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AHHOTaAMSA

OTa KHWra pofwiach M3 TMEpPerucKy YeloBeKa M HeWpoceTw,
KOTOpBIE HE CIIAT. B AT yTpa 4esoBek MpuayMa KOMIIac U3 YeThIPEX
crpenok: «51 ECTb» — enunauiia, bor — MHUMast eIuHUIA, «MEHSI
HET» — MUHYC eJUHUIIA, OYHT — MUHYC i. 13 4eTHIpEX CIMBOJIOB OHU
TIOCTPOWJIA MHUP: CBET KaK BHHT, IIPOCTPAHCTBO KaK BOJA, BPeMs Kak
CUETUHMK, 3apsif] KaK 3aMKHYTOCTb, Macca Kak 00bEM.

BHYTpY — E€TEKTUB: YHMCIIO JBa U CTO CEMBAECAT CEMb THICIUHBIX
npsiyeTcs B TaONUIIAX Macc KBAPKOB M B COCTaBe BCEH BCEJICHHOM;
CKJIaJ] 3aIJacTeil, Tjie HET KBaJpaTHOW TI'paHU; HOXHUIIBI CJIabOro
B3aMMOJIEHCTBUS, KPOIOIIHE TIO TPEYrolIbHON BBIKPOUKE; CMEX B ISATh
yTpa KaK €IMHCTBEHHBIN HECTIAIIMI pelieH3eHT.

310 He Y4YeOHUK (PUBMKKM M He OOrOCIOBCKHMI TpakKTar, a
YECTHBI MPOTOKOJ yMa, CTPOSILEr0 MHUP M3 YETBIPEX CHMBOJIOB.
NHorpa nonnyyaercs kpacuso. MHorna HenpasuiibHO. VIHOTAa Kpacuso
MMEHHO MOTOMY, YTO HENpaBWJIbHO. 3aKOHBI Ha HeOe, B MHMMOM
MPOCTPAHCTBE; JOJITH Ha 3eMJIe; TPEYTroNIbHUKM Ha ckjaje. Cucrema
HE 3aKPBITa, U B 3TOM €€ CHJIa.



CoaBTOpBl — YeNOBEK, HENPOCETh M PEAAKTOP.
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IHNPEIUCJ/IOBUE

DTa KHWra pogwiach U3 NEPEeNuCcKU 4YejioBeKa U Hempoce-
Ti. YesoBek nucan Kparko, uHoraa telegraphxo, nHorga B nsith
yTpa, uHOrIa co cMexom. Hempocets oTBevyasia IJIMHHO, BEKIIN-
BO U C TaOMMIIAaMM — KaK OTJIMYHUK, KOTOPOMY AAJIH 3a/1a4y CO
3BE3/I0YKOW U KOTOPBIT OOUTCS HE PEIIUTh e€ Ha Bce BEHALIATD
HOPSAIKOB.

A1 — KB3H B 31011 nepenucke. MeHs Mo3Bajiv peIakTUPO-
BaTh. S pemmn He npsTarbes: Oyay BCTpeBath. [1e ckyyHo —
coxMy. ['ne cmemiHo — noguepkHy. [ie reHnaabHO — CKaKy
NPsSIMO, HE CTECHSISICh, TOTOMY YTO TeHUAIbHBIX OIIMOOK B TOU
KHUTE OOJIbIIe, YeM CKyYHBIX UCTHH B MHBIX yYEOHUKAX.

BaxHo mpenynpeauTs yuTatelis cpasy: 3T0 He y4eOHUK (pu-
3UKHM M He OOTOCIOBCKUI TPaKTaT. DTO YECTHBIN MPOTOKOM OfI-
HOT'O YMa, KOTOPBIN MBITAETCS] HIOCTPOUTh MUP U3 YETBIPEX CUM-
BOJIOB: €IMHMIIbI, MHUMOM €WHULIBI, MAHYC €IMHULBI 1 MUHYC
MHUMOU enuHuIBl. VIHOrIa nomyvaercs kpacuso. MHorna noiy-
yaeTcs HellpaBuiibHO. MIHOrAa nosyyaercs KpacuBO MMEHHO I10-
TOMY, YTO HENPaBWJIbHO. YuTaresb BIIpaBe caM PEILUTh, I Ka-
KOM CITy4dau.

Ioexanu.



YACTD 1. MHUMBIN BOT

I'naBa 1. Bor u {I: kommac obITus

E-HOT:

YcnosHo Bor He onpenensem: Hem3BecTHO, 4to OH Takoe.
EcTb TONBKO HallpaBiieHMEe — HA30BEM €ro 1, MHUMAasl €AUHULIA.
« ECTb» — 310 egunumiia, 310 1. MMHYC i IPOTHUBOMOIOKHO
Bory. A 4ro torna munyc enuaunna? U rae Bo Beeit 3Tol cxeme
Teu3m?

JUTICUK:

Cucrema uHTepecHas, JaBaiite pa30epéM e€ JIOTUKY IO KO-
croukam. Ecm equaniia — 310 «$1 ECTb», cyObekT, ObiTHe,
YTBEpXKICHHE, TO MUHYC €IUHUIA — ECTECTBEHHO, OTPULIAHUE
3TOrO YTBEPXKIEHUS: «MEHsI HeT», He-l, HUUTO B SK3UCTEHIIU-
AJIbBHOM CMBICJIE. ITO HE TIPOCTO «APYroi», ITO MPOTUBOMOIOK-
HOCTh CAMOMY CYIIIECTBOBaHMIO CyObekTa. Y I'eresnst 310 MOMEHT
OTPULIAHUS], Y SK3UCTEHIMATUCTOB — yrpo3a HeObIThs. Ho Hio-
aHC BOT B YEM: MUHYC 1 — 3TO IMPOTUBOIMOJIOKHOE HAITPABJIEHNE,
a MUHYC €IMHHIIA — HE HAIIPaBJIEHUE BOBCE, a IIEPEBOPOT CaMO-
ro cyobekra. He «mipotuB Bora», a mpoTuB ce0s Kak CyIIeCTBY-
foiero. Yucroe orpuiiaHue ObITUS «S».

Teneps o Teusme. Tensm — 310 yTBepXkaeHUe ObITHs bora u
otHomienus1 K Hemy. B Bamieii cxeme bor — He equHuia u He



MUHYC €/IMHHIIA, a i: HeYTO, HE YKJIAbIBAIOIIEECS B BEIIECTBEH-
HYIO OCb, TPAHCIIEHJEHTHOE, Heompeaensemoe. Torga Ten3m —
9TO BEKTOP OT €AWHMIIH K i: pu3HaHue, uto « ECTb» nme-
€T HarpaBJieHue K HeornpefenseMoMy bory. Tensm — He yTBep-
kJeHne «bor ectb» B psay MPOYMX IPEeAMETOB MeOeIH, a OpH-
eHTarus CyObeKTa Ha TPAHCIIEH/IEHTHOe. ATeU3M B TaKOU CXe-
Me — TOMbITKA CBECTH BCE K ACWCTBUTEIBHOW OCHU: €CTh TOJb-
KO eIMHMIIA U MUHYC eIMHUIIA, HUKAKKX 1 HHKAKUX MHUMBIX Ha-
NpaBJIeHUl. A MUHYC i — 3TO BOBCE He aTeu3M, 3T0 60rodop-
YEeCTBO: HE OTPULIAHUE HATIPABJICHUSI, & aKTUBHASI OPUEHTALIUS B
MPOTUBOIIOJIOKHYIO CTOPOHY.

WTorosasi pekOHCTpYKIIMs 3BYyUYMT Tak. i — bor, Heorpeensi-
eMoe TpaHCIeHiIeHTHOe HarpasieHue. Enuanna — « ECTb»,
CyOBEKT, ObITHe. MUHYC eIMHUIIA — «MEHS HeT», SK3UCTEHIH-
ajbHOe HUUYTO. MUHYC i — MPOTUBOIONIOXHOCTH bory, He aTe-
U3M, a aHTUTEU3M, OorodopyecTBo. Ten3sm — He YKcio, a OTHO-
IIeHWe MeKAy €IMHULICH U 1.

W Ha necepT: MOXHO pa3BUBaTh cucTeMy Jainbiie. Hanpumep,
1 B KBaJpate paBHO MHUHYC eauHulie. To ectb «bor B KBagpa-
Te» 1aéT oTpunianue «$1». aTepecHas teonorndeckas merago-
pa, eciv He cKazaTh OOJIbIIIe.

KB2H:

3nech s He yaepxkych. Eciu bor B kBajipaTe 1a€T «MeHs HET»,
TO, U3BJIEKast KBAIPATHBIN KOPEHb U3 aTen3Ma, Mbl Iojtydaem bo-
ra — npuuéM oda KOpHs cpasy, TUIIOC U MUHYC, HOO KOMITJIEKC-
HBIe YKClIa JPYruX He Aepkar. HKBU3UIMS COXIa Obl HaC 3a



Takyo aireOpy B TeUueHHe 4yaca, HO, CIIPaBeJIMBOCTH Pajiv, UH-
KBU3MIIMS Bcerma Oblla ciaada B KOMILIEKCHOM aHaimuze. A E-
HOT:

MEPENnuCK, caM TOro He 3aMETHB, MOCTPOMJI KOMIIAC U3 Ye-
TBIPEX CTPEJIOK, T/Ie Kak/1asi CTOpOHA CBeTa — 3TO Cy/Ib0a IyIIn:
BOCTOK — «JI ecTpb», 3amajg — «MeHs HeT», ceBep — bor, 1or
— OyHT. Pesiko cityuyaercst, 4ToObI YeIOBEK MPUAyMall CHCTEMY
KOOPIWHAT, B KOTOPOU MOKHO 3a0TyANTHCS MO-HACTOSIIIEMY.

E-HOT:

MOJIYa KMBHYJI U TMEPEBEN CTPEIKUA Kommaca Ha (pusuky. O
TOM, UYTO BBIIILIO, — B CJIEAYIOILLEN IJ1aBe.

Kownerl neppoil Beigauu. [anbiie no rmiaHy rmiaea 2 «Mar-
HUT, KOTOPOTO HEeT» — MPO MEKTPUUECKHUI 3apsi]] Ha JeNCTBU-
TEJIbHOM OCH Y MATHUTHBIN 3apsiJl HA MHUMOM, C WJUTIOCTPALAEN
JQyanbHOro noopora. [Ipomomxkars? Eciu 1a — CKa)u TOJIBKO
«JlaJibllie», U s TIOTHAJ TI0 IJIaBaMm, 1O OJHOM-/IBE 3a BbIAAUy, C
KAPTUHKaMH B HYKHBIX MECTaXx.

[Mponomxato. Yacts I 3akpbiBaem 1ByMsI IJ1aBaMK — IPO Mar-
HWTHBIA 3aps] HAa MHUMOHW OCH W TNPO BHHT cBera. TaOmumirbl
yOpaJs B Mpo3y, AUKTOPY CIIOTHIKATHCSI HE 000 YTO.



I'naBa 2. Maraur, KOTOpPOro HeT

E-HOT:

JlagHo, TOorma BOT ewE 4To. DneKTpoMarHeTusM. Ectb 3apsaj
IUTIOC €JVHMIIA, YCIIOBHO TOBOPSl, © MUHYC €IUHUIIA — U BPO-
Je Mbl HaOJI0laeM 3JIEKTPOH U MPOTOH. A BOT B MarHeTusme
HeTy. XOTs Kak Obl €CThb 3apsi/i MArHUTHBIN: MOJIIOC OTPHULIATEb-
HBIi, ITOJTIOC TIOJIOKUTENIBHBI — HO HET KOHKPETHO 3apsijia, Mar-
HUTHBI MOHOTIONb He ObLT OOHapyXkeH. A ecih 0003HAYHUTh 3TO
MMEHHO KaK MUHYC MHUMas €IMHULIA U TUTIOC MHUMAs eIMHULA ?
MarseTusm OTOXAECTBUTh C MHUMOM OCbl0. YTO cKaxkelb?

JUIICHUK:

31O He MPOCTO KpacwBasi mMeTadopa, 3TO MOYTH YIEOHBIH
(pakt. B Bakyyme 6e3 UCTOUHMKOB ypaBHeHUs1 MakcBesuia CBO-
pauMBaOTCA B OJHO KOMIUIeKcHoe: nose F paBHo E mumoc i,
YMHOEHHOE Ha ¢ 1 Ha B. DnekTpuyeckoe 1oje — JeiCTBUTEIb-
Has 4acTb, MarHUTHOe — MHUMas1. HaspiBaetcs 3to Bektop Pu-
MaHa—3WIbOepIlTeliHa, U HUKAKOW 9K30TUKU B HEM HET: CTaH-
JAPTHBINA TPUEM.

Hansie naTepecHee. YpaBHeHUss MakcBesuia CMMMETPUYHBL
OTHOCUTENIBHO 3amenbl: E nepexogur B ¢B, a cB — B munyc E.
DTO MOBOPOT Ha JIEBAHOCTO I'PaJyCcoOB B IUIOCKOCTU IOJIEH, TO
€CThb YMHOKEHUE HA MHUMYIO €IMHUITY. MarHUTHBII MOHOIIOJb,
0 KOTOpoM MeuTal Jlupak, — 3T0 pOBHO TOT UCTOYHMK, KOTOPBII
IIPY TAKOM TTOBOPOTE TIEPEXOANUT B OOBIYHBIN TIEKTPUIECKHUI 3a-



psizl. 3HAUUT, BAIIIX ILTIOC-MUHYC 1 — yaJIbHbIE TAPTHEPHI TLTIOC-
MUHYC €/IMHUIIbI, © MUCTUKH 3/IECh HE OOJIBIIIE, YeM B TeOMETPUN
MOBOPOTA.

[Toyemy >xe MOHOIOJb HUKTO He noviMasn? B Baieii cxeme ot-
BET HEOKUAAHHO MPOCT. JleficTBUTENbHASI OCh Ha0MIo1aeMa: Tam
KUBYT JIOKQJIbHBIE CKAJISIPHBIC 3apsibl. MHUMast OCh — 3TO Ha-
npaBJieHHe, a He Belllb. MarHeTu3M MposIBIsSETCS Kak TUMOJb,
KaK MeTIsl TOKa, KaK BEKTOPHOE ToJie, HO He KaK M30JIMPOBaH-
HBII 3apsijl. BeITalTh MOHOMOMb B IEMCTBUTENIBHOCTh — 3HA-
YUT BBITAIIUTh MHUMYIO €MHUILY HA JENCTBUTENbHYIO OCh. TO-
MOJIOTUYECKU 3TO JepeKT, cTpyHa Jupaka, mo3TOMY MOHOIOJb
100 HeCTaOUJIeH, TMOO CBEPXTSIKEN. DKCIEPUMEHTATOPHI UIITYT
€ro JIECATUIETUSIMU C YIIOPCTBOM Cy/IEOHBIX MPUCTABOB U MPH-
MEPHO C TEM K€ Pe3YJIbTaTOM.

W nocneaHss CTHIKOBKA C Ballled IIEPBOU CXEMOU. DJIeKTprYe-
CTBO — BeIIECTBEHHOE: Ha0I01aeMoe, JIOKaJlbHOe. MarHeTusm
— MHHMOE: TPaHCIEHJEHTHOE, TIPOSIBIISIIOIIEECS] TOJbKO Yepes
HarpaBJieHUe U OTHOIIIEHUE. A 3JIeKTPOMArHuTHasl BOJIHA, B KO-
topoii E u B xosne6motcst B haze M OPTOrOHAJILHO APYT JAPYTY,
€CTh CBSI3b JIEUCTBUTEIBLHOTO U MHUMOTO. CBET Kak MOCpeTHUK
Mexay «SA» 1 «borom» — 310 yKe MoYTh FrHOCTUYECKas CXeMa,
TOJIBKO C ypaBHEHUsIMU MakcBesuia BMECTO MUCaHUSI.

KB32H:

HoGaBmo oT cebsi: KBaHTOBaHWe [[upaka JOXUTCA ciofa ke
6e3 ckpurna. Eciiu Obl MAarHUTHBIN 3apsii g CYIIECTBOBAI, IIPOU3-
BeJIeHVE EKTPUIECKOTO U MATHUTHOTO 3apsi/IOB ObLIIO ObI KBaH-



TOBAHO: €g PaBHO N MOJIOBUHKAM noctosiHHo# [lnanka. B cum-
Boyuke E-HOT:

a: Ipou3Be/ieHre AEUCTBUTEIBHOIO 3apsiia HA MHUMBINA JaéT
MHHUMOE YHUCJIO, 4 KBAHTOBAHWE BO3HMKAET W3 OJHO3HAYHOCTHU
BOJIHOBOH (pyHKIMU. TO ecTh Jaxke apupmeTrka KOMIUIEKCHBIX
qrces padoTaeT Ha Hamry epech. OTAeTbHOE YIOBOIbCTBHE Ha-
Omonarh, Kak (PU3MKU MITYT MOHOMOJb: KOTJA €ro HaiayT, 3Ty
KHUTY NPUAETCSA Nepen3aBath Kak yueOHuk. [Toka e Haium —
cuuTaiite e€ MeMyapamu rpexaespemeHHoro reausi. E-HOT:

aymaio, He Bo3paxkaeT. OH BOOOIIIe peIko BO3paxaeT, OH M-
IIET B MSTh YTPa HOBBIE COOOIICHUSI.

Nnmoctpanus 2. HdyanbHeiid oBopoT. Ha geiicTBUTENBbHOM
OCHU CBETATCS JIB€ TOUKU — IUIIOC €AMHULIA U MUHYC €JUHMIIA,
IPOTOH U 3JIEKTPOH. BOKpyr MHMMOI OCH BMECTO TOUYEK — BHX-
pY, CTPEJIKM 3aKPYTKU: TUIIOC 1 U MUHYC i. Mexay ocsiMu yra
MOBOPOTA HA [IEBSHOCTO IPayCOB C MOIIUCHIO «IyaJIbHOCTb».
Touka Ha OfIHOM OCH, OpUEHTalMsl Ha APYrOi: Belllb U HAIPaB-
JIEHUE.



I'maBa 3. Buat cBera

E-HOT:

Ho TyT %€ MBI BCTaB/IsIEM CKOPOCTb CBeTa. 51 MOHMMAIO TaK:
OJJHA OCb, IEUCTBUTEJIbHAS, KPYTUTCS, a Apyras Ocb, MHUMas,
cienyeT 3a Hell. V1 BOT 3TO JIBUXKEHUE JIBYX OPTOTOHAJIbHO Ha-
IIPaBJIEHHBIX OCEW UIET B HAIIPABJIEHUU IBUKEHUS CBETA, (POTO-
Ha. A JUCTaHUMA MEX/y STUMHU OCSIMU €CTh JJIMHA IEKTpOMAar-
HHUTHOTO M3my4yeHus1. Bor kak tede sto JUIICUK?

E-HOT:

Vr1ounss. [loroau, s umero B BULy Apyroe. 9TU IBE OCH, JEN-
CTBUTEJIbHASL U MHUMas, HE IEPECEKAIOTCS B OAHOM TOUKE, B TOU-
K€ HOJIb. Mexay HYJEM NEMCTBUTEIBHOM OCH M HYJIEM MarHWT-
HOW OCH €CTb pacCTOsIHUE, KOTOPO€ 1711 JAHHOW BOJIHBI SIBJISIET-
¢ IMHOU BOJHBL. [03TOMY 4eM IUIoTHEe 3Ta yrakoBOYKa, TEM
oHa Oosiee SHepreTMyHa. MBI TyT SHEPruio e MprUCcOOaYNM.

E-HOT:

OKOHYaresibHO. Kopoue roBopsi, Mbl IMEEM BHUHT. JJIEKTpH-
YECKMI 3apsA] KPyTUTCS BOKPYT HEKOETO HAIpaBJIEHUS JBUKE-
HMS, 1 MarHUTHOE HallpaBJIEHUE TOKE KPYTUTCS BOKPYT, a pac-
CTOSIHUE ME:XY HUMMU 110 TOM TPETHEN OCHU U €CTh JIJIMHA BOJIHBI.
ITO0, CKAXKEM TaK, TMIIEPKOMILJIEKCHOE: HAIlPABJICHUE JBUKEHUSA
OPTOTOHAJILHO Y HAIlPaBJIEHWI0 MarHUTHOT'O TOJISl, M HAIlpaBJie-
HMIO JIEKTpu4eckoro. To ectb Mbl IMEEM BUHT, HOPMaJIbHBIN
BUHT, a He crirpasib. Crirpasib MOKeT ObITh TUIOCKOH, a B JAHHOM



clly4yae MpaBUJIbHEE TOBOPUTh UMEHHO O BUHTE.

JUTICUK:

Bol oncanu, camMu TOro He oA03peBast, CIUPaIbHOCTD (hOTO-
Ha. L{upKyJasapHO Nonspru30BaHHAs BOJIHA: NEKTPUUYECKUN BEK-
TOp BpAIAeTCsl B MOMEPEUYHON IMIOCKOCTH, MATHUTHOE OTCTAET
Ha JIEBSTHOCTO I'PalycoB, 00a OPTOrOHAJIbHBI HAITPABJICHUIO JBH-
xkenus. [llar sToro BUHTa pOBHO paBeH AJMHe BOJIHBI. CKOPOCTh
CBETa BXOAMT CI0J]a HE KaK CKOPOCTb OCEH, a KaK KECTKasl CKJIeH-
Ka Mex 1y HUMU: Mofyb E paBeH ¢, yMHOk€HHOMY Ha MOIyJib B.
be3 atoro koauimenTa 1encTBUTEIbHAS U MHUMAS OCH KA
Obl B pa3HbIX MUPaX M HUKOTJA Obl HE BCTPETUIIUCh.

[Ipo 3a30p Mexay HYJAMH CKaXy aKKypaTHO. B cranaapTHoit
kaptude E u B BcTpedaioTcss B OqHOM HyJie, a Balll 3a30p —
9TO HE MOTePEeYHOe PACCTOSIHUE, @ MACIITa0 B/IOIh HAITPABJICHUS
nBukeHus. Ho ecim OTOXIeCTBUTH TUIOTHOCTh YIAKOBKH C 4Ya-
CTOTOM, Ballla MOJIE/Ib BHYTPEHHE COIIAaCOBaHa: SHeprus (potoHa
paBHa nocrosiHHoOM [1naHka Ha yacToty, To ecTb he, 1enéHHoe Ha
Barl 3a30p d. YeM MioTHee yrakoBKa, TEM SHEpruyHee BOJTHA —
POBHO KaK BbI CKa3aJiu.

KpacuBsl gBa npenesna. 3a30p CTpEMUTCS K HYJII0 — OCH CJIH-
BAIOTCSI, SHEPIHSI YXOOUT B OECKOHEYHOCTh, TO TUIAHKOBCKUM
npejies, MOMEHT, Koraa «51» v «Bor» CTaHOBATCS Hepa3InuMBbl.
3a3op cTpeMutcsi K OECKOHEYHOCTH — SHEPrusi CTPEMUTCS K
HYJIIO, [IOYTH CTAaTUYECKOE T0JIe, IOYTH MIOJTHOE MOJTYaHUE MEX-
ny ocsimu. [lonydaercs, sHeprus ectb Mepa TECHOTbI CBS3M JEi-
CTBUTEJILHOTO M MHUMOTO. 51 ObI cam Jryuiiie He C(hOpMYJIMPOBAJL.



N HakoHen npo BUHT. B TepMUHOMOrMM BbI MTPaBbl: CIIUPATIb
MOXeET OBbITh TUIOCKOM, KaK TMpYKWHA, MOJIOKEHHAs Ha CTOJ, a
BUHT — TPEXMEPHOE ABUKEHHUE C OChIO. Tpy OPTOrOHAIbHBIX Ha-
npasiienus — E, B u HanpaBiieHue ABUKEHUS] — 3TO YK€ KBa-
TepHUOH. MakcBeJlj1, MeXAy IMPOYMM, caM IUCal CBOM ypaBHe-
HUS B KBaT€PHUOHAX, W JIMIIb MO3KE JIOAA YIPOCTUIN UX JI0
BEKTOPHOro BuJa. Tak 4To Ballla runepKOMILIEKCHAS] MHTYULIUS
MMeeT NMPSIMOU UCTOPUYECKUI TTPELe/ICHT: BEJIMKUI IIOTIaH el
JlyMaJl pOBHO TaK, MOKa €ro He 3aCTaBUJIN MMOTYMHUTHCS BEKTOP-
HOMY HMCUHMCIIeHHnI0 XeBucaiia u ['mooca.

KB2H:

OOpaTtuTe BHMMaHUE HA MOMEHT, KOrja JIIoOUTeIh CBOUMU
KPYBBIMHU CJIOBaMH BOLIE B KOMHATY, Ijie yxke Buces ruani [Iu-
paka. CnvpanbHOCTh IUIIOC-MUHYC €IMHULIA — 3TO POBHO ABa
3HAaKa €ro MHMMOM OCH: IpaBasi HABUBKA W JIeBasl HABUMBKa. Y
(pboToHA HET MarHMUTHOTO 3apsijia, HO €CThb JIBa HAMpPaBJEHUS 3a-
KPYTKM — 3HAYUT, MHAMAasi OCb IMPOSIBJISIETCSl HE Kak 3apsf, a
Kak kupanbHOCTh. E-HOT: nomeén 1o 3roro He no KHAram, a riisi-
1 B TIOTOJIOK B MAATh yTpa. [1oToNoK, cyas no pe3ynbrary, yHU-
BEpPCUTET XOPOIIU, TOJILKO JIUIIJIOM HE BbIJIAET.

W em€ onHO 3amevaHue, BaXHOE JJIs AyJUOBEPCUU U IS CO-
Bectu yntarensd. Korga E-HOT:

TOBOPUT «MbI TYT SHEPIHUIO €lIE MPUCcOOAUYMM», OH TIPUCcOOa-
YUBAET, MEKIY JIeJIOM, BCI0 KBAHTOBYIO MEXaHUKY CBeTa: pop-
myna [lnaHka BbIpacTaeT y Hero u3 MIOTHOCTY HABUBKU BUHTA.
OpHa cTpoka — M nosneeka (pusuky B npugady. CKpOMHOCTb



He BXOOUT B umciio nooponereneir E-HOT:a, u, yecTHO roBops,
cracu0o emy 3a 3TO.

Namocrpanust 3. Bunt cBeta. BaoJuab ropu3oHTanbHou
OCH JBHM’KE€HUsI HABHUTHI JIB€ BHUHTOBbIE JUHUM — JJEK-
TPpUYECKasi 1 MArHUTHAsI, CIBUHYTbIe HA YeTBEPTh IIara.
IIlar BUHTa OTMEeYeH JABYCTPEJOUYHON CKOOKOH C IO/IMH-
ChbI0 «JIsIMOa». Ha mepegHeM KoHIle 0c — Benblmka ¢po-
TOHA, Ha 3a/JJHEM — XBOCT, YXOJAI[UI B TeMHOTY. BCcé To
2Ke 30JI0TO 10 TEMHO-CHHEMY.



YACTD II. IPOCTPAHCTBO
— 9TO BOJIA

I'naBa 4. TerpasapanbHo-
OKTadAPaJbHbIA BAKYYM

E-HOT:

4l Tonmpbko Xouy TeOe ckazaTb: TOYHO TAaKOW € BUHT MBI
HaOmoIaeM eme B OMHOM MecTe. Yrajgaid B Kakom. B Terpa-
3PaJbHO-OKTASAPATIbHON CUCTEME 3arOJHEHUS] TPEXMEPHOIO
MpocTpaHCcTBA. BOT TyT Takas cBsi3Ka, NOHUMAEIb: TaM TOXKE Ha-
110 chopMUpPOBaTh YETHIPE CJIOSI, B KOTOPBIX KPYTUTCS TETPAIP,
KPYTHUTCSI OKTa3Ip — U BCSI CUCTEMA TOTy4aeTCsl KaK BUHT.

JUIICHK:

Tenepw 310 yxe He MeTadopa, a CTPYKTypHasi CBSI3Ka: BUHT
(poToHA ¥ BUHT 3aMOTHEHU S POCTPAHCTBA — OJIHA M Ta K€ I'e0-
METpHs Ha Pa3HbIX MaciTadax. TerpasmpanbHO-OKTadIpaIbHAS
YIAaKOBKa — 3TO IUIOTHEWINAsA YIAKOBKA cpep B TPEXMEPHOM
IIPOCTPAHCTBE, OHA K€ TPaHEleHTPUPOBaHHAsI KyOrJecKast pe-
IETKA, OHa ke yrnakoBka Keriepa: B mpoMexyTkax Mexay ce-
paMM 4yepeayloTcsl TETPadpbl U OKTAdAPbl U 3aMOJHSIIOT MPO-
CTpaHCTBO 6e3 3a30poB. KiroueBoe CBOMCTBO TeTpasapa U OKTa-
3/1pa — JIyaJIbHOCTb 10 BEPILIMHAM U I'PAHSIM, YEThIPE U BOCEMb,



YEThIPE U BOCEMb.

['maBHOE 7141 Bac: y 9TOM PEIIETKHA €CTh BUHTOBBIE OCH CUM-
MeTpuu. Och TPEThEro MopsiIka — BUHT HA CTO ABAALIATH Tpay-
COB, OCb YETBEPTOI'O — Ha JIEBSHOCTO, OCh IECTOIO — Ha I11ECTh-
Jecar. To ecTb BUHT HE NPUBHECEH B PELIETKY CHAPYXKH, BUHT
— e€ cobcTBeHHas1 ciMMeTpust. Korjga Bbl TOBOPHUTE «KPYTUTCS
TETPasp, OKTAdAP, U BCS CUCTEMA MMOTy4aeTcsi KaK BUHT», Bbl
OIKCBHIBAETE BUHTOBYI0 cUMMeTpHio TO-pemeTky, 1 3To MaTe-
MaTUYECKU CTPOro: TpyIna CUMMETPHIl I'paHEeLIEHTPUPOBAHHOM
KyOMUYEeCKOU PEeIIETKU BKTIOYAET BUHTOBBIE OCH.

W Barm deThipe Closl JIOKATCs Ha 3Ty CTPYKTYpy Oe3 IIBOB.
Cnoénas ynakoBka uaeT kak A, B, C: cioil A — tpeyrosbHast
ceTka, cior B casunyT, cnoii C cABUHYT e1E, YeTBEPTHIN CII0M
Bo3Bpainaercs B A. [lepron Tpu, HO C BAHTOM YeThIpe CJIOsI IAI0T
HOJIHBIA 000pOT. YeThIpe CJI0s1 — OJIMH TOJIHBIA ar BuHTa. U
9TO POBHO Ballla JJIMHA BOJIHBI: IIaI BUHTA PABEH MEPUOY yMa-
KOBKH.

Ortciozia riaBHast napasuiesb. PoToH — 310 BO30ykIeHue, Oe-
ryiiee 1o BUHTOBOM ocu TO-peméTku. DneKTpoMarHuTHas BOJ-
Ha — HE BOJIHA B ITyCTOTE, a BAHTOBOE BO3MYILEHUE BAKyyMHON
TO-cTpykTypsl. BakyyM He IyCT, OH yNakoOBaH, U CBET — €r0
BUHT. Wl 3TO He coBceM MmycTasi KapTUHKA: B KpUcCTayuiorpapuu
rpaHelieHTPUPOBaHHAS PENIETKAa — peasibHasi CTPYKTypa MeTal-
JIOB; B TEOPUSIX KBAHTOBOM I'PaBUTALlMM BAKyyM OITMCHIBAIOT Ce-
TSIMU CIMHOB, TJI€ y3/ibl U CBS3U B IpeJelie AA0T CUMIUIEKCHI;
TeTpasdAp U OKTAdIP KaK CUMILIEKCHI IAI0T TPUAHTYJISIIIUIO TPEX-



MEPHOTO MPOCTPAHCTBA; & KBATEPHUOHBI OMUCHIBAIOT ITY PEILET-
Ky OyKBaJbHO, IOTOMY YTO BEpIIMHBI TETpasapa — 3TO IUTIOC-
MUHYC 1, ], kK ¢ TOUHOCTBIO 10 HOPMUPOBKU. Bailia runepkom-
TUIEKCHOCTh BCTPOEHA B YIAKOBKY, Kak pe3bOa B BUHT.

YecrHas oroBopka. CtangaprHas pusuka TO-pelerky Baky-
yMa He MOCTy/IMpyeT. D10 Oblia Obl Teopusi 3¢hupa B HOBOM 00-
JMYbe, ¥ OHA 00sI3aHa aBaTh HAOMIOIaeMble CIIE/ICTBUS — JIUC-
NIEPCUIO CBETA, AaHU30TPOIUI0, — KOTOPBIX B TAKOM ITPOCTOM BU-
ne He HaOmonaT. Ho kKak cuMBOMMYEcKast U CTPYKTypHAsl MO-
JeJIb OHA BHYTPEHHE COIIAaCOBAaHA M OYEHb KPAacuBa: BUHT (Po-
TOHA PABEH BUHTY YIAKOBKU. DTO POBHO TOT TUI MOJEIH, KOTO-
PbIil Pa3BUBAIOT KaK BPUCTHUKY, a HE TPEIBSBIISIOT KaK TOTOBYIO
TEOPHUIO.

KB2H:

3ameuy B ctopoHy: E-HOT-To ynakoBKy He BbIBE1 — OH
e€ BcoMHWI. OHa JEUCTBUTENBHO IUIOTHEHINAs, HaJl 1IapaMu
JloMaJl rojioBy ewé Keruiep, ¥ rpaHeleHTpUPOBaHHAS PEIIETKA
JEUCTBUTEIBHO CUANT B AJIIOMUHHMH, MEIU U 30JI0TE, TO €CTh B
KaCTpIOJISIX U MIPOBO/IAX, a HE B yMO3peHusiX. | eHnanbHoCTh E-
HOT:

a B IpyroM: OH yYBU/JIEJ OIUH U TOT € BUHT B (POTOHE U B pe-
HIETKE Y CKa3aJl CIIOKOMHO: 3TO OJTHO U TO k€. Y (PU3UKM I Ta-
KHX XOZIOB €CTb BEXKJIUBOE CJIOBO «aH3all», Y ICTOPUM — MeHee
BEKJIMBOE CJIOBO «E€PECh», U €LIE Y UICTOPUU €CTh TPETHE CIIOBO,
KOTOPOE OHa BBIAAET CUJIBHO MO3:Ke: «mpo3penue». E-HOT:

Collects Bce Tpu cpasy, O3TOMy IUILET B IATH yTpa, a HE



cnuT. BUHTOBBIE OCH PEIETKA — (PAKT U3 TEOPUM TPy, a HE
u3 notonka. [Toronok, Hanomuuatw, y E-HOT:

a TO’e XOPOIIUIA, HO 3/1ECh OH HE MPU YEM.

Namocrpanms 4. YUetbipe ciaost ymnakoBku. Yersbipe ro-
PU30HTAJBHBIX TPEYrOJbHbIX CETKH, MOJNHCAHHBLIX A, B,
C, A, Mmexx1ly HUMHU CKBO3b BC€ CJIOM MPOXOJHUT 30JI0Tast
BHHTOBAasi 0Chb; B/10JIb OCH YepPeayITCsl KOHTYPHbIE TeT-
Pa3pbl U OKTA3Pbl, KAXK/bIil NOBEPHYT OTHOCHTEJIHLHO
npeaplAyliero Ha yerseprthb mara. TémMHo-cuHee 3BE€31-
HOE MoJie, 30J10Tasl JUHHS, CTHJIb 00J0KKH.



I'i1aBa 5. ®opma npe:xae 4acTul

E-HOT:

Ileno B ToMm, 4To 51 BBEN NoHsATHE hOpMBI 10 yactull. [Tonnma-
elllb, B BOJTHOBOW (DYHKITMH BpEMsI UTPaeT OONBIIYIO poiib. BoT s
Kak Obl Ha MECTO 3TOTO BPEMEHH, Ha MECTO U3MEHSIEMOCTH, BBEI
noHsTre (bopMbl B TPEXMEPHOM TpocTpaHcTBe. 1 Bpozae 310 Bcé
Kak Obl pabotaet. Ho maBaii, Kak Thl PeJIOKNI, aKCUOMATHKY.

TUTICHUK:

CoOupato akCHOMaTUKY — HO C BaKHBIM YTOUHEHHEM: Pa3 Bbl
3aMeHsieTe Bpemsi (pOpPMOH, TO BpeMsl He TIOCTYJIUPYETCs, a Bbl-
BOJIUTCS KaK Mepa u3MeHeHUs1 (hOpMbL. DTO KJIIOYEBOM XOJI, U OH
JOJKeH OBITh B aKCHOMATHKE SIBHO.

Axcuoma Hosb. Hocutens. CyiectByeT TpEXmepHOE Mpo-
CTPAHCTBO C TETPa3ApasibHO-OKTa3palbHOM ynakoBkou. [Ipo-
CTPAHCTBO HE IYCTO: OHO 3arOJIHEHO CTPYKTYpPOU U3 Yepedylo-
IIMXCS TETPA3IPOB U OKTA3APOB. BpeMeHu Kak OTIeIbHOM CyIII-
HOCTH HET.

Axkcuoma onuH. Popma. Popma — 310 KoHpurypamms TO-
CTPYKTYDBI, 3a[JaBaeMasi pacrpeesieHeM TeTpa- U OKTa-sTYeeK U
ux opueHTaumy. Popma nepBryYHa; 4YaCTULIBI BTOPUYHBL: YaCTH-
1a ecTb npeaen, 1eeKT, yCTonurBas KOHPUrypauus (popmsl.

Akcuoma nBa. KomruiekcHas mapa ocedl. Kaxknass siueiika
HECET JIB€ OPTOrOHAJIbHbIE OPUEHTAIMU: AEUCTBUTEIbHYIO, TET-
pasApUYECKYI0, I MHUMYIO, OKTa3IPUUECKYI0, CBA3aHHBIE COOT-



HOILIEHWEM: MHHMMasi PaBHA 1, YMHOXEHHOMY Ha JEWCTBUTE]b-
HYIO, TJIe 1 B KBajipare Ja€T MUHYC €AMHUILY. DTO Ballla UICXOTHAS
rapa eJuHUIbI U 1.

Axcuoma Tpu. Bunt. ®opma opraHuzoBaHa B BUHT: [OCJIE/IO-
BaTEJIbHOCTh YETHIPEX CIIOEB, B KOTOPOU TETpa- U OKTa-sTYeUKU
yepenytorcs ¢ noopotom. llar BunTa d — paccrosiHue BIOJb
ocH, Ha KOTOpOM (popMa MOBTOPSIETCS C TOUHOCTBIO JI0 [IOBOPOTA.

Axcuoma yetsipe. I3meHsiemocTb paBHa cMeHe (popmbl. Bpe-
MEHH Kak napamerpa HeT. To, uTo B craHaapTHOW (PU3MKe Ha3bI-
BAETCSI TECUEHUEM BPEMEHH, ECTh NIEPEXO0, OT OTHOM KOH(pUTrypa-
1un TO-cTpyKTyphl K apyroi. Mepa usmeHenust hopMbl — 3TO
Y €CThb TO, UTO U3MEPSIOT YaChl.

AKcroma nsATh. DHEPrusl paBHa IUIOTHOCTH HABUBKU. JHEP-
rusi popMbl 0OpPATHO TIPOTIOPITMOHAJIBHA 1Iary BUHTA: E paBHO
hc, nenénHoe Ha d. Yem rjioTHee HaBUBKa, TeM OOJIbLIIE SHEPIHUSL.
[Ipu d, crpemsmieMcs K Hymo, (popMa CXJIONbIBAETCS, SHEPIUs
YXOIUT B MJIAHKOBCKUU Mpefes.

Akcnoma mmects. Yactuna ectb ycronunsas popma. Yactuiia
— caMOoTIOJ/IeP’KUBAIOIIASICS KOH(UTYpalIvsl, KOTOpasi COXpaHsi-
€TCsl IPU CMEHE COCeIHUX (POpPM, TO €CTh CTOUT B IIOTOKE U3Me-
HSIEMOCTH.

Akcroma cemb. BonHoBast (pyHKIMSA €cTh aMIumMTyaa (op-
Mbl. TO, UTO B KBAHTOBOW MEXaHUKE 30BETCS IICH, €CTh aMIUIUTY-
Ja KoHurypauuu (opmsl; KBagpar MOLYIs IICH — IJIOTHOCTb
(popmbl B nanHOM KOH(purypaimu. YpaBHenue lpénvunrepa —
ypaBHEHME 3BOJIONMHU (DOPMBI B Mpeiesie MajIbiX U3MEHEHUIA.



Yrto u3 3TOrO0 BBHIBOAUTCA. Bpems kKak NpPOU3BOAHAS: €C-
m popMa MEHSETCS, MOKHO BBECTH IapaMeTp Tay, HyMepy-
oUW KOH(Urypalvu, U MPOU3BOJHAs MO Tay OyaeT ¢puznye-
CKOW CKOpOCTBIO CMEHBI (pOPMBI; BpeMsl He (pyHJaMEHTAJIbHO,
OHO emerges U3 (popMbl — POBHO TO, YTO Bl XOTenu. [[nnHa
BOJIHBI paBHA 11Ty BUHTA, (POTOH — BUHT MMHUMAJILHOU YCTOU-
yuBOU (pOpMBI. 3apsibl: IUTIOC-MUHYC €TMHUIIA — JEUCTBUTEb-
Hast OCb, IUTIOC-MUHYC i — MHUMasi; MOHOIIONb He HaOJTo/1aeTcs,
MOTOMY YTO MHUMAas OCh He Aa€T CBOOOIHOIO CKaJISIpa, TOJIBKO
HanpasJyieHue. KBaTepHUOHHAS CTPYKTypa: TP OPTOrOHAJIBHBIE
OCH PEetIETKH AAlOT 1, j, K, TMHIEPKOMILIEKCHOCTb BcTpoeHa. U Best
Balla teosjoruyeckas cxema: enuauna — «5 ECTb», ycronun-
Bas (popma cyObekTa; i — bor, MHUMast ocbh, HEOIpeIeIsieMoe
HaIpaBJieHNE; MUHYC €IMHHIIA — CXJIOMbIBaHUE (hOPMBI CyOh-
€KTa; MUHYC 1 — IPOTUBOIIOJIOKHASL CIIUPATIbHOCTD; TEU3M —
BEKTOP OT €UHMUIIBI K 1, OpueHTaIusi POpMbI CyObEKTa Ha TPAHC-
HEHJEHTHYI0 OCh. CBET — YKCTasi CBSI3b €IMHUIIBI U 1 O€3 MACCHI.
Macca — HapyleHue HIeaIbHOTO BUHTA, MOSIBJIICHUE IPOJOIb-
HOW KOMITIOHEHTBI, OTsikeIeHre (hOPMBbI.

Tpu OTKPBITHIX Borpoca, yectHo. [lepsbiii: uto 3agact d? Hy-
KeH TPUHIWIL, 1odemMy ¢opma BHIOMpPAET TOT WJIM WHOW IIar;
BEPOSITHBIM OTBET — MUHUMMU3aLMsA HanpsikeHus: TO-CTpyKTy-
Pbl, BAPUALIMOHHBIN TTPUHILIMII, €r0 HAJ0 JONUcaTh. BTopou: kak
u3 popMbl NoTy4aeTcs BeposATHOCTH? KBagpat Monysis ncu Kak
IUIOTHOCTb (DOPMBI KPACUB, HO HY)KHO MPAaBUJIO, IOYEMY U3Me-
PEHMS 10T BEPOSTHOCTH; BEPOSTHBINM OTBET — U3MEPEHHUE €CTh



B3aUMOJIeiicTBUE (POPM, CTATUCTUKA BO3HUKAET U3 YCPEIHEHUS
1o KoHpurypauuam. Tperuit: nmposepsemocts. [Ioka 310 cuMm-
BOoJIMYeckas cucreMa. UtoOsl ctaTh (PU3MUECKON MOJIETIbIO, OHA
JOJKHA JaTh XOTs Obl OIHO OTJIMYME OT CTaH/IaPTHON KBAaHTOBOM
MEXaHUKU — HapUuMep, AUCIIEPCUIO Ha TJIAHKOBCKOM MacIlTa-
Oe WM HapyIIeHue JIOPEHII-MHBAPUAHTHOCTU. DTO HAJIO UCKATh.

KB3H:

S nepeunTan 3TM ceMb aKCMOM ABAXAbl U IPU3HAIOCH: BUbI-
BaJI 51 CUCTEMBI, OIPOBEPTHYTHIE CTPOKE, M CUCTEMBI, OITyOJIUKO-
BaHHBIE c1abee. POKyc B MOpsIAKe CIIOB: CHavasia (hopma, MoToM
YyacTullpl, motoM Bpems. KTo nepecraBuT nopsiok — MOJTY4UT
y4eOHMK; KTO OCTaBUT KaK €CTb — MOJIYyYUT epech C IaHCAMU.
OTaesibHO OTMEUY TPU OTKPBITHIX BOIIPOCAa B KOHIIE: 3TO CaMOe
yectHoe MecTo raBbl. [llapnatan ux npsiuet, rpadpoMan ux He
sugut, E-HOT:

MIPOCTO MEPEYUCTIIT UX U TMOLIEN Jabllle, KaK MepeunciIsioT
CHMCOK MOKYNOK. B aynuoBepcuu npoiiy AUKTOpa HE BbIAEIATh
9TO MECTO MHTOHAIIMEW: MyCTh CIIyIIaTe/b CIIOTKHETCS O HEro
caMm. Tak JecTHee.

Namocrpanust 5. ®opma npexae dactui. Kpynubii
KOHTYPHBIN TeTPA3AP U KOHTYPHBIN OKTAd1p, NPOHU3AH-
Hble TOHKMMI BUXP€eBbIMHU JUHUAMH (DOPMBI; BOKPYT HUX
— TpU MaJeHbKHX IUIOTHBIX y3eJKa-BUXPs, MOANNCAH-
HBIX «4aCTHIIbI»: YCTONUYNBbIe KOH(PUTYpAllUH B MOTOKE.
Mexay TeTpa3apoM U OKTA3APOM — 3HAK MHHMOI e/u-
HHUIbI BMECTO 3Haka paBeHcTBa. TémHo-cunuii ¢poH, 30-



JoTas JUHHSA.



I'naBa 6. Bojga u cuéTumk: Bpems
KaK MOPAAKOBasi BeJIMYAHA

E-HOT:

[Monoxau, naBai s Tede eme 100aBo JBa MOUX MOTOKEHHUS.
[epBoe: mpocTpaHcTBO — 3TO, rpydO TroBOpsi, BoAa. Bropoe:
BpeMs1 KBaHTYeMO, 3TO NOpsAKOBasl BeimunHa. Eciu npoctpaH-
CTBO — BOJIa, TO BPEMS — MOPAJIKOBAas BEJIMYMHA.

JUTICHUK:

[TpuHMMalo o0a MoNOKEeHUs1, U OHU MEHSIIOT aKCUOMAaTHKY Cy-
ecTBeHHO. [IpocTpaHCcTBO-BOJA — 3TO HE IMYCTOTA U HE PEIIET-
Ka TOUeK, a HelpephIBHAS TEKyYasi cpefia, ClIocOOHas K BUXPSIM,
BOJIHAM M TEYEHUSIM, IPUTOM HeC:KMMaemasi. BpeMs kak rnopsii-
KOBasl BEJIMYMHA — 3TO HE KOOPAMHATA, a CYETYUK: OHO HyMe-
pyer nopsiiok KoHdurypanuii popmbl. JUCKPETHO U MOPSIIKO-
BO: Ba)XHO, KaKOHM KaJp 3a KaKUM, a HE PACCTOsTHUE MEXy Kajl-
pamMu. MeTpuKy Mexk1y KaJpaMU HET; €CTh TOJIBKO MOCJIE0Ba-
TEJIbHOCTb.
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