


Poman Koportkos

Teopust exUHOrO
¢dpakTaJIbHOr0 MOJIs

«ABTOp»
2026



Koportkos P.

Teopus enuHoro gpakranbHoro nosst / P. KoporkoB — «ABTOp»,
2026

B nanHo# KHUre onuckiBaetcs ""Teopust eqMHOro (ppakTagpbHOro nois" u
TEXHOJIOTMYECKUE HAIIPaBJIEHU s UCTIONIb30BAHMUS IAHHOW TEOPUHU.

© Koportkos P., 2026
© Astop, 2026



P. Kopotkos. «Teopus equHoOro (ppakTaabHOIO MOJIsH»

Coaep:xanue

[IpenucnoBue

UYro takoe cet?

Yacre [ EnrHoe nose-ocHOBa BCErO CYLIETO.
Konen o3HakoMUTENBHOTO (PparMeHTa.

~N 00 0 W



P. KoporkoB. «Teopus earHOro (ppakTaabHOIO MOJsH»

Poman KopoTkoB
Teopusa eaunoro ppakTajabHOroO MOJs

IIpeaucaosue

WHorna, a HaBepHO 0YeHb YacTo (PyHAAMEHTAJIbHBIE OTKPHITUS MPOMCXOAAT ciydaiiHo. Ho 3to
TaK BBIIAOUT Ha NEpBblid B3MIsA. VICTOpUS MOMHUT MHOTO y4YEHBIX KOTOpBIE BCIO KU3Hb U3yYalld,
IIPOBOJIMJIY OMBITHI M BIPYT MOYTHU CITyYaiiHO 3aMeYaIi HEKOTOPbIE 3aKOHOMEPHOCTH - KJTIOY K OTKPBI-
THIO 9TO TOTOBHOCTb BOCIIPUHSATD YTO-TO HOBOE, JKeJIAHHE OOBbSCHUTb HETIOHSATHbIE 3AKOHOMEPHOCTH
U el1le HEMHOT'O Be3eHMsI.

BoT HECKONMBKO KpaTKUX UCTOPUI O «CITyYalHBIX>» OTKPHITUSIX, U3MEHUBILUX MUD.

Hennuann-1otnanackuii 6akrepronor Anekcanap ®reMUHT BO3BPATUBILKCH B CEHTSOpe
1928 roga nocie MECIYHOro OTITYCKa, YYEHbIi1 OOHapy:KHJI, YTO HAa OAHOM 13 yatlek [letpu ¢ KysbTy-
Poii CTapMIIOKOKKOB BBIPOCIIa KOJIOHUS TIJIECHEBBIX TPUOOB. BMeCTO TOro 4roOb BHIOPOCHTH UCTIOP-
YeHHBIN oOpasel], PrIeMUHT 3aMeTHIT HEUTO YIMBUTEIBHOE: BOKPYT MATHA TUIECEHN OaKTepry ObLIN
YHUUTOXEHBI. BeniecTBo, Bbiensemoe rpuokom Penicillium notatum, oka3ajloch MOIIIHBIM aHTHOAK-
TEpUAJIbHBIM areHTOM.

MukpoBosaHoBas neub-B 1945 rony amepukanckuii urkenep [epcu Criencep, padotaBumit
B Komnanuu Raytheon Haj pagapamu, TeCTUPOBAJI HOBBIII MOIIIHBII MarHETPOH — I'eHepaTop CBEpX-
BBICOKOUYACTOTHOTO M3JTyueHusl. Bo BpeMst SKcrieprMeHTa OH ¢ YAMBJIEHUEM OOHApYKWJI, YTO IOKO-
JaiHBIA OaTOHYMK B ero KapmaHe pactasil. CrieHcep He ObUT paccessHHBIM yYEHbIM U TYT K€ 3aH-
TepecoBaics 3¢ dexToM. OH MMPOBEN CEPUIO OIBITOB, HAIIPABUB U3JIyYEHUE MAarHETPOHA Ha Apyrue
MPOIYKThI: TaK, OMKOPH Hayasl B3pbIBAThCA, a S0, MOMEIIEHHOE B METAJUIMYECKUI YalHUK, JIOM-
HYJIO OT BHYTpeHHero jaBiieHus1. CrieHcep MOHsUI, YTO MUKPOBOJIHBI CIIOCOOHBI OBICTPO HArpeBaTh
BEILIECTBA, COZIEPKAILUE BOAY.

Teduon:- Xumuk Poii [Tnankert B 1938 rony paboran B komnanuu DuPont Haji co3nanvem
HOBBIX XJ1afareHToB. OH 3KCIIEpPUMEHTHPOBAII C Ta30M TeTpa(pTOPITUIEHOM, XpaHUBIIMMCS B Oal-
JIoHax 1of AasiaeHreM. OJHaX/IBI, OTKPBIB KJIalaH o4epeIHoro Oauiona, [ITaHKeTT ¢ yauBlIeHHEM
OOHapy KW, YTO ra3 Ky/la-To Mcye3, a U3 OaJlJIoHa He BBIIIUIO HU €JMHOIN MOJIeKy/bl. B3BemmBanue
MOKa3aJIo, YyTo OAJIOH ObLT BOBCE He MycT. Pa3pe3as ero, yueHslil Halesn BHyTpY OeJIblii CKOJTb3KUI
MIOPOILIOK, KOTOPBII OKa3aJICsl OJIMMEPU30BaHHBIM TETPA(TOPITHICHOM. DTO BELECTBO 00/1a/1a510
YHUKQJIbHBIMU CBOMCTBAMU: OHO OBUTO MHEPTHBIM, YCTOMYMBBIM K BHICOKMM TEMIIEPATypaM U UMEJIO
KpariHe HU3KUM Ko puimeHT Tpenus, a B 1960-x ronax, ppaniry3ckas uccnegoBareabauna Konerr
I'peryap npeioxuiia UCIonb30BaTh €ro AJ1s MOKPHITUSA KyXOHHOW NOCY/bl, YTO IMPUBEJIO K PEBOJIIO-
LM B IPUTOTOBJIEHUH UL U TIOSIBIEHUIO CKOBOPOJIOK C

IlnacTuk: -Amepukanckuid xuMuk Jleo Xennpuk bakenann, meitancs co3gate CUHTETHYE-
CKMH 3aMeHUTENb He/ulaka. OH 9KCIIEpMMEHTUPOBAJ C peakiuen (peHoma u popmasbaernga. Oaux
U3 €ro SKCIEePUMEHTOB MOLIEN He IO TUIaHy: BMECTO XKeJlJaeMOM CMOJIbI ITOTy4rIach TBEpAasi, HEIpo-
3pavyHasi Macca, KOTOpPYI0 HEBO3MOKHO ObLIO YAAIUTh U3 KOJMOBl. BMecTo Toro 4roObl BHIOPOCUTH
HeyaauHblil 0Opasel, bakenann cran usyvarsb ero cBoiictBa. OH 0OHapy:KHJI, UTO BELECTBO HE IUIa-
BUTCS IIPU HArpeBaHUM, HE PaCTBOPSIETCS B KUCIIOTAX U SBJISAETCS NPEKPACHBIM JIEKTPOU30JIATOPOM.
B 1907 rony oH 3amaTteHTOBaJI CBOI Matepual, Ha3BaB ero OAKEIUTOM.

Byikann3upoBaHHas pe3uHa: AMepUKaHCKuUil n3ooperaresb Yapibs ['ynpHp Ha npoTsike-
HHUY MHOTUX JIET O€3YCIEIIHO IBITANICS ClIeIaTh KayuyK YCTOMYMBBIM K TepernajaM TeMIieparyp, Tak
KaK B apy OH CTaHOBWJICA JIMIIKMM, a B Xonox — Xxpynkum. IIpopsB npousomen B 1839 rony,
korzaa ['yprp o HEOCTOPOKHOCTH YPOHIMIT HA PACKAJICHHYIO TUTUTY KOMOMHAIMIO Kay4yKa 1 cepbl. K
ero U3yMJICHHIO, CMECh HE PacIlIaBIJIach, a OOYIJIMIACh, CIOBHO KOXKa, M CTaJla yIPYrod v 31acThud-
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HOW. DTOT MpOIIeCC, HA3BAHHBIM BYJIKAHW3AIMEH, TIO3BOIMI CO3/IaTh JIOJITOBEYHbIE IUHBI, O0YBb U
OecuncIeHHOe MHOKECTBO APYTMX M3/ENUM, 0e3 KOTOPhIX HEBO3MOXKEH COBPEMEHHBIN TPAHCTIOPT U
MPOMBIIIUIEHHOCTb.

Pentrenosckne syun: Hemeukuii ¢pusuk Bunbrensm Konpan Pentren B 1895 rony skcne-
PUMEHTUPOBAJI C KaTOAHO-JIy4eBbIMU TpyOKamu. PaboTasi B 3aTeMHEHHOH J1ab0paTopyu, OH 3aMe-
THJI, 9TO KAPTOHHBIN SKPaH, HOKPHITHIH MJIATUHOLIMAHUCTHIM OapreM, Hadajl CBETUThCS 3€JIeHOBATHIM
CBETOM, XOTsI caMa TpyOKa OblIa 3aKpbITa YePHBIM KAPTOHOM. PEeHTreH NMOoHsUI, 4TO U3 TPYOKU MCXO-
JWT KaKOe-TO HEM3BECTHOE M3JTydeHHe, CIOCOOHOE MPOHUKATh Yepe3 Helpo3pavyHble MaTeprasbl 1
Ha3BaJI 3TU JIYYU UKC-JIydaMu. DTO OTKPHITHE MTHOBEHHO MEPEBEPHYJIO MEAUIMHY, TTO3BOJIUB 3aIJIs-
HYTb BHYTPb U€JIOBEUECKOTO Tesa 0e3 XUPypPruueckoro BMeniaTe bCTBa.

Kapanocrumyasrop: B 1956 rony amepukanckuii nHxeHep YwuicoH I'peiitoatu padoran
HaJ| YCTPOWCTBOM, KOTOPOE 3alMChIBAJIO Obl PUTMBI YesioBevecKoro cepana. Cobupas cxemy, OH 10
oIMOKe B351T HE TOT pe3UCTOp U BCTaBUII ero B mpuoop. K ero ynusnenuio, cxorpaMma Havasa noja-
BaTh IEKTPUYECKUE UMITYJIbChI, PUTMUYHO COKpAIIAIoNIecs, MofoOHo cepaily. ['peir6aTy, KoTo-
pbIii paHee yKe 3aJyMbIBAJICSI O CO3[aHMM UCKYCCTBEHHOTO BOIMTENsI PUTMa, Cpasy MOHST 3Haue-
HUe 3Tor ommOKu. OH MOCBATHI MOCNENYIONIME 1BA TOla YCOBEPIIIEHCTBOBAHUIO YCTPOICTBA, U B
1960 rozmy nepBbIii UMIUIAHTHPYEMBIH KApAMOCTUMYJISITOP ObLT YCIEIIHO BXKUBJIEH YEJIOBEKY, MOJI0-
’KMB HA4aJIo 3pe CIaceHUsl )KU3HE! MallueHTOB C

Caxapun: B 1879 roay pycckuii xumuk Korcrantun ®anpOepr padotai B 1abopaTopuu mpo-
(eccopa Aiipsl Pemcena B YauBepcutete [{koHca XonKrUHCA HaJl TPOU3BOAHBIMU KAMEHHOYTOJIbHOM
cmorbl. OHAKIbI BeuepoM, 3a0bIB TIOMBITh PYKH TIOCTe paboThl, OH cell yAkuHaTh. OTKYCHB KYCOK
xJie6a, PanpOepr ¢ u3yMieHneM OOHAPYKII, 4TO XJieO UMeeT HeoObIYaiHO claakuid BKyC. OH MOHSLI,
YTO CNIAJOCTh UCXOOUT C €r0 MaJbIEeB, HA KOTOPBIX OCTATUCH CIIEBl SKCIIEPUMEHTATIBHOTO BEIIECTBA.
OH BepHYyJICS B JJaAOOPATOPHUIO M METOIOM TTPOO M OMIMOOK HAIlle)l HCTOYHUK — CYJIb(haMuH OEH30M-
HOU KMCJIOTBI, KOTOPBIH BIIOCJEICTBUM HAa3BAJ CAXapUHOM. DTO OTKPBITUE MOJAPUIIO MUPY HU3KOKA-
JIOPUIHBIN 3aMEHUTENIh caxapa, CTaBIIMIA crlaceHUeM TS TUaOeTHUKOB U OCHOBOU JIJIS LIEJIOW WH/TY-
CTpHUH.

OTH yIUBUTEJbHBIE VCTOPUM HATJISHO AEMOHCTPUPYIOT, YTO MYTh K BEIUKUM OTKPBITUSIM
penko ObIBaeT MPSMBIM | TIpejickasyeMbiM. OHH y4aT Hac IIEHUTh POJIb CIIyYaiHOCTH, HO BMECTE C
TEM MOAYEPKUBAIOT U IJIABHOE YCJIOBHE €€ peai3alui — HAJIMYME TIOATOTOBJIEHHOTO, TBITIMBOTO
yMa, CITIOCOOHOTO PasIJIsiIeTh MOTEHIMA B Heyaue, 0OpaTUTh OIMIMOKY B OTKPHITHE U YBUIETH UYIIO B
0OBIIEHHOH OIIOMHOCTH. IMEHHO coyeTaHue Be3eHHs MU TOTOBHOCTH K HEMY POXKIAET Te MPOPHIBHI,
KOTOpBbIE JIBUTAIOT YEJIOBEYECTBO BIEPE.

Ho 3T0 TONBKO MOOBUHA YCIIOBHI e11ie OoJbllie B IPOLIECCe OTKPHITUSI HOBOTO BJIMSIET UHTY-
uimsi. He Oyny BoaBaTbesi B MOAPOOHOCTH, HO 51 B 9TOM YOEAMJICS 32 MHOTHE TOfibl paOOTHI, KOraa
TOJIBKO C MOMOIIBIO MHTYHMILIMK HAXOJUTCSI IPABMJIbHBIN OTBET HA TOJIBKO YTO MOCTABJICHHBIN BOIIPOC.
A MHOTrJa UHTYMLIMSI TPAHUYHUT JJaKe C MUCTHKOM, B JaJIbHEHIIIEM s TIOTBITAIOCh BCE 3TO OOBSCHUTD
¢ nomoltpio pusuku u cpopmynupoanHoit Teopur Equnoro ¢ppakrtansHoro nons (EPIT).
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Y10 Takoe cBetr?

Hayvasno Obuto BecbMa CUMBOJIMUECKOE:

S cipocun y DeepSeek uto Takoe cBeT 1 ero OTBeT:

CBer — 3T0 2J1eKTPOMarHUTHOE U3JTyuYeHHe, KOTOPOe CIocoOeH BOCTIPUHUMATh YeJIOBEYECKUIt
r1a3. OHaKoO C TOUKHM 3peHHsi (PU3UKH TO MOHSATHE rOpaszio mmpe U riryoxe. CBET — OqHOBPEMEHHO
BOJIHA M MTOTOK YacTUI], OCHOBA KM3HU Ha 3emile U KJII0YEeBOM MHCTPYMEHT NO3HaHus1 BeeneHHOM.

1. CBeT Kak 3J1eKTPOMArHUTHASI BOJHA

B knaccuyeckoil (pusMke CBET — 3TO MonepeyHas 1eKTPOMarHUTHas BOJIHA, TO €CTh PacIpo-
CTpaHsIoLIeecs: B IPOCTPAHCTBE KoJleOaHHUe IEKTPUUECKOro U MArHUTHOTO TOJIeH, epreH JUKYJIsAp-
HBIX JIpYT JpYyTy U HallpaBJICHUIO ABMXKEeHU .- "[Mana3oH [UIMH BOJH, BUIUMBbIN [J1a30M:" IPUMEPHO
or 380 no 780 HaHOMETPOB (OT (PUONETOBOIO IO KPACHOIO).- "Bech CEKTP 37€KTPOMAarHUTHOTO
U3JTyYeHUs " BKIIIOYAET paJuoBOJIHBI, MH(PAKpPACHOE, BUAUMOE, YIbTpadpHOIETOBOE, PEHTTEHOBCKOE
Y raMMa-H13J1y4eHue, HO B ObITY «CBETOM» Yallle Ha3bIBAIOT TOJILKO BUMMYIO YacTb (M MHOT/IA TIpUJle-
raiouye yiasTpaguoser u nHppakpacHbi quamna3oH).- "CkopocTs cBeTa B BakyyMe" — (hbyHIaMeH-
TaJIbHasA KoHcTaHTa: "c" 299 792 458 m/c.

2. CBet Kak noTok yactui ((hpoToHOB)

B kBaHTOBOI (pu3MKe CBET MPOsIBIsieT ceOsl Kak MOTOK 4acTull — "(hpoTOHOB".- POTOHBI HE
MMEIOT Macchl MOKOsI, BCErja JABMXKYTCS CO CKOPOCTBIO CBETA U MEPEHOCAT KBAHTOBAHHYIO MOPIIMIO
SHEPruu.- DHeprusl (POoTOHA 3aBUCUT OT YACTOThI M3TY4YeHMs (LIBETA): 4yeM BbllIe yactora (puose-
TOBBIY, YAbTparoseT), TeM OOJIbIlle SHEPrHsl OHOTO KBAaHTA.- DTO OOBsCHSET siBieHue "(hotoad-
(dekra" (BHIOMBaHUE SMEKTPOHOB U3 BELIECTBA IO JICHCTBHEM CBETa), 32 UTO AJbOepT DUHIITEHH
nonyun HoGeneBckyio mpemuio.

3. KopnyckyJsipHO-BOJIHOBOM JayaJu3M KitioueBoe CBOICTBO cBeTa — OH OJHOBPEMEHHO
00J1a/1aeT ¥ BOJTHOBBIMHU, Y KOPITYCKYJISIPHBIMH CBOWCTBaMH. - B OomHMX 3KcrieprMeHTax (MHTEpde-
peHLus, Audpakius, Toasipu3aiusi) cBeT BeJET ceds Kak BojHa.- B npyrux (dporoaddexT, apdpext
KomnToHa, uznyuyeHue aOCOMIOTHO YEPHOIO Tela) — Kak MOTOK YacTUL-(POTOHOB.DTOT Jyaau3M
JIEKUT B OCHOBE KBAHTOBOM MEXaHUKU M ObLJT ICTOPUYECKUM ITPOPHIBOM B IOHUMAHUM MUKPOMMpA.

Takoil 0OTBeT MHe He NOHPABWJICS, B pe3yabTare s1 ¢(pOpMyIMPOBaJ HOBBIN B3IJIS1Y
Ha IPHUPOJY CBeTa M KaK 0Ka3aJI0Ch HOBBII B35l HA NPUPOY BCero.

! npo6sieMbl He TOJBKO CO CBETOM, COBpeMeHHasi (PU3NKA He MOKeT OTBETHTh Ha
BOIIPOC YTO TaKOe JIEKTPHYECTBO, MAarHeTH3M, CTaTHYECKOe JJIeKTPHYeCTBO, rPaBUTa-
oHs1, mo4yemy y Boabl 6oJiee 50 He0ObACHIMbBIX CBOIICTB 1 MHOT'O€, MHOT'O€ JIPyroe.
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Yacrts I Equnoe nmoJsie-ocHoBa Bcero cyuero.

IBoIONHA HAYYHBIX KAPTHH MHpa

Kaxnas snoxa poxjaia ceoio metadopy Beenennoid. [l fpeBHUX rpekoB MUP ObUT «<KOCMOC»
— HOPAIIOK, IPOHU3aHHbIA pa3yMoM. [[J151 CpeTHEBEKOBOTO Y€JI0BEKA — «4aCOBOM MEXAHU3M», 3aBe-
neénnbi Cozparenem. g HeloToHa — «TUraHTCcKass MalMHa», JBUKYIIACS 110 3aKOHAM MEXaHUKH.
B XX Beke meTaopoii cTast «<KOMIThIOTep»: (PU3UKH 3arOBOPUIIM 00 MH(MOPMAIIH, OMTaX, BEIYUCIH-
MocTtH. Ho ceronHs, B 310Xy HAaHOTEXHOJIOTMH, UCKYCCTBEHHBIX HEUPOCETEN U OTKPBITUSA (PpaKTaIIb-
HOU ITPUPOJIBI CIIOKHBIX CHCTEM, Ha3pesia HoBas MeTagopa: «BceneHHasa — 310 KUBOE, MyJIbCUPYIO-
IIee MOJIOTHO, Ha KOTOPOM (ppaKTaJIbHBIE Y30PbI BSKYT MAaTEPUIO U3 BUOPALIMIA €IMHOTO TOMs».DTa
KHHWIa — HE IIPOCTO IEPECKa3 aJIbTEPHATUBHON (PU3NYECKOU TEOPUM. ITO MOMNbITKA B3IVIAHYTh Ha
MHUPO3JaHUE KAaK Ha HETPEPBIBHBIM TBOPUECKUH IIPOLIECC, T/IE€ HET MPONACTU MEXIY «MaTepuen» u
«TI0JIEM», MEJKTY «HEKUBBIM» U «KUBBIM». MBI Ha3BasM 3TOT noaxox, « Teopuent eanHoro (ppakrais-
Horo nosisi (TE®II)». B ocHOBe e€ — HeCKONbKO MPOCTHIX UIEH, KOTOPbIE Mbl U3JIOKUM 0e3 (popMyI,
UCIIONB3Ys JMIIb 00pa3bl U aHasoruu. JanbHelye riaBbl OyayT cogepkaTh CTPOTrMe MaTeMaThye-
CKHE BBIKJIA[IKH IS T€X, KTO 3aX04€T IPOBEPUTH TEOPHIO YUCIIEHHO.

I'naBa 1. Mup He mycT

C percrBa Hac y4ar: MpOCTPAaHCTBO — 9TO IycToTa. Mexay atToMaMu — HU4ITO. Mex 1y 3BE€31aMu
— BakyyM. Ho tak ym 310? [IpeacraBbre cebe Oacceitn ¢ Bogo. Boma — cpena. Eciu GpocuTh B Heé
KaMeHb, MOUIYT Kpyry (BOJIHBI). Ecay nmporuibITe oa BOAOM, BO3HUKHYT BUXPH. B mycroTre BOIHBI
HE pacnpoCTpaHsIOTCs, BUXPH He 00pasytotcs. Tak mouemy ke cBet — BonHa? Kiaccuyeckas puznka
BBIKPYTHJIACh, OOBSIBUB, UTO CBET — 3TO U BOJIHA, M YaCTHIIA OJHOBPEMEHHO, a Cpesia eMy He HyKHa.
Ho 10 ynoBka, a He 0ObsICHEHHE.

B TE®II mbI Bo3BpamaeMcs K Hee «Cpedpl», HO He Tou, uTto B XIX Beke HaszblBaM «3(u-
pom». DPpup NpeACTaBIIsAIM KaK HEMOABHKHYIO, a0COMIOTHYIO cucTeMy oTcuéra. OnbiT Maiikeb-
coHa—Mopiu nokasai: e€ He cymecrtsyeT. OIHAKO U3 3TOTO HE CIEAYET, YTO Cpella OTCYTCTBYET
BooOmie. [Tpocto oHa He craTuyHa, a «IMHAMUYHA», «(paKTaIbHa» U BEIET ceOs1 He KaK KECTKUI
KPHCTAILT, a KaK BSI3Kasi, MyJIbCUPYIOIIAst KUAKOCTb — TOUHEe, KaK «CyOCTaHIHMsI, CIIOCOOHAs K caMo-
OpraHu3aLym>».

HazoBéM 3Ty cyOCTaHIIMIO «peNIMKTOBBIM MoJieM». OHO 3alONHSET BCE MPOCTPAHCTBO, HE UMesT
HU HavyaJla, HM KOHIA. Ero «Kupnuumkm» — MUKpOCKOITMYECKUE TOPOUIAJIbHBIE BUXPHU, pa3Mep KOTO-
PBIX paBeH IUIAHKOBCKOM JUIMHE (310 puMepHO 10 B MuHYyc 35 cTeneHn MeTpa — Takas MaJIoCTb, UTO
MBI HE MOKEM €€ YBUJETb JaXe B CaMblii MOIIHBIA MUKpOcKol). Ho 3T BUXpu HE MEPTBBIE IOPO-
IIMHBI: OHU HAXOASATCS B MOCTOSIHHOM COIIACOBAHHOM JIBUKEHUH, «BUOPUPYIOT». DTa BUOpaLus —
MIEPBUYHBIN UCTOYHUK BCETO.

«Hcroprueckas anasorus.» B npesnert MHauu cuntaiv, 4To MUp COTKAH U3 «HUTH» (CBSLLEH-
HBII IHYp Opaxmana). B rpeueckoit mudonornn Ananke (CyapOa) mpsiia HUTH ku3HU. CeromHs
MBI OBl CKa3aJI1 — «I10JI€ BSKET MaTepuIo» U3 BUOpaluii, MOI0OOHO TOMY, KaK Ha TKallKOM CTaHKe U3
NepervieTeHus HUTen poxaaercs y3o0p. CTaHOK —3T0 (DyHJaMEHTAJIbHBIE 3aKOHBI, 8 HUTH — BUXPEBbIE
JMHUK. MaTepust — He IIPOCTO CI'YCTOK, a «y3€JI», OIPe/IeIEHHBIM 00pPa30M 3aBsI3aHHBIN HA 9TON HUTH.

I'naBa 2. BuOpanus u cTosiune BOJHbBI: POXKIE€HHE «KATBHIIIKOB»
Bo3sbMmute 00bIuHYIO 1IEpCTsAHYI0 KodTy. [Tornaasre e€ — Ha TOBEpXHOCTH 0Opa3yTCsI MaJIeHb-
KM€ YIUIOTHEHU S, «KaThIKW». OHU BO3HUKAIOT TaM, TJieé BOPCUHKH COUBAIOTCSI B KOMOYEK MO JIei-
CTBUEM TpeHUs. AHAJIOTUYHO, B PEJIMKTOBOM TOJIE CYIIECTBYIOT MECTa, IJie BUOPAIIUH CKJIAAbIBAIOTCS
TaK, YTO 00pa3yeTcsi «CTosT9asi BOJIHa» — 00JIaCTh, KOTOpast KojieOJeTcsl, OcTaBasich Ha Mecte. B 11eH-
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TpPEe TAKOH CTOSTYEN BOJIHBI SHEPrUsl NOJIsI KOHLIEHTPUPYETCS, ¥ BO3HUKAET YCTOMYMBBIN TOMOJIOTAYe-
CKMi1 1e(PEeKT — «BUXPb», HATOMUHAIONINIA OYOIUK (TOp). DTO U €CTh «EKTPOH» — (DyHAAMEHTAJIb-
Hasl 4YacTHILIA, OCHOBA IPOTOHA.

Pucynoxk topa

N3 npencraenenust Topa Mbl MokeM c(hOpMyYJIMpoBaTh MoHsATHE (HOTOHA. [laxke mpocToit Top
MOJKET BpaIllaThcsl cpa3y B S HampaBieHusX. Moxerte npeactaBuTh? Tpu HarpaBIeHUs — 3TO OObIY-
HbI€ KOOPIMHATHI BBEPX-BHU3, BIIPABO-BJIEBO, BIepe-Ha3al. Eile Top MOXET npu 3TOM BpalarbCs
KaK KOJIECO BOKPYI CBOEM OCH IO YacOBOM CTpeJIKe Wi MpoTuB. U ellie OHO HampaBjieHue — TOp
MOKET BpalllaThCsl BHYTPb CeOs1 UM HAPYKYy KaK pe3WHOBOE KOJbIO. Tak BOT cMeHa HampaBieHUs
WJIM CMEHa OPUEHTALIMK TOpa, HA30BEM 3TO AEWCTBUE NEPEBOPOTOM.

Kak Bo3HUK 3TOT 00pa3 y MeHs. Sl MOCTOSIHHO TPEHUPYI0 KUCTH PYKU C TIOMOIIIBIO TPeHaXepa
Power Ball



P. Kopotkos. «Teopus equHoOro (ppakTaabHOIO MOJIsH»

Kaxk BumuTe, 3TO TMPOCKOI B TMPOCKOIE — UTO OBl €r0 PACKPYTUTh HY)KHO PUTMUYHO HA HETO
BO3/IEIICTBOBATh, HO, €CJIM PUTM COMTh OH MOMEHTAJIbHO MepeBOPAYMBACTCS, IPU STOM COpachiBast
CKOPOCTb.

AHAJIOTMYHO TEePEeBOPOT SYEHKM EAMHOTO TOJIs- BBI3BIBAET M3JIyYeHHE MOPIMU SHEPTUM —
oton. He oron nerut or ConHiua k 3emJe, a BOJIHA IEPEBOPOTOB KaK KPYrw MO BOAE OT yIaB-
I1IEr0 KaMHsI JOCTUraeT Kpasi JIy’KH, TaK ¥ BOJIHA U3JTy4eHust U3 001ero mojis qprkeTcs ot ComHia K
3emite. JTliogsam 100 et Haza g 310 ObLIO OBI TPYIHO cede MPeCTaBUTh, HO Y COBPEMEHHBIX JIIOJCH BCe
9TO Bceraa mnepes ra3aMu. ITO eJIOUHbIe TUPIISH/IBI ¢ «OeryIMMHA OTOHbKAMK» - OTOHEUKH Oerarot
BOKPYT €JIKH, HO JIAMITOYKH BUCAT Ha MecTe. Wi «Oerynmii» CBeT Mo MUKCesIsiM MOHUTOPA.

JloByiika omnbITa ¢ €qUHAYHBIM (DOTOHOM, 3aKJII0YAIaCh B TOM, YTO JJIsI OIBITA CIIEIUAIBHO
MoAOMpaTd mapaMeTpsl, YTo Obl cpaboTaia Bcero ofHa siuerka noss. Tak ¥ IporCXoauio, suerka
nosist cpabaThiBajia C/ieBa WM CIIPaBa OT MOIYNPO3PAvHON IIACTUHBI, HO BBIBOJBI ObUIM CIEJIaHbI
HEBEPHBIE.

TE®II ¢ 1erkocTbio 00bsICHSIET MPOOJIeMY CBSI3aHHBIX (POTOHOB.

3anyTaHHbIE YaCTUIB — JIBE IMyYHOCTH II00AJIbHOM CTOsTYEH MOJIbI 1oJ1sl. B cruty rio6anbHOi
KOT€PEHTHOCTH TOJIsI IBE IPOCTPAHCTBEHHO pa3/ie/IeHHbIe YaCTHIIBI MTHOBEHHO pearupyioT Ha u3Me-
HEHHUE OIHOU U3 HUX.

[Touemy 371€KTpOH —3TO TOp, a HE, CKakeM, MO3UTPOH WM HeuTpuHo? [lotomy uro hopma
Y OpUEHTAIMS BUXPS OMpeNessioT ero cBoicTBa. OnuHOUHbIA TOp (OyOnMK) — 3TO 37eKTpoH. Tpu
B3aMMHO 3alIeTUIEHHBIX KOJIbIA — 3TO MPOTOH (UM KOMOMHAIMS, TAoIas 0osee CJI0KHbIE YACTHIIBI).
Tak 13 MPOCTHIX BUXPEBBIX MOJI, KaK U3 OyKB ajihaBUTa, CKJIaJbIBAIOTCS «CJIOBa» U «(Ppa3bl» — aTOMBI,
MOJIEKYJIbI, 3BE3/IBI.

«O0pa3 a1 3anomuHanus1.» [IpeacraBbre, uTo BeeneHHas — 3TO OrpOMHBIA «BHOPUPYIOLIHIA
6apabaH», Ha IOBEPXHOCTH KOTOPOT'O MECOK BBICTPAMBAETCS B y30PblI ((pUryphl XJIaqHu).
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PUCYHOK IJIaCTUHBI XJIAAHHU.

[TecunHKM — 3TO HE CaMOCTOSITENIbHBIE YACTHULIBI, a CJIeIbl CTOSTYMX BOJH. TOYHO TakK ke Mpo-
TOHBI — 3TO CTYCTKH TOJIs1 B MyYHOCTSAX BuOparmu. Tobko 6apabaH TpEXMEPHBIH, a BOJHBI — BUXPe-
Bble. [10ABUIMCH CHUMKY BCEJICHHOW B OYEeHb OOJIBIIIOM pa3Mepe W OHA BBINJISIIUT KaK TpexMepHast
IJIaCTUHA XJIaIHHU.
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dotorpadus BceseHHON

I'naBa 3. ®pakraabHas Hepapxusi: OT IVIAHKOBCKOH [VIMHBI 0 FaJaKTHK

B npupone cymiecTByeT yauBUTEIbHOE CBOWCTBO — camonofooue. BarisHuTte Ha BETKy mamno-
POTHHMKA: KQXABIM e€ JIUCT MoBTOpsieT (popmy wiesioro. [locMoTpuTte Ha GeperoByio JTMHUIO: €€ U3JIOMBI
BBHITJISIASAT OIMHAKOBO Ha JII0OOM Maciitade. 1o HaseiBaeTcs «Ppaktaiom». TEDIT yrBepskaaeT, 4to
Y CaMO PEJIMKTOBOE I0JIe YCTPOEHO (PPaKTaIbHO. DTO O3HAYAET, YTO €r0 CTPYKTYypa MOBTOPSIETCS Ha
BCEX YPOBHSIX — OT MUKPOCKOIUYECKOTO (TJIAHKOBCKAsl IJIMHA) JO KOCMUYECKOTO (pa3Mep rajakTHK
U UX CKOIICHUM ).

[Tpu 3TOM MEpexoj OT OTHOTO YPOBHS K IPYrOMY MOAUMHSIETCS] CTPOTOMY MPABUITY: «KaKIbII
CIIeYIONI MacITad OoJIbIIe MpeIbIAyIero B 3 pa3», rae 8— 3HaMeHUTOe «30JI0TOe CEUeHHe», PaB-
Hoe npuMepHO 1.618. D10 yncio TeICAYEIeTHS BOTHOBAJIO ApXUTEKTOPOB U XYI0KHUKOB. OKa3bIBa-
ercsi, OHO 3alI(pPOBaHO B CAMOM YCTPOWCTBE Bakyyma. VIMEHHO 30JI0TOe ceueHHe 0OecreurnBaeT
MaKCHMAaJIbHYIO YCTOMUMBOCTb: €CJIU BbI MOIBITAETECH [IOCTPOUTh UEPAPXHUIO BJIOKEHHBIX BUXPEH, TO
OTHOIIIEHHE pa3MEpPOB COCEAHMX YPOBHEH, paBHOEe 3, 1aCT caMblii MeJJIEHHbIII pE30HAaHC U MUHHU-
MAaJIbHYIO BEPOSATHOCTDb Pa3pyLIECHUSI.

«[Ipumep.» [lomycTuM, TUIAHKOBCKAasl JITMHA — 3TO MaciiTad omgHou suerku. Cliemyronuii
YCTOMUYUBHII ypOBEHb (HApUMep, paauyc MpoToHa) OyaeT B ‘8 pa3 kpymHee. 3ateM paauyc aroma
—eni€ B 8 pa3, u Tak jajiee, Moka Mbl He IOUIEM A0 paauyca rajaktuku. [lomyyaercs necTHuia, B
KOTOPOM Ka)kJ10€ 3BEHO — 3TO «BUXPEBOH y3es1» ONPeAeIEHHOMN CI0KHOCTH. Tak U3 MUKPO- B MaKpoO-
MUP NEPEXOIAT HE Yepes CllyyaiiHble (IyKTyalluH, a Yepe3 CTporue (ppakTajabHbIE CKAYKU.

I'naBa 4. D1eKTpoH — npocTeiiee BUXPeBOe KOJIbIO

B TE®II Bce snemeHTapHbIe YaCTHIIBI — ITO HE TOUSUHBIE OOBEKTHI, 4 «YCTOWYHMBBIC BUXPEBbIC
y3JIbl», 00pa30BaHHbIE 3AMKHYTHIMU HUTSIMH U3 MUKPOCKOIMMYECKUX TOPOUAATBHBIX sTueek (pr3uue-
cKoro BakyyMma. VX macca, 3apsiJ ¥ B3aMMOJEWUCTBUS ONPEAEIIAIOTCS UCKJIIOUMTEIBHO T€OMETpUen 1
TOIOJIOTHEN ITUX Y3JIOB.

«DNEeKTPOH» — MpOCTeias cTabuIbHas BUXpEeBas CTPYKTypa: OMHOYHOE 3aMKHYTOE BUXpe-
BOE KOJIBLIO MUHUMAaJTbHOW SHepruu. OH siBJIsieTcs1 6a30BBIM MACIITA0OM MacChl M_e, U UMEHHO Yepe3
OTHOILICHHE MAaCC BCEX OCTAJIBHBIX YACTHII K JIEKTPOHY BBIBOAATCS (DyHIaMEeHTalIbHBIE Oe3pa3Mep-
HBle KOHCTaHTBI Teopur. [IpencraBpre cede uaeanbHO POBHBIN TOp (OyOIMK), KOTOPBIN MOKET MyJIb-
CHPOBATh M BpaIllaThCsl. DHEPrusl, HEOOXOAMMAsI JIJIs IOAePKaHUSI TAKOW KOH(PUTYpaIun, (PUKCHPO-
BaHA — 3TO U €CTh YHEPrusl MOKOs eKTpoHa. Ero 3apsii BOZHUKAET U3-32 ACUMMETPUU OPUEHTAINU
BUXPSI OTHOCUTEJIBHO OKPYKAIOIIIETO MOJIsl.

I'nasa S. IIpoToH — TpéX1BeTHBII y3eJ

[IpoToH — 3HaUMTENBLHO OoJiee CIOXHAsI CTPYKTypa. OH MpeACTaBIIsieT COO0M «TPEXIIBETHBIN
y3€eJ», COCTOSILIMI U3 TPEX B3aMMHO 3alICIUIEHHBIX BUXPEBBIX KoJel] (YCJIOBHO «KPACHOTO», «3eJIE-
HOTO» U «CHUHET0»). DTH KOJIbI[a CMHX POHU3MPOBAHBl KOMOMHATOPHBIM 00pa3zoM. [IpencTaBbre TpH
OyOnuKa, MPOIETHIX JIPYT Yepe3 Apyra, MPUIEM Kak Il M3 HUX BpaIaeTCcs COrNIACOBAHHO C OCTaJIb-
HBIMU. YncIio crioco6oB Takoi cuaxponusanym — 6 (3!). K atomy n1o6aBisiorcs — msaTh 000pOTOB Ha
KaXJJOM U3 IIIECTH JIETIECTKOB, YTO MOKA3bIBAET MHOXHUTEb T B ScTernieHu. B pesynbrare nomyvaercs
TouHas (hopMyJa AJisi OTHOIIEHUSI MacC MPOTOHA U SJIEeKTPOHA:
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ITO COOTHOLIEHHUE, MOyUeHHOE €3 MOATOHOUYHBIX NTapaMeTPOB, COBNAJAET C IKCIEPUMEHTOM
¢ ToyHOCThIO 10 0.0019%. OHO sBAsAETCA OQHUM U3 KpaeyroibHelx kKamHell TEDIT.

[Nouemy npotoH ycroituuB? IloToMy UTO TpM BHXpsl HE MOTYT PacIUIECTUCh 0€3 OrpOMHBIX
3aTpar SHEPruu — OHM TOMOJOTMYECKH 3alelyieHbl. VIX COBMECTHBIE MyJbCallid CO3AI0T 00JIACTh
CUJIBHOTO pa3pekeHHs MOJIsl, YTO U BOCIIPUHUMAETCS KaK SIEPHOE MPUTSKEHUE IS JPYTUX YaCTHII.

I'naBa 6. HeiiTpoH — He caMOCTOSATEJIHLHAS YaCTHIIA, a CBA3aHHAs CHCTeMa

B TE®II «HelTpoH» HE ABJIAETCA NEMEHTAPHOM YaCTULIEH. DTO «CBsI3aHHAsI CUCTEMa» IIPO-
TOHHOTO y3JIa U 3JIEKTPOHHOI'O KOJIbLIA, YAep:kuBaemas aedopManyent noss ssueek. Korna anekrpon-
HOE KOJIbIIO PUOIMKAETCS K TPOTOHY HA OYEHb MaJIOe PACCTOSIHUE, TI0JIE MEK Iy HUMU CHJTBHO MCKa-
JKaeTcsi, © BO3HMKAET MeTacTabuibHasi KOH(Urypalusi — HeWTpoH. Ero macca mpeBblliaeT cymmy
Macc MPOTOHA U JeKTpoHa npumepHo Ha 0.782 M»sB. Dta no6aBka — s3Heprus Aedopmariyu moss.

«bera-pacnan HelTpoHa» OMUCHIBAETCS KaK OTPBIB JIEKTPOHHOIO BUXPs O[] IeCTBUEM (DITyK-
TyallH PeMKTOBOro (poHa. I1pyr 5TOM M30BITOK SHEPTUM YHOCUTCSI BOTHOU-TPUITEPOM — «aHTUHEH-
TpUHO». B Hameld Moaeny HeWTPUHO — ITO He YacThIla, a KBAaHT BO30YXKICHUS TOJSI, MOJOOHBIN
(potony, HO ¢ Apyroi NonsIpU3aIUEH.

I'naBa 7. /Ipyrue yactuibl 1 nepapxus Macc

MIOOHBI, TAOHBI, KBAPKHU U MPOYME IKZOTUUECKUE YACTHUIIbI — 3TO OOJee CIOXKHBIE BUXPEBbIE
KOH(pUTypalyy, BO3HUKAIOIIME NPU JOOABICHUHM JIOTIONHUTENBHBIX 3alleTUIEHUd 1 ypOBHEW (ppak-
TaJIbHOU nepapxuu. MIx Macchl Tak:ke BbIpakaloTcs yepe3 (pyHAaMeHTaIbHble KOHCTAHTHI ‘3 (30510TOE
ceuenue) U K (koncranta Koporkosa). Hanipumep, Macca MIOOHa BBIBOAUTCS KaK

YTO OueHb ONMM3KO K HaOmopaemomy 3HaueHuio (206.768). 3aech a— MOCTOSHHAS TOHKON
CTPYKTYPBL.

B Teopun eauHOro (bpakTaabHOTO MO IOCTOSTHHASI TOHKOUW CTPYKTYPBI O BRIpAKAETCs Yepes
YHCJIO U CAeAYIONIMM 00pa3oM:

o' = dn® + 7% + 7 2 137.037

YucieHHoe 3HauYeHHE
13
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1 1
~ ——— & 0.007297

473 + 72+ 137.037 :.

ITO TEOPETUYECKOEe 3HAUYEHUE MPAKTUYECKU COBIAJAET C SKCIEPUMEHTAIBHO U3MEPEHHBIM O
1/137.036. menHo sta ¢opMyna U UCHONb30BANACH 17151 TOMYYEHU s OTHOIIEHUS] MAacChl MIOOHA K
Macce JeKTPOoHa:

3

~ ~ 205.6

20 2 x 0.007297

C yuérom manoii nornpaBku npudnusutensHo 0.001 oT pakTasbHON CTPYKTYpPbI OIS MOJTY-
yaetcs 3HaueHue okoso 206.8, 6nuzkoe k HaOmogaemomy 206.768.

Takum o6pazom, TEDII npeackaspiBaeT Macchl BCEX M3BECTHBIX YACTHIL Yepe3 KOMOUHALUU
w8, Kua.

I'naBa 8. ATomHOe s11po — (ppakTajbLHAsI pelméTKa

SAlapo aToma — 3TO He NMPOCTO Ky4Ka IIPOTOHOB U HEUTPOHOB. B TE®II npoToHHBIE 11 HEUTPOH-
HBIE y3JIbI IUIOTHO YTIAKOBAHBI B PEHIETKY, FEOMETPUs KOTOPOl HATOMUHAET TMIePOOTMUYECKIE COTHI.
VYIiibl MeKAY CBA3SAMMU ONPEEAIOTCS 30JI0TBIM CEUeHUEM: 7T/2 1 27t/S5. DHepruu CBsA3U siiep (BIUIOTh
10 ypaHa) MOTYT ObITh BHIYMCTIEHBI Uepe3 Te ke (PyHJaMeHTaIbHbIE KOHCTAHTHI, YTO M MACChl YACTHII.
Hanpumep, sHeprus cBs3u IeUTpoHa (TPOTOH+HENTPOH) OKa3bIBAETCS MPONOPLIUOHATIBHON

Takum oOpazom, B TEPIT atom niepecTaér ObiTh HAOOPOM 3araJJOYHBIX «KHPITMYUKOB», & CTa-
HOBUTCS IIPe/ICKa3yeMOy MepapXxueil BUXPEBbIX CTPYKTYP, BIMCAHHBIX B €IMHOE (PpaKTaJIbHOE M0JIe
Bcenennoii. OT 271eKTpoHa 0 spa ypaHa — Bce YPOBHU CaMOMOAOOHBI M OTUYMHSIIOTCS] OTHUM U TEM
€ TeOMETPUYECKUM 3aKOHOMEPHOCTSIM.

I'naa 9. 'paBuTanusi — He NPpUTSIKEHNE, a BTATUBaHUE

Ortkyna O6epétcst rpaBuTanmsi? B craHmapTHON TeOpUM TO UCKPHUBJIEHUE MPOCTPAHCTBA-Bpe-
Menu. Ho uckpuBiieHne — 310 reomerpudeckas aocrpakiys. B TE®II rpaButarmsi oObscHsIETCS
HaIJIsJHee: MacCUBHAs YacTria (OOMBIIOI BUXPEBOH y3eI) «pa3pekaeT» OKpykKaiollee peIMKTOBOEe
nosie. [IpescTaBbTe, 4TO BB JIeXKUTE Ha OaTyTe — 1oj1 BaMu oOpasyercst ssMKa. Ecii nmonoxuTs psaiom
IIapUK, OH CKAaTUTCS B AMKY. He motomy, 4To 6aTyT «UCKPUBIIEH», a TOTOMY YTO TUIOTHOCTh TKaHH
TI0]] BAMH TIOHM3WJIACh, M IIAPHK CTPEMUTCS B 00JIACTh HAMEHBIIICH SHEPTUH.

AHaJIOrM4YHO, BOKPYT 3€MJIM IUIOTHOCTh BUXPEBBIX sAueek mnajaaer. pyroe teno (Jlyna) uys-
CTBYET 3TOT IPAAMEHT U JIBHXKETCS B CTOPOHY 3emuin. HUKakoro TaMHCTBEHHOIO AajibHONEUCTBHUsA!
Bonee Toro, aTa Moziesb pe/IcKa3bIBAET, YTO IPABUTALIMOHHAS OCTOsAHHAS G MOKET OBbITh BhIpakeHa
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yepes IJIAHKOBCKHE €IMHUIIBbL, @ B CUJIbHBIX TOJISIX BO3HUKAIOT HEJIMHEWHBIE 3(P(EKThI, KOTOPbIE MBI
MHTEPIIPETUPYEM KaK YEPHBIE JbIPbl U UICKPUBJIEHHE JIyUell CBETA.

«BasxHblii BbIBOI.» ['paBUTALINA — HE OTIEIIbHAS CUJIA, A IPOSIBJIEHUE YIIPYrOCTH BakyyMa. Mel
He Maj1aeM Ha 3eMJII0 U3-3a «IIPUTSKEHUsD», a IOTOMY UTO 3eMJIsl «BbleJJaeT» I10J1e 1ofl Hamu. B aTom
CMBICJIe TpaBUTALUs Onnke K «3¢dexty bepHymm», 4eM K MarHeTu3Mmy.

I'naBa 10. Kpacnoe cmemnenne 6e3 pacmupeHust

C 1929 roga acTpoHOMBI 3HAIOT: CBET OT JAJIEKMX FAJIAKTUK CMEIIEH B KPacHYI0 CTOpoHy. CTaH-
JapTHOE OOBSICHEHNE — TAJIAKTUKHU pa30eraTcs, MPOCTPAHCTBO pacimpsiercs. Ho Torna Bo3HUKaeT
BOIPOC: OTKY/Ia B3sUIaCh SHEPrus it 3Toro pazoeranus? [Ipuxoqutcs BBOOUTh TEMHYIO SHEPIHIO —
3araJlouHyIo cyocTaHiuio, Hukem He BujieHHyo. B TE®IT mbl nipeqiaraem qpyroii MeXaHu3M.

BcnomanMm, uto penvkToBoe mojie BuOpupyeT. Ero yacrora v(t) He MOCTOsSIHHA, OHA IVKJIH-
YeCKM MEHSIETCS: MeIJICHHO YObIBaeT /10 HyJs, 3aTeM Bo3pacraer. Ceilyac Mbl KUBEM Ha HUCXOJIS-
et BeTBU. POTOH, UCHYIIEHHBIN TaIEKON raJTak TUKOW MUJLTUAP/ JIET Ha3al, UMEJT YaCTOTy, PaBHYIO
TOrJAIlHEN YacToTe MoJisi. 3a BpeMs ero MyTeliecTBUsl YacToTa 1ojis yMmeHbliack. Korga ¢goton
JOCTUTAET HAC, OH B3aMMOJICHCTBYET C sTYeHKaMU, IMEIOIUMH YKe MEHBIITYI0 COOCTBEHHYIO YacCTOTY.
[Toatomy ero sHeprus (a 3HAYUT, U YaCTOTa) BOCHIPUHUMAETCS KaK MOHWKEHHAs! — 3TO U €CTh Kpac-
HOE CMELIECHHE.

[Tpu 3TOM paccTosiHUS MEX Ty raJTaKTUKaMU He MEHSIIOTCsl, BecenieHHast He pacimpsieTcs. 3akoH
Xab06ma

BBIMIOJIHSIETCS JIJIS1 MaJIbIX Z, HO nocTtosgsHHas H_o TEIEPb TPAKTYETCA KaK CKOPOCTDb 3aTyXaHUA
YaCTOTHI I10JIA, @ HE CKOPOCTh pa36eFaHI/I}I. D10 U30aBIAET HAC OT HCO6XOJII/IMOCTI/I B TEMHOM 9HEPIruu
IJIA 00BACHEHUS YCKOpPEHUA.

I'naBa 11. PeqinkToBOE€ H3JIydeHNe — «/IbIXaHHE» BaKyyMa

N3BecTHO, YTO KOCMOC IPOHN3aH MUKPOBOIHOBBIM (pOHOM ¢ TeMnieparypoit 2.725 K. B cran-
JApTHOM KOCMOJIOTMM 3TO «OCTBHIBIIMI (DOTOHHBIN ra3» Bonbiioro B3peiBa. B TEDII — 310 «HEmno-
CpPEeINCTBEHHOE M3TyUYeHHe KOoNeOmonumxcs sueek». Kakasa sdeiika nogoOHa MajleHbKOMY pe30Ha-
TOpY, KOTOPBIN MCITyCKAeT 3JIeKTPOMAarHUTHBIE BOJIHBI Ha CBOEH COOCTBEHHOM yacToTe. AHCaMOIb
sueeK Ja€T TeIJIOBOM CIEKTp, OJIM3KUIl K IIaHKOBCKOMY, C TEMIIepaTypon

T = hv/kp. Cerogna v = 57 ITuy,

qro 1 gaér 2.725 K.

[NockonpKy yacToTa mosist v(t) yObIBaeT, Temreparypa pelmKToBoro (oHa Toxe nagaer. Yepes
10 MuHapIOB JIeT oHa cTaHeT Hike. Hukakoro «Bbosbioro B3peiBa» Kak Havyajia BpeMeH! He ObLIO;
Bcenennast cymniecTBoBasia Beeryia, mpocTo e€ mosie MyJIbCHPYeT, MPOXO/sl Yepe3 MUHUMYMBI U MaK-
CHUMYMBI. DTO IUKJINYECKask MOJIESb O3 CUHTYISIPHOCTH.

I'naBa 12. Témuas 3Heprusi — He3aBepIEéHHbIe (PpaKTaJbHbIE YPOBHH
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Ml 10 cuX 1op He OOBSICHIIIH, TIOUYeMY pa3zOeraHue raJlakTHK (eciii Obl OHO OBLIO) YCKOPSIIOCh.
B TE®II yckopeHus HET, HO €CTh OAVH UHTEPECHBIN 3(P(EKT: B IpoLiecce «BA3KW» MATEpUH U3 OIS
MOCTOSIHHO CO3/1al0TCSl HOBBIE YPOBHM (DPaKTAJIbHOW MEPAPXUU. DHEPrus, 3anacéHHasi B 9TUX He3a-
BEpPILUEHHBIX YPOBHSIX, IIPOSIBIISIETCS KaK «TEMHAs SHEPIUs», HO HE B BUIE KOCMOJIOTMYECKOU TIOCTO-
SIHHOM, a B BUJE JIOTIOJIHUTENIbHOTO rpaBuTaiimonHoro orrtainkusanusi? Her, B TE®DII rpaBuranus
BCEI/la MpUTSAraTesibHa, a YCKOPEHUe pacIliipeHus — WUTI03Us, TOPOXKIEHHAS HEMPABUIIbHON UHTEP-
nperanyei KpacHoro cmeieHrs. OJHAKO MIOTHOCTh TOW «CKPbITOW SHEPIUU» MOKHO BBIUMCIUTD
yepe3 (ppakTaiabHbll ypoBeHb N 588. VIMEHHO CTOJIBKO MEepapXUYECKUX I1aroB OTAEJSIET MIaHKOB-
CKUI MacmTad oT pa3mepa HaOmonaemon BeeneHHoi. I oHa 4aéT poBHO Ty TUIOTHOCTB, KOTOPYIO
MIPUITUCHIBAIOT TEMHOM 3Heprur B ACDM.

I'naBa 13. Henpa niianeT — ruraHTCKue peakTopbl BSI3KH

MBI IPUBBIKJTA TyMaTh, YTO METAJUTBl 00pa3yloTcs B 3BE3/1aX, HE()Th — U3 OCTAHKOB OPraHU3-
MOB, Bojia — mpuHOCcUTCS KoMeTamu. TEDIT npeiaraet JoNoIHUTEBHBIN, Oostee pyHIaMeHTaTbHbIN
MEXaHWU3M: «IIJIaHEThl CAMU SIBJISIIOTCS LIEHTPaMHU, TJIE TI0JIE «BSIKET» CJIOKHBIE BEIIECTBA U3 PEJIMK-
TOBOM cpefibl». [ TTyOMHBI TUIaHET — 9TO MeCTa, TJie YCJIOBUS OJIM3KU K PE30HAHCY C OCHOBHBIMU YacToO-
Tamu 1oyist. Tam BUOpaIusi JOCTUTaeT MaKCUMyMa, U CTOSTYME BOJTHBI CO3/IAIOT Y3JIbI, COOTBETCTBYIO-
e aTOMaM TSDKETBIX JIEMEHTOB. DTU JIEMEHTHI MOAHUMAIOTCS K TIOBEPXHOCTH BYJIKAHUIECKUMU
MIPOLIECCAMHU.

«[IpumepbL.» 3emis: Bojia, HallIeHHAs B aiMa3ax U3 MaHTUH, He MOTJIa ObITh 3aHECEHA MeTeO-
puTamMu — e€ CIMIIKOM MHOTO. AOMOTeHHBII CHHTE3 yriieBonopoaoB (ombiThl Ky3nerosa, 1970-¢)
MOKAa3bIBACT, UYTO U3 YIJIepoja M Bomopojaa noju aasieHueM oopasyercss Heptb. TEDIT oObscHSET,
MOYeMy 3TO IPOUCXOIUT: B HEJIpaxX TUIAHETHI MOJIe MOACP;KMBAET PE30HAHC, 00JIeryaInuil 00paso-
BaHME CJIOKHBIX MOJIEKYJI. Mapc: KpacHBIH IIBET — OKCHJIBI KeJie3a, KOTOPbIE, BOZMOXHO, CHHTE3UPO-
BaJIMCh HEMIOCPEICTBEHHO B €r0 KOpPE, a He TOJIbKO M3-32 BYJIKAHU3MA.

I'naBa 14. Po:xxaenne HedpT, BOAbLI 1 METAJJIOB B HeApax 3eMJn

CornacHo TE®II, siapo 3emim — 3T0 OrpOMHBIN «y3ell» (ppaKTaabHOU Mepapxuu. Bzammo-
JEWCTBUE BUXPEN MOPOKAAET MOTOKU SHEPTUH, KOTOPbIE MHUIIMUPYIOT SIEPHBIE PEaKlMU CUHTE3a
JIETKHMX 3JIEMEHTOB B OoJiee TSIKENbIE, a TaKkKe KaTaIM3UPYIOT 0Opa30BaHUE CIOKHBIX MOJIEKYJISp-
HBIX CTPYKTYp. B wactHOoCcTH, Boa (HO) BO3HMKaeT Kak OfjHa U3 CaMbIX YCTOMUMBBIX BUXPEBbIX KOH-
durypanuii — e€ Monekysa odnagaetT COOCTBEHHON YacTOTOM, KPaTHOM YacTOTe PETMKTOBOTO TMOJS.
[Tostomy Boma noBcemecTHa Bo Beenennoii. HedTh — 3T0 cMech yIiieBOIOPOIOB, CTAOMIN3UPOBAH-
Hasl BO (PpPAKTATBHBIX «SYedKax» TOPHBIX TIOPO/.

IO 03HAYAET, UTO OMOreHHOe MPOUCXoXaeHue Heptu oTpuniaercs. oo
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P. Kopotkos. «Teopus equHoOro (ppakTaabHOIO MOJIsH»

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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