MHonnaHeTHaA TEXHONOIMA: peakTopbl HyNIeBOW TOYKN HA OCHOBE
Kpuctannu4yeckoro sagpa - ficxu n fleun Xapaep

ABTOp Ony6nukoBaHo

Nowa, Agencia Cosmica 2 anpens, 2021 .

(3Ty TpaHCKpUNuUuio nerde BCcero rnoHATb, NPOCMOTPEeB BMAEO C CONYTCTBYHOLLMMA I/I306pa)KeHVIFIMVI).

Oenn: MeHs Bceraa npuerekanu 1 NpoaosrikatoT NpuBrekaTb KpUcTannbl KBapua. S Bepto, YTO 3TO XKMBble
CYLLHOCTW, 1 YErnoBeYeCTBY eLLé NpeacTOUT NOHATb MX cuny. Tbl XxoTena Gbl paclunpuTb 3Ty Temy?
KBapLeBble KpucTanbl MOXHO UCMONb30BaTb ANs XpaHEHUst UHGOpPMaLIMK, XOTS NAN HEe MOTYT MOHAT,
Kak NoOMeCTUTb B HUX MHGOPMaLMIO UK U3BreYdb eé. Ho OHWM MCNomnb3yHoT MX Kak NPOCTOM KOMNAaKT-AMUCK,
nomeLlasi HOPMaLIMIO BHYTPb C NMOMOLLIbIO fla3epHbIX UMNYNbCoB. HO YTOObI NO-HACTOSILLEMY MOHATH
KPUCTannmM4yeckyto peLlETKy U MaTpuLy, OHU MOHATUS HEe UMEIOT.

HAcxu: CekTopa kpuctanna MoryT GbiTb 3apsiKeHbl YacTOTOWM BUGpALIMK, NO3TOMY OHU MOTYT coaepXKaTb
BecymcneHHoe KoNMYecTBO MHApopMaLUn, XpaHsaLlencs B Buae Bubpaumin. ta YacTb 0cobeHHo nonesHa
Ansi XpaHeHusl kapT YacToT. He kak AaHHble, NpeacTaBnsioLLMe YacToTy, a Kak cama YacToTa.

Ecnu Bbl 06a X0TUTE NOroBopuThL 06 UX MCMONBL30BaHUN B KOPaGNsX, Toraa Mbl BEPHEMCS K
cynepmMaTtepuarnam, a He K kBapLly KaK CyL{HOCTM, HO BC& XOPOLLIO.

[enn, no cyTu, Tbl U3MEHSIELLb KPUCTANINYECKYIO CTPYKTYPY KBapLia C NOMOLLIbIO YacTOTbl, HAaKNaabIBas Ha
Hero MarHMTHoe norse. A UMeto B BMAY, YTO CTPYKTypa KBapLa NovTu naeanbHa, HO OHa He coBepLUeHHa. B
TaKoW Mepe, YTO Tbl MOXELLb XPaHUTb MHCDOPMaLMIO B MaTpuLE, U3 KOTOPOMN OHU COCTOSIT.

Mowa: YTto 310 3HAUMT?

Fcxu: 3To 03HaYaeT, YTO Thl MOXELLb HANOXWTb 1 1 0 (OBOMYHbIE OAHHbIE), HANPUMEp, UK
rofiorpaduyeckmne gaHHble (bonee CroXHbIE) Ha 3MNeKTpUYeckue 3apsabl, KOTOpbIE YAEPKMBAKOT UMK
CBA3bIBAIOT MOSIEKYNbI KpUCTana BMecTe. A NOCKOSbKY OH NPO3payeH, Tbl MOXELUb NOYy4YUTb AOCTYN K

AaHHbIM B NtoOON TOYKe KpucTarsa no CBOeMY XenaHuto.

geﬁn: Tbl MOXeLLb ONuUcaTh, Kak 3TOro0 MOXHO AOCTUYL? Bo3aencreme Ha KpucTann nas3epHbiMn
nMmnyrnbcamMu, Kak Ha KOMNakT-aAnckK — 3To HE peweHune.

Acxu: [la, kak ykasaHo Bbllwe. BCE, YTO Thl Aenaellb, 3TO N3MEHSELLb CBA3N MEXAY KaXK4oW eANHNLLEN C
dopmon a4enkn coT. KeapL, 0O4eHb YyBCTBUTEMNEH K SNEKTPUYECTBY.

Oewnn: [1a, Nb€303NEKTPUYECKUN.
Acxu: [1a, UMEHHO NbE303NEKTPUYECKUIA.
Y MeHS HET HMKaKOro 4YerloBEYECKOro SKBUBAINEHTa, YTOObl OOBbSCHUTL, Kak 3TO Nponcxoant. B ocHOBHOM,

OHU HaxogAaTCA BHYTPWU BbICOKOSHEPIreTUYECKUX MarHMToB C YaCTOTHOM MO,D,yJ'IﬂLI,VIGVI. Mop,ynmpyeMblx
KOMMNbOTEPOM.



geﬁn: 3HaunT, 4OCTATOYHO CUITbHOE MoayrnmMpoBaHHOE MarHMTHOE Nnosmne MOXeT ObITb NCMOML30BAHO AJIS
oTnedaTtbiBaHNA AaHHbIX B Kpuctarnne, nogo6Ho TOMY, KaK 3TO MponcxoguT npu 3anmcu Ha neHTy.

Acxu: VIx cBS3b 1 CTPYKTYpa, U3 KOTOPOWN OHM COCTOAT, HACTONBbKO MaTeMaTUYECKN COBEPLUEHHA U CIOXHA,
YTO, KaK rOBOPSIT, NO3TOMY OHM 06nagatoT cO6CTBEHHbIM CO3HaHMEM. CUMTaETCs, YTO OHM ABMAIOTCA
cyuwiectBamum 1D . 1D o3Ha4aeT, 4TO OHM NPOCTO E€CTb M HE OCO3HAKT APYrMX, NOCKOMNbKY 3TO ObIfo Obl
xapakrtepucTtukomn 2D.

Ho kpucTtannsl KBapua, U3BECTHbI TEM, YTO MOryT NepemeLLaTbCcsa U AT Tyaa, rae OHM XOTAT BbITb. Y HUX
HEeT HOr, HO OHM MaHUMNYNUPYIOT OKPYXKatoLEeNn Cpeaon U OKpYXatoLWUMmN X NogbMu, YTOObI Te
nepemMeLyanm ux, Ho No ux NPUxoTu. A He Gepycb yTBEPXKAATb, YTO TO UM MHOE CYLLECTBO OTHOCUTCS K TOM
WU UHOW MIIOTHOCTK, MOCKOSbKY 1 aBCOMTHO YBEPEHA, YTO BCE CYLLLEeCTBa HaXoAaTCs BO BCEX
NAOTHOCTAX. 34EeChb 51 3amMeYvatd MHOrO SHEePrnmn BOKPYr MOUX KaMHeN 1 Kpuctannos. [oyTtu, kak 6yarto, ato
TenenaTn4yecknuin pasro.op.

Dewnn: OHn cnocobHbl MOOYNMPOBAaTL UIM M3MEHSTL CBOKO ©a30BYHO YacTOTY, YTOObI NnepeMeLaTbCcs unm
BNUATb Ha Apyroro, 4tobbl TOT nepemeLlan nx?

HAcxu: [la, yacTb TOro, o Yém A rosopuna. KoHeuyHo, noam gymatoT, YTo 9TO NPOCTO NPeAMEThI, KOTopble
TepAlTCs, Kak 1 nobble apyrne. Ho ecTb CAMLLIKOM MHOMO MHTEPECHBIX UCTOPUI O KpUcTannax, koTopble
TEpPSATCA U TAUHCTBEHHBIM 0O6Pa30M Haxo4AT 4OPOry AOMOW Aaxe CrycTs rofbl.

Dewnn: MNMoxanyncTta, gaean yrnyéumesa, KAK mbl Mornu 66l npaBunbHO NporpaMmMmupoBaTth KpucTann u
nasnekatb MHoOpPMaLMo 13 KpuctTanna.

Acxu: Ho Tebe Takke Hy>XHO 3anucaTb e€, U Ans 3TOro Tbl U3MEHSIELLb €ro CTPYKTYPY C MOMOLLbHO
MarHuTHOro nonsi, PoKycMpysicb Ha TeX KOHKPETHbIX 06nacTsx, rae Tbl CObUpaeLlbes 3anmcbiBaTb. JTO
MOX0XXe Ha UCMONb30BaHME KpUCTansa B Ka4ecTBe eCTECTBEHHOMO XECTKOro Ancka.

Tbl BUAEN, Kak S ONUCbIBaO TPAHCMOPTHbLIN MyY M KaK C MOMOLLIbIO FaPMOHVMK 4acTOTbl MOXHO U3MEHSITh
MaTepuio Unu aaxe cosnasaTtb e€. 34ech TO XXe camoe, HO Ha Gonee HU3KOM YpoBHe. Vcrnonbays
rapMOHVKM O[IHOM YacTOTbl, MPUMOXKEHHbIE K O4eHb crieumduyeckort obnact BHyTpU KpucTanna, Tbl
MOX€ELLb NEPECTPOUTb €ro MONEKYNAPHYIO CTPYKTYpY. Takum obpasom, Tbl 3anucbiBaellb MHADOPMaLIMIO B
€ro MONeKynspHyo MaTpuLly.

N3ameHsist 3HaueHns MeCT CBA3M BHYTPU Kaxaon Monekysnbl. Ha 3ToMm HaHoypoBHe. No3ToMy Tbl MOXeLLb
XpaHuTb Gonblune 06bEMbI AaHHbIX B O4E€Hb ManeHbKOM Kpuctanne. Hanpumep, ncnonb3yst pucyHok
BblLE, Tbl MOXeELLb 3aMeHWUTb Genble LWapuk1 Ha KpacHble B HEKOTOPbIX 06/1acTsx, U 3TO YTO-TO O3Ha4arno
Obl 4N KOMMNbloTepa. Y KOMMNblOTEpPa eCTb CTPYKTYpHAs KapTa KpucTanna, Kotopasi MEHSIeTCS, Koraa Tbl
nepesanucbiBaellb U1 U3MEHSIELLb MaTpuLy.

KapTa co3gaétca nogobHo ToMy, Kak Npu MCNOSb30BaHUN TPAHCMOPTHOIO y4a Thl «CKAHUPYELLbY» OOBbEKT
B €ro MOMEKYNAPHOW CTPYKTYpe, YTOObl HANTW €ro rapMOHMKN YacTOTbl, KOTOpble NPUBOAAT K 0Opa3oBaHuio
UK BbI3bIBAOT CTOAYME BOMHLI, 06pasysi y3nbl, Tam rae Tbl YBUAMLb TO, YTO Thl HA3blBaellb YacTULEN.

geﬁn: XOpOIJJO, 3Ha4uT, Tbl HE MEHAELb MaTpuLly, a Koanpyellb aTOMHblE CBA3U, UMK 3aCTaBAELlb
aTOMbI BpallaTtbCaA BOKPYr CBOEW OCK, TeEM CaMbIM co3aaBasi eOVHNLY Unn Homb, Kak B ABOMYHOM KoAe.

Acxu: [la, HO B MOEM MNOHNMAHUN 3TO U3MEHEHNE MaTPULLbI.
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Dewnn: MNoHumato.

Acxu: Ecnn nepeBepHyTb aTtoOM, TO HYXXHO nepeBepHyTb MHOIro atoMoOB, yTObObI CMCTEMA CTana YMTaeMon.
A MHoro crpynnmpoBaHHbIX BMECTE aTOMOB «00ObIYHO» Ha3blBaKOTCS MOIeKynamu. Tak 4To 37O nponcxognT
Ha MONeKkyndapHoOM ypoBHe, a He Ha aTOMHOM.

geﬁn: Bcé aTo 3BYYUT TaK NpoCTO, HO C HALLMMWN TEXHOJTOTNMAMU 3TOro HE TaK J1erko 4OCTUYb. Bo3amoxxHO nu
9TO NPU HbIHELWHNUX 3HAHUAX yenoeeka?

Acxu: Tebe HY>XHbI '-Ipe3BbI'~Ial7IHO TOYHbI€ BbICOKO3HEPreTn4eckoro HaHoJ1y4mn marHetn3ma, 1 Tbl 4OJTKEH
ynpaeidaTb MU C MOMOLLIbIO TOYHOIo KOMMNblOTEpPA.

Dewnn: Kpuctannsl kBapua npeactaBnsatoT cobom MONeKynsipHyto cuctemy guokenaa kpemuus SiO,, ¢
XUMMYECKON TOUKM 3pEHUS], BEPHO? HO Kak HAacYéT ngeanbHOW MONEKYNSIPHOM CTPYKTYPbI, CKaXKeM,
anmasa? Yucroro yrnepoga?

Acxu: Ham Hy>xHO Obino Obl NEPENTU K CO34aHNI0 HAHOYCTPOWCTB, TAKUX Kak 3TU U ApYyrne o4YeHb
WHTEpEeCHbIe, HarnpuMep, YCKOPUTENN HaHOYaCTUL, UCMOMb3yeMble B rofiorpacmuyecknx KoMmnboTepax.

Oenn: Hackonbko s 3Hat0, HUYTO 34eCb HE MOXET 3Toro caenarb. [a, aa, reHepaTop HaHO4YacCTuL, B Ballewn
rofiorpadonyecKon KOMMbIOTEPHON CUCTEME UCKYCCTBEHHOrO MHTennekta (MA).

SAcxu: Mo cyTu, 3TO NPOEKTMPOBaHME Ha KOMMbIOTEPE B KPYNHOM MacluTabe, 3aTemM npeobpa3oBaHue B
COOTBETCTBYHOLLME FAPMOHMKM YaCTOThl 10 MX OKOHYATENbHOro pasmepa, a 3aTeM NnoMeLleHne B
pennukatop. Tbl co3gaéllb MaTepuio U3 SHEPrUM, UCNONb3ys creunuduyeckme KOHTponMpyemMble
rapMOHVMKM YacTOTbl BHYTPU pennukatopa. To e caMoe NpouCXoauT M C HaHoYacTMLaMM NONMMOPEHbIX
MeTansos.

Oewnn: O, naneko 3a npegenamm YenoBevyecKknx BO3SMOXKHOCTEN.

SAcxu: Y niogen ecTb WKanbl ANS onpeaeneHnst ypoBHs passuTUsa LUMBUNM3aLUM B 3aBUCUMOCTUN OT
SHEeprum, KOTOPYHK OHU MOTYT MOMNYYUTb U UCMONb30BaTb. Mbl Mcnonb3yem Apyryto Wwkany. Mex3sésaHas
nnu HeT. CNocoBHOCTL U3BMNEKaTb 3HEPrMi0 U3 MaTepun (saepHas aHeprusi). Ml camoe cnoxHoe: cosagaHue
mMaTepumn 13 NOTEHUManNbHOWM SHEePrUN.

Pa3sbsicHeHue Ha cnedyroujuli OeHb.

Acxu: CornacHo MomMm pacyétam, Jenn, 9 ToNbKO YTO BEPHYNack U3 MHXEHEePHOW CNyx0Obl, BbIXOAHAas
HOMUWHarnbHas MOLLHOCTb KaXaou TypbuHbl BCTPEYHOro BpaLlleHUs Ha 9ToM kopabne coctasnseT 7
6unnuoHos Tecna Mm%, 28 6unnuoHos Tecna M® B COBOKyNHOCTU. Kaxayto cekyHay. Beixon peaktopa npu
MakcumarnbsHom addexTusHocTn 92 6unnuora Tecna 369 6unnuHos Tecna cymmapHo B cekyHay (X4)h. &
TONbKO YTO nepecuyutana. BoamoxHo, Ans Tebsi 3T0 3BYYUT CIIMLLKOM MHOIO, HO 3TO Mou Ludpsl. MNpsimo n3
KopabenbHOW MHXEHEePHOW Cyx0bl.

To, 4TO 5 onpeaenuna kak oauH MeTp Tecna B KBagpaTe?, 3KBUBANEHTHO OJHOMY 3MEKTPOH-BOMbTY. OTO
He To, 4YTO 8 gymato. A uccnegosana. Ho s 3Hato, YTO eCTb CekyHAbl Tecrna B kBagpate n MMHYThbl Tecna B
kBagpaTe®. OHM UCTIONBL3YIOTCS Kak Mepa 3HEepru, a Tbl YNOMUHaELlb MarHUTHYI0 eanHuLy. Tak 4To Mbl He
Ha 0QHOWN CTpaHuLe.



Dewnn: [1a, 4 noHnmato. Cnacmbo 3a yTouHeHune. A rosopun 06 aHeprun marHUTHOro andpdepeHumnana,
namepsiemon B Tecna nnu Nayccax. Hanpumep, 1 Tecna paseH 1000 raycc.

SAcxu: SnekTpoH-BoMNbT cekyHaa npoTtvs Tecna m*. Faycc — cnnLKOM ManeHbKkas eavHNLA 3MEPEHNs
Ansi oBuratenen KOCMUYecKnx kopabnei.

Dewnn: ([denn nokasbiBaeT nsobpaxeHue).
Acxu: Cnacnbo, 9 cMoTplo.

Oewnn: 3a3op mexay BepxHen NNacTMHOM U CTOPOHOM MarHUTHOW CTPYKTYpbI WwnpuHon Bcero 0,065"
(arormma), Ho oH npoussoanT 1,1 Tecna. fa, Maycc — 3To CAULWLKOM ManeHbkast eanHula.

fAcxu: TBou 1,1 Tecna aKBUBANEHTHBI... YeMy? YTO 3TO, B BOMbT-3reKTpoHax-cekyHaax? Mo cytu, MHe
HY>KHO 3HaTb, CKONbKO oauH TaB 6yaeT B TBoux Tecna, kak Tbl 3TO NOHMMaeLb. Be3 aTon cCbifkn Mbl He
CMOXEM MOHSATb, O KaKOM TUMe MOLLHOCTW MaET peyb’.

Oewnn: M3B1HU, MHe NpuULINOCk Gbl NPOBECTV OONOMHUTENbHBIE UCCMEA0BaHMSA U PacUEThI, YTOObI
BbIAACHUTb 3TO... 1 HEe NPMBLIK AyMaTb B TakMX TepMuHax. MoxeT 6biTb, 1 MO Gbl MOMbITATLCA BLIACHUTb
3TO 1 NepeaaTb Tebe NHpopMaLIMIO No3xKe.

A cpaBHMBaN MarHUTHyO 3Hepruo Hallnx Kopa6r|el7| Cco SBe3LI,OIZ-MaFHan0HOM, NOCKOJIbKY 3TO O4€Hb
MOLLIHbIA UCTOYHMK MarHUTHOM QHeprun.

Acxu: Peaktop — 370, N0 cyTu, 3Be3aa B HeBone. MNpuHUun ToT XXe. QNeKTpOMarHUTHbIN HACOC BbICOKON
9Hepruun, KOTopbIN SBNAETCH CaMOA0CTaTOYHbIM, CAMOMNUTAOLWUMCS CO CTOPOHbI achmpa K
«MaTepuanbHom» cTopoHe. Kak 1 conHue, TOYHO Tak xe. Kaxabin n3 aTux 6onbLlumnx peaktopos Ha kopabne
MOXeT reHepupoBaThb Ao 92 TaB®(?) B cekyHay Npy MakCMMarbHOW MOLLIHOCTU. A B COCTOSIHWM MOKOS, Kak
cenyac, oHu konebntotca mexay 0,05 n 0,07 TaB cekyHabl. MarHaTpoHHas 3Be3ga. BoT, B CyLIHOCTH, YTO
OHM Takoe. B kneTke.

Oewnn: A noHmMmato, cnacmbo. 3To o4eHb BnevaTnsgwowe. [laxe 3a npegenamm 4ernoBeyeckoro NoHNMaHus.
Acxu: Mel Mornu 66l yrinybuTbCa B TEXHOSOMMIO PEaKTOPOB.

Mpekypcopamu unun 6a3oBbIM MaTepranoM yaepKMBaroLLMM YacToTy, KOTOPbIN MHALMUPYET peakumto
MarHMTHOro Hacoca, SIBNsTCA ManeHbk1e, XMMUYECKN YACTbIe KpUCTansbl kBapLua B hopme Mepkab.

Mowa: Tema peakTopa cBA3aHa ¢ TexHonormemn keapua? Tl y)Ke 3akoH4YuMna ¢ 9Tum?

Acxu: Het. B10 cBA3aHO. A roBopuna o Kpuctannax kBapua, kak 0 HocUTenax MHpopmaumm n 4acToThl,
NCNONb3yeMbIX B KA4E€CTBE XECTKMX ANCKOB A5 KBAHTOBbIX rofiorpadonuyeckmx KOMnbloTepoB. 34eCb OHU
NCnonb3yTcsa s Toro, YTobbl MHOTOKpaTHO OTpaxaTb (rebotar) ogHy 1 Ty Xe 4acToTy, YNpaBnisemMyto
rMaBHbIM KOMMNbIOTEPOM. A B KaMepe C KOHTPOIIMPYyeMON rpaButTaumen oHU 3anyckaroT SNeKTPOMarHUTHYH
peakuuio BbICOKOW 3HEPTUK, KOTOpas pasropaeTcd B «3Be3fy». YactoTa cuctemsl ynpasneHus oyaet
M3MEHSATb peakunio Mepkab, yBennymeasa unm ymeHboluast ux 4ns UaMeHeHus BbIXOQHOM MOLLHOCTU. JTO,
KOHEYHO, CIIULLIKOM YNpoLLasi KapTUHY.



gelﬁn: 310 n0Tps=|ca+0LL|,e! Mos ronoBa Ha4nHaeT B3pbIBaTbCA OT noen.

Acxu: NMNocmoTpun Ha cdepy, Kak Ta, KOTOpPYH s coxpaHuna. MNpegcraBb cebe MUMMMOHBbI KPOLLEYHbIX
KBapLEBbIX Mepkab, TEKYLLMX NO TOpouaanbHOW MOAENN C TOYHOW YacTOToN Mexay HUMU. Y ncnyckarowmx
KpowleyHble pa3psgbl mexay cobon. Cosgasas 66nbLyto peakumio. ta cepa nogobHa aapy peakropa
Hyrnesou Toykn. OHa nnaBaeT B Bakyyme C HyNeBOW rpaBUTaumen B yCNOBUAX TOYHON YacTOThbI U
3N1EKTPOMArHUTHOIO KOHTPOSA.

Ota HEMPABUITbHAA. EE maTemaTuka He NO3BONSET €M PYHKLMOHMPOBATb.

MOLLHOCTb CNULLKOM HEPaBHOMEPHBIM 06pa3oM pacnpegeneHa B Nonb3y MaTepuarnbHOM CTOPOHbI, 3a
HEeMMeHMeM NyyLwmnx cnos’ 3neraHTHoO, Ho olwnBoyHo. Brnsko, ga. Ho HeaddekTneHo. O6paTi BHUMaHMe,
YTO OHa 3apshkeHa Ha yucnax 1, 2, 4, 8, 7, 5, HoO He Ha 3, 6, 9.

[MpocTaa maTemaTnka NokasbiBaeT, YTO OHA B [iBa pa3a 6orbLue OTKNOHEHa B OA4HY CTOPOHY, OCTaBNsAs Ha
cTopoHe adhmnpa Tonbko 33% OT obLuero 3apsaa ToponaanbHOro Hacoca. ATo co3daéT npobnemy Ans
MoYTK BCEX SHTY3MacToB Tecna, O6HapYXMBLUNX, YTO HEBO3MOXHO CO34aTb 3PUPHbBIA MarHUTHBIA HAacoC
(Takke n3BecTHbIN kak Hynesas Toyka). [loTomMy 4TO OH NoTpebnsaeT Gonblue aHeprum, Yem co3naér.
NmeHHOo 33%.

Oenn: Toyka CXOXOEHNSA KXXEeTCA HEMpaBUITbHON.

Acxu: imenHo!!! NMpobnema 3gecb B TOM, YTO NKOAN UCNONL3YIOT MatemaTuKy Ha ocHoBe 10. Koraa Thbl
ncnonb3yellb MaTeMaTky Ha OCHOBE 12 B 3TOM TOYHOM TOPOMAANIbHOM 3HEPreTU4eckom LabnoHe, Tbl
nonyyaeulb Takyto dopmy: (M3obpakeHne caenaHo MHOM M eLLE He 3aKOHYEHO). *M3o0bpakeHuns He
nogaepxmparoTca™.

'oe HyneBasi TOYKa CXOXOEHUSI HAXOOUTCS TOYHO B reOMETPUYECKOM LieHTpe. MaeanbHblit 6anaHc.
Oewnn: [Ipyroe nsobpaxeHue oLlyLanoch 1 BbIrNaaeno coBepLleHHo HecbanaHCMpoBaHHbIM.

Acxu: JA. 310 Bonuiolle odeBnaHo! Jlioasm He xBaTtaeT mateMaTukm Ha 6ase 12. [NepeBeasd BCE B
YyacToTy, KOTopas yrpaBrsieT BCEM, Nony4yaellb paBHoBecue. OHM 3abpanu 310, 4Tobbl NIOAM HE CMOTTN
ocBoboauTbca. MNoTomy 4TO ecnu AaTb MM MaTteMaTuKy Ha OCHOBe 12, TO crieayroLme YTo OHM nony4vart
Oynet cBobogHasa aHeprus! Pe3ynbtaTbl pasHble.

MaTtemaTukn yTBep)KaatoT, YTO MaTeMaTuKa SIBNsieTCsl OOLWMM A3bIKOM AN BCEX MEX3BE3AHbIX BUAOB. YTO
X, MOXeT ObITb U TaK, HO AaXe HECMOTPS Ha TO, YTo 2 + 2 B MatemaTtuke Ha ocHoBe 10 paBHO 4, 1 Ha
OocHoBe 12, 2 + 2 no-npexxHeMy paBHO 4, MO Mepe TOro, Kak UX MatemaTudeckas guHamMuKa pa3BnBaeTCH B
CNOXHble PopMYynbl, Tbl MOMy4Yaellb KapAnUHanNbHO pasHble pedynbTaTtbl. OCOGEHHO B MOHMMaHUN K
3HaYeHUN TUX pe3ynbTaToB.

Denn: MatemaTtunka Ha OCHOBe ABeHaLaTu No-npexHeMy CyLecTByeT B TakMX Bellax, Kak QIoKMHa auL,
unu 12 aonmoB B pyTe U T.4... ITO OCTaTKN.

HAcxu: B obuiem, ga, Ho oHa He ncnorb3yeTcs Tam, rae 3To Heob6XoAMMO, Kak, Hanpumep, B acTpodunsmke.



Ha cnedyrowuli OeHb.

Acxu: A BCE elé HaxoXKyCb B TEME PeaKkTOpOB HyNeBON TOUkM. HO aTa Tema BXOAMUT B MaTemMaTUKy Ha
ocHoBe 12. HaunHato?

Oewnn: Bnepég.

Acxu: OHa He nonHas, Tak Kak NoYTU HEBO3MOXHO CKa3aTb BCE NMOSTHOCTbLIO MM NPOCTO CrIoBaMm, NO3TOMY
MHE NMPULINOCh CO34aTh HECKOSBbKO N300paKeHWI, HO MHE BCE eLLé HY>XHO DonblLle, U OHU He BCE rOTOBbI, S
AyMalto, TONbKO HEKOTOPbIE M3 HUX NOAOMAYT B KA4YEeCTBE Npe3eHTauunu.

MoaToMy 51 AOMKHA ckasaTb BELLW, KOTOpbIE, S 3HA0, YTO Thl 3HaeLWb, [lein, HO MOMHM, YTO S FOBOPIO He
TONbKO C TOGOW, S rOBOPIO 34€Ch C NyGnukoi B Lenom. MoaTomy, ecrnm Tl MOXeLLb U 3TO NMPUMEHUMO, Tbl
TOXE [OJIKEH YTO-TO cKasaTb, MHaYe 3TO ByaeT CKYYHbIN U HENPUATHLIA CBapyHWAHCKUIA MOHOITOT.

Bcé xopowwo. Bo-nepBbix, kak OCHOBa A11s BCero 3gecb. Heobxoanmo noHATb, kak paboTaeT matemaTtuka
BUXPS. A roBopto o Toponae. Yto Takoe Topoma? [BYCTOPOHHMI NOBTOPAOLLNACS SHEPreTUYECKUI
WwabnoH. O4yeHb cneunuyeckuni.

Kaxpas 4actb Topovga npeacrasneHa unm MoxeT ObiTe NpeacTaBneHa YMCroBbIM 3HaYEHNEM, KOTOpoe
Takke NpeacTaBnsieT coboi YacToTy U HAaNPSIMYK CBA3aHO C NOCHeayLWUMY U NPEeAbIaYLLMMA YCTaMMU.
OT0 03HavaeT, YTo Nto6Goe KOHKPETHOE YNCIIOBOE 3HAYEHME Topouaa SBnsieTcs cneacTBUEM
MaTemMaTU4eCcKoro B3auMoAenCcTBUS MeXay APYrMMM YacTsiMU Topovaa, oTpaxasi COBEpPLLEHCTBO,
COBEpLUEHHbIN MaTeEMaTUYECKUA BUXPb, KOTOPbIV NOBTOPSieT caM cebsi. Takum o6pasom, Topona MOXHO
npeacTaBuTb cneayoLwmm obpasom:

nu Tak:

Kak none 4acrtoT, B3anmMo3aBUCUMbIX ApYr OT Apyra n obpasyomx MaTteMaTu4eckmuin aHepreTU4eckunin
06bekT. Noka BCEé NOHATHO?

geﬁn: ,D,ymaro, na... A 3amevato NHTEepeCHble YNCoBbl€ OTHOLLEHUA BO 2-M.

Acxu: Taknum obpaszom, NOTOK BHYTPKU Topomaa, N306pakEHHbIN 34eCb KPACHOW Y CUHEN JIMHUAMN,
yKkasblBaeT HanpasneHune unm notok (Flux) matemaTtnyeckoro TedyeHus. MNoTok — 3TO HanpaBreHne TeYeHns
B 9HEpPreTU4ecKom nose, Ha KOTOPbIN CCbINarTCH, B OCHOBHOM, B MarHeTusme. Kak Thbl 3HaeLlb.

Tenepb, (30ecb HET UNMCTPaLmMmM, HO OHa Heobxoauma), NnpeacTasb NOOK KBaApaT BHYTPY MaTpuULb
Topouaa, NPpeAcTaBeHHOro Bbile. ATOT KBagpaT unun obnactb B Topovae OyaeTt npeactaBieHa YMCrnoBbIM
3HaYeHMEeM, KOTOPOE Takke NpeacTaBnsaeT cobon YyacToTy.

Dewnn: U 6bino 661 6eckoHeYHOE KONNMYECTBO KPaCHbIX U CUHUX JIMHUIA, BEPHO?

Acxwm: [1a, HO NHWA B AaHHOM Crny4ae, eCrnv MbICNTb TOMNbKO B MaTeMaTU4eckux TepMumHax, obina bl
HanpasneHnem nboro Habopa ypaBHEHWIA.

Hy, nocne Toro kak 370 cka3aHo, Tbl MOXELLb 3apsaauTb 06NacTb Ha Topouae, KOTOPbIA Tbl UCNONb3YeLlb
BHYTPU peakTopa, C NOMOLLbIO HaMNOXeHWs 4acToTbl, B MOSe BbICOKON 3HEeprumn, COHoKycMpoBaHHOE Ha
NGO KOHKPETHOW 06MacTu UNKN TOYKe NPUHUMAIOLLErO MaTepuana B Toponae. AT TOYKU — KpoLLEeYHble
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KBapLeBble Mepkadbl.

WNTak, y Tebst eCTb HECKONBbKO MUIIIMOHOB ManeHbKMX pasmMepoMm C NeCYMHKY Mepkab 13 kBapua, kaxaas co
CBOEl 4YacToToM 1 CBOMM MECTOM B 3HepreTnyeckoM Toponae. OHM NoaBeLLeHbl C MOMOLLLIO ypaBnsieMom
rpaBuTauun. M aHUMMPOBaHbI TakUM e 0Bpa3oM Takke C MOMOLLbIO KOMMbOTEPa.

Ho nockonbky kaxgasa obnactb 1 gaxe mepkaba KOHKPETHLIX 3€peH TopoMaa MMEET CBOK YacToTy, U 3Ta
yacToTa sSBNAETCS pe3ynbTaTtoM MaTeMaTUYeCcKoro «TaHuay nnm Habopa CoBepLUEHHbIX YPaBHEHWI, 3TO
NpuBEAET K 3HEepreTU4EeCcKon aHMmaumm, NnogodHOM TOW, YTO Tbl BUAEN paHbLUE.

BoT uTO 3acTaBnsieT aTo paboTaTb UNKN «NPOUCXOAUTLY. [laxe Ha 3TOM U306paKeHNN MOXHO YBUOETb
ManeHbkre 3épHa BHYTPU NOTOKA, NPeACTaBnss UX Kak ManeHbkue KkBapLeBble Mepkabbl.

B npownom Bapbapa MapcuHbsik ynoMmnHana, Yto peakTopbl «nnesgnaHckoro» Kopabrsi OCHOBaHbI Ha
KpucTtannax. MMeHHo 3T1o oHa 1 nmena B eugy! Ho oHa He 3Hana 6onblue, Yem 370!

NTak, MaTteMaTnyecknin NoToK, NnpeacTaBnaoW Ml YaCTOTHLIN NOTOK B NOSE KPUCTanoB KBapua
(kpucTannos, NOTOMyY 4TO OHM BUBPMpPYOT cammn no cebe, co3gaBas 1 NogaepXKuBasi 4acToTy)... aTO
FApMOHMKWN 4acCTOTbl, KakK X Ha3blBalOT, KOTOPbIE NOAAEPXKMBAIOT dHEPreTUHECKY0 ANHaMKKy Topouaa sapa
peakTopa.

UTak, BepHEMCSH K MaTemMaTuke Buxpen. B matematnke Ha ocHoBe 10 MOXHO Jaxe y3HaTb B Tabnwvue
TOYHOE YMCITOBOE 3HAYEHME U ypaBHEHUS, KOTOpble 06pa3ytoT TOPOUA.

YtoObl npomnniocTprpoBaTb 04eHb Ha30BOE ypaBHEHNE Topouaa.

UTtak, s mory Tebe ckasaTb criegytowlee. Kak Mbl roBopunun Ha gHsx, npobnema ¢ topovaom Tecna B
crny4vae NpUMEeHEHUs K 3HEPrMM HYNEBOWN TOYKM 3aK/NO4aeTCsl B TOM, YTO OH 3apshkaeTcsi 6onbLue ¢ OAHON
CTOPOHbI, MO3TOMY OH TepseT 33% CBOen aHeprum, HEMTPanuU3ysa aHEPrur, KOTOPYHO Thbl NONyYaellb OT
3NEKTPOMAarHMTHOrO 3epkana u oT YacTuy, (Hynesasi Touka)® Takum 06pasom, Hanpumep, OT KaTyLLKy
PoguHa Tl nonyyaellb CTOMBbKO XXe 3HePruKn, CKOMbKO NpuKnagbiBaeLlb K HEN.

Oewnn: [1a, HecbanaHcMpoBaHHO.

Acxu: [la, n aT0 nerko ysmaeTb gaxe 6e3 MateMaTuyeckmx 3HaHuN.

NTakK, XxoTs, 9T0 odeHb arneraHTHasi MaTeMaTnyeckas Moaernb, ocHoBaHHaa Ha 6a3e 10, To ecTb eé
YPaBHEHWS CTOSb e COBEPLUEHHbI, KaK OHWN U eCTb, TaK YTO MaTeMaTkM Ha 3emMne AyMatoT, YTO NMOHSANN
€€ (oHU noHann matematuky Ha 6ase 10 npaBunbHO!), HO 3TO camogocTaToMHaa MaTeMaTuyeckasl MOAenb,

KOTopasi He oTpaXkaeT TOro, YTO NPOUCXOAUT B «pearlbHOM MUPEe».

Tak uto 0 Touka Tam, genonapusaumns «HyneBon TOUYKNY B Teopun gacT Tebe cBOOOAHYH0 SHEPIruto, HO B
peanbHON XXMU3HWN 3TO HE TaK.

O6paTtun BHMMaHue Ha npobnemy. CTopoHa MmaTepuanbHOro MMpa unu Nomnc peakTopa npeacraBneHa
undbpammn 1, 2, 4, 5, 7, 8, a achupHas ctopoHa — uudppamm 3, 6, 9.

Oenn: Mo pasym npogormkaeT KpnyaTb O cakpasibHON reoMeTpuun.



Acxu: [a! imeHHO Tak. Ho aTa reoMeTpust — 4acTb UNMO3UKM caMonoaaepXuUBatroLLerocs Mmmpa
MaTeMaTnyeckon mogenu. To ecTb OHa MaTeMaTUYECKM BEPHA, HO HE oTpaXkaeT IMNNPUYECKUIA MUP.
YacTtaa npobnema 4yenoBe4veckon Hayku.

Takum o6pasom, 1, 2, 4,5, 7, 8 — 310 6 TOUEK NOTOKA 3Hepruu, a 3, 6, 9 — 3 TOYKM NOTOKA SHEPrun. Taknm
o6pa3om, CTOpOHa MaTepuanbHOro Mmpa umeeT BorblLue TOYEK YTEYKM SHEPTUK, YeM AhMpHasa CTOPOHA,
noaToMmy ntobasi 3Heprns, KOTOpYHo Thl MONYYMLLb YEPE3 COOTHECEHUNE YacTul, OyaeT HemTpanmM3oBaHa
Ype3MepHbIM MOTOKOM 3HEPTUN UM rTAPMOHMKaMM MaTepuarnbHOro Mmpa.

UTak... Y Tebs ecTb MaTeMaTtuka TopomaanbHbiX BUXpen Ha 3emne. YTobbl NoHAThL, kak paboTaeT
TopouaanbHbIN ABUraTenb B peaktope, Tebe Hy)XHO caenaTb BCE 3aHOBO B COOTBETCTBMM C MaTeMaTMKOWN
Ha 6ase 12. U Toraa oH 6yaet pabotate. Tenepb s pacckaxy Tebe, noyemy Ha 6a30BOM ypOBHeE.

3710 Mepkaba B COOTBETCTBUM C MaTeMaTmkon Tecna Ha ocHoBe 10. OTo Takke Topoug reoMeTprUYECK.
370 He3aBeplleHHas paboTa. A caenana n3o0bpaxeHus.

Dewnn: Xopowo, cnacuto.

Acxu: Kak Tbl MOXeLlb BUAETb, MO Mepe opraHn3aumnn Oonbllero KonnyecTea TOYeK, HavYnHaeT
Cc030aBaTbCA BUXPb. OTO HM B KOEM cny4yae He rotoeo!

3aech ecTb Nnpobnema, kKoTopasi CTOMT nepea Bcemu ntoabMu. Toukn 3, 6 n 9 o6pasyoT TpeyronbHUK, Npu
nepeBopaYnMBaHMmM KOTOPOro nony4yaetcsa mepkaba. Ho B HUx He xBaTaeT umcna 12. OHo Takke
nepesoanTcs B 3, Tak kak 1 + 2 = 3.

UTak... B maTemaTumke Ha ocHOBe 12 3TO AOJMKHO ObIno Obl BbIMMSAETL TaK (MOKa3biBaeT N300paxKeHns ).
Mupamugbl BbIrMAAAT He Tak: (NokasbiBaeT usobpaxeHue) *MN3obpakeHns HeCOBMECTUMbI™.

Buanwb owmnbky? [JocTaTOUHO N 3TO MOHATHO HA JAaHHbLIN MOMEHT? 3TO U3obpaxeHue s Takke caenana.
Oewnn: MNMupamungbl, n3obpakéHHbIe Bbille, UMEIOT 8 rpaHen.

Acxu: Topoumabl Takke nmeroT 12 cnoés.

Oewnn: Ho 5 He NoHMMato CBA3W... BO3MOXHO, rMa4a NPsiMO C NNLLEBON CTOPOHbI.

fAcxu: 310 BCE MaTemaTuka Ha ocHoBe 12.

Touka 6 HaxoaAuTCs B Kamepe «KonogLa» nupaMmnibl, €Criv CMOTPETb Ha HEE MaTEMaTUYECKUM U
MarHUTHbIM yMOM. OHa MeeT eLé oaHy KaMmepy, PacrnonOXEHHYI0 HUXe HWKHeW. B TouHom

reomeTpmquKon TOYKe, TaM rge To4ka HaxoaunTcA Bbille, TaM Xe OHa HaXoaANTCA HWXe.

(OHKM He paccka3sblBalOT MOASAM O AOMONHUTENbHBIX MOA3EMHbIX KaMepax, KOTopble CRy>aT Kak TOYKK
coeaIHEeHUSA C 3eMNén, ncnonb3ysa Boay n3 pekn Hun).

Pewmn matemaTtuky Buxps Ha 6a3e 12, 1 Tbl NONy4mLLb CBOBOOHYIO 3HEPTUIO — BOT B YéM Kritou! OTO Tak
npocTo!



OpHako, MHe HyXXHa JocKa, N306paxeHUs U NpsiMble YpaBHEHWS!, MHaYe BCE 3TO Kak LapnaTtaHCTBO Unn
NoxoXe Ha LwapnataHcTeo! A noHMMalto, YTo He MOry AaBaTh Takue CroXHble TeMbl. A He 3Hato, Kak Bam
3TO AaTb, YTOObI 3TO BbIFMAAEN0 peanbHbIM, M MO3TOMY 3TO 3BYYMT Kak LuapraTaHcTBo. MHe npuaétcs
BEPHYTLCS K NOMbITKAM OnucaTtb 3TO TONbKO CIOBaMU, MOCKOSbKY s HE MOTY MMEeTb JOCKY U reHepaTop
n300paxxeHni.

Kntou nnm cekpeT HyneBon TOUKM MOXHO CBECTU K Npeobpas3oBaHmMio 3HEPreTU4eCcKoro TOpoMaanbHOro
BUXPS C NOMOLLLI MaTteMaTukm Ha ocHoBe 12. CyTb B TOM, Novemy.

MaTtemaTuka Buxpen Ha ocHoBe 10 neperpysuT ypaBHEHUS B CTOPOHY MaTepuanbHOM CTOPOHbI, OCTaBuB
TONbKO OAHY TPeTb ANns 3UpHON CTOPOHbLI. OTMeHSAS adhdekT. [NoMHS, YTO MaTeMaTuKa U ypaBHEHUS HE
ABNATCS NPOCTbIMW YMCNaMu, a NPeacTaBnsalT cOO0M Maccy U pearbHbI MOTOK 3HEPTKX, OBVKEHME UK
TeyeHue B TaK Ha3blBAaEMOM peanbHOM Mupe. Takum obpa3om, MaTemaTuka, KOTOPYHO UCMONb3YyT Noaun,
npepbIBaeT NOTOK SHEPrnn, Korga OHU KOHCTPYUPYIOT MalLMHY B COOTBETCTBUM CO CBOMMU pacyéTamu.

MoaTomy, MOMHS, YTO Mbl FOBOPMM O pearbHbIX 00beKTax C X IHePreTUYecKon AMHAMUKON, U O TOM, YTO
ynpaensieT MU 1 Bbi3blBaeT UX (Crieundunyeckme rapMOHUKN YacToTbl), NEPEBOAS UX MaTEMATUKY BUXPEN B
peanbHbI MUP, ONUCbIBast 3TO TONbLKO CIOBaMMU.

Tbl co3naélub MHOXECTBO TOYEK C ONpeaenéHHbIM 3NEKTPUYECKUM 3apsiaoM, CKaXKeM +, U aApyrue ¢
MPOTMBOMONOXHbLIM 3apSA0M - . 3aTEM OHM HaKannMBatOT SHEPrUt, KoTopas ByaeT paspskaTbes B
CTOPOHY NPOTUBOMOOXHOrO 3Haka. basoBoe anekTpnyecTBo. MTak, Korga TBoOM MatemaTMyeckme Moaenu,
ynpaensooLwmne TBoei MallMHON HYNEeBOWN TOYKU, UMEIOT TEHAEHLMIO MMeTb B iBa pa3a Gosblue ToYek +,
4yeM TOYEK -, YTO npoucxoanT? Y Tebs ocTaércsl TpeTb HeaKTUBHBLIX ToYek + paspsiga. A 3To NPUBOAMUT K
yTeuKe SHeprum, KoTopasi aHHynmpyeT BCE, YTO Tbl MONyYaellb C APYroi CTOPOHbI.

Dewnn: MNMonHbIi gncbanaHc n NoTepsa 3Hepruu.

Acxu: imenHo. Moatomy Tebe HyxHO cbanaHcMpoBaTb 4O MaTEMATUYECKOrO COBEPLUEHCTBA TOYKM
paspsga Ha CTOPOHE + 1 Ha CTOPOoHe -. Admp 1 maTtepus. Thbl JOMKEH MaTeMaTMYeCckn co3gaTth B [Ba pasa
BonbLue Toyek paspsga Ha CTopoHe admpa, NOCKOSbKY B pacdétax Tecna OH umeeT TONbKO 9 OCHOBHbIX
umncen, n 6 Ha cTopoHe MaTtepuun. Torga, 4To Thl Aenaewb? Tbl NOBTOPSELb MM CO30aELLb HECKOMNBKO
Opyrux Touyek, 4Tobbl NoNy4nTh YABOEHHOE Ymcno. UTak, Tel BBOAMLWE 12. OHO Takke paBHO 3. Takum
obpa3som, y Tebs ecTb 3 aBaxabl. [OBOPS C TOYKN 3PEHUS SHEPTUN.

3710 npocTtoe gobaBreHne eLé 0gHOM TOYKM 3anyCKaeT COBEPLUEHHO NHOM SHEPreTUYeckuin WabrioH, Yem
nepBoHayanbHbIn WabnoH Tecna. Tecna NOCTOAHHO MCMOMb30Bar TPEYrofibHUKN A5 CBOUX YPaBHEHUN 3,
6, 9. [oe ecnu ux yMHOXUTb, TO BCerga npomcxogut konebaHme mexay 6 n 3, kotopble, byayun
CNOXeHHbIMX BMECTE, NPMBOAAT K 9, KOTOPOe NPoCcTo Konebnetca BHyTpu cebs. HykHO nn MHe 3To
UNMCTPMPOBATb UK B 3TOM HET HEO6X0AUMOCTIN?

9710 ocHoBa. MaTematuka. 3atem Tebe HyXHO [06aBUTb K ypaBHEHUSIM YACMO UK TOYKY 12. 31O npuBenéT
K TOMY, YTO TBOW ypaBHEHUSA NepenayT U3 TpeyronbHvKa B KBagpar.

B TavireTeaHckon matemaTtuke 12 — 9T0 NnepBoe YMCro, KOTOpoe MMeET ABe LndpbI, HO B 3aBUCMMOCTH OT
NCNoNb3yeMblX CUMBOJSIOB YNCEN, CyLLeCTByeT MHOXECTBO, N0 KpanHen mepe, 3 pasnnyHbIX YUCNOBbIX
cMMBOna.



310 xopowwun npumep. O6bpaTn BHUMAHWE, YTO NPU YMHOXEHMM Yncna 9 Ha noboe gpyroe YMcno KENToro
uBeTa Tbl MOMAY4YMLLb YNCNO, KOTOPOE MpU CrIOXEHMM Bcerga 6yaet cHoBa paBHO 9. OTo npogorkaeTcs
B6eckoHeuHo. UTak, 3, 6, 9 n 12, koTopble CHOBa ABNAOTCA 3, HENOABMACTHbI APYTMM YMcCnam,
npeacTaBnsowmMM MmaTepuanbHyo CTOpoHy. OHM cobntogaroT Apyryto MmaTeMaTUyeckyto
nocnenoBaTenbHOCTb U CeaytoT CBOMM COOCTBEHHbIM NpaBuiam.

3aTem s HacTavBalo Ha ToM, 4To fobaBneHne 12 Ko BCEM ypaBHEHNAM NPUBEAET K paBHOBECHKIO C TOUKaMM
aenonsipm3auun. 3By4mMT OCTATOYHO NPOCTO, HO NPEBpPaTH 3TO B SHEPreTUYECKUIA TOpoua, U Tbl YBUAMLLb,
YTO BCE OYEHb OLICTPO YCNOXHAETCA.

Tenepb O TOM, no4emy. [na co3ganus MCKPbl HY>XXHbI AiBa NOJ10Ca. |_|03TOMy cHa4yana HeobxoamMmo
3anoJyiHNTb TOpOonad KOHUEHTPUYECKUMKN BHYTPEHHUMW TOPpOUOaAMMN.

Tebe noTpebyeTtca 12 TOpomaoB, PacnoIOXEHHbLIX OANH BHYTPY Apyroro. Ho Bce oHU SABNSAOTCS e4uMHbIM
LenbiM, TaK Kak 9Heprusa Te4éT OT 0QHOro K ApyromMy, oopmMupys ux no npuHumuny cnupanu. OguH Topoung
OyaeT 3apsikeH + cnenys TOYHOMY Nopsaaky rapMmoHuk 1, 2, 4, 5, 7, 8. Cnegytowmn 6yaeT 3apskeH ¢
cobrntogeHnem ToUHbIX rapMoHKK 3, 6, 9, 12. A 3atem cHoBa 1, 2, 4, 5, 7, 8, a 3aTem cHoBa 3, 6, 9, 12. Tak
12 pas, npexae Yem CrnoxuTbes B cebs 1 HayaTb BCE CHadvana.

ToyHOoe ypaBHOBeELLMBaHWE B TOYKaX 3apsiga Toponaa + ¢ TOpoUMaAoOM 3apsiKeHHbIM - C. 3pdekToM
NYKOBULbI BbI3OBET LIEMHYO peakumio o4eHb BypHoro xapakrepa. Vickpbl 1 paspagbl 6yayT ctekaTtbes K
KaykgoMy Noscy U oT Hero. M BCTpeyHo 3apskaTb Apyr apyra. M Tel co3gan aHepreTUdeckuin Hacoc. Tak
MHOrO UCKp M3 a4pa unu gsuratens Toponaa Bbl3OBYT pa3psid BHELIHEro NoTokKa.

Oenn: 370 BO3MOXHO B 3D?

Acxu: [a B ntobom D, Tak Kak HET HUKaknx D « «— 3To B ronoBax niogen, HeT HuKakux D. 3T1o naen,
KOTOpble orpaHnynBatoT Tebs.

Tbl co3gan ManeHbKyro MarHeTPOHHyHo 3Be3ay. Ml oHa paboTaeT TOYHO Tak Xe, Kak 3Be3aa.

3Be3aa — 3T0 ANEeKTPOMAarHMTHbIM HAacoC M3 3MPHOM CTOPOHbI B MaTepuanbHyo, CO34atoLWNN TOUKY
BbIX0Aa, KOTopas B TPEX N3MepeHusx dyaeT cdepon, apyrasd CTopoHa Takke aABnsaeTcsa cdhepon u
npenctasnseT cobon YEPHYIO ObIPY TOYHO TaKOM e MOLLHOCTM U BENUYMHBI, KaK U TOYKa BbIXo4a unm
3Besga.

NTak, MmexaHn3m: Tebe HyXXHbl TOYKM MaTepun, UMerLLMe YacToTy, KOTOPYH Tbl MPOrpaMMMpyeLLb B HUX,
BO3JENCTBYS HA HUX JOMUHUPYIOLLE YAaCTOTON C NOMOLLIbIO CEPUM MOLLHBLIX 3NTEKTPOMAarHUTHbIX
NCTOYHUKOB, YNPaBfsieMbIX KOMMbIOTEPOM. TakMMy TOMKaMK SBMAIOTCA KpUCTanmbl KBapLa, NOCKONbKY OHU
yaepXuBatoT BUGpaumto n MoryT GbiTb 3anporpaMMMpOBaHbl Ha €€ yaepXaHue n aaxe U3MeHeHve B
COOTBETCTBMU C TEM, YTO HEOBXOAMMO.

Mpobnema ¢ 3ToM ManeHbKoW LWTYYKON Ha 3Ton boTorpadum B TOM, 4TO 3Ta Mepkaba n3 Npo3pavyHoro
kBapua Ha ocHose 10. Tebe Hy)xHa ABOMHaA nNMpamuaa, a He paBHOCTOPOHHUIN TPEYronbHUK.

M oH He sBnsieTcs YncTbiM. ECnn OH He siBnsieTc YnMCTbIM, OH He ByaeT nogaepkmBaTth 4acToTy
YAOBNETBOPUTENbHBIM 00pa3om.

,D,Be nMpamMmumabl, COeaNHEHHbIE OCHOBAHUSAMMW.
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£ He HaxoXy HYXXHOrO M30BpaxKeHus.

MbicneHHo npeacTaBb cebe 3TV ABE NUPaMUAbl, 3aTEM MOBEPHU OAHY U3 HUX TakK, YTOObI €€ BepLUMHbI
HaxoOMNUCb B LIEHTPE rpaHen apyron. 3aTtem coeauHn Nx BMECTE, Tak Kak dHepreTuyeckne ToOUKM Kaxaomn
3 HUX JOIMKHBI COBNaAaTh B OAHOM 1 ToM xe MecTe.® S He BUKY HUKAKOro N306paKeHNst 3TOro
reoMeTprnYeCcKoro 06bEKTa, KOTOPbIV NPaKTUYECKN HEBO3MOXHO HaNTK Ha 3emne.

Cpenan aTo (nokasbiBaeT n3obpaxeHue) *13006paxeHnst He nogaepXuBaroTca™.

C atum (nokasbiBaeT n3obpaxeHue) *M3obpaxkeHnss He nogaepXxmnBaroTca™.

lowa: Yto Thl MMeeLb B BUAY, KOrga roBOpuLLb, YTO OH HE YNCTbIN?

Acxu: Keapu siBnsieTcss HaTypanbHbIM, OH COAEPXUT NPUMECH, KOTOPbIE BIINSIKOT HA €ro CNocoGHOCTbL
BMOPMPOBATL Ha HY>XHOI YacToTe. Tebe HyXKEH YUCTbIN CUHTETUYECKMIA KBapLL.

Fowa: EcTeCTBEHHbIV HE YUCTbIN?

Acxu: [1ns 3TOro OH He YUCTbIN.

Oewnn: 3HaunT, NICKYCCTBEHHO CUHTE3MPOBaHHbIV kBapu, OyaeTt paboTtaTtb?
Acxu: A gomkHa Obina 6bl AoKasaTb ero YMCToTy. MIMEHHO 00BbeKT!

Oewnn: [a, MNowa, MHe HpaBUTCHA 3TO U30OpaXKeHKeE.... Nerko npeacTaBuTb. OObIMHO OYEeHb YNCTbIE. A Takke
NCMOMb3yto ero B HEKOTOPbIX CBOMX paboTax.

Acxu: Torga atoro morno 66l 6biTb AOCTaTOYHO. 3aTeM y Tebsi €CTb MUNSNOHBI TaKMX, CAENaHHbIX U3
yncToro keapua. ManeHbkmx, Kak NnecumHkn. Bpallatowwmnxcss B NOCTOSHHOM Topouae, obpa3oBaHHOM 12-10
OPYrMMK, OOUH BHYTPWU OPYroro, pacnonoXeHHbIMW B aeanbHOM MaTeMaTuyecKkom rapMoHUN.

geﬁn: lNogBelleHHbIE B rpaBnUTaulMOHHOM NoJie N 3apsXeHHble OI'Ipe[J,eJ'IéHHbIMI/I YacTtoTamMu.

Acxu: VimeHHO Tak. Kaxablii ManeHbKUin Kpuctani nmeeT 4acToTy, nepegaBaemMyio
BbICOKO3HEPreT4eCKMMN MarHtamu, ynpasngemoiMm KomnbioTepoM. OH Takke ynpasnseT cekropamm
Kakgoro Topounaa.

Oenn: OnsATb e, Aaneko 3a npeaenamy YernoBevyeckux BO3MOXHOCTEN.

Acxu: Agpo peaktopa nogBeLIEHO B HYNEBON rpaBuTaumn. Y rpaButaumMoHHO ynpaBsnsieTcesl, YToobl Obiio
TeyeHue B 12-cnoriHoM Toponge. OHO MOXeT Tedb MHEPTHO, Kak Ha n3obpaxkeHnn Bbiwe. Ho korga Tol
H6ombapampyellb ero anekTpuy4ecTBoM, peakuunsa byaet 6ypHown, Apyrnx cnos HeT. VI camogoctaTtovHoN.
970 Takke cTabunbHasa peakuus.

OH 3HepreTU4eCKMN NoANMCaH NOCPEACTBOM JOMUHUPYIOLLEN YaCTOTbl Hag KaXaon Mepkabon n kaxaom

obnacTtbto Mepkabbl. ATO 03HAYAET, YTO OH U3MEHSAET YacTOTy KonebaHumn KaKgoro kpuctanna, u ato
NPON3BOANT BHYTPEHHWI 3apsaa, KOTOPbIA OyAeT UCKPUTL C €ro NPOTMBOMOSOXHbLIM KPUCTaNoMm.
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geﬁn: 310 3BYYUT KaK CBEPXMNPOBOOHUK... OOAHaXObl Sapﬂ)i(eHHbIVI, OH He TepdeT cBoM 3ap4aa.

Acxu: [1a, BOT noyeMy 3TO AOSMKEH ObITb KPUCTANNMYECKUIA KBapL, Kaxaasa U3 aTUX MUHNATIOPHBIX eOUHNLY
ABMSAETCA TOYHOW ManeHbKon Konuem 0oMnbLUnX B TOM, YTO KacaeTcs 4YacToThl.

WNTak, 4ToGbl YynpaBnaTbh SAPOM, 4OCTAaTOMHO AaTb KOMMbIOTEPY KOMAHAY COKPaTUTb UMK YBENUYUTb
paccTosiHne Mexay kaxabiM 13 12 crnoes, U3 KOTOPbIX COCTOUT S4P0, YMEHbLUIASA KONMYECTBO UCKP B
CoYeTaHuM C U3MEHEHNEM COOTBETCTBYHOLLEN YACTOThI, MPUCBOEHHON KaXKa0OMy CEKTOPY TOPOUIOB,

ynpaBnsieMbIX KOMNbIOTEPOM.

Oewnn: MNMockonbky KBapL SBMSIETCA Nbe303MEeKTPUYECKUM KPUCTarioM, MPUCBOEHHAst YacToTa CKMMaeT U
pacLMpseT KpUCTanm (He3HaunTenLHO) 1 OH nanyyaet sapsa.'?

Acxu: NMNoaToMy Takme peakTopbl, Ha3blBaOT peakTopamMu HyrneBOW TOYKN, OCHOBAHHbIE Ha KpucTannax.
lowa: Kak Tam HaBepxy Npon3BoadAT KBapL, CUHTETUYECKMM NyTEM?

Acxu: 37O genaeTcs € Hyns, Tbl UCMOMb3yeLlb PeENMKaTop, Uy Tebs eCTb TOYHbIe rAapMOHUKN YacCTOThI,
KOTOpble MONEKyNApHO oTobpaxatoT kpuctans. 3aTemM BCe OHW POXAAKTCA TaKMMU, U OHU COBEPLUEHHbI C
MOJIEKYNAPHOM TOYKM 3peHuns. Bce oHn ByayT pearnpoBaTb COBEPLLUEHHO OAMHAKOBO, KOraa Ux noMeLLarT
B MarHUWTHoe none.

lowa: Hy)xeH nn Kakor-To cneumanbHbI Matepuan, YToobl NPON3BOAUTL €ro 34echb?

Acxu: HeT, BbICOKOTEXHONOMMYHbIA pennnkaTop npeobpasyeT aNeKTPUYECTBO B NPaBUIbHYH XMMUYECKYHO
N MOMNEKYIAPHYIO CTPYKTYPY. OTO O3HAYaeT, YTO Mbl CO30aEM MaTEPUIO U3 SHeprn. ITO Apyrad Tema,

KOTOPYHO S1 MOTy 06 BbSACHUTDL NOAPOGHO.

Oewnn: OtnunyHo! TexHonorus, 4tobbl AenaTb 370, Bbiwe Hac. Co3agaHune kpuctannos 1, 6e3ycnosHo,
co3faHue MaTepun U3 SHeprumu.

Acxu: Kpome Toro, aTv KpUCTanmbl MOryT BblAepXX1BaTb Ype3BblYaHO BbICOKOE AaBleHne U Temneparypy.
Kak Bceraa, BCé cBoauTCA K BbIGOPY NpaBuUibHbIX MaTeprasnos.

Oewnn: [la, To4HO. N TeXHONOrMmM MaHUNynMpoBaHUS UMMW.

Acxu: N Henb3a co3gaTb peakTop, paboTarwmin UMEHHO Taknm obpasom, 6e3 pennukaTopa 1 CUCTEMBI,
CNOCOBHONM KOHTPONMPOBATL rPaBUTaLMIO BNIOTb 40 MefbYanLlen NeCUYNHKN.

lowa: KakoB npaBuibHbIN NyTb A8 Aogen, YTobbl NONy4MTh 3Ty TEXHOMOrMIO / MaTepuarnb!?

Oewnn: Bo3amMOXHO, HECKONBKO COTEH NeT.

Acxu: MawmHa co3gaét otneyaTtok 12-crnomnHoro Toponaa n BOCNpon3BoauT NOTOK B rpaBUTaLMOHHOM
none. 3atem gob6aBnsTCA KpMCTansbl, KOTopble ByayT nnaBatb, crieqyst HaNnOXeHHOMY rpaBUTaLNOHHOMY
Moo, N paBHOMEPHO pacnpegenaTtbcd. Co3gaBasi NOTOK (PUBNYECKMX eOUHUL, TEKYLLMX B 12-CNIONHOM

Topouae, nogselleHHbIM B HEBECOMOCTU U BaKyyMe.

A “MeHHO Tak (nokasbliBaeT nsobpaxeHue) *N3obpaxeHns He NogaePKMBaOTCA™.

12



Korga Tbl 3apsikaellb CBOM ManeHbkue 3€pHbILLKM Mepkabbl, Tbl MONyYaellb LemnHy peakuuto. Tenepb s
3acTaBnsto paso3nutbes Gegepaunto. Beero atoro onpeaenéHHo HeT Ha 3emne Aaxe B BUAE KOHLEMLUN.

Fowa: Xopowo. OHM y MEHS1 BOT 34€Ch YXKe CuanT.
Dewnn: Xaxaxa, MHe 9TO HpaBMUTCS.

Acxu: U oH HeorpaHudeH. Tebe Hy)XHO co3faTb peakTop, KOTopbin paboTaeT 6onee NPOCTbLIM CNOCOGOM,
ncnonb3ys Ty xe dopmyny. Hanpumep, YTobbl eMy He Hy)XXeH Obin KOHTPONb FpaBUTaLUN.

lowa: MNonesHo nu (*)VIJ'IprOBaTb 9TO nogsAam, HeCMOTPA HA TO, YTO Y HUX eLwé HeTt HYXHbIX MaTepmanos?

Acxu: 310 gact um naeun. A 3Hato, 4to CBapyy AaBana YTo-To nogobHoe 2 roga Hasad. Buaeo Bcé ewé
AO0CTynHO. Ho HM4ero ctonb e nogpobHoro.

Tenepb NPOMCXOANT TO, YTO YacTuLa 06 beaNHSAETCS C APYTMMIN YacTMLaMM Ha TOM NfaHe, KOTOPbIA Mbl Obl
HasBanu apyrum, co3gaBasi ANEKTPUYECKYHO Ayry Mexay 3TOW CTOPOHOW MaTepuana u ApyrMMm nosiocoMm.
310 Takke 06bACHAETCA 3anyTaHHOCTLIO YacTul,.

lowa: Xopouwo, Acxu, Tl xoTena 6bl 4o06aBUTL ewé YTo-HNMbyab No 3Ton Teme?

Acxu: A mory npogorkaTb U npogoskaTtb, [owa.

Fowa: Yto 3a Tema? OHa Ha3biBaeTCcsa «PeakTtopbl HyNneBon TOUYKMN», HE Tak NMN? « TexHonorns Ha ocHoee
KBapua?»

Acxu: A gymato, yTo Takas: «[lepenoBble peakTopbl, OCHOBAHHbIE HA KPUCTaNIMYeCcKnX sigpax HyneBom
TOYKNY.

BoT novemy s nokasbiBana 3To BYepa (NnokasbiBasa nsobpaxeHue) *M3obpaxeHnsa He nogaepKmeatoTca™.

370, TO, YTO A FOBOPIO BaM CErOAHS, 3TO NOTOMY YTO NUpamMuabl He UMEOT POpMY, Kak Ha N30bpaxkeHnn
Hwke. Tecna 6bin noyTn nNpas. MNoyTn.

Takum obpasoM, cHavana Heobxoammo cbanaHcMpoBaTh AMHAMUKY SHEPTUK, UCNONb3YA MaTeMaTHKy Ha
ocHoBe 12. 3aTeM Heob6X0aAMMO co34aTb peakTop C NoNyYeHHbIMM cOanaHCUPOBaHHbLIMU YPaBHEHUSIMU,
KOTOpble YNpaBmsitoT MOTOKOM 3HEPrUM UIN NOTOKOM TOPOUAOB.

Bcé aTo matemaTnyeckun fgokasyemo. [1oaToMy CKenTuKK, ecnn oHW ByayT aTtakoBaTb, He ByayT MMeTb
pearbHbIX OCHOBaHMWIN. JTO YMCTas CBSILLIEHHAs reoMeTpusi, MaTeMaTuka Ha ocHoBe 12.

geﬁln: J'Irop,m 3A4ecCb NbITAaTCA caenaTtb 3TO rogamMmum C XankmMum KaTtywkamm, HO OHM HEe MOTryT HaMOTaTb
KaTyLWKy 0OCTaTO4YHO naeanbHO, a BO-BTOPbLIX, OHN HE MOryT cAeflaTb CBepXnpoBoAALLMEe KaTyLLUKN.

Acxu: 3Toro Henb3st 4OCTUYbL C NOMOLLbI0 MeAHbIX KaTyLleK, OHX co34atoT CNMLWKOM Gonbluoe

conpoTtueneHne. Yto kacaetcsa akcnepumeHTanbHoro peakropa, HEOEXOOWNMA, no kpanHen mepe,
CBEpPXNPOBOAMMOCTb.
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Oewnn: [1a, 4 cornaceH... 310 6bin Mo kKOMMeHTapui. KaTyLikn, aToro He npom3ongéTt. Ecnm nocmoTpeTb
Ha 9Ty KpUCTanIMyeckyto mepkaby, TO 3TO 4OBOSIbHO 3IEraHTHOE UMM KPaCHOPEUYNBOE pELLEHME.

Acxu: OH YMCT 1 NpekpaceH. Aopo peakTopa B COCTOSAHWUM MOKOSA CUAET Kak ranakrtmka. J1o
JparoueHHOCTb.

lowa: |‘OI'II/ITepVIaHL|,bI TOXE ero VICI'IOJ'Ib3leT? I'Ipep,nonaraemﬂ, YTO OHU CaMbl€ NPOABUHYTbIE.

Acxu: [1a. Peaktop nocnegHero nokoneHms ¢ TeXHoNornen Hyrneson Toukn. OHM cHabXxatoT aHepruemn
KocMuyeckme kopabnu. M BbixoaHas MOLLIHOCTb HAX0OUTCS B BbICOKOM aAuanasoHe TaB. Tak MHoro
SHEpPrumn, YTo OHa CO34AaET YEPBOTOUMHY AMS1 UCMOSTb30BAHUSA KOCMUYECKMMI KOpabnamu.

MHe cHOBa Hy>XHO naTWU. Ml cHoBa He XBaTaeT BPEMEHM Ha TaKyto CITOXHYIO TEMY.
Oewnn: Cnacnbo Bam obenm... ons MeHst Bcerga NnpusitTHO noodwaTbCs ¢ Bamu.

Acxu: Cnacmbo, Oenn. CnoKonHOM HOYM M YBUOMMCS 3aBTpa B TO XXe Bpems, st gymato. Noka, cectpal!l!

lNMpumeyaHus (30eck npusodUMCsI OpUaUHalbHbIU MEKCM HEKOMOPbIX Haubosiee HerMoHSAMHbIX hpacMeHmo8 mekcma)

1) ...la salida nominal de cada turbina contrarrotante en esta nave es de 7 billones de Tesla M2, 28 billones de Tesla
Metros2 combinados. Cada segundo. Salida del reactor a maxima eficiencia 92 billones de tesla 369 billones de Tesla
combinados por segundo (X4). Acabo de hacer la conversion.

2) un metro de Tesla al cuadrado

3) Segundos Tesla al cuadrado minutos Tesla al cuadrado

4)  Electrén Voltio Sequndo (EV2) versus (T.M2).

5) de qué tipo de poder estamos hablando

6) TVE

7) El poder esta demasiado cargado de manera desigual en el lado de la materia por falta de mejores palabras.

8) porlo que sangra el 33% de su energia neutralizando la que obtienes por espejo electromagnético y de particulas.

9) Ve en tu mente esas dos piramides, luego gira una de modo que los puntos queden en el centro de los lados de la otra.
Luego fundelas juntos ya que los puntos de energia de cada una deben coincidir en el mismo lugar.

10) y emite una carga

NcToYHUKN:

https://www.youtube.com/watch?v= LMruTqel7s

https://swaruu.org/transcripts/tecnologia-extraterrestre-reactores-punto-cero-a-base-de-nucleo-de-cristales-yazhi-
y-dale-harder
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