYIOT /IBa CONPSIKEHHBIX B MPOTUBO-



JEeUCTBUM Kpyra HUpKy/suuu Ceerta, popMuUpyIolIye IpoCcTpaH-
CTBO HampsbkeHHs. B HeM mpocTpaHCTBEHHasi CTpyHa Kak pa-
JMyC-BEKTOP COBMEIIAeT B ceOe MOTEHLMAIbl CUJIbl HATSIKEHUSI
C HYJIEBBIM 3HAYEHUEM B LIEHTPE U MOTEHIIMAJIbI CHITBI COKpallie-
HUSI C MAKCUMYM B lieHTpe. Kak Mbl BUJUM, MPOCIIEKXUBACTCS
olpeJe/IeHHasl aHAJIOTUS U €CJIA pacCykJaTh B TOM HallpasJie-
HHH, TO TIPOCTPAHCTBO HAIIPSKEHHS COBMEIIAeT B cede o0macTu
MIOHM>KEHHOT'O M TIOBBIIIEHHOTO JaBJIeHUs], IJie O0beIMHEHBI 1IeH-
TpoOeKHas U IIEHTPOCTpeMuUTe bHAs CUIbI BpatieHus. C nepBoi
CHUJIOH, HAITPABJIEHHOM OT LIEHTPOB KPYTOB HAIPSIKEHUSI K UX Tie-
pucpepun cBsizaHbl cnvpany packpbitusi Jlyya, B To Bpems Kak
CO BTOPOH — €ro cCBepThiBaHUE. B 3THX ABYX, Ka3aioch Obl, HECOB-
MECTUMBIX ITPOIIECCaxX OTPAKEH OIMH U3 BaKHENIIMX MeTadu3u-
YeCKUX acneKkToB TBopsero Ceera. B JIokTpuHe 0 HeM cka3aHO
cnenytoiee: “ Ceem, camo meopsi, 8 Mo e camoe pemsi Cam ce-
05 3abupaem 6 s10po. To ecmw, coz0asas Kpucmanwvl, o1 cooupa-
em ux ompasxcertvl Ceem 6 eOUHbLL MY OOHOMOMEHNHO PA36ep-
mutearouuiics u ceepmuiearouiuiics (Ilnaronosa, 2000. C. 68).
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Puc. 25. TlposiieHue NpUHIIMIA «MAaTPELIKU» B pacipeelie-
HUU MeTapusndyeckrx JiuH3 CBeTa B TBOPAIIEM JIyde
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Puc. 26. ®dparMeHT cONnpsiKeHHOW CBSI3U KPYroB BCTPEYHOM
LUUPKYJISALMUA JBOWCTBEHHOM cuiibl CBETa U CTPYKTYPBbI HAITpsiKe-
Hus cdepsl Beenennon
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Puc. 27. llukioHnyeckass M aHTULUMKJIOHUYECKAasA LUPKYJIS-
pANMX JTyYen

1Ml IBOMCTBEHHOU crJibl CBETa B CUCTEME JBOMHBIX KPYTOB TBO-



WckmounTtenbHOe 3HaYeHHE [1151 IOHUMaHUS PUPOJIbI (PYHK-
IIMOHMPOBAHUS CBETOCHJIBI IMEET OTBET Ha BOMPOC, KAaKUM 00-
pa3oM BO3MOXKHA €€ UMPKYJIALMSA B IIpefeax Bcer cdepbl, KO-
IAa ClMpaJli CKpPYYMBaHUS OJHOTO Kpyra HaTsSKEHUs COMpsIkKe-
HBI C TAKOBBIMU IISITU IPYTUX KpYyroB. Ha nepBblil B354, ¢ TAaKOM
T€OMETPUEN PACIIONIOKEHHUS CIIMpaJield BpallleHUE HEBO3MOKHO,
Tak Kak OHU OJOKUpYyOT Apyr apyra. Ho 3To mepBoe Brieyar-
neHue. Becb cMbICT B TOM, UYTO, KaK CKa3aHO BbIIIE, B MpeAe-
JIax JIMH3bl Mbl UMEEM JEJI0 C JBYMs CONPSIKEHHbBIMU Kpyramu
BCTPEYHOIo JBWKEeHUA 3Hepruu Ceera. B mpoTtuBHOM citydae
OHH He ObLTM Obl THCTPYMEHTOM CKPYTKHU MPOCTPAHCTBA HAIPSI-
keHusi. IMEHHO 3T0 0OCTOSITENIHCTBO MO3BOJISET JyTOBBIM TOKAM
SHEPreTUUecKUx “ JIENEeCTKOB» JAHHOTO Kpyra MPOXOAUTh TOY-
KM CONPSKEHU 34 CUET BKJIIOYEHHS B UACHTUYHYIO IO HAIIPaB-
JICHUIO U PKYJIALMIO CONTPUKACAIOIIUXCS KPYrOB BpalleHus. JTO
NpOsIBJIEHNE MPUHIIUIA [IEPENOISIPU3ALIAY, HO YKE B IMHAMUYE-
ckoM acriekte TBopsiiero Ceera. Ha meradgusnueckoMm ypoBHe
JAHHAs TOYKa CONPSIKEHUS BBINOIHAET (PYHKIMIO 4 KaHAJIBHOU
CBSI3U, ITIO3BOJISIIONIEN LIMPKYJIUPOBATH CBETOCUJIE IO CAABOEHHBIM
COMPAJIsAM 3aAMKHYTOW CUCTEMbI «BOCBMEPKU» (pHC. 27).

Cnenyer oOpaTuTh BHUMaHUE, 4TO IUPKYJIsAus CBera B Hel
HE TOJILKO HE MPOTUBOPEYUT HEKOTOPHIM OCHOBHBIM TOJIOKEHH-
M 3JIEKTPOJUHAMUKH, HO U TO3BOJISET HECKOJBKO MO-UHOMY
B3JISIHYTh HA MPUPOAY B3aUMOJAEUCTBUS JIEKTPUUYECKUX CHIL
Ha pucynke 27.B-1 mpeAcTaBieHbl TPYU BO3MOXKHBIX BaphaHTa
(popmupOBaHUA NCKOMOM «BOCBMEPKW» B LIUPKYJIALIMN CBETOCH-



7. Ecniy IpUHATH K CBEJIEHUIO, UTO LIMKJIOHUYECKOE BpallleHre
B C/IBOCHHBIX KPYyIax, HalpaBJIeHHOE ITPOTUB YAaCOBOW CTPEJIKH,
€CTh pe3yJIbTaT AEUCTBHUS MOJOKUTEIbHON CHJIbI MCTEKAIOILEro
Caera, a aHTULMKJIOHUYECKOE BpallleHHe 110 YaCOBOU CTPEJIKe —
pe3ysbTaT AENCTBHS OTPULIATENILHOM CHITBI OTpaskeHHOro Ceera,
TO TOJIBKO BAapUaHT Ha puc. 27.1 oOecrieunBaeT HeOOXOOMMYIO
LUUPKYJIALMIO.

3pech cucteMa LUPKYJIALUMY 00pa3oBaHa MPOTUBOIOIOKHBI-
MU MO 3HaKy 3apsgamu. B HeWTpasbHON IUIOCKOCTH (DOPMHU-
pOBaHMs QyroBblx pa3psaoB CBeTa TOKM cnMpasieil HUKJIOHU-
YEeCKOTrO0 M AHTHUIMKJIOHUYECKOTO BpallleHWs] B TOYKE COMps-
)KEHUs1 COBMAJAIOT 10 HAIlpaBJIeHUI0. DTa TEeHJAEHLUsl HaOmo-
JaeTcsl U Ha YpOBHE MPOCTPAHCTBEHHOW CTpPyHHI. Panmyc-Bek-
TOp HaTsKEHHs (HEHTpOOeKHas CHjia) B IMKJIOHUIECKOM Bpa-
IIEHUX UMEET CBOE MPOAOIKEHUE B PAJNyC-BEKTOPE COKpalle-
HUS (LIEHTPOCTPEMUTEIbHASL CHJIA) AHTULMKJIOHUYECKOTro Bpa-
meHus. HecomHeHHo, Takasi TUPKYIsIMs 00eCreunBaeT B3auM-
HOE NPUTSKEHUE CIIMpajield U LIEJIOCTHOCTb CUCTEMBI «BOCBMEP-
KI».

CoBceM MHasi KapTHHA B OCTAJIbHBIX JIByX BapuaHTax. B Hux
CNMpaJy BpalleHusi 0Opa30BaHbl 3apsgaMy OTHOTO 3HAKa M Ha-
IPaBJIEHUS LU PKYJISLUN TPOTUBOIOJIOKHBI, YTO PUBOIUT K OT-
TAJIKMUBAaHUIO M HEBO3MOXHOCTH OOpa30OBaHUsl paccMaTpuBae-
MoO# cucteMsbl. TakuM 00pa3oM, HAIMIO TPAHCLIEHJEHTHOE MO/I-
TBEpIK/IEHUE 3aKOHA, KOIJa Pa3HOMMEHHBIE 3apsibl MPUTSATHBA-
I0TCS1, 2 OJHOMMEHHbIE OTTasIKMBaoTCsl. Ho 3T0 Ha ypoBHE npu-



YUHBI, TOTA KaK HA YPOBHE CIEACTBUS — (POPMUPOBAHUS CIIH-
paJsiel BpallleH!s — BCTYIIAaeT B CMJIy KOCMUYECKHUM 3aKOH «II0-
JO0USI» — aHAJIOTMYHOE CTPEMUTCS IPYT K JIPYTY.

B niesiom, ecnm Bce «BOCBMEPKU» OObEAVMHUTH, TO TIEpe]] Ha-
MU Tpe/ICTaHeT HeOObIYHAS 10 CBOEU KOH(DUTYpaIiuy MarHUTHAS
COCTaBJIAIIOMIASL KOCMUYECKOrO JIEKTpOMarHuTHoro noist. Cu-
cTemMa ee 3aMKHYyTa U CIIOCOOHA yAepKMBATh MPOLIECC CUHTE3a
B npenienax cgepbl TBOpeHus. I1o aTomy noBoay ckazano: “Ceem
He uMeenm Havand u KOHUd, NOMomy 4mo OH eChb U mo, U Opy-
20e 00Hospemento. Ceem ecmv CYOCMAHUUS BEUHASL, NOOBEPHCEH-
Has coicamuto u pacmsiiceruro» (1lnaronosa, 2000. C. 186). Dtu
JIBA €r0 COCTOSIHUSA B MTPEJIOKEHHON KOCMUYECKOW MOJIEH TBO-
PEHUs COOTBETCTBYIOT KOHIIEHTPAILIUU B TOUKY 3apsijia AEUCTBUS
Y NOCTIEQYIOIEMY PACKPBITHIO C(Pepbl HAPSKEHUS JBOVICTBEH-
HoW cuiibl CBera.

BrickazaHHble Bblllle COOOpaKeHUsI O CYIIECTBOBAHUU HEP-
TeTUYECKOro «IIBETKa» Kak (popmbl LIUpKYIsiuu CBeTa B JIyyax
TBOpEeHUs1 BCENIeHHOM HAaXOOAT OTPaXE€HUE B CAEAYIOUIUX [UTa-
Tax: “ Jlenecmxu lleemka Oenennozo — /lywa Mosi, meopsiuuii
mup epaweruem Ilepeouysema — benozo Jlomoca Bcenennoii...
Bpawarowasicsi cepoyesuna Lleemrxa mup meopum, uoo Ceem u3z-
ayuaem...» (Ilmatonosa. 2000. C. 137, 289).

Hacrano BpeMsi NOABECTH HEKOTOPBIA UTOT B MPOJBUKEHUN
k Mcrune, npexzae yem cienarh CIEAYIMA 1iar B MOJAEIH-
poBanuu Bcenennont Ceera. Cneyer HallOMHUTh, YTO TPUBE-
JICHHBIE BBIIIIE IPOCTPAHCTBEHHO-BEKTOPHBIE TOCTPOCHUS IHEP-



TeTUYECKON CTPYKTYpbl BCeneHHOU oTpakaioT JBa CBSA3aHHbBIX
MeKIy cOOOM, Kak MPUYMHA U CJIEICTBUE, YPOBHSI CAMOBBIpaXKe-
HUs ABOWCTBEHHOM cuiibl CBeta. [lepBblil ypOBEHb COOTHOCHUT-
Cs1 C MPOSIBJIEHWEM 3aKOHa MoJIsipu3aluy, O1arogaps KOTOpoMy
[Iporomarepus u [Iyx U3 HECUCTEMHOIO COCTOSIHUSA (Xaoca) Ie-
PEXOAAT B COCTOSIHME TepBOy qrippepeHIaImy ¢ 00pa3oBaHu-
em OuronsipHoii crctembl CeTa. B Hell ucTekalonmii 1 oTpakeH-
HbI1 CBET Kak MOJIOKUTESBHOE U OTPULIATEIBHOE KOCMUUECKOE
MEKTPUYECTBO MyTeM OObEIMHEHHS Yepe3 TOUKU COMPSIKEHHS
CBOMX PaBHOJEHCTBYIOIIMX BEKTOPOB OOO3HAUMIIM B cpeprye-
CKOW CHMMETPHUU OTHOCHUTEJIBHO MOJIOKUTEIBHOTO 3apsja lyxa
JBEHAALATh 3apAa0B NpotusoaercTeus IIporomarepun.

Kak cnencrBue BOZHUKIIErO HaNPsKEHUsS NOJIApU3alvs Ha-
XOIUT CBOE MPOAOJIKEHUE B HEUTPAIBHOM (TIEPIEHAVKYJISIPHON )
OTHOCHUTEJIbHO [IEMCTBUS NMEKTPUUECKUX CUJI IJIOCKOCTH. DTO
IPOUCXOIUT Oarofapsi MpOsIBICHUIO 3aKOHA Pa3JIoKEeHHs Ipo-
TUBOJEHMCTBYIOIIMX CHJI UCTEKAIOUIEro U oTpaxeHHoro Ceera
Ha COCTaBJIAIOLIME, HAITPABJIEHHOIO HA YCTAaHOBJIEHUE PAaBHOBE-
cus U rapMoHun mexnay yxom m Marepuen 3a cuer mnepe-
BOZIa OOILEro MOTeHIMala HANpsKeHUs1 B HEUTpaJbHYIO IUIOC-
KocThb. Kak MbI ye 3HaeM, 3T0 IPUBOOUT K CUHTE3Y U3 MX CO-
MPSKEHHBIX MOTEHIMAJIOB TMHAMAYECKOTO (JBOMHBIX CIIUpAJIEH
BpalIEeHUs1) U CTATUYECKOrO (ITPOCTPAHCTBEHHBIX CTPYH HATSIKe-
HM$1) 3JIEMEHTOB MarHUTHOM COCTaBJISIOIIEN C(HEPUUECKOTO T10-
JI1 IpOsIBJIEHUS ABOMCTBEHHOM cuibl CBeta. B pesynbrare cBoe
BOIUIOLLIEHWE MOJIYYaeT KOCMUYECKUNA KPUCTAJLI LUPKYJIUPYIO-



mero CBera. DT0 BCeJIECHCKUI MAarHUT, ABJISIOINICSA OCHOBAHU-
eM 11151 (pU3MYECKOro MposijieHus. B mpuHIune Mbl MOJOIUIN
K BO)KHOMY MOMEHTY B MOAEJMPOBaHUM BceneHHOU — OTBETY
Ha BONPOC, KaKMM 00pa3oM ObLT OCYIIECTBJIEH MPOIecC Mare-
pUanM3alyu, NO3BOJIMBIINN [PY COXPAHEHUU HENPEPHIBHOM 11e-
Y IPUIMHHO-CJICICTBEHHOU CBSI3U B SHEPreTUUYECKUX MTpeodpa-
30BaHUSAX MPOSBUTHCSA MUPY BUAUMOMY. [Ipu 3TOM, MOMHS 0Of1-
Hy MeTapu3ndeckyo UCTUHY: ~ Ceem ecmb NepeopoNCOeHHbIL
u nepeas amarauusi Bcesvuunezo, u Ceem ecmv 7Kusmo.... U mo
U Opyeoe Cymv 3NeKMpPUUECmeo — HCU3HEHHBI NPUHYyUn, Anima
Mundi — nanoansitowee Bcenennyro, anekmpuueckuti HcusHeoa-
menw acex seuyeli» (bnaBarckas, 1992. T. 2. C. 724).

Crnenyer cHOBa 0OpaTUTHCA K CUJIOBOMY TPEYTOJbHUKY Kak
K JIBYXMEPHOMY OTOOpaXeHUIO OHOTO W3 JIBEHAIIATH JIyden
packpbiTusi cepnl Beenennoit Ceera. [IpocTpancTBeHHas cTpy-
Ha HaTsKeHusi, Oylyus ero OCHOBAHUEM, SIBJISIETCS] HE TOJIBKO
9JIEMEHTOM CHHTE3a B MPOTUBOCTOSIHUM HUCTEKAIOIIEro M OTpa-
*eHHoro CBeta, HO M MECTOM TIPOSIBJICHUSI TIGHTPOB BUOPAITUH.
Peub uyieT 0 Toukax CONMpsiKEHUsI COCTABISIONIUX MOJIOKUTEb-
HOT'O U OTPULIATESILHOTO IEKTPUUECTBA, KOTOPBIE B IJIOCKOCTU
MPOSIBJIEHHOTO MPOCTPAHCTBA HAIPSIKEHUs SIBJISIOTCS UCTOYHU-
KaMU KOCMHUYECKUX IEKTPOMArHUTHBIX KosieOanuit. C 3ToH 1mo-
3ULIMKM CUJIOBOM TPEYTOJbHUK B aCMEKTe MnapajuiesiorpaMmma co-
NPSKEHHBIX CHJT SIBJISIETCS] CTPYKTYPHOU eIMHUIIEH, OObenHsI-
IOLLEN He TOJNBKO cepbl UCTEKAIOUIEro U oTpakeHHOro Caera,
HO U c(pepbl paclipOCTPaHEHHUS NEKTPOMArHUTHBIX BOJIH. B Ta-



KOM OOBEJMIHEHUH OTpaxkeHa CcrocoOHOCTh CBeTa B TBOPSIIEM
Jy4e, KaK K CIIAPAJIbHOM IUPKYJISAINH, TaK U K TPOSIBIICHUIO BUO-
palMOHHBIX KauecTB. 31ech CBeT U 3BYyK MeTapu3nuecKu He OT-
JeJIUMBL IpYT OT Jpyra.

C KaxJbpIM UMITYJILCOM MPOSIBJIEHUsI MOTEHIIMAIA CO3U/IaHUs
Ha TIPOCTPAHCTBEHHOU CTpyHE (DOPMHUPYIOTCS HEHTpPHl BHOpa-
MM, YaCcTOTa KoJeOaHUi KOTOPbIX BO3pACTAaeT C yBEJIMYEHUEM
NOTEHIIMaa HaTsokeHUs. Ecau yuuThiBaTh, YTO paccMarpuBae-
Masi OUIIOJISIpHASL CUCTEMa CO3UJIaHMs OTpAaHUYEeHA B MPOCTPaH-
CTBE M KOHCepBaTHBHA (0€3 MOTepy SHEPTur), TO B MpeAenax Jy-
ya CBeta MbI Oy/ieM UMeTh crcTeMy cep BUOpaIHid C JUCKPET-
HBIM CHIEKTPOM COOCTBEHHBIX 4acTOT. YeM Bblilie STOT MOKa3a-
TeJIb, TeM OoJbliie cpepa pacrpoCTpaHEHH S MEKTPOMArHUTHBIX
BOJIH C JIAaHHOM XapakTepucTtukou. Peus uzaer o ¢popmMupoBannm
JIy4OM CO3MJaHUs TPOCTPAHCTBEHHO-BPEMEHHBIX cep, B Ipe-
Jefax KOTOpbIX 0Opa3yloTCsl MUPBI C TOW MM MHOM 4acTOTOM
BUOpAITUH.

Ha pucynkax 28—30 npencraBieHbl ABa BO3MOXHBIX Ba-
pUaHTa pacrpeeseHusi MPOCTPAHCTBEHHO-BPEMEHHBIX cep
B nipezenax Jiyya Ceeta. B onHOM cityyae OHM OAUYUHEHBI 3aKO-
HY cep, KOTOPbIi onpeeisieT BepTUKAIbHOE ABUKEHHUE 110 JIU-
HU PaBHOAEUCTBYIOIMX BEKTOPOB MCTEKAIOIIETO U OTPaXKEHHO-
ro Ceera. B npezenax cuioBoro TpeyrojibHuKa cepsl, UbH LIEH-
TpPbl IPUYPOYEHBI K TOUKAM COMNPSIKEHUSI COCTABJIAIOIIMX PO-
TUBOAEWCTBYIOLIUX CHJI, MOCIEAOBATEbHO BKJIIOUYAIOTCSI B CO-
cTaB ¢ Oosee BBHICOKMM ypPOBHEM BHOpAIlMM TEM CaMbIM, CO-



XpaHsisl y’&Ke U3BECTHbIA HAM MPUHLMUI «MaTpeiku» (puc. 28,
29). ITpu TakoM pacrnpeneseHnr MPOCTPaHCTBEHHO-BPEMEHHBIX
chep “ ... cywecmayrom onpedenertvie npasuna Onst NOCMyna-
MeNbHO20 COBEPULEHCINBOBAHUS MAINEPUU — OM €€ BbICULUX, OY-
XOBHBIX U MOHUATIMUX POPM 00 HUBUIUX, NAOMHBIX U 0OPAMHO
K 8bICUUUM.. IMO U eCb NAOEHUe U 831€M. .. Ha KPY2e MO Npouse
eblpa3ums eepmukanvHoll aunuel.» (Ilnaronora, 2000. C. 203).

Ha pucynke 30 npeacraBieH Ipyroii BApUaHT, Ii€ IPOCTpaH-
CTBEHHO-BpeMeHHbIe cepbl pacripe/iesieHbl B TOPU3OHTATLHON
iockoctu iyda CBeTa — Ha cTpyHe HaTskeHust. Kazanoch Obl,
IO PACIIONIOKEHHUIO0 CBOMX LIEHTPOB BUOpAIllUK OHU HUYEM He OT-
JMYaloTcs oT cep BEPTUKAIBHOIO IBUkEHUs. B npuBeeHHOM
CHJIOBOM TPEYTOJIbHUKE MOCceJHUE cepbl eCTb HE YTO MHOE,
KaK COBOKYMHOCTb c(hep CEMU FOPU3OHTAIBLHBIX TUIAHOB C IIEH-
TpaMy MaKCUMaJIbHOW BUOpAIiK Ha CTpyHax HaTsbkeHus. Ho ato
BUJIUMOE TOX/IECTBO OOMaHYMBO, KOO MPU B3aUMHOM MPOHUK-
HOBEHUU c(pep KaxkJIOoro IJIaHa JPYT B JIpyra MposiBISIOTCS JBa
KAYeCTBEHHO OTJIMYHBIX COCTOSIHUS MYJIbCUPYIOLIETO Teja Jiyda
Cgera.

L7151 TOro 4TOOBI IPEICTaBUTD, O KAKOM TeJIE UJIET pedb, HE0O-
XOOVMO OOpaTuThcsl K pUCYHKY 31, rae B JBYXMEpHOW MpOeK-
UM OHO M300paXeHO B BUE JIBYX MEPIEHIUKYISIPHBIX JIPYT
K JIpyry MeTapu3nuecKux JMH3, OObeJUHEHHBIX POMOOM IpO-
TuBoAercTBYIOIMX cuil Ceera. OgHAa M3 HUX HaM yke 3HAKO-
Ma. DTO TOpPU3OHTANIbHASI JIMH32, OOPAa30BaHHAS 32 CUET B3aMM-
HOT'O IPOHUKHOBEHUsI chep UCTEeKaoIIero u orpaxkeHHoro Cee-



Ta. OHa OTBETCTBEHHA 3a (POPMUPOBAHUE CIIUMpATIEN IIUPKYJIsi-
1 CBeTa M CBETOHOCHBIX OIHOMEPHBIX JIEMEHTOB HATSIKEHUS
(cTpyH) mIpOoCTpaHCTBa B CTPYKType HampsikeHusi cepsl Bee-
JIeHHOW. BepTukasipHas JIMH3a BO3HUKAeT 3a CYET B3aWMHOIO
MIPOHUKHOBEHUSI POCTPAHCTBEHHO-BPEMEHHBIX c(ep ¢ oauHa-
KOBOU 4acToTol KojieGanuii. VI3 3T0ro ciiemyer, 4to B 1IeJI0M Tie-
pes Hamu Tesio mysbeupymoiero Cera, oOnagaoiiee pe3oHaHC-
HBIMM CBOMCTBaMU. DTO BaKHOE OOCTOSATENILCTBO, HAZENIOIIee
nyu CBeTa JONOTHUTENbHBIMU (DYHKLIMSIMU TBOPEHUSI.

[Ipu nocnenoBaTebHOM PACKPHITUM JIyda MPOCTPAHCTBEH-
HO-BpeMeHHbIe Cc(epbl BEPTUKAJIBHOIO TUIaHA B COMPSIKEHUU
(bopMUpYIOT 10 TIPUHIUITY «MAaTpelKu» cuctemy JuH3 CBerta,
KOTOpasi BHEIIIHE HANOMMHAET MHOTOCJIOMHBIN «KOKOH» (pHC.
28). I'maBHOI OTIMUUTENILHOM OCOOEHHOCTBHIO 3TOr0 KOCMMYE-
CKOT'0 pe30Haropa sIBJIsSIETCS TO, YTO COCTABJISIIOIIME €ro JIMH3bI
Cgeta nmMeloT 00111ee OCHOBAHUE B TOUKE MOJIOKUTETLHOTO 3apsi-
Ja CO3UAAHUs. DTO MpedonpenessieT pa3BUTUE MUPOB, OPUEH-
TUPOBAHHBIX B BEPTUKAJILHOM MOTOKE TBOPSIIETO JIyya MO ITy-
TH yXOBHOTO COBEPIIEHCTBOBAHMS Yepe3 IMKJ 00s3aTeIbHO-
IO YIUIOTHEHUsI 000JI0YEK CBOMX CTPYKTYP U MOCHEAYIONIEro uxX
YTOHYEHUsI U HATOJTHEHU ST 00keCTBeHHBIM CBETOM.

Crnemyer 0co00 MOmYepKHYTh, 4YTO cuctema JuH3 CBera,
orpeessoas Tako| MyTh SBOTIOIMY, FAPMOHUYHA B pacripe-
JEJIEHUA CBOMX YHEPreTUUYECKUX XAPaKTEPUCTUK, (POPMHUPYIO-
HIUX Ty WIW UHYIO YacToTy KoseOanuil. [Ipexe Bcero, Benuym-
Ha OTPHULIATENTBHOTO 3apsiaa KakI0M Pe30HaHCHOM JIMH3BI B a0CO-



JIIOTHOM BBIPQXXEHUM COOTBETCTBYET BEJIMUYMHE MMOTEHIIMANIA Ha-
TSKEHUSI IPOCTPAHCTBEHHOM CTPYHBI B Hell. ' apMOHUYHBIE OT-
HOIIIEHUSI UMEIOT MEeCTO M MEXJy caMUMU JinH3aMu. HarnsgHo
BUJIHO, YTO TOJIOC OTPULIATEILHON CHIIbI KAXKJON HUKECTOSIIEH
JIMH3BI, COBIMAAIOIIUNI ¢ (DOKYCOM JIMH3bI BBIIIECTOSILETO SHEP-
TeTUYECKOro YPOBHSI, MO CBOEH BEJIMYMHE COOTBETCTBYET BEJU-
YMHEe MPWIAraeéMbIX 3/IeCh MOTEHIIMAJIOB MCTEKAIOIIEero U OTpa-
keHHoro Cpera. Takast B3aMMOCBSI3b CIIOCOOCTBYET IMOC/IEI0BA-
TEJIbHOMY YCHJIEHUIO PE30HAHCHOTO 3 eKTa Mo Mepe najJeHust
nyya Ceera B Marepuio.
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Puc. 28. Cdepsl pacripocTpaHeHH s JIEKTPOMATHUTHBIX BOJIH
BEePTUKAJILHOTO TUIaHa pacKpeiTHs Jyya (CBera — MpOCTpaH-
CTBEHHO-BpeMeHHbIe chepbl MUPOB TyXOBHOTO TIaHA



Puc. 29. Cdepsl pacripocTpaHeHHs JIEKTPOMATHUTHBIX BOJIH
BEPTUKAJILHOTO TUIaHa pacKpbiTus Jiyda CBeTa (BUI CBEPXY)



Puc. 30. Cdepsl pacripocTpaHeHHs JIEKTPOMATHUTHBIX BOJIH
TOPU3OHTAJILHOTO TITaHa pacKpbiTus jyda CBeTra — MpoCTpaH-
CTBEHHO-BpeMeHHbIe chepbl MUPOB (PU3UYECKOTO TIaHA
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Puc. 31. Pe3onancHoe te1o Ceera

YauBuTebHAS 1O CBOEH KpacoTe MPeICTAET Nepe] HaMu Kap-
THHA JBYXMEPHOTO OTOOpaKeHUsI MPOCTPAHCTBEHHO-BPEMEH-



HBIX c(pep BEpTUKAIBHOIO (JIyXOBHOTI'O) IJIaHa IiecTu jiyuei Cee-
Ta (puc. 32.6). OHM OTJENeHbl MHOIO OT CHCTEMBI chep HcTe-
Karomero u orpaxeHtHoro Ceera (puc. 32.a), yToObl OoJiee yer-
KO 00O3HAYUTh MPEKPACHBIA KOCMUUYECKUI «IIBETOK» ITyJIbCH-
pytoliei ku3Hu, Boromawoimui Cnoso (3Byk) [lepBoeanHoro.
Eme omuH BUOpHMpyIOmMil «1BeToK» CBeTa BO3HUKAET Tepel
HAMW TIpU B3IVIJE CBEPXY HA OOWH U3 12 TBOpAIIUX Jydeu,
JOCTUTIIUX B CBOEM PACKPBITUU 4-TO SHEPreTUYECKOro YPOB-
Hs (puc. 29). Ero «jienectku» mpeacTaBisioT TOPU30OHTAILHBIN
Cpe3 PE30HAHCHBIX JIMH3 MATH cep MEKTPOMATHUTHBIX KOJe-
OaHUii, YbM TEHTPHI SBJISIOTCS TOYKAMHM COOPKW BHYTPEHHETO
NATUYTOIBHUKA B CTPYKTYPE HAINPSKEHUsI 3BE3HOTO JOAEKAII-
pa. OHM UMET OOIIYI0 TOUKY COMPSIKEHUS, HO yke B (POKy-
ce HanpsKeHus Kpyra nupkyasannud Ceera ((pOKaJbHOU IUIOC-
KOCTH TOPU30HTAJIbHOM JIMH3bI Tesia Ceeta). Eciu conocraButh
9TO0 rpaduyeckoe MOCTPOEHUE C M300paKeHUEeM Ha PUCYHKaX
28 u 32.06, TO HETPYAHO YOEAUTHCS, UTO peyb UIET O JIBYX IMPO-
eKIIMUSIX OHUX U TeX K€ PEe30HAHCHBIX JIMH3. MBI BUJIUM, Kak
B FAPMOHUM U CUMMETPUH BoIuIomaercss Yucio TBOpeHus.
WNnas curyanms ckiagpiBaercs npu (popmupoBanuu ten Cae-
Ta MPOCTPAHCTBEHHO-BPEMEHHBIMU C(hepaMu FOPU30HTAIBHOTO
rwiaHa. Ecim uckmounTs KpaiiHue cepsl, YbM LEHTPhl BHOpa-
MM COBMAJAIOT C LIEHTpamMu cep BEPTUKAIBHOIO IUIaHa, TO
B OCTAJIbHBIX CllydasXx C(pOpMUPOBAHHBIE PE30OHAHCHBIE JIMH3bI
HE UMEIOT OOIIEero OCHOBAHUS B TOUKE MOJIOKUTESIHHOTO 3apsi-
Ja. OHM OTOpBaHBI OT UCTOYHMKA co3unanus (Boym [lepBoenu-



HOT'0) U CBOMMM MOJIIOCAMHU COINPHUKACAIOTCS] C MIPOCTPAHCTBEH-
HBIMU CTPYHAMHU HATSDKEHUsSI. DTO CBUAETENILCTBYET O TOM, UTO
MUPBI, HAXOJAIIMECS] Ha TOPU3OHTAILHOM Cpe3e TBOPSIIIIETO JIy-
ya CBeTa, MpUHAIJIEKAT NPOSABICHHOMY MPOCTPAHCTBY Harpsi-
JKeHUS (pU3UUECKOro IiaHa.

WX sHepreTrueckuii moTeHuan (4actora Koiebdanuii hopm)
OTpeIeNSAETCs PA3HOCTHIO MOTEHIIMATIOB MEX/1y CUJIAaMH HATsIKe-
HUSl M COKpAILEHWsI B TOUKAX MPOCTPAHCTBEHHBIX CTPYH, KOTO-
pbie SIBJISIIOTCS IEHTPaMU BUOPAIIUK TTPOCTPAHCTBEHHO-BPEMEH-
HBIX c(pep MaTepuabHBIX MUPOB. «Bo MHO20M Mupbl, HAXOOS-
uuecs Ha 20pU3OHMANLHOM CPe3e, AAAIOMCL MOUHO PA36UNIbL-
mu. Mrozue ux gpopmst noAHOCmMbI0 081a0eAU CEKMOPAMU CO3HA-
HUsl... U mexnuueckuii, u 6uono2uMeckuii, U Xumu4eckuii, U couu-
ANBHBIIL YPOBEHb MAKUX MUPOB MONCEN ObINb OUEHb 8bICOKUM. .
Hx nayka moorcem Obimb pazsuma 00 npedenbHuIX 8blCON Npo-
CMPAHCMBEHHO-8PEMeHHbIX chep..... Ho atobdble ¢popmul dncus-
HU, HAXO0OSIUUECsL 8 0ONACTU 8EPMUKANLHO20 NOMOKA, UM HE)O-
CMYNHbL HU OAsl Kakozo euda e3zaumooelicmsusi» (I1naroHoBa,
2000. C. 205).

Ele BHymMTenbHe! BhITIAAUT KapTUHA KOCMUYECKOTO Pe30-
HaTOpa B FOPU3OHTAILHOM ((pU3UUYECKOM) ILJIAaHE PACKPBITHS JTy-
yeii CBeTa MpH BHISIBICHUN CTPYKTYPHI KOJI€OaHHsI C YaCTOTOM,
COOTBETCTBYIOILIEN | YCIIOBHOW €IMHUIIE MOTeHIIUAJIa CO3UAAHUS
(puc. 33, 34). Ilepen HaMu 3aMKHYTasi CaMOBO30YKJAOIIAsICS
crcTeMa, 00eCIieunBaroIias FeHepUPOBAHUE KOTEPEHTHBIX JIeK-
TPOMAarHUTHBIX BOJH 3a CYET MMITYJbCHOTO PAaCIPOCTPAHEHUS



Cgera B sniyvax. Takas cucrema HarpaB/ieHa HA KOHUEHTPALIAIO
Cgera — ero yIjiOTHEHUE B IVIOCKOCTH MPOSIBJIEHHOTO MPOCTPaH-
CTBA HaNPSHKEHUS.



2.6 3akoHBI TAPMOHHH B JIy4yax,
TBOpsAmux Bceaennyro CBera

PaccmarpuBaemass monenb BceenenHon CBera MOKa3bIBaeT,
YTO B OCHOBE MOCTPOEHUSI MUPO3/IaHU JIEKUT TapMOHUsl. MHO-
T'€ MBITAINCh NTO3HATh €€ 3aKOHbl. ECTh OCHOBaHME COIacUThb-
cs ¢ JleliOHUIIEM, YTO CBs3b, COTJIACOBAHHOCTD, COPA3MEPHOCTD
Y CO3BYYME YacTel €QUHOro LIeJIoro Bo BceneHHOM mpenycra-
HoBJleHa. K TakoMy BbIBOZYy MpHUXOUIIL MpU Oojiee ryOOKoM
U3y4EHUM IeoMeTpu, co3taBaemon qyyamu Ceera. Ha pucyH-
ke 35 n3o0pakeHa 3HaKOMas HaM MSATUKOHEYHas! 3Be3/1a — OIUH
U3 JBEHAALIATH JIEMEHTOB 3BE3[HOIO JONEKadApa, BXOASILETO
B COCTaB BHEIIIHEH CTPYKTYpPbl CBETOHOCHOTO KpucTaia Beenen-
HOW. B Heil BO Bcell MOJHOTE MPEICTaBIEHO FAPMOHUYHOE CO-
e/IMHEHNe TMHAMUKY (CMpasiel BCTPEYHON HUPKYJISILIMN) U CTa-
TUKH (CTpyH HaTskeHus) TBopsAwero Ceera.



Puc. 32. Cepnl ucrekaromero u orpaxeHsoro Ceera (a);
cepbl paclipoCTpaHeHHs1 JIEKTPOMArHUTHBIX BOJIH BEPTUKAJIb-
HOTO IUIaHa packpbiTus jyda Ceera (0)



Puc. 33. Pe3oHaHCHAas1 CTPYKTypa pacipOCTPAHEHU S EKTPO-
MarHWTHBIX BOJIH TBOpAIIIEro jiyda CBeTa ¢ 4acTOTOM KOeOaHus
B | yC/IOBHYIO eJMHUITY TIOTEHIMAIa CO3UJaHu S



Puc. 34. BHenHuii BUJ KOCMUUYECKOTO PE30HATOPA JIEKTPO-
MarHUTHBIX BOJIH (IByXMEpHAas IPOEKLIs)

Bpiie ormevasnocsk, yto 12 syyeit, popMupyst COOTBETCTBYIO-



1I€€ YMCJIO IBOMHBIX KPYTOB BCTPEYHOM U PKYJIsILMU cuiibl CBe-
Ta, 00pa3yIoT ABEHaANATh (DOKATBHBIX TJIOCKOCTEN JIMH3 HAIpSi-
keHus (puc. 6.a, 7.a). OHU CONPSIKEHBI MEX]Ty COOON B COOTHO-
mieHuu 1:5. Dta nponopuus U3HAYaIbHO TPEJOIpeIesnia YUC-
J0 5 ¥ (urypy nATUYroJibHUKA IJIABHBIMM MaTeMaTUUeCKUMU
KPUTEPUSIMU B YCTAaHOBJIEHUM PaBHOBECHS U TAPMOHUM B CO3U-
JaHUK MUPO3/1aHusl. BOT mouemy msITnyroibHUK ObLUT U3TI00JeH-
HOW purypou nucaropeniien.

HarnsiniHo BUIHO, YTO Kpyry HUPKYJIsiuy CBeTa OTHOCUTEb-
HO (POKYCOB JIMH3 (POPMUPYIOT U3 CTPYH HATSKEHUS ABE CUCTE-
MBIl 3€pKaJIbHO CUMMETPUYHBIX MATUYTOJbHUKOB. OJHA cucTe-
Ma COCTOUT U3 MATUYTOJIbHUKOB, OXBATHIBAIOIIMX TPOCTPAHCTBO
HarnpsiKeHusl B nipefeniax (hoKajbHbIX MJI0CKocTel uH3 CBera,
a JIpyrasi cucrema MsTUYrOJIbHUKOB OXBaThIBAET IMPOCTPAHCTBO
HarpsiKeHUsI MeX1y HUMH.

Bonee riyOokoe BbIsIBJIEHUE CTPYKTYPbI HAPSDKEHM S, CO3/1a-
BaeMoi Jiyuamu CBera, 3a c4eT ONTUMU3ALIMY IPOCTPAHCTBA CY-
nep CTpyHaMu MO3BOJISIET YCTAHOBUTH B Mpe/iesiaX BHYTPEHHE-
IO ¥ BHEIITHETO MSTUYTOJbHUKOB MTYIO ¥ OOJBIIYIO TSATH JTyde-
Bbl€ 3Be3/1bl HaTskeHUs1. OHU SIBJISAIOTCS TON (PUTypoil, KOTopast
B mikose [Tucaropa Oblta OrMmo3HaBaTEIHLHBIM 3HAKOM U CUMBO-
JoM 370poBbsi. OHa BcTpevaeTcsl Takke B BABUJIOHCKUX PUCYH-
kax. [Tudparopennpl cunranu, 4to Ajs HOCTPOEHUS ITON (pury-
pbl HEOOXOIMMO TOJIL30BATHCSI TOJILKO TEM CBOMCTBOM, COIJIAC-
HO KOTOPOMY KaKJasi U3 ISATH €€ JIMHUK JEeUT KaxIylo Apy-
I'yIO B KpallHEM U CPEJHEM OTHOILIEHUH, T.€. MEHBLIMI OTPE30K



OTHOCHTCS K OOJbIIIEMY, KaK 3TOT OOJBIINN — K LIEJIOMY OTpe3-
KY. DTO OTHOILIEHHE BIIOC/IEACTBUM HA3BAJIM 30JI0THIM CEYEHUEM.
Peusb naer o nponopuuu ¢ pasHou 1,618...

B reomerpuu, coznaBaemont tyyamu Ceta, 3Ta Mponopuus
SIBJISIETCS OIHAM U3 3JIEMEHTOB MaTeMaTUuyeCKOro COOTHOIIEHU ST
NIPY TAPMOHUYHON COOPKE CTPYKTYPhl CTATUYECKOTO Hampsike-
HUs1 BeenenHoi. 3050toe ceueHue siBIsieTCs OIHUM U3 aCTIEKTOB
NPOSIBJIEHUSI 0COOEHHOCTH BCTPEUHOT'O IBUKEHU s TROPSIIEH CH-
a6 CBeTa, OCyIIECTBISIEMOIO OTHOCUTENIBHO LIEHTPA CO3U/IaHUs
1O JBEHAJlaTH JIBOMHBIM Kpyram, COINpsKEHHbIM IO cdepe.
B mupe marepun eMy noguMHeHo (popMHUpPOBaHUE JIIOOOH IHEP-
reTUYECKON CUCTEMBI BILIOTH JJO aTOMa, KOO B OCHOBE IPOsIBJIe-
HUsI BCETO CYILETO JIE)KUT U3Haua bHbl CBeT.

[lepeceuyenue cynep CTpyH BHYTPEHHETO M BHELIHETO MO OT-
HOIIIEHUIO K KPYTy HATSKEHU S MSATUYTONbHUKA 00pa3yeT JecsTh
BaXHEUIINX TOYEK, KOTOPBIE, KAK BUIHO Ha PUCYHKE 35, MOX-
HO OOBE/IMHUTSH B JIBA 36PKATbHO CHMMETPUYHBIX MSATHYTONIBHU-
ka FGHIK v LMNOP. OHu ABISIOTCS 3€PKaJIbHBIM OTPaKEHU-
€M BbIILIEYKa3aHHbIX MATUYTOJIbHUKOB Y CBOMMU BEPIIMHAMM JIe-
JIAT KpyT HaTspkeHust Ha 10 BHYTpeHHUX YIJIOB MO 36° KasKIbIi.
VIMeHHO Ha 3TOT yroJji MOBEPHYThl OTHOCUTENIBLHO JIPYT Apyra 3Tu
NATUYTOJbHUKY. Ecu conoctaBUTh X ¢ TOKAMU CBETOCHIIBI, TO
niepe]] HaMH BHIPHCOBBIBaeTCsI OoJiee MoTHast KapTuHa (hopMHUPO-
BaHUs1 IBOMHBIX KPyroB LIMpKy/Isuuu Ceera. Brliie otmeuanocs,
YTO 9TO CTAHOBUTCSI BO3MOKHBIM TOJIBKO MTPU YCIIOBUU PA3JIOKE-
HUS paBHOJEHCTBYIOIIMX BEKTOPOB UCTEKAIOLIETO U OTPAKEHHO-



ro CeTa Ha IAATh Nap COCTABJIAIOIIMX BEKTOPOB.

Tenepp MOXKHO CKa3aTbh, YTO 3TOT MPOLIECC OCYILECTBIISET-
cs1 TOCJIEI0BATENIbHO Yepe3 (pOpMUPOBAHUE HA HAUYaJbHOM 3Ta-
e MATA Nap MPOTUBOJACUCTBYIOIIMX BEKTOPOB, KOTOPBIE, pac-
XOISICh B KPYrOBOM CUMMETPHUH, OT (POKYyca JIMH3bI MOJl yIJIOM
72° npyr k apyry o6pasyiot nsatuyronsHuk FGHIK. Tonoxenu-
€M CBOMX BEpILUH OH OIpeJessieT B IPOCTPAHCTBE MOMEHT J10-
CTUKEHUSI TOTO HAIPsIKEHUS, KOrja MATh BEKTOPOB, BbIHYXKE-
HBI Pa3/IeJUTLCS HA COCTABIISIIONINE BEKTOPA. DTO KOMIIEHCUPY-
oliee AeNCTBUE, HAPaBJIEHO Ha COXPAaHEHUE PaBHOBECUS MEX-
1y UCTEKAIOUIMM U OTpakeHHbIM CBETOM MPU CUHXPOHHOM pac-
KpbITUU B cheprueckor cummerpuu 12 sydeid. B utore B ripesie-
Jlax (pOKaJbHBIX IUIOCKOCTEN JIMH3 BEKTOpa KaKJ0W Maphl MPo-
TUBOJEWCTBYIOIINX CHJI, PACXOASICh B CTOPOHBI, 00pa3yioT C 3a-
JAHHBIM PAJNYCOM KPUBU3HBI AyTY TOKOB cBeTOCUJIBbI. OHU (pop-
MUPYIOT BO BCTPEUHBIX HAIllpPaBJIEHUsIX depe3 oOpa3oBaHUe Isi-
TH JIEIECTKOBOTO SHEPTETHUECKOTO «IIBETKa» JIBa Kpyra BCTpey-
HoU 1mpKynsauuu Ceera. 3pech natuyronbHUK LMNOP cBou-
MU BEPUIMHAMM OTPaXaeT HalpaBieHUs1 00pa30BaHM s AOMOTHU-
TEJIbHbIX CTPYH-BEKTOPOB HATSKEHHUSI.



Puc. 35. 3on0T0€ ceyeHue B CTPyKType HalpsKeHUsl ITpaHu
3Be3HOrO JofeKasapa Beenennoil Ceeta

PaccMoTpyM OTpe3Ku cynep CTpyH BHELIHETO MATUYTOJIbHU-



Ka, OTPAaHUYEHHBIX BEpIIMHAMU NATHYronbHUKa LMNOP u co-
OTHECEM MX Ha KaxJIOM CTpPyHE MO MeTOony Nudaropenues.
Bo Bcex ciyyasix monyyum 3Ha4eHue MakCUMAJIbHO MPUOJINKEH-
HBIM K uuchy 1,618. Takoii pe3ynbTar OyneT noaydeH Mpu pac-
CMOTPEHHUHU OTPE3KOB CYIEP CTPYH BHYTPEHHETrO MATHUYTOJbHU-
K4, OTPAHNYECHHBIX BEpIIMHAMU NATUYronbHuKa FGHIK. Takum
00pa3oM, MOKHO KOHCTAaTUPOBaTh, YTO B T€OMETPUM IMPOsIBJIE-
HUs JTy4aMu TBopsen cuibl CBeTa MATHUYTOJbHUK SIBJISIETCS
(purypoii 3050TOrO ceyeHusi. B aToli cBsI3M 3B€3/IHBIN JOAEKAAP
NIPEJICTABIISIET COOOM TPEXMEPHYIO (PUTYpy, KOTOpast TApMOHHY-
HO CBSI3bIBACT JIBEHALATh JBOMHBIX KPYTOB BCTPEUHOTO JIBUKE-
Hus sHeprun Ceera.

DTa rapMOHUs B3aMMOCBSI3U IMHAMUKU U CTaTUKU B MPOSIB-
JICHUH TBOpsIEer cuiibl CBeTa Tak:ke MPOoCyeKMBaeTCs B (popMu-
pPOBaHMHU TMIIEPKyOa BHYTPEHHEH CTPYKTYpbl HanpsikeHus. Ero
CBS3b €O cpepoil BeeneHHOM oTpaskeHa MOCPEICTBOM MPOIOp-
U €rUIEeTCKOro U 30JI0TOr0 MPsIMOYTOJIbHBIX TPEYTOJbHUKOB,
KOTOPBIE, KaK U3BECTHO, ONPEAEIAIOT, COOTBETCTBEHHO, KOH(pH-
rypauuio eruneTckux nupamuj Xedpena u Xeorca. Hackonbko
yKa3aHHbIE IPEBHUE ApXUTEKTYPHBbIE 1LIEIEBPbl UMEIOT CBOE ITPU-
JIOXKeHUe B paccMarpuBaemor monenu Bcenennoint Ceera, Ham
NIPE/ICTOUT YOSAUTHCS HITKE.

3a 1500 ner no Iludaropa apeBHUE ETMNTSHE 3HAIM, YTO
TPEYroJIbHUK CO CTOpPOHaMHU 3, 4 U 5 sABJIAETCA NPSIMOYTOJIbHBIM
Y UCIONB30BAIM 3TO CBOWMCTBO [JI1 MOCTPOEHUS MPSIMBIX YI-
JIOB IIPY CTPOUTENBCTBE. BrocneacTBUM 3TOT 3HAMEHUTHIN I'pe-



yeckuil ¢puaocod M MaTEMATUK BbISIBUI 3aBUCUMOCTb MEXIY
CTOPOHAMM 3TOTO TPEYIoJbHUKA, KOTOpasi Bblpakaercs: (popMy-
noii 3% +4% = 52, T.e. cymMMa KBaJpaToB KaTeTOB paBHA KBAJpa-
Ty runoreny3sl. B kuure Enenckoro (1961) «Ilo cnepam Ilu-
(paropa» roBopurcs, yTo BHauase nudaropeiipl ObLIM yBEPEHbI
B COOTBETCTBUM CTOPOH JIIOOOTO MTPSIMOYTOJIbHUKA 3TOW (POpMY-
Je. B naypHeiem ux ucciaeaoBaHus MoKa3aiu, YTo 3TO He Tak.
B 371011 CBSI31 BO3HMKAET BOIIPOC OTHOCUTENILHO IIPUYMHBI U3Me-
HEHUsI MHEHMSI MAaTeMaTUKOB M(aropercKom IIKOJIBI.

ABTOp yKa3aHHOW KHUTY KaK IPUMEP NMPUBOJUT Pl pa3Me-
POB CTOPOH TPeyrojabHUKOB (5-12-13, 15-8-17, 7-24-25 ...), Ko-
TOpBIE NP MOCTPOSHUM AEUCTBUTEIHHO OYIyT MPSIMOYTOJIbHbI-
MU ¥ OTBedaloT nudaropeiickum ycosusam a + b? = ¢ Onna-
KO HU OIMH U3 HUX HE OTBEYAET INIABHOMY YCJIOBUIO — CTOPOHBI
TUX MPSMOYTOJIbHBIX TPEYTOJIBHUKOB HE HAXOJATCS B COOTHO-
mieHnu 3:4:5. VIMEHHO MO OTHOILIEHMIO K TAKOMY TPEYTOJIbHUKY
[Mucparop BbIBEN OTMEUEHHYIO 3aBUCUMOCTh. OH 0CcO00 yTBEp-
JKJAJI, 4TO, pa3JesiiB OTPE30K Ha 12 paBHBIX YacTeu U CJIOXKUB
TPEYrOJIbHUK CO CTOPOHAMH, COOTBETCTBYIOIIMMHU TPEM, YEThI-
PEeM U MATH, MOJYYUM NPSAMOYTOJIbHBIN TpeyroyibHUK. Ha mon
B3IJISI, 9TO OOCTOSITENILCTBO CTAJIO YKACHBIM OTKPBITHEM JIJIsI
nu(paropernLes, YTO MUP YHACEN IIPOTUBOIIOTIOKEH MUPY F€OMET-
PUYECKUX MOCTPOECHUI. DTO MOAOPBAJIO UX BEPY B BO3MOKHOCTD
0O0bsICHeHU sl sIBJIeHUI BO BcesleHHOI ¢ TOMOIIbI0 HAaTypasIbHBIX
yrcel. [IoaToMy oHU ObLITM BBIHYKIEHBI COXPAHUTh TO OTKPbI-
THE B TallHE.
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