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Cratbs IIOCBAIIICHA OCMBICJICHUIO CYIIIHOCTH TakKoro SABJICHUA KakK
PaaOaKTUBHOCTh, WCCIEAOBAHUIO €r0 MPUPOJIbl M IPOSBICHUW C MO3ULIUI
KocMosioruuecko  ¢u3uku. B pabore oTMeueHa 3HAYMMOCTh  «MeETa-
TUAICKTUKM» KaK MeTofa OOpeTeHMs IOUIMHHBIX 3HAHWH O MPHHIHUIAX
CYILIECTBOBAHMSI MHPO3/IaHUs, TMPEIACTABICHO KPAaTKOE H3JI0KECHHUE OCHOBHBIX
nonoxkenuit teopun HMudopmarmonnoro Iloms muposmanus. B pesynbrare
W3yYeHHS  CIENU(HKH  CTPOCHUS  PaJMOAKTUBHBIX  aTOMOB, Ipolecca
pamMoaKTUBHOTO  pachaja, MeXaHW3Ma BO3HUKHOBCHHS  M3IY4CHHS |
B3aMMOJICHCTBHSI M3Iy4eHHUsS] C BEIIECTBOM, CIIENAHO 3aKIfoueHne 00 0co0oi
(YHKIMU pajiiOaKTUBHBIX aTOMOB B MHPO3JaHWH, PEATH3YIOIICH TPaHCISAILNIO
WHPOPMAIIUKM PAa3JIMYHBIX «IUIAHOB» B MarepuaibHbIX Mupax. OOparieHo
BHMMaHHE Ha HapacTalollee HEraTHBHOE BO3JCHCTBHE «WH(POPMAIMOHHOTO
CMOTa), CONPOBOXK/IAIOIIET0 PaJIMOAKTUBHBIN pacia], Ha HHPOPMAIMOHHOE 1T0JIe
IUTAHeThl - W3-3a  pacIHpSIONierocs OECKOHTPOJIBHOTO  MPUMEHEHUS
paaroOaKTHBHBIX BEUICCTB.

BBenenue. «MeTa-1uaeKTHKA» — MeTO/ 00peTeHU s MOJJIMHHBIX 3HAHUI

MHOTOMEpHOCTh MUPO3AaHUsI, HEPAPXUIHOCTH €ro CTPYKTYpPhl, MHOKECTBEHHOCTb
BBICOKOPA3BUThIX LMBWIM3alMid Bo Bcenennoit [1], Bocmpustue wuHPOpMAIMU Kak
«OecnpeseIbHOr0 10  ONPEeAENCHUI0 M 10 CBOEM BCEJIEHCKOW TIIyOMHHOM CYIIHOCTHU
dbyHIaMEeHTATBHOTO cyOCcTpaTa MUPO3AaHus» [2] U ee nmpeoOpa3oBaHUM B MIUKIIE: «HMHGOPMAITUS
— DHEPrUsl — MaTepus — PHEPTUS — UHPOPMALIUD», — BCE ITU TPEJICTABICHUS YK€ HE SBISIOTCS
«TAafHOW 3a CEMBI0 IeYaTsAMW» Ul JIF0OOTO COBPEMEHHHKA, CTPEMSIIIETOCs K MO3HAHUIO
OKPY’KaIOIIEro MHpa.

[Ipencrosimumit B camoe Omwxkaiiiiee BpeMs (MO0 KOCMOJOTHYECKHMM BpPEMEHHBIM
Macmtabam) Mepexo]l IUJIaHeThl 3eMJisi BMECTe C CYILECTBYIOUIMM Ha HEW YeIOBEYECKUM
COOOILIECTBOM B «IUIaH» MHOM, 00jee BBICOKOW, MEPHOCTH TpeOdyeT CPOYHOI0 KayeCTBEHHOI'O
TpaHC(HOPMHUPOBAHMSI CO3HAHHS COIMyMa Uil TNPEJOTBPAIICHHS BO3MOXKHOW  THOEIH
[IUBWIM3ALMHU B TIPOIIECCE ATOTO Mepexoa. [ TaBeHCTBYOmas poJib B Jiefie ObICTPOTO W3MEHEHHS
COCTOSIHASI OCO3HAaHHOCTH B COIIMYME OTBOJUTCS INMHPOKOMY pPAcCIpOCTPaHEHHWIO 3HAHUIA,
PACKpBIBAIOIIUX CMBICH W 3ala4d TPEACTOANINX TPaHAMO3HBIX MpeoOpa3oBaHWN BO BCEH
Bcenennoii u Ha Hamel manere [3].

HeoOxomuMoe OyXOTBOpEHHE COIIMyMa COMPSDKEHO C HM3MEHEHHEM €ro ujaeana Hu
MHUPOBO33PCHHUs, a CIENOBATEIbHO, U C W3MEHEHHEM NPHUHIUIIOB, METOJOJIOTUH M METOJIOB
BOCTIMUTaHUS 1 00pa30BaHMs YEIIOBEUECTBA.

CoBpeMeHHast 3eMHasi HayKa, OIPEACISIONIas MHUPOBO33PEHHE T.H. «IIPOCBEUICHHOW
(TouHee, ympaBiSIOUICH) YacTH couluyMa, Oa3upyroLIascs Ha «HAy4HOM METOJZIEe» — METOJe
MaTePUATMCTHYECKON JHAJICKTHUKH, COCIWHSIONIEM JIHAJCKTHUECKUH TOIX0X K IO3HAHHIO
OKPYXKAIOIIET0 MHUpPA C €0 Mamepuaiucmuieckum TMOHUMaHUEeM, HE B COCTOSHHHM HE TOJIBKO
CTIOCOOCTBOBATH TOATOTOBKE YEIIOBEYECTBA K MEPEXOAY, HO M MPOCTO OOBSCHUTH €ro CyTh U
npeqHa3HauYeHHe — B CHJIy NPUHIMIHAIBFHOW HEBO3MOXHOCTH TMOCTH)KCHHUS €10 0OBEKTHBHOM
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pEaIbHOCTH, BBIXOJSIIEH 3a paMKU TPEXMEPHOr0 MUpa IJIOTHOM MaTepuu, B KOTOPOM HayKa
BO3HUKIJIA U 3HAaHUE «3aKOHOB MIPUPOJIbI» KOTOPOTO OHA OTPaXKAET.

Penurnosueiii gakTop Takke HE MOXKET CTaTh ONPENENAIMKUM B (HOPMUPOBAHUU
HE0OXO0IMMBIX YCIOBHIl /17151 HOBBILIEHUS! OCO3HAHHOCTHU COLIMYMa B 3MIOXY MEPEX0/1a, HOCKOJIbKY
3TO CBS3aHO HE CTOJIBKO C MOBBIIIEHUEM JYXOBHOCTH, CKOJIBKO C HEOOXOJIUMOCTBbIO OCBOCHHUS
HOBBIX 3HaHUU 0 Muposznanuu. OpHAKO, KaK W3BECTHO W3 HCTOPUHU, BOCHPUATHE PEITUTHUCH
HOBBIX 3HAHUU BCETrJa 3HAYUTEIBHO OTCTaBaJlO MO BPEMEHU OT O(PUIIMAIBLHOW HAYKH — B CHILY
MIPUCYIIETO PEIUruu KOHCEPBATU3Ma, 0OBEKTUBHO 00YCIOBIEHHOTO CaMOil ee PUPOI0H.

[ToaTOMy €IMHCTBEHHBIM pEaJbHBIM (PAKTOPOM (M3 BCEX HMMEIOIIMXCA B «apceHale
3HAHMI»  [UBWIM3AIMHM), KOTOPBI MOXET CHOCOOCTBOBATb KPYTOMY  HM3MEHEHHIO
MHUPOBOCIPHSATHS, CIEIYET CUUTaTh 330mepuueckyr0 HayKy, KOTopas BCerja CyLlecTBOBaa
MapajulesIbHO C «IIPU3HAHHONY, O(PUIIMaIbHOW HAYKOH, M0/IBEpPrasich ¢ €€ CTOPOHBI OCTPAKU3MY,
XOTS «B CaMOM MCTOKE MPOUCXOKJIEHHUS M HayKu U (uiaocopuu B JIOHE aHTHUYHOU KYIbTYpPbI
MMEHHO 330TEPUUYECKOE MUPOOTIYIICHUE SBIISIIOCH UCXOTHBIMY [4].

B uyem 3axiouaercsi 0COOEHHOCTb 330TEPUYECKUX 3HAHUM, U IMOYEMY OHU MOTYT
IIPETEHI0BaTh Ha POJIb «IIPOBOJHUKA» B 3IOXY MEPEX0/1a, PACCMOTPHUBAIIOCH paHee B [S]:

«2930TEepUYECKOE MHUPOBOCHPUATHE, D330TEPUUECKUE HAYKH, Ha MPOTSHKEHUHM BEKOB
BBINIOJIHSJIM BaXKHYIO pOJIb COXPAHEHUS UCMUHHbIX 3HAHUM O MHUPO3JIAaHUM U €ro 3aKoHax,
MIOJIyUEHHBIX UMEHHO 10 KaHany Religare ([6]) nns mepenaun MX U3 MOKOJEHUS B TOKOJICHHE.
Tompko B TakolM «3aKOHCEPBUPOBAHHOI», T.€. 330TEpUUYECKOM  (TallHOW, CKpPBITOM,
MpeHa3HAYEeHHON HCKIIIOUUTENBHO JUISl TIOCBSIIEHHBIX) (POPME M MOTIJIM ObITh COXPaHEHBI 3TH
3HAHMUS 10 HACTYIUIEHUS HEOOXOAUMBIX YCIIOBUM I IIUPOKOIO PACHPOCTPAHEHUS «I30TEPUKI»
B Maccax. DTUM YCJIOBUEM SIBISETCS JOCTH)KEHHUE OIPENIETICHHOIO YPOBHS JyXOBHOTO Pa3BUTH
BCETr0 YEJIIOBEYECTBAY.

Kak ykaspiBasioch B mpeAplaymux padoTax, «MHpPOBOM KOHTMHYyM EcrecTBa
npejacTaBisieT coOOM 3HAHUS PA3JIMYHOIO POJA, HUMEINIME KOHKPETHYIO (Uepapxuyieckyrio)
cucteMy pacrnpezeneanit» ([7]), mo3ToMy HOBBIE 3HAaHHUS O 3a7adax 3€MHOTO YEJIOBEYECTBA B
MEepHO/] MePexoia B MUPBI BbICHIEH MEPHOCTH MPUHLIMIIMAILHO HE MOTYT BO3HUKHYTh BHYTpPU
OTPaHUYEHHOT0 TPEXMEPHOCTBIO «IIaHa IUIOTHOM MaTepumn» (MUpa 3eMHON HUBUIM3ALUH), — UX
BO3MOYHO IMOJYYUTh TOJBKO C BBIIIECTOSIINX YPOBHEH MUPO3/1aHNUS.

«MHpopmanus 3T0 — COBOKYIHBIA MNPOAYKT (YHKIMOHHUPOBAHUS CO3HAHMM Ha BCEX
ypoBHSIX B Mupo3nanuu, mpu 3ToM 3HaHue, mnpomsBeneHHoe Co3HanumeM AOcorOTa, T.C.
AbcomotHoe 3Hanue, sBisercs Mudbopmanueil uis Bcex ypoBHeH Mupo3gaHus, paBHO Kak
3HAHUS, CYILECTBYIOIIME Ha KOHKPETHBIX €ro YpPOBHSX, SIBJISIIOTCS HMH(pOpManued s Bcex
HIDKenexammx ypoBHei B Mepapxun Coznanwnii» [8].

W3BectHO, yTO B mocneanue 30 jeT Ha YeaoBeuYeCcTBO OyKBaJIbHO «OOPYLIMIICS» MOTOK
uHpopMalUd B BUAE PA3IUYHBIX MOCIAHUNA, COOOIIEHUM, peKOMEHIAlui, MPUHUMAEMbIX W3
MHOTOYMCIIEHHBIX HICTOYHUKOB BCE BO3PACTAIOLIUM KOJIMYECTBOM KOHTAKTEPOB («UEHHEIEPOBY),
a Ha MpuiaBKax KHIKHBIX Mara3uHOB BBIPOCIM TOPbI 330TE€PUUECKOl JuTepaTypsl. Bee 1o —
HarJIgJHOE J0Ka3aTeIbCTBO MPUBEACHHOTO MOJIOKEHUS U yOeAUTEIbHOE CBUIETEIBCTBO 3a00ThI
0 cyabOe 3eMHOM LMBMJIM3ALMU CO CTOPOHBI CHCTEM, CYIIECTBYIOIIMX Ha 0Oojee BBICOKHX
«IJIaHaX» MUPO3JIaHus, U UX CTPEMJICHUS 0Ka3aTh HAM MAKCUMAaJIbHYIO IOMOIIb U HOJIACPKKY B
IIEPEXOIHBIN IEPHOL.

«Kaxap1ii MUpOBOM 00bEM, a CIIEA0BATENHHO, U MUPO3AaHUE, HAXOJUTCS M0 KOHTPOJIEM
VYopasnenus cBoero YpoBHs. Kaxnaeiii mup Bosriasisiercs pykoBojsmumu Cucremami,
MpUHAUISKAUUMU €ro o0beMy, HO NOJy4YalOUUMHU YKa3aHHUS C BBIIIECTOALIEIO YPOBHS.
dakTuuecku 000N 00BEM MHpa HAXOAUTCS TOJA JBOWHOW OIMEKOH: COOCTBEHHBIX
ynpasieHueckux CHCTeM 3TOro ke YpoBHS U Bbliecrosiero. [1oaToMy, CKOJIBKO MHpPOB,
CTOJIBKO CYIIECTBYET M PYKOBOISALIMX UHCTAHLIMI» [9].

Bocnpunumast 1 pa3BuBasi OJIy4EHHbIE C BBIIIECTOSIINX YPOBHEH MUPO3/aHUS 3HAHUS
(M0 WHEpLUUU UMEHYEMbIE 230MmepuuecKuMu), 4YeIOBEYECTBO TEM CaMbIM OCBAMBAE€T METO]l
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[O3HAHUS MUpa, Ha3BaHHBIK HaMU «MeTa-AUaeKTUKOW» ([5]), CyThi0O KOTOpOro sBisieTCS
COYETaHHE Memaguzuueckoeo TOAXOAA C oOuarekmudeckum memooom (NP ONPENEICHUN
TakOBOI'O JIMIIb B  KAauyeCcTBE .MemoOa HAydyHOTO TIO3HAaHUSA, PACCMaTPHUBAIOLIETO
JEHCTBUTEILHOCTD B €€ JIBUYKEHUH, PA3BUTHH U MIPOTUBOPEUHSX).

Mo3xHO yTBEp)KJaTh, UTO «METa-AUAJEKTUKA», KaK QUIOCOPCKasi OCHOBA METO0JIOTHU
MO3HAHUS MUPA, OTKPBIBAET IYTh K MOCTUKEHUIO OCHOB AOCOJIIOTHOTO 3HAHUS.

OTnUyuTEeNIbHONM OCOOEHHOCTBIO TaKOrO IOAXO0JA SABJIAETCA IOHUMAHUE TOro, 4YTO
M3BECTHBIE 36MHOW HayKe (PM3UYECKHUE 3aKOHBI BTOPUYHBI TI0 OTHOIICHHUIO K MeTa(hU3NIECKUM,
MMOCKOJIBKY (PM3UYECKHE 3aKOHBI IAI0T KAPTHHY MUPA B OILIYIIECHUSIX YEIOBEKA, )KUBOU MTPUPO/IBI,
a MeTapu3nYecKre 3aKOHbI Jal0T KapTUHY MUpa B OUIYIIeHUsIX TBopIa.

Bnanes nuanektuxoil, npumeHssi MeTapU3NYECKU MOX0/1, YeJIOBEK MO3HAET AOCOJIIOT.

NMeHHO MO3TOMY TakOoM METOJ, KaK «MeTa-IMajeKTHUKay», CIEeIyeT CUUTATh METOJOM
oOpeTeHHUsI OATMHHBIX 3HAaHUI 00 OKpYyXKaloleM MUpE.

VY6enutenbHble TPUMEPHl HMCIOJB30BaHUS TaKOIO METOJa, NPHUBEAIINE K MOSIBICHHUIO
3HAaHUM O KOCMOI'€HE3HCE, AHTPOIIOTE€HE3MCE, CTPOCHUN BcCeneHHOM, 3BOJIIOLMOHHBIX 3aJadax
YEeJI0BEUECKOUW IMBUIIM3AIMH, IEMOHCTPUPYIOT TAKUE KIIACCUKH» A30TEPUUECKON HAyKH, Kak E.
bnaBarckas, E. Pepux, A. be3zanr, a Takke u HamM coBpeMeHHUKH, Hanpumep, B.C. Kpukopos
[10], B.IO. Konockos [11], B.A. Kopuausos [12], JI.A. CexnuroBa u JI.JI. Ctpenpaukosa [7, 9],
A.B. Cepenxo [13], B.A. Uepnyxa [14]).

K »ar1oif )xe xareropuu 3HaHui otHocutcs U Kocmonornueckas ®usuka ([8, 15, 16]),
KOTOPYIO aBTOpaM J0BEPEHO MPEACTABIATh U pa3padaThiBaTh, U KOTOPas OTKPHIBAET HOBBIH 3Tall
KaKk B TO3HAaHWUU TPHUHIIUIIOB CYIIECTBOBAHUS CAaMOTO MHUPO3JaHUS, TaK U B TOCTIKECHUH
(¢u3NYECKUX OCHOB IIOCTPOCHUS HOBBIX, OJKOJOTMYECKHM O€30MacHbIX TEXHOJOTHHM ams
oOecrieyeHus HYXXJl UMBUIU3ALMU, PAaBHO KaK M PeaOMIMTALMOHHBIX TEXHOJIOTUH JUIsl camMOi
IJIAaHEThI, HEOOXOJMMOCTh W CPOYHOCTh TPUMEHEHHS KOTOPBIX OYECBHUIHA MPAKTHUUYECKU
Ka)KJIOMY COBPEMEHHUKY.

(HeoOxoaumo 3aMeTUTh, YTO B OTHOILLIEHUU IPEACTABISEMbIX 3HAHUN HMeEJCS coOJazH
nmoBTOpUTH Beiien 3a A.B. CepeHko: « ABTOp HE BBICTYIAET 3/I€Ch KaK JUYHOCTh, €0 U aBTOPOM
Ha3BaTh TPYJIHO, OH JIMILb CTapalicsi coOpaTh, YIOKUTH U JOHECTH 10 uuTarenei CnoBo Cabllle,
4yTOOBI MPOOYIUTH Y HUX )KUBOM MHTEpec U crpemiienue Kk Mctunnomy 3nanuto» [13]. Opnaxo,
MIOCKOJIBKY pa3paboTKa JaHHOrO MaTepuaia TpeOyeT aKTUBHOIO JIMYHOTO Y4YacTUsl H,
CIIEJOBATENIbHO, HE M30aBJIIET OT OTBETCTBEHHOCTU 32 BO3MOJKHBIE MCKa)KEHMsI B TPAaKTOBKaXx,
aBTOPBI BBIHYKJICHBI BO3JIEP)KATHCS OT aHAJIOTUYHOTO 3asIBIICHHS ).

OcHoBHbIe npeacrasiaenust Teopun Uupopmanuonnoro Ionss Muposzaganus

JUis TOHMMaHMsS H3JIaraeMoro Jjajiee maTepuana HeoOXOJMMO BKpaTie MOBTOPHUTH
OCHOBHBIC TIOJIO)KEHUSI, MpHUBEIEHHbIE B paborax [8, 10]. B oOmux deprax 3TO BBITJISAUT
CJIEIYIOIIUM 00pa3oMm.

AbcomoT nopoxaaer nHGoOpMalnio, KOTOpasi CYIIECTBYET B BUE MPOTpaMM U MaTpHIL
(MaTpwuIlpl, 00bEIMHEHHBIE OTHOM 1EIBI0 U 3aKOHAMU, TIPEJICTABIIIOT COO0M TPOrpPaMMBbl).

OOBbeUHSIOT IPOrPaMMBbI U MATPULIBL UHGDOPMAYUOHHBIE NOMOKY (MaTpULla YIPaBIseTcs
MPOrpaMMOil € MOMOIIBI0 HMHPOPMAIMOHHOTO MOTOKa). DYHKUMOHAIBHO HH(OPMALMOHHBIN
MIOTOK MPOSIBISIET CBOIO JESATEIIBHOCTh YEpe3 KoObl Oelicméus, KOTOpble, B CBOI OYEPE/b,
BBICTPOEHBl U3 OMNPEICIIEHHBIX JJIEMEHTAapPHbIX OOBEKTOB («EIMHUYHBIX MATpPHUI) MOJ
Ha3BaHUEM Kel30Hbl. ITU MH(GOPMALIMOHHbIE OE3MAacCOBbIE YACTHUIIbl SBJISIOTCS KIIIOUMKAMH KO
BceM IpoueccaM B Muposaanuu. CnenoBarenbHo, ¢popma cymectBoBanus WHpopmannoHHOro
[Tosia — Ke30HHBIE TOTOKH.

NudopmanrionHsle 1noJis OECKOHEUHbl B IMPOCTPAHCTBE U BO BpeMeHU. MX moToku
COMPATAIOTCS B JIy4d, KOTOPBIE YIPABISIIOT HHPOPMALIMOHHBIMU MaTpULlaMHU.
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Takum oOpa3om, AOGCOIIOT MPOU3BOAUT UHPOPMAIINIO, KOTOpas depe3 KOJbl AEHCTBUS
TBOpUT Mupo3snanue.

CylIecTBYIOT anekmpuueckue U MacHumHuvle KEW30HBI, B3aUMOJCHCTBYIOIUE APYr C
ApyroM Hampsimyro. VMeroniue OAHOTHIHBIE 3apsiibl — OTTAJIKUBAIOTCS, Pa3HOUMEHHBIE —
nputsrupaiorcsd. (Ilo Bumy Kei30HBI HAaIOMHMHAIOT «KallTaH B obOojouke». Ilo cyru, 3to —
MOTEHIIUATILHOE TIOJIE).

OHM pa3HATCA 3HaKaMM U pa3MepaMu: oOpa3HO TOBOPS, MarHUTHbIE KEM30HBI — MEJIKHE,
KaK «IIOPOLIMHKa», a 3JIEKTPUUECKHUE KEH30HbI — KPYIIHbIE, KaK «10JI0KO» (pa3Mepbl MarHUTHBIX
KEM30HOB MOpsAIKA 10°%m, B TO BpeMs, KaK pa3Mepbl JJIEKTPUYECKUX KEU30HOB — IMOPSAIKA
10*%m).

Keli30HbI UMEIOT HYJIEBYIO MacCy U CHHHOBBIA MOMEHT, 00YCIIOBJICHHBIN UX BpaIleHUEM
BOKpYr cBoeil ocu. OHU UMEIOT BO3MOKHOCTh OOMEHMBAThCS MHOpMaIel Mexay coloil u
OJIHOBPEMEHHO IIepeJiaBaTh €€ B MPOCTPAHCTBO, ITO — CBOOOpA3HbIE €IMHUYHBIE T'€HEPATOPhI
MH(OPMALMOHHOTO MOJIS.

Coznanue AOcoinora NposiBIsSeT ce0s B BHJE HENPEPbIBHBIX BOJIH KABUMOHO8
(Ha3pIBaeMbIX  TaKXKe «ncu-uacmuyamu J{yxa»), SBISIOIMIMXCS TMEPBUYHBIM HCTOUYHUKOM
MH(OPMALIMOHHBIX MOTOKOB. DTH BOJIHBI YIPaBISIOTCS AOCOJIIOTOM B HEINPEPHIBHOM PEXHUME.
PasMepsl TaKO# «IICH-4acTHIBD (KaBUTOHA) — ropsiaka 107 2°cm. DiekTpudeckne 1 MarHUTHEIE
KEW30HbI HCIOJIB3YIOTCA B KAuyeCTBE «KOHTEHHEPOB-TPAHCIOPTEPOB» JJIsi KaBUTOHOB,
3alUIIAIOIINUX 3TU «IICU-YaCTULBDY OT Ae3uH(OpMalnu, OPYU, IOTEPHU NMPH TPAHCHIOPTHPOBKE
U T.I.

DneKTpUYecKue KEeM30HBl CKOJB3ST BIOJAb CHJIOBBIX  OJJEKTPUYECKUX  JIMHUH,
IPEACTaBIAOIUX [Ipocmpancmeaniylo peuiemky, MarHUTHbIE KEW30HBI (00Jiee MEAJICHHBIC)
CKOJIB3SIT BJIOJIb MAarHUTHBIX CHJIOBBIX JIMHUM, 00pa30BaHHBIX Mampuuroli cemvto, OTHAKO U T€,
U JApyrue, MOTryT 10 33/1aHHI0 AOCOJII0Ta IEpeMEeNaTbCsl BHE CUJIOBBIX JIMHUH.

CKopoCTb BOJIHBI KEH30HOB OIPOMHA — OHA MOJKET IPEBBIIIATH COTHH MAPCEK/C .

HcTouHMKOM KEH30HOB SBJIIOTCSI T'€HEPAaTOpPhl COOTBETCTBEHHO JJIEKTPUUYECKUX H
MarHUTHBIX KEM30HOB, HaxoAs1uecs: B AOCOJIIOTE U MPUBOJIUMBIE B JIeHCTBUE AOCOIIOTOM.

WNudopmanyst coaepKUTCs UMEHHO B K00ax Oelicmeus, Co31aBaeMbIX [Ipoepammamopom
U TOCTYNAIOIIUX B TEHEPATOPbl KEH30HOB, KOTOpPHIE U BBICTPAUBAIOT COOTBETCTBYIOIIUM
00pa3oM rpynisl 3TUX HHHOPMALMOHHBIX YAaCTHI] B BH/I€ 0ObEMHEHHUI TUIIA COJTUTOHOB.

Kongpl — 310 umcna, coeaMHEHHbIE MEXIy COOOM B BHUJAE IOCIEIOBATEIILHOCTH 10
OTpE/IeICHHBIM MaTeMAaTUYECKUM 3aKOoHaM, T.€. 3TO - (DYHKIUH, U, IPEXKIEe BCEro, QyHKIUU
BPEMEHH, SHEPTUU U MPOCTPAHCTBA (OHU B3aUMOCBSI3aHbI).

CMmbIcnt mporiecca KOAUPOBAHMS 3aKJIIOYAeTCsl B oInpeaeneHUuu (opMbl U CTPYKTYpbI
HOBOT'O KOJIOBOTO IIOCTPOEHHUS, B KOTOPOM OMNPEEIIAIONINM 3HAUEHUEM CITYXKAT XapaKTepUCTUKU
HCIOJIb3YEMBIX YHCET

Bce mnporecchl, cBs3aHHbIE KaKk C BOCIPOM3BOACTBOM TIJIABHBIX (DYHKLIHOHAIbHBIX
COCTaBJIIOLIUX CHCTEMBI, MOPOXKIarolied MHPOPMALlMOHHBIE MOTOKH, TaK U CaMOro crocoba
co3ganus udopmanmu, nenmKkoM 1 HOJHOCTBIO YIPABISAIOTCA AOCOTIOTOM.

Oco0eHHOCTH CTPOCHHUA aTOMOB PAaIHOAKTHBHBIX BELIECTB

CrpoeHue aToMa paJuMOAaKTHUBHOIO BEIIECTBA OTIMYAETCS OT CTPOCHHUS «OOBIYHOTOM
aToMa (He 00Jajarolero CBOMCTBOM PaJUOAKTUBHOCTH) HAJIWYHEM U OCOOBIM pa3MelleHHEM
HOcHUTeNed HMH(OpMaLUU — 3JIEKTPUYECKUX M MarHUTHBIX KEW30HOB B ONPEJEIECHHBIX 30HaX
CTPYKTYpBI aToMa.

OOuuM Uig aTOMOB JIHOOOTO THUIIA SIBJISIETCSI KOHCTPYKLMS AJIEKTPOHHBIX 000JioueKk (B
COOTBETCTBUU C OOBIYHO NPUHATHIM IMPEICTABICHUEM), IPU CJIEAYIOIIEM JOINOJHEHUU:
ANEKTPUYECKUE KEHU30HBI OKPYKAIOT KaXIblil SJIEKTPOH, HAXOIAIIMICA HAa KOHKPETHOU
CTallMOHApHON opOuTe, Bpalllasch BOKPYr HEro MOJ0OHO CIyTHHKAM, OOpalalOLIUMCSi BOKPYT
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r1aHeTbl. KoJnm4ecTBO 3/IeKTPUYECKUX KEH30HOB, BPAILLAIOLIMXCS BOKPYr KaXJJOTrO 3JIEKTpOHA
paBHO 10. B xa)x10M TakOM 2JIEKTPUYECKOM KEU30HE COJEPIKUTCS 7 KABUTOHOB, CIIEI0BATEINIBHO,
KKl 3JIEKTPOH UMEET «MH(OPMaIlMOHHBIN 3apsia», paBHblil 70 kaBuToHaM. Takum oOpaszom,
KaJas »dJEKTpOHHas o000JI0YKa aroMa MpeACTaBIseT CcOo00M «cioiy», 00pa3oBaHHBIN
BpAIIAIOIIUMUCS DJIEKTPOHAMH, «OKYTaHHBIMU» OO0JIaKOM KEW30HOB, OOpAaIlaroIIUXCsl BOKPYT
KOKJIOTO M3 HHUX. OTO CO3/JaeT OMNpeAeNeHHbIH HMH(POPMAIMOHHBIN TOTEHIMAT KaXI0i
KOHKPETHOM 000J104KH.

W3BecTHast cxema 3JIEKTPOHHBIX 000JI0UEK aTOMa PEeaTu3yeT ONPEIEICHHYIO CTPYKTYpY,
COBMEILAIOLIYI0  3alMUTHYIO  «MeMOpaHy»,  H30JHMPYIOILYI0  SIIPO  OT  BHEIIHEro
MH(OPMALIMOHHOTO TOoJIg (AJIEKTPOHHAsE 000s04YKa (000JOUKH) € MaKCUMalIbHBIM YHCIOM
AJIEKTPOHOB) CO CBOEOOPA3HBIM «IBYHAIIPABICHHBIMY» CO2NACYIOWUM MPAHCHOPMAMOPOM,
(posib KOTOPOIO BBINOJHSIOT JIEKTPOHHBIE O00JIO0YKH, PACHOJIOKEHHbIE 10 00EUM CTOpPOHAM
«MeMOpaHbI»), Ha3HAYEHHEM KOTOpPOro  SIBJISETCS  COIJIacOBaHHE  MH(POPMAIMOHHBIX
MOTEHLIMAJIOB sipa aroMa M BHEIIHEro MH(OPMALMOHHOIO IMOJI, C MOTEHUHAIoOM Oapbepa-
«MeMOpPaHBI».

[IpumepoM MOCTpOEHMSI TAaKOTO CHUMMETPUYHOTO COIJIACYIOIIEr0 TpaHcpopmaTopa
MH(OPMALIMOHHBIX MOTEHIIMAJIOB MOXET CIY)KUTb CTPYKTypa 3JEKTPOHHBIX 000JI0UEK aTtoma
TaKoOTO 2JIeMEHTa, Kak Ba (2-8-18-18-8-2), koTopas u onpenemnser ero ycToMunBOCTb.

OTivuue B CTPOEHUM DPAJUOAKTUBHOTO aTOMa 3aKJIIOYaeTcs B TOM, YTO €ro sjpo
OKPYXEHO «CETKOI», 00pa30BaHHOW COBOKYITHOCTBIO CBSI3aHHBIX MEXIY COOOM OINpeeICHHBIM
00pa3oM MarHUTHBIX Kel30HOB. COCTOSIHUE aTOMa HAIPSMYIO 3aBUCUT OT COCTOSIHUSI YKa3aHHOMU
«CETKW».

[Ipouecc paaMoakTUBHOTO «pacnaaa» (TouHee, npeobpazoéamus) aromMa CBS3aH C
W3MEHEHHEM COCTOSHUSI CETKM MAarHUTHBIX KEW30HOB IOJ JEHCTBUEM YIMOMHUHABIIMXCS KOOO8
Oelicmeusl, PEATU3YIOIIKUX MIPOrpaMMy, CYIIECTBYIONIYI0 B MHQOpMaMoHHOM moJie. [Ipu sTom
paspylieHre CETKH MOXKET MPOUCXOAUTh KaK OJTHOMOMEHTHO, TaK U CTYNEHYaTo (B 3aBUCUMOCTH
OT KOHKPETHOTO atoma). ITocKoJIbKy KOJMYECTBO MAarHUTHBIX KEW30HOB, 0Opa3yrOIIUX CETKY
pPaBHO MaccOBOMY 4YHCIy D3JEMEHTa, BEpPOSTHOCTh CTYIEHYAaTOro IIpoliecca ee pacnaaa
MOBBIIIAETCSI C YBEJIMYEHHEM KOJIMYECTBA KEH30HOB, T.€. C YBEJIMYEHHUEM MACCOBOIO YHUCIA.
MaxkcumanbHoe yuciio (a3 pacraja CeTKH COCTaBIIsET 3.

CoOBOKYITHOCTP MarHUTHBIX KEW30HOB «cCeTKH» (opmupyer ee HHGOPMALUOHHBIN
MOTEHLIHAI.

WudopmanronHelii  moTreHuuan  sfApa  aroma, 00pa3yeMblii  COBOKYIHOCTBIO
AIIEKTPUYECKUX KEH30HOB, pAaCIHOJIaraloluxcs B IPOCTPAHCTBE MEXIYy MPOTOHAMHU, PaBEH
MH(OPMALIMOHHOMY ITOTEHIIUALY «CETKU».

Benuunna Takoro uHGOPMalUMOHHOTO NOTEHLMala siApa aroMa (B 3JIEKTPUYECKHUX
KeW30Hax) paBHa MaCCOBOMY YHCITy, JIEJICHHOMY Ha YHCJIO IEKTPOHHBIX OPOUT aTOMa.

Tax, nanpumep, 1ist n3otora Cs'’ ero sHauenue cocrasut: 137/6=22,8(3).

W3 ycnoBust paBeHCTBa HMH(POPMAIMOHHOTO MOTEHLMAlda sApa HHPOPMALUOHHOMY
MOTEHLMATY «CETKHW» MOXHO OIpPEAEIUTh COOTHOILEHHE IOTEHIHAIOB 3JIEKTPUYECKOTO HU
MAarHUTHOTO KEH30HOB.

Tax, st Cs’: motenmman sapa B 22,8(3) 9MEKTPHUECKNX KEH30HA PABEH MOTEHIHATY
«CeTKM», coTositemMy u3 137 MarHUTHBIX KEH30HOB.

Otcrona, cooTHOIIEHHE UHPOPMAIIMOHHBIX MOTEHIIUAJIOB MAarHUTHOTO U AJIEKTPUYECKOTO
KeizonoB pasHo: 137/22,8(3) = 6,00000008759, T.e. wuHDOPMAIMOHHBIA MOTEHIAT
AJIEKTPUYECKOT0 Keif30Ha B 6 pa3 MpeBbllliaeT NOTEHI[MAI MarHUTHOTO KEeH30Ha.

Pacnag «ceTkn» M3MEHsET MOTEHIMal MH(OPMALMOHHOIO IOJISI B OKPECTHOCTH silipa,
YTO MPHUBOJUT K pazbanaHcupoBke (paccorjacoBanuio). HWuponoreHuuan sjapa aroma
CTAaHOBUTCS M30BITOYHBIM, YTO BBI3BIBACT HAUAJIO TPeoOpa30BaHMA B CaMOM siipe (SIpO JTOHKHO
MOHU3UTh, T.€. COPOCUTH M3IMIIHUN NOTEHUHUAI JUIsi OOpPEeTeHHUs YCTOWYMBOCTH BO BHOBB
CO3/ABIINXCS YCIIOBUSIX).
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OcoOeHHOCTBIO CTPOEHUS sIIep pPaJUOAKTUBHBIX aTOMOB SBJSETCS HaJIM4Yue JIBYX
«U30BITOYHBIX» HEUTPOHOB (IO CPABHEHHIO C SAPOM «OOBIUHOTO» aTOMa JAHHOTO 3JIEMEHTA).
[Ipu pacnange «ceTku» cOpoc yacTu MH(GOPMALMOHHOTO MOTEHLMaNa sifpa oOecreuynBaercs 3a
cueT npeoOpa3zoBaHUsl OJHOIO M3 «IMIIHUX» HEHTPOHOB B IPOTOH C BHIOPOCOM 3JIEKTPOHA 3a
npenenbl siipa — B HaIPaBJICHUU BHEIIHEHW 3JIEKTPOHHOM opOuThl aToma. B pesynbrare Takoe
AJIpO MPUOOpETaeT JOMOJHUTEIbHBIA MPOTOH, YTO BKYIE CO BTOPHIM <JIMIIHMMY» HEHTPOHOM
JIOTIOJTHSIET UMEIOIIEeCs KOJMYECTBO HYKJIIOHOB 10 OOIIEro YKcia U COCTaBa, COOTBETCTBYIOLIUX
napaMmerpam sapa cieaytouiero B Ilepuonuueckoit Tabmuue anemeHrta. Takum o0pazoMm
MIPOUCXOUT MpeoOpa3zoBaHue sipa paAM0aKTUBHOTO aTOMa B PO aTOMa COCEIHETO 3JIEMEHTA.

B3aumopeilictBue mporecca pacmaga  «CeTKW» € SAPOM  — HMHQOPMAIMOHHOE.
[IpeoGpa3oBanus B siipe UIYT CUHXPOHHO C MPeoOpa30BaHUSIMU «CETKI.

«BBIOpOIICHHBI» B pe3ynbTaTe NMpeoOpa3oBaHUil B sAIpe HA BHEUIHIOK AJICKTPOHHYIO
OpOUTY aToMa 3JIEKTPOH JOMOJIHIET UHPOPMAIIMOHHBIN NOTEHLUAN 3TOH 000JOYKHU «CBOUMM
10-r0 2neKTpUYECKUMMM KEW30HaMM, NOJCTpauBas TEM CaMbIM CTPYKTYpy U THapaMeTpbl
«corylacymouero TpaicopMaropa» MoJl U3MEHHUBIIUNCA MH(DOPMALMOHHBINA MOTEHLMAN SApa,
npu 3ToM (opMHpYyeTCsi CTPYKTypa 3JIEKTPOHHBIX O000JI0UEK, COOTBETCTBYIOLIAS CTPOEHHUIO
000JI04€K aTOMa COCEIHETO JIEMEHTA.

Takum o00pa3oM, B pe3ylbTaTe YINOMSHYTBIX NpeoOpa3oBaHUN B sipe M BHEILIHEH
AJIEKTPOHHOW 000JIOUKE PpaJMOaKTHBHOIO aromMa (OpMHUPYETCs CTPYKTypa aToMa 3JIEMEHTa,
cienymomero B [lepuonnyeckoii Tabnuie 3a 3IEMEHTOM «PacIaJarollerocs aToMa.

Heo0xo1MMo0 OTMETHTH, YTO B MPEICTABICHHUSIX KOCMOJOTHYECKOW (DM3UKU AIIEKTPOH
ABJISET COOOM TEepBUYHOE CTPYKTypHOE OOpa3oBaHUE 3JIEMEHTApHOTO TPEXMEPHOTo
MIPOCTPAHCTBA, TUIIA HEKOETO MyCTOTENIOI0 «IIY3bIPbKa», UMEIOLIEr0 SHEPTeTUYECKYI0 000JI0UKY
Y BPAILAOIIETOCS ¢ KPYrOBOM YaCTOTOM MOPSAIKA 7x10" ', XapaKTEepU3YIOLIEr0Cs U3BECTHBIMU
COBPEMEHHOU (u3nke Maccol, 3apsaaoM U crnuHoM. Ilo3uTpoH mpexacraBisier coboi Takoe ke
oOpa3oBaHue, OT/IMYAIONIEeCs] OT EKTPOHA YACTOTOM BpalleHusi, KOTOpasi HAaMHOIO BbIIIE —
1,5x10*° Ty (umorma dYacToTa BpamIEHMs TO3HTPOHA MOXeT AOXOauTh 10 1,5x10% I'm) m
HaIpaBJICHUEM BpallleHus. YKa3aHHas 4YacToTa BpalleHHUs 3a/laeTcsi Kodamu Oeucmeus
Abcomrora.

OTH T.H. «4aCTUIBD» — «MaTEpUATH3AIND» JIEMEHTAPHBIX WH(OOPMAIIMOHHBIX MaTpPHIL
I'mynomerpuueckoro IIpocTpancTBa — MHOTOMEpHOro mpocrpancTBa Marpul ([8]), umeronux
MHUHHMAJIBHOE KOJMYECTBO SYEEK (KEH30HOB) — 6.

OTO0 — nepBUYHBIE CTPYKTYpbI, KOTOpble OOHAPYKHUBAIOT ce0sl Kak Macca B TPEXMEPHOM
Mupe. Y D3JEKTpOHa U IO3UTPOHA BEKTOpa MOJSPHU3aLUU BCEX COOCTBEHHBIX O-TH s4eeK
WHOOPMAIIMOHHBIX ~ MATPHUIl  OJHOHANpPaBJIeHBl  (COIMHOBBIE  MOMEHTHI  KEW30HOB
OTHOHANPABIICHBI), a OOIIMe HaNpaBJIICHUS BEKTOPOB TOJSIPU3AIMH  SYEEK Yy HHX
MIPOTHBOIIOJIOKHBI, TTOCKOJBKY HWH(POPMAIMOHHAS MAaTpHUIla JIIEKTPOHA COCTOUT U3 SYEEK,
COJIepKalluX OTPULIATENIbHBIE, 8 TO3UTPOHA — MOJIOKUTEIIbHBIE SJIEKTPUUECKUE KEH30HBI.

(Kak ykaspiBasioch B [8], 3HaK HHGOTIOTEHIINAIA SJIEKTPUIECKOTO KeH30HA OMPEIeIsIeTCS
HaIpaBJICHUEM BPAICHHUSA).

TakuM o00pa3oM, HampaBlIEHHWE BpAIIEHHs] JJIEKTPOHA M TO3UTPOHA OIpelesieTcs
OpHUEHTAIMe CyMMapHOTO BEKTOPA MOJISPU3ALUN MATPHUIIBL.

OTO — mpUMeEp CTaHIAPTHOTO Tpoliecca MmpeodpazoBaHus ungopmayuu (A3 COCTOSHHS
WHGOPMAIIMOHHON MATPHUIIBI) B MAmMepuro.

Konpt  neiictBusi  AOGcoirora  3aJal0T  Takhe  MapaMeTpbl  HEKOM  MaTpHulle
['myHOMETpHUYECKOro MpOCTPAHCTBA, KOTOPBIE IMO3BOJSAIOT €l chOpMHUPOBATH OIPENEICHHYIO
cTpykTypy B Matpuunom [lose ([8]), «3aK0IBIIOBBIBAS» YaCTh €r0 MOTEHIIUMATLHON YHEPTUH TaK,
YTO SHEPrusi CTAHOBUTCS JIOKAJIbHO aBTOHOMHOM, LMPKYJIUPYIOLIEH MO 3aMKHYTOMY KOHTYPY
(J1r000#1 MepHOCTH), 06€3 BO3MOXKHOCTU B3aMMOJIEHCTBUSL C OKPYKAIOIIKUM HH(GOPMaLMOHHBIM
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MOJIEM. DTO — «IIPOMEXKYTOYHOE» COCTOSIHME PHEPTHH MEXAYy NOTEHIHATIBbHON U KHHETUYECKON
(«kBa3u-KUHETUYECKAs IHEPIHS).

[Ipomecc coBepmaercss ciuenyronM ooOpazoMm. HHdopmanmonHas wMarpuia Imoj
BO3JICCTBHEM MPOTPaMMBbI, 33aJlaHHONH AOCOTI0TOM, (OPMHPYET COOTBETCTBYIOIIUM OOpazoM
KEeW30Hbl (OJMHOYHBIC, WJIM B BUJIE COJUTOHOB [8, 15]), BBIMONHSIONIME PO SUEEK ITOM
MaTpulbl. BeicTpoeHHas u3 3Tux KelM30HOB B MarpuuHom Ilosie cTpykrypa CBOMMH CBSI3IMH
BbIIENSAET (OrpaHUYMBAET) HEKUH (QparMeHT Mojs C OTHOCALICHCS K 3TOMY BBIIACIEHHOMY
o0bemMy JoJiell MOTEHIMAIBbHOM B3Hepruu, (GopMUpys IMPH STOM HEKYI0 3SHEPreTUYECKYIO
MMOBEPXHOCTH (B PACCMOTPEHHOM ClTydae — 3aMKHYTYIO C(HEepUUYECKYI0 000JI0UKY) W H30JUPYS,
TEM CaMbIM, BbIIEJICHHbIN (DparMeHT OT OKpYy»karoliero nojisi. B urore coznaercs nokanpHoe N—
MEpPHOE aBTOHOMHOE OOpa30BaHHE CO CBOUMMH OIPEAEICHHBIMU (U3NYECKUMHU CBOWCTBAMU
(cBOMMM «3aKOHAMU MPUPOJIBD»).

DTO U €CTh TO, UTO B (PU3UKE IPUHSITO CUUTATh HPOCMPAHCIBOM.

[locnenoBarenbHOCTh TIpoOIlECCOB (OPMUPOBAHUS MPOCTPAHCTBA MOXKHO TNPEJCTABUTH
CJIEIYIOLIUM 00pa3oM:

Abcontom—xko0bl 0eticmeusi—npocpamma—uH@opMayuoOHHaAs MAMPUYA— A4eUKU—

keuzonvl— Mampuunoe [lone—npocmpancmeo.

B cnydae coznanus anekTpoHa (O3UTpoHA) KEM30HbI BRICTpauBaOTCs B MaTpuuHoM
[Tone B BuAe okmasdpa, 4TO NO3BOJIIET CPOPMUPOBATH IEPBUUHOE MpexmMepHoe TIPOCTPAHCTBO
B BHJIC BpAIAIONICHCs Chephl.

KonuuecTtBeHHass XapaKTepUCTHKAa 4YacTH JHEPruu, OTIEIEHHOM OT LEeNoro u
OKa3aBILIEHCS B 3aMKHYTOM 0O0OJIOUKE M €CTh TO, YTO OOBIYHO XapaKTepU3yeTcsl TaKoil
MIOHATUWHON KaTeropueu, Kak macca.

Macca oTpakaeT pe3yJabTar Ipolecca CaMOMACHTH(UKAIMK (parMeHTa — YaCTUYHOTO
«o06wema» Marpuunoro [losst (T.e. 3TO — mpU3HAK, BBIACISIONINN (parMeHT U3 1EJI0T0).

[Tomumo »3TOrO, Macca — TMoOKa3aTelb CTeNeHH HHGOPMATUBHOCTH (parMeHra
I'mynomerpuueckoro IlpocTpaHcTBa, TMPEACTaBICHHOTO KOHKPETHOW HWHOOPMAIMOHHOM
MaTpuLEH.

MaxkcumainsHO YIUIOTHCHHAA «KBAa3H-KUHCTHUYCCKAA» OHEPTHUA BOCIHPHUHHUMACTCA KakK
mamepus.

TakuM 006pazoM, MOKHO KOHCTaTUPOBATh, YTO 3JIEKTPOH (IO3UTPOH) — 3TO MUHUMAIIbHAS
Macca JJIsl mpexmepHo2o MHpa, MPH 3TOM, HO3UTPOH, NMPU PABEHCTBE MACChl C 3JIEKTPOHOM,
oTinyaercs OoJibIIMM HH(GOIOTEHIIMAIOM, MOCKOJIbKY HMEET 3HAUMTEIbHO 00Jee BBICOKYIO
CKOPOCTh BpalllEHUSI.

(Crout 3aMeTuTh, yTO MH(GOPMALIMOHHAS MAaTpULla pomora uMeeT 12 siueek, B KOTOphIE
OpraHu30BaHbl O MOJIOKUTEIBHBIX U 6 OTPULATENILHBIX AIEKTPUUECKUX KEH30HOB. DTH KEH30HbI
BbICTpauBaioTcst B Matpuunom Ilosie Takum o0pa3om, 4YTO CO3/4al0T niockoe 00pa3oBaHUE
(moBepXHOCTH) B (pOpME IIECTUYTOJIHbHUKA, 00Pa30BAaHHOTO 6-F0 TOJIOKHUTECIHBHBIMA KEH30HAMH,
BHYTPU KOTOPOTO PAcIOaraeTcsl «IIeCTUYrOJIbHUK», CHOPMUPOBAHHBIN 6-10 OTpPHULIATEIbLHBIMU
KeW30HaMU, IPUYEM BEPILKHBI BHEIIHEr0 U BHYTPEHHETO IIECTUYrOJIbHUKOB HE coBnaaarT. U
IIOCKOJIbKY Takoe oOpa3oBaHue He umeeT B MarpuunoMm [lone 3amkHyTOTO «0OBEMaY», Takoe
MOHATHE, KaK «Macca» Uil HEro He CYLIECTBYET, B TO >K€ BpeMs BIIOJHE KOHKpPETHas
SHEpPreTUUecKas XapaKTepUCTHKA UMEETCSL.

[ToaToMy MOKHO COTJIaCUTBCSI C YTBEPKACHHEM O KBAHTOBOM Ipupoae (OToHa,
MpuBeIeHHBIM, Hampumep, B [18]: «Takoe snemeHTapHOE 3JIEKTPOMAarHUTHOE BO3MYIIECHUE
MIPEJICTABISCT 3JCKTPOMAarHUTHBIA KBaHT — (OTOH», — C TE€M YTOYHEHHEM, 4YTO (POTOH
MIPEJICTaBISIET COOON HE BJIEKTPOMArHUTHBII KBAHT, @ KBAHT 3JIEKTPUUECKOTO IOJIs).
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PaguoakTuBHOE U3JIyuyeHHUe

Cnenyer  MOAYEpPKHYTb,  YTO  HIPHUBBIYHOIO Ui ~ COBPEMEHHOM  (QU3UKU
«CaMOIIPOU3BOJIBHOTO pacrajia» He ObiBaeT. Bece mpoucxoaut 3a cuer ynpasieHHs MpolieccaMu
npeoOpa3oBaHusl aTOMOB PaIHOAKTUBHBIX BenleCTB AOcomoTOM!

PannoakTuBHBIN «pacmang» aroMa, CONPOBOXKIAEMBIA Y-U3IyYEHUEM, — 3TO IPOLECC
BBICBOOOKIeHUs HH(pOpMaLuy, XpaHsuieiics B 1TaHHoM arome. MHpopManus nsiryyaercst B BUE
IIOTOKA MarHUTHBIX KEM30HOB — 3TO TO, YTO BOCIIPUHUMAETCS KAK Y-U3IIy4CHHE.

VY pa3HbIX aTOMOB PaJUOAKTUBHBIX BEIIECTB HACHIIIEHHOCTh MH(pOpMAIMeil pa3Has 3a
CYET pA3JIMYMS B KOJUYECTBE MArHUTHBIX KEW30HOB, ITO3TOMY Y-U3JIY4EHHE pPa3IudHbIX
M30TOMOB OTJIMYaeTcsi HMHGOPMALMOHHO U SHepreTudecku. MHopmalmoHHOE OTiIHYne
3aKJI0YAeTCS B KOJMYECTBE MArHUTHBIX KEW30HOB, HAINOJHEHHOCTM MX KAaBUTOHAMU U B
CTPYKTYpPE COJINTOHOB, COCTAaBJIEHHBIX W3 KEH30HOB B COOTBETCTBUM C KOJAAMH JCHCTBUA.
DHepreTuyeckoe OTJIMYUE OIPEAETCHO pa3IMYUeM DSHEPruu CBS3UM KEHU30HOB B «CETKEM.
N3mepsiemas sHEPrUs y-KBaHTOB — 3TO U €CTh DHEPrus 3Tou cBsa3u. [loaToMy y-u3irydeHue, Kak
TaKoOBOE, NPEJCTABIISIET COOOM CHEKTP pa3IUYHbIX O YAaCTOTE€ M HHEPrOHACHIIIEHHOCTH BOJH
(11K KBaHTOB).

[lo cyrm, y-u3nmydeHHe — O3TO «KBa3W-3JICKTPOMArHUTHAS» BOJHA, WMEIONIAs JIBE
CBSI3aHHBIX MEXK]Ty CO00# COCTABIIAIONINX (7[BA TTOTOKA):
— DHEPreTHYECKYI0 COCTaBJSIONIYI0O — B BHIAE O€rymieid BOJHBL, 00pa30BaHHOM

U3MEHSIIOIIMMCS OT HyJsS J0 MaKCUMaJbHOTO 3HAUEHUS JJIEKTPUYECKUM IOTEHIIMAJIOM
(MCTOYHMK — PHEPIUsl KOHBEPIEHIIMH «CETKH»);

— MH(OPMAIIMOHHYIO COCTABJISIIOILYI0 — B BHUJIE€ IOTOKA COJMTOHOB, 0Opa30BaHHBIX U3
MAarHUTHBIX KEH30HOB B COOTBETCTBUU C KOJaMU JACUCTBUsA (COOCTBEHHO MH(OpMAIIHS).

CrpykTypa Takoil «KBa3HU-3JIEKTPOMArHWTHOM» BOJHBI MOJ00HA M3BECTHON CTPYKTYype
AJIEKTPOMAarHUTHOM BOJHBI B TOM CMBICIIE, YTO COJIMTOHbl W3 MAarHUTHBIX KEW30HOB
pacnoJjiaratorcsi B 00J1acTd MUHUMYMOB 3JIEKTPHUUECKOM COCTaBIIsIONIeH Oeryiiei BOJIHbI.

MOo3KHO cUUTaTh, UTO Y-U3ITYUYCHUE SIBISIETCS MHAUKATOPOM HAIM4YUs UH()OPMALIMOHHOTO
MOTOKA, U, U3MEPsIsi UHTEHCUBHOCTh M3JIY4YE€HHUS, MOXKHO ONPEIEIUTh U UHTEHCUBHOCTh CaMOTO
MH(OPMALIMOHHOTO MOTOKA (KO3(PQUIMEHT COpa3MEpHOCTH HHTEHCUBHOCTH O3THUX IIOTOKOB
paBeH 1,8).

DHepreTuyeckass COCTaBIAMOLIAs  Y-U3Iy4e€HHUs OOECHEeUMBAET IPEeABAPUTENIbHYIO
«QHEPreTUYECKYyl0  IMOATOTOBKY»  IUIOTHOW  MaTepuajabHOM  Ccpelbl K  BOCIPUSATHIO
MH(OPMALIMOHHOTO MOTOKA B BUJIE MAarHUTHBIX KEH30HOB, CJE€I0BATEIbHO, MOYKHO 3aKIIOUYHTD,
YTO Y-U3Jy4YEHHE MPEJCTABIAET COOOW MHCTPYMEHT Ui INpeoOpa3oBaHUsl CYLIECTBYOIIEH
CTPYKTYpBl MaT€PUH BO3/A€UCTBUEM MH(OPMALIMOHHOTO IOTOKA.

Mexanu3m 00pa3oBaHust B-U3TydeHUs OTIIMYAETCSI OT TAKOBOI'O IS Y-U3Ty4EHUS.

B otnnune oT y-M3MydyeHHs, UCTOUHUK [-HU3JIydyeHUs HaxoauTcs B [ IyHOMeTpuuecKoM
IIPOCTPAHCTBE, @ UMEHHO — B caMOil MH(popManoHHOM MaTpuiie. CoOCTBEHHO, U Ha4ajo BCEro
mpolecca, Ha3bIBaEMOI0  «paJMOAKTHUBHBIM  pacmaa», CBS3aHO C pacmajoM caMmoi
MH(OPMALIMOHHONW MaTpUIlbl — MO BO3AECHCTBUEM MPOTPaMMBbI MpoIiecca, YIPaBIsieMOl KoJaMu
nericTBus AOCOJIIOTA.

[Ipu pacnage maTpuIlbl €€ SIMEUKU — KEW30HBI, OCBOOOIMBIINCH OT CTPYKTYPUPYIOIIETO
BIIMSIHUSL MAaTPULIbl, BHICTPAUBAIOTCS ONPEIEICHHBIM 00pa3oM (OmATh )K€ — B COOTBETCTBHH C
KOJIaMH JIEHCTBHS) W TOPOXKIAIOT AJIEKTPOHBI WM TO3UTPOHBI (MHOTAA — W TO, U JAPYroe).
Pe3ynbratoMm 3TOrO0 npouecca u sIBJISETCS TO, YTO MPUHATO CUUTATD -U3IIy4EHUEM.

Tot ¢akrt, yTo mpouecc pacrnaga UHPOPMALMOHHON MaTpPULbl MPEALIECTBYET pacnary
«CeTKW» MarHUTHBIX KEW30HOB, OKPY)KAIOLIEH SJIpO aToMa, XOPOIIO OOBSICHSET MOJIYy4EHHbIE
pe3yJAbTaThl B 3KCIIEPUMEHTAX MO U3YYEHUIO JMHAMHUKH aKTUBHOCTU M30TOIOB Cs'’ ([17]), Tnme
HaMU BIEpBbIe ObLJ OOHAPYKEH OTUETIMBBIA BPEMEHHOU CABUT (OTCTaBaHHE) XapaKTEPHBIX 30H
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M 3KCTPEMYMOB Ha XapaKTEPUCTUKAX IMOCYTOYHBIX 3HAYCHUH MHTCHCHUBHOCTH Y-H3JIyUYCHHUS OT
TaKOBBIX Ha aHAJIOTMYHBIX rpapuKax BpEMEHHBIX 3HAYCHHUH HHTEHCUBHOCTH [-H3JIy9ICHUS.

Tunu4eble TpPUMEpPhl TaKUX BPEMEHHbIX CIBHTOB MPHUBEACHBI Ha Tpadurax
OTHOCHUTCIILHON HMHTEHCUBHOCTH [- W Y-H3JIyUCHHS W HMX NPOU3BOJHBIX JUISI TPEX pPa3HBIX
MEPUOJ0B U3MEPEHUN aKTUBHOCTH M30TOIOB (puc. 1-9).

B OTH. (%)
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Pucynok 1. OTHOCHUTENBHAS f-aKTUBHOCTH 00pasna No25.
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Pucynok 2. OTHOCHTeNbHAS Y-aKTUBHOCTB 00pasia Ne25.
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Pucynok 5. OTHOCHTENBHAS Y-aKTUBHOCTH 00pasia Ne25.
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Pucynok 8. OTHOCHTENBHAS Y-aKTUBHOCTH 00pasima Ne25.
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AP otH., Ay oTH. (%)
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Pucynok 9. [Ipon3BoaHbIE OTHOCUTEILHOM - U Y-aKTHBHOCTH 00Opasia Ne25.

[TockonbKy, KaK yKa3bIBaJOCh BBILIE, KaXKIbIH IEKTPOH (a TaKKe U MO3UTPOH) OKPYKEH
GOpMUPYIOIIMMH €r0 KEW30HaMH, TO TOHSITHO, YTO W [-U3JIydeHHE NPEICTaBIsAeT CcOOOM
nH(popMalMOHHBIA TOTOK. OAHAKO, B OTJIMYUE OT Y-U3JIy4eHUsl, 3TOT UHPOPMAIIMOHHBIM MOTOK
HE COITPOBOKJAETCSI YHEPTeTUUECKOM COCTABISAIONMICH B BUJE OCTYIIEH BOJIHBI, a BKIIOYAET B
CBOM COCTaB NOTEHLUAJIbHYIO DJHEPIHI0, 3aK/IIOYEHHYI0 B MEPBUYHBIX CTPYKTYPHBIX
00pa30BaHUAX TUIIA 3JIEKTPOHOB (MIO3UTPOHOB).

TakuM 00pa3oM, B 3aBUCUMOCTH OT XapakTepa BelllecTBa (YpOBEHb SHEPIUU CBSI3U €rO
sIYEEK) MOTYT «cpabaThIBaTh» pa3Hble METOJbI €ro MOAU(DUIIMPOBAHUS — BO3AEHCTBUEM Kak [3-,
TaK U y-U3Iy4CHHUS.

CnenoBarenbHO, paJUOAaKTUBHOCTh SBJSETCS HE TOJBKO CHOCOOOM TPaHCIALMU
(mepenoca) wuHpopManMKM B MHUpPE MaTepUd, HO M YHUBEPCAIbHBIM METOJIOM €€
PECTPYKTYpHU3aLUU — IEPECTPONKHU CTPYKTYPHBIX STUEEK MATEPHH.

Crnenyer cka3aTb HECKOJIBKO CJIOB O BO3IECHCTBHM Y-U3JIy4E€HHUS HAa aTOMBI BEIIECTB, HE
OTHOCSIIIUXCS K YNCITY PAJUOAKTUBHBIX.

B 3aBucumocTy OT BeTMYHMHBI (IJIOTHOCTH) AJIEKTPUUYECKOTO MOJIS aTOMa, MOABEPTILIErocs
BO3/ICUCTBUIO Y-U3JIy4EHHUsI, BOSMOXHBI JIBa BAPUAHTA IIEPECTPOUKH €r0 CTPYKTYPBI.

1. Ilpm BennuuMHE BHYTPUATOMHOIO JJIEKTPUYECKOTO IIOJISI HHXKE ONPEIEICHHOTO
[IOPOTOBOT0 3HAYEHHs BO3MOXXHO OOpa30BaHHE «CETKW» MarHUTHBIX KEH30HOB BOKpYT sjpa
aToMa (MCIHOJIb3YETCSl PHEPreTUYEecKash COCTABIIAIOIIAs Y-U3JIydeHHs A (GopMupoBaHus u
yaepKaHHUsI HOBOM «CeTKu»). B 3TOM ciiydae aTOM CTaHOBUTCSI PaJMOAKTUBHBIM M IOIJIEKHUT
«pacmnamy».

2. llpu BenuurHE BHYTPUATOMHOTO AJIEKTPHUYECKOTO IOJIS, IPEBBIIIAIOIIEH OPOrOBOE
3HAYEHHUE, «CETKAa» MarHUTHBIX KEH30HOB HE MOXKET CPOPMUPOBATHCS 10 TEX MOP, MOKA SHEPTUs
NEKTPUYECKON COCTABIAIOIIEH 7Y-WU3JIyd€HHs HE JOCTUTHET BEJIMYMHBI, IIPEBBILAONIECH
IIOPOrOBYIO — 3@ CUET HAKOIUICHMs] BO BpEMEHH. 10rna MarHUTHbIE KEM30HBI, HAXOIUBILIHECS B
MIPOCTPAHCTBE MEXJY SAPOM M DJIEKTPOHHBIMU 000J0YKaMU B BUJIE HECTPYKTYPUPOBAHHOIO
o0yaka, BBICTPAUBAIOTCA B «CETKY» BOKPYT sJipa, 4TO MPHUBOJUT K MPUOOPETEHHIO aTOMOM
CBOMCTBA palMOaKTUBHOCTH.

HeobOxonuMo 3aMeTuTh, YTO XapakTep H3JIy4eHHUs TAaKOro BEILIECTBA OTJIMYAETCS OT
U3ITy4yeHUs: «OOBIYHOT0» PaJMOAKTHUBHOIO aToMa TeM, YTO OHO HE COJAEP)KHUT dHEPreTU4ecKou
COCTaBJIAIOLIECH IIEPBUYHOIO 7Y-U3Iy4eHUs, KoTopas Bo3Bpamaercs B Marpuunoe Ilose. A
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MH(pOpMAIIMOHHAS COCTABIIAIONIAS TAKOTO W3JIYUYCHHs JOMOJHEHAa COOCTBEHHOW HMH(pOpMaIUen
00JTy4E€HHOTO aToMa.

3akiouyenue

[IpoBenenHoe paccMOTpeHHE 0COOCHHOCTEH CTPOCHHSI aTOMOB PaIMOAKTUBHBIX BEIIECTB
U Ipolecca pauoaKTUBHOIO U3IYUYEeHHUsI IOKa3bIBAET, YTO TAKOE SBJIEHUE, KaK PaJOAKTUBHOCTh
ABJIIETCA crenupuYecKuM HHCTpyMeHTapueM AOcoiitora Juis OecnpepblBHOW TpaHCMyTalluu
MaTepUH, U YTO MOTOKU PaJMOAKTUBHBIX aTOMOB B MUpPO3/1aHUN BBIOJHSIOT Ty K€ (YHKIIHIO
nepeHoca uHGOpMAaLMM B MHpPE MaTe€pHH, KOTOPYIO OCYUIECTBIISIIOT KEHW30HBI B
Nudopmanronnom Ilose muposnanus. Y mockoiabKy KaxIablii paJMOAKTUBHBIM aTOM CO3AaeTcs
«CBOMM» N-MEpHBIM MPOCTPAHCTBOM («IUIAHOM)»), OH HECET B MHUPbI MaTepuu MH(GOPMALIUIO O
CO3MIaBIIIEM €ro MHupe. IJT0 HEoO0XoauMo AOCOMIOTY JUIsi TOro, YTOOBI B KaXKIOW TOYKE
MHOTOMEpHOTO Mupo3ganust (BKJIoYass U MUP MaTepHH) INpHUCYTCTBOBajla MH(poOpMaius 000
BCEX «ILJIaHaX», YTOOBl OCYILECTBISUIACh MOCTOSIHHAS B3aUMOCBSA3b BCETO M CO BCEM, U YTOOBI
IIPU 3TOM BO BCEM HENPEPBIBHO OTpakajlach IMHAMUKa pa3BUTUS Mupo3naHusi.

[ToaToMy OCMBbICIIEHHE CYHTHOCTH U KOCMOJIOIMYECKOTO 3HAYEHUS! TAKOTO SIBJICHUS, KaK
PaZMOaKTUBHOCTD SIBJISIETCS BaKHBIM HE CTOJIbKO C TOYKH 3PEHHSI €ro Cyrybo TEeXHHYECKOIo
(IpUKJIAAHOrO) MPUMEHEHMsS], HO, TJIaBHBIM OOpa3oM, JUIsl IOHMMaHUs TOTO, YTO € B UTOTre
MPOUCXOJUT B MH(POPMAIIMOHHOM IOJI€ IUIAHEThl B PE3Yy/IbTAaTe MOCTOSIHHO PaCHIMPSIOLIErocs
6e3nymHoro u OeccucreMHoro crpoutenbcTBa ADC, pa3BUTHS OTpaciieldl MPOMBIIUIEHHOCTH,
HCIOJIb3YIOUIUX PaCILEIISIONINecs] MaTepuabl, U BO3JAEHCTBYS BCE BO3paCTaOIIEl HAarpy3KH Ha
cpeny oOuTaHMs 3a CYET XAOTHYHBIX HWH(GOPMALMOHHBIX BBIOPOCOB HCKYCCTBEHHOI'O
MIPOUCXOKICHHUS.

[Togo6HO MHOTOKMJIOMETPOBBIM TydaM BYJIKAHMUYECKOIO II€IUIA, BBIPHIBAIOIIMMCS U3
KepJiia BYJIKaHOB, CMEPUYH «MH(DOPMALIMOHHOTO CMOTa», U3BEpraeMble paboTaIOUIUMHU aTOMHBIMU
peakTopaMy  TNPOHU3BIBAIOT  HOocdepy, 100aBisgss K  IMOCTOSHHO  JEMCTBYIOUIEMY
YepHOOBUIbCKOMY «MH(GOPMALIMOHHOMY BYJIKaHY» CBOIO YBEIMYMBAIOIIYIOCS IOJIO «TPSI3U»,
MIPUBHOCSI B MEHTaJbHOE MOJI€ IUIaHEThl (HOoocdepy) HErapMOHHUYHBbIE B3aUMOJEHUCTBHUSA, HE
3arporpaMMHpPOBAaHHbIE €CTECTBEHHBIM XOJ0M ABOJIIOLUHU TIAHETHI.

OclenneHHoe «JOCTHKEHUSIMUY) CBOEM TEXHOKPAaTHMYECKON LMBWIIM3ALNU, JIBHKUMOE
MaTEepUATUCTUUYECKUM  MHPOBO33PEHUEM, COBPEMEHHOE  YEJIOBEYECTBO, HE  IOHHUMAs
MH(OPMALIMOHHON CYIIHOCTH PaJUOAKTUBHOCTH, U HE MPEICTABIIAS BO3MOXKHBIX MOCIEICTBHIA,
MPUMEHSIET 3TOT TOHKUW HHCTPYMEHT AOCOJIIOTa, MpEeAHAa3HAUYEHHBIH MCKIIIOUUTENbHO s
UHGOPpMAYUOHHOU MpaHCMymayuy mamepuu, He 110 HA3HAYEHUIO, CO3/1aBasi XaoC B MEHTAJIbHOM
T0JI€ TUTAHETHI — ce0e Ke BO BPE/I.
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