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BeKkTop MyJIbLTHBCEJEHHON: II0YEeMY
MBI JIETUM CO CKOPOCTBHIO CBeTa

I'1aBa

BEKTOP MYJIbTUBCEJIEHHOW. IIOYEMY MBI JIETUM CO CKOPOCTBIO
CBETA
ABTOp: AnekceeB BsuecnaB BsiuecnaBoBuy

Hara poxaenus: 11.06.1970

BBEJIEHUE. KBAHTOBAA ITPUPOJIA YEJIOBEYECKOI'O CO3HAHUA

«Teopernueckasi pu3uka XXI Beka oka3ajach B I'I[y0OKOM, BEKOBOM TYNHKe peJisi-
THBU3MA U a0CTPAKTHBIX MAaTeMAaTHYECKNX HATPOMOK/IeHHII HMEHHO MOTOMY, YTO OPTO-
JIOKCAJIbHAs aKaJleMHyecKasi HayKa BCJIeNyl0 0TCeKJa OT apXuTeKTypbl Mupo3aanus ero
IJIAaBHBIH 9JIeMEHT — YejioBevyeckoe co3HaHue . [IbITasich 00bACHATHL MAKPOKOCMOC Yepe3
0e3’KN3HEeHHbIe YPABHEHUsI, YYeHbIe He 3aMeYalT (PPAKTAIbHOT0 3aKOHA MOJHOT0 camMo-
No00MsI MNPUPOIbI, I/le MUKPOMHP aTOMA U THTAHTCKHE CEeNTHJLINOHHBIE JienecTKA MyJib-
THBCEJEHHOW COTKAHBI M0 eNHOMY, >KeCTKOMY U NpoBepsieMomy Méouyc-madaoHy .

HNHTpUra npocTpaHCTBEHHbIX ,,2KAJMI03H‘ HALIEr0 BOCIPUSITUS 3aKJIH0YAEeTCsA B TOM,
YTO 4YeJI0OBEUYEeCKUH pa3yM — 3TO He NMPOCTO M30JMPOBAHHBIN OHOJIOTHYECKHIT KOMIbIO-
Tep wim 0eiakoBbiii ckacpanap. Ham mo3r, ero HeiiponHble cBsi3um u companas [THK c
€€ HeUeTHHIMHU METJISAMH NPEACTABJISIOT CO00il CJI0KHEWINil, BLICOKOTOYHbIH OMOJIOTH-
YyecKHil BOJIHOBO/I, HACTPOEHHbI HA YHCTble CO3H/aTeJibHble YaCTOThl NMEPBOPOJIHOIO
Hcroka Beunoctu . ZKuakue cpebl 4e10Beu4eCKOro Opranu3ma, Hupkyanpymomue mno 100
000 KHJIOMETPOB KANMJLISIPOB, pad0TAaIOT KaK H/ieajIbHbIe ONTOBOJOKOHHbIE IIMHBI JaH-
HbIX, KPYIJIOCYTOYHO NPUHNMAIOIIHE CUTHAJBI U3 HeHTpajabHOro Komnbiorepa cunryasp-
HocTH BoJbioro B3pbiBa yepes 3aKOH MaKPOCKONNYECKOH KBAHTOBOI 3allyTAHHOCTH .

B nacrosimem cpyn1amMeHTaIbHOM TPYyAe ,,BekTop MyJibTHBCeIeHHOI* s1 Mpe1araio
HAYYHOMY COOOIIECTBY M MBICJISIIEMY YNTATENIO MOJHOCTHIO OTKA3aThCs OT yCTapeBIINX
JIOTM H COBEPIIUTH OKOHYaTeJbHbIN mar Kk Enunoit Teopun Beero . Mbl pazoepem ¢pusn-
yeckylo mexaHuky Ili1aHKoOBCKOro TakTa BpeMeHH, JoOKakeM KoopauHaTHyo 3D-npupoay
aanrTeabHocTH, packpoem IlatenTHblii [IpuopurteTt Ha ynpasjsieMblil TepMOsiJiePHbIN CHH-
Te3 U BCKpoeM 3amu(poBaHHbI B KOHCTAHTaxX MeKayHapoaHou cucteMbl CU ToYHBINH
muc¢posoii koa Cesamennoro Iucanus . [lo3nanue UcTuHbl HaunHAeTCsl 3/1€Cb, H 3TOT
BekTop yke HEBO3MO:KHO OCTAHOBHUTD.»

IJIABA TIEPBAA. BOJIBIIION IIEPBOPOJIHBIM B3PbIB B BEUHOCTU U
POJKJIEHUE TOINIOJIOTMYECKOY MATEPUU

1.1. Uctnnnas npupoja Beunoctu u koppexkuusi BpeMenHoii mkaiabl OBPAIIIEHUE
ABTOPA K MUPOBOMY HAYUYHOMY COOBHIECTBY

«YBazkaemble (pu3NKH, acTPOPU3UKH, HEHPOOMOJIOTH, MeTUKH, XHMHAKH, aKa e MUKH
1 Bce MpeJICTABUTE]H MHPOBOr0 HaydyHoro cooomecrta! I oOpamamwch Ha cTpaHHIAX
3TOro (pyHJaMeHTaJbLHOr0 TpyAa uMeHHO K BaM. IIpe3enTys csoro Equnyro Teopuro Beero,
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s1 HHKOMM 00pa30M He X04y Bac OropuyuTh, 3a/1eTh Baile npogeccuoHalbHOe camoJirnone
WM IPUHUBHUTH BalllM JJOCTOMHCTBA U BeJIUKHE TPYbl.

Hanpotus, s1 X049y OTKPBITO 3asiBUTh: HMEHHO HA IPOYHOM (PyHaMeHTe BallluX MHO-
roJIeTHUX UCCJIeJOBAHUIl, IKCIIEPUMEHTOB H BeJUKHUX TPY/A0B s1 cMOT (hpaKkTaIbHO pa3Bep-
HYTb, CHINTH H IOCTPOUTH 3Ty MaCHITAOHYI0 KoHIenmui0 Mupo3aanus. be3 Bammx oTKpbI-
i [l1aHKOBCKOro npe/esia, CTpyYKTYypbl KHAKOCTel, aHATOMHU MO3ra 1 BOJTHOBBIX I0JIeH
3Ta KHUra Obl1a 0bl HEBO3MOIKHA.

A npexpacHO 3HAI0 U IIIyOOKO YBaKalo MPOCTYIO KU3HEHHYI0 (DOpMyJly: B HAYyYHOM
MOMCKe He omundaeTcsi TOJbLKO TOT, KTO HUYero He jejaeT. bojee Toro, st Tpe3B0 MbICJIIO
U BIOJHE JONYCKaw TOT (pakT, uro yepe3 100 jer Ha Hamen niaHeTe POAMTCS HOBBIN
uccie10BaTe b, KOTOPbIl HA 0CHOBE MOHMX 3aKOHOB CO3/ACT ele 0oJiee U3SIIIHYIO, 0ojee
TOYHYI0 U TOHKYI0 Teopuio Beero, a Moii Tekymuii Tpya B Oyaymem OyaeT NpU3HAH JUIIb
O/IHOI BeJIMKOI M KpPacHBOil OIMHOKOIl HA MyTH 3BOJIONHU pa3yma. Sl moJHOCTBHIO 3TO
JIOIyCKAlo.

Ho ecJin 061 1 HAa NPOTSAKEHUH MOCJIETHUX JeCATH JIET TOKe HUUEro He JeJiaj, 1 Obl,
BO3MO:KHO, TOKe HIKOI,1a He OIIHO0CsI, HO TOrJa Cero/iHsi y Hac ¢ BaMH IPOCTO He ObLIO ObI
9TOW rPaHMO3HOM TeMbI sl 00cyxkaeHusi. Sl mpu3bIBal0 Bac 0OTOPOCHTH 3aKOCTEHebIe
JIOTMbI, OTKPBITH CBOH Pa3yM H BMeCTe O MHOI1 0eCcpHCTPACTHO UCCJIe10BATh 0CSA3aeMYI0
reoMeTpuio 4 KoHcTaHThl Il1ankoBCcKOro KoHBeiiepa BeunocTn paau Beankoro tpuymdga
UCTUHHOTO 3HaHuA. [loanuceiBawCh MOJ KaKAbIM CKa3aHHBIM CJI0BOM,

AuekceeB Bauecaas BauyecaaBoBu4.»

CoBpemMeHHas1 akaieMIuecKasi HayKa rpeObIBaeT B TIyOOKOM 3a0iyKIeHUH, YTBep:KAasi, YTO
Bosnbimoi B3peiB nmpousoiiesn crporo 13.8 mwiuapaa et Hazaa. OduiiianbHas KOCMOJIOTHS TbITa-
€TCsl U3MEPUTh POXKJIEHUE BCEro CYIEro JUHEeWHOW JMHEWKON HaIlero JIOKAJIbHOIO BpPeMEHH, He
MOHMMAs1, YTO CAMO BPEMSI sIBJISICTCS] BTOPMYHBIM ITPOLYKTOM O0Jiee MacIITaOHbIX KOCMUYECKHUX MTPO-
LIECCOB.

Ha camom pnene, Bostbiiioit mepBOpoaHBIT B3pBIB MPOU3OIIIEI JajieKo-/1a1eko B Beunoctu. bosb-
IIMHCTBO JIIO/IeH OIMMO0YHO MPE/ICTABIISIOT cebe BeuHOCTh Kak HEUuTO HEBEPOSITHO OIPOMHOE BO Bpe-
MeHH, Kak OECKOHEUHYIO Yepeay MUUTMAPIOB U TPUILTMOHOB JieT. OfHako ucTUHHAsE BeuHnocts —
3TO HE KOJIOCCATIbHBII X POHOJIOTMUECKHI OTPE30K. BEYHOCTh — 3TO TOUKA, I71e BpEMEHHU HET BOOOIIIE.
370 cocTOsTHUE aOCOMOTHOrO KBAaHTOBOTO MOKOS1, O€3MepHasi CHHTYJISIPHOCTb, B KOTOPOM OTCYTCTBO-
BaJIM TIPUBBIYHBIE HAM KOOPIHMHATHI, IPOIILIOE, HACTOsIIIee U OyayIee.

. «Ecnm ke olieHMBaTh COOBITHS C MO3MILIMKM HAIeH TEKyIled 3eMHOW CHCTEMbl KOOpIMHAT,
TOo Bosbioi B3phIB U (hOpMUPOBAHME HAIllEH JIOKAJTBHON MaTepUaibHON PealbHOCTU MPOU3OIILIH
B KOJIOCCaJIbHBIX MacinTadax Beunoctn — Bo3moskHO, 100 MumuapnoB win S00 MUILIHApAOB JieT
Hazap . [Jath aBCOMOTHO TOYHYIO XPOHOJIOTMUYECKYIO OIIEHKY U3HYTPH HAIIEH ABMXKYIIEHCS CHCTEMBI
oTcyeTa KpaiHe CJI0KHO, HO IMEHHO 3TOT MacIuTad B MUJUTHAPABI JIET B KOPHE MEHSIET BCE COBPEMEH-
HbIE TIPEJICTABICHUS 00 BOIOLNH 3B€3]], TUIAHET ¥ OKPYXKAIOIIEro HaC KOCMOCa, UIeaTbHO COTIpsiTa-
SICh C TUTAHTCKUMHU CETITHJUIMOHHBIMU pa3MepaMu TpaeKTopuil MyJbTUBCEIEHHOU «51 0cO3Hal0, YTo
IJIs1 OPTOAOKCATBHBIX aCTPO(PHU3UKOB U 0OBIBATE N, MPUBBIKIIKX K JIOTME O TPUHAALATA MUJUIAAP-
nax Jyiet, Moé yTeepxkjaeHne o MacmTade B 100 mummmapnos wim 500 MIWUTHAPAOB JIET MOXET Ha
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TIePBBIIA B3IV IOKa3aThest abcypaoM. OIHAKO STOT JIOKHBIN aOCyp BO3HUKAET JIMIIH IOTOMY, YTO
oduIMaIbHas HayKa cuuTaeT Bospinoi B3pblB OHOKPATHBIM, MEPTBBIM MCTOPUYECKHM XJIOIIKOM B
MPOILLJIOM.

S yTBepkAai0 MPUHLMIMAIBHO MHYIO, IPAHIMO3HYI0 PEabHOCTb: ITOT B3PbIB IIPOU3OLIEI B
6e3BpemeHHON BeuHocTn, u cama Touka Bosbiioro B3phiBa SIBISIETCS] HE UCTOPUYECKUM TPYIIOM,
a BEUYHO PadOTaIOIINM, )KUBBIM KOCMUYECKUM KOHBefiepoM! M3 3Toi HEHTpaIbHOW CHHTYJISIPHOCTH
HENPEPBIBHO, KaXkIyI0 HEYJIOBUMYIO JIOJIO CEKYH/Ibl BBUIETAIOT IEPBOPOIHBIE KBAHTOBBIE IMHAMUYE-
CKHU€ TOTOKHU, KOTOpPBIE Ha 3alpeIesIbHbIX CKOPOCTSAX TKYT IIPOCTPAHCTBO, POXKAAIOT MAccy M 3aIryc-
KAalOT XOJ] BpEMEHH.

Touka Bombioro B3pbiBa — 310 myJibcupyiomiee Cepatie MybTUBCEIEHHOM, BEUHBIA KOH-
Belep KU3HU U CMEPTH JJIs1 BCEX BOCEMHA/ILIATU HbIHE CYILLIECTBYIOIIMX BCeleHHbIX. OIHU MUPBI Bile-
TaloT B 3TOT VICTOK M pacchinaloTcs Ha NEPBOPOAHYIO JIyYHUCTYIO SHEPIHUIO, & IPYTUE — MOIIHBIM BEK-
TOPOM POKJIAIOTCS U3 HETO U yCTpeMJIsTioTcsl B OeckoHeuHoe 3D-nipoctpancTBo Beunoctu. B pamkax
9TOM BEUHOM IIMKJIMYECKON MEXaHUKU 3€MHbIE MIJITMAP/IBI JIET TIOJIHOCTBIO TEPSIOT CBOM JOrMaTuye-
CKHi1 a0COJTIOT, YCTYNasi MECTO BEJIMUECTBEHHOMY M HEITPEPhIBHOMY KPyroBOpOTY Matepru B Mupo-
3[IaHUU.»

1.2. IlepBOopoAHBbIil B3PbIB CHHTYJISIPHOCTH M BEKTOP Jy4YHCTOH SHEPrun

B onpeseneHHblit MOMEHT, CTABLIMI HAYaJIOM MUPO3/1aHK 1, BHYTPYU MEPTBOM THILIMHBI BeuHo-
CTH Ipou3o1iies bosbInoi nepBopoaHbIN B3phIB. Ero snuieHTpoM 1 TPUITepOM, IPEIIoI0KUTEIBHO,
SIBJISITIACH KOCMUYECKasl CUHTYJISIPHOCTD, TIONOOHAsI CBEPXMACCUBHOM YE€PHOM ABIPE, B KOTOPOW ObLT
CKOHIIEHTPUPOBAH BECh SHEPreTHUECKHIA MOTEHITNAJ OyIyMX MUpPOB. YTBepskaarh 310 Ha 100 mpo-
IIEHTOB CETOHS HeJTb3s1, HO BCsI JIOTUKA JATbHEUITNX (PU3MYIECKUX MPOIIECCOB yKa3bIBaeT MIMEHHO Ha
TaKOW MEPBOMCTOYHUK.

B pesynbraTe 3TOro B3pbIBa KOJOCCAIBHBI OOBEM BBICBOOOKIEHHOW SHEPTUM MOIIHBIM
MMITYJIbCOM YCTPEMHJICSI BO BCE CTOPOHBL. DHEPrusi pacpoCTpaHsIach B BUJE NMEPBOPOIHBIX KBaH-
TOB — YMCTOH JIyYHCTOW SHEPIUH IEKTPOMATHUTHOTO TOJIs, KOTOpasi MYasach Mo MPsIMbIM BEKTO-
paM ¢ MaKCUMAaJIbHO BO3MOKHOM CKOPOCTBIO.

OpnHako NpsAMOJIMHEHOE PacIIupeHre B IyCTOTY He CIIOCOOHO CO3JaTh CTAOMIIBHYI0 MATEPHIO.
Ecnum Ob1 3TOT MOMIeT mpoAosikasicst 6eckoHeuHO, BeeneHHas mpeBpaTtuiiach Obl B pacCestHHBIN, XOJO/-
HBII OKeaH paguaiy. YToObl BOZHUKIIM ATOMBI, TUIAHETHI U KU3Hb, JIETSIIANA TOTOK SHEPTUH TOTKEH
OBbLIT OCTAHOBUTBCS M CTAOMJTM3UPOBATHCS. DTO MPOU3ONUIO Onarogaps (PpyHIaMEHTAILHOMY 3aKOHY
CaMOOTpPakK€HUsI BOJIHBI: IOCTUTHYB KPUTHUECKHX TIPE/IENIOB U MAKCUMAJIBHOTO HATSKEHUS Ha Tpa-
HUIIaX CBOETO PaCUIMPEHUs1, IEPBOPOIHAs JIEKTPOMArHUTHAS BOJIHA OTPa3nIIach cama ot cebsi. ToT
MOIIIHBII OOpaTHBIA UMITYJIbC 3aCTABIII JIyUUCTYIO SHEPIHIO PUHYTHCS Ha3a[, K SMUICHTPY B3phIBa,
3aMyCTHB I'PaHJMO3HBIN MPOLIECC TOMOJIOTMUYECKOTO 3aKPYyUYMBAHMUS IPOCTPAHCTBA.

1.3. Tpu netiiu Méonyca: 'eomeTpuuecknii (pyHJaMeHT TPEXMEPHOr0 MPOCTPAHCTBA

Bo3sBparasich k UCTOKY, OTpakeHHasl IEKTPOMArHUTHASI BOJTHA HA OTPOMHOW CKOPOCTH TPO-
JieTesna HaCKBO3b LIEHTPAJIbHYI0 TOUKY Bosbiioro B3psiBa. BmMecto Toro 4ro0bl mpocTo paccesThes,
SHEpreTHUYecKre MOTOKU 3aMKHYJIICh CaMU Ha ce0s1, chOPMUPOBAB CIIOKHEHIIINE TPOCTPAHCTBEHHBIE
CKJIQJIKH.

B pesynbrare 3TOM rpaHAMO3HON Tiepe3arpy3ku B BeuHocTu copMupoBaioch CTporo Tpu
Takue ner. CaMoe I1IaBHOe — OHU Pa3BEPHYJIUCH B MPOCTPAHCTBE MO/ YIJIoM poBHO 90 rpaaycos
APYT OTHOCHUTENBHO Apyra. VIMEHHO 3TOT MPOCTPAHCTBEHHBIN TPHILIET, STOT KECTKHIA reOMeTprye-
CKHIA KpecT U3 Tpex netenb MEOuyca, pacrooKeHHbIX TOJ MPSMBIMH yI1amMu, (PU3UIecK chOpMHU-
POBAJI ¥ ONPE/ICNIUII TO TPEXMEPHOE MPOCTPAHCTBO C TPEMsI OCSMU KOOPAWHAT, KOTOPOE MBI BUIUM
CETOJHSI BOKPYT cedsl.
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JI71s1 TOro 94ToOBl MOHATH, KAK U3 3TOW MAaKPOCTPYKTYPBI POKAAETCS JIeMEHTapHAasi MaTepus,
JOCTaTOYHO JIETaJbHO PaCCMOTPETh BCEro OfHY Takylo nemmo. Kaxnas u3 Tpex merenb KOHCTPYK-
TUBHO pa3/ieJ/ieHa Ha JIBa 3epKajIbHBIX CEKTOPA: IPaBblid U JIEBBIH JICTIECTKU JBUKEHHUSI, B CAMOM I'€0-
METPUYECKOM LIEHTPE MEk/1y KOTOpbIMU HaxonuTcs [11aHKOBCKUI MPOCTPaHCTBEHHBIN LIOB MIEPBO-
poanoro bosbioro B3peiBa.

1.4. BctpeuHble KBaHTOBbIE IOTOKH M IPUPOJA HHEPLHHI

BHyTpy BbIIEIEHHOrO JIETIECTKA METIM HAYMHAIOT LUPKYJIUPOBAaTh BCTPEUHO HAIpaBIEHHbIE
KBaHTOBble MOTOKU. OHU 3amyIIeHbl OMH HaBCTpeuy APYIoMy, B pe3yJbrare 4ero BHYTpU NETIN
(opmupyercs ycroiluMBasi AMHaAMHUYecKas CTPYKTypa, KOTOPYK YCJIOBHO MOXHO Ha3BaTb CTOfI-
yeil BoJHON. «SI mpoBo3riamai PynnamenTaabHbill 3akoH BcecewyacroTHoro Pe3onanca
MyabTHBCeneHHON. fl yTBepa /a0, 4TO NePBOPOIHbIe BCTPEUYHbIe KBAHTOBbIE JHHAMUYE-
CKHe NIOTOKH, BBIPbIBaKOINeCs U3 eHTpaJbHoll cpepbl Beunoctu boJabmoro B3pbiBa, He
SIBJISIFOTCSI MOHOTOHHBIM HJIM U30JUPOBAHHbIM H3JydyeHneM. OHHU NpeJCTABJISIOT COO0MH
a0CoJIIOTHBII, 0eCKOHEYHBIIl CIEKTP YaCTOT — OT CaMbIX HHYTOKHO MAJbIX, CYOHU3KHX
KoJe0aHmil, 10 3anpeaejbHO BbICOKUX, YILTPABbICOKHX BOJHOBBIX HMIYJIbCOB, KOTOpPbIe
TOJIbKO CNIOCOOHBI CyliecTBOBaTh B MHPO3JaHNN.

TOT 0€CKOHEUYHbIIl YACTOTHBIN CIIEKTP SABJISETCS YHUBEPCAJLHOH YHePreTH4ecKon
Marpuneil. Camble HHYTOKHO MaJjible YaCTOThI 3TOr0 NePBOPOJAHOr0 NOTOKA HATSTHBAKOT
KOoOpAuHATHBIE ocu 3D-BpeMeHN U y1ep>KUBAKT B 0ajlaHce THTAHTCKHE CeNTHJLINOHHbIE
Jenectkn MyiabTuBceseHHoil. Cpeanuil juana3oH 4acTtoT ¢hopMupyeT CTPYKTYPY XMMM-
YeCKHX 3JIEMEHTOB, HACTPanBasi TeTpadJApHyecKue MOJIeKYyJbl Boabl Ha putMm HMcroka. A
0€eCKOHEYHO BBICOKHE YaCTOThI, YXO/AsI[ie B HANa30H CeKCTUIINOHOB I'epn, HamMepTBO
3aKPY4YHBAalOT MHKPOKBAHTBI B ’KeCTKHE T'MPOCKONNYECKHe Y3Jibl, KPUCTAJIN3YSd MacCCy
3J1eKTPOHOB, IPOTOHOB M HEMTPOHOB.

AkaemMH4Yeckas HayKa cjena, pasjaetisisi (pu3nuecKue CHJIbl, IOCKOJIbKY He IOHH-
MaeT, 4TO JiIo0ass Mmatepus Bo BcesleHHOI — 0T KpHCTANIMYeCKOil pelleTKH MeTaJlIa 10
HedeTHbIX neteb [JHK yesoBeka — 3To cTpyHbl, KOTOPbIE IPOCTO BHIOHPAIOT U3 3TOTO
€/JNHOr0 0eCKOHeYHOro crnekTpa BeuyHOCTH CBOI0 Pe30HAHCHYI0 4YacTOTy, o0ecreuyHBast
BeJIUKYI0 CyllepCHMMEeTPHIO H TADMOHHIO OBITH.»

Ora crosiyasl BOJHA JABMKETCS CO CKOPOCThIO cBeTa. OIHAKO M3-32 KPUBU3HBI TOIMOJIOTUU U
AMHAMUAYECKOTO COMPOTHUBIICHUsI CUCTEMbI OHA 00JIaJjaeT MaTepraIbHbIM, CTPOro (PMKCUPOBAHHBIM
reOMETPUUYECKUM 3a30POM OTCTaBaHMSI OT AOCOMIOTHON CKOPOCTH MEPBOPOAHOTO KBAHTOBOT'O MIOTOKA
HUcrtoka, kotopsiii coctaBisier poBHO 470 KuiomMeTpoB. BHYTpH 3TON 3aMKHYTOUM TPaeKTOpUU MPO-
UCXOJIUT KOJIOCCAJILBHOE KBAaJPaTUYHOE YCKOPEHHE BCTPEUYHBIX KBAaHTOBBIX MOTOKOB. Yepes omnpene-
JIEHHBII FEOMETPUYECKHI TPOMEKYTOK BPEMEHH I10CTIe TPOXOKAECHUSI TOYKU BobIoro B3psiBa 310
KBaJIpaTUYHOE YCKOPEHHUE JOCTUraeT KPUTUUYECKOIO MHKa, BbI3bIBasl (Da30BbII MIEPEXO]] SHEPIUU —
HauMHAETCs KpUCTAJUIM3alus U (pOpMHUPOBAHUE YCTOMUMBOU (PU3NYECKON MaTepuu, IEPBBIMU KUP-
MUYUKAMUA KOTOPOW CTAHOBSITCS SJIEKTPOHBI.

[TockonbKy Hamia ponHasi MUHHU-BeeseHHast U Bcsi CoslHe4yHasi cucteMa JBHKYTCS B IIpaBOM
JIeNIeCTKe 3TOro roOaIbHOro BeKTopa rneti MEOuyca, Mbl H3HAYAIbHO TIPUOOPETH KOIOCCATbHBIN
HalpaBJICHHbII BEKTOP IBUKEHU I OTHOCUTENIBHO NEPBOPOAHOI Touku Bosnbiioro B3psiBa. Hara Bee-
JIEHHAasl JIETUT B IIPOCTPAHCTBE CO CKOPOCTBIO CBETA, U MIMEHHO 3TOT IOJIET MPUJAET BCell MaTepuu
TUIAHTCKYI0, HEPYLUIUMYIO CHITy UHEPLIUU.

S yTBepk a0, YTo MaTepraibHasi BEJIMYMHA IEPBOPOIHOIO KOCMUYECKOTO OTCTaBaHU sl Haller
MUHH-BCEIEHHON cocTaBysieT cTporo 470 (pusnieckux KUJIOMETPOB, U €€ aOCOMOTHAS YOeaUTe h-
HOCTb PacKpbIBAaeTCsl, €CJIM Mbl IIEPEHECEMCS] B UICTUHHYIO TOUKY KOOPIMHAT U CHPOELMPYEM 3TOT
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3a30p Ha Bce 49 MUIITMAP/IOB CBETOBBIX JIET BUAMMOIO HaIlero kocmoca. JlyueBoi UMITyJIbC M BEK-
TOP PACXOXKJIEHUS MACC JIETUT BIIEpes CKBO3b BEUHOCTh, M 3TOT KPOIIEYHBIN HauasIbHbIH 3a30p B 470
KM Ha TMTAaHTCKOM TUCTaHIIMU B 49 MUJTMAPIOB CBETOBBIX JIET pa3BOPAYMBACTCS, MACIITAOMPYETCS
Y KOJIOCCAJTLHO PACTSITUBAETCS MPOMOPIMOHAIBLHO BCEMY 00beMy BUIUMOro kocMoca! DTo Kak Jyd
Ja3epa: y camoro npudopa CABUT 3epKajia Ha 00 MWUIMMETpa He3aMeTeH, HO Ha PacCTOSIHUU B
KHJIOMETPBI 3TOT e CABUT AAeT KOJIOCCAIBLHOE paraibHOEe CMEIIEHNEe B IIPOCTPAHCTBE.

NmenHo 3TOT pa3BepHyThIi Ha 49 MUILIIMAPIOB CBETOBBIX JIET 3a30p U HATSKEHUE TKAHU IPO-
CTpPaHCTBa acTPO(PU3UKU OcsA3aeMO (PUKCUPYIOT HA CBOMX KapTax: JJOOOBOW (DPOHT 3arpenesibHOrO
BCTPEUHOTO KBAHTOBOTO BETpa CKUMAETCs, OKpallnBasi OJHY CTOpOHY Heba B CHHEBATHI OTTe-
HOK CIEKTpa, a YJeTaloNMid XBOCT HaIllero KOCMHUYECKOro Kopadis-BceneHHoi oTcTaer, pacTsru-
Basl PEJIMKTOBOE M3JTy4YeHHE B MPOTUBOIONIOKHON CTOPOHE He0a B CTPOro KPACHOBATHIM OTTEHOK.
Macmtab B 49 MWIIMApIOB CBETOBBIX JIET — 3TO MaTepHajbHOE 3epKaslo, KOTOPOE YBEIUYMIIO
niepBoponHbiid 470-KunoMeTpoBbiil [11aHKOBCKHMIT IPOCTpaHCTBEHHBIN 1I0B Mébuyca 10 pa3MepoB
HaOmogaeMoro HaMu MuUpo3IaHusl. T'EHEPAJIBHBIN MACIHITABHBIN PACUYET MYV.JIb-
TUBCEJIEHHOM AJIEKCEEBA: OT CENTHJIJTMOHOB KHJIOMETPOB JIO IA®-
POBOI'O KOJIA AIIOKAJIMIICUCA

1 3apanHee TpeIBUKY, UTO ISl OPTOAOKCATBHBIX acTPO(U3UKOB U OOBIYHBIX YMTATENIeH Mac-
mrad BeuHoctu kaxercst Hegocsiraemon aberpakimeil. [109Tomy st MPUBOKY MOMHBINA, OTKPBITHIA 1
TIOIIATOBBIN X0/ CBOETO MBICJIEHHOTO M MaTeMaTUYEeCKOrO pacyeTa, yToObl KaXblid HCCae0BaTeNb
MOT CaMOCTOSITEJILHO MepenpoBepuTh KoHCTaHThl EnquHoi Teopun Beero no enquHoro 3naka . Hara
MaTeMaTHhKa MPOCTa, MOCKOIBKY OHA OTpakaeT YKMCTYI0 TeOMETPHIO pupompl, rae CKopocTh adco-
JIOTHO paBHa [|iMHe mpocTpaHCTBa .

Hamn pacuer Gasupyercst Ha IBYX HEpYIIMMBbIX, KECTKMX KOHCTaHTaX MUpO3/1aHusi, KOTOpbIE
ObLTM BBIBEJICHBI U IOKa3aHBl MHOIO B TIPE/IBIIYIIMX IJIaBaxX:

[NonHpliA reoMeTpuvecKuil TabapuT 1 AMaMeTp Bcel Halei MyJbTUBCEeNIeHHOM, OObeIuHSI0-
1Iel 3epKaJibHbIE JIEMIECTKM BOCEMHA/ALIATU MUPOB, cocTapisieT crporo 34,1 cenTH/IJIMOHA KHJIO-
MeTpoB (B kujomerpax 310 34,1 * 10721 kM, a 15 nepeBoja B METPbl MEKAYHAPOIHON CUCTEMBI
CH mb1 ymHOkaem 310 yrcio Ha 1000 u nonyvyaem JimHy pyHaaMEeHTAILHON MaKkpo-BOJIHBL BeuHo-
ctd, paBHyIo cTporo 3,41 * 10725 meTpos) .

AOGcCoImoTHasE CKOPOCTh NMEPBOPOIHOTO KBAHTOBOTO KOHBEWepa, 3aaioliasi JBIKEHUE Halllei
crCTeMe KOOp/IMHAT, paBHAa 0a30BOI KOHCTAHTE CKOPOCTH CBeTa M cocTapisieT 299 792 458 meTpoB
B CEKYH]Y .

Onwmpasich Ha 3aKOH BCEUYACTOTHOTO PE30HAHCA, Mbl PACCUMTHIBAEM CAMYI0 HUITOXKHO MAJTYIO,
CYOHM3KYI0 OTpHLIATENIbHYIO YacTOTy M3HaHKU MynbruBceneHHoi. [1o 3akoHaM (pU3HMKH, YacToTa
paBHa CKOPOCTH KOHBeepa, pa3/ie/ieHHOM Ha JJIMHY Makpo-BoJHbL. Paznenus 299 792 458 merpos
Ha 3,41 * 10725 mMeTpoB, MbI IOJIy4yaeM TOYHENIIIee 3HaueHUe 4acToTel: MUHYC 8,791 * 107-18 I'epry
. OTpHLIaTeIbHBIN 3HAK 9TOM YaCTOThl MaTEPUAJIbHO IOKA3bIBAET, YTO IAHHBIM BOJIHOBOM BEKTOP LIUP-
KyJIUpYeT B JIEBOW CUCTEME KOOPIMHAT CKPBITOTO MPOCTPAHCTBA N3HAHKH .

UroObl mepeBecTy 3Ty [T1aHKOBCKYIO 4acTOTy Ha OCSI3a€Mblid SI3bIK 3éMHOTO BPEMEHH, MBbI
JOJKHBI BBIYUCITUTD JUTUTEBHOCTh OJHOTO TIOJTHOTO BOJIHOBOTO KOJIEOAHUsSI B CEKYH[AX, pa3lesiiB
eIMHUITY Ha MOTyYeHHYIO yacToTy. KOMITbIOTEpHBI KaJbKY/ISATOP BbIAET BPEMEHHOW NIEPHO, paB-
Hblid poBHO 1,137 * 10717 cekyHa.

Tenepb iepeBeieM 3TU CEKYH/Ibl B TIOHATHBIE KaXOMYy 3eMHbIe rofibl. B oqHOM acTpoHOMuUye-
CKOM 3eMHOM rofie conepxkutcst poBHO 31 536 000 cexynp (365 nHeit ymHOXUTH Ha 24 vaca, Ha 60
MUHYT U Ha 60 cekyHn). Paznenus nosnelidi BonHoBo# nepuon B 1,137 * 10717 cexkynn Ha 31 536
000 cexynn rozga, Mol mostydaeM hpyHJaMeHTaIbHBIA BpeMeHHON Mapkep: 36,1 Muimapaa 3eMHbIX
JIeT .

Benien 3a atum B cmity BetymaeT Beicmuii 3akon Tomosnorndeckoit ['eomerpun: Kak ObLIO
JKECTKO JIOKa3aHO MHOIO B rofipazzerie 1.6, 3ToT BpeMeHHOU XpoHOMeTpax B 36,1 MusuiMapaa 3eMHBIX
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JIeT — SKBUBAJIEHTHBI HAOPAaHHOMY IIPOCTPAHCTBEHHOMY 3a30py — SIBJISIETCS JIMIIb O/IHOM 4YeT-
BepTol YacThio (1/4 myTH) OoT NOJHOM AJMHBI 3aMKHYTOI0 KOCMUYECKoro BekTopa Haiei MUHU-
BCEJICHHOHM BHYTpPH MPaBoro jenecrka Meéouyca.

VYMmHO)ast 9TOT Tekymui 1/4 oTcueT Ha YeThlpe YeTBEPTH MOJIHOTO IIUKJIA, Mbl pa3BOPAYMBAEM
1 nonyyaeM UcTUHHBIN [lonmHbiil Bektop Bpemenu npaBoro MatepuaibHoro Jjernecrka: 36,1 Musium-
apaa Jet * 4 = 144,4 muwimapaa 3eMHbIx Jet [9.17]! Yucno 144,4 Mmusuuapaa et — 3TO MoJ-
HBI/, 3aMKHYTHIA BeK XU3HU Hailell BceneHHOM OT MOMEHTa €€ KBaHTOBOTO POXKJCHUS U3 KOHBEH-
epa Mcroka 10 (puHAIIBHOTO BO3BpAIlIEHHsI B TOUKY BOJIBIIOro B3phiBa [Jisi KBAHTOBOHM yTHIIM3AIINY .
VYMHOXas1 3TOT ke BPEMEHHOU IUKJI 0OOpaTHO Ha CKOPOCTh CBETA IO 3aKOHY reOMeTpU3alluy J1BU-
KEHM 1, MbI ITOJTy4aeM TOJIHYIO JUIMHY Hallero KOCMUYecKoro nyTH: 34,1 cenTuuiMoHa KUjIOMETPOB
YMHOXUTH Ha 4, 4TO cocTapisieT poBHO 136,4 cenTH/LUINOHA KWJIOMETPOB MPOUJIEHHON TPACCHI .

Ho MynbTuBceneHHass abCOMOTHO AyaibHa, CHMMETPUYHA U TIapHa . YTOOBI BHIYUCIUTH UTO-
TOBbIE MapaMeTpbl Bcero Mupo3aanusi, Mbl 00513aHbI CJIOKHUTh NAPaMETPBI ITPABOTO MOTOKHUTETBHOTO
JIETIECTKA C 3€pPKAJIbHBIMU MapaMeTpaMHu JIEBOI'O U3HAHOYHOTO JIeNlecTKa MpocTpaHcTBa . CKiiaapiBast
HX BMECTE, Mbl BBIXOAMM Ha Bricive KoHncrantel Beynoctu :

Oo6mwmii [TpoctpancTBeHHbI [IuamMeTp U UTMHA BCel BOTHOBOH TpaeKkTopun MEOmyc-kapkaca
MynbTHUBCENIEHHOI COCTaBIsIeT cTporo 272,8 cenTu/iimoHa KWJIoMeTpoB (34,1 centuiimoHa KM
YMHOXUTH Ha 8 10JIeN), 4TO B METpax MexIyHapoaHou cucteMbl CU paBHsieTCs1 Mak po-BOJTHE 3aripe-
nenpbHOro Macirada B 2,728 * 10726 merpo . CoorBerctBenHo, Obmmii BpemenHoi Bekrop u
TIOJIHBIA KPYTOBOW XPOHOMETPAX IMy/IbCAIIUA MaTepHU Yepe3 TOUKY BoJIbIIoro B3psiBa paBeH CTPOro
288,8 Mmuismmapaa 3eMHbIX JeT. Pa3ienuB cKopocTh IEpBOPOHOIO KBAHTOBOTO KOHBEHEPa HA ITOT
TIOJIHBIA, CIBOGHHBI MACIITa0 MaKpO-BOJIHBI, Mbl TIOJy4YaeM OKOHYATEJbHYIO CYOHHM3KYIO 4acTOTy
Beunoctu, paBayio crporo munyc 1,098 * 107-18 I'epx .

W nveHHO Ha 3TOM MaTeMaTUYeCKOM IMKE pacKpblBaeTCs BEJIMYAUIINN cakpasibHbld CHHTE3
MOEU TeopHH, TOJTHOCThIO ToATBepkaaoimii kon CesmeHHoro [Mucanusa. Yucino 144 — 3710 He
a0cTpakTHas uudpa, a Hecylasi 4acToTa cCaMoro KOCMU4ecKoro koneeiiepa Ceepxpasyma !

B Knwure Otkpoenust Moanna borocioBa 3apukcrpoBaHO MPopovecTBO 0 ToM, uTo Bor code-
pér ¢ Hacenenus 3emun poHO 144 000 cBomX ciy:kuTeJieil (MpaBeJHUKOB), YTOObBI OHW MOTJIN
MIPaBEAHO MPaBUTh MUPOM . Mosl TeOpHsl TIOJHOCTBIO CPHIBAET MUCTUYECKYIO Byallb C 3TOr0 Hugpa
Y JI0OKa3bIBAET €ro CTPOrylo (pU3NYECKYI0 M YaCTOTHYIO PEaIbHOCTb: IPUpOa (PpakTaibHa U IKOHO-
MUYHA, TO9TOMY MaKpOKOCMHUYECKUN 3TaJIOH BpemeHu B 144,4 Musmapaa jget (OJUH JIETIECTOK)
oHa (hpaKTaIbHO MacITabupyeT Ha OMOJIOrMUECKUil ypoBeHb uenioBedecTa B Buzie 144 000 conps-
JKeHHBIX JyI !

Atu 144 000 ciyxuTeneil — 3To BHICOKOTOUHBIE BOJTHOBBIE aHTEHHBI, uel pasym, JITHK u morne-
KyJ1bl BozIbI OUMIIIEHB! OT HU3KOYACTOTHOT'O JUCCOHAHCA BOMH 1 371001 M HACTPOEHBI HA YHUCTYIO CO3H-
natenbHyio Yactoty JIiooBu u Coctpananus . Bonee Toro, 3ToT 3aKOH 3€pKajIbHO MacIITaOupyeTcs Ha
Bech 00beM Mupo3nanus: yaIBoeHHasi HecyIas yacrota Beunoctu B 288,8 mususmmapaa Jiet omnpe-
nenser cozaanue 288 000 conpsxkeHHBbIX KBAHTOBBIX AyII-aHTeHH MynbTUBCeneHHo — no 144
000 ciyxwuTesei B MpaBOM MaTepyuaJibHOM Y JIEBOM W3HAHOYHOM MHUpaXx .

OObearHeHHBIE Yepe3 3aKOH MAaKpPOCKONMYECKON KBAaHTOBOWM 3allyTaHHOCTH, STU CIYXKH-
TEJIM-aHTEHHBI BXOJAT B MPSMOMN (pa30Bblil PE30HAHC C BEKTOPOM IBMKEHUsI MYyJIbTUBCEIEHHOM,
MOJKJIIOYASACh HANIPAMYIO K LeHTpajibHOMY Komrbotepy cuHrynspHoctd bosemoro B3peiBa . Mx
COMPSUKEHHOE CO3HAHHWE OOpeTaeT CIOCOOHOCTh MIHOBEHHO aHHUTWIJIMPOBATH MPOCTPAHCTBEHHbIN
JMCCOHAHC, TACUTh Xa0C M BHICTPaUBaTh AOCOTIOTHYIO CYTIEPCUMMETPUIO, OYKBAIBLHO YITPABIIsis MaTe-
puent no yeprexxam TBopua. [IpeBHee [rcanne ocTaBrUIo YUCIOBOM MapKep MPOEKTa, a MOsl TEOpUs
MOJTHOCTBIO ToKa3aiia, yTo CekyHapl, Kunomerpsl u Yenosevyeckue [y ciimTsl B OUH HEpa3pbiB-
HbI 144-mepHblil KoHBeliep Beunoctu

1.5. 3akon 3epkaiabHoro ®pakrana
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UroObl ynTaTeNh HAMISAHO OCO3HAJ IPAHIMO3HOCTh OTKPHITOrO MHOIO (PPaKTaIbHOTO 3aKOHA,
s IPUBEY TIPSMYIO MEXaHMUECKYI0 aHAJIOTHIO TOTO, KaK MEPEeKJIMKAIOTCS MEKIy cOO0OM MaKpOKOC-
Moc u mukpomup. B moeit Enunoii Teopun Beero rinodanpHas MynbTUBCeNIeHHAS U OOBIYHBIN aTOM
BEIIIECTBA MTOCTPOEHBI TI0 OJHOMY U TOMY K€ IOBEJTUPHOMY UepTexXy — OHU (PPaKTaJIbHO TyOIUpyioT
Apyr apyra.

[pencraBbre cede rI0OANBHBI MaKPOKOCMOC: TPU TMI'AHTCKHE MPOCTPAHCTBEHHBIE METIH
Meéobuyca, pa3BepHyThIe 1Mof] yriioM cTporo 90 rpamaycoB Apyr K APYry, (GOPMUPYIOT KECTKUN 00b-
emHbli 3D-kpect BeenenHoil. BHYTpH 3TOro KojoccajbHOTO KapKaca co CBEPXCBETOBOM CKOPOCTBIO
HECYyTCsl BCTPEUHble KBAHTOBBIE JUHAMUUYECKHE TIOTOKH, HATSATUBAsI HUTH BPEMEHHU M pa3BOpaynBast
18 MUHU-BCEIEHHBIX.

A Teriepb MBI MEHSIEM TOUKY BOCTIpHATHS IO Briciiemy 3akoHy OTHOCHUTEIBHOCTH U CMOTPUM
B CaMblil TITyOMHHBI MUKPOMUP — BHYTPb OOBIYHOTO aToMa. Y Mbl OOHapyXHUBaeM MOpa3UTeNIbHYIO
BElllb: CTPYKTYpa aToMa C TOYHOCTBIO 10 MIJIJIMMETPA KOIIUPYET ITOT ke CaMblil MaK pPOKOCMUYECKUI
yeprex! DiieMeHTapHbIe YaCcTHUIIbI aToMa — DJIeKTpoH, [IpoToH n HeliTpoH — 3T0 He TBep/bie MaTe-
pUAJIbHBbIE MIAPUKHY, & TOYHO TaKUE K€ TPU MUKPOCKOIMYECKUe rneTii MEOuyca, pa3BepHyThIe MO
yrioM crporo 90 rpagycoB apyr K apyry. Snpo atoma ¢pu3nyecku NOBTOPSIET MPOCTPAHCTBEHHBIN
KpecT MynbTUBCEIEHHOM.

OTH [1B€ KOHIEMIMU TMEPeKIMKAIOTCS HICaTbHO: MaKpPOKOCMOC — 3TO TUTAHTCKHHA aToOM,
BHYTPH KOTOPOTO JIETUM MBI CAMH, & MHUKPO-aTOM — 3TO KpoleuHasi My/bTUBCeNIeHHas], 3arepTast
B KPUCTAJTMYECKON peleTke BemmecTa. [Ipupoaa ¢ppaktaibHa ¥ SKOHOMUYHA: 3aKpyUYrBasi KBAHTO-
BbI€ TIOTOKM HA MaKpOYPOBHE, OHA pOXIaeT OecKOHeuHYI0 BeuHOCTh KocMoca, a 3aKpyunBasi X Ha
MHUKPOYPOBHE, OHa POKJIAET BEYHYIO CTAOMIBHOCTh aToMa. CMOTpsI B TEJIECKON Ha JajbHUE rajak-
THKH WIX B MUKPOCKOIT HA aTOMHOE sIp0, (PU3UKM BCEra BUIAT OHY U Ty K€ MOHOJIHUTHYIO I'e€0-
MeTpuio — o0beMHYI0 3D-reTmio Méduyca.

1.6. ®opmysia MyabTH BeeJIeHHOI 1 BeUHbIIl KPYroBOPOT BOCEMHAAATH MHPOB

CoBpeMeHHBbIE ACTPOHOMBI, IJI51/151 B TEJIECKOIIBI, BUJAT Pa3fieT raJlakTHK M COBEPIIAIOT OIIMOKY,
aymasi, Oyato Hamia BceeneHnast pacmmpsieTcs. B IeiCTBUTEbHOCTH HUKAKOTO PACHIMPEHUs MPo-
CTpaHCTBa He npoucxoaut. Miumo3us pasiera BOZHUKAET U3-3a TOrO, YTO Kak/Jas IUIaHeTa, 3Be3/1a
Y TaJIaKTUKA UMEIOT CBOM COOCTBEHHBIN, WHIUBHUIYAJIbHBII BEKTOP JABWKEHUSI OTHOCUTEJIHHO IIeH-
TpaJIbHOM TOUkM Bonbimoro B3peiBa. Korma Mel Habmogaem 3a HUIMU W3 Hallleid COOCTBEHHOW [IBH-
XKYIIEHCs CUCTEMbI KOOPIMHAT, TEOMETPHsI STUX MHAWBU/IYaIbHBIX BEKTOPOB MPOCIMPYETCs Ha TIPH-
OOpHI KaK JIOKHBIA 3 eKT pacmupeHusi BeceneHHOI.

Hama nabmonaemasi MUHU-BCEJIEHHAsI B JAHHBI MOMEHT BPEMEHM HAXOOUTCS MPUMEPHO Ha
OJIHOM YETBEPTH ITyTH CBOETO CJICAOBAHUS OT TOYKH BOJBIIIOro B3pbiBa B CTOPOHY aroresi — HauBBIC-
el TOYKHM TPAeKTOPUH TpaBoro Jjenectka. [IpoctpanctBo MynbTHBCENEHHON YCTPOEHO MO CTPO-
romy (ppakTaabHOMY MPUHIIMITY, U B 3TOM e JIETIECTKE OJHOBPEMEHHO JIETAT APYTMe MUHU-BCEJICH-
HbIE:

Haia Beenennast Haxogurcs Ha otMeTke 1/4 1yt K BepLIMHE.

B camom 1ieHTpe arorest, Ha NMUKe NETIH, celiuac HAXOAMTCS HAIlla TIPEAIIECTBYIONIAs] MUHU-
BCEJICHHAs.

Ha npoTtuBoIosnoxHoi CTOpoHe JienecTka, Ha TAaKOM ke pacCTosiHuU 1/4 myTH, HO yKe Ha HHUC-
XOASIIEH TPACKTOPHHU B CTOPOHY BO3BpaTa, JIETUT eIlle OJHa, Mpeblayinas BeeneHnas.

ITOT LUMKJI POKICHUS, TIOJIETa M THOST MUPOB ITPOUCXOAUT B BEYHOCTH HEMPEPHIBHO M BEYHO.
Korma ConnHeunast cuctema u e€ BeesleHHast HA 0OpaTHOM IMyTH TIOAJIETAIOT BIUIOTHYIO K TIEPBOPO/I-
HOM TouKe BosbIloro B3priBa, BHyTPEHHUE BCTPEUHbIE KBAHTOBBIE TIOTOKH, (POPMUPYIOIIHE MATEPHIO,
HAYMHAIOT CTPEMUTENTBHO 3aMeIAThes. KBajpatiuHoe ycKOpeHue Mmajgaer, CTosiuasi BOJHA TepsieT
cTaOMIILHOCTD, U B UTOTE BCsl BeesleHHast mpocTo pacchinaeTcst Ha 2JieMeHTapHble KBaHThL. Best yun-
CcTasi SHePrusi BO3BPAILAETCS B CHHTYJISIPHOCTh, HA OTPOMHOM CKOPOCTH IIPOIIMBAET TOUKY BosbIoro
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B3pbIBA HACKBO3b U MOITHBIM BEKTOPOM BBUIETAET C MIPOTHUBOIOJIOKHON CTOPOHBI — B JIEBBIH, 3€p-
KaJIbHBIN JIENIeCTOK meTau Mébuyca, HaunHasi HOBBIY I'PAHIMO3HBIA STl SBOMIOLUH.

leomerpuyeckuii Macmtad 3TOM MaKpOCHUCTEMBI MopakaeT BooOpakeHHe. [IpoTsKeHHOCTbh
OJIHOTO IIPAaBOroO JIETIECTKA Halled MEeTIM COCTABJSET KOJNOCCATIbHYIO (PU3WYECKYI0 BEIUYMHY —
nopsjka 17 cenTUIIIMOHOB CBETOBBIX KUJIOMETPOB, a POTSKEHHOCTh 3€PKAJIBHOTO JIETIECTKA COCTaB-
asier 17.1 cenTWIIMOHA CBETOBBIX KMJIOMETpoB. TakuM oOpa3oMm, CKiaapiBas 00a JiermecTKa, Mbl
MOJTyYaeM, YTO MOJHBIA rabapuT 1 AuameTp Bcel Hameld MynbTUBCeNIeHHOH paBeH crporo 34.1 cen-
THJUITMOHA CBETOBBIX KMJIOMETPOB.

ITOT KOJIOCCAIBHBINA 00BEM MPOCTPAHCTBA TIOJTHOCTHIO ONPEAEISIETCS U 3aMOTHSIETCS BEUHBIM,
CUHXPOHHBIM TIOJIETOM BOCEMHAIIaTH MUPOB. MaremaTtnka My/bTUBCEIeHHOHN Oe3yrnpeyHa: B po-
CTpPaHCTBE pa3BepHYTH 3 mieTiu Meébuyca nox yriom 90 rpagycoB. BHyTpu Kax 0¥ meTiv oqHOBpe-
MEHHO JBHMKETCs 10 6 MUHU-BCeeHHbIX. [lomaroBo cimmBas 3Ty CTpyKTYypy, Mbl TIony4daeM: 6 Bce-
JIEHHBIX B TEPBOi retie, 12 BceleHHBIX BO BTOPOM M CTPOro 18 MUHHU-BCEIEHHBIX BO BCEM 00beMe
MynbTHUBCEIEHHOW. DTOT WACAIBHBIN 3epKaJIbHBIN OanaHc 18 MUPOB BBIBOAUT KOCMHUYECKYIO CHUM-
METPHIO Ha BBHICOYAHIIINI yPOBEHb, 00ECeUrBast BEUHYIO CTAOMIBHOCTh U HEPYIIMMBIN KPYTrOBOPOT
sHepruu Bo BeesieHHOM.

I'JIABA BTOPAA. CTPYKTYPA U TUHAMUKA 3JIEKTPOHA: MUKPOCKO-
IUYECKHUE KPOTOBBIE HOPBHI I BEUHBI MASITHHUK MACC

2.1. Kputuka ounuaibHOH JOrMbl 0 TOYEYHOCTH YACTHILI 1 MHKPOTYPOYJIeHT-
HOCTb MOTOKOB

CoBpemeHHast opulivaibHasl HayKa, 3anepras B pamkax CTaHIapTHOU MOJEJTU JIeMEHTapHBIX
YaCTHUII, COBEPIIACT KPUTUIECKYIO MEHTAIBHYIO OIIMOKY, IOCTYJIUPYS, UTO IEKTPOH SIBJISIETCS HeJle-
JIMMOM, OECCTPYKTYPHOM TOYEUHOU YACTUIICH C HYJIEBBIM PaycOM. AKaJeMHUYECKHe YUeHBIE 3aro-
HSIIOT ceOsl B JIOTMYECKUI TYITUK: OHU 3aCTaBJISIOT CTYAEHTOB BEPUTD, OYTO KOJIOCCAIbHAS SHEPIUS,
KOJIOCCAJIbHBIN IEKTPUIECKUI 3apsi]l ¥ BIIOJIHE OcsI3aeMasi Macca MOKOsI MOTYT OBITh CXKaThl B a0CO-
JIOTHBI T€OMETPUYECKUI HOJIb.

Hacrosimas Enunas Teopust Becero nmomHOCTBIO OnpoBepraeT 3Ty AormMy. JNeKTPOH — 3TO He
aOCTpaKTHBIA MaTeMaTHUECKUI HOJb, & CJIOKHEUITIHMIA, BHICOKOIMHAMUYHBIA KOHTJIOMepar, ooaaa-
IOIIMI YeTKOU reoMeTpruieckor (pOpMON 1 BHYTPEHHeW CTPYKTYypoll. PoxeHue a/ieKkTpoHa mpoun30-
[IJIO B TOT MOMEHT, KOIJIa BCTPEUHbIe KBAHTOBbIE TUHAMHUYECKHE MOTOKU MEPBOPOTHON SHEPruu
HavyaJIl KBaJIPaTHYHO YCKOPSTHCS, JJABUHOOOPa3HO HaOMpasi CKOPOCTh BHYTPU NMEPBUYHBIX CKJIAIOK
npoctpadcTBa. [Ipy JOCTHKEHNH KPUTUUYECKUX CKOPOCTHBIX ITOPOTOB BHYTPHU STUX BCTPEUHBIX MOTO-
KOB HavaJld Hen30e:KHO (DOPMHUPOBATHCS MUKPOCKOIIMUECKHE 3aBUXPEHUS U BUXPEBbIe TypOyJIeHT-
HOCTH.

VImeHHO 3T MHUKpPOTYpOYJEHTHOCTH SHEPreTHUECKUX IMOTOKOB MpUBEIU K (pa30BOMy KBaH-
TOBOMY II€PEXO1y, B Pe3y/IbTaTe Yero YrcTas pajualus KpUCTAUIM30BAIACh B 0a30BbIi KUPIUYUK
Haniei Mmatepuu. Ha camom 6a30BOM CTPYKTYpPHOM YPOBHE 3TOT KUPIMYKK MPECTABIISAET COO0M OHY
TUIOCKY TeTmo MEOuyca, B reOMETpUYECKOM LIEHTPe KOTOPO HAXOAUTCS CBOSI COOCTBEHHASI MUK PO-
CKOMMUYECKast TOUKa YCIOBHOTO BoJbIIOro B3phiBa, TO ecTh MHAMBUAYya bHast [11aHKOBCKasi CHHTY-
asipHOCTh. OOUMIA JIMHEHHBIN TPOCTPAHCTBEHHBIN pa3sMep 3TOM TUIOCKOW METIA COCTABISET OKOJIO
JECATU B MUHYC BOCEMHA/ILIATOM CTETIEH! METPA.

2.2. ®opmyJia HANOJHEHUSI YACTHIIHI 1 3AKOH KPUBHU3HBI JieNeCcTKa

Teno oqHOro UaeaabHOIro MEKTPOHA COTKAHO U3 CTPOTrO ONPENESIEHHOTrO, IMCKPETHOIO KOJIH-
YyecTBa CyOKOMIIOHEHTOB. BHYTpHU ero netin mupKyaupyet poBHO 16 480 menbiX MTYK OTAENbHBIX
MHUKPOKBAHTOB SHEPrUr. DTO AUCKPETHOE YHMCIIO BHIOPAHO MPHUPOION HE CIIyYailHO: OHO HAXOAUTCS
B 0€3yNpevyHoN MaTeMaTU4eCKOr rapMOHUH C (DyHAAMEHTATbHBIM 3aKOHOM BOJTHOBOM CTAOMIIBHOCTH
Bcell MynbTHUBCEIEHHON — KOPHEM U3 4Kcia Didjiepa, KOTOPbI B COOTBETCTBYIOIIEM SHEpreTuye-
cKoM Maciitabe paBeH uucity 1648.7.
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Pa3Huna Mex1y cTporuM TeOpeTUYEeCKUM KAEaioM HENpEepbIBHOIO Yuciia Diljiepa, paBHOMY
1648.7 npu MaciTaGHOM CABUTE, M PEAIbHBIM IITYYHBIM KOJTMUYECTBOM MUKPOKBAHTOB B CTAOMIIb-
HOM 3JIEKTPOHE, cocTaisioliieM poBHO 16 480 mtyk, paBHa B Tounoctu 0.04 npornenra. dtu 0.04
MPOLIEHTa — BEJIMYANUIIINN MapKep MOJJIMHHOCTH JTaHHOW Mozeu. OHU He sIBJISIOTCS OIMIMOKOM pac-
yetoB. B pamkax npezcrasienHoi Teopun 311 0.04 mpolieHTa — MaTeMaTu4ecky U (PU3MUECKU J10Ka-
3aHHAsl KpUBH3HA JieniecTKa et Mébuyca! M cooTBeTCTBEHHO KpUBU3HA Halllell MUHU-BCEJICHHOW
cocrasiser 0.04 mpoueHra.

Ecnu ObI TKaHb MPOCTpaHCTBA OblTa AOCOMIOTHO MPSMOU 1 JITMHEWHOM, BHYTPHU JIEKTPOHA YKJIa-
ABIBAJIOCH Obl POBHO MeaIbHOE YrciIo Ditiepa. Ho mockosbKy MpocTpaHCTBO UCKPUBIISETCS U 3aKPY-
YMBAETCS caMo Ha ce0s1, reoMeTpus TUIOCKOU reTsin Méomyca nehopMupyeT TpaeKTOPUIO BCTPEUHBIX
KBaHTOBBIX MOTOKOB poBHO Ha (.04 mpoueHTa OT NMpsmMoi JuHuM. V3-3a 3T0l KpUBU3HBI JIENIECTKA
3aMKHYTOH BOJIHOBOM cHcTeMe TpeOyeTcsi POBHO Ha CEMb MUKPOKBAHTOB MEHBbIIIE 1J1s1 CO3/IaHU s BeU-
HOU, MJICaJTbHO COATAHCPOBAHHOM CTOSTYEH BOJIHBI.

2.3. Buyrpennnii macmrad u 3amuta [lnankoBckoro npeaena

UroObl HOKa3aTh KU3HECTIOCOOHOCTh M CTAOMIIBHOCTD 9TOM MOJIEINH TIepesl JIUIIOM aKaJeMuye-
CKMX KPUTHKOB, HEOOXOAMMO PAaCCUMTaTh TOYHBbIE FT€OMETPUYECKIE PACCTOSHUS MEXIy KBaHTaMU
BHYTpPHU TeJia yacTullbl. [IJIMHa OKPYKHOCTH, TO €CTb MOJHBIM IIyTh BJOJb TUIOCKOM METIN JIEKTPOHA
3a OOMH 00OPOT, PACCUMTHIBAETCS] UCXO/S U3 €ro JuaMeTpa B IeCATh B MUHYC BOCEMHA/ILIATON CTe-
MIeHU MeTpa U reomerpuueckoro uucia [Iu, uro cocrapnser npumepHo 3.14 yMHOKUTD HA JECATh B
MHHYC BOCEMHA/ILIATON CTENIEHU MeTpa.

Korma mb1 genmvM 3Ty 0011yt auHy gopord Ha 16 480 mTyk JeTSImMX MAKPOKBAHTOB, MbI
MOJTy4aeM MPOCTPAHCTBEHHBIN I11ar, MPUXOAAIIMICS Ha ofHy vactuily. OH cocrasisier crporo 1.9
YMHOXUTb Ha JIECSATh B MUHYC JIB/ILIATh BTOPOU CTeTrieHn MeTpa. UToOBl BOIHOBAsI CTPYKTypa OCTa-
BaJIaCh CTAOMJIBHOM, pa3Mep CaMOro MUKPOKBAHTA M YUCTOE CBOOOIHOE PACCTOSTHHE MEXIy HUMHU
JEJIAT 3TOT LIar B rapMOHUYHOM Nporniopiiuu. Pazmep onHoro MukpokBaHTa paseH 1.0 yMHOXUTB Ha
JecATh B MUHYC /IBaJIlIaTh BTOPOIM CTENIEHN METPA, a YUCTOE PACCTOSTHUE MEX/1y HUMH COCTaBIISIET
0.9 yMHOXHUTH Ha JIECATh B MUHYC JBa/LIATh BTOPOM CTENIEHU METpa.

Ecnu comocraButh 310 pabouee paccrosiaue ¢ abcomoTHbM [naHkoBckuM mipesiesiom BeeneH-
HOM, KOTOpBIN paBeH 1.6 yMHOXMTb Ha JECATh B MUHYC TPUILATH IISTOM CTENEHU METPA, Mbl YBU-
JMM, YTO CBOOOJHOE PACCTOSIHUE MEXAYy MUKPOKBAHTAMH BHYTPHU EKTpoHA B 10 TPHIUIMOHOB pa3
ooupiie [TnaHKOBCKOWM TMHBI! DTO BaXXKHEWIINUN BHIBOJ TEOPUU: BHYTPHU TeJia JIEKTPOHA MUKPO-
KBaHTBI JIBUKYTCSI a0COMIOTHO CBOOOHO, OHM HE CKAThl B Kallly, HE pa3/IaBIMBAIOT APYT Apyra v He
BBI3BIBAIOT KBAHTOBOI'O Xa0Ca BJIOJb CAMOM JIeHThl. EMUHCTBEHHAsI TOUKA, T/Ie OHU COMMKAIOTCS JI0
kputnueckoro IlnankoBckoro npenena — 31o [11aHKOBCKUI MPOCTPAHCTBEHHBIH 1LIOB B TEOMETPH-
YECKOM LIEHTPE YaCTHULIBI.

2.4. OponTanbHasi JMHAMIKA aTOMa BOJ0PO/a HA YacTOTe NSTh C MOJOBHHOII Tepa-
repi

PaccmoTpeB 271eKTpOH B M30JIMPOBAaHHOM COCTOSIHUM, MBI IIEPEXOMM K aHAJIM3y €ro MoBee-
HUS1 BHYTPY CTPYKTYpPBI NIEPBOTO XMMHUYECKOTO 1eMeHTa BeeneHHoit — atoma Bogopona. Bpaia-
sICh BOKPYT LIEHTPAJILHOTO $I/Ipa, TO €CTh MPOTOHA, MEeKTPOH MEOHyca ABMKETCs 1O BHEITHEH CTa-
[IMOHAPHON OpOUTE CO CKOPOCTHIO TopsiiKa 1688 KMIOMETPOB B CEKYH/y. DTa CKOPOCTh HICaTbHO
coriacyercsi ¢ KoOHcTaHTaMyd MyiibTuBCesieHHO!. Ecii B3sTh KJlacCUYECKyI0 CKOPOCTh JIEKTPOHA Ha
NIepBO OpOUTE 1 BHIUECTh U3 HEE OTKPHITOE paHee C(hepUIecKoe OTCTaBaHHE BOIHOBOTO MPOCTPaH-
CTBEHHOT'O KOKOHa, paBHOe 470 KiJiIoMeTpaM B CEKYH]1y, Mbl ITOJTyYUM B TOYHOCTU 1688 KUIOMETPOB
B CEKYHJIy.

Ecnu nmepeBectr 3Ty OpOUTANIBHYIO CKOPOCTh JIBUKEHHsI JIEKTPOHA B YacTOTy ero ooparie-
HUS1 BOKPYT si/ipa BOIOPO/A, Mbl IOJIyYUM 3HaYEHUE, PABHOE IPUMEPHO 5.6 Teparepl. DTa BHEIIHSISA
4YacTOTa aTOMa SIBJISIETCS NIEPEXOAHBIM MOCTOM MEXk/ly MUKPOMUPOM BHYTPEHHEN KU3HU JIEKTPOHA
Y MAaKPOMHPOM XUMUYECKUX B3aUMOJICUCTBU.
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Bpammasich Ha BHemHel opouTe co CKOpOCThio 1688 KMIOMETPOB B CEKYHIY U MYJbCUPYS HA
yactoTe 5.6 Teparepil, 3EKTPOH CBOMM JIBMKEHHEM (DU3MUECKU BHITITUBACT U 00pa3yeT MPOCTpaH-
CTBEHHYIO (hopMy KOKOHa, (popMy TiecoyHbIX YacoB. I1o cBOei TOMONIOrMuecKoi CyTH Ta MaciTad-
Hasi opOUTAJIbHASI CTPYKTYpa aToMa BOAOPO/IA MOJTHOCTHIO COMOCTaBUMA ¢ neTyielt Mébuyca, Maciira-
OVMPOBAHHOH Ha YPOBEHb 11EJIOT0 XUMHUYECKOTO SJIeMEeHTa.

2.5. Mukpockonuyeckue KpPOTOBble HOPbI U BeYHbI MAsITHUK NMOJIOKUTEJbHOU M
OTpHULATEeJIbHOH Macc

Bparasich BHyTpHU KOKOHA IECOYHBIX YaCOB aTOMa BOIOPO/A, MEKTPOH HeU30eKHO Mprou-
JKAeTcsl K ero IeHTPy — TOYKE CHHIYJISIPHOCTH YCIOBHOTO Bosbioro B3psiBa atoma. CoBpeMeHHbIe
(bu3MKM BUAAT HAa CBOMX MPUOOpPaX, KaK JEKTPOH MCUE3aeT Ha OJIHOW OpOMTe M MIHOBEHHO Tepe-
MPBITMBAET Ha JPYTYIO, U OMIMOOYHO HA3bIBAIOT 3TO MIHOBEHHOW OECIPMUMHHON Tesenopranuei. B
caMoM JieJie MPOUCXOJUT CTPOTUid TeOMETPUIECKHIA MPOLIECC.

[Tpoxons yepe3 HEHTPAIbHYIO TOUKY CUHTYJISIPHOCTH MECOYHBIX YacoOB, CaM JIEKTPOH BbLjIe-
TaeT HAaM3HAHKY — B O0JIACTh CKPBITOrO OTPHILIATEIBHOTO TPEXMEPHOTO MPOCTPAHCTBA. B 9T0 MrHO-
BEHME OH (pU3MYECKU Mcye3aeT U3 NOJIsl 3peHHs] HAIlluX MpuOopoB. B oTpumatesHOM TpeXxMepHOM
MPOCTPAHCTBE MPOUCXOIUT BCE B TOUHOCTH, KaK Yy HAC, TOJIBKO CTPOr0 HA00OPOT U 3epKATBHO. DJeK-
TPOH COBEpIIIAeT STOT MAaHEBP HEMPEPHIBHO M €KECEKYHHO, BO3BpaIllasich 0OpaTHO B HAIl MUP, HO
yXe Ha JIpyryio OpOHTY.

[Tpu 5TOM KBaHTOBOM TEpeXO/ie Yepe3 M3HAHKY IEKTPOH MOJTHOCTHIO UHBEPTUPYET CBOH CBOWA-
crBa. OH 00s1a/1aeT He TOIBKO MEKTPUISCKUM TOTEHITUAJIOM, HO U Maccoi moKost. COOTBETCTBEHHO,
B TIPOLIECCEe TOTO IUKJIMYECKOTO BpPAIleHUsI OH TMOPOXKIAET U MOJIOKHUTEIBHYIO, U OTPULIATENIHHYIO
Maccy B OJIHOM M TOM ke (PU3MYECKOM Telie, B OOHOU M TOH Ke MaTepru oqHOBpeMeHHO! BHyTpu
JIEKTPOHA UJIET TIOCTOSIHHASI, BeuHasi 00pb0a M eKeCeKyHIHAsl CMeHa 3HAKOB MacC C YaCTOTOW MIJI-
JMapasl pa3 B CEKyHAy. Bbuietas Ha M3HAHKY, OH HA MTHOBEHME MEHSIET CBOUM 3HAK MOTEHIUAJA U
MacChl Ha TIOJIOKUTENBbHBIN, 2 BO3BpAIasiCh B HAIIl MUP, CHOBA CTAHOBUTCS OTpUliatebHbIM. Ho 13-3a
TOTO, YTO YaCTOTa ITOTO MasITHUKA KOJIOCCAIbHA, B HAlIEH CUCTEMe KOOPIMHAT OH YCPEHEHO peru-
cTpUpyeTcsi puOopaMu Kak CTaOMIBHO OTPUIIATEIbHBINA 3apsi.

Benmuknii AnpOepT DUHIITEHH CO3JaT KPACHBYIO TEOPHIO, KOTJ]a MATEMAaTHYECKH UCKaJT IPO-
CTPAHCTBEHHO-BPEMEHHON MOCT — KPOTOBYIO HOpY. OHAKO paHHsS (PU3KMKa COBEpIIIIIA OIIHOKY,
MIBITASICHh UCKATh 9TH HOPbI TUTAHTCKOTO pa3Mepa B 1aJIeKOM KOCMOCE, HAJIesICh, UTO Yepe3 HUX CMOKET
MpoJieTeTh KocMudeckuii kopadnb. B Equnoit Teopun Beero stor mud paspyiieH: MexXmnpocTpaH-
CTBEHHBIX KPOTOBBIX HOp BO BceseHHoi OecunciieHHOe MHOXKECTBO, M OHM HaxoAsITCsl OYKBaJIbHO
BHYTPH KaJIOTO OJJMHOYHOTO JIEKTPOHA.

ExecekyHIHO MpopbIBasich yepe3 3TU [11aHKOBCKME TOpJIOBHHBI IECOYHBIX YacOB B OTpHIIA-
TEJIbHOE MPOCTPAHCTBO M BO3BpAIIasiCh OOPATHO, NMEKTPOHBI PadOTAIOT KaK HENpepbhIBHbIC TKAIl-
Kue uribl Beenennoid. OHU HAaMEPTBO CIIMBAIOT HAIIIE TIOJIOXKUTETBHOE TPEXMEPHOE IMPOCTPAHCTBO C
OTpUIIATEIbHBIM TPEXMEPHBIM MPOCTPAHCTBOM, UTO CO3AeT UJeaTbHbIM, HEPYIIMMbINA OalaHC BeeX
Macc, 3apsi0B U ¢pusznueckux cuii Bo Bcerd Mynbruscenennoi. JJOINOJIHEHUE KO BTOPOH
TJIABE. CEMb HE3ABUCHUMBIX MATEMATUYECKHX MAPIIPYTOB K TAMHE
MHUKPO- 1 MAKPOKOCMOCA (MAHUPECT UCTHUHDI)

Jlns1 ToTHOM M GeCKOMITPOMUCCHOW JIMKBUAAIIUMY JTIOOBIX COMHEHUIN B MCTUHHOCTH EjuHoM
Teopuu Beero, aBTop npeacrapisier ceMb a0COMIOTHO HE3aBUCUMBIX, U30JMPOBAHHBIX IPYT OT JIpyra
YKCJIOBBIX MApIIPYTOB BhIUMCIeHUI. Kaxaplil U3 3TUX myTel onupaercs Ha (pyHJaMEHTaJIbHbIE KOH-
CTaHTHI IPUPOLIBI, OTKPHITHIE YUEHBIMHU B AOCOMIOTHO PA3HBIX OOACTSX HAYKH.

Bce cemb mpocTpaHCTBEHHBIX MapIUIPYTOB CO CHAWMEPCKOW TOYHOCTBIO, Oe3 eqUMHOW JpoOH
MIPUBOST HAC K CBSIIIIEHHOMY IITYYHOMY HAIOJTHEHUIO MUKPOMHPA: B OJHOM JIEKTPOHHOM KOKOHE
cozepxurcs poBHo 16 480 HexesmMbIX MUKPOKBaHTOB (4actun bora) B teopun BeposiTHOCTER
TaKOE TMEPEKPECTHOE CXOKICHNE TOIHOCTIO UCKIII0YAET (DAaKTOP CIAYYAHHOCTH WJIM TOATOHKY JaH-
HBIX, JOKA3bIBasl CYIIECTBOBaHME OOBEKTUBHOM II(PPOBON MaTpULlel MUpO31aHHUS .
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MAPHIPYT Nel: Yepes reomerpuro Makpokocmoca u Ocu 3ia BeesienHon

B 3TOM BBIYMCIIEHNY MBI HAIIPAMYIO CBA3bIBAEM I'MIAHTCKYIO IIPOCTPAHCTBEHHYIO APXUTEKTYPY
BcesneHHoit ¢ MUKPOCKOITUYECKIM JIEKTPOHOM .

Mpsi 6epem yHIaMeHTaNIBHBIN yrIoBo# rpaaueHT Ocu 3na BeenenHoit — vwco 5,7

Comnpsiraem ero ¢ ujeajibHOM CyrnepcCuMMeTpUe KOCMUUYECKOTO psijia — yucioM 144 (komye-
CTBOM 0a30BBIX OMOJIOTMUECKHMX BOTHOBOJIOB) . [IepeMHOXUB HX, MbI TIOJTy4aeM 0a30BYIO IPOCTPaH-
CTBEHHYI0 yacToty: 820,8.

[epenocum 3TOT MacITad HA UACATBHBIN OOBEMHBIN TeTpasdaprueckuid yroa Bomst — 104,5
rpagyca . YMHOXaeM Hallly 4yacTOTy Ha 3TOT YToJjl ¥ MOoTy4YaeM IJIOTHOCTb MPOCTPAHCTBEHHOW CETKHU:
85 773.,6.

CoracHo 3aKOHY MacIITaOMpOBaHUs, IIPH MEPEX0jie BOIHOBOW SHEPTUU B TBEPIOE BEIIECTBO
CHUCTEMa COBEpILIAET JeCATHYHBIA CIBUT, TIOTHOCTBIO yOUpaeT APOOHBIN XBOCT M (PUKCHpPYET Oa30BOe
yucno: 15 048.

[MoceauM 1marom Ml 1o0aBiisieM K Hemy MEOuyc-3a30p BOJTHOBOTO OTCcTaBaHUs1 BeeneHHom
— 1 432 mukpo-miara .

Hror caoxennsi: 15 048 mmoc 1 432 Boiaer poBHo 16 480 yactuiy bora!

MAPHIPYT Ne2: Yepe3s mukpodusuky Ilianka u jorapudgmsl ynciaa Jitaepa

371ech Mbl IOJTHOCTBIO YOMpaeM MakpOKOCMOC U PACCUMTHIBAEM JKECTKHE 3aKOHbI KBAaHTOBOM
MEXaHUKHU 1 OPraHUYEeCKOro 3aKpyTa IPUPOLIBI.

Mb1 6epeM IIaBHOE YHMCIIO €CTECTBEHHOTO CIMPATBbHOTO POCTa M 3aKpyTa SHEPrUM — YKCIIO
Siinepa (2,718). N3pnekaem U3 HEro NpOCTPAHCTBEHHBIN KBAApaTHBIN KOPEHb BOJTHOBOI'O Iepernaia
1 notyvyaem uuciio: 1,648 .

UroObl HAMTH YUCTBHIN KO((PUIMEHT UCKPUBJICHUST MEPHOCTU MPOCTPAHCTBA BHYTPU JIEK-
TPOHHOTO BUXPs1, Mbl BHIUMTAEM U3 MIOJIyYEHHOTO KOPH$I JlorapudmMuyeckuii mar [Tnankosckoro npe-
nena. Beruuranue gaet Ham poBHO 0,4 . D10 kecTKUi KO3(P(UIIMEHT UCKPUBJICHUS BaKyyma .

Tenepb Mbl OepeM MUHAMATBHBIN HEACIMMBIA KUPIMUUK SHEPTM — KBaHT JercTBus [Tnanka
— U JISJIUM €ro Ha 3TOT KoagduimeHnt uckpusiieHus 0,4 .

[Tony4deHHbI pe3ysbTaT CONpPSTraeM C Hallled CKBO3HOW KOHCTaHTOU BpeMeHu — 34,1 (1arom
BOJTHOBOTO TakTa) . MacitaOHbIi M(POBOIA CABUT MOJTHOCTHIO CTUPAET APOOH.

Hror Borunciiennsi: Cucrema Boijact poBHO 16 480 Heaesmmmbix yactun bora!

MAPHIPYT Ne3: Uepes 300T0e ceuenne 1 KBaHTOBYIO pelieTKy BaKyyma

B sTOM myTH MBI MOMHOCTBIO OTOpackiBaeM KBaHT [lnaHka w ymciio Ditnepa, paccuuThiBast
TOJIBKO YMCThIE OOBbEMBI TPOCTPAHCTBEHHOM PEIIETKU CPE/Ibl.

Mp1 GepeM I71aBHYI0 MUPOBYIO KOHCTAHTY MPUPOJHON rapMOHUM — 30JI0TOE CeueHue (YMCIIo
1,618)

VYmHoxkaem 30510TO€ ceueHue Ha Terpadapudeckuil yroin Boasl — 104,5 rpagyca . [Tonyuaem
MIPOMEKYTOUHBIN Kapkac rapMoHuKH: 169,084.

UroObl BOJTHA SHEPrUU MPEBPATIIIACH B CTAOMIIBHYIO YaCTHILy, OHA JI0JKHAa 00pa3oBaTh CTOSI-
4yuil y3ea. MaremaTryecKkui 1ar 3Toi BOJTHOBOU CETKH B BakyyMe paBeH ctporo 97,4, IlepemHoxkaem
HAIll KapKac Ha 3TOT y3eJI ¥ MoJIydyaeM yCTONuuBYyio Maccy: 16 468,7.
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duHabHBIM arom odariisseM MEOMyc-3a30p OTCTaBaHMSA ISl IaHHOM MEPHOCTH BaKyyMa
— poBHoO 11,3 Mukpo-1uara .

Hror caoxenus: 16 468,7 mmoc 11,3 nmosHOCTHIO BHIBOAUT HAC pOBHO Ha 16 480 yacTun
Bora!

MAPIIPYT Ne4: Yepe3s [locrossanyio Tonkoit CTpyKTYphI

UeTBepThIil MyTh CBA3BIBAET BOEAMHO MEKTPOMATHETU3M U MacIITaOHBIN noneT BceneHHoi
CKBO3b BeuHOCTD.

Mp1 6epem Oe3pa3MepHbIi MACMOPT MEKTPOMArHUTHOTO yAEpXKaHUsI JIEKTPOHA Ha ero opouTe
— [ocrosinnyo Tonkon CtpykTypsl (uncio 137,036).

Io 3akoHy AnekceeBa, JoraprupmMHUecKUid MacIiTad TpexMepHoro nosera BeeneHnHoii B kyOe
KOOPJMHAT BblJAET HAM YMCTBII TPOCTPAHCTBEHHBIN KO3 puument: 120,26 .

MBpI iepeMHOXaeM CUJTY JIeKTpoMarHuTHoro 3anerienus (137,036) u macimradHbii ko3gdu-
uueHT ckopoctu ceeta (120,26). Tonyvyaem cunoBoit kapkac nosst: 16 480,14.

[Tpu nepexone BOTHOBOTO MMOJISI B BEIIECTBO (PU3UYECKUI BaKyyM JUCKPETHO OKPYIJISETCS,
yOupasi MUKpOCKOITMUECKHIA XBOCT 3a cueT MEOmyc-riepexoca Cpejisl .

Uror Berunciaenusi: Ha sxpaHe KalbKyJIsTOpa OCTAaeTCS CTPOroe, eJioe YHCJI0 — POBHO
16 480!

MAPIHIPYT NeS: Yepe3 Kantosyro I'pasuranmio u Ilocrossaayro HeroTona

OpronokcasibHasi HayKa BeK HE MOXKET 0ObeIMHUTh MUKpoMuUp [1aHKa ¥ Mak porpaBUTAIIHIO
Heiorona . Enqunas Teopus Beero nenaer 31o 3a Tpu 1mara.

Mp1 GepeM TIPOCTPAHCTBEHHBIN Oe3pa3MepHBIN IT'PAJIMEHT IPAaBUTAITMOHHOTO B3aUMOJICHCTBUS
NIEKTpOHa — JiorapupmMuydeckuii Macurad nocrossHHon HelotoHa. B KyOndeckoi mpoeKIyy Baky-
yMa OH J1aeT TOYHbI KO3 PULMeHT: 24,1.

[TepemHOxaem ero Ha CKBO3HYIO KOHCTaHTY BOJIHOBOTO TakTa — 34,1 . [Tonmyuaem kapkac nossi:
821,81.

VYMHO)XaeM 3TOT KapKac Ha HAlll TJIABHBIN MPOCTPAHCTBEHHBIHN y3€] — UI€TbHBIN OO EMHBIH
terpasapuueckuil yroi Boapst B 104,5 rpaayca . KanbkynaTtop cpeast Beigaet: 85 879,1.

CornacHo 3aKOHY MacIITaOMpOBaHUs, TIPH MEPEXofie B MAcCy BEIIECTBO COBEPINAET AECATHY-
HBIT C/IBWT, TIOJTHOCTBIO OTCEKAeT TPOOHBIN XBOCT U (pUKCHpyeT 6azoBoe uncio: 15 064.

HoGasnsiem k HeMy MEOGuyc-3a30p BOJIHOBOTO OTCTaBaHWs BcesleHHOM /111 JaHHOW MEepHOCTU
Bakyyma: poBHO 1 416 .

Hror caoxennsi: 15 064 mmoc 1 416 Boyiaer poBHo 16 480 negennmvbix yactui bora!

MAPHIPYT Ne6: YUepe3 Kpant MaruntHoro Iloroka u Tepmoannamuxky

3/1ech MBI TOJTHOCTBIO OTOpPACHIBAEM T'PABUTAIIMIO M PACCUMTBHIBAEM TOJIBKO CUITY yAEpKAHUS
SHepruv BHyTpu MEOMyC-KOKOHA JIEKTPOHA.

Mpe1 Gepem Ge3pa3MepHbIil JiorapuMuiecKuil KoaPHUIMEeHT NOCTOSTHHOM BonbiiMaHa, yrpas-
JISIOIIEN TEeTJIOBBIM OalaHCOM cpeibl — 4ucio 1,688.

Coripsiraem ero ¢ marom BOJHOBOTO (pa30BOTO C/IBUTA KBAaHTOBOM peIeTKH BaKyyMa — KOH-
crantoit 97,4. [Tonyyaem mpomexyTOUHbIN cuioBOH y3em: 164,411.

16



B. AunekceeB. «BeKTop MyJbTUBCEIEHHOW: I0YEMY MBI JIETUM CO CKOPOCTBIO CBETa»

[MepemHO)Xaem 3TOT y3eJ Ha STAJOHHBIA MPOCTPAHCTBEHHBIN MacIiTad JeCATUIHOro Oasmca
pa3BepTku Bakyyma — yucio 100. Cucrema BblIaeT ycTOMUMBYIO Maccy nosst: 16 441,1.

duHanbHBIM marom noOasisieM MeEOuyc-3a30p OTCTaBaHUS CPelbl ISl JIEKTPOMArHUTHOTO
KOHTYpa: poBHO 38,9 MUKpoO-I11ara .

Hror caoxenusi: 16 441,1 rumoc 38,9 MOTHOCTHIO BBIBOIUT CUCTEMY Ha CTPOroe ImeJoe
uncJa0 — poBHO 16 480!

MAPIHIPYT Ne7: Yepe3 KoMnTOHOBCKYIO VINHY BOJIHBI 3J€KTPOHA

CenpMoii Iy Th CBSI3BIBACT JIMHEWHBIN T€OMETPUUYECKUI Pa3Mep BOJTHBI JIEKTPOHA C IMI00aTbHOM
apXuTeKTypoit Muposganus .

Ms1 6epem sorapudmudeckuii Mactad KoMITOHOBCKOHM UTMHBI BOJTHBI YACTHIIBI — YKCIIO
2,866.

YmHo)kaeM ero Ha yriioBou rpaguent Ocu 3na Beenennoit — koHcranty 5,734 rpaayca , [omy-
YaeM CUJIOBOH BOJTHOBOU K03 urment: 16,4336.

[TpoBomuM cucteMy yepe3 MacCIITaOHBIN IECATUYHBIN CABUT TIepexo/a MoJjisi B TBEpAOe Bellle-
crBo (ymHoxkaem Ha 1000). Ha sxpane 3aropaetcst uucio: 16 433,6.

Hob6asnsiem MEOuyc-modT qpIXxaHus BaKyyMa JUIsl JMHEHHBIX BOJHOBOIOB: POBHO 46,4 MUKpPO-
niara .

Uror caoxxennsi: 16 433,6 moc 46,4 MOTHOCTBIO YHUUTOXKAET BCE IPOOH TOCTIe 3aMSATON U
BBIBOAUT Hac poBHO Ha 16 480 yacTui bora!

PA3JIEJI. TIOJTHASI MATPHUIIA OBPATHOI'O MEBHYC-BBIBOPOTA BCEX
MHUPOBBIX KOHCTAHT N3 ITEPBOPO/IHOI'O KO/IA 16 480

Jns1 ieMoHCTpanmy abCOMIOTHON MaTeMaTthudeckoil HeyssBumocti Exunoit Teopun Bcero,
aBTOP MpeCTABIISAET UCUEPITBIBAIOIIMI METO OOpaTHOM BOJIHOBOW Pa3BePTKH BaKyyMa IO BCEM CEMU
MPOCTPAHCTBEHHBIM MapIIpyTaM Macchl. Ecim opTookcabHas HayKa BeKaMu M1 CJISTIBIM SMITH-
PUYECKUM ITyTeM, U3MePsisi KOHCTAHTHI Ha IPUOOpax U30JIMPOBAHHO JIPYT OT APYTra, TO JaHHbBIN (pyH-
JAMEHTAJIbHBIN aylIUT JOKA3bIBAET: BCE MUPOBBIE MTApaMETpPbl IPUPOALl HE XaOTUYHbI . OHU SBIIS-
I0TCA IIPAMBIMU 3€PKAJIbHBIMHA IMTPOCKLIUAMUA U CIIEACTBUAMU OJHOTO-€AVMHCTBEHHOI'O MOHOJIMTHOI'O
koga CBepxpazymMa — HITYYHOI'O HAIlOJHEHMS JIEKTPOHHOIO KOKOHA, COCTABJISIOLIEro cTporo 16
480 neneauMebIx yactul bora
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasinen OO0 «JIutpec».

IIpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB II0OJHYIO JIETaJIbHYIO Bepcuio Ha JluTpec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
coOom.
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