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OCHOBHDIE MOJIOKEHUSI YHUBEPCAJILHOI TEOPUH
MPOCTPAHCTBA (YTII)

BceBo3mokHBIE (POPMBI M METOIBI H3YUCHHS KaKOTO-THO0 (hr3ndecKoro mporuecca,
KaK IPaBUII0, TAIOIINE HEOTHO3HATHBIC PE3YIIBTAThl — BCETO JIUIIIb Pa3HbIC HAIPABICHUS
TECTUPOBAHUS M OCO3HAHUS OJHON M TOH ke MH(POPMAIMOHHON KOHCTpYyKIHH. B
OCMBICIICHUH (PyHIaMEHTAIbHBIX 3aKOHOB CYIICCTBOBAHUS M pa3BUTHs [Ipuposst
(Bcelt COBOKYITHOCTH OKPY’KalOIIEro MHpa) BCETIa M Be3Jle MPUCYTCTBYET OIpere-
JIGHHBII CyOBEKTUBH3M, B IIEPBYIO OYEpE/lb, CBSI3AHHBIN C TEM, KaKas METOIOJIOTHS 1
TEXHOJIOTHsI OBLIN TIOJIOKEHBI B OCHOBY JITOPUTMA PACCMOTPEHUS U aHAIN3a KOHKPET-
HOTO IIpolecca Wik B 0a3zy co3JaHusi TEOpeTHYecKoil koHienuu. OYeBUHO, 4TO
J000H TEXHOJIOTHYECKHI NPUEM ITpoenupyeT cedst B popMy KOHEYHOTO pe3yibTara,
a UTOTOBBIE MOJIEJIN HEM30EKHO CoJepKaT B cede «ciem» alropuTMa, JIeKaBIIero B
OCHOBE UX (POPMUPOBAHUSI.

O01mast TeoOpusi OTHOCUTEIBHOCTH OTKPBLIA HEMOCPEICTBEHHYIO CBSI3b (PU3UICCKUX
3aKoHOB BcesneHHOM ¢ reomeTpueil MpoCcTpaHCTBa, I71€ JOKabHbIE U3MEHEHUS €€ CTPYK-
TypHOW KOMIIO3HMIIMU CTAHOBSTCS TNPUYUHON CTPOTO OMPEACICHHOTO (DU3MYCCKOTO
B3auUMOJIeicTBUsI B Makpomupe. [IpoTuBopeuns, BOZHUKIINE MPHU MOMbBITKE CO3AaHUS
YHHUBEPCAJILHON TCOPUH, OMHCHIBAIONICH BCe (YHIAMCHTAIBHBIC B3aUMOJACHCTBHS U
CIIPaBEJIMBOM JUIsl MAKpO- U MUKPO- MUPa, IPUBEIH K MOSBIECHUIO Pa3BUTON «TEOPUHU
CTPYH», OIEPUPYIOLICH TCOMETPUICCKIUMU O0BEKTAMH KpalHe CIoKHOU (popmbl. Kak
CJIE/ICTBHE, CYry0O TeOMETPHYECKHE MareMaTH4eCKHe IOJXO/bI MO3BOJIMIIN TIOJTY-
YUTh HOBBIC OMUCAHUS M3BECTHBIX (PU3HUCCKUX siBICHHUA. OOBIICHHBIMH CTAHOBSTCS
MHOTOMEpHbIE MPOCTPAHCTBA HETPUBHAIBHOM TOIOJIOTHH, MTO3BOJISIOIINE ONKUCHIBATH
KaK TIOBEJIEHUE MAaKPOCHUCTEM B TEOPWUH KBAHTOBOW I'PAaBHTAIMU, TaK U OCOOEHHOCTH
KaJTHOPOBOYHBIX IMOJIEH B CTAaHAAPTHON Monenu Mukpomupa. OTKyaa BOZHHUKAeT Takas
cBsi3b (hOpPMBI NIPOCTpaHCTBA U (pusnueckux 3akoHoB? Hacrosimas pabora mpeasaraer
MOJIeITh, OOBSCHSIIONTYTO TPUYNHBI TAKOW 3aBUCHMOCTH.

Kpatkoe wu3nokeHHEe HEKOTOPHIX OCHOBHBIX MO3HWIMH TpenjaraeMoil yHHBEp-
caipHOI Teopun npoctpancTa (YTII), mpuBeneHHoe nanee, MpeanoIaracT OTBETH
Ha IEJbIA psii OYeHb BaKHBIX BOIIPOCOB, @ IMEHHO: B U€M 3aKJIFOYAIOTCS IIPHHIIHIIBL,
mo3Bosstrontie Beemennot (Ilpmpome) cymecTBoBaTh B BHIE CBEPXCTAOMIBLHOM
opraHu3anun?

Kakme mpoueccsl BHYTPH 3TOH CHUCTEMBI INOPOXKIAIOT Takue CcyO(opMbl, Kak
lanakTuky, 3BE3HBIE CUCTEMBI, IUIAHETHI MIIH PA3IMYHOTO POIA MAaTepHIO?

Kakue ycnoBusi TpeOyrOTCsS Ui BOZHMKHOBEHUSI M CYIIECTBOBAHHUSI BCEBO3-
MOYKHBIX OHMOJIOTUYECKUX 00BEKTOB?

[ToueMy OHU UMEIOT UMEHHO TaKyl0, a He HHYIO0 KOHCTPYKIIHIO?

W nanboniee MHTEPECHBIN BOINPOC: YTO )K€ MEPBUYHO B OOpa30BaHUMU aKTHBHOU
(6uonornyeckoil) mMarepuum — MpocCTelInne (GOPMbI WIM MPOTOTHII YPE3BBIYAHHO



CJIIO)KHOW CXEMBI BCTPEYHOTO B3aUMOICHUCTBUS, PEaM3YIONINNA ceOst B BHIC Mare-
PUAIM30BAaHHON TUIEPKOMIUJIEKCHOM CHUCTEMBbl HHIUBHUAYaIbHO-JTUYHOCTHOTO
co3HaHusg?

Jlis oTBETa Ha 3TH BOIMIPOCHI MPE/JIAraeTCs pacCCMOTPETh HEKOTOPhIE OCHOBOIIOJIA-
TafoIIue MPUHITUIEI 00Pa30BAHUS PETYISIPHBIX THIIEPKOMIIIIEKCHBIX CHCTEM IITHPO-
KOTO TIpoHIIsi, OTpakarolre ocHOBHBIE mo3uru Y TTI, B KOTOpoil aHATU3HPYIOTCS
(u3nyecKrue acIeKThl PEaTbHOCTH, a HWCIOIb3yeMas METOJHKA MEKCHUCTEMHOTO
COIIaCOBaHMs 0a3uUpPyeTCsi HA MPUHIMIIAX PE30HAHCHO-CTPYKTYPHOTO B3aMMOJICH-
ctBusi. Yare BCcero TakoW MPOIECC acCOIMUPYETCSl ¢ MHOTOYPOBHEBOW HHTEpde-
pennmeii. B Buae obmiero moaxoma OHA OPraHWYHO BXOAWT B JAHHYIO KOHIICIIIHIO,
(hopMHPYST COOTBETCTBYIOIIYIO MAaTPHILY PEIICHUH.

JlpeBHUE UCTOUYHUKU YTBEPHKAAIOT, 4TO «MUp MOKOUTCA Ha Tpex KuTax». B sTom
paKypce yMECTHO BCIIOMHHTb, YTO KaXJbli 21€KTPOMArHUTHBIA MMITYJIbC MPeCTaB-
nsieT co0OM TpU B3aMMHO MEPIEHAMKYISPHbIE BEKTOpa MOJSIPU3aLUK, MAaTHUTHOU U
IEKTPUYECKON HAMPSHKEHHOCTEN. [ 0OBOPsI COBPEMEHHBIM $13bIKOM, 3TH TPH ACIIEKTa, HE
MIPUHAISKALINE OJHOH CMBICIIOBOM KATETOPUH, OIIPEEIISIOT JIEMEHTapHYI0 CTa0HIIb-
HOCTb AJIEKTPOMArHUTHOM BOJIHBL. Tpy 0a30BbIE MO3UIINHU, OTHOCSIIIIUECS K IPUHIIAIIH-
aJIbHO pa3HbIM GopMaM (U3HUECKOI pealbHOCTH, @ UMEHHO — MaTepHs, SHEeprus, u
IIPOrPaMMHO-OPUEHTHPOBAHHAsA MH(pOpManys, 00pa3yrolas IepBbIe ABE KaTErOPHH —
JIe’KaT B OCHOBE CO3/IaHHS CBEPXCIIOKHBIX PETYISIPHBIX THIEPKOMIIJICKCHBIX CHCTEM,
HUMCIOIIMX YPE3BBIYAHO BBICOKYIO CTAOMIIBHOCTH CBOMX ITPOCTPAHCTBEHHO-BpE-
MEHHBIX XapaKTePHCTHK, BO3HUKAIOIIUX B PE3yNbTaTe IyOOKOro BCTPEYHOro COorvia-
COBaHUsI COOCTBEHHBIX CTPYKTYPHBIX KOMHOSHHHﬁ, KaK U3BECTHO, UMCIOIIHNX 3JICKTPO-
MarHUTHYIO TIPUPOLY.

Crabuim3anys KaXKIol U3 3TUX TpeX 0a30BBIX MO3UIIMH MPEAIoIaracT BOSHUKHO-
BEHHME BCTPEUHOIO PE30HAHCA, PEaJTM3yeMOro B UTEPATUBHOM AITOPUTME (paKTaib-
HOTO TIOCTPOEHUSI CIOKHBIX CTPYKTYPHBIX KOMITO3MIIMI Ha 0asze MepBOHAYaIbLHOTO
3BeHa (IIPOTOTHIIA), 3aJI0KEHHOTO B MPOrpaMMmy (DOPMHUPOBAaHUS M CTAOWIM3AIUN
MOZEINPYyeMOro 00ObeKTa, Ipolecca WK aHauu3a. iTepaTuBHOE MOCTPOEHNE PE3yIib-
THUPYIOIIEH KOHCTPYKIIMH COCTOUT B TIOCIIEIOBATEIILHOM IIPIMEHEHUH 0TOOpaXkeHMUs
(comocTaBiIeHUN) CTPYKTYPhl HAa4aJlbHOTO 3BeHa ((YHKIMOHAIEHOH OCHOBBI), B3au-
MOJICHCTBYIOIIETO CO CBOCH aOCONIIOTHO aJICcKBATHOM BCTPEYHOU (YHKIIUCH, Ha BCIO
cucremy. [IpuMepoM B3anMoAEHCTBUS ¢ aDCOIOTHO aJIeKBATHOM BCTpeuHOU (pyHKIMen
SIBISIETCSI 2JIEMEHTapHas CTOsTYast BOJIHA, KOTOPast IPEICTABISIET COO0M CHCTEMY pe30Ha-
TOPOB U CYIIECTBYET, HE TPEOys [UIsi CBOCTO MOACPKAHNS JOTIOTHUTEILHOM SHEPTUH.
OOpa3oBaHHasi B MTOT€ CTPYKTypHas CXeMa, KOTOPYI0 MOXXHO WHTEPIPETHPOBATH
rpau4ecku, MPEACTaBUT COOOW MHOTOYPOBHEBYIO (paKTajJbHYI KOHCTPYKIIHIO
(T.e. 0TOOpaXKEHHYIO caMy Ha ce0si MaTpHIly BCTPEUHBIX B3aUMOJCHCTBHIA), B KOTOPOIt
MIPOSIBIIEHB! «OTIpaBHBIE» (HOPMBI M TPHHIMIEI 0A30BOTO MPOTOTHIIA, HapyIICHHE
KOTOPBIX TpeoOpasyeT runeppakTaJbHbI KOMIUIEKC B CaMOpa3pyIIaloIlyrocs
THIEPKIIACTEPHYIO MAKPOCUCTEMY.
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Harnsimaele mpumepsl — CTPYKTYPBl KPHCTAJUTMYECKUX PEMICTOK (MOHOKPH-
CTaJJIOB), @ TAaK)Ke CTPOEHHE OMOIIOTHYECKUX OOBEKTOB, TJE CYIICCTBYIONIIUHN T'eHe-
TUYECKUI MPOTOTUI PAa3BOPAUUBAETCS 110 ONPEAEICHHOMY aJIFOPUTMY U3 OJHOM-e-
JIMHCTBEHHOM, 0COOBIM 00pa3oM aKTHBHPYEMOU KJIETKH B OpPTraHU3M, COCTOSIIUN U3
COTEH MWJUTHAP/IOB €€ IMPOW3BOIHBIX aHAJIOTOB, IMCIOIIUX B ceOe SAMHYIO U BCEX
cyb6dopm runepkiiacteproit 6uodopmsl 6a3oByto mMarpuiy (JIHK).

B pesymsrare TOro, 4TO BCE MHOXECTBO B3aMMOCBSI3EH BCTPEYHO OTOOpa-
’)kaeTcst (Mpoernupyercs) Ha JiIoOyl0 CBOIO YacTh, MPOSIBISIETCS TaKoe CBONCTBO
CHCTEMBI, KaK (u3ndeckoe U (QYyHKIHOHAIBHOE CaMOIo100He, KOrna MPOU3BOJIEHO
BbIOpaHHasi 00J1aCTh MTPEACTABISIET COO0M MPOSKIIMOHHYIO KOIHIO MOJHOW CTPYKTYPBI.
PaccmarpuBas (pakranbHble 00BEKTHI, BXKHO OOpaTnTh BHUMaHHE Ha (OPMHUPO-
BaHHUC DJICKTPOMATHUTHOW MPOCKIMUA UX COOCTBEHHBIX XapaKTECPUCTHK — CYIIEPIIO-
3UIUH, SIBISIIOLICHCS CI0KHON MHTep(epeHINnOHHO KapTruHOH. [Tpoekuns — ato
HE KOTIHS, a TI0JIEBOE MPOM3BOIHOE 00pa30BaHHe, IO KOTOPOMY depe3 «KOdPHUITHEHT
COOTBETCTBUS» MOXKHO OMNPEACIUTh MCXOMHBIM OOBEKT mim 0azoByro (yHKIH0. B
9TOM CMBICIIE IPUMEPOM (PpaKTaIbHOrO 00bEKTA SBIISIETCS TONIorpaduueckoe n300pa-
JKeHHUE, B KOTOPOM IPAKTHYECKH I10 JII0OOMY «OCKOJIKY» MOXXHO BOCCTAaHOBUTD CTPYK-
TYpHYIO (OpPMY BCEro 00BEKTa LETUKOM, XOTSI M C TIOTEepeii KauyecTBa B 3aBUCUMOCTH
OT MmapamMeTpoB pparMeHTa.

Kakum 06pa3om ppakraibHas CHCTEMa MOXKET YCTOWYHBO CYIIIECTBOBATh B pa3Bep-
HyTO#H popme? OCHOBHBIM KPUTEPHEM SIBISIETCS MUHUMU3AIUsl TeHJCHIMH K CIIOH-
TaHHOH MPOBOKAIMK KaKUX-JIMOO BHYTPEHHUX KOH(MIMKTOB M NMPOTHUBOPEYUH, T..
00pa3yrolias BCTpEUHOE B3aUMOJCHCTBHE (PE30HAHC) CTPYKTYpHAst OCHOBa (CXema)
CUCTEMBI JIOJDKHA CTPEMHUTHCS K aOCONIOTHOH COIIACOBAHHOCTH (KOI€PEHTHOCTH).
CrpemiieHHE WIM TEHJCHIUS K OTCYTCTBHIO BHYTPHCHCTEMHBIX NPOTHBOPEUHUI B
000 cxeMe B3auMOACHCTBHI MOXKET ObITh C(HOPMYITHPOBAHO B BHJIC YTBEPIKACHUS
0 TOM, YTO «CyMMa» BCEX BHYTPEHHHUX B3aHMMOACHCTBUII TF000H yCTOWYNBON CHCTEMBI
JTOJDKHA CTPEMHUTHCA K HYIMIO (IIPUHIMI HAaWMMEHBINETO JCHCTBHS», paccMaTpHBa-
eMBIil B Kypce o0meil ¢pu3ukn). Y TOYHEHHEM NPUHIUNA CTaOMIN3ali THIEPKOM-
MJIEKCHBIX OOBEKTOB MOXKET OBITH CIEYIOILEE BBIPAKCHUE: BCTPEUHAsl CyMMapHas
MHTErpanusi CUCTEMHBIX B3aMMOCBSI3eH JIOJDKHA 00eCIIeurBaTh MaKCUMAJIbHYIO KOTe-
PEHTHOCTb, OINPECIISIONIYI0 OOIIECHCTEMHYI0 HEMTPAIbHOCTE M UTOTOBOE PaBHO-
Becre OOMEHHBIX pPeaklUii B3anMOIEUCTBUS (BCTPEUHBIH pe30HAHC), B pe3yibrare
Yero TMPOTeKaHWe BceX Oe3 HMCKIIOYEHUs BHYTPEHHHUX MPOIECCOB 005S3aHO OBITH
MaKCHMaJIBHO TOYHBIM M CTPOIO COINIACOBAHHBIM, a HaOErarolye MOTrPEelIHOCTH
JIOJDKHBI aBTOMAaTHYECKH Au(QepeHnpoBaTbes MoJ BO3IEHCTBHEM COOTBETCTBY-
IOIIUX TeHJCHIMH caMoperyisinuu. JaHHBIH Te3HC 110 CBOEH CyTH IpejroyiaracTt
pelIeHne MPOCTPAHCTBEHHOTO THIIEPKOMIIJIEKCHOTO YPAaBHEHMsI, XapaKTepHU3y-
I0Illee MPOTPaMMHEIE, BOJIHOBbIE, (PM3HUECKHE, XUMHUYECKHE M T.J. NapameTpbl
COCTaBHBIX CyOdopMm, ompenernstomune aOCOTIOTHOE PAaBHOBECHE paccMaTpHBa-
€MOH CHCTEMBI, UMEIOIIIEH 2JIEKTPOMArHUTHYIO IPUPOTY.



W3BecTHBI clenyiomue BUABI B3aMMOCHCTBUS: BOJHOBBIC, XapaKTEPH3yeMble
rapaMeTpaMHu JUTHHBI BOJHBL, aMIUTNTY/bI, (ha3bl M BEKTOpA B3aMMOICHCTBUS, U PE30-
HaHCHBIE KBAHTOBBIE MTPOIIECCHI, KOT/Ia UMEETCSI HEKOTOpPOe 00pa3oBaHKe, MPEICTABIS-
1omiee co00i BEICOKOMHTETPUPOBAHHOE CTA0MIIBHOE MHOKECTBO BOJTHOBBIX (DYHKIMH
B BHJIE€ MOHOCHCTEMBI BCTPEYHBIX PE30HAHCHBIX B3aNMOOTHOIIEHHH, B KOTOPOM CTPOTO
COIVIaCOBAHbI YacCTOTHI, aMIUIATY/BI, (a3bl M JUarpaMMbl HAaIpPaBICHHOCTH BCTPE-
HOTO B3aMMOJEHCTBHA Bcex cyOdopm. [l BOSHUKHOBEHHS (PAKTAIHHOTO Pe30-
HaHCa HEOOXOIMMa COIVIACOBAHHOCTh HE TOJBKO YACTOT, AMIUIUTYA U (ha3 BOITHOBBIX
IIPOLIECCOB, HO, OCHOBHOE TPeOOBaHHE — COINIACOBAHUE AMATPAMM BCTPEYHOTO B3aU-
MOJEUCTBUS UX BEKTOPOB MOJAPU3ALUU, MIEKTPUUECKON U MarHUTHON COCTaBIIs-
omux. JnarpaMmma HarpaBpJI€HHOCTH — 3aBUCHUMOCTD aMILIUTYIIbl BEKTOpA Harpsi-
»keHHOCTH E B nmanbHeil 30He OT yIIoBbIX KoopauHat Touku Habmonenust P (E (0,0)).
AOCOIIIOTHAsT COIIACOBAHHOCTH OIpPEAEISIET MHOTOYPOBHEBYIO CHUCTEMY BCTped-
HO-OOMEHHBIX B3aMMOOTHOIICHUH, IJieé PE30HAHC CTAHOBUTCS EJUHCTBEHHOH HX
MIPOSIBJICHHOM (OpMOH, a o01iast AuarpaMma B3auMOJICHCTBHUI MTpeIcTaBisieT co0on
panuycsl, oopasyromue runepcdepy — chepy, coOOpaHHYIO U3 COOCTBEHHBIX aHAJIOTOB
(camoadrHHBIN 00beKT). Bee mporecehl B Takol yHHBEpCAJIBHOM CHCTEME CHHXPO-
HHU3UPOBAHBI OTHOCUTEIBHO LIEHTPA, @ YPOBEHb €€ BHYTPHUCTPYKTYPHOM SHTPOINA
CTPEMHUTCS K HYITIO.

CortacoBaHHas, T.€. KOTEPEHTHAS CHCTeMa 00s3aHa UMETh BHYTPEHHHE TpaIali-
OHHBIC YPOBHH, COTIOCTaBUMEIC C MTOHATHEM «IHara3oHsn. OHa TODKHA OBITH (pax-
TaNBHOM, TIPEACTaBIIsI co00ii camoadPUHHBIN OOBEKT C €AMHOW AJIS BCEX CBOMX
MOJICHCTEM C(eprUecKoll TuarpaMMoil HANpaBICHHOCTH BCTPEYHOTO B3aWMOICH-
CTBUS COCTABIIIIONINX CyO(POPM Kak MIPOU3BOIHBIX IPOEKITHI 0230BOT0 MPOTOTHUIIA.

[Ipu ycaoBuu aGCONIIOTHO COTIIACOBAaHHOTO B3aUMO/ICHCTBHSI BOJIHOBBIX IIPOLIECCOB
LIMPOKOTO JIMana3oHa 4acToT, MOSBISIIONIErocs B pe3ysbTare (POpMUPOBaHHs BCTPE-
HOTO pe30HaHCa, BOSHUKAET eAMHast Il BceX cyO(hopM MHTerpanbHas MOHO(pOpMa —
«KBaHTOBBII 00bEeKT». [1011 5THM IOHMMAaETCsl CaMOIOCTATOYHAS PEryJIsIpHasi CHCTEMa
PE30HAHCOB, K KOTOPOH HEJIB3sT HUYEro «IPUOABUTH» M OT KOTOPOH HENb3s HUYETO
«OTHSATH» BHE HEKOETO MacITaOHOro jorycka. [IpucoelMHUTh MOYKHO JIMIIb MOAYJIb,
UMEIOIINH CTPYKTYPHYIO KOH(UTYpalnio, COOTBETCTBYIOIIYIO TAHHON CHCTEME, WIIN
MTOTCHIIMAJ, HECYINH aHATOTHYHYIO0 MAcIITa0HYIO [EIOCTHOCTh, MAIONIYI0 BO3MOXK-
HOCTh KBaHTOBOH CHCTEME CO3/1aTh COOCTBEHHBINH aHayor ((hpakTaabHOE KIOHHPO-
BaHIC) WU MMOITHOIICHHBIN CTPYKTYPHBIN YPOBEHB B PaMKaX COOCTBEHHOTO (ppaKTab-
HOTO aJITOPUTMa, HE MTPOBOLUPYIOIIETO ITOTEPIO 0OMIECHCTEMHOMN COTTIACOBAaHHOCTH.

Takum o0pa3oMm, cucTema, IpeACTaBisomas coboii camoadduHHYO TruIIEepC-
(hepy, U1 IPUCOCTUHECHHUS K ce0e HEeKOTO «3apsiiay MOJDKHA pealn30BaTh DHEPTo-
IMOTCHIINAJ, JOCTATOYHBIN I MIOCTPOCHHS aHAJOTHYHBIX CBOEMY MPOTOTHITY (Ppak-
TaJIbHO Pa3BEPHYTHIX CTPYKTYPHBIX KOMIUIEKCOB (000JI0YEK) Kak BHYTpPH, Ha BCEX,
WM Ha KaKOM-TO U3 CBOMX YPOBHEH, Tak W paBHOMEpHO Mo nepudepun. COpocuTh
Takas CHCTEMa MOXET TOJBKO MAacIITaOHBIA aHAJIOr B3aMMOCBSI3CH, KOTOPBIH, Kak
HeKasl CTPyKTypHasi IpyTIIa, 10 MOMEHTa cOpoca ObIJT COIIaCOBAaHHO BHEAPEH B OOIIYIO
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(pakTaabHy0 KoHCTpyKnuio. [Iprunna aist cOpoca Beerna MOXKeT ObITh TOJIBKO OfHA
— 9TO MHUIMHPOBAHHOE ITOBBIIICHUE WM COXPaHEHHE COOCTBEHHOM YCTOMYMBOCTH C
TIO3UINH TUTIepc(heprIeckoit TuarpaMMbl B3aUMOICHCTBHH.

Wrak, ecnu BoHOBBIE (YHKIIUH 32 CUET UX 3(PPEKTHBHOTO KOTEPEHTHOTO MPE0b-
pa3oBaHUs NPUXOAAT K aDCOTIOTHOMY COTIACOBAHMIO, HA OCHOBE Y PEeKTa BCTPEIHOTO
pe30oHaHca BO3HHKAeT KBaHTOBas (opma, oOpasyiomas GpakTaabHbIH CTPYKTYPHBIH
Kapkac B3aumMocBsizeil. Ilpu sTom cymiecTByeT HeKuil mpeaen HeoOXoMUMON SHEPTHH,
KaK MHHMUMAaJIbHOE 3HaY€HHE MapamMeTpa IJIOTHOCTH AJIEKTPOMArHUTHOTO OIS, I0CTa-
TOYHOE IS 3/IEKBATHOTO PACTIPECIICHHSI TIOTEHIIMAA C TO3UIIMH UMEIOIET0Cs CTPYK-
TypHOro mnpororumna. 1o cBoeit cyrn camoadMHHBIA NPOTOTUII HE MOXKET CHHTE-
3MpOBaTh ACUMMETPUUHYIO KOHCTPYKIHNIO. [109TOMY HEprornoTeHI[aN I0KEeH ObITh
JIOCTaTO4EH JJIsl TOTO, YTOOBI OH MOT PABHOMEPHO MEPEepacipeesuTHCS M0 COOTBET-
CTByIOLIEMY (DpaKTaIbHOMY aJTOPHUTMY B paMKaxX Kakoro-TO, IyCTh CaMOTo MOBEpPX-
HOCTHOTO ypOBHS cHCTeMBbl. CTPYKTypa KOHKPETHON KBAaHTOBOW (POPMBI HUMEET CTPOTO
OTIPE/IETICHHYIO KOJIMYECTBOM PE30HAHCHBIX CBSI3€H €MKOCTb, T.€. CIOCOOHA yJepiKaTh
JIMIIb ONPEIeNICHHOE KOJIMYEeCTBO dHepronoTeHnuaia. CiienoBareibto, 1000 sHep-
TONOTEHIMA, OO MUHUMAJIBHOTO ITPEeNa 1 MEHBIINH MaKCHMaJIbHO BO3MOXK-
HOTO 7151 BOCIIPUSITHS, Oy/IET YCBOCH M Tepepactpe/iesieH BHYTPH BCEH CHCTEMBI 0e3
ee Teperpyskd, a AC3UHTErpalnusi TaKoOW CHCTEMBbI BO3MOXHA, TOJIBKO €CIIH OHOMO-
MEHTHO 3aTpauyMBaeTCs SHEPrONOTEHIMAN, HE MEHBIINH, 4eM ee COOCTBEHHBIH,
MIpUYeM Iporecc OyaeT OMHOBPEMEHHO MATH B JIByX BCTPEUYHBIX HAIMPABICHHUSIX —
mudpepeHIranuy ¢ BBIJACICHHEM MHHHUMAIBHBIX CyO(OpM ¢ MO3WINU JUCKpETa
CHCTEMBI M MHTETPAIIUH ITOJTy9E€HHBIX KaTETOPHH B CTPYKTYPHYIO MaTpHILy, OTIpeie-
JISFOLILYTO IPOTOTHUIT CUCTEMBI.

B nocietoBaTeibHOM MPOABUKCHUH K a0COIFOTHOMY BHY TPUCHCTEMHOMY PaBHO-
BECHIO ¥ CTAOMJIBHOCTH (HE 03HAYAIOIINM, OJTHAKO, TIPeKpaIicHue GyHKIIHOHATLHOMN
JCATEIILHOCTH) W 3aKJII0YacTCsl KOHCTPYKTHBHASI JBOJIIOLUS JIFOOOW HE DJICMCH-
TapHOU CTPYKTYpPHOUH 0O0IIHOCTA. UeM MEHbIIC BHYTPUCUCTEMHBIX TPOTHBOPECUUI
J000T0 THITA, TeM OoJice CTaOMITbHA KOHCTPYKITHS B 1IeJIoM. MOXKHO YTBEPXKIIaTh, 4TO
Bce ()OPMBI MATOJIOTHYCCKOTO MPOSIBICHHUS (DYHKIIMOHAIBHBIX MPOIIECCOB OMOJIOTH-
YECKOTO OpraHM3Ma WM KOMIUIEKCa (PH3MYSCKUX B3aUMOJCHCTBHI OKpYyKaromien
Cpelbl SIBIISIOTCS BBIPAXKEHUEM HEKOTOPBIX XapaKTEPHbIX CUCTEMHBIX MPOTUBOPEUUI
B BHUJI€ U3HAYAJIBHO HEJOCTATOYHON COIIACOBAHHOCTH MPOrPaMMHO-CKOMIIOHOBAHHBIX
KaTeropuil aJeKBaTHO CHUCTEMATHU3MPOBAHHOIO MPOTEKAHUS MHOXKECTBA Pa3IUYHbIX
BHYTPHUCTPYKTYPHBIX OOMEHHBIX PEaKIWi, NMEIOIINX, KaK W3BECTHO, DJIEKTpOMar-
HUTHYIO IPUPOLY.

YucaoBasi XapaKTEPUCTHUKA IEPBOTO YPOBHS CTAOHUIBLHOCTH JIIO0OW CHCTEMBI
— KOJHMYECTBO BHYTPHUCHCTEMHBIX IPOILECCOB, KAYCCTBEHHO CGHOPMHUPOBAHHBIX
COIIaCHO COOCTBEHHOHW MPOrpaMMHO-TIOMYMHEHHONW OCHOBE (IIPOTOTHITY) JOJDKHO
ObITh He MeHee 61,8-66,6%, 4TO claeayeT U3 MPHUHIUIA JOMHUHAPOBAHUS THUHAMHUYC-
CKOM IMPOU3BOTHON (DOPMBI U XapaKTEPU3YET TCHCHIINIO K 00Pa30BaHHIO YCTONIUBON
PE30HAHCHO-BOJIHOBOH CTAI[MOHAPHOU CTPYKTYphl 00bekTa. HeoOXoauMo oTMETUTb,
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YTO TPOLICHTHOE COZAEPKaHNEe SPUTPOLUTOB MPABHILHON (POPMBI B KPOBH UEIIOBEKA
COCTaBJISIET UMEHHO 9TO 3Ha4eHue. Ecii 1TaHHOTO COOTBETCTBUS HET, TO OYEHB OBICTPO
MOSIBIISIETCS TEHJICHIMSI K CaMOPa3pyIIEHUI0 opranu3ma u rubenu. Takum oOpaszom,
Hanuuaue faxe 61,8% comracoBaHHOCTH BHYTPUCTPYKTYPHBIX OOMEHHBIX ITPOLIECCOB
THIEPKIACTEPHONH OHOCHCTEMBI  O0ECIIeUMBACT JIOCTATOYHO HPOIODKHUTEIBHBIHI
ypOBeHb (DYHKIIMOHAIBHOW YCTOWYUBOCTH.

CrieoBaresbHO, OCHOBHOM BEKTOP (CTBOJIOBas (hopma) IBOIIOIMH JIHOO0H rurep-
KOMIUIEKCHOW CHCTEMbI, alpUOpU SIBIISIOIICHCS] COCTAaBHOM 4acThio MIOOAIbHON
TUTICPKIIACTEPHON KOHCTPYKIHH, IIaHETApHOW M Ooiiee MacmTaOHOW Ccpemsl
oOUTaHUsI — CTpeMJIEHHE K aOCONIOTHOW BHYTPEHHEH M BHEUIHEH COIIaCOBAaHHOCTH
Bcex 0e3 MCKIIOYEHMsI COOCTBEHHBIX MPOTPAMMHO-OPHUEHTHPOBAHHBIX OOMEHHBIX
MIPOIIECCOB, ITPOBOIUPYIOIICE CIIOHTaHHYO AU (EepEeHITHALINIO THOOBIX TCHICHIIHIA,
(dbopMupyIOmUX HE CAHKIIMOHUPOBaHHBIE MH(HOPMALIMOHHO-TIPOTPAMMHBIM MIPOTO-
THIIOM TIPOM3BOAHBIC TOTPEIIHOCTH. Takas HaNpaBIEHHOCTH IOCIEI0BATEIHEHO
BO3pacTarolleii NpOrpaMMHO-OPUEHTUPOBAHHOM CaMOPETYIISIN 00ECIIeYNBaAET BBIXO]
B CynepcTabMIIbHOE COCTOSIHUE TPH JIIOOBIX MPOSIBICHUAX (PU3NYECKON PeaIbHOCTH,
KOTOpbIE Ul KOHKPETHOTO OOBEKTa MOTYT ObITh HEKOHCTPYKTHBHBIMH JIMIIb B
pe3ynbTaTe TOTo, YTO OKPY’KaIOIIee IMPOCTPAHCTBO (KaK MaKPOOOBEKT) OPTaHN30BAHO
MeHee KayeCTBEHHO, YEM OH caM. B cBoro odepesib, ey NpOoCTPaHCTBO OPTaHU30BAHO
OoJiee KaueCTBEHHO (TO €CTh KOTEPEHTHO), YeM O0BEKT, TO OHO Oy/leT MOJEIMPOBAThH
[0 OTHOIICHHIO K HEMY TOJBKO TMO3UTHBHBIC TEHJCHIUH CTPYKTYPHOU peryJisiuH,
KOPPEKTUPYs JII0ObIe BO3HUKAONINE ANCCOHAHCHL. MMEHHO 3TOT (DEHOMEH JICKHUT B
OCHOBE CYIEpCTa0MIBHOCTH C(OPMUPOBAHHOTO Ha TPUHIUIAX JHHAMHYECKOTO B3aH-
MOZICHCTBHUSI MerarnpocTpaHcTBa BcesieHHOI, onmparomieiicss Ha cBOW COOCTBEHHBIN
0a30BblIil MPOTOTHIT — KBAHTOBOE THUIIEPIIPOCTPAHCTBO.

B sBomrornuu 11000# rTHNEePKOMILIEKCHON CUCTEMBI, ECTECTBEHHO, BCET/a HAXOIsI-
Ielics B THIEPKIACTEPHON KOHCTPYKIIMU TII00aIFHOTO METAapOCTPAaHCTBA, MMEIOTCS
nBa dtama. [lepBelii — Korga cOOCTBEHHAsI OpraHHU3aIMsl JaHHON cyO(opMBI MeHEe
KOHCTPYKTHBHA TI0 OTHOILICHHUIO K cpelie OOMTaHus, U o0Iias ppakTaibHO-pa3Bep-
HyTasi CTPyKTypa MPOCTPAHCTBA B ITOM CJydae IMPOSIBISET ce0sl KaK TUPEKTHBHO
CTPYKTYPHPYIOIIasi, CTUMYIHPYIOIIas pa3BUTHE Mporpamma. BTopoii sTam HacTymaer,
KOrja OOBEKT COOTBETCTBYET CTPYKTYPHOMY Ka4eCTBY THIICPIIPOTOTHIIA BHEITHEH
cpelibl, 1 YpOBEHb MIPOTUBOPEUUN MEXKAY HUMH paBeH HyN0. B pesynbrare mocieno-
BaTeJIbHO C(POPMUPOBAHHOTO CTPEMJICHUSI K PEryJsiuu (B AOCTYIHBIX TTO3HITUSIX)
Kakux OBl TO HU OBIIO AE(PEKTOB COOCTBEHHON KOHCTPYKILIMH, OH MEPEXOIUT HEKHUI
Oapbep, OIpeeNIeMbIii COOTBETCTBYIONICH (DU3NIECKON KOHCTaHTOH — MaKpOaHa-
JoroM moctosiHHOU [lnaHka, i o0peTaeT MPUHIUITUAIBEHO 00Jice YCTOWYHBYIO CTPYK-
TypHyt0 (opmy, puKcHpyeMyto B BHJIE HOBOH IMPOrpaMMHON KOMITO3HLIUM KaK OTHO-
cutenbHO ero JIHK-Matpuribl, Tak 1 B 0a30BOM IJIaHETApHOM TUTIepIIpoToTHIIe. Takoi
00BEKT aBTOMATHYECKH HAYMHAET TeHEPHPOBATH MPHHIMIB COOCTBEHHON OpraHHU-
3alUM B JOCTYITHYIO JUIsl HETO OKPYKAIOUIYIO Cpely, CTAHOBSICh €€ TapMOHU3aTOPOM U
KOPPEKTOPOM (KOTE€PEHTOPOM) € MO3UIIMH TUNEPIIPOCTPAHCTBEHHOTO MPOTOTHIIA.
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Kak crnencreue, MOBCEMECTHO WHHUIMUPYETCS OOBEKTHBHAS LHUKIMYHOCTH
IpoLecca MeXCUCTEMHOM MaKpOPETyIISIAY, KOTa MOCIeI0BaTeIbHO MIPOBOLUPYETCS
HepepaclpenesIeHue COOTBETCTBYIOIIETO IPOrPaMMHO-CKOMIIOHOBAaHHOTO IOTEHIIHAIA,
ero pUKcarysl U reHepanysi BO BHEIIHEE MPOCTPAHCTBO C OXBATOM OIPEIEIICHHOTO
cekTopa (mramnaszoHa) cpensl. [locnenoBarenbHO (HOPMUPYETCSI KOPPEKIUS CTPYK-
TYpPHBIX aCIIEKTOB IOTeHIHUala B 6oiee (PpakTaabHO [I00aTbHOM IUIAHE U EPEXO Ha
HOBBIIl YPOBEeHb ¢ (pUKCalMell HOBOI cXeMbl, 00Jee KOHCTPYKTUBHOW OTHOCHTEIILHO
MPEIBIAYIIETO YPOBHS CTAOMIBHOCTH (YTOYHEHHE YTOYHEHUN) U T.1.

Takum 00pa3oMm, ¢ MO3ULUI KBAHTOBBIX THIIEPIIPOTOTUIIOB IIPOUCXOIHUT OATAIHAS
Monu(UKannsg HEOOXOAMMOTO Ul CYIIECTBOBAHMS MPOTPAMMHOIO MOTEHIHANA,
pU4eM 00BEKT MOXKET €ro 3a(pMKCHPOBATh TOJIILKO B TOM Clly4ae, €ClIi OH CTPYKTYpH-
pOBaH M0 NPUHIXIY 0a30BOH /ISt TaHHOW CHCTEMbI MM CEIrMEHTa CMBICIIOBOH OCHOBBI.
Ecnu cTpyKTypH3anun B COOTBETCTBUH C ONTHMAJIBHBIM NPHHIMIIOM CHCTEMHOTO
COIVIACOBAHMSI HE ITPOMCXOJIUT, TO HAJTMUUE KBAHTOBOTO Oapbhepa He MO3BOJIUT Ipeodpa-
30BaTh UMEIOLIMICS MOTEHIMA B COOTBETCTBYIONIMIA ITapaMeTpaM MPOTOTHIIA OOBEKT.

OO0BEKTHI, CYIIECTBYIOIIUE B pAMKax CYry00 THHAMUYECCKHX MTPOIICCCOB, CITOCOOHBI
B3aMMOJICHCTBOBATh C JIFOOBIM BOJHOBBIM HMITYJIbCOM, KaK OBl Majl OH HH OBLIL
AOGCOIOTHAS CTPYKTYpHAs COTJIACOBAHHOCTH KBAHTOBOTO OOBEKTA OIIPEACIISET COBEP-
IICHHO MHbIE MPUHINIIB B3auMoiecTBUsI. OH Kak HHTETpajIbHas MOHO(GOpMA IPUMET
MOTEHLIMA TOJIBKO B TOM CIyyae, €CJlM IpejjaraemMas CTPyKTypHasi OpraHu3alus
MacIITaOHO COOTBETCTBYET IapaMeTpaM MPOTOTHIIA, OMPEICIITIONIAM €T0 MPOTPaMM-
HO-OPUEHTHPOBAHHYIO IIETIOCTHOCTb.

[ockompky rumepcdeprudeckas KBaHTOBas CTPYKTypa 3a CUET COOCTBEHHOI
COTJIACOBAaHHOCTH W (PAKTAIBHON CHCTEMaTH3aIluy, MPEACTaBIsAeT coOol Hamboee
HEUTPAJIbHBINA 00BEKT 10 OTHOIICHUIO K OKPYXKAFOIICH, O0Jiee MONIpU30BaHHOMN TUHA-
MHYECKOH Cpefie, TO CyMMa BEKTOPOB BHYTPUCTPYKTYPHBIX B3aMMOJICUCTBUN (TIepe-
pactpeneneHus) JIOO00H Cpeabl, MMEIOIIEH AIEKTPOMArHUTHYIO TPUPOIY, OyaeT
HATpaBJicHA B CTOPOHY Takoro oObekTa. B pesynbrare, MOTCHIHAT OKpPY>KAOMICH
CpeIIbl, COTTACHO H3BECTHOMY (DH3UUICCKOMY 3aKOHY, TOCTOSTHHO CTPEMHUTCS 3aITOTHUTH
co0oit 3Ty 30HYy. Ha moBepXHOCTH KBAaHTOBOM CUCTEMBI Kak Hanbojee HEHTPaIbHOTO
o0bekTa B BHUjEe cepuueckoil 000JI0uKH Beceraa (GopMUpyeTcs: TOMOITHUTEIbHBIN
YPOBEHD OJISIPU3AINH (3apsii), IPEACTABIASL cO00i Cyry00 MOBEpXHOCTHBIN MTPOIIECC,
TIOTTIOIICHUE KOTOPOTO0 BO3HHMKHET TOJIBKO KOrga €ro MHTCHCHBHOCTDH (HIIOTHOCTB
3apsijia) TOCTUTHET HEKOTOPOr0 KPUTHYECKOIO YPOBHS, HM3HAYAIBHO TPEOYIOIIETO
AIIEMEHTAPHOH COTTIACOBAaHHOCTH. J[0 3TOrO MOMEHTa KBaHTOBOE IIpeoOpa3oBaHUE
HEBO3MOXKHO.

B pesynbrare, KBAHTOBBII 00BEKT, C TOYKH 3pEHHSI BHELIHErO HAOM0aaTeNs, OyaeT
MIPEICTABIATh COOOH HEKYIO 30HY, IEPUOJUYECKH ITOIIOMIAIOIYI0 SHEPTHUIO OKPY-
JKarolero npocrpancTBa. OnHaKo SHEprusi OyJeT JINIIb «IPUONIMIKATHCS» K LIEHTPY
00BEKTa JI0 ONPENEeNIeHHOTO YPOBHS, 00pa3ys Ha mepudepun OapbepHOW MEMOpaHBI
chepudeckyro 0060I04Ky, BHYTPH KOTOPOIl HAXOAUTCS A0COJIIOTHO COIIACOBAHHBIMH, C
TOYKH 3PCHUS BHEIITHETO HAOIIOIaTeNs1, TOPIIMOHHO (KBAHTOBO ) MOTIONIAOIINHN JTFO0YI0
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IPeoOPa30BaAHHYIO «II0 CBOEMY OOJIMKY H TTOJJO0MIO» SHEPTUIO OOBEKT, OOBIYHO HA3bI-
BaeMbIl «UEpHOH ABIPON», OMHO(AZ0BBIN «yNAIEHHbIH cepBep», TOKAIbHBIC Pa3Mephl
KOTOPOTO JIOJKHBI CTPEMHTHCS K HYIIO («TOYKa HYJS»), a SHEPronH()OpMaIimOHHBIH
MTOTEHIINAJ, MPeoOpa30BaHHBIN BO (paKTaIbHO-KBAHTOBYIO THIepcdepy — K OecKo-
HeyHocTU. [loTeHnuman, HeIOCTATOUYHO CTPYKTYPUPOBAHHBIM WM MPEBBIIAIOLINN
00BeM, HEOOXOTUMBIH JJTs1 POPMUPOBAHUS HOBOTO CTPYKTYPHOTO YPOBHS KBAHTOBOTO
o6wekTa, muddepeHpyeTcs 10 IEMEHTAPHBIX YacTHUIl, KOTOPhIE, B CHIIy CBOETO
YHHUBEPCAIBHOTO XapaKTepa MOTYT OBITh UCIIOJIb30BaHbI 7151 (POPMHUPOBAHUSI HOBOTO
MTOTCHIIMAJIA JIIOOBIM M3 00BEKTOB MMEeKTpoMaruuTHOI Beenennoii. CymiecTBoBanme
TaKOTO MOTOKA ONPENAEsIeT HATMYNE Yy YEPHBIX AbIP TEIJIOBOTO M3Iy4EHUs, HO IpU
STOM BHYTPH YEPHON ABIPHI HE IPOUCXOIUT KaKOW-THO0 TTOTepH HHPOPMAITHH.

HmenHO 3TOT (heHOMEH H 00YCIIOBIMBAET MPOLECC IepepaclpeelIeHus] aKTUB-
HOTO MOTEHLIMAJla, HUMEIOLIEro SJIEKTPOMArHUTHYIO MPUPOAY, U3 30H BBICOKOH
KOHIIEHTpAlMU B Oojiee HEHTpasbHbIC 30HBL. KBaHTOBBIN «KapKacy» MerarpocTpaH-
cTBa (hOpMUPYET NAHHBIN MPOIECC KaK €CTECTBEHHYIO KOHBepTranuio (mpeobpaszo-
BaHHUE) PHEPTUU B OIPENEIIEMYIO0 CBOMM CTPYKTYPHBIM IPOTOTHUIIOM (OpMY, Haje-
JICHHYIO CIeM()UIECKUMH CBOHCTBAMHU.

EcrecTBEHHO, CYyIIECTBYIOT YCIIOBHSA, KOTOPBIE MO3BOJISIOT HIEPEBECTH A0COIIOTHO
COIVIACOBaHHYI0, HEWTPAIbHYIO, CYNEpPYCTOWUYHBYIO CHUCTEMY THMIEPIPOCTPAHCTBEH-
HOTO KBAaHTOBOTO XPaHHWIIHIIA IPOTPAMMHOTO OOECIICUEHHsT MUPO3JaHuUs (THIIEPIPO-
TOTHI) B OJHOMOMEHTHO «Pa3BEPHTYIO» CTPYKTYpHYIO Mozenb (KBaHTOBoe (hpax-
TaIbHOE KJIOHHPOBAHUE) METanpoCTPaHCTBA. MOXKHO NPEINON0KUTh, YTO THUIIEP-
MPOTOTHUIIOM JIFO0Or0 (PU3MUYECKOTO IPOCTPAHCTBA SIBJSIETCSl HEKasl «CBEPXMaiasy,
HO CBEPXJHEPrOHACHIIIEHHAs] MPOTPaMMHO-CKOMIIOHOBAaHHAs KBAaHTOBas MaTpHIia
¢paxranpHoro tumna. Ecau roBOpUTh 0 MOHATHH aOCOIIOTHOM COINIACOBAHHOCTH €€
CTPYKTYPHBIX acleKTOB, TO JMHEHHBIE pa3Mepbl TAKOro O0bEKTa, CTPEMsSICh K HYIIIO,
JIOJDKHBI KOPPEIUPOBaTh C MOHATHEM SJIEMEHTAPHON YaCTHIIbI, CBA3AHHON € MOCTO-
sHHOM [lnanka. DTO MakCMMalbHO IUIOTHBIH (HACBHIIIEHHBINH) W OZHOBPEMEHHO
MHHHMMAQJIBHBIH «00bEM» KBAaHTOBOH EIMHMIBI CyNepppakTaIbHOTO THIEPIIPO-
CTpPaHCTBA, KOTOPHIH OHAa MOXKET 3aHMMaTh HE3aBHCHMO OT CBOCH J1eHCTBUTEIILHON
«oHeprum». B pesynprare, moTeHINal TAKOH CUCTEMBI MOXKET OBITh PaBEH NOTECHIHATY
MeraranakTuku win BceseHHOM, a «IMHEHHbIe pasMepbDy He OyayT BBIXOTUTH 3a
paMKH HEKOW «dJeMeHTapHOW» dacTurbl. COITIacHO pacderam, 0a3supyIOMINMCS
Ha «TEOPHUU CTPYH», GU3NIECKUN OOBEKT HAIIEro MPOCTPAHCTBA MOXKET UMETh
MpENeIbHBIA MHUHUMAJIBHBIA pa3Mep, COOTBETCTBYIOIIMH TaK Ha3bIBAEMOMY
ITAHKOBCKOMY pasmepy (1073°m), mociie uero 0ObeKT BHOBb pa3BOPAYHUBACTCS,
HO B HOBOIf KBaHTOBOU opMe.

BeposiTHO, 3TO Clle/ICTBHE TOTO, YTO JIJIsl yHUBEPCAIBHOTO XPAaHHUIIMIIA IIPOrPAMMHBIX
aCIIeKTOB — METanHTErpalibHOro camoap()MHHOTO KBAHTOBOTO 00BEKTa (TMIENPOTO-
THUIIA) CYIECTBYET HEKUIl «IpeJiesl» HACHIIICHHUS, CBSI3aHHBIM C TE€M, YTO TOCIE €ro
JIOCTH)KCHHSI THIIEPKBAHTOBAsl CHUCTEMa IMPOrPAMMHOIO OOECIICUEHHUS! HMCIBITHIBACT
HEOOXOAMMOCTh (TEHJCHIIMIO) OJHOMOMEHTHO pa3BEepHYThCS B MeErampocTpaH-
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CTBEHHYIO KBAaHTOBYIO CTPYKTYpY (KBaHTOBBIH cKadok). OHaKO OJHOMOMEHTHOE
BO3HMKHOBEHHE KBAaHTOBOTO KapKaca MeralpocTpaHcTBa BcemeHHOM — 3T0 He
«OOIBIION B3PBIBY», MPEICTABISIOMNNA COO0H XaOTHYECKOE AMHAMUYECKOE PACIIH-
peHne (CKopocTh-BpeMsi-HeC(ha3upOBAHHOCTE). B maHHOM ciydae peds HE WIET HU
0 KaKOM XaOTH9IeCKOM Iporuecce. HampoTus, 3T0 ¢Tporo cxeMaTH3upOBaHHBIN OJHOMO-
MEHTHBII «Pa3BOPOT)» HAKOILIEHHOTO IMPOTPaMMHO-OPHUEHTHPOBAHHOTO MTOTEHINAIA
[0 COOTBETCTBYIOIIEMY (DPAKTAIIBHOMY aJITOPUTMYy B THIIEPIPOCTPAHCTBEHHBIN
CTPYKTYPHBIH KapKacCHBIM «CKEJEeT», NUCKPET MATPUYHON aApXUTEKTYpbl KOTO-
pOTO M ONPEAEISIET BOSHUKHOBEHNE B MEXXCTPYKTYPHOM IIPOCTPAHCTBE SHEPTHH,
MAaTEepUH ¥ BPEMEHHBIX NIEPHOIOB MX BCTPEUHOTO NMPEOOpa30BaHUS.

Takoi mporiece, 6€3yCcI0BHO, MHUIIMMPYET BOSHUKHOBEHNE «CBOOOHOW» DHEPTHU
B BHJE JMHAMHYECKUX BOJHOBBIX (yHKIHWH. J[0 TaHHOTO MOMEHTa I'MIIEpPKBAaHTOBBIN
(pakTanbHbIA MTPOrPaAMMHO-CKOMIIOHOBAHHBIH OOBEKT («TOUKa HyIs») aOCONIOTHO
COIVIACOBAaH M HE MMEET HHMKAaKMX CTaHJAPTHBIX (PU3NYECKHUX COCTABISIIONIMX, OH
«HUYEro» He W3JIy4YaeT, TaK Kak Jro00i Maaalomuii Ha Hero UMIyJIbe AuddepeHnpy-
€TCsI 3a CYET TOTo, YTO €r0 CTPYKTypHast 000JI09Ka MPEICTaBIISIET cO00i MHOTOYpOB-
HEBBIIl YHHBEPCAJIbHBII KOTEPEHTHBIN ITpeo0pa3oBaTellb, aHAIOTHYHBIHN IPSIMOMY 1
obparHoMy ¢unsTpy Pyphe, 00padaTsIBaIOIIEMy OJHOBPEMEHHO BECh YaCTOTHBIN
CIIEKTP MPOU3BOJIBHOTO JMANTa30HA YacTOT M TAaKMM OOpa3oM BBIACISIONIEMY W3
cpenpl W MOIVIOMIAIOMIEMY TOJIBKO «UHCTBIE» IPOrpPAMMHBIE KaTerOpUH B BHJE
OECKOHEYHOTO ps/ia TAPMOHUYECKUX (YHKIUH, aBTOMAaTHIECKH COTTIACOBBIBAST NX
¢ paHee 3a()UKCHPOBAHHBIMH aHAJIOTaMH.

OJHOMOMEHTHBIM (paKTajbHbId Pa3BOPOT TAKOrO0 OOBEKTA IPOMCXOAUT IO
0eCUMCICHHOMY KOJIMYECTBY BEKTOPOB pealin3alyi (MHOTOYpPOBHEBOE YTOYHEHHE)
B BUJIE PaJNyCOB PACIIUPSIOLIEHCS B pe3yJabTaTe BO3HHUKAIOLICH MOCIEe KBAHTOBOIO
pa3BopoTa HHepLUHU Meracdeps! (caMopa3BOpaYnBaIOIIAsCs IPOrPaMMHO-OPHEHTUPO-
BaHHas (yHKIHUS), UMEIOIICH YKe DJIEKTPOMArHUTHYIO TPHPOJLY, IO KOTOPBIM BBICO-
KOKOTEPEHTHBIH IOTEHIMAJl THIEPIPOTOTHIIA, paHee CTPYKTYPHO (HMKCHPOBAHHBIN
B THUIEPNPOTOTUIE, (PaKTAIHLHO pa3BOpauyMBacT COOCTBEHHOE MPOrpaMMHOE
obecrieueHue, enas ceOst [EHTPOM CHUCTEMBbI METalpoOCTPAHCTB, OOIIUM ISl BCETO
komruiekca Beenennoit. [TpoeKmoHHBINH pa3BOPOT aHAIOTOB MMPOTrPaMMHOTO oOecTtie-
yeHus (0a30BOH OCHOBBI IPOIIECCa) MIPOUCXOIUT Yepe3 PpaKTaIbHOE KIOHUPOBAHNE
rpoeknnu 0a30Boro (azoBOro LEHTPa MO KOHKPETHOM ISl KaKJIO0To mmara (pakra-
JU3AIUN CTPOTOM CTPYKTYPHOH CXeMe, ONpEACISIONICH B3aUMHOE PACIIOIOKECHNE
BO3HHUKAIOIINX ITPON3BOIHBIX KIIOHOB IIPOTOTHUIIA B BUE «(a30BOT0» KapkKaca, repe-
pacIpeensIonero SHepronHpOopMaInOHHYI0 Harpy3Ky BeemenHoii.

PaccmarpuBasi OHONOTMYECKHN OpraHu3M, cocrosmuii u3 10'° muroctpyk-
TYPHBIX aHAJOTOB, KaK MPUMEpP TIOOANBHOW THIEPKIACTEPHON CHCTEMBI, OTMETHM,
YTO, BO-MIEPBBIX, OH MOCTPOCH IO OMPEICICHHOMY, TCHETHYECKH (PUKCHPOBAHHOMY,
MPOrPaMMHO-0PHCHTHPOBAHHOMY TIPHHIIMITY, BO-BTOPBIX, YeM OOJIbIIIC B HEM BHYTpPHU-
CTPYKTYPHBIX IIPOTUBOPEUHIA, TEM HIKE €r0 (PU3NOTIOTHIESCKHUE BOSMOKHOCTH 1 TEM
ObICTpee OH camopaspymiaeTcss U THOHET. M1 HaKoHell, B-TPEThUX, B OHOIOTHYECKOM
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OpraHu3Me, KaKk B TUIIEPKIACTEPHON CHCTEME, IEHCTBYET CTporast Hepapxust cyohopm
(OeNKOBBIX KIIETOK) OT CAMBIX MPOCTHIX (JIEMEHTAPHBIX) 10 YPE3BBIYAHO BOCIIPH-
WMYHUBBIX (CIOKHBIX ), 00bEANHEHHBIX B CUCTEMBI U TIOJICHCTEMBI, BBITTOIHSIOMINX CBOU
ocoOsIe (pyHKIMH. [Ipr 5TOM OHM HE CMENIMBAIOTCS APYT € APYTOM, TaK KaK CYIIECTBYET
crucTteMa OaphepHBIX MeMOpaH, (POPMHUPYIOMINX pa3aelieHie Kak IpOorpaMMHO-OpHEH-
THUPOBAHHBIX (DYyHKIIMOHAJIBHBIX PUTMOB, TaK U BO3MOYKHOCTEH (PHM3MOIOTHYECKOTO
MIPOSIBIICHUSI Pa3JINYHBIX CyOBEKTOB CHCTEMBI B BU/IE BBIPA)KEHHOMN JOMHHAHTBI XapaK-
TEPHUCTUK COOCTBEHHOTO JMana30Ha U3TyYeHUN (CyNepIio3uInii), HeCymux nHQop-
MaIlMOHHBIE KOITMHU CBOeH (DYHKIIMOHAIHLHON OCHOBBI.

B wurore, B mporecce o0pa3zoBaHusl TMIEPKOMIUIEKCHBIX CHCTEM JIIOOOTO THIIA
BO3HMKAIOT MAKEeThl OapbepHBIX MeMOpaH, OIpelesieMbIX COOTBETCTBYIOIIUMHU
(bM3UYECKUMH KOHCTAHTaMH, YTO TMOJHOCTBIO MOATBEPKICHO H3BECTHBIMU SIBJIC-
HUSIMU TTpUpossl. JIto0ast ppakTanbHass KOHCTPYKIHSI OTHOCUTENIBHO IIEHTPAIbHON
30HBI UM 30H, KOTOpPBIE CTAHOBATCS LIEHTPAJIbHBIMU Ha TOM WM MHOM YPOBHE €€
(pakTa’dbHONW apXWUTEKTYpHI, pasjerneHa OapbepHBIMM MeMOpaHaMH, CYyIIECTBYIO-
MU KaK OOJacTH KOHBEPTAIWMH, OIPEACIIONINE HEOOXOAMMOCTh IEpeBoja WIN
3aMEHbI 3aJICHICTBOBAHHOTO Ha TPEBIAYIIEM YPOBHE IPOrPaMMHO-OPHEHTHPOBAH-
HOTO aJITOPUTMA WM CHTHAJIAa B COOTBETCTBYIOIIYIO JTAHHOMY Oapbepy CTPYKTYpHYIO
¢dopmy. B pesynbrare, mpoxos depe3 Takod «(UIBTP» BO3MOXKEH TONBKO B CIydac
aJIeKBaTHOTO M3MEHEHHs WJIM KOPPEKIIMN IPUHIMIOB, JISKAIINX B OCHOBE IPEIbI-
JIYIIETO0 ABWXEHHSA, NEHCTBHS WM CYIIECTBOBAaHUS. TakuM 00pa3oM, TPaHCISAIMS
YIPaBIISIIOLIETO CUTHAJIA U3 IIEHTPAIIBHOM 30HBI CHCTEMBI Ha Iieprdepuio 1 Ha060poT
00513aTENIBHO COIMPOBOXKAACTCSI €ro IMOIIAroBOi MoAM(HUKAIMEH depe3 KOMILIEKC
«BIIOKEHHBIX JIPYT B ApyTa» (ppaKkTaabHbIX KOHBEPTEPOB.

«3Hepms{ HE BO3HUKACT U3 HUOTKYJAa U HE UCUC3ACT B HUKYAA, TOJIBKO NNEPEXOAUT U3
OJITHOT'O COCTOSIHUSA B Ipyroey. JlaHHbIi IPUHIUI pealu3yeTcsl C IO3ULUU II0CIIEI0Ba-
TEJIBHOU CTPYKTYypHOH KOHBEpTaLUH, 00pa3yroleil JOMUHUPYIONIYIO KAy Ipeoo-
pa3oBaHMII HECYIEro MPOrpaMMHOE OOecIiedeHHe KBAaHTOBOIO TMIIEPIPOTOTHUIIA
BOJIHOBOT'O JMAIIa30Ha B BUJIC «ITUPAMHMJIBD) 0a30BBIX KOHCTAHT, U ONpE/eIsIeT KpaiiHe
BaXKHBII TE3UC, YTBEP)KIAOIIUN, YTO IPUMEHEHHUE Ul BBIXO/A U3 30HBI IPOTHUBO-
peunii (pa3BUTHE) ONPEAEICHHON TEXHOIOTHH, METOJOJIOTHH WX MPUHINMA, TT03BO-
JISIET JTOMTH TOJBKO JI0 CIETYIOIEro 0aphepHOro KadeCTBEHHOTO YpoBHs. [lanee ckoib
YTOZHO MOIIHOE HarHeTaHWEe aKTHBHOTO IOTEHIMajda 0e3 aJeKBaTHOTO W3MEHEHMS
(KOppEeKINK) TPHUHIUIIOB KOMIIOHOBKHM CTPYKTYPHBIX AJTOPHUTMOB, JEXKAIIUX B
OCHOBE 3aJ1€lICTBOBAaHHOM CMBICJIOBOM MaTpHULbI TyTEM €€ KOPPEKTUPYIOLLIEH Mosiep-
HU3alUU, HE CIIOCOOHO O0ECHEYHTh MEPEXO B CICAYIOMIYI0 30HY CTPYKTYpPHOTO
Ka4ecTBa, ONPEACIEMYI0 (PAKTAIBHOW CXEMOH COOTBETCTBYIOIIETO KBAaHTOBOTO
TUIEPIIPOTOTHIIA.

[TomoOHBIE yTBEpKIEHUSI MOXKHO TPAKTOBAaTh KakK IPOIECC KBAaHTOBOTO HM3Me-
HEHHUsSI YPOBHS BHYTPUCHUCTEMHOMN CTPYKTYPHOM apXUTEKTYpbl, YTO OOBEKTHBHO ISl
OTKPBITBIX CaMOJOCTATOYHBIX (CIIOCOOHBIX CYIECTBOBATH BHE CYMMBI C COOCTBEH-
HBIMH aHAJIOTaMH ) TUIIEPKOMILIEKCHBIX ((PpaKTalIbHO-CTPYKTYPHBIX) CHCTEM.
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BesycioBHO, 00K PUHIMIT HATMYUS KOHBEPTHPYIOIINX aKTUBHBIN IMOTEHIINAI
OapbepHBIX MEMOpaH B YaCTHOM CIIy4ae PEaIN30BaH KaK 3aKOH COXPaHEHHs MaTepHH,
sHepruu u uHpopmarmu. Kaxmaas O0apbepHas MeMOpaHa Kak 000JI04Ka COOTBETCTBY-
IOIEro ()pakTaJIbHOTO KOHBEpTEpa TPEOyeT M3MEHEHHS! MCHOJIB3YEMOro ajlrOpHTMa,
SIBIISISICh, C OJHOW CTOPOHBI, (DPAKTAIBHBIM IPOCTPAHCTBEHHO-BOJIHOBBIM WM, B
cllyyae KBAaHTOBOTO OOBEKTa, MPOrPaMMHO-CMBICIOBBIM (DHIIBTPOM, MPOIYCKAIOIIHM
B CBOIO 30HY TOJIKO HMITYJIbCHI, NPEOOPA30BAHHBIE IO OMNPEACIICHHOW 0a30BBIM
MIPOTOTUIIOM CXEME M 3aKOHAM CYIIECTBOBAHUS KOHCTPYKIIMH JJTaHHOW MaTpPULIBI, a C
JIPYTOi — 3aIIUTHON 00O0JIOUKOH, OTJEISIONIeH OIUH POrPaMMHBIH YPOBEHBb BCTpEU-
HOTO B3aNMOJIEUCTBHS OT JIPyTOTO.

Wrak, npoxon uepe3 6apbepHyIo MeMOpaHy KakJJ0ro U3 OECKOHEYHOTO KOJMYeCTBa
THIIEpP- U Mera- NPOCTPAHCTB (hPaKTAIBHBIX KOHBEPTEPOB KaK OT LICHTPA K NepudepuH,
TaK U OT nepudepun K LEHTPY BO3MOKEH TOJBKO B CIIy4ae PE30HAHCHOTO MEKCUCTEM-
HOT'O COOTBETCTBUA MPOTPAMMHO-IIOAYMHCHHBIX MPUHIOHWIIOB, JICXKAIIUX B OCHOBE
MIPOTOTHIIA MOJIETIMPYEMOTO TIPOIIecca HITH O0bEKTa.

O060011ast MpOBEICHHBIN BBIIIIE aHAJIN3, MOXKHO CIENaTh CIEAYIOIIee 3aKII0UeHNE:
Jr00ast CTpeMsiasicst K CTaOMIIN3aIiK CJIOKHAsI CUCTEMa IPECTaBIIsIeT CO00H cTpyK-
TYPHBIH KOMIUIEKC, C()OPMUPOBAHHBIN Ha 06a3e TpeX OCHOBHBIX MO3UIMK KaK B BUJE
MarHUTHOM M BJIEKTPUYECKON COCTABJISIIOLIMX BEKTOPa MOJISIPU3AIMHU JIF0OOTO BOJIHO-
BOTO UMITYJIbCA, TAK M B PaMKax YHEPrHH, MaTepHH 1 HH(POPMAINHU, HHTETPAIBLHO OTIpe-
JIENIAIONINX TPEXYyPOBHEBYIO (ppakTaimpHyl0 cucteMy o-f3-y. Kaxxnas n3 mosunuit cdop-
MHUPOBaHa KaK YHUBEPCAJIbHO COINIACOBAHHAS B PE3YyJIbTaTe BCTPEYHOTO PE30HAHCA CO
CBOUM a0COJIOTHO aJICKBaTHBIM BCTPEYHBIM aHAJIOrOM, HO pa3/iesieHHasi OapbepHBIMU
MeMOpaHaMu, cucTeMa (ppakTaIbHBIX KOHBEPTEPOB, HHUIUUPYIOMINX MHOTOMEPHOCTh
KOMITOHOBKH, MHOTI'OYPOBHECBYIO KOT'CPCHTHOCTDH BSaHMOHCﬁCTBHH u cucremMarusu-
POBaHHYIO HEpapXHi0 0a30BbIX KOHCTAHT THIIEP- U MeTra- MPOCTPAaHCTB BcelleHHOM.
[IpuueM pa3BepHyTOE B BHJE HECYIIETO KapKaca KBAHTOBOE THIEPIIPOCTPAHCTBO
HeceT B ceOe OeCKOHEYHBIN Psiji PpakTaJbHBIX TUIIEPIPOCTPAHCTB KaK COOCTBEH-
HOT'O KBaHTOBOTO Pa3BOpOTa (YepHasi MaTepusi), TaK U CTPYKTYPHOU apXUTEKTYpPbI
AQHAJIOTMYHOTO KOJIMYECTBA «BIOXKEHHBIX JIPYT B ApPYyra» (PU3MUECKUX ITOJIEH Mera-
rpocTpaHcTBa BceeneHHOH, MMEIONIEro 3IeKTPOMArHUTHYIO MPHPOJY, CHHTE3HUPY-
IOIMX MaTepuaIbHbIC OIOPHBIE PE30HATOPHI B BUJIE 3BE3THBIX CHCTEM.

Takum oOpa3zoMm, (pakTaibHbIe KOHBEPTEPHI — 3TO OOBEKTHUBHBIC (OPMBI
pearm30BaHHOTO IPOSIBICHUsI OeCKOHEUHOH BceneHHOH, cTpyKkTypa W pa3BuUTHE
KOTOPBIX YETKO TMOAYMHEHBI KOHKPETHOW 3aBHCHMOCTH pPa3BOpOTa COOCTBEHHOU
YHHUBEPCAJIbHOW KBAHTOBOW 0a30BOH OCHOBHI (TMIEPIPOTOTHIIA) B MPOU3BOTHYIO
SHEProuH(OPMAIOHHYI0 (HOpMY Uepe3 00bEMHBII MHOIOYPOBHEBBIH KOA(PHULIUEHT
COOCTBEHHOTO NIPOEHHMPOBAHUS, OINPENCISIOMNNA Bce MHOT000pasne HMMEIOIIETO
NIEKTPOMArHUTHYO NIPUPOLY OKPY’KAIOLIET0 MErarpocTPaHCTBa, OIMMPAOLIErocs Ha
KBaHTOBBIH KapKac TMIIEPIPOCTPAHCTBA.

IIpu npesictaBienuun 6a30Boit 0cHOBHI B BUE B (X, X,, ..., X)), a byHKIMK Dpak-
TaJbHOTO O0TOOpaskeHHs (HanpuMep, MaciuTabupoBaHume W ciBur) — uepes F(B),
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WTEpaTHBHBIM Tpoluecc oOpa3oBaHMs (PPaKTAaTbLHOM CTPYKTYphI THIIEP- M Mera-
MIPOCTPAHCTB B OOIIEM BHJIE MOXKHO OITHCATh KaK:

k—1
F(By) = z F;(By)
i=1

OTpa)KaIOIIII/Iﬁ I/Iepapanecxm‘/i IMMPUHIUIT CprKTypHOﬁ Opranmn3anun CHUCTEMbI
BCTPCYHOI'O B3aPIMOI[eI>iCTBPIfI.

VYpoBeHb NTPOTHUBOpPEUUIl BHYTpPH JIO0OWH IPOM3BOJIBHO B3STOH T'HIIEPKOM-
IIJIEKCHOM CHCTEMBI, PH HEOOXOJUMOCTH IOJTYy4YeHHs (PYHKIIMOHAIBHO AKTUBHOM,
YCTOMYNBON KOHCTPYKIIHH, JTOJDKEH CTPEMHUTHCS K HYITIO, OTIPEAEIIsisl COOOH MPUHIINTT
YHHUBEPCAIHHOTO MHOTOYPOBHEBOTO COIIACOBAHUS (KOTEPEHTHOCTH).

W3 manHO#N (POPMYTHPOBKH, XapaKTEPHUIYIOIEH OTHO M3 HEOOXOMUMBIX YCIOBHI
IIOCTPOCHUS CTaOMIBFHON MPOCTPAHCTBEHHOW CTPYKTYPHOH OpraHW3aIlliyd IPOU3-
BOJIBHOTO THIIA CJIELYET, YTO PE3yIbTHPYIOIIasi BCEBO3MOXHBIX KAaTETOPUI BCTpE-
HOTO BHYTPEHHETO B3aMMOCHCTBHS MPH JIFOOOM KOJIMUYECTBE ITHX (DOPMHUPOBAHUI,
JIOJDKHA CTPEMUTBCS K HYIIO, TEM CaMbIM ONPEICISISt TPUHINI YHUBEPCATBHOTO KOTe-
PEHTHOTO TIPe0Opa30BaHUs KaK OCHOBOIOJIATAIOMIETO (hakTopa. Y TBEPKACHUE OTHO-
CHTCS KaK K TpeXMepHOii cucteme «X, Y, Z», Tak U K camoapGpuHHON Turepchepude-
cKoil (opme, MMeroIIeH cTpemsieecss K OECKOHEUHOCTH KOJIMYECTBO CTPYKTYPHBIX
COCTaBIISIOMNX PA3TNIHON PA3MEPHOCTH.

Jnst cimydasi BCTPEYHOTO BEKTOPHOTO B3aMMOJEHCTBHS YPaBHEHHE MOXKHO 3aIld-
carp Kak:

XM+ Y™+ Z% 4 -+ N - 0

JlanHOE BBIpaKCHHE ITOPa3yMEBacT OJHOBPEMEHHOE PEIICHHE BCEX COCTAaBIIS-
IOIIHX JaHHBIN TPOCTPAHCTBEHHBIN THIIEPKOMIICKC YPAaBHEHUH, KOJTHYECTBO KOTOPBIX
PABHO YMCIIy B3aUMOJAEHCTBUMN, OIPEAEISAIOIINX PACCMAaTPUBAEMBbIH MIPOLIECC.

B ciyyae B3auMOJEHCTBHSI OOIIECHUCTEMHBIX T'HIIEPOOBEKTOB pa3HbIX (pak-
TQJIBHBIX Pa3MEPHOCTEH OTHOCUTENIBHO OOLIEro «HYJIEBOTro» LeHTpa (¢a30BbIi
Hepexo/] B CIIEAYOIIYI0 30HY KBAHTOBOW ()paKkTain3aiiii) ypaBHEeHHE IPUMET BHU/I:

S
S
S

n
Xf+ > Y+ » ZF+.-4 ) NS0
k=1 k=1 k=1 k=1
31ech UMEIOTCS B BHJY YPOBHM M HX CTPYKTypHblE KOHCTPYKIMH, (OpMHpY-
IOIME JIByMEPHYIO TOIIOJIOTHIO TUIOCKOW MTOBEPXHOCTH, 3aMKHYTOH B (popme cdepsl B

MPOCTPAHCTBE HECKOJIbKUX H3MepeHHﬁ, B 06III€M CJIydac OIpeacissa coboit 3aMKHYTO€
MOATIPOCTPAHCTBO HHOM PasMEpHOCTHU, YCM 0azoBoe MMpOCTPAHCTBO, MMCIOIICC 26
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KOOPAUHATHBIX OCEH — MUHHUMAJIBHOE KOJIMYECTBO BEKTOPOB BCTPEUHBIX B3aHMO-
JIeHCTBUH, MPeoOpa3yIoX BOJTHOBYIO (DYHKIIMIO B CTALIMOHAPHBINA OOBEKT.

Jtobas runepkoMIIeKCHasT KOHCTPYKITUS pas3zielieHa OaphepHbIMH MEMOpaHaMu,
CYTh CYIIECTBOBAHHSI KOTOPBIX 3aKJIIOYAETCS B TOM, YTO KaXKIas U3 HUX (popMupyeT
COOCTBEHHBIE CTPYKTYPHO-TONOJIOTHYECKHE OTINYHS (OCOOCHHOCTH, OTpEesieMble
Koa(ppurmenToM ¢pakranuzanuu runepcdeps) Ha 6aze MPEabIIYIIEro YPOBHS,
a 3HAYUT, U HEOOXOJMMOCTh MOAM(DHUKAINY 33/1eHCTBOBAHHOTO CTPYKTYPHO-CKOMITO-
HOBAaHHOTO AJITOPUTMA WJIM CHTHAja B MPEJIENbHO aJIeKBaTHYIO (OpPMY, COOTBETCTBY-
IONIYIO JAHHOMY TPOTOTHITY.

CTpyKTypHass KOHCTPYKIHUSI Ka)XIOTO KBAHTOBOTO IIPOTOTHIIA, CIIOCOOHAs
CIIy’)KUTh 0a30BOM MaTpuleil JUIsi TOCTPOCHUs] CTAaOWILHOH THMIIEPKOMILICKCHON
CHCTEMBI, TOJDKHA TPEACTABIATH COOOM BBICOKOCOTIIACOBAHHBIA (hpaKTadbHBIN
MOJYJIb CO CBOMM YHUKAJILHBIM K03 GHLmeHToM (ppakrannzaimu, o0aaaomui crporo
OIIpE/IeTICHHOM, MAaKCUMaIIbHO ypaBHOBEIICHHON camoadpuHHOI cXeMoli, Ha CBOeM
YPOBHE SBISIOMINICS aOCOTIOTHO YCTOHYUBBHIM OOBEKTOM, CIIOCOOHBIM KadyeCTBEHHO
pEIaKTUPOBATh MPOrPaMMHO-CUCTEMATU3UPOBAHHBIE MPUHIIUIBI, TOCTYNAOLINE U3
OKPYKAIOIIETO MPOCTPAHCTBA U O0JIee «MIIAIIINX» KOHBEPTEPOB (TUIIEPIIPOCTPAHCTB).

[onatne ¢pakTampbHOTO KIOHHPOBAaHUS ((ppaKTaau3amui) OOBEKTOB MOIpa-
3yMeBaeT 00pa3oBaHHE NMPOM3BOMHBIX (PPaKTATBHBIX AHAJIOTOB MCXOJHOTO OOBEKTa
(IpoToTHINa) ¢ KOHKPETHBIM 3aKOHOM BbIOOpa KOA((OUIIMEHTOB 110100US, HETMHEHHO
3aBUCSIIIINX OT KOHCTAHTBI, KOTOpast Ha3bIBaeTCs 0a30BbIM KOA((HUIIMEHTOM (PpaKTaIb-
HOTO cOOTBeTCTBHSL. OOBEKT, MOTyYeHHBIH (PpaKTaIbHBIM KIIOHUPOBAHUEM, CAMOIIO-
J100eH 1 00J1a1aeT TeM CBOMCTBOM, YTO HECET IPOCTPAHCTBEHHBIE XapaKTEPUCTHKU
COOCTBEHHOTO MPOTOTHUIIA, KPATHBIE pa3MepaM HCXOJHOTO M BCEX IPYTHMX OOBEKTOB
10CJIEJOBATEIILHOCTH.

OtobpaskeHHE Ha3bIBaCTCs aPPUHHBIM, CCIIM OHO MPEACTABISCT CO00i KOMOM-
HAllU¥ BPALICHUS, OTPAXKCHMs, CABUra, MACIITa0OHMPOBAHHS HCXOTHOTO OOBEKTa
OTHOCHTEJIBHO TOYKU Hayaja KOOpIUHAT, 1 caMoadGUHHBIM, eCii 0OBEKT MPU ITOM
oToOpaxkaeTcs Ha camoro ce0si. Eciiu B kauecTBe MepBOHAYAILHOTO 3BeHa (ITPOTOTHTIA)
B34Th C(PEPUUCCKUI OOBEKT, TO PE3yabTaTOM €ro camoa(pPUHHBIX OTOOpaKEHUH
u npeoOpa3zoBaHuii craHeT «runepchepay» win chepa, coOpaHHas U3 COOCTBEHHBIX
MacmTabHBIX aHanoroB. OHa OyzeT MpeACTaBIATh COO0H (hpaKTaTbHO COTIIACOBAHHYIO,
T.c. KOTEPEHTHYIO CHCTEMY, 00pa3ylollyl0 BHYTPEHHHE YPOBHHU C €IMHOM ISl BCEX
CBOHUX IIOACHUCTEM }II/IanaMMOFI HanpaBJICHHOCTH BCTPEYHOI'O B3aHMO}1€ﬁCTBHH,
SIBJISISICH  KBAaHTOBBIM OOBEKTOM, B Ciydac HaJWdusi 26 BEKTOPOB (hpakTaln3aluu
(MUHMMAaJIFHOE KOJIMYECTBO BEKTOPOB BCTPEUHOT'0 B3aUMOICHCTBHS) @ 3HAUUT, IIPOLIECC
(dpakTanu3anuy ee IPOU3BOAHBIX aHAJIOIOB BO3MOXEH TOJBKO B PE3YIbTaTe OJHO-
MOMEHTHOT'O KBAHTOBOTO Iepexoa GUKCUPYyEeMOro Ha 000JI0UYKe IOTSHIMAIA.

JlornuHo Ha3BaTh 0a30BBIN MPOTOTHIIL, JIKANIHI B OCHOBE KOHCTPYKIIMH, U 3aKOH
(anropuT™M M TPOTpaMMy) €ro MPOCIHHUPOBAHUS KBAHTOBBIM (PpaKkTaIbHBIM KOHBEp-
TepoM. 3aMEeTHUM, 4YTO, T.K. THIEPIPOTOTUI OKPY’KAIOIIEr0 MPOCTPAHCTBA SABISAETCA
CTPEMSIIIUMCS] K OECKOHEYHOCTH MHTETPaJbHBIM MHOXKECTBOM «BJIOKCHHBIX» JIPYT B
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JIpyra THIEPKBAaHTOBBIX (DPAKTAJIBHBIX MPOTOTHIIOB, TO Ka)KIOMy M3 HHUX COOTBET-
CTBYET CBOsI 0a30Basi CXeMa, ONpeeJISTIoasi COOCTBEHHBIH ONTUMAIbHBIA TPHHIIHIT
IIOCTPOEHUS U Pa3BOpPOTa THUIEPCTPYKTYPHOrO KapkKaca MerampocTpaHCTBa
Bcenennoii, umeroLiero, B CBOI0 04epellb, YK€ JIEKTPOMAarHUTHYIO IIPUPOLY.

[pexne, uem aath ciienyronme GOpMYIUPOBKH, SIBISIOIINECS OCHOBAHHEM IS
COOTBETCTBYIOLUX UM QJITOPUTMOB TOCTPOCHHS (HU3HUUYECKHUX OOBEKTOB, HEOOXO-
IuMO copMyITHpOBaTh oOIIee MPEACTABICHUE O THUIEpP- W Mera- MpOCTPaHCTBaX
BcenenHoit kak PyHKITMOHATBHO OCHOBE CPEIBI IPOU3BOIIEHOTO THIIA.

IHHOHATHUE MTPOCTPAHCTBA

BesycinoBHO, HEOOX0AMMO OTIIMYATH (PU3HUYECKYIO Cpey ITPOU3BOJIBHOTO THIIA OT
TTOHSITUSI TUIIEP- U Mera- IPOCTPAHCTB Kak 0a30BOro Kapkaca WM (PyHKIIMOHAIbHON
OCHOBBI, COCTOSIIIIEH U3 «BIOXKEHHBIX APYT B APYTra» UMEIOIIUX KBAHTOBYIO (THIIEPIPO-
CTPAHCTBO) M AJIEKTPOMArHUTHYIO (MEralpoCTPaHCTBO) MPUPOAY PpaKTaIbHBIX MOJIH-
¢bukammii. JJaHHBIE CHCTEMBI CBSI3aHBI MEXKIY 000 depe3 CBOW KBAaHTOBBINA IPOTOTHIL
B MHOTOYPOBHEBBIH KOHIJIOMEPAT, TTOPOXKIAIOIINH OecCKOHEYHOe MHOTO00pasue Ghopm
W TIPOSIBJICHUI MerarnpocTpaHcTBa BeerneHHON, criocoOHBIX (PU3MUECKN CyIIECTBO-
BaTh, CHHTE3HPYsI MaTEPHIO ITPOU3BOJILHOTO THIIA, TOJILKO ONUPAsCh HA COOCTBEHHYIO
OCHOBY — YHHUBEPCAJIbHOE CYIIepPCTa0MIBHOE IPOrPaMMHOE 00ECIeUeHUEe KBAHTO-
BOI'0 TMIIEPIIPOTOTHIIA.

K coxanenuto, camo onpejieneHne IpoCcTPaHCTBA KaKk TAKOBOTO MPAKTUYECKU HE
copMUPOBAHO B BUJIE CTPOrOr0 KOHIENITYaJIbHOTO IPeCTaBIeHus. TpaariiMOHHO
MIPeUIaraloTCs pa3sHble MOHATHS «IIPOCTPAHCTBAY Kak 000COOICHHOM Cpeabl — MaTe-
puanpHOE, MMoJeBoe U T.1. Ho 9To e IpeICcTaBIsAIOT COOO0M THTIep- ¥ MeTa- IPOCTpaH-
CTBa, T.€. HEKasi OCHOBA, B KOTOPOH IJIaHETapHasi «CpeJia» CYIIECTBYET Kak MaTepH-
aJBHBIA CYOBEKT NIIOOANBHOW THIICPKOMIUICKCHON CTpYKTyphl Bcemennoit? Ha
JTAHHOM 3Tare TpeOyeTcsi OMHO3HAYHO CPOPMYJIHPOBATH MMOHATHE KBAHTOBOI'O THIICP-
MIPOCTPAHCTBA, OTPENIEIIAIONIEE COMTACOBAHHOE CYIIIECTBOBAaHHE KOJIOCCATIBHOTO IHara-
30HA PIEKTPOMArHUTHBIX H3ITyYeHIH METalpOCTPAHCTBRA, ITOPOXKAAIOIIIX MHOKECTBO
MaTepHUaIbHBIX TPOU3BOIHBIX PAa3IMYHOTO THIIA.

KBaHTOBOE MpPOCTPAaHCTBO, Make Ha COOCTBEHHOW «mepudepun», obmamaeTt
HACTOJILKO BBICOKMM YPOBHEM YHHBEPCAJIbHOW HEHTPalibHOCTH, YTO COBPEMCHHAs
TEXHHMKA HE M03BOJISIET IIPOBECTH €ro HAOJIOEHNE HANIPSIMYIO, TOCKOJIBKY BCE METOJIbI
UCCIIeI0BAaHUH IPEICTaBIAIOT COOO0M TMO0 N3yUYeHHE OTPaXKEHHOTO TECTOBOTO AIEKTPO-
MarHUTHOTO MMITYJIbCa, JINOO JIe3UHTErpaluio 00beKTa C TECTUPOBAHUEM CBOMCTB €ro
coctaBisioux. [lepBbiidi MeTon «He padoTaeT» U3-3a TOTO YTO KBAaHTOBBIC OOBEKTHI
HE U3JTy4aloT HUKAKOTO 3JIEKTPOMAarHUTHOTO NOTEHIMAJIA, & TOJIBKO [TONIOLIAIOT ero, a
BTOPOIf — M3-32 TOTO, YTO HEBO3MOYKHO CO3/IaTh TEXHUYECKHMH CPEICTBAMH INIOTHOCTb
MOTEHIMAaJIa, JOCTAaTOYHYIO JUIsl pa3pylIeHHss KBAHTOBOTO OOBEKTA.

Beicokast creneHb HEWTPATbHOCTU BBI3BIBAET MOCTOSHHBIA NMPUTOK IMOTEHIMAA
n3 30H, 00JaJaloUIMX IOBBINIEHHON TOJSIpU3alyeil, B EHTPaIbHYI0 TOUKy ((poKyc
CUCTEMBI), SIBISIIONLYIOCS, (DAaKTHYECKH, «4ePHOI MUKPOABIPO», 3aMbIKaroIIel Ha ce0st
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IIOTOK IIOTCHIIMAJIa U HOFHOHI&IOIHGﬁ €ro, T¢M CaMbIM 4YCPE3 6apL6pHyIO MeM6paHy
MOCTOAHHO MOBbIIIAas CBOKO CTPYKTYPHYIO IIJIOTHOCTb.

BapbepHble MeMOpaHbl TIPEJICTABISIOT COOOH pa3BOPOT MHOTOYPOBHEBOW THIIEpC-
(depuueckoil  CTPYKTYpbI coiacoBaHusi M (UIbTpAlK (KOHBEPTALUK), MPOITyCKa-
IOIIeH MMOTEeHIHAI TOJIBKO MPH JOCTIKEHHHU €T0 IIOJHOTO MM YaCTHYHOTO CTPYKTYp-
HOT'O pe30HaHCa CO CTPYKTYpoil MeMOpaHsbl. [loTeHIMAaN, He MMCIOLINIT BOZMOXKHOCTH
IIPOHUKHYThH 3a Hee M3-3a M3JIUIIHEH MOJIIPU30BaHHOCTH, HAKAIJIMBACTCSl Ha BHEITHEH
MIOBEPXHOCTH c(hepruuecKoil MeMOpaHHOH 000I0UKH — (paKTaIbHON MaTPHIIBI, pa3Bep-
HYTOH BOKpYI' aOCOIIOTHO HEeWTpaslbHOro LieHTpa. Kak ciemctBue, Kaxzias >IeMeH-
TapHasl eAWHMIA KBAHTOBOTO IPOCTPAHCTBA «00EpPHYyTa» 0 CBOEH BHEIIHEH MOBEpX-
HOCTH PACIPEICICHHBIM 10 HEell AJIEKTPOMArHUTHBIM ITOTCHIHATIOM, HE CIHOCOOHBIM
K CIIOHTaHHOMY COIVIACOBAHMIO C IIEHTPAJbHBIM 3BEHOM, TaK Kak OH HE MOXET ObITh
CTaOMIIM3UPOBAH U MMOCTOSHHO MEPETEKAET 110 MOBEPXHOCTSIM CONMPUKACAIOLIUXCS JIPYT
C JAPYroM D3JIEMEHTapHBIX THUNEPCHEPUYSCKUX CIMHHI] KBAHTOBOIO HPOCTPAHCTBA.
COBOKYITHOCTh BCEX TaKhWX C(HEPUUCCKUX CBEPXTOHKHAX O00OJIOYEK, MMCIOIIUX OIWH,
o0IMi I BceX OOLIECHCTEMHBIN LIEHTP — «TOYKY HYJS», — C PACIpEICICHHBIM I10
HUM IIOTEHIMAIOM 00pa3yeT reKCaroHajJbHOE 3JIEKTPOMArHUTHOE MPOCTPAHCTBO, B
KOTOPOM IMPOUCXOAUT MNOCTOSIHHOC NEPEMCIICHUEC aKTUBHOT'O MOTCHIHMAJIa, aBTOMAaTU-
YECKH I'eHEePUPYIOIIET0 B IIyCTOTAaX MEXIy KBAaHTOBBIMH S[IPAMU MHOXKECTBO CIIMPAJIb-
HO-BHHTOBBIX BOJHOBBIX IponeccoB. MX BCTpeyHOE pPEe30HaHCHOE B3aMMOJICHCTBHE
CO3/71a€T B JIEKTPOMArHUTHOM TIPOCTPAHCTBE YCIOBHO CTAOMIIbHBIE OOBEKTHI, CTPYK-
Typa KOTOPBIX UMEET IEKTPOMAarHUTHYIO TUHAMHYECKYIO ITPUPOLLY.

DJIEKTPOMarHUTHOE MPOCTPAHCTBO MOXKHO CPAaBHHUTH C IUIOTHOM INEHOM, IJie KBaH-
TOBBIE «ITy3bIPbKH» HMEIOT OJMHAKOBBIH pa3Mep U COXPAHSIOT HEU3MEHHOH CBOIO
runepcdepuueckyio popmy. CTaOMIBHOCTE apXUTEKTyPHO-TEOMETPUICCKIX CBOMCTB
obecreunBaeTcsi aOCOMIOTHON yHHUBEPCATbHOH CTaOMIBHOCTBIO caMoa(PUHHOTO
KBaHTOBOTO ITPOCTPAHCTBA, MOIJIECPKUBAEMON MHOTOYPOBHEBBIM CTPYKTYPHBIM, a HE
BOJIHOBBIM pe3oHaHcoM. Kak cieacTBue, craOwin3alys KBAaHTOBOW CTPYKTYpHI HE
TpeOyeT pacxona IOTEHIMANa, AeNas €€ CyLIIeCTBOBAHUE BEYHBIM «B IPOCTPAHCTBE U
BPEMEHM».

Takum o0pa3om, BHEmIHHE (HOPMBI IBYX IPOCTPAHCTB COBIANAIOT, HO JJIEKTPO-
MarHuTHOE MPOCTPAHCTBO, BOSHUKAKOLIEE B IIYCTOTAX MEXKIY KBAHTOBBIMH SAPAMHU,
BHYTpPEHHE JMHAMHUYHO, BCE CBS3M B HEM BO3HUKAIOT M paclajaroTcs CIIOHTAHHO,
TOrJla Kak KBaHTOBOE€ MOHOMHTEIPAJILHOE IMPOCTPAHCTBO CTAOWIIBHO M SIBISIETCS
MPSIMOM KapKacHOM Omopo# auHamuueckoro mupa. Crnenuduunas dhopma 37IEKTPO-
MarHuTHOTO MPOCTPAHCTBA ONPEeIIeT SANHCTBCHHYIO BO3MOXKHYIO B HEM 0a30BYIO
(dbopMy TpaeKTOpUM IBIKCHHS MOTEHIHANIA — CIHMpallb, TaK KaK MOISIPU30BAHHBIN
MOTEHIIMa] He CIocoOeH NPOHHMKHYTHh CKBO3b MEMOpaHy, M JBHMXKCHHE IPOXOAUT
1o JIMHMH, orubaromeii cepuueckue saepHble equHuibl. Kak cnencreue — marodas
TPAEKTOPUS, CKOJIb CIOKHOW MJIM MPOCTOM OHA HU OblIa OB, BCerna IPeaCcTaBiIseT
c000if BUHTOBYIO CIIHPAJIb.
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DneMmeHTapHas KBaHTOBas cauHHMIA — camoadduuHas runepcdepa —  sIBISA-
eTCsl MPSIMBIM aHAJIOIOM MOJIEIHM aroMa, MPeIoKeHHON DpHectom Pesepdopaom:
HEHTpaNBbHOTO HEHTpa (KTOYKH HYJS»), OKPYKCHHOTO C(HEepHuecKUMH TOTOIOTHYEC-
CKAMHU 000JIOYKaMH, 0 KOTOPBIM HEKHMM 00pa3oM pacIpeelicH CTPYKTYPHO-CKOM-
TOHOBaHHBIN IIOTCHIMAJI. OcranpHblie OJICMCHTAPHBIC YaCTUIIbI, ITPOABJIIAIOMINECS
B DJICKTPOMAarHUTHOM MHpPE, HE MMEIOT MOJO0HON YeTKO BBIPaXKCHHOW CTPYKTYPHI U
MIPEJICTABIISIFOT COOO0IT JIOKAIBHBIC «30HBD C XapaKTCPHOU IS KaXKI0i 4acTHIIbI gedop-
MaIield CBOWCTB OAHOPOTHOTO 0a30BOr0 MPOCTPAHCTBA, AaHAJOTMYHO BOJE, MPOTEKa-
o1LeHd uepes3 IrpyAy OJMHAKOBBIX MO pa3Mepy KaMHEH.

CoBpeMeHHasT HayKa IpeliaracT MOJCTb aroMa, B KOTOPOH IICHTpalibHas 30HA
(s1p0), MMeroITIasl MIIAHKOBCKUM pa3Mep, — HanboJee HeWTpaibHa, a 000J09YKa aroMa
BO3HUKACT BCJIEACTBHE Pa3BOPOTA KOMILIEKCA CTPYKTYPHBIX 000JI0OYEK BOKPYT abco-
JIIOTHO HEUTPAJIBHOTO LIEHTPA — «TOYKH HYJISD» MM «ICPHOM JTBIPBI».

[puHiun GppaxTaIbHOCTH IPOCTPAHCTBA, OMPEACIISIONINN IPIMYFO IPOSKIINOHHY IO
HUICHTUYIHOCTD MIPOSBIICHUS (PU3MUECKUX 3aKOHOB U TPUHIIUIIOB B JIFOOOW €ro TOYKe, U
JICHCTBYIOIIUI 110 HAIIPABJICHUIO KaK OT LICHTPa K Tepudepuu, Tak U oT nepudepuu K
LIEHTPY, TO3BOJISET MPUNUTH K 3aKITIOUYCHHUIO 0 pazmepe 0a30BOM SIepHOM eTUHUITH KBAH-
TOBOTO MPOCTPAHCTBA, UMeEIOIEH paanyc nopsaka 10® cm. O0beM siiepHON eIMHUIIBI
KBaHTOBOT'O MPOCTPAHCTBA COOTBETCTBEHHO MMeeT mopsaaok 1024 ¢cm®, a oObeM mons-
PU30BaHHOTO CJIOSI MOTEHITHANAa BOKPYT HEe MOXKHO PACCUUTATh KaK IPOH3BEICHIE
IUTOMIAH CEPUICCKON IIOBEPXHOCTH DIICKTPOHHON 000IOUKH Ha THAMETP DIICKTPOHA,
OTIPENEIISIONINH ero ToNuuHy. HeXuTpblie pacueTsl MPUBOAIT HAC K 00BEMY 3TOTO CJIO0S
nopsika 10733 cM® B TOKaMBHBIX TyCTOTaX MEKBSIEPHOTO TIPOCTPAHCTBA.

TyT HaOaromaeTcss MHTEPECHBIH (EHOMEH: KBAaHTOBOE MPOCTPAHCTBO HAXOIHUTCS
BHYTPU U CKOHLIEHTPUPOBAHO BOKPYT JUHAMUYECKOTO JJIEKTPOMArHUTHOIO IIPOCTPAH-
CTBa, B KOTOPOM IPOSIBIICH BECh MaTepUalIbHBIN MUP. [IpOCTpaHCTBO, KOTOPOE MOICHKUT
HalleMy HEMOCPEACTBEHHOMY BOCIPHATHIO U KOTOPOE MbI IPHBBIKIHM CYUTATh OECKO-
HEYHO OTPOMHBIM, Ha CaMOM JIeJIe €CTh TOJBKO «pa3pe3aHHas» Ha CIHUPaJbHO-BUH-
TOBBIE «CTPYH» 00EPTKA MPEBBIIIAOIIETO €ro o 00heMy Kak MUHHMYM Ha 9 (10733 —
102*) mopstxos (1 000 000 000 pa3) KBAHTOBOTO MPOCTPAHCTBA.

MOoKHO CcKa3arh, 4TO KBAHTOBOE MPOCTPAHCTBO OYKBaJILHO HECET Ha cebe u B ceOe
JIMHAMHYECKOE, MTOCTOSIHHO MEHSIOIEECs SIEKTPOMArHUTHOE MPOCTPAHCTBO MaTepH-
anbHOro Mupa. COBOKYITHOCTh 3JIEMEHTAPHBIX SJICPHBIX ¢TUHUL] KBAHTOBOTO MPOCTPAH-
CTBa NPEJCTABISIET cO00H OECKOHEUHBIN KOHTHHYYM CBEPXILUIOTHOTO F'€KCAroHaaIbHOTO
THIA, 0ONAMAIONINI abCOMOTHON CTPYKTYPHOM OMHOPOMHOCTBIO C TOM TOYKH 3pEHWS,
41O JIE00ast U3 eUHUI] HECET B IIEHTPAILHOMN 30HE («TOUKE HYIIS») B KOMITAKTHOM BHUJIE
BCIO MMOJIHOTY SHEPTrOMH(GOPMAIIMOHHOTO MOTEHIINANA, COMEePIKAIIEro B cebe MONHBIH
MPOrPaMMHBIN KOMIUIEKC TIPHYMHHO-CIIEICTBEHHBIX CBSI3€H, OMMCHIBAIOIIN (YHKIIHO-
HUPOBAHKME MUPO3/IAHHS B JIIOOOM acrekTe.

OTH MHOTOYpPOBHEBBIE MPOTPAMMBI A0COIIOTHO YHUBEPCAIBHBI, TO €CTh UX MPOSIB-
JICHWE B IIFOOOH TOUKE MPOCTPAHCTBA BCETMA MPHUBEICT K COBEPIICHHO KOHKPETHOMY
pe3ynbrary, BapHaTUBHOCTh KOTOPOTO OMNpPENENseTCs JMIb YCIOBUSIMH aJanTaluu
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K BHEIIHEH cpene, B KOTOPOW OH pa3BopaunBaeTcs. KBaHTOBBIE SEpHBIC €AMHULIBI
MOT'YT 00pa30BBIBATH B3aUMOCBSI3HU B BU/IE PA3JINYHBIX CTPYKTYPHBIX (DOPM, MMEIOIINX
4YeTKkoe rpapuyecKo-apXUTEKTYPHOE MPEICTAaBICHUE, OMKMCHIBAIOIIEE KOJIUYECTBO
YHHUBEPCAIBHBIX TPOTPAMMHBIX MOJTyNEH (KBAHTOBBIX KOHBEPTEPOB), BCTYHAIOIIUX BO
B3aUMOJEICTBYE B paMKax Ka)J0H KOHKPETHON IPOrpaMMHO-IOAYUHEHHON MOJEIH
U KOJIMYECTBA MHOTOYPOBHEBBIX BHYTPEHHHMX B3aMMOCBSI3EH MPOrpaMMHOr0 obdecre-
YEHUs! JUIs1 JTI0O0TO U3 HUX.

Jist Toro 4ToOBl CTPYKTYPHO MOJONTH K 3TOMY BOIPOCY, CJIEAYeT BBISICHUTH, Y4TO
MIPOMCXOIUT B MOMEHT MEPBUYHOIO II00aIBbHOTO pa3BopoTa (hYpakTaJbHOTO THUIIEPK-
BaHTOBOT'O IPOTOTHIIA METANIPOCTPAHCTBA BeeneHHOM, CHHTE3NPYIOIIETo porpaMM-
HO-CKOMIIOHOBaHHBIH KOHIJIOMEPAT, MPEICTaBISIONINI cOO0H MHOTOYPOBHEBO CHCTE-
MaTU3MPOBAHHYIO CpEly METarajakTHKH, HMEIOMEH YK€ 3JEKTPOMarHUTHYIO
MIPUPOLY.

Cremyer OTMETHUTD, YTO TaKOW TMIIEPIPOTOTHII, 0€3 yTOYHEHHS €ro CyTH U Xapak-
TEPUCTHK, TEM HE MEHee, IOJDKEH HeCTH B ce0e HECKOIBKO OIPeIeNICHHBIX CBOWCTB.
ITepBoe cBOICTBO — OH 00s13aH OBITH A0COTIOTHO HEHTPATBHBIM U UIMETh CIIOCOOHOCTh
aKKyMYJIIPOBATh B ce0e, HEBXKHO KAKMM CIIOCOO0M, COOpaHHBIN, HO 0COOBIM 00pa3zoM
YHUBEPCAIbHO CKOMITOHOBAHHBIN CYIIEPKOrepeHTHBIH HH(OPMAIIHOHHBIN TOTSHIHAIL,
JIOCTaTOYHBIN JUIsi CHHTE3a BCErO MHOT000PAa3Hsi SHEPIUU U MaTepuH, KOTOpoe (hUKCH-
pyeTcst B 0003puMoii (hopMe MeTaralakTUKU. MOKHO YTBEpP)KAaTh, 4TO THIIEPIIPOTO-
THIIOM TaKOW Cpebl JOKEH OBITh HEKHi aOCONMIOTHO KOTEPEHTHBIM camoadpIHHBIH
THIIEPKBAHTOBBIN OOBEKT, MOTEHI[MA KOTOPOTO CTPEMHTCSI K OECKOHEUHOCTH.

B nannom ciryyae HeoOxoanMma cxkarasi B TunepcpepuiaecKkyro «HaHOTOUKY» (hpak-
TaJIbHO-TIPOCTPAHCTBEHHAs, YHHUBEPCAJIbHAs CTPYKTypHash CXeMa, IO3BOJISIOIAs
IPOU3BECTH COOCTBEHHOE MACIITaOHOE KOTepPEHTHOE IIpeodpa3oBaHue, IO3BOIAIONIEE
3aUKCHPOBaTh OECKOHEYHOE KOMMYECTBO MPOTPAMMHBIX KaTeTOPHUH B CBEPXMAJIOM,
HO HH(OPMALMOHHO CBEPXHACHIIIEHHOM «00beMe». Pa3BOpoT Takol THIIepCHCTEMBI
MOYKET MPOUCXOIUTD TOJIBKO KaK COOCTBEHHOE OJTHOMOMEHTHOE (KBaHTOBBIH IIEPEX0)
(hpakTasbHOE KIIOHMpPOBaHHE. ba3oBBIN MPOTOTHI Tpolecca MOXKET MPEACTABISITH
cO0O# JTUIIL BBICOKOMHTETPAIbHYI0 Mera(pakTajibHyl0 KBaHTOBYIO rurnepcdepy B
BHUJI€ BBICOKOKOTE€PEHTHOro camoadGuHHOro o0bekra. Ero mporpaMmMHO-OpUEHTH-
pOBaHHBIN (paKTaIBHBIA «Pa3BOPOT» (HOPMHUPYET COOTBETCTBYIOIIYIO €My MHOTO-
YPOBHEBYIO KBaHTOBYI0 KOMIO3WIIMIO — CyINepKapKac METrarpoCTPaHCTBEHHOTO
YHHUBEPCAJIBHOIO YNPABJISIIOILETO MO, UMEIOIIETO IEKTPOMAarHuTHYIO MPUPOY
¢ o0mIeIeHTpaIbHBIM (ha30BBIM IIEHTPOM U CHCTEMOH JTOYEpPHUX (a30BBIX IIEHTPOB.

LlenTpanbHblii (a30BbIi IIEHTP OMOPHOTO KapKaca OJHOMOMEHTHO pPa3BEpPHYTOM
METacUCTeMbl (PU3WYCCKUX TOJIEH — 3TO THIICPKBAHTOBEIN a0CONIOTHO HEUTpaIbHBIN
camoahUHHBIN 00BEKT, HHTETpaIbHAS KOHCTPYKITHS CTPEMSIIETr0oCs K 66 CKOHEUHOCTH
KOJIMUCCTBA BIIOKCHHBIX JAPYT B IPyra KBAHTOBBIX ()PAKTATIBHBIX IPOTOTHIIOB — SIBJISFO-
muiicst gazoit («0») s Bcex 06e3 HCKITFOUSHHUSI 3a/ICHCTBOBAHHBIX B METaCTPYKType
Bcenennoii BCTpeyHbIX (YHKIMI (TiepBasi MPOU3BOAHAs KBAHTOBOTO THIIEPIIPOTO-
tuna). Creayromuii ypoBeHb (2 MPOU3BOIHAS) — CXCMATH3UPOBAHHAS KOHCTPYKIIHS
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(ha30BBIX IICHTPOB, SIBIITFOIIMXCSI OCHOBOM /I BceX 0e3 HCKiIfoueHus (PyHKINH KpoMe
«IEHTPATBHOI», U fanee — 3 mpon3BoaHas (MYABTUILUTHKAINS 2 TIPOU3BOIHON C OJHO-
BPEMCHHOW CHHXPOHM3AIMEH CHHTE3UPOBAaHHBIX cyOdopm). Bee oHM Mexay coboit
COIVIACOBAHbI M CXeMaTH3NPOBAHHO CBsI3aHbl, 00pa3yst Mera)pakTalbHbIH CTPYKTYPHBINA
(a30BBII KapKac THUMEPIPOCTPAHCTBA, MPEACTABIIONNA CO00i 4 TPOW3BOAHYIO U
SIBJISIFOLLIMKACS. OCHOBOM AJIEKTPOMarHMTHOTO MeranpoctpaHcTsa BeeneHHoil.

[TomHOMacmITabHOE B3aUMOJCIHCTBHE C IMHMPOKOAHAINA30HHBIM KOT€PEHTHBIM
W3JTyYeHHEM JIOCTYIHO M3 JI00O0W YacTh CTPYKTYpHO IPeoOpa3oBaHHOIO JMana3oHa
C BO3MO>KHOCTBIO MOJTHOLIEHHOTO KOHTPOJISI U YIIPABJICHUS BCEM KOMIUIEKCOM. Takum
00pa3oM, HHUIMHPOBAB YIPABISIONIYI0 PEAKIHIO JIUIIb B OJHOM JOCTYITHOM JHama-
30HE WJIN JIOKaJIbHOM CErMEHTE MPOCTPAHCTBA, MOXKHO YIPABJISITh BCEMH IPOU3BO-
JTHBIMH, BO3HUKAIOIIMMH B ITPOIIeCcCe B3aNMOIEHCTBUS JIFOOOH ITPUPO/IBI.

B pesynbrare, Takue IporpaMMHO CKOMITOHOBaHHbBIE ()@HOMEHBI KaK CBEPXIIPOBO-
JIMMOCTb, CBEPXILJIOTHOCTh, OTCYTCTBHE BPEMEHH M Ip. 00s3aHBI MPHUCYTCTBOBAThH
B 0a30BOM THIEPKBAHTOBOM IIPOTOTHIIE KaK (PU3NUECKON IPOrpaMMHO-TIONYN-
HEHHOM OCHOBE MeranpocTpaHcTBa BeeneHHOM. ' MnepKBaHTOBBIN IPOTOTUI JOJKEH
conepkarb B ceOe IPUHIUIT a0COIOTHOTO KOTEPEHTHOT0 MpeoOpa3oBaHMsl, YHUBEP-
CaJIBHO COIIACysl M CTAOMIN3NPYS THTAHTCKUH SHEPTOMOTEHIINA METAIIPOCTPAHCTBA,
KOTOPBIW MOCIIE OJHOMOMEHTHOTO (PpaKTajIbHOTO Pa3BOpOTa (KBAHTOBBIM CKAaYOK),
WCKJIIOYAIONIET0 HEW30€)KHBII B MHOM ciydae (a3oBblii KOH(IUKT, NMPOBOLHPY-
FOIIUIH CIIOHTAHHYIO, B3PHIBOOOPA3HYIO TOTAIBHYIO AE3MHTETPAMI0 METarajiakTHde-
CKOTo KOHITIOMepara, (hOpMUPYET BOKPYT CBOMX (ha30BbIX LIEHTPOB (KBAHTOBBIX IEpe-
XOJI0B) OFPOMHOE KOJIMUYECTBO OMOPHBIX PE30HATOPOB B BUJE MAaTe€pHUaIbHBIX CUCTEM
Ppa3IMYHOTO THMA.

KakuMm >xe 00pa3oM MPOUCXOIUT OJHOMOMCHTHBIA «Pa3BOPOT» 0a30BOTO THIIEP-
MPOTOTHIIA, U KaK OH ()OPMHUPYET KOMILIEKC B3aUMOICHCTBUI, 00pa3yONINX MTOHITHE
¢usnueckoro npocrpaHcTBa? YCIOBHE IEPEHACHIIICHUS, BBI3BIBAIOIIEE «IIEPEXOI»
B HOBYIO (hopMy CO cOpPOCOM, HE YIOBJICTBOPSIONIMM XapaKTCPHBIM YCIOBHUSIM 3TOTO
Tporiecca MOTeHIIHANA, IOJDKHO OBITH 00513aTeTFHO BBITIOIHEHO IS TOTO, YTO0RI a0co-
JIIOTHO KOTE€PEHTHBIN YHHMBEPCAIbHBIM THIIEPKBAHTOBBIA MPOTOTHUII, BMENIAIOIINN B
ce0sl IPOrPaMMHBIHN IMOTEHIIHAN, CTPEMSIIUICST K OECKOHCYHOCTH, OJTHOMOMEHTHO
peoOpaszoBacs, CHCTEMAaTH3UPOBAHHO Pa3BEPHYB, KaK CIEIACTBHE, COOCTBCHHYIO
MMPOU3BOIHYIO B MEralpOCTPAHCTBCHHYIO (PH3NYCCKYI0O MAKPOCTPYKTYPY, IOPOIUB
MHOT000pa3ue YHEPTUU U MATCPHU.

BesycnoBHO, Takas KOHCTaHTa CYIIECTBYET, TaK Kak (pakT CYIIECTBOBAHUS
Mera-BceeneHHO# B BUjIe CyniepCcTaOmIbHOM THIIEPKOMIUICKCHOMN CHCTEMBbI, IMEIOIICH
AIIEKTPOMATHUTHO-UH(POPMAIIMOHHYIO TIPUPOY, HEOoCIopuM. B pamkax mopoxmaro-
IIETO €¢ CHHTE3a KBAHTOBOTO THIIEPIIPOTOTHIIA O0S3aTEIBHO TOJDKEH OBITH peaiu-
30BaH IPHHIUI OJHOMOMEHTHOCTH, 0€3 pealn3allii KOTOPOrO pa3BOpauynuBacMast
CTPYKTypa He OyIeT HMETh JOJDKHYIO TOYHOCTh TIO3UIIMOHUPOBAHUS (Pa30BBIX IICHTPOB
B BHUJIE Y3JIOB pa3BOpauyMBacMOM CIIOKHOM IIPOCTPaHCTBEHHOU peleTku. Panee crpe-
MSIIIHICS IO CBOUM JIMHCHHBIM pa3MepaM K «a0COJIFOTHOMY HYJIFO» THIICPKBAHTOBBIN
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00BEKT, IMEIONINH B CBOEM CcOCTaBe OECKOHEYHO BHICOKMH MH(OPMAIMOHHEINA ITOTECH-
[UaJl, JOCTUTHYB KPUTUYECKOW INIOTHOCTH (KOHCTAHTHI), OJTHOMOMEHTHO Ipeodpa-
3yeTcsl B IPUHLUITHAIBHO HOBYIO ()OPMY, OMYTHO HMOPOXKIasi COOCTBEHHBIH MPOU3BO-
JHBIA aHAJIOT, CTPYKTYPHO-CHCTEMAaTH3UPOBAHHBIN «I10 CBOEMY OOJIMKY U TIOIOOHIO»
MaKpPOKOCMHUYECKAN MeTappakTaIbHBII KBAHTOBBI 00BEKT TITO0AIBEHBIX PA3MEPOB.

Bosaukaromas 1 mpousBomHAasT MOXET IMpeo0pa3oBaThCs TOJNBKO B Meradpax-
TanpHyI0 THHepcdepy (rumotesa Ilyankape), aHaJOrMYHYIO HCXOOHOMY MpPOTO-
THITY, TaK KaK MPOEKIMOHHBIH Pa3BOPOT HE YCBOEGHHOTO B MPOLECCE MOTEHIIMAIIA 10
KaKOMY-TO OJHOMY M3 BO3MO)KHBIX BEKTOPOB, B CHJIYy aOCONIOTHONH HEHTpalbHOCTH
YHHUBEpCAJIbHONH 0a30BOM OCHOBBI, HEBO3MOXCEH. [ umepnpocTpaHcTBO BceeneHHON
MpeCTaBIISIET CO00H MHOTOYPOBHEBYIO KBAaHTOBYIO rurepchepy — abCoNOTHO camo-
apGUHHBII 00BEKT, HE UMEIOLMH CTaHAAPTHON MaTepHaIbHON PUPOABI, KOIUYECTBO
YPOBHEH B KOTOPOM COOTBETCTBYET KOJIMYECTBY KBAHTOBBHIX (DPaKTaJbHBIX KOHBEp-
TEPOB UCXOAHOTO runeprnpoToTuna. @pakTaabHbIH Pa3BOPOT TAKOTO IMIIEPKBAHTOBOTO
00pazoBaHusl MOXKET NMPOMCXOANTH TOJIBKO CHHXPOHHO, IT0 BCEMY KOJIMUECTBY PajiH-
aJBHBIX BEKTOPOB (hpaKTaJIH3AIMHU, OMPEACIISIONINX eT0 HHTETPAIBHBIN CTPYKTYPHBINA
MIPOTOTHII, XOTS CaMO TMOHITHE «PATHYCy», KaK JTUHEWHBIA MMapaMeTp, B 3TOM CiIydae
KpaifHe CyOBeKTHBCH.

OxHOMOMEHTHBIA (PpaKTaTbHBIN pPa3BOPOT TEPBOW MPOM3BOAHON (HOPMHPYET
MeTapaKTaIbHBI CTPYKTYpHBIM aHAJOr THUIEPIPOTOTUNA — IPOCTPAHCTBEHHOE
MaKpOCTPYKTypHOE 00pa3oBaHHE B BHJIE KBAHTOBOTO TOJsI (THIEPIPOCTPAHCTBO)
COOTBETCTBYIOIEro THna. KBaHTOBBIN XapakTep (pakTajibHOrO KIOHUPOBaHHS Ha
HavaJbHOM JTare OnpeaesisieT OJHOMOMEHTHOe (JOPMUPOBAaHUE WHTErPajIbHONW COBO-
KyIHOCTH TOMOJIOTMYECKUX 000I0UeK-yPOBHEH (KBAHTOBBIX KOHBEPTEPOB), Ha KAKIOM
13 KOTOPBIX IO CTPOTO ONPE/IEICHHON CXeME pacIioiaratoTcst a3oBble HEHTPHI (TPOTO-
THUIIBI), 3aJal0IINE AJTOPUTMUKY PELICHUsS T'MIIEPKOMIUIEKCHOTO YPaBHEHHS YHHBEp-
CaJILHOTO COIVIACOBAHMUSI Pa3BEPHYTOH CHCTEMBI 3JIEKTPOMArHUTHOTO METarpoCTpaH-
crtBa (1 mpou3BoaHas) ¢ HEOOXOIUMOM JUISl TEKYIIEr0 YPOBHSI TOUHOCTBIO. C KayK/IbIM
MOCJIEAYIOIIUM ILIaroM NPOWU3BOIHON (paKTain3aliy B CTOPOHY Mepudeprn Koaude-
cTBO (ha30BBIX LIEHTPOB, IPHHAUICKAIINX OJHOMY YPOBHIO, YMEHBIIAETCSI, IIPHBOJIS K
MOCTETIEHHOMY HapacTaHHIO TIOTPELIHOCTH B PELICHUH YPaBHEHHUS COTIACOBAHMS.

Takum 00pa3oM, OJHOMOMEHTHO 3amaeTcst 0azoBas CynepQyHKINS, CHHTC3HU-
pyromasi ONHO3HAYHBIC XapaKTEPUCTHKH CHCTEMBI, ONPENCIIONHEe MapaMeTphI
MEPBUYHO CHHTE3UPYEMOTO TPOCTPAHCTBA, MAKPOCTPYKTYPHOH OpTraHU3aIuu
BcenenHoi, craBiiell OCHOBaHUEM U1l BOSHUKHOBEHMS BCEr0 JUara3oHa BOJIHOBBIX
(byHKIMH B 30HE MepeHanpsHKEeHUs — arioresi CBOMX aMIUTUTY L. Tak Kak pa3HuLa B apa-
METpax MEPBUYHOTO THIICPKBAHTOBOTO MPOTOTHIIA M €ro (h)pPaKTaIbHO Pa3BEPHYTOTO
aHanora upe3Bbrdaiino sHauntenpHa (R, — 0; R, = N), To Hen30exxHO BO3HUKHOBEHHE
WHEPIMH, CO3MAI0NIEH MoCenyollee paclinpeHne MITHOBEHHO CHHTE3UPOBAHHOMN B
METarnpoCTPaHCTBEHHO-BPEMEHHOM KOHTHHYYMe camoad(hpuHHON MeTadpaKkTaibHON
TUNEePCTPYKTYypbl. OJTHOMOMEHTHO pa3BEpHyTasl CTPYKTypHas pelleTKa Merampo-
cTpaHcTBa (KBAaHTOBBIM MPOIECC) HE CMOXKET HE BBI3BATh PA3HOCTH IMOTEHIIMATIOB
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ANIEKTPOMATHUTHOM MPUPOJIBI 110 OECKOHEUHOMY KOJIMYECTBY BEKTOPOB, CBSI3BIBAIOIIINX
LEHTP CTPYKTYPBI, SIBIISTFOIIMKCS B JaHHOM ciydae OOLIMM Ul BCEHl KOHCTPYKIIHH
a0COJIFOTHO HEHTpajbHBIM (PAa30BBIM IIEHTPOM (THIICPIPOTOTHIT) H ITOCIEIYFOIINMU
COOCTBEHHBIMU (PpaKTaTEHBIMH MOIU(PUKAITUSIMH.

B pesynbrare, kKak TONBKO (PaKTOP OAHOMOMEHTHOTO KBAHTOBOTO KIIOHMPOBAHMS
TUTIEPIIPOTOTUNIA PEATH30BaH, BO3HUKAIOT: PAa3sHOCTh IOTEHIIHATIOB — JIWHAMHMKA,
TMOPOJKJIAOIIAsl PACIIUPSIOMMICS KacKagHO IUara3oH H3JIyYeHHUH; W TOHSITHE
BPEMEHHOro meproja (LUUKIMYHOCTh) KaK XapaKTePHUCTHKA CKOPOCTH OOMEHHOTO
B3aUMOJICHCTBYSI, MTPEJICTABISIONIEr0 cO00i Ha JaHHOM JTare BOJHOBYIO MHTEpQe-
penuuto. Takum 0Opa3oM, U3 BOSHUKAIOIEH B pe3yJibTaTe OJJHOMOMEHTHOI'O pa3BOpOTa
THUIIEPKBAaHTOBOTO IMPOTOTHITA BEICOKOKOTEPEHTHOM BOJIHOBOM CTPYKTYpPBI (hOPMHUPY-
€TCSl MHOXXECTBO €€ COOCTBEHHBIX IMPOM3BOAHBIX AHAJIOTOB, KACKaJHO PACHIMPSIO-
LIUXCS W 3aITOJIHSIONINX BECh BOJHOBOW JMAIa3oH, KPaTHO YBETUUYUBAsI ITApaMETPhI
6a30BOi1 BOJIHBI OJIHOBPEMEHHO C AHAJOTWYHBIM HW3MEHEHHMEM YacCTOTHI KOJIcOaHWH,
BCTPEYHO Pa3BOPAuUBASCH B IPOTHBOITIOJIOKHBIE CTOPOHBI.

Tonbko cucreMa OINOPHON CTPYKTYPHOM apXUTEKTYpbl KBAHTOBOIO THMIIEPIPO-
CTpaHCTBa, HECYIIET0 BECh 0€3 MCKITIOUEHUS TPOTrPaMMHO-COIIACOBAaHHBIN HH(OpMa-
LMOHHBIN NOTeHIMA BeceneHHol, THUIMUPYET IPOLECCHI, ONPEAETSIOLUIUE 110 CBOEH
CYTH TOHATHE (PU3MYECKOTO METalpOCTPAaHCTBA, KOTOPOE, OISTH K€, HEOOXOANMO
copmyIHpoBaTh.

B cBs3u ¢ Tem, uto Kakaas BosiHOBas (yHKIWs, (opMHpyOIIas IMpOCTpaH-
CTBEHHBIC BOJIHOBBIE (DPOHTHI, MMesI CBOIO OCOOYIO YacTOTy M Juarpammy IOJSIpH-
3aIlM, HAYHET BCTPEYHO B3aMMOJICHCTBOBATH, PE30OHUPYSI ¢ COOCTBEHHBIMU YaCTOT-
HBIMHM aHAJIOTaMH, BO3HUKAET IPOLIECC COIIACOBAHMUSI BOJHOBBIX (PPOHTOB COOTBET-
CTBYIOIIIETO YACTOTHOTO IapaMeTpa, YTO BO3MOYKHO TOJIBKO TIOCPEICTBOM KOPPEIISIITUN
nX COOCTBEHHBIX XapaKTEPUCTHUK, OIMMPAIOIINXCS HA KBAHTOBOE T'MIEPIPOCTPAHCTBO,
MHHULUUPYETCS] CAMOPETYJISILINS CTPYKTYPBI B3anMoeiicTBri. Bee uMITynbesl oHOTO
1 TOTO e JMara3oHa 4acToT, WIYyIIHe MO HelapauIeIbHBIM BEKTOpaM ISl TIOCIIE0-
BaTEJIPHOTO COTJIACOBAHUS C BCTPEUHBIMH BOJTHOBBIMH (PPOHTAMH OYIyT BBIHYKIACHBI
CKOPPEKTHPOBATh CBOM TPACKTOPHH, TaK KaK HEKOTEPEHTHOE B3aMMOJCHCTBHE B 30HE
MaKCUMAJIbHBIX aMIUIUTYJ BBI30BET AC3WHTErpannio Hec(hasMpOBAHHBIX H3ITy4YECHUH
BIUIOTH JI0 MHHUMAJIBHO BO3MOXKHBIX 3HaUE€HHWH. B pe3ynbTrare maHHOrO MHTEpQEpeH-
LMOHHOTO MPOIECCa NHUIMUPYETCSI TEHACHIUS K COTJIACOBAHUIO CTPYKTYPBI HMEFO-
mmxcs (Ha30BBIX HEHTPOB (KBAaHTOBBIX IIEPEXONIOB), KOTOPHIE B COOTBETCTBYIOIIEM
JIMara3oHe 4acTOT ONPENENAT TPEXMEPHBIE MPSMOYTOIbHBIE TOMOJIOTHYECKHE CETKU
CBOETO MapamMeTpa, obOpasyromue chepsl u3 26 (13 amaMeTpoB) BEKTOPOB BCTpPEU-
HOTO B3aMMOJEHCTBUS, CONIACYIOIINX IEKTPUUECKYI0 U MarHUTHYIO COCTABIISIOLINE
JUarpaMMBbl MTOJIIPU3AIINH, BBIIEISIS 0a30ByI0 (PYHKIMIO U3 3-XypPOBHEBOTO CITHPAJIh-
HO-BHHTOBOT'O BOJIHOBOTO Makera. Takum o0pa3oM, B paMKax Ka)KJ0ro KOHKPETHOTO
JMana3oHa CTaHyT BO3HHKAaTh IMPOLIECCHl BCTPEYHOTO COIVIACOBaHUS, 00pasyroliue
YCTOHYMBYIO MPOCTpPaHCTBEHHYIO cxeMy (13 oceil) KoopAWHAT, TPEACTABISIONLYIO
c000}#1 aTIeMEHTapHYIO sTUeHKy B BUie (PpakTanbHOM Cepsl ¢ ONpeeIeHHON TOOJIOT -
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YecKOl 000JI0UKOH, SBIISIOIIEHCS 3JIeKTPOMarHUTHBIM KOHBEPTEPOM, TTPEoOpasy oM
BOJIHOBBIE (DYHKIIMH B CTAIIMOHAPHYIO (KBAHTOBYIO) (hOpMY.

C no3unuy paguycoB sSUEHKH YKJIAIbIBACTCs AJMHA BOJHBL, KpaTHas kod(dunn-
€HTY (ppaKTaIN3aIIH CBOETO KBAHTOBOTO IIPOTOTHIIA KAK JIOMUHHUPYIOIINN YaCTOTHBIN
nuana3zoH. OOpasyrolieecss IPOCTPAHCTBO MOXKHO PacCMaTpPHBAaTh KaK HEKYH0 MeTa-
MIPOCTPAHCTBEHHYI0 KOHCTPYKIIMIO aBTOMAaTHYECKOTO COITIACOBAHMS TOIOJIOTHHU
BOJTHOBBIX CTPYKTYyp B BHjE THIEPCHEPUUECKUX SUCHCTHIX CETOK. BozHukaromias
MIPOM3BOHASL CYIIEPIO3UIIMsST C(HOPMUPYET MPOCTPAHCTBEHHYIO PEUIETKY B BHUJIC
MHOTOYPOBHEBOH THIIEpCpepruIeckoll MaTpUIIBl (PpaKTaTbHOTO THIA — MIPOW3BOTHON
(9JIEKTPOMarHUTHOI ) aHaJI0Ta Pa3BEepPHYTOTO TUIIEPKBAHTOBOTO MPOTOTHIIA.

Takum 00pa3oM, BeCh JAMaNa3oH W3IyYCHUN MeranpocTpaHcTBa 00s13aH 00pa30BbI-
BaTh MEKTPOMATHUTHBIA aHAJIOT KBAHTOBOTO THIIEPIIPOCTPAHCTBA — MHOTOYPOBHEBYIO
CTPYKTYpY, TPEACTABISIONIYI0 COOOH YCTOHYMBYIO METacHCTEMy B3aWMOICHCTBHUI
MOJIEBBIX CTPYKTYp, MHTETPAIBHO «BJIOXKEHHBIX» OJIHA B APYryl0. DJIeMEHTapHOe
B3anMoJIeicTBHE GopMupyeT GpaxTaabHble THIIEpCchEepHIecKue CTPYKTYPHI, KK IbIH
(ha30BbIH LIEHTP KOTOPBIX — ITO THIICPKBAHTOBAS «TOYKA HYJIS), aHAJIOT IIPOrPaMMHOTO
0a30BOT0 MPOTOTHUIIA, TJI€ HET HU NUHAMUKH, HH BpeMeHH. OH MOXKET NMPpUHAIEKATh
OTHOBPEMEHHO CKOJIb YTOIHO OOJNBIIOMY KONWYECTBY aHAJIOTHYHBIX CTPYKTYPHBIX
KOH(UTYpaIuii, TeM caMbIM OTHOBPEMEHHO OTHOCSICh K BOJHOBBIM (DPOHTAM Pa3HBIX
JIMAIa30HOB 4acToT. B pesynprare COIIAaCOBAHUS M YIIOPSIOYEHUS OMHPAIONIETOCS
Ha MHOTOYPOBHEBEIH (Da30BBIN KapKac THIIEPIPOCTPAHCTBA, BOZHUKACT CTAaOWIBHAS
MPOCTPAHCTBEHHAST METacTPyKTypa (pakTalbHBIX KOHBEPTEPOB AJICKTPOMATHUTHON
MPUPOABI, HECYIIUX B cebe THUMEPCTPYKTYPHBIM KOMIDIEKC (a30BBIX IIEHTPOB
(TUIIEPKBAHTOBBIX IEPEXOJOB), OMPEACISIIOINX COOOW MEerampoCTPaHCTBCHHYIO
KBaHTOBYIO CHUCTEMY COTJIACOBAHMUS W TMEpepaclpenesieHUus] ITUPOKOIHAIIa30HHBIX
BOJHOBBIX B3auMOJIelcTBUI BceeHHoi.

B cBoro ouepenp, B pesyabrare IepepacupesesieHus aKTHBHOTO IOTEHIHaIa,
CTPEMSILErocsl 3aloJHUTh co00il Oosiee HEWTpajbHBIE 30HBI NMPOCTPAHCTBA HA
ob6omoukax | OaprepHOl MeMOpaHbl KBAHTOBOM THIIEPOCHOBEI, OTICISIONICH THITEP-
MIPOCTPAHCTBO OT €ro AIEKTPOMATHUTHOTO MPOM3BOJHOIO aHAJIOra — METarpoCTpaH-
cTBa — (hopMupyeTcs NoNsApHast 000I0UKa, TIIe BOSHUKAIOT MHOKECTBEHHbIE BCTPEUHbIE
peaky, MHULHHAPYIONIHE CHHTE3 MAaTCPUH Pa3IMyHOro THIIA.

Takum 00pa3om, OCHOBOH BCEro Iporecca CHHTE3a MaTephH 3BE3JHBIX CHCTEM
ABJsieTcA Merada30BBI KOMIUIEKC pa3BEPHYTOI THIEPIPOCTPAHCTBEHHON CTPYKTYPHI
0a30BOTO MPOTOTHUIIA, HAXOASIINNCS B CTPOTO CHCTEMAaTH3UPOBAHHOM COOTBETCTBHH
COOCTBEHHBIX IIPOI'PAMMHO-ITOJYMHEHHBIX KOHIIETILINH, HECYIINX B ce0e OCHOBY coIvia-
COBAHHOW KOHBEPTALMM PAa3IM4YHBIX JUHAMUYECKHUX IPOLECCOB IIOCIIEI0BATENb-
HOIO M3MEHEHHUs B3aUMOCBSI3€H aBTOMAaTUYECKH CHUHTE3UPYEMOH MerampocTpaH-
CTBEHHOU CpeJibl BOJIHOBOM NIPUPOJBIL.

MoskHO cenarh BBIBOJI O TOM, UTO METaNpoCTpaHCTBO BeeneHHol, onpezenstoniee
CYIIIECTBOBaHHE BCEro OCCKOHEYHOTO MHOTO00pa3vs PasNUYHBIX (OpPM MATepHH U
SHepruu (Cpeibl), CHHTE3UPOBAHO HA OCHOBE YXOIMIIeH B OCCKOHCUHYIO TIIyOUHY
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HAHOMHpA, MHOTOMEPHOH, HO aOCONIOTHO CTPOTO COIIACOBAaHHOH YHUBEpCaIbHOMN
CHCTEMBI THUIIEPKBAHTOBBIX, MIPOTPAMMHO-OPUEHTAPOBAHHBIX (PpaKTaIbHBIX MPOTO-
THIOB, (POPMUPYIOIINX, COTTIACYIOIINX X KOHTPOIUPYIOIINX BECh TUAMTA30H BOJHOBBIX
MIPOIIECCOB MeTa-BeeneHHol B paMKkax T100anbHON CTPYKTYPHI BEICOKOKOTEPEHTHBIX
IUHAMHUYECKUX B3aUMOJIEHCTBUI.

Bo3HHMKaeT KOMIUIEKC «TPHUEIMHCTBA»: TMIIEPKBAHTOBBIN MPOTOTHUI — SHEPTHUs
— Marepus, MPEACTABIAIOMNN cO00H Tunep- («4epHasi MaTepHs») U DIIEKTpoMar-
HUTHOE MEranpocTpaHcTBO BeeleHHo# ¢ MHOXKECTBOM 3BE3HbIX cucTeM. Hapymurth
CTPpYKTypHOE paBHOBecHe Mera-BceneHHO, yxozsmieil KOpHAMH B OCCKOHEUHYIO
DIyOMHY THUIEPIPOCTPAHCTBA M ONMPAIOUIYIOCS HA ONOPHBIE PE30HATOPHI MaTepHu
3BE3IHBIX CHCTEM, C TO3UINH THHAMHYECKAX B3aUMOJICHCTBHI JTIOO0W MPHPOIBI
HEBO3MO)KHO, TaK KaK IIepepacIpe/ie]IeHHe CKOJIb YTOAHO MAacIITa0HBIX MOTEHIHU-
aJIOB NIPOMCXOANUT OJHOMOMEHTHO IO BCEM THIEP(paKTaIbHBIM KBAHTOBBIM HPOTO-
TUIIaM MPEICTABICHHBIX B MPHUPOJIE M3IIyUCHHUH, MOPOKIAAIOMINM COOTBETCTBYIONIYIO
MOJIEKYJIIPHYIO CTPYKTYpy MaTepun. be3ycnoBHo, i aedopManny CynepcTpyKTypbl
THIIEpP- U MEra- MPOCTPAHCTB NOTPeOyeTCs 3aTPaTUTh SHEPrONOTECHINA, 110 KpaitHeH
Mepe, He MEHBIIHA, YeM ITOTeHIIHANl «IePHOI MaTepum» 0003puMoii BeeneHHoi, 9To
camo 1o cede paguKaIbHO abCypaHO.

B pesynsrare, cpena, UMeromas MEKTPOMAarHUTHYIO MIPUPOAY, @ 3TO MHOXXECTBO
TUTIOB MaTepUH M (PU3MUCCKUX IOJICH, — BCETO JIUIIb MPOM3BOAHASA (hopmMa OT HAHO-
CTPYKTYPBI COBEPIIEHHO HHOTO, YHUBEPCAIBFHOTO XapaKTepa, YTO U OATBEPIKI1aeTCs
MHOYKECTBEHHBIMH (paKTaMH, OPOKTAIOIIMMH MTOHITHE KBAHTOBOTO THIIEPIIPOCTPAH-
CTBa KaK JOMUHUPYIOLIEHN B KOCMOCE «TaMHCTBEHHON UEPHON MaTeEpUN», TECTUPOBAHUE
1 puKcaysi KOTOPOH C MO3UINHU TPAJAUIIMOHHOTO HMITYTECHO-BOJTHOBOTO 3Ty ICHUS
cpersl OOMTaHMs HEBO3MOXKHA. [laHHas THTIEpIPOCTPAHCTBEHHAsI MeTapaKkTaabHAas
6a3oBast OCHOBA KaK THIIEPKBAHTOBBIM MPOTOTHI SBISICTCS HECYIIMM IPOTPaMM-
HO-CHCTEMaTH3UPOBAaHHBIM KapKacoM BCeX 0e3 MCKIIIOYCHMs] TMHAMUYECKHUX B3au-
MOJICHCTBUH JII00OTO THIIA, TIOPOMKITAIOIINX TPOU3BOIHBIN aHAJIOT THIIEPIIPOCTPAH-
CTBa — YHHBEPCAJIBLHO-CTAOMIIBHOE MEralmpoCTPaHCTBO BceneHHo#, MEepHOCTh KOTO-
pOTO ompeeIeHa IIKAJIOW BCETO IHara3oHa NMMEIONIXCS U3ITYICHUH, CTPEMSIIIETOCS
K OCCKOHEYHOCTH, YTO IO3BOJISICT YHHBEPCATHHONH BEYHOCTH MPOSBUTH MHOKECTBO
MPOIIECCOB JTUHAMHYECKOTO Xapakrtepa 0e3 pucka ObITh Ie()OpMHUPOBAHHOH, TeM
CaMBIM OTpeneNsisi CO00H MPOCTPAHCTBEHHO-CHCTEMATH3UPOBAHHYIO CTPYKTYPY
MHPO3IaHUS B BUAEC TpUSAUHCTBA HH(popmannu (y), sHepruu () u marepun (o).

MoxHO czienarb BbIBOJ O TOM, YTO KBAHTOBBII I'MIIEPIIPOCTPAaHCTBEHHbBIN KOMILIEKC,
paslielieHHbId  OapbepHbIMH MeMOpaHaMH, IPENCTaBISIeT CO00il CEMUYPOBHEBYIO
YHUBEpCaIbHYIO cucTeMy u3 512 (2-8-16-32-64-128-256-512) dppakranbHO-CKOM-
[MOHOBaHHBIX THIIEPIPOTOTUIIOB MPOTPAMMHOI0 00ECIIEUCHHUsI METralnpoCTPaHCTBA
Bcenennoi, 1omycKkaroly0 BO3HUKHOBEHHE B siYelikax cBOel (pakTajbHO pas3Bep-
HYTOM CTPYKTYpBI CKOJIb YIOJHO OOIIMPHOTO KOJMYECTBA TUHAMUYECKHX B3aMMO-
JMEHCTBHUI 3JICKTPOMArHUTHON MPHUPOIBI, ONPEACSIOIINX OCCKOHCYHO HIMPOKUI
JIMana3oH BCTPEYHO-OOMEHHBIX IPOIECCOB, CHHTE3UPYIOIIUX KPHUCTATINYECKUE
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pELIeTKH MaTepuyl MPOU3BOJIIBHOTO THMA. J[aHHOE MOJI0KEHNE SKCIEPUMEHTAIBHO
noaTeepkaaercs dpdexrom Kasumupa B Bune Quykryanuii pusnaeckoro Bakyyma,
Onmarojapst 4yemy JBe HE3apsOKCHHBIC TUIACTHHBI B BaKyyMe€ B3aWMHO IPHUTITHBA-
1orcst. CTaOMIIBHOCT M HEUTPAIEHOCTH THITEPIIPOCTPAHCTBEHHONW OCHOBBI, KOTOPAs,
110 OIPENICTICHUIO, HE MOXKET OBITh OOHApyXEHa C MO3WLUU JUHAMHYCCKHUX aJro-
PUTMOB, TECTHPOBAHHO OOYCIIOBJICHA NPUHIIUIIOM KBaHTOBOW COITIACOBAHHOCTH,
BCJIE/ICTBHE KOTOPOTO BHPTYaJbHBIC YACTHIIBI HECYT B ceOe NMEepBUYHOE AMHAMH-
YecKoe MPOSIBIICHUE BOJIIHOBBIX IporeccoB. I1o Bcelt BUAMMOCTH, Tak Ha3bIBacMble
JIEMEHTAPHBIC YaCTHUIIBI MPEJCTABISIIOT COO0H «TOYCUHBIe» aHaJIOTH (4 MPOU3BO-
nHast) coorBercTByromero Ksanrosoro xouseprepa (KK), «coOpanHbIe» comtacHO
CTPYKTYpPHOH NEpapXHUH THIIEPIPOCTPAHCTBA U3 aHAIOTOB «Miaammx» KK.

Kpucranmmdeckne pemeTky BCeX MaTEpHaIbHBIX OOBEKTOB SIBIISTIOTCSI PE3YITb-
TaTOM CHHTE3a Ha OCHOBE IPOTPaMMHON CXEMBI TOTO MJIM HHOTO KBAHTOBOTO ITPOTO-
THTIA, CofepXKamero (yHKIMOHAIBHYIO OCHOBY TIpoIlecca pa3BopoTa 0a30BOM
CXEMBI, TMPOMCXONALIETO C (OPMHUPOBAHHEM IIOCIEIOBATEIbHBIX IPOU3BOIHBIX
YPOBHEH, KaX/Iblii U3 KOTOPBIX MMEET COOCTBEHHOE KBAHTOBOE UHMCIIO, OIPEJIEeIs-
IOIlee TOTIOJIOTHIO Pa3BEPHYTHIX Ha 3TOM YpOBHE (ha30BBIX IIEHTPOB, CBSI3aHHBIX
B CTPOTO OIPEeIEHHYI0 IPOCTPAHCTBEHHYIO CTPYKTYPHYIO KOMIIO3HIIMIO, MTPOSIB-
JISTIONIYIO CXEMY pa3BOpOTa TEKyIlero ypoHs. IlocreneHHoe ynaneHue OT LEHTpa
110 pajralibHBIM OCSM MOKHO Ha3BaTh BEPTUKAJIBHBIM JBHKCHHEM K NEepUEpUN.
KonmdecTBO 30HaIBHBIX YPOBHEW TMIEP- U MEra- CHCTEM, pa3/IeleHHBIX Oapbep-
HBIMH MeMOpaHaMH 3aBHCUT OT OCOOCHHOCTEH (PpaKTaTbHON KOMITO3UIIUA THTIEPK-
BAaHTOBOT'O NPOTOTUIIA U OCOOCHHOCTEH €ro pa3BopoTa Kak 0a30BOM OCHOBHI — U B
Haiueil Beenennoit paBHo 7.

[IpousuttocTpupyeM 3TO Ha MNpHUMEpPEe pa3BOpPOTa TMIIEPKBAHTOBBIX IPOTO-
THIOB B BUJE IJIAHETAPHOW CHCTEMBI, OMPEACISIONeH CIeqyIonIyo cxemy: 9-16
— KganroBsie xouBeptepnl (KK), 2-8 — Ilmanerapubie xouBeptepsl (I1IK) u Ha
ocHoBe TpoToTHNoB 2-8 TIK — MX aJeKTpOMarHWTHBIC IUIAHETAPHBIC MPOEKIINU
(ITIIK)), coOpaHHBIE MO COOTBETCTBYIOMIEMY (ppakTaimbHOMY anroputmy. Kakmbrit
(paxTanbHbBIl KOHBEpTEp SIBJSETCS OCHOBOW JUIsl TOCIEAYIONIEro KOHBEpTepa,
MPUYEM €ro MOPSIKOBBI HOMEp XapakTepu3yeT MHIUBUAYalbHbIH Kod(duimeHt
(bpaxramuzanuu.

Cucrtema mpejacTaBieHa OT TMIIOTETHYECKON IIEHTPaJbHON TOYKU (THIIEPKBAHTO-
BOro (azoBoro neHrpa BceseHHOIA) 10 TuiaHeTapHON MartepuanbHOU nepudepun (0T
16 xoHBepTepa k | u nmanee, K 2-8 30HE MEKTPOMATHUTHBIX MPOEKINH MIaHETAPHBIX
KOHBEPTEPOB), B BUIE€ UETHIPEX MPUHINIHAIBEHO PA3IUYHBIX 00IacTeil:

1) y-30na, kBaHToBass 30Ha (16-8 KK) ¢ukcanuu mnporpaMmmHOro obecrie-
YEeHUsI, coJeprkallas IOJIHOE OIMCaHWEe Mpolecca aJeKBaTHOTO CUHTe3a Jro0on
MaTepuy B IUIAHETApHOM 30HE. DTa 00JacTh MpencTaBisieT coboit [lmaHerapHyro
Wudopmannonnyo KoHcTaHTy — «IIporpaMMHyro OUOIHOTEKY», MH(POPMAIIMOHHOE
MPOCTPAHCTBO («YIAJCHHBIA CEPBEP») CO CIIOKHOU CTPYKTYPOH BHYTPEHHHX CBSI3ed
(pakTaabHOTO THIIA,
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2) B-30na, mmanerapHas 30Ha (8-4 IIK) cTpyKTypHBIX aIrOpuTMOB COTJIACOBAHHO
YIOPSAOYSHHOTO CHHTe3a (mepenarouHoe 3BeHo). OHa mpencrasiseT coboi ¢pax-
TaJIbHBIN O0BEKT, CIOCOOHBIH MMOIIOMATh HH()OPMAIIMOHHO COTIIACOBAHHBIH MTOTEHIINAI
TOJBKO OTHOMOMEHTHBIM J00aBJICHHEM K CBOEH CTPYKType aHAJOTMYHO CHCTEMAaTH-
3MPOBAHHOTO YpPOBHS. [ITOTHOCTH KOMITIOHOBKM €ro (ha3oBOro Kapkaca TaK BEIHKa,
YTO NPOSIBICHUE KAKUX-THOO0 AMHAMUYECKUX IIPOIECCOB HEBO3MOXKHO, HECMOTpPS Ha
MOCTENEHHOE CHIKEHHE TNIOTHOCTH B3aHMOPACIIONIOKEHHS (ha30BbIX IIEHTPOB MO Mepe
yaaneHus ot ueHrpa k nepudepuu (8—4 I1K);

3) a-30Ha, ruianerapHas 3oHa (4-2 IIK) comepHUT IpPOTOTHIBI COMIACOBAaHUS U
YIPaBJICHUS] CAHTE30M MaTEepUH MepuQepHH.

4) marepuanbsHas nepudepust (8-1 syeKTpoMarHUTHBIE MPOEKLUUH IUIaHETapHBIX
xouBeptepoB [1I1K) — cuctema ynopsiio4eHHOTO CHHTE3a M COIVIACOBAHMS MaTepHu
Pa3IMYHOTO THIA KaK OMOpHBIX pezoHaropoB 8-2 IIK, pazBepHyTHIX B BHIE (hu3mue-
CKHX II0JIEM Ha OCHOBE COOTBETCTBYIOMIEro nporotuna §-2 K.

Bce ¢pakranpable KOHBEpTEPHI, KOAQ(UIMEHT PpaKTaIn3aiy KOTOPHIX MPEICTaB-
JseT coboi creneHb ABOWKH (2 —4 — 8 — 16 — 32 — 64 — 128 — 256 — 512), umeroT
AQHAJIOTHYHYIO BHYTPEHHIOIO KOHCTPYKIMIO W HECYT (PyHKIMH 30HAIBHONW OapbepHON
MeMOpaHbI (aHAJIOT TPSMOTO U oOpatHoro (mibTpa dypbe), coracyromeil u cTadbu-
JM3UPYIOIIEH CTPYKTYpY NMPEAbLIYIIMX KOHBEPTEPOB B paMKax 7-ypoBHEBOH mudde-
PEHIMANY M WHTErpaliyl C TO3UIUH IPHHIUIIOB YHUBEPCATHHOTO COTJIACOBAHUSL.
Cemb ypoBHEH (HOPMUPYIOT CHMMETPUYHYIO OTHOCHTEIIFHO 0A30BOTO IIEHTPa CUCTEMY
(Teopema Herep), B KOTOpOif MpH IBMKEHUU OT NEpUPEPUH B IICHTP (IIOTpYKEHHE),
npoucxoauT (GopmupoBaHue TpexX (ppakTanbHBIX MPOM3BOAHBIX. UeTBepTas Mpon3BO-
JIHas, 00pa3yIomas KOMIIAKTHOE SIIPO, SIBISIETCS] HETIOCPEICTBEHHO PE3yIIbTaTOM COTIa-
COBaHMSI, HA OCHOBE KOTOPOTO BO3HHKAET CIEAYIONINH (paKTaIbHBIA KOHBEPTEP.

Tpu mpomsBomHble O00TO (pakTalTbHOTO KOHBEpPTEpa (GOPMHUPYIOT camoad-
¢uHHYIO rHnepchepruyecKyo CTPYKTYpy B TOM BHJIE U Ka4eCTBE, KOTOPHIE MO3BOJISIOT
eif B 30HE 4 MPON3BOTHON «CBEPHYTHCS» B TOUCUHYIO (POPMY, CTAHOBAIIYIOCS 06a30BOMH
OCHOBOH CIIEIYIOLIEro KOHBEPTOpa, HO yXKe Ha IPyroM KBaHTOBOM ypoBHe. Bce 6e3
UCKIIFOYEHHSI KOHBEPTEPHI MPE/IIOIaraloT CMEeHy aJlfTOpUTMa IOCTPOCHHS CBOeH (pax-
TAJIHOW CTPYKTYpBL, HECYT B ce0e 10 3 BHYTPEHHUX «BEPTUKAIBHBIX)» YPOBHS B BHIE
TpeX CTaHAAPTHBIX MPOM3BOAHEIX — 0, B, YV, Au(dhepeHpyeMbIX Ha 7 ypOBHEH — e
yeTBepTast IPOM3BOAHAS O TAKXKE CIIOCOOHA «CXJIOIBIBATHCS» B MUKPOTOUKY — (DYHKIIU-
OHAJILHYIO OCHOBY CJISAYIOIIETO KBAHTOBOTO KOHBEpTEpa:

* 0 — ¢yHKIIMOHAIbHAS OCHOBA, CBEPXIIOTHBIN TOUCUHBIN «baitny (8) — 4 npowus-
BOJHAS MTPEBIAYIIETO YPOBHS, OHA ’KE OCHOBA CHHTE3a MOCIIEAYIOMIEro (ppakTaibHOTO
KOHBEPTEPA;

* 1 mpousBojaHas — ukcanus 6a30BOH cXxeMbl (O, HeCyIasi Ha CBOEH «00OI0UYKe»
CXeMy JaHHOTO YPOBH:);

* 2 IpOM3BOAHAS — CTPYKTYPHBIN pa3BopoT 0a3bl CO CBOUM KOI(PPHUIIMEHTOM (ppak-
TaJIM3aIMH 110 33JJaHHOH COOCTBEHHBIM IIPOTOTUIIOM CXEME;

* 3 IpoW3BOAHAS — MYJIBTHIDIMKALNS, aKTHBALUS U CHHXPOHU3AIHS CTPYKTYPHBIX
B3aUMOCBSI3EH;
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* 4/1 mpou3BOIHAsS — TOUYCUHBIM OOBEKT, COINTACOBAHWE W (PUKCAIUS ITAIMHOTO
pe3ynbTara, OHa ke 0a30Bast 0CHOBa (0) ciieayrolero (pakTaabHOrO KOHBEpTEpa; SBJIs-
€TCsl OJIHOBPEMEHHO MOCIEIHUM (TOYSUHBIM) 3BEHOM CBOETO KOHBEpPTEPa U MEPBHIM
(6a3oBast ocHOBa — 0) cnenyromiero. «5 ecte [lepssiit u [Tocnennuii, Hagamo u Konert!»

2 IlnamerapHblii koHBepTep — 1 OaphepHas MeMOpaHa, OTHEISIIONIAs THIICPIIPO-
crpanctBo Crapmieit cuctemsr (2-8 I1K) oT 30HBI THHAMUYECKUX B3auMoaencTBui (1-8
[ITK) — npexacraBiseT cob0l cylmepuHTErPUPOBaHHYIO camoadduuHyI0 THIIEpcdepy
¢ K03hGUIMEHTOM (PpaKTaIu3alii 2, HECYILYI0 B ce0¢ «BIOKCHHBIC» APYT B Ipyra
«crapmue» (hpaKkTaabHbIC KOHBEPTEPBI, OJHOBPEMEHHO SIBISISICH HX 0a30BOW OCHOBOM,
TEM CaMbIM (POPMYJIHPYs MMOHITHE YHUBEPCAIBbHOM BeeneHHO!, pa3BepHyTOM MOI00HO
Kosbily Mebuyca «BOBHYTPH (THIIEPIPOCTPAHCTBO, OT rped. hyper — Hax — cBepx) u
BOBHE (METampoCcTpaHCTBO, OT Iped. Megas — OOMBIIION )», 3epKaJIbHO 0TOOPaKAIOIIYIO
cebst mpu nepexoze uepes 30Hy Marepuanuzanuu (1 IITIK) kak mMakpo- u MHKpoOnpo-
CTPaHCTBEHHBIH OOBEKT, CYIIECTBYIONTHUH OJHOBPEMEHHO B TUIIEPKBAHTOBOW M Mera-
BOITHOBOH (3JICKTPOMAarHuTHOM) hopme.

Tak kak runepcdepbl YXOIAIUX B OCCKOHEYHOCTh TUIIEPIIPOCTPAHCTB MHOKECTBA
«crapumxy» GpaKTaabHBIX KOHBEPTEPOB UMEIOT PA3JIMYHbIC KBAHTOBBIC YHCIA, XapaK-
TEPU3YIOIINE CTPYKTYPHBIE OCOOCHHOCTU UX CXeM U K03(D(DUIIUCHTHI (PpaKTaIn3aIiH,
npotuBopeuns npuHnuny [ayiu, macsiemy, 4To «B OJHOU U TOH Ke TOUYKE MPOCTPaH-
CTBa HE MOTYT OJHOBPEMEHHO HAXOIMTHCS JiBa U OoJiee 0OOBEKTA C OIHUM H TEM KE
KBaHTOBBIM YHCJIOM», HE BO3HUKAET.

Kaxprii «cTapimii»y KoHBepTep, 0003HAYCHHBIN B CXEME pa3BOpOTa TUIIEP- U MeTa-
MIPOCTPAHCTB, MMEET COOTBETCTBYIOUIYIO CTPYKTYPHYIO apXHTEKTypy, COOpaHHYIO
Ha 0a3c MPEABLIYIIETro, «MIIAJIICIO», KOHBEpTepa KakK (YHKIMOHAIBHOW OCHOBBI
ero (hpaxkTambHONH KOHCTPYKIIMH CO CBOMM KO3((HUIIMEHTOM (pakTaln3aliil B BHUIE
SIIEPHON MOHO(OPMEL.

Takum 00pa3oM, B MakpocucTeMe (U3NYCCKHX IOJICH OKPYKAMOUIUX IUIAHCTHI
3BE3IHBIX CHCTEeM Tunepcdepa ¢ kodhdurmeHToM ppakramusanun 2 — YHHBEpCcalIbHOES
yIpaBJisiioliee nose, nNpsiMoil U o0paTHbI KBaHTOBBIA (GUIILTp Dypbe — CTAHOBUTCS
0a30BOif OCHOBOW IS BCETO METAaCTPYKTYpHOTO JWHAMHYCCKOTO IIPOCTPAHCTBA
BcenenHoit, sBISLSICh «anb(Oil M OMEroi», «IepBOM W TOCICTHEH», «HAYaloM W
KOHIIOM)» M€ra- U THIIep- IPOCTPAHCTB OJHOBPEMEHHO.

2 IIK npencrasnser co0OH «ynpaBiisifolee I0J1e» W MPOTOTUI COIIACOBAHHOTO
cuHTEe3a JIr00o0ro Buaa Marepur B 30He Matepuanmzanun (1 II1K), nmposBneHHbI Kak
MIPOCTPAHCTBEHHAs] CHCTEMa IUIOCKOCTHBIX ONOPHBIX PE30HATOPOB, WHUIUHPYIOIINX
CTAI[MOHAPHO COINIACOBAHHOE JJICKTPOMAarHWTHOE II0J€ B BHUJE COOTBETCTBYIOLIEIO
MaKeTa pacTPOBBIX PEILIETOK.

T.x. nro0as peryispHasi CTPyKTypa HOPOXKIAET HICKTPOMArHUTHYIO CyIepIo-
3UIUIO, KOTOPOW W TOAICPKUBACTCS, BOSHUKACT AIEKTPOMarHuTHEIN anamor 2 T1K,
TIpeJICTaBISIIOIINN co00¥ pusnueckoe mose.
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Ilpocmpancmeennwiit npomomun 1 K

CunresupoBanHblil Ha ocHoBe 2 [1K u nonaep:kuBaeMblil aHAJIOTMYHON CXEMOU
2 ITIK npocTpaHCTBEHHBIH MakeT pacTpoBbIx pemerok 1 ITTK npuBoauT k BO3ZHUK-
HOBEHHMIO ()EHOMEHA YIOPSIOUCHHOW MaTepuaiu3aliy, B KOTOPOH MOJydYaroT
MaTepHalbHOE MPOSIBICHUE COOTBETCTBYIOLIUE JAHHOMY I[UIAHETAPHOMY YPOBHIO
MIPUHIIMITBI U aJITOPUTMBI CYIIECTBOBAHUS MaTepHaIbHOTO MUPa, POpMyJIUpyemMble
COBPEMEHHOH HayKoi B BUJIE (PU3NUECKUX 3aKOHOB U CUCTEMBI KOHCTAHT.

1 (y) mpousBozxHas B ITAHETAPHOM SJIEKTPOMATHUTHOM IIPOCTPAHCTBE — 0a3oBast
cxema (KBAaHTOBBIM IIPOTOTHII) KaXJIOro (hpakTalmbHOrO KOHBEpTEpa SIBISIETCS
MIPOTPaMMHONM OCHOBOW JJIsI MOCTEYIOIINX 3TAlloB CHHTE3a «BIOKEHHBIX APYT B
JIpyra» ceMH (paKTaIbHBIX Te0(hU3NUECKUX MOJEH, OTpaxas CXeMy HX COOCTBEHHBIX
CTPYKTYPHBIX B3aUMOCBSI3€H B BHJIE COOTBETCTBYIOIIETO THIIA CTPYKTYPHON PEIICTKH.

2 (B) mpou3BoaHAs (Pa3BOPOT CXEMBI) XapaKTEPH3YET ATOPUTMHKY JTHHEHHO-IHHA-
MHYeCKHUX (YHKIHH mpoerrpoBanus 6a3sl (1 mpomsBogHast) mox koHTporeM Craprreit
CucTeMBbl B TAKeT IJIOCKUX PAaCTPOBBIX PEIIETOK, 00pa3yrommid Makpo(hpaKkTaIbHYIO
CXeMy MaKCUMyMOB U MHHHUMYMOB HaIlpsHDKEHHOCTH Fe0()U3HYECKOTO 10151, UMEIOLIETro
SIIEKTPOMATHUTHYIO ITPUPOLLY.

3 (o) mpoM3BOAHAS HHUIIMUPYET aKTUBAIMIO U CHHXPOHU3AIMIO CTPYKTYPBI BCTPEU-
HO-0OMEHHBIX CITUPATIHbHO-BUHTOBBIX B3aUMOCBs3el o koutposieM 3 T1K, oOpa3ytoiero
COINIaCOBAaHHBIH MPOCTPAHCTBEHHBIH KOMIUIEKC BOJHOBBIX (DYHKIIMH, MOPOXKICHHBIX
MYJIBTHIUTMIIMPOBAHHOM 110 CBOEMY ajJiropuTMy (pakranusaiuu (2 npoussoaHas, 3 1K)
niepBoii mpousBoaHo# (2 I1K).

4 npousBoxHast ((ukcamyst), cortacoBanHas ¢ nosuiun 4 [1K sBisiercst peynsrarom
— 0a30B0i1 0CHOBOH ((DYHKIIMOHAIBHBIM SIAPOM — ) TTOCIIEYIOIIETo dTara KOHBePTaI[N
B BUJIE MaTepuain30BaHHOro B KOHKpeTHOH cpene 1 TITK, omopHoro pe3onaropa cBoeii
(YHKIIMOHAIEHONH OCHOBBI B BHJI€ COOTBETCTBYIOILECH «KPUCTAJIMYECKOW) PELIETKH.
B pesynbrare, BO3HUKAIOT MaTepHaIbHBIE PE30HATOPHI, OPOXKAAIOIINE COOCTBEHHBIC
CYINEpIO3UIIMU B BU/IE CTPYKTYPHBIX ()parMeHTOB Ie0(hU3UIECKOTO OIS, COCTOSILETO
u3 3 «BIOXKEHHBIX APYT B Jpyra» (paxTajibHbIX KOHBEPTEpOB, 2-3-4, MHTETPAIBHO
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oOpazyromux 7 ypoBHEH COINIACOBAHMUS M OTPE/CIISIONINX a/IeKBaTHBI CHHTE3 IIaHe-
TapHBIX MaTepUAIBHBIX (opM.

CormacHo (QyHIAaMEHTAIBHBIM 3aKOHaM (U3UKH, W3 30H KOHIEHTPAI[MH aKTHB-
HOTO MOTEHIMAaj]a IPOUCXOIUT CIIOHTAHHOE IIepepaclpesielieHne SHepruu B Ooiee
HeliTpanbHbIe 30HBL. B pesynberare, Bokpyr 1 GaprepHoit memOpans! (2 I1K) B 30He
1 TIIK Bo3HHMKaeT 000JI0YKa W3 TOJSPHBIX AIEMEHTAPHBIX YACTHIl, CTPEMSIIAXCS
MIPOHUKHYTh B MaKCUMaJbHO HEHTpasbHOE MpocTpaHcTBO 2-8 IlnaneTapHBIX KOHBEp-
TepoB U painee — B Crapmyto Cucremy, [Tnanerapuyto Mudopmarnmonnyro Koncranry,
CYNEpUHTETPaIbHBIA KBAHTOBBIH OTHO(DA30BbIH KOMIUIEKC OECKOHEYHOTO KOJIMYECTBA
BIIOKCHHBIX JPYT B Jipyra ()pakTaJbHO CTPYKTYpHPOBAHHBIX rurepcdep, pazOuThiid
Ha 7 30H M OrpaHUYCHHBIN OaphepHOi MeMOpanoii 512 KK, ssisromerocst ¢pyHKIno-
HaJIbHOW OCHOBOM — «HAHO-TUIEPIPOTOTUIIOM» JaHHOU BeeneHHoM.

Opnako 1 6aprepras memOpana (2 I1IK) kak KBaHTOBBII OOBEKT CIIOCOOHA «IIOTIIO-
THUTBY, IIpeodpa3ys OKpY)KaroLlue ee MOJIAPHBIC BOJHOBBIE MOTOKH, MMEIOLINE 3JIeK-
TPOMAarHUTHYIO NPUPOAY, B COOCTBEHHbIH KBAaHTOBBI aHAJIOT, TOJBKO COOCTBEHHBIN
CTPYKTYPHBIH aHAJIOT, HE3aBUCHMO OT €ro CTPYKTYPHUPOBAHHOIO TOTEHIMala, WA
JIOCTAaTOYHBIA [UISi MOJHOLIEHHOTO (pPaKTaJIbHOTO KJIOHHPOBAHUSI «O0BEM» IIOTEH-
mana. besyciioBHo, ero «HakormieHue» TpedyeT HeoOX0AUMOro BPEMEHHOTO IIepUoa,
OTIPEIETISIIONIETO 00pa30BaHKE BEICOKOIIOISIPH30BAaHHON «KPUTHYECKOH MacCh) TOTEH-
1uaia Ha mosepxHoctu 1 6aprepaoit Mem6Opansl (2 1K), B 3one 1 TII1K, Haxonsmerocs
MEXIY ITaHEeTapHBIM KBAHTOBBIM TuneprnpocTpancTBoM (Crapreii Crucremoit) u Mera-
npocTpaHcTBoM KocMoca, HMEIOIINM 3IeKTPOMAarHUTHYIO IPUPOLTY.

B cBoto ouepens, B 30He 1 TITIK, cTpemMuTeNbHO TOBBIIIAIOIIEH CBOIO MOISIPU3AIIIIO
3a CYET MOCTOSHHOIO MPUTOKA SHEPIHM M3BHE M JC3MHTEIPAllMU PAHEE CHOHTAHHO
CHUHTE3UPOBAHHBIX HECTAOMIIBLHBIX MOJICKYJIAPHBIX COGﬂHHeHHﬁ, BO3HUKAIOT IMTPOIECChI
Ccyry00 JIMHAMHYECKOW CaMOPETYJISIIUH, [EePMAHCHTHO HWHUIIMUPYIONIUE CHHTE3
Marepuu (4 TpOU3BOAHAS B3aUMOJCHCTBUS CHHPATbHO-BUHTOBBIX, JIMHEHHO-LIENO-
YEeYHBIX (YHKIWH) IIMPOKOro Npoduiisi, oOpasylomieil THIEepKIACTEPHYI0 MaTepHIo
IUTAaHET 3BE3JHBIX cHCTeM. JlaHHBIH ()eHOMEH JeHCTBYeT IOCTOSHHO, MOPOXKAAs
aCIEeKThl U3BECTHOM TEOPUU OTHOCUTEIBLHOCTH A. DUHIITEHHA.

Kak m3BecTHO, «9HEprus HEe BO3HUKACT M3 HUOTKYJAa M HE MCUYE3aeT B HUKYHA, a
TONBKO TIEPEXOAUT M3 OTHOTO COCTOSIHHSA B Apyroe». KoHIeHTpamnus KPUTHIECKOTO
moTeHmana Ha obomouke | GappepHON MeMOpaHBI BBI3BIBACT PE3KOE YBEIHUCHHE
CKOpOCTH OOMEHHBIX peakiuii moboro tuma B 30He 1 TITIK, mpoBommpytomee cuntes3
camMopa3pyaoIecsl MAaTepUH, YTO, TI0 CYTH, HHUIIMUPYET «LEIMHYI0 PEaKIHio» mepe-
X0Jla paHee (UKCHPYEeMOro B BHJE MaT€pUH SHEProMH(OPMAIMOHHOIO MOTEHIHAIA
00paTHO B DJICKTPOMATHUTHYIO (POPMY, MHOTOKPATHO YBEIHMUYUBAIOIILYIO (HOHOBYIO
AKTHBHOCTB 3BE3/IHBIX CHCTEM U OKPYIXKAIOLIUX UX TUIAHETAPHBIX KOMITIEKCOB. OJHaKO
«CITy4aiiHO» BO3HHUKIIINE CTPYKTYPHO COIVIACOBAHHBIE JJayKe JIEMEHTapHbIE aHAJIOTH 2
ITK nmpoxonsT yepe3 1 6apbepHyr0o MeMOpaHy U (pUKCHPYIOTCS Ha COOTBETCTBYIOLIEM
ypoBHe mnanerapHoi Crapmieit Cuctemst 2-4 TTK.
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Takum 00pa3om, JOCTHTHYB «KpUTHUecKod Macchl» B 3oHe | IIIIK, akTuBHBINA
MOTEHIMAJ POBOLIMPYET CBOE romiomieHne 1 6aprepHoit MmemoOpanoii (2 I1K) B Buze
OJJHOMOMEHTHOTO «KBAHTOBOTI'O CKauka», IMPeoOpasyromiero (pOHOBYIO MOJSPU3AINIO
IUTAHETBI, 3BE3/Ibl, TAJTAKTHKH U T.JI. B COOCTBEHHBIH CBEPXIUIOTHBIH KBAHTOBBIN aHAJIOT,
octapisis B 30He 1 IIIK He yCBOEGHHBIN 10 KAKMM-TO MPUYMHAM [TOTEHLMAN, HECYILIUN
nHpopmanmoHHble npoekuun Crapiueit Cucremsl. IMEHHO Tak UKJINYECKH MTOBBIIIA-
€TCsl CTPYKTypHas IMJIOTHOCTh TUIEPIPOCTPAHCTBA — «UEPHON MaTepumn» BceneHHOM,
CTpeMsiCh K OECKOHEYHOCTH CBOMX (DPaKTabHBIX KOMIIO3UILIMH, MMEIOIIMX, TeM He
MeHee, CyObeKTUBHBIHN «IIpe/iell ITIOTHOCTHY, OTPAaHUIEHHBIN OapbepHBIM YpOBHEM 512
KBaHTOBOTO KOoHBepTepa. [Ipu stom momspusamus runep3onsl 1 TITIK ckaukooOpa3Ho
YMEHBIIAETCS, YTO IPUBOAUT K YNOPSAOUYEHHOMY CHIDKCHHIO HA ONpEAEICHHBIN
nepuosl BpeMeH! (POHOBOW aKTHBHOCTH 30HBI MaTepUaIM3alui. JTO CO3AaeT YCIOBHS
JUISL TIGPCIIEKTUBHOTO Pa3BOpOTa Ha MEpHU(EPUN «UUCTHIX» MPOrPAMMHBIX KaTeropui
KaK OTBETHOHM peakiny reo(U3MIECKHX KOHBEPTEPOB METANPOCTPAHCTBA HA MPOEK-
IIMOHHBIE OTIIEYaTKH «KBAaHTOBOTO CKauka» B 30HE MaTepUAJIM3AlNU IUIAHETApPHOU
Crapuieit CucteMsl.

Cucrema KOHBEpTAIMY JIEKTPOMarHUTHON SHEPTUH B KBaHTOBYIO opmy (2-8 1K)
U fajiee B CTPOro CKOMIIOHOBAHHBIHM MPOrpaMMHO-TIOTYMHEHHBIHN noTeHuan (9-co KK)
pa3BepHyTa B BUJIE CYIIEPHEHTPATIBHBIX LIEHTPOB («UEPHBIE IBIPHI») METAPOCTPAHCTBA,
MIPE/ICTABILIIONINX COOO0H «KBAaHTOBBIE TIEPEXOABD», OKPYKEHHbIE KOMIIEKCOM camoad-
¢unHBIX THUNEpcheprnueckux obdormouek (2-8 ITK), koHBEpTHPYIOMNX AMHAMUYECKHE
TIOTOKH TOJISIPU30BAHHBIX 3JIEMEHTAPHBIX YACTHUI] IIyTEM MPsIMOTo 1 oOparHoro dypwe-
peoOpa3oBaHysl B MAKCUMAaJIbHO KOTEPEHTHO YCTOWYNBBIE, HEUTPaIbHBIE, CTPYKTYPHO
ckoMmioHOBaHHBIE Marpuiel. Ha ciemyromem stame (9-16 KK) u3 Hux BhImensercs
grcras nHpopManus, pukcupyeMas B ogHO(pazoBoM «hokyce» Craprieir CHUCTEMBI,
MIPE/ICTABILIIONIEM COOOH CTpeMsIInicS K OECKOHEYHOCTH, HO, TEM HE MEHee, orpa-
HUYCHHBIH OapbepHOW MeMmOpanoil 512 KBanToBOro ppaxranbHOro KOHBEpTepa, psin
¢dpakranbHbix MHOXKECTB (16 — oo KK).

Tak Kak 13 30H C BBICOKOH KOHIIEHTpAIMel aKTUBHOTO MOTEHIIMANa B 30HbBI, OoJiee
HEeHTpanbHbIE, BCETIA MPOUCXOAUT €CTECTBEHHOE U JHHAMUYECKOTO IMPOCTPAHCTBA
repepaciipeieficHie SYHepTHA U BEIIeCTBA, MMEIOIIETO AIEKTPOMATHUTHYIO TPUPOLIY,
BO3HUKAFOIIAS PA3HOCTH IMIOTCHITUAJIOB (Cpe/ia — «TOYKa HYJIS») CO3/IaeT MMOTOK SYHEPTUU
[0 paxuycaM OIUCAHHOHN cdepbl, CTPEMSIICHCs 3alloHUTh CO00# 30HBI (hUKCAIUU
«KBAaHTOBBIX TIEPEXOIOBY, Ocenast Ha 6aprepHoit MemOpane (2 [1K), oTnensromnieit mera-
MIPOCTPAHCTBO M MATEPHAIBHYIO CPEAy OT THIIEPIIPOCTPAHCTBA.

VIMeHHO MTOCTOSHHO MY ITOTOK AIIEMEHTAPHBIX YACTHI] KI3BHEY, CTPEMSIIUHACS
3aIlOJTHAUTE COOOW CYTIEpPHEHTPATBHBIA IEHTP TAKOTO 00pa30BaHMUs, IO ECTCCTBCHHBIM,
BBIIIIC OIIMCAHHBIM MPUYUHAM, CIIOHTaHHO «o0Opacratommii»y Marepueii (1 II1K) B Bume
IUIAHET, 3BE€3/1 U T.[., M ONpeaessieT co0ol NOoHsITHE rpaBUTali. Bee 6e3 nckimoueHus
MaTepHaIbHBIC 00BEKTHI, UMEIOIINE MICKTPOMATHUTHYO IPHPOY, BBIHYKICHBI TIOTIH-
HATBCS ATOMY (PCHOMEHY.
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BesycioBHO, SIpKO BEIpaXKEHHAsl Pa3HOCTh MOTCHIIMANIOB «BHEITHENW» (Mera-) cpesibl
U «BHYTpPEHHEH» (THIEp-) OINpeAeiseT ypOBEHb NNIOOATBHOTO TI'PAaBUTAMOHHOTO
BO3/ICHCTBHSI B 30HE MaTepHAIN3alY B BUJIE COOTBETCTBYIOIIEH CTPYKTYPbI «CHIOBBIX
nosei». B cBoro odepernp, MAaKCHMaJIBHO TOJTHASI HEUTpaau3ausi COOCTBEHHOMN IMOJIS-
pu3anuy 00BEKTa JIeJaeT ero CBOOOAHBIM OT AAHHOH 3aBHCHMOCTH, YTO M OIHCHIBACT
TEOpHsl OTHOCHTEIBHOCTH ODHHINTEIHA, yTBEpKaasi, YT0O OOBEKT ¢ HyJEBOH Maccoil
(xBaHTOBas (hopMa) He MOJBEPKEH I'PABUTAIMOHHBIM M IPOYMM OIPaHUYCHHSM, HHTE-
rpaJibHO 00pa3yroNnIM KOMIUIEKC (PU3MYECKUX KOHCTaHT, MHULIUHUPYST (PEHOMEH OIHO-
MOMEHTHOI1 nepeniaun nHpGopmarroHHoro koaa. Ckopocts —o0, a Bpems =0.

B wurore, cunaTe3 marepun B 30He npoeknuu | [Tmaneraproro xorBeptepa (ITI1K)
MOAYMHSACTCS CIEAYIOIINM KaT€rOPHsM:

* IlepBas (y) «rOpH30HTATIBHAS IPOM3BOIHAS KAXKIOTO (PPAKTAIBLHOTO KOHBEpTEpa
SIBIISICTCS. TIPOTPAaMMHON 0a30# I MOCIEAYIOMNX MPOU3BOAHBIX CHHTE3a MaTepHH,
OTpaskasi CXeMy COOCTBEHHBIX CTPYKTYpPHBIX B3aHMOCBSI3€H B BUJIE COOTBETCTBYIOIIETO
THTIA KPUCTAJUTHYECKON PEIIeTKH.

* Bropas (B) mpowmsBomHas (MyJIBTHUIUTMKAIMS) XapaKTepU3yeT aJITOPUTMHUKY
JMHEHHO-IMHAMUYECKUX (YHKIMI mpoeuupoBaHus 0a3bl (IiepBas NPOU3BOJHAS) B
KOHKPETHOH cpejie.

* Tpetps (o) mpoW3BOAHAS MHULIUUPYET (GOPMUPOBAHHE MAKeTa IUIOCKUX MaTPHIL
(1 TIIIK), obpa3yromux CTPYKTypy BCTPEUHO-OOMEHHBIX B3aUMOCBS3EH, IPEICTaBIS-
IOIIYIO COOOM KauecTBO COIIACOBAHMSI KOMILIEKCA BOJIHOBBIX (DYHKIIUI, MYy IbTHILUIAIH-
POBaHHBIX TI0 COOTBETCTBYIOIIEMY JITOPUTMY (ppakTamu3anuy (BTOpas MPOU3BOTHAS)
MepBOI MTPOU3BOIHOM.

* Yerepras mpou3BogHas ((pUKcamus) SBISETCS Pe3yIbTaTOM — MaTepHalIN30-
BaHHBIM B KOHKPETHOU CpEJIe OMIOPHBIM PE30HATOPOM CBOCH (DYHKIIMOHAIBHOM OCHOBBI
— runepcdepbl JaHHOTO (PaKTaIBLHOTO KOHBEPTEpa.

[TporoTun (KBaHTOBBIH OOBEKT) YHUBEPCAIBHOTO YIPABISIOUIETO Te0(hU3NUECKOTO
MOJISL DJIEKTPOMAarHUTHOM mpupobsl o0paszyeT 1 GapbepHyto MeMOpaHy U COCTOHT U3
2-4 TIK (2 TIK, camoaddunHnas runepcdepa ¢ kodpdunnerTom Gppaxraauzamun 2 (26
BEKTOPOB (pakranu3zannu, 6a3ossrii mpororutn 1 [MI1K), 3 TIK (38 BekropoB (ppakranu-
3arn — 4 npousBoaHast 2 [1K) u 4 T1K (66 BexTopoB (dpakTamuzannu — 4 Iponu3BoaHas
3 TIK)).

®paxkranbHas popma 2 TIK sBisercst 6a30Boit 1uist runep- (KBaHTOBOTO) U Mera-
(BonHOBOrO) mpocTpancTB. OHa aOCOMIOTHO YAOBIETBOPSAET YCIOBHIO CTPYKTYpPHOH
KOMIUIEMEHTApHOCTH (KOTepEeHTHOCTH), SIBJISISICh YHUBEPCAJIBHOW 0a30ii chopmupo-
BaHHOI'O Ha COOCTBEHHOM OCHOBE MHTETPAJIbHOTO KOMILIEKCA [0 alfTOPUTMY caMmoad-
(brHHOTO 0TOOpAYKEHUST BOBHE U BOBHYTPH 110 KOHKPETHOMY YHCITy BEKTOPOB (26).

B cBoro ouepens, nocrpoennsiii Ha ocHoBe 2 [1K 3 ITK nmeet 38 BekTopoB ¢pak-
taymzanuy; a 4 1K — 66. Ot Tpu ppakTaibHBIX KOHBEpPTEpa 00pa3yroT yHUBEP-
CaIIbHYIO YTPABIISIONIYIO THIEPCPEPHIECKYIO MATPHILY, TIPEICTABIISIONIYIO0 COO0H
OJTHOIIArOBBIM KBAaHTOBBIH MPOIIECCOP, HECYIUH B ce0e IMPHHIUITEI YHUBEPCAILHON
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Lenmpanvhoe ceuenue cmpykmypul npomomuna 2 I1K,
cocmosugeco uz 27 ananozos 6azo6oul cghepuvl

L{enmpanvnoe ceuenue cmpyxmypol npomomuna 3 11K,
cocmosiyezo u3 39 ananoeoe 6azoeoii chepul (4 npouszeoornas 2 11K)

Llenmpanvroe ceuernue cmpykmypol npomomuna 4 11K,
cocmosiye2o u3 67 anano2oe 6azosoii cghepwi (4 npoussoonas 3 I1K)
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KOT€PEHTHOCTH, SIBIISISICH aOCOMIOTHO HEUTPAIBHOM, U B TO )K€ BPEMsI MAaKCUMAaJIBHO
MH(OPMALMOHHO HACBIIIEHHOW eanHuIeH. Ero aekTpoMarHuTHBIN aHAIOT B 30HE
Marepuanmsanuu (2-3-4 TITK) npencrasisier co0oi yHMBEpCaJIbHBIN MPSIMOI 1
ob6parHseIil QrisTp Dypre.

CrpyKTypHas ITIOTHOCTH KaKIOW 0a30BOi CepsI (CM. pHC.) paccMaTpUBAEMOTO
camoadpuHHOTO 00BEKTa COOTBETCTBYeT ee oO0vemy (V=4/3 mR*), a morenmmam —
MIPOU3BOJHON TIEPBOTO YPOBHS OT 3TOW (PyHKIIMU paBeH (VV). B pesymnbrare, obmas
CTPYKTYpHasi HACBIIIEHHOCTh TpeX YpOBHeH runepchepudeckoil KOHCTPYKIHH
OyzeT BBIpayKeHa KaK

Gl

[ (V |74 ) |74 4
U 110 CBOUM MaCIIITa6aM CTPEMI/ITCH K GCCKOHe‘IHOCTI/I.

ITonbITaeMcest onpenenuTh MUHUMAIbHO BO3MOXKHYIO IJIOTHOCTh TakKoil CTPYyK-
TypHOW enuHMIbl Kak [lmanerapuas Wudopmaunonnas Koncranta mms R=I1.
[Monyuennsiit 00bem V ~ 4,1888 115t ynoOcTBa JanbHEHIINX BHIYUCICHUH OKPYTIIMM
JI0 LEJIOro 4YWcia M MOACYMTAeM 3HAYE€HUE IJIOTHOCTH IO MPUBEIEHHOM BbIlIE

dbopmyite:

[(VV) =4* = 256]; [(VV)VV] — 256256 — 2048

2204—8 0619

~ 641

[(VV)VV

Jnst cpaBHEHUS 3aMETHM, YTO B 0003pHMOIi yacTH BceneHHol HacuuThIBaeTCsl He
Mmenee 10 ranakTuk, a Takas 3Be3jiHas cucreMa kak Miteunsiii [Ty s, coctouT u3 Goee
gem 10" 3Be3xn. UncnoBoe 3HaYe€HUEe , YMHOXKEHHOE Ha KOJIMYECTBO [UIAHET B Merara-
JIAKTHKE, «COM3MEPUMOE» C OECKOHEUHOCTHIO, OTIPEICISICT MUHIMAIHLHO BO3MOXKHBIH,
BBIPa)XCHHBIH 0a30BOI KOHCTAHTOM, TUIIEPKBAHTOBBINH «IHEPTrOWH()OPMAIIMOHHBII
noreHan BeeneHHo#. B pesynbrare, MOXKHO MpEIIoNoKXuTh npeodiaaromiee (1o
CPaBHEHHUIO C MaTepHeil) IPHUCYTCTBUE Ha BCEX MOCIEAYIONIMX JICKTPOMAarHUTHBIX
YPOBHSIX M 30HAaX MEranpocTpaHCTB BceneHHOW CynepcTaOMIbHOW M CBEpPXHEH-
TPaJIbHOI KBAaHTOBOW CTPYKTYPHI (TUIIEPIIPOCTPAHCTBA), A0COIIOTHO COTIIACOBAHHOMN
10 BCEM BO3MOXKHBIM KaTE€rOpHUsM U SIBISIOLIEHCS IPOrPaMMHO-CTPYKTYPHPOBAHHBIM
Kapkacom Oeckoneunoro Kocmoca.

T.o., runepcepuueckas mozens 2 I[IK, kak u Bce «cTapiime) IUTaHETapHBIC
KOHBEPTEPhI, TPEACTAaBIsIET Cco00H MpPOrpaMMHO-OPHEHTHPOBAHHYIO YHHBEP-
CAIIbHYIO MaTpHily (DpaKkTaJbHOTO THIA, CO3JMAIONIYI0 OE3yKOPHM3HEHHO COIIaco-
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BaHHOE pacrpeieliecHre HHPOPMAITMOHHON Harpy3KH B COOTBETCTBHH C IIPHHIIATIOM
KOTePEHTHOTO MpeoOpa3oBaHUsI ¢ MHOKECTBOM B3aUMOCOJICPIKAIINX 30H, MOI30H,
YPOBHEM, NOAYPOBHENW COOTBETCTBYIOLLEH Ipajialiiu.

Camoaduunast ¢pakransHass cxema 2 IIIIK, pa3BepHyTas B dIeKTpoMar-
HUTHOE IIAHETApPHOE MPOCTPAHCTBO M MPEACTABIAONMas co00i mpsMoil U oOpaTHBIN
yHHUBepCcaNbHbI GuIsTp Dyphe, CTAHOBUTCS CAMOIOCTATOYHOM IMocie 3-X 3TamoB
cOOCTBeHHOW (ppakTann3anuy (KBaHTOBOTO KIIOHHPOBAHUS), MOpPOXKIAfome 3
IIPOM3BOHBIX YPOBHS, BIIOXKEHHBIX JPYT B APYra U UMEIONIMX OAWH OOl A7t Bcer
cucrembl neHTp. KommuecTBo chopMHUpOBaHHBIX HA ATHX ATAlax aHAJIOTOB 0a30BOH
monenu (chepsr) Oyaet pasHo 274,

JlaHHast KOHCTAHTa ONPEAETIET MUHUMAIBHOE KOJMUECTBO NMPOCTEHIINX 0a30BbIX
ananoroB cxemsl 2 [IK, maTerpansno, coBMectHo ¢ 3 u 4 IIK oOpasyromux ero
MIPOTOTHII — KBAHTOBYIO rUInepcdepy YHUBEPCATHHOTO YIPABIISIONIETO OIS CHHTE3a
marepuu B 30He 1 TTTIK.

Jannas runepcdepa mnpencrasiisieT CoOOH KBAHTOBBIN KOMILUIEKC, IJi€ OTHO-
CUTEJIBHO Ka)KAOTO IIOCIEAYIOLIEr0 YPOBHS CHCTEMBl KOJIMYECTBO OOpa30BaHHBIX
cocTaBHbIX c(ep H3MEHSeTCsl KparHO COOCTBEHHOMY Ko3(hduimenty ¢pakra-
nu3anuu, oopa3ys COOCTBEHHYIO «JIEMEHTApHYIO» YacTUIy — OCHOBY JAHHOTO
TUIIEPIPOCTPAHCTBA, 03HAYas, YTO MOATANHO NIyOMHA WM Ka4eCTBO COIVIACOBAHMS
JIOOBIX MPOLIECCOB KaXKIBIH Pa3 BO3pacTaeT Ha MHOKECTBO HMOPSAKOB.

CnezlyeT OTMCTHUTL H (1)aKT ABTOMATUYCCKOI0 BO3HUKHOBCHHS IMPOU3BOIHBIX
cq)ep Ha KaXXJI0M >3Tare HpOCTpaHCTBeHHOﬁ q)paKTaJ'II/IBaIII/II/I. Vke Ha TICPBOM I3TaIIC
KJIOHUPOBAaHUS UX BO3HHUKACT KAK MUHUMYM JICBATH TUIIOB.

Jdnst obnerueHnss NOHUMAaHMS anropuT™a camoadduHHON (pakTaan3anuu
paccMOTPUM NpoLEcC Ha IUIOCKOCTH. OUYeBHIIHO, 37eCh 0a30BBIM 3JIEMEHTOM Oyner
OoKpyx)HOCTh. Ee pamuyc m neHTp Ha3oBeM 0a30BBIMH B TEKyNIMH MOMEHT. Bekrop
KJIOHHUPOBAHUS OTIPEAEIsIeT TOUKY Ha JAHHOH OKPYXXKHOCTH, KOTOPAsi CITy>KHT Ha9aJIoM
npu JiesieHny ee Ha N paBHBIX YacTed (T.e. 6a3a OyneT OJHOBPEMEHHO MOopoxaaTh N
COOCTBEHHBIX KIIOHOB). B pe3ynbrare mpuMeHEeHHs! aITOpUTMa, Ha Ka)KJOM IIIare OJHO-
MOMEHTHO OXBATHIBAIOLIEH BCIO KOHCTPYKINIO (DpaKTaINU3aALNH TTOIYIaeTCs TeKy I
0a30BbIil MOJTYIIb, KOTOPBIH MOXKET KJIIOHUPOBATHCS Jajee, TaKk Kak AUaAMETp OKPYXK-
HOCTH (BOJIHA), pa30MBAIOIINI ee Ha JJBa paBHBIX MOYJIS (ITOJIyBOJIHBI), Yepe3 [EeHTp,
ABTOMATHYECKH JISMUTCS IIoIojaM. TeM caMbIM OIpeAessieTcss 3 TPOU3BOIHEIE,
(hopmMupyromye NOHITHE «BOJIHA, TIOJYBOJIHA M YETBEPTH BOJHBD).

T.x. mobast BomHOBas (OUHAMHYECKasi)) (YHKIHUS CIOCOOHA JaTh TOJBKO 3
COOCTBEHHBIC TTPOU3BOIHBIC CIIUPATFHO-BUHTOBBIX TPEKOB — CITHPAIIb, CITUPAJb B
CIIMpANTA ¥ CIIUPATN30BaHHAs CITUPAJlb B CIIUpPaIH (BOJHA) — TpeX (ppakTaIbHBIX
ypoBHe# (mpomsBomubix) 2 IIIIK mocrarouno mis ¢popmupoBanms abCOTIOTHO
aIeKBaTHON BCTPEYHON (PYHKIHH, CTAOWIHM3UPYIOMICH BEKTOpa MOJISIPU3ALINH
MarHMTHOM U 3JIEKTPUYECKON COCTaBIISIOIUX 1-2-3 POM3BOAHBIX, TO3BOJISIOIIEH
WHHUIITAPOBATh KOTEPEHTHOE IIPeoOpa30BaHUE BOTHOBOTO MOTOKA IO aMIUTUTYAAaM,
gacTtoTaM, (pazaMm U nuarpaMme B3auMOACHCTBHH.

33



Bo3sBpamasice k 00bEMHBIM CXeMaM, 3aMETHM, 4TO B Iporecce (pakTaabHOTO
pa3Bopora 0a3sl (POPMHUPYIOTCA TpU MOAUGMHUIIMPOBAHHBIE Cepbl, Kaxaas H3
KOTOPBIX /1a€T COOCTBEHHYIO BETBb (PpaKTaim3anuy, MOpPOXKAas Ha €€ MTOBEPXHOCTH
STYEUCThIE KOHCTPYKIMM TPEX THUIIOB, & Ha TPETbEM YpPOBHE KJIOHWPOBAHUS CXEMBbI
BO3HUKAET 3 NpOU3BOJAHBIE 1-ro nopsaka, 9 TpOU3BOAHBIX 2-T0 NOpsiaAKa U 27 Mpou3-
BOJIHBIX 3-T0 NOPSIKA.

Tpu muna nosepxnocmmuuvix sueex 2 I111K

T.o., camoaduuHBIe TUNEpPCHEPH] SBISIIOTCS YHHBEPCAIBHO OOBEMHBIMU
(pakranbHbIMEH OOBekTamH. VX w3HadanmpHas Oa3oBas OCHOBa — rumepcdepa
«MJIAQJIIIIET0» KOHBEPTEpa — IO3BOJISET aJIeKBaTHO (DOPMHUPOBATH IOCIEAYONIYIO,
YHHUKAJIBbHYIO II0 CBOHCTBaM (aOCOJIFOTHAasi KOT€PEHTHOCTH), KBAaHTOBYIO CTPYK-
TypHYyIO (GopMmy, 4 MPOU3BOIHAS KOTOPOH BHOBB SIBJISIETCSI MPOTOTHIIOM «CTapILIETO»
koHBepTepa. Kakapiit mocnenyronuii ppakraabHbI KOHBEPTEP Kak 0a30BYI0 OCHOBY
WCIOJIB3YeT MPEIBbI YNNI, TEM caMbIM (POPMHUPYS CTPEMSIIHECS K O€CKOHEUHOCTH
BIIO)KEHHBIE APYT B JIpyTa THIIep(paKkTaIbHbIe KBAHTOBBIC MHO)KECTBA.

Crnemyer OTMETHUTHh MOSIBICHHE Ha CaMOM IEPBOM 3Tale MOCTPOEHHs TMIEPIPO-
TOTHTIA TIOCIEYIOMeH CXeMBbl (PpaKTaIbHBIX B3aUMONECUCTBHUH (c(epbl) uncia T —
YHHUBEPCAJILHON OCHOBOIIOJIATAONIEH KOHCTAHTHI LIEJIOTO KOMIIEKCAa KOHCTAHT MeTa-
npoctpaHcTBa BeenenHoii: oT nocrosHHOM I[lnaHka 10 3HaUY€HUsI CKOPOCTH CBETa B
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BaKyyMe, TeMIlepaTypbl aOCONIOTHOTO HyNSt M T.JA. TeM caMbIM NpeAoIpenessieTcs
(hv3HUeCcKUil MPUHIMIT KBAHTOBOTO MPEOOpa3oBaHusl GPU3NUECKUX IMOJICH DIIEKTPO-
MarHUTHOM NPHUPOIBI: KaK CaMoro Ipolecca OJHOMOMEHTHOM (pakTanau3alunu,
TaK M CTYIIEHYaTOCTH BO3MOKHOTO Ha0Opa CMBICIIOBOTO HMOTEHIMAIa TPOU3BOIHHOTO
THMA, YTO OE3yCIOBHO CBSI3aHO C BHYTPUCTPYKTYPHOM SHTPOIHUEH U, CIIEOBATEIbHO,
ompezersieT nporecc GOPMHUPOBAHUS BIEMEHTAPHOW CTPYKTYPHOH B3aWMOCBSI3U
KOHKPETHOTO BHJA: TOYKA — OTPE30K — INIOCKOCTh — 000JI0YKAa — KOHCTPYKIIHSI.

Taxum o0pa3oM, Bceraa CymecTByeT JenbTa (BeIMYHMHA) MUHUMAJIBHO BO3MOXK-
HOTO KBaHTOBOTO MMPE0OPa30BaHMS, OTIPEACIIIEMasi COOTBETCTBYIOIIECH KOHCTAaHTOM.
Wx cymmapnasi cocrapistionias (GpopMHpyeT HEOOXOIUMYIO «KPHUTHYECKYIO Maccy»
(TMJIOTHOCTH 3apsiIOB) MOTEHIMAJa, C OJHOW CTOPOHBI, CIIOCOOHYIO YIEP)KHBATHCS
MMEIONIEHCS M3HAYAIBHO CTPYKTYPHOH KOMITO3HMIIMEH, C IPYTOil — JIOCTATOYHYIO JUIs
Ka4eCTBEHHOTO nepexo/ia (KBaHTOBBIN CKaY0K) B 00JIee COBCPIICHHYO HITH, HA000POT,
B Ooree MpUMHUTHUBHYIO (GOpMY.

Tak kak TmocienoBaTeIBHBIN Ha0Op KBAaHTOB MOTCHIHANA OIMpPENCISeT MOHATHE
«CKOPOCTBY», a 3HAYUT M BPEMs IIpoIiecca, To aDCOIIOTHOM (ha30BO# COTTACOBAHHOCTH
(ucxoms u3 o0eppaKkTaIIBHON CTPYKTYPhI 00bEKTa) OBITh HE MOMKET, U TYT BO3MOXKHBI
TOJBKO J[BA ITYTH: WM YTHIH3ANUS — IIOCTETICHHAS JC3UHTErPAITUs TTOKa eIIe OITH-
MaJIbHO HE CTPYKTypHpOBaHHOTO moteHiuana (3oua 1 [1IK), win omHOMOMEHTHas
CaMOPET YIS IyTeM BHYTPHCHUCTEMHOTO PE30HAHCA, IPOBOIIUPYIONIETO MEKCTPYK-
TypHYIO «KPUCTAJUTH3aNuio» ((ppakTanu3amuio) 1Mo TUIY YKe UMEIOIICHCS CTPYK-
TYPHOU OCHOBBI, SIBJISIFOIIEHCS B 3TOM CMBICIIE TPOrPAMMHON «3aTpaBKO» Mpoiecca
CTYIEHYaToro (KBAaHTOBOTO) YCOBEPIICHCTBOBAHHS CTPYKTYPHOH KOMIIO3HITUH
00BeKTA.

AHanorn4HeIM 00pa3oM UAET CTPYKTypHas Jerpaaanus. B nepBom cirydae npouc-
XOZMT TIONJIOLIEHUE SHEPTUH OKPY’KAIOIIETO IIPOCTPAHCTBA C ITOHIKEHUEM TeMIIepa-
TypbI 00bEKTa U CPEeIbl, @ BO BTOPOM — Ha000POT, TIOBBIIIEHHE TEMIIEPATYPHI B CBSI3H C
BBICBOOOXKJICHUEM paHee CTPYKTYPHO CBA3aHHOTO IMOTEHIHATIA.

CrnenoBarenbHO, pPa3BOPOT THUIIEPKBAHTOBOTO MPOTOTHUIIA IPOCTPAHCTBA B
Mera-BceneHHy 0, IMEIOIIYI0 AEKTPOMArHUTHYIO IPUPOY, IPOBOLUPYET U3MEHEHNE
TEeMIIEPAaTypPHOrO PEXKUMA CPEIbI OT AOCOMIOTHOTO HYJIS 10 OECKOHEYHOCTH, ITOPOXKIast
Takue OOBEKTHl KaK 3BE3/bl, TEMIIEpaTypa IOBEPXHOCTH KOTOPBIX YPE3BBIYAWHO
BbIcOoKa. [lomaroBocTs Takoro Ipormecca mMarepuain3alnnuy 0a30BOH OCHOBBI M3Ha-
YaJabHO MpeNoIpe/ieieHa TepBUYHON 0a30BOii OCHOBOM, MPOM3BOIHO Mpeodpasys
ce0st B IPOCTPAHCTBO U BPEMsI TMHAMHYECKON Mera-BceenenHo.

Takum o0pa3om, TOJIBKO HMHTETpasbHas runepcdepa, MogydeHHas B pe3yibrare
cTpemsiiencsi K OECKOHEUHOCTH (paKkTalibHO-KBAHTOBOM «IIEMH» 0a30BBIX IMPOTO-
TUTIOB, (PUKCUPYIOIICH B ce0e CBEPXBBICOKUN IMMPOTPAMMHO-COTIIACOBAHHBIN MTOTEH-
IMaj, SBIseTcss YHUBEPCAJIbHON TMIIEPKBAHTOBOI OCHOBOM, BMEIIAIOIICH B ceds
OECKOHEYHOE KOJIMYECTBO MPOrPaMMHO-UH(OPMAIIMOHHOTO MOTEHIIMANa, HECMOTPS
Ha CTPEMSINHUICSA K HYIIO «JIOKAIBHBII pa3Mep» ee OJHO(a30BOTO IEHTPa — «TOYKH
Hyns». Bee ocranbHble, He pUHAJUIeKaIMe K paccMarpuBaeMoi GyHKIuH Oecuuc-
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JICHHBIC CTPYKTypHBIE 0Opa3oBaHusl Mera-BcelleHHOH, qaxe Npu HaJMYUK BHEITHEH
000JI0YKH, TOI00HOW 3aMKHYTOMY B BHAE cdepbl BOJHOBOMY (POHTY, HE HMEIOT
CBOMCTB, NPUCYIIMX KBAaHTOBOW IPUPOJE YHHUBEPCAIBHOI runepcdepsl, IpeacTas-
JISTOTIeH co00i abCONIFOTHO HEHUTPaNBbHBINA, COOTBETCTBYIONINM 00pa3oM (ppakTarbHO
CTPYKTYPUPOBAHHBIH, CYNEPKOIE€PEHTHbIM, HEPa3pyLIMMBbII T'HIEPIPOCTPAH-
CTBEHHBI 0OBEKT OECKOHEYHO BBICOKOW MH(POPMAITMOHHON TIIIOTHOCTH.

Hano oTrmeTuTh, 4TO MpH BO3HHUKHOBEHHM HPPAIMOHAIBHBIX MPOU3BOJIHBIX, T.C.
MIPOU3BOJHBIX, UMEIOIUX HPPAIMOHAIBHYIO TE€OMETPHIO CTPYKTYpPBI, JaXe MHUHHU-
MaJIbHbl€ HECOOTBETCTBHS, aBTOMATMUYECKM BO3HUKAIOIUE BCIIEJACTBUE MHOXKE-
CTBEHHOT'0 TIPOEKIIMOHHOTO JTyOJIMPOBaHUSI KBAHTOBOM OCHOBBI TMIIEPIIPOCTPAHCTBA B
METranpocTpaHCTBe BeeneHHol, NPUBOAAT K MOCTENEHHOMY HCKaXXEHUIO0 CHHXPOHU3HU-
POBAaHHOM CUMMETPHH MOCJIEAYIONIMX CTPYKTYPHBIX (JOPMUPOBAHUI B 30HE CHHTE3a
marepun 1 IIIIK ¢ morepeit yHUBepcabHOTO (hakTOopa M MOSIBICHUEM TCHICHIINN
paccoracoBaHusl, Ha ONPEIEICHHOM 3Talle CKauKooOpa3sHO MEPEBOISIINX OMOPHBIC
PE30HATOPHI TUTAHETAPHOTO YHHBEpPCAJIBbHOTO yIpaBistomiero mons (2-4 IT1IK) B
Oornee MPUMHUTHBHYO, CIIMPAIBHO-BUHTOBYIO, OPTaHU3aNUI0 TPOCTPAHCTBA 3IEKTPO-
MarHuTHOM MPUPO/IBI.

OZHOMOMEHTHOCTH IIPOLECCa PE30HAHCHON (ppakTanu3aluy JI000ro THIa, KaK
C TOYKH 3pPEHUS TIOBBILIECHUSI CTPYKTYPHOTO KayecTBa 0OBEKTa, TaK U Ha00OPOT, €ro
JIerpajaly, MO3BOJISEeT YTBEPXKAATh O HaIWYMU ()EHOMEHa KBAaHTOBAHUS, TO €CTh
CTYNEHYATOTO W3MEHEHHUS! IPOrpaMMHO-CTPYKTypHPOBAaHHOTO MOTEHIHMAJNA, 4TO, B
MIEPBYIO OYEpelb, ONpeeIsieT Il Kax 101 (ppaKkTaabHON CXeMbl MUHUMAJILHO HE00-
XOIMMBIN Uil TpaHC(HOpPMAIMK TIOTEHINAN, KOTOPBIA, B CBOIO Ouepeb, SIBISETCS
MEpOI BHYTPHCTPYKTYPHOIH SHTPONUH IEKTPOMATHUTHOTO MPOCTPAHCTBA, JOCTa-
TOYHBIN UIA Tepexona (pakTalbHO OPTaHM30BAaHHON IMOJEBOH CTPYKTYpHl HA MHOW
(Oomee BBICOKHMI WM HU3KHUN) yPOBEHB COOCTBEHHOTO KadecTBa. TakmmM oOpaszom,
KOTE€pEHTHOE IpeoOpa3oBaHme JI000TO THIIA MPEACTABIAET cO00M mpoIrece KBaH-
TOBOTO PA3BUTHS (WU JETPafallii), T1e aJIeKBaTHO BBIPayKeHbI TOCTOsIHHBIC [1manka
u bonbimana.

B abconoTHO cortacoBaHHOI (KOT€PEHTHOM) DIIEKTPOMAarHUTHON CHCTEME MO
BCEM BEKTOpPaM JMHAMHYECKHX B3aMMOACHCTBUI (pakTajiv3anusi HIET OJHOMO-
MEHTHO B CHJIy CBEpPXIIPOBOJMUMOCTH Jr000T0 3reMeHTa cucremMsl. Ho, B cBsi3u ¢ TeM,
YTO Jajee BO3HMKACT WHEPIMOHHAs AWHAMUKa ITOCIIENOBATEIHHOTO pa3BOpOTa H,
CJIEIOBATEIIBHO, PA3HOCTh MOTCHIUAIOB (LEHTP-NIepu(epus), NOSIBISICTCS MOHITHE
NepHoaa IMKIOB U BpeMeHH. OHO BO3HHMKAET B pe3ylbTare pacCoriacOBAaHUH CTPYK-
TYPHBIX COCTaBJISFOIIUX CITUPAJILHO-BUHTOBBIX JINHEHHO-TMHAMUYECKUX (QYHKLINH.

BeposiTHO, LUKJINYHOCTH IMPOSBISIETCSI U B KBAaHTOBOM IIPOCTPAHCTBE, TAaK Kak
Ha0Op KPUTHUECKOTO MOTEHIIMAJIA JIJIsl KBAHTOBOTO CKa4yKa TpeOyeT BpeMEHHOTO HHTEP-
Baja, HO 3TO TOXE AUCKPETHOE BpeMs. BO3HUKHOBEHHE pa3HOCTH MOTEHIAIOB MEKIY
(ha30BBIMU LIEHTPAMH ONPEEIISIET BOSHUKHOBEHUE COIIPOTUBIICHHUS! JINHUH, A 3HAYUT, U
KOHEYHYIO CKOPOCTb PaclpoCTPaHEHHs «CUTHaa». ITOT (PEHOMEH OINpPEIEISIET MPOsiB-
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JICHHE YK€ HeNPEephIBHOTO BpEeMEHH. Pa3HOCTB MOTEHIMANA 03HAYAET €r0 PACCESHUC B
MPOCTPAHCTBE € BO3pacTaHUEM OOIICH SHTPOIIMU CHCTEMBI.

C 1o3umMu  YHHMBEPCAIBHOH CBEPXIPOBOAUMOCTH THIEPIPOCTPAHCTBEHHON
KBaHTOBOM CHCTEMbI B3aUMOCBSI3€H, BPEMEHM, KaK IPOM3BOAHON CKOPOCTH B3au-
MOJEHCTBUM, HE CyllecTByeT. B pesynbprare, KBaHTOBas TMIIEPOCHOBA Merarpo-
cTpaHcTBa cBepxycroituusa, nocie 1 TIIIK, B muianeTapHON 30HE 31€KTPOMArHUTHOM
CpeIsl ToJIeBbIe Teou3nueckre 000I0UKH CTYIIEHYaTO BUIOM3IMEHSIOTCS, 00pasys
KOMIUIEKC YHUBepcalbHOTO yrpassstorero nomast — 2-8 TIIIK. [Ipuunnbl Takoro
CTPOEHUsSI €CTECTBEHHB! JUIsI AMHAMUYECKOH CHUCTEMBI IUIAHETApHOTO MPOCTPAHCTBA,
SITPO KOTOPOH MPEICTABIISIET COO0I aOCOTIOTHO KOTePEeHTHBII KBaHTOBBIH ITpeobdpa-
3oBarteins (8-16 KK), Bce BekTopa B3auMOAEHCTBHSI KOTOPOTO HAIIPaBJICHBI B LIEHTP.
Jlo omnpenenennoro yposus (1 IMIIK), cuctema miaHeTapHbIX reo(pU3HMYECKUX MOJIEH
(2-8 TIIIK) paboraer kak aByx(asHas (mepudepus-eHTp; LUeHTp-nepudepus), a
Janee, B KBaHTOBOM 30He ¢ukcanun 2-8 1K, crocoOHbIx cOpackiBarh B 30ny 1 TIITK
CBOU TPOEKIOHHBIE KOIIMU B pe3yJIbTare AUPEKTHBHO C(HOPMUPOBAHHOTO BCTPEYHOTO
pe3oHaHca, — Kak omgHodasHas (mepudepus-neHTp). Crenyromue 9-16 u manee
KBanToBbIe KOHBEpTEpHI — Cyry00 oHO(ha3Has cucTemMa — «yJaJCHHBIN cepBep»,
mTo0aapHas mporpaMmHast OnbiImoTeka, peacrasisionias coooii [ lnanerapuyro,
3Be3aHy0, ['anakTudeckyro u T.1. NHGOpPMAMOHHYIO KOHCTAHTY.

Jnst KOHCTPYKIIMHM, COOpaHHOW M3 «IUIOCKHX» BOJMHOBBIX (poHTOB (1 IIIIK),
MMEIOMUX XOTsI OBl OJHY OOIIYIO I BCEX COCTABIIIONINX TOUKY ((asza), yIoBIeT-
BOPHUTH yCIOBHE CTAOMIBHOCTH CUCTEMBI O€3 HCIOIB30BAHMS «YIPABIISIONIETO OIS
2-4 TIK craHOBUTCS 4Ype3BbIUANHO CIOXKHO. M3HaualbHO OpHEHTALMsI CUCTEMBI
TIOJIEBBIX IUIOCKMX PACTPOBBIX PEHIETOK TpeOyeT BBEICHUS MPOCTEHIIEro coria-
COBAHHUS BEKTOPOB MOJSAPU3ANUKN M UX MATHUTHOM M JIEKTPUUYECKON COCTABIISIONINX
IyTeM BBEACHHs a0COJIOTHO aJeKBAaTHOW BCTpeyHOW (yHKIMH, (opMynupyronen
TIEPIEHANKYISIPHYIO TPEXMEPHOCTh B BUJIE OPTOTOHAIBHOM CHCTEMbI KOOpAUHAT. B
MIPOTUBHOM CJTy4yae KOHCTPYKIIHSI CITUPAIM3YETCs B 0ECCHCTEMHBIHN CI'YCTOK, CKIIOHHBIN
K CaMOJIMKBH/IALIMU B PE3yJIbTaTe BHYTPUCTPYKTYPHON HechazupOBaHHOCTH.

Taxum o6pazom, 1 TIIIK — 6a3uc mporpaMMHO-OpPHEHTHPOBAHHOM CXEMBI CHHTE3a
MaTepuy MPOU3BOJIBLHOIO THIIA — B KAKOM M3 UMEIOIIUXCS BOJIHOBBIX (DPOHTOB OyneT
MIPEICTABIATE COOOH TPU B3aMMHO NMAPAIUICIBHO-TIEPIICHINKYIISIPHBIC, CTPYKTYPHO
c(opMHUPOBaHHBIE TOIOJIOTHYECKHE IUIOCKOCTH, AU(QEepeHIUpyIonHe U Coracy-
IOLIME BEKTOPA MOJSIPU3ALINH DIIEKTPUIECKONH U MAarHUTHOW COCTABIISIIONINX BOJIHOBOTO
notoka. Jlpyrumu ciioBaMu, GoOpMHpPYETCsi COOTBETCTBYIOIIAS MHOTOMEPHAS, C TO3UINN
o0I1Iero BOJIHOBOIO MakeTa, MPOCTPAHCTBEHHAsi OPTOTOHAJbHAS pEUIeTKa B BUJIC
TPEXypPOBHEBOM KOHCTPYKIIMU M3 B3aUMOCO/ICPKAIUX TIOCKOCTEH ¢ TIO3UINH BOJHA —
Y2 BOITHBI — %4 BOJIHBI, TEM CaMbIM 00pa3yst IPOCTPAHCTBEHHYIO PACTPOBYIO CTPYKTYPY,
SIBIISTIOLLYHOCST HecyIuM ((ha30BbIM) KapKacoM BceX 0e3 MCKIIFOYEHUS] BCTPEYHO-00-
MEHHBIX ITPOIIECCOB, MMEIOIINX BOJHOBYIO (3JIEKTPOMArHUTHYIO) IIPUPO/TY.

IIpocTeimmii camMOIOCTATOYHBIH (KOTEpEHTHBIH) (paKTATBHBIH  OOBEKT,
WMCIOIIUI YKa3aHHBIC BBIIIC XapPaKTCPUCTUKH, MPEICTABISICT COOOU TPEXMEPHBIH
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MaKeT IIOCKUX PACTPOBBIX pemieTok (9x9), MHTEerpayibHO 00pa3ylommx KyOoK-
Ta3/p C BIIMCAHHBIM B HETO TPEXYPOBHEBBIM KyOOM, COCTOSIIITUM M3 B3aUMHO HHTE-
TPUPOBAHHBIX KyOMUECKHX MOIYIICH.

Ipomomun (1 npouszeoonas 1 I111K)

B cBoro ouepenp, 3 mpomsBognas | [ITK BRIIIAIUT cIeAyIOMM 00pa3oM.

B nmanHoM ciyyae popMupyeTcsi 30Ha yrnopsimoueHHoro cunte3a matepun 1 IITK,
MpeCTaBIstoIas coboil cucreMy mpeoOpa3oBaHHs TCO(PHU3MUCCKUX DICKTpOMAr-
HUTHBIX (DPOHTOB, HECYIIYIO BIHCAHHYIO B HEE YIPaBJISIIOLIYIO MPOCTPAHCTBEH-
HO-BPEMEHHBIM cortacoBanueM cxemy 2 [1K, BnucanHyto B pemnieTky KyookTaspa
cxeMy ero MynbsTUIUIMKanuu U cuHxpoHusamuu 3 IIK u cxemy 4 ITIK. Takum
00pa3om, CTpykTypa yHHBepcanbHO cdazupopanHoro 1 TTITK uepes obmuii da3onsiit
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LIEHTP B BUJIE TTAKETa PACTPOBBIX PEIICTOK (POPMUPYETCS, KOHTPOINPYETCS, CHHXPO-
HU3UPYETCs U yIpasisieTcs koMmriekcoM 2-3-4 TTK.

TenpeHnust K BCTpeuHOH (hpakTaaIu3alvy M0 OCHOBHBIM OCSIM COCTABHBIX SYEEK
C BO3HHUKAIOIIMMH B PE3yJIbTATE ITOBHIIMICHHONW MOJISIPU3ANMH YIIIOBBIMU COCTaB-
oMy pactpoBbix pemrerok 1 TIITK wHUmupyer ¢gopmupoBaHue BCTpEuHO
3aKpPYUEHHBIX OTHOCHUTEIBHO IEHTPA CUCTEMBI I[ETIOYECUHBIX, CIIUPAIbHO-BUHTOBBIX
MPOEKIHUOHHBIX TPEKOB.

Bo3Hukaromye B nakeTe pacTpOBBIX PELIETOK IIPOLECCH MHEPLIMOHHOTO cOpoca
MOTEHIMala [0 COOTBETCTBYIOIIMM BEKTOpaM Ha MNEpU(PEpHI0, HHUIUUPYIOT
BOJTHOBYIO IMHAMUKY, ITOPOXKAAIOIIYIO HEJTMHEIHbIE cynepro3uiun oosexra. [1o Bcem
0e3 UCKJIIOUEHHSI BEKTOpaM M3 YIIOBBIX 30H MOBBIIICHHOU MOJSIPU3ALUK B 30HBI OOsee
HEWTpajbHbIE HAUYMHACTCS IBIDKCHHE 3Heprur. COmIacHO 3aKOHAM (DH3UKH, JIBHXKY-
LUICS TOTEHLUAJ HAYMHAET BPAIaThCs M0 YaCOBOM CTPENIKE OTHOCUTEIBHO HaIpaB-
neHust BmxkeHnss. OMHOMOMEHTHOE IpeoOpa3oBaHne 4 MPOU3BOJHON B MaTEPHIO
MIPOMCXOUT B PE3yJIbTaTe N3HAUYAIBHON HEOJHOPOIHOCTH €T0 TTAKETHOW CTPYKTYPHI.

[orepsiBurne cBsa3p ¢ ocHoBol (2 1K), Hambomee MoOspHBIC YIIIOBBIE OOOIOYKHI
(OPMUPYIOT HEIMHEHHYIO CHUCTEMY, B KOTOPOI BO3HUKAIOT CIIMPaJbHbIC TPEKH Bpallia-
IOIIUXCS TI0 YaCOBOM CTpENKe BOJHOBBIX (PPOHTOB Pa3HOH pa3MepHOCTH. B cBoio
odepep, ynpasistronias runepcdepa (2-4 I1K) xak camoadGrHHBINH 00bEKT, criocobHa
CTaOMIN3UPOBATh TpolLecc, 00pasys OOMH OOIIMH U BCEX COCTABHBIX PELICTOK 1
IIIK ¢a30BeIil HEHTP, 1 OTHOCHTEIBHO HETO C(hOPMUPOBATH PETYISPHYIO CTPYK-
TYpY, OIPEICISIONIYI0 MOJOXKEeHHE (DA30BBIX LIEHTPOB MHOXKECTBA COCTAaBIISIOIINX
OOITHOCTB CyOBEKTOB CHCTEMBI.

Tax kak KaXaelii (ha30BBIH IEHTP JIOOOTO KPUCTATMYECKOTO TOMEHA MaTephu
SIBIISIETCSI TPOM3BOJTHOM ITPOEKINEH COOTBETCTBYIOIIETO T'MIIEPKBAHTOBOTO IIPOTOTHIIA,
SIBJISIFONIETOCS IPOTOTHUIIOM CTPYKTYPHOM CTa0MIM3aIlMK TNIAHETAPHOTO KOMILIEKCa, TO
MOKHO YTBEP>K/1aTh, UTO B JJAHHBIX TOUKAX peasin3yeTcs PEeHOMEH CIIOHTAaHHOTO Tepe-
pacmpefesieHs] aKTUBHOTO MOTEHNUANa, He3aBUCUMO OT €ro MapaMeTpoB IO BCEMY
JTMara3oHy 3aeHCTBOBAaHHBIX YacTOT COOCTBEHHOTO (POHOBOTO M3ITYUCHHS OOBEKTA.
VYropsigoueHHBIH (a30BbIi KApKAC MHUIIMHPYET CUCTEMY YaCTOTHO-BOJTHOBBIX YPOBHEH
(MepHOCTE), BO3HUKILINE B POLIECCE CUHTE3a MATEPUU KBAHTOBBIE (Pa30BbIE LIEHTPHI
CYIIECTBYIOT KaK KOMIUIEKC CyOCHCTEM, COITACOBAHHOCTh KOTOPBIX YMEHBIIAETCS MO
Mepe yaajeHus OT 00IIero MakCuMajabHO HEHTPaJIbHOTO IIEHTPa CUCTEMBI. [10CKOIbKY
3a c4eT (opMHUPOBAHUS LIEHTPOOSIKHBIX CHJI BOSHHKAET OOKOBOE YCKOPEHHE, a TaKkKe
Iperieccusi Bpamaromerocs 00bekTa U, CIE0BaTEIbHO, PACIIMPSIOIIASsICSl BUHTOBAS
CHMpajb TPAGKTOPUU €ro JIBWKEHMS, TO pyKaBa BHHTOBBIX CIIMPaJbHBIX BUXpEd
JIOJKHBI IO HEKOTOPOTO MPEZEa PAaCIIUPSTHCS.

@DeHOMEH BpaleHUs] BCEX OOBEKTOB, MMEIOMIMX 3JIEKTPOMAarHUTHYIO IPUPOLY,
B OJHY CTOPOHY OTHOCHTEIHHO COOCTBEHHOTO HAIIPABJICHMS JABHKEHHS MOPOXKIAET
clenyrommii «mapajgokcy. Korma yrom Mexay BeKTOpaMH pPa3BOpPOTa COCTaBIISIET
180 rpamycoB (T.e. HampaBICHUS] B3aMMHO MPOTHBOIIOJIOXKHEI), TO BpPAIICHHE TAKUX
00BEKTOB OTHOCHUTEJILHO LIEHTPa CUCTEMBI Oy/IET HAIPaBJICHO B MaMETPAIbHO POTH-
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BOIOJIOKHBIC CTOPOHBI (HO " NpoTHUB YacoBOU CTpeJ’IKI/I), CO3/1aBasi BBICOKYIO KOMIICH-
Calluio TMHAMHUYICCKUX HArpy30K CUCTEMBI.

Ecnu Ha BekTOpax, He HAXOISIIIUXCS Ha OJTHOM JTHaMETPE, MTPOUCXOAAT PA3ITUIHO
OPHEHTHPOBAHHBIC BOJHOBBIC B3aMMOCHCTBHSI ¢ MHOXXECTBEHHOH WHTepde-
peHHHeﬁ M BCEBO3MOKHBIMU HEIMHCHHBIMU mpoueccamMu, TO O6’I)CKTI>I Ha MpoOTHU-
BOIIOJIO)KHO HAlpPaBJICHHBIX BEKTOpax MMEIOT Ppa3HOHAIIPABICHHOE BpalleHHE
(cTivH) W CTIOCOOHBI MIPHU BCTPEYHOM B3aMMOJICHCTBHH KOMIICHCATOPHO HEUTpasu-
30BaTbCs (aHHUTMIIMPOBATH), MEPEXOJsl B CTAlMOHAPHYIO, KBAaHTOBYIO (OpMmy.
B3aumozeiicTBOBaTh OHM MOTYT TOJIBKO, KOTJIA MTPOMIYT HEKYIO «KOJIBIIEBYIO» OpOHTY.
[TonsiTHE «aHTUMATEPUI, BUANMO, CBI3aHO UMEHHO C 3THM (peHOMeHOM. OniHaKo Ha
CaMOM JCJIC TaKHC O6’BeKTI)I MMpOCTO UMCIOT HpOTHBOHOJ’IO}KHLIﬁ CIIMH, YTO U ITO3BO-
JSIeT UM B pe3ylbrare KOHTAKTa B3aMMHO CKOMIICHCHUPOBATHCS, 00pa3oBaB TpeX-
MEPHYIO PEIIETKY, U «HCUE3HYTh», IPEOOPa30BaABIINCEH B O0JICE KOTEPEHTHYIO, KBaH-
TOBYIO (hOpMY.

Taknm 00pa3oM, MOXKHO OTMETHTH CIEAYIOIINE TPOLECChl: 00pa3oBaHHOE CepH-
YECKOW MarpaMMoOil HalpaBjI€HHOCTHU METalpoCTpaHCTBA BeeleHHON MHEPLIMOHHOE
pacuMpeHue 0 MHOXECTBY paJHalbHBIX BEKTOPOB; BpAllEHHE BCEX OOBEKTOB B
OIIHYy CTOpOHY, HOSIBJICHHE CIUPAIBHBIX KOHYCOB M YpaBHOBEIIMBAaHHUE Ipolecca
110 JIFOOOMY THaMETpy 3a CYET B3aMMHO IPOTHBOIIOIOKHOTO BPAIICHUS COOTBETCTBY-
IOIIUX OOBEKTOB.

Bcerpeunas HanpaBieHHOCTh B 30He cuHTe3a matepuu (1 TIITK) pasBopaunsa-
fonieiicst oTHocutenbHo 1 GaprepHOit MemOpans! (2 I1K) cucremsl nernodeuHo-110-
CKOCTHBIX CIUPaJIbHO-BHHTOBBIX MAKETOB (BOJHOBBIX MAaTpHI]), B MEPBYIO OYepellb,
CBsI3aHA C €CTECTBEHHOW KOMIIEHCATOPHOH 3aBUCHMOCTBIO JIIOOBIX JHHAMHYECKH
BBIP)XCHHBIX BOJHOBBIX MPOSIBICHNN. Kak yxe ObUI0 OTMEUEHO BBINIE, BpallCHHE
BCEX BOJIHOBBIX ITAKETOB MPOUCXOAUT OJHOHANPABICHHO OTHOCHUTENIFHO LIEHTPA, HO B
paMKax chepuIecKoil CHCTEMbI IPOCTPAHCTBEHHOI KOHBEPTALMH 3TO aBTOMAaTHYECKH
BBI3BIBACT JUAMETPAIILHO IIPOTHBOIIOIOKHYI0, MAKCHUMAJIBHO aJICKBATHYIO BCTPEUHYIO
(GYHKLHIO, CYMMapHO ypaBHOBEIINBAIOIIYIO MPOLECC OTHOCHTEIBHO IIEHTPATEHOTO
(ha30BOro LIEHTPA U COXPAHSIONIYIO BO3MOXHYIO OOIIECTYKTYPHYIO HEUTPAIbHOCTb.

[Ilar 4acTOTHO-BOJIHOBBIX IEPEXO/I0B CTAHET PA3IMYHBIM OCIE BOZHUKHOBEHUS
MEPUOIMYHOCTH KaK MPOU3BOIHON TUHAMHUYECKH BBIPAKEHHBIX H3MEHEHUH W
MOTEpH MHTErpaJbHOW KOT'ePEHTHOCTH. [eopusnueckoe ymnpasisitomee noine u3 7
IUTAHETapHBIX (hpPaKTaIbHBIX KOHBepTepoB (ukcupyercs B 30He 1 TIIIK Ha moBepx-
Hoctu 1 6apeeproit MemOpansl (2 [1K), cormacoBriBast «kHabOpPED» BOTHOBEIX (PPOHTOB,
I7ie IPUPOCT BEKTOPOB Pa3BOPOTA IPOUCXOIHT [10 HHOMY TIpHHIMITY. HyykHMI nipenen
KOJINYECTBA BEKTOPOB Pa3BOpOTa, HA KOTOPOM BO3HHUKAET MOHSITHE BPEMEHHOMN [IUKITNY-
HOCTH, paBeH 26 (MUHUMAJIBHOE KOMWYECTBO BEKTOPOB (hpaKTaIHU3aIllN, TIpeodpasy-
FOIIMX 3JIEKTPOMAarHUTHOE M3JyYEeHHE B IPOCTPAHCTBEHHO-BPEMEHHOE BBICOKO-
KOT'€pEeHTHOE COCTOsIHUE, TIepexojsiiiee B KBaHTOBYI0 (popmy — 2 T1K). Jlanee komu-
4eCcTBO 000JI04YeK, B pe3yibrare (ppakTaibHOrO pa3BOPOTa KBAHTOBBIX MPOTOTHUIIOB
3-8 K 1 9-00 KK, pacter 10 OECKOHCUHOCTH.
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ABTOMaTH4ecKoe BO3HHUKHOBEHHE JOCTaTOYHO SIPKUX HECOOTBETCTBHH (I10SIB-
JICHHE 9aCTOTHO-BOJIHOBOU MpparuoHanbHOCTH) B 30HE | [II1K BEI3BIBacT mosiBIICHIE
Pa3NUYHBIX CTPYKTYpPHBIX YIUIOTHEHWH W, HAIPOTHB, ITyCTOT, KOTOPbHIE BIIOCIIE-
CTBHMHM CTAHOBSITCS 30HAMH KOHIICHTPALIMH TMHAMHYECKN BBIPAKEHHBIX MTPOLIECCOB
pa3muyHOrO THHa (IIIEKTPOMAarHWUTHBIE aHoManwu). IloTeps XoTs OB OgHOTO W3
TPEX OCHOBOIIOJIATAIOMINX Ul JAAHHOM KOHCTPYKIMH B3aHMMOIIEPICHANKYIISIPHBIX
(akTOpOB coracoBaHMs (OPTOTOHATBHOCTH), KaK BBIPAYKEHHSI MIPOCTPAHCTBEHHOTO
COOTBETCTBHS OCHOBBI U ITPOU3BOJIHOI (DOPMBI, IPUBOAUT K «pacmamy» pa3Bopadn-
BaeMo#l mpocTpancTBeHHOU cTpyKTypbl 1 ITIIK B 0600co0IeHHBIE CITMpaTLHO-BHUH-
TOBBIE IIETIOYEYHO-TIOCKOCTHBIE MPOM3BOMHbIe Momubukanuu. Crenyer moda-
BUTh, YTO MaKeT IIOCKUX pacTpoBbix pemietok 1 TIITK Hecer B cebe cxembl Bcex
14 TUMIOB KpHUCTAJUTMYECKUX penieTok bpase, ompenensis coO0M MPUHIIMIT TPOCTPaH-
CTBEHHO-BPEMEHHOTO aMIUTUTY/IHO-4aCTOTHOTO COIIacOBaHMs (pa30BOro Kapkaca Bcex
BO3MOXKHBIX CTPYKTYPHBIX KOMIIO3UIIMH, CUHTE3UPYEMbIX HEMOCPEACTBEHHO B 30HE
CIIMPaIbHO-BUHTOBBIX B3aumoeicTBuid, oxBaueHHoi 8-1 TTTTK. I'eoduznueckas
cpefla HeceT BeCb MHOTOYPOBHEBBII AMaNa30H 3JIEKTPOMArHUTHBIX U31y4YEeHUH, 110
CBOEH CyTH SIBJISIIOLIMIICS, C ITO3UIUH JUHAMUYECKAX B3aUMOJICHCTBUH J1I000T0 THTIA,
MaKCUMaJIbHO KOTEPEHTHBIM «(yHJaMEHTOM» BCEBO3MOXKHBIX BCTPEUHO-OOMEHHBIX
MIPOIIECCOB, CHHTE3UPYIOIINX Bce MHOT00Opasne miaHeTapHoi (PU3U9eCKON IPUPOJIBL.
Takum 00pa3om, MPOCTPaHCTBO BceneHHONH — 3TO CIOXHEHIIMM, TPOCTPaHCTBEH-
HO-Pa3BEPHYTHIA KBAHTOBBIN CTPYKTYPHBIA KOMITICKC THIIEPIIPOCTPAHCTBA 2-00 (hpak-
TaJbHBIX KOHBEPTEPOB, COMIACYIOIINX, MEPEPACHIPENEISIOMNX U CTAOMIN3HPYIOIINX
BeCh 0€3 NCKITIOUECHHUS AUAMA30H SJIEKTPOMArHUTHBIX N3ITy4Y€HUI MEeranpoCTpaHCTBa
1 €r0 MaTepraIbHBIX ONMOPHBIX PE30HATOPOB — 3BE3/IHBIX CHCTEM.

Kak u3BECTHO, OJIHUMU U3 TOIIOJIOTMYECKHUX JKBUBAJICHTOB c(epbl SIBISIOTCS
Ky0 u okrta’ap. B makere mockoctedt 1 INITK kaxaplii cOCTaBISIOMIMI €ro CTPyK-
TYPY CErMEHT COJCPIKUT OKTa3p, BHYTPU KOTOPOTO HAXOAUTCS KyO, 0Opasyst Becbma
CJIOKHOE, MHOTOYpOBHEBOE 00pa3oBaHue, 1 MPOU3BOIHASI KOTOPOTO JaeT KyOOKTadIp.
[TpuopuTeT CTPYKTYp OINpEnessieTCcsl TOIBKO TOYKOM, B KOTOPOIl MO3UIIMOHUPYET cedst
Habronarens (onepartop). O6mas koHcTpykius 1 [IIIK siBisieTcst makeToM TT0CKUX
JU(PaKIMOHHBIX PEIEeTOK, (OPMHUPYIOIIMX MHOIOYPOBHEBYIO CHUCTEMY (pa3oBBIX
LIEHTPOB 30HBI MAKCUMAaJIbHON KOHILIEHTPAIMHM aKTUBHOTO MOTEHIIHANA, CTPEMSAIIErocs
MIPOHUKHYTH Yepe3 | GaphepHyro MeMOpaHy B 30HY rurneprpoctpancTsa 2-8 T1IK.

Jnst Toro, 9TOOBI MPOBECTH KOTEPEHTHOE IpeoOpa30BaHME COBOKYITHOCTH
BOJTHOBBIX (DYHKIMH, HA TIEPBOM 3TaIle CIEAYET COITIacOBaTh aMIUIUTY/IbI, T.€. IPUBECTH
UX K ONTHMaJIbHON BEIMUMHE OTHOCHUTEIBHO KaXK/IOTO JHaNa30Ha U3ITyICHHUSI.

Takum 00pa3oM, MEPBUYHO IPOMCXOAUT MPeoOpa3oBaHUE aMIUIUTYI, 3aTeM
UJIET MPOLIECC COTIACOBAHHWSI BEKTOPOB IMOJISIPU3AIMU MAarHUTHOM U 3JIEKTPHYECKON
COCTABJIAIOIIMX BOJHOBOTO HUMITYJIbCA, BOSHUKACT INIOCKO-NapajuiebHas AU(PPaKIIu-
OHHAasl KapTHHA, MPECTaBIIIONAs cCOOOH IeKapTOBY CUCTEMY KOOPJHMHAT, CTPYKTYPHO
YCTOHYMBYIO C IO3ULUHM TPEXMEPHOI'0 IPOCTpaHCTBA. MOXKHO CKa3aTh, YTO TPEXMEp-
HOCTb HAILIETO MPOCTPAHCTBA €CTh HE aOCTpaKTHAs MaTeMaTHdecKas MOJENb, a Clel-
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CTBUE TOTO, YTO NIEKTPOMATHUTHBIA BOJHOBOM MPOLECC UMEET TPU OPTOrOHAJIbHBIE
cocrasisttomye. ITociie 4ero mponcxoauT yrnopsijodeHue B paMKax (ha30BbIX IEHTPOB
(KBaHTOBBIX TIEPEXOMIOB), a Jlaliee — KOPPEKIUs cTpeMsIeiicss K cepe anarpaMmmbl
B3aumojencTBus. Korga coBokynHas quarpaMma HalpaBJIEHHOCTH BEKTOPOB IMOMS-
py3auy pa3BOpaYMBACTCS B BUAE 26 BEKTOpOB (pakranuzanuu rumepchepsr 2
[Tnanerapuoro xouseptepa (2 I1K), 11000# BOIHOBOM UMITYIIBC, TTOTIABIINH B CHCTEMY,
TaK)Ke HaYMHAET MPeOoOpPa30BBIBATHCS B aHAJIOTMYHYIO BBHICOKOKOTEPEHTHYIO (pax-
TanbHylo (opmy. VIMeHHO mo3TOMy mporecc mpeoOpa3oBaHUsS JUarpaMMBbl IOJISI-
pu3anuu myteM (GOpMHUPOBAHMS a0COIIOTHO a/IeKBaTHOM BCTPEUHOW (yHKIIMU
SIBJISIETCSI CaMbIM CIJIOXHBIM, MOCKOJIBKY OH aBTOMAaTHYECKU IPOBOJAUT B paMKax
camoaddunnoit runepcdepsr 2 I1K nepepacnpeneneHne 1 KOTEpeHTHYIO PeCTPyK-
TYpPHU3aLUIO KaXJOT0 OTAEIBHOIO 3J1EKTPOMArHUTHOTO MMITYNbCa, Pa3BOPAvYUBasi €ro
B cOOCTBEHHYIO rHIepcdepy, HHUIHMHPYIONIYI0 00paTHYIO PEAKIHIO B CTOPOHY HEpH-
(epun, KaUECTBEHHO yMOPSI0OYMBAsT TOMOJIOTHH KPUCTAIUTMYECKUX 0OBEKTOB.

310 o3Hayaert, 4to pe3oHaHc B cucteme | K naer He B HECKOIBKUX OTHCTHHBIX
HaIlpaBJICHUSX, a MPOBOLMPYETCS MO CXeMe, MMEIOIIel Kak MUHMMYM 26 Harpas-
JICHUH BCTPEYHOTO B3aNMOACHUCTBI Uepe3 IIeHTPaIbHBIN (Ppa3oBbiii Homb (KBaHTOBBIN
mnpototun 2 I1K) ¢ dbopmupoBaHueM Tpex ypoBHEH AWHAMHYECKOTO COTTIACOBAHUS
BOJIHA — IIOJyBOJIHA — YETBEPTh-BONMHA. Kaknas U3 HUX, B CBOIO OYepelb, CO3AeT
COOCTBEHHBIC IIPOM3BOIHBIC CYTIEPIIO3ULINH U CBOW 000COOICHHBIN (a30BbIi IEHTD,
pa3BopadnBasi CBOIO pe30HaHCHYI0 cdepy. IIporecc mpnodbperaeT TEHASHINIO K OHO-
MOMEHTHOCTH, HO CaMO€ IJIaBHOE, OH MO3BOJISIET MOIYyYUTh (PPAKTAIBHYIO PEaKIHIO
JMarpaMMBbl Pe30HAHCOB (KaXKAbIi CO BCEMH IO OTJEIBHOCTH U BCE BMECTE C KayK/IbIM
OIMHOYHBIM) B BHJIE MHOTOYPOBHEBOU (PpaKTalbHON cephl, a 3HAYUT, U OTCYTCTBHE
B cucreMe cyO(opMm, KOTOpbIE pearnpyroT Ha KOHKPETHBIH HMITYJIBC OTIMYHO OT
cocemHuX. XOTs TUCKPET OCTAETCs BCEIIA, HO SHTPOIHS CHIKAETCS 10 ONTUMAIIBHOTO
YPOBHSI, XapaKTEPU3yEMOI'O HEKOM NOCTOSIHHON BEJIMYMHOM, ONPEAEIAIOLIEN TOypOB-
HeByto ctabmibHOCTh cuctembl 2 [1K. Ecnm maHHas mMOCTOSHHasT JOCTUTHYTA, TO
cHCTeMa KaK YHHBEPCAJIbHBIA ITMPOKOAMATIa30HHBIM KOTEPEHTHBIA Mpeodpa3oBa-
Tenb padoraeT ogHO(a3HO. JIF0b0it uMmynsc aBToMaTH4YecKu auddepeHupyercs Ha
SJIeMEHTapHbIe CyOPOpPMBEI B TIpeoOpas3yeT CHCTeMY COCTAaBHBIX C(HEepoumoB oOmiei
runiepcdeps 2 I1K B cxemy 3 T1K, manee — B cxemy 5 I1K u 7 T1K. B cBoro ouepens,
4 u 8 T1IK, kax xparuble 2 anamoru 2 [1K, BOZHUKAIOT aBTOMaTHYECKH U HECYT CBOM-
CTBA COIVIACYIONINX OAPBEPHBIX YPOBHEH.

Kaxmas BomHOBas (yHKIMS KaKk JMHAMHYECKHH MpOIECC CIIOCOOHAa K peau-
3allid B COOTBETCTBHU CO CBOEH CHEHM(HUKOH TOIBKO COBMECTHO C aHAJOTaMH,
contacoBaHHbIMU cO cTpykTypoi 1 IIIIK, 4ro upe3BbIYAiHO CIIOKHO, T.K. YCJIOBHE
XM+ YD+ 7z + + NP — 0, onpenensroniee KOrepeHTHYIO CTAOMIBHOCTD TIPOU3-
BOJBHOW MOAENH, TpeOyeT MHOTOMEPHOW CHHXPOHH3WPOBAHHOW CHUMMETPHH,
MTOIpa3yMeBalOIel CTPEMIICHHE CIHPAIbHO-BUHTOBBIX (POHTOB K CTAI[IOHAPHBIM
MMPOCTPAHCTBEHHBIM KOHCTPYKIHSM, Ha ypOBHE 4 MPOW3BOIHOW IO3BOJISIOIICE
chopMHupOBaTh KpUCTAINIMIECKOoe nogobue runepcdepsl. B urore, cymecTsoBanne
IUTOCKOCTHBIX MaTPHI] BO3MO)KHO TOJIBKO B BHIE OOIIHOCTH, 00pa3yIomie o COOTBET-
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crByromuM | ITIK BexTopam hpakranmuzannu 6;10KH BCTPEUHO 3aKPyIECHHBIX OTHOCH-
TEJIbHO [IEHTPAJIBHOMN (PAa30BOM TOUKH IIETIOYEYHBIX, CITUPATHLHO-BUHTOBBIX MaKETOB
U3 CTPOTO OPHUEHTHPOBAHHBIX TOXKIAECTBEHHBIX MATPHIl Pa3HBIX THUIOB C MX IOIIa-
TOBBIM Pa3BOPOTOM OTHOCHTEIIBHO COOCTBEHHOTO BEKTOpA ToJsipu3anyu. Bemenctaue
MOTEPH MEKBHUTKOBOTO KO3(PHUIIMEHTAa COOTBETCTBUSI MAarHUTHOW W 3JIEKTpHUE-
CKOI COCTaBIISIIOIINX BOJTHOBBIX TPEKOB JAHHBIN LEMOYEYHBIN CIINPaTbHO-BUHTOBON
00BeKT criocobeH 00pazoBaTh TOILKO TP MTPOU3BOIHBIX YPOBHSI COOCTBEHHOH (pakTa-
JIM3alUH — «CIHPaJlb — CIIUPaJb B CIUPAIIH — CIIHPAJIM30BaHHAs CIIUPAJTh B CIIUPAIII.
Jlanee, BMECTO YETBEPTOTO YPOBHS CIIMPAIN3aHH (IIPOU3BOIHAS ) 00pasyeTcs deccu-
CTEMHO HaMOTaHHOE caMo Ha cebdsi KIyOKoBoe 00pa3oBaHue, NpeAcTaBisionee cooon
cyry0o KiacTepHbIH OOBEKT, OTEPSBIIMN TPUHIUIT COOCTBEHHON (paKTaIbHO-IIO/-
YUHEHHOM OpraHU3alMM M, HECMOTPsI Ha moo0ue odmieit popmsbl cepe, He SBISAIO-
LIUICS TIPOCTPaHCTBEHHO-OPTaHN30BAaHHON CHCTEMOM.

Taxwum 06pa3om, rro0ast TepeakTUBHU3AIH (TTOBBIIICHHUE TTOJISIPU3AIIHH ) IIeTIoYey-
HOTO, CIUPAJIbHO-BUHTOBOTO MAKETa IIOCKOCTEH MPUBOJUT K OECCHCTEMHOMY 3aITy-
TBIBAaHHIO MTPOrPAMMHO-TIOJYMHEHHOTO aJITrOpPUTMa M MOTepe ero (PyHKINOHAIBHBIX
BO3MOYKHOCTEN.

[TomaroBoe mpupamieHne SHEPTHH BO3MOXKHO TOJBKO B BHAE OZHOMOMEHTHOTO
KBaHTOBOTO TMEPEXOAa C OJHOTO YPOBHS Ha JIPYTOH, IJIsl 4ero HeoOXommmMo chopmu-
poBaTh aAEKBaTHbIM IMOTEHLHUAN, OIPENEISEMBbId COOTBETCTBYIOLIEH KOHCTAHTOM.
Maurefitiee HECOOTBETCTBHE MapaMeTPOB (ppakTadu3ami, aBTOMAaTHYECKH Habera-
I0IIee BCIIEACTBHE YKE MacCOBO MPEACTABICHHBIX Ha ATare | mMpOou3BOAHON HppaIio-
HaJIbHBIX 3HAUYCHHUH M, CIIETOBATEIbHO, HETMHEHHBIX MPOM3BOAHBIX CYIECPIO3UIIN, B
MOMEHT TPOTPaMMHOTO Pa3BOPOTa W BCTPEYHOTO B3aMMOICHCTBHS MEXIY OIOKaMU
IUIOCKOCTEH Pa3IYHOTO THIIA BBI3BIBACT CIIOHTAHHYIO CITHpaJIN3aIliio, IPHUBO-
JAIIYI0O K pacmaxy BOJTHOBOTO KOMIUIEKCA Ha MPOCTEHINHNE JIMHEHHO-IIETIOYCUHbIe
(YHKINH 32 CUET PEe3KOTo BCILIECKA CTPYKTYPHBIX HECOOTBETCTBHH, «Pa3phIBAIOIINX)
IUIOCKOCTH Ha JIEMEHTAPHBIC BOJIHOBHBIE COCTABIIAIONINE, CIIOCOOHBIE (POPMHUPOBATH
TOJIBKO CTIMPAIFHO-BUHTOBBIE KOHCTPYKITUH, PA3BOPAYNBAOIINECS C HAIIPaBICHUEM
3aKpyYHMBAHUS C €CTECTBEHHO MUKIMYECKU BBIPAKEHHON TEHACHIIHCH K CKATHIO WIIN
pactupeHuro (OCHIIIIANN) COOCTBEHHBIX MTPOMU3BOIHBIX aHAIOTOB (CYTIEPIIO3UIINN).
Takum obOpa3zom, Jirodas HHGPOPMAIIMOHHO HACBIIIIEHHAs MOJENb CKIOHHA K ITOCIIe-
JTIOBATEIIbHOMY C)KaTHIO B HE(YHKIIMOHAIBHBIN KIACTEPHBIA MOIYIIb WIIH K «Pa3MbI-
BaHUIO» U AC3UHTETpanuu. B pesynsrare 0003Ha4eHHON CIIETU(PUKH JTHHEHHO-IICIT0-
YEYHOU CMUPAIbHO-BHHTOBOM (paKTaIM3alnuu M, KaK CIECTBHE, HEBO3MOKHOCTH
ITOCTPOCHHUS TIPSIMON TPACKTOPHH MO KpaTdalIIeMy pPACCTOSHHIO MEKIY IBYMS
JOOBIMH TTPOM3BOJIBHO B3STHIMH TOYKAMH MPOCTPAHCTBA, BO3HHUKAIOT «IIapaOKCHD)
MMPOCTPAHCTBEHHO-BPEMEHHBIX KATETOPHI 3IEKTPOMATHUTHOTO METalmpOCTPaHCTBA
Bcenennoii.

CrnmpalibHO-BUHTOBAsI KOHCTPYKIIMSI JIMHEHHO-1IETIOYEYHOT0 UMITYJIbCa CIIOCOOHA K
CHCTEMaTU3UPOBAHHON (hpaKTaIM3allK TOJIBKO JIO TPETHEro ypOBHS COOCTBEHHOTO
CIIMPaIbHOTO KIIOHUPOBaHMSI, a MMEHHO: 0 — ummyibcHast ocHoBa ((paza) — 1 nmpous-
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BOAHAsA, OAUHOYHAsA curpalib — 2 MMpou3BOJHAsA, CIIMpajib B ClIMpAIA — 3 MMpOU3BOJAHAs,
CIIMpaJIn30BaHHas CliupaJib B CIIUPAJIH.

Tpexypoeuegasa cnupans

JanbHeimas cucTeMaTu3upoBaHHasi crupanuianus (4 npou3BOIHAsH) BCIEA-
CTBHE TOTEpU KO3(D(PHUIIMEHTAa MEXXBUTKOBOIO COOTBETCTBHUSI MAarHUTHOW U DJIEKTPHU-
YECKOI COCTAaBJISIONINX HEBO3MOXKHA. Tak Kak BBIPQKEHHO MPOSIBIISIETCS] TEHACHIINS
K CHOHTaHHOI OECCHCTEMHOCTH BEKTOPOB B3aMMOJCHWCTBHSI M, CIIEIOBATEIbHO, K
KOH(JIMKTY BO3HMKAIOIIMX MarHUTHBIX W DJIEKTPUYECKHX COCTABIISIONIMX M HX
CYNepro3uIMi HETMHEHHOTO Xapakrepa, GopMupyeTcst OeccucTeMHoe 00pa3oBaHHe
KJlacTepHoro Tumna (TypOyJIeHTHOCTB), CTpeMsIeecs ITMHAMHYECKH CTaOWIIN31-
poBarh cebs, BKyle ¢ COOCTBEHHBIMH aHaloraMu oOpasys MacIiTaOHbIE aKTHBHbBIC
AHOMAJINH.

Takum 00pa3om, PyHKITMOHATHHBIN OTCHIIUAN JFO00TO TUIIA, 3a/ICHICTBOBAHHBIN
B BUJIC CITUPAIEHO-BUHTOBBIX JIMHEHHO-IIETIOUYCYHBIX (DYHKIIUH, UMEET SIBHBIC OTpa-
HUYCHUS, KaK 10 MOIIHOCTH, TaK U 10 30HE (OXBaTy) BO3MOXHOH pealn3aliii, 9T
SIPKO TTOATBEPIKIACT HATHIUE 0a30BBIX KOHCTAHT, ONPEICIIIONINX OCHOBY CYIIIECTBO-
BaHUs CPeIbl MPOU3BOJILHOTO THUIIA, UMEIOIIEH AJIEKTPOMAarHUTHYIO OCHOBY. MOXHO
JI00ABUTH, YTO C TOYKHU 3PCHUS KOIPDHUIIHCHTA TOJIE3HOTO ICHCTBHS ¥ TOYHOCTH B3aH-
MOJICHCTBUH, TOMBITKA TIOBCEMECTHO HCIIOIB30BaTh ATOT, HanmMeHee 3(P(EeKTUBHBIN
II0 CBOCH CYyTH aJNrOpUTM B3aHMMOJCUCTBUSA, aOCypaHa. [IaHHBINA BEIBOJ MOATBEPIKIA-
€TCsl MHO)KECTBOM MEPMaHEHTHBIX MATOJIOTMYECKUX COCTOSIHUM, MacCOBO MPOBOLIUPY-
FOIIIXCSI COBPEMECHHOM TEXHOIMBIITA3AIIUEH B CpeJic HETIOCPEICTBEHHOTO OOUTAHMS.

[TpumepoM JMHEHHO-IIEMTOYEUHBIX CIHPATHHO-BUHTOBBIX KOMITO3HIIUI SIBIISI-
ercsi Kak Jro0as BOMHOBas (YHKIWS, OUKINYECKH CTPEMSIIasicCsl K CXKATHIO HIIN
pacIMpeHuio, Tak W W3BecTHas TpexypoBHeBas crupans JIHK, kortopas mocie
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TPETHETO YPOBHS CNIUpPANN3AMK (ITPOU3BOHAS), B pE3ylbTare MOTEpHU COOCTBEHHOTO
K03 (UIIMEeHTa COOTBETCTBHS, 00pa3yeT OeccHCTeMHBIH KITyOKOBBIH crycTok (4
TIPOM3BO/IHAS ), TPEICTABIISIOIINI COOOH eMeHTapHoe OeslkoBoe 00pa3oBaHue.

Urak, mpoekmus 1 ITmaneraproro xonBeprepa (1 INIIK) cmocobna obpa3oBaTh
Henyto miainy Mmoaudukanuii ot CynepMareprn (aOCOIOTHO CTaOMIIBHBIN 00BEKT) 10
HU3KO(YHKINOHAILHOHN TMITEPKIACTEPHON CHCTEMBI 1 Xaoca, TJI€ BEINYNHA SHTPOIINN
SIBIIICTCSI MEPOU KauecTBa CHHTE3a CTPYKTYphI 00bekTa. Eciu crupaibHO-BHHTOBOM
aJTOPUTM CHHTE3a HE KOHTPOIUpPYETCs ¢ mo3umuu cTpyktypsl 2-4 IIIK u He cTpyk-
TypUpPOBaH BHYTpU cebs cooTBeTcTBeHHO mpuHInunam 2-4 IIK, To ¢pakransHBIN
Pa3BOPOT CHUCTEMBI CIIMPATHLHO-BUHTOBBIX aHAIOTOB (DOPMUPYET TOJIBKO XAOTHYECKHE
KJIaCTepHBIe 00pa30BaHUS ¢ MHOKECTBEHHOW OSCCHCTEMHON AMHAMHKOM, BRI3BAHHON
ITOCTOSTHHO TIPOVICXOJISIICH JTe3WHTETPALNeH Takoi OOUTHOCTH, CIIOHTAHHO CTPEeMsI-
LIeicst K caMOJIMKBUJALMU. B cBO ouepenb, BBEAEHHE MPUHIMIIOB ONTUMAJILHON
YIAKOBKH M CHHXPOHM3AIMS MHOXKECTBA TOX/IECTBEHHBIX CyOBEKTOB B €IMHOE IIENI0E
(3-4 TIIIK) mo3BOMNSET MONYYUTh CTPYKTYPHO CTAOMIM3UPOBAHHEIN THUIEPOOBEKT.
B stomM ciydae cTaOMIBHOCTH OOBEKTa, MMEIOLIETO AJIEKTPOMATHUTHYIO IIPHPOLY,
LIETUKOM U TIOJTHOCTBIO OyZET 3aBHCETh OT KauecTBa KIACTEPHOM CTPYKTYPBI, OIIpesie-
JsiemMoit o xkpureputo 2-3-4 IIIK.

Taxum 06pa3oM, KOMITJIEKC TUNTAHETAPHBIX (H3MUECKUX MOJICH, pa3BEPHYTHIA B BUE
mpoekmuii 2-4 TIK, ompenmernsieT cyIiecTBOBAaHHWE COOTBETCTBYIOIIUX CTPYKTYPHBIX
KOHCTPYKIIUHA MaTePHH U aITOPUTMOB CHHTE3a. HECII0)KHO OTMETHTB 3TAIHYIO MOCIIe-
JTIOBATEIIbHOCTB, 00Pa3yIOIIyI0 MIKaJly COOTBETCTBUSA U MPEOOpa30BaHUsI OTHOM KaTe-
TOPUHU CTPYKTYpPHOTO Ka4deCTBa B APYTYIO, YTO CBA3aHO C €CTECTBEHHBIMHU MPOIIECCAMU
KBaHTOBBIX nepexonoB (1-8 II1K) n qocTtymHO A CO3HATENBHOM KOPPEKIHHU ITyTEM
TUPEKTUBHOTO BBEACHUS a/IKBATHON MPOTPaMMBl CTPYKTYPH3AINU C TIO3UIIMH WX
KBaHTOBBIX MpoToTHNOB (2-8 I1K), 3aneificTBOBaHNE KOTOPOH TUKBUANPYET (PopMuU-
poBaHne KOH(MINKTOB U CIIOHTAHHBIC IPOSBICHUS BHYTPUCUCTEMHON IE3NHTETPAIUH,
TEM CaMbIM, CTAOWIM3HPYs] BaKHEHIINE Ui CYIIECTBOBAHUS 3JIEKTPOMATrHHUTHOTO
MPOCTPAHCTBA JIO0O0TO THUTIA WH(POPMAITMOHHO-OOMEHHBIE COCTABIISIIONIHNE, IMOCTe-
JTOBATENFHO MPOABUTASACH K N3HAYAIIBHOMY YHHUBEPCAIBHOMY THIIEPIPOTOTHITY (2-8
1K), ctporo ¢pukcupys sTansl ppakTaabHONH KOHBEPTAWU B BHJIE 0€3yCIOBHO yCTOM-
YHBBIX KATETOPHUI «BIIOKCHHBIX IPYT B APyTa» THIEPCHEPHISCKUX YPOBHEH.

Kaxxnpiii mocneayromuii  ypoBeHb METapOCTPAHCTBA MPEANoiaraeT Topaslio
Oosiee BBICOKOE KaueCTBO M INIYOHWHY COIVIACOBaHHUS, T.K. KOJIMYECTBO CTPYKTYPHBIX
B3aUMOCBSI3€H, KOTOPbIE B HEM OJTHOMOMEHTHO (DPMKCUPYIOTCSI [TPU KBAHTOBOM CKa4Ke,
MHOT'OKpaTHO Bo3pacTtaeT. IIponecc HakoIieHus [OTeHLUaaa BO3HUKAET Ha IIPeJibl-
JyIIEM, «BHELIHEM)» YPOBHE, KOTOPBIH, B COOTBETCTBUU CO CBOEH CTPYKTYPHOM
O0COOEHHOCTBIO, HE MOYKET HAKOIIUTh M YJepKaTh MMOTEHIMAJ BbIIIE HEKOTO Mpejeia.
Ha rpanune ¢pakranbHbIX KOHBEPTEPOB, B 30HE OapbepHbIX MEMOpaH Merampo-
CTPaHCTBA IIPOTEKAET IPOLIECC BCTPEUYHOIO B3aUMOACHCTBUS B BUJIE IIOIVIOLLEHUS U
cOpoca sHeprun. Takum 00pazom, OoJiee CTPYKTYpHO HACKILICHHBII YPOBEHb CIIOCOOCH
[IOIJIOIIATh TOJIBKO COIVIACOBAHHBIM € IO3ULMM IPEABIAYIIETO0 YPOBHS KOHBEPTALUU
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noreHan. T.0., BOHUKAeT peanbHas BO3MOXKHOCTH CTYNEHYAaTo (PUKCHUPOBATH
MaKCHUMaJIbHO HEUTpanbHyto ¢opmy. OJHAKO B 3TOT MOMEHT BO3HUKAET BCTPEUHAS
(YHKIMSI, HOCKOJIBKY CTPYKTYPHasi KOHCTPYKIUSI JIF0OOro KOHBEpPTEpa HE B COCTOSIHUU
OJJTHOMOMEHTHO HAKOTHTh HEOOXOIUMBIN JUIsl 00IIECHCTEMHOTO KBAaHTOBOTO IEpexoia
noTteHyan. B pesynerare, Bo3HUKAET 3(P(HEeKT rapMOHUIECKON OCIIUIUIAIINH.

O/IHOMOMEHTHBIH Pa3BOPOT YHUBEPCAIBHOTO THIIEPIIPOTOTHUIIA 00pa3yeT camoad-
¢uaHYI0 Beenennyro, chopMIpOBaHHYIO B BUIC «BIOKCHHOW APYT B Ipyray (ppak-
TaJIbHOW CTPYKTypbl MHOTOYPOBHEBOT'O MErarnpoCTPaHCTBA 3JIEKTPOMArHUTHOU
NIPUPOJIBI, 1€ BCIEACTBHE OOYCIIOBJICHHOIO KOHKPETHOM crenupukoil pa3Bopora
0a30B0Oif OCHOBBI, BO3HHKAET OECUHCICHHOE MHOTOOOpasne (OpM M CBOMCTB MHOXeE-
CTBA YaCTHBIX IMPOU3BOJHBIX npoeKuHﬁ n ux CyHepHO3PIL[PII7[, TOCTCTICHHO TCPAIOIIUX
HW3Ha4YaJbHOE CTPYKTYPHOE KauecTBO (CTAOMIIBHOCTH) W IOCJIEAO0BATEILHO TPAaHC-
(dbopmupyromuxcs B 6osiee MpUMHATHBHBIE ((OPMYITHPOBKH IEPEXOAIIHUX IPYT B Ipyra
B3aUMOCOJIEPIKAIINX O0BEKTOB, CYIIECTBYIONIUX TOJIBKO B BUJIE KJIACTEPHOU CyMMBI
aHaJIOTOB.

0O00co0eHHOE (PYHKIIMOHAIIBHOS Pa3BUTHE JIFOOOT0 CErMEHTA STAITHOM IIKaJIbI
mpolecca MPOCTPAHCTBEHHOW KOHBEPTAIlMU OOYCIIOBIMBACT TNOsBICHUC (Du3u-
YeCKUX OOBEKTOB, UMEIOIINX, OIAThH K€, HJICKTPOMArHUTHYIO Ipupoxmy. Yem MeHee
MPOTOTUN COOTBETCTBYET YHUBEPCAJIBbHOW THIEPIPOCTPAHCTBEHHOH 0ase, TeM
CJIOKHEE BBIPAKEHA €TO CIIOCOOHOCTH K (HOPMHUPOBAHUIO BRICOKOKAYECTBECHHON CTPYK-
TYpPBI B3aUMOCBSI3€H, UTO U OTpeIesieT B KOHSTHOM HTOT€ MAaKCHMAaThHO BO3MOYKHBIH
YPOBEHb PA3BUTHsI OMOJIOTHYECKOTO OPraHM3Ma M €T0 CO3HAHMS KaK HeTHHEWHOU
CYIEPIO3UIINN, COOTBETCTBYIOIIHIA (OPME U BO3MOKHOCTSIM CYIIICCTBOBAHUS
JTAHHOTO BHJA B KOHKPETHOW cpere, MPEACTaBISIONINI cO00i Tpoliece mociie1oBa-
TeJNbHOM KOHBepTaunu runepuporotuna (2-8 I1K) B Bune yHuBepcaibHONH OCHOBBI
B MaTepUabHBIC TIPOU3BOIHBIC. KoMuecTBO 3TanoB B 00MIeH cXeMe pa3BopoTa CTPOro
00yCIIOBIIEHO TIPOCKIIMEH THIIEPIPOTOTHIIA, B PE3YIIBTAaTe YETO JIF00ast ee TOYKa HEeCeT
B ce0e MPOM3BOIHBIN aHAJIOT AITOPUTMA Pa3BOPOTa 0A3UCHOW CXEMBI TUIAHETAPHOTO
Pa3BUTHS JIMYHOCTH.

Hampumep, 6a30Basi Mojiesb, IPUTOJIHAS JUISl 4IEKBATHOTO aHAJIM3a IUIOCKOCTHBIX
KaTeropuii, COAEPXKHUT JIBE B3aMMHO IEPIEHIMKYJISIPHBIE OCH, MMEIOIIUe OOl
meHTp (¢aza) u oOpasyromue MPOCTSUIINA TUIOCKUH Oa3MCHBIH CETMEHT BOCIIPH-
SATHSI — PaCTPOBYIO PEUIETKY, BKyIe ¢ aHajsoramu JudGepeHIrpyYIOILyI0 CUTHAI B
KOHKPETHOM BOJIHOBOM JIMAIa30He, YCTOMYMBOCTH KOTOPOH 00ecreunBaeTcs rpataru-
OHHOM TJTyOWHOW JaHHOTO TIpoIecca.

O4YeBHIHO, HAIMYKE TPEX MPOU3BOIHBIX pa30UBacT cxeMy (paKkTaIbHOTO KOHBEp-
Tepa (CM. pUC. HUKE) HA 3 CTPYKTYPHBIC 30HBL O, P, Y, IPHUYEM LEHTP O SBISICTCS
TaK Ha3bIBAEMbIM CyObSIPOM — KBAHTOBBIM IIPOTOTUIIOM — U B CTPYKTYPHOM aHaJIN3e
HE pPacCMaTPUBACTCS, XOTsI €r0 HAJIMUME HECOMHCHHO MOAPA3yMEBacTCsl KaK YHUBEP-
cayibHasi OCHOBA (TUIIEPIPOTOTHIT) CHHTE3a (PPAKTAIBHOIO aHAJIOra, UMEIOIIas AJICK-
TPOMarHUTHYIO MPHUPOJY IUIAaHETApPHOro KoHBepTepa. OmucaHHas rpajganus MOXKeT
OBITh IPUMCHCHA K JJFOOOMY KOHBEPTEPY.
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Ilpomomun

TakuM 00pa3oM, MerampocTpaHCTBO BceneHHON cpopMHUpOBaHO «1mO 00pazy
TOJO0HMI0» CBOETO THIEPIPOTOTHIIA. Ero BaKHEUIIMM CBOMCTBOM SIBJISICTCST HAJIMYKE
CMBICJIOBBIX TE3UCOB YCIICUTHOHN peann3anny B BUAe (PUKCUPOBAHHBIX HA YPOBHE KBaH-
TOBBIX M THIIEPKBAHTOBBIX CXEM BHICOKOKA4E€CTBEHHBIX TPOrPAMMHBIX aJITOPUTMOB, JIIS
AKTUBHU3AIMHA KOTOPHIX JAOCTAaTOYHO CO3JAAHUS WHHUIIMHPYIOIIETO BCTPEUHBINH Pe3o-
HaHC CTPYKTYPHO CKOMIIOHOBAHHOTO aHayiora. KauecTBoO KONMHU TAaKOTO MPOTpaMM-
HOTO TIpoToTHUNa Oyaet ctpeMutbes kK 100%, a momydeHHbIH HH)OPMAITMOHHBIA MaTe-
pHuas cmoco0eH COCTABUTH OCHOBY IMOCTPOCHHUS CIICAYIOMIETO THIIEPIPOTOTHIIA, UMETO-
miero 6oJiee BRICOKYIO KQ4eCTBEHHYIO CTAaOUILHOCTh COOCTBEHHON peasn3aiiy, YeM y
MIPEIBIAYIIEr0, HECMOTPS Ha BBIPAXKEHHOE PACIIMPEHHE MHOT000pa3usi COOCTBEHHBIX
MPOSIBIICHUH.

HeBo3MOXKHOCTh aJICKBAaTHOW peasu3allii BBIIICH3IOKCHHBIX 0a30BBIX KaTe-
ropuii, (PUKCHPOBAHHBIX B KBAHTOBOM THIICPIPOTOTUIIC JFOOOW CHUCTEMBI Kak
MIPOrPaMMHO-OPUCHTUPOBAHHBIN TMMOTCHIIMAJ, CIOCOOHBIH K (YHKIIMOHAIBHOMY
Pa3BOPOTY M CHHTE3y COOTBETCTBYIOIIUM OOpPa30M CHCTEMAaTH3WPOBAHHOIO Mera-
MPOCTPAHCTBA, MPOBOIHMPYET OCCCUCTEMHYIO TUHAMUKY U Xa0C 00BaJIbHOW JEe3UHTE-
rpaiyy BOJHOBBIX cyO(OpM M MaTepHaIbHBIX O0BEKTOB, BIUIOThH 10 AJIEMEHTAPHBIX
YACTHIl, KaK OCCICPCIICKTUBHBIC BapUAHThI CTAOWIM3AIMU [NIOOAIBHBIX THUIICP- U
Mera- IPOCTPAaHCTB B OeCKOHEUHOH BeeeHHOM.
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