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#556 Texnuueckue coBeTbl HHOIUIAHETSIH. P0o0OTHI, MJIaHeTapHbIEe JABUraTeNH,
anTurpasurarop. Paamanmus.

14 anpens 2023 rona

Y4acTHUKHM KOH(pEPEHINH:
Wpuna [logzopoBa — KOHTAKTEP ¢ BHE3EMHBIMH [IUBUIN3ALMIMH, C TOHKOMATEpHUATIbHBIMU
LIUBUIN3ALUAMH U ¢ JlyXOBHBIM MUPOM;
BukTop — cnenuanuct no paano-uHXEHEPHUH;
JIulllnonn — npencrasutens miuaHeTs! lumop, nuBmiIn3zanus AHApPOMENA, COLMOJIOT,
CIIEUAIUCT IO aCTPAIBbHOMY MHPY M €T0 B3aUMOJEHCTBUSAM C MaTEPUAIbHBIM MUPOM;
MunracKayc — npencraButens mianets! cnep, Co3zsesnue Bonomnaca, 61onor, ncuxosor,
MHUKPOOHOJIOT, CIIEUATUCT M0 HHOIIJIAHETHRIM (hOpMaM >KU3HHU.
Paom Twuitan — mpexacraBuTenb IUIaHEThl bypxan, cHenuasucT N0 3HEPreTUYECKUM
B3aMMOJIEMCTBUSIM B OKpY’Karolllel cpeie MaTepuaibHoro u JlyxoBHOro Mupa U mpeodpaxeHHit
pa3IMYHBIX PHEPTHA.

00:00 Hauyajo Buaeo.

00:20 ®parMeHTbI N3 KOH(pEPEHIHUH.

«...JaXe €ero, HMCKyCCTBEHHO CO3JaHHBI MO3I C MCKYCCTBEHHBIMHM HEHPOHAMH, B
KOTOPBIX 3aJI0’K€Ha IporpaMMa JIeicTBUs 3Toro podoTa, paboTaloT Ha YHEPTUU CBETA, KOTOPYIO
OH IIOJIy4aeT yepes Iia3a»

«...TBl JIOJDKEH B3ATh BEIIECTBO, IMOCUYUTATh CAMOCTOSTEIBHO YHMCIO €ro KBAHTOB IIO
dbopmyrie uncio KBaHTOB BemecTBa = 1600 *...»

«...TUITAHETApHBIM JBUTaTelb, OH MOXET OTTAJKUBAThCA WIN TPUTATUBATHECA K
pa3IMyYHBIM IJIaHETaM 3a CYET HACTPOWKHM Ha MX MarHUTHbIE MOJs. MarHuTHOE MoJjie KakJoro
HeOeCHOro Tefa Tak e HEMOBTOPUMO, KaK OTHEYaTKH MajbleB YeTOBEKay.

«...pacmpoCTpaHsAETCsl SHEPTusl, B3Tas C LEHTPAILHOTO ABUTaTeNsl KOpadiis, KoTopas ¢
MIOMOILIBIO OINPENEIEHHBIX aKKYMYJIUPYIOIUX BEIIECTB COXPAHSAET DHEPIUI0, KAaK BalllM KapThl
NaMATH COXPAaHSIOT MH(OPMAIIHIO, U 3TU MEepEeHECEHHbBIE Ty/la KBAHThl HAYMHAIOT BBHITECHSTH CO
BTOPOT'O YPOBHS Ha MEPBBIA CBOM KBAHTHI, U TAKUM 00pa30M CO3JAETCs JPyroe COOTHOIIECHUE,
KaK BbI TOBOPUTE, HHOM HEUTPOHHO-IIPOTOHHBIN COCTaB».

01:50 ITpuBercrBHe. [IpeacraBiaeHne y4aCTHUKOB BCTPEYH.

Hpuna: 3npascTByiiTe, noporue apy3bs. Mens 30Bytr Mpuna Ilonzoposa. S sBustoch
KOHTAaKTEPOM C BHE3EMHBIMM IUBHIM3anMsAMu. CerogHs ¢ HAaMM IPUCYTCTBYIOT HallU
Kyparopel: Paom Tuiian ¢ 1naHetsl bypxax, cnenmyalucT 1O OHEPreTUYECKUM
B3aumonencreusaM, Jlulllmonm ¢ mranersr IlmMop, crnenMamucT 1O acTPajIbHBIM
B3auMmoieiicTBusaM, MunracKayc ¢ mianersr Ociep, cnenuanucT no OUOJIOTHH, MCUXOJIOTHH U
VMHOIUIAHETHBIM IUBHIIM3anusaM. [IpuBercTByem!

Bukrop: IlpusercTtByro Bac Bcex. 3ApaBcTByWTe, MeHS 30ByT Bukrtop. S sBisroch
WH)XKEHEPOM-PaIM03JIEKTPOHIIUKOM. DTO Hallla TPETh KOH(EpEeHIIHS.

Hpuna: Jla, oH mOMHUT Te0s1, TOBOPUT.

02:42 Hcropusi co31aHHMs NMEPBOro BHYTPHATMOCGEPHOro ABUIaTeJisi, BOJAOPOIHOE
TOIJIMBO.

BukrTop: VY MeHs cerofHs psJ BOINPOCOB MO KOHCTPYKTUBHBIM HCIIOJHEHUSM
aTMocepHbIX aBHUratesnei u npeodpaszoBatenel sHepruil. UToObl MOKHO ObLIO MpeoOpa3oBaTh
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paZOaKTUBHYIO SHEPIHIO0 B JJIEKTPUYECKYIO. Y MEHsS IEpPBBI BONPOC: KpaTKas HCTOPHS
CO3/IaHHS CaMOT0 MEePBOT0 BHYTPHUATMOC(HEPHOTO JBUTATENS U €r0 KOHCTPYKIHS.

Hpuna: IlepBbiii BHyTpHaTMOC(hEpHBIM JABHUraTenb, KOTOPBIA BOOOILIE JeTall, WIH
KOTOpBIE ceryac y Hac?

Buxkrop: Her, xotopsii BooG1e. Koraa ciaenanu nepBblil pa3 MHXXEHEPHI, U OH MOJIeTeN?
D710 *Ke rae-To 3aUKCHPOBAHO KaK HEKOE UCTOPUUYECKOE COOBITHE?

Hpuna: Jla, xoHeuHo, »5T0 3aduxcupoBaHo. IlepBble aBUTATENM, KOTOpHIE
HCIIOJIB30BAINCh B HAIIMX JIETATEIbHBIX armaparax, ObLIM OCHOBAaHbI Ha SKPaHUPOBAHUU OT
MarHUTHOTO TOJISI U UCIOJb30BAM B KAUE€CTBE TOIUIMBA SHEPIHI0 OCBOOOXKACHUS XMMUYECKUX
CBsI3€M, KOTOPAasi BBIAEISIETCS B MOMEHT BBIIEJICHUS M3 BOJBI BOJOPOJA U Kuciaopoaa. To ectsb
ObUT TaKOW BOJIOPOJIHBIN BUTaTEb.

Bukrop: To ecTh, monay4aercs, y HUX OblJT XUMUYECKUN UCTOYHHUK TOKA, KOTOPBII ObLI
CZeJIaH Ha OCHOBE pPa3JIOKEHUs BOJbI?

Hpuna: [la, 5To mpowm3onuio Ha pas3HbIX IUlaHeTax mo-pasHoMy. (Paom Twitan) Ha
anere bypxan 3To npous3onuio 3a10iro 40 BCTymieHus: B Mex3Bé3nuelii Coro3 U 3a10/ro 10
TOT0, KaK MbI BBIIIIM BOOOIIE B KOCMOC. DTO ObUI CHayana ammapar, KOTOPbIH MO3BOJISI
nepeMenaThes 1Mo atMochepe Hallei MiIaHeTsl.

Onu MHe noka3zbIBaroT miaatgopmy. He BiKy TaM KpbUibeB. DTO Milockas miaatgopma, u
Ha Hell croutr momycdepa. OOmass KOHCTPYKIMS BBITJISIIUT, Kak mMoiycdepa, Kak MOJIOBHUHA
oTpe3zaHHoro si6ysoka. OH MHe ceiiyac emi€ MoKa3blBaeT TEMHO-3e€NEHbIN 1BeT. I B ueThIpéx
MecTax, MPOTHUBOMOJIOKHBIX JPYT JAPYTY, B 3TOM OKpPYXHOCTH, KOTOpas oOpalleHa K 3eMile,
OBLIM  PACIIOJIOKEHBI YEThIPE BOJOPOAHBIX JIBUraTelisd, KOTOpPHIE BBIIEISUIM DHEPIUIO
XUMHUYECKHX CBsI3€, M 1O CHEUUaJIbHOMY IpeoOpa3oBaTeNio MPUTATUBAINCH WU
OTTAJKUBAJINCh OT Pa3IMYHBIX MAarHUTHBIX nosiel bypxana, CMMMETpUYHO WM HECUMMETPUYHO

ApYT ApyTY.
belna nimurenbHas UCTOPHs, KOTJA UCIOJIB30BAINCH PA3IMYHBIE JBUTATENIM TaKOTO THUIA
Ha JpYrux ammaparax, KOTopble e3quiM 1o 3emiie. Ho camasd mepsas uCTopus — 3TO KOraa

HayvajJy U3ydaTh CBOMCTBA BOJIbI, B TOM 4Hcie €€ (pu3nyecKrue U XMMHYECKHe CBOMCTBA, U KaK U3
He€ MOYHO IMOJIyYUTh SHEPTrHI0. To ecTh Jenany pa3aIudHbIE OIBITHI.

(Paom Twuitfan) ¥ Hac ectb MHOeCTBO yu€HBIX. (OH MHE MOKAa3bIBAET ILIENYIO Tajepero
Oypxanckux yuénbix.) Ilouemy Oypxanckux? Iloromy dYTOo MBI HE COCTOSUIM TOrza B
Mex3Béznnom Coroze, U He ObLIO K HaMm mpuToka uHpopMmaruu u3 [amaktuku. Kak u y Bac
ceiuac, Bally y4€HbIE JIENAI0T OTKPBITHUS.

OHnHu fenany pa3nuyHble OMbITHI IO BBIEIECHUIO SHEPTUHU BOJIBI C TOMOILILIO HANPaBICHUS
Ha He€ pa3IW4HbIX JPYTUX THUIIOB DHEPIUHU: TEIJIOBBIX, CBETOBBIX, AJIEKTPOMATHUTHBIX,
PaZMOBOJIH U T.Jl. B U3MEHSIIOIINXCS YCIOBUSAX OKpYyXKarolen cpeabl. To ecTb Opanu, Harpumep,
pasHoe arperaTHOE COCTOSHHE BOJBI: TBEpIAs, JKUAKas, razoodpasHas U C HUMHU IPOBOMIN
JKCIIEPUMEHTHI.

07:29 IIpyHUUN PpadoTHI BHYTPHATMOC(EPHOro ABUraTe/]Isi HA 0OCHOBE XHUMHYECKHX
peaKknMii U CO3AaHUs AHTUTPABUTALMOHHOTIO IOJISI.

Bukrop: Cnacubo, TOHATHO. Y  MEHsS CIEAYIOIMMUA  BOMPOC:  yCTPONCTBO
BHyTpHaTMochepHoro nBurarens. Kakue ecTb TUIIBI U Pa3HOBUIHOCTH KOHCTPYKIUI?

HNpuna (Paom Tuitan): YcrpoiictBo BHyTpuatmocdepHoro asuratens? CoBpeMeHHBIH
BHYTpPHUATMOC(HEPHBIN BUTAaTENb OTTAJIKUBACTCSA HE OT MAarHUTHBIX IOJIEH, KOTOPbIE MOTYT OBITH
JIOCTaTOYHO CJIa0bIMM Ha pa3HOOOpPa3HBIX KOCMUYECKHX TelaxX, ceiluac OH ympaBiser
HKpaHUPOBAHUEM OT IPaBUTALIMOHHOTO ITOJISL.

OH MHe moka3biBaeT... [pyrume oOpa3sl He Hamo, naii B 3TOM pa3ooOparbes. OH
MOKa3bIBAaET EMKOCTh, ITOXOKYI0 Ha IIUCTEPHY C XKHUAKOCThIO. OH CKa3al, YTO 3TO LIUCTEPHA C
PacTBOPOM KOJIJIOMJIHOTO cepedpa ¢ nobaBkoi cynbdarta meau. Cam cynbhar Meau B TBEPIOM
KPHUCTAITINYECKOM COCTOSIHUHM J100aBJIeH K KOJUIOMJHOMY cepeOpy, TO eCTh Kakoi-To B3BecH. 1
3TO BCE HAXOJIUTCSA B PACTBODE.



Buxrop: A pacTBop Kakoii: BOJbI WM YETO?

Hpuna: Jla, 370 pactBOp BOIBI, HO K MOJIEKYJE BOJAbI A00aBJIEH €IIE OAWH aTOM
BOZIOPOJA.

Bukrop: [Tonydaercs H;O, no-namemy?

Hpuna (Paom Tuitan): Y Bac KUCIOPOA ABYXBAJIEHTHBIH, HO C MOMOIIBIO OMpeAeIEHHBIX
SHEPruil MOXKHO CJeNaTh €ro M30TOI, KaK Bbl TOBOPHUTE, KOTOPBIH OYIET NMPUCOETUHATH eIl
OJIMH aTOM BOJIOpo/a. MBI 3TO Ha3bIBa€M «IIEPEHACHIIIEHHAs BOJOPOJIOM Boja». B mpuHuure,
MOJKHO CJeJlaTh TakK, 4YTO B CaMy BOJy IIOMEIIAeTCs BOAOPOJ IIOA BO3ICHCTBHEM
AIIEKTPOMArHUTHBIX IIOJIEH OINpPENEI€HHON HACBIIIEHHOCTH W HAIPaBJICHUS, TaM Hau4HETCS
peakuusi, KOTopasi II03BOJIUT BOJOPOAY MPUCOEAUHATHCA K aTOMaM KHCIOpPOJa B OTOM MOJIEKYJIE
BOJIBI.

S celiuac BmKy (QopMy, KOTOPYIO OH MHE Moka3biBaeT. CHayana mojaymalia, 4To OH
TOBOPHUT O NEPEKHCH BOJOPOJA, HO OH T'OBOPUT, YTO B MEPEKUCH JBA aTOMa KHMCIOpOJa, a TaM
OJIMH aTOM, M €ro OKpY»KarT Tpu aroMa Bojpopoja. Ilo kpaiiHel Mepe, OH MHE celdac Tak
MOKa3al.

(Paom Tuitan) Bokpyr 370 1iucTepHbl, OHa HEOObIIAs, Ha KOpadIIsax, PUMEPHO, T/ie-TO
Ha 5-6 IUTPOB Ha BaIllM MEPHL, 51 UX U3yYall, U 3TA )KUAKOCTb IIOCTOSHHO HAXOJAUTCS B JBUKECHUU
BOKPYT' KaAKOT'0-TO, KaK CT€P>KE€Hb, BHYTpH BcTaBiieH. M 3a c4€T 3TOro IBMKEHHs, B CTEP)KHE, OH
TIOJIBIH, ¥ BOKPYT HETO, U BHYTPH HETO...

Sl celiwac pacckaxy TO, 4TO s BHXKY celyac, He myTadl MeHs. OH TOBOpHUT, 4TO B
JBUTATEIE C IOMOLIbI0 JTOM JKUIKOCTH CO3LAKOTCS TaKWe IO, KOTOPbIE IOJABISIOT
IPaBUTALIMIO C TOMOLIBIO NEPEXo/a ITUX I0JIEH Ha BHEIIHIOW 000s104Ky Kopabma. To ecTs
cepebpo, cyrbdar Mead M BOT 3Ta BOJA, BCTymas MeEXAy coOOH BO B3auMoJeicTBHE,
MOPO’KJAIOT TaKHE MOJIsl, KOTOpPbIE MPH BPAIIEHUU BOKPYT ATOrO CTEPKHS... MOXHO cKa3aTb,
BBIJICJIACTCSl SHEPrHs MHUKPOTPABUTALMHM, KOTOpas HANpaBlisieTCsl Ha BHEIIHIO O000JI0UKY
KOpalJisi, ¥ B OTJIMYKME OT IPAaBUTALMOHHOIO JIBUTATENS,, OHA HE COOMpAETCsl B CaMOM JIBUTaTele,
a HaIpaBJIsieTCs HA BHELTHIOK 000JI0YKY KOpaliis, U COo3/1aéTcs aHTUTPaBUTALIMOHHOE TI0JIE.

(Paom Tuitan) IlouemMy MBI Ha3bpIBaeéM €ro aHTUrpaBUTalMOHHBIM? Tam Takue xe
IPAaBUTOHBI, KaKk M OOBIYHO, OHM HE AaHTUTPABUTOHBL. IIpOCTO 3TM TpPaBUTOHBI HMEIOT
Y3KOHANPABJIEHHBIH My4OK, Kak Jyd. OH MOXeT ObITh OoJiee MIHUPOKUM WM Y3KUM, HarpaBjeH
BEPTUKAIbHO BHHU3, YTOOBI KOpadsib 3aBUC Ha OAHOM MecTe. Ecnu ycunute 31O moje myrém
YCKOpPEHUSl BpallleHusi ATOW KHUAKOCTH, KOpaOyib IOJIETUT BBEPX, MOTOMY YTO OHO OyneT
cuiibHee. UTOoOBI JIeTeTh B CTOPOHY, 3TO M0JIE NIEPEeHANpPaBIsIeTCsl Ha APYrue 00JacTh OOLIMBKY -
IpaBylo, JIEBYIO U T.A. I Tormga oH MOXET, HallpuMep, JETETh U MOJ YIJIOM IpakTudecku 90
IpaJycoB CBEPHYTH BJIEBO, BIPABO WIH Kyna TeOe HaJIO.

S celiuac pacckasblBaro, 4TO 3TO CaM JENAET IMHIOT, HO HET, Y HaC OTO aBTOMAaTHYECKH,
BKJIIOUAETCS IO/l BJIMSHHUEM pa3IW4HbIX nporpamm. M Kkorma, Hampumep, NHUIOTY HY’KHO
HOBEPHYTb, OH JHOO JETUT MO mporpamme, Jau00 camocTtosATenbHO. Ho ecim oH BKiIrOYaeT
MIOBOPOT, TO aBTOMAaTHYECKU BKJIKOYAETCSA, U U3 JIBUraTels BBIAEISETCS I0JE€ HAa BHYTPEHHIOHO
0o0mMBKY KOpalJisi, KOTOPOe CO3aET CONPOTUBIEHNE MHEPLIUU TaKOe, YTOOBI ObLIO OJTHOPOJIHOE
IPaBUTALMOHHOE TI0JIE, U JIFOAH HE YKIIOHSUIUCH B IPOTUBOIOJIOKHYIO OT ABM)KEHHUS CTOPOHY.

Bukrop: IloHsaTHO. A Tenepb MO KOHCTPYKIMHU. BBl cka3zanu - BHYTpU CTOUT CTEP>KEHb.
OH Kakue-To BUOpAIK U3TyqaeT?

Hpuna: OH n3nyyaer rpaBUTOHBI.

BukTop: A coctaB 3TOro cTEpKH:A?

HNpuna (Paom Tuitan): CoctaB cTep:KHs: MarHUi, HUKENb, TEIIYp, Cepa, IPOCTO aTOMBI
TyJla BCTaBi€Hbl. TO ecTb oOmnpelnen€HHas MOJEKYJSpHas pemeTka, KOoTopas IO3BOJISAET
NEPEBOJUTH MUKPOTPABUTALIMIO BHYTPb 3TOM TPYOKU M HANpPaBIIAThH €€ MO CHEeLHAIbHBIM... JTO
HE MPOBOJI, @ KaK BbIEMKa, KOTopast BeAET K oOmmBke kopadins. [To 3Toif BrleMKke HampaBisieTcs
9TO MOJIE.

51 BIXKY, YTO OHA HKpPAaHUPOBAHA ONPEACTEHHBIM M0JIEM, YTOOBI 3Ta MUKPOTPAaBUTAILMS HE
BBIIIJIA 32 Mpeesibl. Y HUX TaM HET MPOBOOB. Sl X HE BUXKY.



Paom Tuitan roBopur, €ciu TaM cAejaTh IPOCTO IPOBOAA, TO SHEPTUS MUKPOTpaBUTALIMH
OyZeT yXOOuTh B aTOMbI CaMOro IMpOBOJA, TO €CTh 3TO OyleT, Kak Bbl FOBOpHUTE, MaTepua,
KOTOPBII OKa3bIBaeT OECKOHEYHOE COMPOTUBIICHHE.

Bukrop: [lomydaercs, ecnu OyaeT mpoBo, OH OyIeT MPOCTO HArpeBaThCs?

Hpuna: HarpeBatbcst on He Oynet. [IpocTo MukporpaButays, KOTOPYIO BbI BBIAEIHTE,
HE JOUIET 1O MeCTa Ha3HAUYCHUS.

Buxkrop: IlonstHo. IlomydaeTcs, 3TOT CTepKE€Hb 3a0UpaeT SHEPrUi0 C KUIKOCTU U
nepensiydaeT e€ Ha OOIIMBKY KOpaOIisl, PaBUIIbHO sl IOHUMAIO?

Hpuna: [la, no cneunanbHoMy kE100y, KOTOPBIN HIET. ..

OH MHe ceifyac MOKa3bIBAET: OOIIKMBKA COCTOUT U3 HECKOJIBKUX CIOEB. MexX 1y BHEIIHUM
YU BHYTPEHHHUM CJIOEM €CTh CPEIHHUM CJIOH, OH TOXKE COCTOUT HU3 ONPEAECIEHHON IMOTUMEPHOU
CTPYKTYphl, KOTOpasi HAlOMHUHAeT OpPraHWYeCKUMH MaTrepual TeM, 4YTO TaM MHOI0 HHUTEH
yraepoaa. M 3To moiaynpoBOAHMK, Kak Bbl roBopuTe. OH YCHMIIMBAET 3Ty SHEPTUIO, KaK Jyla, U
NEPEBOJUT €€ y)Ke Ha caMy OOIIUBKY, KOTOpasi MOXKET COCTOSATh U3 Pa3HOOOPa3HbIX MaTEpPHAJIOB,
HO TaM €CThb 00s3aTelIbHO METAJIIbl, KOTOPBIE. .., U yXKe IMOTOM HM3JIy4aloT 3TO B MPOCTPAHCTBO.
YemM MeTasuibl OTIMYAIOTCS OT HEMETAJIOB - Y HUX TaKasl KpUCTaJUIMUecKas peleéTKa BelecTna,
YTO OHM MOTYT U3Jy4aTh JIFOOYIO0 SHEPTHIO [0 BHEIIHUN MHP.

(Paom Twuitan) Hampumep, ecnu Bbl Harpeere 4YTO-TO METAUIMUECKOE, OHO Oyaer
JIOCTaTOYHO JOJTO JE€pP>KaTh TEIUIO. 32 CYET YEro OHO JAEPXKMUT 3TO Temino? 3a c4€T TOro, 4To
caMH aToOMbl MeTajjla €ro MOryT JOJr0 H3JydaTh, IIOTOMY 4YTO OHHU HaXOHSTCS B
KPUCTAINIMUECKON peméTke. A eciid Bbl MOJOXKETE, HAPUMEp ra3eTHyl Oymary, To Imocie
TOT0, KaK Bbl €€ MOTYLIUTE, CMOXKETe €€ B3SATh JOCTATOYHO CHOKOWHO B PYKH, TIOTOMY YTO OHA
HE COXPAHSET 3Ty DHEPIUIO B OTIMYME OT MeTaula. Eciy Bbl METalll HarpeeTe 10 TEMIEPaTyphl,
KOrja oH OyJeT packaliéH, JOJKHO MPOWTH MHOTO BPEMEHH, MPEeXkAE 4YeM Bbl BO3bMETE €ro B
pyku. S celiuac TOBOPIO O TOM, YTO y HETO IIPOCTO. ..

ITouemy pasnbie Takue cBoiicTBa? Mbl Toke 3TO H3ydaynd. [loTomy 4YTO pasHas
KPUCTAINIMUECKasi peIIéTKa pa3IMYHbIX MaTepUAIbHBIX OOBEKTOB OOYCIIOBJIEHA, BO-TEPBBIX,
CTPOEHHEM CaMUX aTOMOB, BO-BTOPBIX, HMX B3aUMOPACIIOJIOKEHHEM, TaK Ha3bIBAEMOM
KOHCTPYKLHMEH MOJIEKYJISIPHON CTPYKTYphl 00BEKTa, U 3TO BCE 00YCIaBIMBAET €0 XUMHUECKUE
u Qu3nyeckne CBOMCTBA BO BHemHEH cpene. [loaToMmy B r000# 00mMBKE KOpadis, Jake B TOMH,
KOTOpasi COCTOMT M3, KaK Bbl TOBOPHUTE, MCKYCCTBEHHBIX MaTepHallOB, HamojoOue Ballero
wiactuka. OHM MOTYT UMETh pa3Hble KOHCTPYKTOPCKHUE PELleHHs], BCE PaBHO TaM JIOJKHBI OBbIThH
METAJIJIMYECKUE BCTABKH, Pa3JIMUHbIE HUTH U T.J., KOTOPBIE MO3BOJIAT MIPOBOJAUTH 3Ty SHEPTHIO,
MMEHHO JUI OTTAJKWBAaHUS OT IPABUTALIMOHHOTO MOJIS.

19:48 KoHcTpyKIIMM IPABUTALIMOHHBIX ABUIraTeJIei.

Buxkrop: A emé kakoi-HHOy/1b KOHCTPYKTHB TPABUTALMOHHOTO JABUraTeNs sl IpUMeEpa,
4TOOBI HAM MOKHO OBIJIO CPAaBHHUBATh.

Hpuna (Paom Tuilan): S pacckazan camoe paclnpocTpaHEHHOe, eIl€ ecTh Takue
pelIeHus], KOrla 3Ta MUKPOIpaBUTALUs JUIsl TIOJABJICHUs TPaBUTALMN IIJIAHETHl U3BIIEKACTCS U3
HECTaOMJILHOTO MaTepHualia, Harojo0ue HEKOTOPBIX H30TONOB yIiiepoja, KPEeMHUs, HpUAuS,
repMmanus. Bel ke 3HaeTe, YTO CpPelM ITHX DIEMEHTOB €CTh TAK HA3bIBAEMBIE PAJUOAKTUBHBIE
W30TOIIBI?

Bukrop: /la, ects.

Hpuna (Paom Tuitan): Ho MbI uX He uiieM B pupojie. Mbl MOXeM B3SITh ONpeIeIEHHbIN
3JIEMEHT M MPEBPATUTH €ro B TOT U30TOI, KOTOPBIA HaM HyeH. M3 3Toro m3orona msl Jaenaem
Ha CIELUaIbHOM ammapare, Korja HapyllaeTcss IapMOHHUsA BCEX TPEX YPOBHEM BCEX TPEX
SHEPreTHYECKUX YpoBHEH aroma. He To 4yTo HapymaeTcs, CO34aETCs MHOE COOTHOLLIEHUE MEXTY
TpeMsi ypoBHsMU B atome. He 55 na 33 na 12, xak 3T0 Bcerna ObIBaeT, a KOrja ¢ TPETbEro
YPOBHSI TIEPEHOCUTCS Ha BTOPOM, HAIpUMEp, HEKOTOPOE KOJIMYECTBO KBAHTOB, M OTHU
MIEPEHECEHHBIE Tyla KBAaHThI HAYMHAIOT BBITECHATH CO BTOPOTO YPOBHS HA IEPBbIN CBOU KBAHTHI.
N takum oOpa3zom co3maércs apyroe cooTHomieHne. Kak BBl TOBOPUTE, WHOW HEWTPOHHO-



IIPOTOHHBIN COCTaB.

Bukrop: ITonsaTHO.

Hpuna (Paom Twuitan): To ecTb HEHUTPOHBI, NPOTOHBI, a 3a HHUMH, €CTECTBEHHO,
3JIEKTPOHBI, IIOTOMY 4YTO BBl 3HAETE, YTO YUCJIO AJIEKTPOHOB 3aBHCUT OT YHMCJIA IPOTOHOB B
atome. OH ke JTOJDKEH OBbITh AJIeKTpUYeCcKH HelfTpasieH. S ceifuac roBOpI0O HMEHHO MPO aTOMBI,
He mpo HOHBL. [losToMy MBI co3gaéM 3Ty HECTaOMIBHOCTb, M U3 3TOT0 HECTAOUIBLHOTO
HHEPreTHUECKOro Marepuana co3iaéM (Urypku (OH MHE MOKa3bIBaeT, KaK MUPAMUAKH, TOJIBKO
OHM MaJleHbkue). OfHa nmupamuaka, 1 BHU3Y K Hel NMpHUKperyieHa TOYHO Takas ke. Takas BOT
¢urypka. UeTslpéxrpanHas NUpaMuIKa MajleHbKas - cantumerpa 3. M k Hell cHu3y mpujenaHo
Kak Obl €€ OoTpakeHHe, HO HampaBlieHHOE BHU3. M 3THM MajeHbKHE MNUPaAMHUIKH W3 3TOrO
MaTepHaja pacroyliaraloTcsi Mo Bcel OOIIMBKE KOpaliisi, Ha Mepexoje BHYTPEHHEW CTOPOHBI
BHEIIHEW OOIIMBKH, Ha MEpexoJie BHYTPEHHEH CTOPOHBI OOIIMBKH camoro kopryca. CpenHui,
KOTOPBIN MEXy BHYTPECHHEN U BHEIIHEN.

OH mnokaspiBaeT 4epTéx, IAe TPU CIIOSd MaTepuana, W MEXJIy IEpPBbBIM U BTOPBIM
pacronaraloTcsi 3Tu MUPaMHUIKU, KOTOpbIe KaKk Obl BepIIMHAMH HAlpaBJeHbI BHYTPb, U Jajibllle
YK€ pPacIpoCTpaHSETCs SHEpPrusl CaMOW ILEHTPAJbHOM SHEPreTHYECKOW YCTaHOBKHM MOTOpa
Kopabisi, KoTopasi, Kak i yke roopui, 0epér suepruto u3 CoyHna M 3BE3], U YK€ Ha 3TU
NUPaMUIKNA PACIpOCTPAHSAETCS SHEPIHs, HE B3ATas C JTOM JKHUJIKOCTH, a JHEpPrus, B3siTas C
LEHTPAJILHOTO JIBUTATENsE KOpalisi, KOTOPBIA C MOMOIIBIO ONpPENENEHHBIX AKKYMYIUPYIOIINX
BEIIECTB COXpaHSIET SHEPTHUIO, KaK BaIlld KapThl MAMSATH COXPaHSAIOT HH(POPMALHIO.

Bukrtop: D10 uHTEpECHO.

HNpuna (Paom Tuitan): Takoe ecTs pelieHue. JHeprus HampamiseTca B ¢opMme Teruia,
COECIMHEHHOTO C AJIEKTPOMArHUTHBIM HMMITYyJIbCOM YacTOTOW rae-to mpumepHo 630 ITu. A
MOMHIO 3TO U3 clipaBoyHUKa. KoinuecTBo TemaoBON SHEPTrUM AOKHO OBITH B pa3Mepe IAe-To
2400 kunoxoyel. Bel ke B IKOYJISX CUMTAETE TEMIOBYIO SHEPTUIO, HACKOJIBKO 51 TIOMHIO?

Bukrop: KommuectBo, na. A B TeMIepaTypHOM peXHUME 3TO Kak? OTO Kakas-TO
TEMIIEpATypa MOJy4aeTCsl, ONPEIEIEHHBIN TEMIIEpaTyPHbIN peKuM?

Hpuna (Paom Twuitan): Bel 3HaeTe, 4TO OAHO U TO K€ KOJMWYECTBO TEIUIOBOM SHEPrHH,
NPUIOKEHHOE K Pa3HbIM MaTepuasiaM, OyJeT JaBaTh pa3Hylo TeMIeparypy?

Buxrop: /la.

Hpuna (Paom Tuiian): S ceiiuac roBOopr0 O TOM, YTO MBI HE OOpalaeM BHUMAaHUS
HACKOJIbKO Harpeercs 3Ta Belllb, TOTOMY YTO OHA HArpeBaThbCsl HE JOJDKHA. DHEPrus Teruia
JIOJKHA NIEPEUTH B MUKPOTPAaBUTALIMIO 3a CUET 3TOT0 MaTepualla, U OJHA U3 BEPIUUH ITUPAMUBI,
KoTOpasi OyJeT BCTpoeHa B OOMIMBKY KOpaOis M3HYTpPH, HAlPpaBUT aHTUTPABUTALIMOHHOE TOJe
YK€ HapyxKy.

OHO oOpazyercs 3a Ccu€r HECTAOMJIBHOCTH  HM30TOIOB, IUTIOC  KOHTaKT C
AJIEKTPOMArHUTHBIM TIOJIEM U TEIUIOBBIM I10JIEM, BBI3BAHHBIM MCKYCCTBEHHO U HAIPaBJICHHBIM B
9TH, Mbl HMX Ha3blBaeM, s ceiuac moaldepy M3 MNaMATH KOHTAKTEpAa aHajior, PEryysaToOpbl
IrPABUTALUOHHOTO TIOJIS.

27:03 KoHCTpYKUMU IVIAHETAPHBIX IBUraTeJIei.

Bukrop: [loHsTHO. A Ha OCHOBE pacKpy4yMBaHHUS MAarHUTHBIX IOJIEH KakOW-HUOYIb
aTMOC(epHBbIN ABUTaTEb?

HNpuna (Paom Twuitan): Ha ocHOBe packpyuumBaHHsS MarHUTHBIX TOJE€H y Hac ecThb
IJIaHETAPHBIN JBUTATEIb.

Bukrop: A BHyTpraTMochepHbIii?

Hpuna (Paom Tuitan): BuyrprarmocdepHbie ABUraTeny y Hac 3aMEHEHBI Ha Te, YTO s
ckasan. llnmaHerapHbIl OBHTATENh MOXKET OTTAJIKWBATBHCS WM INMPUTATUBATHCA K Pa3IUIHBIM
IUTaHETaM 3a CYET HACTPOMKHM HA UX MarHUTHbIE MOJs. MarHUTHOE MOoJie KaXJoro HeOECHOTOo
TeJa TAaK K€ HEIMOBTOPUMO, KaK OTIEYAaTKH MaJIbLEB YeaoBeka. [103ToMy gaHHBIE O MAaTHUTHOM
1oJie KaXJ0W MOCEMEHHON TUIaHEeThl WM TOW, KOTOpas 3ajlo’keHa B 3BE3/IHOW KapTe Kopabis,
3aMEHSIOT HaM a/ipec, YTOObl He BBOJAUTH Ha3BaHUE IJIAHETHI, €€ KOOPIUHATHI.



Mpbl, HampuMmep, HaWaéM mo mudpaM HIM MO KOAY, CMOTPS Ha KAaKOM S3BIKE 3TO
HalmMCaHO, KyJda XOTUM IJICTCThb, MU YXE CaM KOMIIBIOTCP HACTPOHUTCA U 6YJ16T HUCKaThb HE B
['anaktuke, a B CONHEYHON CUCTEME ONpPEACIEHHOE MarHUTHOE M0JIE, KyJla €My HY)KHO JIETETh.
N xorga oH ero HaAET, TO, UCMOJIB3YSl SHEPIETUUYECKYIO YCTAHOBKY, KOTOPYIO MBI Ha3bIBaeM
LEHTPaJbHBIM JIBUTATeNIeM Kopaluns, OyneT mpeBpamaTh SHEPIUi0 3BE3HOTO M3Iy4YeHHS U
m3nydeHuss toro CoiHua, BO3JIe KOTOporo oH Haxogurcsa. OH OyzneT mnpeoOpa3oBbIBaTh B
NOTEHIMATIbHYIO SHEPrHI0 JBM)KEHUS TaKUM 00pa3oM, YTO BCEMY BELIECTBY Kopaldiisi Oyner
IpelaBaThCsl UMIYJIbC, KOTOPBII Oy/1eT HampaBjeH B OJJHY CTOPOHY.

Buxrop: IlonsatHo.

Hpuna: He coBcem ero noxsia, HO JIaTHO.

29:30 KoHCTPYKIUSI aHTUTPABUTATOPOB VISl NOAbEMA U MEPEeHOca TPY30B.

Buxrop: B npuHnune Bcé noHsaTHO. Teneps y MEHS BOT TaKOHM e€wI€ BOIPOC BO3HUK. Y
Hac Ha 3emiie TpeOyeTcs MEepeHOCUTh Kakue-TO rabapuTHbIe Ipy3bl. ManeHbKue, 00JbIIne, HO
OYEHb TSKENBIE T'py3bl. B maHHOE BpemMs MBI NPHUMEHSEM MOABEMHBIE KpaHbl. UTO MOryT
MPEJICTaBISITh COOON aHTUTPABUTALIMOHHBIE TPUOOPHI, KOTOPBIE MOAHUMAIH ObI 3TH TPY3bI?

Hpuna (Paom Tuitan): EcTe pa3nnyHble pelIeHUs] aHTUTPaBUTATOPOB, KOTOPHIE CO3/1at0T
aHTUTpaBUTAlMOHHOE ToJie. HemocpeacTBeHHO MPUKPEIUISCh K KaKoMy-IHOO0 OOBEKTy, OHU
CO3JIAI0T B 3TOM O0BEKTE aHTUIPABUTAIIMOHHOE TI0JI€, KOTOPOE ero OTTAJIKUBAET OT 3emid. ['py3
MIPOCTO MOJHUMAETCS, HO €r0 HYKHO TSHYTb 3a COOOH.

Bukrop: Kak yctpoens! 3ti anturpasuratopsl? Ha kakoM npuHnumne?

Hpuna (Paom Tuitan): OHM yCTpOeHbl Ha MpPHUHIMIIE BBIACIECHUS TOH K€ caMoi
MUKPOIPAaBUTALMOHHOW JHEPrUM, IIyTEM BBIACICHUS >HEPrUU IPAaBUTALMU M3 aTOMOB H3-3a
B3aMMOJIEMCTBHSI BEIIECTB C PA3IMYHBIMU XMMHUYECKUMU CBS3SIMH MEXIY cOo00M, co3qaronuMu
AJIEKTPOMATHUTHBIE T0JIs1, HAIIPABJICHHBIE CIIELIMAIIBHBIMU U3JIy4aTEIsIMUA B OTOT IPEIMET.

Bukrop: 3HauuT, MoIy4yaeTcs, IEKTPOMArHUTHBIE IOJIS HANPABISIOTCS B HpeaMer. A
YTO MPEJICTABIIAIOT COOOM 3TH H3iTyyaTenu? DTO CTEP>KHU KaKUe-TO WM XKe.. ..

HMpuna: OH MHe MOKa3bIBAaET, YTO ITO Takasi KOpoOOUKa, TAKOTO pa3Mepa, U B Heil 6enoe
BEIIECTBO. DTO BEUIECTBO, KOTOPOE €CTh BHYTPH ITHX aHTHUIPABUTATOPOB, 3TO MOXKET OBITh
00BIYHAS COJIb KAKOU-IMOO0 CHIIBHOM KHUCJIOTHI U IIeJI0YHOro Merayuia. Ho oHa Haxomurced... E€ ¢
IIOMOILBIO BBICOKOM TEMIIEpaTyphl IIPUBOAAT B COCTOSIHUE TAKOI'O MOJIY pacIulaBa.

S BwKy, oHa Kak OyaTO HauMHAeT TaATh. M momemiaroT €€ B YCTPOWCTBO, KOTOPOE
HaloMHHaeT 1o (opMaM W pa3MepaM Hally MbUIbHHIY. TOT Marepuan, U3 KOTOPOTO OHa
COCTOHT, B HETO BCTPOEHBI KPYTJIbIE MUKPOCXEMBI, KOTOPBIE 3aIlyCKAIOT 110 IPOrpaMMe PEAKIIUI0
B 3TUX aTOMax, HallpuMep, Mbl BO3bMEM HaTpuii xjop. Jlyumie He HaTpuil xjuop Opatb, a Oonee
AKTHBHbBIE, HAIIpUMEP XJIOPU/IbI KaJIUs, [Ee3Us U T. 1.

Buxrop: Ilosnyyaercsi, OHU HanpaBJAIOT U3IYYEHHUE B 3TOT paciuiaB?

Hpuna: /la, onn HanpaBisOT U3ITYYEHHUE B 3TOT paciuiaB, U CHU3Y KOPOOOUKH BBIXOAUT
YK€ DHEprus IpaBUTALMK, KOTOPask HAaXOAUIACh J0 HTOr0 B ATUX aTOMax.

Buktop: A kakuM o00pa3oM OHHM HaOpaBJSIIOT DJHEPruto? OTO  PagruoOBOJIHA,
AIIEKTPUYECTBO, MarHUT?

HNpuna (Paom Tuitan): Het, 3T0 3HEprus aneKTpuyecTBa, MarHeTU3Ma U YaCTUYHO CBETA.
CBer, JIeKTpUYECTBO, MaTHETU3M B cooTHOIIeHUH re-1o 30% ¢oronHo# sHeprun (cBera), 60%
maraetusma u 10% snextpuueckoil sHeprun. Ho kak s y>xe ToBOpui, B 3TUX aHTUTPAaBUTATOpaX
JIOJDKHA OBITH emmé akKkyMmyJsisiTopHasi OaTapesi, KoTopast OyJeT colepaThb 3TH dHepruu u Oynet
HaNpaBJATh UX B 3TOT paciulaB HOcUTeNed rpaBUTOHOB. Eciin y He€ ecTh Takas QyHKIUS, OHA
MOKET MOJ3aPsKATHCS OT COJIHEYHOI'O CBETA.

OnHu MoryTt paboTtaTh, €CJId Mbl BO3bMEM MeJKUM (opMaT TakKUX yCTPOWCTB, HalpUMeEp
10 50 kr, KOTOpbIM 3KpaHupyeT... Jleno B ToM, uto ecin Ha 50 KI 3€MHBIX, €CIM MBI €T0
noctaBuM Ha 400 kr, OH HE MOJHMMETCA, OH mpocto notepseT S0 kr maccel. He morepser, a
BpeMeHHO cTaHeT jerde Ha 50 xr. Koraa ero momHocuip K IMpeIMeTy U IPHUCIOHSEIIb, TaM
BHYTPHU €CTh TaKh€ MUKPOOTBEPCTHUS, KOTOPHIE NMPUCACHIBAIOT €ro. UToObl €ero OTiIenuTh, COOKy



€CThb KHOIOYKa, KOTOPYIO Ha)KUMaelllb, U oH oTiemsiercs. Ecnu 50 kr Mbl BO3bMEM, TO OH OyzeT
SKpaHHPOBATh 3Ty DHEPTHUIO, BBI3BABINYIO0 NpUTsKeHHEe 50 Kr k 3emuie, rae-To npumMepHo 12
BallIMX 4acoB. Jlanblle eMy Hy)KHa [o/A3apsKka akKKyMyJIsTopa.

IIpu cBere Bamero CousHIla rae-To B cpenHen noioce Poccuu npu COMHEYHOM AHE, OH
3apsbxaercs npumepHo 70 dacoB. 1o mpu cBere CoOiHIA, a €CIIM IMOJIOKUTh B CIEHUAIBHOE
YCTPOMCTBO, KOTOPOE YK€ UMEET B ce0e IHEPrHIo, MOTYUSHHYIO OT 3BE3]I, U B ceOe e€ coxpaHu,
TO JTOT 3apsiJ] MOXET MEPENABATHCA TY/1a, U 3TO 3alIMET HECKOJIBKO MUHYT.

Bukrop: AKKyMyJIsATOpBI, KOTOpPBIE CTOST B 3TOM YCTPOMCTBE, OHHM IO OTAEIBHOCTH
XPpaHAT PHEPIUHM TEIUIA, CBeTa U MarHeTusma? Mim xe B cOBOKyNHOCTH?

Hpuna: Kak NOHATH - 110 OTAENBHOCTH WM B COBOKYNHOCTH? EIé€ pa3 Bompoc.

Bukrop: Bbl ckazamm, uyTo Ans BO30OYyXAeHUS TpeOyeTcs PHEprusi CBera, Telula M
JJIeKTPUYECTBA.

Hpuna: B Bammx OaTtapeiikax »HEpruu cBeTa, TEIUIa U 3JEKTPUUECTBA MO-OTIEIbHOCTH
WJIM BMECTE XpaHATCA?

BukTop: Mbl 13 Hamux Oatapeek, U3 HAlIMX XUMHUYECKUX MCTOUHMKOB TOKA M3BJIEKaeM
TOJIBKO DJIEKTPUYECKYIO DSHEpPruio. A moTtoM mpeoOpaszyem JmOO B CBETOBYIO, JIHOO K€ B
MarHuTHYIO.

HNpuna (Paom Tuitan): Ho 3To ke He 3HAUWUT, 4TO B STUX aTOMax HET CBETOBOW WU
MarHuTHOM, miu moOoi apyroi? OHU TaM, eCTECTBEHHO, XpaHATCS Bce BMecTe. BooOuie, ecinu
Thl BO3bMENIb JII0OOE BEIIECTBO, BCE HHEPruM Tam XpaHsaTcs BMmecte. I[IpocTto Hamm
AKKyMYJIATOPHl OTJIMYAIOTCS OT BalIMX Oarapeek He TOJBKO COCTaBOM, HO TJIABHBIM 00pa3oM
T€M, 4YTO B HalllM OaTapeiiku BCTPOEHBI MUKPOCXEMBI, KOTOPble OCHOBAaHbl HA HAHOTEXHOJIOTHSIX,
KOTOpBIE€ YIPABISAIOT MPOLIECCOM BBIACIEHUS UMEHHO TE€X JHEPIHil, KOTOPHIE HAaM HYXKHBI, U
UMEHHO B TeX MpOMOPLUMSIX, KOTOpble TPeOyrOTCS s BO3HUKHOBEHHS TOTO WJIM HWHOTO
(U3UUECKOro WM XMMUYECKOT0 Tpoliecca.

Jlrobass wHama Oarapeiika, 3TO HE TMPOCTO OaTapeiika. ITO, MOXXHO CKa3aTh,
MHUKPOKOMIIBIOTEP, HE IPOCTO KOMIIBIOTEP, 3TO ONPEACIEHHAs MUKPOCXEMA, KOTOpasl yIpaBJIsieT
C TOMOIIBI0 BIIOKEHHBIX B HEE MpOrpaMM TeM BEIIECTBOM, KOTOpPOE TaM 3aJ0XeHOo. A
YCTPOMCTBO caMHX OaTapeek OCHOBAHO Ha Pa3HBIX CIJIaBax, B TOM YHCJE T€X, COCTaB KOTOPBIX 5
JaBaJl, Korja Mbl Oece1oBajii HaCUET nMpeoOpa3oBaHusl paJlallMOHHONW U TEPMOSAEPHON SHEPTun
B DJIEKTPUYECTBO.

UTo0bl XpaHUTh DHEPIrHI0, 4Yalle BCETO0 MHCIOJIB3YIOTCS pa3Hble KPEMHHEBbIE
HAIlOJIHUTENU: B BUJI€ KPEMHHEBOM BaThl, B BUJIE yriepoJHoi BaTbl. Kakue-1100 HamoiHuTeny,
clieNlaHHble M3 MEIHO-HUKEJIEBBIX CIUIAaBOB, MOTYT JOJTO yJEp:KUBaTh, T€HEPUPOBATH B cebde
SHEPTUU OIpeeIEHHOTO CBOMCTBA. EcaM TaM XpaHUTCS SHEPrHs 3JIEKTPUYECTBa, TO, B JTHOOOM
clydae, B Hel ecThb M 2Heprus cpera. IIpocTo mpu MX H3BIEYEHHMH MHMKPOCXEMBI JIOJKHBI
YIpaBJIATh 3THUM IPOLECCOM, YTOOBI MpPHU BBLAEICHUHM OTOH DHEPIUU CTOJIBKO-TO %
JJIEKTPUYECTBA BBIIEIMIIOCH, a CTOIBKO-TO % OCTallOCh, CTOJIBKO-TO % CBETa BBIIEIWIOCH, a
CTOJILKO-TO % OCTaNOCh U T..1., CMOTPS, AJI YETO HaM HY)KHA YHEPIHsl B 3TOM CIIydae.

40:53 HHomiaHeTHble MHMKpOcXeMbl. /IBMrateslb BHYTPEHHEro CropaHms, Kak
YHHKAJIbHASA TEXHOJIOTUA 3eMJIN.

Bukrop: Temepr HEMHOXKO 00 YCTpOIHCTBE AITHX MHKPOCXEM. OTO, IOJIydaeTcs,
HAaHOCOOPKHU OMNPEeNIEHHBIX METAJIIOB?

Hpuna (Paom Twuifan): DTO He TOJBKO METAIBI, 3TO MOTYT OBITh TMOJMMEpPHBIC
MaTepuaibl, OCHOBAHHbIE Ha YIJepo/ie, Ha KHUCIOpOAE, Ha MX LENAX, Ha pa3HbIX... (OH
MOKa3bIBAaeT Ha Kousbllax). Bce MHKpocXeMbl MOTYT XpaHWUTh MH(pOpMAIMIO, KaK M y Bac €CTb
MHUKPOCXEMBI, KOTOPbIE MOTYT XPaHUTh IPOrPaMMYy.

VY Hac TOXXe eCTh TakHe pelleHus, s HoApoOHO HE M3ydall, HalpUMeEp, BAIIH CIIOCOObI
XpaHeHus: uHpopManuu. Y Hac €CTh COOTBETCTBYIOLIME CHELMAIUCTBI, KOTOPbIE 3aHUMAIOTCS
UMEHHO YCTPOHCTBOM MHKPOCXEM, HX H300peTeHHeM, WX BHEAPEHHEM B TPAKTHKY. S
CIIELUAJIUCT 0 SHEPreTUYECKUM B3aUMOJEHCTBHAM, HO S 3HAIO TO, YTO BCE 3TU MHKPOCXEMBI



U3rOTABIIMBAIOTCS HA 3aBOJaX, HO IO OMNpEJENEHHBIM MpaBUiIaM, YTOOBl B HHUX ObUIH
3aIpOrpaMMHPOBAHBI T€ IEUCTBUS, KOTOPBIE HYXKHO C/I€JIaTh C BEIECTBAMH.

S ceifuac uily aHajor, Kak MOXKHO MPOCTO 3TO OOBsICHUTH. HaBepHoe, BaM Tak He
noHsTtHo? IlpenctaBpTe, YTO BBl XOTUTE OOBSICHUTH YEJIOBEKY, KaK JHEPTus Croparoiiero
OeH3MHA MOXXET IepenaTbcs Ha Kojéca, U MoYeMy OHHM BpallaroTcs. Bel eMy MOKHBI Oynere
OOBSACHUTH BECh MyTh, KaK MPOXOJUT, KaK BPAILlAIOTCS pa3ivyHble Baibl U T.A4. U Torga oH y Bac
CIPOCHUT: «A TMouyeMy 3TOT BaJl He ocTaHaBiuBaeTcs? OH ke TSHKENbIHM, a Bpoze Obl croparomiye
ra3el J€rkue». Kak Obl Bbl OTBETHUJIM Ha 3TOT BOIIPOC YEJIOBEKY, KOTOPBIA He moHumaer? Bbl
HauMHAaeTe TOBOPUTH, YTO OHU BBIXOJAAT ¢ OOJIBIION CKOPOCTHIO M T.1. Y mambiue yxe HauHyTCs
pa3IMYHbIE YaCTHOCTH. YenOBEK MOXKET Ha4aTh JIeJaTh ONbITE. OH MOKET CHENaTh Bal BMECTE C
Pa3IMYHBIMU IIeCTepEHKAMH U MONPOOOBaTh MOJIYTh HAa HEro pasziuyHbIM napoMm. OH y Hero,
€CTECTBEHHO, BpalllaThCsi He OyneT wiu OyneT CiIUIIKoM MeuieHHo. M Torma oH ckaxeT: «Bsl
MeHs oOMaHy/nIM, OH jke He Bpamjaercs. Kak oH MoxkeT konéca Bpamath?» UM 4to BBl emy
o0bsicauTe? To, YTO Tam YK€ BCA KOHCTPYKLHMS IMPEIyCMOTpPEHa s TOro, 4YTOOBl 3TH
Croparomiye ra3pl OT 0eH31MHa HaNPaBISUINCh IMEHHO B TO MECTO, Ky/1a UM HYKHO.

S uzyyan Bamm crnocoObl JBMKEHHSI, B TOM YHCIIE JBUraTellb BHYTPEHHEIO CrOpaHus, U
MOTy CKa3aTh, YTO, HaNpUMep, OypXaziiy oObsICHUTb, KOTOPBIN X HE U3ydal, OyJeT JOCTaTOUYHO
CJIOHO, TOTOMY YTO OHHM HE MPUBBIKIM K TaKUM pELIeHUsM. Y HHUX OYAYT THICSYU BOIPOCOB.
Ho s u3yuan u npekpacHo MOHsJ, KaK 3TO padoTaer.

Mun roBoput: «JleMCTBUTENBHO, B HAIIE MCTOPWUM NMPAKTHYECKH HE HCIIOIb30BAJIUCH
JIBUTATEIN BHYTPEHHEro cropanus. KoHeyHO ke, TO BO3MOXKHO 3a CUET TOro, 4TO B HAIIUX
TPYHTaX HET TAKOTO KOJIMYECTBA OPTaHUYECKUX BEIIECTB, KOTOPHIE MOTJIM Obl MCIOJIL30BATHCS B
KauecTBe ToIuMBa. 1103ToMy HaM IPUXOAUIIOCH UCKATh UHBIE PEILICHUD.

Hy nuuero, Mupn, Hamie TOMJIMBO TOXXE HE BEYHO, MBI TOXKE OyIeM HCKaTh ApPYyrue
perieHus (cMeércs).

BukTop: Mbl nbITaeMcs HAWTH peleHre, 4ToObl 3aMEHUTh Hallle OPraHUYECKOe TOILUIMBO
JUISL IBUKECHMSL.

Hpuna: OH rooput: «Bam kaxeTcss IpOCThIM MCIOJIb30BaHUE JIBUTATENSI BHYTPEHHETO
CTOpaHMsl IS ABMXKEHHS MAIIMHBI, HO €CJH 3TO OOBSCHHUTH HAIIeMy HapoJy, Halpumep, eciu
HaM ceidyac yCTpOUTh KOH(MEPEHIHI0, TEPEeMECTHTh BaCc Ha HANly IUIAHETY, YTOOBI BBI
pacckaszaiy O CBOMX TexHosorusx. Eciam Bel modEp u BoauTe MamuHy, K BaM OyJeT ceifuac
TBICSTYM BOIIPOCOB, U s JaXe HE 3HAK0, KAK BBl Ha HUX OTBETHUTE, IOTOMY YTO JIOJW, HAIIU
TYMaHOM/Ibl, HE IPUBBIKIIN K TAKOMY TUITY IBUTaTEIIs.

45:47 llonyyeHne 3J1eKTPOIHEPIrUM U3 MOCTOSIHHOTO MATHUTA.

Buxrop: B cBsi3u ¢ 3TUM BO3HHMKAET CIEAYIOIIMNA BOIMPOC: Y HAC €CTh TaKOM MpPEaMET,
kaKk MarHuT. OH u3TydyaeT MarHUTHYI »HHepruto. Kak 3Ty MarHuTHYIO SHEPIHI0 MOXHO
npeoOpa3oBaTh B AJEKTPUUYCCKYIO DHEPTHUI0 HE MeXxaHM4eckuM myTéM? B Hamie Bpewms, ceidac
MBI TIpeoOpa3zyeM SHEPrUi0 U3 MarHuTa, MmepeMelnas ero BIOJb METaNIMYeCKOro MPOBOJIHHKA.
Mgl nosrydyaeM B IPOBOJHUKE JBUXKYIIYIO CUITY, TO €CTh BbIpabaThIBaeTcs dieKTpuyecTBo. Kak
MOJKHO CJIeJIaTh YCTPOHCTBO, YTOO MAarHUT MPOCTO JIEKAN PSIIOM C KAaKUM-HUOYAh XUMUYECKIM
COEIMHEHNEM METAJIJIOB WJIM BELECTB, M U3 3TUX BEILECTB BBIACISAETCS IEKTpUUEeCcKas SHEPTrus,
BO3MO>KHO JIM TaKoe?

Hpuna (Paom Tuitan): EE€ chawama coOpare Hajmo. YUToObl MarHutHas SHEPrus
BBITOJIKHYJIAa HM3 aTOMOB DJJIEKTPUYECKYIO, €€ HY)KHO CHadala coOpaTh, a IMOTOM ITy4KOM
HalpaBUTh Ha T€ BElIECTBA, KOTOopble Bbl xoTuTe. Kak cobpath? HyxHBI MaTepuasnbl, KOTOpbIE
3a/IepPKUBAIOT B ce0€ MarHUTHBIE BOJIHBI K MOTYT COXPaHSTh B (hopMe COOCTBEHHBIX. ..

B kaxoit hopme coxpaHsieTcs SHEpTUs B TOM BEIIECTBE, KOTopoe e€ akkymynupyet? B
dbopMe yBenmueHUss COOCTBEHHBIX... S He 3HAIO, KaK y Bac Ha3bIBAIOTCS KBAaHTHI MarHUTHOTO
nojisi, Hy OyneM Ha3plBaTh MAarHeTpoHOM. To ecTb B aToMax BpPEMEHHO YBEJIWYHBAETCS
KOJINYECTBO MAarHETPOHOB, U JIEAETCs 3TO UCKYCCTBEHHBIM 00pa3oM. DTO OUeHb MOX0XKe Ha TO,
KaK BBl MIOJTy4yaeTe MCKYCCTBEHHBIE 3JIEMEHTHI, MpoJoiKaroIe Tabnuiy MenaeneeBa fgainblie,



3a HUQPBI y’KE €CTECTBEHHBIX JIEMEHTOB.

Bol Gepére kakol-TO oOmpenenéHHBI 3JEMEHT, B KOTOPOM COAEPKHUTCS OoJblioe
KOJIM4ECTBO HEHUTPOHOB, IIPOTOHOB WJIM HJIEKTPOHOB, KaK BBl TOBOPUTE «C TSKEIBIM aTOMHBIM
BECOM», a Mbl TOBOPHUM «C OOJIBIIUM KOJMYECTBOM KBAaHTOB», U HAaYMHAETE€ C TOMOIIBIO
CIIELMAJIbHOM YCTaHOBKHU BHEJPSTH B HETO IPYrUe IIPOTOHBI, HEUTPOHBI U IPYIUE JIIEMEHTAPHBIE
4acTUIbl. BBl IpOCTO 3TO YacTUIIaMH HA3bIBAa€TE, Mbl Ha3blBaeM KBAHTaMH. COOTBETCTBEHHBIM
o0pa3oM, y Bac MOJydaeTcsl BELIECTBO, KOTOpoe 00JajaeT HOBBIMU cBOiicTBaMU. OHO MOXKET
JKUTh JIOJIU CEKYHJIbI, @ MOXKET AECATUJIETHSI, HO MIOTOM B KOHIIE KOHIIOB AK€ €CJIM OHO OyneT
CaMo JIEKATh, OHO BCIO DHEPIUIO BHITYCTUT B IIPOCTPAHCTBO, 3aPSAAUT BO3AYX, IOBEPXHOCTD, MIOJ
KOTOPOW OHO JIGKWUT, HampuMep SHepruei paamanuu. M COOTBETCTBYIOIIMM 00pa3oM OISTh
IPEBPATUTCS B TO BELIECTBO, U3 KOTOPOT'O OHO Opanoch, IUIIOC, BO3MOXKHO, CO31aCT HECKOJIBKO
HOBBIX, TO €CTh PACTIaJETCS.

Celiuac s pacckasa, Kak Bbl IEHCTBYETE C SJHEPTUEH pajualiy.

Bukrop: /[a, y HaC B aTOMHBIX CTaHIMAX TaKas MITyKa.

Hpuna (Paom Twuitan): 31ech HY)KHO TO XK€ caMoOe€ CHAelaTh C dHEPruel MarHUTHOTO
nojisi. UToObl 3TO cAenaTh ¢ PHEPrueld MarHWTHOTO MOJIs, BaM HYXHO, BO-TIEPBBIX, cOOpaTh
npubop, KOTOPBI OyJneT NpuUTATHBaTh K ce0e MarHUTHOE IMOJie U COXPaHSATh €ro B TOM
BEIIIECTBE, KOTOpOE OYJET €ro HOCUTENIeM, HaloJHUTeNeM Toro npubdopa. Upune [Toazoposoit
U3 CIELUAIbHBIX CIIPABOYHBIX MATEpPUAJIOB JaBajld COOTHOLICHHE aTOMOB, KAKHE DHEPIUHU TaMm
conepxkarcs. I[lomMHuTe, yTO AaBaiv MHPOPMAIMIO O TOM, YTO Ha NEPBOM YPOBHE aroma
conepxkutcs 12% ero sHepruu, Tel MOMHUILB 3TO?

Bukrop: /la, momMHIO.

Hpuna (Paom Tuitan): Thl X04ellb B35Th MATHUTHOE TIOJIE, 3HAYUT, ThI IOJDKEH HCKATh
TOT MaTepuaj, B KOTOPOM W3 ATUX 12% MarHWTHOE TOoJIe CTOWT Ha TocieaHeM MecTe. Thl
[IOMHUIIIb, 10 KaKOMYy 3aKOHY pacIoJlaraloTCsd 5 ypOBHEW JHEPrMM Ha IIEPBOM YPOBHE, IIO
3aKOHY CTYNE€HYaTOTO YBEJIHMYCHHUS?

Buxrop: [la, nupaMugansHO.

Hpuna (Paom Twuitan): [la, nupaMuaanbHOTO WJIH CTYIIEHYAaTOTO YBEIUYEHHUS. Tl
JIOJDKEH B3SITh BEILECTBA, MOCUUTATh CAMOCTOSITEIBHO YUCIO MX KBAaHTOB IO (OpMyJe: YHCIO
KBaHTOB BerecTBa =1600*aToMHyI0 Maccy.

Buxkrop: [la, ectb yxxe Tabiuia BceX XUMHUUECKUX HJIEMEHTOB.

HNpuna (Paom Tuitan): Ilorom TeOe HY>KHO B3STh 3TU BCE BELIECTBA M IOCUYMTATh, B
KaKyr Ipynmny OHO IOIAJaeT: METAJUIbl, aKTUBHBIE METAJLJIbI, CPETHUE METAJUIbI, ITOJTYMETAIIbI
WM He MeTauibl. W nmanpiie mocMOTpeTh, B KAKOM M3 HHUX PAcloJlaraeTcsi MEHBIIE BCETO
MarHUTHOTO I0JIS 10 3aKOHY CTYIIEHYAaTOr0 YMEHBIIEHUS, ¢ IOMOIIBIO KaJIbKYJIATOpPA TOCUUTATD
u3 12%, ckonbko 310 OyneT B kBaHTax. HyxkHo OpaTh Takue BeuiecTBa JuO0 UX COeIMHEHUSI.

CoenvHeHNs BEIIECTB HYXHBI JUIsl 4ero? Jlis Toro, 4ro Kakaas MOJIEKYJa B CIOXHOM
BEILIECTBE MIPAET POJb KAaTaau3aTopa, YCUJIUTENS TeX CBOMCTB, KOTOpPbIE €CTh B OCHOBHOM
BEIIIECTBE, KOTOpoe OyAeT akKyMyJIUpoBaTh 3TH 3Hepruu. Hampumep, B ciydae ¢ COISIMH XJI0pa,
0 KOTOPBIX 51 TOBOPWJI, OCHOBHBIM HOCHUTEJIEM HYKHBIX HAM I'DAaBUTALMOHHBIX YHEPTUMN SIBISAETCS
LICJIOYHOM MeETaul, a XJOpP TaM SBISETCS KaTaJu3aTOpOM, KOTOPBIM CBOMM CBOWCTBOM
BOZIOPOJHOIO MOKAa3aTelisd, KaK Bbl TOBOPUTE «AHUOH», OH K€ Ha3bIBACTCA «aHUOHOM». OH 3TUM
AQHMOHHBIM CBOWCTBOM IOJJIEPKUBAET CTAOMIIBHOCTD IIEJIOYHOIO METajla B TO BpeMs, KOT/ia OH
HCITyCKaeT IPABUTOHBI.

Bukrop: IlonsaTHO. BCE-Taku Bompoc M 3akitoyaercs... Y Hac €CTh CIUIAB HEOAUMA C
JKEJIe30M, HUKeNleM, KOOalbTOM, TO €CTh CIUIaB, U3 KOTOPOTO MBI JE€NIaeM MOCTOSHHBIE MarHUTHI.
To ectb MBI ero o0JyyaeM 3JEKTPOMAarHUTHBIM IOJIEM, U B HEM BO3HHMKAET IOBBIIIEHHOE
KOJIMYECTBO MarHUTHOW 3HEPrUH, KOTOpPasl MU3IydaeTcs BOBHE. TeM caMmbIM 3TOT KYCOK CIUIaBa
HPUTATUBAETCS K OOBIYHOMY JKENe3y.

HNpuna (Paom Tuitan): Bcé€ nemo B ToM, YTO €ClIM 3TO MOCTOSIHHBIA MarHuT, U3 HETO
MarHuTHOE I10JI€ BBIAEISAETCA U TOT1a, KOIla HUYEro K HEMY He IPUTATUBAETC.

Buxrop: Jla, OHO y Hero mHOCTOSIHHO BBIJEISAETCS, MarHutHoe mnoje. Kak s mory



UCIIOJIb30BaTh 3TO MAarHWTHOE TOJie, OT O3TOM OoJBaHKH, 4YTOOBI mpeoOpazoBaTh €€ B
AIIEKTPUYECKYIO SHEPTUIO?

Hpuna (Paom Tuitan): CobpaTth €€ cHayasia B 3TOT MaTepuall, KOTOPbIA Thl BIOEPEIIb.
[Torom HyXHO coOpaTh U3Iy4aTenb - ONPEIEIEHHOE YCTPOUCTBO, KOTOpOe OyIeT BKIIOYATHCS U
HAIIPaBJIATh YHEPTUIO MArHUTHOIO MOJIS Y3KOHAIIPABIEHHBIM IIy4KOM B TO BEILIECTBO, U3 YETO ThI
OyZelib W3BJIEKATh AJIEKTPUYECTBO. DTO OUYEHb MOXO0XKE Ha TO, KaK, HapHUMEp, 3aKUraeTcs
naMmIodka. ToJbKO BbI 10 IPOBOJAM HAIIPAaBISETE HYHEPIUIO JIEKTPUYECTBA B OIPEICIIEHHbBIE
MaTepHuaJibl, 1 HAUMHAET BBIJIEIATHCS CBET.

OTtkyna BBIIEISAET CBET, €CJIM HET 3TOT0 CBETa M3HadainbHO? CaMo AJIEKTPUYECTBO UAET
10 MpOBOJIaM, Hanmpumep, K jamre. OHo ke caMo He cBeTuTca? OTKyZa ke B JIaMIle B3sUIacCh
sHeprus ceera? Koraa Bel HapaBUiIM B ONPENEIEHHOE BEIIECTBO YHEPTHIO IEKTPUUYECTBA, TaAM
eni€ >Heprusi MarHeTU3Ma e€CTh, IOTOMY YTO OHA HaIpaBJISIETCS BMecTe. BBl ke 3T0 o nmpoBoaam
noceutaere. [loaromy B 000M cilyyae €cTh €II€ M NEpEeMEHHBIH TOK, OH C ONpeaenEéHHON
4acTOTOM yalle Bcero ObIBaeT, TO OH €CTh, TO €ro HET, TO €CTh TaKue BUOpaluu. JTa SHEPrus
NIONAJAET B HUTh HAKaJIMBaHMs JaMIbl, U OTTyJa BBIJEIAETCS U CBET, U TEIUIO, KOTOPBIX TaM
M3Ha4aJIbHO He ObUT0. OTKyZAa B3sIMCh 3TH SHepruu? OHM B3sUIMCh U3 MaTepuaia caMoid HUTH.
M xak BBl 3HaeTe, y Bac emié HET TAaKOMl JlaMIlbl ¢ HUTHIO HAKaJIMBaHUS, KOTOpas ropena Obl
JIOJITHE TOJBI.

Buxrop: Her Takoro.

HNpuna (Paom Tuitan): Bc€ paBHO MpOUCXOAUT TO, YTO OHA OOPBIBAETCS UMEHHO B TOM
MeECTe, TJI€ 3TH DHEPTUU MUKPOTPABUTALIMM, KOTOPbIE CKPEIUISUIA aTOMBI U JI€JIaJIU U3 HEE HUTD,
YXOIAT Ha KOMIICHCALMIO YIIEAIIUX W3 HEE€ JHEpruil Temia U cera. M, B KOHIE KOHIIOB,
OHEPIrUH MUKPOIPABUTALMU CTAHOBUTCS MEHBIIIE, U OHA PBETCA.

WHTtepecHas nHTEpIpeTaLMsa, HAM HEMHOKKO IO-APYTOMY PACCKa3bIBAIIN.

57:34 B03MOXHOCTH MCIOJIb30BAHUS PAJAMOAKTHBHBIX OTXOA0B /ISl IOJYyYeHHS
3JIEKTPOIHEPIum.

Bukrop: Crout Bompoc ciemyromero oopaza. Y Hac ceilyac MHOTO PaJdOAKTHBHBIX
oTxo7i0B. Kak BO3MOXXHO mpeoOpa3oBaTh 3TH PaJMOAKTUBHBIE OTXOBI, TO €CTh KaK MOXHO
SHEPTUIO paJuanuu npeodpa3oBaTh B dnekTpuueckyto? Kakum oopazom?

Hpuna (Paom Tuiian): MsI e yKe 1aBaji 9TOT CIUIaB, Kak e€ mpeoOpa3oBaTh.

Buxrop: CrutaB HaMm gaBaiu. A BOT Jlajibllie MPOLECChl HEMOHATHBI. Kak 3T0 ycTponcTBO
camo pabotaetr? Hy, BOT MBI mosyuusiu ciuiaB. M3 3Toro criaBa Mbl clienaiy miacTuHky. Kak ¢
3TOM IMIACTUHKM. . .

Hpuna (Paom Tuitan): Ecnu BeI roBOpuTe 0 peoOpa3oBaHUM paJHaIliK, STH MIIACTUHKU
JOJIKHBI B 3TOM IpUOOpe BpallaThCsl, yJIaBIuBas pajnualuio.

Buxrop: To ects Hekuil mponemiep, xopowo. Crenanu 3TH NPONeuIepsl, OHU HAYMHAIOT
BpallaThCs y HAC 3a CUET TOTO, YTO HA HUX MOMAJAI0T KBAHTHI. ..

Hpuna (Paom Tuitan): IInacTuHKM TOMKHBI OBITH B (hOpME JIETIECTKOB I[BETKA, U OHU
HEMHOKO U30THYTHI.

Buxrop: Kak BenTrisatop?

Hpuna: OH MHE TOKa3bIBaeT KaKyl-TO BEIlb, KaKk Bajd OT MscopyOku. [IpumepHo BOT
TaK OHM JIOJKHBI OBITh M30THYTBHI, TOJIBKO TaM He JOJDKHO OBITh Bajla, a MPOCTO B3ATh ATY
IUTACTUHKY M COTHYTh €€, YTOOBI BOT TaKk OHa ObLia.

Buxrop: Ilonsm.

Hpuna: Jla. O MHe celyac MOKa3bIBaeT, MoJ yriiom npumepHo 32-35 rpamycos. U
Jydie, 4ToObl OHa ObliIa IBAXIbl H30THYTA. T.€. 3TO...

Bukrop: Kak 1BoiiHas cuupaine moyry4aeTcs.

Hpuna (Paom Tuitan): OHM JODKHBI OBITh HAa TaKUX CTEPXKHAX, KOTOpble OyayT
Bpamatbcs. OOBIYHO MBI OEpEM SHEPrUI0 Ha BpAIEHHE U3 TE€X aKKyMYJSTOPOB, KOTOPBIE YK€
paHee COXpaHWJIM 3Ty SHEPrui0. JJEKTpUYecKas dHEPrus NEPEBOAUTCS B DHEPIHIO BPALICHMS
MyTEM BO3CHCTBUS HA TOT CTEPKEHb, HA KOTOPBI OHHU HacaxxeHbl. OH HAYMHAET BPAIAThCS U



nepesaéT BpalllEeHUEe 3TUM CHUPAIsM, M OHH, NoNajas B PaJUAlMOHHYIO CpEly, HAaYMHAIOT
peoOpa3oBbIBaTh pajUallMi0 U TMEPEBOAUTH €€ B JJIEKTPUUYECTBO, COXPAHAS B COLMAIBHOM
Oarapee. Y Hac OmSATH ke, KaKk s yXe CKa3all, 3TUM IPOLIECCOM YIPABISET TO MPOrpaMMHOE
obecrnieueHre, KOTOpoe ecTh B 3ToM mpubope. S Bam pacckasall ero BHEIIHEE YCTPONCTBO U
MaTepHal, a BHyTPEHHHUE NMPOrpaMMbl pa3pabaThIBatOTCS 1151 MUKPOIIPOLIECCOPOB.

Bukrop: IlonsartHo. Ilomywaercs, 3Ta 3HEprus, BBIWAA C ITOTO BEHTWIATOpA, C 3TOM
IUIACTUHKHU, NIEPENAETCS 110 HEKOEMY IIPOBOAY WIH CTEP’KHIO Ha YIPABIIAIOLINE MUKPOCXEMBI, a
ITOTOM JIaJIbIlI€ B aKKYMYJISITOPBI, Tak 51 noHMMaro? [IpaBunbeHbI nponecc?

Hpuna (Paom Twuifan): [la, oHa MOXET 3aKauynMBaThCS B TOM K€ CaMOM aKKyMYJISTODE,
KOTOPBIM /10 3TOr0 BBI3BIBAJ MX BPAIICHHUE U BBI3BIBACT UX 3apsAIKYy. JDTOT aKKyMYJIATOP MOKHO
MEHSTb, U TAaKUM 00pa3oM panuanus Oyner cooupaThbes, € OyJeT CTAaHOBUTHCS MEHbINE, a ITUX
3apshKeHHBIX OaTapelt y Bac Oynet Oosblie.

BukTtop: A u3 4ero caenaHbl 3TH aKKyMYJIATOPbI?

Hpuna (Paom Tuitan): [IpuHIMN MpakTHUECKH TOT K€, KaK 5 BAM paccKa3bIBasl Ha CUET
AKKyMYJIITOPOB, COXPaHSIOLINX 3HEPTUIO TPAaBUTALMHU. JTO ONpEAEIEHHBIE HUTH, CBSI3aHHBIE U3
MOJTYTIPOBOJTHUKOB, KOTOPBIE COXPAHAIOT B ce0€ 3TH IHEPIHH B CBOMX MOJIEKYJISIPHBIX PEIIETKAX.
3T0, HanpUMeEp, MOXKET OBITh U TOT K€ CaMblil, YaCTO MCMOJIb3YEMBII MOPOLIOK cephl, (ocdopa,
TO €CTh OINPENECNEHHBIX NPOCTHIX BEIIECTB, KOTOPBIE HE SBISIIOTCA METAUIaMH U MOTYT HeE
IPOBOJUTH Yepe3 cels, a 3armacath B ce0e EKTPUIECTBO.

Hanpumep, ecnu Mbl BO3bMEM MOPOILIOK U3 METAJUIA, TO OH MOXET IMPOCTO IPOITYCTUTh
yepe3 celsi AJIEKTPUUYECKYIO0 SHEPIHI0 U B cebe HUYEro He OCTaBHUT 3a CUET MOCTPOEHUS CBOUX
aTOMOB M MOJIEKYJIIDHOM pEHmIETKHA. A BEIIECTBA, KOTOPBIE SBISIFOTCA H30JIATOPaMHU, MOTYT
HaKaruBaTh B ce0e JOCTATOYHO MHOTO 3JIeKTpudecTBa. J(axe pacTBOpPbI HEKOTOPBIX BEIIECTB U
IPOCTBIX, U OPraHMYECKHUX, 1 HEOPraHMYECKHX MOTYT HaKaljuBaTh B cebe, akKKyMyJHpOBaTh
JIOCTAaTOYHO OOJIBIIIOE KOJUYECTBO MATrHUTHBIX IOJIEH, 3JEKTPUUECKUX TI0JIeH, paJrOBOJIH.
Oco0eHHO 2TO OTHOCHTCS, HampuMmep, K 0eH307y U ero coenuHeHusM. Jlaxke k OEH30y U €ro
pacTBopam.

1:03:27 PacTBOpBI, CIOCOOHBIE HAKATLUINBATH JIEKTPUYECKYI0 IHEPIHUIO.

Bukrtop: Pacckaxure mnoapoOHee Npo pacTBOpPHI, KOTOpble Haubojee CHIBHO
HAKaIUIMBAIOT IEKTPUUECKYIO SHEPTHUIO.

HNpuna (Paom Tuifan): DneKTpUUYECKYIO SHEPTUIO0 HAKAIIMBAIOT PACTBOPHI..., celyac s
nonaoepy ananor Ha 3emie... KpeMHueBble M YriepojHble, KaK HUTH, CIUIETEHHbIE B mojgo0ue
BaThl. (OH moka3piBaeT) OHM 4-BaJIeHTHBIE, U 3a CUET ATOrO, HA CBOEM IIEPBOM YpPOBHE AITH
aTOMBI MOT'YT B3Th MHOI'O KBAHTOB JJIEKTPUUECKOTO MOJIS.

Bukrop: Orta Bata y HAC HAXOAUTCSI B HEKOEM PacTBOPE UM BO3yXe?

Hpuna (Paom Twuitan): Het, oHa B CBOOOIHOM COCTOSIHHH, TaKas... (KyCOK IMOKa3bIBAET).
Kak y Bac ecTb CTeKI0BaTa, TOJIBKO OHA COCTOUT U3 HUTEH KPEMHUS WU yIJIepoja.

Buxrop: Ecteb y Hac M KpeMmHHeEBas Bara, M yriepoaucras Bara. Ho oHa mpocrto
HAaKaIUIMBAET 3JIEKTPOCTATUYECKOE HAMPSIKEHUE, MTOITydaeTCsl.

Hpuna (Paom Tuitan): Ham HyxeH B mo0oM ciaydyae MaTepual, KOTOpBIH Oyzer
uzonupoBarb. [loToMy 4YTO, KOrja Mmarepual sIBJISE€TCS IPOBOJHUKOM, OH HE CIOCOOEH
HaKaruBaTh B cede ayiekTpuyecTBo. OH COCOOeH ero uepes cedst MpOoMmyCTUTh JallbIlle.

Hanpumep, ecnu MblI ceiiuac BO3bMEM MEIHBIN ITPOBOJT MM MEIHBIN MOPOIIOK, WX JTaXKe
pacTBOp KakoW-HUOY/b COJM MeJIU B BOZE, TO B JIIOOOM Cllydae MbI OJIYYHM PacTBOpP, KOTOPBIN
OyZeT MNpOBOOUTH 3JEKTpUYeCTBO. MOXKHO, KOHEYHO, OpaTh g 3TOro Jake BONYy, HO,
€CTEeCTBEHHO, OHa JIOJDKHA ObITh ouMIeHa oT npuMeceil. Cama Bojia 1o cede 3JIeKTPUIECTBO HE
MPOMYyCKaeT, MPOIMyCKaeT TOJIbKO PacTBOPEHHBIE B BOJE CONM. A cama Mo cebe oHa M30JUPYET.
Ho neno B TOM, 4TO 3TO 3JIEKTPUYECKOE HAIPSIKEHHUE, DIEKTPUYECKash DHEPIUs HE MOXKET
CTOJIBKO COXPAHMUTHCS B BOJE, HAIIPUMEP, CKOJIBKO OHA MOXKET COXPAHUTBCS B ITUX BEIIECTBAX, O
KOTOPBIX 5 BaM cKa3ajl. To ecTb TaM 00JIbIlIe MOXKET ObITh HAKOIUICHO.

Bukrop: fI Tak moHMMaro, U3 3TUX BEHIECTB JIEKTPUUECKAsI SJHEPIUs IOTOM M3BIIEKAETCS



110 OZAHOMY NTPOBOJHUKY?

HNpuna (Paom Tuitan): CMOTps, 1UIsl 4ETO OHA BaM HYXHa.

BuxkTrop: /Iy npumepa: 3anuTaTh MOOUIIBHBIHN TenedoH.

Hpuna (Paom Twuitan): MoOunpHbIl TenedoH y Bac paboOTaeT Ha DIEKTPUUYECKOU
DHEPIUM, KOTOPAsl OISITH K€ 3aIlyCKaeT ONpeAeIEHHbIE MPOrpaMMbl B BalllUX MUKpocxeMax. bes
JIEKTPUYECKON SHEPTUU 3TH MHKPOCXEMBbI paboTaTh HE MOTyT. DTO MOTOMY, YTO OHHM Y Bac
cienanbl UMeHHO Tak. Korzma mo HUM mpoberaer 3J1eKTpHuYecKasi SHeprus, OHa BO30YXKIaeT Te
SHEPTUH, KOTOPHIE COJAEPIKATCS B COCTABE ATHUX MUKPOCXEM, U OHH MPUXOIAT B BO30YKIEHHOE
COCTOSIHUE, U YEJIOBEK MOKET II0JIb30BATHCS TEMH ITPOTPAMMAaMHU, KOTOPBIE TaM 3aJI0KEHBI.

MBI nmpocTO HE MONB3yEMCS YCTPOMCTBAMH C KOMIIBIOTEPHBIMH IPOTpaMMaMH U
poboTaMM Ha YHCTOM 3JEKTPUUECKOM WM DJIEKTPOMArHUTHOW SHEpru. Y Hac Jpyrue
npuHiunel. Hanpumep, Ha comHeyHOW 5»Hepruu, Ha dSHeprum cBera, CoiHIA, OHAa y Hac
HepeBoIUTCS B TeX e OunopoOoTax B DSHEPrHIO IBIKEHHS 4Yepe3 T€ MHUKPOCXEMbl U
HCKYCCTBEHHbIE MaTepHalIbl, U3 KOTOPHIX COCTOMT OuopoOoT. Jlaxke €ro HCKyCCTBEHHO
CO3/aHHBII MO3I' ¢ MUCKYCCTBEHHBIMH HEHpPOHAMM, B KOTOPOM 3aJl0’KE€HA Mporpamma JAeHCTBHS
3TOro pobora, paboTaeT Ha HIHEPTUU CBETA, KOTOPYIO OH IOJIy4aeT uepe3 rias3a. To ecTb TaM He
3JIEKTPUYECTBO (OH MHE ceidyac MOKa3bIBAET).

1:07:27 ®oTonHbIe Mpeodpa3oBaTe/H AJIsi KOMIbIOTEPHON TEXHUKH MHOIJIAHETSIH.

BukTop: YV Bac koMnbloTepHas TeXHUKA Ha (OTOHAX MMOCTpoeHa?

Hpuna (Paom Twuitan): Jla, B ocHOBHOM (OTOHHAs TE€XHHKAa. TO €cTb Ha SHEPrUH
(GoTOHHBIX MpeoOpa3oBaresei, Korga MpocTo ecTh JHOO0H CBET: XOTh HMCKYCCTBEHHBIH, XOTb
€CTEeCTBEHHBII - HET pa3HUIlbl, JHUIIb Obl OblT (POTOHHBIM Jydy. DOTOHHOE H3IyUYEHHE HAIlU
npuOOpBl 3aXBATBIBAIOT €r0 BCEH IMOBEPXHOCTBIO, NPeoOpasyloT B BO30YXKICHUE DIIEMEHTOB
MHUKPOCXEMBI U TO3BOJISIOT IOJIb30BAaThCSI STUMU HPUOOpaMu. DIEKTPUYECTBO MBI MOKEM
3aracaTh - Y HaC €CTh TaKhe€ TEXHOJIOTMH, HO MBI IIPEANOYUTAEM KBAHThI CBETA, IOTOMY YTO OHU
Oosiee pacnpocTpaHeHbl, U HUX JIerde IMoJlyyaTh, HE 3amacas, a HEelOCPEICTBEHHO IMOJy4yaTh Ha
MecTe.

KoneuHo, MBI X U 3amacaeM, IOTOMY YTO Majio JIM, POOOT WM MPUOOP MOXKET MOMACTh U
B TEMHOTY, M OH JOJDKEH NpopaboTaTb aBTOHOMHBIM 00pa3oM OT CBETa ONPEAEIEHHOE
KOJIMYECTBO BPEMEHM.



