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[To cBoemy >xaHpy HacTosas paboTa npeacTaBisieT co00il HeKui HaTypgu-
J0cO(CKUIM TpaKTaT, MOCBAIICHHBIN CaAMbIM ITyOOKMM OCHOBaM MUPO3/aHMUS.
OH coCcTOUT U3 Tpex 3cce.

B nepBom M3 HUX MOKa3aHO, YTO PK3UCTEHIMAIbHbBIE IPUHIMUIIBI KBaH-
TOBOW MEXaHHMKH, pacCMaTpUBaeMble HETIPEAB3ATO, C HEOOXOUMOCTBIO BEIYT
K JyaJUCTUYECKON KapTUHE MHUPA, T. €. TOM KApTUHE, YTO BIIOJIHE COOTBETCT-
ByeT (unocockoil mapaaurme, Ha3pBaeMoil OOBEKTUBHBIM Hjaeann3mMomM. C
OJTHOM CTOPOHBI — 3TO THJIBOEPTOBO MPOCTPAHCTBO COCTOSHUN MaTepHalb-
HBIX CHUCTEM, a C Apyrou, — oOyajgaroriee HE3aBUCUMBIM CTaTyCOM UH@Op-
MAyUuoHHOe NPOCMPAHCME0 COOTBETCTBYIOIIUX aHcamOned. IMEHHO B 3TOM
IPOCTPAHCTBE OOUTAIOT CYyOBEKTHI, 00JIaJalollie MPEpPOraTUBON H3MEHSTh
COCTOSIHUSI MaTE€pPUAJIbHBIX CUCTEM. DTO dcce HasbiBaercs «/lyanuctuueckas
KapTMHA MHUpPa», HO €ro MOXKHO ObuIo Obl Ha3BaTh U «BBeaeHHeM B TOPUIO
O0XECTBEHHOTO».

JI71st TOro 4TOOBI MOHATH (PU3UYECKYIO CYIIHOCTh CYObEKTOB, Ha3bIBae-
MBIX B KBAaHTOBOW MEXaHUKE Haobitooamenimu, NoTpedoBaioch cHopMyIHpo-
BaTh HEKYIO TEOPHIO, KOTOPYIO MOXKHO Ha3BaThb eOUHOU meopuell nojisi B TOM
CMBICJIE, KaKO# BKJIQIBIBAII B 3TO MOHATHE A. DitHImTelH. Peub nuer o cyrybo
KJIACCUUECKON TeOpuH, OOBEIUHSIONIEH E€CTECTBEHHBIM 00pa3oM 3JIEKTpo-
MarHUTHbIE U IPABUTALMOHHBIE B3aUMOJEHUCTBHUS. YBEPEHHOCTh B aJCKBAT-
HOCTHU 3TOW TEOpUU MPHUAAET TO, YTO OHA HOCUT HE (PU3MUECKHii, HO TIOCTIE0-
BATEJIbBHO MAaTEMATUYECKUNM XapaKTEp U PEANM3yeT M3BECTHBIM IEBHU3 OWH-
mrenHa: «Bce n3 reomerpun!». 1lo cytn, 310 Tperse, nocne HprooTtoHa n
DWHILITENHA, OCMBICJIEHNE MPOCTPAHCTBA—BPEMEHH — OHO BBbIpa)KaeTcsi B 00-
Hapy>XEHUU TOT0, UTO NPOCMPAHCMBO—BPEMS eCb AHATUMUYECKOe Heapxu-
Med080 MHO2000pa3ue.

B tperbem 3cce TpakTaTa BBICKA3aHO U MO BO3MOYKHOCTH KOHKPETU3H-
POBAHO MPEANOJI0KEHUE O TOM, UYTO IIAPOBbIE MOJHUU — CaMO€ HEOObsICHU-
MO€ SIBJICHUE U3 BCEX, C YEM CTAJIKUBAIUCH JIFOJIU, — HAXOIUT CBOE 0OBsCHE-
HUE B KOHTEKCTE MPEIIOKEHHOMN AIEKTPOrPaBUTALIMOHHON TEOPUH.



AYANU3M KAPTUHbI MUPA

bonee neranbHBI aHANW3 NPUHLUAIIOB KBAHTOBOW MeEXa-
HUKU IOKa3bIBAET, YTO OOBEKTUBHOMN PEaNbHOCTBIO SIBIISI-
eTca Memacgusuueckoe MHHOPMAITMOHHOE IPOCTPAHCTBO,
B KOTOPOM MaTepHajbHbIE CUCTEMBbI IPEICTABIEHbBI CBO-
UM HMH(OPMAIMOHHBIM aCHEKTOM, a aKTHBHBIM KOMIIO-
HEHT ATOT0 MPOCTPAHCTBa crenuduueckum odpazoM 00-
pabaThIBaeT COOTBETCTBYIOIIYIO HHPopManuto. [lo cyTn,
JlaHHasl paboTa MO—HOBOMY OCBEIAeT OCHOBHOM BOIPOC
¢mnocopuu — YTO MEPBUUHO: MATEPHUS MU CO3HAHHE?

Hyanucmu4eckasi KapmuHa Mupa

KonudectBo sHTpomnuu, cojiepskauieecss B JII0OOH MaTepHalbHOW CHUCTEME,
BBIpa)kaeTcs 001en3BecTHON hopmynoi [1]
S'=-Sp winw, (1)
rie W — CTaTHUCTHYECKHM oreparop, BBeAeHHbIH B ¢usuky JI. Jlangay u
M. bopHowm [2]. Eciin paccmaTpuBaTh TOJIBKO U30JIMPOBAHHBIE MAaTEpUATIbHbBIC
CUCTEMBI, TO 3TOT OINEPATOP OJHO3HAYHO ONPEIEISAETCS COCTOSIHUEM CHCTE-
MBI:
w = [yXyl.

B cuny Toro, 4to cien nNpou3BeIEHUsS MATPUILl HE 3aBUCHUT OT TOrO, B KAKOM
MOPSAJIKE OHU PACIIONIOKEHBI, TPUBEIECHHOE BhIPAXKEHHUE ISl SHTPOIUU HE 3a-
BHUCUT OT BBHIOOpA MPEJICTABIICHUS, B KOTOPOM KOHKPETU3UPOBAHO COCTOSTHUE
CUCTEMBI, — OHO MMEET OJMH M TOT K€ BUJI IIPH JHO00M YHUTAPHOU MaTpHlie,
OCYIIECTBIISIOLIEH Nepexo]l OT OAHOro Oa3uca K apyromy. BriGepem temnepb
NPECTaBICHUE, B KOTOPOM COCTOSIHHE |\) SBISIETCS COOCTBEHHBIM, HAIpH-
Mep, [y) =|1). B aTtom cnydyae maTpuiia IIIOTHOCTH UMEET TOJIBKO OJUH Mart-
PHUYHBII 3J€eMeHT wy; = 1, U, clleoBaTeIbHO, ONpeAeIeHHass TAKUM 00pa3oM
DHTPONUS OKA3bIBAECTCS pagHou HYM0. B cruily cieayrolend U3 NpuBeIEHHOTO
ONPEJEICHUS SHTPONIUU €€ MHBAPUAHTHOCTH (KaK M BCEr0 MaTEMaTUYECKOTO
ammapaTa KBaHTOBOW MEXaHHWKH) OTHOCHTEIHHO BBIOOpA MpeACTaBICHHUS, I10-
JAy4aeTcs, 4TO SHTPOMHUA 7000l W30IUPOBAHHONW MaTEPHATbHOM CHCTEMBI
gcez0a Oondicha bvimb pagrnou Hyao! Takol BBIBOA MPOTHBOPEYUT CAMOMY
HNOHSTHUIO SHTPOIINH, CYIIECTBYIOIIEMY B (DU3UKE.

['maBHasi mpUyYMHA TOTO, YTO 3Ta HEAJAEKBATHOCTH BBHIPAXKEHMS AJIA dH-
TPOINHH, CYMTAIOIIETOCS OJHON U3 BaXKHEUIIUX (popMys (PU3UKH, A0 CUX MOP



OCTaeTCsl He3aMEUEHHOM, 3aKII0YaeTCs B TOM, YTO Ha MpaKTUKE 3Ta popmyra
HUKOI/Ia He ucnonb3yercs. B ¢opmyne (1), oObluHO, BMECTO cTaroneparo-
pa W HETJIACHO MCIOJIB3YIOT MAmpuyy niomHOCMU COCMOSAHULL P, BBEIEHHYIO
B Teopetnueckyto ¢hu3uky ¢on Heiimanom [3]. Becerma nuaroHanpHyro mat-
pUILy IUIOTHOCTU MOYKHO MOJIyYUTh M3 MaTpPUIlbl, COOTBETCTBYIOIIEH CTAaTH-
CTHYECKOMY OIIepaTopy, €CIH MOJIOKHUTDH B MOCIIETHEHN BCE €€ DIIEMEHTHI KPo-
M€ CTOSIINX Ha AUATOHAIU PaBHBIMU HYJ0. @OpMaIbHO MATPUILy TNIOTHOCTH
MO>KHO OMPEICIUTD CIACAYIOUIIM 00pa3oM:
p = Diag w = [y)(m|n)X(y|,

rae Diag — mpoekTUBHBIN omnepaTop, OOHYIISIOUINA B MaTpHIIe W BCE €€ dJie-
MEHTBI KpPOME JIMaroHajbHbIX, a m U 1 — HOMepa 0a3UCHBIX COCTOSHUMN, HA-
ue rosops, (m|n) = S, Ecim a, — aMmumaTyel, a p, = |a,/° — cooTBeTcT-
BYIOILIME BECa, C KOTOPbIMH Oa3MCHbIE COCTOSIHHA |1) BXOAAT B paccMaTpH-

BAEMOE KOMNO3UMHOE COCTOSHUE |Y) = 2 a,|n), TO onpenenseMyro MaTpuLei
IJIOTHOCTH SHTPOMUIO MOKHO 3alUCATh B BUE

S:_zpnlnpn- (2)
JInst yrpoIeH st 3aiCy MbI BIIPEIb OyJIeM IO CHMBOJIOM 2. IIOHUMATh, KaK
CYMMHUPOBAaHHE TIO0 BCEM Oa3WCHBIM COCTOSIHHSIM, TaK U HWHTETPUPOBAHHE B
CIy4yae HEIPEpPhIBHOrO crekrpa. HamomHuM, 4TO, €ciii CHUCTEMA 3aHUMAET
KOHEYHBI 00BEM, TO CIIEKTP BCET/Ia SBISETCS MucKpeTHbIM. [Ipobaema, 060-
3HAYEHHAs] «T€OPEMOW O PAaBEHCTBE HYJIIO SHTPONMUW», HE YCTpaHWMaA, OJHA-
KO, TPOCTBIM YTOYHEHHUEM (DOPMYIUPOBOK — OHA JUIsI CBOETO pa3pericHus
TpeOyeT paauKaIbHOTO TMEPEOCMBICICHHS JK3UCTECHIUAIBHBIX MPUHIIUIIOB
KBAHTOBOW MEXAHUKH.

[Ipouenypa uM3MepeHUsT SHTPONHUU PAAUKAIBHO OTJIMYAETCS OT TOrO,
4YTO OOBIYHO MOJAPA3YMEBAETCS MO/ U3MEPEHHUEM B KBAHTOBOM MEXaHHKE: JIJIst
TOTO YTOOBI U3MEPUTH SHTPOIMHUIO, MBI, B cOryiacuu ¢ Gpopmyioi (2), TOIKHBI
OTPEJICUTh BCE BECa, C KOTOPHIMU Oa3MCHBIE COCTOSIHUS BXOJST B KOMIIO-
3UTHOE. YMO3PUTEIBHO 3Ty IPOUEAYPY MOXKHO ONMUCATh Tak. Bo3bMeM 04eHb
OosbII0€, B TIpejesie OECKOHEYHOE YMCIIO KON Halleld MaTepuaibHOW CHC-
TE€Mbl — BC€ OHU HaxXOJATCS B OJJHOM U TOM € KBAHTOBOMEXaHUYECKOM CO-
crostHuM. byneM Teneps mpu MOMoIIK MaKpOCKOMUYECKOTO prbopa, mo3Bo-
JISFOLIETO OIPENEIATh 3HAYCHUSI BCEX HE3aBHCUMBIX MHTETPAJIOB JIBUKCHUS,
XapaKTEPHU3YIOMINX MATEPHAIBHYIO CUCTEMY U (DHKCHUPYIONIIETO MPEACTaBIIC-
HHE €€ COCTOSIHHUM, peAyLIMPOBaTh BCE 3TO MHOXECTBO Konui. HopMupoBaH-
Hasi BEPOSITHOCThH MOSIBJICHUS TOTO WJIM MHOTO HaOOpa 3HAYEHUN ITUX UHTE-
rpajioB (€ciik eMy MPUCBOUTH HOMEP 71) U OyAET TEM BECOM p,, COBOKYITHOCTb
KOTOPBIX U UCIIOJB3YETCS JJIsl pacyeTa SHTPOIIHH.

MHOXECTBO pEeayLUPYEMBIX MAaTEPUAIBHBIX CHUCTEM, OIMCHIBAEMOE
MOCJIEIOBATENIBHOCTBIO YUCEN {p,}, 00pa3yroNMX AMaroHaab MaTPUIbI TJI0T-
HOCTH, XOpPOIIO M3BECTHO (PU3MKE — OHO HA3bIBACTCS aHcambiem, BEpHEe
bonbuwum ancambiem, COOTBETCTBYIOIIMM TOW WMJIM MHOW MaTepuaIbHOU CHuC-



TeMme. JTO MOHATHE ObUIO BBEJAEHO B HayKy J[[xo3aiieit ['mb60com Onmxke K
KOHIYy XIX BeKka U B KOHTEKCTE KIACCUUYECKOW MEXAHUKHU, ECTECTBEHHO. AH-
caM0Oip ['nb06ca Bceraa paccMaTpuBaliCsl HE MHAYE, KaK HEKasl HCKYCCTBEHHAs
KOHCTPYKITHS, TTO3BOJISIONIAsT YI0OHO U JIOTHYECKH TIPO3PAYHO OCYIIECTBIATh
pacyeTbl CpeAHUX BEJIIMYUH, XapaKTEPU3YIOIIMX COOTBETCTBYIOUIYIO0 MaTepH-
AIbHYI0 CHUCTEMY. AJIEKBAaTHOCTb 3TOTO MAaTEMAaTHYECKOTO MpUEMa 3UKIETCS
Ha TaK HA3bIBAEMOW 9peoduueckou eunomese, YTBEpKAAIOUIEH, YTO cpeaHee
10 aHCaMOJII0 paBHSAETCSA CpeaHEMY IO BpeMeHH. OTMETUM, YTO UMEHHO T0-
CJIeIOBAaTEIbHOCTh BECOB {p,}, — MO CYTH, JIMHEHHO YMOPSJOUYEHHOE aH-
caM0JIeBO€ MHOXXECTBO, — HO HE CTATHCTHYECKHH ONepaTop HAXOJHUT CBOE
COOTBETCTBHUE B (hyHKYuUU pacnpeoeieHusi, XapaKTepU3yIOMeH KIaCCUIeCKHA
ancamo01ip ['m60ca.

Tot daxt, 4TO I ONpeeaeHUs] MOHATUS SHTPOIIUH MbI C HE0OX00U-
MOCmbIO JOJKHBI UCIIOJIb30BaTh MaTpHILy TIOTHOCTH (hoH Helimana, TOBBI-
maeT craryc ancamois no GyHmameHTanabHOTro. JJis TOro 4ToOBl SHTPOIHIO
MO>KHO OBLTO CUHUTATh OOBEKTHBHBIM MapaMEeTPOM, HE CBS3aHHBIM C KAKUMH—
a100 CYIIECTBYIOIIMMHU JIMIIb YMO3PUMENIbHO U3MEPUTEIIBHBIMU MPOIICaypa-
MU, MbI JOJKHBI pacCMaTpUBaTh aHCAMOJIb KaK HEKYIO pealbHOCTb, CYIIECT-
BYIOIIYIO Hapsy ¢ OObEKTUBHOM KaTeropueil COCTOSHUS MaTepUaIbHON CHC-
TeMbl. B CBsI3u ¢ 3TUM MBI BBEIEM MpEACTaBICHUE 00 acmpanvbHOM npo-
cmpancmee MaTepuaIbHOW CHCTEMbl U OyJeM CUHMTaTh, YTO aHCAMOJIU, CYTh
MHO>XE€CTBA, COOTBETCTBYIOIIME BCEM BO3MOXXHBIM COCTOSIHUSIM 3TOM CHUCTE-
MBI, TIPEICTABIAIOT COOOM COBOKYMHOCTH TOYEK ATOTO MpocTpaHcTBa. Kax-
Jasi TOYKAa acTPaJbHOTO TMPOCTPAHCTBA XapaKTEPU3YETCS CBOMM HAOOpPOM
3HAYEHWW WHTETPAJIOB ABWKCHUS, TIOJHOCTHIO OMHCHIBAIONIUM MaTEpPHAITb-
Hyt0 cuctemy. Ecnu mpl OyzieM moHMMaTh aHCaMOJIb UMEHHO KakK OOJbIION
aHcamOJ1b, TO 3TH HAOOPBI HE SABISIOTCS YHUKAIBHBIMH, T. €. Pa3HbIE TOYKH
aCTPaJILHOTO MPOCTPAHCTBA MOTYT 00J1aJaTh OJHUM U TEM K€ HaOOpOM 3Ha-
yeHui. OTHOCUTEITLHOE YHCIIO0, T. €. JIOJS TAKUX TOYEK U SBIIICTCS BECOM P, C
KOTOPBIM TO WJIK UHOE 0a3MCHOE COCTOSIHUE BXOJUT B KOMITO3MIIMIO, COOTBET-
CTBYIOIIYIO cOCTOSIHUIO |). [ToCKOIBKY MaTpHIla TNIOTHOCTH COCTOSTHUHN 00-
pasyeTcss M3 CTAaTUCTUYECKOTO OTmeparopa MPU MOMOIIM MPOSKTHBHOTO TIO
cBoel mpupojie oneparopa Diag, TO Mbl MOXEM CUHMTaTh, YTO aCTpPaIbHOE
MPOCTPAHCTBO SBJSIETCSI B HEKOTOPOM CMBICIIE TTPOCKITUEH THILOEPTOBA TIPO-
CTPAaHCTBa COCTOSIHUM MaTepUATbHOW CHCTEMBl (MaTEMaTHYCCKUEC SI3BIKU
KBaHTOBOW MEXaHUKH, Oa3UPYIOIIHECS Ha MOHATUAX CTAaTUCTHYECKOTO OTepa-
TOpa U BEKTOpPA COCTOSIHHM SIBJISIFOTCS SKBUBAJICHTHBIMHK). [IOHATHS acTpalib-
HOTO MPOCTPAHCTBA U MPOCTPAHCTBA COCTOSHUN B OIPEACIIEHHOM CMBICIIE
IPOTHUBOCTOST APYT APYTY, IOITOMY s IO3BOJIIO c€O€ B ATOM CTaThe HA3bIBATh

THJILOEPTOBO MPOCTPAHCTBO MEPPANbHBIM.
* *

*



[TpolyKTUBHOCTh KaTE€ropuu acTpajibHOI'O MPOCTpaHCTBa Oyjaer obecreueHa
JMIIb B TOM CIIy4ae, €Clid IPOUCXOAIINE TaM COOBITUSI HAXOIAT CBOE OTpa-
KEHUE B MHUpE, JaHHOM HaM B OIIyUIEHUsX. BeleHue B paccCMOTpeHHE acT-
palbHOrO MHUpa HpeAanojaraeT MMEHHO TaKyl CHUTyauuro. J(nHaMuueckue
ypaBHEHUS! (PU3HUKHU OMHUCHIBAIOT HEKUM TEPPabHbII MUp, JTUIICHHBIN, TIO CY-
TH, KaKOU—JTM00 TUHaMUKU. ECiiM U3BECTHO COCTOSIHME 3TOr0 MUpPA B HEKOTO-
pbIii MOMEHT BPEMEHHU, TO OHO OIPEIEISAET €ro COCTOSIHUS Ha BCE MPOUIEA-
mve u Oyymre BpemMeHa. B 3ToM Mupe HeT MOHSTHS IPUYUHBI U CIIEJCTBUS.
C nmpocTpaHCTBEHHO—BPEMEHHOM, YETHIPEXMEPHOW TOYKH 3PEHHUSI 3TOT MU
cratuueH. U. [lpuroxxun [4] 06pa3Ho Ha3Bam MUP, PUCYEMbINA (PUBUKOM, «MHU-
pom CyiectBytouiero (Being)». OurylmaemMpliii HaMH, 3K3UCTEHIUATbHbBIN
MUD Pa3UTENBHO OTIMYAETCS OT 3TON O€3’)KU3HEHHOW KapTUHBI — B HEM IPO-
UCXOMST cobbimus! — 310 «mup Bosnukawuero (Becoming). Unes, uzna-
raemasi B HacToslled paboTe, 3aKIIOYAETCS B TOM, YTO MMEHHO COOBITHA,
POUCXOAIIME B acTPajJbHOM MPOCTPAHCTBE, SIBJIAIOTCS MPUYUHON HEeoOpa-
TUMBIX U3BMEHEHUU B IPOCTPAHCTBE TEPPATIHLHOM.

AKTHBHOCTb, CYILIECTBYIOILAsA B aCTPAJIbHOM MPOCTPAHCTBE OOecreyun-
BaeTCs TEM, YTO B HEM MPHUCYTCTBYIOT COBEPIIEHHO 0coOble aHcambiu, 00Jia-
JAIolue CrocOOHOCTRIO U MPEPOraTUBOM ONpeieICHHBIM 00pa3oM BO3ACHCT-
BOBaTh Ha JIpyrue aHcamOJid, «0OUTAIOIME» B acTpaJbHOM MpocTpaHcTBe. B
KBaHTOBOW MEXAHHKE 3TU CYOBeKmbl aCTPATLHOTO MPOCTPAHCTBA BBHICTYAIOT
10/ UMEHEM Habirooameneli WA IKCNEePUMEHMAmMopos8 W «KIACCULeCKUX
npubopos». Mbl ke, B COOTBETCTBUU C MX (DyHKIHEH, OyneM Ha3bIBaTh HX
npoyeccopamu.

JIns anekBaTHOrO0 MOHUMAHUS MUPOYCTPONCTBA MPUHIUIIUAIBHO BaX-
HBIM SIBJISIETCSl YSICHEHHE PA3IUUMsl MEK]y acTpajbHBIM U TEPPAIbHBIM MPO-
cTpaHcTBamMu. TeppaibHOE MPOCTPAHCTBO SABJISETCS MPOCTPAHCTBOM 8EKMOp-
HbIM, U CYILIECTBYIOILIME B HEM SIBJIEHUS ONKCHIBAIOTCS MaTEMAaTUYECKON JIHC-
UIJIMHON, HA3bIBAEMOW (DYHKYUOHANbHBIM aHaiuzom. B oTiuuue OT 3TOro
acTpaJIbHOE MPOCTPAHCTBO SIBISIETCS NPOCMPAHCMBOM MHONCECME U €r0 3a-
KOHOMEPHOCTH BBIPAXKAIOTCS HA SI3bIKE COBCEM JIPYrOro pasjeliia MaTEMaTHKH,
paszelia, UMEIOLIEro OYEHb MaJI0 TOYEK CONMPUKOCHOBEHUS C aHAIU30M, —
3TO meopusi MHOM#ceCcma, OCHOBbI KOTOpOH 3ayioxxuil Benukui ['eopr Kanrop.
B 3TOM cMmbICie 3HTpOMNHMS, HAIPUMEP, €CTh HUYTO MHOE, KaK Mepa, BBEICH-
Has Ha MPOCTPAHCTBE MHOXKECTB. B COOTBETCTBYIOLIEH TEOPUU 3Ta Mepa OIl-
penensercss Kak HEOTPUIIATEIbHBIA aJIMTUBHBIA (DYHKIIMOHAN, T. €. TaKOM,
YTO Mepa JIByX HENEPECEKAIINXCs aHcaMOJIel JOKHA PaBHATHCS CYMME UX
Mmep. OmnpeneneHne SHTPONuU (2) NPeACTABISIETCS B 3TOM CMBICIIE OYEHb €C-
TECTBEHHBIM, IIOCKOJIbKY Ha acTpajlbHOM MPOCTPAHCTBE HEBO3MOXKHO, IMO—
BUJIUMOMY, OIIPENETUTh MEPY NPUHIMUITUATIBHO IPYTUM 00pa30M.

CBolicTBa TeppajibHOrO MHpa BO BCEX €ro acleKTax M3ydyaeT BesIhKas
HayKa, Ha3biBaeMas gusuxou. Ee f3bIKk — MaTeMaTU4ecKUil aHamu3. 3aKOHO-
MEpPHOCTH K€ aCTPaJIbHOTO MHpa Ha 3TOM Sf3bIKE HE BbIpaxkaroTca. Hayky,



U3YYalollyl0 acTpajbHbIE SBJICHUS, B TOW CTENEHHU, B KaKoh (uiocouro BoO-
o0111e MOKHO CUMTaTh HAyKOMH, ClieyeT, MO0—BUAMMOMY, Ha3bIBATh Memadu-
3UKOU, XOTS TEPMHUH SHMPONOOUHAMUKA W TIPEACTABISIETCS U 00Jiee KOHCT-
PYKTUBHBIM, U O0Jiee COBpeMEHHbIM. MeTapu3nyeckre 3aKOHOMEPHOCTH TIPH
HEOOXOIMMOCTH OCBAaMBAIOTCSA (PU3MKONW KaK HEKHE SK3UCTEHIMAIbHBIC TO-
CTyJIaThl, HE Mojjaaroniecs Oosnee yriayOreHHOMY aHaiu3y. TakoOBbIM, Ha-
npuMep, SBISETCA YTBEPXKICHUE, YTO HAOIIOAATENN PEAYLIUPYIOT COCTOSHUS
MaTepuaIbHBIX CUCTEM CIIy4alHbIM 00pa3oM.

®dusnka, NpeTEeHAYIAas Ha MUPO3JAHHUYECKYH) BCEOXBAaTHOCTb, Ha
TO, 4TOOBI OBITh HAYKOW HAyK, yCTIOKaWBaeT ceds TeM, 4TO Takoro poxaa e-
HOMEHOJIOTUYECKHE MOCTYJIAThI SBJSIOTCS OYEHb MPOCTHIMU U HE HapyLIatOT
MaTEePUAIIUCTUYHOCTH ee Mupoonucanus. CyliecTByeT, 0JJHaKO, MHOIO HaykK,
U3YyYalolMX 53BOJIIOLMIO PAa3HbIX CIOXKHBIX MaTE€pUAIbHBIX CHUCTEM, CaM
IpeIMET UHTEepeca KOTOPhIX HE HAXOJUT HUKAKOTO MPOJOJIKEHHUsI B 00paTu-
MOM BO BPEMEHM TeppasibHOM Mupe (puzuku. Cpeau 3TUX HayK — HX 4acTo
Ha3bIBAIOT YYEHUSIMU — MOKHO Ha3BaTh IAPBUHU3M, U3YyYAIOIIMI 3BOJIIOLIMIO
Ounonornyeckux GopM, CpaBHUTEIBHOE SI3bIKO3HAHHUE, MHTEPECYIOIEecs Mpo-
UCXOXICHUEM SI3BIKOB, HAa KOTOPBIX pa3roBapUBAIOT JIIOAM, Ppeiu3m, Mmo-
CBATUBIINMA CeOs IBOJIIOIMU YEJIOBEUECKOU NICUXUKHU U T. 1. Bce aBosonnon-
HBIE TIPOLECCHI CoJIepKaT B ce0e HeuTo OO0IIee, YTO Ha3bIBACTCS OuaieKmuue-
CKUMU 3GKOHAMU pa3eumusi — 4YecTb UX OOHapyKeHUs NpuHaiexuT I'ere-
0. He cMOTpst Ha 0OBEKTUBHBIN XapakTep ITUX 3aKOHOMEPHOCTEH, CKa3aTh,
YTO OHU OEepyT CBOE HaAyajo BO «BCEOXBATHON» (PU3MKE, HE PEIIUTCS, MO—
BUJIMMOMY, HUKTO. MakCHUMyM, Ha 4TO COCOOHO (PM3HKA B 3BOJIIOLIMOHHOM
IUTaHE, 3TO JOIMYCTUTh, B AyX€ CTApOro y4eHHUs AEUCTOB, 4TO bor B HEKOTO-
pPBI MOMEHT BPEMEHMU [ = f «3ammycTi» Mup, kak Hekue Yacel, n yranumics
OT JIeJ1, IPeIOCTaBUB (pU3HKaM pa3OupaThCsi B CBOEM TBOpEeHHH. Jlaxe mocTy-
JaT O CIy4aiiHOM XapaKTepe KBAaHTOBOMEXAHUYECKUX MPOLECCOB OKA3aJICs HE
TaK MPOCT: 3HaMEHUThIE onbIThl podeccopa C. I1IHoms [S] m0Ka3bIBAIOT, YTO
baykTyanuu nepuoja nojypacrnaja paauoakTUBHOTO MpenapaTa HUKaK Hellb-
351 OOBSCHUTD, UCXO/I U3 MIPEANOI0KEHUS O CIy4YalHOM U HE3aBUCUMOM pac-
najie aTOMOB, €ro 00pa3yIoIIuX.

SHmMponus u uHghopmauyusi

[TockonbKky B (pu3MKe, Kak ¥ B TEOPHUH Tepefadyn WH(pOpMaIuu, mocaeaHss
omnpenesaeTcss KaK B3siTasg CO 3HAKOM «MHUHYC» 3HTPOIHS (C TOYHOCTBIO 10
MOCTOSIHHOTO cllaraemMoro) [6], To y10OHO CUMTaTh, YTO KOJIUYECTBO HMHGOP-
MalllM, COJIepKalleecsi B TOM UM MHOM COCTOSIHUM CHUCTEMBbI, ONPEAesaeTCs
BbIpaKEHUEM

I= Smax - S,



1€ Sya — MAKCUMaJIbHO BO3MOXKHOE 3HauUeHHue >HTponuu. [Ipu Takom onpe-
JIEJICHUH KOJIMYECTBO MH(OpPMALMK PABHO HYIIO B NnpeoeibHO XA0OMuiecKoM
COCMOAHUU, Ha3bIBAEMOM PABHOBECHLIM, U PABHO S, KOTJIAa CUCTEMA HAXO-
JUTCSL B OJTHOM M3 CBOUX 0a3UCHBIX cOCTOSIHMI. IIOCKONBKY SHTpOMNUS SIBIIS-
€TCsl aCTPaJbHOM MEpOM, Mbl MOXKEM CKa3aTh, YTO €€ 3HAYEHHE B COCTOSTHUU
paBHOBecHUs SIBIIIETCS MH(DOPMAIMOHHOM €MKOCThIO TOM WJIM MHOM MaTepH-
aJIbHOW cucTeMbl. B paBHOBECHOM COCTOSIHUUM BCE€ Beca p, PaBHbI MEX]y CO-
ooii. Ecmu N — 4muciio yeM—To pa3inyaronuxcsi Ha00poB 3HAYCHUI WHTErpa-
JIOB JBWKEHUS, IOJIHOCTBIO ONUCBHIBAKOIIMX MAaTEPUAIBHYIO CUCTEMY, TO
pn=N ! M, COOTBETCTBEHHO
Smax = In N.

Takum oGpazom, HGOPMAIIMOHHBIA 00BEM aCTPAIILHOTO MPOCTPAHCTBA Ka-
KOH—M00 MaTepuaIbHON CHUCTEMBI MOKET ObITh ONMMCAH MOCPEICTBOM LENO-
YUCJIEHHOI'O MapameTpa NV, TOBOPSIIEro O TOM, CKOJIBKO 6umog OHO B cebe
coziepkuT. B 3TOM cityyae nHQOPMAMOHHYIO €MKOCTD S,y MOKHO paccMart-
pUBaTh KaK COOTBETCTBYIOIIMI 00beM N, HO MpeCTaBIEHHBIN B Jorapumu-
YecKoM macuitade, T. €. B Henepax.

B uHdopmManimoHHOM CMBICIIE MBI MOXEM MPEJICTABIATh ceOe COOTBET-
cTBytoliee BeeneHHoM BceoxBaTHOE acTpalibHOE MPOCTPAHCTBO — OyJIeM Ha-
3BIBaTh €ro Acmpanom ¢ borvuiotl 6ykevt — B Bujie orpoMHoro Kommsiorepa,
B KOTOPOM SYEMKaM{ NaMATH CIYy’KaT NapLHUAIbHBIE aCTpajibl, COOTBETCT-
BYIOIIME MaTepHalbHbIM cucTeMaM, oOpasyromuM Bceenennyro. Kaxnas u3
ATUX SIYEEK XPAHUT B ceOe aHCaMOJIb, MPEICTABISIOMNUNA cO00M MHGOPMAIIHIO
O COCTOSIHUM CUCTEMBI. AHCAaMOJIb — 3TO MHOYECTBO, KOTOpOE, OyaydH JIn-
HEWHO yHOPSIIOYEHHBIM, 00pa3yeT MOCIIEI0BATEIbHOCTD {p,} AMAroHAIbHBIX
AJIIEMEHTOB MAaTPULbI IVIOTHOCTH. TakuM 00pa3oM, Mbl MOKEM [TOHUMATh 3TY
MOCJIEIOBATENIbHOCTh KaK HEKHWH ¢hatin, 3aMCaHHBI B COOTBETCTBYIOLIYIO
suerky—acTtpan. [Ipu 3ToM nomycTHMble 3HAYEHUS HMHTETPAIOB JIBUXKECHUS
ClIelyeT paccMaTpUBaTh Kak K00, B KOTOPOM MH(POpPMALIUS O COCTOSIHUM CHC-
TeMbI npejcTaBieHa. Jljis Toro yToObl BCEJICHCKUNA KOMIBIOTEP OKUIT U Havall
paboTtarb, OJIHOM MaMSATH HEAOCTATOYHO — JJIA ATOTO HYXHBI npocpammu-
cmol. ODyHKIHUIO TaKUX MPOTPAMMUCTOB BBINOJHSAIOT CYUIHOCTH, KOTOpPHIE B
¢du3nKe Ha3bpIBalOTCA HaboIaTesIMu, a 371ech — mnpoueccopamu. C dpusnue-
CKOI TOUKH 3pEHHSI IIPOLIECCOPBI MPEACTABIAIOT OO0 HEKHE YIUBUTEIIbHbIC
MaTepuaibHble cucTeMbl. OIHaKo B 3TOM paboTe, COCPEIOTOUUBIINCH HA UX
(YHKIIMOHAIBHOM CMBICIIE, Mbl HE OyJIeM 3aTparuBaTh BOIIPOC, YEM XKeE MPO-
LECCOPBI OTIIMYAIOTCA OT JPYTUX MaTEPHAIbHBIX CUCTEM, T. €. YEM >KMBOE OT-
JMYAeTCsl OT MEPTBOro. ACTpalibHasl I€ATEIbHOCTh MPOLIECCOPOB OCHOBBIBA-
€TCSl Ha UX CIIOCOOHOCTH HM3MEHSATH COCTOSHUSA APYIMX MAaTEpHAIBHBIX CHUC-
T€M, T. €. HEKOTOpPhIM O00pa3oM Mepe3anuchiBaTh WH(OpMaIHIO, COAepKa-
HIyrocs B Apyrux acrpanax Acrtpana. J[yig Toro 4robsl OTaM4aTh aHcamoOIIu,
IPOSBIISIIOIINE TAKOr0 POJIa aKTUBHOCTh, OyIEM Ha3bIBaTh UX AKMYANbHbIMU.
IMeHHO nesTenbHOCTh 3TH CyOvbekmog AcTpalia MpeBpallaeT IK3UCTEeHYU-



anvrHol Mup u3z mupa Cywecmsyroujeco B HENpeACcKa3yeMbldi MUp BosHu-

Karnuwezo.
* %

B nacrosiiei pabote 00CyX1at0TCs IPEXKJI€ BCETO OHTOJOTUYECKUE TTPUHIIH-
IIbl, HA KOTOPBIX OCHOBBIBAETCS MUpO3JaHue. [ TaBHBINA BBIBOJ 3/1€CH 3aKIIO-
4aeTcs B TOM, YTO MCTHUHHOW SIBISIETCS JyalucTUyeckas kKapTuHa mupa. Ee
TeppaJbHBII aCIIEKT B CBOEM CaMOM TIyOOKOM (GyHIaMeHTe u3ydaercs husu-
YECKOM HayKOW. YIUBUTEIbHYIO 3(P(HEKTUBHOCTh MAaTEMaTHUKU B STOM JIeJie
MOXHO TOHATH KaK CIEJICTBHE TOr0, YTO TEPPAIBHBIM MUP MPEACTABISAET CO-
00if HE UTO MHOE, KaK HEeKUIl MaTeMaTH4ecKuil AHanu3. DTO MOJO00HO TOMY,
KaK ujeanbHasi IByMEpHas KUIKOCTh SIBIISICTCS BOIUIOUICHHEM TEOpHH (yHK-
M KOMIUIEKCHOT'O IEPEMEHHOr0. B 3TOM CMBICIIE OCHOBHAsI M KOHEYHAas
uenb GU3NKU BUIUTCA B ocTpoeHnu «Equnoil Teopun Beeroy, T. €. cooTBeT-
cTBytomero Ananuza. Ycnexu B coznanue Cmanoapmmuou mooenu, o0beau-
HSIOILEH 3JIEKTPOMArHUTHbIE, CIa0ble U CUIIbHbIE B3aUMOJCHCTBUS, TOBOPAT
0 TOM, YTO MbI, BO3MOKHO, HE OUYEHb JIaJIEKU OT MOMEHTA MpeBpalleHus (hu-
3UKH B MATEMATHKY.

B otnuume ot 3TOro nHGOPMAaIMOHHBIN, aCTPAJIbHBIN aclIeKT MUPO3/a-
HU CBA3aH HE aHAJIM30M, HO COBCEM APYIOM BETBBIO MAaTEMATUKH, C TEOPUEH
MHOXXECTB — caMoil (puinocodckor MaTeMaTudecKol TUCHUILINHON. OOBeK-
Thl U3yUEHHUS 3TON HAyKU U €€ METOJIbl HE UMEIOT HUYEro oOIIero ¢ MareMa-
TUYECKUM aHAIU30M, TO3TOMY CY>KICHHSIM (DPU3UKOB, Ta)K€ CaMbIX TaJaHTIIHU-
BBIX, 10 MeTau3nmueckuM mMpodiieMaM HE CJIeIyeT MPHUIHMCHIBATh KaKOTO—
ambo ocobozo aBropurera. JlocTaTOYHO CcKa3aTh, YTO HA 3HAMEHUTBHIX CEMH-
Hapax JI. Jl. Jlangay BOoOOIIE 3ampeiianoch KacaTbCsl TEM, CBSI3aHHBIX C Ha-
Typuiiocopckoil uHTEprnperauueldl KBaHTOBOW MexaHUKH. LleHTpanbHOE
MECTa B aHAJIM3€ 3aHUMAET MOHATUE YHKYUU U npoyecca 3Ty PyHKIHUIO Mpe-
00pa3yolero — 3TOT MPOLECC B aHAJIW3€ BBHICTYNAET MO BUJAOM OIEepaTopa
muddepenurpoBanus. s Teoprur MHOXKECTB MOHSATUE TUTEIBHOCTH HE Xa-
pPaKTEepHO, ¥ ATO €AMHCTBO OOBEKTAa M CyOBEKTa BBICTYNAET TaM MOJ BUIOM
MHodcecmea U aneopumma. OEeHOMEHbI 3K3UCTEHIUAIBHOIO MUpa, U3ydae-
Mble (PU3MKOI, MOXKHO paccMaTpuBaTh KaK OBELIECTBICHHE COOTBETCTBYIO-
mux onepatopoB AHanuza. [lonobHo 3TOMY Mpoueccopsl AcTpaia JAOKHBI
MOHUMAThCS KaK OBEIIECTBICHHBIC (MMPAaBUIIbHEE CKa3aTh, 00)YUle6leHHblE) All-
TOPUTMBI.

[TockonbKy NOCTHXKEHHE MeTa(U3NUECKUX TPUHIIUIIOB MUPO3AaHMS HE
npeanonaraeT 00s3aTeIbHOr0 3HAKOMCTBA C MATEMaTHYECKUMU METOJaMU
MCCIIEJOBAHNSI MAaTEPUAIIbHBIX CHUCTEM, IOJIE3HO M3JIOKUTHh MPUHUMUIIBI KBaH-
TOBOM MEXaHUKH, BOOOILIE HE KacasCh 3TOM CTOPOHBI (PU3UUECKOW HAYKHU, HO
TaK, YTOObl HH(POPMALIMOHHAS €€ CYIIHOCTh BBICTYIajla 00Jee HATJISAIHO.
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JlomycTuM, 4TO CyHIeCTBYET HEKHHl Tenerpaduct, NIpUHUMAOUIUN Te-
JerpaMMbl. byjeMm naiee Ha3bIBaTh €ro uchoHumenem. byaem cuurarb, 4To
9TOT UCMOJHUTENb 00JiamaeT OUOINOTEKOM, ColepKalleld BCE OCMbICIeHHbLE
PYCCKHE TEKCThl — B IOHSITHE OCMbICIEHHOCMU Mbl BHUKATh HE OyjeMm, moJia-
rasich Ha UHTYHIMIO. bynem cuutarh, 4To 3Ta OMOIMOTEKAa HEKOTOPHIM 00pa-
30M KaTaJIOTM3WPOBaHa, TaK YTO KaXKIblii TEKCT MOXKHO 0003HAYUTh HEKOTO-
pBIM HaOOpPOM MapaMeTPOB, KOTOPBIM MOKHO TTOHUMATh KaK HoMep TOTO WIH
WHOTO TeKCcTa OubimoTteku. B ¢usnke 3ToMy HOMEPY COOTBETCTBYET TOT HIIU
WHOW HEMOBTOPUMBINH HAa0Op 3HAYEHUN WHTErpasioB IBIKeHus. [Ipenmono-
UM eIle, YTO UCIOJIHUTETh 00J1aaeT HEKOTOPHIM aJIrOPUTMOM, MO3BOJISIO-
MM €My BBICTABIIATH YHCJIOBYIO OIICGHKY CTEIEHH OJIM30CTH KaKUX—ITHOO0
IByX TekcToB. Ha3oBeM 3Ty oneHKy, ckaxkeM, b6awiom. Bee TekcTbl Oubmmo-
TEKH, 00JIaJlalolIue YEM—TO Pa3IMYaloIIUMUCI HOMEPAMH, CUUTAIOTCA abCco-
JIOTHO HECOBMAJAOUIMMU, U COOTBETCTBYIOIIUE Oajuibl paBHbI HYJO. Ecnu
K€ 3T HOMEPA MOJHOCTHIO COBMAAAIOT, T. €. TOT WJIM MHOW TEKCT CpaBHUBA-
€TCsl ¢ caMuM cOOO0M, TO OAJIJT paBEH €IUHHUIIE.

CyTh aiaroputMa, KOTOPBIM MOJIBb3YETCsl UCMOJHUTEh HAM HE Ba)KHa,
CleAyeT JUUIb CUUTaTh, YTO OH CyllecTByeT. JlJIsI TeX MPOCTBIX «TEKCTOBY,
COOTBETCTBYIOIIMX MAaTE€pUAIbHBIM CHCTEMaM, H3y4aeMbiM (HU3HKOM, OHa
YMEET BBIYUCIATH COOTBETCTBYIOIIME OalIbl: TaM OHM HA3bIBAOTCS aMILIH-
TylaMH W BBIPAXKAIOTCA B OOIIEM cllydae KOMIUIEKCHbIMU yrciiamu. CoOCT-
BEHHO T'OBOPSI, BBIUUCICHUE ITUX aMIUTUTY] U SIBJISIETCS OCHOBHOM IparMaTu-
YeCKOM 3ajauel TeopeTudeckoil Gpusuku. Beepenne 6awioB u anropurma, ux
OTIPEJIEIISIONIETO, MpeBpaniacT OMOINOTEKY, B MAaTEMAaTHYCCKOM CMBICTIE, B
0a3uc BEKTOPHOI'0 MPOCTPAHCTBA, TOUKAMU KOTOPOTO SIBIIIIOTCS 8CE€ 803MOHMC-
Hble TEKCThI. TeKCThI, cojiepxKalecs: B ONOIMOTEKE MOTYT TENEph HAa3bIBATh-
cs1 0a3UCHBIMU BEKTOPAMU 3TOTO MPOCTPAHCTRA.

[lycTe Temepb HUCHOJHUTENb—TENETPAQUCT NMPUHUMAET KaKyr—IHO00
Tenerpammy. Eciiu TEKCT 3TOM TejerpaMMBbl MOJTHOCTHIO COBMAAAET C OJHUM
U3 TEKCTOB OMOIMOTEKH, TO BCE OUE€Hb MPOCTO — OH BBICTABJISIET OLICHKY PaB-
HYIO €IMHHIE, 3Ta TeJerpamMma MoJy4aeT COOTBETCTBYIOIINI HOMEpP, U CUU-
TaeTcsl MPOYUTAHHOU. VICIIOMHUTENh MOXKET, OJJHAKO NPHUHATH TEJIErpaMMy,
HE COBIIAJIAIOIIYIO0 HU C OJJHUM M3 0a3UCHBIX TeKCTOB. HekoTopsle ciioBa, Ha-
npuMep, KaXyTcs HAMCAaHHBIMHU C OMIMOKaMHU, a HEKOTOPBhIE M BOBCE HEIO-
HATHBI. B 3TOM ciydae MCHONHUTENh MOCTYyHAaeT CIeAyrommM oopaszoMm. OH
CpPaBHUBAET BCE TEKCThI OMOIMOTEKHU C MIPUHATHIM M 3alUCHIBAET HAa KAPTOUKU
3HAYEHWs COOTBETCTBYIOIIMX OawtoB—amIumuTyd. Jlamee, OH BBIUHCISACT
KBaJpaT MOAYJIA KaXKJI0M TakoWl aMIUIUTY]bl U 3alMCHIBAET MOJYYEHHOE IO-
JIOKUTENBHOE YUCIIO, 1O BEJIMYMHE HE MPEBOCXOSINEE €IUHUIIBI, HAPUMED,
Ha 00paTHOM CTOPOHE COOTBETCTBYIOIIEH KapTOUKHU. DTO YKUCIIO OyJieM Ha3bl-
BaTh BECOM, C KOTOPBIM TOT WJIM MHOW OA3UCHBIM TEKCT BXOJUT B MPUHSATHIH.
Bo Bceit 310l mpolienype nosiBjeHrue 0aioB MPEACTaBISACTCS HEKOW U3IIUIII-
Hel (a30ii BRIYMCIICHUS BECOB. B 3HaUNTENBHON CTETIEHH 3TO TaK U €CTh. Mbl
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BBEJIM WX B OMHCAaHWE JIUIIb MOCTOJBKY, TTOCKOJBKY alrOpUTMbI KBAaHTOBOM
MEXaHUKH BBIYUCIISIIOT HE HEMOCPEACTBEHHO BECa, HO UMEHHO aMIUIUTY/IbI.

MHO€eCTBO BECOB, COOTBETCTBYIOUIMX pa3JIMYHBIM HOMEpaM Oazuc-
HBIX TEKCTOB, 00pa3yloT TO, 4TO B (U3HKE Ha3bIBaeTcs ancamorem. OH BbI-
pakaer coboi HH(POPMALIMOHHOE COAEpKaHUE IPUHATOMN TeserpaMMbl. 371€Ch
BaYKHO YCBOUTH CJIEYIOIIYIO Bellb. MHOXeCTBO aHcaMmOJel, COOTBETCTBYIO-
IIUX BCEM BO3MOXKHBIM TEJIErpaMMaM, B OTJINYME OT MHOKECTBA COOTBETCT-
BYIOIIMX aMIUIUTY] HE 00J1a/1aeT CTPYKTYpOH BEKTOPHOro IpocTpaHcTBa. Ec-
AU Mbl YMHOXKUM KaX/blii Oa3MCHBII BEKTOP—TEKCT Ha €ro aMIUIUTYAy U
CJIOKMM BCE 3TO, TO BHOBB IOJy4YHUM TEKCT Tejerpammsbl. C BecaMu xke, siB-
JSIFOIIMMHUCS AJIEMEHTaMu aHcaMOJIsi, TOTO Mpojenarh Henb3s. [lomydeHHbrit
UCTIOJTHUTENEM aHCaMOJIb MOXET OBbITh WCIIOJIb30BAH IS BHIYMCIICHUS KOJIH-
9YecTBa PHTPOMHUH M, COOTBETCTBEHHO, MH(POPMAIINH, COJACpKAIINECS B MpH-
HsATOM TekcTe. [Ipu 3ToM, yem Ooliee «XaoTUYEH» ATOT TEKCT, YEM MEHEE OH
MOXO0 Ha KaKOW—IMOO TEKCT U3 uKciia Oa3UCHBIX, TEM 00JibllIee KOJIUYECTBO
SHTPOIUU U MEHbIIEE KOJIMYECTBO MH(OPMAIIUU B HEM COJIEPHKUTCS.

Jlanee WCMONMHUTENb MPOJEIBIBAET OINEpalri0, KOTOPYHO MOXKHO Ha-
3BaTh MYJIbMUNIUYUPOSanuem ancamons. BMecto Kaxaol U3 KapTouek ¢ 3a-
[UCaHHBIM Ha HEH HOMEPOM U COOTBETCTBYIOIIMM BECOM OH CO3JA€T OYEHb
OO0JIBIIIOE YHUCIIO €€ KOMHMIl. DTO YMCIIO MPONOPLMOHAIBHO 3alIMCAaHHOMY Ha
HEl BeCy. JTH HOBBIE KAPTOUKH YK€ HE COJAEPKAT 3allMCH O BECE COOTBETCT-
BYIOIIETO0 0a3MCHOI0 TEKCTa — 3TOT BEC BBIPAXKAETCsI OTHOCUTEIbHBIM YHC-
JOM KapTO4eK JaHHOro Homepa. Takum oOpa3oM mnpeoOpa3oBaHHBIM aH-
camMOJIb Ha3bIBaCTCS B (PU3UKE OOIbUUM AHCAMOTIEM.

[Tociie TOro Kak MCIOJHHUTENb NPOJAENAT BCIO 3Ty padOTy, B IYyHKT
npuema TejerpaMM BXOIUT HadaJbHUK, MMEIOIIMA YuH npoueccopa. Ero 3a-
Jaya — BbIOpATh M3 BCEX KapTOYEK OOIBIIOr0 aHCaMOJIsl KaKylo—11u00 OJHY.
Te mporieccopsl, YTO YYacCTBYIOT B KBAHTOBOMEXAHUYECKUX SKCIEPUMEHTAX
«OeckoHeyHO Tymbl». OHM He 00JaAal0T KAKUMU—ITHUOO KPUTEPUSMU, MO3BO-
JSIFOIMMU UM pa3yMHO BbIOpaTh 0A3MCHBIN TEKCT U3 YKCIIa BXOIAUIUX B MPU-
HATOE HociaHue. MakcuMyM, 4TO OH MOXET CAeNaTh, 9TO BbIOpaTh Hayraj
KaKylo—1100 O/IHy M3 KapTOYEK, COCTABJIAIOIIMX B COBOKYITHOCTH OOJIBIION
ancamOib. IMEHHO A7 TOro, 4ToOBl IPOLIECCOP HE YTPYKAal ceOsl YTEHUEM
BECa, 3allMCAaHHOIO0 Ha KAPTOYKE, MCIIOJHUTEIb U OBbUIT BBIHYKJIEH MYJIbTHUII-
JUIAPOBATh MCXOJHBIA aHcamOJIb 0 Oonbinoro. He cMoTpsi Ha BCIO CBOIO
«TYTHOCTBY», MPOLIECCOP HE TaK MPOCT, U €ro padoTa HE MOKET ObITh BBINOJ-
HEHa KaKUM—JM00 MexaHu3MoM. [[i1st Toro yToOsl ero BeIOOp ObLT abcontom-
HO CIy4auMbiM, OH JIOJDKEH 00Ja1aTh OECKOHEYHBIM YHCIIOM CTETMEHEH CBO-
00JbI, KPOME TOI'0, YTOOBI HE OKA3aThCsl B MOJOKEHUU OypuAaHOBa Ocia, OH
JIOJDKEH 00J1a/1aTh KaKOH—HUKAKOHW, HO CBOOO0M BOoJIM. B oTiimume oT 3TOro
paboTa UCIIOIHUTEIIS YUCTO MEXAHUYECKAS.

[Tocne Toro kak BbIOOp cleNiaH, BCE KAPTOUKH KpOME TOM, Ha KOTOPYIO
yKazaj MpoLeccop, YHUUTOKAKOTCS, U TEKCT MOCIAHNUs CUMTAETCS MPOYUTaH-
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HbIM. J{0 3TOr0 MOMEHTa Bce SBJIAETCA OOpaTUMbIM — 3allMCAHHBIE HA Kap-
TOYKAaxX aMIUIMTY]IbI ITO3BOJIIOT BHOBb BOCCO3AAaTh MPUHSTBIA TECT — U TOJIb-
KO BbIOOD, COBEPIICHHBI MPOLIECCOPOM, SIBIISIETCA aKTOM, HE OOpaTUMBIM BO
BpeMeHHU. ConocTaBsisl HAPUCOBAHHYIO 3/1€Ch KAPTUHY C TUIIMYHBIM KBAaHTO-
BOMEXAaHUYECKUM DKCIIEPUMEHTOM, MbI JOJDKHBI OTOXKACCTBUTH IIYHKT IIpUE-
Ma TeJlerpaMM U UCHOJIHUTENS C MAKPOCKONUYECKUM NPUbOpoM, NCIOJIb3Yye-
MBIM JUIsI U3MEPEHMsI 3HAYECHHUM HMHTETPAJIOB JABUIKEHHUS COOTBETCTBYIOLLUX
MaTepuaIbHBIX CHCTEM, a IMpoLeccopa ¢ — CYOBEKTOM, OCYILECTBISIOUINM
3TH U3MEPEHUS, T. €. C IKCNEPUMEHMAMOPOM—HAOTI0O0ameNeM.

B npunnumne, nosBieHne OMMOOYHOIO TEKCTa MOXKHO ObLIO OBI 00BsIC-
HUTH TakK, KaK 3TO JIEIAETCA B TEOPUU Tepenayn HHPOopMaIul, — MPOHUKHO-
BEHHMEM B KaHaJ Ilepeayu ITOCTOPOHHMX IIyMoB. Hac, oHako, MHTEpECYIOT
TOJIBKO U30AUPOBAHHbBIE MAMEPUATIbHbIE CUCTEMbl, TIOOTOMY TaKHE€ UCTOYHH-
KU SHTPOINHMH Mbl paccMaTpuBaTh He Oyaem. EcTb, ogHaKo, mpuyuHa, MO KO-
TOPOM NPUHATHINA CUTHAJI OKa3aJICs 3aMyTHEHHBIM DHTPOIIUEH, HE CBS3AaHHAA C
HaJIMYUEM HEYUYTEHHBIX MaTepHalibHbIX cucTeM. [Ipu Oosee BHUMATENbHOM
PacCMOTPEHHH OKa3ajoCh, YTO MPHUHATHIA HCIOJHUTENEM TEKCT ObLI M3HA-
YaJIbHO HAIMCaH MO—YKPAauHCKU, U UMEHHO [I03TOMY OH He BIHcalcs B OuO-
JUOTEKY PYCCKHMX TEKCTOB. TO, UTO OJIMH U TOT € TEKCT, MOXKET OBbITh Ipe.-
CTaBJICH Pa3HBIMU SA3bIKAMH, BIIOJIHE COOTBETCTBYET TOMY, YTO OJHO U TO XK€
COCTOSTHME MaTepHalIbHOM CHCTEMBbI MOKET OBITh BBIPAXKEHO B Pa3HbIX MpeE.-
ctaBieHusAX. OgHaKo TO OOCTOSITENBCTBO, YTO 3HAUYEHUE SHTPOIUU KAKOTO—
A100 COCTOSIHUS MaT€pUAIbHON CUCTEMBbI OKa3bIBAECTCS 3aBUCAIIUM OT BBIOO-
pa ero npeicTaBleHus, JEJIaeT 3Ty BEJIMYMHY HEOJHO3HAYHOU U CYyOBEKTHB-
HOM.

OTmeTuM, 4YTO Bce OOMIAIONIMECs MEXAy Co0oW «TenerpaducTs»
JOJKHBI BJIAJIETh HEKUM €JUHBIM JUJISl BCE€X HHUX SI3bIKOM. MBI MOxeMm cebe
IPEICTaBUTh, YTO HALl MUCHOJHUTENb MPUHAJ TEeJIErpaMMy M3 Takol 00JacTh
BcenenHoil, ycnoBus CylieCTBOBaHUSI B KOTOPOl HE UMEIOT HUYEro OOIIEro ¢
TEM, 4TO Mbl UMeeM Ha 3emiie. CUrHan u3 3Toil obnactu He OyleT UMETh JUIs
3eMJISIH HUKaKOT'O CMBICJIa — OH HE MOXET OBITh BBIPAXKEH YEPE3 OCMbICIEH-
Hble PyCCKUE TEKCThl. MOJKHO CKa3aTh, YTO 36MJISIHE U UHOIUIAHETSIHE HE Bla-
JEI0T KaKUM—IH00 OOIIKM Ui HUX SI3bIKOM. POpManbHO 3TO 03HAYAET, YTO
BCE TAKOT0 POJa «IOCIaHMs» C TOYKU 3PEHHUS 3€MHBIX HCIIOJIHUTENEH 00ia-
JAl0T MaKCUMaJIbHO BO3MOXKHBIM 3HAYEHUEM SHTPOIHMU U PABHBIM HYJIO 00b-
eMoM nHpopmanuu. B 3Tom cmbicie Bce 3eMisiHe, yCTh OECCO3HATENBHO, HO
BJIA/ICIOT HEKUM OOIIMM JJISi HUX «A3BIKOM», OTPAXKAIOIIUM OOIINE YCIOBHS
WX )KU3HH.
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O coomeemcmeuu KeaHMoO8OoU U Kjlaccu4eCcKoU MexaHUK

To, yTO BHTpPOMMS KAaKOrO—JIMOO COCTOSTHUSI OKa3bIBA€TCS 3aBHUCSIIEH OT
IIPEACTABIEHUS, B KOTOPOM OHO KOHKPETHU3UPYETCS, SIBISAETCS CIEACTBHEM
TOTO OOCTOSITENIbCTBA, YTO MaTpulla IOTHOCTH (o Helimana ue sensemcsa
JUHEWHBIM onepatopoM. Eciim U — yHUTapHBIA Omneparop, OCYyUIECTBIIAIO-
U epexo/i OT OJJHOTO KaKOro—Iu0O0 MPEACTABICHUS K APYTOMY, TO
p’# UpU™

— MBI JIOJDKHBI CHavajia TpaHCPOPMUPOBATh CTATONIEPATOP W U JIUIIb 3aTeM
B35Th €r0 JUAarOHAJIbHYIO MPOEKINIO, KAKOBOU SIBIIETCS MAaTPULIA INIOTHOCTHU.
VYerpansate npobieMy CBSI3aHHYIO C HEOJHO3HAYHOCTBIO IHTPOIUU CIEIYET,
O—BUJIUMOMY, TaK K€, KaK 3TO C/EJIaHO B MOJOOHON CUTYyallMH B HbIOTOHO-
BOM MexaHuke. TaM 3aBucAIlas OT BbIOOpa MPEACTABICHHS HEOJTHO3ZHAYHOCTh
CUJI UHEPUUHU YCTPAHSIETCS TEM, YTO NOCTYJUPYETCS CYLIECTBOBAHNUE YHHUBED-
CaJIbHOM CHUCTEMBI OTCUETA, Ha3bIBAEMOW MHEPLIMAIBHOM, B KOTOPOIl BCE CHUJIBI
WHEPIMH paBHBI HY10. [Ipu Takom moaxoae BbIOOp TOM MM MHOM HEHMHEPLIU-
QIBHOW CHCTEMBI OTCYETa OKA3bIBAETCS JIUIITH BHIOOPOM KPUBOJIWHEHHOM CHC-
TEMbI KOOPAUHAT, YI0OHOH /I TPOBEJACHHS MATEMAaTHIECKUX PACUETOB.

B xoopauHaTHOM TIpeACTaBICHUUM UHTETPAjIoOM ABUKEHHUS (B KBaHTO-
BOM MEXAHUKE OH TPAJUIIMOHHO HA3bIBACTCS HE MHTETPAJIOM JIBUKECHUS, HO
HabarooaeMoul) IBISETCS Ta TOUKA MIPOCTPAHCTBA BPEMEHU (rf), KOTOPYIO MO-
KET 3aHMMaTh 4YacTtuua. Bcem ToukaMm KakoW—1uOO MPOCTPAHCTBEHHOM TI'M-
NEPIUIOCKOCTH ¢ = fj COOTBETCTBYIO COOCTBEHHBIE BEKTOPHI |F;t)), 0Opazyromue
0a3uc KOOPAMHATHOTO MIPEICTABIICHUS:

(rito|rito) = O(r; — r)).
B kimaccnueckoil MEXaHMKE MHEpPIMAIbHAs CUCTEMA OTCUETA ONpENEIICHA HE
OJIHO3HAYHO: BCE CUCTEMBI, IBUKYIIMECS OTHOCUTEIBHO JaHHOW MHEpPLUAJb-
HOM C MOCTOSTHHOM CKOPOCTBIO, TOXKE SIBIISIOTCS MHEepIuaibHbiMU. [Togo0HO
TOMY HEOJHO3HAYHO, C TOYHOCTBIO JIO BHIOOpA TMMEPIIOCKOCTH f = const,
ONpENEIIAeTCS U KOOPAUHATHOE Mpe/icTaBlIeHUEe. MaTpUUHbIE 3JIEMEHTHI YHU-
TapHOTO ONEPaTOpa, OCYIIECTBISIONIETO MEePEX0]] OT KOOPAMHATHOTO Oasuca,
(UKCHUPOBAHHOTO OJJHUM MOMEHTOM BpPEMEHHU ! = fj, K TAKOBOMY, (DUKCUPO-
BAaHHOMY JIpYTUM — [ = |, OIIPCACIISACTCS BBIPAXKCHHUCM
(ritilrite) = €. (3)

3neck QyHkuuonan S = S(rit, rit)) — 0Oe3pasmMepHoOe, T. €. JeJIECHHOEe Ha IO-
crostHHyto [lnanka 7 neiicTBue, a CcyMMUpPOBaHUE UIET MO BCEM TPACKTOPUSIM,

COEIMHAIOIIUM TOUKH (rit1) U (rito) [7].
* *

*

B ¢usuke chopmynupoBaH HEKHIl 3BPUCTUYECKUNA NPHUHIIUI, HA3bIBAEMBIN
NPUHYUNOM COOMBEmMCMEUsl, yTBEPKIAOIINN, UTO KaXKaast HOBasi pU3HuecKas
TEOPHUS NOJDKHA MMETh XOpOUIO IPOBEPEHHYIO CTAPyI0 B KA4ECTBE CBOETO
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NPEIENbHOTO CiTydas. XpEeCTOMAaTUHHBIM MIPUMEPOM 37ECh SBIISICTCS PEIsATH-
BUCTCKasi MEXaHWKa, MePexo/iiiasi B HbIOTOHOBY MPHU YCTPEMJICHHH CKOPO-
CTH cBeTa K OecKkoHeYHOCTH. Jlerko, 0JJHaKo, BUJETh, YTO, BOMPEKU MPUHIIU-
Iy COOTBETCTBHUS, KBAHTOBAs MEXaHHKA HE MEPEXOJUT B KIACCHUYECKYIO MPH
yCTpeMJIeHnH mocTosiHHOM [lnanka Kk HyJo. 9TO 0OCTOSITENBCTBO CBSI3AHO C
TEM, YTO B KBAHTOBOW MEXaHUKE JACUCTBYET HPUHYUN CYNEPNOIUYUU COCMOsL-
HUli, KOTOPBIM HE 3aBUCUT OT TOT'0, HACKOJIbKO Malla WM BEJIMKa 3Ta MOCTO-
siHHas. DTOT MPHUHIIMII, OJHAKO, COBEPIICHHO YYXJ MEXaHUKE KJIaCCHUYECKO.
3T0 00CTOATENBCTBO 3aBYAJTUPOBAHO TEM, YTO CUUTAETCS, YTO ITO COOTBETCT-
BUE YCTaHOBJICHO MOCPEICTBOM KBA3UKJIACCUYECKOTO MPEEIbHOIO Mepexoa
Bbopa—3ommepdenbna. He crnoxkHo, ogHaKo, yCMOTPETh, YTO KBa3WKJIacCHue-
CKUH METOJ pacCMaTPUBACT JIUIIb OA3UCHblE COCMOANUA MATEPUATbHBIX CUC-
TEM, KOTOpBIC JACWCTBUTEIBHO YIOBIETBOPSAIOT NPUHLHUITY COOTBETCTBUS.
PaccmoTpuM BO3HUKAIOIIYIO 3/1€Ch MpoOsiemMy Oosiee AeTalnbHO.

Ecnu 6e3paszmepHoe aeiicTBrE S MHOTO OOJIbIIE €AUHULIBI, TO HHTErpal
10 TpaeKTopusiM B popmyiie (3) coaepKuUT B ceOe TOIBKO OJIHY KAACCUUECKYVIO
TPAEKTOPHIO, TOCTABIIAIONIYI0 MUHUMYM (DYHKIIMOHATTY TEHCTBUS:

(riti|rito) = A €°,

rae S Temephb yxXe SBIACTCS MUHHUMAJIbHBIM 3HAYEHHEM COOTBETCTBYIOIIETO
(QyHkunoHana, a 4 — HekoTopas TIiajkas (QyHKLIHS apryMEHTOB Fif; U Ijt.
Ota QyHKIUS OTAUYHA OT HYJsI B 00JIacTH, 3aHUMAEMOM COOTBETCTBYIOIIIM
BOJIHOBBIM TAKETOM, W KBaJpaT €€ MOAYJS, paCCMAaTPUBAEMBId KaK (PYHKIIHS
aprymeHTa r;t;, yJOBJIETBOPSIET YpPaBHEHHUIO HeNpepbIBHOCTH [8]. B mpenemns-
HOM CIIy4ae, KOTOPbIA MOKHO Ha3BaTh )JIbMPAMACCUBHbIM, Pa3MeEp ITON 00-
JaCTH MOKHO CUMTATh O€CKOHEYHO MaslbiM. B TakoM MpuOIMKEHUU MBI MO-
KEM CUUTAaTh, YTO W3 HAYAIHHOW TOYKH B KOHEYHYIO BEJIET BCErO OJIHA Kiac-
cUYeckas TpaekTtopus, T. €. GyHKus A(rit;) €CTh MPOCTO HEKOTOPAsk MOCTO-
SIHHAsl @, YMHOKE€HHAsl Ha COOTBETCTBYIONLYIO O—(pYHKIIHIO.

JIroboe coctrosiHre YacTulbl [\W(¢)) MOMKHO OBITh MPEICTABICHO B KO-
OpJIMHATHOM Oa3uce, ONpenensieMOM KaKUM—IM00 MOMEHTOM BpPEMEH ! = .
MBI KOHKPETH3UPYEM TaKOEe MPEACTABICHUE COCTOSHUA [\Y(f)) 0603HaYCHIEM
\w(?)) = |w(?)|ty). dnst Toro 4roObl MOHATH, B KAKOM OTHOIIEHUM HAXOASATCS
yJIBTPAMaCCUBHBIN TIPe/IeNl KBAHTOBOW MEXaHUKU M KJIACCUYECKas MEXaHUKa,
3aluiIieM cocTosiHue \y(¢)) B BHJIIE, MHBAPUAHTHOM OTHOCHUTEIFHO MOMEHTa
BPEMEHH, OTPECIIAIONIErO TOT WM UHOM KOOPAWHATHBINA Oa3uc:

w(0) = eZlw@)|).
31ecr CyMMHUpPOBaHUE BEACTCS TI0 BCEM MOMEHTaM BPEMEHH T OT — o0 JI0 + oo,
a € — HEKUI HOPMUPYIOLIUNA MHOKUTEb.

B 5TOM BBIpa)k€HUU BCE BXOJAILUE B HETO BEKTOPHI |F/#;) CyMMHUPYIOTCS
cienyromuM obpazoMm. CHaudana Oepercs cymMMa BEKTOPOB, OTHOCSLIUXCS K
KakoMy JIM0O OJJHOMY 0a3ucy, OTMEUEHHOMY MOMEHTOM BPEMEHU T = #;, a 3a-
TEM MPOUCXOIUT CYMMHUPOBAHHUE 110 BCEM MOMEHTaM T. MBI MOXEM, OJIHAKO,
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YIOPSA0YMTh BCE 3TH TOYKK MHave. Kakne—mbo JABE TOYKU MPOCTPAHCTBA—
BPEMCHH |Fi{) U |Foly) ONIPEIEISIIOT HEKOTOPYIO KIACCHYECKYIO0 TPAeKTOPHS U,
BMECTE C 3THM, BCE TOYKH |r;T), JIeXKaIIue Ha 3TOW TpackTopuu. O003HAYNM
Kak (rrol| mocieoBaTebHOCTh TOUYCK (Ffy|, MpUHAIIeKAINUX OTHON TPaeKTo-
puu:
<I’I’OL| ={.. .,<Fktk|,. b
U OyJieM paccMaTpHBaTh €€ Kak TeppalibHbIH BEKTOP, KOTOPBIH MbI Oy/ieM Ha-
3BIBATh MPACKMOPUATbHLIM cocmosiHuem. VHIGKC o HEKOTOPBIM 00pa3om
HyMEpyeT BCE TPACKTOPWUH, COBMECTHMBIC C JAHHOW MaTepHaIbHOW CHCTe-
MOIf; €r0 MOKHO paccMaTpuBaTh Kak COOCTBEHHOE 3HAYCHHUE crienuduyuecko-
r0 TPaeKTOPHUAIHLHOTO MHTErpasia NBIKEHUsS. [I0CKOJIBKY pa3lndHbIe TpacK-
TOPUU TOYTH HE HMMEIOT OONIMX TOYEK, Pa3IMYHbIE TPACKTOPUAIbHBIC CO-
CTOSIHHSI MO’KHO CUHUTATh OPTOTOHAJIBHBIMHU:
(rrofrrP) = X({ryt|rgt)y = const d(a — P).

KoopauHaTHOE jK€ TMPEACTaBICHHE COCTOSHHS MAaTEePHAILHON CHCTEMBI
lw(?)|ty) MOXHO paccMaTpUBaTh KaK CEUYCHUE TPACKTOPUATHLHOTO TPE/ICTaBIIe-
HUSI COOTBETCTBYIOIIETO COCTOSIHHS [\/(#)) THIIEPIUIOCKOCThIO T = #). Eciint BBI-
Opath 11 UASHTU(UKAIIMN TPACKTOPHUH O JBE OECKOHEYHO OJIM3KHE TOYKH,
TO 0a3uCHOE TPACKTOPHAIBLHOE COCTOSHUE [Frol) MOXHO OO0O3HAYHWTh Kak
[pral), TIe UMITYJIBC p — BEKTOP, KaCaTENIbHBIN K TPACKTOPUHU B TOUKE F.

Takum o0Opa3oMm, B yJIbTPAMAaCCUBHOM CIIydae MbI MOKEM BBECTH CIIC-
UQPHUUECKOe JJISl TOTO CiIydasi TPAaCKTOPHAIbHOE MpeJicTaBieHue. B pesyib-
TaTe OJJHOBPEMEHHOT0 U3MEPCHHS KOOPAMHATHI U UMITYJIbCa YaCTULIbI MBI pe-
IYLIUPYEeM COOTBETCTBYIOIIEE YJIBTPAMACCUBHOE COCTOSHUE, TOJIYYHB MaTe-
pUATBHYIO CUCTEMY B HEKOTOPOM OJTHOM 0a3MCHOM COCTOsSIHUH |[pro.). Bee mo-

CIeAYIOIIUEe U3MEPEHUS ayT OJIUH U TOT K€ HOMEP TPACKTOPHUH .
* *

*

[IpuBeneHHOE pacCyXIeHUE NOKA3BIBAET, YTO KJIACCUYECKAasT MEXaHUKA OTJIHU-
4aeTcsl OT YJIbTPAMACCUBHOIO IPEEia KBAHTOBOM MEXaHUKH TEM, YTO B HEU
CYIIECTBYIOT MOJIbKO pedyyuposantvie TI0 OTHOUMIEHUIO K TPACKTOPHUATHHOMY
VHTETPAIly JABWKECHUS COCTOSHHUS MAaT€pUAIbHBIX CUCTEM. B Kilaccmyeckon
MEXaHWKe, KaKk U B KBAaHTOBOW, BXKHEHUIIIYIO POJb HUTPAOT HAOIIOIATEH—
DKCIIEPUMEHTATOPBL, TOJIBKO AEATEIBbHOCTh UX BOCIPUHHUMAETCSA TaM Kak He-
9TO camo co00¥ pasyMerolieecs U He BhI3bIBACT KaKUX JU00 HaTypduimocod-
CKMX HUCKyccuHd. Eciii B KBaHTOBOM MEXAHHUKE B3aUMOJECHMCTBUE JKCIEPHU-
MEHTaTOpa C U3y4aeMOW MaTepUajJbHOM CUCTEMOW HA3bIBACTCA INPOLENYpPOH
uU3MepeHuss UHTETPAJIOB JIBUKEHHUH, TO B KJIACCUYECKOW 3Ta MPOLEaypa HA3bI-
BaeTCA 3a0anuem COOTBETCTBYIOIIMX MHTETrPaAjoB, T. €. 3aJaHMEM HayalbHBIX
ycioBuid. M1 B TOM 1 Apyrom ciiydae Mbl UMEEM JIEJI0 C HEOOPATUMBIM aKTOM,
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OCYIIIECTBIISIEMbIM HAOII0/IaTeNIeM B HEKOTOPbIA MOMEHT BPEMEHU U OIpe/ie-
JSIOIUM JabHeIIee MoBeIeHuEe U3y4aeMoro o0beKTa.

[IpyHUMTIHANBHBI MOMEHT, AEJNAOIIMKi KBAHTOBYIO MEXAHUKY CTOJIb
HE TIOXO0XEW Ha KJIACCUYECKYH0, 3aKJIFOYAeTCs B TOM, YTO IepBas M3y4yaer
MUKpOCKOnuuecKkue ooveKkmol, He BOCIPUHUMAEMble HEIIOCPEICTBEHHO Opra-
HaMH YyBCTB YEJIOBEKA, U OH BBIHYKJEH HUCIOJb30BaTh JJISl 3TOTO U3yUYECHUS
MaxKpockonuueckue npuoopsl, SBISIONIMECS, MO CYTH, MPOJOJLKEHUEM €ro
IIPUEMHBIX PELENTOPOB. B KIacCHYEeCKON K€ MEXaHUKE DKCIIEPUMEHTATOP HE
HYKJIA€TCSl B TAKOT'O POJia MOCPETHUKAX — «MAKPOCKOIMUYECKUM TTPHUOOPOM))
31€Ch CIIy»KaT JIMIIb COOTBETCTBYIOIIME OpraHel ero tena. M B Tom u npyrom
clydyae peayKius oObEeKTa M3y4YEHUs CBOJUTCSA, B KOHEYHOM CUETE, K B3au-
MOJIEMCTBHUIO IPOIECCOPA, SABISAIOMIETOCs MeTa(U3N4ECKON CYIIHOCThIO Ha-
OnrogaTens, ¢ IEHTPaIbHON HEPBHOU cucTtemol mociennero. O6pazHo MOx-
HO CKa3aTh, YTO MO3T SIBJIAETCS TeM HHTep(eicoM, MOCPEACTBOM KOTOPOTO
npoiieccop HaboaaTelNst O0IIAETCs C BHEITHEM MUPOM.

[pyras BaxHeWmas dyepra yJIbTPAMACCUBHOIO CIydass MEXaHUKHU CO-
CTOUT B TOM, YTO 3JE€Ch MNPOLIECCOP HE SIBIACTCS TATYMKOM CIIyUAMHBIX YUCETN,
HO UMEET BO3MOXHOCTh B MIOJIHOM Mepe MPOSBIIATh CBOIO CBOOOIY BOJIM U CO-
IJIACOBBIBATH CBOE MOBEACHUE C HEKUMU CBOMMU MOTPEOHOCTIIMHU.

UnpopmayuoHHoe e3aumodelicmeue

B nocnennee BpeMsi, B CBSI3U C MOSIBJIEHUEM UIEU KBAHTOBOIO KOMIIBIOTEPA U
MONBITKAMU TEXHUYECKOW pealn3ally 3TON WJIed, BO3ZHUKIO HEKOTOPOE Ha-
MpaBJICHUE HAYYHOW MBICIIM, WHOT/Ia HA3bIBAEMOE KB8AHMOBOU UHDOpMaAmu-
koti. OT COOCTBEHHO KBaHTOBOW MEXaHUKH ITO HAMpaBJIEHUE OTAEISIET TO 00-
CTOSITEJILCTBO, YTO UCIOJIb3YEMbIC TaM MOHITHUSI HE HAXOJSAT CBOErO BbIpaxke-
HUS Ha €€ MaTEeMaTHYECKOM s3bIke. [lombITKH e OOBSACHATHCA HCKIIOUM-
TEJLHO Ha 9TOM SI3bIKE€ MPUBOMST K MYyTAaHHBIM U MHOT'OCJIOBHBIM, U HEaJCK-
BAaTHBIM PACCYKICHUSIM.

[leHTpanbHBIM MOHSITHEM KBAHTOBOW WH(OPMATUKHU SIBISETCS MPE.-
CTaBJICHUE O CYenieHHblXx WIA 3anymannsix cocmosanusax (entangled states).
Ecnu nBe marepuanabHble CUCTEMbl HAXOJATCS B CIIETUIEHHOM COCTOSIHMH, TO
3TO O3HAYAET, YTO M3MEHEHUE COCTOSIHUSI OJHOM U3 ITHX CHCTEM BBI3bIBAET
M2HO8eHHOe W3MEHEHHUE COCTOSHUS W JAPYrod, HECMOTpPS Ha TO, YTO MPO-
CTPAHCTBEHHO 3TU CHUCTEMbI MOTYT HAXOJHUTHCS OYEHb JIAJIEKO APYT OT Apyra
U OBITh HUKAaK HE CBS3aHHBIMH MEXIy CO0O0M KaKUMU—ITHOO OOBIYHBIMU
B3aUMOJICHCTBUSMU, OTMEUEHHBIMU IIEPEHOCOM SHEPTHUHU.

To 00CTOATENHCTBO, UTO MaTE€pUATIbHBIE CUCTEMBI, Pa3/ICJICHHBIC J1aKe
KOCMHYECKUMH PACCTOSIHUSIMU MOTYT HAaXOAUTCS B COCTOSIHUM CUEIUICHHO-
CTH, U3BECTHO €III€ CO BPEMEHU 3HAMEHUTOUN JTUCKYCCHM JDWHINTENHA U bopa.
DTO 00CTOSATENBCTBO, OJIHAKO, HE HAXOJUT HUKAKOIO0 OTPAKEHHUS B MaTeMa-
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TUYECKOM (popmanu3Me KBAHTOBOM MeXaHUKH. TeppanbHOE MNPOCTPAHCTBO
MaTepUaIbHON CHUCTEMbI, COCTOSILIENH U3 IBYX HEB3aUMOACHCTBYIOMIMX OOBIY-
HbIM 00pa3OM MOJCUCTEM, SBIISIETCS MPSIMBIM MPOU3BEIECHUEM HX TEPPaJIOB,
U, COOTBETCTBEHHO, BEKTOP—COCTOSIHUE ITOM CUCTEMBI SIBISETCS MPOU3BEJIE-
HUEM COCTOSIHUHM 3TUX MOJCUCTEM. DTO BCE, YTO MOXKET CKa3aTh KBAHTOBAs
MEXaHHKa, BOIIPOC K€ O TOM, U3MEHUTCS JIM COCTOSIHUE OJHOW M3 ATHX MHOJ-
CUCTEM IPU MU3MEHEHHM COCTOSIHMS APYroi, oHa ocTamiser 6e3 oreera. To,
YTO «CLEMJICHHOCThY» €CTh Memaghusuueckoe saeieHue, CIeqyeT U u3 Toro, 4ro
OHO MPOSIBISIETCS MOJbKO 6 NPUCYMCMEUU NPOYECcopos, €IUHCTBEHHBIX
CyOBEKTOB, CIIOCOOHBIX M3MEHATh COCTOSIHUSI MaTepUajbHBIX cucteM. OTMme-
TH €Ille, YTO, KaK CJIEIyeT U3 BCEro CKAa3aHHOTO BBILIE, KBAHTOBas MH(pOpMa-
THUKA MOXET CTaTh KOIUYECMEEHHOU HAYKOU TOJIbKO B TOM CIlydae, €CiIu OHa
SIBHO BBEJET B KPYI' CBOMX IPEACTABICHUIN KAaTErOpUI0 axcambis, 0e3 KoTo-
POl HU MOHATHE UH(DOPMALIMHU, HU €€ KOJIMYECTBO HEONPEETUMBI.

B Teopuu MHOXKECTB BaXHEHIEE MECTO 3aHUMAET TAK Ha3blBacMas
npoueaypa ouexyuu, yCTaHABIMBAIOUIAs B3aUMHO OJIHO3HAYHOE COOTBETCT-
BHUE MEX]ly 3J€MEHTaMH JByX KaKUX—JIM0O MHOXecTB. B cimydae OeckoHeu-
HBIX MHOXKECTB 3Ta IMPOLIEypa OTHIOAb HE TPUBHUAJIbHA, OHA MTOPOXKJIAET, Ha-
IpUMEp, 3HAMEHUTYIO IpoOJIeMy MOIIHOCTH KOHTHMHYYMOB. B maTtemaruke
3Ta MpoLeaypa SBISETCS, €ECTECTBEHHO, YUCTO YMO3PUTEIbHOU, B MeTapU3u-
K€, OJTHAKO, OMEeKIUsl BBICTyaeT B CBOEM MaTepHaTU30BaHHOM BHJIE KaK He-
KO€ uH@opmayuonnoe ezaumooeticmeue. CBs3aHHbIE OMEKTUBHBIM OTHOILIE-
HUEM MHOXECTBA BBINVIIAT 31E€Ch KAK COCTOSHMS (BEPHEE, COOTBETCTBYIO-
e UM aHcaMOJIH), HaXOsIIHecs B CUEIUICHHOM cocTosiHuu. [Ipucnocabnu-
Basi MOHATHS TEOPHUH MHOXECTB K MOTPEOHOCTAM MeTa(U3UKH, Mbl Oy/1eM Ha-
3bIBaTh MOJMHOXKECTBA aHCaMOIeH ppakmonamu, a caMmoe OMEKTUBHYIO CBS3b
KaKuX—I11u00 (PpakTOHOB — uX smnamueti («guyecmeosanuemy). Takoe mcu-
XOAHAJIMTUYECKOE HA3BAaHUE XOPOILIO BBIPAXKAET CYTh JeJa, KOrja pedb UAET
00 MHPOPMALMOHHOM B3aUMOJECUCTBUM (PAKTOHOB, SIBJISIOLIMXCS MOJAMHO-
KECTBAMU aKMYAIbHbIX aHcamoell, MPEeACTABISIONMX IPOLEcCCOpPOB B AcT-
pase.

C TeppaibHON TOUKH 3pEHUS MOJICUCTEMBI KAaKUX—IMO0 MaTepHUaIbHbIX
CUCTEM MOTYT IPEICTaBIATHCS COBEPIIEHHO HENMOXO0KUMU. OJTHAKO, €CIIM UX
($paKTOHBI AMIATUPOBAHHBI, TO C ACTPAIbHOM TOUKH 3PEHHS] OHM MPEICTaB-
JISIIOT OO0 OJIMH | TOT K€ (PPaKTOH, M HUKAKOU MPOIECCOp HE MOXKET o0pa-
TUTBCS TOJIBKO K OJTHOMY M3 HUX. B TeppalbHOM NPOCTPAHCTBE «aqpecamm»
B3aMMOJCHCTBYIOIUX MEXIYy CO00W MaTepuaIbHBIX CUCTEM CIyKaT MX Mpo-
CTPAaHCTBEHHO—BPEMEHHbBIE KOOPAUHATHL. B acTpajibHOM ke — a/ipecoM TOro
WIA UHOTO (PpaKkTOHA, yYaCTBYIOIIErO B MHGOPMAIIMOHHOM B3aUMOJICHCTBHH,
BBICTYIIA€T TO, YTO MOKHO Ha3BaTh €r0 umeHem cobcmeeHHbiM. TakuM nme-
HEM MOXET CIIyKUThb HEKOTOPbIM 00pa3oM JIMHEWHO yHOPSJ0YEHHBIA HAaOOp
3HaYEHUN COOTBETCTBYIOIIMX MHTErPAJIOB ABUXKEHUS. B TakoM cBeTe mpouecc
YCTAaHOBJIEHMSI SMIATHUM MEXAY JBYMS KaKUMU—IHO0O (hpaKTOHAMHU MOKHO
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NOHUMATh KaK ynooob/ienue UX UMEH, MPU 3TOM TO, YTO (PU3UUECKUN CMBICI
COOTBETCTBYIOIIMX HMHTETPAJIOB JBIKEHUS MOXET OBITh COBEPIICHHO pas-
JMYHBIM, HE UMEET HUKAKOro 3HaueHus. MIMeHa BceX CyIIeCTBYIOIIUX B ACT-
pasne ancamOiel, moJgo0HO ajpecam sYeeK MamsTH B OOBIYHOM KOMIIBIOTEPE,
00s13aHbl OBITH HENOBMOPUMbBIMU. DTO COOTBETCTBYET, HAIIPUMEP, TOMY, UTO
Bce (pepmuonsl Teppana HaxoasTcs, coryiacHo npuHuuny [laynu, B HenmoBTo-
PUMBIX COCTOSIHUSIX, @ O030HBI, HAXOASIIMECS B OJTHOM U TOM K€ COCTOSIHUM,
00pa3yroT HEKYIO €IMHYI0 MaTepUaIbHYI0 CUCTEMY, CBSI3aHHYIO MH(pOpMaIu-
OHHBIM B3aUMOJIEHCTBUEM.

KBanToBOMEXaHMYECKHII MTPOLIECC U3MEPEHUS MapaMETPOB MaTepHallb-
HBIX CUCTEM M Ta €r0 Pa3HOBUAHOCTbH, YTO B YJIBTPAMAaCCHBHOM CIy4yae Ha3bl-
BAeTCs 3aJaHHEeM HaudajbHBIX YCIOBHM, HE MOTYT OBITh MOHSITHI 0€3 Mpen-
cTaBiieHus1 00 nHpOpManMOHHOM B3auMozeicTBuu. 1o cyTu, akT u3mMepeHus
3aKJII0YaeTCsl HEe B PEAYKIIMH JIMIIb KAKOTO—JIMOO COCTOSIHHSI MUKPOCKOITHYE-
CKO# CHCTEMBI, HO B PEAYKIHUU OO0Jiee CI0KHONW MaTepHabHON CUCTEMBI, OT-
JeNbHbIE YacTH KOTOPOW CBSI3aHbl MEXKIY COOOM SMIIaTUYECKUM OOpa3oM.
DTa cucTeMa COCTOUT, MPEXAE BCEro, U3 M3YyYaeMOT0 MUKPOCKONUUECKO20
0bvexma W NPeAHA3HAYEHHOT0 JUIsl U3MEPEHUs 3HAUEHUN COOTBETCTBYIOLIUX
UHTETPaJIOB JABMKEHUS MAKpockonuyeckoz2o npubopa. Ilpu stom (pakToH
3TOro mpudopa, NPEICTaBICHHBIN MOHATHBIMU JUISI SKCIIEPUMEHTATOpPA €ro
CTENEHSIMU CBOOO/IbI, JOJKEH HAaXOJIUThCS B COCTOSIHMM SMIIATUU C M3yvae-
MBIM (PPaKTOHOM MHKPOCKOIMUYECKOro o0bekTa. /lanee, B mojyiexaiiyio pe-
TYLHPOBAHUIO CUCTEMY JOJKHBI OBITh BKIIOUEHBI T€ (PPAKTOHBI IKCIIEPUMEH-
TaTopa, KOTOPbIE COOTBETCTBYIOT 3aJ€CTBOBAHHBIM B padoTe pasienaM ero
HEPBHOW CHCTEMBI — B ONPEEICHHO CMBICIIE U MaKPOCKOMHYECKUNA puoop,
U TEJO 3KCIepUMEHTATOpa CIIeIyeT PacCMaTpPUBAaTh KaK €JUHOE U3MEPUTEIh-
HOE€ ycTpoiicTBO. M, HaKOHEII, Mbl JOJKHBI BKIIOYUTH B IIETIOYKY COOTBETCT-
BYIOLUH (PpaKTOH axkmyanvHo2o ancamois, TPEICTABISAIONIET0 y4aCTBYIOILIE-
ro B aKTe M3MepeHus mporeccopa. IMeHHO 3TOT aHCaMOIb — €IMHCTBEHHO
OJlyILIEBJICHHBIH CyOBEKT COOTBETCTBYIOLIETO acTPalbHOIO MPOCTPAHCTBA —
U OCYLIECTBIISIET PEAYKLHIO BCell 3TOH MH(DOpPMALMOHHBIM 00pa3oM CBsI3aH-
HOW MaTepHaJIbHON CUCTEMBI U, B KOHEYHOM CYETE, U U3y4YaeMOr0 MUKPOCKO-
nu4eckoro o0Obekra. To 0OCTOSATENBCTBO, YTO BCE BXOSIINE B ONUCAHHYIO
cucteMy (PpakTOHBI MOTYT B3aMMOJIEHCTBOBATH MEXAY CO00M U (HU3UUIECKUM
00pa3oM UMEEeT COBEPUICHHO BTOPOCTEIIEHHOE 3HAUEHUE — B JIYUIIIEM CIyyae
3TO B3aUMOJCHUCTBHE HYKHO JIMIIb JUIsl YCTAHOBJIEHHUS MX 3MIIATUYECKOTO
eIMHCTBA.

JIr060MBITHO, @ MOKET OBITH M TIOYYUTEIBHO TO, YTO MOHITHE IMIIATUU
HE YY’KJI0 U HaluM JoMamHuM komnbrotepam. Cuctema OLE (Objekt Link-
ing and Embedding) no3BOJsSe€T yCTaHABIMBATh U PAa3pbIBATH CBS3b MEXIY
COZIEPKUMBIM JIBYX KaKUX—JMOO (QailioB: eciu (ailyibl CBA3aHbI, TO MpPO-
IPaMMHCT — €r0 MOKHO IOHUMATh KaK aKmyalbHyl0 COCMAGIAIOUYI0 KOM-
IBIOTEPHOIO MIPOLIECCOpa, — U3MEHSS TOT UM MHOM (hpakTOH oAHOro (haiina,
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COOTBETCTBYIOIIMM 00pa3oM M3MEHSAET U Apyroi ¢aiiin. BaxkHo 3aech To, 4TO
(aiioBble CUCTEMbl U MPUHLMIBI KATAJIOTM3alUU 3TUX JIBYX (haliJIoOB MOTYT
OBITh COBEPILIEHHO PA3JIMYHBIMHU.

BaxxupiM MeTapU3NyeCKUM OTIMYMEM COOCTBEHHO KBAaHTOBOMEXAHU-
YECKUX M3MEPEHUH OT KIACCUYECKUX, TOYHEE, yJIbTPAMACCHUBHBIX 3aKJIIOYa-
€TCsl B TOM, 4TO B IOCIEAHEM CIIy4yae B MPOLECC 3aJaHUs HAYAJIBHBIX YCIO-
BUI BKJIFOYAETCS TOT (PPAKTOH aKTyaJbHOTO aHcamOJIsl, KOTOPBIA Mbl Ha3bIBa-
eM cosHanuem. VIMEHHO 3TO OOCTOSITENBCTBO JIETAeT PEeIyKLHUI0 COOTBETCT-
BYIOIIMX comamuyeckux GPpakTOHOB UCCIIENOBATENs HE CIyYailHbIM, HO 0CO3-
HAHHbIM AKTOM.

Fno6anbHbIl Npoyeccop

B Hauazne 3Toro scce Mbl cpaBHUIM AcCTpall ¢ HEKUM ri100aibHbIM Komibo-
tepoM. [Togo0HO ATOMY, HEKHI KOMIBIOTEDP MOKET OBITh COMOCTABIECH U C
TeppasioM. DTOT «TeppajibHBII KOMIIBIOTEP», OJTHAKO, SIBISETCS BECbMa CIIe-
nU(UUECKUM — B OTJIMYUE OT ACTPAJIbHOTO OH He CBA3aH C TOHATHEM HWH-
dopmanuu. Takoro poaa KOMIBIOTEPbl HAM XOPOLIO U3BECTHBI — TEPpPaJIb-
HBI KOMIIBIOTEp SABISETCS aHano2osbiM. OH «CO3[aH» JUIsl PEIIeHHs] OJHOU
€IMHCTBEHHOMU 3a/1auu U He TpeOyeT [uist cBoero (yHKIMOHUPOBAHMSI y4acTUs
KaKMX—JIM0O IPOrpaMMUCTOB. V3Ha4anbHO BHEAPEHHBIM B HETO aIrOPUTMOM
ABIIsI€TCS TOT AHanu3, 4To mnpexacrasiser coboir Enumnyto teopuro Bcero.
JlocTaTo4HO, OCMBICIEHHO WJIH HET, BBECTH B HETO HAa4YaJIbHBIE YCIIOBUS, OT-
HOCSIIMECS K KAKOMY—JIMOO MOMEHTY BPEMEHHU ¢ = fy U OH a8momamuyecKku
BBIJIACT PELEHUE JJI BCEX MPOMIeNIINX U Oynylmiux BpeMmeH. B oriuuune ot
sToro «uudposoin» Kommnbiotep AcTpana He 3HACT Henpepvl8HOCHU, €T0 OC-
HOBA OCHOB — 3TO OUCKPEMHOCMb U CBSI3AHHOE C HEW MOHSTHE MHOXKECTBA,
KoTOpoe, coriacHo adopusmy Kantopa, «ecTh MHOTO€, MBICIIUMOE KaK €u-
HOEY.

Bce, uTo oTiiMyaeT 3K3uCTEHUUAIBHBIN MUp OT Mupa CylIeCTBYIOLIETO
00s3aH0 mpoueccaM NpoucxXoAsuM B Actpane. Ero matemaTuka npuHUIMIIN-
QJIBHO OTJIMYAETCS OT TEPPAJIBHOIO aHAIM3a. JTO TEOPUS MHOXKECTB M TAKUE
pazzienspl MaTEMAaTHKY, BKIIFOUYAIOIINAE B CBOIO AKCMOMATHKY IOHSTHE MHOXe-
CTBA U HEKOEro aKTHBHOI'O CyObEKTa, KaK TEOPUsl BEPOSTHOCTEH, FJIEMEHTHI
KOTOpPOW KBAaHTOBAsi MEXaHUKa Oblja BBIHYXJ/I€HA BKJIIOUUTh B CBOM MHCTPY-
MEHTapHil, TEOpHsI UI'P WJIM, HAIPUMEpP, MaTeMaTH4ecKas JIOTMKa, B OCHOBE
KOTOPOH JIEKUT COBEPLIEHHO HE XapaKTEepHOE Ul Teppajia MPEACTaBICHUE O
NPUYUHE U CIEACTBUU. BBICIIEH ke «MaTeMaTukoi» AcTpaia SBisieTcs: @u-
Jl0cogusi, TIOCKOJIbKY B OCHOBE €€ JIS)KUT METaPHU3UYECKOe «UylI0» — CIIO-
COOHOCTh K JEAYKTUBHOMY OOOOIICHHIO MHAYKTHBHBIX (PakTOB. TOJIBKO 3Ta
CIIOCOOHOCTHh MOJKET CKaszaTh, 4yTo mocie 1, 2, 3, 4 1oKHO ciaenoBaTh , CKO-
pee Bcero, 3.
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C moHsATHEM MHOXECTBAa HEPa3pBIBHO CBSI3aHO MPEJICTABICHHUE O Kaue-
CMBEeHHOM PA3IUYNH MIPEIMETOB, (POPMHUPYIOMINUX pa3Hble MHOXKecTBa. COOT-
BETCTBEHHO STOMY BBIBOJIBI GUIIOCOPHH HOCAT HE KOIUUECMBEHHbIN, HO Kaye-
cmeennwvill xapakmep. Ee 3amada myTeM JOTHYECKUX YMO3AKIIOUEHUN JTOBE-
CTH 0edyKMUGHblU UHCAUm 10 HEKOSH MOJENH, KOTOPYI0 MOKHO C T€M WJIH
WHBIM YCIIEXOM CPaBHHBAThH C PEATUSIMU SK3UCTCHIIMAIbHOTO Mupa. dusoco-
¢usi HeCpaBHMMO CTapIlie OCHOBAaHHOW Ha aHanm3e Hayku. Kak cocraBHas
YacTh PEJIUTHH OHA BO3HHWKIIA, BOZMOXKHO, C TIEPBBIMU MPOOJIECKAMU YEIIOBE-
4ecKoro co3HaHusl. OT penurum *e, Kak TaKOBOM, €€ OTJIMYaeT TO, YTO TO-
cienHssi ToMuMO (PrTocoPcko—MupOIOrHIecKoro 00BICHEHUSI MUpa 00s13a-
TETHHO COJEPKUT B ceO€ M «IKCIIEPUMEHTATLHYI0 METapU3uKy» T. €. Maru-
YecKyto npakTuky. OIHAKO OCHOBA ATOW COCTABIISIONIEH PETUTHH SBIISICTCS
HE TOJIBKO YEJIOBEUECKOI — €10 BIaJeeT gce dcusoe. OU3NKMU ke, ITH «Kpe-
116 AHAJIN3a», CTaTd CMYTHO U C BHJIMMBIM O€CIIOKOMCTBOM JOTaIbIBATHCS O
HAIMYUKA y ce0s Marm4ecKuxX CIIOCOOHOCTEH, TOJBKO IBITASCh OCMBICIUTH

CYIIHOCTb KBAHTOBOMCXaHNUYCCKOI'O OKCIICPHUMCHTA.
% %k

*

Bo3HukHOBEHHE KOCMOTOHUYECKOTO MU(Da MOKHO POUIUTIOCTPUPOBATH CJIe-
OyIOIMM TeKcToM. [IpeacraBienne 0 MpOCTPaHCTBE—BPEMEHH U B OOBIICH-
HOM CO3HAHWU, U B (PU3MKE CYIIECTBYET KaK HEKas armpuopHas NaHHOCTh, U
KaKue—JM00 BOMPOCHI O MPUYMHAX TOTO WM WHOTO €ro CBOMCTBA BBHITIISAISAT
KaK MPOTHUBOECTECTBEHHBIC. OHAKO ¢ METa(QhU3UIECKON TOUKH 3PEHUS TAKUE
BOIIPOCHI HE TOJIBKO YMECTHBI, HO ¥ BOSHUKAIOT CAMH COOOM.

TeppasibHOE MTPOCTPAHCTBO KBAHTOBON MEXAHUKHU MHBAPUAHTHO MO OT-
HOIIICHUIO K KaKOMYy OBl TO HU OBLIO CBOEMY MPEJICTABICHUIO, Oy/Ib TO KOOP-
JUHATHOE, UMITYJIbCHOE WJIM Kakoe—uOo eimie. B 3ToM cMmbiciie MOXKHO CKa-
3aTh, YTO KAaTErOpHUsi NMPOCTPAHCTBA—BPEMEHH BOOOIIE HE CBOMCTBeHHa Tep-
painy. Takum 06pa3om, IpUUKMHA TOTO, YTO MBI BOCIIPUHUMAEM IIPOCTPAHCTBO
U BpeMsl KaK 3K3MCTEHUUAJIbHBIE CYIIHOCTH, MOXET HAXOOUTHCS TOJBKO B
Actpane. COOTBETCTBEHHO 3TOMY Mbl JOJIKHBI MPEAIOIOKNATh CYIIECTBOBA-
HUE 0CO00TO 2106anbHo20 npoyeccopa, BOCIpUHUMAIOLEro Teppal UMEHHO
B KOOPJMHATHOM TMIPEACTABICHUH. [ T100aIbHBIM STOT MPOIIECCOp CIEAyeT
CUMTaTh MOTOMY, YTO MMEHHO CBOMCTBEHHOE €My KOOPJIMHATHOE BHUICHUE
Teppana siBrsieTcs OOIIMM JUIsI BCEX OCTAIBHBIX CYIIECTBYIOMIUX B AcTpaie
MPOIIECCOPOB. YUHTHIBA TAaKOE €r0 «MOTYIIECTBO» MHE XOTEJIOCh Obl Ha-
3BaTh €r0, B JyX€ HEKOEro, CKopee, IMOITHUYECKOTO MaHTeusma, XpoHocom.
[Tockonbky XpOHOC MOXKET HU3MEHSATHh TOJBKO MPEJICTABICHUE COCTOSIHUS
Teppasia, HO HE BJIACTEH BMEIIUBATLCS B CAMO 3TO COCTOSIHUE, TO MOXKHO JTy-
MaTh, YTO AJITOPUTM, COOTBETCTBYIOIIUN XPOHOCY, JOCTATOYHO MPOCT U 000-
3puM. ECTECTBEHHO MPEIONOKUTh, YTO LENb XPOHOCA 3aKIII0YAETCA B TOM,
4yTOOBI B HAaMOOJIEEe KOMIIAKTHOM BHUJIE OTPAa3UTh B aCTPAJIbHOM IIPOCTPAHCTBE
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COCTOSIHUSI MaTepHAIbHBIX CHUCTEM, T. €. MUHUMU3UPOBATH COOTBETCTBYIO-
Y10 SHTPOIHIO.

Bo3moxkHOe noBeieHrne XpoHoca MpoLe MOSICHUTb, €CIIA BBECTH MPE-
CTaBJIEHUE O cyOvekmusHou cucmeme. OOpallasch B HEKOTOPbIII MOMEHT Bpe-
MEHU K MaTepuajbHOE CHCTeME, XPOHOC BOCIPUHUMAET €€ COCTOSHUE Kak
HEKHUI aHcamOJib, COOTBETCTBYIOUIMN KOOPJAUHATHOMY 0a3ucy, GUKCHUpPOBaH-
HOMY 3TUM MOMEHTOM. Eciu 661 XpOHOC MOT BBIPA3UTh 3TO COCTOSIHUE Yepe3
0a3uc, ompeneNeHHbI KaKUM—JIU00 JAPYTMM MOMEHTOM BpPEMEHH, TO, BO3-
MOXHO, COAEpPKAHUE SHTPONUU B MO—HOBOMY OTPaKEHHOM COCTOSIHUU CHUC-
TeMbI OBbLIO OBl HIKE, YeM OH mojyuril. OJIHaKO, JIJIs TOCTPOCHHS ITOro Oa-
31rca HaJ0 3HATh MOTEHIUANbI B3aUMOJICUCTBUSL YaCTULl, OOPA3YIOIIUX MaTe-
PHABHYIO CHCTEMY — a €ro aHcaMmOJb HUYero 00 3TOM HE TOBOPHUT — H, B
CYIIHOCTH, OOpaTUTHCA 3a MOMOIIBIO K TeppaibHOMY KoMIibtoTepy. [Ipenmo-
JIO’KMM, OJTHAKO, YTO U caM XpoHOC 00JiaJjaeT HEKMMHU, OUYCHb CJIa0bIMU aHa-
JUTUYECKUMU CIIOCOOHOCTSAMHU — OH yMEET aHAJIM3UPOBATh COCTOSIHUS CyOb-
EKTUBHBIX CHUCTEM, COOTBETCTBYIOIIUX PEaTbHbIM MaTepHAIbHBIM CHUCTEMaM,
HO COCTOAIIMX U3 HEB3aWMMOJECHCTBYIOIIMUX 4YacTUL. Temneps, IIOHUMAas CBOM
aHcamOJIb KaK OTPaKEHHE HEKOEro COCTOSHMSI CYyObEKTUBHON CHCTEMBI, CO-
OTBETCTBYIOUIEH HYKHBIM 00pa3oM peanbHO, XpOHOC MOXKET CTPOUThH CyO'b-
CKTHUBHbBIE 0A3UCHI, OTHOCAIIMECS K JIIOOOMY MOMEHTY BpemeHHu. O0nanas »xe
3amacoM 0a3¥McoOB, OH MOKET BBIOPATh TOT, YTO COOTBETCTBYET MUHUMYMY DH-
tporuu. ['oBopsi mpoie, XpoHOC BiIaJeeT HEKOTOPHIM CTAHIAPTHBIM Ha0O-
pom 6a3ucoB, MO3BOJISIOMIUM €My MUHUMHU3UPOBATH SHTPOIHUIO, U3MEPEHHYIO
UM B JIF000I1 MOMEHT BPEMEHH.

CMmbICcTT HAPUCOBAHHOTO «MH(pa» 3aKIIOYACTCS B TOM, YTO ONUCAHHbIC
CBOMCTBa TJI00aIBHOTO TPOIECCOpa, Kak MPECTABISETCS, MO3BOJIAT, HAKO-
HEll, MOHSITh CyTh 0€3yCIIOBHO METa(pU3UUEeCKOTOo MO CBOEMY IMPOUCXOXKIEC-
HUIO 3aKOHA 803pacmanus 3umponuu. IIpeanockIKu s 3TOro TakoBbl. Pac-
CMOTPUM MAaTEPUAIBHYI) CUCTEMY, COCTOSIHUE KOTOPOW TaKOBO, YTO B MO-
MEHT BPEMEHHU ! = f;, OHa HAXOJIUTCS B TOUKE |Foty). DHTPOIHS 3TOTO COCTOS-
HUS paBHA, OYEBUIHO, HYI0. Ecnu 3Ta yactumna cBo0oiHa, T. €. BHEIIHEE T10-
Jie OTCYTCTBYET, TO CyObEKTHBHAs CHUCTEMa XPOHOCA COBIAJAET C PEalbHOM.
KaxoBa Ob1 HM ObLTa SHTPOMHS aHCAMOJIS, TIOJTYYEHHOTO XPOHOCOM B MOMEHT
BPEMEHHU ¢ # fj, OH MOXKET BHIOpaTh B KAUECTBE MPEACTABICHUS TOT CaMbId
0a3uc, B KOTOPOM DHTPONUS paBHsUIach HyI0. Jlpyroe aeno, eciu 4yacTuiia
HAXOJUTCSl BO BHEIIHEM IOTEHIMAJE, HAPUMEP, B CAMOCOTIIACOBAHHOM I10-
Jie, MPEACTABIIAIONIEM CIIOXKHYIO TEPMOJAMHAMUYECKYIO cucTeMY. B 3TOoM ciy-
yae aHcamOJIIb, TIOJYYCHHBI B MOMEHT BPEMEHH ¢ = {| YK€ HEBO3MOXKXHO pe-
JTYIUPOBATh JI0 COCTOSIHHSI C PABHOM HYJIO SHTPOIMEH, MOXKHO BBIOpAThH
JIUIIh TAaKOH MOMEHT BPEMEHU #;, KOTOPOMY COOTBETCTBYET Oa3wiC, MUHUMU-
supyrowut SHTponuto. [ToHITHO, YTO YyeM OOoJble NOTEHIMAT U YeM JaJibllie
OTCTOUT MOMEHT BPEMEHHU | OT fy, TEM OOIbUIUM OKAKETCS 3TO MUHUMAIBLHOE
3HaueHue HTponuu. Eciu XpoHoc oOpalaercs K MaTepuaIbHbIM CHCTEMaM
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JIOCTATOYHO YaCTO, TO DHTPOIUS CUCTEM, HaXOASAIIUXCS B COCTOSHUSX Jalie-
KHX OT PaBHOBECHBIX OyJeT BO3pacTarTh BIUIOThH JI0 CBOETO0 MAKCUMAaJIbHOTO
3Ha4YeHUS. ECTECTBEHHO CUMTaTh, UYTO «KBAHT BPEMEHM», ONPEIEISIONINI
4acTOTy, ¢ KOTOpOH XpoHOC oOpaniaeTcs K MUpy, 06CKOHEYHO MaJl, XOTh U He
paBeH HyJIIO (TaK yYUT HECTAHJAPTHBINA aHAIU3), U MPOIECC BO3PACTAHUS DH-
TPOTIUHU HETIPEPHIBEH.

OueHb Ba)XXHO MOHUMATh, UYTO ACATEILHOCTh XPOHOCA HU B KOS Mepe
HE M3MCHSIET COCTOSHUS, B KOTOPOM IpeOniBaeT Teppad — 3TO €ro cocrosi-
HUC UHBAPUAHMHO OTHOCUTEIHLHO KaKOTO ObI TO HU OBLJIO €0 MPEeICTABICHHUS.
Oo6pamrasce k Teppany B HEKOTOPBII MOMEHT BPEMEHH — HMEHHO 3TOT MO-
MEHT CJIETyeT CUUTATh HACMOAWUM, — OH JIUIIb MPEICTABIAET 3TO COCTOs-
Hue Teppana B HEKOeM KOOPAMHATHOM 0a3uce, TOCTaBJISIONEM MUHUMYM JH-
TPOTIHH, SIBJISIONIEHCS (PYHKITMOHAIOM, OTPEICICHHOM HAa MHOXECTBE TMPEJ-
ctaBiieHHil. To 0OCTOSITENILCTBO, YTO COCTOSIHUE TEPPATHLHOIO MPOCTPAHCTBA
IIPU ATOM HE MU3MEHSETCs, 03HAYAET, 3aKOH BO3PACTaHUS SHTPOIUU HE SIBJIS-
eTCsl hyHOAMEeHMAIbHbIM 3aKOHOM MPUPOJIbI, HO HOCUT JIUIIb Cramucmuye-
ckuti xapaktep. «Teopema o Bo3Bparax» Ilyankape u ee KBaHTOBOMEXaHUYe-
CKHMI BapuaHT [9], mOKa3bIBaET YTO BCE MapamMeTphl, XapaKTEPHU3YIOIIHUE JIFO-
OyI0 MaTepHAIbHYIO CHCTEMY SIBJISIIOTCS NMEPUOJUYCCKUMHU (PYHKIHUSIMU Bpe-
MEHH, U JICATEILHOCTh XPOHOCA HE MOXET, KOHEYHO OTMEHHUTbh 3TOU Teope-
MbI. 3aKOH BO3pacTaHHs SHTPOIHMH HMEET MECTO OBITh JIHIIbL ITOCTOJIBKY,
MIOCKOJIBKY «BpEMSI BO3BpaTa», XapakTEpHOE JUISI CHUCTEM, OO0JIadarolInx
CKOJIbKO—HHOY/Ib 3HAYUTEIBLHBIM YHCJIOM CTEIEHEH CBOOOJIBI, SIBIIIETCS KO-
JIOCCATIbHBIM — YK€ ISl INHEWHOM LIEMTOYKU U3 CTa aTOMOB 3TO BPEMS ~ 10"
aet. TakuM oOpa3oM 3aKOH BO3pacTaHUsl SHTPOMUU JIOHKEH MOHUMAThCS
MMEHHO TakK, Kak To nokasaj Jlronsur bonsiman.

[IpencraBnsieTcs, 4TO ACATEIBHOCTHI0O XPOHOCA OOBICHSAETCS U APYTOE,
MaJIOBPa3yMHTEIILHOE MTPABUJIO KBAHTOBOM MEXaHUKHU. PaccMOTpuM cuctemy,
COCTOSIIIIYIO M3 JIBYX YaCTHI] U HaXOJAIIYIOCS B OJHOM M3 CBOMX Oa3MCHBIX
cocTosiHMi. B 3TOM ciiydae BEKTOP COCTOSIHUSA SIBJISIETCS MPSMBIM MPOU3BEIC-
HHUEM BEKTOPOB COOTBETCTBYIOIINX OJTHOYACTUYHBIX COCTOSTHUM:

) = |F1ito)|rto),
IJie TIEPBBIN MHJEKC pa3IudacT YacTHUIIbl, @ BTOPOM — TOYKU MPOCTPAHCTBA, B
KOTOPBIX ATH YaCTHUIbl HAXomATcs. [Ipunyun mooxcoecmeeHHOCmuU, SBIISIIO-
nuics (eHOMEHOJOTUUECKUM, «HACHIIBCTBEHHO BHEIAPEHHBIM» B MaTeMaTH-
YECKHMM anmapaTr KBaHTOBOM MEXaHHMKHU MPABUJIOM TJIACHUT: €CJIU JIBE YACTHUIIbI
SIBJISIFOTCSI OJJMHAKOBBIMH, TO COCTOSTHHIO 00pa3yeMoil UMM CUCTEMBI COOTBET-
CTBYET BEKTOP
(W) = [F1ito)lrajto) £ [raito)|rito)-

3HaK IJII0C WK MUHYC OepeTcs B 3aBUCUMOCTH OT TOro 0030HaMu uiu dep-
MHOHAMH SBJISIIOTCS OTH YaCTHIIBI.

K mpuHnumy TOXIeCTBEHHOCTH MOKHO NPHUBBIKHYTb, HO €ro HEBO3-
MOKHO TMOHSATh. ECTECTBEHHO BO3HHMKAET BOIPOC, €CJIIM YACTUIIBI HAXOMSTCS
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JAJEeKo JIpyr OT ApYra, TO IMOYEMY Mbl HE MOXKEM UX paznnuutb? OHHU 4TO,
KAaK—TO MTHOBEHHO IIEPENETA0OT ¢ MecTa Ha MecTo? [IpaBuio ToKIeCTBEHHO-
CTH NPUHIUIHUAIBHO HE MOXET MOJYYUTh OOBSICHEHHSI B paMKax MaTeMaTu-
YECKOI0 S3bIKa KBAHTOBOM MEXAHMKH; JIEJIO B TOM, YTO 3TOT NPUHIIUI Kaue-
CMEeHHbll, a HE KoauyecmeeHnnsli. ECIIA 4acTUIlbl pa3iInvaroTcs, HapuMmep,
CBOEH MAaccoil, TO YeMy PaBHAETCS TO MUHHUMAJIBHOE pa3jIMYMe, IMOCIE KOTO-
POTO YaCTHIIbI CIENYET CUATATh OAMHAKOBBIMU? Ecniu AHanu3 HE MOXKET pas-
JMYATh YaCTUIIBI, TO TPYAHO MOJABUTH BOIIPOC, KTO ke 3T0 Aenaer? Ham oT-
BET — KOHEYHO XpoHoc!

Jns XpoHOCa NOHATHS NMPOCTPAHCTBA HE CYLIECTBYET — CO34aBAECMBIN
UM TIpH 0OpalleHnH K MaTepuaIbHOU cucTeMe aHcaMOJIb HE COJEPKUT B cebe
HUKaKoW mHpopMaruu Ha 3TOT cueT. [lockonpky XpoHOC HE 3HAET, B KaKOM
TOYKE IPOCTPAHCTBA HAXOJIWUTCS KakKas 4acTHIlA, OH BBIHYXKJIEH CO3/1aTh aH-
caM0Jib, COOTBETCTBYIOIINI COCTOSIHUIO, CKOHCTPYMPOBAHHOMY IO IPABUILY
TOXJ1IeCTBEHHOCTH. [Ipu penykuuu 3Toro ancamOis ¢ UEIbI0 YMEHBIIUTD €ro
SHTPOIHIO OH BBHIOMPAET OJHO KAKOE—IMOO COCTOSIHHME M3 COOTBETCTBYIOILEH
cyneprno3uiuu. Beioop 3TOT ciiyyaeH — J1r000i MOHMKAET SHTPOIUIO HA OJI-
HY U Ty XK€ BEJIMUMHY, paBHYIO In2. ITockonbky XpoHOC oOpalaercs K cuc-
TeMaM AcTtpana OECKOHEYHO 4acTO, TO KBAaHTOBOMEXAaHWYECKHM MOCTyJatT
TOXJAECTBEHHOCTH BITOJIHE aJI€KBATHO NEPEAAET UMEIOLIYIOCS CUTYAIUIO: Clie-
yeT JUIIb [IOHUMATh, YTO HE YACTULIBI HEIIPEPBIBHO MEHAKTCSA CBOUMU MEC-

TaMH, HO Hexmo meHseT MmectaMu UX 0003HAYCHHUS.
* *

[Ipupona BpeMeHU ¢ JPEBHOCTH SBISUIACH TEMOM (MUIOCOPCKUX pa3MbIIILIe-
HUM U TUCKyCcCUU. Ero oqHOHAIpaBiIeHHOCTh, HAIIPUMED, CPABHUBAEMYIO TO C
pekoit I'epakinura Ddecckoro, «B KOTOPYIO HENb3s BOMUTH ABAXAbD», TO CO
CTpeJioil DAIMHITOHA, KOTOpasi HallpaBjeHa U3 MPOLUIOro B Oyayliee, OYeHb
TPYJIHO TIOHSTh, MOCKOJIBKY MOHSATHE 3TO TPeOyeT MOHUMAHMS U TOTO, YTO CO-
OO0l MpeACTaBISIIOT «Oeperay, OTHOCUTEIBHO KOTOPBIX PeKa BPEMEHU TEyerT.
[Ipencrasienne o XpoHoce kKak o «Biacrennne BpemeHn» BHOCHUT SICHOCTb B
ATy MpoosIeMy.

TeppasibHOE IPOCTPAHCTBO UHBAPUAHTHO OTHOCUTENILHO BBIOOpA Mpej-
CTaBJICHUS, €r0 ONMHUCHIBAIOIIEI0. B 3TOM cMbICiie OHO HE COJEPKUT B cede
MOHSATUSI MPOCTPAHCTBA M BPEMEHH. JTU MOHATHUS BO3HHKAIOT JIMIb TOTJA,
KOTJla UCIOJIB3YETCS NMEHHO KOOPAMHATHOE IPEICTABICHHE, T. €. OHM SIBJIS-
10TCs npodykmamu socnpuamus Teppana XpoHocoM. CriocoOHOCTh XpoHOCA
TeHEpUPOBATh CyOBEKTUBHBIE MCU—(pYHKIIMH MaTEPHAIbHBIX CHUCTEM I103BO-
JSE€T €My CO3/1aBaTh ITOCJIENOBATENBHOCTh «KaJIpOB», HHTEPIPETUPYEMBIX
o0JaaronIMMu CO3HAHUEM TpolieccopaMu Kak DK3UCTEeHLUal, T. €. MUp, J1aH-
HBIM UM B omyuieHusix. Co3/1aB B HEKOTOPBII MOMEHT BPEMEHHU ¢ CyObEKTUB-
HOE COCTOSIHME CHUCTEMBI, XPOHOC MOXET BhIOpaTh CYObEKTUBHBIN 0a3uc, OT-
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MEYEHHBI BpeMeHeM ¢ + Af, HO He I TOTO, YTOOBI PACCUUTATh COOTBETCT-
BYIOIIYIO 3TOMY 0a3uCy 3HTPOIIHIO COCTOSIHUSI MaT€pUaJIbHOM CHCTEMBI, HO
JMIIB ISl TOTO, YTOOBI UCIIOJIB30BaTh 3TOT MOMEHT BPEMEHU ISl CIIEAYIOIIe-
ro K Hed oOpamienus. J[omomHss 3Toi onepanuei nporeaypy MUHUMHA3AIUN
DHTPONMH, XPOHOC NOPOKIAAET — B ClIyyae, eciu Af eCTh NPUCYIUA XPOHO-
Cy MH(UHUTE3UMAIbHBIM KBAaHT BPEMEHU, — HEMPEPBIBHO H3MEHSIOLIEECS
npeacTtasieHue Teppana, KOTOpoe U BOCIIPUHUMAETCS CO3HATEIbHBIMU MPO-
LIECCOPaMH KaK DK3UCTEHIHUAIL.

Ecnu 05l cymiecTBOBa HEKMI IOCTOPOHHUM 110 OTHOILIEHHUIO K HAaIlIEMy
MUpPY HaOro/aTeNb HAXOIAIIUNCA B KAKOM—TO CBOEM BPEMEHM U BHJISALIUIMA
HAlll MUP B YE€THIPEXMEPHOCTU KAKOTO—JIMO0 (PUKCUPOBAHHOTO KOOPAMHATHO-
ro TPEJCTaBJICHUS, TO OH YyBHUJAENT Obl NMPUMEPHO CIEAYIOLIYIO KapTHHY.
Brionb ocu BpeMeHU JBUKETCS HEKUH BOJTHOBOUM ()POHT — OH COOTBETCTBYET
Hacmosawemy, — pa3pblBaronuil HENPEPBIBHOCTh Teppana HA IBE 4YaCTH.
Huxe storo ¢pponrta Haxoautes /Ipousnoe, a Boiie byodywee. B ero mpomunoit
4yacTH cocrosinue Teppana siBiaseTcs HEKOM 3acCThIBLIEH, HEMOBUKHOM B a0-
COJIIOTHOM BPEMEHM HabJto/aTessi KOHCTPYKIUEH — JIeATeNbHOCTh MPOoLec-
COpPOB, CIIOCOOHBIX M3MEHSATh COCTOSIHMSI CUCTEM, HE BJIACTHA HAJl YK€ CBEp-
muBmuMcs. Maaue rosops, [pouioe siBaser coboil mpuroxunckoe Cyiie-
cTBytouiee. B otinuune ot storo, bynymiee, naxonsieecs Boie pponrta Ha-
CTOSIILIEr0, — 3TO MUp Bo3HMKaromero. AKTUBHOCTb BCEX IPOLIECCOPOB, BCE-
rra cocpenorodeHHas B Hacrosimiem, HENPEpBIBHO HM3MEHSET COCTOSHUE
Byaymero — ux meradusunueckas Vrpa BbI3pIBA€T U3MEHEHHUE AMILIUTY/, C
KOTOPBIMU 0a3MCHBIE BEKTOPHI CTOPOHHET0 HAOIIOAATENs BXOIAT B «OyayIee
coctossHue» Teppana. OT0 NOCTOSHHOE W3MEHEHUE byayiero MokHO mpen-
CTaBJIATh ceOe Kak pe3yibTaT padOThl TEPPATBLHOTO aHAJIOrOBOIO0 KOMIIBIOTE-
pa; OH IOCTOSIHHO NEPECUUTHIBAET by/ylee COrIacHO M3MEHSAIOIIMMCS B Ha-
CTOSIIEM HA4YaJIbHBIM YCIOBUSM.

3aknrodyeHue

CoBepllIeHHO 3araJlouHoe U MOpPON U JlaKe HJICOJOTUUECKU HETMPUEMIIEMOE
CBOMCTBO HaOMIOJaTee M3MEHSTh COCTOSIHUSI MaTepUalbHBIX CHUCTEM U
NpEACTaBICHUSI ATUX COCTOSHUM CTaHET, BO3MOXHO, 00Jie€ €CTECTBEHHBIM,
€CJIM MPOSICHUTh MAaTEeMaTUYECKYIH0 OCHOBY ATHX HX CIOCOOHOCTEH. TOT Xo0-
POIIIO M3BECTHBIM (haKT TEOPHUM, YTO SHTPONHUS H30JMPOBAHHBIX CHCTEM HE
MOMKET U3MEHATHCS — CYILECTBYET MpPEACTaBICHHE, B KOTOPOM OHa BOOOIIE
paBHa HYJIIO, — MO>KHO ITOHUMAaTh KakK CIEJICTBUE T€OpeMbl 0 Bo3Bparax Ily-
ankape. ITockonbKy BpeMsi BOo3BpaTa CUCTEMBI B MCXOJHOE COCTOSIHUE OIpe-
JIEJSIETCS] YUCTIOM CTETIeHEeW CBOOOIBI paccMaTpUBaEMOW MaTepUaIbHOM CHC-
TEMBI, TO MOYKHO OBLJIO OBl HaACATHCS, YTO B CIIydae CUCTEM C OCCKOHECUHBIM
YUCJIOM CTEINEeHel cBOOOJIbl — B 3TOM Cllydae M BpeMs Bo3Bpara OyjaeT Oec-
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KoHEeYHbIM — 3ampeT [lyaHkape Ha W3MEHEHHE SHTPOMHH JCHCTBOBATH HE
Ooyner. UMeHHO Takoi BBIBOJ, UMEIOIIMM BUJI CTPOTO JIOKAa3aHHOWU TEOPEMBI,
coaepxurcst B padborax Ilpuroxuna [10, 11]. OgHako, HACKOJIBKO HaM W3-
BECTHO, CUCTEMBI ¢ OCCKOHEYHBIM YHCJIOM CTereHed CBOOOIbI, Takue, Ha-
npuMep, Kak 3JIEKTPOMarHuTHOE MoJjie, KakoH—n0o MeTapu3nyecKon aKTHB-
HOCTH HE MPOSBISAIOT. [leno 31ech, BUIUMO B TOM, YTO TEOpEMa O HapyLIEHUHU
«3aKOHA COXPAHEHHUS DHTPONUU» SIBISETCS TUIMYHON HEKOHCMPYKMUBHOU
TEOPEeMOM CYyIIECTBOBAHUS M HUYETO HE TOBOPUT O BO3MOXKHOU MPHUPOJIE CO-
OTBETCTBYIOIIEH OECKOHEUHOCTH.

MareMatrka 3HaeT JBa BUJA OCCKOHEYHOCTEH: NOMEHYUANbHYI0 N aK-
myanvHyio. [loHITHE TOTEHIIMAIBHON 0€CKOHEYHOCTH HEPa3phIBHO CBS3aHO C
KaKUM—JIM00 WHIYKTUBHBIM IPOIIECCOM, MBICIIMMBIM MPOAOHKAIOITUMCS HE-
orpaHu4eHHO. [IOCKOIBKY CEepIIEeBUHON KIACCHYECKOTO aHallh3a SIBISETCS
UMEHHO TaK MOHUMAaeMBbIM TPOIECC MPEAEIBLHOTO Mepexoaa, TO Bce 0ecKo-
HEYHOCTH, BO3HUKAIOIIUE B MATEMATHYECKOM aHAJIU3€ U, CICIOBATCIIBHO, B
omuChIBarOIeM Teppan MaTeMaTHYECKOM ammapare KBAaHTOBOHW MEXaHUKH,
MOTYT OBITh mOJIbKO nomeHyuaibHvimu. IloTeHnanibHas OECKOHEUHOCTD (I10
['erento — «aypHasi OECKOHEYHOCTHY) HE COJIEPKUT B cebe HUYEro, KauecT-
BEHHO OTJIMYAIOUIET0 €€ OT KOHEYHOr0; B 3TOM CMBICJIE MOXKHO CKa3aTh, YTO
«0ECKOHEYHOE — 3TO KOHEYHOE, HO He02PAHUYEHHOEY.

CoBceM nHaue 0€CKOHEYHOE BXOJIUT B TEOPUIO MHOXKECTB: MHOXKECTBO,
cozepxkaiiee OCCKOHEUHO OOJIBIIIOE YHCIIO 3JIEMEHTOB, OMPENEISICTCS TaM
0€30THOCUTEIIFHO K KaKOMy Obl TO HU OBLJIO MHAYKTHBHOMY IpOIIECCY, T. €.
akmyanpbHo. AOCTpakiysa aKTyalbHOM OECKOHEYHOCTH, Kak atpulyTta Ooxke-
CTBEHHOTO, BO3HHKJIO B PMIIOCOGUH 3a/I0JITO J0 €€ MOSBICHUS B MAaTEMaTHKE.
[IpencraBienne 0 MaTeMaTHYECKOW PEAThbHOCTH aKTyallbHO 3aJIaHHBIX Oec-
KOHEYHBIX MHOXECTB TIOCTYXKUJIO TPUYNHON BO3HMKHOBEHHUS (YyHIaMEH-
TaJbHOTO KpU3HMca OCHOB MaTteMatuku [Beirs I O ¢unocodpun maTeMaTUKH,
M.—JI.: 1934.]. OTOT KpU3UC SABISAETCS, IO CyTH, IEPEHECEHUEM B MaTeMa-
TUKY OCHOBHOU mpo0sembl Gpuiiocoduu, BOIpoca O MEPBUYHOCTH MaTEepUaIb-
HOTO U HAealbHOTO. B Maremaruke 3TOT M3BEUHBIA CIOP MATEPUATHCTOB U
UJCAIUCTOB MPUOOpEN OOJIMK MPOTUBOCTOSHUSL «aKTyaJIMCTOB» U «UHTYUTHU-
BUCTOBY». [lepBbie HACTAMBAIOT HA JIONMYCTUMOCTH (PYHOAMEHMANbHOU 0edYK-
yuu, T. €. IPaAaBOMOYHOCTH CBOOOJHOrO, 0€3 KaKMX—JIHU0O JOMOJHUTEIbHBIX
OTPaHUYCHHI ONpEeNeTICHUsI MaTeMaTHIYeCKuX 00bEeKTOB. B oTinuyme oT 3T0T0
WHTYUTHBUCTKOE HAMPABICHUE B CTPOUTEIHCTBE (yHIAMEHTa MAaTEMAaTUKHU
TpeOyeT, YTOOBI KaXK0€ ONpEACIICHUE MOaPa3yMeBajo CYIECTBOBAHUE HEKO-
TOPOTO HMHTYUTHUBHO TMOHSTHOTO KOHCTPYKTHUBHOTO Tmporiecca. [lockombKy
ATOT KPU3UC MAaTEMAaTUKH HOCHUT, B KOHEYHOM CUETE, MUPOBO33PECHUYECKHIA Xa-
pakTep, OH, €CTECTBEHHO, HE pa3pelIuM B KOHTEKCTE TOJBKO MaTEMaTHKH.
VIMEHHO TI03TOMY OCHOBHBIM apTyMEHTOM WHTYHTHBHUCTOB SIBJIICTCS TO, YTO
WX MaTePUATUCTUYECKHUH B3TJISA HE BUIUT B OKPYXKAIOMIEM HAC MUPE HUYETO
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00KECTBEHHOI'0, YTO MOKHO OBbUIO OBl OTOXIECTBUTH C aKTYJIbHO OECKOHEY-
HBIMH MHO>KECTBAMHU.

Takum 00pa3omM, COBEPILIEHHO €CTECTBEHHBIM U, HA MOU B3IJIsA/l, HEOT-
pasuMo yOeIUTENIbHBIM SIBIIICTCS YTBEPIKIAEHUE, YTO MPOIIECCOPHI MPEICTaB-
JSI0T cOO00M MaTepuabHbIE CUCTEMBI, XapaKTepU3YIOIUecs akTyalbHO Oec-
KOHEUHBIM YHCJIOM CTEeIeHer cB00Obl. IMEHHO MTOATOMY COOTBETCTBYIOIIUE
UM aHcaMOJid Mbl U Ha3Balu axmyaibHbimu. [10CKOJIBKY MaTeMaTH4YeCKHUi
ammapaT COBpEMEHHOM ()M3WKH, BIIOJIHE aJeKBAaTHO omnuchiBaronuii mup Cy-
IICCTBYIOIIETO, HUKAK HE MOXET BKJIIOYATh B ceOsl TAKOTO PoJia O0BEKTHI, ITO-
CTOJIBKY MBI MOXEM TOBOPHUTH O Oecmenechocmu npoyeccopos. C npyrou
CTOPOHBI, €CTECTBEHHO JIOMYCTUTh, YTO MPOLIECCOPHI MOTYT 001aAaTh HAPS LY
C aKTyaJbHBIMA W OOBIYHBIMH, «IIOTCHIMATHHBIMIY CTEMEHSIMH CBOOOIBI U
KaKk (U3MYecCKue OOBEKThI Y4aCTBOBATh, HAMPUMEP, B DIIEKTPOMATrHUTHBIX
B3auMOJIeUCTBUAX Tepparna.
3ameyaTeabHbIM MPEACTABISACTCS TO, YTO, KaK 3TO ObUIO YK€ HE pa3 B UCTO-
puu GU3MKH, MaTeMaTUKa 3apaHee MPUTrOTOBWJIA ammapar, MO3BOJISIFOLIUN
OYEHb XOPOIIIO MOHATh KaK (PU3MUECKYI0, TaK U HEMATEePUAIbHYIO CYITHOCTH
nporieccopoB! Ho 06 3ToMm B ciiemyroliem 3cce.
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PU3INKA U METADPUSUKA CYBBEKTOB
KBAHTOBOWU MEXAHUKH

Orta cTarthd SABISETCS MPOAODKEHHEM HaTtypduiocod-
cKoro 3cce «Jlyanmsm KapThHBI MUpa». B Hel moka3aHo,
YTO aKTyajbHasl CYIIHOCTb MPOLECCOPOB (KBAHTOBOME-
XaHUYECKUX HaOJIoAaTeNel) cleayer, B OMpeaeIeHHOM
CMBICTIE, U3 HEKOTOPOW TEOpHUU, OOBEIUHSIONIEH B eIH-
HOM (opMaIU3Me 3JICKTPOMArHUTHBIC W TPABHTAIMOH-
HbIE B3aUMOJEHCTBUA. DTa TEOPUs, pealu3yrolias MpuH-
uun DuHmTeiHa: «Bce u3 reomeTpun», OCHOBaHa Ha TO-
HUMaHMHM TPOCTPAHCTBA—BPEMEHM KaK HeapXHMeJI0Ba
MHOT000pa3usl.

Heapxumedoebl MHO2006pa3usi

B neproit wactu Hacrosmero Tpakrara (Asepkun A. H. Jlyanu3m KapTHHBI
MHpa) MOKa3aHo, YTO KaKOe—JIHOO0 10JIe, ONPEICICHHOEC HA MHOKECTBE TOYCK
IIPOCTPAHCTBA—BPEMEHH, 00J1aiast JIMIIh MOTCHIIMAIbHO OCCKOHCYHBIM YHC-
JIOM CTEIIeHEH CBOOOIbI, HE MOXET OBITh IIPOIIECCOPOM, T. €. CYOBEKTOM, CIIO-
COOHBIM M3MEHSTH COCTOSIHHS MaTepHaIbHBIX 00BbEKTOB. [IpueMiaeMyto ¢ uH-
TYUTUBUCTCKHX TO3UIIMKA MIPOIICAYPY Mepexoaa OT 00beKTa ¢ KOHCUHBIM YHC-
JIOM CTETEeHEW CBOOOABI K OOBEKTY, SIBISIONIEMYCS (U3HYCCKUM TIOJIEM,
MOKHO TIPEJICTABUTH cebe ciemyromuM obpa3zom. PaccmoTpum kpuctamn —
JUISl OTIPENICTIEHHOCTH KyOu4YecKuii, — oOpa30BaHHbIN HEKOTOPHIM KOJIMYECT-
BOM aTOMOB. JJIEMEHTApHYIO MPOLEIYypYy, HEOOXOAUMYIO ISl TMepexoja K
00BEKTy C OECKOHEYHBIM UYHCIOM CTEMEeHEeW CBOOOJbI OINpeaeuM Kak
YMEHBIIICHUE B J[Ba pa3za Nepuojaa KpucTaumueckod pemetku. Ecnu npu
TOM COOTBETCTBYIOIIMM 00pa30M M3MEHSTh MAacCy aTOMOB M CHJIy WX B3au-
MOJICUCTBHUS, TO AAXE€ CKOPOCTh 3BYK IPU TAKOW OIEpallMd HE U3MEHUTCS.
Ecnu Ternepb Mbl MBICJIEHHO MPOAOJIKUAM 3Ty IPOILEAypPy OCCKOHEUHOE YHUCIIO
pa3, TO MOJYyYHM HEKOE (hoHOHHOe noje — MOACHb, YaCTO 3aMCHSIIONIYIO B
TEOpEeTUYECKON (PU3UKE TBEPIOTO Tella PealbHbIe KPUCTAIIIHI.

PeanpHbie aTOMBI, 00pa3yroONINe KPUCTATUTMYECKYIO PEIIETKY, COCTOST
U3 DJIEKTPOHOB, S/Iep, HYKJIOHOB, KBAPKOB U T. 1., T. €. 00JaJaf0T KAKUMH-TO
CBOMMH BHYTPEHHUMH CTETICHSIMH CBOOOJIBI. DTHU CTETICHH CBOOO b HUKAKUM
00pa3oM HE BXOAST B MAaTEeMaTHYECKHUI armapar, OMUCHIBAIONIUMN KPUCTAILIT
KaK HENpPEepPbIBHYIO CpPEy, U MO OTHOUIEHUIO K MOTEHUIHUAJIbHBIM CTEIEHSIM
cB000/IbI (POHOHHOTO TOJISI UX MOXXHO CUUTaTh akmyanvHuimu. OaHAKO, s
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TOTO 4TOOBI MpPOLEAYypa «yABOCHHSI KPHUCTAJLJIA» MOIJIa MBICIUTHCS Heorpa-
HUYEHHO OCYUIECTBJISIEMOM, aTOM JOJIKEH ObITh HE UMEIOILEH pa3MepoB TOU-
KOM, U TOBOPUTH O KaKUX—JIMOO €€ BHYTPEHHUX CTENEHAX CBOOOAbI HE UMEET
cmbicna. [Ipennonoxum, TeM HE MEHEe, YTO 3Ta «MaTepUalibHAsl TOUKa» He
IpOCTa U MOXET-TaKu 00]a/laTh aKTyaJbHBIMH CTENEHSIMH CBOOOABI. Jlis
ATOTO MBI JIOJKHBI IOMYCTUTh, YTO B MPUPOJIE CYUIECTBYIOT OOBEKTHI O€CKO-
HEYHO MaJioro, HO, TEM HE MEHEE, He PaBHOTO HYJIO pa3Mepa. Y IUBHUTEIb-
HBIM M JJI1 MHOTMX HEOKHUJAHHBIM SIBJISIETCSA TO, YTO CYLIECTBOBAHUE TAKHX
CTpaHHBIX OOBEKTOB MPEAINOIAraeTcsl B pasjieie TEOPUU MHOXKECTB, U3ydaro-
IIEM TaK Ha3bIBAEMBIE HeapXumeoo8bl MHO2000pa3usl.

Axkcuomy Apxumena, OTHOCSIIIYIOCS, B YaCTHOCTH, U K TEM MHOT000-
pa3usiM, Ha KOTOPBIX OmpeneneHa onepauus auddepeHInpoBaHus 1, CIea0-
BaTEJIbHO, MaTEMAaTUYECKUNA aHaIN3, MOKHO CPOPMYIHpPOBATh TaK: U3 ABYX
OTPE3KOB, MEHbBIIUA MOXXHO OTJIOXKUTb Ha OOJIbILIEM TaKOE€ KOHEUHOe YHUCIIO
pa3, 4TO MOJIYYEHHBIA TaKMM O00pa3oM CyMMAapHBIM OTpe30K Oyner Oojblie
Oosbiiero u3 HuXx. OTKa3 OT 3TOM aKCHOMBI KaK pa3 W MPEIoJiaraeT, 4YTo Cy-
HIECTBYIOT OTPE3KM TaKOW JUIMHBI, YTO, CKOJIBKO UX HU CYMMHPYH, HENb3s
MOJIYYUTh OTpe3Ka 00JIbIIe 3aJaHHOTO.

[TonsiTue HeapxuMe0Ba MHOMXECTBA CEHYac JOCTATOYHO HIMPOKO H3-
BECTHO B CBsI3M ¢ co3ganueM ABpaamom PoGunconom (1960 r.) Tak Ha3bIBae-
MOTO Hecmanoapmuoeo ananuza [1] (B hopme MOCTYmHON Jake ISl IIKOJIb-
HUKOB COOTBETCTBYIOIIME HJien U310KeHbl B [2]). [lonyuaromasica kapTuHa
MaTEMaTUYECKOTO aHAJIN3a BBIMVIAIUT HACTOJIBKO €CTECTBEHHEE €r0 TPaINLIU-
OHHOHM (POPMYTUPOBKH, HACKOJIbKO, BOOOIIE, aKTYaJIHUCTCKUE MOCTPOCHHS ec-
TECTBEHHEE HEYKIIIO)KMX KOHCTPYKIIMM MHTYMLIMOHUCTOB. B cBOEH Kitaccude-
ckoil (hopMyJIMPOBKE aHAIIN3a, 3aBEpUICHHON B nepBoi nosioBuHe XIX Beka
3HAMEHUTBIM (PpaHiy3ckuM marematukoMm OrioctenoM Jlyu Komm, ocHOBO-
MOJIAralollyl0 POJib UIPAeT HMHTYULUUMOHUCTCKUN MPOLIECC YCTPEMIIEHHUS K
npeneny Kakoi—aumbo BenuuuHbl. B ananuze sxe PoOuncona nuddepenuman
SBIIAETCSI OECKOHEYHO MAaJIbIM, HO OTJIMYHBIM OT HYJIS, YACIOM. DTO JeiaeT
MaTEeMaTUYECKUN aHAIN3 OYEHb MOXO0KUM Ha OOBIKHOBEHHYIO anredpy. Ecnu
cefyac B yHHUBEpPCUTETaX MaTEMaTHUYECKUW aHAIIM3 U3JIaraercs B CBOEH Tpa-
JTUIMOHHON (DOopMeE, TO TOJIBKO B CUITy KOHCEPBATUBHOM TpauIUu.

Ecnu B TpaAuLIMOHHOM aHalM3€ €ro cyocTpaToM SIBJISIETCSI MHOXKECTBO
JNENUCTBUTEIBHBIX YUCEN, TO B HECTAHIAPTHOM — HEPXUMEAOBO, 110 CBOEH Cy-
TH, MHOKECTBO TaK Ha3bIBAEMBIX cunepoelcmeumenbrvlx ducen. Ecnm nps-
MBIM HIPUPTOM 0003HAYUTH KAKOE—TIMOO IEUCTBUTEILHOE YUCIIO, TO THIEp-
JEHUCTBUTEIBLHOE MOYKHO 3aIIMCaTh B BUJIE

c=a-+t¢b,
r7ie € — OecKoHeuHo Majoe YUCI0, UTPAIOILEE POJIb 2UnepoeticmeumenbHoll
eounuyvl. 110CKOIBKY TUINEPACHCTBUTEIbHBIE OOBEKTHI BBOJSATCS YHCTO aK-
TYaJTUCTCKH, KaK HeKast pyHIaMEeHTalbHas JeAyKINs, HE CBA3aHHAA C KAKUM—
a100 MpeAesbHbIM MEPEX0JI0oM, TO TPeOYyeT 10Ka3aTh, YTO 3TU 0OBEKTHI 00a-
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JAl0T BCEMH CBOMCTBaMU, MPUCYITUMHU MOHSITHIO YUCIIA, U C HUMU MOXHO 00-
pamaThes Tak ke, Kak U ¢ JeUCTBUTEIbHBIMU yuciaaMu. POOMHCOH clienan 3To
METOAAMH MAaTEMATUYECKOW JIOTUKU. Jpyron MeToj «akTUBU3ALMW» TUIIEP-
JNEeWCTBUTEIBHBIX OOBEKTOB, MPEJICTABIISIIONINNICS 00Jiee HAIJISAHBIM, 3aKIIIO-
YyaeTcsi B TOM, 4TOObI Tak nepeopMysupoBaTh akCUOMY ApXHUMea, 4TOObI
€l yAOBJIETBOPSUIN U IEUCTBUTEIbHBIE U THUIEPICUCTBUTENbHBIE Unciia. B co-
OTBETCTBYIOIIEM BHUJE 3Ta aKCMOMA BBITJISIAUT TaK: JUIsl 1700020 YUCIIa CYIlle-
CTBYET HATypaJbHOE YHCIIO0, KOTOpoe Oobliie 3Toro yucia. [IockombKy ToKka-
3aHO, YTO IS 0elCmeUumenbHbiX yucei 3TH 1B€ (HOPMYIUPOBKU SKBUBAICHT-
Hbl, TO U TUNEPACUCTBUTEIIbHBIE OOBEKTHI ABMOMAMUYECKU OKA3BIBAIOTCS
YHCIIAMU.

MareMatnyeckuii aHajin3 BO3HUK BMECTE C MEXAHHKOW — OH COBEp-
IICHHO HEO0OXOUM TSl aJIeKBAaTHOTO OMHUCAHUs 3Toro pazzena ¢pusuku. Cos-
JTAHUE KIJIACCUMYECKON MEXaHWKH SIBUJIOCh BTOPHIM BEJIUKHUM MPOPHIBOM YEIIO-
BEUYECKOW MBICIIM — HapsAay ¢ reomerpuert EBknuaa, — OTKPBIBIIUM IIYyTH
JUISl TIOCJIETYIOIIETO CTPEMUTEIBHOTO pa3BuTus (pusnyeckoil Hayku. CTaHOB-
neHve GU3UKU Ha MPOTSHKEHUU BCEU €€ UCTOPUM 3aBUCENIO OT YCIIEXOB Marta-
HaJIM3a U 1JI0 pyKa 00 pyKy € JIOCTH)KEHHUSIMHU 3TOM MaTeMaTUYeCKON JTUCILIU-
uHbl. Co3/1aHie HECTAaHJAPTHOTO aHajau3a JIMIIHHUKM pa3 MOATBEPKIAET 3TO
npaBuwio. OCHOBBI MaTeMaTUYECKOro aHain3a ObUIM 3aJ05KEHbI B MOCIIETHEN
yerBeptd XVII HezaBucumo Apyr or apyra IByMsl BEIMKUMH MBICIUTEISIMU
toro Bpemernn — Hcaakom Hwtoronom u I'otdhpunom Bunbrensmom Jleit6-
HULIEM.

[Toka3zaTenbHO TO, YTO MATEMATHYECKHUI aHAIN3 TO—PA3HOMY OIIYIIAJI-
cs yxke ero cozpatensamu. s Herotona onepanus nuddepeHnupoBanus Obl-
Jla CBSI3aHA, MPEXKIE BCEro, C ABMXKEHUEM TeJl, BOCHPUHUMAOIIMMCS UM KaK
He4To HemnpepbiBHOE. B HaTypdumocodum xe JleiiOHMIIa OYEeHb Ba)KHOE Me-
CTO 3aHUMAJIM PA3MBIIUICHUSI O CTPYKTYpPE MPOCTPAHCTBA, €T0 HEOTPAHUYCH-
HOU JemMMOCTH. [10o 3TOM NMpUYMHE BIIOJIHE €CTECTBEHHO, YTO UMEHHO Y HETO
BO3HHUKJIO TPEJCTaBICHUE O Oughghepenyuanrax Kak HEKUX OECKOHEYHO Ma-
JbIX, B CHJIy HEOTPAHUYEHHOW JETMMOCTH MPOCTPAHCTBA, BEJIMYMHAX, 00a-
JAIOLUX, TEM HE MEHEee, MaTeMaTUYECKON peabHOCThIO, TI0JI0OHON peabHO-
CTM MHUMBIX yHcesl. Takum o0pa3oMm, MOXKHO cuuTaTh, yTo aHaiu3 Komm
BOCXOJUT K rroudaprsvim npenactaBieHusM HproToHa, a ananu3 PobuHcona
— K KopnycKyaapHuim Bo33peHusM Jleiionuia.

Harmsinnoe npexacraBiieHue O NMPOCTPAHCTBE BPEMEHU KaK O HEKOEM
Kpucmanie, o00pa30BaHHOM WH(DHUHUTE3NMATBLHBIMHU ChepamMu THIEPACHCTBU-
TEJIbHBIX YUCEI, KOOPAUHATHI KOTOPBIX BBIPAYKAKOTCS JIEMCTBUTEILHBIMU YHC-
JIaMH, BIIOJIHE aJICKBATHO OTPAXaeT CTPYKTYPY THNEPACHCTBUTEIBHOTO MHO-
roo0pasus. OtnaBas gaHb reHuto JlelOHuIla, MaTeMaTUKU HAa3BaJId COBOKYITI-
HOCTh TUIEPJICUCTBUTEIBHBIX YUCEN, MPUJIEraloluX K KaKOMy—Jnu00 JehcT-
BUTEIIbBHOMY YHCIY, €ro MoHaoou. Mbl ke, mpubdeperas 3TOT TEPMHUH s
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JIpyrux uesieil, 0yneM Ha3blBaTh 3TH OECKOHEUHO Mallble CPEPbl KOPNYCKyaa-
MU.

QnronJapHOE U KOPIYCKYJISIPHOE NOHUMAHMS MAaTEMAaTHYECKOIO aHa-
JU3a 0KAa3ajJuCh B CaMOM LIEHTPE HJIEOJIOTMYECKOr0 KpU3MCa MATEMATHKH,
IIOPOKJACHHOI0O UHTYULIMOHUCTCKON U aKTYaJIMCTCKOW TPAKTOBKAMU €€ OCHOB,
Kak TakoBbIX. [IOCKOJIBKY M CTapblii, © HOBBIM B3I/l HA aHAJIW3 HE 3aTpa-
I'MBAIOT YTHJIMUTAPHOTO COJIEP KaHMS aHaJIu3a, TO BEIOOP TOrO MM UHOTO €ro
MOHUMAaHUS SBIAETCS JIETIOM BKYCa, T. €. JIeJI0 PEUIaeTCs TaK K€, KaK U BHIOOP
MEXIy HJICATUCTUYECKON U MaTepUATHCTHUECKOW (UI0CO(CKIUMU TapaIur-
MaMu. BeIOOp 3TOT MOKET ONpEeAeUTh MOoIbKO Npupood, €Civ OH B HEH, KO-
HEYHO, conepxurcs. IIpencrasisgercs, OHaKO, 4TO MPUPOAA BIIOJIHE OJHO-
3HAYHO YKa3bIBACT HA UICATUCTUYECKYIO KAPTUHY MUPO3JAHUs.

I eoMempu4deckKas uHmepripemauus
AJIeKmpomMazcHemMu3ma

To 00cTOATENBCTBO, YTO TEH30P BIIEKTPOMArHUTHOIO IOJS aHTHCUMMETDPH-
4eH, HaBOJUT Ha MbICIb, YTO OH ONMCBHIBAET Majblii IIOBOPOT OKPECTHOCTH
JIAHHOW TOYKHM NPOCTPAHCTBAa—BPEMEHH, T. €. Majloe NpeodpasoBanue Jlopen-
11a 9TOM OKPECTHOCTH. J[eHCTBUTENEHO, PACCMOTPUM IPEOOPa30BAHUE IIPOCT-
PaHCTBa—BPEMEHHU BHJA
X =x'+4,

TaKoe, YTO KakK/as ero Touka cMeraercs Ha mManyro emuuanny A' (xP). Co-
OTBETCTBEHHO 3TOMY IIPEOOPa30BaHMUIO OKPECTHOCTh KaKAOM TOYKH IIPO-
CTpaHCTBa—BpEeMEHU JeHOPMUPYETCS CASTYIOUIUM 00pa3oM:

di = (5 + 4 )dx',

rie A'; = 0A4;/0xB;= A'; Tenzop A;, accOUMMPOBAHHBIN TEH30pY A, MOMKHO
IPEICTaBUTh B BUJE COBOKYIMHOCTH CUMMETPUYHOTO M aHTUCHUMMETPUUYHOTO
TEH30pOB:

24;= (Aj; + Aiy) + (4 — Aip).
[lepBblit U3 ATUX TEH30POB SBISETCS HUUEM MHBIM, Kak TEH30pOM JedopMa-
UM TPOCTPAHCTBa—BPEMEHM, a BTOPOW, AaHTUCUMMETPUYHBIA, MOXKHO Ha-
3BaTh MEH30POM 8paujeHus (HeoOHopooHo20) npocmpancmea—epemeru. O00-
3HAYNB

Fy=Aji— Aig,

MBI MOTJIM OBbI MPEATOI0KUTH, YTO TEH30P AIEKTPOMATHUTHOTO TOJSI COBIIa-
JIaeT ¢ TSH30POM BpAICHHSL.

Takoro posa OTOXIECTBICHHIO MEIIAET, OJHAKO, CIEIyIOIIee cooopa-
xenne. OTIIMYHBINA OT HYJIS TEH30p AeQOopMaIliy BBI3BIBACT H3MCHEHHE MET-
PUKHU TIPOCTPAHCTBA BPEMCHH:

ngk = A,‘;k + Ak;,'.
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DTO O3HAYaeT, 4TO MPHU MEePeXoje OT OJHOU CUCTEMBbI OTCUETa K JAPYTrou Hu3-
MEHSIETCSl U AJICKTpOMAarHuTHoe moJie. B yacTHOCTH, €clii B TaHHOU cUCTEME
OoTcYeTa AJEKTPOMAarHUTHOE T0JIE€ PaBHO HYJIO, TO B CUCTEME, JBUXKYIIECHUCS
OTHOCHUTEJILHO HEEe C MOCTOSHHOM CKOPOCTHIO, BO3HUKAET OJHOPOHOE DJICK-
TPUYECKOE IM0JIe, HapyIlasi TEM CaMbIM OCHOBOTOJIAraIOIINK TPUHITUAT TEOPUHU
OTHOCHUTEILHOCTU. MBI, OJIHAKO, 3HaeM TeNepb, KaK MPEoA0JIeTh 3TO MPOTHU-
Bopeuue. JIJist 3TOro Hy»HO CYUTaTh, YTO BEKTOp Aedopmaliuu, — HHaye,
BEKTOPHBIA MOTEHUMAI — SIBJISICTCS HE MPOCTO MaJbIM (MO OTHOIIEHUIO K
yeMy?) BEKTOPOM, HO OECKOHEeYHO MAlbiM, T. €. MEHBIIUM JI000r0 BEKTOpa,
JIJTMHA KOTOPOTO BBIPAKAECTCA JIEMCTBUTEILHBIM YHCIIOM.

[IpencraBieHre 0 MPOCTPAHCTBE—BPEMEHHM KAaK O TUINEPACHCTBUTEIb-
HOM MHOTO000pa3uu, OyIydd, ¢ TOYKH 3PEHUS MATEMaTHYECKOTO amrmapara
AJIEKTPOANHAMUKH, HEOOS3aTeNbHBIM, SIBIIIETCS, BMECTE C TEM, HACTOJIBKO €C-
TECTBEHHBIM, UTO €r0 CJIEyeT CUUTATh €IMHCTBEHHO BO3MOXHBIM. IIpu Ta-
KOM MOHUMaHUU MPOCTPAHCTBA—BPEMEHH DJIEKTPOMArHUTHOE TOJie Tpruodpe-
TaeT OYEeHb SICHBIN (PU3NYECKUI CMBICT: MATHUTHOE MOJIe OMUCHIBACT TOBOPOT
OKPECTHOCTU KaKON—JIMOO TOUKM HA MH(OUHUTE3UMAIBHBIA YTOI @:

H= o,
a DIEKTPUUECKOE — JIBMXKEHUE ITOU OKPECTHOCTU C OECKOHEYHO MaJION CKO-
POCTBIO V:

E =8,
riae 3 — Oe3pa3mepHas CKOpocTh B = v/c.

Jlosroe BpeMsi BEKTOPHBIN MOTEHIIMAJI paccMaTpHUBAJICS Kak HE UMEIO-
mas (U3NYECKOro CMBIC/IA BEJIMYMHA, YI00Has TpH BhIUKMCICHUSAX. OaHAKO
AKCTIEpUMEHTaIbHOE MoATBepkAeHne dPdekta boma—AapoHoBa (OH yTBep-
XKIaeT, 4To ¢aza ncu— yHKIUS dJIEKTPOHA MPOIOPIIMOHaAIbHA j4, T1e j — 4e-
THIPEXMEPHBIM BEKTOpP TOKA) JOKA3bIBAECT, UTO BEKTOPHBIA MOTEHIIMA SIBJISI-
eTCSl BEIIMUMHOU ¢pusuueckol, 1 UMEHHO B CBETE HEAPXUMEIOBOCTH IIPO-
CTpaHCTBa—BPEMEHH OHAa 0OpeTaeT W SICHBIN (Pu3nUecKuii cMbIci. OTMETHM,
MEXIy MPOYHUM, YTO B CHIY (DU3UYECKON PEATTbHOCTH AJICKTPOMATHUTHOTO
MOTCHINAJIa YTBEPXKIEHUS «KOMIIOHEHTHI 00BheKTa A 00pazyroT BEKTOp» U
«BEIUYHUHBI A CyTh OECKOHEYHO MaJible» PaBHO3HAUHBI.

Bruiots 10 co3manuss DUHIITEWHOM CIENUATIBHON TEOPUU OTHOCHUTEIb-
HOCTH DJICKTPOMAarHUTHOE MOJI€ MBITAIUCh PACCMATPUBATh KaK pe3yJsbTaT Jie-
dbopmanuu HEKOM MaTepHaIbHOW CyOCTaHIMHM, 3amoJIHsIOmEH co0ol Bce
MIPOCTPAHCTBO W Ha3bIBaeMou 3¢upom. [10CKOJIBKY 3IEKTpOMarHUTHBIE BOJI-
HBI SIBJIAIOTCS TOINEPEYHBIMU, TO A(UP MO HEOOXOIUMOCTU MOHUMAJICS KaK
crienupuYecKoe TBEPAOE TeJI0. DTO MPEJICTABICHUE BIOJHE COOTBETCTBYET
TOMY, YTO 3JIEKTPOMATrHUTHOE TOJI€ SIBISETCS CIEJCTBHEM JedopMalriuu de-
THIPEXMEPHOTO THUIEPACHCTBUTEIIPHOTO KpHCTaJIa, W300paXkaroIiero coboi
IIPOCTPAHCTBO—BpEeMs. B 3ToM cMbIciie 3pupoM clieyeT CUUTaTh U Ha3bIBaTh
caMo IIPOCTPAHCTBO—BPEMS, UTO MBI K OyJIeM JieaTh BIPE/Ib.
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Amnanora 3¢upy, T. €. TAKOrO TBEPAOro Teja, Y KOTOPOro IJIOTHOCTb
SHEPruu 3aBucena Obl OT CUHXPOHHOI'O BpAIllEHHUs] aTOMOB, B IIPUPOJIE HE CY-
miectByeT. OHAKO, XOTA 3TO U HE 0053aTE€IbHO, MBI TAKOE TEJIO MOXKEM Npu-
Jdymamp, CI€NIaB TEM CaMbIM IpeAcTaBieHne 00 3upe HarasaAHbIM. Eciiu Mbl
IpU MTOMOIIM MUKPOCKONA ¢ OECKOHEUHBIM YBEJIMYEHUEM IOIbBITAEMCS pac-
CMOTPETh YCTPOUCTBO 3upa, TO MOKEM YBHIETb KapTHUHY, MOJOOHYIO TOM,
YTO U300paKeHa Ha PUCYHKE

‘Ot"""@'
"’OO"”O& '
'#t"""& '
"Q OQ'O »: 0 O'O'O""
"'t""'tt
O'O""QO"

Bun a¢upa npu yBenmueHuu B
OECKOHEYHOE YHUCIIO pa3s.

Ha stoM pucynke OOnbpmmMu cepamu H300pakeHbl KOPIMYCKYJbI ddupa.
Bynewm cuutaTh, uTO OHM 00Ja/1al0T Maccoil 1 MOMEHTOM uHepIuH. Uto kaca-
eTcs MEHBIIUX chep, TO OHU CUMBOJIM3UPYIOT CBA3h MEXAYy HUMU. MBI Ha30-
BeM UX @pukyuonamu. Kaxnpliii GpUKIIMOH MOXKET KaTUThCS 0e3 MpOoCcKajb-
3bIBAHUS 1O TIOBEPXHOCTH TOW KOPITYCKYJBI, C KOTOPOH OH COINPHKACACTCS.
Kopnyckyinbl sBisitoTcss (PU3MYECKUMU OOBEKTAMH, TOTJa KaK (PPUKIUOHBI
JIMII CUMBOJIM3UPYIOT TepeAady BpalleHus OT OJHOW KOPIMYCKYJIbI K JPYTOH.
Ecnu MBI Tenepb moBepHEM Ha HEKOTOPBIM yroi OAHY M3 KOPITYCKYJI, TO OJI-
HOBPEMEHHO C HEHl B Ty K€ CTOPOHY U Ha TOT K€ YroJjl MOBEPHYTCS U OCTAJIb-
Hble KOpIycKyJbl 3¢dupa. [lockoIbKy HUKAKOW CHUTHAJ HE MOXET pacipo-
CTPAHSTBHCS CO CKOPOCTHbIO OOJIbINEH CKOPOCTH CBETA, MBI JOJKHBI CUUTATh
KOPITYCKYJIbI yIpyruMu cepamu. B ieHTpe Kaxa0i KOPIyCKyJIbl HaXOAUTCS
Oeticmeumenvhas moyka MpocTpaHcTBa—BpeMeHu. OJHaKO KOpIycKyJja Mpu-
BsI3aHA K 3TOM TOYKE HE )KECTKO, HO Ynpy2o: €€ CMEIIEHNEe U TOBOPOT OTHOCH-
TEJNBHO 3TOTO IIEHTpPa CBSA3aHBI C 3aTpaTaMH 3Hepruu. Takas cxema AenaeT
OoJsiee MOHATHBIM HE3aBHUCUMOCTH OelicmeumenbHbvlx 1 NHOUHUTE3UMATbHBIX
nedopmarnmii adupa. [lpu ero unummuvix nepopmarusax mosoKeHue KOpIyc-
KyJI OTHOCUTEIIbHO MX TOYEK MPUKPEIUICHUs He m3MeHseTcs. [Ipu nBmxeHnn
e KOPIYCKYJ OTHOCHUTENIBHO 3TUX TOUYEK, TOCIEIHNE OCTAIOTCS B HEJIBUKH-
MOCTH.
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Ecnu Teneps Bce KOpIyCKYJbl, HapUMEp, HUXKHETO psia OJHOBpE-
MEHHO MOBEPHYTh HAa HEOOJBIIIOHN yroJl, TO 1Mo 3Pupy NoOEKUT BOJHA Bpallle-
Hus kopryckyn. OaHako, 3To emie He Bce. Korga GpuKIMOHBI cTapatoTces mo-
BEPHYTh OUEPEIHOU Psii KOPIYCKYJI, OHU HE TOJIBKO UX MOBOPAYMBAIOT, HO U
CMENIaloT B TOPU30HTAIILHOM HampasiieHud. [Ipu pacnpoctpaneHuu BOJIHBI B
HaIpaBJIeHUH, COOTBETCTBYIOIIEMY HAINpPaBICHUIO CHHU3Y BBEPX HAIIETO pHU-
CyHKa BeKTOp yria noBopoTa H xopmyckyn OyaeT HampaBlieH MEpIeHIUKY-
JSIPHO IUIOCKOCTH PHUCYHKA, a BEKTOp E, mponopumoHanbHBIA UX CKOPOCTH,
OyZAeT JeXaTh B MJIOCKOCTU PUCYHKA U B TOPU30HTAJILHOM HarpaBieHud. [1pu
3TOM HampaBJieHUE PACIPOCTPAHEHUS BOJIHBI OyIET ONpPEAEATHCS BEKTOPOM

S = ExH.

Onektpuyeckoe noie E sBuaserca no cyTH, CKOPOCTbIO JBUKEHUS KOP-
MYCKYJI B OKPECTHOCTU TOW MJIM UHOM TOYKH 3(upa, U, CIeI0BaATEIBHO, IHEP-
T'HI0, CBSI3AHHYIO C 3TUM JABUKEHHUEM, CIIEyeT CUUTATh KUHEeMmuU4ecKol dYHep-
rueit a¢upa. COOTBETCTBEHHO 3TOMY, SHEPTHUs, CBSA3aHHAs C TOBOPOTOM ITHX
KopmycKyJ Ha yroa H sBisieTcst nomenyuanbHou. ITO BIIOJIHE COOTBETCTBYET
ToMy, 4To (QyHKuus Jlarpanxka sdupa sBiseTcs pa3HOCTbIO €r0 KUHETHYe-
CKOM U MOTEHIUAJIbHOW SHEPTUIA:

A= (B 1),

e g = 8.85-107" Jx/B* /M — AJIEKTpUYECKAasi TOCTOSTHHASI, KOTOpast SIBJISICT-
cs1 0ECKOHEYHO OOJBIION BEIMYMHON BTOPOTO MOPSIIKA MU, KaK TOBOPAT Ma-
TEMAaTUKH, IPUHAIIICKUT APYTOH eanaxmuxe. JIOTUKa crenuaaIbHON TEOPHH
OTHOCHUTEIBLHOCTH TPeOyeT, 4TOOBI KaK 3JIEKTPUYECKOE, TaK U MAarHUTHOE T10-
JIe U3MEPSIOCh B OAHUX M TEX K€ eIuHHUIAaX. Eciii BBeCTH OCCKOHEYHO Ma-
JYI0, HECOM3MEPUMYIO C METPOM EIAWHHILYy JUIMHBI, TO €€ €CTECTBCHHO Ha-
3BaTh Boibmom; TPU 3TOM CAWHHUICH SJIEKTPOMArHUTHOTO IONS Oyjaer
Bonbst/™meTp.

AHanumu4eckasi 3ﬂeKmp06UHaMUKa

BuadumpHbie yucna

OCHOBHBIM TPENATCTBHEM, HE IO3BOJMBIIUM A. DUHINTEHHY OOBEIUHUTH
CAUHBIM 00pa3oM DJIEKTPOMAarHUTHBIC W TPaBUTAIIMOHHBIC B3aUMOCHCTBHS,
SBHUJIOCH TO, YTO YCTpPAHEHHUE €To K€ yCHWIHAMHU ddupa u3 paspsaga pusnde-
CKUX MOHSTHUM CAENaN0 3JEKTPOMArHUTHOE MOJI€ TIEPBUYHBIM MOHSATUEM, HU-
KaK HE CBSI3aHHBIM CO CBOMCTBaMM MpPOCTpaHCTBa—BpeMeHU. EnuHOe MOHU-
MaHUE CHUJI MHEPIIMU U DJEKTPOMATHUTHOTO TOJS KaK pesyibTaTta aedopma-
uu dupa — (PUHUTHOM, BRIPAKAIOMIEHCS NEHCTBUTEILHBIMU YUCIAMH, B
MEePBOM Cilyuyae, U UHOUHUTE3UMAIBHON, BO BTOPOM, — IO3BOJISIET HACTOJb-
KO €CTECTBEHHO, €CJIM HE CKa3aTh KPACUBO, MOHSThH CYIIHOCTh €AUHOMN JJICK-
TPOTPABUTAIMOHHON TEOPHUH, YTO MOXKHO, [MO—BUJIMMOMY, HE COMHEBATHCS B
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ee UCTUHHOCTHU. Bcst aTa Teopust coepkuTcs, Mo CyTH, B oaHOU (dpaze: adup
— 3TO HE MPOCTO MHOXKECTBO TUINEPACHCTBUTEIBHBIX TOUYEK, HO 00JIamaeT
byHIaMEHTAIBHEHIIIUM CBOMCTBOM OBITh AHAIUMUYECKUM MHO2000pa3uem.
OTO IOXO0XKE HA TO, KAK CBOMCTBO OOBIYHOM INIOCKOCTH OBITH KOMIIJICKCHOMU
MpeBpalaeT ee B UICAIbHYI0 IBYMEPHYIO KUJIKOCTh.

* *

Xopo1io U3BECTHO [3, 4], 4TO 3JIEKTPOMAarHUTHOE MOJIE MOXKET NMOHUMAThCS
KaK aHAIATHYECKass (PYHKIUS OCOOBIX YHCEI, KOTOPhIE HA3bIBAIOTCS OUKBA-
mepHuoHamu. BUKBaTepHUOHBI — 3TO OOBIYHBIE KBATEPHUOHBI, KOMITOHCHTHI
KOTOPBIX MOTYT OBITh KOMILJIEKCHBIMU 4HcliaMu. MHaue roBops, anredpa Ou-
KBaTEPHUOHOB KPOME TPEX aHTUKOMMYTHUPYIOIINX KBAaTCPHHOHHBIX €IWHUIL
COICPXKUT W OOBIYHYIO KOMIUICKCHYIO emuHHMIy. lIpemcraBisercs, oJIHAKO,
0oJiee eCTECTBEHHBIM CBsI3aTh A(DUP C APyroi anredpoid, KOTOPYI Mbl Ha30-
BEM alreOpoil 6usgupHbix yucen Wik 6usgupuoros. Ita anredpa poaCTBEH-
Ha ayreOpe OKTaB M OTIUYAETCS OT HEe TEM, YTO BCE €€ aHTUKOMMYTHPYIO-
IIME eIUHUIIBI HE KOCOOPMHUTOBBI, KaK B OKTaBaxX, HO 3pMUTOBHI. [Ipenmyiire-
CTBO k€ OMA(PUPHBIX YHCEI IO CPAaBHEHUIO ¢ OMKBATEPHUOHAMHU 3aKITI0YACTCSI
B TOM, YTO BCE€ WX €AMHUIIBI UMEIOT OJAMHAKOBBIN cTaTyc. Oco00 BaKHO TO,
HOpMa OMA(GUPHOTO YHCia, T. €. KBaApaT ero MOAYJIsA, BCETa SIBISETCS Oeli-
CMBUMENbHLIM YUCIOM, TOTJIa KaK HOpMa OMKBATEpHUOHA, BOOOIIE TOBOPS,
YUCJIO KOMIUIEKCHOE. To 00CTOATEIBCTBO, UTO anredpa O6usgupuorHos Heac-
COIMATHBHA, HUKAK HE MEIIAET €€ UCIIOJIb30BAaHUIO B DJICKTPOIMHAMHUKE.

BBengem 00BEKT a, KOTOpBIH MBI OyJeM Ha3bIBaTh dPUPHBIM YUCIOM
WU 3QQupuoHoM:

a=ay+ia, +ja,+ kas =ay+ a.
busupronamu xe OyaeM Ha3bIBaTh UMCIA, SIBISIIONIUECS YJBOSHUEM A(u-
PHUOHOB
c=a+ bl
[lepBoe cnmaraemoe OmddupHOro ymcina OyneM Ha3bIBaTh €ro 3¢upHoiu Ya-
CTBIO, @ BTOPOE — K02¢upHotl. DPUpHbIE €NUHULIHI I, j, k, [ yMHOXKAIOTCS 110
paBUIaM:
P=r=t="F=1; ij=k; ki=jl, jk=il.
Bce 3Ti enuHMIBI aHTUKOMMYTHPYIOT MEXAYy co0oi. Ecu BBEeCTH cHMMeET-
pUYHOE TTpom3BeicHNe IPUPHOHOB
a*b=a-b+ ayb + bpa,
(TOuKOI1 0003HAYEHO — CKAJISIPHOE MPOU3BEICHUE a-Db COOTBETCTBYIOIIUX Ye-
THIPEXMEPHBIX BEKTOPOB), & TAK)KE UX AaHTHCUMMETPHYHOE TIPOU3BEACHHEC
(axb)l = axbl,
TO MPOU3BeIeHNE Y(PUPHOHOB MOKHO KPaTKO 3aIncaTh KaK
ab = a*b + axbl.
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DupHOH a, CONPSHKEHHBIA a, €CThb @ = dy — 4, U COMNPSHKEHHBIN Oudupu-
OH C COOTBETCTBEHHO — ¢ = a — bl. JIea Ouddupuonae=a +blu f=c +dl
YMHOXAIOTCS TI0 TIPABHIITY

ef = ac +db + (da + bo)l .

[Tockonbky anredpa OudGUPHOHOB HEACCOIMATHUBHA, MOXKHO YCJO-
BUTHCS TIOPSAOK coMHOkuTeNeH (...(d(c(da)))) cuntarh HOPMAJIBHBIM M, TSI
KpPaTKOCTH, 3alUChIBaTh 0e3 CkoOOK. M3 aToi popmynsl ymHONKEHUS OHdPup-
HBIX YHCEN JIETKO TMOJIYYUTh MpaBuiia oOpareHus: ¢ ousguproi eounuyei l.
Ecnu a u b a3¢pupuonsl, TO

(al)(Ib) = ba; (al)b=(ab)l; a(bl) = (ba)l.

bynyun neaccommaTuBHOM, anrebpa 3(UPUOHOB COXpAHSIET, TEM HE MEHEe,
noI00HO anredpe OKTaB CBOWCTBO aIbMEPHAMUBHOCMU YMHONCEHUs], KOTO-
poe, B caMoM OOIIIeM BUJIE 03HAYAET, YTO MPOU3BEJEHUE JTH000ro uncia Ou-
(UPHBIX COMHOXHUTEJICH, COCTABICHHOE TOJBKO M3 JBYX Pa3HbIX yucen (u
YHUCEN, UM COMPSHKCHHBIX ), HE 3aBUCUT OT TOCIEAOBATEILHOCTH YMHOKEHUN
U, CIIEIOBATCILHO, MOXKET OBITh 3amucaHo 0e3 CKOOOK. M3 3Toro cmoiicTBa
OMP(UPHBIX YHUCEN Cpa3y CleIyeT TaK Ha3bIBAEMOE «TOXIECTBO BOCHMHU
KBaJ[paToOBy:

(ef )ef ) =(e&)(ff).

AHanutnyeckume pyHKUMMN 3pupHOro aprymeHTa

Omnpenenum oneparop auddepeHnpoBaHus

6=80+i81 +j82+k63=80+6,
rae 0y — cumBoa AudPepeHImpoBaHus 0 KOOpAUHATE Xy = ct, 01 — 10 X| U
Tak janee (IUisi TOro 4To0bl ATOT OMEPATOP COOTBETCTBOBAJ, B YACTHOM CITy-
yae, onepanuu auddepeHImpoBanns GyHKIHN KOMIJIEKCHOTO TIEPEMEHHOTO0,
cienoBano Obl BKIIOYHTH B €r0 ompeseiacHne KodhGUImenT paBHbIi Y2, oJ1-
HAKO B DJICKTPOJUHAMUKE ATO HE MPHUHSATO). Y CIOBUE aHATUTUYHOCTU (BEp-
HEe, JIEBOPETYJIAPHOCTH) (PYHKIHUU dPUPHOTO MEPEMEHHOTO SBISETCA 0000-
IICHUEM YCJIOBHUSI AaHAIMTHYHOCTH (DYHKIMH KOMILJIEKCHOTO TEPEMEHHOTO,
TOJTHOTO IS TF0OOOTO THIEPKOMILIEKCHOTO apTyMEHTa:

OF =0. (1)

Ecin nonoxurs

F=E+IH=E,+E+I[H,+[H,
U pacnucath yciaoBue (1) mo cocrapisitomiuM 6u3GUpHON PYyHKIHUH, TO TTOJTY-
YUM CUCTEMY YpaBHEHUH

OE=J" GE-oxH=-1J; )

O0H=-1";, 6,H+0xE=1 (3)
VYca0BUS aHATUTUIHOCTH — OyJIeM B OTJIMYHE OT COOTBETCTBYIONIUX ypaB-
HEHUHM Ha3bIBATh UX YCIOBUAMHM MakcBeia — COBMAAalOT MO BHAY C YpaB-
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HEeHUsIMU MakcBesia Ipy HAJIMYKUK JIEKTPUYECKUX U MAarHUTHBIX 3aps/ioB U
TOKOB. DTH BEJIUYMHBI BBIPAXKAIOTCA Y€pe3 CKAJISPHYIO U IMCEBAOCKAIAPHYIO
YacTH aHAIUTUYECKO (QyHKIUuU F(X):

J=0E,; [=0H,.
HecMmoTps Ha CBOIO BHEIIHIOIO MOXO0KECTh YCIOBUS MakcBeiia U €ro ypas-
HEHUs1 00JaJar0T COBEPILIEHHO pa3JIMYHBIM CMbICIOM. B ypaBHeHunm Mak-
CBeJIJIa 3apsibl U TOKH BBICTYNAIOT KaK T'PAHUYHBIE YCIOBUS JJIA ONpesese-
HUS KOHKPETHOTO BHJIA 3JIEKTPOMArHUTHOTO MOJS: 3TH YCIOBHUS MOTYT MpPO-
U3BOJIHO 3aJ1aBaThCsl dKCIepuMeHTaTopoM. B ycnoBusax xe Makcpemna ¢u-
TYPUPYIOIINE B HUX COOTBETCTBYIOIIUE BEJIMYMHBI SIBJISIOTCA YAaCThIO pellie-
HUM, YIOBJIETBOPSIOIIMX 3TUM YCIOBUAM. J[Ji1 TOro 4yToObl HE BO3HUKAJIO
HEJ0pa3yMEHHU, MbI OyJIeM BETMYMHBI, BXO/SIINE B YCIOBUSI aHATUTUYHOCTH
(2, 3), Ha3BIBATh NOIEBLIMU 3APAOAMU T MOKAMU.

OObIYHO, paccMaTpHBasi JIEKTPOMArHUTHOE MOJI€ KaK aHATUTHYECKYIO
GyHKIUIO OWMKBATEPHHMOHHOTO apryMeHTa, CKAJSIPHOE W TICEBIOCKAISIPHOE
nonsa Ey u Hy monararoT paBHBIMH HYJIFO — MBI OyZieM Ha3bIBaTh UX, COOTBET-
CTBEHHO, 3JIEKTPUUYECKUM W MArHUTHBIM H)J1b—HOJleM — W CUUTAIOT, YTO yC-
noBUsA MakcBesia ONMUCHIBAIOT 3JIEKTPOMArHUTHOE TOJIE B MyCTOTE. 3apsiabl
e U TOKH PacCMaTpHUBAlOT, B CIydae HEOOXOIUMOCTH, KaK MPOU3BOJIBHO 3a-
JIaBaeMble OCOOEHHOCTH COOTBETCTBYIOIIUX aHANUTH4eCKuX (QyHkumid. [lo-
CKOJIBKY TaKOI'O pojia 3JTMMUHUPOBAHUE HYJIb—IIOJEH HUKAK HE OMPABJAHO C
MaTE€MaTUYECKOM TOYKU 3PEHHUs, Mbl HE OyJIeM 3TOro Jenarb, HaJesiCh, YTO
MaTeMaTHKa cama pacCTaBUT BCE 10 CBOUM MECTaM.

Ecnu cuurtarh, Kak 3TO AENANOCh 10 AKCIEPUMEHTAIBLHOTO MOATBEP-
xaeHus 3pdexra AapoHoBa—boma, 4TO BEKTOPHBIM MOTEHIMAN SBISETCA
BCEro JIMIIb UCKYCCTBEHHBIM 00Opa3oBaHHEM, YAOOHBIM JUJISl pELICHUsl ypaB-
HEeHUI MakcBesuia, TO OH OKa3bIBa€TCAd HEOJAHO3HAYHO ONPEACIICHHOW BEIU-
yrHOW. HyM MarHuTHOE, HU JJIEKTPUUYECKOE I0JI€ HE M3MEHSATCS, €CIU MOJ-
BEPrHYTb €r0 TaK Ha3bIBAEMOMY KAIUOPOBOUHOMY NPeoObpa3068aHUID:

A—>A + j[;k,
r7e f — Npou3BOJIbHAS CKaJisipHash PYHKIUS KOOPAUHAT U BpeMeHu. Ecnu xe
cuuTaTh A(PUPHBINA OTEHIIMAN BeKTOpoM Aedhopmanuu 3pupa, TO OH, €CTECT-
BEHHO, JIOJDKEH YAOBIIETBOPATh ypaBHEHUIO A'Anambepa
8’4 =0,

0JI00HO TOMY, KaK COOTBETCTBYIOINN «ITOTEHIIMAID», TOPOKIAIOIIHNIA aHAIIN-
TUYeCKrUe (DYHKIIMN KOMIUIEKCHOTO apryMEHTa, IOJDKEH YAOBIETBOPSTH JABY-
MepHoMy ypaBHeHHIo Jlamiaca. B atom ciydae xanuOpyromas GpyHkuus f ca-
Ma J0JDKHA OBITh PEIIEHHEM BOJHOBOrO ypaBHEHHUs. [[1s1 Toro 4yToObI B TE€O-
pUU HE BO3HUKAIM HYJb—TIOJS, KaIMOPOBOYHOE MPEeoOpa3oBaHHUE CIEAYET
BbIOpATh TaKUM, YTOOBI BBIMOJHSIOCH TaK HA3bIBAEMOE KAIUOPOBOUHOE YCIlO-
sue Jlopenya:
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O3HayaroIIee, Mo CyTH, HHPUHUTE3UMAIIBHYIO Hecocumaemocms 3¢gupa. OT-
METHUM, YTO YJIOBJCTBOPSIOIIAS BOJHOBOMY YPaBHEHHUIO KaJUOpyromas
GYHKIIUS MOXKET pacCMaTPHBAThCSA KaK HEKUH TMOTEHIHAJ, MOPOXKIAFONTUI
cosuzoswvie oepopmayuu 3pupa, He UIMEHSIOININE €T0 TIOTHOCTH. Ecnu 3a1an
3(UPHBII TTOTEHIIUAT A, TO IEKTPOMArHUTHOE TIOJIE€ TOTydaeTcs ero audde-
PEHITMPOBAHUEM
F=—04A=E,+E+[H

nim 0oJiee moapoOHO

EO:—%A'O—diVA; E:—%A—gradAO; H =rotA.

Jljis TOro 4To0BI B AJIIEKTPOMArHUTHOM TIOJI€ TPUCYTCTBOBAJIO M TICEBIOCKA-
JSIPHOE, MAaTHUTHOE HYIb—TIOJE, CIEAyeT BOCIOIh30BaThC HE d(PHUPHBIM, HO
BOCHBMHKOMIIOHEHTHBIM OMA(UPHBIM TOoTeHIIManoM. OJHaKo, MOCKOJIBKY B
pUpoJie, MO—BUINMOMY, HE BCTPEUYAIOTCS MarHUTHBIE MOHOIIONH, MBI HE OY-
JIEM Ha 3TOM 3a0CTPSTh CBOE BHUMAHUE.

OTmeTuM, 4TO aHaTUTUYECKUEe (PYHKIIMHU, B CAMOM OOILIEM CMBICIIE 3TO-
ro MNOHATHS, OOJAAAIOT CBOMCTBAM KoH@opmHocmu. B IByMEpHOM, KOM-
IUIEKCHOM CJIy4yae 3TO O3Ha4yaeT, YTO COOTBETCTBYIOLIUE aHAJIUTUYECKHE
GYHKIUHA OCYHIECTBISIOT cHerupuyeckoe mpeodpa3oBaHUE IUIOCKOCTH, MPHU
KOTOPOM OKpECTHOCTh Ka)XKJOW €€ TOYKM MOBOPAuMBAETCS Ha HEKOTOPBIH
yTOJI ¥, HE MEHssI CBOEH (POPMBI, UCTIBITHIBAET OJHOPOIHOE CKATHE HIIU pac-
TsDKeHue. B ciydae Gombliero dncna u3MepeHuit KoHpopMHOE mpeodpa3oBa-
HUE COOTBETCTBYIOILIETO MPOCTPAHCTBA MOXKET BKIIOUYATh B CEOS TOJIBKO TPH
oTiepaIy: TPaHCIALHUIO, T. €. OJUHAKOBOE CMEIICHHE BCEX TOYEK MPOCTpaH-
CTBa, €r0 TOBOPOT KaK HEKOETO €IMHOTO TBEPAOTO Tella, U MHBEPCHUIO, OTHO-
CUTEJIBbHO KaKOM-IM00 TOYKH 3TOr0 mpocTpaHcTBa. Takum oOpa3zom, HH(UHHU-
Te3UMajbHOE Mpeodpa3oBanue d(hupa, OCYIECTBISIEMOE 2APMOHULECKUM, T. €
yJOBJIETBOPSIONIUM ypaBHEHUIO ' AntaMOepa BEKTOPOM MH(GUHUTE3UMATbHON
nedopmanuu A, B 00IIeM ciiydae He MOXKET ObITh KOH(popMHBIM. OHAKO, B
0CJIa0JICHHOM BHUJIE CBOMCTBO KOH(OPMHOCTH COXPAHSETCS U B CIIy4yae aHa-
JUTHYECKUX (PYHKIUN dPUPHOTO MEepEeMEHHOT0. DTH (PYHKIIUU, HWHBAPUAHT-
HbIE€ OTHOCHUTEJIBHO Je(opMaIuu CIBUTra, OMHUCHIBAIOT KOHMOPMHYIO 4aCMb
rapMoHHueckoi nedopmauuu >¢upa. [Ipu 3ToM 371eKTpUUYecKoe HYJIb—I0Je
ABIIAETCA KOIPPUIIMEHTOM OJHOPOJIHOTO CXKATHSI OKPECTHOCTH KaKOH—ITHO0
Touku 3¢upa, a BektopHoe nojie F = E + /H onuceiBaeT moBOpOT 3TOi OKpe-
CTHOCTH.

3|-|eprm| n nMmnynbC aHANIMTU4eCKOro nons

VYpaBHenus Makcsemna (2, 3) MOTyT OBITh MOJY4Y€Hbl BapbUPOBAHHEM IIO
KOMIIOHEHTaM OMd(UPHOTO MOTeHIMAa AeUCTBUS ¢ PpyHKIHel Jlarpamxka
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A=—2FF =22(B? ~H* — B} — H{). 4)

Ecmu dynknuro Jlarpamka 3amucath B TECH30PHOM BHJIE, TO MBI TIPUAEM K yC-
JIOBUIO MakcBeluia B BUJIE

Fl=-J" (5)
FI=0; (6)
rjae ]?}j =(H,—E) — rensop ayanbHbId TeH30pY F);
~ 1
F; = EgijklE'j

a J; = Ey;p — KOMIIOHEHTBI 3aps0B—TOKOB (MBI MOJIOKUIIN MAarHUTHOE HYJIb—
MoJie OTCYTCTBYIOMUM). J[71st mepexoaa oT 3UpHBIX 0003HAYCHHIN K TEH30p-
HBIM CJIEIYET CUUTATh, YTO

dx,4,0 > dx',A', 0y m dx, 4,0 dx;, 4,0/ .

TeH30p >HEPrUM—UMIIYJIbCa 3JIEKTPOMArHUTHOIO IIOJSA IIPU HAIMYUU
HYJIb—TI0JIA Ey JIETKO MOJYy4YuTh, BapbUpys AeiictBue ¢ (yHkuueit Jlarpan-
*a (4), 3a1McaHHOE B IPOU3BOJIBHBIX KPUBOJIMHEWHBIX KOOPJAUHATAX, 10 KOM-
IIOHEHTaM METPHUYECKOro TeH3opa gB;z [5]. B pesynbrare 5T0M onepanuu Ml
IIOJIyYUM, YTO TE€H30P YIHEPTUU—UMILYJIbCA COCTOUT U3 ABYX YaCTEU:

Ty =T;" +T;" (7

1
rae 7" — Ta yacTh TeH30pa PHEPrUU—HMITYIIbCA, KOTOPAs HE 3aBHCUT OT Ha-
JIMYUS] WA OTCYTCTBHS HyJb—T10J1s1. OHA UMeeT CBOM OObIUHbIN BU [6]
1 +() k1 mn
%Tij =—FyF; +§anF 8ij-
Tersop 7Y MOXHO MOTYYHTb M3 JOMOTHHTEIBHOTO ASHCTBHS C JIArPAHIKHA-
HOM
€9

2
AO = —7E0 .

B NpoM3BOIBHBIX KPHBOJIHHEHHBIX KOOPIMHATAX 4—IMBEPreHINs BeKTOpa A’
ONIPENEIIAECTCS BEIPAKEHUEM
o—gg""4,

E@x" ’
IJIe g €CTh ONPEICIIUTEINb, COCTABIEHHBIN U3 KOMIIOHEHT Te€H30pa gB;iz. BbI-
IIOJIHSASI CTAHIAPTHYIO IPOLEAYPY, OIYYUM, YTO

1 (0 k 1 -2
el = =5 Eg)gy —Jid; =T 4. (®)

Y6enuTecss B MPaBUIBHOCTU BBIPAXKEHHUS NJIS TEH30pa YHEPTUH—UMITYJIbCa
AIIEKTPOMATHUTHOTO TOJII MOKHO, IPUPABHSIB HYJIO ero 4—auBeprenuuo. B
pe3yiabTaTe OyJeM UMETh YpaBHEHHE
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k k kol K
%E;k:_Ai'];k"'F;'l(F;k +J )+%F By

Bt = Figsr + Fiyi + Fii -
W3 3TOro ypaBHeHus cieAyloT ypaBHeHHs Makcseina (4, 5) u, KpoMe TOro,
ypaBHEHHE HEMPEPBHIBHOCTH TS TIOJIEBOTO TOKA.

BaxxHoll 4epTOl TEH30pa IHEPrUHM—UMIIYJIbCA AHATUTUYECKOIO IT10JIA
SIBIISIETCS] TO, YTO OH SIBHO 3aBUCHUT OT BEKTOpa MH(PHUHUTE3MMAIBHOU Hedop-
maiuu 4. bonee Toro, uHTerpan ot GUIrypupyrouei B ypaBHeHUH (8) II0T-
HOCTHU 3Hepruu J-4 1o BceMmy NMpOCTPaHCTBY TOXKE 3aBHCUT OT CIABUIOBOH Jie-
dbopmanmu dpupa. ITO 03HAYAET, YTO, HECMOTPS HA TO, YTO HH IJIEKTPOMAr-
autHoe Tosie (E, H), Hu snexTpudeckoe Hyb—TI0JI€ HE 3aBUCAT OT jJedopMa-
IIUU CIBUTA, TEOPUS B IIETIOM OKa3bIBAaCTCSI HEMHBAPHAHTHOW OTHOCHUTEIHHO
Takux Aeopmarmii. ITa CHUTyalusi BIIOJIHE COOTBETCTBYET HAlleld MOAETH
apupa Kak «POTAIMOHHOTO KPUCTAJIJIa» — B HEM HEBO3MOXKHBI CIBUTOBBIC
CMEIIeHUsT KOPIyCcKya 6e3 ux BpamieHus. [[0CKONMbKy MBI TEeNepbh HE MOXKEM
IPOU3BOJIBHO AePOPMHUPOBATH 3PUP CABUTOBBIM 00pa3oM, TO MPEACTABISAET-
Csl OUEHb YNOOHBIM, XOTSI Obl MBICIEHHO, UTHOPHPOBATh CYILECTBOBAHHE B
KOPITYCKYJISPHOM KPUCTAJIJIE «BPEMEHHBIX BOJIH» BHUJA

A= AQ(O)f — kX)
Jlomy1enne Toro, 4To HyJeBas KOMIIOHEHTa BeKTopa Ay nedopmannn Bceraa
paBHa HYJIO, T. €. YTO BPEMEHHAasl OCh HE WCIBITHIBAET NH()PUHUTE3UMATHLHBIX
UCKaXXCHHM, MPOTUBOPEUUT, KOHEYHO, JIOTHMKE aHall3a M, COOTBETCTBEHHO,
HapyIIaeT MPUHIUI PEISITUBUCTCKOW MHBapuaHTHOCTU. OIHAKO, MPH TaKOM
JOIYIIEHUN MBI MOKEM pacCMaTpUBATh KOPITYCKYJISIPHBIM KpUCTAJLI B Oojiee
IPUBBIYHOM BHJIE — KaK mMpexmepHbulli Kpucmaii, KOHpUrypanuss KOTOporo
3aBHCHUT OT BpeMeHU. Eciu noctynupoBarh, 4TO BEKTOPHBIN MOTEHIMAT JIEH-
CTBUTEJIbHO BCETJa SIBJISIETCS TPEXMEPHbIM — A = A, TO UHTErpajl OT BEJU-
4YuHBI J-A, MOCKOJBKY OH TeNepb MOXKET ObITh MPEOOPa30BaH C MCIOJIb30Ba-
HUEM Teopembl ['aycca, Oka3bpIBaeTCsi HE3aBHCHMBIM OT MPOCTPAHCTBEHHBIX
nedopMaiuii caBura:

jJ-Adv:ngdv.

OtmeTuM, 4TO, paccMaTpuBas 3(Up KaK TPEXMEPHBIH KPUCTAII, MbI
MO’KEM CUHUTATh, YTO JEKTPUUECKas MOCTOSIHHAS &) — OECKOHEYHO OOJIbIIIast
TIIOTHOCTB 3()Hpa, U3MEPEHHAs B SHEPreTHIECKUX eIMHMNAX €/t = 8.85-107"
JIK/M, THe | — GeCKOHEYHO GOIBIIOi Ge3pasMepHBIii, 10 CBOEH CyTH, K03b-
dunment: 1 = 1 M*/B>. C apyroif CTOPOHEI, 3Ty HOCTOSHHYIO MOKHO paccMaT-
pUBaTh U KaK yHPYrocTh «CHUPAIbHOW MPY>KUHBD, HE MO3BOJSIONMIEH KOp-
MyCKYJIe BpallaTbcs BOKPYT cBoero 1eHTpa. [1oCKoIbKy KOpITyCKYJbl MOTYT
JIBUTAThCSl TOIBKO ¢ OECKOHEUHO MaJiOl CKOPOCThIO, MbI JOJIKHBI CUMTATh UX
Maccy OeCKOHEUHOM. DTy MX Maccy clieflyeT MOHMMAaThb KaK UHEPYUOHHYIO,
CBSI3aHHYIO C KHHETUYECKOW dHEPTrUer KOPIyCKyJl. UTo Kacaercs rpaBUTaLU-

41



OHHOM MX MAaccChl, Macchl MOKOSI, TO, MOCKOJbKY OHa HE BXOJHUT B TEH30p
SHEPTrUU—UMITYJIbCA, €€ CIEAYET CUMTATh PABHOM HYIIIO.

% %k

PaccmoTpum Teneps TpuBHalIbHOE pelieHue ycaoBus Makcepema (2, 3) Buaa
F=F,=Ey+I[H,=const.

3aMeuaTenbHbIM MPEACTABISIETCA TO, UTO 3TOMY PEIICHUIO COOTBETCTBYIOT,

MO—BUIMMOMY, BIIOJTHE HAOII0aeMoe sIBIICHHE. B 3TOM ciydae TeH30p dHEp-

TUU—HUMITyJbca (8) OymeT uMeTh BUT

&
T, =2 (H; ~ E3)gy ®)

CorsacHO OTHOCHUTENIBHO HEJAaBHEMY BEIMKOMY KOCMOJOTHYECKOMY
OTKPBITUIO [7, 8] CKOpPOCTh pa30eraHvsi yAaJE€HHBIX TaJaKTHK OKA3bIBACTCS
TeM OoJibllle, YeM JAajblle OT Hac OHU Haxoaarcsa. OOBSCHUTH ITOT (akT B
paMKax o01Iell TEOpUH OTHOCUTEIILHOCTH MOKHO TOJIBKO TeéM, 4TO Beenennas
3arojHeHa HEKOTOPOM CyOCTaHIMeN ¢ oTpulaTreabHON 3(PPEeKTUBHONU IMIOT-
HOCTBIO 3Hepruu pP?"" = p + 3p, rie p — MIOTHOCTH 3T CYOCTAHIHH, a p
— CYILECTBYIOIIEE B HEN JaBieHue. Eciau u3MepAaTs 3Ty INIOTHOCTh B €JUHU-
[[aX KPUTHYECKOU MIIOTHOCTHU

2
P, = 3x(%j =540 £90 mxTa,

42
rae H =65 £ 15 km/c/Mnc — nocrosinHas Xa06mna, a A =4.81 10 H — pa-
IIMOHAJIM3UPOBAaHHAs TPABUTAIMOHHASI TIOCTOSIHHAS, BBIOpAHHAs TaK, YTOOBI
3akoH HploTOHA MeT BUA

7 (me?)myc?)

SAr>
TO OTpeAesIeMasi i3 aCTPOHOMUYCCKUX HAOJI0ICHUI BETMYNHA
paqbqb
=—1.4%0.2.
P

B pa6ote [9] 3Ty runoreTuueckyro CyOCTaHIIUIO MPEAJIOKEHO HA3BATh
keunmaccenyueti. OUeBUIHO, YTO cHOPMYIUPOBaHHAs B HacTosIIe padore
KaTeropus HYJb—IIOJISI UICATbHO COOTBETCTBYET MOHSTHIO KBUHTICCEHIIUU.
JIJ1st 5TOTO OCTATOYHO CPABHUTH TEH30p (8) C TEH30pOM IHEPTrUU—UMITYJIbCA
MaTepHAIbHBIX TeN (B JaHHOM CiIy4ae — KBHHTICCEHIIMH), KOTOPHIA B CO-
MyTCTBYIOIIEH CUCTEME KOOPAUHAT UMEET OTIUYHBIE OT HYJIS KOMIOHEHTBI

(@) _ - (@) _7(g) _7(q) _
Tog' =p; Ty =15 =T33 = p.
Takum 00pa3oM, Bbl BUAUM, YTO KBUHTICCEHIIMIO [, BIIOJIHE MOXKHO OTOXKJE-
CTBHUTb C OJHOPOJAHBIM HYJIb—IIOJICM F() IIpu yCJIOBHUHU, YTO MAIrHUTHOC HYJIb—
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noJsie Hy NpeBOCXOAUT O abCOIMIOTHOM BEIMUYMHE 3eKTpuueckoe — Ej. 13-
MEpPEHHOE 3HAYECHHE KBUHTAICCEHUMU, T. €. MOCTOSTHHOTO KOCMOJOTHYECKOTO
HYJIb—TI0JIS1, COOTBETCTBYET BEITMUMHE

|F,|[=92+14B/cw .

Kak Mbl yBUAMM HIDKE, UMEIOTCSI JOCTATOYHO BECKUE JOBOJIBI, YKA3hIBAIOIINEC
Ha TO, YTO KBHUHTICCEHIUS COMEPKHUT B ceOe TONBKO MarHUTHOE HYJb—IIOJe
— DJJIEKTpUYECKas XK€ ee cocTamisiomas F, paBHa HyJ0. B cBs3u ¢ 3tuMm
UMEET CMBICIT TOSICHUTh, YTO MAaT€MaTUYECKUM CMBICI DBJIEKTPUYECKOTO U
MarHUTHOTO HYJIb—TIOJIEH CYIIECTBEHHO Pa3indaeTcs. DJIEKTPUUECKOe HYJIb—
MoJie SIBJSIETCS, MO CYTH, KOAGOUIIMEHTOM O0OBEMHOTO CHKATUSI—PACTSKEHUS
adupa. B otmmune ot 3TOrO0 nceBmaockansapHoe moie H, onuchiBaeT MHUHU-
TE3UMaJbHOE UCKpusieHue 3PUPHON TUMEPIIOCKOCTH B OMA(PUPHOM MpO-
CTpaHCTBE. DTO CJEIyeT M3 TOr0, YTO TCEBAOCKAISIPHOE IOJIE MOSBISETCS
TOJIBKO B TOM CJIy4ae, €CJIU BEKTOPHBIA MOTEHIIMAT MUMEET KOd(DHUPHYIO CO-
CTaBJISIONIYI0, KOTOpas HampaBiieHa HOPMAJIbHO MO OTHOIIECHUIO K 3TOW TH-
MEPIUIOCKOCTH. B 3TOM CMBICTIE TTOCTOSIHHOE MarHWUTHOE HYJIb—TIOJIE OTHCHI-
BaeT OECKOHEYHO MaJblii MOBOPOT 3HUpa KaK €IUHYI0 THIEPIUIOCKOCTh B
BOCHBMHUMEPHOM OMA(UPHOM IIPOCTPAHCTBE.

MpononbHbIe BOMHLI U MeMOpaHbI

VYpaBHEHUs, COOTBETCTBYIOIME yCIOBUsIM MakcBemia (2, 3) CoOaepXuT pe-
IICHUS] B BUJE DJIEKTPUUECKUX MPOJIOJIBHBIX BOJIH, PACTIPOCTPAHSIONINXCS CO
CKOPOCTBIO CBETA
E=f({p-x)p;
rzie f — HEeKOTOpas NeUCTBUTENbHAS (PYHKIIMU CKAJIIPHOTO apryMeHTa
DX =PpyXy—P-X,
a p — udeanvroe >PUPHOE YUCIO, YIOBIECTBOPSIOIIEE PABEHCTBY
pp =0.
OTH BOJIHBI CBSI3aHBI C IEPEHOCOM 3JIEKTPUUECKHX 3apsaaoB. Hampumep, anek-
TPUYECKYIO TTPOJIOJIBHYIO BOJIHY C KPYTHIMU MEPETHUM U 3aJHUM (PPOHTAMU
BITOJIHE MOXKHO YTIOAOOHUTH MJIOCKOMY KOHICHCATOPY, IBUKYIIEMYCS CO CKO-
POCTBIO CBETa B HANPABIICHWW TapauIeIbHOM 3aKIIOUYEHHOMY BHYTPU HETO
aneKTpudeckoMy Moito. [IOCKONBKY Takoro pojaa BOJHBI HE CYIIECTBYIOT
IpUpoJie, MBI MOTIM Obl He oOpamiaTh BHUMaHHS Ha HATUYHE TaKUX peIe-
HUM, 00BSIBUB UX «HepU3ndeckuMm». Mbl MOXKEM, OJHAKO, CAENATh JaJeKO
UAYIME BBIBOJIBI, €CIU MPEANON0KHUM, YTO TaKUe BOJHBI I€UCTBUTEIILHO CY-
HIECTBYIOT, HO, DBOJIIOLIMOHUPYSI, OHU TPaHC(HOPMUPYIOTCS, B KOHIIE KOHIIOB,
B T€ CHUHTYJISIpHBIE 00pa30BaHUs, YTO MPUCYTCTBYIOT B TPATUIIMOHHOM DJIEK-
TPOJIMHAMUKE B BUJE 3apS0B M TOKOB. TaM 3TH 3apsijbl CIy»KaT B KauecTBE
HEKMX MOCTOPOHHHUX T'PAHUYHBIX YCJIOBHH, OMPEACIAIONINX KOH(DHUTYpaIHIO
peuieHui ypaBHeHM Makcsesua.

43



Ji1st Toro 4T00BI YOEIUTHCS, YTO 3apsAI0BBIE BOJHBI HE MOTYT JBUTATh-

Csl CO CKOPOCTBIO CBETA, BO3BMEM CJI€]l OT TEH30pa SHEprun—umityibca (7):
T=T}=2¢(J -A-E;).

Tor ¢axr, 4To cinex TeH30pa FIHEPTrUU—UMITYJIbCa IPU HATUYUU HPOJOIbHBIX
BOJIH OTJIMYEH OT HYJIA, O3HA4YaeT, YTO UM COOTBETCTBYET HE paBHas HYJIIO
CKaJIsipHas KPUBHU3HA MPOCTPAHCTBa—BpeMEeHH R. DTO 0OCTOSATENHCTBO O3HA-
YaeT, 4TO MPOJOJIbHBIE BOJIHBI XapaKTEPU3YIOTCS HAIIMYUEM MACChl, T. €. OHU
SABIISIFOTCS. MAXCENbIMY. DTUM OHHU OTJIMYAIOTCA OT OOBIYHBIX AJIEKTPOMAarHuT-
HBIX ¥ FPABUTALIMOHHBIX BOJIH, JUJISI KOTOPBIX CJIEJ] TEH30pa SJHEPTUA—UMITYJIb-
ca BCerja paBeH HYyJIO (ISl TPaBUTAMOHHBIX BOJIH 3TO CIIEAYET U3 BHUJIA CO-
OTBETCTBYIOLIEro TeH3opa Pumana, npusenenHoro B [10]). Ilockonbky B yc-
JOBUSX aHAMUTUYHOCTH Makcea (2, 3) a¢up npeanonaraercs IIOCKUM U
TEH30p KPUBU3HBI 3(pHpa B 3TUX YPABHEHUSAX HE YUACTBYET, TO MbI MOIy4YaeM
apaJoKCaJIbHYIO0 CUTYalUI0, KOI/la OOBEKT ¢ OTIMYHOM OH HYJI Maccoi Io-
KOSl IBUXKETCSI CO CKOPOCThIO cBeTa. Takum 00pazoM, Mbl IPUXOJAUM K BBIBO-
Iy, YTO 3JEKTPOAUHAMUKY B 00s3aTEIbHOM MOPSIKE CIEAYyET pacCMaTpUBaTh
B KOHTEKCTE UCKpUBTAIOWe20Cs 3¢gupa, T. €. UTO IIEKTPOJUHAMUKA OIHCHIBA-
eTcs, BooOI1e TOBOps, HE YPaBHEHUSMHU, COOTBETCTBYIOIIMMH yCIOBUIO Mak-
CBEJIJIa, HO YPAaBHEHUSIMU DUHILITeHHA

i _ i 1 i

[TockoNbKYy 3TH YypaBHEHUSI HEIMHEIHBI U HE CYIIIECTBYET CTAHIAPTHBIX
METOJIOB UX PELICHHUs, TO 33aJa4a aHAIMTHYECKOrO0 MCCIIEOBAHUS 3BOIIOLUN
AIIEKTPUYECKUX BOJIH NPEJCTABISAETCS BEChbMa MPOOJIEMATHYHOM JaXe B OJI-
HOMEPHOM, IUIOCKOM ciyyae. TemM He MeHee, B KaYECTBEHHOM OTHOLUEHUU
XapaKTep COOTBETCTBYIOIIMX PEIICHUM MpEICTaBIsSETCs BIIOJHE SCHBIM. B
CUJIY CBSI3aHHOM C HEJIMHEWMHOCTHIO YPAaBHEHUN TUCTIEPCUH MPOJOJIbHBIX BOJIH
nepeIHuid PPOHT TaKOM BOJHBI, IO MEPE €€ PacCHpOCTPAHEHUs JENAeTCs BCE
0ojee KpyThIM U IMPUHUMAET, B KOHIE KOHIIOB, XapaKTepHYIO S—00pa3Hyto

hopmy.

— - —r

- - - - -
O6pa3oBanue yaapHoro ¢GpoHTa.
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Bo3Hukarolyoo mpu Takoro poja SBOJIOIUU BOJHOBBIX (DPOHTOB HEOJHO-
3HAYHOCTh PEIICHUN OOBIYHO, KaK B CIydae HEIWHEWHOW TUIPOJAMHAMUKH,
HanpuMep, YCTPAHSIOT BBEJACHUEM CUHTYJISIPHOTO (PPOHTA YOapHOU 80./1Hbl, TIO
pa3HbIE CTOPOHBI KOTOPOTO CpEela XapaKTEpPU3YeTCs Pa3HbIMU 3HAYEHUSIMU
cBoux mnapameTrpoB. Takum 00pa3oM, Mbl MOXKEM YBEPEHHO OXKHJaTh, YTO
ypaBHEHHUS (9) UMEIOT «PEIICHUS» B BUJIC 3APSNCEHHBIX MEMOPAH.

BaxHo nmoHumarth, 4TOo ypaBHeHHME MakcBeuia—IOWHIITEHHA B 3TOM
CJIy4ae OINMCHIBAET 3JIEKTPUUYECKUE BEKTOPHBIE U CKAJISIPHBIC IOJIS IO Pa3HbIE
CTOPOHBI OT MEMOpAaHbI, BHYTPEHHHUE K€ CBOMCTBA CaMUX MEMOpaH HUKaK He
CJIEYIOT U3 3TOr0 ypaBHEHHs. TOT (HaKT, YTO 3T OCOOEHHOCTH dJIEKTpOMAr-
HUTHOTO TI0JIS1 HE SIBJISIIOTCS PEIICHUSIMU ypaBHEHUsT MakcBeia—OHIITen-
Ha, KaK pa3 U COOTBETCTBYET TOMY MOJIOKEHUIO, YTO 3apsbl U TOKH B TPAJH-
HAOHHOM 3JICKTPOJAMHAMHUKE BBICTYNAIOT KAK 3a/1aBA€Mbl€ U3BHE I'DAHUYHBIE
yCJIOBUS. MBI HE MOXKEM CUUTATh, YTO MEMOpPAHbI UMEIOT HYJIEBYIO TOJIIUHY
— B ATOM CJIy4ae OHHM HE€ MOTrJu Obl 00JaaTh KAaKUMH—TIUO0 (PU3NYECKUMHU
cBorictBamMu. C Jpyroil CTOPOHBI, MPEJCTABIACTCS OYEHb MaJOBEPOSITHBIM,
yT0 MeMOpaHaM yAacTcCs KOrja—ju0o MpUMHUCaTh U KOHEUHYIO TOJIIUHY —
3TO TOTpeOoBasio Obl BBEJACHUS B3aUMOJEHCTBUN, HE BXoAsAmMX B CTaHgapT-
HYI0 MOJICJIb M HE NPOSBIAIONINX ce0s HUTJE, KpOME KaK BHYTPH MeMOpaH.
Takum 00pa3oM, €IMHCTBEHHO BO3MOXHBIM OKAa3bIBAECTCS HAJCICHHE MEM-
OpaH OSCKOHEUHO MaJIOd, HO OMAUYHOU Om HYJs TOJIIIAHOM, T. €. TOJIIUHOMH,
n3MmepsieMoi B BonbTax. 9TO BIOJIHE COOTBETCTBYET MPEACTABICHUIO O HEAp-
XUMEZ0BOU CymHOCTH 3dupa. OTMETHUM, YTO B HACTOSIIEE BpeMs — IIO-
CKOJIbKY BCE€ YpaBHEHHs (PU3MKHN Oe3pa3IMdHbl K TOMY, C KAKUM MHOTO00pa-
31U€M OHU UMEIOT JIEJI0: JEUCTBUTEIbHBIM WIH TUIEPACHCTBUTEIIBHBIM — MBI
HE MMEEM HHUKAaKMX MaTeMaTUYECKUX WHCTPYMEHTOB IS CO3MaHUs (DU3UKU
OECKOHEYHO MaJIoro U Jake He MpeACTaBiisieM ce0e, Kak OH MOT Obl, B TIPUH-
I[UIIC, BBITJISCTD.

PaccmarpuBas aBe mapasienbHble YIAISIOMMUECS APYT OT Apyra MeM-
OpaHbl Kak pe3yJbTaT KoJuianca (POHTOB COOTBETCTBYIOLIUX IMPOJIOJIbHBIX
BOJIH, HECJIOKHO TMOHATh, YTO BHE 3TUX MEMOpaH HYJb—T10Jie £y paBHO HYJIIO
U OTJIMYHO OT HYJIA TOJbKO BekTopHOe noje E. Mexny memOpanamu, Ha000-
POT, OTJIMYHO OT HYJISI CKAISIPHOE DJIEKTPUYECKOE IMOJIE U PABHO HYJIIO TIOJIE
BekTopHOE. [IpruemM 310 HyIb—TIONE E) 110 a0COMIOTHON BEIMYUHE PABHO MO-
nymo BektopHoro noisi E. B peanbHOCTH, KOHEYHO, MJIOCKHE MEMOpaHbl HE
CYIIIECTBYIOT, OHU 00pa3yIoT 3aMKHYThIE TOBEPXHOCTH, — TUIOCKHM KE MEM-
OpaHaM COOTBETCTBYIOT c(hepuueckre MOBEPXHOCTH OECKOHEYHOTO paauyca.
OtnaBas nanp yBakeHus JIeHOHUITY, HA30BEM TMOYYCHHBIC YACTHIIHI OOITAM
UMEHEM MOHAObL.
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[IpeanpunsaTas B 3ToM paOOTe MOMBITKA MOCTPOEHUS E€IUHON TEOPUH DJIEK-
TPOMArHUTHBIX W TPABUTAIMOHHBIX B3aUMOICHCTBUIN MPEICTABISAETCS abCo-
JIIOMHO A0eK8amHOU, TTIOCKOJIbKY OHAa OCHOBaHa HE Ha CTPEMIICHUU KaK—ToO,
«MaJIoOi KPOBBIO» 000OIIHUTH SKCTICPUMEHTAIBHBIE PE3yJbTaThl B paMKax Cy-
HIECTBYIOIIET0 MaTEMaTHYECKOTro Kpyroszopa ¢usuku. McxonHoe M eIuHCT-
BEHHOE MOJIOKEHHUE 3/1eCh MPENeNbHO IITyOOKO M JEAYKTHUBHO: MPOCTPAHCT-
BO—BPEMsI €CTh AHAIUMUYECKOEe MHO2000pasue Heapxumeoo8ol cmpyKmypbl.
Ecnu BcmoMHUTH NIpUBEIEHHOE HUKE BhICKa3biBaHUe JlMpaka, TO MOXKHO CKa-
3aTh, YTO TA TEOPHUS CJIEaHa MO ero 3aBeTy.
«/IBm>keHne MaTeMaTUKU U GU3UKU B CTOPOHY 00beIMHEHUS CHaOXKaeT
¢bu3rKa HOBBIM MOIIIHBIM METOJIOM HCCJICIOBAHUS OCHOB €T0 HAYyKH,
METOJIOM, KOTOPBIH MOKa HE y/IaBaJIOCh MPUMEHSITh C YCIEXOM, HO KO-
TOPBI, S YyBCTBYIO 3TO, €IIIE JOKXKET CBOE 3HaUEHUE B OyaymiemM. Me-
TOJI COCTOUT B TOM, YTOOBI HA4aTh C BEIOOpA TaKOW BETBH MaTEMaTUKH,
KOTOpas, 1O Balleil MBICIIA, MOKET CTaTh OCHOBAaHWEM HOBOHW TEOPHH.
B 3TOM BBIOOpE HAZ0 PyKOBOJCTBOBATHCS B CHIIBHOM CTENEHH CO00pa-
KEHUSMH MaTEMaTHYECKON KpacoThl... BEIOpaB 00acTh MaTeMaTHKH,
clenyeT HayaThb pa3BUBaTh €€ B MOAXOMAIIMX HAIpaBICHUSIX, MPHU-
CMaTpHUBasCh OJJHOBPEMEHHO K TOMY, KaK OHa MOXXET IMOJAThCs €CTe-
cTBeHHOM (pusnueckoit unrepnperauuu. (I1.A.M. Hupax, K cozmanuto
KBaHTOBOM Teopuu nojisg, M.: Hayka, 1990, ¢.249)».
Bmecte ¢ Tem, MOCTpOeHHAs «eAWHAs TEOPHS MOJS» MHOTUMHU (PU3UKAMU
MOJKET OBITh BOCIIPHHSTA KaK «Pa304apOBHIBAOIIAsH, KOO OHA KJIaJeT KOHEIl
npeTeH3un QU3NKKH Ha «MHUPOBOE TOCMOACTBO». Ha TomM (yHIaMeHTamTsHOM
ypoBHE (pU3UKH, T/I€ TODKHO HAXOAWTHCS JONTOXKIAHHOE OOBSICHCHHE BO3-
HUKHOBEHHUS Mamepuu, Mbl OOHapy>kuBaeMm He GU3HKY, HO mMemaghuzuky. Ta-
KHE TIOHSTHS (DU3UKH, KaK «TOJIbIE YACTHUIIBI», HX Pa3MEphl U Henojiegble Mac-
ChI — 0€3 ITUX MOHATHI KBAaHTOBAs TEOPHsI TIOJIA BCETaa OyeT He3aBEPIICH-
HOW M HEMOCJIEeI0BATEIbHOW, — MOTYT BXOJUTH B TEOPHIO TOJIBKO ¢heHoMe-
HoJlo2UYecKuM oopazom, nOO MOHAJIBI Beeraa OyayT 1 (PU3NKK «BEIIbIO B
cebe». [lo cyTH, TONBKO B 3TOM M 3aKJIIOYAETCS BBIBOJI MPEAJIOKEHHOU €/lu-
HOM TEOpUM — HUYETO APYroro (Gu3uke oHa He JaerT.
AHanuTH4ecKas 3JIEKTpOAMHAMUKA MPUBOJUT K BBIBOJY, YTO HOCHTE-
JSIMU DJIEKTPUYECKOTO 3apsijia SBISIOTCS T€ OCOOCHHOCTH 3(upa, KOTOphIC
MBI Ha3BaJld MeMOpaHaMu; JIETKO, OJJHAKO, MOHSTh, YTO Macca MOKOsi coOCT-
BEHHO MeMOpaH CBsi3aHa HE C HAJIMYMEM WM OTCYTCTBHEM Ha HUX 3apsjoB,
HO HOCHUT UCKITIOUUTEIHLHO TPaBUTAIMOHHBIM XapakTep. ITO 00CTOATEITHLCTBO
yKa3bIBaeT Ha TO, YTO MEMOpAHBI SBIAIOTCS (HyHIAMEHTAIBHBIM, HE CBS3aH-
HBIM C MHPUHUTE3UMAIIbHOHN nedopmanueil a3pupa NOHIATHUEM — 3JIEKTPOIU-
HaMUKa JIMIIb IEMOHCTPUPYET HYX Ay B MeMOpaHaX JJIs pa3MEIICHHS Ha HAX
3apsaoB. B mpuHIMIIE k€ MEMOpPAaHBI MOTYT HECTH | CIa0bIi, U CUJIBHBINA 3a-
PAIBI K, BOOOIIIE, OBITh «TOJBIMI). OTMETHUM B CBSI3U C 3TUM, YTO BHYTPU MO-
HaJ SJIEKTPOMArHUTHOE HYJb—TI0JIe Fj OTIIMYHO OT CBOET0 KOCMOJIOTHMYECKO-
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I'0O 3HA4YCHHUA Fq, d BCKTOPHOC II0JIC E PaBHO HYJIIO. I[JIH TOr'0 YTOOBI «KJIACCH-
YCCKHC JJICKTPOHBID» U «KIIO3UTPOHBI» 06nazxamz1 OI[HH&KOBOIZ BHGPFHGﬁ H MOTI'-
JUu IIpu cClIydac aHHUTHUINPOBATBb, KOCMOJIOTHYCCKOC HYJIb—IIOJIC, HWHA4C,

KBUHTICCEHIUA F;, 00513aHO ObITh MMEHHO MarHUTHBIM HYJIb—TI0JIEM. B 9TOM
e 00CTOATETHCTBE MOKHO BUJIETh U MPUYUHY TOTO, UTO B PUPOJIE OTCYTCT-
BYIOT YacCTHIIbl, O0JIaJal0l[1e MarHUTHBIM 3apsiioM, — MarHUTHbIE MOHOIIO-
JIM ¥ aHTUMOHOTIOJU He 0badarom TpeOyeMo CUMMETpHUEH.

CdopmynupoBaHHasi B 3TOW paboTe aHAIUTHYECKas SJEKTPOIMHAMUKA
SBIJISIETCSI TEOPUEN MOCIEAOBATENIBHO KJIACCUYECKOH, U OHA COBEPIIECHHO HE
KacaeTcs KBAaHTOBBIX CBOMCTB MaTEpPHAIILHOIO MUpa. B 3TOM cMmbIciie MOKHO
CKa3aTh, YTO OHA HAXOJUTCA JUIIb B Havase «mytu Jupaka». TpeOyemoe nis
JadbHEUIero MPOJABUKEHUS €€ 0000IeHHe HaIpaliuBaeTcs caMoO COOOM:
ClelyeT M3Y4YuTh IOJ] COOTBETCTBYIOIIMM YTJIOM 3peHus Oosee oOiue, yem
PacCMOTpPEHHbIE 3I€Ch, aHANMTUYECKUE (YHKIIMH, & UMEHHO, aHATUTUYECKHE
byHKIIUU 6usupHo2o apeymenma

z=x+yl.

VY aBTOpa, B 4aCTHOCTH, UMEIOTCS JIOCTATOYHO OCHOBAHUM, YTOOBI CUMTATb,
4yTO KO3(upHas cocrapisiomias Ouddupa OTBETCTBEHHA 32 CIIMHOBBIEC CTETIe-
HU CBOOOIbI dJIEMEHTApHBIX yacTull. KoHeuHas 1efb 3TOro MyTH 3aKJIIoyaeT-
Csl, KaK MOXHO HaJesIThCsl, B TOM, YTOOBI, UCXOS1 U3 OCHOBOIIOJIAraloIIUX Ma-
TEMaTHYECKUX MPUHIUIIOB, NOJYYUTh KBAHTOBYIO TEOPHIO MOJS U (eHoMe-
HOJIOTUYECKHE celvac MpaBWiia BTOPUYHOTO KBAHTOBAHUS, a Takxke Oojee
rIyOOKO, HA TEOMETPUYECKOM YPOBHE MOHATh €AMHCTBO 3JEKTPOMATHUTHBIX,
cna0bIX U CHUJIBHBIX B3aUMOJEUCTBUIl. B HacTosiiee BpeMs MPUHLMUIIBI KBaH-
TOBOI MEXaHUKHU PACCMATPUBAIOTCS KaK HEKUH YHUBEPCAJIbHBIN 11A0JIOH, Ha-
JIO’KEHHBIN Ha nipupoxy. IIpencrapnsercs, oAHAKO, YTO 3TH MPUHUUIIBI SBJIS-
I0TCA HE YeM—TO MEPBUYHBIM, HO CIEJACTBUEM TEOPUU aHAIUTHYECKUX (YHK-
IUH COOTBETCTBYIOIIETO TUIEPKOMILIEKCHOTO nepeMeHHoro. [Ipu Takom mo-
HUMaHUU CUTYyalluu 3aKOHbI KBAHTOBOW MEXaHUKU HE PACHPOCTPAHSIOTCSA Ha
I'PaBUTALIMOHHBIE SIBJIICHUS — MPOCTPAHCTBO—BPEMS CIYKUT JIMIIb CyOCTpa-
TOM, Ha KOTOPOM TIpou3pacTaeT 3PUpHbINA aHau3, 1 OHO HE SIBISAETCA O0OBEK-
TOM MCCJIEIOBaHUSI METOJIaMU 3TOW MaTeMaTHYeCKOM JUCHMILIUHBL. JTO 00-
CTOSITEJIBCTBO YK€ JABHO U MHOTMMHM IOJO3PEBAETCS, MOCKOJBKY I0JIE TATO-
TE€HUs HE NOJUYMHAETCA MPUHLUITY CYNEPIO3ULHUA — OCHOBOIOJIATAOIIEMY
OPUHIMIY KBAaHTOBOM MexaHMKA. OTMETHM e€Ile, YTO OYEHb BaXXHOE IS
KBAHTOBOM TEOPHUU TOJISI MOHITHE PU3UUECKO20 8aKYYyMA HAXOIUT CBOE He-
TPUBHAJIbHOE BOIUIOMICHHE B «3(UPHOM KPHUCTAJLIE», MMOCKOIBKY POXKICHUE
10001 mapbl 4acTUIIA—aHTUYACTUIA B 0053aTE€ILHOM MOPSJKE BKIIOYAET B
ce0s1 MeMOpaHHbIE TTPOLIECCHI.
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Benukuii JIeiiOHUIT CBOMM TBOPUYECTBOM JlOKa3ajl HaJIM4YMe y Jtojaeu (aHTa-
CTUYECKUX CIOCOOHOCTEH K IIyOouYalluM MeTa(pu3nYeCcKUM MOCTUKEHUSIM,
JIUIITHL B MUHUMAaJIbHOM CTETIEHU OCHOBAHHBIM Ha (PAKTOJIOTMYECKOM MaTepua-
ne. Ero npencraBieHne o MOHaJax Kak 00 3J€MEHTapHbIX «aTOMax» Mare-
puu, BOOOIIIE, BIIOJIHE COOTBETCTBYIOT MOTYUYEHHBIM 3/1€Ch pe3yibTaram. s
JleliOHuIIa yMonocTUraeMblii Mmetadu3nueckuii Mup ObUT HE MEHEe, a, MOXKET
ObITh, U OOJiee BaxkeH, 4yeM «(peHoMeHaIbHbINY, (usndeckuii Mup. B aToii
BbICOKOW cepe HbI0TOH, Hampumep, Kak MOKa3bIBAIOT €ro CJAeJaHHbIE Ha
CKJIOHE JIET 3alMCH, HE MOJHSJICS BBIIIE CKYYHOI'O IPOTECTAHTCKOI'O TOJIKO-
BaHUS XpPUCTHUAHCTBA.

JleitOnun, xak u JleMOKpUT, cuuTaroTcs: Gpuinocodamu, mpeIBOCXUTHB-
IIMMHU OTKPBITUE aTOMapHOW CTPYKTyphl BeniectBa. Ho JleliOHUI HE mpocTo
npeayragan KOpPIyCKYJSIPHYIO CTPYKTYpPy MaTE€pUH — €ro MOHAJbl HEUYTO
OoJblIee, YeM aTOMBbI, OHH SIBJISIIOTCS, KaK U MPOILIECCOPHI, TyXOBHOM CYIIHO-
cThi0. Bce MOHanbl OH cyuTan COCOOHBIMHU K TEPUEMINHU, T. € K BOCIPHU-
ATUIO, gneuamienuio B ce0sl Ipyrux MOHA[ U, CIEA0BATEIbHO, OKPYKAIOLIETO
Mupa: MoHajael 1o JleiOHuiyy — «3epkano Bcenennoii». Ho ero monaabl
CIIOCOOHBI HE TOJIBKO OTpaxkaTh («IOCPEICTBOM aKTyaJlbHO OECKOHEYHOTO
qucjia CBOUX CTeNeHeld CBOOOMb» — JA00aBUIM Obl MbI), HO U K ammeplier-
WU, T. €. K CaMOCO3HaHMI0. K 4KCTO mepuenTuBHBIM MOHAaJaM OH OTHOCHJI
TE€, 4TO 00pa3yIOT MUHEPAJbl. ATIMEPIENTUBHOCTD K€ MOHAJ, OJIUIIETBOPSIIO-
IIMX JyIIU )KUBBIX CYLIECTB, MOXKET Pa3JINYaThC KOJIUUYECTBEHHO — OT MaJlo
YYBCTBUTEIHHBIX MOHAJl PACTCHHM 10 OE3rpaHUYHO anNepIeNTUBHBIX MOHA/
00KEeCTBEHHBIX CyHIHOCTe. CrpaBeyIMBOCTU Pau CIEAyeT OTMETUTh, UTO,
xoTs JIeHOHWI 1 HaJeIuJI MOHAJbl CIIOCOOHOCTRIO K CAMOCO3HAHMIO, OH JIM-
VI UX CBOOOJIBI BOJIM. B 3TOM CMBICIIE OH OKa3ajcs B IUIEHY IMHPOKO pac-
IIPOCTPAHEHHOM B €r0 BpEMsI MJICOJOTHM JIEU3Ma, OTPAKAOLIEH IpeacKasa-
TeIbHYI0 cuily TorjamiHed MmexaHuku. CoryacHo JlelOHuUIly AesTeTbHOCTh
MOHAJl, @ 3HAYUT U MOCTUTAEMble HAMU 3aKOHBI (DU3UKH, HETOCPEICTBEHHO
IIPOUCTEKAOT U3 BHYTPEHHETO COAEpKaHUs camux MoHal. OnHaKko 3Ta Jes-
TEIBHOCTh HE €CTh Pe3yJbTaT CBOOOHOIO BHIOOPA, HO pa3BEePTHIBAHUE UHIM-
BUJIyaJbHOM IPOTPaMMBbl, «IIOJHOTO WHAWBUIYAJIBHOIO NOHAMUS», KOTOPOE
bor MbIcamI Bo BceX MOAPOOHOCTAX €IIe JO COTBOPEHUS] MUPA U BIIOXKHII BO
BCEe MOHaJbl. Takum 00pa3oM, Bce NEUCTBUS MOHAJ MOJHOCTHIO B3aUMOCBS-
3aHbBI U TPEIONPEIeTICHbI; 00pazyeMas MU Uepapxus €CTh Pe3yJIbTaT Mpeso-
IpeeNIeHHON «rapMOHUIY», HO HE WX ONuparolelics Ha cBoooay Bosm Urpshi.

* *

MokHO Tonaratk, YT0 B MeMOpaHaxX, (OPMHUPYIOIINX MOHAIbI, aKTyaJIbHbIE
CTENEeHU CBOOOJBI d(prpa MPOSBISIIOT ceOsl B BUAE METapU3HMUECKUX CIIOCO0-
HocTel mporeccopos. Ilpexne Bcero, 3To Kacaercsi, MO—BUANMOMY, MaKpO-
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CKOIMMYECKUX MOHAJI, CHOCOOHBIX, HAIPUMED, K B3aUMOJECHCTBUIO C COOTBET-
CTBYIOIIMMHU CTPYKTypaMu Tejla KBAHTOBOMEXAHMYECKHUX SKCIEPUMEHTATO-
poB. UTo ke KacaeTcss MUKPOCKOITMYECKUX MOHAJ, SIBJSIOIIMXCS CYIIIHOCTHOM
CEpALEBUHON JIEMEHTAPHBIX YACTHUL, TO, KAK MOKHO IPEANoJaraTb, UX ak-
TyaJIbHbIE CUCTEMBI HAXOAATCA B HEKOEM OCHOBHOM, nepYenmueHoOM COCMOosi-
Huu. ToT ¢axkt, 4ro ¢uznueckue, 00yCIOBICHHbIC UX MOTEHIUAIbLHBIMHU CTE-
NEHSIMUA CBOOOJIbI CBOMCTBA MAKPOCKOIMMYECKUX MOHAJ 10 CUX TOp HE CTalu
OpeaIMETOM HM3yueHus: (PU3MYEeCKOW HayKd, cleayeT OOBACHATh TE€M, YTO B
CBOEM OOBIYHOM COCTOSIHUM OHU OY€Hb €JIab0 B3aMMOJEHCTBYIOT C BEIECT-
BoM. [Ipencrasmisercs, 0fHaKO, YTO B ONPEAEIECHHBIX YCIOBUAX MAKPOCKOIIU-
YECKHE MOHAJbl MOTYT OBITh HEPABHOIYIIHBIMU K 3JIEKTPOMArHUTHBIM B3aM-
MOJICUCTBUSIM M, TEM CaMbIM, OOHApyKMBaTh ce0s, IPUYEM B OYEHb SPKOU
¢dopme. Ho 00 3TOM B crieayromiem scce.
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P. S. 06 anekmpomazHuUmMHbIX eQUHUYyax

B rayccoBoii cucteme eIuHuUL, IUPOKO UCIOIb3YEMOM a TEOPETUUECKOM (u-
3UKE, €IWHUIBI U3MEPEHUS DIEKTPUYECKUX U MATHUTHBIX BEJIUYUH UMEIOT
CTPAaHHYK) Pa3MEpPHOCTb, COAEPXKAILYI0 KBaApaTHbIE KOPHU OT OCHOBHBIX
equaull cucteMbl CGS. DTa cTpaHHOCTH OTpakaeT TO 0OCTOATENIBCTBO, UTO
OECKOHEYHO MaJjble JepopMaliid HECOM3MEPUMBI C OOBIYHBIMHU CAUHUIIAMHU
JUTMHBL. BackHOE e 111 TeOpeTHUEeCKON (PU3UKU TTPEUMYIIIECTBO ITOM CHUCTE-
MBI €TMHUII 10 CPABHEHUIO C TPAKTUYECKOM cucTeMoi Sl 3akitouaercs B TOM,
YTO B HEM, B COOTBETCTBUHU C PEIATUBUCTCKUM CMBICIIOM 3TUX BEJIMYMH, JICK-
TPUYECKOE W MArHUTHOE MOJISI U3MEPSIOTCS, B CYIIHOCTH, OJHOW U TOM XK€
CIMHUILICH

1 abcBonpT/cM =10 =1

MBI MOKEM COXPAHUTH MTPEUMYIIECTBA U TAyCCOBOW, U NPAKTUYECKOU CHUCTE-
MBI €MHUL, B KOTOPOW YPaBHEHHMsI 3JIEKTPOJNHAMUKHU INPEICTABIECHBI B pa-
IUOHAIIM3UPOBAHHOM BHJIE, €CJIM BBEIEM JJII U3MEPEHHS TOKAa HOBOKO €lIU-
HUITy — Ha30BEM €€ Heoamnepom M OyjaeMm 0003HadaTh Kak A!, — 1o cBoei
BEJINYMHE paBHOM BousbTy. BennuuHbI cTaporo u HOBOro AMIIEpOB COOTHO-
CATCSA MEXIY COO0M Kak
1A =KkA; k= (W/eo)

rae k = 376.73 OM — Tak Ha3bIBA€MOE BOJIHOBOE CONPOTUBIIEHUE BaKyyMa.

Hcnonb3yst HOBYIO €AMHUILY AJI1 U3MEPEHUs TOKA, Mbl MOXEM MOCTPO-
UTh HOBYIO CUCTEMY €IWHUI JJI U3MEPEHHS JIEKTPOMArHUTHBIX BEIUYUH,
KOTOPYIO MOXKHO Ha3BaTh, Hanpumep, Hamypaivrou — SN. OTiu4aTh €au-
HUIIBI 3TON CUCTEMBI Oy/IeM OTJIMYaTh MIPUCTABKOU Heo.

PenstuBHCcTCKAs TPUCTIOCOOIEHHOCTH ATOM CUCTEMBI €AMHUIL TTPOSIBIISI-
eTcsl B TOM, 4TO BO Bce (OopMyJbl, 3anucaHHbie B SN, Bpemsi Bcerja BXOJIUT
YMHOKEHHBIM Ha CKOPOCTb CBETa: MOXKHO CKa3aTh, YTO B 3TOM CUCTEME Bpe-
MS T = ct UBMEPSAETCS B «CBETOBBIX CEKYHJIax», T. €. PACCTOSIHUEM, KOTOPOE
CBET MpoOeraeT 3a OJHy CEKyHAY. DJIEeKTpUUecKas MOCTOSHHAS &), UHAYE €e
MOKHO Ha3BaTh MJIOMHOCMbIO 2¢hupa, BXOAUT TOIBKO B T€ (HOPMYIIBI, KOTO-
pbI€ CBSA3BIBAIOT OCCKOHEYHO Majible BEJIMUYMHBI C KOHEYHBIMHM, TAKUMH KaK
JHEprus, cuia, OoTOK 3Heprun. Hampumep

S, =%0(E2 +H’); S=ce,ExH.

COOTBETCTBEHHO 3TOMY MOIIHOCTb, BbIJIEIsieMasi B IPOBOJHUKE MPH MPOXO-
KICHUH Yepe3 HEero dJIEKTPUIECKOTO TOKa OYJIET ONMUCHIBATHCS UMEIOIIICH sic-
HbII (PU3UYECKUIT CMBICT POpMYITOi

W=cgylU,
T. €. BbIJeJIsieMasi B MPOBOJIHUKE MOIIHOCTh paBHa BekTopy [loitHTuHTa, npo-
MHTETPUPOBAHHOMY I10 €TI0 TOBEPXHOCTH.



EOVMHNLbBbI CUCTEMBbI SN.

Paszmep-
Benmnunna En. uzme- CBs13b ¢ eIMHUIIAMU HOCTb B
penust B SN SI SN
(MKSV)
ITorennman U A% IV=1V =1V
Tok / Al IA! = kA =1V
DJeKTpoMar-
HHUTHOE I10JIE
E V/m IV/m=1V/m =1V/m
D Cl/m? 1C!/m* = ckC/m’ =1V/m
H Al/m 1A!/m =«A/m =1V/m
B T! IT! =T =1V/m
3apsin e C! 1C! = cxC =1V-m
ComnpoTusie-

Hue R Q! 10! =x'Q =1
Emxocts C F! 1F! = cxF =1m
MaruuTHbIN

moTok @ Whb! 1Wb! = cWb =1V-m
NunykTus-
HOCTb L H! 1H! = cx 'H =1m
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SKcnepuMeHT noaTBepxaaeT?

[Tockonbky MemOpaHbl, 00pa3yroliue MOHAJbI, SBJISIOTCS TEPBOOCHOBOM
COOCTBEHHO MaTEpUH — BCE OCTAIBHOE €CTh IMOJIe, — TO BO3HUKAET BOIPOC,
B KaKUX (PU3UYECKHUX SKCIIEPUMEHTAX MBI MOTJIM ObI OOHAPYKUTH TE UX CBOM-
CTBAa, UTO CBSI3aHBI C BHEUIHUMH, GeUfeCMBEHHbIMU CTETICHSIMU UX CBOOOIbI?
B mpunmune, MmemOpanHasi mpupoIa TaKUX SJIEMEHTAPHBIX YACTHII, KaK DJICK-
TPOH WJIM KBapK, MOXKET ObITh OOHApy>KeHa B MPOBOJUMBIX Ha YCKOPUTEISX
AJIEMEHTAPHBIX YaCTHUIl SKCIIEPUMEHTAX 0 UX pacCesHuIo aApyT Ha Apyre. Oc-
TaeTcsl, MpaB/ia, OTKPHITHIM BOMIPOC, KAKOBBI pa3Mepbl X MOHAJ, U peaausye-
Ma JIM Ta SHEPTUs CTOJKHOBEHHS, YTO HEOOX0auMa Il OOHApYKEHUS UX He-
TOYEYHOT'0 KepHa.

l'opa3go Oonbimit wHTEpec, OJHAKO, KaK MeTapU3MYECKUU, TaKk M
MPAKTUYECKUN TIPEJICTABISIIO OBl DKCHEPUMEHTAIbHOE OOHApY)KEHHE TexX
MaKpOCKOMMYECKUX MOHAJl, 4TO O0O0OpasyloT owcusoe egewecmeo. [lpodiema
3/1eCh 3aKJIFOYAETCs] B TOM, YTO MX MEMOpaHbI, MO—BUANMOMY, OY€Hb CIa00
B3aMMOJICHCTBYIOT C OOBIYHBIM BEIIECTBOM, T. €. B OOBIYHBIX YCIIOBUAX OHU
MIACCUBHEBI 110 OTHOIICHUIO K DJIEKTPOMarHuTHOMY mojto. C Ipyroil CTOpOHBI,
MOCKOJIBKY 3TH MOHAJIbl 00JIaJJal0T HEKOTOPOM Maccol MOKosl, MyCTh U He-
OOJBIION, TO, B IPUHIUIIE, UX HNPUCYTCTBUE MOKHO OOHApYKUTh MO CO3/a-
Ba€MOMY MU T'PaBUTAIIMOHHOMY TOJIIO.

ACTpOHOMaM YK€ JIaBHO U3BECTHO, YTO OCHOBHYIO MAacCy TaJIaKTHK CO-
CTaBJIIET TaK Ha3bIBAEMOE TEMHOE BEIIECTBO. TE€MHOE BEIIECTBO HE M3JIy4YaeT
CBETa, M, BOOOIIE, MPAKTUYECKU HE B3aMMOJCHCTBYET C JICKTPOMArHUTHBIM
u3nydenueM. B Hamelt ["anakTrke TEeMHOTO BelecTBa MPUOIM3UTEIBHO B Je-
CATH pa3 OoJIbIIE, YeM CBETsAIIErocs BemiecTna 38e37. OHO oOpa3yeT oOmup-
HYI0 KOPOHY, WJIH TaJio, BOKPYT 3BE3/IHOTO Aucka Mieunoro mytu. [lono6Hbie
TEMHbIE KOPOHBI MMEIOTCS, TO—BUAUMOMY, Yy BCEX JOCTATOYHO MAaCCHUBHBIX
M30JIMPOBAHHBIX TAJIAKTUK. T€MHOE BEIIECTBO COJIEPKUTCA TAKKE B TPYyIIAX
rajakTUK WU B CaMbIX OOJBIIUX KOCMHUYECKHX CHUCTEMaX — CKOIUICHHSIX W
CBEPXCKOIUICHUSAX TAIaKTHK. Kak v B Hamen ['amakThke, TEMHOE BEHIECTBO
cocraBisieT 10 90%, a mHOrmA M 0OOJee, MOJHOM MAaCCHl BCEX ATHX CHCTEM.
OHO TPOSBIIAIOTCS TOJBKO OJjarojapsi CO31aBaeMOMY UM TSITOTEHUIO, U UMCH-
HO MO CBOEMY T'paBUTAIIMOHHOMY 3(@exTy u Obulo BHEpBbIE OOHAPYKEHO
(Tounee, 3anmogo3peHo) emie B 1930—e roast @. [[BUKKHU, KOTOPBII W3ydyaln Ku-
HEMATHKYy U TUHAMUKY OOraToro 3Be3/JaMU CKOILJICHUS TAJIAKTHUK B CO3BE3UU
Bomnocel Beponnku. ['anakTuku B 3TOM CKOILJIEHUH ABUXKYTCS CO CKOPOCTSIMU
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OKOJIO THICSTYM KUJIOMETPOB B CEKYH]y, U TIPU TaKUX CKOPOCTAX yIepKaTh UX
B Ha0Jt0/1aeMOM 00bEME CKOIUIEHUS MOKHO JIMIIb MPU YCIOBUH, YTO MOJHAsS
Macca CKOIUIEHMsS pa3 B JECATh OOJIbIIE CYMMApHON MAacChl COCTaBIISIOIIMX
ero ranakTuk. «Kaxercs coBepiieHHO yAUBUTEIbHBIM, 4TO Beenennas 6omnee
yeMm Ha 90% 1o Macce cOCTOUT U3 HeM3BeCTHOM HaMm (opmbl Matepun. OniHa-
KO 3TOT BBIBOJ, MO—BHAUMOMY, HeH30ekeH. BaxkHOCTh mpoOiIeMbl TEMHOTO
BEIIIECTBA OYEBU/IHA, HO HE MEHEE OYEBUIHA U €€ Ype3BblYaiiHas CIOKHOCTb.
Jlo cux mop He u3BecTHa (U3NYecKasi MPUpoJa HOCUTENEH TEMHOTO BEIlecT-
Ba; 00CYX/IaeTCsl OYCHb IMUPOKUI KPYT BO3MOXKHOCTEH — OT JIEMEHTAPHBIX
YacTHUI[ C Majoil (MEHbIIE MAacChl 3JIEKTPOHA) MAaccoil A0 3BE31—KapJUKOB,
MacCHUBHBIX (OOJIbIIIE MAacChl COJTHIIA) YEPHBIX JIBIP U T. I. Macchl KaHAUIATOB
Ha 3Ty POJb Pa3InyaroTcs, TAKUM 00pa3oM, Ha JoOpsIX 60 TOPSAKOB BEIHYH-
Hbl, — TaKOBa peaJibHasl YUCIICHHAs] Mepa MMEIOIICHCS B HACTOSILEE BpPEMs
HEONPE/IEICHHOCTH B 3TOM BOMPOCE»'

[TockonbKy HM OAHA W3 TUIIOTE3 O MPUPOJE TEMHOI'O BEIECTBAa HE
YJOBJIETBOPSIET ACTPOHOMOB, TO OOJIBITMHCTBO YUYEHBIX CKIIOHSETCS K MBICIIH,
YTO rajakTHUYECKOE rajio 00pa3oBaHO Heuzgecmuou (PU3NKe gopmoil mame-
puu. Tak Kak «OTKPBITHIE» B MPEIBIAYIIEM pa3Jieie dcce TpaKTaTa MOHAIbl U
SIBJIIFOTCS] TAKOW HEM3BECTHOU (POPMOM MAaTEepUH, TO €CTECTBEHHO JIOMOJIHUTD
CIIUCOK TUIIOTE3 O CYIIHOCTH TEMHOT'O BEIIECTBA €Ie OJHOM: HEBUANMAS aT-
Mocdepa rajlakTuK 00pa3oBaHA MAKPOCKONUYECKUMU MOHAOAMU. DTa THIIO-
T€3a KaXXeTCsl TeM 0oJiee YMECTHOM, 4YTO UMEHHO MOHA/IBI SIBIISIIOTCS] TOM Tpa-
MaTepHel, KOTopasi COCTaBIIIET MEPBOOCHOBY BCEX MATEPHAIBHBIX OOBHEKTOB
Bcenennoii. naue roeopsi, Beenennast coctout Ha 90% U3 KMBOTO BEIIECT-
Ba (WM, MO KpailHeW Mepe, NOTEHIHAIBbHO K1Boro)! ['mnoresa, KOHEUHO, ap-
XUCMenas: Belb CTOUT HaM NPOTSHYTh PYKY, KaK Mbl MPUKOCHEMCSI K TOMY
WIM UHOMY 1yXy. B 3TOM cBeTe BHOJHE yMECTEH BOIPOC CPEIHEBEKOBBIX
cxonacToB: «CKOJBKO aHTeJIOB YMECTUTCS HAa KOHUYMKE UIJIbI?». Kazanocs Obl,
YTO MPHU BCEU CBOEU IKCTPABAraHTHOCTH, 3TA TUIIOTE3a MAJIO YTO A00ABISET K
npoOJjieMe TEeMHOM MaTepuu: MOyMaellb, OJTHOW THIOTEe30H OOJbIle OJTHON
MeHbme. OHako,. ..

[[TapoBble MOJIHUU SIBISIFOTCS CAMBIMU 3araJlOYHbIMU U BOJIHYIOITUMU OOBEK-
TaMH B OKpY>Karoliei Hac mpupojie. B To Bpems kak (pu3MKH BIOJIHE 0OOCHO-
BAHHO PACCYXJAOT O TOHYAWIIINX CBOMCTBax BCEneHHOW B mepBblE MTHOBE-
HUS TIOCJIE €€ TBOPEHMSI, OHM HE CMOTJIM BBIIBUHYTh HM OJHOW CKOJIBKO—

! Y®H, Tom 171, No. 11, ctp. 1153-1174, 2001.
astronet.ru
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HUOY b 3aCITy>KUBAIOIECH BHUMAHUS TUIOTE3bI O IPUPOJIC MIAPOBHIX MOJTHUM.
MoHO ¢ YBEpEHHOCTHIO TOBOPUTH O TOM, YTO B COBPEMEHHOM (hHU3MKe Mpo-
CTO OTCYTCTBYIOT T€ KOHIICHIIMH, KOTOPbIE MOTJIU Obl OOBSICHUTH YCTOWYH-
BOCTb IIAPOBBIX MOJIHMI. Bce MOMBITKY MpUAYyMaTh MEXaHU3MBI, 3aMeIJIsO-
M€ MpoIecc PEKOMOMHAIIMY HOHOB B IIAPOBBIX MOJIHUSX, TOHUMAEMBbIX, KaK
HEKHE CTYCTKU TIa3Mbl, MOKHO CUMTAaTh OECIHOJE3HbIMU. TOYHO TaK ke, HE
MPEICTaBIACTCS BO3MOXKHBIM, UCXOJI U3 COBPEMEHHBIX 3HAHUMU, OOBSICHUTH
TO OTPOMHOE KOJIMYECTBO SHEPTUU, KOTOPOE, COTIACHO HAOIIOJCHUSM, MOYKET
OBITh CKOHIIEHTPUPOBAHO BHYTPHU IIapoBO MoiHUHU. [I0TOK TiceBIOTEOpHi,
NBITAIOMINXCS OOBICHUTH MPUPOJY IMIAPOBBIX MOJHHI, B TOM YUCJIE U CAMBIX
(haHTACTUYECKUX, CBSI3aH C YBEPEHHOCTHIO JIIOJICH, YTO UM M3BECTHHI BCe (-
3MYECKHE OCHOBAHMS, HA KOTOPHIX MOTJIM Obl 0a3WpOBATHCS SIBICHHS TOTO
YPOBHSI SHEPTHH, KOTOPBIA MBI HaOJI0/1aeM B MIAPOBBIX MOJHUAX. Ecnu cuae-
JIaTh PEIIUTEIBHBIN IIar U OTKa3aThCsl OT UCUYEPHABIINX CEO0s MOMBITOK 00b-
SCHUThH TIPUPOJY IIAPOBBIX MOJHUHN, UCXOJISI TOJIBKO U3 YK€ YCTAaHOBJICHHBIX
HAayKOW OCHOB MaTepUaJbHOIO0 MHPA, TO MAKPOCKOIMUYECKUE MOHAJbI SIBJIS-
IOTCSI CAMBIMU JJOCTOMHBIMU KaHAWJAATaMU B TBOPILIBI IIIAPOBBIX MOJTHUM.
Jlist Toro 4yToOBl MOHA/Jbl MOTJIM BBICTYNAaTh B TaKOM CBOEM OOJWYUU, MbI
JOJIKHBI BBIIBUHYTh HEKOTOPBIE THIOTE3bl 00 AJEKTPOMAarHUTHBIX CBOMCTBAaX
MeMOpaH. [lockonbKy, Kak Mbl 3Ha€M, OHU CIIOCOOHBI HECTU AJIECKTPUUYECKUE
3apsAibl, TO ObUTO OBl BIIOJHE YMECTHBIM MPEITNOI0XKHUTh, YTO OHH SIBIISIOTCS
CBEPXIPOBOAAIIMMU oO0bekTaMu. O HAKO B 3TOM cllydae MOHAJbl ObLIN OBl
«CBEPX3EpKAIbHBIMU» OOpPa30BAHMSIMH, T. €. MOJHOCTHIO OTpaXkaiau Obl Ia-
JAIONTUH Ha HUX CBET. ITO 00CTOSATEIHCTBO HUKAK HE COTJIACYETCS C TIOHSITH-
eM meMHOe 8eujecmeo, KOTOpOe TaK U Ha3bIBAE€TCS U3—3a TOro, YTO HE B3au-
MOJICUCTBYET C DJICKTPOMArHUTHBIM W3NydeHHeM. J[Ji1 Toro 4roObl wmcmpa-
BUTH ITO MPOTUBOPEUYUE, HAM OCTAETCS TOJBKO MPUHSTH, YTO MEMOpaHBI SB-
JISIFOTCSL CBEPXITPOBOAHUKAMU HE TOJBKO MO OTHOIICHUIO K AJIEKTPUUYECKUM
3apsiiaM, HO U 3apsjiaM MarHUTHBIM. [Ipu 5TOM coBepIieHHO He 00s3aTeIbHO
CUMTATh, YTO MOHAJbl MOTY HECTH Ha ceO€ HECKOMIIEHCHPOBAHHbIE MAarHUT-
HBbIE 3apsqbl, 00pa3yss MarHUTHbIE MOHOMOJNU. [Ipu TakoM IOMyIIeHUH CBET
OyzeT cBOOOJIHO MPOXOAUTH CKBO3b MEMOpaHBI, JIMIb MEHsST a3y CBOUX KO-
nebanuit Ha 180°. OgHako, gake HHTEP(PEPEHIIMOHHBIE OIBITHI HE MO3BOJISAT
HaM OOHapyXUTh MPUCYTCTBUE MOHAJbI, TOCKOIBKY CBET, MPOXOJs CKBO3b
Hee, 00s3aH JABaX bl Ilepecedyb o0pasyrollyo ee MeMOpany. Takum oOpazom,
MbI OyZIeM CUMUTaTh, YTO B CBOEM HOPMaJIbHOM COCTOSIHUM MOHAJIbI SIBJISIFOTCS
chepamu (JTyurie ckazaTh — OJIHOCBSI3HBIMU TOBEPXHOCTSIMH), aOCOIOTHO
JUAMarHUTHBIMA U a0COJIFOTHO TUAJNIEKTPUUECKUMHU, T. €. BHEIIHUE AJIEKTPH-
YECKME U MarHUTHbIE MOJISI MHAYLIUPYIOT B UX MEMOpaHaX COOTBETCTBYIOILINE
TOKH, KOTOpPbIE€ MOJHOCTHIO 3KPAHUPYIOT BHYTPEHHEE MPOCTPAHCTBO MOHAJ
OT ITUX ITOJIEH.

PaccmoTrpum, onHako, MOHagy B BHZIE TOpa, MO MeMOpaHe KOTOPOW,
KaK 10 TOPOMJIATBHOM KaTYyIIKe WHIYKTUBHOCTH MPOTEKaeT 06€3 COMpOTUBIIC-
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HUS AJIEKTpUYECKUi TOK. byieM Ha3bIBaTh TaKOH TOK 10.10UOATbHBIM, OH CO3-
Ja€T BHYTPU TOpa MarHuTHoOe moJje. [IoHaepoOMOTOpHBIE CHIIBI CTPEMSTCS
YBEJIMYUTh TOJIOWJATBHBIA pa3Mep TOpa U YMEHBIIUTh €r0 BHEIIHUN JHa-
Mmetp. [ns obecrnieueHuss yCTOMYMBOCTA TAaKOrO TOpa JOMYCTHM, YTO IO €ro
MOBEPXHOCTH, KaK MO KOJbIy, TOXKE MPOTEKAET CBEPXIIPOBOASAIINN TOK. by-
JIEM, OJIHAKO, CUUTATh, YTO 3TOT TOK SIBIIIETCS HE DJIEKTPUUECKUM, HO Mar-
HUTHBIM. DTOT MarHUTHBIM TOK — OyJieM €ro B OTJIMYME OT MOJOUAATBLHOTO
Ha3bIBaTh OPOUTATBLHBIM — CO3/Aa€T BOKPYT TOpa COJIEHOMIAIBLHOE IICKTPHU-
YeCcKoe ToJIe, IEHCTBYIOIIee HA MEMOPAaHHYIO TIOBEPXHOCTh TOPA B HAIIPaBJIe-
HUUA TPOTHUBOIOJIOKHOM JACHCTBUIO MAarHUTHOTO TOJISI — OHO CTPEMHTCS
YMEHBIIIUTh TOJIOUJIANIGHBIA pa3Mep TOpa U YBEIUYUTh €ro OpOUTaNbHBIN
pazmep. HazoBeMm, miisg ompeneneHHOCTH, Takoe MeMOpaHHOe oOpa3oBaHHE
INeKMpUYecKUM Ui Kpacuvim keapxom. OOpaTHYIO CUTYyalHIO, KOTJa dJIEK-
TPUYECKOE COJICHOUJIAJIBHOE M0JIE COCPENOTOUECHO BHYTPH TOPA, @ MATHUTHOE
— CHapy»H, MOXHO Ha3BaTb, COOTBETCTBEHHO, MACHUMHbIM, CUHUM K8ap-
kom. Eciu BO3HUKHET HEOOXOUMOCTh PACCMOTPEHUS POMEKYTOUHBIX KBap-
KOB, DJIEKTPOMAarHUTHOE T0JIE€ KOTOPBIX SIBJISIETCS CYIEPIIO3UIIMEN KpacHOU U
CHUHEH KOH(pUTypaIui, TO KX MOYKHO OBbLIIO OBl Ha3BATh 3€/1E€HbIMU.

[losiBieHME MIAPOBBIX MOJIHWM, KaK MPaBUJIO, HO HE BCETAa, SABISETCA
CJIEACTBUEM BJIEKTPUUYECKOTO pa3psia B BUAE JIMHEHON MoaHuu. [Ipencra-
BUM ceOe Ha MTHOBEHHE, YTO HaM HEKOTOPHIM 00pa3oM yIaloCh 3al0oIydUuTh
OTPE30K JIMHEMHON MOJIHUU. JIETKO yBHUIIETh, YTO AJIEKTPUUYECKUE U MATHUT-
HBIE TIOJISI, CBSI3aHHBIE C TAKOTO POJa OTPE3KOM, TOTOJOTUYECKH TOJI0O0HBI
TEM, 4YTO CYIIECTBYIOT B KPaCHOM KBapke. MarHuTHoe moJjie, CUJIOBbIC JTUHUU
KOTOPOr0 OOBHUBAIOT 3TOT OTPE30K, MPU YMEHBIIICHUH CBOECH HAMPSHKEHHOCTH
MOPOKJAET, MO 3aKOHAM HJIEKTPOMArHUTHOM HWHIYKIMH, COJIEHOUJATHLHOE
AJIEKTPUUYECKOE T0JIe, KOTOPOE CKUMAET CUJIOBbIE MAarHUTHBIE JIMHUH, OKPY-
JKAIOIIlee ATOT OTPE30K, B KOJIbIO. MOHBI, CyIIECTBOBAaBIIME B KAHAJIE JIUHEH-
HOW MOJIHUM, JABUTASCh BJOJIb CHJIOBBIX JTUHUU 3JEKTPUUECKOTO MOoJsi, oOpa-
3YIOT MOJIOMJANBHBIN TOK. SICHO, UTO Takas «I1apoBas MOJIHHUSD MOXET Cy-
HIECTBOBATh JUIIb OYEHb KOPOTKOE BpEMsl, OMPEAEIIAIEMOE IMTPOBOAUMOCTh
cBoell iazMel. OHAKO, €ciii 3TO 3PemMepHOe 00pa30oBaHUE YCIEET BCTpe-
TUTHCS C MOAXOASAIIEH cepruuecKod MOHAJ0M, TO Mbl MOXEM OXKHMJIaTh, YTO
MOJI €ro BIUSHUEM 3Ta MOHAJla MOXKET TPaHCHOPMHUPOBATHCA B AJIEKTPHUUE-
CKHUH KBapK.

Takum 00pa3om, MblI BIpaBe OXKWIATh, U TaKUE OXUIAHUS TMOATBEP-
KIAIOTCST OYEBULIAMH, UYTO IIAPOBHIE MOJHUU BO3HUKAIOT TaM, T'JI€ TaK WIIU
WHaye HapylIaeTcsl LEIOCTHOCTh MOJHHUEIPOBOISIIEIO KaHala. DTO MOXKET
OBITh MECTO, TJI€ KaHaJl TUHEWHOW MOJIHMM Pa3BETBISETCA WIM yIUPACTCS B
3eMHYIO MTOBEpXHOCTh. [Ipu ompeaeneHHbIX MmapaMeTpax JUHEHHOTO pa3psiiaa
OH MOXET OBITh TMOJBEPXKEH TAaK Ha3bIBAEMOW MUHY—HEYCTOMUMUBOCTH (HA
KaproHe TaKyl HEYyCTOMYMBOCTh HMHOTJA Ha3bIBAIOT «COCUCOYHOI»). Ha-
OJro/1aeMble TIOPOMl ueyemounvie MOJHHUM, WMEIOIIME BUJl MYyHKTUpPA, SCHO
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MOKAa3bIBAIOT, YTO JTUHEHHbIE MOJIHUU JIEUCTBUTEIIBHO MOTYT OBbITh HEYCTOW-
YUBBI 110 OTHOLIEHUIO K TUHY-3(PekTy. Takum oOpazoM, NMHI—PDEKT Tak-
K€ MOXKET HapylIaTh HETOCTHOCTD JINHEMHON MOJIHUH.

Jlpyrum BUOM HEYCTOMYMBOCTH, CBOMCTBEHHOW IIIHYPOBBIM pa3psaaM,
SBJISIETCS. U3rMOHAs MX HEYCTOMUMBOCTb. OHA CIY>KUT MPUYUMHON TOTrO, UTO
OIpeeeHHBIA BUJ TAKUX Pa3psI0B Ha3bIBA€TCs BOJILTOBOM Oyeoti. Eciu nu-
HEHHas IJIOTHOCTh SHEPIUU INIa3MEHHOIO KaHajla JOCTAaTOYHO MaJia, TO LIHY-
POBOM pa3psia MOXKET CUIIbHO U3rubaThesi. B nmpuHune, oueHb CUIbHO MEaH-
JIPUPYIOIIUN pa3psii CIOCOOEH T'e€HEpUpPOBaATh IIa3MOMIbI, CIIOCOOHBIE MPHU
COOTBETCTBYIOIIUX YCJIOBHUAX TPaHCHOPMUPOBATHCS B MAarHUTHBIE KBapKH.
[IpencraBisercs, OAHAKO, YTO, €CJIM TAKOE SIBJICHWE U CYIIECTBYET B HAIIEH
atMocdepe, TO OHO SBJIFETCS ropas3fo Oojee peAkuM, 4eM oOpa3oBaHUE
«QIIEKTPUYECKUX» IIAPOBBIX MOJHUM.

% *

Takum 00pazomM, OyJieM CUMTATh, YTO AIEKTPUUECKOE KOJbI0, OKAa3aBIIUCh B
atMocdepe 3eMiu, U SIBISIETCS IPUUMHON TOTO SIPKOTO aTMOC(EPHOTro sIBIIE-
HUsI, KOTOPOE HA3bIBACTCS 1IAPOBOW MOJIHUEH. SIBlIEHME 3TO JTOBOJIBHO pElI-
KO€, U JTAJIEKO HE BCEM YJaJIOCh €ro YBUJETh. JTO BEJIET K TOMY, YTO €JUHCT-
BEHHBIM UCTOYHHUKOM HH(OpMAIUUA 00 STOM SIBJICHUU, HOCTYIHBIM HUCCIEI0-
BaTEII0, SIBJSIETCS OMPOC TEX JIOJIEH, KOTOPHIM MOCYACTIMBUIOCH MOBCTpE-
YaThCS C ATUM SIBIICHUEM MPUPObL. [[1s1 TOro 4To0bl MO BO3MOKHOCTH MOJHO
MPEICTaBUTh CeOE BHEITHUE MPOSIBICHUS ATOr0 ()eHOMEHA, S PEKOMEHIYIO
yutatensiM oOpatutbest kK kaure WM. I1. CraxanoBa «O ¢dusnueckoit mpupoje
IIAPOBOI MOJHMMY» . DTO KHHIra OYEHb MOJNE3HA TEM, YTO €¢ aBTOPY YIAI0Ch
coOpaTh JOCTATOYHO MHOTO CBUACTEIHCTB 00 3TOM sIBIEHUU. J[J11 3TOr0 UM B
xypHane «Hayka u xu3ubp» 3a nexkadpp 1975 roga yuraTensm Oblia mpeasio-
JKEHa JJIg 3aMOJIHEHMSI aHKEeTa, MYHKThl KOTOPOM MO3BOJISLIM MOAPOOHO U
eIMHO00pa3Ho onucath BujeHHOE. OHAKO y ATOW KHUTH €CTh OJUH CYIIECT-
BEHHBI W BIIOJIHE MOHATHBIN HegocTtaTok. Jleno B ToM, yto CTaxaHoB SIBJIS-
€TCsl aBTOPOM TaK Ha3bIBAEMOW KiacmepHou cunomesvl PEHOMEHA MIapOBOM
MoiHUU. CyTh €€ B TOM, YTO MPEAIOJIAraeTcsl pealbHbIM CYIIECTBOBAHUE HE-
KOET0 YJIMBUTEIBHOIO «MOJHUEBOTO BEIIECTBa». | TaBHAs uaes, BIOXHOBIIS-
IOLLAsl aBTOPA, 3aKJII0YAeTCs B ciaeAyromeM. Eciu Bo BpeMst Tpo3bl 00pa3yroT-
Csl TIOJIOKUTENIbHBIE M OTPUIIATENIbHBIE UOHBI, TO MPU OOBIYHON TEMIIepaType
Y BJIQKHOCTU OHM JIOJDKHBI OYEHBb OBICTPO MOKPBHIBATHCS 000JIOYKAMHU U3 MO-
JIeKyJ BOJBI, 00pasys 3apskeHHsle kaacteps! Tuna H ' -(H,0), u OH -(H,0),.
[Ipu 5TOM, KaK MOKa3bIBAIOT SKCIIEPUMEHTHI U TEOPETUYECKUE PACUETHI, JHEP-

' Cmaxanoe H. IT. O npupoxe maposoii Momuum, M.: DHeproatomusar, 1985.
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r'Usi, KOTOPYI0 HEOOXOJMMO 3aTPaTUTh HA pa3pylICHUE ITHUX KIIaCTEPOB, OKa-
3bIBaETCsA OOJBIIE TOW, YTO MOKET BBIIEIUTHCS B MpPOLIECCE MX peKOMOWHA-
uuu. Jlanee aBTop GOpMyIUpyeT rUnoTe3y, 4To Mpu AOCTATOYHON MIIOTHOCTH
TaKOro poJia MOHOB OHU 00pPa3ylOT YAUBUTEIBHOE BEIECTBO, KOTOPOE, SBIISA-
ACh, MO CYTH, MPOBOJSALIEH IEKTPUUECKUN TOK KUAKOCTHIO, 00Ia1as1, OlHa-
KO, IJIOTHOCTBIO, IPUMEPHO PAaBHOM IUIOTHOCTH OKPY’KAOIIEro BO3yXa. Mbl
BIIPaBE€ HA3BIBaTh ATOT TMIIOTETUYECKUI IEKTPOIIUT KUAKOCTBIO, & HE Ta30M,
MOCKOJIbKY 3TO BELIECTBO HE CMEIIMBAETCS C BO3AYXOM, 00pa3ys B HEM «Kall-
JII0», XapaKTEPU3YIOLIYIOC CBOMM ITIOBEPXHOCTHBIM HATSYKEHUEM.

OTa runoTe3a B HACTOALLEE BPEMs JOCTATOYHO IMOMYJISIPHA, TOCKOJIBKY
OpUAYMaTh KakMe—JM0O APYrue MEXaHWU3Mbl, 00€CIEUUBAIOIINE KOJIOCCAIb-
HYI0 (110 MaciTabaM BpeMEeHH, XapaKTepHOTO AJIsl TPOLIECCOB PEKOMOUHAIIH
MOHOB IJIa3Mbl) CTAOMJIBHOCTD IIAPOBBIX MOJIHHUI — HE MPEICTABIIAECTCS BO3-
MOXHBIM. OJTHAKO OHA HATAJIKMBAETCS, KAK MUHUMYM, Ha JIBA BO3PAKECHUS.
Bo—nepBrix, kKakuM 00pa3oM B aTMoc(epe MOKET BOZHUKHYTh JOCTATOYHOE
JUTst 00pa30BaHMs CTAOMIIBHOTO AJIEKTPOIUTA KOIMYECTBO HOHOB? I1oCKONIBKY
B MOJIHUETIPOBOAIIEM KaHaJIE UX SIBHO HEOCTATOYHO, TO B MOCJIETHEE BPEMS
00CyKJaeTcsl MPEeIIoI0KEHNE, YTO 3TU MOHBI MOIJIM Obl 00pa30BaThCs MOA
BO3/ICICTBUEM YIApPHOW 3BYKOBOW BOJIHBI, TOPOXKIAEMON JTUHEHHON MOJIHU-
eil. OgHako, OyJb 3TO TaK, KaXKAbli TPO30BOM pa3ps] — HUX OObIYHAS JIMHA
HOpsZIKa HECKOJBKUX KUJIOMETPOB — COIPOBOXKAAJCS Obl BBINAJAECHUEM OT-
POMHOI'0 KOJIMYECTBA IIAPOBBIX MOJIHUMU. bosee BaXXHbIM, OJTHAKO, NIPEICTaB-
asieTcst ipyroe coobpaxeHue. M3—3a KyJTOHOBCKOIO MPUTSKEHUS KIIACTEPhbI
CTPEMSITCS IPUOJIU3UTHCS APYT K IPYry. ITOMY MPOLECCY MOKET BOCIIPEIIAT-
CTBOBATh TOJBKO KHMHETHYECKAsl DHEPrus MX TEILIOBOrO ABWKEHHWs. Ecim
TEMIIEpATypa JOCTATOYHO BEJIMKA, NAKE €CIM OHA WM HENOCTAaTO4YHA IS pas3-
pYILIEHHUS KIacTepoB, Mbl OyJeM UMETh ra3, Ha3biBaeMblil mazMou. [Ipu Go-
Jiee HU3KOM K€ TeMIepaType KilacTepbl CKOHACHCUPYIOTCS B OOBIYHYIO BOJY.
Tperbero He naHo.

[TocTynupoBaB CyHIECTBOBAaHUE «MOJIHUEBOTO BEIIECTBA», ABTOP BIIpa-
B€, C TOM XK€ CTENEHBI JOCTOBEPHOCTH, HAJEIATh €r0 BCEMU CBONCTBAMHU,
HEOOXOIUMBIMU 7151 OOBSICHEHUS BCEX YIUBUTENBHBIX MPOSBICHUN (PeHOMe-
Ha. Ho xy»e npyroe, Oytyun BO BJIaCTH CBOEH runote3bl, CTaxaHOB MOJBEPT
KPUTHUYECKOMY OTOOPY COOOILEHHUSI CBOMX PECIOHAEHTOB — BCE, UTO HE YK-
Ja/IbIBACTCSI B €r0 CXEMY OOBSIBIIEHO UM «HEAOCTOBEpHbIM». K TakoBbIM OT-
HOCATCS JEMCTBUTEIHLHO OTHOCUTENIBHO PEIKUE CBUACTEIbCTBA O HabOIIOJe-
HUH [IAPOBBIX MOJHHUI O4Y€Hb OONBIINX Pa3MEpOB, OMUCAHUS IIAPOBBIX MOJI-
HUHN AUCKOOOPa3HOH M KOJIBIIEBOW (POPMBI.

[To-BuauMOMYy, KaK K «KpailHe» HEIOCTOBEPHOMY OH OTHeccs Obl, Ha-
IIpUMEP, K CIEIYIOMIEMY OMMCAHUIO, B3ATOMY MHOM M3 OJTHOTO CTapOro XKyp-
Hana «TexHuka MOJIOAEKMW»: «...04EHb TPYJIHO MOAPOOHO M TOYHO BOCIPO-
U3BECTH BCE COOBITHS CIEAYIOMIMX YEThIPEX MHUHYT, B TE€UYEHUE KOTOPBIX Ha
HAlIMX IJ1a3ax <OKWAJIay» IapoBas MOJHMA... OHa MENJIEHHO U PABHOMEPHO
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repeMelanach 1o rOpu30HTaIbHON WIM HEMHOT'O BOCXOAIIEH JIMHUU HA BbI-
COTE HECKOJBKHX METPOB B HalpaBJICHUH YyTh JeBee Hac. /[Buranach B moJi-
HOM 0e3MOJIBHH, KaK, BOpouYeM, U mpomaia 0e3 Bcskoro 3Byka. OHa Oblia
TycKJas, 1 Obl cKa3all, POHAPHO—MIIEYHOTO LIBETA, IPUMEPHO TAKOTO K€, KaK
BBITJIIIUT PTYTHAs JlaMIla HU3KOTO JABJICHMS 4Yepe3 IJIACTUHKY MaTOBOTO
crekia. ['panunia mapa Obl1a HepasmbITod. Kakoli—1u00 BHyTpeHHEN CTPYK-
TYpbl PACCMOTPETH HE YJIaJI0Ch, OAHAKO Ha (pOoHE 1I1apa ObUIN 3aMETHBI KaKhe—
TO TIPBITAIOIIKE CBETIIbIC TOUKH, TJOBOJBHO SIPKHUE, CIIOBHO 0a004KH y hoHApHI.

MosnHus npubnrkanack K Ham, €€ BUAUMBINA TMaMeTp yBEIHMUUBAIICA, U
U3MEeHsuIcs yrou Habmonenus. Ho kazanock, 4To mo pazMepy oHa He OoJibiie
BosieiibonpHOTrO Msiya. Korma momHus Oblia y)Ke CpaBHUTENBHO OJM3KO, OT
Hee BIPYr OTAEIWIOCHh KOJBIO TAKOro e nsera. OHO cTajo MEMJIEHHO U
PaBHOMEPHO PACIIUPATHCA CUMMETPUYHO OTHOCHTENBHO IeHTpa mapa. [lo-
XKamyi, 3To ObUIO caMoe HEOOBIYHOE B TIOBEJICHUM MOJIHUU U CaMO€ KPacHBOE.
OTpaieHHO SBJIEHHE HANOMHHAJIO PACXOKJIEHUE KPYroBOW BOJIHBI OT OpoO-
IIEHHOTO B BOJly KaMHS, HO B 3aMEJJIECHHOM BpeMeHU. MOJIHUS TIPU STOM
npoJoJkKaia JIBUTaThCs B MPEKHEM HAMNpaBICHUU U, TOXOXKE, C MpeKHEH
ckopocTbio. Kounbllo yBenuuuiaoch B JHaMETpe, Kak HaM IOKa3aiocCh,
1o 1-3 M u pacrasas ucyesno. [locie 3Toro map «BblIam» BTOPOE KOJIBIO, Me-
Hee sipkoe, yeM nepBoe. OHO TOXKe pacIuIbLIOCh U CTalo Ucde3aTh. B aToT
MOMEHT MOJIHHS Hadaja Jae(opMHUpOBaThCs, MPUHSIIA rpyiieoOpasHyo ¢op-
My U Kak—TO ObICTpO ucuesna...». Kaura CtaxaHoBa COJEpXHUT B ce0e pas-
BEPHYTYIO U BIIOJHE OOOCHOBAHHYIO KPUTHKY BCEX MPEIJIOKEHHBIX JI0 CHX
NOp MOJEJIEH MapOoBO MOJHUU (KpOME, ECTECTBEHHO, KIIACTEPHOM ), IO3TOMY
MbI He Oy/1eM 3aJ€p>KUBATHCS HA 3TOM.

Y IUBUTENBHBIM U HENOIJAIOIINMCS TOJKOBOMY OOBSICHEHUIO SIBIISECTCS
ClelyIolee CBOMCTBO IMIAPOBBIX MOJHUI. C OJHOW CTOPOHBI, UX CBEUYEHUE
OUYEHb IMOXO0KE Ha 0€300MIHBIA KOPOHHBIM pa3psll, TOT, YTO OOECIeYMBAET
NOSIBJIEHUE 3HAMEHUTHIX OTHEHl CBATOro DibMa; MPH 3TOM, IPaBAd, OTCYTCT-
BYET KOPOHUPYIOUINH 35eKTpo. [Ipu moaxoasumx ycaoBUsIX CKBO3b CBETS-
HIYIOCS IApOBYIO MOJIHMIO MOXKHO BHJIETh HaXOJSIIUECS 3a HEH MpeaMETHI,
Hanpumep, 3Be3/bl HOUHOro Heba. DoToMeTpUpOBaHUE Clie/]a, OCTABIEHHOTO
Ha (DOTOMIIEHKE IIApOBOM MOJIHHMEH, MOKa3bIBAET, YTO CBET €€ U3JIydaercst 60-
jee WK MeHee OJHOPOJHO BO BceM ee oObeMe. Mmeercst 1ocTaToOuHO MHOTO
CBUJIETENIHCTB, KOTJa HaOMI0/aTeIN «IPUKACATUCH» K IIAPOBBIM MOIHHUSIM
6e3 kakoro—ianbo gocroitHoro ynomuHanus 3gdekra. Hampumep (CraxaHos,
CTp. 22): «... B OTKPBITYIO ABEpPh BieTena 6eno—roaybas mapooOpa3Hasi macca
auamerpom 30—40 cm, kKoTOpass Hayana OBICTPO JBUTAThCS IO KOMHATe.
[Ipoiins 10—-15 M, oHa moakaTwiack moj TabypeT, Ha KOTOPOM CHJEN Bpad.
XOTSl OHa HAXOAWJIACh HEMOCPEICTBEHHO y €ro HOT, TaK YTO OHU OBLIM Yac-
TUYHO nocpydiceHsbl B HEe, TeIla OH He olnywan. Benen 3a sTuMm mapoBas
MOJIHHSI TIPUTSHYJACh K Oarapee NEHTPATbHOIO OTOIJIEHUSI U UCYe3la C Pe3-
KUM HIUIIEHUEM, MTPOIUIABUB y4acToK Oatapeu B 3—4 mmy». 13 aToro npumepa
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OTYETJIUBO BHJHA MPOTUBOPEYMBOCTH MOBEJICHUS IIAPOBON MOJIHMM, U KOH-
TaKT C HEH MOKET OBITh BeChMa OoImacHBIM: «OkoHoMmucT B. H. AHOCOB, Boiias
B KOMHATy, MOYYBCTBOBAJ CHJIBHBIN yAap MO TOJIOBE U MOTEPsIT CO3HAHUE.
Bnocnencteuu emy pacckaszaiu, YTO OJJHOBPEMEHHO C CHJIBHBIM YIapOM Ipo-
Ma U3 MaTpOHa JJAMIIOYKH BBICKOUMJI [IAPUK AMaMETpoM 5—6 cM, ynall emy Ha
rOJIOBY U B30pBaJIcsi B Bosiocax. ... [locie KoHTy3uu 00Jib B TOJIOBE OIIYyIIA-
Jachk B TeUeHHE ABYX Henelb (CtaxaHoB, cTp. 90)».

Ecnm nomycTuTh, 4TO IIApOBBIE MOJHUU B CBOEW OCHOBE SIBIISIFOTCS
KpaCHbIMH KBAapKaMH, TO OYEHb JIETKO MOHSITh TAKOI'O0 poJa CTPAHHOCTH B HX
noBeJicHUH. Eciii HanpsyKeHHOCTh COJICHOUJIAJIBHOTO 3JIEKTPHUYECKOTO OIS
JIOCTATOYHO BEJNIMKa, TO BO3[yX, OKPY>KAIOLIUA KOJbIIO, MOXKET HOHU3UPO-
BaTbCsA, U B HEKOTOPOM O0BEME BOKPYI KOJbLA CYLIECTBYET TJICHOLIMI pa3-
psin. Bo3HuKaronme HoHbl JBUKYTCA IPUMEPHO BIO0JIb MOJOUAAIBHBIX CUIIO-
BbIX JIMHUH, Apeidys B 00J1acTh ¢ MEHbLIEH HANPsHKEHHOCThIO Mojsl. Pa3ps-
KasCh, BO30YKJICHHBIC aTOMBI U3JTy4alOT CBET, KaK 3TO OOBIUHO U ObIBAET MpHU
KOpOHHOM paspsie. [lpu 3ToM 00beM, 3aHATHIMI COOCTBEHHO KBapKOM, CO-
CTaBJIICT, KaK MPAaBUJIO, JUIIhL HE3HAYUTEIbHYIO 4acThb 00beMa €ro CBETS-
nieiicss noHocgepsl. IMEHHO MO3TOMY HIApOBasi MOJIHMS Yallle BCEr0 MMEET
BUJ (prroopecupytome cgepsl. B kaure CraxanoBa NpuBOIUTCS MHOTO Ha-
OJIF0JIEHU, WJUTIOCTPUPYIOUIUX CHOCOOHOCTH IIAPOBBIX MOJIHUM MPOXOIUTH
CKBO3b OTBEpCTHSI, TOPa3/l0 MEHBIIINE, YEM UX BUIUMBIA pa3mep. B mpunuu-
e, JOCTaTOYHO MOIIHBIE 3JIEKTPUUYECKUE KBAPKKW MOTYT UHIYLUPOBATH U BbI-
COKOTEMIIEPATYPHBINA pa3psl, MOAOOHBIN TyrOBOMY, OJIHAKO, IOTEPU YHEPTUU
P 3TOM TaK BEJIMKH, YTO TAaKOU pa3psi HE MOXKET IJTUTHCS CKOJILKO—HUOY/ b
JIOJITO, W TIapOBasi MOJIHUSI OBICTPO MPUHUMAET CBOW OOBIYHO HAOFOAACMBIN
BHU/I.

JlanpHelmas 3BOJIIOLMSA IIAPOBOW MOJIHUM MOXET pPa3BUBATHCA I10
nByM ciieHapusiM. [lo Mepe pacxopoBaHus PHEPrUuM Ha MOJACPKAHUE TIICIO-
HIEro pas3psija, MarHUTHBIM TOK U CO3JlaBa€MOE€ WM BJIEKTPUUECKOE TMOJie
YMEHBIIAOTCA. JTO BBI3bIBAECT YBEINYEHUE MOJOUIAIBHOTO pa3Mepa KOblA.
B kOHIIE KOHIIOB, CyIlIECTBOBAaHHE TOPA, KaK JBYCBSI3HOW MOBEPXHOCTH, JIEJIa-
€TCsl HEBO3MOKHBIM, KBapK KaTacTpOPUUECKUM 00pa3oM pa3pylIaeTcs, U MO-
HaJla BO3BPALIAETCA K CBOEMY OJIHOCBSI3HOMY COCTOSIHHIO. DTOT MPOLIECC Ipa-
MaTHYECKUM 00pa30M YCKOPSIETCS, €CIIH IIapoBasi MOJIHUS MOJTy4aeT JOCTYIl
K OOWJIHHOMY HCTOYHHKY 3JIEKTPOHOB. [Ipy NMpUKOCHOBEHHHM K METaJlIM4e-
CKOMY MpPEAMETY 3JIEKTPUUYECKOE IOJIE IIAPOBOM MOJHUU TO3BOJSET JJICK-
TPOHAM TPEOJONECTh MOTECHIUATLHBIN Oaphep, YACPKUBAIOIINN WX BHYTPH
MeTalia, U, B pe3yJibTare, NoJIOWJadbHbId TOK MHOTOKPATHO BO3pPAcTaeT, 4To
MPUBOJUT K CTPEMUTEIBLHOMY KOJIJIAICY 3JIEKTPUUYECKOro KBapka. MrHOBeH-
HOE BBIJICJICHUE 3HAUYUTEILHOTO KOJWYECTBA DHEPTUU MOXKHO OMHUCATh, MPHU
MOMOIIM TEOPUH, XOPOIIIO pa3paOOTaHHOW B MPUMEHEHHUH K SIACPHBIM B3PHbI-
BaM (3Ta Teopus OblUIa C yCIEXOM MPUMEHEHA U JUIS OMMCcaHUs MpoOosi BO3-
nyXa B CPOKYCHPOBAHHON CBETOBOW BOJIHE, U3Ty4aeMOM MOIIHBIM JIa3€pOM).
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31ech NMPUCYTCTBYIOT M sApKas BCIBIIIKA, W yJapHas aKyCTHYECKas BOJIHA.
CoBepI11eHHO, 0OJTHAKO, HEMOHSITBIM SIBIISIETCSA TOT (DAKT, YTO KOJUIANC KBapKa,
KAaK U SIEPHBIA B3pPbIB, COMPOBOXKIAETCS MOIIHBIM JJIEKTPOMAarHUTHBIM HM-
yJab6COM. TON MIIM MHOW MOLHOCTH JJIEKTPOMArHUTHBIA UMILYJIBC BCETAA CO-
IPOBOXKJAET KaTacTpO(PHUUECKYIO AECTPYKIMIO IIapoBOM MosHMU. BoT kak
OIMCBHIBAIOT OYEBULBI PE3YIIbTAT BO3ACHUCTBUS 3TOI0 UMITYJIbCA: «...BO Bpe-
Msi Tpo3bI B jade N° 5, mpuHaiexaiieii KypbIrHHBIM, YCIBIIATN CUTbHBIN
yaap rpoma. B coceqneln nade ee xo3siika BHUJENIA B 3TOT MOMEHT WJIH, TOY-
HEE, 32 MTHOBEHHE JI0 yAapa KENThI OTHEHHBIN 1Iap, AMAMETPOM OKOJIO 1 M,
CITyCKaIOIIUNCA K OOJBIION enr Ha Tepputopuu gaun Kypeiruneix. B pe3yib-
TaTe B3pbIBA JE€PEBO OBUIO PACIICIUIEHO W BIOJIb CTBOJA 00pa30BajCs JJIMH-
HBbI U PACIIUPSAIONIMNCA K OCHOBAaHUIO IIpaMm JUIMHOM okojo 10 M m mupu-
HOU BHM3Y Oonee nosiymerpa. Ha naye KypbIrMHBIX HAXOIUIIUCH B 3TO BPEMS
OJIMH B3pOCJIbIY U JIBo€ AeTed. OHU yCIbIIIalId B3PBIB U YBUICIH OJIECK Ija-
MEHH, HO HUKTO He nocTpajani. [linactMaccoBas kopoOKka cueTyrKa, BUCEBILIE-
ro B MpUxo0Xei, ucuezna Oeccinenno. Cuetuuk neperopes. Cropenu U ucyes-
JIY TIPOBOJIA 3a3€MJICHHS B TIoM€. MeTalIn4eCKUe KPBIILIKU PACIPENEINTEIb-
HBIX KOPOOOK ObIIIM BBIOWTHI, IPUUYEM OJIHA U3 HUX CUIBHO Je(pOpMUpPOBaAIach
OT yJapa 0 IpOTUBONOJIOKHYIO cTeHy. Ha uepnake Haj npuxosxel Oblin pas-
OUTBHI METAIUIMYECKHUE PACIPEICIUTEIbHbIE KOPOOKH, 1BE METANINYECKUE Ye-
penuibl Takke ObUTH BBIOUTHL. OKOJIO TOTO MECTa, I/ie MPOBOJA JIEKTpUYE-
CKOTO OCBELICHHS BXOAMJIU C CaJOBOI'0 yyacTKa Ha yeplaK, ObLJIM OTOpPBaHBI
JepeBsiHHbIE JOCKU. OUH U3 TpeX U30JIATOPOB, HA KOTOPBIX KPEIMUIIUCH MPO-
BoAa, OecciaenHo umcye3. Mcues Takke 3a3eMIIEHHBIA TPOBOJ, MAYLIMH OT
crosnba.

Kak BBISICHUIIOCH TOCJIE TPO3BI, IIIApOBasi MOJIHUSL OCTaBHIIA MOCIIE ce0st
MHOTI'O MOCJIEICTBUM U HA TEPPUTOPHUM Jauu. OT pacUIENIIEHHOM €11, KOTopas
HaxOoJWJIach Ha paccTostHuU 25-30 M OT 10Ma, B IECYAHOM T'PYHTE MOSBUINCH
JBE€ HErayOoKkue OOpOo3/bl, OJIHA U3 KOTOPBIX Beja K BOJONPOBOAHOMY KpaHy
C OIUIABJICHHBIM IIpU B3PbIBE KOHIIOM, a BTOpas — K aymeBoil. CTeHKH ay-
IIEBOM COCTOSUIM M3 IMPUOUTHIX K CleraM TOHKHMX J0cOK. Jlocku u3 OOKOBOIA
OOIIMBKY U U3 N0J1a ObUIM BBIOMTHI. BOKpYT OIJIaBJIEHHOIO BOJOMPOBOIHOTO
KpaHa nosiBuiach smMa B necke 0,5 M B AuaMmeTpe U INIyOMHOH TOXE OKOJIO
0,5 M. B KyxHe, KOTOpasi HAXOAUJIach B HECKOJIIBKUX METpaxX OT AYIIEBOM, UC-
ye3J1a I1acTMaccoBas KpbIllKa akeTHOro nepekitoyarens. Kadenb, KoTopblit
ObUT IPOJIOKEH B 3€MJI€ OT 3TOM KyXHH K MOTOPY, Ha MPOTSKEHUH HECKOJIb-
KMX METPOB BO MHOTHX MECTAaX MEPEropes U paciuiaBuicsa. XJIOPBUHWIOBAS
M30JISIIUSL U PE3UHOBAsE 000JI0UKA, B KOTOPOM OH HAaXOJAWJICS, ObUIA MPOOUTHI.
B cocenneii naye ucnoptuics teiaedon». CTonb sSpKHUe MPOSIBICHUS DJICK-
TPOMArHUTHOTO MMITYJIbCa CONMPOBOKIAIOT KOJUIAINC TOJIBKO OYEHb MOIIHBIX
IIapOBBIX MOJIHHM, HO HEKOTOPBIE CBHJIETENIHCTBA OYEBHJLEB 3aCTABIIIOT
CUMTAaTh, YTO B Oosiee MIATKOU popMe OH CYLIECTBYET BCETa.
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[Io gpyromy creHapuio MIapoBasi MOJHHUS MOXET HCTPAaTUTh CBOIO
HHEPTUIO 10 YPOBHS, HEAOCTATOYHOIO IS MOJACPKAHUS TICIOIIEro pa3psaa,
IPOJOJIKAsE OCTAaBAThCA MPU 3TOM IJIEKTPUUECKUM KOJbLIOM. B 3ToM ciyuae
MOJIHUSI JIENAETCS HeguouMol. B TakoM COCTOSIHUM OHa MOKET HaXOIUThCS
OYEHb JOJIT0 W KOJUIANICUPOBATh, 3apaHEe HE NMPUBJIECKAass BHUMAHUS BO3MOXK-
HBIX HaOronmareneil k cBoel «mepcoHey. OmHAKO, €ciau Takas HEeBUAUMAs
MOJIHUS IIOBCTPEUYAET HA CBOEM ITyTH METAJUIMYECKHUM IIPEAMET, TO OHA MOMKET
BHOBB 00pacTu CBeTAIIyocs noHochepy. S mo3Bost0 cebe MPUBECTH €IIle JBa
HaOmoaeHus n3 Kuuru CTaxaHoBa, Ui JEMOHCTPAIIMH STOTO SIBIICHUS.

«PaznaBanucek packatel rpoMa. [logHrMasice Ha BTOpO# 3Tax K cebe B
KBapTHUPY, OH (MaJb4MK) yCIbIIAT 1103314 murnenre. OOepHyBIINUCH, OH YBH-
JIeJI, KaK B HECKOJIBKMX IIIarax OoT HEro M3 IBO3[s, TOPYABLIETO OKOJO OKHA,
MEJUIEHHO MOSBIIAETCS, IOCTEIIEHHO YBEJIMYUBAsi CBOM pa3Mephl, CBETALINIICS
map. Jlocturays B nuamerpe 10—12 cm, map oTopBajicst OT TBO3Js M Hadaj
JIBUTAThCS 3a JIIOJbMH, MOJHUMAIOIMKUMHUCS 1O JiecTHULE. OHM BCKOYMIIU B
KBapTHUPYy, M OTEIl MOMbITAICS 3aKpbITh 3a cOO0M NBepb. OIHAKO MIapoBas
MOJIHHS YCIIEJIa IPOCKOYUTH B Y3KYIO IIeJIb — MeHee | ¢M mmpHuHOM. 3axep-
YKaBILKCh OKOJIO ABEPH, OHA MPOJIETENA HA pacCTOAHUU 0KOJo 0,5 M OT Mab-
4KKa, 00/1aB €ro MOTOKOM UyTh TEIJIOTO BETPa U CKPBIBIIMCH 3a JBEPHIO Tya-
nera. bonwie ee He Buaenu. Bece sto nmpomomkanocs 40-50 c. Ilo3nnee B
CTEKJIE TyaJIeTHOUM ObUIO HAWJIEHO OTBEPCTHE IUAMETPOM 2MM).

«"po3sl 1 10k HE OBLTO, HO aTMocdepa OblLIa CUIIBHO «HAIEKTPU30-
BaHa»... O (M. C. KnapnueB) oOpaTui BHUMaHHE Ha 3BYK (ciaboe xKyxoKa-
HUE), UCXOAMBIINNA OT BEPXYIIKH CTOJI0A, KOTOPBIH CTOSJI HA y4acTKE OKOJIO
noma npubau3uTeasHo B 20-25 M. Ctosd ObUT CTaphIid, U ¢ HETO ObLIA yKe
cHATa mpoBojKa. [IpucMoTpeBIINCE, OH YBUAENI KPACHOE IMATHO Pa3MEpOM C
BUIIHIO, MOSBUBUIEECS HA METAINTMYECKOM KPIOKE, BOUTOM B BEPXHIOIO YaCTh
CTO0JI0a, HA KOTOPOM paHbllie, TO—BUIUMOMY, Kpenuics uzonstop. Kprok Ha-
XOJIMJICS HAa BbICOTE 4 M OT MOBEPXHOCTH 3eMJiu. CBETSIIMIACS IApUK Hayal
pacty, OJHOBPEMEHHO MEHsS 1IBET C KPAaCHOrO Ha JKEJThIM, a 3aTEM Ha 3elle-
HbIl. OTHOBPEMEHHO CBETOBOW MOTOK M3 HETO BBIPOC, TAK YTO, ECJIM €r0 BHA-
yaJjie MOKHO OBLIO CPaBHUTH C JIAMIIOW B HECKOJIbKO BatT, To Teneph OH CBe-
tiiics kak gamna 500 Bt. Bee ato 3ansuio 2 c. Jlocturnys pazmepa 15-20 cm
B JMaMeTpe, 1apoBasi MOJIHUSA OTOpBajiack OT cTojba... [llap ObL1 mpaBuIb-
HOUM (OpPMBI, HO BCE € CJerka BBITSHYTHIA C MOJBUKHON MOBEPXHOCTHIO.
Cuna ucmyckaemMoro cBeTa MepHOJUYECKH U JIOBOJIBHO OBICTPO Kosebanach
Ha 20-30%. IIponenas mpubmuzutensHo 3a 10 ¢ myTs okono 10 M, map Ha-
TOJIKHYJICS Ha J€PEBO U B30OPBAJICS C CHIIBHBIM 3BYKOM. ... B MOMEHT B3pbIBa
aBTOp, KOTOPBINA CTOSIT MPUOIHU3UTENBHO B 15-20 M OT MecTa B3phIBa, IOYYB-
CTBOBaJ yAap TOKOM — HEMPOU3BOJIbHOE PEPIEKTOPHOE COKPAILEHNUE MBILII]
KUBOTA U HOT (JIEKTPOMArHUTHBIA UMITyibc!). Takue ke OllylIeHUs! UCIIbI-
TaJu elle TPU YeJOBEKa, HAXOAMBIIMECS HA ydyacTke (IPUMEPHO HA TOM K€
paccTostHuM)». O0a ATH HpHUMepa MOKa3bIBAIOT, KPOME BCEro MPOYEro, UTO
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pa3Mep COOCTBEHHO KBapKa HECOIOCTAaBUMO MEHbIIIE OOBIYHOIO pa3Mepa Iia-
pPOBOM MOJIHUU.

XapakTep ABMKEHUS IIAPOBBIX MOJIHAM OY€Hb MPHUYYJIUB, HO BHE I10-
MEIIeHUI OHa OOBIYHO ABMKETCS MapalljiebHO 3€MHOM moBepXxHOCTH. Ecte-
CTBEHHOE OOBSCHEHHE TAaKOMY €€ TMOBEACHHUIO 3aKII0YAeTCs B CIEAYIOLIEM.
OpOuTanbHbIi MAarHUTHBIA TOK KOJIbIA CO3JACT AJIEKTPUUECKUIN JUIOJIbHBIN
MOMEHT, TTOJIOOHO TOMY, KaK BUTOK JJIEKTPUUYECKOIO TOKa CO3JAeT COOTBET-
CTBYIOIIMNA MarHUTHbIA MOMeHT. O0sajas TakuM MOMEHTOM, I1apoBasi MOJ-
HUS JOJDKHA JBUTAThCA B CTOPOHY BO3pacTaHMsi aOCOJIFOTHOM BEIMYUHBI Ha-
IOPSDKEHHOCTH BHEIIHErO 3JIEKTPUYecKoro mois. OObBIYHO MaKCHUMallbHOE
3HAYCHHE 3TOIl HANPSKEHHOCTH PACIIONIOKEHO BOJIH3H MOBEPXHOCTH 3eMIIH
IIPHU 3TOM B YCJIOBUSIX I'PO3bl HAIPSKEHHOCTDH JJIEKTPUYECKOTO MOJISI MHOTO-
KpaTHO BO3pacTacT U MOXKET JOCTUTaTh 3HaueHu# mopsaka 1 kB/cm. Ouenn
BEJIMKU TPHU 3TOM M IPAJIMEHThI HanpshkeHHOCTH. Kaszanock Obl, 4TO mapoBas
MOJIHHSI JTOJDKHA, KaK MPaBUIIO, OMYCKAaThCs HA 3€MJIIO M OBICTPO TaM pas3py-
marbes. OAHAKO 1IapoBasi MOJHUS SIBISIETCS OJAHOBPEMEHHO M a0COJIOTHBIM
JTURJIEKTPUKOM U, TOJOOHO TOMY, KaK OOBIYHBIE CBEPXIPOBOAHUKN BBITAJIKH-
BAlOTCSI MarHUTHBIM TOJIEM, O0JIajlaeT TEHJICHLUEW ABUTaThCSl B CTOPOHY
YMEHBILICHUS 3IEKTPUYECKOro mosisi. MOKHO cKa3aTh, YTO KpacHbI KBapK,
HAXOJSICh B MOCTOSIHHOM JJICKTPUUYECKOM I10JI€, OPUEHTUPYETCS TaK, YTOObI
ero AUIMOJIbHBIA MOMEHT ObLT HallpaBJieH BOJIb MOJIst. OTHOBPEMEHHO C ATHM
B KOJIbLIE UHAYLMPYETCA «IUIIECKTPUYECKUNA MOMEHT)» HAIIPABJICHHBIN IPO-
THUB IIOJIs, U TIOJIHBIM DJIEKTPUYECKMHA MOMEHT KBAapKa OKa3bIBACTCS Pa3HO-
CTBIO 3THUX CBOMX COCTaBIISIOIIMX. TakuMm 00Opa3oM, HaxXOAAIIAsiCS B Tpalu-
CHTHOM 3JICKTPUYECKOM TOJIE IIapoBas MOJHHS BBHIOMpAET Ui CBOETO JBH-
JKEHHsI Ty IOBEPXHOCTb, HA KOTOPOM €€ MOJIHBIM JIEKTPUYECKUM MOMEHT pa-
BEH HYJIIO, IPUYEM €€ HaXOKJICHHUE Ha ATON ITOBEPXHOCTH SABJISIETCS YCTOMYU-
BBIM.

DTO yclnoBue, HEOOXOAUMOE ISl YCIEIIHOTO HAOIOJICHHS IIapOBBIX
MOJIHUH, SBISETCA, O—BUAUMOMY, BECbMa KECTKMM. MOXHO QymaTh, YTO
OOJIBIIMHCTBO KBApKOB MpPH CBOEM BO3HMKHOBEHHHM OOJAJAlOT CIUIIKOM
OOJIBIINM, JUISI TOTO YTOOBI OBITH CKOMIIEHCUPOBAHHBIM, TUIOIBHBIM MOMEH-
TOM U OBICTPO KOHYAIOT CBOE CYIIECTBOBAaHUE HEJIAJIEKO OT MECTa CBOETO po-
xaeHuss. C Opyrol CTOPOHBI, MO MEPE M3PACXOJOBAaHUSA DHEPTUU KOJIEIL,
YMEHBIIAECTCS U UX JUIOJBbHBIM MOMEHT. IIpy 3TOM aneKkTpuuecKkue Kojbla
JOJKHBI [IOJTHUMAThCS Ha T€ BBICOTHI, 1€ DJIEKTPUUECKOE I10JI€ OAHOPOIHO U
€ro IpaJMeHT PaBeH HYII0. JTO, MPEXJIE BCEro, Kacaercs KBAPKOB, YXKE He-
CIOCOOHBIX MOJAEPKUBATH TIICIOIIMIA pa3psia. Hamo qymaTs, 4TO HMEHHO MO-
ATOMY MBI II0JI€ TPO3bl HE IyraeMcsl OT HEOKUAAHHBIX XJIONKOB U BCIBIIIEK,
MIPOU3BOJIUMBIX KOJUIATICUPYIOIIMMH KBAPKaMHU.

1

[TockonbKy MOCTOSIHHOE 3JIEKTPUUYECKOE TOJIE YOBIETBOPsIET ypaBHeHMIO Jlamiaca, To,
M0 M3BECTHOMY CBOMCTBY rapMOHUYECKHX (DYHKIIUNA, OHO MOXKET JOCTUTaTh CBOETO MaK-
CUMAaJIbHOTO 3HAYEHMsI TOJIBKO HE TPaHUIlE 00JIaCTH CYIIECTBOBAHUS.
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BaxuelmmM aprymMeHTOM B TIOJIb3Y CYIIECTBOBAHMUS «MOJIHUEBOI'O
BELIECTBA» SIBJISIIOTCA HEOCHIOPUMBIE CBUAETENBCTBA HaOMIOAaTeNel, eanHO-
JOYIIHO YTBEPXKJIAIOIIMUX, YTO IIAPOBBIE MOJIHMM NPEJCTaBISAIOT COOOM HE
pacIuiblBUaThle CBETAILIMECS TYMaHHOCTH, HO O0OJafaroT SCHO BBIPAXKEHHOU
MIOBEPXHOCTBIO. bosiee TOro, 3Ta MOBEpXHOCTh, IO BCEW BUAUMOCTH, ynpyad,
T. €. 00JIajlaeT 3aMETHON MOBEPXHOCTHOM »HEpruer — mocie aepopMaliuu,
CBSI3aHHOW, HAIlpUMeEp, C MPOXOKIACHUEM MOJHUHU 4Yepe3 y3KUE OTBEPCTHS,
OHa BOCCTAHABJIMBAET CBOIO (hOPMY, KaK 3TO cjiesia Obl, HAapUMep, MbUIbHBIN
y3bIPb.

JI71st TOro 4TOOBI MOHATH ATY yAUBHUTEIBHYIO YEPTy OOJIMKA IIapOBOM
MOJIHUH, HEOOXOJIMMO MMO3HAKOMUTBCS C Ba)KHOM OCOOEHHOCTBIO TPOTEKAHUS
3JIEKTPHUYECKOro paspsza B razax (Craxanos, ctp. 154, mompoGuee — '). B
ra3ax BO3MOXXHBI JIBA YCTOMYMBBIX HECMEIIMBAIOLIUXCSI MEXy cO0O0U BHIa
paspsanga. OnuH U3 HUX OOBIYHO HE COMPOBOXKIAETCS CBEYEHUEM Ta3a, OH Ha-
3bIBAETCA TEMHBIM pa3psA/IoM WK pa3psaoM TayHlceHa; qpyroid, 6onee npu-
BBIYHBIN, CBETAIIUNUCS mierowuii paspsad. TayHIICEHOBCKOMY pa3psily COOT-
BETCTBYET MEHbIIIAs IUNIOTHOCTh TOKA, YEM TIICHOIIEMY. /[Ba yCTOMYMBBIX y4a-
CTKa BOJIbTAMIIEPHON XapaKTEPUCTUKU, COOTBETCTBYIOIINE ATUM ABYM THUIIAM
paspsiia, COEIUHEHbI TPETBUM YYaCTKOM, HA KOTOPOM TOK pacmem C YMEHb-
HIEHUEM TPUJI0KEHHOTO HAIPSKEHHUS, BCIEICTBUE YETO BCA XapaKTEPUCTHUKA
npuoOperaer S—oOpas3ubiii Bua. Ha aToM yudactke oba Tuma paspsiga MOTYT
COCYIIECTBOBATh, HE CMEIIMBASCh, T. €. O0JACTH 3aHSTHIE PA3HBIMU BUIAMU
pa3psiia HE MEPECEKAITCA: OJHA YacTh MPOCTPAHCTBA 3aHATA CBETSIIUMCS
paspsiioM, npyras — TeMHBIM. [I0CKOJIbKY TUIOTHOCTH DHEPTHUU B 00IaCTH
IPOCTPAHCTBA, COJEpKalle TSIl pa3psaa, Oonblie, yeM B 00yacTu, 3a-
HATOW TEMHBIM Pa3psiioM, TPAHUIIA MEXKIAY HUMH JOJKHA 00J1alaTh MOBEPX-
HOCTHBIM HATSKEHUEM, KOTOPOE CAECPKUBAIO Obl MOBBILIEHHOE JABJICHHUE CO
CTOPOHBI TOM YaCTH NMPOCTPAHCTBA, IJ1€ HAXOAUTCS TICIOIIUHN pa3psal. OTa CU-
Tyalus XOpOIIO U3y4Y€Ha B MOJYIPOBOJHUKAX, CPEIA KOTOPBIX TOXKE UMEIOT-
Csl Pa3HOBUIHOCTH ¢ S—00pa3HOM BOJbTAMIEPHON XapakTepucThkoil. Takum
0o0pa3oM, B MOJHOM COJIacHH C (PU3UYECKOM HAYKOM, Mbl JOJIKHBI CUUTAT,
YTO [IAPOBasi MOJIHMS MPEACTABIIAET CO00I 00J1aCTh, 3aHATYIO TICIOUIUM pa3-
psAIOM, KOTOpasi OT/AesieHa OT Oojiee OOLIMPHOM 00JacTH TEMHOro pazpsiaa
YIIPYTO¥ TPaHULIEH.

He Bce, ognako, 31ech 10 kKoHIa sicHo. HaOmtoieHust moka3pIBatoT, YTo
BUJMMAas TPaHUIIA MIAPOBOM MOJIHUM YacTO OBIBAET HEPOBHOM, «ITyIbIpya-
TOW», HA HEN BO3HUKAIOT JIOKAJIBHBIE 3a0CTpEHHs. BO3MOXKHO, 4TO 3TO yKa-
3bIBAE€T HA HEKOTOPBIM MEXaHU3M, [PU MOMOIIN KOTOPOro 3JEKTPOHBI U3 00-
JacTU TJICIOLIETO paspsiia IMOCTABIAIOTCS B 00JacTh, 3aHATYIO TayCEHJIIOB-
CKUM pa3psaoM. MOKXHO AymaTh, YTO BBICOKOE HAIIPSIKEHHE, BOZHUKAIOLIEE

1 «

Ouineenv A., [llmenbex M. dusuka u TeXHUKA JIEKTPUUECKOTO pas3pszia B razax, mep. C
HeM., T. 1—2, M. — JI., 1935—1936.
I'panosckuii B. JI. DneKTpuuecKuil TOK B ra3e. Y CTAaHOBHUBIIHICS TOK, M., 1971.
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OKOJIO 3THUX 3a0CTPEHUM, BBI3BIBAET UCKPEHUE (CM. YIUBUTEIHHOE OMHUCAHUE,
B3siTOE U3 «TEXHUKU MOJOACKH»), KOTOPOE OTBETCTBEHHO 3a aKyCTUUYECKHUE
3¢ eKThl, TPOU3BOJUMBIC JOCTATOUYHO MOIIHBIMHU IIAPOBBIMU MOJHUSIMU, U
4acTO OTMEYAaeMbI€ PaIUOTIOMEXHU.

OdeHb BaKHBIMU TMPEACTABISIIOTCS T€ HAOJMIOIEHUS, B KOTOPBIX MOSB-
JICHUE IIAPOBBIX MOJIHUN HE CBSI3aHO C yAapoM JIMHEeHHOU MonHuu. Cymiect-
BYET JOCTaTOYHO MHOI'O CBHUETENILCTB BOBHMKHOBEHUS IIAPOBBIX MOJHHM B
pe3yibTaTe TpaHchOpMalMK JYTOBOTO pa3psiga, BOZHUKAIOUIETO MPU KOPOT-
KOM 3aMBIKaHUW HaXOJAIIUXCS MO HAPsDKEHUEM TTPOBOTHUKOB HIIA, HA000-
pOT, TIPU BHE3AIMHOM pPa3pbiBe HECYIINX TOK KOHTYpoB (okoiyio 1% nHabmrome-
HU, npuciaHHeix CtaxaHoBy). Bo3MoHO, 4TO Takoro poja SIBICHUS MpPO-
UCXOJST ropas/io yalle, YeM Ha 3TO oOpalaioT BHUMaHue. Sl Xxouy pacckas3aTb
BaM O TaKOT'O POJia SIBICHUH, CBUJIETENIEM KOTOpOoro Obu1 st caM. OHO, YBBI, HE
OTJIMYAETCSI 0CO00M KMBOMUCHOCTHIO. OTHAXKIBI SICHBIM JIETHUM JHEM s YBU-
Jien, KaKk MEXIy MPOBOJAOM M TOKOCHEMHHUKOM MPOXOJAIIEr0 MUMO TpaMBasi
BO3HUKJIA sIpKas UCKpa. B TeueHuWe MATH WM IIEeCTU CEKYH]I OHA JBUTalach
M0 HECKOJbKO HW3BUJIUCTON TPACKTOPUHU, HE HCHBITHIBAS OCOOOTO KEIaHUs
CHUKAThCSl M HE BbIKA3bIBasi KAKMX—IHOO MPU3HAKOB, TOBOPSIIHUX O MOHMKE-
HUU €€ TeMIIepaTyphl, UTO ObLIO Obl €CTECTBEHHO, €CITU OBl OHA MPEICTaBIIsAIIA
co00l yroJjibHyI0, HaIpUMeEp, YaCTHILy, OTOPBaBIIyIOCS OT maHTorpada. 3a-
TEM OHa Kak—TO cpa3y 0e33By4HO moracia. CaMbIM K€ yJIUBHUTEIbHBIM OBLIO
TO, YTO 3Ta UCKpPa HA BCEM MPOTHKEHUH CBOETO CYIIECTBOBAHUS ObLIa SPKO—
3€JICHOr0 1IBETa, KaK TOBOPST, LIBeTa 21exkmpux. IlocnenHee o3Havaer, 4To B
UCKpE 70 CaMOro €€ KOHIIA MPUCYTCTBOBAJIU JABYXBAJEHTHHIE HOHBI MEIH,
MOMNAaBIIIME B HEE, OYEBUJIHO, U3 MOKPHITOTO MEJbI0 KOHTAKTHOT'O MPOBO/IA.
s Toro 4TOOBl OOBSICHUTH YBUACHHOE, COBEPIICHHO OECIONE3HO CTPOUTH
KaKWe—Iu00 TUIOTE3bl TEIJIOBOTO XapakTepa — TOPSIIUNA Yrojiek HE MOXKET
OBITH CTOJIb SIPKUM, U, TEM 0o0Jiee, He MOXKET yACpKUBATh OKOJIO ceOsi oOay-
KO MOHU3UPOBAHHOUN Meau. JIBHKeHHE UCKPBI ObUIO OTMEYEHO OBICTPO HcUe-
3ar0IIUM ClieIoM Oenecoro 1BeTa. Bo3aMOXHO, OH COCTOSIT U3 MOJIEKYJ ABY-
OKHCH a30Ta.

CoBceM HECJI0KHO, Ka3alloCh Obl, BOCIIPOM3BECTH T€ CUTyallUd KOPOT-
KO0 3aMbIKaHMsI, B KOTOPBIX OYEBU[IIbI HAOIIOAAIN BO3HUKHOBEHHUE IAPO-
BbIX MOJIHMM. OJIHAKO YK€ CaMO OTCYTCTBHE MAIlIMH, FTEHEPUPYIOLIUX IIapo-
BbIE MOJIHUH, TOBOPUT O TOM, YTO ITO 3aHATHE COBEPIIECHHO OECIEPCIIEKTHB-
HOe. SIBlIeHHE HEBOCHPOM3BOJUMOCTH IIAPOBBIX MOJHUN B yCIOBUAX (PU3U-
YECKOr0 AKCIEPUMEHTA HACTOJBKO CTPAHHO, YTO OHO HE HAIIO OTPaKCHUS
HU B OJIHOM THIOTE3€, CTPEMSIIICIC OOBSICHUTh TPUPOTY IIAPOBBIX MOJTHUMU.
HeBocnipon3BoMMOCTD e reHepaly MapoBbIX MOJHUN O3HAYaeT, M0 CYTH,
OJIHO — JKCHEPUMEHTATOP, JKENAIOIIMNA CO3/1aTh APOBYIO MOJIHUIO, HE MO-
KET KOHTPOJIUPOBATh BCE YCIIOBUS, HEOOXOIUMBIE IS BOSHUKHOBEHUS dTHUX
00bekToB. Celiuac HaM JIOJHKHO OBITH MOHSATHO, YTO ATOT SKCIEPUMEHTATOP
HE MOXET MOMECTUTh BOJIM3H AYTrOBOr0 paspsia MOAXOAIIY0 chepruiecKyro
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MOHaay. DTO YCJIOBHE, SIBISACH CIy4YallHbIM, BBIMIOJHSETCS, BMECTE C TEM,
CTOJIb PEJIKO, YTO MOJYYEHUE MIAPOBBIX MOJIHUA B OCO3HAHHOM SKCIIEPUMEH-
T€ 0 CHUX NOp HE OCYILIECTBIEHO. Takum o0pa3oM, HEBOCIPOU3BOJAMMOCTb
IIAPOBBIX MOJHUM SIBJIETCA OJHUM U3 CAMBIX BECKMX APTYMEHTOB B MOJIb3Y
X MEMOpaHHON TIPUPOBI.

Takum 006pa3zom, MBI BHAMM, YTO THIOTE3a KBAPKOBOW MPHUPOJIBI IIAPOBBIX
MOJIHUH HACTOJIBKO XOpOIIO, 51 ObI CKa3all, UJIeaIbHO OMKCHIBAET 3TO SABJICHUE
MIPUPOABI, YTO XOUETCA TOBOPUTH HE O TUMOTE3E, HO O MOHAIHOW T€OPUHU IIa-
poBBIX MOJHUHN. [Ipu 3TOM, OTHAKO, HYKHO MPUHATH U Ty «O€3yMHYIO» HIEIO,
YTO OKOJI03€MHOE€ MPOCTPAHCTBO M rajJaKTHUKU, BOOOIIE, TYCTO HACEIEHbI MO-
HajgaMu. J[J19 MOATBEPKIACHUS dTOH KOCMOJIOTHYECKONW TUIOTE3bl HEOOXO1-
MO, KOHEYHO, MPOBEJICHUE MPSAMBIX 3KCIEPUMEHTOB C AJIEKTPOMArHUTHBIMU
kBapkaMu. [I0CKOJIbKY MBI HE MOKEM O CBOEMY JKEIIAHUIO CO3/1aBaTh OJIHO-
CBSI3HBIE MOHA/IbI IJI TIOCJIEAYIOIIETO MPEBPAILIECHUS UX B KBAPKHU, TO OCTAET-
Cs TOJBKO HAAEAThCA Ha yIAYHYIO UX NOMMKY. B caMoM mpocTtoM BapuaHTe
yCTaHOBKa JJisl JIOBJIM KBAapKOB JOJDKHA, B OOIIMX YepTax, MOBTOPATh ycCTa-
HOBKY, youBIinyto B 1753 roay akagemuka I'. B. Puxmana. OkcnepumMeHTaro-
py OCTaHEeTCs TOJBKO KIaTh, KOT/A JIMHEHHAs MOJIHHUS MOPA3UT CTEPKEHb,
BeyIIUi ¢ ynuilbl B 1abopatoputo. [Ipu 3ToM nabopaTopHBIi KOHEI] CTePKHS
JOJKEH, KOHEUHO, BXOJIUTh B BAKYYMHUPOBAHHYIO JIOBYIIKY JJISl SJIEKTpHUYE-
ckux koner. CoriacHo 3aKkoHaM (M3WKK HEBO3MOXKHO CO3/1aTh TAaKOE MOCTO-
STHHOE DJIEKTPUYECKOE T0JIe, HAMPSKEHHOCTh KOTOPOTo uMena Obl MAaKCHMYM
WM MUHUMYM BHYTPU JOBYIIKH. C BBICOKOYACTOTHBIM IOJIEM 3TO, OJHAKO,
HECJI0KHO OCYIIECTBUTh. D(PPEKTUBHOCTH TAKOTO SKCIIEPUMEHTA COBMAIAET C
OTBETOM Ha Bonpoc: «CKONBKO KAATh?»

B paccmoTpennoit 31eck kaure CraxaHoBa onucasbl ciiydau (ctp. 143)
KOrJia TJIOXO 3a3€MJICHHBIE MPOMBIIUIEHHBIE YCTAHOBKH C YaCTOTOW MpPUMEp-
HO OJMH pa3 B MecCsl] F'€HEpUpOBaIM IIapOBblE MOJHUU. B CBSI3M ¢ 3TUM
npenacraBisgercs 0ojee yAOOHBIM MOPOXKIAaTh KBAPKKA HE IMPHU MOMOIIU Ka-
IIPU3HOTO MPUPOJTHOTO I'€HEPATOPA CBEPXBBICOKOIO HANPSKECHUS, HO, HAIIPHU-
Mep, TIpH nomoItnu reaeparopa Ban—nep—I'paada. Uto xacaeTcs cHHUX KBap-
KOB, TO MOXXHO TMBITaThCA CO37aBaTh HMX MPHU TMOMOIIU KOJIBIIEOOPA3HOTO
CBEPXMPOBOJAHUKA C TOKOM: BHE3AIIHOE HAPYUIEHHE CBEPXIIPOBOIUMOCTH
CO37aeT KOH(PUTYPAITUIO IJICKTPOMArHUTHOTO IO MOJOOHYIO TOM, YTO CY-
HIECTBYET B ATUX KBapkax. [IoCKONbKy MIaHCBHI Ha yCIEX, NO—BUIAMOMY,
OYE€Hb MAJIbl, BO3MOYKHO YAACTCS MEPEPOJAUTH B MATHUTHBIE KPACHBIE KBAPKHU
cpasy MmocJie ux KoJularca.
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TamHCTBEHHOCTH (heHOMEHA MIAPOBOW MOJHHH TPOSBISCTCS, B YaCTHOCTH, B
TOM, YTO HUKTO W3 U3BECTHBIX YUYEHBIX, OI1ACasICh BHIUMO 32 CBOIO HAyYHYIO
peryTanuo, He TMPEeUIOKUIT HUKAKOTO OOBSICHEHHUS 3TOMY ABJICHUIO . Paccy-
KIATh XK€ O MPUPOJE IIAPOBBIX MOJHHUN MPEAOCTABICHO JWJIETaHTaM, CIIO-
coOHBIM O0Jiee BOJBLHO OoOpamatbes ¢ 3akoHamMu pusnku. Ho maxe u B 9THX
«MSATKHUX YCIIOBHSIX» BCE MPEIJIOKEHHBIC THIIOTE3bl «OOBSICHSIIOTY», KaK Ipa-
BUJIO, JIMIIh KAaKyIO—JU0O OJHY WJIM JBE YEePTHl 3TOro ()eHOMEHa — yale
BCEr0 yIMBUTEIBLHO OOJIBIIOE BpEeMs )KM3HU IAPOBBIX MOJIHUM.

B oTnwuame ot 3TOTO MpemsioKeHHas THIOTEe3a, CKOJIb AK30THYHON OHA
HU Ka3zajiach Obl, OOBACHSET, MMO—BUANMOMY, BECh KOMIUICKC SBJICHUMN, CBSI-
3aHHBIX C (DeHOMEHOM mapoBoi MoiHUU. [lepeuncium Hambonee 3aMeTHBIC
W3 HUX.

e lI3Mepssemoe MHUHYTaMHU BpeMs KU3HHM IIAPOBON MOJIHMH, YTO HECO-
U3MEPUMO C BpEMEHaMHU, XapaKTepHbIMHU JUIS Mpoliecca peKoMOnHa-
LIMY MOHOB.

e HeBocnpou3BoguMOCTh SIBICHHUS B YCJIOBHUSX II€JICHANIPABICHHOTO
HKCIIEPUMEHTA.

e BriCcokas SDHEPrOEMKOCTh IAPOBBIX MOJHUM.

e Haymuue nByX rjaBHBIX CIICHAPUEB MCUE3HOBEHUS MIAPOBBIX MOJTHUHN
— KaTacTpo(UIECKOTO U «TUXOTO».

e 3apo’KJICHHE IAPOBBIX MOJHUM HE TOJIBKO B PE3yJIbTaTe MOJHHUEBOTO
WM IyTOBOTO pa3psja, HO M UX 0€3 BUIUMBIX IMPUUHUH «BO3TOPAHHUE)
BOJIM3M METAJUTMYECKHUX MPEAMETOB.

e Hanuyre »IeKTpOMarHUTHOTO UMITYJIbCa B CIIydae KaTacTpoPUIECKO-
r'0 KOJUIarca MapoBbIX MOJHUM.

e Haymune BUAMMON MOBEPXHOCTU, OTPAHUUYMBAIONICH IIAPOBYIO MOJI-
HUIO ¥ YIIPYTOCTh 3TOM MOBEPXHOCTH.

e CnocoOHOCTH MAPOBBIX MOJHUN MTPOXOJAUTH CKBO3b Y3KHE OTBEPCTHAI.

e OCOOCHHOCTH IBIKEHHUS IIAPOBBIX MOJHUHW B OKOJO3E€MHOM DJICK-
TPUYECKOM IIOJIE.

e BosHukaromee uHOrAa y HaOmrojarened ormrymieHue. Yto maposas
MOJTHUSL SIBJISICTCS HCUBLIM CYULECBOM.

e U, HakoHeIl, BRICKQ3aHHOMY TPEAIOJIOKEHUIO O MPUPOJIC MAPOBBIX
MOJIHAMA BIIOJTHE COOTBETCTBYIOT aCTPOHOMHUYECKHE JaHHBIC O HaJH-
Yye B OKPECTHOCTH HaIlleW | allakTUKHA TEMHOTO BEIIECTBA.

' Uckmouennem 6but 1. JI. Kanuia. OCHOBBIBAsCH HA CBOMX 9KCIIEPUMEHTAX, OH JUIsl 00b-
SICHEHHSI CTa0MJIBHOCTH IIAPOBBIX MOJHUN BBICKA3aJl MPEINOJIOKEHUE O MUKPOBOJTHOBOM
«TOJKAYKe» COOTBETCTBYIOIIMX IJIa3MOUA0B. Bompoc ke 0 HaJauuuu B MPUPOJAE COOTBET-
CTBYIOILIETO BHICOKOYACTOTHOTO MOJISI OH OCTAaBUJI OTKPBITHIM.
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DKCIEPUMEHTHI, CBSI3aHHBIE C U3YUYEHHEM IIaPOBBIX MOJIHHIM, B 005A3aTeIbHOM
HOpSZKE JTOJKHBI BKJIIOYaTh B ceOs ONEpalnyio MOMMKH TOPOUAAIBHBIX MO-
HaJ, SABIIOIIMUXCS MPUYNHON COOTBETCTBYIOIIUX METEOPOJIOTMYECKUX SIBJIC-
HUH, C MOCJIEAYIOIIEH UX JIOKAJU3allMe B BaKyyMHPOBAaHHBIX JJIEKTpOMar-
HUTHBIX JIOBYHIKax. Ba)XHOCTh TaKOro poja 3KCIEPUMEHTOB IPEICTABISAETCS
OecrperieIeHTHON, MOCKOJIbKY MOXKHO 0XKHMJIaTh, YTO OCBOEHUE TEXHOJIOTHH,
CBA3aHHBIX C MCIIOJIb30BAHUEM KBApKOB, MIO3BOJIUT YEIOBEYECTBY MOAHITHCS
Ha COBEpPLIEHHO HOBYIO CTYNEHb CBOEro pa3BuTHs. Ceddyac HEBO3MOKHO
CKOJIbKO—HHOY/b JI€TaJbHO MpEAYyrajaTh BCE BO3MOKHOCTH, KOTOPBIE OTKPO-
€T Iepel YEeIOBEUYEeCTBOM IPOrpecc B ITUX TEXHOJOrusx. Ecmu Obl, Hampu-
Mep, KBapKu MO3BOJIMIM CO3/aTh JCIIEBbIE U KOMIAKTHBIE TEPMOSICPHbIC
ANIEKTPOCTAHLIUU, a TAKXKE JIETKUE U OYEHb EMKHE aKKyMYJISITOPbI 3JIEKTpUYe-
CKOHM 3HEpPruM, TO 3TO, MO CYTH, O3HA4ajgo Obl, YTO 3eMJIs 3aBEpLINIIa CBOIO
MHUCCHIO «KOJIBIOEJIM YEJIOBEYECTBA» — OHO MPEANOYTET KUTh B «3(UPHBIX
ropogax» L{MonkoBcKkoro, rie HU yBEJIIMYEHHE €r0 YUCIEHHOCTH, HU MOTPeO-
JIEHHE UM DHEPruM He OYyJIeT, Kak 3TO MPOMCXOAMUT Ha 3eMJjie, OIpaHHUYEHO
HKOJIOTUYECKUMU NPOOIEMaMHU.
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