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#542 TsopeHue MaTepuuM M3 JHEPrUM NPOCTPAHCTBA: OTBETbl HMHOILUIAHETHH.
I'paBuTannonHoe 3amMe/jIeHHEe BPEMEHU.

22 ¢espans 2023 rona

Y4acTHUKH:

HWpuna  IlomsopoBa  —  KOHTakTep €  BHE3EMHBIMM  [MBWIM3ALUAMH, C
TOHKOMAaTepHAIIbHBIMY LIMBUIIM3ALUAMHU U C [IlyXOBHBIM MUPOM,;

Maxkcum bponeBckuil — nHxeHep, PU3NK-TEOPETHK, Y(HOoIIoT;

Paom Twuitan — mpenacraBuTenb IUIAaHETHI bypxan, CIENMAIUCT 10 JHEPrETHUYECKUM
B3aMMOJEHCTBUSIM B OKpY>KalOIEeH cpeie MaTeprualIbHOTO U JIlyXOBHOTO MUPOB U MPeoOpakeHuit
Pa3IUYHBIX YHEPTUN.

00:00 Hauajo Buaeo.

00:20 ®parmenTbl KOH(pepeHIHH.

«...B Mex3Be3nHoMm Coro3e oTkpblin 6 048 BHIOB MaTepUaIbHBIX YHEPTHIA. . .»

«...X0Ts B (u3nueckoil BceneHHOM HET TakMX CyIIECTB, KOTOpPbIE OBl COCTOSUIM TOJBKO
U3 MIEPBOTO YPOBHS IUIOTHOCTH, HAIPUMED, KAMEHHBIX JIIOACH. . .»

«...CIOCOOHOCTh Ballla K CO3JAaHUIO pa3NUYHBIX (QOPMYT M K ONUCAHUIO ATUMHU
dbopMynaMu peasbHOCTH HECKOJIBKO YBOJIUT Bac B aOCTPAKIIHIO. .. »

«... — JTO MOHATHO. S| 3HaI0, MOYKHO PHEPreTUYECKU IyTELIECTBOBATh B aToMax, s )K€
CJIBIIIAI.

—Ha...»

00:58 IlpencraBieHne y4aCTHHKOB.

Maxkcum: Utak, 3apaBcTByiiTe, noporue apy3bs! CeronHs ¢ BamMu cHoBa Mbl — MpuHa
[Tom3opoBa — KOHTaKkTe€p C BHE3EMHBIMU IUBWIM3ALMAMH, U s ydosor, uccieaoBaTelb
MHOIIJIAaHETHBIX (HOpM KU3HU, UHXKeHep, pusuk Makcum bponesckuii. Ceroanst y Hac BTopas
cepusi KOH(pEpeHIM o Hayke, I7ie Mbl OyAeM paccMaTpuBaTh BCeleHCKHI TpOMYHBIA KOJ —
TOT, YTO TOJApa3yMeBaeT co0OW HHepruro, MHPopMmaluio U Mmatepuro. To, 4TO MBI yXe B
HpOILIBIN pa3 o0Cyk1anu, cerogus npojosrkaem. Urak, Mpuna, npuser!

Hpuna: 3apaBcTByiiTe, TOporue npy3bs, s Bac npuBeTcTBYr0! MenHs 30ByT HpunHa
ITon3opoBa, s ABIAIOCH KOHTAKTEPOM C BHE3EMHBIMM LUBMWIM3alUsAMH. CeromHs ¢ Hamu
npucyrcteyer Paom Tuitan ¢ tutanets! bypxaa. OH sBIseTCA CIIENMAIUCTOM I10 MCCIIEOBAHUIO
DHEPreTUYECKUX B3aMMOJECHCTBUM B OKpYXKAlOLIEH Cpele, B TOM YHUCIIE UCCIEAYET pa3InyHbIC
SHEPruu GU3NYECKOro U 3(PUPHOTO IUIAHOB, KOTOPbIE OTHOCSTCS K Hallell 3eMHON (u3uke.

Maxkcum: IlpuBerctByto, Paom Twuitan! Haneroch, y Hac ceromus Bce Oyxer
KOHCTPYKTHUBHO, KaK M OOBIYHO, B IPUHLIUIIE.

02:10 Paom Twuiian 00 3Hepruu A0co/110Ta KAK MCTOYHHKE MaTEPHUH.

Makcum: UYem dBisercd DJHEPIUS [0 OTHOLIEHUWIO K MaTepud, KakKk MOXKHO
chopmynupoBaTh?

Hpuna (Paom Tuiian): McrounankoM. EAMHCTBEHHBIN HCTOYHUK BCEX BHUIOB MATEPUHU —
910 ’Heprus. Ho iemo B Tom, 4To cama MaTepusi — 3TO U €CTh SHEPTHs B 0c000i opme, KoTopast
OTIIUYAETCS Ha KaKIOM YpPOBHE IJIOTHOCTH BUOPAIMOHHO-YACTOTHBIMHU XapaKTEPUCTHUKAMHU,
XapaKTepHbIMU MMEHHO JUIsi TOTO WJIM HHOTO YpPOBHS IUIOTHOCTH. Kak s yxe pacckasbiBall,
YPOBHU TUIOTHOCTH MaTE€pPHAIILHOTO MHUpa OOBEAMHEHBI B KiacTepbl. IMEHHO oObenuHEeHUE B
KJIACTEPhl TO3BOJSET OJIM3KMM YPOBHSIM TUIOTHOCTH B3aWMOJCHCTBOBATH MEXIy COO0OM U
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OpOXkAaTh BeeneHuyto.

Maxkcum: Paom Tuitan, a 31€Ch MOXHO TaKk FOBOPHTb, C TOUKH 3PEHUS HAYKH, PU3UKH,
YTO Y Hac €CTh TaK Ha3bIBa€Mble TOHKOMaTepHaibHble Beenennbie?

Hpuna (Paom Tuiian): MoxHO ux Ha3BaTh BceneHHBIMU, MOXHO UX Ha3BaTh MPOCTO —
«MHPBD...

Maxkcum: Ho 310 ke, 1o umee, — nenbsle BeellenHple, Takue ke, KaK HaIlla, TOJBKO W3
JIpYroi MaTepuu CO3/1aHbl, B IPUHLIMIIE?

HNpuna (Paom Tuiian): Uto 3HauuT «u3 Takoit xe»? Tam 1pyroil ypoBeHb INIOTHOCTH.

Maxkcum: Jlpyroli ypoBeHb IUIOTHOCTH, APYI'ME€ YAaCTOTHBIE XapaKTEPUCTUKU MATEpPHUU,
KaK 51 HOHUMAIO.

HNpuna (Paom Twuitan): la. Te yacToTHBIE XapaKTEPUCTUKH MATEPHUU, KOTOPHIE €CTh B
TOHKOMATE€pPHAJIbHBIX MHpPAX, T€ YacTOThl, KOTOpbIe OBLIM BBIPAKEHbI B BalllUX €IWHUIAX
U3MEPEHHUs], MBI YK€ IepefaBanu Mpune — 1 1 agpyrue CreualucTsl.

(Upuna): a, s xouy cKa3aTb, OHM €CTh B Hamieid kuHure. Tam ectb Tabmuma, rae
HAIIMCAaHO, KAKUE YaCTOThl COOTBETCTBYIOT TOMY MJIM HHOMY YPOBHIO IZIOTHOCTH.

Maxkcum: I mpocTo XOTeNl CIpPOCUTh, MOKHO JM TaK TOBOPHUTh, YTO MaTEpHsl BCEX
BceneHHbIX, B TOM 4HCiIe TOHKOMATepHAIbHBIX, CO3/IaHa U3 DHepruil Adcomora?

HNpuna (Paom Tuitan): MoxHO ckazaTh, 4TO MaTepusi — 3T0 (hopMa SHEPTHH.

Maxkcum: llomydaercs, Imoka »HEPrUM HE CKOHACHCUPOBAIUCH, HE IPEBPATUINCh B
MaTepuaibHOE COCTOSHUE, OHU IMPOCTO HAXOIATCS B CBOOOJHOM COCTOSIHHUH, a TOTOM YXKe
CO3/1aI0T MAaTEPHIO, s IPAaBUIHLHO IOHUMAIO?

Hpuna (Paom Tuitan): DHeprus 10 co3qaHus MaTepUU Ha3bIBAETCS TyXOBHOM dHEpruei.
JIyXOBHBIX OHEpPruil CylIecTBYeT B MWUIMOHBI pa3 OoJibllle, YeM pPa3HOBUAHOCTEH
MaTepHaJIbHBIX YHEPTU.

Maxkcum: [ToHaTHO. DTO TO, UTO MBI Ha3biBaeM DHeprueit AdcomtoTa?

HNpuna (Paom Tuiian): [a, ato, ectecTBeHHO, — DHEeprus AOcomtora u fereit Adcosnora.

Maxkcum: A s NpaBWIBHO IMOHUMAl0, MPOCTO HEKOTOPHIE KOHTAKTEPHI (BOT S 4acTO
BcTpeuancs ¢ Anexkcanapom [ mazom, paboTtai ¢ ero KOHTaKTepaMu, TaM ObUTH TaKue TEPMHUHBI),
HEKOTOphIe [MBMJIM3AIMUA NPUMEHSAIOT K 3TUM OHeprusiM AOcCoNoTa Takue TEPMHUHBI, Kak
«TEpBUYHBIE MATEPUN», WU «IIEPBOIHEPTUN» («IIEPBUUHBIE SHEPTUN»), WIH «IIPOTOIHEPTUNY.
OTO MOXHO TaK Ha3BaTh?

Hpuna (Paom Tuitan): Bo3moxxHo, epBUYHON MaTepuell OHU HA3bIBAIOT CaMblii MEPBBIi
U caMblii TOHKMII MaTepUaJIbHBII MHUp, CaMbIM IE€PBbIM MOSBIAIOLIMIICS B MaHBaHTape (10
Halled TePMUHOJIOTUU 3TO — 59-i ypoBeHb MJIOTHOCTH). BO3MOXKHO, € UX TOYKH 3pEHUSs, 3TO
SBJISIETCS TIEpBOMATEpHEi, TOTOMY YTO U3 3TOW MEepBOMATEPUH 00pPa3yIOTCs YK€ BCE OCTaJIbHbIE
YPOBHU ITUIOTHOCTH ITyTE€M MOHWXEHUS BUOpAIMil TONH SHEPTUH, KOTOPas CO3/IaeT MaTepuaibHbIe
CTPYKTYpPBI Ha 3TOM ypOBHE.

06:12 Paom Tuiian o co3nannu BceeHHBIX M0 MaTpule-MeuTe AOCOJIIOTA.

Maxkcum: ITonyuaercs, rpy6o roBopsi, AGCOII0TOM CHadajia HHGOPMAIIMOHHAs MaTpHIla
3amaeTcs, kak BcenenHas Oyaer oOpa3oBaHa, a TOTOM IO 3TUM MaTpUIAM CTPOSATCS BCe
Bcenennbie pazHomaTepraibHbIe, C pa3HBIMH YaCTOTHBIMH XapaKTEPUCTUKAMH MaTepUn?

Hpuna (Paom Tuitan): S nmonsn Bompoc. AGCOMOT co3aaeT HHPOPMAITMOHHYIO MATPHUILY
Oynymux BceneHHbIX B camoMm oO0IeM BHjE, YTOOBI HE CO3/1aBaTh MPEMSATCTBUNA B TBOPUECTBE
teM Ero netsiM, KOTopble TOTOM TBOPSAT 3TH BceneHHble y:ke HeMOCPEACTBEHHO U3 MaTEPHUH.

B camom o6miem Buie OH mpencTaBisieT cede, Kak MOXKET BBITJISICTh BeelleHHas, kakue
TaM OynyT Qopmbl KM3HH, Kakue (OpPMBI CYIIECTBOBAHHUS, 3aKOHBI MpHpoAbl U T.a1. Ho
MPOSIBJISIIOT 3TH ONpPENETCHHBIE MBICTM WM MedThl AOcomtora Ero nmetu, KoTopeie yike
HEIMOCPEICTBEHHO BOIUIOMIAIOTCS HA TOM WJIM MHOM YPOBHE IJIOTHOCTH U MMYTEM KOHJICHCALIMH U
VIUIOTHEHUSI MaTEPHUH CO3JAr0T OoJiee TUIOTHBIM Mup. M moToM B Hero Toxe Boruiomarorcs. 1
TaK MPOJOJIKAETCS 10 TeX MOp, MOKa BCSI MaHBAaHTapa HE Pa3BEPHETCA, UTO YXKE MPOU3O0ILIO B
HACTOsIIee BpeMS.



07:42 Paom Twuiian 00 ypoBHSIX INIOTHOCTH Haleil BcesleHHOM U X KiacTepax.

Hpuna (Paom Twuitan): B Hacrosmieit manBantape 59 ypoBHeW IUIOTHOCTH, M TO, YTO
HaxXoAWTCAd Ha |-M ypoBHE IUIOTHOCTH, YK€ HE MOXKET OBbITh JaJbllie YIUIOTHEHO B HamIei
MaHBaHTape, IMOTOMY 4YTO JTOMY MPEIATCTBYIOT T€ 3aKOHBI IPUPOABI, KOTOpPHIE ITOCTaBUI
Abcomor.

Maxkcum: Ilonyyaercs, IIIOTHEE BEIIECTBEHHOW BCeneHHOM yKe HUYEro HeT, HUKAKOU
Ipyroii BeeneHHoM HUXKE 110 YPOBHIO?

Hpuna (Paom Tuitan): 1-i1 ypoBeHb IJIOTHOCTH — 3TO OJHA W3 TpaHed (u3Hueckon
BceneHHoH, 2-i1 ypOBEHb IUIOTHOCTH — 3TO BTOpas IpaHb, U 3-H ypOBEHb IUIOTHOCTH — 3TO
TPEThS I'PaHb, KOTOPBIE COCTABJIAIOT OJAWH KJIACTEP.

Maxkcum: 1 moTom yke TOJIBKO MO BO3pacTarouied uayt: 4-il, notom 5-i...

Hpuna (Paom Tuitan): 4-i1, 5-i1, 6-i1 cocTaBIAIOT BTOPOM, CoceHU knactep. 4-i1, 5-i1, 6-
i, 7-i1, 8-1 m 9-it — BOT 3TH YPOBHU IUIOTHOCTH HEMOCPEACTBEHHO CO3/IaBaId (PU3HUECKYIO
Bceenennyro. [103ToMy OHU M Ha3BIBAIOTCS — «IJIEMEHTAIINY», TO €CTh «CO3AAIOIIUE IIEMEHTHD.

Maxkcum: S npaBuIIbHO IOHKMMALO, YTO, €CJIM MBI OepeM U3 MaTepHalibHOM Beenennoil 4-
r0 ypOBHs IUIOTHOCTH KAaKMX-TO CYILUECTB — TO, YTO MBI HA3bIBAEM («DHEPIeTHUECKUE WIIU
IUIa3MOUIHBIE HUBUIM3ALUN», — TO C 5-M YPOBHEM IUIOTHOCTH OHU (PU3NYECKH COIMPHKACATHCS
HE MOTYT, MOTOMY UYTO Y HHMX pa3HbI€ YaCTOTHBIE XapaKTEPUCTUKU MATEPUU, OHU OyAyT MPOCTO
CKBO3b JPYT JIpyra MpOXOAUTh?

Hpuna (Paom Twuitan): Her, 4-ii, 5-ii u 6-i1 COCTaBJISIOT BTOPOil KiacTep, HOJ00OHO TOMY,
Kak 1-, 2-i1 w 3-ii ypOBHHM IUIOTHOCTH BCE€ BMECTE COCTABJISIIOT (DU3UYECKYI0 MATEpHIO.

1-ii ypoBEHb IJIOTHOCTH — TBEPJOE BEIIECTBO — BIIOJIHE MOXET CONPHUKACATHCS CO 2-M
YPOBHEM IUIOTHOCTH — KUJKOCTBIO.

Maxkcum: Takyro k€ aHaJIOTHIO Ha HUX MOXHO IIEPEHECTH?

HNpuna (Paom Tuitan): [a. IIpocto oHu mo-apyromy conpukacaroTcsi — TaM HE aTOMBbI, HE
MOJIEKYJIbI, TaM I10-APYTOMY.

Maxkcum: Ilonarao. To ecTts OHM Apyr Japyra OLIyIIaTb MOTYT, €CIIH «pyKa K pyKe
IIPUKOCHETCS, YCIOBHO rOBOPS?

Hpuna (Paom Tuitan): Jla, oHM MOTryT mHpuKacaTtbCsi M OLIyLIaTh APYr Jpyra, U OHU
XKHUBYT B 0JJHOM Kiactepe. Ho B omimnume oT gpusnueckoi BeenenHoi, ux 5- IIOTHOCTh O0JIbIe
muddepeHMpoBaHa, OTIENIeHa, 4YeM, Hampumep, B ¢usndeckoid BcenenHoill 2-ii ypoBeHb
IUIOTHOCTHU OT 1-ro. OTAeneHa, OTOMY 4TO TaM HET ONPEAEIEHHBIX aTOMOB M T.J., TaM IPOCTO
CTPYKTYpHI, cocTosiinue u3 CpeTa (1moka3siBaeT MiprHe CBETOBBIC BCTIBIIIKH).

Ho B mobom ciywae 4-if, 5-if, 6-if ypoBHHM IJIOTHOCTH CO3Aal0T BTOPOW Kjactep, Ie
CYIIECTBA >KUBYT B ONPEACICHHBIX Tenax 4-ro, 5-r0 Wiaud 6-ro ypoBHA IUIOTHOCTH, XOTS B
¢u3nueckoil BeerneHHOM HET TakuX CYIIECTB, KOTOpPbIE OBl COCTOSUIM TOJNBKO U3 1-TO ypOBHS
IUIOTHOCTH, HANpUMEp, KaMEHHBIX JIOACH, WM JIOJEH, COCTOSIIMX IPOCTO W3 BOJIBI, WIH
CYIIIECTB, COCTOSIIMX M3 ra3a, Kak pa3yMHOe 00J1aKo.

Maxkcum: ITonsaTHo.

11:23 Paom Twuiian 0 B3aUMOJeiiCTBHM YPOBHE#l IUVIOTHOCTH (PM3MYECKOr0 MHUpPa U
€ro pa3BuTHH.

Hpuna (Paom Twuitan): B temax mepBoro kiacrtepa, To ecTh (pusmdeckoil BcemeHHow,
CMEIIIaHbl BCE YPOBHM IJIOTHOCTHU: 1-H, 2-i1 n 3-i1. Y TeM HE MeHee Mbl, T'yMaHOM/IbI, )KUBEM Ha
3-M ypoBHE IJIOTHOCTH, HO 3-i1 BMemIaeT B cedsl Bce OCTallbHbIE, IOTOMY YTO Tra3, Halpumep,
00BOJIAKMBAET BCE IUIAHETHI, HA KOTOPBIX JKUBYT pasyMHbIE CyllecTBa. bojee Toro, miuaHeTsl
CaMU KOHJICHCHPYIOTCS MIOCTENEHHO U3 T'a3a, KOTOPBIM paHee HaXOIWJICS B INIA3MEHHOM, TO €CTh
OYEHb Pa30rPETOM COCTOSIHUU B 3BE3/E.

W nocrenenHo myrtem mepexoia 3TUX BELIECTB, KOTOpbIE ObUIM B 3Be37€, B KOCMOC H
NOTOM COJMKEHHS C TMOMOUIbI0 T'PAaBUTALMOHHBIX IMOJIEH M CO3MAIOTCS CTPYKTYpBI IUIAHETHI.
KoneuHo, Bce 3TO MpOUCXOAUT HE caMO COOOH, a MoJ BIMSHUEM IUIa3MOMIHBIX ITUBUIM3AINM,



KOTOpbIE CO3/1al0T GU3NUECKUI MHP.

S xouy BaM cKaszaTb, UTO co3jaHue (U3UYECKOr0 MHUpa JaJeKo elle He 3akoHueHo. OH
MOCTOSIHHO Pa3BUBAETCS, MOCTOSIHHO MEHSETCS, U M03TOMY paboTa B IIEpBOM, BTOPOM U TPEThEM
KJIacTepax MaTepHalbHOTO MHpa MOCTOSIHHO KUITUT, MPOI0JKAETCS.

13:07 Paom Twuiian o cmocodax mepexoaa B mMup Apyroi miaorHoctu. CosgaHue
NOPTAJIOB.

Maxkcum: Ilo kmactepam 3mech TMOHSATHO TOsicHEHWE. Torma ecinw Mbl OepeM BTOPOit
KjJacTep UM BceneHHyr0 TOHKOMaTepHalbHYI0 M3 TPETbEro KacTepa, TaM YXKE OHHU
COIPUKACAThCS U COIIACOBBIBAThCS (u3ndecku He cMmoryt? OHu OyIayT MpPOCTO CKBO3b JPYT
Jpyra MpOXOUTh, TaK KaK pa3Hble (JOpMbl MaTepru?

Hpuna (Paom Tuitan): [a, ux yxe oT TpeThero Kiactepa oTiaensier 3gpupHas npocioika,
KaK Y NEPBBINA KJIACTEP OTHENSET OT BTOPOTO.

Maxkcum: MM, yToOBI TIOTaCTh BO BTOPOU KJIIACTEP, HATO Yepe3 MopTal KaKoh-To, Yepe3
3(UPHBIA YPOBEHb IPOHUKHYTh, €CITH OHH 3aXOTAT?

Hpuna (Paom Tuitan): Onu Moryt oOuiarbes uepe3 Actpall, 1M00 OHM MOTYT CO3/1aBaTh
NOpTaJIbl U HEMOCPEICTBEHHO MPOXOJUTh CBOMM TOHKUM TEJIOM B ATOT MHUp. Ho st aTOro onn
JOJKHBI CO3/1aBaTh OMNpEENIECHHbIE MOJS — T€, KOTOpble MO3BOJSAT UM HAaXOAUTHCS B MHpE
JPYToii MIOTHOCTH U MIPU 3TOM YIEpKUBATh CBOM COOCTBEHHBIE T€JIa B 3TOM MHpPE, YTOOBI OH UX
HE BBITOJIKHYI (ITOKa3bIBaeT Mpune).

Maxcum: IIpu 5TOM Hy’>KHBI KOJIOCCAJIBHBIE 3aTPaThl SHEPTUU C UX CTOPOHBI HA CO3AaHUE
opTanoB?

Hpuna (Paom Twuitan): Co3nanue mOpTaNoB BO3MOXHO. He To, 4TOOBI mpsiMo
KOJIOCCAJIBHBIE 3aTpaThl SHEpPruu. Jla, IeHCTBUTENBHO, 3HEeprus Tpatutca. Ho mis aToro HyxHa
Kakas-1u0o 1eNb, MOTOMY YTO OOBIYHO XBaTaeT OOLIEHHs C JIPYTUMH YPOBHSAMHU IUIOTHOCTH
yepe3 acTpajibHOE IMPOCTPAHCTBO KaK CBS3YIOLIEE 3BEHO MEXKIY BCEMHU MHUPAMH U BCEMHU
YPOBHSIMU IUIOTHOCTH.

A BOT mopTai cTpouTcs B 3pUPHOIN MPOCIOHKEe, U MOXKHO 3a/IeHCTBOBATh camy 3(pUpHYIO
BHEpPruio0 3Toi mpocioiiku. Ho B mo0OoM ciaydae dyepe3 mopran, Hampumep, BO3MOXKHO
BO3/ICiiCTBHE Ha (PU3NYECKOM YPOBHE, BO3JCICTBHE Ha MPEAMETHI, K MpHUMEpY, (PU3NIECKOrOo
MHUpa — TO, YTO BBl Ha3bIBacTe MOJTEPreicTaMu U T.A. JTO BO3MOXKHO. KOHEUHO ke, Ha 3TO
YXOJUT SHEPTUSL.

Taxoke HEKOTOphIE IUIa3MOUAHBIE LMBWIM3ALMU CTPOAT MOPTaJbl I TOTO, YTOOBI
nepesaBaTh SHEPTUIO0 CBOET0 MHpA, HACHIIICHHYIO OIMpPEEIeHHBIMU MbIciedopMaMu, HE depes
AcTtpain, 4ToObl YacTh PHEPTUU HE TPATUIIACh HA MOJIMUTKY ONpPENENeHHBIX 3IPEropoB u T.1., a
HENOCPEe/ICTBEHHO B (Qu3nyeckuii wmup. Hampumep, Tak pgenaroT s TapMOHM3AIUH
IIPOCTPAHCTBA, JJIS JICUEHUS] U TaK JaJlee.

15:48 Paom Twuiian 00 3Hepruu 1o OTHOLICHWIO K MHGpoOpManuu.

Maxkcum: Xopoiro, Torja JBUTAEMCS Aajblie (HEMHOXKO OTONLIH). Takoil Bompoc: 4yem
SBJISICTCS HHEPTUS IO OTHOILIEHUIO K nHpopManuu? Kak MOXKHO 371eCh CTPYKTYpHUPOBATh?

Hpuna (Paom Tuitan): Madopmarus — 310 onucaHue, XxapakTepUCTUKA SJHEPTUU, KaK Obl
JaHHBIE O HEH; ATO TO, YTO XPAHWUTCA B MEHTAJbHOM Inoje. Ho HekoTophle IUBWIM3ALMU U
MHGOPMAIIMIO Ha3bIBAIOT BUJIOM SHEPTUH, OHU MPOCTO €€ Ha3bIBAIOT — «MEHTAJIbHASl SHEPTUS»
WIH «3HEPTUS MBICIIN.

Maxkcum: To ectb, T1Ie ¥ Kak 3Ta 3Heprusi OyJaeT CTPYKTypHUpOBaHa, Kakue y Hee OyayT
Ka4yecTBa, CBOWCTBA M TaK Jajiee, 3aJOXKEHO B HMH(POPMAIMOHHBIX MaTpHuuax AOCOII0TOM
3apanee?

Hpuna (Paom Tuitan): Cmotps, 0 ueM sHeprus. Mupopmaims — He TpocTo abCTpakTHOE
noustue. MIHpopmaius — 370 Bcerja Kakue-To JaHHbIE, 3TO BCEI/la ONMMCAaHUE Yero-To, KaKoro-
TO IpoIecca MM KaKOro-To 00BbeKTa, TMO0 B3aUMOJICHCTBUS MEXTY HUMH.

Bor, Hanmpumep, undopmanus o Tede ONMMUCHIBAET, KaK Thl BBITJISAMILE, KTO Thl, KaK T€0s



30ByT. Tl — INYHOCTH, @ TO, YTO TeOS 30BYT MakcuMm — 310 yxe uHdopmanus. Ho camo cioBo
«Makcum» — 3T0 He Thl, IOTOMY YTO KpoMe TeOsI €CTh APYrue HOCUTEIH 3TOr0 UMEHHU.

Maxcum: Cornacew, Ja.

Hpuna (Paom Tuitan): [loaTromy cioBo «Makcum» — 3T0 4acTh UHpOpMaluu o Tede, HO
3TO — HE THI.

Makcum: Xopolo, Torjia IBUraemcs Jajblie.

17:46 Paom Tuiian 0 xapakTepuMCTHKAaX, BUAAX JHEPIUH U ee NPOSBJICHUM B BHJE
BHOpanuii.

Maxkcum: MIMeroT 11 KaTeropuu S3HEPrUH CBOIO CTPYKTYPY COCTABISIOUINX YACTHOCTEH —
TUIOB M BUA0B? MOJHO JIM CKa3aTh, YTO DHEPIHsl — OTO: NEPBOE — JABMKEHUE, BTOPOE —
kosiebanue marepun? Uto KOHKpETHO 3TO Oyner?

Hpuna (Paom Tuiian): UTo 3HAYHUT «ABMKEHUE)?

Maxkcum: YV Hac BONpOCH! 3aJal0TCs K€ C MO3HMIMK Halled 3eMHON Qu3uku? A y Hac B
3eMHOW (u3uke, kak Tbl 3Haemb, Paom Tuitan, mobas sHeprus (Oepem, OMyCTUM,
JJIEKTPOMArHUTHYIO SHEPruio, KOTOPYI0 U3JIy4aeT aHTeHHa B IPOCTPAHCTBO) SBISETCS
BOJIHOBOM, TO €CTh HMEET OIpPEACICHHBIE YacCTOTHBIE XapaKTEPUCTUKU, TO €CTb BOJIHBI
co3/1ar0TcAa B mpocTpancTBe. M Bompoc Takoi: Bes sHEprus Bo BeeneHHol — BOJIHOBast WIIM HET?
Wnu He Bcerna sHEPrUs — BOJIHOBAs, B BOJTHOBOM BHJE? BOT ¢ 3TOro MOKHO Hayath.

HNpuna (Paom Tuitan): To, uTo Bbl Ha3pIBaeTe BOJHOBOW SHEPTUEH, CAMO CJIOBO «BOJIHAY
— 3TO BCETO JIMIIb Ballli 00pa3bl, KOTOPHIMHU BBl OIUCHIBAETE PEATTLHOCTD.

Maxkcum: Y Hac B pU3MKE MO BCEM Jaxke HKCIIEPUMEHTaM (MBI CO3/1aéM BOJIHBI B BOJIE U
C MOMOIIIBIO BOJIH MIEPEHOCUM SHEPIHI0) BOJIHA ABIsieTCS HOocuTeaeM »Hepruu. Ilomydaercs Tak,
¢ Hamel no3unuu. [IpaBuiibHO 3T0 cPOpPMYITHUPOBAHO UK HET?

Hpuna (Paom Tuitan): Bonna cama no cebe — HocuTens 3HEpruu. YTo ecTh TaM BOJIHA,
YTO HET TaM BOJIHBI, IPOCTO OJJHA — OTEHI[HAJIbHASA, a BTOpasi — KUHETHYecKasl.

Maxkcum: [la, npaBUIIBLHO.

Hpuna (Paom Tuitan): Ecnu Boga criokoifHas, B HEl ecThb HHEPrus B JIIOOOM ciydae.
[TpooGpazom BojbI ABISETCSA TaK Ha3blBaeMoOe HHepreTruueckoe noje. Ho To, 4To Bbl Ha3bIBaeTe
JBUKEHHEM, TO €CTh BOJHOMW, — 3TO OIpPEIEICHHOE MPOSBIIEHUE MOTEHIIUAIbHOW SHEPTUN B TOM
WJIM UHOM JIEHCTBUHU.

Uto kacaercs BUAOB dHEpruu, B Mex3pe3iHoM Coro3ze OTKpbhITO U onucano 6 048 BuaoB
MaTepuanbHbIX dHepruil. Ho, omsTh ke, Ha HamleM s3bIKE OHM OINMCAHBl, Y HUX €CTb CBOMU
Ha3BaHUS, CBOM YAaCTOTHBIE XapaKTEPUCTHUKH M. ..

Maxkcum: Tak, cmotpu, Paom TuiiaH, 31€Ch BaXKHBIN BOIIPOC. Y KaXKIOH JIM YIHEPTUU ECTh
YacTOTHBIE XapakTepucTHku? Wim, kak Thl cKazaj, 3TO TOJbKO KMHETUYECKHUI BUJ 3HEPIUHU, B
NOTEHIMAJIE OHA HE UMEET YAaCTOTHBIX XapaKTEPUCTUK?

Hpuna (Paom Twuitan): Kak mnpossrnenue ee. Beab mobas sHeprus MoOXeT ObITh
IpOsIBJIEHA U MOXET ObITh M3MEpeHa ONpeIeNCHHBIMH MPUOOpaMu, KOTOpbIE M3MEPAT T€ WIIH
VHBbIE DJHEPreTUYeCKHe NpPOSBICHMS, WM KaK Bbl Ha3blBaeTe, «BOJIHbD) (Mbl Ha3blBaeM —
«BHOpaLUM», «IHEpreTudeckre BHOpaLuU»). DTO TaKOE€ PYCCKOEe CIIOBO, aHAJIOTH HWHOIJA
CJIOHO M0100paTh K HAIIUM HAayYHBIM TEPMHHAM, HO CAMbIM OJIM3KUM OYAeT — «BHOpaIfmy.

20:54 Paom TwuiiaH 0 KoJIM4eCcTBe BUI0B dJHEPruM B puznueckoii Beenennoii.

Hpuna (Paom Twuifan): Mbi B MexsBesqnom Coroze otkpeuin 6 048 Bumos
MaTepuaibHBIX IHEPrui, U3 HuUX Qusndeckux — 9. Tonbko 9 sHepruil y HacC COCTaBISIOT BEChH
¢usuueckuit mup. To ecth Bce ['amakTuku, Bce 3BE3/bl, BCE IUIAHETHI, MEXK3BE3IHBIN Ta3 U Tak
Jajee cocTosT U3 9-u GU3NYeCKuX SHEPruil.

Maxcum: BemectBenHnas Beenennas umeet Bcero 9 sHeprui, tak?

Hpuna (Paom Tuitan): /la, BemectBeHHass Beenennas uMeer Bcero 9 sHepruii, KOTopbie
HaXoJATCs MO0 B (hopMe CIIeIHATIbHBIX CTPYKTYPHBIX IJIOTHBIX YaCTHUI, Ha3bIBAEMBIX aTOMaMH,
anbo B Oosiee KPYIHBIX, KOTOpbIE YK€ COCTaBISIOTCA W3 HHUX, JIMOO B ¢opMmMe CBOOOJIHO



IMMPOSABJICHHBIX (I)I/I3I/IHCCKI/IX KBAHTOBBIX IOJIEH.

21:54 Paom Tuiian o mousitun aBu:keHust B Mesxk3sesagnom Corose.

Maxkcum: Tlonstao. Tormga kak Obl ThI OXapaKTEepU30BaJl JBM)KCHHE M KOJeOaHHE: 3TO
YTO THUIIBI KHHETUYECKON YHEPIHH, €€ pa3HOBUIHOCTU?

Hpuna (Paom Twuilan): JIBrmkeHne ogHOr0 0OBEKTa OTHOCUTEIBHO APYroro OoObeKTa i
MOTY OXapaKTepHU30BaTh Kak MPOSBICHHUE, €CIIM Mbl TOBOPUM O (PU3NUYECKOM OOBEKTE. ..

Maxkcum: J[a, eCTECTBEHHO.

Hpuna (Paom Twuifan): J[BwkeHue OAHOrO (U3UUECKOro, TO €CTh BEIIECTBEHHOIO
o0BekTa (I0TOMY YTO MaTepHaIbHOE — ATO HE 00s3aTeIbHO (PU3NYECKOe, OHO COCTOUT U3 ATHX 9
BUJIOB PHEPTUil) OTHOCUTENIBHO APYroro (pu3nyeckoro o0bEKTa Mbl HA3bIBAEM «IIPOSBICHHUEM
M3MEHEHUS TPAaBUTAILIMOHHBIX MOJIEH BOKPYT 3TUX OOBEKTOBY.

To ecTb IpaBUTOHBI MEHSIOT BEKTOpP HANpaBICHHS CBOUX 3apsAI0OB, €CIH TaK MOXHO
cKa3aTb. TOJIBKO 3TO HE COBCEM TE 3apsi/ibl, KOTOPHIE Y BAaC «ILTIOC» U «MUHYC», OHHU, BO-TIEPBBIX,
MHOT0()aKTOPHBI: 3aBUCAT OT MECTa B POCTPAHCTBE, OT MACCHl OOBEKTA, OT KOJIMYECTBA YACTHII,
OT TOT0, YTO BbI Ha3bIBAETE AJIEKTPUUECKON IHEPrOEMKOCTBIO, U TaK J1ajee.

(Mpuna): 5 He coBceM ero nMoHUMaro. S HaeI0Ch, Thl €r0 MOHUMAEIIIb.

23:32 Paom Twuiian 0 rpaBHTOHe M KBAaHTaX, ACTPAJbHBIX NYTCLIECTBUAX, KaK
crocode ux u3y4eHus.

Maxkcum: MOXHO CKa3aTb, YTO I'PABUTALMOHHOE IIOJIE COCTOUT U3 I'PABUTALMOHHBIX
sHepruii? Kak 310 ¢ Bamiei no3uuu cpopmyaupoBaTh?

Hpuna (Paom Tuitan): [leno B TOM, 4TO TO, YTO BBl HA3bIBAETE «TPABHUTOHOMY, Yy HAC
MMeeT JBa TUIa. Bo-MepBbIX, 3TO TOT CaMbIil KBAaHT I'PAaBUTALMH, KOTOPBIA BBl M3y4aeTe, Balla
LMBUIN3ALMS YK€ HAUMHAET €ro N3y4arth.

Maxkcum: MBI TOJIBKO HOIXOIUM K 3TOMY, MBI €111€ TOJIbKO IPUKOCHYJIUCH.

Hpuna (Paom Tuiian): A xouy eme cka3ath, yTo 6 039 ocTajbHBIX BUIOB IHEPIUU
COCTABJISIFOT KaK pa3 OCTalbHblE 56 ypOBHEW INIOTHOCTH. M OHM TOXK€ HaMM H3Y4YEHBI: KaKHe
SHEPIUU TyAa BXOJAT, KaK OHM COCTaBJSAIOT MX Tela, MX HpeAMEThl OblTa U T.J., UX MHPHI,
KOTOpBIE JTaK€ MHOTHE IUIa3MOMJBI Ha3bIBAIOT — «3TO Hamla IuiaHeTa». Ho OHM Ha3bpIBalOT IO
aHaJIOTHH C (PU3MUYECKON MIaHETOH, MPOCTO OHU TaM >KMBYT. HO MX IuIaHeTa COCTOMT U3 TOHKUX
CTPYKTYp, U JAJs Bac, JItoJieH, U JUIs Hac, OypXaJleB, 3T0 OyAeT MPOCTO — OYEHb Pa3psKEHHOE
o0ako. OJtHaKo I HUX OHO — IJIOTHOE.

[TorToMy Hama Hayka M3y4wia 3TH BCE DHEPIUH, a Bbl, HACKOJBKO s 3HAIO, W3y4yaeTe
¢u3nueckuit Mmup B ocHOBHOM. Ho Benb caM o ceGe TpaBUTOH CTPOUTCS, M3TOTABINBACTCS U3
0oJiee TOHKUX BHUJIOB SHEPTHI TEMU CAMBIMU TUIa3MOUIHBIMU [IUBUIIM3ALMSIMH.

Tak BOT TO, YTO BBl Ha3bIBAETE «TPAaBUTOHOM», HA HAIIEM S3bIKE, pa3fesdeTcs Ha JBa
THIA — MOXHO CKa3aTh, «TPaBUTOH A» M «rpaBUTOH b». OHM OYEHb MOXO0KH, HO OTJIMYAIOTCS
HAIpaBJIEHHOCTHIO BEKTOPHOTO CITUPATBHOTO JIBKEHUS CBOMX MOJIH: OJMH HamNpaBieH 0ojblie
BHYTpPB ce0sl, a APYroil — BO BHEILIHEE MPOCTPAHCTBO.

(Mpuna): OH MHe ceifyac mpoCTO «KapTUHBD» MOKA3bIBAET.

(Paom Twuifan): 4 3Ha0, 4TO BBl pa3IMyYHble KBAHTHI TOKE HA3bIBAE€TE OIpPE/IEICHHBIMU
YacTUIIAMU. DTO Takue Kak OyATO IUIOTHBIE YaCTUIbl, HO OHU OY€Hb MAJICHbKHE U COCTABIISIOT
YK€ TO, 4TO BbI Ha3bIBAETE ONPEICICHHBIMA BHYTPUATOMHBIMHU YaCTULIAMH.

Ho s 3Hato, 4To OOJIBIIMHCTBO BAllUX YYEHBIX CUMUTAIOT, YTO 3TH CaMble YaCTHIIbI —
KBaHThI — OYEHb MAJIEHBbKHE, HO IPU 3TOM IUIOTHBIE, a YK€ IPU BOIPOCE, U3 YETO COCTOST OHU
camu, ropopit: «He u3 yero». To €cTb OHHM IIPOCTO €CTh, HO HET TAKOI'O IIOHUMAaHUSA, YTO y HUX
nMeeTcs 0ojiee TOHKHI coctaB. Hackonbpko g 3Har0, Takoro moHuMaHus Her. Mim ecth? Y Bac
e HeT TaKOro MOHUMAaHMUs, YTO, HapUMep, OJUH TPaBUTOH cocTouT u3 30% 3¢dupHoil sHEprUN
CTUXUM 3emin’?

Makcum: Her, 3T0 moka TOJBKO TMIOTE3bl Y OTIENBHBIX HccienoBareneld, He Ooiee
TOro. Y Hac HayKa e CTPOUTCS Ha HKCIEPUMEHTAIbHON MPAaKTUKE U JI0Ka3aTelbCTBAX, a (PaKTOB



HeT. MBI He MOKEM 3aJ1e3Th BHYTPb BEIIECTB HA TaKOW ITyOMHHBIH YPOBEHb M OCMOTPETH, U3
4yero oHu coctosT. IToka Tak.

Hpuna (Paom Twuitan): A MOXHO K€, KOrJa Thl HAXOAWIILCS B acCTPaIbHOM
MyTENIeCTBUH, YMEHbBILIATh CBOE aCTPAJILHOE TEJIO A0 CYyOATOMHOTO YPOBHSL.

Maxkcum: OTO NOHATHO. S 3Har0, YTO MOXKHO YHEPrETUUECKHU ITyTEIIECTBOBATh B aTOMaX,
s 7K€ CIBIIIA.

Hpuna (Paom Tuiian): [a.

Maxkcum: Ho KTO y Hac 3TUM 3aHUMaeTCs U3 YYEHBIX?

Hpuna (Paom Twuifan): A Kak BaM TakoH MyTb UCCIIEIOBAHUA?

Maxkcum: Xopouuii myTh, s CUUTAK0. 3al€3Th aCTPAIBHO BHYTPh aTOMa M MOCMOTPETH,
YTO TaM, HO Y HaC Majo CIELHAIUCTOB B 9TOM ILIAHE.

HNpuna (Paom Tuifan): A ecTb 1M y Bac GUMKU-AEPIIUKH, UCCIAEAYIOUINE PO aToma,
KOTOpPBIE YBJIEKAIOTCS aCTPAJIbHBIMU ITyTEIIECTBUAMU?

Maxkcum: S 1ymaro, €CTh, HABEPHOE.

Hpuna (Paom Tuiian): BoT oHE MOTYT TOCMOTPETH.

Maxkcum: Xopomio.

Hpuna (Paom Tuitan): OHK MOTYT ONTUCaTh TO, YTO OHU YBUJEINH, U, €CITH UM HE TTOBEPAT
U CKaXYT: «DKCHEPUMEHTHI MPOBEINUTE», — OHU MOTYT MPEMIOKUTh APYTMM IPOBEPUTH 3TO,
IIOCMOTPETh TOKE TaK. JTO MEpBOE. A BTOPOE — OHM MOTYT Ha OCHOBE OTKPBITHS CTPOEHUS
BellecTBa M300pecT MHOTHE NMPUOOPHI, KOTOPBIX HET ceiyac, B TOM YHCIIE€ KOHTPOJIUPYIOIIHE
IrPABUTALMOHHBIEC I10OJIS ¥ MIO3BOJIIOLINE UCIIOIB30BaTh 3TY OTPOMHYIO SJHEPTHUIO B CBOMX LENIAX.

Maxkcum: [IoHSITHO, HO MBI JIOWIEM JIO ATOTO.

29:09 Paom TwuiiaH 0 rpaBUTALIMOHHOM IT0JI€.

Maxkcum: 3Haemb, Paom TuiiaH, kakoil y MeHs cienyromuid Bonpoc? MHTepecHo, Kak
3TO BBINNIAIUT C TO3MIMA Baled Haykh. S| roBOpWMI O JBMKEHUHM, a TEIeph IpEICTaBb
CUTyallUl0, YTO y MEHS Ha TMOJIy CTOMT HEKUH OOBEKT, K MpUMepy UIiap Kakoi-To
IJIACTMACCOBBIM, U 5 3TOT IIap NMUHAK0 Horou. [lo Hamel Hayke, s eMy nepeian UMITYJIbC, HEKOE
KOJIMYECTBO IBUKCHHUS.

OTO 4TO, CIEACTBUE TOrO, UYTO s eMy mepenan sHepruto? [louemy oH cran aBuratecs?
Kak Tbl MOXelb 37€Cch MOACHUTBH: s €ro IHYJA — OH mojeren? S emy mepeman Kakoe-TO
KOJIMYECTBO dHEPIUH? Y HAC 3TO HA3bIBAETCS, YTO S €My Iepeiall KOJIUYECTBO JBHKEHHUS.

Hpuna (Paom Tuiian): TBoe nBuxeHue, TBOS )KU3HEHHAs SHEPIUs, KOTOPAsl 3aKII0YECHA B
TBOMX MBIIIIAX, OHa UMEET ONpEJEIECHHbIE MacCy U CKOpOCTh. M ecim 3TH Macca U CKOPOCTh
CKJIaJIBIBAIOTCSL MEXY COOOM M COCTaBIIAIOT HEKOTOPYIO CYMMY BO3JICHCTBUS, M €CIIH 3Ta CyMMa
BO3JeiicTBUsL OyneT OoJjbllle, YeM TO KOJMWYECTBO TPABUTALMOHHOW SHEPrUu, KOTOPOE
CYIIECTBYET MEXIY 3THUM IIAPHKOM M 3eMJIed, 3eMJIsl JKe MPUTATUBAET OOBEKT C OIpeaesIeHHON
CHJION. ..

Maxkcum: [la, IOHATHO, 3TO HA3bIBACTCS CUJION TPEHHUS.

HNpuna (Paom Tuitan): [a, cuna TpeHus. A emie ecTh CHia IPUTSKEHUsS, Bellb M4 caM
JICKUT HA [O0JIy UIIU Ha 3€MJIe, OH )K€ HE JIETaeT.

Makcum: Jla, OH JaBUT Ha 3€MJIIO TIOJ BO3JICWCTBHEM TPABUTALMOHHOTO TOJIS, BCE
IIPaBUJIBHO.

Hpuna (Paom Tuitan): YV mapuka 3TOro ToXK€ €CTh IPaBUTALMOHHOE IOJE, U Y 3eMIH
€CTh I'PaBUTALMOHHOE ToJie. 1 mouemy mapuk jiexut Ha 3emiie? IloToMy 4TO TpaBUTAllMOHHBIE
MOJIsl B3aUMOJICHCTBYIOT TaKUM 00pa3oM, UTO IUIOTHBIE TeJla CONMpUKAcaioTcs. A 3To Aenaer... S
ceryac y»xe HagaJl TOBOPUTH O TPaBUTOHAX.

Bor rpaBuTtoH A, y KOTOPOTO CIHpajibHbIE BEKTOPHBIE JIMHMM HAINpPABICHBI BHYTPB,
OTBEYAET B aTOMax 3a (PyHKIMIO MPUTATHBAHUS aTOMOB MEX1y COOOM M CTPOUTENHCTBO U3 HUX
MOJIEKYJIIPHBIX CHCTEM — 3TO MUKPOTI'PaBUTALIMS.

A rpaButoH b — 3TO, MOXHO cKa3aTh, MOpPLUS HECKOJBKO OoJblle MO 00BeMy,
SHEpreTHYecKuil crycrok Oompmie. M y Hero ero coupaibHble JIUHHHM, KOTOpPHIE MOTYT



NPUTATUBATh WM OTTAJIKWBATh, HANPaBJ€Hbl BO BHEIIHEE MPOCTPAHCTBO U TOXKE CIHUPAIBHO
3akpyueHsl. U 3a cyer 3Toro rpaBUTOH b 0oTBedaeT 3a co3/aHue rpaBUTALMOHHBIX MOJEH BOKPYT
00BEKTOB, KOTOPbIE MOTYT HPUTATUBATBCS IPYr K Apyry B mpocTpaHcTBe. He atombl mexmy
co0oif, a y)Xe — mpeIMeTsl U OOBEKTHI, COCTaBJIEHHbIE W3 3TUX aTroMmoB. [laxke ManeHbKas
NIECUMHKA NIPUTITUBAETCS 3eMJIIEN.

Maxkcum: [IputsaruBaercs K ToMy Telly, y KOrO rpaBUTAllMOHHOE TEJI0 MOIIHEE 0 CUIIE,
10 MOTEHLIHATY?

Hpuna (Paom Twuifan): OHu nputaruBaroTcs Ipyr kK Apyry. Ho, ectectBeHHo, TOT
00BEKT, Y KOTOpPOrO TpaBUTAIIMOHHOE TMojie Oojbiue (32 c4yeT OoJblIeld COBOKYIMHOCTH
KOJIMYECTBA YaCTHUI[ — aTOMOB) U MoIllHee, Oy/IeT yIepKUBaTh B CBOEM BIUSHUHM BCE YaCTHUIBL,
KOTOpBIE HAXOJATCSI BOKPYT HETO.

Ecnu 3TOT map JeXuT, U ero rpaBUTOHBI B3aUMOJEUCTBYIOT C TPAaBUTOHAMU 3€MIIH, TO,
KOTJa Thl €ro IHYJ, COOTBETCTBYIOIIMM O0pazoM, Iepeaan €My 4YacTh KU3HEHHOW >HEepPruu
CBOMX MbIIII. VM BOT 3Ta BCS COBOKYIHAas 3HEPrus BO3ACHCTBYET Ha IPaBUTALMOHHOE I0JIE
TaKUM 00pa3oM, 4TO OTPBIBAET €0 OT 3EMIIH.

S ceityac OOBSACHAIO OYEHb MPOCTO. TO €CTh OH Kak Obl BPEMEHHO TOJHUMAETCS HaJ
3eMJIel M JIBUXKETCSI B TOM HAIPaBJICHHUM O] BO3JAEHCTBUEM TBOEH cuiibl. O HA dHEPrus 31ech
BO3JIEHCTBYET Ha Jpyryro. Ho moueMy, mposieTeB Kakoe-TO pacCTOSIHUE, OH YHAJeT Ha 3€MITI0?
[ToToMy 4YTO OH JIETUT B TIpaBUTALMOHHOM Mosie 3eMiu. M rpaBuTanoHHOE moOJEe 3EeMIH,
BCTYTIas BO B3aUMOJICHCTBHE C 3TUM IIAPOM U €r0 I'PaBUTAIMOHHBIM T0JIEM, BHOBb UX COECIMHUT
(moka3zeiBaeT Upumne).

TonbpKko ThI )K€ 3HACIIb O TOM, YTO OBIBAET TaKasi CKOPOCTh, KOTJIa 3TOTO HE MPOUCXOAMT,
TO €CTh €CJIM MPHUJATh ONPEEIEHHOMY O0BEKTY TaK Ha3bIBa€MYIO CKOPOCTh BBIXOJa Ha OpOUTY.
Jl1st KXo MmIaHeThl OHA OyJIeT pa3Hasi.

Maxkcum: [la, nepBast KOCMUYECKasi, BTOpasi KOCMUUYECKast, 3TO y HAC €CTb.

HNpuna (Paom Tuitan): Ilo xakoif mpuynHEe B 3TOM cllyyae YK€ IEpecTaeT B TaKoM
MacmTade JeHCTBOBAaTh T'PAaBUTALMOHHOE MMOJie 3eMIIM, U OHO HE MOXKET OOpaTHO HPUTSIHYTbH
3T0oT 00BekT? Ilo TOW mMpuUYMHE, YTO TOT MPEAMET, KOTOPBIN MPHUAAT CKOPOCTh dTOMY OOBEKTY
(umu TO nEWCTBHE, WIM TOT OOBEKT — B JIOOOM Ciy4ae C TOMOIIBIO HYEro MPOHU30ILIO0
YBEJIMYEHHE CKOPOCTH JIBWJKEHHUS), B COBOKYITHOCTH CBOErO BIIMSHHUS  IPEB3OIIET
rpaBuTaniioHHoe mose. [lome ocranoch, HO OH BPEMEHHO BBIBET A3TOT OOBEKT H3-TOJ €ro
BIIUSTHUSL, BO3JIEHCTBYSI HA HETO SHEPreTUUECKU U IPUAB €My OIPEIeIeHHOE HallpaBJiIeHHue, BeIb
y Ka)KJI0TO JIBJKEHUS €CTh HAIIPaBJICHHUE.

Maxkcum: IloasTHO, 1a.

35:51 Paom TwuiiaH 0 ABM/KEHMH KaK 0 B3aUMOACHCTBMU I'PABUTALIMOHHBIX MOJIEH.

Hpuna (Paom Twuitan): Uto Takoe aBrkeHHe? DTO B3aMMOCHCTBHE I'PaBUTAIMOHHBIX
HOJIEN.

JIBumxenue, HanpuMmep, 3emsid Bokpyr CoJlHIIa — 3TO B3aUMOAEUCTBUE I'PAaBUTALIMOHHBIX
nosier 3emun 1 CostHna. M ecnmm mocMOTpeTh Ha 3TOT MPOLECC B JUHAMUKE, TO MbI YBUJIUM, YTO
opbura (mytb) 3emian Bokpyr CoiHIla — He Kpyr. Bo-nepBbIX, OHa HECKOJIBKO BBITAHYTas. A, BO-
BTOPBIX, BO BpeMs JABWXKEHUS 3emur BOKpYr CoiHIIAa NPOUCXOIAT IIOCTOSIHHBIE MEJIKUE
Kosiebanust — To Ommke, To naneiie oT ConHna (mokaseiBaeT MpuHe TpaeKTopuu KoseOaHus).
OTO0 pe3ynbTaT B3aUMOACHCTBUS KaK pa3 rpaBUTALIMOHHBIX Mojei. OHU Bcerja KoyieooTes, OHU
BCErja HaXOJATCS B IIOCTOSIHHOM HETPEPBIBHOM B3aUMOJEHCTBUU U BCETJA JUHAMUYHBI.

Maxkcum: Paom Tuilan, pazdbepeM BOT Takoil MOMEHT, KOHKpeTHbIH Mexanu3M. Korna s
IHYJI MSYMK WJIM LIApUK HOIOM, B TOT MOMEHT, KOIJa s YAApUIl €ro, s K€ yAapuil II0
KOHKPETHOMY MECTY, TO €CTh 10 OOKY, C ONpeesIeHHOW CTOPOHBI. S MpaBUILHO MOHUMAIO, YTO
TaK KaK aTOMbI IMEIOT CBOM YaCTOTHI, HA KOTOPBIX OHU MYJIbCUPYIOT (OHU K€ MYJIbCUPYIOT?), TO,
KOI'/Ia MOSI HOTa CONPHUKOCHYJACh C IIAPUKOM B 3TOM MECTE, TO 3/1€Ch, B 3TOM CTOPOHE LIapHKa
aTOMBl CTald IyJIbCUPOBaTh HAMHOIO OBICTpEEe, W TOATOMY C(HOPMHUPOBAIICS YACTOTHBIN
TPAJMEHT, U BOJHOBAs CTPYKTypa BEIIECTBA Haydajga CMEIIATbCA B TOM ke HampasiieHHH? Kak



IIPOUCXOAUT CaM MEXAHU3M, [I0YEMY OH BIPYT OT MOEH HOTH MOJIeTeN?

HNpuna (Paom Tuitan): 5 661 He ckazai, 4TO OHU cTajM Kosebarbes ObicTpee. Koraa TBos
HOT'a COIIPUKOCHYJIACh C 3TUM LIAPUKOM, TBOs JKM3HEHHAs JHEPrUs Iepefasach OT TOrO MecCTa,
TZi€ Tl IPUKOCHYJICS, KAXKJIOMY aTOMY, M YK€ BCE BMECTE OHH. ..

Maxcum: IIpsiMO COBOKYITHO BCEM OAHOBPEMEHHO Cpa3y NEpENanach, 0 BCEMY Ms1y?

Hpuna (Paom Twuitan): JloctaTo4HO OBICTPO, MOXKHO CKa3aTh, JUIsl T€0Sl — MTHOBEHHO,
NOTOMY 4YTO 3TO IUIOTHAas CTPYKTypa. JTO IUIOTHas CTPYKTypa, MOITOMY BCE aTOMBI YK€
HaXOJSTCsT BO B3aUMOJAEMCTBUU JIPYr € APYroM. DTO Bedb TBEPIBIM OOBEKT, a pa3 TBEPIbIi
00BEKT, 3HAYUT, C MOMOIIBIO MUKPOTPABUTAIIMU TE€ aTOMBI, KOTOpPBIE BXOAAT B COCTaB 3TOTO
HIapyKa, y’Ke€ HaXOAATCS B KOHTaKTe JIPYr ¢ Apyrom. M, mpuKOCHYBIIKCH I'/I€-TO B OJHOM MECTE,
ThI BO3/IECTBOBAJI HAa BCE aTOMBI cpa3y. Bot eciu Ob1 31O ObLI. ..

Maxkcum: CmoTpH, 37ech BaXHbI MOMEHT. Eciau Mbl OepemM aTOMbI MO€i HOTM U aTOMBI
[IapHKa, y MEHs CONPHUKOCHOBEHHUS He OBLJIO, TaM BcCerja MeXay HMMHU Kakas-TO IoJjeBas
cTpykrypa. DakTU4ecKHd, Mbl HMPUKOCHOBEHMS MEXIY BEIIECTBAMH HE HMMEEM, s IPaBUIBHO
noHuMaro? Bceerna ecTp Kakas-TO TOHKas IMPOCJIOWKA, sl )K€ HE KacarCh €ro INnpsiMo aTOMOM
aToma?

Hpuna (Paom Twuifan): Uro 3HauuT «mosneBas mpocioiika»? B mobom ciydae aToOMBI,
KOTOpBIE BXOJAT B COCTaB TBOEW HOT'M, OHM MOTYT IpHKacaTecsa K npeameram. Ho ta moseBast
CTPYKTYypa, KOTOpast €CTh BOKPYT TeOsl, HalIpUMep, TBOe OMOI0IIe, OHO MPOCTO MPOXOTUT CKBO3b
IUIOTHBIM IIPEIMET, KaK aCTPAJIIBHOE TEJO.

Maxkcum: [lomyyaercs, aToMbl MOETO OOTHHKA MOTYT CONpPHUKAcaTbCs ¢ aTOMaMM Ms4a,
cONMMKaTHCS BIULIOTHYIO?

Hpuna (Paom Tuiian): /la, KOHEYHO, MOTYT.

Maxkcum: A modyemy B HUTOre, KOTJa s IHYJ IO M4y — OH CTaJ JABUrarbcs? B dem
MexaHu3M. Yto mpowmsonuio? B caMoM Ms4e Kakue-TO BHYTPEHHHE CHIIBI NEPEMECTUIINCH?
ITouemMy BEKTOp B 3TOM HalpaBICHUH 3aaJICs?

Hpuna (Paom Tuitan): DHeprust TBoel KM3HEHHOU CHIIBI NMPHUATa SHEPTHIO JIBUKECHUS
3TOMY MSYMKY, YTO IMO3BOJIUJIO €My IMPEeOoJI0JIeTh I'paBUTAllMOHHOE Toje 3emin. OHa Kak Obl
BPEMEHHO TMOAABWJIA TPaBUTALMIO 3€MJM C TOMOIUBIO IPUKOCHOBEHUS, NEPEIABLIETO
orpesieNIeHHOE KOJIMYEeCTBO AHepruu. Ecimu Obl Thl MPOCTO MPUKOCHYJCS, HO HE MpujaBai Obl
€My HHKaKOTO HalpaBJIeHuUs, OH Obl OCTaJICA Ha MECTe.

Maxkcum: A TaM 4TO, MOIY4aeTcs, aTOM aTOMY IepeAall MTHOBEHHO 3Ty JHEPIHio, U
MIOLLIEN UMITYJIBC B 3Ty CTOPOHY, KyJla MSYMK IOJIETEN?

Hpuna: Takas nmouia, OH MHE ceilyac MOKA3bIBAET, AakKe HE BOJHA... OT 3TOM TOYKH,
KyJla Thl MHYJ, NMPOXOAUT MIHOBEHHO TaKO€ pacUIMpeHHe, Kakoe ObIBaeT, KOrJa BBIXOJAMT,
HanpuMep, IbIM, U OH OBICTPO PACHINPSAETCS.

(Paom Twuitan) IIpoucxoauT pacuiupeHue TBOEH >KU3HEHHOM SHEprHH, repejrada TBOEH
JKU3HEHHOW SHEPTHM BO BCe aTOMBL. M mpenMeT OT 3TOro HauMHAET JBUraThCs, MPEOJI0JIeBast
IpaBUTALMIO, C KOTOpON OH mpuTsArusaerca 3emieil. To ecTb TO KOJMYECTBO I'paBUTALUH,
KOTOpoe 3eMJisi TIoTpaTHiIa Ha TMPUTATHBAHKWE K ceOe ATOTO MapuKa, HE MOXKET OBITh OOJIbIIIE,
4E€M TO KOJIUYECTBO I'PAaBUTALUU, KOTOPOE CONEPKHUTCSA B HEM CAMOM.

41:52 Paom Tuitam 00 onpegeleHMH Macchbl KaK 0  KoOJIMYeCTBe
MaKpOIrPABUTALMOHHBIX IOJIEH.

Hpuna (Paom Twuitan): To, 4To BBl Ha3bIBaeTe Maccod, MBI Ha3bIBaeM KOJIMYECTBOM
MaKpOTPaBUTAIIMOHHBIX TIOJIEH, MPOSBIEHHBIX B TOM WJIM WHOM o0BekTe. Hampumep, eciau 31oT
Ms4 BecuT 100 rpaMMoB, 3eMJisi, UMEHHO IJIaHeTa 3eMJIs, HE MOXKET €ro MPUTATUBATH C CHIION 1
kwiorpaMM. [louemy ona He Moxer storo aenarb? [lo kakol mpuumHEe BCs cuiia 3€MIIM HE
yCTpEMUIIACh B 3TOT MIAPHK, UTOOKI ero yaepxath? 1o Toli mpudnHe, 9TO B CAMOM ITOM IIapUKe
HET CTOJIbKO TPAaBUTOHOB, YTOOBI B3aMMO/IEHCTBOBATh C TAKUM KOJIMYECTBOM IPaBUTAIIUN 3EMITH.

42:42 Paom TuiiaH 0 rpaBUTALMOHHOM JIyYe.



Makcum: A Temeph TepeBepHEM OOpaTHO, HEMHOXKO M3MEHHM CUTYaIHIO.
[IpencraBuM, 4TO MOE€W HOTM HET, a €CThb MMIAPUK. MOXXHO JM YTO-TO CAeNaTh, KaKUM-TO
BO3/ICHICTBHEM TOJIEBBIM HA MIAPHUK, YTOOBI MOMYYUIIOCH, KaK OYATO S HOTOHM yJapsil, HO S HOTOM
HE ynapsii, — 4TOOBl MCKYCCTBEHHO TOJIEPKHUBATh IBWIKEHHE, YTO-TO CMECTHUTh B HEM Ha
YpOBHE aTOMOB, YTOOBI OH CaM Hauaj MepPEeMEIIaThCs, KaK y Bac JeNaloT KOpaliu Ipyrux
UUBUIN3AMK? DTO HYXHO T'PABUTALIMOHHOE MOJIE€ MCKYCCTBEHHO CO3JaTh W KaKOW-TO BEKTOP
3a7aTh?

Hpuna (Paom Twuitan): MoXHO BO3/€HCTBOBAaTh I'PaBUTAIIIOHHBIM JIy4OM, HamlpuUMeEp.
Torma mox HUM DpomaAeT IPaBUTALMSA, U MOKHO €ro HAIPaBIIATh C MOMOIIBIO ONPEIEIEHHbBIX
MHUKPOUMITYJILCOB, KOTOPBIE OyIyT TepeaaBaTh, K IPUMEPY, Ty K€ CBETOBYIO YHEPTHUIO HA 3TOT
IIapuK, Kakoil Oblla TBOSI KH3HEHHass »HHeprus. M oH Oyner paBuratecs. Benp cam
TPaBUTAILIMOHHBIA JIyd COCTOMT W3 COBOKYIHOCTH TIOJIEH, OAHUM M3 TJABHBIX B KOTOPBIX
ABJsieTcs: (POTOHHOE TTOJIE.

43:44 Paom TuiiaH 0 «2pasumayuoHHOM 3aMe01eHUN PEMEHU).

Maxkcum: Taxoil Bonpoc, Paom Tuitan, o0bacuu. Y Hac Obutn Takue ¢usuku [laynn u
Pe6ku: onuH — amepukanen, Apyroi — kanazaeu. I'e-to B 1959 rony oHM pemmin NoATBEPAUTh
OOLIYI0 TEOPHIO OTHOCUTENIHOCTH DMHIITEIHA U TPOBENU SKCIIEPUMEHT.

B sTom skcnepumenTte ObUT MOKa3aH TOT ()aKT, YTO B TPABUTALMOHHOM Ioje 3emild,
KOTOpPOE BCEr/ia CO3JaeT YaCTOTHBIN TPaJMEHT, OJMKe K IJIaHETe BHOpAlUd aTOMOB, YaCTOTHI
aTOMOB MJIM YacTUl] (HEBa)KHO B JaHHOM CIIy4yae) 3aMEeAJISIOTCA, a YEM AaJIbLIE OT IUIAHETHI, TEM
4acToThl yBenuuuBaroTca. C yeM 31o cBs3aHo? Kak 3To rpaBUTALIMOHHOE TIOJIE IEMUCTBYET?

Hpuna (Paom Tuitan): YactoTsl uero?

Maxkcum: YacToThl aTOMOB U YaCTOThI YACTHIl — TaM OBbLIM MOHBI LIE3Us, [I0-MOEMY, YTO-
TO C 3TUM CBSI3aHO.

Hpuna (Paom Twuitan): HyXHO cMOTpeTh KOHKPETHO, YTO OHHU HU3MEpPSUIH, Kakue
XapaKTEPUCTHUKHU.

Maxkcum: Ha caMoM fiene y Hac €cTh Takoe MOHATHE, KaK «PABUTALMOHHOE 3aMEJICHHE
BpeMEHW»: BOJIM3M IUIAHETHI MPOLIECCHl TEKYT MEJUIEHHEee, a 4YeM Jaiblie OT IUJIaHeThl —
MIPOIECCHI YBEIUYUBAIOT CBOK CKOPOCTh. DTO TaK WX HET, C MO3UIIUNA Ballleld HAyKU?

Hpuna (Paom Tuitan): 910 Tak. [loToMy 4TO rpaBUTallMOHHOE TOJIE€ CYILIECTBYET BOKPYT
00BbekTOB. J[0CTaTOYHO Jalieko OHO paclpoCTpaHsEeTCs: BCE 3aBHCUT OT MacChl 00OBEKTa, U 3TO
BJIMSET Ha CKOPOCTh, OCOOCHHO BHYTPUATOMHBIX IPOLIECCOB, KBAHTOBBIX MPOLIECCOB U T.].

NMeHHO mMOATOMY TIpaBUTALMOHHBIM JBUTATEllb, HAIlpUMEp, HYXXHO BKIIOYaTh Ha
yJaJI€HUU OT TPaBUTALMOHHOTO TOJSI TUIAHETHI, YTOOBI OH MPaBUJILHO BKJIIOUMICA M IMPABUIBHO
cTas pabotaThb. [ yenoBeka, AJis YEJIOBEYECKOT0 CO3HAHUS 3TO MaJlo 3aMeTHO. TaM MmpocTo Ha
BHYTPMAaTOMHOM YypOBHE, sI Obl Jake He CKazajl, ObICTpee WM MeJUIeHHee, HO MpOLECcChl B
TPABUTAIMOHHOM TIOJIE UIYT MO-IPYroMy — II0 COBEPIIEHHO JPYTUM TPA€KTOPHUSM, HAIPUMED,
BpalIalOTCs KBAHTOBBIE I1OJIA U T. 1.

Makcum: A MOXHO Tak TOBOPUThb, YTO B T'PAaBUTALMOHHOM IIOJIE, €CIM Mbl OepeM
IUTAaHETY, ¥ OHO OTXOJUT BBEpX (1O BEKTOPY MBI yAajsieMcs OT IUIAHETbI), MOCTOSIHHO HJIET
M3MEHEHHE CBOWCTB M KAayecTB BelllecTBeHHOW maTtepuu? Takoe nMMeeT MecTo ObITh WM HET?
[Touemy 3TM YacTOTHI, MPOLECCHl ONMXKE K IUIAaHETE 3aMEUIAIOTCS, a Jajbllie OT IJIaHEThI
YBEJIUYHMBAIOTCS?

Hpuna (Paom Tuiian): He camu cBolicTBa BELIECTB MEHSIOTCS, @ MEHSIOTCS YCIOBHS
IIPOTEKaHUS B 3TUX BEIIECTBAX BHYTPUATOMHBIX ITPOLIECCOB.

Maxkcum: A MexaHM3M MOKellb NOACHUTH? Kak M mouemy Npu yJaJeHHH OT IUIAHETHI
OHHM yXe Apyrue?

Hpuna (Paom Tuitan): IloToMy 4TO TpaBUTAIIMOHHOE TOJI€ BCTYMAET B KOHTAKT CO BCEMHU
aToMaMu, KOTOpPbIE HAaXOIATCS B 30HE €r0 BIUSHUSA, U BIMSIET Ha TPU DHEPreTHUYECKUX YPOBHS
atoma. Ilouemy ono Bnuser? IlotoMy 4TO OHO MpoOHHU3BIBaeT (MOKa3biBaeT MpuHe, Kak 3TO
MPOUCXOANT) BCE TPH HHEPreTHUECKUX YPOBHS aTOMa M BCTYNAaeT C HUMHU B ONPEIECIIEHHOE



B3auMmoJieiicTBue. EcTh Takoii 3akoH npupozsl. Ho 3To mposiBisiercst 60sblie BO BHYTPUATOMHBIX
mpoueccax.

Maxkcum: Ilomydaercs, TpaBUTallMOHHOE II0JE€ CO31a€T HEKUH TpaJueHT HU3MEHEHUS
BHYTPHUATOMHBIX IpolieccoB? Yem Onmke K MIaHeTe — OJHU MPOLIECCHI, YeM Jajbllie — IpyTrue, U
Jlanblie, anbllle, 1ajblle BCe N3MEHSETCS IOCTOSIHHO B TEJIE HA YPOBHE aTOMOB?

HNpuna (Paom Tuiian): Jla, Ha ypoBHE aTOMOB MEHSIETCS, IOTOMY YTO TPABUTALMOHHOE
1oJie — IOCTaTOYHO MOIIHBIA UCTOUYHUK HHEPTUHU, KOTOPBIH MOXET JINOO CTUMYIMPOBATh, JINOO
MHTUOMPOBATh pa3IMyHble BHYTPUATOMHBIE MPOIIECCHI.

48:04 Paom Twuiian 00 u3MepeHHH rPaBUTALMOHHOIO I10JIA.

Maxkcum: A camMO TpaBUTAIIMOHHOE I10JIE€ KAK MOXHO OXapakTepu3oBaTb? JTO KakKasi-TO
HUPKYJISIUS TpaBUTOHOB b B HeM? Kak oHM TaM nepemeniatorcs?

Hpuna (Paom Twuitan): Camu rpaBuToHbl b HaxonasTcst B aToMax, HO BOKpPYT ce0sl OHU
CO3JAI0T OIPEACIICHHYI0 HANpsUKEHHOCTh B NpocTpaHcTBE. M BOT 3Ta HAmpsHKEHHOCTH
Ha3bIBACTCS — «TPABUTALIMOHHOE I10JIEY.

Maxkcum: HanpsokeHHOCTh npocTpancTBa? M 3Ta HanpsKEHHOCTh MPOCTPAHCTBA UMEET
KaKOW-TO IPaJUeHT, IOTEHLINAN?

HNpuna (Paom Tuitan): CteneHb HaNpsHKEHHOCTH TOJSI MOXKHO M3MepHUTh. B Hammx
3BE3/10JIETaX CTOUT CIEIMAaIbHBIN MPUOOp, KOTOPBHIA HaM IMOKa3bIBa€T Ha IIKalle, KakoBa CHJIa
TPABUTALMOHHOTO TOJIS.

Makcum: To ecTh cTeNneHb HANPSHKEHHOCTH OJIMXKe K IJIaHeTe — OoJjblle, a Jablie OT
IJIAaHETHI — BCE MEHBIIE U MEHbIIE?

Hpuna (Paom Twuifan): /la, Bce 3T0 0TBeyaeT 3aKOHY BCEMHPHOIO TATOTEHUS — KaK[ble
JIB€ MaTepUAJIbHbIE YACTUIIBI IPUTATUBAIOTCS APYT K IPYTy C CHIIOW, MIPSAMO IPOMOPIMOHAIBHON
IPOM3BEICHUIO UX Macc U 0OPaTHO MPOMOPIUOHAIBHOM KBaJIpaTy PacCTOSHUS MEXKIY HUMH.

Maxkcum: I[TonstHo. C 3THM CBsi3aHA HANPSHYKEHHOCTh T'PABUTALIMOHHOTIO ITOJISI TUIAHETHI?

Hpuna (Paom Tuiian): OObiuHO 1 B ['amakTuke TOXXKe €CTh CBOE I'PAaBUTAIMOHHOE TIOJIE,
KOHe4YHO k€. [loroMy 4uro BHe l'amakTWku, Ile HET JNa)ke TaJIAKTUYECKOTO I'PABUTALMOHHOTO
HOJIsl, OHO TOXE HE BIUSET HAa T€ OOBEKThI, KOTOPHIE OKAa3bIBAIOTCS B MEXIaJaKTHUYECKOM
npoctpaHcTBe. M TaM Toke BHYTPHATOMHBIE ITPOLIECCH TEKYT MHAYe, 4eM B [ anakTuke.

N rpaButanmonHoe mnosie ['aJlakTUKKM HAIIO OTPa)KEHUE B Ballled HayKe, HACKOJIBKO
MIOHUMAK0, HACKOJBKO s H3y4yal Bally HayKy, K IPUMEPY, B TaKOW XapaKTEPHUCTHKE, Kak
«TPaBUTALIMOHHAS IIOCTOSTHHASY.

Makcum: Ilomywaercs, ¢ 3TUM cCBsi3aHO? Y HameEHd IUJIAHETHl TPABUTALMOHHOE
HaIpPsDKEHUE I0JI MAKCUMAJIbHOE, IOJTOMY Yy HAaC IPOLECCHl MEUICHHEE TEKYT, IIOTOM OHO
Janplie ociabiseTcs, U CKOpPOCTh MpPOTEKaHUs MPOLEcCOoB Yxke wu3MeHsercs. VMeHHo c
HaIPsYKEHHOCTBIO CBSI3aHO?

Hpuna (Paom Tuitan): CkopocTh, KOTOPYIO BBl MOKETE W3MEpPUTh, NEHCTBUTEIHHO
MOXET MEHATBCS, MOXKET MEHATHCSA CKOPOCTh ONPEAEICHHBIX XUMUYECKUX peakuui U T.4. Takoe
ObIBaeT.

MaxkcuMm: DT0 HaNpsAMYIO CBS3aHO C HAIIPSHKEHHOCTHIO TPaBUTALIMIOHHOTO MOJIS?

Hpuna (Paom Tuitan): Yro Takoe «HANpsHKEHHOCTh MOJNIA»? OTO OMNpeesieHHOe
KOJINYECTBO PHEPTUH, KOTOpasi HAXOAUTCS B MPOCTPAHCTBE BOKPYT oO0bekTa. KonndectBo u, no-
BalieMy, s Obl cKa3zal — IUIOTHOCTb. HO 3TO He Ta IMJIOTHOCTb, KOTOpas y BEIIECTB, a
HACBIILIEHHOCTb.

Maxkcum: U nomydaercs, Mpl UMEEM B I'DABUTALMOHHOM IIOJIE MEPENaJl 3TOM SHEPIHH,
ATOH MJIOTHOCTH MOCTOSIHHO: K IJIaHeTe OJIMKe — MOTEeHIMal OOJblIe, a JJalbllle — BCe MEHbIIE U
MEHBIIIE, C KAKUM-TO KO3((DUIIMEHTOM OH U3MEHSETCS BCe BpeMs?

Hpuna (Paom Twuifan): [la, Tam ecTh onpe/ieieHHbIE CTYIIEHH.

Maxkcum: XopoIo, TOHSTHO, TOTJIa IBUTAEMCS JIajIblIIe.

51:23 Paom TwuiiaH 0 XapaKTepUCTHKAaX JHEPruil MaTepHMaabHOro U 3QUPHOrO



IVIAHOB.

Maxkcum: Kakue ocHOBHBIE BU/IbI U KaU€CTBA SHEPTHH YUUTHIBAIOTCS B HayKe ((pu3uke)
Mex3Be3nHoro Coro3a, M KakMMU JSTaJOHAMHM, MEPUIAMHM HM3MEPSIETCS SHEPIus, C Ballel
HO3UINH?

Hpuna (Paom Twuitan): Mel n3MepsieMm sHepruu no kBantam. Eie pa3 Borpoc.

Maxkcum: Kakue OCHOBHbIE BHABI U KadecTBa DSHEPrUU YUYUTHIBAIOTCA B (QHU3UKE
Mex3Be3nHoro Coro3a U KakKUMH. . .

Hpuna: CHayana oguH BONpoC, OH B ACTpalie HaXOIUTCS.

(Paom Tuitan) Bce sHeprum ¢usnueckoro u 3(pUpHOro IUIAHOB, KOTOPBIE 5 OMMCAI:
(Gu3MYeCcKOro IjiaHa — BBl MX 3HaeTe, d(PUPHOTO MiIaHa — I Bac 3TO OyaeT mpocTo 3¢up,
MOTOMY YTO T€ MOHSTHS, KOTOPBIE Yy HAC €CTh, HEJIb3s1 KAKUM-JIH00 OoJiee UM MEHEe MOHATHBIM
0o0pa3oM mepeBecTH Ha Ball sI3bIK. MOXHO MPOCTO MepeBecTd HabopoM Ludp, Hanpumep, Uiu
HaOopoMm OykB M 1u@p, 4ToOBl 3TO HE BBI3BIBAJIO accolnmauuii. S 3Ha0 o ToMm, uto Mpune
MOCTYIINJIO MPEJIOKEHNE OT IUIa3MOH1a 3EMIIH. ..

(Upuna): [la, st momMHIO.

(Paom Twifan): ... o TOM, 4TOOBI OHa XOTA OBl BKpaTlleé OINHUCala BCE KIACTEPbI
MaTepuanbHoro Mupa. Kak Tel Ha 310 cMOTpUIIB?

Maxkcum: 5 cCMOTpIO IIOJIOKUTEIBHO BCETAa HA 3TH BEIIN.

Hpuna: Knactepsl onucsiBaTh, KAKME OHU €CThH?

Maxkcum: [ToueMy HET, 3TO HUHTEPECHO.

Hpuna (Paom Twuitan): Tak BOT, A Ha3BaHUS KJIAcTEPOB Y Bac TOXKE HET CIIOB, O YEM,
ectecTBeHHO, JlemeTpa 3Haer. HaspiBaTh HX KakUMU-HUOYAb CJIOBaMH, KOTOpbIE He
COOTBETCTBYIOT BallleMy SI3bIKY, — OTO TOK€ HE IPUBEAET HU K ueMy. [loaToMy norosBopuinch
Ha3bIBaTh AHAJIOTaMU KAaKUX-HUOYAb TOHATUHN, KOTOpbIE €CTh, HANPUMEpP, B CAHCKPUTE U B
Jpyrux ApeBHUX s3blkax. [foTomMy 4yTO ApeBHME JIIOIU 3aHUMAIKCH OOJBIIE HCCIETOBAHUAMU
TOHKOMAaTE€pHAIbHBIX MHPOB, U Y HMX MOXXHO HAaWTH MHOIO Ha3BaHWi, Hanpumep — Axamia,
ITypymia, IIpakputu, KOTOpBIE OTPAKAIOT PA3JIMYHBIE COCTOSHUS MAaTEPUU.

Maxkcum: J[aBaiiTe yCJIOBHO OCTAaHOBHMCSI Ha TOM, YTO €CTh SHEPIUH, KaK Thl cKa3ai, 9
SHEPruil BEIEeCTBEHHOW BceneHHOH, M yXe OCTalbHble SHEPrMH OTHOCATCS K 3(QHUPHBIM, O
KOTOPBIX MbI IPAKTHUECKH BOOOIIE HUYETO HE 3HAEM.

Hpuna (Paom Tuitan): Bel MokeTe Ha3bIBaTh MPOCTO — «3PUP», «IUPHBIE SHEPTHI»
WIN «TOHKHE SHEPTUM.

Maxkcum: Xopomo, Paom TuiiaH. A s mpaBWIBHO MOHUMAIO, YTO Ka)KJash SHEPTUs APYT
OT Apyra OTIMYAaeTCsd KaKUMHU-TO CBOMMH KadecTBamMHu? Y OJHOM KadyecTBa TaKHe-TO, Y APYrou
KauecTBa JIpyrue.

HNpuna (Paom Tuitan): Jla, oHM oTiaMyaioTcs KadecTBaMM, (YHKUMUSIMH, BHOpaIUSIMHU,
BO3JICUCTBUAMU HAa MAaTEPUIO, BO3JEHUCTBUAMU HA HAIIM OpraHbl 4YyBCTB, HAPUMEp, U T...
Koneuno, onsate ke, 310 y1s1 pusznueckor BeeneHHo.

Uro xacaercsi s¢upHOil BceneHHOH, Mbl M3MEpsUIM O YacTOTHOW XapaKTepUCTHKE
Kbl MPOSBIEHHBIM BUJ AGUPHON 3HEPruu. A Tak, YTO OJAMH, 4YTO APYrol BuA 3¢dupHOii
DHEPIUH, — Ul HAIIMX OPraHOB YyBCTB U TOT, U APYrOW HE PA3JIMYMMBI, HA caMOM Jeie. Mbl
UCIIOJIb30BAIM JIPYTHE XapaKTePUCTHKU — HE BO3ACHCTBHE HAa HAIlM NPUOOpHI WM OpraHbl
YyBCTB, a IPOCTO OMUCHIBAIN BO3/ACHCTBHE HA T€ MUPbI U UX (QYHKIIMU B TE€X MHUpaAX, KOTOpPbIE
OHM COCTaBIJISIOT.

55:24 Paom Tuiian 00 usmepenunu 3Heprun B Mesk3sesaguom Coro3e.

Maxkcum: CMOTpH, €ClM TaKkOd NpuUMEp MPUBECTH: MBI OepeM, JOMyCTUM, CIEKTp
n3nyaennsi ConHIla, K IpuMepy, HHGpakpacHoe, yinbTpaduoieToBoe u3aydeHne (auamnazoH). A
BBl B CBOEH IUBWJIM3AIMHN TOXKE M3MEPSETe YacCTOTAMH KaK TAJOHHOW MEpOol, I y Bac ele
KaKHC-TO JOIIOJHUTEIIBHBIC €CTh IMapaMETpPbl, HE TOJIBKO YaCTOTBI 3THX BHepFI/II\/’I?

Hpuna (Paom Twuitan): CrHexTp H3JIy4eHHUs 3BE3[bI Mbl HE H3MEpsSEM II0 YacTOTaM,
KOTOpBIE 3aBUCAT OT HamMx rina3. Hanpumep, nndpakpacHoe n3ydyeHUEe — 3TO TO, YTO MBI HE



BUJMM, TO, YTO TI0 BUOpAIIMSAM HIDKE TOTO 1IBETA, KOTOPBIN MBI YJIaBIMBaeM KaK KPaCHBIH.

VY Hac 3TO HECKOJIBKO MO-APYroMy. MBI yUUTBIBAEM COBOKYIHOE H3JIy4EHHE 3BE3/bI U
MOYKEM pacKJIaJbIBaTh €ro Ha CIIEKTP, HO TOUKa OTcYeTa BUOpAIMii HAET He B repliax, Kak Bbl 3TO
Bce cunrtaere. [lotoMy 4TO, BO-IIEPBBIX, Y HAC HET MOHATHSA «CEKYHZIa», Y HAC 3TO HECKOJIBKO
OTIIMYAETCS, a 3HAYUT, YKE U HeT repua. [1oaToMy, MOKHO CKa3ath, MBI...

Maxkcum: Ho BbI ke Toe (uKcHpyeTe nepruo/ibl KojeOaHUi STUX SHEPTHii?

Hpuna (Paom Tuitan): Mbl Gpukcupyem, HO MBI UX HE BO BpPEMEHH M3MepsieM, y HaC HET
Takoro. Mpl U3MepseM KOJMYECTBO WX BUOpAIHii, KOTOpoe 3adUKCUPOBAT MPUOOp (Hampumep,
TOTO WJIM UHOTO CIIEKTpa), MOXHO, KOHEUHO, CKa3aTh, YTO 32 KAKOW-TO ONpe/lelIeHHbIH epuo
BPEMEHH, HO 3TO HE CEKyH/A.

Maxcum: f noHs1, y Bac Jpyrue €UHUILIBL.

Hpuna (Paom Tuitan): Jla, 0a3oBble H3MEpHUTEIbHBbIE XapaKTEPUCTUKH Y HAc He
coBnagaoT. Hamm npuOOpbl packiagplBalOT Ha INKajde BBl TE€X WM HHBIX JHEPruil B
3aBUCUMOCTH OT COJEPKAHMSI B 3TOM CIEKTPE U3IIyUYEHHUs U Cpa3y MX HasplBaroT. Hanpumep, BOT
TaKas-TO SHEPTUsl COCTABISAET CTOJIBKO MPOLIEHTOB U TaK JaJIee.

Makcum: [loHaTHO. Y Bac MO BpEMEHHOM IIKajd€ HET NPUBA3KH, KaK Yy Hac: OJHa
CEKYH/1a — OJIUH TepLL.

Hpuna (Paom Tuiian): Y Hac mpocTto mnpoueHThl. Hampumep, CTOIBKO MpPOIEHTOB
COCTaBIISIET DHEPrusl CBETA, OHHEPrusl TEIUIa, DHEPrus dSJIEKTPOMArHUTHOTO H3JIydeHUs,
paauoBoiH, Benb y ConHIA €cTh M PaJuoOBOJIHOBOM CIIEKTp, M SHEPTHs PaJHAlMM Pa3IudHbIX
BUJIOB. Y Hac 3TO Bce (PUKCUPYETCS U PACKIIaIbIBAETCS MO MPOLIEHTaM, IO IIKaJe.

Maxkcum: Xopomo. TyT oTAenbHy0 KOH(PEpEeHIIMIO HAIO JenaTh MO 3TOW ImKane. Mbl
ceiiyac MOHSUIN, YTO y Bac KapJAMHAJIBHO APYroe Bce. XOpolllo, TOTr1a ABUTaeMcs AaJIbLIE.

Hpuna (Paom Tuiian): Mbl 3HaeM, 0 yeM pedb. Y Hac €CTh Jake HaydHasi KOMHUCCHS,
KOTOpasi BKJIIOYAET TaKXe CHEHUATUCTOB C IulaHeThl Jlucapy, y KOTOpPBIX BCE-TaKkH
XapaKTePUCTUKU MO3Ta MPHUOIMKEHbI K BalllUM, U OHU M3y4yaloT Ballly HayKy, UCTOPHUIO Ballel
HayKH, BCE T€ TEPMUHBI, KOTOPBIMH BbI MOJIb3yeTeCh. 1 51 BXOXKY TOKE B 3Ty KOMUCCHUIO, BMECTE
¢ HuMU u3ydarw. W npencraButenu mianer Jcnep, bypxan, Tymecoyr u Jlucapy — Bce BmecTe
MBI MILIEM TEPMHHBI B Ballell HAyKe, JETAIBHO M3y4aeM JIEKCUKOH KOHTAKTEpPOB, KOTOPHIM MBI
MOKEM TIepeAaBaTh 3Ty HMH(OpMalMio, 4TOObI MOXHO OBLIO HAIM MOHSATHUS MaKCHMAaJlbHO
a/IeKBaTHO NEPEBECTH Ha Balll SI3bIK, YTOOBI BaM ObLIO OoJiee WM MEHee SCHO, YTO MBI HUMEEM B
BH]TY.

Maxkcum: /la, s OHsII, XOPOLIO.

HNpuna (Paom Twuitan): Ho s 3TOrO, KOHEUHO, PEKOMEHAYETCSI KOHTaKTEpaM HMETh
HEKOTOpOE MIPEACTABICHNUE O BAIlIUX HAYYHBIX. ..

Maxkcum: DTo 1a, S COrIaceH.

Hpuna: Tsl MeH X04elIb TOCATUTh 32 yYeOHUK (HU3UKU?

Maxkcum: PabGoTath 1o ¢u3MKe ¢ KOHTAKTEPOM, KOTOPBIM HE 3HAEeT (U3HKH... S yxke
mpoOOBal 3TO JeaTh.

HMpuna: Paom Tuiian xodet MeHs OCaIUTh 3a yueOHUK pusnku! (cMeercs)

Maxkcum: MoxeT ObITh, HE Te0sI, MOKET KOTO-TO APYTOro0.

Hpuna: On roBoput: « Tl nepenaenib HOPMaIbHO, Thl 3HACIIBY.

VY mens yxe B 13 ner 6611 KupxuTtoH, actpousuk, oH MHe roBOpui: «BoT 310 HyXHO
nouuTaTh». S ero cnpamiuBaia, OH ToBopui: «/la, HyHO u3y4yaTh (U3UKY, XUMHIO». Y HUX HET
TaKOTO MOHATHUS — «(PU3HKa» OTAETHHO OT XUMHH, Y HUX 3TO €IUHAs HayKa O BEIECTBAaX.

Maxkcum: Jla, st HOHSII, TO HOPMAJIBHO, 3TO JIOTUYHO BIIOJHE.

Hpuna: Ousuko-xumus. (cMeeTcs)

Makcum: X0poIlo, ABUTAEMCs JaJblII€.

1:00:57 Paom Tuiian o ¢puznyeckoM uau aGCOTIOTHOM BaKyyMe.
Maxkcum: Ilepexonum k pasueny «Marepus». SBinsgerca nm marepus Bo BceeneHckom
TPOMYHOM KOJIe, €CII €ro paccMarpuBaTh ¢ no3uiuid Mex3sezngHoro Coro3a, TeM, 4TO Bbl B



OpeAbIAYIInX KOH(EpeHUUsAX Ha3bBAIU «(PU3UUYECKUM BaKyyMOM» WIH «aOCOIIOTHBIM
BAKYYMOM», WJIM 3TO KapJAMHAJIBHO PA3HbIE MIOHATHS?

Hpuna (Paom Tuifan): ®uzndyeckuM BaKyyMOM MbI Ha3bIBa€M MPOCTPAHCTBO.

(Mpuna) ¥V Hac yxe BpeMs, eMy HY>KHO yXKe HJITH.

Maxkcum: A, yxe HyKHO UATH?

Hpuna: Yxe npoiuen yac, aa.

Maxkcum: VY Hac yxe yac?

Hpwuna: /{a, kOHEYHO.

Maxkcum: Ha nociietHul BOIIPOC TOT1a JaBalTe OTBETUM.

HNpuna (Paom Tuiian): [laBaiite.

@uznueckuM MM aOCOMIOTHBIM BaKyyMOM MBI Ha3blBaeéM IPOCTPAHCTBO MEPBOTO
Kjlactepa, To ecThb (usmueckoit Bcenennoit. Cama marepusi, KOTOpass HAXOJIWUTCS B 3TOM
IPOCTPAHCTBE, SIBJIAETCS TEM, UTO HAMoJHseT BakyyM. Ho cam mo ceGe BakyyM, XOTS U SIBIISIETCS
(bu3nYecKuM, TO €CTh 4acThi0 (PU3NUYECKOr0 MHUpa, (PU3HMUECKOT0 MPOCTPAHCTBA, HO €CIIU B HEM
HeT (pU3MYeCKHX YacTHIl B BUJE aTOMOB WJIM IOJIEH, TO B JIIOOOM cilydae — 3TO MPOCTO MECTO,
MECTONOJIOKEHHUE POCTPAHCTBA, HO HE MaTepHs caMa.

Maxkcum: [Tonstro. Paom Tuitan, y Hac ke «pU3MUECKUIl BaKyyM» — 3TO TEpMUH Hallen
KBaHTOBOM MEXaHHUKHU. A y BAC TOXKE TAKOM TEPMHH €CTb, ITOJIy4aeTCs?

Hpuna (Paom Twuifan): 5 >xe roBOpIo, 4YTO MBI HU3y4aeM Bally HayKy, U 4YTOObI BaM ObLIO
MOHATHEE, Mbl CMOTPHM, KaK HallM IMOHATHS HA3bIBAIOTCS HA BalleM S3bIKE, WM Ballud Ha
HameM. U s Mory ckaszark, 4TO TOMY, YTO M3Y4aeM MBI, U KaKHe MPOLECCHl B (PU3MUECKOM MHUpE
M3y4aeM Mbl, 4aCTO B Ballell HayKe HET Ha3BaHWA. Mnm ke OHO eCTh, HO HE B HAayKe, a B
OKOJIOHAYUYHBIX IaparCUX0JIOrH4eCKUX U3BICKAHUSX.

Maxkcum: Takoil KOHKPETHBIN BOIPOC. Y HAaC B KBAHTOBOM MEXAHUKE CENYac HEKOTOPHIE
UCCIIEIOBATENH YK€ MMOHUMAIOT, YTO €CIIM Mbl OepeM KOCMHYECKOe MPOCTPAHCTBO, K MPUMEDY,
KOTOPOE CBOOOHO OT BEILECTBA B JIIOOOM €ro BHJIE (BaKyyM, UUCTBIA OT BEIIECTBA M YACTHIL), TO
OHO BCE PABHO HACBILICHO KaKOW-TO MaTepHuei, OHO He MycToe B Jr00oM ciaydae. [IpaBuibHo?

HNpuna (Paom Tuitan): [la, ecnu OpaTh €ro B KOCMOCE, TO OHO HACBIIIEHO KaKOH-TO
matepuel mu6o noiasmu. Ho B mo6oM ciaydae ero ke MOKHO SKpaHMpOBATh, U TOT/IAa 3TO OyneT
YUCTHIA BaKyyM.

1:03:57 Paom Twuiian o criocode npeoosieHUsl MEKTIAJIaKTHYECKOro POCTPAHCTBA.

Hpuna (Paom Tuiian): IMeHHO B 4MCTOM WM aOCONIOTHO MYCTOM BaKyyMe MOKHO
cAenaTh MPOKOJ Ui ModydeHHs! 3(UpHBIX 3Hepruil. OOBIYHO 3TO JAENar0T MEXrajJaKTHYeCKHe
JaifHepbl, OTPOMHBIE KOpaOiiM, KOTOpHIE IMPEOA0JIEBAIOT OTPOMHOE MEKIaJaKTHYECKOe
IIPOCTPAHCTBO, HanpuMep, 3a 10—15 3eMHBIX THEN.

Ho tam yxe He rpaBUTallMOHHBIN ABUTATEllb, TAK KAK TaM HET I'PABUTALIMOHHBIX MasKOB,
¥ 3TO IPOCTPAHCTBO OYEeHb Oousbloe. ['paBUTAIIMOHHBIE MAsIKU HE CMOTYT OBITh PacCIIOJIOKEHbI
TaKuM 00pa3oM, YTOOBI TOMOTaTh KOpabJIsiM COBEpIIATh 3TH MPBDKKU, OpHEeHTHpoBaThes. U eme
MOHAI00UTCS OTPOMHOE KOJIMYECTBO MATEPHUH JIJIsl TPABUTALIMOHHBIX MPBIKKOB.

[TooToMy OOBIYHO HCHONB3YIOTCS ApPYTHe CIOCOOBI JBMXKEHUS MEXIy [ amakThUkamu.
Benp, Hampumep, mexny kpaeM [amaktukn Mineunsiid [lyte m kpaem [amaktukn M31
CyIIeCTBYeT OoJbllle ABYX MHJUIMOHOB CBETOBBIX JIET, YTO B HECKOJBKO JIECSATKOB pa3
MPEBOCXOAUT NMONEPEYHUK caMOM ["aJTakTHUKW.

1:05:33 Paom Twuitan 00 orimumm (pu3dnyeckoro Bakyyma or 3¢upa, nepeaaya
JHEPIuH Yepe3 Hero.

Maxkcum: Xopomo, Paom Tuitan, maBait He Oyaem yxomuTh. 51 ObICTpO ceddac 3TOT
BOINPOC 3aKOHYY, W OyaeM pacxoauThcs. UYem ornmuaercs (pusnueckuii Bakyym oT 3¢dupa B
noHuManuu Mex3Be3aHoro Coroza?

Hpuna (Paom Tuitan): ®uznyeckuii BakyyMm — 31o (huzndeckoe npocrpanctBo. OT apupa
OH OT/eNIeH YPUPHOI MPOCIOIKOM, KOTOpask OTHEISIET KIacTepbl — MEPBbI 1 BTOpol. Ddup, Kak



s MOHHMMAl0, B Balllel HAYKe — 3TO COBOKYIIHOE Ha3BaHUE BCEX TOHKOMATEPUAIbHBIX MHUPOB, U
00011 U3 HUX BBl Ha30BeTe 2GupomM — Bce 3TH 6 039 BUIOB DHEPTHUT.

MakcuMm: Y Hac He COBCEM Tak, s MOSICHIO. Y Hac ObUI TEPMHUH «CBETOHOCHBIN 3¢hup» —
¢uzuku 19-ro Beka 3aHUMaNUCh 3TUM — AnbOepT MaiikenbcoH u ap. W modyeMy 3TOT TepMHH
nosiswiica? IloToMy 4TO CuUMTalOCh, YTO 3JIEKTPOMATHUTHBIE BOJHBI B BaKyyMe€, B IIyCTOM
IIPOCTPAHCTBE HE MOTYT PacCIpOCTPaHATHCS, Hy)KHAa HEKas BOJIHOBAsI Cpena, KOTopas MepenaeT
a10. Kak nepenarorcs 21€eKTpOMarHuTHBIE BOJIHBI, YTO SIBJISIETCSI HOCUTENIEM?

Hpuna (Paom Tuitan): [leno He B TOM, YTO BOJIHBI HE cMOryT 0e3 cpeasl. B
DKPAaHUPOBAaHHOM BaKyyMe€ BO3MOXHO CO3JaTb TO K€ CaMO€ OJJIEKTPOMATHUTHOE II0JIE U
BO3MYIILIEHUE, KoJIeOaHHe KOTOPOro Oy/1eT BOCIPUHUMATHCS KaK AJIEKTPOMAarHUTHbIE BOJIHBI.

Maxcum: Tak 4To — y Hac HENpaBUIIbHOE NpeacTaBicHre? He HykHa HUKakas cpesa Kak
HOCUTENb AIEKTPOMArHUTHBIX BOJIH, OHU CaMH IO cebe B MPOCTPAHCTBE Kak-TO ABMKYyTca? Kak
ThI 3TO MO>KEILb NOSICHUTB?

BoT y Hac B mpoCTpaHCTBE HET BEIECTBA, YUCTHIM BakyyM. MBI 3JIEKTpPOMarHUTHBIE
BOJIHBI 4YE€pPE3 HEro K€ MOXKEM Iepeaarb? A Kak OHU IEpEefaroTCs, MOCPEACTBOM YEro, 4YTO
ABJISIETCSI HOCUTENIEM?

Hpuna (Paom Tuiian): Ecau TaM HeT BemiecTBa, 3TO HE 3HAUUT, UTO TaM HET IMOJICH.

Maxkcum: To ects yepe3 nosns Oyner nepegada?

Hpuna (Paom Tuitan): la. ®usnveckuil Bakyym NMpoHU3aH noyisiMu. M 9yToOBI 3TH mosis
SKpaHUPOBaATh, HY’)KHO 0CO00€ MPOCTPAHCTBO, KOTOPOE CO3/1AaeTCs MEXIY JIBYMS IUIACTUHAMU
OIPEIEICHHBIX CIUIABOB METALIOB. M MeXIy 3TUMHU [IByMs IUIACTUHAMM CO3LACTCS DKpaH.
BhITSTHBaOTCS M3 ATOrO MPOCTPAHCTBA BCE BUIBI (PU3NYECKUX DHEPIHM, U CO3aeTcs MPOKOI
BAKyyMa, HO, €CTECTBEHHO, B TOM MeECT€, KOTOpPO€ COINIACOBAHO C IIJIa3MOUIHBIMU
[MBWJIN3AIUSIMU, TI0]T HAOTIOJIEHHEM AHTEIOB MPUPOJIBI. ITO, KOHEUHO, BCE COOITIOIAETCSI.

Makcum: BoT 371ech s kak pa3z U xouy Tebe MOACHUTH, YTOOBI Thl Ha Oynyiiee 3HalI. Y
Hac B 330TepUKe I(PUPHBIE IHEPTHH KaK pa3 OTHOCATCSA K H30TEPUUYECKUM IPOCTPAHCTBAM, a B
¢u3uKe TEPMHH «CBETOHOCHBIH 3(up» TOSBWICS B OTHOIIEHHHM IPOCTPAHCTBA, KOTOpPOE
ABJISIETCSI HOCUTENEM 3JIEKTPOMArHUTHBIX BOJIH, TO €CThb B OTHOLIEHUH HEKOM Cpeibl, KOTOpas
Kak Obl siBisieTcst HocuTenaeM. Ho Thl ckazai, YTO HOCHTENEM 3JIEKTPOMArHUTHBIX BOJIH JaXe B
BAaKyyMe SIBJIIFOTCS IIOJISL Pa3HOTO pOJa.

Hpuna (Paom Tuitan): Ilons ects, oHM MOTYT ObITh. MOXET He OBITH BELIECTB, ATOMOB,
HO MOTYT ObITh, HAPUMEP, T€ K€ T'PaBUTAIMOHHBIE MOJS, K IPUMEPY, IPABUTALMOHHOE TMOJe
['ajmakTUKH, OHO TOXKE €CTh.

Maxkcum: U ero qoctatodHo, 4TO0KI SJIEKTPOMArHUTHBIC BOJHBI ITepeaaBaTh Yepe3 Hero?

Honyctum, pagnocursan yactoroit 200 merarepn s nepenaro uepes BakyyM. Kak mHe ero
nepeaaTh, 9TO0BI OH JOIIEN J0 aJpecara yepe3 YUCThid BakyyMm? UTo HyXHO, 4TOOBI B BAaKyyMe
661107

HNpuna (Paom Tuitan): Ta sHeprusi, KOTOPYIO Thl IepeAACIIb KaK paJdOBOIHOBYIO, OHA U
Oyzer To# cpenoil, koTopas OyaeT co3aBaTh KojaeOaHUs BHYTPH ceOsl.

Makcum: [lonydaercs, B BakyyMe He Hy>KHa JIONOJIHUTEIbHAS Cpesla, OHa cama U OyJner
JIIBUTATHCS?

Hpuna (Paom Twuitan): IIpoctpancTBo B J1000M cilydae yaep>KMBaeT BCE dHEPruu. To
IIPOCTPAHCTBO, KOTOPOE BbI HA3bIBAETE KOCMUYECKUM BaKyyMOM, — 9TO OIPOMHas 4alia, KoTopas
YAEPKUBAET, MOKHO CKa3aTh, 9 pa3IMYHbBIX KUJIKOCTEM.

Maxkcum: IlonstHo. [lomydaercsi, kakyto Obl 51 SHEPrUI0 HM IepenaBai, MPOCTPAHCTBO
OyneT KoiebaThCsi, Kak peakiiysi B OTHONICHUU MOUX KOJIeOaHUH.

Hpuna (Paom Twuifan): He camo mpoctpancTBO OyzmeT KonebaThCs, a Ta SHEprus,
KOTOPYIO ThI IEPEAAIlb ¢ TOW WM MHOW YacToTo. Ho, ecTecTBEHHO, BCE 3aBUCHUT OT MOLTHOCTH
nepefaTyuka, TO0 €CTh OT TOrO KOJIMYECTBA DHEPrHMHM, KOTOPOE ThI Iepejanb. YeM MollHee
nepesaTyrK, yeM OOoJIbIle SHEPTUU Thl BIIOKUIIb B 3Ty Mepeaady, TeM Jajbllie OHa yieT.

A ecny Thl MaJIO SHEPIUU PAIMOBOIHOBOI IMepesalib, MOCTENEHHO OHa OYyIeT 3aTyXaThb.
KonebGanus OyayT cTaHOBUTHCA pexke, peke, peke, U B KOHIIE KOHIIOB OHU OyJyT CyIleCTBOBATh,



HO YacToTa MX BHOpauuil yxe Oyzmer apyroil. M mpu mpueme 3TOi mepenadd, Hampumep, Ha
KaKoH-HUOYAb IpYyroi 3Be3/ie, BMECTO TBOETO roJjioca, Jaxke eCIM OHU MPUEMHUK MOACTPOST MO
3Ty BOJIHY, OHH YCIIBIIIAT KaKOH-TO HEMOHATHBIHN IIyM.

1:10:57 Paom Tuiian 00 3xcniepuMeHTaX HHOIUIAHETSH HajJ (PM3HYECKHUM BaKyyMOM.

Maxkcum: Paom TuiiaH, nociieiHee pe3roMUpPYIO U celdac 3aKOHYMM. MBI, oydaercs, K
yeMy noponuiu? Y Hac, ecid Mbl OepeM Jr000e MPOCTPAHCTBO B Halleld BeIIeCTBEHHOMN
Bcenennoii, koTopoe OCBOOOXIEHO OT YacTHIl, OT MAaTepUU BEIICCTBEHHOW, TO €CTh YHCTHIN
BAKyyM, 3TO IIPOCTPAHCTBO BCErJa HACBIIIEHO [IEBATHIO TUIIAMU DJHEPIUM, KOTOPBIE YKE
SABJISIFOTCS. HOCUTEIISIMU Pa3HbIX BUJIOB.

Hpuna (Paom Tuitan): [leno B TOM, YTO 3TH caMble YaCTULBI KaK pa3 U BO3HUKAIOT U3
nosie. KoHeuHO, MOKHO BakyyM S3KpaHMpPOBAaTH M OT IIOJIEW TOXKE, HO 3TO HYKHO JENaTh
MCKYCCTBEHHO. MBI, TO €CTh HallW NpPEIKH, NMPOBOAWIN HccienoBaHus. Korga oHM BrepBble
BBIIIUIA B MEKTaJaKTUYECKOE MPOCTPAHCTBO, TO MPOBOJWIHA UCCIIETOBAHNS MEKIATAKTUIECKOTO
IIPOCTPAHCTBA HA MPEAMET HACBIIIEHHOCTH PA3JIMYHBIMU IOJIAMH.

OHM HaxoIWJIUCh JOCTATOYHO JaJeKO OT LEHTpa W OT Kpas [anakTuku, Mexay
rajakTikamu (mokasbiBaeT MpuHe), 1 Bce paBHO TaM CYLIECTBOBAIM BHOpAIMU OINPEIEIEHHOTO
ymcna tex ke GoToHoB. Mx Obl10, KOHEYHO, HAMHOTO MEHbIIE, 4YeM B [ amakThke, HO OHH BCE
paBHO ObtM. HO 3TO M He yAMBHUTENBHO, MOTOMY YTO Ja)XX€ €CJIM C KaKOro-TO MecTa BHE
["anakTuky 4eloBeK OKaXeTcs TaM U OyAeT paccMaTpuBaTh MPOCTPAHCTBO, OH OyleT BUIETH
OTIpeJIeIEHHBIN CBET, OIpe/IC/IEHHbIE TATAaKTUKU BJAU OT ceOsl.

[Touemy oH uX BUAWT? 3HAYWUT, CBETOBBIE BOJIHBI OT ATHX TAJIAKTHUK IOCTYIMAIOT B €0
Iy1a3a. A OHU HE MOTYT IOCTYNUTh B €T0 IJ1a3a, €CIM HE OKAXKYTCA B ATOM IIPOCTPAHCTBE, A€ OH
HEMOCPEICTBEHHO HAXOIUTCS. A 3TO Beb TOKE SHEPTHUs, 3TO HE MPOCTO aOCTpaKTHAsI CBETOBas
BOJIHA, KOTOpasi HU Ha 4TO HE BIIUSET.

S ynuBnsuics, xoraa u3yyan Bamly (U3MKY, OCOOEHHO aTOMHYIO, SIIEPHYIO, (PU3UKY
BBICOKMX SHEPI'Hii, TaK Ha3bIBaeMy0. MeHs yauBIIsiIa BCerja cTeneHb a0bcTpakuuu (1Mo KpaiiHei
Mepe, S 9TO TaK Ha3blBar0), ¢ KOTOPOH BalllM YYEHbIE OMMCHIBAIM TOT K€ 3JIEKTPOH, (OTOH.
OnpeneneHHble BEIIM OHU ONMUCHIBAIM (HOpMyJaMH, HO TMPU 3TOM MPAKTUUECKU (MO KpaiHeH
Mepe, s He HallleJ 3TUX MaTepUalioB) HE ONMUCHIBAJIM B3aMMOBIIUSHUE PAa3IMYHBIX TUIIOB YHEPT U
MEXy COOOH, CIIOCOOHOCTh PHEPTUHU CO37aBaTh MOJS U CIOCOOHOCTH 3THX MOJEH CO3/aBaTh
BHYTPUATOMHBIE CTPYKTYPHBIE 3JIEMEHTAPHBIE YaCTULIBI.

S cuuTaro, 4TO Balla CIIOCOOHOCTh K CO3JAHUIO PA3IMYHBIX (OPMYIT M K OIMCAHHUIO
3TUMH (OpMYyJIaMH pealbHOCTH HECKOJIBKO YBOAMT BAaC B aOCTPAKLIMIO OT KOHKPETUKH.

Makcum: CornaceH, aa. To, yTo Thl CKasal, y Hac ceilyac yxe 3a(UKCHPOBAHO
9KCIIEPUMEHTAJIbHO — YTO B a0COJIOTHOM BakyyMme, Kak Obl OCBOOOXJIEHHOM OT BEIIECTBA U
JTOOBIX YacTHUI, B JIIOOOM cilydae 0Opa3yroTCs YacTHIIbI, KOTOPbIe HAa3BaJlU «BUPTYaTbHBIMI».
3HAYUT, YaCTHUIBl U3 YEro-TO 0Opa3zyroTcs, U3 Kakux-To marepuil. IloHATHO, 4yTO MaTepusIMHU
HACBILLIEHO JTO IIyCTOE MPOCTPAHCTBO.

HNpuna (Paom Tuitan): Hy)xHO cMOTpeTh, OT BCEro JH SKpaHUpoBaIu. Bo-nepBrix, eciu
BbI 9TO Ha 3emJie JieNajiu, TO He SKPaHUPOBAJIHM OT IPaBUTAIMOHHOTO mouid. Yem Bl OyneTre oT
HEro 3KpaHUpOBaTh? DTO HYKEH CIIEIUAIIbHBINA aHTUTPABUTATOP.

1:14:44 Paom Twuiian 00 00pa30BaHMH HOBBIX YACTHL IPABUTALMOHHBIM I0JIEM.

MakcuM: A TrpaBHUTAIlMOHHOE TIOJIE TOXE MOXET O0Opa30BbIBaTh KaKHWe-TO HOBBIE
YJaCTHUIIEI?

Hpuna (Paom Tuitan): B coBokymHOCTH ¢ BallUMU HOJSIMH, HallpuMep, Jaxe KaskIbli
YEJIOBEK M3JIy4aeT ONpPEACIICHHBIA BUJ AJIEKTPOMAarHUTHOrO nojs. OH K€ COCTOUT U3 aTOMOB,
ero teso. I B COBOKYIHOCTM BCe 3TH MOJII 00pa3ylOT B INPOCTPAHCTBE OUYEHb CIIOXKHYIO
CTPYKTYpPY, KOTOpast COCTOUT U3 Pa3HOHAINPABIICHHBIX MOJIEW, 1 OHU MOTYT COECIUHATHCS MEKIY
coboif M 00pa3oBBIBaTHh HOBBIE DSJEMEHTapHbIE YACTHUIbI — TO, YTO BBl Ha3bIBaeTe
JJIEMEHTAapHBIMM YaCcTULAMHM, a Mbl HAa3blBa€M KBAHTaMH, KOTOpPBIE BBl MOXKETE YXkKe



(UKCHpPOBATE.

Maxkcum: Iomydaercsi, COBOKYITHOCTb pa3HOTO poja MOJeH MOXKET 00pa30BhIBATH HOBHIE
YaCTULbI TaK Ha3bIBAEMbIE, HOBBIE BU/IbI MAaTEPUN?

Hpuna (Paom Tuiian): OT0 Aake HE aTOMBI, @ KBaHTHI.

Maxkcum: IToHATHO, MOHATHO, HO 3TO BO3MOXKHO?

Hpuna (Paom Tuiian): /la, koHe4yHo.

Maxkcum: MHTEpECHO.

Hpuna (Paom Twuitan): Bor s u roBopro, 4TO s H3y4dall uepe3 KOHTAKTEPOB
OTpeJieIeHHble KHUTH, HayyHble paOOThl, KOTOpPbIE OBUIM MOCBSIIEHBI OTKPBITHIO 3JIEKTPOHA,
MIPOTOHA U JIPYTHX YACTHIL, U sl HE YBUJEN B 3TUX pab0Tax OMPEeIEHHOr0 MPENOI0KEHUS UITH
TUIIOTE3bl, KOTOpas Obl OIMUCHIBANA IMOSIBIEHHE OSTUX YacTUI] M3 Ooyiee TOHKUX 3S(UPHBIX
SHEPTHi.

S nymaro o TOM, Kak Thl CUMTAEIllb, MOTY JIH s Nepeaars MpuHe Halle yueHue BKpaTie (B
OuYeHb NMpocToil (hopme) 0 TOM, Kakue dPUpPHBbIE SIHEPTUU, KAKUX CTUXUH, KaK UIMEHHO 00pa3yioT
BCE CTPYKTYpHBIE 3JI€MEHThl aToMOB? MBI yxe AaBainu MHPOpManuio o0 aroMe BOAOPOJAa, HO
MBI JaBaJld C TOYKU 3peHHs (PU3NUECKON MaTepuH — O TOM, CKOJIbKO KBAaHTOB TyJla BXOIUT, KaK
OHHU pacCHpeesII0OTCA 0 BCEM TPEM JHEPreTHUECKUM YPOBHAM. JTa MHGOpMalus YXKe y Bac
€CThb. A Kak Thl CMOTPHILIb Ha TO, YTOOBI JaTh MHPOpPMAIMIO, KaK 3TH caMmble (U3NYECKHE
KBaHTBHI MOSABIAIOTCA?

Maxkcum: S Bcerga — nojoXUTENbHO.

Hpuna: /la, Hano HanMcath €11e ONPEAEIIEHHYIO CTaThlO, XOPOLLIO.

Maxkcum: Xopomo, Paom Twuiian, maBaiiTe Ha ceromHs — Bce: Tebe HaAIO0 HITH.
bnaronapro Te6st 3a TO, 4TO ThI yJOCTOUI HAC CBOUM BHUMAaHUEM CETO/IHS.

Hpuna (Paom Tuiian): biaronapro 3a HHTEpECHbIE BOIPOCHI !

1:17:29 Paom Twuiian o pa3aesieHHH ABYX 00J1acTell 3HAHUSA: HAYKH U 330TEPUKH.

Hpuna (Paom Tuitan): ¥ meHns toxxe Oynet Bompoc k Tebe. Kak npencraBurens 3emid,
M3YyYarolui HayKy, CKaXu MHE. ..

Maxkcum: /la, na, ciymaro.

HNpuna (Paom Tuiian): [lo TBoeMy MHEHMIO, KOTJa pa3olLIUNCh MYyTH (U3MKH, Kak
u3yyeHus Gpu3nyeckon peanbHOCTH, H I30TEPUKH?

Maxkcum: Ecnu ckazate Moe MHEHHE (s MOTY M 3a0JTy>K1aThCs, KaK U BCE, B TIPUHITUTIE),
TO MHE Ka)KeTCsl, BO BpeMeHa Tak Ha3biBaeMoil [[peBHeit ['peruu, korna 6pum y Hac (uiocodsr
JIpeBHErpeuecKre (OHU KOHTAKTEphl ObUTH BCEe, MBI 3HaeM) — [lmatoH, ApuUCTOTENb U T.I. — OHU
TOrJja IOHUMAJIN 3Ty B3aMMOCBA3b. A ITIOTOM BCE CO BPEMEHEM Hayallo TEPSATHCS.

U norom, co BpeMeHN poKIeHHsI XPHUCTa, HayKa — 3TO yXe COBeplIeHHO apyroe. Kakne-
TO HMCCIIEJOBATEIN TJIE-TO MMEIM B BHJy, YTO CYIIECTBYIOT APYI'ME€ THIbl SHEPTUH, a HaykKa
OQUIMATBEHO pa3BUBAIACH YK€ M0 APYrOMY CLIEHAPHIO: OIMSTh BCE 3aHOBO, OMSTHh Mbl M3ydaeM
BemtecTBo. [lorom mosiBuiics Heloron u Tak nanee, u Tak nanee. Ceifuac Hayka Ooiibllie He
M0X0’Ka Ha HAYKy JpeBHerpedeckux puaocoos, MOTOMY UTO T€-TO TOUYHO 3HAJIU ATH BCE BEIIH.

Hpuna (Paom Twuitan): Hy, xopomio. A 4yTo mocrnoco0CTBOBANIO pa3/IeieHUI0 ITUX JIBYX
oOnacreii 3HaHUA?

Maxkcum: Paznenennro?

HNpuna (Paom Tuiian): [a, aTux 1syx obnacteil mo3HaHUs peaibHOCTH.

Maxkcum: ClI0XKHO CKa3aTh, MHE KaXXeTcsl, MHOTO ()aKTOpOB, Kak U Bcerja. OJUH U3 HUX,
MOJKET OBIThb, — HapyIlIEHHWE MPEEMCTBEHHOCTH HAy4YHBIX IOKOJIEHUH, KOTOpbIe Obl TPaMOTHO
nepeaaBagl HMH(OOPMAIMIO CIEAYIOIIMM MOKOJEHUsM. M, COOTBETCTBEHHO, HH(pOpMaLUI
3aTepsach.

Hpuna (Paom Tuiian): braronapro 3a oteer. S cunrtaro, 4To HEOOXOUMO Ballleii HayKe U
330TEPUKE U3YUUTh JIPYT JIpyra U COEIMHUTHCS B CUHTE3, XOTs OBl /U1 000TalleHus Apyr Apyra.

Makcum: D10, S Aymaro, yXe HPOMCXOAUT YaCTUYHO W Jalibllle, BEpOSATHO, Oyjaer
HapacTaTh.



Hpuna (Paom Tuiian): Xoporo. S 6marogapro 3a 6eceny.

(Upuna): [loporue npy3bs, s Bac Toxe Oiarojapro 3a mpocMoTp 3toro Buaeo. Hanerocs,
BaM ObLIIO HHTEpECHO. MakcuM, 6J1aroapio 3a HHTEPECHbIE BOIIPOCHI.

Maxkcum: Bonpocs! [1aBna EpmakoBa, He MO BOIIPOCHL.

Hpuna: [1aBna Toxe 6narogapro. Becem moka!



