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#503 HMHomaHeTHbIE TEXHOJIOTHH NpPeo0pa3oBaHUsl JHEPruil BO300HOBJIAEMbIX
HCTOYHUKOB. AHTI/IFpaBHTaIII/IH.

14 oxtsi0ps 2022 r.

VYyacTHUKM KOH(DEpeHIHH:

Hpuna [loa3zopoBa — KOHTaKTEp ¢ BHE3EMHBIMU LIUBUIU3ALUAAMY;

Bukrop — cnenuanucT no paano-uHXeHEPUH;

Paom Twuitan — mnpexncraBuTens IUIAHETHl bypxan, CHENUANIMCT IO JHEPreTUYECKUM
B3aMMOJIEMCTBUSIM B OKpY’Karolllel cpeie MaTepuaibHOro u JlyxoBHOro Mupa M mpeodpaxeHHit
Pa3IUYHBIX YHEPTUH;

Taup Haukpu — mpencraButens miuaHeTsl bypxaj, MH)XKEHEP-TEXHOJOT W KHUOEpHETUK,
CHELUAIUCT MO CO3JaHUIO MTPOrPaMM JUI PA3TUUHBIX TIPUOOPOB.

00:00 Hauano a¢upa.

00:58 IlpencraBieHne y4aCTHHKOB.

Hpuna: 3npascTByiiTe, noporue apy3nsa. Mensa 3oByr Mpuna [logzoposa. S sBisrocs
KOHTaKT€pOM C BHE3EMHBIMM LIMBIWIM3ALUSAMHU, U CETOAHS 3/€Ch IIPUCYTCTBYIOT MPEACTAaBUTEIN
mnaHetsl bypxan: Paom TwuiaH, cnenuamuct 1O SHEPreTUYECKUM B3aUMOAECHCTBUSIM B
OoKpyxkamwiie cpene, U Tamp Haukpu, KOTOpBIM SBIAETCA HWHKCHEPOM-TEXHOJIOIOM U
KHOEPHETUKOM, CIEMATIUCTOM 0 pa3paboTKe MporpamMm AJisl CO3/IaHus pa3IMYHbIX IPUOOPOB.

(Taup Haukpm): Ilo-Bamemy, 3TO0 HHXeHep-TeXHOJIOT. S paboTar0 Ha MOJHOCTBIO
ABTOMATHU3MPOBAHHOM 3aBOJI€ 110 MPOU3BOJCTBY PA3IUYHBIX MPUOOPOB M U3YUEHHIO BHEAPEHUS
HOBBIX TexHoJorui. OH HaxoauTcs Ha opOuTe MaHeTsl bypxan, Ha KocMHyecKod cTaHUUU. S
MOTY BBIXOJIUTh B aCTpajibHOE POCTPAHCTBO U NepeiaBaTh HH(OPMAIIHMI0O KOHTAKTEpaM, XOTs JI0
JTOTO C 3€MJITHAMU OCO3HAHHO HE KOHTAaKTUPOBAJI.

(Upuna): Ero npurnacun Paom Tuiian.

(Paom Twifan): Jlns oTBETOB Ha BOIPOCHI, KOTOpbIE MHe mepenana Mpuna, s momymad,
YTO MHE HYKE€H TaKOH CIEIUAJINCT.

(Mpuna): Onu BaBoeM OyayT oTBeuaTh Ha TBOM BOIPOCHL. [IpeacraBbces, moxanyiicra.

Bukrop: 3npaBcTBYiTE, MEHs 30BYT BHKTOp. S SABIAIOCH CHENMAIMCTOM IO PAIHO-
UHXXEHEPUH, TI0OTOMY Y MEHsI BO3HUKIIA BOIIPOCHI 110 BAILIMM TEXHOJIOTHSAM, KOTOPBIE MBI MOKEM
MOHATh M TPUMEHUTh COBMECTHO C HAlIMMHM TEXHOJOTMAMH. To ecTh mepeaenars HallH
TEXHOJIOTHH T10/1 BallI TEXHOJIOTUH, OCHOBBIBAsICh XOTs ObI Ha T€X BAIIMX 3HAHUIX, KOTOPHIE BbI
MOKETE HaM MepeaTh.

Hpuna (Taup Haukpu): Xoporo, 1y Bompoc.

03:36 OcoOGeHHOCTH OCBElIeHNs B MIOMEILCHHAX HHOILIAHETSH.

Bukrop: Y MeHs DepBBIi BONPOC: YTO CIYKUT HCTOYHMKOM CBE€Ta B BalllUX
noMmeueHusax? B HalmMx NoMeeHns X HCTOUHUKOM CIIYKUT JIaMI1a HaKaJUBaHUs.

Hpuna (Taup Haukpn): [a, s 31ar10.

BukTop: A B Bammx, s Tak MOHSAJ, Bbl Kak-TO BO30yXJaeTe B MPOCTPAHCTBE YHEPTHUIO
ceera. Kakum oOpazom 3To npoucxoaut?

Hpuna (Taup Hauxpu): Mimeercst B BUly CBET B MOMEIEHHUSIX WM HalpaBJICHHBIN JIy4d
BHE ITOMENICHUI?

Bukrop: Het, nmenHo B nomemenusax. Kak Bbl ocBeniaere nomemeHus?

Hpuna (Taup Hauxpu): Ha xaxnoil 1miaHere CymIEeCTBYIOT pa3Hbl€ PEIIEHUS 3TOTO
BOIIPOCA, HO OCHOBHBIC IIPUHILUIILI BE3J€ OJMHAKOBBL. BO BHYTpEeHHEHN IUIOMAAU TOMEILECHHUS
(mox He#l S MOHMMA0 CTEHBI, MOJI U MOTOJIOK) pacmoyiaratoTcsi 12 HaHOTpyOouek (MoKa3bIBaeT
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Hpune). OHM ecTh B J1000M MOMEIIEHHMM W paclojiararoTcs TakuM o00pa3oM, dYTOObI
PaBHOMEPHO. ..

(Mpuna): OH MHe cxemy nokaseiBaeT. Celdac, s HaCTpPOIOCh. Thl 1O OuYepeH TOBOPH:
CHayJaJia ciioBa, moToM 00pasbl. OH MPOCTO C 3eMJITHAMU HE 00TIaCs.

Buxrop: IlonsatHo.

Hpuna (Taup Haukpn): 5 xody noq4epkHyTh, UTO BCE 3T MH)KEHEPHbIE KOMMYHUKAIIUH
y Hac AenaroT OHopoOOTHL. S MPOCTO 3HaI0 00 ATUX CXEMaxX M3 CBOMX yYEOHUKOB. DTHM Jake He
3aHUMAIOTCS WHXKEHEPHI, 3TO paboTa poOOTOB.

Korzna co3paroT To uiam MHOE MOMEUIEHHME, B €r0 CTEHBI, M0JI U MOTOJIOK BKJIAABIBAIOT
cHelnuagbHble HAHOTPYOKH, Ha OINpEAENeHHOM pacCTOSHUU Ipyr oT apyra. W uepe3 3Tu
HAHOTPYOKH, KOTJ]a HY’)KHO aBTOMAaTUYECKH 3a)Ke4b CBET (HAaIpUMep, €CIIM B MIOMEIIEHUE BOIeT
YeJI0OBeK), TO JAaTYUKU [0 U3MEHEHHIO TI0JIeH B 3TOM MOMENICHUH CYUTHIBAIOT, YTO TaM MOSBUIICS
4eJI0BeK (IyMaHOM).

Bukrop: Tuma eMkocTHBIX naT4ukoB? M3MeHeHHME €MKOCTH, OObema IOMEIIEHUS,
HoJTy4yaeTcs?

HNpuna (Taup Haukpu): Ilpocto snepreruka mensercs, sHeprus. Korna tyna 3axonsr,
TaM TOSBIISAETCS HCTOYHUK OMOJIOTMYECKOH sHepruu. JlaTduku OOBIYHO HAXOAATCS B TONY.
Korna yenoBek 3aren, pacrnpocTpaHseTcs ero sHeprus. Beap y ¢uznyeckoro Teina TOXe €CTb
omnpeeneHHble sHeprun. CpabaThiBaloT TPyOOUKH, TO €CTh SHEPTHsl, KOTOpas €CTh YK€ B 3TOM
MOMEILEHUH — CaMH CTEeHbI, MaTepUajbl, U3 KOTOPBIX COCTOST ITH CTEHBI — BO3JICHCTBYET TaKUM
00pa3oM Ha 3TU TPYOOUKH, YTO OHM HAUMHAIOT B BO3JYX HMCIIyCKAaTh CIHMPAJIbHO HalpaBlIeHHbIE
paauoBoOHbL, JIMHOW 1,4 MuummMmerpa. OHM CHOMPATBHO PACIPOCTPAHSIFOTCS C ONpPEIECICHHON
OUYEPETHOCTHIO M OIPEIEIIEHHON MOLTHOCTBIO.

Bo3nyx B momMemnieHHMM COCTOMT M3 Ta30B, M aTOMbl 3THUX Ta30B pearupyloT Ha 3TH
CHHMpAJIbHBIE PACXOISIINECS PaJUOBOIHBI TaKUM OOpa30M, YTO OHM HAYMHAIOT HCIYCKaTh
sHepruto ceta. [lpuuem, sHeprus cBera, KOTOpas BBIXOAMUT M3 3TUX aTOMOB (KakK BBl 3HAeETe,
DHEPrMM CBETa — OTO OJHEPrUM IIEPBOTO YPOBHA), OTPAXKasACh OT IPEIMETOB, CHOBA
BO3BpAIAETCsA, MOXKHO CKa3aTh, B aTOMbI (OyaeM mMpoIle TOBOPHUTH), M TOCTENEHHO, dYepes
npeoOpa3oBaHUEe B PaJMOBOJIHBI, CHOBA NPUXOJUT HA CBOW YpOBEHb, B TOT THUI HEPTUH,
KOTOPBIN OTBEYaJl SHEPTUU CBeTa. JTO MPOIecC, MOXKHO CKa3aTh, OECKOHEUHBIN, TO €CTh aTOMOB
JIOCTaTOYHO MHOT'O, M1 OHU TOCTENEHHO BOCCTAHABIIMBAIOTCA I1OCIIE ITOIO UCIyCKaHMs CBETA, U
CBET TaM MO>KET OYEHb J0JT0 FOPETh.

BukrTop: S Tak mnoOHMMAalrO, S3TH HAHOTPYOOUKH SIBJISIOTCS M TNPHUEMHUKOM, U
epeIaTunKom?

Hpuna (Taup Haumkpu): OHM SBISAIOTCA NEepelaTUMKOM, a CaMU PAJAMOBOJHBI B HUX
BO3HUKAIOT OT JIEUCTBUS TOM SHEPruM, KOTOpas yK€ €cTb B CTe€HaX. DTO MAarHUTHbBIE IOJI,
KOTOpBIE U3BHE HA CTEHBI, IIOTOJIOK U TI0JI HAIIPABIIAIOTCS OT 3HEPTETUYECKOTO TeHepaTopa TOro
MOMEIEHHS, K KOTOPOMY OH OTHOCUTCS — Oy/Ab TO JOM, KOCMHUYECKHH KOpabdiib, WM KaKOe-TO
noMelIeHue Ha 6a3e, y HUX BCE paBHO €CTh KaKOH-TO SHEPreTHYeCKUd TeHepaTop.

(Mpuna): OH BBIMIAIUT Kak KOpoOOUuKa 0esoro 1BeTa, a BHyTpU Hee cHauvasla UJeT Kakas-
TO JKUJKOCTb, KaK I'€jlb, & IOTOM KaKHe-TO JUCKH.

(Taup Haukpu): DTO OOBIYHBIA TeHEpaTop, KOTOPBIH CIOCOOEH HCIyCKaTh MHOIO
PHEPTUHM U MOXET IpeoOpa3oBbIBaTh OJIHY OJHEPrUi0 B JAPYrylo. Mbl ero Ha3blBaeM
«mpeodpazoBaTeby. B HEM 00BIYHO JTUOO XPAHUTCS KaKOW-TMOO 3arac 3HEPruu, JU0O0, YTO
Jalre BCero, OHa Mpeo0paszyeTcs U3 SHEPruu NpOCTPAHCTBA, HAPUMED, WM U3 TOU e CBETOBOM
SHEPrUH, U3 SHEPTUU TeIia — 0-pa3HOMY ObIBaeT.

Buxkrop: Kak 51 moHs, 3TOT reHepaTop crocoOeH MPUHUMATh pa3Hble BHUJIbI SHEPTUH U3
IIPOCTPAHCTBA, TO €CTh TEIUIOBYIO, CBETOBYIO, PaJUOBOJIHOBYIO, U MPeoOpa3oBbIBaTh B JIpYrHe
BU/IbI DHEPTUU?

Hpuna (Taup Haukpu): Jla, oH MOXET OJHOBPEMEHHO M XpaHUTb HHEPrUH, H
npeoOpa3oBbIBaTh MX. IJTO YTO-TO HAMOJ00HE BaIIEro akKKyMyJsTOpa, HO B TO K€ BpeMs
CIOCOOHOTO MPeoOpa3oBbIBATh OJMH BHUJI SHEPTHH B JIPYTOM.



KoneuHo, sHepreTHueckne yCTaHOBKU OBIBAIOT pa3HbIMU. Ta, 4TO s omuca, Jaiie BCero
OBIBaC€T B JKHJIBIX IIOMCIICHUAX. B kocMmuuyeckux Kopa6n51x OHCPreTUYCCKasd YCTaHOBKaA
HECKOJIbKO MHas. OHa ye OPHEeHTHPOBAaHA HE TOJIBKO Ha 00OTPeB MOMEIICHUH, BEHTUIISINIO U
CBET, HO W Ha 3amyck aBurareneid. OHa ClI0KHee yCTpOeHa: Ha MOJydeHHe, HalpuMep dSHEPTuH,
UAYIICH OT 3BE3], MPpUYEM Ha JOCTATOYHO OOJIBIIOM PACCTOSHUU OT HUX. OHa TakKe HaCTpoeHa
Ha TIOJIYYeHHE YPHEPTUH Yepe3 OOIMMBKY KOpabiist. DTO CIOXKHEe.

11:17 CocTaB u pa3Mepbl 0OCBeTUTEIbHbIX HAHOTPYOOK.

Bukrop: [laBaiiTe BepHeMcs K TeM HaHOTpyOOukaM, KOTOpbIE BBl pacrojaraere B
nomenieHn. OHU M3 Kakoro-to oco0oro marepuaia claejaHbl WIM M3 TeX K€ XUMHUYECKHX
AIIEMEHTOB, YTO €CTh M y HAC HA IUIaHEeTe?

Hpuna (Taup Haukpu): OHu caenaHbl U3 ClIENUAIBHOTO UPHANEBO-MarHueBOro CIjiaBa.
BuyTpu HaxopsTcs Iy3bIpbKH, KOTOPBIE COCTOAT M3 OJHOTO CJIOSl aTOMOB CEpbl AJIFIOTPOITHOM
MoauduKanMK, KOTopas o0pa3yeT My3blpb, KOTJa OHHM CLEIUISIIOTCS MeXAy coboil. Taxkum
o0pa3om, npornyckas yepe3 ceOst paJHoBOJIHBI, OHU UX 3aKPYYHBAIOT.

(Mpuna): Ilo kpaitHeil Mepe, s ceifyac BHXKY TaKyl0 CXEMY U MOJITUCH K HEH.

Buxkrop: Kakum 00pa3oM OHU MOITYy4YaIOT 3TH HAHOTPYOKHU?

Hpuna (Taup Hauxpu): OObIuHO OHHU YK€ OBIBAIOT BCTPOEHBI B T€ MaTepUajbl, KOTOpPhIE
UCTIOJIB3YIOTCS ISl CTPOUTEIbCTBA oMelieHuil. Ho OBIBAIOT M OTNIENIbHO, KAKUM-JINO0 00pazoMm.

(Upuna): OH MHe ceifuac MoKa3bIBaeT... DTO He TpyOouka, a Kakou-TO OJIOK, KaK Halll
KUPINY, TOJIBKO OH TEMHO-)KEJITOTO 11BE€Ta, KBaIPATHBIN, M OOJIbIIE HA TUIACTHK ITOXOX.

(Tamp Hawmkpu): IT0 TakoW BCTPOCHHBIN OJOK. A OTIEIHHO — OHU OY€HHh MaJIEHbKHE, UX
pasmep MeHbIlle MIITUMeTpa. [[nrHa, MoxeT ObITh, TOJIOBMHA MUJITUMETPA, a IIUPHUHA BOOOIIE
coteie qonu MuutuMmeTpa — 0,01, To ecTh Kak ObI «HaHOY.

13:28 PacnoJioskeHne u ynpaBjieHue OCBeTUTeIbHBIMHM TPYOOUKaMHU.

Buxkrop: Tax, s mosn. 3Hauut 3T 12 TpyOoUyeK BCe B OAHOM KUPIHMYE, UIH XKeE. ..

HNpuna (Taup Haukpu): Het, He Bce. OHU TOMKHBI OBITH paccpelOTOUYEHBI 10 YaCTSIM
MIOMEIIEHUS U JOJDKHBI OBITh IPYT HAmpoTuB Apyra. Ho UMITynbChl 3THX PaJUOBOJIH OTTY/a He
OJIHOBPEMEHHO BO3HUKAIOT: BO-NEPBBIX, OHHU BO3HUKAIOT PUTMHUYHO, a BO-BTOPBIX, C
OTIpeIeIeHHON 04epeIHOCThIO0. J[Be TPYOOUKH BKIIOYAIOTCS, KOTOPHIE HE HANPOTUB JAPYT IpPYyra,
a HalCKOCOK, KPeCcT-HaKPECT.

Bukrop: Ilo ntnaronanu, nosy4yaercs, BKIOYAHOTCS?

Hpuna (Taup Hawmkpm): Jla, 1 OHM BKIFOYAIOTCSA 1O OYEPETHOCTH, 3TO PETYIUPYETCS
MHUKpPOCXEMaMH, KOTOpble OOBIYHO 3a CTEHOH. MHUKpOCXeMbl aBTOMAaTUYECKH YIPABISIOT 3TUMHU
TpyOOUYKaMH, STUMHU PaIMOBOJIHAMH, UX CHJION U o4epeHOCThI0. OHU BCTPOEHBI B CAMH CTEHBI,
U HE TOJBKO CBETOM YMPABJAIOT, Y HUX MHOro ¢yHkuuil. Hampumep, kak s yxe ckasadn,
GyHKIUS BKJIIOYEHMS CBETa, PACMO3HABAHUE BXOSIIETO TOXXKE B MHKPOCXEMbl BJIOXKEHA.
MukpocxeMbl 00bIYHO KPEMHHUM-YTIIepOHbIE, HO OBIBAIOT M JIPYTHE PELICHUS, B 3aBHCUMOCTH
OT TUIIA TIOMEUICHHUS.

BuxkTrop: /1151 3701 cuCTeMbI €CTh OT/AEIbHBIN OJIOK YIpaBIeHUs, A 3aKUTaHUs?

HNpuna: brok ymnpaBieHHs, €cIM Mbl TOBOPUM IPO JOM, HAXOAWUTCS B JOMAIIHEM
KOMIIBIOTEPE U OJHOBPEMEHHO SBJIETCS U CPENCTBOM CBsI3H. OH €CTh B Ka)KJIOM JKHUJIOM JIOME, B
KKJIOM yupexaeHnnn. Ha kocMuueckoM kopabiie — 3To KopaOeTbHBIM KOMITBIOTED.

15:34 Ilepenaya curHajia Ha BKJIIOYEHHE CBETA.

Buxkrop: Ot 3TOro0 6510Ka yrpaBieHUsI HEMIOCPEICTBEHHO HA 3TH HAHOTPYOOUKH CHTHAI
KAKOM IepenaeTcst — 3JIEKTPUYECKUM WM K€ PaJMOBOIHOBOM MMIYJbC, MPOBOJAAMM KAK-TO HA
HUX IIOJIAETCS WIH XKE 110 BO3AYXY?

Hpuna (Taup Haukpm): IlpoBomamMu u mo BO3AyXy HHMYEro He Mepenaercs, Bce IO
CTEHaM IE€pENAeTCsl.

Bukrop: [lonydaercs, y HUX cama CTeHa POBOAMT JIEKTPUUECTBO?



Hpuna (Taunp Haukpum): D10 He snexTpuyectBo camo 1o cebe. Ilpukaz otmaercs
MarHUTHBIMH MOJIIMU. DTO JJIS1 BacC 3TO 3JIEKTPOMArHUTHOE I0JIe, a Y HAC 3TO OTIEJIbHO MOXKET
OBITH TIOTYYEHO.

Bukrop: Kak s moHsu1, CTOUT KaTylka HHIYKIUH, KOTOpast epeaaeT 3TOT CUTHall, KaK y
Hac B paJUOIPUEMHHUK?

HNpuna (Taup Haukpu): He kaTymika MHAYKLIMHK, Y HAC MarHUTHBIE TIOJIST POKIAIOTCS U3
caMMX aTOMOB U MEPEeAaroTCs TOW WM UHOW MOAYJISIIUH, HanpaBieHus u ¢popmsbl. To ecTb y Hac
MarHUTHOMY TIOJII0 MOXHO Npuaath Gopmy, IIOTHOCTh. Hampumep, Tak co3garoTcsi pa3inyHble
DKpPaHUPOBAHUS — TOXKE U3 ONPEACICHHBIX THUIIOB MAarHUTHBIX nosnel. Ilmoc ompeneneHHble
PaZMOBOJIHBI, OHU BJIOKEHBI JIPYT B Jpyra ¢ MOMOIIBIO CHEUalIbHbIX ycTpoicTB (UpuHa BUIUT
UX KaK KaKue-TO KOChle CTEepXKHH). B BareM s3bIke HeT Takoro Ha3BaHuA. O4eHb OTJAIEHHO 3TO
HAIlOMUHAET 3JIEKTPO/Ibl, TOJIBKO K AJIEKTPUYECTBY OHU HE UMEIOT OTHOLIEHUs. MarHeTpoibl.

Buxrtop: Maruerpoasi?

Hpuna (Taup Haukpn): Jla. OHu TOXKE cenaHbl U3 0COOBIX MaTepualioB, B TOM YHUCIIE U3
CIUIaBOB, KOTOPBIE COAEPKAT HE TOJIBKO METAJUIbl, HO MOTYT COJIEP)KaTh U APYTUE DIEMEHTHI,
KOTOpBIE€ C MOMOIIBI0O HAHOTEXHOJIOTUN PACIOJIO0KEHBl TaKUM 00pa30M, YTO MPH MPONYCKaHUU
yepe3 HUX SHEPrHil mpeoOpa3yroT uX B APYrve YHEPIUU WIK CO3JAI0T MOJIsl HY>)KHOI HaM (OpMBI,
IUIOTHOCTH, HaNpaBJieHus], BpalieHus. Pa3Hoe ecTh Ha3HauUEHHUE 3TUX MOJIEH.

A d4ro Kacaercs CBe€Ta, 3TO BCE aBTOMATU3UPOBAHHO: CaMU MHKPOCXEMBI YIIPABISIOT
BKJIIOUEHUEM U BBIKIIIOUeHHEM cBeTa. Korja uenoBek, Hanpumep, BHIXOAUT U3 MOMENICHUS, TO
OHM BBIKJIIOYAOT cBeT. Ho TOT, KOTOPBIN HAXOAWUTCSA B MOMEUICHHH, C ITOMOIIBIO, HalpUMED,
CHEIHabHBIX KHOIMOK, MOXKET caM BKJIIOUUTh. ECTh U rojocoBoe yrpaBieHrue. DTO Kak CUCTeMa
«YMHBIH JTOM», TO €CTh KakK J0Ma-po0OThl. MOXXHO Tak cKa3aTb, YTO caM oM OyJeT ¢ BaMH
o0ImaThCs.

18:40 IlepuoaAn4HOCTH 3alyCKAa HAHOTPYOOK.

Bukrop: C kakoil mepHOAMYHOCTBHIO 3amyckatoTcs 3TH 12 HaHOTpyOOK? C Kakoi
YaCTOTOW OHU IYJBCUPYIOT?

Hpuna: O mHe ceifuac nokassiBaeT ynciio 0,48 cekyHIbl. DTO BpeMsl, uepe3 KOTOpoe
BKJTFOYAETCsI TIapa TPyOOK.

Bukrop: A cama TpyOoUKa, KOTOpas M3JIydaeT 3Ty SHEPTHIO PaHOBOIHOBYIO, C KakoH
4aCcTOTOM MyJIbCUPYET?

Hpuna: Cnymiaid, y Te0s ke TaM e111e MHOTO BOIIPOCOB?

Bukrop: [la, HO s corylaceH Ha HECKOJIbKO KoHbepeHIui. 1 Xouy HAOCKOHAIBHO
PACKPBITh XOTsI OBbI ATOT BOIPOC, YTOOBI MOKHO OBLIO HAYaTh. ..

Hpuna (Taup Haukpu): Ona He mynbcupyeT cama. Tam mpocTo nosie oOpa3yercs.

Buxtop: OHa He mnyiabcupyeT, HO Ha Hee, KaK S IOHsUI, IPOM30ILIO MarHUTHOE
BO3JICHiCTBHE HAa TPYOOUKY, TaK?

Hpuna (Taup Haukpn): a.

BukTtop: MaruutHoe BO3/A€WCTBHE, U 3Ta TPyOOUYKa HAUMHAET W3JIy4aThb PaJUOBOJIHY,
KOTOpasi BO30Y>KIaeT CBETOBYIO SHEPTHUIO B IIOMEIICHHH.

HNpuna (Taup Haukpu): Jla, oHa, MOXKHO CKa3aTb, BHIOMBAE€T TO, YTO Bbl HA3bIBAETE
KBaHTaMU CBeTa, U3 aToMoB. Ho 3Tu KBaHTHI cBeTa HUKY/a HE eBatoTcs. OHU OTpakaroTcs OT
peaIMeToB, Ojarofaps 4eMy 4ellOBEeK MOXET BUIETh BCE, YTO €My HYKHO. VX ke Huuero He
HKPaHUPYET, 3TO CBETOBOE MoJje (MBI €lle Ha3bIBaeM «yMpaBisieMOe CBETOBoe moiie»). Ero ke
HUYEr0 HE DKPAaHUPYET OT BO3BpAIlEHUS B aTOMBI, [T0O3TOMY, €CTECTBEHHO, CBETOBAasi dHEPIUs
BO3Bpallaercs B atomMsl. M pa3 3To aToMbl ra3oB, OHa BO3BpALIAETCS YEPE3 PHEPTHIO PATUOBOJIH,
a TIOTOM dHEpPrus paIMOBOJIH MEepeTeKaeT Ha YpOBEHb YHEPTHH CBETA.

Bukrop: Eme pa3 xoTen yTo4yHUTb, C KAKOW 4acTOTOM, B KAKOM JIMANa3oOHE ATOT CBET
BO30yx)aaercs?

Hpuna (Taup Haukpu): D10 panumoBonssl 1,4 Munmumerpa. A cam cBeT — OH 0eJoro
1[BE€Ta, BUJAUTCS Kak Oeinblil (mokaspiBaeT Mpune). 1o B momemenuu. Ecian HyXeH Kakoi-To



JPYTOM JIy4, TO TaM JPyrue TEXHOJOTHH MPUMEHSIOTCS, KOTOPbIE U3MEHSIOT YacTOTy BUOpanui
9TOro JIyya.

21:35 Ha3nayeHue reseparopa moJiei.

Buxkrop: IloustHo. Teneps mo Oj0Ky ympasieHus. Bel cka3anu, TaM e€CTb MarHUTHBIE
3JIEKTPO/IbI, KOTOPBIE HAUNHAIOT MEPEIaBaATh U3ITyUEHUE.

Hpuna (Taup Haukpu): D10 B TakOoM reHeparope mosiei, KOTOpbIi poXKIaeT pa3IuyHbIe
MOJISi: MAarHuTHBIE, 3JIEKTPUYECKHE, PpaJHOBOJIHOBBIC, TEIJIOBBIE, CBETOBblE. Pexe OBIBaIOT
HEOOXOIMMBI TIOJISI U3 PHEPTUi BTOPOTO YPOBHS — TO, YTO BBl Ha3bIBA€TE PaIMOAKTUBHOCTHIO U
TepMosiiepHOil sHeprued. OHM WHOTJA HCIOJIB3YIOTCA Ul OmpefesieHHbIX pabor. Ho wamre
BOCTpeOOBaHbI BCE-TAaKW HSHEPrMU IEPBOTO YPOBHS. A UYTO Kacaercsi TPEThero YpOBHS —
IPaBUTALMOHHBIX TOJIEH, OHM TOXKE OBIBAIOT HYXHBI, HANpUMEp, B T'PABUTALHOHHBIX
JBUTATENSX, B @aHTUTPaBUTATOPaX Pa3IMYHBIX.

22:45 XuMHn4ecKuii COCTAaB MAarHUTO3JIEKTPO/IOB B FeHepaTope IMmoJieil.

BukTop: A xak Bo30yXJal0TCs 3TU CTEP>KHU, MarHUTORJIEKTpoIbl? U kakol craB Tam?
Bsl roBopuiy, OHA KaKOM-TO METaJUI COAEPIKAT.

Hpuna (Taup Haukpu): beiBatorT pasHoro tuma. Hampumep, camble yHUBepcallbHbIE
coJiepKaT UUPKOHUH, U IOYEMY-TO OH MHE IT0Ka3bIBaeT BOOpoA. OH rOBOPUT, UTO BOJOPOA NPU
ONPEJIETIEHHBIX YCIOBUAX MOXKET UMETh CBOMCTBA METaLIA.

Bukrop: A xakum o0pa3oMm oHHU ero coequHsI0T? OHU CIUIABISIOT BOJOPO/, HITH K€ 3TO
MOJT AaBJIEHWEM KaK-TO MPOUCXOJUT, POPMHUPOBAHUE ITUX CTEPIKHEN?

Hpuna (Taup Haukpu): Lupkonuii, Bonopo, KaJIbLuil U yriiepo.

Bukrop: A nponeHTHOE COJIep)KaHUE 3TUX METAINIOB MOXKETE CKa3aTh?

Hpuna (Taup Haukpn): Bonopon — 14%, nupkonuit okosno 28%, kaneuuit — 7%. MoxHO
JaXKe U3 3TUX TPeX CHeNaTh, Toxe OyleT J0CTaTOYHO YCTOMYMBO, OCOOCHHO AJIsl TEX, KTO TOJIBKO
HA4YMHAET 3TH IOJIA N10JIy4aTh.

Bukrop: Tenepp kakum MmeTogomM? MeTo0M CIUIaBIICHUS?

Hpuna (Taup Hauxpu): Eciu Opate ux Tpu, TO MOXHO Oparh, HampuMmep, BOJAOPOI —
12%, a Bce OCTaIbHOE pa3[eIUuTh HAIIONOJIaM.

24:39 TexHoJ10rUsl U3rOTOBJIEHUS MATHUTOJIEKTPO/10B.

Bukrop: CrimaBisiioTcs 3TH XUMHUYECKUE 3JIEMEHTHI M0J1 JJaBJIEHUEM, WIIH e B OOBIYHBIX
yCIIOBHSIX?

Hpuna (Taup Haukpu): Her.

Bukrop: Kakue ycnoBusi JOIKHBI ObITh BHITTOJHEHBI?

Hpuna (Taunp Hawukpum): D10 nomkHa OBITH MOJIEKYJSpHas Naiika. OTH 3JIEMEHTHI
JOJKHBI OBITH pa3fiefieHbl Ha MOJIEKYJbl, a TIOTOM B OINpEAENEHHYI0 KaMepy OHM JIOJKHBI B
ONPEIEICHHBIX MPONOPLUAX IOCTyNaTb M CHAUWBAaTbCsd C IOMOLIbI0 KOMIIBIOTEpA C
HCKYCCTBEHHBIM Pa3yMOM — OH HaIpPaBJISET MOJIS, UMHU YIIPABIIAET, IMEHHO MarHUTHBIM I10JIEM.

HyeH yenoBek, KOTOPBIN 3HAET TEXHOJIOTHIO, YTOOBI Yepe3 TEPMUHBI IepeiaTh.

Buxkrop: f nownsn. [Ipocto ceifuac xoTs Obl HA TOM YPOBHE MOHSTH, MBI MOXKEM YK€
Janblile HalTH JIro/ied, KOTopele MOTYT B 3TOl obnactu pabortath. Ilo kpaiiHeil Mepe, Ham 3TO
JACT KaKOK-TO TOTYOK, YTOOBI HA4aTh TAKOTO poja MaTepHaibl JejaTh. Y HAC MPOCTO cerldac
HET CIEIUAINCTOB, KOTOPBIE MBICIIAT UHAYE, [10-APYTOMY...

HNpuna (Taup Haukpu): Bl ckaxuTe, Kakyl0 SHEPIHI0 BaM HY)XHO MOJy4aTb, OTOMY
4TO s pacckaszals B oOuieM. Kakue sHepruu u U3 4ero BaM HY>KHO 1osry4atb? S 4TO-TO HMOACKaxXy
00J1e€ KOHKPETHO.

26:21 IIpuHIUNBI pa00ThI MHOIVIAHETHBIX ABHUIaTeJIei.
Buxrop: Xopo1o, Torna 1aBaire mnepenieM K cieayroleMy Borpocy. B Haie BpeMs Ha
3emile aKTyaJdbHO HAKOIUIEHHE DJIEKTPUYECKOW SHEPTHH. DTO YTO-TO THUNA aKKyMyJsaTOpa, B



KOTOPOM MOXHO OBLIO OBl HAKONUTh MHOTO W HCHOJb30BaTh JOJr0. Y Hac B TenedoHax
WCIIOJIB3YIOTCSI aKKyMYJISITOPBI, B MamuHax (y Hac cerldac akTyajeH dJeKTpoTpaHcrnopt). Ham
HYKHBI CYIIEPCOBPEMEHHBIE BBICOKOEMKHE TBEPAOTEIbHBIE AKKYMYJIATOPBL. Y Bac MIPUMEHSIIOTCS
TaKHe TEXHOJIOTUU?

Hpuna (Taup Haukpn): IMeHHO 251eKTpUUeCTBO — HET. Y HAC APYTHUE TUIIBI TPAHCIIOPTA.
OHH pakTUYECKH BCE HA MArHUTHBIX NPUHIMNAX. ECIM miiaHeTapHbIi — 5TO MAarHUTHO-TI0JIEBOM
JIBUTATeNb, €CIM BHYTPUATMOCQEpHBIH, TO 3TO JBUraTelb, KOTOPBI MOXET NOJaBIsATh
rpaBuTanuio. He kak rpaBUTallMOHHBIN IPBIKOK, a IPOCTO YNPABIIATH TPABUTALIMOHHBIM I1OJIEM,
YMEHbILIAsl U YBEITMUMBAsI €T0.

Uro kacaercs snextpudecTtBa. Kak, m3 4ero ero moxxHo noiyduth? Hampumep, ectsb
CHoco0 TOJYy4eHHUs OHIEKTPUYECKOM OSHEpPruu, IycTh Jake OHAa He BCsA IHepeiier B
AJIEKTPUYECKYIO, M3 PATHOAKTUBHOCTH, €CIM €CTh KaKOW-TO pamuanmoHHbid (oH. Eciam ecthb
KaKoe-TO H3Jy4YeHHe, Jla)Ke H3Iy4YeHHE COJIHIA, TaM €CTh SHEprHusl CBeTa, W 00s3aTelIbHO B
SHEPIHI0 CBETA COJHIA BJIOKEHA SHEPrus paJAvoakTMBHOCTH. OHa HE BCS NPOXOIUT dYepe3
aTMocdepy, HO, TEM HE MEHee, MOXKHO IOJIy4YUTh 3Hepruro. UTo kacaercs akKymyssiTopa. ITo
TaKol 0OBEKT, KOTOPBIH 3a/1eP)KUBAET FIEKTPUUECKYIO SJHEPTUIO?

Buxrop: Jla.

Hpuna (Taup Haukpu): OH g0mKeH ObITh, KaK S HOHUMAal0, MOCTOSSHHOTO TOKa?

Buxrop: [la, NOCTOSHHOTO.

HNpuna (Taup Haukpu): OH 10mKeH OBITH HE MPOCTO M3 OINPEAETICHHBIX METaIOB, C
OIPEIEICHHBIMU JIEKTPOAAMH — aHOJOM U KaTOJIOM, U COBMECTUM C BalllUMU YCTPOMCTBAMU.

51 He Tak XOpoIlI0 3HAKOM C BAalllMMU YCTPONCTBaMHU, sl Ha 3emiie BOOOIIEe HU pa3y He ObLI.
MHe HyXHO IOCMOTPETh, K UeMY OHH JOJKHBI ObITh MpucnocobieHsl. [lotomy uTo nmomyueHue
3JIEKTPUYECKON SHEPTHH BO3MOXKHO, HAIPUMEp, U3 TOrO K€ MarHUEBOTO CIUIaBa, B KOTOPOM
HaXOJATCSI MOJNMO/IEH, MarHU, Yriaepoa u Teutyp. EcTh Tako# criaB, U3 HEro omnpeeseHHbIM
o0pa3oM JenalTcs IUIACTUHBIL, U OHM MPeoOpasyloT pagualuio B AekTpudyecTBo. OHA MOXKET
ObITh HAKOIUJICHA, HAlpUMEp B TeJeBOH aKKyMyJsTOpHOM OaTapee, KOTOpas COCTOUT W3
NEPENJICTeHHbIX HUTEH KpeMHHus, U OHM OyIOyT B3BEIIEHBI, HApUMEp, B PAcTBOpE XJIOpHUIA
Me/H, ONPENEIICHHON KOHIICHTPALUH.

30:00 YcTpoiicTBO HHOIVIAHETHOT0 AKKYMYJISITOPA JIEKTPHYECKOH JHePIruu.

BukTop: A M0XHO TTOIpOOHEE PO ITOT AKKYMYJISTOP paccka3aTh?

HNpuna (Taup Hauxpnu): [lenaercs B3BeCh XJopuia MEAH, U B HErO MOMEIIAETCS TaK
Ha3bIBacMasi KpeMHHEBasl BaTa.

BukTop: A 351eKTpoaMu 4TO CITY’KUT, IIIFOCOM U MUHYCOM?

Hpuna (Taup Haukpu): OH MOXKET JepKaTh JIEKTPUUECKYIO SHEPTHUIO, €CIIU CENaH ellle
¢ 000J109KO# XOTs ObI U3 TOTO K€ JIOCTYITHOTO BaM THUTaHO-BOJIb()PaMO-aJTlOMUHUEBOTO CIIABA.
Tutana MUHUMYM, B MPUHIUIE TOJIBKO JJISl BHYTPEHHEH 3alIUThl aKKyMYJIsTOpa. A alrOMUHHMA
U BOJb(GpaM JTOJDKHBI OBITH CHapy>KH, 4TOOBl HE MpPOIMYyCKaTh 3Hepruto. Ecnu maxe c Takoi
000JI04YKOH, TaKOM aKKyMyJSTOp clenath... B 4eM BbI U3MepsieTe 3JIEKTPUUECKYIO0 SHEPTHUIO, B
BarTax?

Bukrop: B BosbTax. MBI 2JIEKTPUYECKYIO 3HEPIHIO0 U3MEPSAEM B BOJbTaX, OT OJHOTO JI0
MUJJIMOHA BOJBT. B cpenHem, y Hac akkymynsTopel Ha 12 BoabT. Kak 3TO BBIpasuTh B BalIMX
€MHULAX, 5 HE 3HAIO.

Hpuna (Taup Haukpn): [la, Hy’)kHO CMOTpETh, YTO €CTh Balll BOJBT. Sl MOTY cKa3aTb, YTO
TaKHle aKKyMYJISITOPBl MOTYT JiepXaTh dHepruo mecsien 8. UToObl co3naTh 60s1ee SJHEproeMKue,
6onee a¢pdexTuBHO ee pacxoaoBath ¢ BeicokuM KIIJI, Tam yke HyXHO Jpyrue CIUIaBbI J€NaTh,
KaK s yKe roBopuil. Brjierats B METaJUIMYECKYIO MOHHYIO PEIIETKY MOHBI JAPYTUX 3JIEMEHTOB.
Tam yxe HYXHO TakUM OOpa3oM JeHCTBOBaTh, YTOOBI KAl aTOM, WM KaKIbIH HOH, WU
KaXkaasi MoJieKyJia ObUTM Ha CBOEM MECTE M CIIY>KUJIM ONPEeICHHOMY YIPaBIEHUIO MOTOKAMHU
DHEPIHH.

Bukrop: /laBaiiTe BEpHEMCS K TOMY aKKyMYJSTOPY, KOTOPBIM Bbl ce€dYac ONHCHIBAIIN.



BrI roBopuiy, cruiaB 000JI0YKH — 3TO TUTaH, MarHuil, aIFOMMHUHN, Tak 5 TOHSUT?

HNpuna (Taup Haukpu): [a. Eme BHemHss 060104Ka 10JKHA OBITH U3 BoJb()pama, OHA
Oyzner yAep)KHMBaTh DSHEPrur0. A BHYTpeHHssI o0Oosiouka U3 TuUTaHa. OHU JIOJDKHBI OBITH
MIOCJIOWHO.

Buxrtop: Kaxxnplii XMMUUECKUN JIEMEHT IO OTAEIBHOCTH, WU 3TO CIUIABOM HJET, WIN
3TO HamblIeHUE?

Hpuna (Taup Haukpu): Y Bac ecTb Takoe MOHATHE «MeTajulMdeckas B3Becb»? Takasd,
KaK IeHa, OH MHE TIOKa3bIBAaeT, U KOTOpasl KaK IJIEHKOW MOKPHIBAET.

BukTtop: Tuna noponkoBoro HanpUIEHUs, 5 TaK [IOHUMAKO?

Hpuna (Taup Haukpu): He 3nar0. Kakoii TOMIIMHBI OHO MOXET CO37aTh IJIEHKY?

Buxrtop: HanomeTpsl MOXHO co3athk. Eciiu THIIa HOHHOTO OCa)KI€HUS, TO MOKHO OYEHb
TOHKHE IIJIEHKH CO3/1aBaTh.

Hpuna (Taup Haukpn): /la, iMeHHO Takas TOHKas IJICHKA TUTaHA JOJDKHA OBITh BHYTPH,
U 3TO JOJKEH OBbITh OBaJIbHBIN cocyn. PaHblle, koraa HaM HYKHO OBLJIO JABHraTh Ha KoJiecax
OTpeJieNIeHHbIe AIEKTpUYECKHe MalIMHbI (y Hac ObUT Takoil mepuoj, B Halled UCTOpHUHM), ObLTH
MMEHHO TaKHe aKKyMYJSTOpbI, KOTOpPble MOTJHU JOCTATOYHO JOJT0 paboTaTh. S yxke roBOpwui,
YTO TPU TMOCTOSHHOM TPHUTOKE SHEPTUU COJHIA, OHM MOINIM paborath 10 8 MecsleB 0Oe3
JOTIOJTHUTENBHON MOJ3APAIKH. DTO OIATH K€ MPHU U3IYyYEHUH COJHIA, KOTOPOE €CTh Y Hac, Ha
Bypxazne. XapakTepuCTUKH BallIEro CBETHJIA MOTYT OTJINYAThCS.

BukTop: DTy akkyMyasTOphl ObLIIN Tiepe3apsiKaeMble WIH OJTHOPA30BbIe?

Hpuna (Taup Hauxpn): OHu cTtaBuimch Ha 8§ MECSLEB, U TYMaHOU €31WJ1 Ka)KJIbIi 1I€Hb
cKosibko xoten. U Tonpko uepe3 8 MecsleB OH 3TOT aKKyMYJISITOp cllaBajl 0OpaTHO Ha 3aBOJ U
nojryyan HoBbId. Ero taM mepesapspkanu: TOCTaBaly 3Ty BaTy OTTYyJa, YEM-TO MPOMBIBAIIH, U
3aKJIaJbpIBali HOBYIO. Tak Kak OH CBOH pecypc yKe ucuepnadi.

Buxkrop: JlaBaiite mocnoiiHo mnoiiaeM. HapyxHbIM cioem 3TOH KOJIOBI Kakoil meTtasn
ObL1?

Hpuna (Taup Haukpu): Boneppam. Eme kpacka kakas-to, 6enoro usera. Ho 3to nanHo,
MO>KHO €CTECTBEHHBIH OCTaBUTH BOJIb(MPAM.

Bukrop: Cneayrommuii cioit?

HNpuna (Taup Haukpu): Janbime marHuii ¢ yriaepoaom: 25% yriepona, OCTalbHOE
marnuil. [Ipuuem onu uayt crnosimu. OOBIYHO CHayana yriiepoi, MOTOM MarHuii, MoToM OIATh
yriaepoAa.... OJTo Oblla Takas o000J04yka, KOTOpas oOecrednBajia MOCTOSHHBIM MPUTOK
AJIEKTPUYECKON JHEpruu K jaetansM MamuHbl. Ho 3To oHa y Hac Tak Obuta chenaHa. Bamm
MAIIMHBI 51 HE 3HAI0, K UeMY €€ HY>KHO MOJACOEANHSTD.

BukTop: Y Hac NOAKIIOYAIOTCA K MEIHBIM IPOBOJHUKAM. /lenaercs MIMHHBIA MEIHBIN
IPOBOJHMK, U Ha HEro Mbl MOJKIIOYaeM IUIIOC U MUHYC. B 3TOM MeZHOM NpPOBOJHUKE, B
KaTylIKe MEJHOW, BO3HUKAET MarHUTHAsl SHEPTHs, U 3Ty MarHUTHYIO YHEPIHIO MbI HaIlpaBIIsIEM
Ha METaJNINYeCKylo OOJIBaHKY, KOTOpasi HAUMHAET MEXaHWYECKHU JIBUraThCsl BIiepes JIMOo Ha3aj.
3a cYeT 3TOro MbI JIEKTPUUECKYIO SHEPTHUIO IEPEBOANM B MEXAHUUECKYIO.

HMpuna (Taup Haukpu): YV Bac Hy)KHO YK€ HNPUMEHSATh COBEPILEHHO APYroe pelieHue,
IOTOMY YTO Y HaC BECh ATOT aKKyMYJISATOp ObUI B CBOEM aKKyMYJSTOPHOM OTJIIEIEHUH, U OH
IIO/IaBaJI SHEPTHIO HA CTEHBI 3TOT0 OTAEJIECHHMS, a TAM YXK€ — Yepe3 ONPEACIICHHbIE, CACIaHHbIE U3
cepebpa mapasuienbHble paMKd. Uepe3 5TH NapajielibHble paMKU SHEprHsl NepeaaBajach Ha
nBUrateab B cepeauHe MammHbl. [loxg cuaeHbeMm OblT Kak Obl Mpomeiep, TONBKO C
«M3JIOMaHHBIMW» JIonacTAMU. M yke OHM HauMHaIM BpalaThCsl OT IEKTPUUECKOW SHEPTUH, U
IPUYEM 3TO MOTJIO OBITh C Pa3HOW CKOPOCTHIO M B pa3HbI€ CTOPOHBI, U TOXKE YIPABIISJIOCH U3
KaOuHbI. Y COOTBETCTBYIOIUM 00pa3oM MallliHa MOTJIa €XaTh Ha3aj, BIIEpe]l, OCTaHABIMBAThCS,
noBopauuBath. Takue ObUIN peleHus.

38:17 DuekTpu4eckoe 1noJie, nepeMelieHue JHeprui.
Hpuna (Taup Haukpu): Y Bac uaer pasaeneHue SHEPrHMM Ha IUTIOC M MHUHYC, y Hac
IIPOCTO €CTh OJIHA DJIEKTPUUYECKAst DHEPTHUSL.



Buxkrop: Y Hac ectb euie Takoe IOHATHE «DJIEKTPOCTAaTHUKa», dTO KOrJa pacyecKy O
BOJIOCHI ITOTEPJIM, M IOJIY4AeTCs] HEKOE HA’IEKTPU30BAHHOE IOJIE. DTO IMOHMMAETCS B Balled
cucreme?

Hpuna (Taup Haukpu): To ecTh Bbl MOHUMAETE 3JIEKTPUUYECKYIO SHEPTHIO, KaK TEKYIIYIO
TOJIBKO 4epe3 MPOBOAHUK?

Bukrop: B Hamem nonsTuu — na. B HameM, 36eMHOM NOHATHHM 3TO HEKHH 3JIEKTPOH,
KOTOPBIN TEYET I10 IIPOBOLY.

Hpuna (Taup Haumkpu): Jleno B ToMm, 4TO uyepe3 ATy cepeOpsiHyr0 pamKy (ITOKa3bIBaeT
Oemnblil MeTal, MOXOXKUM Ha cepedpo) ToXke dJIEKTpHUUecKas 3Heprusi nporekaita. Ho Mel ee He
Ha3bIBAIU «IUTIOC», «MHHYC», WJIU €llle Kak-To. JTO Obula 3jekTpuyeckas sHeprus. OHa y Hac
TaK U HAa3bIBAETCS — «QJIEKTPUYECKOE I10JIE», U MBI HE pa3/eiiieM, OHO HAXOAUTCS B YEM-TO, OTO
3JIEKTPUYECKOE I10JI€, WIN B MPOCTPAHCTBE. JTO OIPEAEICHHOE KOJIWYECTBO 3HEPIHH IIEPBOIO
THUIA, KOTOpOE MepeMelaeTcst 1100 B MPOCTPAHCTBE, JINOO MepeaBasi CBOU KBAHTHI OT OJHOTO
aToma K JApyromy.

OOBIYHO ATO TOCTUTAETCS TEM, YTO 3TA SHEPTUs BBLAEISAETCA U3 caMUX aToOMOB. To ecTb
MOHSATHO, YTO CaMOM 10 cebe, B MPOCTPAHCTBE, €€ HET, OHA BCS HAXOJUTCS B aTOMaxX, U YTOOBI
HOJYYHUTh MOTOK, HAJ0 €€ OTTyJa «BBIOUTHY», OyAeM Tak roBopuTh. M Korna mMbl BEIOMBaeM M3
KAaKOr0-TO MaTepuasa, HallpuMep, U3 MPOBOJAHUKA, KaK Bbl TOBOPHUTE, OHA HAYMHAET T€UYb B OJIHY
WM B IPYTYIO CTOPOHY C ONPEAEICHHON YaCTOTOM, MOKHO ITOCTOSIHHO, 8 MOKHO ITEPUOUYECKHU:
TO TEYET, TO He TedeT. M 3TH KBAHTHI MOTIYT NMOKUHYTH IPEAENbl MPOBOJHHUKA U CAMH YK€
nepemenaTbes 6e3 HUX, MOKHO CKa3aTh, MKy IPYyTUMHU aTOMaMHU.

Bukrop: I[Tomydaercs, mokuaast NpOBOAHUK, KBAHT MOKET ITEPEMEIATHCS IO BO3AYXY?

Hpuna (Taup Haukpu): 1o Bo3nyxy — 310 yke OyAeT cpeu aToMOB ra3os. /[leno B ToM,
YTO ONpEJIeJIEHHBIE AJIEKTPUUYECKUE TOJISi MOTYT MepeMelaThesi BooOIie B BakyyMme. Takue mods,
OHH yXe Kak Obl 0CBOOOXK/IEHBI OT aTOMOB.

Bukrop: S nonsn.

HWpuna (Taup Hauxpu): V Bac ke ecTb, Hampumep, NMOHMMAHHUE, YTO TPABUTALUA
pacnpoctpaHnsieTcss B kocMmoce. [10100HO 3TOMYy MOXKET pacmpoCTpaHATbCs Jito0asi dHEPrusl.
OHeprusiM HE HYKHbI NOCPEIHHKM B BHJE aTOMOB, IO KOTOPBIM OHU XOJAT. OHHM MOTYT H
CaMOCTOSTENIBHO nepeMemarbes. Ho Uit 3Toro Hy»>kKHO MOTPAaTUTh APYTYIO SHEPTUIO, BEKTOPHO-
HalpaBJIEHHYI0O UMEHHO Ha 3TU aTOMBI JJIS TOro, 4ToObl OHa ocBOOOAMIachk 0TTyAa. M 0OBIYHO
HY)KHO KaKO€-TO I10JIe, KOTOPOE SKpaHUPYET, YTOOBI OHA TyJla HE BEPHYJIACh, a ajblle y’Ke UAET
[IEPEMEILICHUE TI0JIA, Ky/1a BaM HYXKHO.

42:02 DxpaHupoBaHUe JHEPTrUM B IOHMMAHUM UHOIJIAHETSIH.

BukTtop: Ham B npuHIune Hajxo MOHATh, KaK 3TO MOJIy4YaeTcsl — SKpaHUPOBAHHE OJHOMN
HHEPTUU OTHOCUTENILHO JPYroi, YToObl MPOSIBUIUCH CBOMCTBAa BTOpoi sHepruu. K mpumepy,
3a3KpaHUPOBATh OT YHEPIHU CBETA, SHEPTUU Teruia... To ecTh 4 BUAA SHEPTUN SKPAHUPOBAIH, U
y Hac MOSBUJIACh DHEPTUs, K MpUMepy dJeKTpudecTBa. JInOo ke skpaHUpoBaiIu apyrue 4 Tuma
SHEPTUM MEPBOTO YPOBHS — y HAC, K MPUMEPY, NOsIBUIIaCh MarHuTHas sHeprusi. Kakum obpazom
3TO BCE JOCTUTAeTCs?

Hpuna (Taunp Haukpu): Kakum o6pasom gocturaercs skpaHUpoBaHUE?

Buxrop: [la, cam npuHIUI 3TOro SKpaHupoBaHus. C MOMOIIBIO XUMUYECKUX JIEMEHTOB,
7100 K€ C TIOMOIIBIO. .. 51 HE 3HaI0. Y HAC MPOCTO TAKOTO MOHATHS HET elle Ha 3eMJIe.

Hpuna (Taup Hawmkpu): Y Bac ecTb NOHATHE oONpejaeieHHOro mois? Y Bac ecTb
MOHMMaHue 1o U BemecTBa? BoT 3To mosne Moxer ObITh co3/1aHo J1I000# (OpMBI, U KakK BbI
Ha3bIBAE€TE, HABEPHOE, «IIJIOTHOCTHU», MBI HAa3bIBAEM «HACBHIIIEHHOCTH», TO €CTh ONPEIEIEHHOTO
KOJIMYECTBA KBAHTOB TOM 3HEPTUH, KOTOPAsl CO3JaeT IoJie B KaXJA0M KyOHYeCKOM MUJUIUMETpPE
npocTpaHcTBa. To ecTh oIpenieneHHas HaCBhILIEHHOCTh, U KOTJa OHa JOCTUIAETCs, TO CO3JAETCs
skpaH. Hanpumep, MOXHO 3TO nenaTh M3 COYETAaHUs TEIUIOBOM M MarHuTHOM sHepruu. Ho,
IIPEKIE YEM YTO-TO SKPAHUPOBATh, BaM HYXKHO CHayaJla Hay4YUThCSl U30JMPOBAHHO BBIJEIATH €€.

Buxrop: A xak 3To caenars?



43:52 IpuHuun padoTel NpocTeiiero npeodpasosBareis MoJei.

Hpuna (Taup Haukpu): YToObl ee HU30IUPOBAHHO BBLACIATh, HYXHO CO37aTh
npeoOpazoBarens. [IpocTeiimmii mpeoOpa3oBaTeNb BBIACISIET IMSATh BHIAOB JHEPTUU TEPBOTO
YPOBHSL: TEIUIO, CBET, JIEKTPUUECTBO, PAJIMOBOJIHbI, MarHeTH3M. TakuM o0pa3om, 4TO U3 aTOMOB
MOMEILEHHOE B KaMepy BEIIeCTBO, OOBIYHO B MOPOLIKOOOPAa3HOM COCTOSIHUH, O] BO3/IEHCTBHEM
OTNpeNIeIeHHBbIX TMOJIe HauyuHaeT BBLACHATh OHHepruu. Jlnsg Toro droOBl cO34aTh ATOT
npeoOpaszoBarenb MoJIel, MOHAAO0ATCS MHKpocxeMbl. OJIHUMHU cIlaBaMHu, 0€3 MHUKpPOCXEM,
KOTOpble OyayT YIpaBlsATh 3TUM HPOLECCOM, HE MOJYYUTCS. 3/1eCh HYXKHO KHOEpPHETUKY
pa3BUBATH IS TOTO, YTOOBI MOXKHO OBLIO COOpaTh Takoe MpeoOpa3oBaTeb.

BukTop: S moHsi, 4TO 3/1€Ch HYKHO MNporpaMMHOe oOecreueHue, KoTopoe Oyaer
3a/1aBaTh T€ WM UHBIE PEKUMBI YIIPaBJICHUS.

Hpuna (Taup Haukpn): [a.

Bukrop: Ho uTo0bl 331aBaTh T€ UM MHBIE PEKUMBI YIPABIECHUS, Mbl CHaYana JOJKHbI
3HaTh, K MPUMEPY, YTO TAKOE ITOT «IIpeodpa3oBaresb». ITOT HeKas OOuka MeTaJuIMyeckas, B
KOTOPYIO....

Hpuna (Taup Haukpu): MoxHo cka3zaTh, 00Yka, B KOTOPYIO, HallpuMep, MOCTYMAIOT
Terio U cBeT. C MOMOUIbIO OMPEIEIEHHOT0 MPOrpaMMHOT0 00€CIeYeHNsl OHU BO3JIEHCTBYIOT Ha
aTOMBI TOT'O BEIIECTBA, KOTOPOE TaM HAXOAUTCS BHYTpHU Hee. YUToOBI jerdye BCTYIUIN B PEAKIIUIO
9T DHEPI'UHU C JaHHBIM BEUIECTBOM, OHO OOBIYHO HAXOJUTCS B BaKyyMe, B paclblICHHON (opme.
B Bakyyme — 3HQuuT, TaM HE JOJDKHO OBITh Ta30B, HO JOJDKHO OBITh CaMO BEIECTBO B
pacnbuieHHON (opme. [loTok Temna M cBeTa BXOOUT B 3Ty Kamepy, BXOJIUT B BakyyM M
BO3JIEUCTBYET Ha HTOT MOPOILLIOK.

Jlerue Bcero, KOHEYHO K€, WU3BJIEYb DHEPTMM M3 YETBIPEXBAJIEHTHBIX aTOMOB. bepure
YIIIEPOJ: JIErYe BCETO U3 HErO U3BJIEYb PA3IMYHBIC DHEPTUU. Y HETO aTOM TaK YCTPOEH, YTO 3TO
Oyzer serko caenats. ONATh K€, y HAaC €cTh HacTpoiika. Hanmpumep, Hy)KHO MOJIy4YUTh SHEPTUIO
cBeTa (ceiyac yke Tak HUKTO HE JIEJIaeT), M HAIpuMep, TaM €cTh CIelualbHas Kamepa, Kak
OKOIIIKO, M OTTYyJla HAYMHAET U3I1y4yaThCsl cBeT. HO OH mM3mydaercst JOCTaTO4HO KOPOTKOE BpeMs,
CMOTpsI CKOJIBKO IIOPOIIIKA, @ IIOTOM TaCHET, U AAJIbIIE YK€ 3Ta MOPUUSA yIIepoaa COACPKUT B
cebe npyrue Tunsl 3HEpru. B camom atome oHu Tam npeoOpa3yroTcs.

Buxrop: Onna nopuust »HEpruM, INPEANONONKHM, CBETOBas ylla, HO y BEIIECTBA
OCTAJIACH €IIIE YETHIPE TUIIA. ..

Hpuna (Tanp Hawukpu): OHM HayMHAIOT NpeoOpa3OBBIBATHCA TaKUM 00pa3oM, UTO
JIpyrue THIIBI SHEPTUH MPEBPALIAIOTCA B CBETOBYIO 3Hepruto. Ho oHa TaM Tak MeHseTcs, 4To ee
y’K€ HEBO3MOKHO BBIOUTH TakuM 00pazoM. HykHO GoJiblie SHEpriuy MPUIOKHTb.

Bukrop: I[lomydaercs, KOJIMYECTBO KBAHTOB U3 aTOMA YIIUIO, TAK YTO JIM IOHUMATh?

Hpuna (Taup Haukpu): a, TO KOIUYECTBO KBAaHTOB, KOTOPOE COCTABISET CBET, TEILIO
WIM JJEKTpu4ecTBO, ynuto. Ho ecim Bbl, Hampumep, NoOJydaeTe CBET — KOHEYHO, BBl €r0
yBuauTe. Eciu BBl €ro HUKaK HU BO YTO HE SKpaHUpPYETe U He cobepere, OH mpocTo yiaer. [lpu
HEKOTOPBIX YCJIOBHUSX OH MOXET BEpHYTbCA 0OpaTHO B aroMbl. Ho OOBIYHO, eciu UX Yyxke
BBIOMJIM, TaM €CTh TaKOE€ OKOIIKO, U OH MPOXOAMUT CKBO3b HEro. A €ciii 3TO JEKTPUUECTBO, TO
MPOCTO OYJET BNEKTPUUECKOE MOJIe, KOTOPOE, MOKHO CKa3aTh, EPENIET B T€ aTOMBI, KOTOPBIE. . .

Bukrop: Panom crosum?

HNpuna (Taup Haukpu): Tam xe BakyyM. OHO mepeiiner B Te aTOMbI, KOTOpbIE
COCTaBIJIAIOT 000JI0UKYy 3TOH Oouku. Ecium OHa, KOHEYHO, YEM-TO H3OJIMPYIOIIUM IOKPHITA,
MOJKHO yke Oyzaet ero cooupats. Ho, onsiTh, 3TO Hy)XeH OmpezeseHHbIH OJI0K, B KOTOPOM HJAET
coOMpaHKe YHEPIUHU AIIEKTPUIECTBA U €€ COXPaHEHHE.

49:30 KpemnueBasi BaTa.

Hpuna (Taup Haukpu): HyxHO CMOTpETh, Kakue y Bac €CTh TEXHOJIOTHYECKUE PEIICHUS
Ha 3TOT cyeT. [loTomy 4TO, Kak s yXe CKas3al, y Hac TaM HaxOJMUTCS KpPEeMHHUEBas BaTa B
pacTBope xjopuaa Meau, oopayHO HIke 35%-ro pactBop. M Tam Takas B3BeCh — BOJIOKHA, OHU



Jlake BUAMMBIE, Oenoro nsera. M TaM XpaHUTCS 3JIeKTpUYecKast SHEPIUsl.

Bukrop: KpemHueBas BaTta, 3TO TUIIA HAlIEW CTEKIOBATHI?

Hpuna (Taup Haukpu): 51 He 3HAKOM C €€ COCTaBOM.

KpemHuueBas Bata — 3TO HUTH KpeMHUsI 6€3 KUCIOpOJa, KaK Y Bac ObIBAIOT yIJIEpOJIHbIE
HUTH. Y Bac €CTh TaKUe MaTepualibl, KOTOPbIE JIENAIOTCS BBITATMBAHUEM TPa(UTOBOTO CTEPIKHSL.
[TomryyaeTcss HUTH, TOHKas M JUIMHHAsS. OHA COCTOMUT M3 aTOMOB YIiepojaa, KOTOpble UAYT 100
JpYT 3a JIpyrom, Ju00 B TaKOW KOHCTPYKIMH, KaK MMYETHHbIe cOThl. M pacrnonaraiorcs Kpyrom.
Tam mo-pa3zHoMy MOXeT ObITh. To ke camoe u KpeMHU. MOXKHO U U3 yIiiepojaa, HO JIEJ0 B TOM,
YTO KPEMHMH JOJIBIIE XPAHUT YHEPTHIO.

51:18 I[Ipouecc mosty4eHnsi KpeMHHEBOM BaThl.

BukTop: A xakuM crioco60M OHHM IMOJIy4aOT 3Ty KPEMHUEBYIO BaTy?

Hpuna (Taup Haukpu): BeiTsruBanreM KpeMHUS.

Bukrop: Harpesarot ero?

Hpuna (Taup Haumkpu): Ero HarpeBaioT, MoJABEpraioT NaBIECHUIO, U OH MPHUXOIUT B
COCTOSIHME, KOTJIa U3 HEro BBITATMBAIOT YEM-TO MMOXO0XUM Ha HACOC JUIMHHYIO TpyOy BBEpX, Kak
NoJIOCKY. M mMOTOM TaM MPOMCXOJUT €lle KaKas-TO XUMUYECKasi PeaKkiys, ¥ BEIIECTBO HAYMHAET
OpUHUMaTh (GopMy, KOrja OJHWH aTroM 3a ApPYyroil uerisiercd. OTO JOCTaTOYHO IPOYHOE
COEJIMHEHHUE, KOTOpOe, MOXHO CKa3aTb, YK€ HEBO3MOXXHO OOBIYHBIMH METOJAMH pPa30pBaTh,
HanpUMep, ¢ MOMOUIbI0 XUMUYECKOT0 BO3AeHCcTBUA. OHO JOCTaTOYHO MPOYHOE.

BuxTtop: OTa HUTH B BaKyyMe Kak-TO BBITATHMBAETCS MJIU JK€ TOTOKOM BO3ayXa?

HNpuna (Taup Haukpu): Her tam Bakyyma. Tam mpocTto Kak Hacoc, U OH BTSATHBAaeT B
ce0sl 3TOT KpeMHUI, KOTOPbI HaXOIUTCS MOJ JaBJIEeHUEM U BBICOKOM Temmeparypoil. Kpemumuii
B TaKoil opme, Kor/ia y’ke CTAaHOBUTCS KaK JKUJKOCTb, HO B TO JK€ BPEMsI OHa I'yCTasl.

Buxrop: 1 nonsn. PacniiaBneHHast Macca KpeMHUS 1OJ AABJICHUEM INOAAETCSA B Kamepy,
B KOTOPOM CO3/1a€TCSl BO3AYIIHOE pa3peKeHue, Tak?

Hpuna (Taup Haukpn): [la, 3aTsruBaeTcs BBEpX, a T€ TPYOOUKH, Ky/Ja OH 3aTATHBaeTCs,
UX TaM MHOIO, OHM KakK CHTO, Kak Ayml. M oHuM M3 Kakoro-to Oejoro marepuasia, KOTOPBIH
HAIIOMHHAET 110 COCTaBy Baill papdop.

Bukrop: Kepamuka?

Hpuna (Taup Haukpu): Jla, 1 BHyTpH HUX TaM TOXKE€ €CTh COCIMHEHUs KPEMHUS, CEpbI,
MOTYT OBITh BCTPOEHBI MOJIEKYJIbI (DEPPOCUIIUKATOB.

53:54 YcTpoiicTBO MOPOIIKOBOI0 AKKYMYJISITOPA 3JIEKTPUYECKOH JHEPIrUH.

Bukrop: Bce nonsarHo. Tenepb y MEHsI TaKOM BOIIPOC: KAKUE €IIE €CTh PA3HOBUIHOCTH
akkymysstopoB? K npumepy, Ha ocHOBeE yriaepoaa?

Hpuna (Taup Haukpu): EcTh mopourkoBsle akKyMyJIsSTOpbI. DTO IUIACTHHA, U B HEE Kak
KaKas-TO ca’ka HachlllaHa, YEPHbIN TOPOIIOK.

BukTop: MoxHo nonoipobHee paccka3aTh po HEro?

HNpuna (Taup Hauxpu): Ilnactuna, cocrosias 0ObIYHO U3 MarHUi-HATPUEBOTO CILIABA.
3T0 OBUIM paHbIIE AKKYMYJISITOPBI ISl KAKMX-TO MEJIKUX MPUOOPOB.

Bukrop: OTimuHo, paccka3biBaliTe MOAPOOHO.

Hpuna (Taup Haukpu): Onu He ansg mamumH. Tam Mano coxpansiercs sHepruu. M onu
MOTYT 3apsiKaTbCs OT AJIeKTpuueckoro mois. Mx kimanu B crnenuaibHble BBIEMKH KaKOTO-TO
npubopa, ¥ OH UX 3apsiKall.

BuxkTop: Uto oH coboii mpencTaBisil KOHCTPYKTUBHO? [locinoiiHo MoXkeTe onucath?

Hpuna (Taup Haukpu): O6b1uHO MarHuii-HaTpreBas obosouka: 33% HaTpusi, OCTalbHOE
MarHuid. Y BHyTpu MOpPOIIOK U3 yriepoja, U3 Takol MoauduKaluy yriiepoja, He 3Halo, Kak Ha
BaIlIeM S3bIKE€ OOBSCHUTH, HO 3TO KaK IbLIb.

Bukrop: Tuna rpadena? OmHOCIOWHBIN YIIIepO Mbl Ha3bIBaeM «TpadeHOM.

Hpuna (Taup Haukpu): 910 nbuis?

Bukrop: /la, yrnepoaHas Mbuib.



Hpuna (Taup Hauxpnu): Hago cMoTpeTh, Kak TaM pacrosoKeHbl aTOMbl. TOT, 0 KOTOPOM
1 TOBOPIO, B HEM AaTOMBI pacrojarairorcs oObluHO Mo 8§ mTyK: JaBa aroma 3xaech (Mpuna
MOKa3bIBAET PYKAMM), U OHM KOBAJIEHTHOM CBA3BIO CBSI3aHbI C OCTAJIbHBIMH. 371€Ch JIBa, 37€ECh
JIBa, M TaM €Ille 10 OAHOMY. Tak OHM pacrnoiararTCs.

Buxkrop: B oaHoit mitockocTH minu ke B 00beme? To ecTh OH IIaCTHHKAMHU TOJIy4aeTcs,
yIJIepos 3TOT?

Hpuna (Taup Haukpu): OH NOpOIIOK.

Bukrop: Xopomo. [Tons.

Hpuna (Taup Haukpu): [IpocTo 51 ckasai, Kak B OJJHOM MBUIMHKE OHU PacIoyiararoTcs.

Bukrop: Bee, nonsatHo. Hy»kHO HaHeCTH 3Ty NbLIb HA MarHUEBYIO IUIACTHHY, Ja?

Hpuna (Taup Haukpu): BHyTpn Marauii-HatpueBoil miacTuHsl (oHa Onectsimasi, 6eaoro
[[BETa) HAXOAMUTCS 3TOT MOPOILIOK, U HAXOAUTCS C OJHOM cTopoHbl. Hanpumep, mycTh oHa Oyzaer
takoro pasmepa (MpuHa mokasbsiBaeT Ha cMapT(OHE), U y HEe C OJHOM CTOPOHBI HAXOAUTCS
IUIACTUHKA M3 Kakoro-HUOyIb XOpOIIO MPOBOSIIETO 3JIEKTPUYECKOe II0JIe MaTepHala.
Hamnpumep, 30510T0, I1atuHa.

BukTop: Menp, anfoMUHUI MOXKET OBITH?

Hpuna (Taunp Hawmkpu): Mbl Takoro He UCHONB30BATM. MBI HCHOJIB30BAU TE
MaTepuaibl, KOTOpble OBICTPO MEepeaaroT dIeKTpHUUecTBO. M Takas mjiacTMHKa Ha 3TOW CTOPOHE
(HampuMep, ¢ HIKHEH CTOpOHBI 3KpaHa cMapTQoHa) BCTaBsUIaCh B HpUOOp, W HSHEPrus
HauMHaja NOCTENEeHHO nepeaaBarbes. balio ele mporpaMMHoe obecrieueHue B caMoM pudope,
KOTOPOE PETyIUPOBAJIO CKOPOCTh MEpejaud SHEPTUH Ha T€ WM UHBIE HYXK/IbI IPUOOpa.

Bukrop: DHeprus HauMHAJIA U3 3TOTO OJHOIO 3JIEKTPO/1a BHITEKATH?

Hpuna (Taunp Haukpu): M3 Takol MIacTUHKH, KOTOpas SABISIACH TOCPEIHUKOM MEKIY
JJIEKTPUUYECKON 3HEpruei, KoTopas COXpaHsAjdach B aTOMax 3TOr0 yriepoja, U MpHOOpOM.
[TosToMy OH OBUI TMOPOIIKOOOPA3HBIM, YTOOBI COXpAHATH DSHEPrHI0, M TMPH 3TOM HMeEN
XapaKTePUCTHKH, KOTOpbIE TMO3BOJSUIM €My, MOXKHO TaK cKa3aTh, OpaTh JIMIIHIOIO
AIIEKTPUUYECKYIO SHEPIUI0 Ha OOpT.

Buxrop: A BTOpO# 31eKTpoa? Y HAc aKKyMYJSATOP COCTOMT M3 JIBYX J3JEKTPOJOB. A
371€Ch, 51 TIOHSJ, TOJIBKO OJIUH?

Hpuna (Taup Hauxpu): [la, onHa miacTuHKa, KoTopas siBisieTcs nocpennukom. W korma
BCTaBJIsSCIIb €€ B NMpHOOp — CTEHKa NpuOOpa, K KOTOPOW MPUCIOHSUIACH IUIACTHHKA, TOXKE
COCTOsAJIA U3 IUTATUHBI JINOO 30JI0TA — OHA JlaBajla CUTHAJI, BEPHEE HE OHA, a MUKpPOCXeMa 1o Hell
JlaBajla CUTHajl B Tpoleccop (Kak BBl TOBOPHUTE) 3TOro mpubopa O TOM, YTO TaM HMeEeTcs
sHeprus. Y nmo mpuka3zy 3Toro npoieccopa ImiacTHHKa, KOTOpasi TOKe eCcTh B prdope, HaunHaia
oTTyJa 3a0upath 3Hepruto. [I0Tok B 0JIHY CTOPOHY. DTO HOCTOSHHBIN TOK.

Bukrop: Y Hac moueMy-TO NIO-IPYyromMy 3TO BCE HCIIOJIHEHO. Y HAc, KOI/a Te4eT
MOCTOSIHHBIN TOK, IIETIb JI0JDKHA OBITh MOCTOSIHHO 3aMKHYyTa. Eciu sHeprus Teuer, HauMHaeT U3
OJIHOTO BEIIECTBAa BBITEKaTh, IEpETEKaeT B ApPyroe, OHa OO0A3aTeIbHO [OJKHA C IEPBBIM
BEILECTBOM Y€PE3 OIPEAEICHHOE KOJIMYECTBO IPOBOAHUKOB COCAUHUTHCA. Y BaC pa3Be HE Tak
oJIyqaeTcs?

Hpuna: Het. OH MHe noka3sIiBaeT oHy 1acTuHy. Het pa3znenenus.

(Taup Hauxpu) Bol nonmyyaete B caMOM aKKyMYJISITOpPE SHEPTHUIO C OMOIIbIO KaKOH-TO
XUMHUYECKON peaKkiuu?

Buxrop: /la.

Hpuna (Taup Haukpu): A y Hac akKyMyJIATOp, KOTOPBIN COAEPKUT SHEPIUIO, KOTOPas
TZIe-TO YK€ MOJIydeHa.

Buxkrop: Y Bac, momydaercs, 3HEprus IO OJHOMY HAIIPABICHUIO HIET, LENH He
3aMBIKAIOTCA. Y HAac BCA TEXHOJIOTHMS CBEJIEHA K TOMY, YTO HYKHO 3aMKHYTh Lienib. TO ecThb
DHEPIusl UCMONIb3YyeTCcs TakKuM O0pa3oM, YTO B XMMHUYECKOM HMCTOYHHKE MBI TOJXYYMIH [JBA
Pa3HBIX HAIpaBJIEHUS — IUIIOC U MUHYC. JTO KaK pa3Hble JaBieHus. U 3TW 1Ba AaBieHUS MBI,
rpy0bo roBops, 3amblkaeM B IpoBoaHUKe. [Ipy TakoM yCIOBHM MBI  TOJIy4aeMm
«OIIEKTPOABMKYILYIO CHITY», KK Mbl Ha3pIBa€M. MarHuTHOE I0JIE MOTyYaeM.



Hpuna (Taup Hawukpu): S moHumaro, 4To BBl pa3IMYHbIE XUMHUYECKHE PEAKIIUU
UCIIOJIb3yeTe, HAPUMEpP, PEAKLUI0 KaKOW-THM00 KUCIOTHl C aKTUBHBIM MeTayioM. S 3Hai0 00
9TuX pewmeHuax. Ho 1o, 94To0 TaM IpOUCXOAUT ABMKEHHUE MIEKTPUUECTBA — 3TO OTTOr0, YTO UJAET
peakuys 3aMELICHUs: ONpEJECICHHbIE MOHBI METaula COEAMHSIOTCS C ONPEIECICHHOW YacThIO
MOJIEKYJ bl KUCIOTH. Eciin oHa BOJOpOJHAas — C YacThlo, a €CIM OHa OECKUCIOpOJAHAs, TO
COOTBETCTBYIOIINM 00pa3oM — C CaMOU KHCIIOTOM.

beiBaroT pasueie pemenus. M Ha camoMm zene, Korjaa uaeT COeIMHEHUE aToMa UK, KaK Bbl
TOBOPHUTE, NOHA OINPEAEIIEHHOIO METaJlla C KUCJIOTON WIH €€ YacThI0, TO U3 ITUX JBYX ATOMOB...

Buxkrop: Jla, ma. B pesynbrare 3TOM XMMHYECKOM pEakUMH Yy HAC IOJIYy4aeTcs
JJIEKTPUYECTBO.

Hpuna (Taup Hauxpn): OTkyna nosiusercs saekTpudeckas sHeprus? Ceituac oObsICHIO.
Jeno B ToM, 4TO OHa MOSBISAETCA M3 CAMHUX aTOMOB, ITIOTOMY YTO IPU COECIWHEHHH, MOKHO
CKa3aTb, HE COBIIA/IACT, KaK BbI €€ Ha3bIBACTE. ..

Bukrop: KonnuectBo KBaHTOB, 51 Tak OHsUI. He coBMmaiaeT KOJIM4ecTBO KBAaHTOB.

Hpuna (Taup Haumkpu): DOTO JelCTBHE MUKPOrpaBUTALlMM OJHMX aTOMOB Ha
MUKpPOTpaBUTALMIO ApyruX. OHM HAYMHAOT COEIUHATHCS B JOCTATOYHO MPOYHYIO MOJIEKYIY, U
U3 DTOM MOJIEKYJIBI BBIACIAETCS JJIEKTpUYECKas dHEprus. belBacT MHOrLA U TEIUIOBAsl YHEPTUS.
Jleno B TOM, 4TO 3TH KBaHTHI YK€ HE YAEPKUBAKOTCA B aTOMAX, IIOTOMY YTO OHU HEMHOXKO
HECOBMECTUMBI, Oy/IeM Tak TOBOPUTH. M MO3TOMY SHEpIrHsi HAUWHAET BBIIEISATHCS.

Bukrop: Kak pa3 BOT 3TM KBaHTBI MBI M HCIOJIB3YEM B CBOMX 3aMKHYTBIX
npeodpazoBaTesX.

Hpuna (Taup Hawukpu): Mbl Obl 3TO Ha3BajdM HE AKKyMYJISTOPOM, a XUMHYECKUM
TE€HEPATOPOM.

Bukrop: A, BOT Kak, noHATHO. Teneps sl MOHsUI, KaKk Bbl 3TO Ha3biBaeTe. Bbl Ha3bIBaeTe
«XMUMHUYECKUHN TEHEPATOD».

Hpuna (Taup Hauxpn): [a.

Buxrop: /lanblie 3Ty dHEPrur0, KOTOPYIO Mbl B3sUIM ¢ XMMHUYECKOIO I€HepaTopa, yxkKe
3aMBbIKa€M Ha MPOBOJHHMK. V1 3TOT MPOBOAHUK y HAC M3JIy4aeT MarHUTHYIO DHEPTHUIO, KOTOPYIO
MBI OIISTh MPeodpa3yeM ¢ MOMOILBIO IPYroro MPOBOJAHUKA B 3JEKTPUUECKYIO, M TAK IO IIETIOYKe
nepenaeM. Y Hac TEXHOJIOTHs BCSA HA TAKOM IPHUHIUIIE IOCTPOEHA.

HUpuna (Taup Hauxpu): [leno B TOM, YTO MOTOK 3JIEKTPUUYECKOH SHEPrHH, KOTOPHIH
TE4eT MO MPOBOJHUKY, OH € Ha HEro BO3ACHCTBYET, U MOXKET BO3AEHCTBOBATh TAKMM 00pa3oM
Ha €ro aTroMbl, 4YTO OTTyJa HAYMHACT BBIICIATHCS [aX€ MArHUTHAs DHEPrUs, TAKOE TOXKE
n3BecTHO. CMOTpsI e1lie, U3 Yero cliejaH MPOBOJHUK, U CKOJIBKO MPOIIEHTOB KBAHTOB MarHUTHOU
OHEPIUU B HEM COIEPIKUTCS, U B KAKOM OHA MECTE.

1:05:01Y cTpoiicTBO coTHEYHOro npeodpa3oBareis. Pekomenaanum 1is 3eMJIsiH.

BI/IKTOpZ V Hac Bce IMPOBOAHUKH BBIMTOJIHEHBI B OCHOBHOM M3 TAKOI'o ME€Talljla, KaKk MCJIb.
B ocHOBHOM Menb HCMONB3YeTCs, AMIOMHUHUI, NMPUMECH 30JI0Ta MOTYT ObITh, cepebpa. Ho B
OOJIBITMHCTBE CITydaeB Melb. BCsl 2JeKTpOHWKA, BCE MHUKPOCXEMBI — BCE Y HAC MOCTPOCHO B
OCHOBHOM Ha Me/IU. A yKe MOJTYIPOBOJHUKOBBIE CUCTEMBbI TIOCTPOEHBI HA KPEMHHH.

Hpuna (Taup Haukpu): VY Hac gpyrodl mnOpuHUIUN. OJEKTPUUECKYID DHEPIHUIO
HaKalIMBaJIM TOorja yxe u3 cera. CBeT momajan Ha IUIACTHHBL, M TaM BbIpaOaThIBAIaCh
JJIeKTpUYECKasi DSHEprusi, KOTOPOM MOXKHO ObUIO 3apsiIuTh aKKyMYJIATOPHI, KOTOpBIE C
HOPOIIKOM.

BuxkTop: Yto 370 32 npeoOpaszoBarenu OblH, yTO U3 ceds npenctasisuin? Korga magan
CBET, U OHM BBLIEISUIM SHEPrHi0. Y HAc B JIaHHOE BpeMs MOAOOHOE HAa3bIBAeTCs «COJHEUHas
Oarapes». ITO KpeMHHEBas TUIACTHHA, KOTOpasi Mpeo0pa3yeT IHEPTUI0 CBETA B DIEKTPUIECKYIO.
Mo3xeT ObITh, 4TO-TO OoJiee 3¢ (heKTUBHOE MOJICKaKeTe?

HNpuna (Taup Haukpu): ¥V Hac UCHONB30BAINCH YIJIEPOJIHOE HAMbUICHHWE, HAIPUMEpP Ha
IIOMUHUEBYIO IJIACTUHY, KDEMHUEBOE HANBIJICHUE,  TaM ObLI el1le MOPOIIOK TAKOT0 AJIEMEHTa,
Kak repMaHuid. Ho omsiTh ke, 9TO MCIOJIb30BANOCH I coiHia bypxama. Uto kacaeTcst Takoro



COJIHLIA, KaK Ballle, 37€Ch APYIOM CIIEKTP, U HYXKHO CMOTPETh, CKOJIBKO IPOLEHTOB COJIHEYHOMN
SHEPIMM M KAaKOTO THUIIA KECTKOIO0 KOCMHYECKOTO H3JIYy4YEHHUsT BMECTE CO CBETOM JOCTHUTAET
MOBEPXHOCTH 3€MJIH, TIOTOMY YTO y Bac CBOHM cocTaB aTMocdepsl, U T.A1. Ha 3To HyxHO nenaTb
MIONPABKY U CMOTPETH, YTO MOJOMIET JJIS BaC.

Buxkrop: Xots 661 NPUOIM3UTEIHHO MOXKETE TOCKa3aTh, YTO MOXKET MMOA0MTH A Hac?

Hpuna (Taup Hauxpu): B xpemHuii MoxHo n006aBuTh repmanuil. OH OOBIYHO OYEHb
aKTHUBHO HCIHOJb3YyeTCs Ul MpeoOpa3oBaHUsl HHEPTUM CBETa M TE€X DHEPrUil KOCMHUYECKOTO
U3Ty4YeHHUs, KOTOpOoe TMomajaeT dyepe3 arMochepy B DSHEPrui0 dSJIEKTPUYECTBa, Terla,
MarHuTHy10. VICTOYHMKaMU 3TUX SHEpPruil OyayT yxkKe MOJIEKYJbl ATOH MIACTHHKH, C KOTOPBIMHU
poB3auMo/ieiicTBOBal cBeT. M Hy)XKHO MoA00paTh TakMe aTOMBI, KOTOPBIE C JIETKOCTHIO OT/A0T
CBOM DHEPIMM IpU CONPUKOCHOBEHHH CO CBETOM M, KaK Bbl HA3bIBAETE, PEHTIC€HOBCKUM
U3Iy4eHHEeM, raMMa-U3IydeHUeM, yabTpa(HoiIeToBbIM. A Kakasi-TO 4acTh BCE PAaBHO MOMAJaeT
Ha 3eMJII0, ITyCTh U Majas. Hy)kHO mocMOTpeTh, KaKkoil POLIEHT.

BukTop: Kakue 310 MOTyT ObITh METaJLIbl: aKTUBHBIE, CPEAHHE MO0 MOTYyMETaIIbI?

Hpuna (Taup Haukpu): Mbl ucnonb3oBaiu IJii CBOMX IpeoOpaszoBaTeneil, Kak s yxe
CKasaJl, FepMaHui — MOJIyMeTaILI.

Bukrtop: [la, oT0 momymerann. Y HHX, BBIXOIUT, paauanuoHHod — 40%, TemoBoi
sueprun — 30%, cBetoBoii — 20%, MarHuTHOUM — 6%, U dnekTpudeckon — 4%. Tak s moHnMaro?

Hpuna (Taup Hauxpu): Jla, HO snekTpuyeckas HaXOAUTCS B TAKOM MOJOXKEHUH, UTO
T€pMaHHMii JIETKO €€ OT/IaeT.

Buxtop: Ho TaMm e Ha nmocieaHeM cJ0€, TO €CThb dJIEKTPUUECKOM 3Heprun Beero 4%?

Hpuna (Taup Haukpu): Tam mpouecc cnoxnee. Maer cHauana HamoJHEHHE
OIIPEJIEJICHHBIX KBAHTOB, KOTOPBIE U3 CBETA COCTOAT, & YK€ IOTOM IIPOUCXOJUT BBITECHEHHE
AIIEKTPUYECKOH.

Buxrop: BoT Teneps s NOHAI NPUHINI, KaK 3TO IPOUCXOANT!

HNpuna (Taup Hauxpu): [a, Tam emre HYy>)KHO CMOTPETh HE Ha MPOIIEHT, a HA JIETKOCTh
BBITAJIKUBAHUS 3TUX MTPOLIEHTOB.

Bukrop: YV mens eme Takoil BO3HMK Bompoc. Korga y Hac KBaHTBI B XMMHYECKOM
3rieMeHTe (POPMHUPYIOT aTOM, YTO OHM U3 cedst npeacTaBisiior? Hekyio ¢urypy, mecTurpaHHUK,
noneka’ap wiu eme 4ro-to? Kakas mnomywaetcs ¢urypa, eciam CMOTpeTh OOpa3HbIM
MBIILIEHHEM ?

Hpuna (Taup Haukpn): (Mpuna cmeercsa) MoxxHO U Tak cka3zaTb. DTUM 3aHUMAIOTCS Y
HaC IUIa3MOMJIHBIE IUBHIM3AIMKU. Kak 3TO BBIIISAUT B TOHKHX (Gopmax? DTO BBITJSIUT, Kak
CMEpYH: OJIMH KPYTUTCS B OJJHY CTOPOHY, APYIOM B APYTYIO, M OHH BJIOXKEHBI APYT B npyra. OHH
TEMHOTO IIBETAa — OJWUH TEMHO-KOPUYHEBBIM, APYroil TEMHO-KOPUYHEBBIH C KAKUMH-TO
30JI0THUCTBIMU KPYNMUHKaMHU. Tak MOXET yBHJIETh TYMAaHOUJ YEPE3 CBOE BOCIPUATHE. A OHH ITO
BUJIST, MOXKHO CKa3aTbh, Kak COOMpaHUe U3 KaKHX-TO KyOHKOB.

Bukrop: A y Hac BpeMs ecTb elle, WIH yKe Bce?

Hpuna: XKenatensHo 05l yxe 3akaHunBaTh. OHM Ha Yac MPUXOIUIIH.

01:11:39 YcrpoiicTBO BHYyTpHAaTMOC(EPHOT0 ABUTaTEJIS.

Buxrop: Torma y MeHs mnocienHudl Bompoc. Mbl  paccMatpuBaid C  BaMH
BHYTpHaTMOC(hEpHBI ABUraTensb. Bbl HaunHaIM paccka3blBaTh Mo Hero. Bwl roBopure, 4TO OH
U3y4yaeT MarHuTHbIE noJisl. KakuM 00pa3oM OH MPOU3BOAUT 3TH U3ITy4eHUs?

Hpuna (Taup Hawukpum): D10 He BHYTpHaTMOC(hEpPHBIM, a IMJIaHETApHBIM JBUraTelb
MIPOU3BOJUT MArHUTHBIE TIOJISI.

Bukrop: A BHyTpHatMochepHblii? UToOsl ceifuac HaM, K pUMepy, IPUMEHHUTh, YTOOBI
Halllu MalIVHbI HE HA KOJecaxX €3WIH, a HaJ| INIAHETOH JIETAJIN.

Hpuna (Taup Haukpu): Bol uMeete B BUIy He UI1 KOCMUYECKHX Kopabieit?

Bukrop: /{a, 1uist mammyH.

HUpuna (Taup Hawukpm): 1 MammH 3TO Ha3bIBAeTCAd «MarHUTHAas MOAYIIKa». OTO
ONpEJIETIEHHOE MAarHUTHOE U3JIy4€HHE, MATHUTHOE T10JIe, KOTOPOE IKPaHUPYET OT PaBUTALIUN.



Buxkrop: Kakum 06pa3zoM 3T0 IpOMCXOIUT, KaKUe MPOIecChl TaM HIyT? Sl Tak HOHUMAaIo,
YTO BBIIEJISETCSI MAarHUTHASI SHEPTUsl, KOTOpasi OJOKUPYET rPaBUTALIUIO MIJIAHETHI?

Hpuna (Taup Hauxpn): [la, 1 MamHa BUCUT B BO3Jyxe. Y Bac jke M3BECTHA, HAIIpUMep,
MarHuTHas JeBUTALU.

Bukrop: /la, HO y Hac 3Ta MarHuTHas JIEBUTALUS MPOUCXOIUT HaJ KaKOH-ITHO0
METAJIJIMYECKON IJIACTUHOM, U OOJIbIIe Mbl MOKa HUKAKUX PE3YJIbTaTOB HE JOCTHUIJIH. JTO BCE
JIEBUTHPYET 3a CUET TOT'0, YTO y HAC MATHUTHAS KaTYIIKA OTTAJIKUBAECT METAJNINYECKUN MAarHuT.

Hpuna (Taup Hauxpu): Ecam otrankuBaeT, 3HA4YMT, KyJa JE€BaeTCcs OJHEPIUs
rpaBUTaLUN?

Bukrtop: B mobom ciyyae, Mbl NMpuUBSA3aHbl K KaKOMYy-TO MecTy. Mbl HE MOXeM, K
IIPUMEPY, OTOPBATHCS OT peiibca. Y HAC MO0€3/1a, KOTOPBIE JIEBUTUPYIOT HA MAarHUTHOW TOYILKE,
IIPUBSA3aHBI K 3TOMY PEJIbCY U YKE B CTOPOHY OTOMTH HE MOTYT.

Hpuna (Taup Haukpu): HykeH MCTOYHMK MAarHUTHOTO MOJS OCTATOYHO MouIHbIH. Ho
OH €CTh B BalllUX MarHeTpoHax (mokasbiBaeT Mpune maruerpon). 1 mone ot 3Toro nucrouyHuka
JIOJDKHO OBITH HANpaBJIEHO BHU3, U OHO JIOJDKHO BPAIIAThCS, U TaKUM OOpa3oM JIOCTUTAETCS
SKpaHHpPOBAaHME OT TPABHUTALMM. 3a CYET BPAIICHHS 3TOrO IOJISI Ta TpaBUTALUsA, KOTOpas
IPUTATUBAET MAIIMHY, OHA YKPAaHUPYETCS.

Bukrop: Kak mpoucxoauT H3iIydeHHE 3TOro MarHuTHOro mnois? Kakuwe-To KaTyuikw,
crepkHu? Yto 3a mpeoOpas3oBaTesd HU3IyYalOT ATy DHEPTUIO, M CKOJBKO HX TaM, B KaKOH
OCJIENOBATEIILHOCTH ?

Hpuna (Taup Haukpu): OOGbIYHO 3TO BEIIECTBO OEIIOr0 1[BETA, MATKOE.

Bukrop: Xumuyecknii coOCTaB MOXKHO?

Hpuna (Taunp Haukpu): Tam HaxomsaTcs aTOMBI BOJOPOJA, aTOMBI KHCIOPOJA, aTOMBI
KaJIbIUs, U UPUJIUH, HO OH TOXe B (popme aToMOB, He pacTBOp. M Bce 3TO BMeCTe pacTBOPEHO B
BOJIE U HAXOAUTCS B COCTOSIHUH reds. M yepes Hero npoxoauT MarHuTHOE IOJIE.

Bukrop: U1 yepe3 3T0T cocTaB HAUMHAET MPOTOHATHCS MarHUTHOE MoJe?

Hpuna (Taup Hauxpn): [la, MarHuTHOE 10Ji€ MOPOKIAETCS ONPEACIEHHBIM JIBUTaTEIIEM,
KOTOPBIN, KaK s y>K€ TOBOPHJI — TOT € CaMblii peoOpa3zoBaTelb.

Buxkrop: [lone, koTopoe NpoxoauT yepes 3ToT resib. ONuInTe yCTpoMcTBO, KOTOPOE €ro
BbIpabaTbiBaeT. Bbl ckazanu, ABUraTeslb Kakou-To.

Hpuna (Taup Haukpn): [IpeoOpazoBarens.

Buxrop: Kak oH BbITIsANT?

Hpuna: Kopobouka Oenasi, KOTOpyl0O OH MHE B Hauane »¢upa MokaspiBaja. bemas
KOpoOouKa, B KOTOPYIO U3 aTMoc(epbl BXOJUT CBET U TaM IMpeoOpaszyeTcsl Kak pa3 BOT 3TUMU
CTEPKHAMH, KOTOPBIE KOCBIE, B MArHUTHOE I10JI€.

(Taup Haukpu) U 310 MaruuTHOE nosie, Tak Kak >KUJIKOCTh TaM BpAILlA€TCs U Yepe3 HETro
IIPOXOAMT, TOXE HAYMHACT BpawarbCcsa. [paBUTAlUIO MOJABIAIOT 3a CYET TOrO, 4YTO
MaKpOIpaBUTALMS TOJISA, KOTOpas CYyIIECTBYET BOKPYI 3TOM MAIIMHBI, CTAJIKMBAETCA C 3THUM
MarHUTHBIM II0JIEM U YXOJUT B CTOPOHY, IIPOJBUTAsl, U BHU3.

Bukrop: Kak s moHsm, 5Ta reneBas KHAKOCTh KaKMM-TO OOpa3oM pPacKpyduBaeTCs?
Mexannueckn?

Hpuna (Taup Haukpu): [lox neiictBrem Toro e moJis.

Buxrop: Ilox neiictBreM nosis 3Ta )KUIKOCTh HAUMHAET PACKPYUUBATHCS?

Hpuna: /la, oH MHE celiyac MOKa3bIBAET, UTO OHA BPAIIAETCsA, MPUYEM B OJJHY CTOPOHY.
He ObicTpo, 10CTaTOYHO MEJIEHHO.

Bukrop: OnHa 3akiroueHa B KaKOW-TO TOP WM 000JI0UKY?

Hpuna: Kakoif-ro auck, xoTopelii Ha aHe KkaOuHbl. OH Kak Tapenka, TOJbKO OHa
IJIOCKas.

Buxrop: 13 kakoro marepuaina 3Ta Tapeiaka caenaHa?

Hpuna: KpemHuii, T0 €CTb OKCHJI KpEMHHMs, KUCIOpoJX, yriepoa. Kak s monsuta, He
IIPOITYCKAIOLIUE JJIEKTPUUECTBO.

Buxrop: BbIxomuT, W3 IUPJIEKTpHKAa 4Yalla CJieJlaHa, KOTOpPhIM HE MpPOIyCKAaeT



AIIEKTPUYECKYIO SHEPTUIO?

Hpwuna: Eciu Ha onrynb, Kak OH MHE TIOKa3bIBaeT, s Obl Ha3zBasa Gapdopom, moromy 4to
oHa Kak (apdoponas yamka. Tonbko, OH TOBOPHUT, OHA MPOYHEE, €€ He pa300bellb.

Bukrtop: Xopomo. bonbmoe crnacu6o Bam! KoHedHo, HA caMOM MHTEPECHOM MBI
000pBAIKCH, MOXKHO OBLJIO OBbI MPOJOTIKUTH 3Ty TEMY.

HMpuna: Msl ¢ HIMH BOOOIIE HAa Yac 10TOBaPUBAIUCE.

Buxkrop: Xopomo. Cnacu6o 60sb110€, 04eHb BaM Oiarogapes!

Hpuna: J{a, xoporo.

Buxkrop: bouia untepecHas KoH(epeHLrs, MHOTO MHTEPECHOTo y3Haji. To, 4To BBl HaM
CKa3aliy, 3TO II100aJIbHBIN CKauOK B HAIIEW MPOMBIIIJIEHHOCTH MOXET J1aTh.

Hpuna: Xopomo. XKXenaem Bam ycriexos!

JHoporue npy3ps, Onaromapio Bac 3a TO, YTO BBl MOCMOTpenu Hame Bujeo. OueHb
UHTEpecHO. 1 He TeXHUK, ¢ 00pa3aMH HEMHOXKKO IyTaroch, HO JaaHo. Hazgeroch, Bam ObLIO
MHTEPECHO U MOJIe3HO. J[0 HOBBIX BCTpey!



