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AHHOTaAIMA

Ilepen Bamu — ynaamentanpueiii Manudgect Equnoit Teopun
Bcero, MojHOCTBIO JMKBUAMPYIOIINI BEKOBOH TYMHUK pPENSATHBU3MA
DitnmTeriHa. ABTOp AuiekceeB B. B. cuioil uucTOodM JIOTMKU
W HaTypaIMCTUYECKUX HaOMOAEHUH JIOKa3bIBaeT PEBONIOIMOHHbINA
3aKOH: Hamla BceneHHass He pacimupsieTcs, OHa JIETUT CKBO3b
BedHoCTh CO CKOPOCTBIO CBETa, yBJeKas 3a coboii Maccy u Bpewmsi.
B xnure maremarnyecku paccuuthiBaercs Ilomueii Lukn Kusuu
Mupoznanuss B 144,4 mMuumapna JieT, pacKpbIBaeTcsi MUPOBOK
IarentHsiii IlpropuTeT Ha ynpaBiseMblil TEPMOSAEPHBI CHHTE3
M JokaspiBaercs 3akoH Bognoro Bosmesgus — ¢usnveckuit
MEXaHU3M MTHOBEHHOTO CTHpaHWs MPOLUIBIX HUBMIM3aLmMil (Maiis
U ATIaHTUJBI) 4YEpe3 TPEXJHEBHOE BBIKJIOUEHUE CTUXUM Bompl
CBepxpa3yMOM 3a Tpex M Xaoc BOWH. DTa paboTa — mocnenHee
MIpeAyNpexXAeHIE YeOBEYECTBY M TPU3bIB BEPHYThCA K YacTOTamM
JIioOBM paau criaceHusl TUIAHETHI.
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BBEJIEHUE. KBAHTOBAA INPUPOJIA YEJIOBEYE-
CKOI'O COBHAHUA

«Teopernueckas ¢pusuka XXI Beka okazajach B IJIy-
00KOM, BEKOBOM TYNHKe peJsATHBH3Ma M a0CTPAKTHBIX
MaTeMaTHYeCKNX HarpoMo:K/JeHUil MMEeHHO MOTOMY, UTO
OPTOOKCAJNbHASA aKaJeMHUYecKasi HayKa BCJeNyl OTCeK-
Jia OT apxXuTeKTypbl MHUPO31aHusA €ro rJIaBHbIi dJeMeHT
— yejoBeueckoe co3HaHue . [IbITasich 00bBSICHUTH MaK-
POKOCMOC 4epe3 0e3:KU3HEHHbIE YPABHEHUsI, YdeHbIe He
3aMevaT (PPaKTAJIbHOI0 3aKOHA MOJHOT0 CaMONoI00usI
NPHUPO/bI, I/1e MUKPOMHP aTOMAa U TUTAHTCKUE CeNTHJLIN-
OHHBIE JienecTKH MyJbTHBCeJeHHOI COTKAHbI M0 €/INHO-



MY, KeCTKOMY H npoBepsiemomy Méounyc-maodaoHy .

NuTpura npocTpaHCTBEHHBIX ,,’KAJ03H HAIIero BOC-
NPUATHS 3aKJI0YAEeTCSA B TOM, YTO YeJIOBEUECKHH pa3ym
— 3TO He NMPOCTO M30JUPOBAHHBIA OMOJIOTrNYEeCKHIT KOM-
nbITep Wi OeJikoBblil ckadganap. Ham mo3r, ero Heii-
ponHble cBsi3u U cnupaib [JHK ¢ eé HeyeTHBIMU neTJisi-
MU NPEJCTABJSIOT COO0H CJIOKHEHIIHI, BLICOKOTOUYHBII
OMO0JIOTHYEeCKI BOJHOBO/I, HACTPOEHHBIH HA YHCTHIE CO-
3uJareJbHble 4acToThl nepsopoanoro Mcroka BeuHo-
ctu . ZKuakue cpeabl 4eJ10Be4e€CKOro OpraHn3Ma, iMpKy-
Jupyromue mo 100 000 knmIoMeTpoB KanumJIsIPoOB, pado-
TaT KaK U/ieajbHble ONTOBOJOKOHHbIE IHHbI JJAHHbIX,
KPYIJIOCYTOYHO NPUHUMAIOIINE CUTHAJBI U3 IEHTPAJIbHO-
ro Komnbiorepa cunryiasipaoctu boJbmoro B3pbiBa 4de-
pe3 3aKOH MAaKPOCKONHYECKOH KBAHTOBOW 3alyTaHHO-
CTH .

B mHacrosimem ¢dyHaameHnTaibHoM Tpyae ,,Bekrtop
MyJabTHBCEJIEHHONH S Mpejaral0 HaydHoMy CcooOIe-
CTBY M MBbICJISIIIIEMY UYHMTATEJI0 IMOJHOCTHI) OTKa3aTh-
csl OT yCTapeBIIMX JOrM M COBEPIIMTh OKOHYATEJbHBIH
mar k Enunoii Teopun Bcero . Mb1 pa3oepem ¢u3u-
yeckylo MexaHuky Il1aHkoOBCKOro takra BpeMeHH, J0-
KakeM KoopanHatHyo 3D-npupoay AJuTeIbHOCTH, pac-
kpoem IlaTtenTHbiii [IpuopuTteT Ha ynpaBJisieMblil TEPMO-
siIepHbIIl CHHTE3 W BCKpPOeM 3amun((ppOBaHHbLIA B KOH-
cTaHTax MexxayHapoaHou cucrembl CU Tounblil mudpo-



Boil ko Ceamennoro Ilucanusa . Ilo3nanne Uernnel Ha-
YHHAETCA 3/1eCh, 1 3TOT BeKkTOp y’XKe HEeBO3MOKHO OCTa-
HOBUTD.»

TJIABA TIEPBASA. BOJIBINIOW TEPBOPO/ITHBIN
B3PbIB B BEHHOCTU U POKJIEHUE TOIIOJIOT'U-
YECKOW MATEPUH

1.1. Uctunnas npupona BeynocTn u Koppeknus Bpe-
mennoi mkajabl OBPAIIIEHUE ABTOPA K MUPOBO-
MY HAVYHHOMY COOBHIECTBY

«YBaxkaemble (pu3uKH, acTPOPU3NKH, HEHPOOMOJIOTH,
MeIMKH, XUMHKH, aKaJleMUKH U Bce MpeJICTaBUuTe T MHU-
poBoro HaydHoro coodomecrta! I oopamarcy Ha CTPaHu-
ax 3Toro (pyH1aMeHTAJLHOT0 TPy/1a UMeHHO K BaMm. [Ipe-
3eHTys cBo10 Equnyio Teopuro Beero, s1 HHKONM 00pa3om
He X04y Bac OropYmTh, 3a/1eTh Baiie npodeccuoHaIbHOE
camMoJIIo0ue WM NPUHU3HTH Ballll IOCTOMHCTBA U BeJH-
KHe TPYAbL.

HanpoTus, s1 X04y OTKPBITO 3asIBUTH: HMEHHO HA NP OY-
HOM (pyHJaMeHTe BallMX MHOTOJIETHUX HCCJeI0BaHMIL,
9KCINEPUMEHTOB M BeJHUKHUX TPYAOB s CMOT (PPAKTAJILHO
pPa3BepHYTh, CHINTH M MOCTPOUTH 3Ty MACIITAOHYI0 KOH-



nennu Muposaanus. be3 pamux orkpeiTuil Ilnankos-
CKOro mpejieJia, CTPYKTYPbI :KHJKOCTel, aHATOMHH MO3ra
¥ BOJIHOBBIX I0JIell 3Ta KHUTa ObL1a ObI HEBO3MOKHA.

A npexkpacHo 3HAI0 H TIY0OOKO YBaKar0 MPOCTYIO KU3-
HeHHYI0 (opMyIy: B HAYYHOM MONCKe He olubdaercsi
TOJILKO TOT, KTO HU4YEro He jejaaet. boJjee Toro, s1 Tpe3B0
MBICJIIO U BIIOJIHE JIOMycKaro TOT (pakT, uyto yepe3 100 ger
Ha Hallel IJIaHeTe POINTCSI HOBBII HCCJIeI0BaTe b, KOTO-
Pbiii HA OCHOBE MOHMX 3aKOHOB CO3/ACT elle 0oJiee U3sII-
HYI0, 00Jiee TOUHYIO U TOHKYIO Teopuio Bcero, a moii Te-
KyIIuii TPy B OyayiieM OyaeT NMPU3HAH JUIIL OHOH Be-
JIMKOW W KPacHBOM OMMOKOW HA IMyTH YBOJIIOIHHA Pa3yma.
1 NOTHOCTHIO 3TO AOIYCKAK0.

Ho ecan 0bI 1 HA POTSIZKEHUH MOCJIETHUX JeCSITH JIeT
TOKe HHYEro He JeJall, si Obl, BO3MOKHO, TOKEe HHKOIIa
He OIMOCsI, HO TOT/IA CeroHSA Y HAC ¢ BAMH NPOCTO He ObI-
JIO ObI 9TOH rPaH/IMO3HOM TeMbI 151 00cy:xaenust. {1 npu-
3bIBAK) BAC OTOPOCHTH 3aKOCTEHeJIbIe IOTMbl, OTKPHITH
CBOM pa3yM H BMeCTe CO MHOI OeCIPUCTPACTHO MCCIEN0-
BaTh 0CSI3aeMYI0 reoMeTpHI0 1 KOHCTaHThI IlnaHkoBcKko-
ro Kousenepa Beunoctu paau Besmkoro tpuymda HCTHH-
Horo 3HaHusA. [loamuchiBarCh MO KA AbIM CKa3aHHBIM
CJIOBOM,

AuekceeB Bauecias BsaueciaBoBuu.»



CoBpemMeHHasi akajgeMudeckasl Hayka TpeObIBaeT B TIIyOO-
KOM 320y KJICHUH, yTBEePKasi, YTO BoJbIoi B3phIB POU30IIIES
crporo 13.8 musumapaa jiet Hazaa. OduimanbHass KOCMOIOTHS
TMIBITAETCS U3MEPUTh POKACHHUE BCETO CYHIEro JIMHEMHOM JIMHEW-
KOM HaIlIero JIOKAJbHOIO BPEMEHU, HE MTOHMMAas1, YTO CaMO Bpe-
MsI SIBJISIETCS BTOPUYHBIM TIPOAYKTOM Oojiee MacIITaOHBIX KOC-
MUYECKHUX TTPOIIECCOB.

Ha camom nene, Bonbon nepBOpOgHBIN B3PBIB TPOU3OLIE
Iajeko-gajieko B Beunoctu. BoibIIMHCTBO JI0ed ONIMOOYHO
NpeaCTaBIAIoT cede BeYHOCTh Kak HEUTO HEBEPOSTHO OIPOMHOE
BO BpPEMEHH, KaKk OECKOHEUHYI0 Yepely MUJLTHAPIOB U TPUILIH-
OHOB JieT. OiHaKo UCTUHHAsI BEeYHOCTh — 3TO HE KOJIOCCATbHBIN
XPOHOJIOTMYECKUI OTPE30K. BEUHOCTh — 3TO TOUKa, IJIe BpeMe-
HU HET BOOOIIEe. DTO COCTOSIHAE aOCOIOTHOIO KBAHTOBOI'O IO-
KOs1, 0e3MepHast CHHTYJIIPHOCTh, B KOTOPOM OTCYTCTBOBAJIU ITPH-
BBIYHBIC HAM KOOPAMHATHI, IIPOIUIOE, HACTOSIIIEe W OyyIlee.

. «Ecim xe oneHruBaTh COOBITHS C TIO3UIUK HAIIEH TeKYIIeH
3€MHOW CUCTEMbI KOOPAUHAT, TO BoJbioi B3phIB U (hOPMUPOBA-
HUE HaIllel JIOKAJIbHOW MaTepHaIbHOW PeaJIbHOCTH MPOU3OIILIN
B KOJIOCCAJIbHBIX MaciTadax Beunocty — Bo3moxkHO, 100 mui-



maproB wim 500 MuMapaoB JieT Hazaz . JJat aOCOoMOTHO TOY-
HYI0 XPOHOJIOTUYECKYI0 OLEHKY M3HYTPU HALIEW JBUKYILEUCS
CHCTEMBI OTCUETA KpaiHe CJI0KHO, HO MMEHHO 3TOT MacIlTad B
MUJUIMAP/bI JIET B KOPHE MEHSIET BCE COBPEMEHHbIE ITPE/ICTaBIIe-
HUSI 00 3BOJIIOIUM 3BE3]I, TUIAHET M OKPYKAIOIIEro HaC KOCMO-
ca, UJICAJIbHO COMPATasiCh C TMTAHTCKUMU CENTUIUIMOHHBIMU pa3-
Mepamu TpaeKTopuil MyJIbTUBCENIEHHOU «S 0CcO3Hal0, 4TO Ui
OPTOJOKCAIBHBIX aCTPO(PU3UKOB M OOBIBATENIEH, TPUBBIKIINX K
JIOrMe O TPUHAIATU MUJUIMAPAAX JIET, MOE YTBEPIKAEHUE O Mac-
mrabde B 100 muwmapaos wim 500 MILIHApaOB JIET MOXET Ha
TIePBBII B3IJIsA/1 TTOKa3aThcs a0cypaoM. OTHAKO ITOT JIOKHbIH a0-
CYpl BO3HUKAET JIUIIb MOTOMY, YTO O(UIIMaIbHAS HAyKa CUU-
TaeT BosbIIoi B3phIB OMHOKPATHBIM, MEPTBBIM MCTOPUYECKUM
XJIOTIKOM B ITPOIIOM.

A yTBEpiKAal0 NMPUHIMIUAIBHO UHYIO, TPaH/IMO3HYIO peaslb-
HOCTb: 9TOT B3PbIB IPOM30I1IeI B Oe3BpeMeHHol BeuHocTtu, u ca-
Ma To4Ka Bosnblioro B3pbiBa sIBJISIETCSI HE UCTOPUYECKUM TPY-
1OM, a BEYHO pabOoTaONIUM, KUBBIM KOCMHYECKUM KOHBEHe-
poM! M3 3TOM HEHTPATLHOM CUHTYJISIPHOCTU HEMIPEPBIBHO, KaX-
JYI0 HEYJIOBUMYIO JJOJIO CEKYH/IbI BBUIETAIOT IEPBOPOIHBIE KBAH-
TOBbIE TUHAMUUYECKUE MTOTOKHU, KOTOPbIE Ha 3alpeeIbHbIX CKO-
POCTAX TKYT HMPOCTPAHCTBO, POXKIAIOT MACCY U 3aIyCKAIOT XO[
BPEMEHU.

Touka bBosbiioro B3peiBa — 310 mynbeupymoniee Cepaue
MynbTUBCEIEHHOW, BEYHBIN KOHBEWEp KU3HU U CMEpPTH IS
BCEX BOCEMHA/LIATH HBIHE CYIIECTBYIOLIIMX BCEJEHHBIX. OIHU



MUPpBI BJIETAIOT B 3TOT VICTOK M pacchnaloTcst Ha MEPBOPOIHYIO
JIYYMCTYIO SHEPIUIO, & APYIMEe — MOLIHBIM BEKTOPOM POKAAIOT-
Csl U3 HEro M yCTpeMJIsIioTcsl B OecKoHeyHoe 3D-NpocTpaHCcTBO
Beunocrtu. B pamkax 3T0i BEYHON IIUKJIMYECKON MEXaHUKH 3€M-
HblE MWLIMAP/BI JIET MOJHOCTBIO TEPSIIOT CBOM JIOrMaTUYECKUI
a0CoJTIOT, ycTymnasi MeCTO BEeTMUYECTBEHHOMY U HETPEPHIBHOMY
KPYroBOpOTY Matepuu B MUpO3/1aHUH. »

1.2. IlepBOpoOAHBIl B3PbIB CHHIYJSIPHOCTH M BEKTOP
JYYHCTOH SHEPIruu

B onpeneneHHblii MOMEHT, CTABIIMI HavyajIOM MHUPO3JaHUs,
BHYTPU MEPTBOM TUIIMHBEI BeuHocTu npounsomien bonbion nep-
BOPOIHBIN B3pbIB. Ero aMMIIleHTpOM W TPUITEPOM, MPEATOo-
KUTEJIbHO, SIBJISIIACh KOCMUYECKasi CUHTYJISIPHOCTb, MOJ0OHAs
CBEPXMACCUBHOW YEpHOM JIbIpe, B KOTOPOU OBLIT CKOHIIEHTPUPO-
BaH BECh SHEPreTUIECKUI MOTEHIIMA OyIyIIuX MUPOB. YTBEp-
®1athb 3170 Ha 100 MPOLIEHTOB CEeroiHs HeJb3s, HO BCSI JIOTHKA
JajbHENIMX (PU3NYECKUX MPOIIECCOB YKa3bIBae€T MMEHHO Ha Ta-
KOW NIEPBOMCTOYHHUK.

B pesynbrare 3T0r0 B3phiBa KOJIOCCATBHBIN 00bEM BBICBOOOXK-
JEHHOM HEPruy MOUIHBIM UMITYJICOM YCTPEMUIICS BO BCE CTO-
POHBI. DHEPrusi PacpoOCTPaHsLIACh B BU/Ie IEPBOPOIHBIX KBAH-
TOB — YHCTOU JTyYUCTOM SHEPTrUH IEKTPOMArHUTHOTO IOJIs1, KO-
TOpasi MYaIach IO MPSIMbIM BEKTOPaM C MAaKCMMaJIbHO BO3MOX-



HOU CKOPOCTBIO.

OnHako MPSAMOIMHEWHOE paclIipeHue B IyCTOTY He CIIOCO0-
HO co3aTh cTabuibHyl0 Marepuio. Eciu Obl 3TOT moser mpo-
Joykaiics: OeckoHeuHo, BeeneHHas npeBparuiiack Obl B pacce-
SIHHBII, XOJOAHBIN OKeaH pajuauuu. YToObl BOSHUKJIM aTOMBI,
TUTAHETHI U KU3Hb, JIETSIIUI MOTOK SHEPTUH JOJIKEH ObLI OCTa-
HOBUTBHCSI U CTAOMIM3UPOBATHCS. DTO MPOM3OILIO Onarogaps
(pyHIaMeHTaILBHOMY 3aKOHY CaMOOTPaKEHU 1 BOJIHBI: JIOCTUTHYB
KPUTUYECKUX MPENEIOB U MAKCUMAJIBHOTO HATSKEHUS HA Ipa-
HMIIaX CBOETO pacIIMpeHus, TIepBOPOIHAs JIEKTpOMarHUTHas
BOJIHA OTpa3Wiach cama OT cedsl. TOT MOIIHBIA 0OpaTHBII UM-
YJIC 3aCTaBUJI JTyYUCTYIO SHEPTUIO PUHYTHCS Ha3ajl, K SMULIEH-
TPy B3pbIBa, 3aIlyCTHUB I'PaHJUO3HBIN ITPOLIECC TOMOJIOTUYECKOTO
3aKpy4YMBaHUs IPOCTPAHCTBA.

1.3. Tpu nervim Méomyca: I'eomerpuueckunii ¢pynjaa-
MEHT TPEXMEPHOro NPpOCTPAHCTBa

BosBpamasice K HCTOKY, OTpaxe€HHasl 3J€KTpOMarHUTHas
BOJIHA Ha OTPOMHOM CKOPOCTH IIPOJIETEIA HACKBO3b LIEHTPAJIb-
HYyI0 TOUKy BosbImoro B3psiBa. BMmecto Toro uto0s! mpocro pac-
CesITbCsl, SHEPreTUYeCKre MOTOKM 3aMKHYJIUCh caMH Ha ceos,
cchopMUpOBaB CIIOKHEHIIIME MPOCTPAHCTBEHHbBIE CKJIAIKH.

B pesynbprare 3TOM rpaHIMO3HOM Nepe3arpy3ku B BedHoctn
c(opMHpOBaIOCh CTPOro Tpu Takue newm. Camoe riaBHOE —
OHM Pa3BEPHYJIMCh B MPOCTPAHCTBE MOJ YIJIOM poBHO 90 rpa-
JyCOB ApYyr OTHOCUTENIBHO Apyra. IMEHHO 3TOT IpOCTPaHCTBEH-
HBIN TPHUILJIET, 9TOT )KECTKUU T€OMETPUYECKUAN KPECT U3 TPeX Ie-



Tesb MéOuyca, pactioNokeHHbBIX MO MPSIMbIMU YIJIaMU, (pu3u-
Yeckd c(popMHpOBAI M ONPEAETUI TO TPEXMEPHOE MPOCTPaH-
CTBO C TpeMs OCSIMM KOOPAMHAT, KOTOPOE MbI BUJIAM CETOAHS
BOKpYT ceOsl.

7151 TOro 4TOOBI MOHSATH, KAK U3 3TOM MAaKPOCTPYKTYPBI POXK-
JaeTcs JIeMEeHTapHasi MaTepusl, I0CTAaTOYHO JETaIbHO pacCMOT-
peTh BCcero OfHy Takyw nerio. Kaxkaas u3 Tpex mereiab KOH-
CTPYKTHBHO pa3jie/ieHa Ha [IBa 3epKaJIbHBIX CEKTOpA: MpaBblii U
JIeBBIN JIETIECTKY JIBUXKEHMS, B CAMOM IreOMETPUUYECKOM IIEHTpe
MeX Ty KOTOpPbIMU HaxonuTcst [11aHKOBCKUIA TPOCTPaHCTBEHHBIN
II0B TIEPBOPOIHOTO BOJIBIIIOro B3phiBa.

1.4. BcTpeyHble KBaHTOBbIE NMOTOKU U NMPUPOJA UHEP-
10111

BHyTpu BbII€IEHHOTO JIeTIECTKa MeTIM HAYMHAIOT IUPKYJIH-
pOBaTh BCTPEYHO HAIPaBJICHHbIE KBAHTOBbIE MOTOKU. OHM 3aITy-
IIEHBI OJIUH HABCTPEUy IPyroMy, B pe3yJibTaTe 4ero BHyTpH IeT-
1 (pOpMUpYETCs YCTOMUMBAsE JUHAMUYECKAsI CTPYKTYypa, KOTO-
PYIO YCIIOBHO MOKHO Ha3BaTh CTOSTYEN BOIHOM. «f1 mpoBo3ria-
maw PyngamentaabHblii 3akoH BceuacrorHoro Pe3o-
Hanca MyJbTHuBceJieHHON. Sl yrBep:kaaio, 4To NepBOPO/I-
Hble BCTPeYHble KBAHTOBbIE JMHAMUYECKUE MOTOKH, BbI-
phiBalomuecsi u3 neHTpaabHon cpepsl Beunoctn BoJib-
IIOT0 B3PbIBa, HE SABJISIIOTCSI MOHOTOHHBIM HJIH U30JIHPO-
BaHHBLIM m3JydyeHneM. OHH NpeaCTaBJISIOT c000il adco-
JIOTHBII, 0€CKOHEUYHbIN CNEKTP 4YaCTOT — OT CaMbIX HH-
YTOKHO MAJIbIX, CyOHM3KHX KOJIeOaHmil, 0 3anpeeabHO



BBICOKHUX, YJIbTPABbICOKHX BOJHOBBIX HMIYJIbCOB, KOTO-
phbie TOJBKO CIIOCOOHBI CylIleCTBOBATh B MUPO031aHum.

ITOT 6€CKOHEYHBIIl YACTOTHBIN CIIEKTP SIBJISIETCS YHH-
BepcajbHON 3HepreTuuyeckon marpuueil. Camble HH-
YTO:KHO MaJible YacTOThl TOr0 NMEepBOPOJHOr0 MOTOKA
HATSATHBAKT KOOpANHATHBIE ocu 3D-BpeMeHH U y/Iep:Ku-
BalOT B 0aJjlaHCe THTaHTCKHE CEeNTHJLUIHOHHBbIE JelecT-
ki MyabTuBcenenHoil. CpeaHuii juana3oH 4yactot ¢op-
MHPYET CTPYKTYPY XUMHYECKHUX FJIE€MEHTOB, HACTPauBasi
TeTpad/ipuuecKne MoJIeKyabl Bojabl HA putvm UcToka. A
0€CKOHEYHO BBICOKHE YaCTOThI, YXO/AsIIHEe B JHANA30H
CeKCTHILINOHOB Iepi, HaMepTBO 3aKPy4YMBAKT MHKPO-
KBaHTbI B JKeCTKHE THPOCKONNYECKHUEe y3Jibl, KpHUCTAJLIHU-
3ys1 Maccy 3JeKTPOHOB, IPOTOHOB 1 HEHTPOHOB.

AkanemMu4YecKkasi HayKa cJjena, pa3aeisis puznyeckue
CIJIBI, OCKOJbKY He MOHUMAeT, YTO JII00asi MaTepusi BO
BcesieHHONT — OT KpHCTAJIMYECKOH pPemIeTKH MeTajlia
110 HeueTHBIX netetib JIHK yenoBeka — 3T0 CTpyHBI, KO-
TOPbIE MPOCTO BHIOMPAIOT U3 ITOT0 €JMHOr0 0€CKOHEYHO-
ro cnekrpa Beunocrtu cBo1o pe30HaHCHYIO YacTOTy, oOec-
nevyuBasi BEJUKYH) CyNepcCUMMETPHI0O W TapMOHHIO Obl-
THSL»

DTa cTosiyasi BOJHA JABMIKETCS CO CKOPOCTBIO CBETA. OpHa-



KO M3-32 KPUBU3HBI TONOJIOTUY U JUHAMUYECKOTO CONPOTUBIIE-
HUSI CUCTEMBI OHa 00JIaIaeT MaTepUabHBIM, CTPOrO (PUKCHPO-
BaHHBIM I'€OMETPUYECKUM 3a30POM OTCTaBaHUs OT aOCOMIOTHON
CKOpPOCTH MEPBOPOIHOTO KBAHTOBOIo MOTOKA VcToKa, KOTOphIN
coctaBiisieT poBHO 470 KujaoMeTpoB. BHyTpu 3TON 3aMKHYTOM
TPAEKTOPUM MPOUCXOIUT KOJIOCCATBHOE KBAJPATUYHOE YCKOpe-
HUE BCTPEYHBIX KBAHTOBBIX TOTOKOB. Yepes onpeesieHHbIN reo-
METPUYECKUI ITPOMEKYTOK BPEMEHM MOCIIE MTPOXOKACHUS TOU-
K1 Bosbloro B3peiBa 3T0 KBaJpaTUYHOE YCKOPEHHME JOCTUIA-
€T KPUTUYECKOrO IKYKa, BbI3bIBasA (PA30BBIM NEPEXO] SHEPIrUuU
— HAaYMHaeTcs Kpuctaum3anus u GopMUPOBAHUE YCTOMYUBOU
(puznueckon Matepun, NEPBBIMUA KUPIMUYUKAMHU KOTOPOU CTaHO-
BATCS JIEKTPOHBI.

[lockospKy Hama pogHast MMHH-BeesneHHasd M Bcst ComHeu-
Has crcTeMa JIBUXKYTCSI B IPABOM JIETIECTKE STOTO INI0OATbHO-
ro BeKTopa newim Mébuyca, Mbl U3HAYAJIbHO TPUOOPENTH KOJIOC-
CaJIbHBII HAINpaBJIEHHBIN BEKTOP ABMKEHUSI OTHOCUTEIILHO TEp-
BOpOAHOM TOYKM bosbioro B3peiBa. Hama Beenennas jgetur B
MPOCTPAHCTBE CO CKOPOCTBIO CBETA, U UMEHHO ITOT MOJIET MpHU-
JaeT BCEN MATEpUU TMIAaHTCKYI0, HEPYIUMMYIO CUTY UHEPLIVIH.

S yTBep:xkIaw, 4To MarepuasibHas BEJIMYMHA [EPBOPOIHOIO
KOCMUYECKOTO OTCTaBaHUsl Halllel MUHM-BCEJIEHHOW COCTaBJIsI-
et ctporo 470 pusruecknx KUJIOMETPOB, 1 e€ a0CooTHas yoe-
JUTEJIBHOCTh PACKPBIBAETCS, €CJIM MBI IIEPEHECEMCS B UCTUHHYIO
TOUYKY KOOPIMHAT U CIIPOECLMPYEM ITOT 3a30p Ha Bce 49 MUIIIU-
apaoB CBETOBBIX JIET BUAMMOIO Halero kocMoca. Jlyuesom um-



MYJIbC U BEKTOP PacXOXJIEHUsI Macc JIETUT BIiepe] CKBO3b Beu-
HOCTb, ¥ 3TOT KPOIIECYHbI HadasbHbIM 3a30p B 470 KM Ha ru-
TAHTCKOW JIUCTaHIIMK B 49 MUJUIMApIOB CBETOBBIX JIET pa3BOpa-
YMBAETCS, MACIITAOMPYETCS M KOJIOCCATBHO PacTSATUBAETCS MPO-
MOPIIMOHAILHO BceMy 00beMY BUIMMOro kKocMoca! 1o Kak Jiyd
Jlazepa: y caMoro mpuOopa CIBUT 3epKajia Ha JIOT0 MAJUTUMETPa
HE3aMEeTEH, HO Ha PACCTOSIHUM B KWJIOMETPbI 3TOT K€ CABUT 1a€T
KOJIOCCAJIbHOE pa/IuajibHOE CMEILIEHUE B TPOCTPAHCTBE.

VIMeHHO 3TOT pa3BepHYTHIN Ha 49 MUJITMAPJOB CBETOBBIX JIET
3a30p M HATSDKEHME TKAHW IMPOCTPAHCTBA acTPOMPU3MKHU OCs-
3aeM0 (PUKCUPYIOT Ha CBOMX KapTax: JJOOOBOU (DpOHT 3ampe-
JeJIBHOTO BCTPEYHOI'O KBAHTOBOI'O BETpa CKUMAETCS, OKPAIIU-
Basl OJIHy CTOPOHY He0a B CHHEBATBHII OTTEHOK CIIEKTpa, a yJe-
TAIOIIMI XBOCT HAIIET0 KOCMUYECKOro kopabisi-BeeneHHoi 0T-
CTaeT, pacTArvBasl PEIMKTOBOE U3TyYeHUE B TPOTUBOMOJIOKHON
CTOpOHE Heba B CTPOro KpacHOBATHI OTTEHOK. MaciTad B 49
MUJUIMAPAOB CBETOBBIX JIET — 3TO MaTe€pUajibHOE 3€pKaJio, KO-
TOpPOE€ YBEIUYWIIO NepBOpoaHbIi 470-kunomeTpobin [1naHkoB-
CKU# MPOCTPAHCTBEHHBIN OB MEOMyca 10 pa3MepoB HabmoIa-
eMOoro HaMu Mupo3aHus. T'EHEPAJIbHBIN MACIITAB-
HBbII PACUET MVJIbTUBCEJIEHHON AJIEKCEEBA:
OT CEIITWIJINMOHOB KNWJIOMETPOB 10 IU®PPO-
BOTI'O KOJIA ATIOKAJIMIICUCA

41 3apaHee npenBUKY, UTO AJIs1 OPTOJOKCAIBbHBIX acTpPOPU3U-
KOB M OOBIYHBIX YyuTATEENd MacinTad BeuyHocTu kaxerca Heno-
csiraeMont abcTpakimer. [109TomMy st IPUBOXKY MONHBIA, OTKPHI-



THII Y MOIIArOBBIA XOJI CBOETO MBICIIEHHOTO U MaTeMaTU4ecKo-
ro pacyera, 4ToObl KAl MCCIAEIOBATEb MOT CAMOCTOSITEb-
HO nepenpoBepuTh KoHCTaHThl Equnoit Teopuu Beero 1o eanxo-
ro 3Haka . Hama maremaruka npocra, mocKoJIbKy OHa OTpaxaer
YHCTYI0 TEOMETPUIO TIPUPOIBI, Te CKOpPOCTh aOCOMIOTHO paBHA
JlJIHe pocTpaHcTBa .

Hamn pacyer Ga3upyercsi Ha IByX HEpYIIMMBIX, KECTKUX KOH-
craHtax Mupo3naHusi, KOTOpble ObLUTH BbIBEAEHBI U JIOKA3aHBI
MHOIO B MPEAbIIYIIUX IJ1aBaX:

[MonmHbIld reoMeTpryeckuid TabapuT W JUaMeTp Bcell Hallen
MynbTHBCEIeHHOM, OObETMHSIONIEH 3epKasIbHbIe JIETIECTKU BO-
CeMHaIaT¥ MUpPOB, cocTabiisieT cTporo 34,1 cenTnJLUIMOHA KN~
JOMeTPOB (B Kuomerpax 310 34,1 * 10721 km, a 1u1g nepesoaa
B METPBI MeXJyHapoaHou cucteMbl CH MBI yMHOXKAEM 3TO YMC-
jo0 Ha 1000 1 nonyvaem AjiMHy (PyHAAMEHTATIbHOM MaKpO-BOJI-
Hbl BeuHocty, paBnyio crporo 3,41 * 10725 meTpos) .

AOCOmoTHasi CKOPOCTh TIEPBOPOIHOTO KBAHTOBOTO KOHBEwe-
pa, 3aa1as JBIKeHe Halllel crcTeMe KOOpIUHAT, paBHa Oa-
30BOM KOHCTaHTE CKOPOCTU CBeTa M cocTapiser 299 792 458
METPOB B CEKYHY .

Onupasich Ha 3aKOH BCEYACTOTHOTO PE30HAHCA, Mbl pacCcuM-
THIBaE€M CaMyl0 HUYTOXHO Maylo, CYOHU3KYIO OTPHIIATEIBHYIO
4acToTy U3HaHKU MynbTuBceneHHou. 1o 3akoHam ¢usuku, ya-
CTOTa paBHa CKOPOCTU KOHBeWepa, pa3JeJIeHHON Ha JJIMHY MakK-
po-BosnHbL. Paznenus 299 792 458 metpoB Ha 3,41 * 10725 mert-
POB, MBI IIOJTy4aeM TOUYHElIIIee 3HaUeHKe YacTOThl: MUHYC 8,791



* 107-18 I'epny . OTpULIaTeIbHBIN 3HAK ITOW YaCTOTHl MaTepH-
QJIHO JJOKa3bIBAET, YTO IAHHBII BOJIHOBOM BEKTOP LMPKY/IUPYET
B JIEBOW CHUCTEME KOOPAMHAT CKPHITOrO MPOCTPAHCTBA N3HAHKM .

YroObl nepeBecTu 3Ty [11aHKOBCKYIO 4acTOTy Ha OCsA3aeMbIid
SI3bIK 3€MHOTI'O BPEMEHH, Mbl JIOJI)KHbI BBIYUCIUTD JUIUTEIHOCTD
OJIHOTO TIOJTHOTO BOJIHOBOTO KOJIeOaHWsI B CEKyHIAX, pa3esiB
€IMHUILY Ha MOJYYEHHYIO 4acToTy. KOMMbIOTEpHBII KaJIbKYyJIsI-
TOp BbIJIa€T BpEMEHHOW nepuoj, paBHbii posHo 1,137 * 10717
CEeKYH].

Tenepr nepeBeieM 3TH CEKYH/Ibl B IOHATHBIE KaXA0MY 3€M-
HblE To/Ibl. B OTHOM acCTpOHOMHYECKOM 3€MHOM rOfie COIEPKUT-
cs1 poBHO 31 536 000 cexynx (365 aHelt yMHOXUTD Ha 24 yaca,
Ha 60 MuHyT 11 Ha 60 cekyHn). Pa3nenuB nosHblil BOMTHOBOM Tie-
puon B 1,137 * 1077 cexyna Ha 31 536 000 cexyHp roaa, Mbl
nosnyyaeMm (yHIaMeHTa bHbI BpeMeHHOi Mapkep: 36,1 muu-
JHapAa 3eMHBbIX JIeT .

Bcnen 3a atum B cuity Berynaet Briciuin 3akoH Toronornye-
ckoil ['eomeTpru: Kak ObLJIO JKECTKO JOKa3aHO MHOIO B ITOApa3/ie-
Je 1.6, 3T0T BpeMeHHOM XpoHoMeTpax B 36,1 Muimapaa 3eM-
HBIX JIET — 9KBUBAJIEHTHbIA HAOPAaHHOMY MPOCTPAHCTBEHHOMY
3a30py — SIBJISIETCS JIUIIb OJJHOM YeTBepTO yacThbio (1/4 my-
TH) OT MOJIHOM JJIMHBI 3aMKHYTOro KocMHuueckoro Bekropa Ha-
IIeil MUHU-BCEJIEHHOWM BHYTPH MTpaBoro Jjenectka Meouyca.

YMHO)as 3TOT TeKymi 1/4 oTcueT Ha yeThipe YeTBEpTH MOJI-
HOT'O IIMKJIa, Mbl Pa3BOpauMBaeM M MoiydaeM UCTUHHBIA [lon-
HbIil BekTop Bpemenu npaBoro mMarepuanpHoro Jienecrka: 36,1



Muimapaa Jjert * 4 = 144,4 muiuapaa 3emMHbIx Jiet [9.17]!
Yucno 144,4 mMummapaa jger — 3TO MOJHbIM, 3aMKHYTBIM BEK
KU3HU Hamier BceneHHOM OT MOMEHTa €€ KBAaHTOBOI'O POXkje-
HUs U3 KoHBeliepa VcToka 10 (puHaIbHOTrO BO3BpAIlIEHUs B TOU-
Ky Bosblloro B3peiBa [Jis1 KBAHTOBOM YTWIIM3ALMU . YMHOXas
9TOT K€ BPEMEHHOM ITUKJT 00PaTHO Ha CKOPOCTh CBETA IO 3aKOHY
reoMeTpU3aIMK ABUKEHH I, Mbl [IOTyYaeM TMOJHYIO JUIMHY Hallle-
ro KocMU4eckoro nytu: 34,1 cenTWIiMoHa KUJIOMETPOB YMHO-
KUThb Ha 4, 4TO cocTaBisieT poBHO 136,4 cenTHIINOHA KHJIO-
METPOB [TPOWJECHHOU TPACCHI .

Ho MynbTHBCeieHHast a0COMIOTHO yaslbHa, CHMMETPUYHA U
napHa . YToObl BHIYUCIUTb UTOTOBbIE TTApaMeTpbl Bcero Mupo-
3MaHUsI, Mbl OOSI3aHBI CJIOKUTh MapameTphbl MPABOTO TOIOKH-
TEJILHOTO JIENECTKA C 3€PKaIbHBIMU NTapaMeTpaMu JIEBOTO U3HA-
HOYHOTO JienecTka npocTpaHcTBa . CkyagpiBasi UX BMECTE, Mbl
BbIXOAMM Ha Beiciive KoHcranTsl BeyHoctu :

Oo6mmii [TpocTpancTBenHsiil [luamerp U AJIMHA BCEed BOJHO-
BOM TpaekTopru Mébnyc-kapkaca MybTHBCEIeHHON COCTaBIIS-
et cTporo 272,8 cenTujuimona Kujaometpos (34,1 centuiu-
OHA KM YMHOXHUTb Ha 8 [1071el), 4YTO B METPaX MEXIyHapOJHON
cucreMbl CH paBHsIETCA MAaKpO-BOJIHE 3aIIPENEIBbHOIO MacIITa-
6aB 2,728 * 10726 metpoB . CoorBeTcTBeHHO, O0ImMii Bpemen-
HOW BekTop M NonHbIi KpyroBoy XpOHOMETpaX ITyJIbCallUi Ma-
Tepuu Yyepe3 TouKy Bosblioro B3peiBa paBeH crporo 288,8 mu.i-
JHapaa 3eMHbIX JeT. Pa3ienus ckopocTb epBOPOAHOrO KBaH-
TOBOTO KOHBeWepa Ha STOT IMOJIHBINA, CIIBOCHHBIN MacTad Mak-



PO-BOJIHBI, MBI TIOJly4aeM OKOHYATeJbHYI0 CYOHHM3KYIO YacTOTY
Beunoctu, paBnyio crporo munyc 1,098 * 10*-18 I'epry .

W iMeHHO Ha TOM MaTeMaTUYECKOM IMHUKE PacKpbIBaeTCs Be-
JMYanimi cakpajibHblil CHHTE3 MO TE€OPUHM, MOJHOCTBIO MOJI-
TBepx aaronui koa CesieHdoro [Mucanus. Yucno 144 —sto He
a0cTpakTHas udpa, a HecyIias YacToTa CaMoro KOCMUYECKOTO
KoHBerepa Ceepxpasyma !

B Kuure OtkpoBenusi Moanna borociosa 3adpukcrupoBaHo
IIPOPOUYECTBO O TOM, UTO bor cobepéT ¢ HaceeHus 3eMJiIi poB-
HO 144 000 cBouX cay:KuTeJel (MpaBeJHUKOB), YTOObI OHU
MOTJIY TIPaBeJHO MTPaBUTh MUPOM . Mosi TeOpH sl TIOJTHOCTBIO CPbI-
BAa€T MMCTMYECKYIO Byasb C 3TOro IK(pa U JOKA3BIBAET €r0
CTPOry1o (PU3UUECKYIO M YACTOTHYIO pEasIbHOCTb: pUpoa (ppak-
TaJlbHA M SKOHOMHYHA, MO3TOMY MAaKPOKOCMHUYECKHUIl ITAJIOH
Bpemenu B 144,4 musinapaa Jiet (OJIMH JIeNecToK) oHa ¢hpak-
TaJIbHO MacIITaOMpyeT Ha OMOJOTMYECKUI YPOBEHb UesloBeve-
crBa B Buzie 144 000 conpskeHHbIX aymI !

Ot 144 000 cnyxurenerd — 3TO BBICOKOTOYHBIE BOJIHOBBIE
aHTeHHbl, yer pazyMm, [JJHK u monexysnsl Bonbl ouniiieHsl oT HU3-
KOUYaCTOTHOTO AMCCOHAHCA BOMH U 37100bI U HACTPOEHBI HA YM-
cTyio cosuaatensHyio yactoty Jlioosu u Cocrpananus . Bonee
TOTO, 3TOT 3aKOH 3ePKAJIbHO MACIITaOUpyeTcsl Ha BeCh 00beM
Mupo3nanus: yaBoeHHas Hecyiasi yacrora Beunoctu B 288,8
MIJLIHapAa Jet onpenenser co3aanve 288 000 conpsizxen-
HbIX KBAaHTOBBIX AyHI-aHTeHH MynbTUBCeleHHO — no 144
000 cyxuTene B MpaBOM MaTepyaIbHOM U JIEBOM U3HAHOYHOM



MUPaX .

OObenuHeHHbIe Yepe3 3aKOH MaKPOCKOMMYECKOW KBAaHTOBOM
3aIyTaHHOCTH, 3TU CIIY)KUTEJIM-AaHTEHHbI BXOJAT B MpAMOU (a-
30BBII PE30HAHC C BEKTOPOM JABMKEHUS MYyJIbTUBCEIEHHOMU,
NOJIKJII0YAsACh HANPSAMYIO K IIeHTpajibHOoMy KoMmribiotepy crHry-
asipHocty Bonbioro B3peiBa . VX conpsikeHHOE CO3HaHME 00pe-
TaeT CrocOOHOCTh MTHOBEHHO aHHUTMJIMPOBATh POCTPAHCTBEH-
HbII JHMCCOHAHC, TACUTh XaOC U BBICTPAUBATh aOCOIOTHYIO CY-
NEepCUMMETPUI0, OYKBAJIBHO YIIPABIIsIsl MaTepUe Mo Yeprexam
Tsopua. [IpeBHee [Incanre ocTaBuIO YACIOBOM MapKep IPOEK-
Ta, a MOl TEOPU S MOJTHOCTBIO JIoKa3asa, uto CexkyHapl, Kunomer-
pbl 1 Yenoseueckue Jlylm CHIMTHI B OOUH HEPa3pbIBHbINA 144-
MepHbII KOHBelep Beunoctu

1.5. 3akon 3epkaabnoro ®pakraJa

YrtoObl ynTaTe b HAMJISAHO OCO3HAN I'PAHIUO3HOCTh OTKPBI-
TOr0 MHOIO (PPaKTAJILHOIO 3aKOHA, 51 IPUBELy MPSIMYI0 MEXaHU-
YeCKYI0 aHAJIOTHIO TOTO, KaK MEePEKJINKAIOTCS MEKTy COOOM MaK-
pokocmoc 1 Mukpomup. B moenn Equnont Teopun Bcero mio-
6anbHasi MynbTUBCEIEHHAS U OOBIYHBIN aTOM BEILECTBA MOCTPO-
€HbI [10 OJHOMY Y TOMY K€ I0BEJIMPHOMY UepTexky — OHU (PpaK-
TaJIbHO TyOJIMPYIOT APYT JIpyra.

[MpencraBbTe cede rMOOANBHBI MaKPOKOCMOC: TPH THTaHT-
CKHe MPOCTPaHCTBEHHbIE NeTiu Méduyca, pa3BepHyThIe MO Y-
JoM crporo 90 rpanycoB Ipyr K Apyry, (pOPMHUPYIOT JKECTKUIA
oobeMHbIl 3D-kpect Beenennoit. BHyTpu 3TOro KonoccanbHO-



r0 KapKaca CO CBEPXCBETOBOH CKOPOCTbIO HECYTCSl BCTPEUHBIE
KBaHTOBbIE TUHAMUUYECKUE MIOTOKU, HATATUBASI HUTU BPEMEHU U
pa3BopauvBasi 18 MUHH-BCEJIEHHBIX.

A Tenepb MBI MEHSIEM TOUKY BocnpusATus 1o Beiciiemy 3a-
KOHY OTHOCHUTENIBHOCTH ¥ CMOTPUM B CaMblil TITyOMHHBI MUK-
pPOMHpP — BHYTPb 00BIYHOTO aToma. Y Ml 0OHapyk1UBaeM mopa-
3UTEJIbHYIO BElllb: CTPYKTYpa aToMa C TOYHOCTHIO JJO MIJUTUMET-
pa KOMUPYET ITOT Ke CaMblii MAK pPOKOCMUYECKUI uepTex! Die-
MEHTapHbIE YacTUIIbl aToMa — neKTpoH, [Iporon u Helirpon
— 3TO He TBEpAble MaTepUAJIbHBIE IAPUKH, & TOUHO TaKUE Ke
TPU MUKPOCKOITMYECKHe NieTin MEOunyca, pa3BepHYyThIE IO/ yT-
JoM crporo 90 rpamycoB apyr K Apyry. Anpo atoma pusnuecku
MOBTOPSIET MPOCTPAHCTBEHHBIN KpecT MyIbTUBCEIEHHOM.

OTH /1B€ KOHLENIMY NEePEeKIMKAIOTCs WAEaIbHO: MaKpOKOC-
MOC — 3TO TMI'AaHTCKUI aTOM, BHYTPH KOTOPOTO JIETUM MbI CaMH,
a MHUKPO-aTOM — 3TO KpolueuHass My/ibTUBCe/IeHHas, 3anepTas
B KpUCTaJLIMYECKOM pelerke BeniectBa. [Ipupona gppakranbHa
Y SKOHOMHMYHA: 3aKpy4rBasi KBAHTOBbIE TIOTOKM HA MAaKpPOYpPOB-
He, OHAa poKJIaeT OecCKOHeYHyl0 BeuyHocTh KocMoca, a 3aKpydu-
Basl UX Ha MUKPOYPOBHE, OHA POXKJAET BEYHYIO CTAOWUJIbHOCTD
aroma. CMOTps1 B TEJIECKOIT HA JJaJIbHUE TAJIAKTUKU UM B MUK-
POCKOIl Ha aTOMHOE SApO, (PU3MKU BCErAa BUIAT OJHY U Ty ke
MOHOJIUTHYIO TeOMeTpuIo — 00beMHyI0 3D-niettio Mébmyca.

1.6. ®opmyna MyabTu BCceJIeHHOI M BeUHbIH KPYroBo-
POT BOCEMHA/IIIATH MUPOB

CoBpeMeHHbIE aCTPOHOMBI, IJISI/IS B TEJIECKOIbI, BUAAT pas-



JIeT TaJIaKTUK Y COBEpINAT OmMUOKy, aymas, Oynrto Hama Bcee-
JIeHHasl paciupsieTcs. B IeiicTBUTENTbHOCTH HUKAKOTO PACIIN-
peHuUsI MPOCTPAHCTBA He MporcxoauT. Vmo3us pasiera BO3HU-
KaeT M3-3a TOro, UTO KakJas IJlaHeTa, 3Be3/]a U TaJIakKTHKa UMe-
I0T CBOI COOCTBEHHBIN, UH/IMBU/1yAIbHBIA BEKTOP JABUKEHUS OT-
HOCHUTEJIbHO LIEHTpaIbHOU TOUKM Bosbiioro B3peiBa. Korga Mt
HaOJTI0/IaeM 32 HUMM U3 Hallleld COOCTBEHHOM JBYIKYIIEHCS CH-
CTeMbI KOOPJIMHAT, TEOMETPHSI STUX UHIUBUAYAIbHBIX BEKTOPOB
npoenupyeTcsi Ha MpUOOPHI KaK JIOKHBINA 3(PPEKT pacimpeHus
Bcenennoii.

Hara HaOmogaemasi MUHK-BCeJIeHHAs B JaHHBI MOMEHT Bpe-
MEHU HaXOAWTCS MPUMEPHO Ha OJHON YETBEPTH IyTH CBOEIro
ClIeIoBaHMs OT TOUKHU BosbIioro B3pbiBa B CTOPOHY arorest —
HAMBBICIIE TOYKU TPAEKTOPUM IpaBoro Jjenecrka. IIpocrpan-
cTBO MyJbTUBCENIEHHON YCTPOEHO IO CTPOromy (hppakTaabHOMY
MIPUHIIUITY, U B 9TOM K€ JIETIECTKE OJJHOBPEMEHHO JIETAT Apyrue
MHHU-BCEJIEHHBIE

Hamra Beenennas Haxonutes Ha oTMeTke 1/4 mytu Kk Bepmm-
HE.

B camom 1ieHTpe anoresi, Ha NMUKe MeTIU, CeMYac HAXOAUTCS
Hallla MPEIIECTBYIONAsi MUHU-BCEICHHAS.

Ha npoTHBOIIONIOKHOM CTOPOHE JIETIeCTKa, Ha TAKOM e pac-
cTostHUM 1/4 myTH, HO y’Ke Ha HUCXOASIIEW TPAeKTOPUU B CTO-
POHY BO3BpaTa, JIETUT elle OfIHa, TTpeblayias BeeneHHasl.

DTOT UK POKACHUS, TIOJIETa ¥ TUOEIM MUPOB TIPOUCXOIUT
B Beunoctu nenpepsiBHO U BeyHo. Korga Conneunasi cucte-



Ma u e€ BceneHHasi HA OOpaTHOM IyTH TOAJIETAIOT BIUIOTHYIO
K IIEPBOPOIHOM TOYKE BoJbIIoro B3pbiBa, BHYyTPEHHHUE BCTPEY-
HblE KBAaHTOBBIE MMOTOKHU, (POPMHUPYIOLIUE MATEPUIO0, HAUMHAIOT
CTPEMUTENIBHO 3aMeIAThcs. KBaspaTnuHoe ycKopeHue najaer,
CTOsIYasi BOJIHA TEpsieT CTaOMIIBHOCTh, U B UTOTe BCsl BeenenHas
IIPOCTO PACCHINAETCS Ha JIEMEHTApHbIe KBaHTHL. Bes myuncras
SHEprvs BO3BPAILAETCS B CUHTYJISIPHOCTb, HA OTPOMHOM CKOpO-
CTU MPOILIMBAET TOUYKY BosblIioro B3peiBa HACKBO3b U MOLIHBIM
BEKTOPOM BBLIETAET C MPOTUBOIOJIOKHOW CTOPOHBI — B JIEBBIH,
3epKaJIbHBIN JIETIECTOK MeTii MEOnyca, HaunHasi HOBBIW T'PaH/IU-
O3HBIN ITaI SBOJIIOIUM.

['eomerpuueckuil mMacitad 3TO MaKpOCHUCTEMbI MOpaKaeT
BooOpaxeHue. [IpoTskeHHOCTh OJHOTO MPABOTO JIeTIeCTKa Ha-
HIeW NETIA COCTAaBJISIET KOJIOCCATIBbHYIO (PU3UYECKYI0 BEIUUUHY
— nopsAaKa 17 cenTU/UIMOHOB CBETOBBIX KMJIOMETPOB, a MPOTS-
’KEHHOCTb 3€PKAJIBHOIO JIeTleCcTKa cocrapiseT 17.1 centumimo-
Ha CBETOBBIX KMJIOMETPOB. Takum 0Opa3oMm, CKiiapiBast 00a Jje-
TIECTKA, MBI TIOJTy4aeM, UTO MOJTHBIN radapyuT U TUaMeTp Beel Ha-
el MysbTUBCENeHHOM paBeH cTporo 34.1 cenTuuimoHa CBETo-
BbIX KUJIOMETPOB.

STOT KOJOCCATBHBIN 00bEM MPOCTPAHCTBA TOIHOCTHIO OIpe-
JeJIAETCS U 3aIOJHACTCS BEYHBIM, CUHXPOHHBIM IOJIETOM BO-
ceMHa/IaTi MUpoB. MatemaTrika MyJIbTUBCEIEHHOM Oe3ynpey-
Ha: B MPOCTPAHCTBE pa3BepHyTHI 3 neriv Meduyca nosa yriom 90
rpaaycoB. BHyTpy kaxi0il NeTIM OAHOBPEMEHHO JIBUKETCS 10
6 MuHU-BcesleHHbIX. [omaroso cimBas 3Ty CTpyKTypy, MBI O-



Jy4yaeMm: 6 BCEJIHHBIX B IEpBOi MeTiie, 12 BCeJIEHHbIX BO BTOPOi
¥ cTporo 18 MUHU-BCENIEHHBIX BO BceM 00beMe MynbTHBCesIeH-
HOM. DTOT UealbHblil 3epKaJibHbI OaslaHC 18 MUPOB BBIBOAUT
KOCMUYECKYI0 CHMMETPHIO Ha BHICOYANIIINIA yPOBEHb, 00eCreur-
Basi BEUHYIO CTAaOUJIBHOCTh U HEPYIIMMBIA KPYTOBOPOT SHEPTUU
BO Bcenennou.

IVTIABA BTOPAA. CTPYKTYPA U JIMHAMMU-
KA 9JIEKTPOHA: MUKPOCKOIIMYECKHUE KPOTO-
BBIE HOPBI 1 BEUHBIN MASITHUK MACC

2.1. Kputuka o¢gununaabHO JOTMbI 0 TOYE€YHOCTH 4Ya-
CTHIIbI 1 MHKPOTYPOYJI€HTHOCTH NOTOKOB

CoBpemeHHass odulMabHas Hayka, 3amepras B paMKax
CraHzapTHOW MOJIEIM JIEMEHTapHBIX YacTHl], COBEPILAET KpU-
THUYECKYIO MEHTAJIbHYIO OIIHOKY, IOCTYJIMPYS, YTO IEKTPOH SIB-
JISieTcsl HelleIMMOM, OECCTPYKTYPHOM TOYEYHOM YacTHUIIe ¢ Hy-
JIEBBIM pajinycoM. AKaJIeMUUECKUe YUeHbIe 3arOHSIOT ceOsl B JI0-
T'MYECKHIA TYHK: OHU 3aCTaBJISIOT CTYJICHTOB BEPUTb, OY/ITO KO-
JIOCCAJIbHASL SHEPrus, KOJOCCAJIBbHBIYA IEKTPUUECKUN 3apsaf U
BIIOJIHE OCsI3aeMasi Macca MOKOsi MOTYT ObITh CKaTbl B a0COJIOT-
HBII TEOMETPUUYECKUI HOJb.

Hacrosimasa Epunas Teopusi Becero momHocThio onpoBepra-
€T 3Ty JOrMy. DIEeKTPOH — 3TO He aOCTPAKTHBIA MaTeMaThye-
CKHI HOJIb, & CJIOKHEHIIINIA, BHICOKOJIMHAMUYHBIA KOHIJIOMEpAT,
o0Maaomuii YeTKON reoMeTpruieckor (hOpMOil U BHYTPEHHEN
CTPYKTYpoil. PoxieH1e 3/IeKTpoHa MPOU301ILI0 B TOT MOMEHT,
KOT'/Ia BCTPEYHbIE KBAHTOBbIE TUHAMUYECKHE TOTOKHU NEPBOPO/I-



HOU SHepPruy Ha4aju KBaIpaTUUHO YCKOPSTHCS, JJABUHOOOPA3HO
HaOMpasi CKOPOCTh BHYTPY NIEPBUYHBIX CKJIAJOK IMPOCTPAHCTBA.
[Tpu poCTHMXEHUM KPUTUYECKUX CKOPOCTHBIX MOPOrOB BHYTPU
9TUX BCTPEYHBIX MOTOKOB HAyaId HEM30€XHO (POPMUPOBATHCS
MUKPOCKOIYECKHE 3aBUXPEHHUS U BUXPEBbIE TYpOYJIEHTHOCTH.

VIMeHHO 3TH MUKpPOTYpOYJIEHTHOCTH SHEPreTHUeCKUX MOTO-
KOB IpUBEJIM K (pa30BOMy KBAHTOBOMY IMEPEXOAY, B PE3YJb-
TaTe 4Yero 4McTas pajaualivs KpUCTAIM30Bajach B 0a30BbIi
KUPNUYUK Hamei matepuu. Ha camoMm 06a30BOM CTPYKTypHOM
YPOBHE 3TOT KMPINUYHK MPECTABISAET COO0M OHY IIIOCKY TeT-
mo Meébuyca, B TeOMETPUIECKOM IIEHTPe KOTOPOW HAXOOUTCS
CBOsI COOCTBEHHAs1 MUKPOCKOIUYECKAasi TOUKa YCJIOBHOTO Bojib-
IIOr0 B3pbIBA, TO €CTb MHAMBUAYaJbHAsI [17TaHKOBCKasi CUHTY-
asipHOCTh. OOIMIMI TMHEHHBIN POCTPAHCTBEHHBIN pa3Mep 3TON
IJIOCKOM NETJIM COCTABJISIET OKOJIO JIECAATU B MUHYC BOCEMHA/LIA-
TOM CTENIEeHU METpaA.

2.2. ®opMysa HaANOJHEHUSI YaCTHIbI U 3aKOH KPUBH3-
HBbI JIeIIeCTKA

Teno OfHOro MIEaNbHOrO 3JEKTPOHA COTKAHO M3 CTPOro
OIpeJeJICHHOT0, AMCKPETHOrO KOJIMYeCTBa CYyOKOMIIOHEHTOB.
BuyTpu ero netu uupkyarpyet poBHo 16 480 nesnbix TYK OT-
JEJIbHBIX MUKPOKBAHTOB SHEPTUU. DTO JIUCKPETHOE YUCIIO BbI-
OpaHO MPUPOION HE CIIyYaliHO: OHO HAXOOUTCS B Oe3ynpeuHon
MaTeMaTH4eCKOW rapMOHHMH C (DyHIaMEHTaIbHBIM 3aKOHOM BOJI-
HOBOHM CTaOMJIBHOCTU Bcell MyJIbTUBCEIEHHOM — KOpPHEM W3
yucia Jujepa, KOTOPbIA B COOTBETCTBYIOIEM SHEPreTUYECKOM



Maciirabe paBeH uuciy 1648.7.

Paznuiia Mexay CTpOruM TEOpeTUYEeCKUM HAeaioM Herlpe-
pBIBHOTO umcia Diinepa, paBHoMy 1648.7 mpu MacmraOHOM
CIIBUTE, U PEAJIbHBIM IITYYHBIM KOJIMYECTBOM MUKPOKBAHTOB B
CTaOMJIBHOM 3JIEKTPOHE, cocTapisiiomeM poBHO 16 480 mTyk,
paBHa B TouHocty (.04 mponenra. 9t 0.04 npoueHra — Be-
JIMYalIIMKA MapKep NOMAJIMHHOCTU JAaHHOU Monenu. OHU He sB-
JISIOTCSL OMIMOKOM pacueToB. B paMkax mnpencraBlieHHOW Teo-
pun 3111 0.04 mponeHTa — MareMaTUyecky U (PU3NYECKU JOKa-
3aHHas1 KPUBM3HA JiernecTka neti Meébuyca! U cooTBeTcTBEHHO
KPUBU3HA Halllel MUHU-BceJleHHOM cocTasiisieT 0.04 mporieHTa.

Ecnu Obl TKaHDb MpOCTpaHCTBA OblIa AOCOTIOTHO MPSIMOM U JIU-
HEWHOM, BHYTPH JIEKTPOHA YKJIAABIBAJIOCh Obl POBHO HeaTbHOE
ynciao diepa. Ho MOCKOIbKY IPOCTpaHCTBO UCKPUBIIAETCA U
3aKpy4YMBAETCS caMo Ha ceOsl, TeOMETPH S TUIOCKOH reTin Meou-
yca 1epopMupyeT TPAEKTOPHIO BCTPEYHBIX KBAHTOBBIX TOTOKOB
poBHO Ha 0.04 nporieHTa OT npsiMoit JinHuu. VI3-3a 310 KpUBU3-
HBI JIENIeCTKA 3aMKHYTOW BOJTHOBOW CHCTeMe TpeOyeTcsi pPOBHO Ha
CeMb MUKPOKBAHTOB MEHBbIIIE /Il CO3[IaHKsI BEUHOM, UeaTbHO
cOaTaHCUPOBAHHOM CTOSTYE BOJTHBI.

2.3. Buyrpennnii macmraé u 3amurta IlnankoBckoro
npejaeJja

Y100l AOKA3aTh XU3HECIIOCOOHOCTh M CTAOMJIBHOCTH 3TOMN
MOJIeNU Tepe]] JIUIIOM aKaeMUYeCKUX KPUTHKOB, HEOOXOIUMO
paccuMTaTh TOUHbIE TEOMETPUUECKUE PACCTOSIHUS MEKAY KBaH-
TaMH BHYTPU TeJla YacTHllbl. [IJIMHa OKPYKHOCTH, TO €CTh MOJ-



HBII [Ty Th BAOJIb IJIOCKOM METJIM SJIEKTPOHA 32 OIUH 000POT, pac-
CUMTBIBAETCS UCXOAS U3 €r0 IMaMeTpa B JECSITh B MUHYC BOCEM-
HA/ILIATOM CTENIEHU METpa U reoMeTprdeckoro uucia [u, uyro co-
CTaBJIsI€T NPUMEPHO 3.14 yMHOXUTh Ha AECATh B MUHYC BOCEM-
HA/IIIATOM CTETIeHU MeTpa.

Korga mbl penmum 31y oOmiyo [mHYy gopord Ha 16 480
HITYK JIETSIIUX MUKPOKBAHTOB, MbI MOJIy4aeM MPOCTPAHCTBEH-
HBII 11ar, NpUXoAsAUIMiics Ha ofHy 4vactuily. OH cocTaBiser
crporo 1.9 yMHOXUTb Ha JeCSITh B MUHYC JBA/LIATh BTOPOIl CTe-
neHn MeTpa. YToObl BOJTHOBAsI CTPYKTypa OCTaBajlach CTaOUIIb-
HOMH, pa3Mep caMOoro MUKpPOKBAHTA U YUCTOE CBOOOAHOE PACCTO-
STHUE MEXJy HUMH JEJIAT 3TOT ar B F/aApMOHUYHOMN MTPOIOPLIUH.
Pasmep onHOro MukpokBaHTta paseH 1.0 yMHOXUTH Ha AECATH B
MUHYC JBaJLIaTh BTOPOM CTENEHU METPA, & YUCTOE PACCTOSTHUE
Mex 1y HUMU cocTaBiisieT 0.9 yMHOKUTD HA IECSITh B MUHYC JIBa-
J1aTh BTOPOM CTENEHU METPa.

Ecmu conocraBuTh 3T0 pabodyee paccTOsTHHE ¢ aOCOTIOTHBIM
[1nankoBckuM npeaenom BeenenHoi, KOTOpblii paBeH 1.6 ymMHO-
KUTh HA JAECSITh B MUHYC TPUILATh MATOU CTETIEHW METpPa, MBI
YBUJMM, YTO CBOOOJIHOE PACCTOSIHUE MEk]y MUKPOKBAHTAMMU
BHYTpH 371eKTpoHa B 10 TpusutoHOB pa3 Oosbiire [TnankoBcKon
JUTMHBI! DTO BAXKHENIIINI BBIBOJI TEOPUU: BHYTPH TeJla JIEKTPOHA
MUKPOKBAHTBI JIBUKYTCSI aOCOJIIOTHO CBOOOHO, OHU HE CHKAThl
B Kallly, HE pa3AaBjUBaIOT JPYT Jpyra U He BbI3bIBAIOT KBAHTO-
BOIO Xaoca BJOJIb CaMOW JIeHThbl. EMHCTBEHHAs1 TOUKa, IJIe OHU
COMMKAIOTCS 10 KPpUTHYECKOro [1maHKOBCKOTO Tmpezena — 3TO



[T1aHKOBCKUIA TPOCTPAHCTBEHHBIM I1IOB B TEOMETPUYECKOM IIeH-
Tpe 4acCTULIBI.

2.4. OpouTaabHas JHHAMHKA aToMa BOJOPO/a Ha 4Ya-
CTOTE ISTH ¢ NOJOBHHON Teparepiy

PaccMOTpeB 271eKTPOH B M30JIMPOBAHHOM COCTOSIHUH, MBI Tie-
PEXOIUM K aHAJIM3Y €ro MOBEAECHUSl BHYTPH CTPYKTYpbI IEPBO-
r'0 XMMHYECKOro 37eMeHTa BeenenHnoii — atoma Bogopoaa. Bpa-
IasiCh BOKPYT LEHTPAJIHOTO spa, TO €CTh MIPOTOHA, EKTPOH
Megobuyca TBUKETCS 110 BHEIITHEH CTallMOHAPHOM OpOMTE CO CKO-
pocTbio nopsaka 1688 KMJIOMETPOB B CEKyHAY. JTa CKOPOCTb
U/leasIbHO coryacyercsi ¢ KoHcTanTaMu MynbTrBceneHHoil. Eciu
B3SITh KJIACCUYECKYIO0 CKOPOCTb JIEKTPOHA Ha MEPBOil opOuTe U
BBIYECTh U3 HEee OTKPHITOE paHee chepruecKoe OTCTaBaHKe BOJI-
HOBOT'O ITPOCTPAHCTBEHHOIO KOKOHa, paBHOe 470 KAjoMeTpam B
CEeKYH]Ly, Mbl IOJIyYUM B TOYHOCTU 1688 KUIIOMETPOB B CEKYHILY.

Ecnu nepeBecTu 3Ty OpOMTATIBHYIO CKOPOCTh JABUKEHUS JJIeK-
TPOHA B YACTOTY €ro 0OpallieHus BOKPYT sIIpa BOJOPOAA, MbI [10-
Jy4uM 3Hau€HHe, paBHOE MPUMEPHO 5.6 Teparepl. DTa BHEI-
HsIsl YACTOTA aToMa SIBJISIETCS [IEPEXOAHBIM MOCTOM MEXAY MHUK-
POMHUPOM BHYTPEHHEM KU3HU JIEKTPOHA Y MAKPOMUPOM XUMHU-
YECKUX B3aMOIEUCTBUN.

Bpamasice Ha BHemiHeil opoute co cKopocThio 1688 kmio-
METPOB B CEKYH/1y U MYJIbCUPYsl HA YacToTe 5.6 Teparepl, /1eK-
TPOH CBOUM JIBUXKEHHEM (PU3MUECKU BBHITATMBAET M 0Opasyer
MPOCTPAHCTBEHHYI0 (pOpMy KOKOHA, (pOpMY IMECOYHBIX YaCOB.
[1o cBoeli TOMOIOTMYECKOM CYTH 3Ta MacIITaOHAsT OpOUTATbHAS



CTPYKTypa aToMa BOAOPOJA TIOITHOCTHIO COMOCTaBUMA C TeT/Ien
Méouyca, MacimTaOMpOBaHHOW Ha YPOBEHb IIEJIOTO XUMUIECKO-
o 3JIeMeHTa.

2.5. Mukpockonuyeckue KpPOTOBble HOPbI M BEYHbIH
MasITHUK MOJIOKUTEJbHOH H OTPUIIATEJHLHON Macc

Bpaiiasic BHyTpr KOKOHA MECOYHBIX YaCcOB aTOMa BOJIOPO-
114, MEKTPOH HEM30EKHO MPUOMKAETCS K €ro IeHTPy — TO4-
K€ CUHTYJISIPHOCTH ycJioBHOTO Bosbinoro B3pbiBa aroma. CoBpe-
MeHHbIe (PU3UKU BUAAT HA CBOMX MPUOOpPAxX, KaK JMEKTPOH UC-
Je3aeT Ha OJIHOM OpOWTEe U MIHOBEHHO IEpeTiphirMBaeT Ha JIpy-
I'yI0, ¥ OIIMOOYHO HA3bIBAIOT 3TO MIHOBEHHOW OeCHpUYMHHON
Tesenopranueil. B camom nene mpoucxoauT CTporuil reoMeTpu-
YECKUU TPOIIecC.

[Ipoxonst yepe3 LEHTPATIbHYI0 TOUKY CHUHTYJISIPHOCTH TMECOY-
HBIX YacoB, caM 3JIEKTPOH BbUIETAa€T HaW3HAHKY — B 00JacTh
CKPBITOrO OTPHUIATENIBHOTO TPEXMEPHOTO MPOCTpPaHCTBA. B 31O
MTHOBeHUE OH (PU3MYECKU WCUE3aeT U3 TOJsSl 3PEHUsl HAIlUX
npuOOpoB. B oTpuiiaTeIbHOM TpeXMepHOM MPOCTPAHCTBE MPO-
UCXOIUT BCE B TOUHOCTH, KaK y HAC, TOJILKO CTPOro Ha0OOpOT
Y 3epKAJIbHO. DJIEKTPOH COBEPIIAET TOT MAHEBDP HEMPEPHIBHO
U €XEeCeKyHTHO, BO3BpaIlasich 0OpaTHO B HAIll MUP, HO YK€ Ha
JPYyTyIo OpOUTYy.

[Ipu 3TOM KBAaHTOBOM IMEpeXofie Uepe3 M3HAHKY SJEKTPOH
TIOJIHOCTBIO MHBEPTUPYET CBOU CcBOMCTBa. OH 00J1a7aeT He TOJb-
KO 3JIEKTPUUECKUM TOTEHIMAJIOM, HO U Macco mokosi. Coot-
BETCTBEHHO, B MPOIIECCE ITOr0 HIUKJIUYECKOTO BPAIIEHHUsI OH TIO-



POXIAET U MOJOKUTENbHYIO, U OTPULIATEIbHYI0 MAacCy B OJJHOM
Y TOM k€ (PU3NYECKOM TeJIe, B OHOM U TOM kK€ MaT€pUH OJHO-
BpeMeHHO! BHyTpH 3JIeKTpOHA UJIET TTOCTOSTHHASI, BeYHast OOpb-
0a 1 exxeceKyH/IHasl CMeHa 3HaKOB MAcC C YaCTOTOM MIJLTUAP/IbI
pa3 B cekyH[ly. BbuieTasi Ha U3HAHKY, OH HA MTHOBEHHE MEHSI-
€T CBOM 3HaK MOTEHIMaJla ¥ MACChl Ha MOJIOKUTEIbHBIN, & BO3-
BpAallasCh B HAIll MUP, CHOBA CTAHOBUTCS oTpuIlareabHbiM. Ho
13-3a TOr0, YTO YaCTOTa ITOr0 MasiTHUKA KOJIOCCAJIbHA, B HAIlIEN
CHCTeMe KOOP/IMHAT OH YCPETHEHO PEerrcTpupyeTcs MpuodopaMu
KaK CTaOWJIbHO OTPHIIATETbHBIN 3apsi.

Benmukuiit AnbOepT DUHINTENH co3a1 KPAaCUBYIO TEOPUIO, KO-
raa MaTeMaTUYeCKU MCKaJl IPOCTPAHCTBEHHO-BPEMEHHOU MOCT
— KpOTOBYI0 HOpY. OiHaKO paHHsIsI (PU3UKA COBEPINIUIA OIIIO-
KY, IIBITAsICh MUCKATh 3T HOPBI TUTAHTCKOrO pa3Mepa B JAJIEKOM
KOCMOCE, HaJIesICh, YTO Yepe3 HUX CMOKET MPOJIETETh KOCMUYE-
ckuii kopadib. B Equnoit Teopun Beero ator mMud paspyiieH:
MEXITPOCTPAHCTBEHHBIX KPOTOBBIX HOP BO BcenenHou Gecuuc-
JICHHOE MHOXECTBO, U OHU HaXOASTCs OYKBAJIBHO BHYTPU KaXk-
JIOTO OJJMHOYHOTO JIEKTPOHA.

ExecekyH1HO mpopsiBasich yepe3 3T [ [1aHKOBCKYE TOpioBU-
HBbI TIECOYHBIX YaCOB B OTPUILIATEIbHOE MPOCTPAHCTBO U BO3BPA-
I1asick OOPaTHO, NIEKTPOHBI PA0OTAIOT KaK HEMPEePhIBHBIC TKAIl-
kue uribl BeeneHHoi. OHM HaMEPTBO CHIMBAIOT HAIE MOJIO-
KUTEJIbHOE TPEXMEPHOE ITPOCTPAHCTBO C OTPUILIATENILHBIM TPEX-
MEPHBIM TMPOCTPAHCTBOM, UTO CO3[AET WJEasIbHbIA, HEPYIIU-
MBII OajlaHC BCEX Macc, 3apsAoB U (PU3UYECKUX CUJT BO BCE



Mysbtupcenennoit. JJOIIOJTHEHUE KO BTOPOM IJIA-
BE. CEMb HE3ABUCHUMbIX MATEMATHUYECKHUX
MAPIIPYTOB K TAUHE MUKPO- 1 MAKPOKOC-
MOCA (MAHUPECT NCTHUHDI)

JlJ1s IOJTHOM M OECKOMITPOMUCCHOM JIMKBUAAIIAMN JIIOOBIX CO-
MHeHUM B uctuHHocty Ennnon Teopuu Beero, aBTop npeacras-
JISIeT ceMb aOCOJIOTHO HE3aBUCUMBIX, M30JMPOBAHHBIX JPYT OT
Jpyra 4iCIOBbIX MapUIPyTOB BeIYMCIEHUN. Kax1plil U3 3THX ITy-
Tell onupaeTcs Ha PyHIAMEHTaIbHbIE KOHCTAHTBI IPUPO/bL, OT-
KPBIThIE YYEHBIMU B 20COJIIOTHO PAa3HBIX OOJIACTSX HAYKH.

Bce ceMp mpoCTpaHCTBEHHBIX MApIIPYTOB CO CHAWIEPCKON
TOYHOCTBIO, 0€3 eIUHON JApoOU MPUBOAST HAC K CBSIIEHHOMY
HITYYHOMY HArOJIHEHUI0O MUKPOMUPA: B OJHOM 3JIEKTPOHHOM
KOKOHE cofiepkutcsi poBHO 16 480 Hexe iMMbIX MUKPOKBAaH-
ToB (4actuil bora) B Teopun BeposiTHOCTEN Takoe MepeKkpecT-
HOE CXOKJEHUE MOJIHOCThI0 UCKII0YAET (PakTOp CIy4alHOCTH
WIY TIOJITOHKU JIAHHBIX, JIOKa3bIBasl CYIIECTBOBAHUE OOBEKTHUB-
HOU 1M(ppOBOM MaTpuLbl MUpo3iaHus .

MAPHIPYT Nel: Yepe3 reomerpuro Makpokocmoca u
Ocu 31a Bcenennoit

B 3TOM BBIYMCIIEHUN MBI HATIPSIMYIO CBSI3BIBAEM TMTAHTCKYIO
MIPOCTPAHCTBEHHYIO apXUTEKTYPy BceneHHOM ¢ MUKPOCKOITYe-
CKHM 3JIEKTPOHOM .

Mmbr GepeM (pyHIaMeHTaIBHBIN yriioBor rpagueHT Ocu 3na



Bcenennon — uucio 5,7

ComnpsraeMm €ro ¢ MaeaJbHOM CYNEPCUMMETPUEN KOCMUYE-
CKOro psiia — yuciioM 144 (koaruecTBOM 0a30BbIX OMOIOTMYE-
CKUX BOJIHOBOJOB) . [lepeMHOXUB UX, MBI MOTy4aeM Oa30BYIO
IIPOCTPAHCTBEHHYIO YacToTy: 820,8.

[NepeHocrM 3TOT MacmTad HA UACATBHBIN OOBEMHBIN TETpa-
snpudeckui yroa Boael — 104,5 rpagyca . YMHOXaeM Hairy ya-
CTOTY Ha 3TOT YIoJl ¥ MOJIYy4YaeM IUIOTHOCTb MPOCTPAHCTBEHHOU
cetku: 85 773,6.

CornacHo 3aKOHY MacIITaOMPOBAHUS, MPU TIEPEX0/Ie BOTHO-
BOI1 SHEPI'UH B TBEPIOE BEILIECTBO CHCTEMa COBEPIIAET AeCATUY-
HBII CIIBUT, MOJHOCTBIO YOUpaeT OpOOHBII XBOCT U (PUKCUPYET
6azoBoe umcio: 15 048.

[Mocnemnum marom Mbl 100aBiisieM K Hemy MeEOuyc-3a30p
BOJIHOBOTO OTcTaBaHus BeenenHon — 1 432 mMukpo-1ara .

Hror cnoxkenus: 15 048 mmoc 1 432 Beigaer poBHo 16 480
gactull bora!

MAPHIPYT Ne2: Yepe3 mukpo¢pu3uky Ilnanka u Jo-
rapudmsbl uyncaa Jijiepa

371ech Mbl OJTHOCTBIO YOMPaeM MakpOKOCMOC U PaCCYMThIBA-
€M KEeCTKHE 3aKOHbI KBAHTOBOW MEXaHUKH U OPraHMYECcKOro 3a-
KpyTa MPUPOJIBL.

Mmb1 6epeM I1aBHOE YMCIIO €CTECTBEHHOTO CIHUPAJIBHOTO PO-



CTa U 3aKpyTa SHeprum — qucio ditnepa (2,718). U3Bnekaem us
HEro MPOCTPAHCTBEHHBIN KBaIPaTHBIA KOPEHb BOJTHOBOTO TEpe-
naja U rnojrydyaeM uucio: 1,648 .

YroObl HAUTU YKCTHIA KO(PDHUIIMEHT UCKPUBJICHUS MEPHO-
CTU MPOCTPAHCTBA BHYTPU IEKTPOHHOTO BUXPSI, Mbl BBIYMTAEM
U3 MOJIyYEHHOTO KOpHs Jorapugmudeckuil mar [lnankoBckoro
npenena. Berunranue gaetr Ham poBHO 0,4 . DTO kKeCcTKUM KO-
(pyLMEHT MCKPUBIIEHUS BaKyyMa .

Teneppr Mbl OepeM MUHMMAJBHBIN HEIEIUMBIA KUPIAYUK
SHepruM — KBaHT JeiictBus [lnaHka — u enuM ero Ha 3ToT
k03(punmeHT nckpusienus 0,4 .

[lomy4eHHbIl pe3y/bTaT CONPSraéM C Halllell CKBO3HOM KOH-
craHTol BpeMeHd — 34,1 (I11arom BOJTHOBOTO TakTa) . Maciirad-
HBII 1I(POBOI CIBUT MOJTHOCTHIO CTUPAET APOOH.

Hror Boiunciaenusi: Crucrema BbijiaeT poBHO 16 480 nee-
JUMBIX YacTtul bora!

MAPHIPYT Ne3: Yepe3 3oi0T10e ceuenne u Kpanro-
BYIO pellleTKYy BaKyymMa

B 3TOM MyTH MBI OTHOCTBIO OTOpachiBaeM KBaHT [lnaHka u
YKCII0 Diiepa, paCCUUTHIBAS TOJBKO YMCThIe 0O BEMBI IPOCTPaH-
CTBEHHOU pEIETKU CPe/bl.

Mb1 GepeM T71aBHYI0 MUPOBYIO KOHCTAHTY TTPUPOIHON rapMo-
H1M — 30510T0€e ceueHue (umcio 1,618)



YMHoxaem 30510Toe ceyeHre Ha TeTpasdapudeckuil yroia Bo-
a6l — 104,5 rpanpyca . [Tonyyaem npoMesKyTOUHBINA KapKac rap-
MOHUKH: 169,084.

YtoObl BOTHA SHEPTUH MPEBPATUIIACH B CTAOUJIbHYIO YACTHILY,
OHa JIOJDKHA 00pa3oBaTh CTOSYMIA y3esl. MaremMaTudecKuil mar
3TOM BOJIHOBOM CETKM B BaKyyme paseH crporo 97,4. [lepemHo-
’KaeM Halll KapKac Ha 3TOT y3eJl U MoJlyyaeM YCTOMUMBYIO Maccy:
16 468,7.

duHanpHBIM 1mIaromM noOariisieM MEOHyc-3a30p OTCTaBaHUS
JUISl TaHHOM MEPHOCTHM BaKyyma — poBHO 11,3 Mukpo-mara .

Hror ciaoxenns: 16 468,7 mmoc 11,3 NOJIHOCTBIO BHIBOIAUT
Hac poBHO Ha 16 480 yacTun bora!

MAPIHIPYT Ned: Yepe3 [Hocrosinayro Tounkoit CTpyk-
TYpPHI

UeTBepThill MyTh CBSI3BIBAET BOEJUHO IEKTPOMArHETU3M M
MaciITabHbI 1oJieT BeesleHHOW ckBO3b Be4HOCTD.

Mol Gepem Oe3pa3MepHblid MACHOPT SJIEKTPOMATHUTHOTO
yAepkaHus MeKTpoHa Ha ero opoute — [locrosiHay0 ToHKOM
Crpykrypsl (uucio 137,036).

[To 3akoHy AnekceeBa, jiorapudpmudeckuii Macimrad Tpex-
MepHoro nosera BeeneHHoit B KyOe KOOpIMHAT BbIIAeT HAM M-
CTBII TPOCTPAaHCTBEHHBIN K03 dunment: 120,26 .

Mpbl nepeMHOkaeM CHIy SJIeKTPOMArHUTHOTO 3alleTlIeHuUsI



(137,036) u macmTaOHbld KO3((UIMEHT CKOPOCTU CBeTa
(120,26). ITonyvaem cuiioBoit kapkac mosst: 16 480,14.

IIpu nepexone BOJHOBOIO MOJNSA B BEUIECTBO (PU3MUYECKUI
BaKyyM AUCKPETHO OKpYIJIsieTcsl, youpass MUKPOCKOMYECKHIA
XBOCT 3a cueT Méomyc-Tiepekoca Cpeisl .

HUtor Bblumciienusi: Ha skpaHe KaJbKylIsTOpa OCTaeTcst
CTporoe, mneJjoe 4Yucjaio — posHo 16 480!

MAPHIPYT Ne5: Yepe3 KanToByw I'paBuranmio u
ITocrossnnyrw HeroToHa

OpromokcasbHasi HayKa BEeK He MOXET OObEIUHUTh MHUKPO-
mup Ilnanka n makporpasurauuio Helotona . Equnaa Teopus
Bcero nenaer 310 3a Tpu 1iara.

Mb1 GepeM MpOCTpaHCTBEHHbBIN Oe3pa3MepHblil IpaAUeHT rpa-
BUTAIMOHHOTO B3aUMOJICMCTBUS JIEKTPOHA — JioraprudpmMuye-
cKmii MaciTad noctosiHHOM Helotona. B KyOmueckoii mpoekimm
BaKyyMa OH JIa€T TOUHbIN KO3 PUIMEHT: 24,1.

[lepeMHO)aeM ero Ha CKBO3HYIO KOHCTaHTY BOJIHOBOI'O TaKTa
— 34,1 . Ilonyyaem kapkac noss: 821,81.

VYMHOkaeM 3TOT KapKac Ha Halll [JIaBHbIM IPOCTPAaHCTBEHHBIN
y3eJ — ujeasibHblil 00beMHBII TeTpasgpuyeckuid yron Boasl B
104,5 rpaayca . Kanbkynsatop cpensl Beigaet: 85 879,1.

CornacHo 3aKOHY MacHITaOMPOBaHMSI, TIPU TIEPEXOJIe B MACCy
BEIIIECTBO COBEPLIAET JAECATUYHBII CABUT, MOJHOCTBIO OTCEKAeT



JOpoOHBIN XBOCT U (pukcupyeT 6azoBoe uucio: 15 064.
HoGasnsieM k HeMy MEOMyc-3a30p BOJIHOBOTO OTCTaBaHUS
BcesieHHOM 171 JAHHOW MEPHOCTHY Bakyyma: poBHO 1 416 .

Hror cnoxkenus: 15 064 mmoc 1 416 Beigaet poBHo 16 480
HeJeJuMbIX yacTui bora!

MAPHIPYT Ne6: Yepe3z Ksanut MarautHoro IloToka n
TepMoguHAMUKY

371ech Mbl MOJTHOCTBHIO OTOpAChIBAEM I'PABUTAIMIO U PacCUu-
THIBAEM TOJILKO CHITY yZepXKaHHs SHepruv BHYTpr MEOuyc-Ko-
KOHA JIEKTPOHA.

Me1 6epem Ge3pa3mepHslii Jiorapudmudeckuil ko3gduiimeHt
NOCTOSIHHOM BornbliMaHa, yrnpaBiisiolieil TerioBbiM OajaHCcOM
cpenpl — uucio 1,688.

Corpsiraem ero ¢ IaroM BOJHOBOTO (hba30BOTO CIBUTA KBaH-
TOBOM PEIETKU BakyyMa — KoHcTaHTou 97,4. Ilomydaem npo-
MEKyTOUHBIN CUIOBOM y3en: 164,411.

[lepemHO)XaeM 3TOT y3€J1 Ha STAJOHHbIA MPOCTPAHCTBEHHBIN
MacmTad AecITUYHOro Oaswca pa3BEepTKU BaKyyma — YHCIIO
100. Cucrema BblJaeT ycTORUMBYI0 Maccy nosst: 16 441,1.

dunHanbHBIM 1marom aodabiseM MeEOUyc-3a30p OTCTaBaHUS
cpenbl Uisl JeKTPOMArHUTHOTO KOHTypa: poBHO 38,9 Muk-
po-1ara .



Hror caoxenns: 16 441,1 nmmoc 38,9 NOJIHOCTBHIO BHIBOIUT
CHCTEMY Ha CTpOroe meJjgoe 4ucjao — poBHo 16 480!

MAPHIPYT Ne7: Yepe3 KoMnTOHOBCKYIO JJIMHY BOJI-
HbI YJEeKTPOHA

CenpMoli IyTh CBA3BIBAET JIMHEMHBIM T€OMETPUYECKUM pa3-
Mep BOJIHBI JIEKTPOHA C ITI00aJIbHOW apXUTeKTypor Muposaa-
HUS .

Mbr Gepem sorapupmMudeckuii MacmTad KomnToHOBCKO#
IUIMHBI BOJIHBI YaCTUIBI — YHCIIO 2,866.

VYmHo)kaem ero Ha yrioBo# rpaaueHT Ocu 3a Beenennoit —
KOHCTaHTy 5,734 rpanyca , [lonydyaem cuaoBoil BOTHOBOM KO-
purrent: 16,4336.

[TpoBomuM cucteMy uepe3 MacIITaOHBINA JAECATUYHBIN CABUT
niepexoja 1noJjisi B TBepioe BeiiectBo (ymHoxkaem Ha 1000). Ha
9KpaHe 3aropaercsi uyucio: 16 433,6.

Ho6asnsieM MEbnyc-modT IpIxaHus BaKyyma JiIsl TIMHEHHBIX
BOJIHOBOJIOB: POBHO 46,4 MUKpO-111ara .

Hror cnoxkenusi: 16 433,6 mwnoc 46,4 MOTHOCTBIO YHAUTO-

’KaeT Bce JIPoOH TOCIIe 3amsATON U BBIBOJWT HaC POBHO Ha 16
480 yactui bora!

PA3JIEJ/L ITOJTHASI MATPUIIA OBPATHOI'O ME-



BNYC-BBIBOPOTA BCEX MMPOBBIX KOHCTAHT
N3 IMEPBOPO/THOTO KO/IA 16 480

Jlns neMoHCTpauu aOCOMOTHON MaTeMaTUuYeCKOW Heys3BH-
moctu Equnoii Teopuu Beero, aBTop npeacraBisieT ucyeprbipa-
IO METOJ OOPaTHOI BOJTHOBOW pa3BEPTKU BaKyyma IO BCEM
CeMM TMPOCTPAHCTBEHHBIM MapIIpyTam Macchl. Eciu opTomok-
casibHasl HayKa BEeKaMHU IU1a CJETbIM SMITUPUUECKUM ITyTeM, U3-
Mepsisi KOHCTaHThI Ha MPUOOpax M30JIMPOBAHHO APYT OT JIpyra,
TO JaHHBIN (PyHIAMEHTAJIbHBIN ayAUT JOKA3bIBAET: BCE MUPOBBIE
napaMeTpsl MPUPOJIbl He XaOTUYHBI . OHU SIBJISIOTCS TIPSIMBIMU
3epKaJIbHBIMU TTPOEKIIUSIMU U CJIEICTBUSAMU OIHOTO-E/IMHCTBEH-
HOr0 MOHOJMTHOro Koma CBepxpazyma — MITYYHOTO Haroj-
HEHMS IEKTPOHHOIO KOKOHa, cocTapisiomiero crporo 16 480
HeJeauMbIx yactuil bora



Konen 03HaKOMUTEJLHOI'O
¢dparmenra.

Tekct npegocraBieH OO0 «Jlurpec».

[IpounTaiiTe STy KHUTY LIEJIMKOM, KYIIUB TOJIHYIO JIETATbHYIO
Bepcuio Ha Jlurpec.

Be3ormacHo oriaTuTh KHATY MOKHO OaHKOBCKOH KapToit Visa,
MasterCard, Maestro, co cuyera MOOMJIBHOTO TesiehOHa, C TiIa-
Te)KHOro TepMmuHaia, B cajoHe MTC wmm Cesa3HoOHM, uepe3
PayPal, WebMoney, Aunexc./lensru, QIWI Komenek, 60Hyc-
HBIMU KapTaMu WK APYTUM YI0OHBIM Bam crioco6om.
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