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Ceapyy: Kak g yxxe onucbiBana Bbllle, BCS MaTepus co3qaeTcs B pesdyrbTaTte Toro, 4To Yacrtota un ee

rapmMoHMKN 06pasytoT CTOsIYME BOSHbI, KOTOPbIE, B CBOKD ovepenb, (POpMUPYIOT TOYKU, Ha3biBaeMble
y3namu, B nosie noTeHumManbHOn SHEPrun, Unn cpeae, HasoiBaeMon SdupomM. Y3en — 3To 00bEKT,
TBepaas Mmatepus. Ytobbl yacTtoTa cumMTanacb MaTepuen, oHa JOMmKHA UMEeTb BPEMEHHOW OTPE30K, Kak
WMHTepBan Mexagy ee rpebHaMn n gonmHamMmm, NoToOMy YTO Ntobas YactoTa — 3TO Cepust BOSH B
3HepreTU4ecKom none, a aTo konebaHne 1 oHo co3naeTcs HabnogaTenem, obnagaLLMM CO3HAHNEM,
NOTOMY YTO OHO 3aBUCUT OT BPEMEHHbLIX PaMOK, U1 NHTEepBana, SBASOWMXCA NPAMbIM CneacTBueM
YPOBHS1 CO3HaHMA Habntogatens, onpeaensoulero MNnotHocTe CylecTBOBaHUS, KOTOPYHO OH UIM OHa
BOCMPUHUMAET, Kak ONNCAHO BbllLe. [apMOHUKa Yacmomabl — 3TO MaTeMaTMYeckn ToYHas KoMBuHaumus n
rnocnedosameribHOCMb U3MEHEHUU Yacmom, KOTOpble CO30at0T Kak BOCNPUHNMAEMbIE TBEPALIMU
00BbEKTbI, TAK M ANHAMUNYECKYIO NOCIe0BaTENBHOCTb ABMXEHN MEXAY STUMKN 0ObeKTamu,
BOCMpPUHUMaeMbIMK Kak TBepable ... Bce AguHamu4deckue nocrnegoBaTenbHOCTU B TOYHOM nopsiake
SIBIISIOTCA rAPMOHUKAMK YacToTbl U PYHKUMOHUPYIOT Kak JIUHelUHas riocsiedosamersibHOCMb 80JTH BHYTPU
cpenbl NOTEHUManbHOM SHEPTrMKN, 8UXKYULUXCS, YTODbI CO3A4aTh CTOAYYO BOMHY UNK y3en. OTo 08UXeHUe
OIS CO34aHNA CTOSYMX BOJH, 06pasyowmx y3ern, npeacraBnaet cobor Momok usiu medeHue sHepauu 8
Agpupe, n ato TeueHne ectb Mpasumayus.

Bce 06bekThl, 6onblune nnn ManeHbkue, SBNATCA pe3ynbTaToM 3TOro rpaBUTaLMOHHOrO NoTokKa.
MnaHeTa, 3Be3da nnun YepHasi aAbipa 06pasytoTca B CBOMX TOYHbIX MECTax, NOTOMY YTO CyLlecTByeT
rPaBUTALMOHHLIN NMOTOK, CXOASALLNNCA B 3TOM MECTE UMW B 3TON KOHKPETHOM TOYKE, N ero rapMOHUKN
4YaCTOTbl CO34aT CTOAYYIO BOSHY UK y3€en, M3BECTHbIN Kak 00bekT. [Mo3ToMy HU OOUH OBBLEKT, HM
©onbLUON, HU ManeHbku, He obnagaeT rpaBuTaumen. ['paBmMTauma He ABNAETCA pesdynbTaToM Macchl U
MaTepwuu; rpaBuTaLms — 3TO TO, YTO COCTaABMSET MACCy W MaTepUIO, U OHA NPSAMO NPOMOPLMOHanbHa UM.

[lo 3TOro MOMeHTa a1 onucbiBana, 4To Takoe KapTa 4acCToT, TakkKe U3BEeCTHaA KaK KapTa KBAHTOBOIO MNMonA.
4 onncana, Kak Bce npencrtaBiieHo U BCe AoCTUraeTca nytem MaHmnynmpoBaHMa 4actotamMu, U A
onucarna, Kak BCe€ OH/ COOTBETCTBYHOT MaTteMaTuU4eCKMn TOYHbIM B3aUMOOEeNCTBUAM Apyr ¢ gpyrom. Tenepb
Mbl NOCMOTPUM, KaK 3TO AeraeTcs.

TpaHCnoOpTHLIN NyY.

MpakTnyeckn Bce kopabnun ocHaLLeHbl TpaHCNOPTHLIM fy4oM. OH UCMonb3yeTcs ANA MHOMMX Bellewn, oT
NPOCTOro NepeMeLLeHns rpy3oB, nepemMeLLeHns NpeMeToB BBEPX NN BHU3 Ha kopabrb 1 ¢ kopabns,
NN OH MOXeT BbITb MCMOSb30BaH, YTOObI TAHYTL UMK TOrKaTb BonbLlUMe 0BBbEKTLI, Takne Kak Apyrom
kopabnb. Jly4, ucnonb3dyembin AnNd AOCTMKEHUS 3TOW LieN, OCHOBaH Ha NPUHLUMNE KOHTPONS
rpaBMTaLMOHHOIO Nons. 3TO AOCTUraeTCs 3a CHET UCNOoNb30BaHWs chepudeckon TypbuHbl ¢ 6onbLLIMM
OTBEPCTMEM C OAHOW CTOPOHbI. ATa TypbuHa COCTOUT U3 MHOXECTBA APYrnX BHYTPEHHUX, BpaLlaroLLnXcs
B NPOTMBOMNOSIOXKHOM HanpasfeHnn, chepryeckmx TypbrH, pacnonoXXeHHbIX Kak Crnou rnyka, kaxaas 13

1



KOTOpbIX BpallaeTcs B NPOTMBOMOMOXHOM HanpasneHUM No OTHOLLUEHMWIO K APYron, O4Ha B OQHOM
HanpasneHuy, cneagyoLlasl B NpOTMBOMONIOXHOM HanpasneHun, cnegylowas cCHosa B NepBOM
HanpasneHun n Tak aanee. OHW N3roTOBMEHbI N3 CNeLManbHOro HeMarHUTHOro MaTepuana u3
MeTannokepamudeckoro cnnaea. Kaxgas cdepa 3anonHeHa oboralleHHOM pTyTbio, B CBEPXTEKYYEM
COCTOSIHUK. Ha kaxayro MHANBMAYaNbHY KOHLEHTPMUYECKYIO BpaLLatoLLyoCca BO BCTPEYHOM HanpasneHum
cdepy nogaeTcsa ynpaBnsieMblii KOMMbIOTEPOM 3NEKTPUYECKMI TOK BbICOKOM SHEPTUN, N BCTPEYHOE
BpalllaTenbHOe ABMXEHME Ha BLICOKMX 06opoTax mexay HuMmn (06/muH - RPM, rotaciones por minuto)
CO3aeT BbICOKOIHEPreTUHECKNA MarHUTHbIV BUXPb B i4pe, B LIEHTPE rMaBHON TypOUHbI.

Koraa aHeprus 4ocTtaTovyHO BbICOKa MW JOCTUraeT 40CTaTOYMHO O0MbLIMX 3HAYEHWI, 3Ta
3NeKTpoOMarHnTHas nnasma HauynmHaeT CBETUTLCS C 60MbLIOM MHTEHCUBHOCTLIO Yepes 6onbLuoe
oTBepcTue B cdhoepe, U ATOT CBET NPOXOAUT Yepes pag JIMH3, KOoTopble NCNOoNb3YTCA ANg (OOKYCUPOBKU U
KOHLIeHTpauun cBeTa, YToObl ero MOXHO ObINI0 NpoeunpoBaTh B BUAE NMHTEHCMBHOIO Ny4yka
KOHLIEHTPUPOBAHHOIO CBETA C HM3KOM Anddysnein, NoxXoxero Ha nasep. ATn cneumanbHble NNH3bI
HaXoASATCA BHYTPU LUNMHAPA U3 HECKOMBbKUX ThICSAY BbICOKO3HEPreTU4eCKNX HaHO-3MEeKTPOMarHuToB,
pacnonoXeHHbIX B BUAE LUECTUYTONbHbIX, MOXOXUX HA COTbl CTPYKTYpaX, KaXabl U3 HaHO-
3MEKTPOMarHMToB YNpaBniseTcs KOMMbIOTEPOM HE3ABUCUMO. JTMH3bI (POPMUPYIOTCH ThiCaYaMmn
roflorpaMmHbIX MPOEKTOPOB, CBA3AHHbLIX C HAHO-3NeKTpOMarHmTamm, ob6pasyownmmMm LECTUYTONbHYHO
CTPYKTYPY. OTW NNH3bI HE caenaHbl U3 Kakoro-nnbo matepuarna, Takoro Kak CTEeKINo Uin KpUcTansi, OHn
npeacTaBnstoT cobon ronorpammy. Ho MX BbICOKOIHEpreTu4eckas npMpoaa okasbliBaeT TaKkoe e
BO34ENCTBUE HA KOHLEHTPMPOBAHHbIN MNa3MeHHbIW CBET, Kak ecnv 6bl OHW Bbinn TBepAbIMM 06beKTamu,
C TeM NPENUMYLLECTBOM, YTO OHM MOTYT ObiTb NOSTHOCTLIO MOANMULIMPOBAHbI MO XXeNaHuto, YTOObI
KOHTponupoBaTtb UX ahdeKT Ha NCXOASALLMIA MYYOK CBeTa. OTU NIMH3bI B BUAE rofiorpamMmmMbl B COMETAHUN C
BbICOKO3HEPreTUYECKMMN HaHO-3NEKTPOMarHMTamMmm N3MEHSItOT U KOHTPONMPYIOT BHYTPEHHIOK YacToTy
OCHOBHOrO Nny4ka nnasmMeHHOro cBeTa € O4EHb BbICOKOM TOYHOCTLIO.

To4yHOe COOTHOLLEHME, PacCTOSIHUE N OTHOCUTENbHAs CKOPOCTb, MEXAY BpaLlatoWLMMNCA B
NPOTMBOMNOMIOXHOM HanpaBreHnn cepamm rnaBHON TypOMHbI NPUBOLAUT K UBMEHEHWNIO BbIXOLHON
4YacTOoTbl NONA NIAa3MEHHOro fyva CBeTa, reHepupyemoro nmn. Bce oHn ynpaBnsatoTCa KOMNbIOTEPOM U
BpaLLaloTCA MO TOMY Xe MPUHUUMY, YTO 1 AnekTpoasuraTens. 3TM UBMEHEHMS YacTOThbl B Nna3sme,
KoTopas nopoxaaeT CBETOBOW NyY, N0 CBOEN BbICOKO3HEPreTU4eCKon Npupoae ¢ KOHTPONMpyemon
4YacTOTOM, SKBUBANEHTHbI rPaBUTaALMOHHOMY MOS0 BHYTPU CBETOBOIO Jlyda OTHOCUTENbHO OKpY>KatoLLen
cpeabl. Kocmuyecknin kopabnb, MCMONb3YIOLWNN TPAHCNOPTHBLIN Ny, OCHaLLEH cneunanbHbIMK
AaTynKamm, KOTopble NepeaaroT ero KOMMbTEPY TOYHO CHUTAHHbBIE NOKa3aHWS YacTOThl OKPYXXatoLLMX
rpaBuMTauUnOHHbBIX nonen. MNocne onpegeneHnsa TOYHOW YacTOTbl FPABUTALMOHHOIO NOTOKA, OKPY>KakoLero
00BEKT, MOXXHO CreHepMpoBaTh TOYHO MPOTMBOMONOXHYIO YaCTOTY C MOMOLLbIO TPAHCMOPTHOrO nyya, u
BCe 0ObEeKTbl B 30HE €ro BrvsHnS 6onblue He 6yayT nogBepXeHbl BAUSHUIO rPaBUTaLMOHHOIO NOMsi 3TOro
MecCTa, OHM ByayT HaXOAUTLCS NMOA BAUSHUEM TPAHCNOPTHOrO nyya. A MaHUNyNMpoBaHME BbIXOOHOW
4acTOTOM TPaHCMOPTHOrO ny4va 6yaeT onpenenaTe, 6yaeT nu 06bEKT B Npedenax fnyva ABuratbCs BBEPX K
Kopabsito unm BHM3 OT Kopabns K 3emne, a HebonbLune N3MEHEHUs ero 4YacToTbl ByayT KOHTpONMpoBaTh
CKOPOCTb, C KOTOPOM 3TN 06bEKTLI ByAyT ABMraTbCA B 30HE €ro BrIUSHMS.

B TO Bpems Kak OCHOBHbIE cheprnyeckme BpaLlarLmnecs B NpoTUBONOMOXKHOM HanpaBneHnn TypoOuHbl
ynpasnsAT 6a30BOM BbIXOQHOW YAaCTOTOW NNa3MEHHOro CBeTa U ero obLen MOLWHOCTLIO,
BbICOKO3HEPreTMYecKkne HaHo-3aNeKTPoOMarHuTbl BHyTpY BbixogHoro 6apabaHa B coueTaHum ¢
rofiorpadonuyeckMMm IMH3aMmn ynpasnsaT MeNbYanLMMm N3MEHEHUSIMIN 1 geTansiMu B BbIXOLHOMW YacToTe
CBETOBOrO Nyya.



BbicokoaHepreTnyeckme fmH3bl MOryT NpuHUMaTh nobyto dopmy nobon durypbl, YToObI TPAHCMOPTHLIN
ny4 MOr Takke CNyXuTb NPoeKkTopoM. ["onorpaduyeckme nmH3bl MOryT chopMmpoBaTh NHOGYH0 TOUHYHO
durypy unnm obbekT Ha cybaTOMHOM ypoBHE AeTanu3aunn, AUKTYeMOM KOMMboTepoM. 3Ta hopMa unm
06beKT 06pa3oBaHHbIA TOYHLIMY YacTOTaMM MarHeTu3Ma 1 CBeTa B TOYHOM COOTHOLLEHMM OPYT K APYry.
MMeHHO 3TO TOYHOE COOTHOLLEHME APYr C APYroM onpeaensieT opmy n getann obbekra. 3TO MOXHO
paccMmaTtpuBaTtb UM MOHUMAaTb Kak YaCTOTHYIO KOHCTPYKLUMIO MaTeMaTUYECKOW NpMpoabl, Kak
06BACHANOCH paHee. OTO 03HAYaEeT, YTO TPAHCMOPTHLIN Ny4 MOXET NpoeumnpoBaTh MO0 06BLEKT K
nobyto ourypy Ha 3emrio v BHyTPW APYroro Nons unm 4acToTHOM MaTpuLbl unu obnactu.

KoHTponupyemble BbICOKO3HEpPreTU4eCKne YacTOoThl TPAHCMOPTHOrO Jly4ya, KOoTopble co3fatoT
rpaBMTaLUOHHOE MNofe, eCNK 3TN YacTOTbl CreHepMpPOBaHbl C 4OCTAaTOYHOM TOYHOCTLIO U C AOCTaTOYHOM
3Hepruen UM MOLLHOCTbIO, MOTYT UBMEHATb YacTOTy MaTepun, HaxoasLWencs No4 BO3A4eNCcTBNEM Iy4a, B
COOTBETCTBMM C NpuHUMnom JomuHunpyrowen 4actoTbl. Korga matepuanbHbii 0O0beKT umeet
onpeaeneHHy YacToTy MaTepun 1 nogsepraeTcs BO3AENUCTBUIO Apyron, 6onee MOLLHON YacToTbl C
GonbLuen aHepruemn, aToT 06BHEKT M3BMEHUT CBOKD YACcTOTYy Ha Bonee CUMbHYI 4acToTy.

CoueTaHue ronorpaduyecknx NPOEKTOPOB U KOHTPONMPYEMbIX KOMMbIOTEPOM BbICOKOSIHEPTEeTUYECKNX
HaHO-3NEeKTPOMarHMTOB, CNOCOOHbLIX BOCMPOU3BOAMTL MenbYaiumne AeTany Ha MONeKynsipHOM YPOBHE,
No3BOSISieT co34aBaThb B BbIXOAHOM A1 TPAHCMOPTHOrO Nyva UMIMHAPE C rekcaroHanbHoW CTPYKTYpoW
OYeHb TOYHYIO YACTOTHYH MaTpuLy, KOTopasi BNocrneacTemMmn ByaeT nepeHeceHa BO BHELLHIO YaCTOTHYHO
MaTpuLly UNK, B Tak HasblBaeMbliA, BHELLHMIA MUP. BbiCOKo3aHepreTnyeckas rpaBMTaLMoHHas matpuua
TPaHCMNOPTHOrO Ny4a B BbIXOAHOM GapabaHe MOXeT chopMnpoBaTb OGBHEKT, CHaYana ero roforpammy,
KaK aHepreTM4eckyto MaTpuLy, Kak NosHyto kapTy, CO BCEMU ee BHYTPEHHUMWN U3MEHEHMSIMU YacToT
mMaTepumn 1 Co BCEMU ee BHYTPEHHUMW rapMOHMKaMM YacTOT, KOHTPOMMPYst 3TU YacTOThbl. DTO O3HAYaeT,
YTO Mbl MOXXE€M CO3aTb OOBEKT C MOMOLLIbIO HALLero KoMnbloTepa, a 3aTeM BCTaBUTb €r0 BO BHELLHMWN
MUP Kak pearibHbli 06bEKT 13 TBEPAON MaTepun, KOTOPbIN, C TOYKU 3peHust HabnaaTens Ha 3emne,
NposiBUTCS OYKBaNbHO M3 HUYETO.

Mo cyTn, 910 co3gaHme pearnbHOn, TBEPAON MaTepPUM N3 SHEPrUKN. A 3HEpPrus, ncnonb3lyemas ang
co3faHusa obbekTa U3 TBepaon matepun, bepeTcs n3 TPaHCNOPTHOrO Jlyya 1, B CBOK odepenpb, U3
peakTopa, KOTOpbI CHabXxaeT aHepruen Becb kopabrnb, y4acTeyroLuin B npouecce. Mbl Moxxem onucatb
3Ty PYHKLMIO TPAHCMNOPTHOrO fNy4va Kak NpoaABUHYTbIN 3D-NpUHTEP, OCHOBaHHLIN HA SHEPTUU Y TOYHOM
MaHUNynMpoBaHNM YacToTamMn U COCTaBNAOLLMMN UX rapMoHnKamn. [JoGaBuB CrOXHOCTU B NpoLecc u
3anevyaTrnieB TOYHYI0 YMCOBYHO NOCNEeA0BaTENbHOCTb B rAPMOHMKAX YacToT, KOTOpble Obinn
NCMomnb30BaHbl, Kak ONMUCAHO BbILE, Mbl TAKKE MOXEM BCTaBUTb AUHAMMUYECKYIO CUTYaLMIO, C OBUKEHNEM
1 NocneaoBaTeribHOCTbIO COObLITUI, B OPYrYI0 Matpuly, KOTOPYIO Mbl 3HAaeM Kak BHELLUHUI MUp.

MockonbKy TPAHCMOPTHbIN Ny4 KOHTPONUPYET TOYHbIE YACTOTbl U TOYHbIE FAPMOHMKN YacToT,
y4yacTBYHOLLMX B NpoLecce, a Takke UX MaTeMaTUYeckme OTHOLLEHMS C NPUHMMaIOLLEN BHELLHEN Cpeaon,
0OBEKT, KOTOPbLIN paHbLUe GbiN NPOCTO roflorpaMMoin, CTaHeT TBepabiIM 06 LEKTOM, MOTOMY YTO
3aeMCTBOBaHHbIE rapMOHMKM YacTOTbl NPOAOIHKAT NUTATb CTOSYME BOSHBI, U NMO3TOMY TaKKe
co3flaHHble TakMM 06pa3oM y3ribl He PacTBOPSIIOTCS M He NpeBpallaTcs 06paTHO B NOTEHLMAbHYO
aHepruto. OGBbEKT ocTaeTcs B TBEPAOM COCTOSIHUM ellle O0roe BpeMsi Nocre Toro, Kak TPaHCMopPTHBbIN
nyY UCYE3HET C MecTa AeNCTBuUS.

"apMOHMKa 4acToThbl B Cyrne NOTEHUMANbHOM 3Heprn, 6yab TO ahunp NN BHYTPEHHASA YacTb
TPaAHCNOPTHOrO Nyya, BbI30BET 06pa3oBaHne CTOSYNX BOMH, KOTOPbIE NPUBEAYT K NOSBMNEHMUIO Y3r0B. A
y3nbl — 9TO TBepaas matepusi, Oyab To cybaTOMHbIN NN MOMEKYNSAPHbIA YPOBEHb, €CNn cobpaTb BMeCTe

3



A0CTaTOYHOE KOMMYECTBO UX C UX FapMOHMKaMM YacTOTbl U B TOYHOM COOTHOLLEHUM MEXAY HUMU, OHU
co3aanyT TBEPAbIN OOBEKT N3 SHEPIUN.

Kak 51 y>xe roBopuna paHee, MaTepum He CyLLeCTBYET, ECTb TONbKO CIOXHbIV CyNn U3 SHEPreTUYeCKNX
yacToT, o6pasytolmx Bce cyliee. Ecnv aToT cyn NOHATb U U3MEHSITb C MOMOLLbIO TEXHOMOMUIA, TO C HUM
UK BHYTPY HEFO MOXHO AenaTb NpaKTUYeckn BCe, YTO YrofHo.

Hanpumep, ansa cosgaHuns urypbl Ha none, Kpyrm Ha NnoceBax, BCe, YTO HY>KHO — 3TO BbiGpaTb
NMOHPaBMBLLYIOCS reOMEeTPUYECKY0 Purypy, kakor 6bl oHa HM Bbina. 3aTem Hal KOMMNblOTep nepenact ee
Yyepes NPOEKTOpbI B BbIXo4HOW GapabaH Hallero TpaHCNOpPTHOrO fny4va, KOTOPbIN U3MEHUT nnasmy
BbICOKOW 31IEKTPOMAarHUTHOM U rpaBUTaLMOHHON SHEPIUN, BbIXOAALLYIO U3 FTEHEPUPYIOLLUX ee
BpaLLaloLLMXCA BO BCTPEYHOM HanpasneHnn cgep, 1 otTneyaTaeT BbIOpaHHYO HaMU reOMeTPUYECKYHO
durypy Ha nnaHTaumm unun KynbType BHU3Y Ha 3eMre, NOCKOSbKY Kaxaasa obnacTb BHYTPWU TPaHCMOPTHOro
ny4ya nmeeT pasnuyHoe rpaBUTaLMOHHO-3HEPreTM4Yeckoe 3Ha4YeHne B 3aBMCUMOCTH OT XXenaemou
reomeTpuyeckon popmbl, AUKTYEMOK ronorpadmnyecknmMm npoektopamu. lNevats reomeTpudeckon oopmbl
Ha none cenbCKOXO3ANCTBEHHbIX KYNbTYpP MOXET ObITb BbINOSIHEHA TOMBKO C MOMOLLbIO FPaBUTaLMOHHOWN
CUCTEeMbl NpuaaBnMBaHus-nevyaTn, Ho 3TO NPUBEAET K MHBA3NBHOMY M Becnopsgo4yHOMY BO3OENCTBUIO Ha
pacTeHusi, Tak kKak OHM ByAyT HAaCWUbHO COrHYTbl. HO ecnn Mbl Takke U3MEHUM 3HAYEHUSA TapPMOHMUK,
3Ha4yeHMs YacToT MaTepumn, COCTaBMAILEN CTEBNN CENbCKOXO3ANCTBEHHbIX KyNbTyp, HA TOYHOM
pPacCTOSAHUM OT 3eMJIM, UCNONb3Ys HALL TPAHCMOPTHbIN Ny4, Mbl MOXEM MO XeNaHUIo 3acTaBUTb Y3Mbl
pacTeHWn U3MEHUTb MaTepuio cTebnen ¢ NPsSIMbIX Ha COrHyTble. ATO He crnbaHme KynbTyp AN co3aaHus
Xenaemowm urypbl, 3TO UX PECTPYKTYpM3aumns C NOMOLLIbIO HaLLen TEXHOMNOrMM N0 MOGENN COTHYTbIX
ctebnen.

MockonbKy 3TOT NpoLecc He siBnsieTcst abConTHO COBEPLUEHHBIM U MOXET BKtoYaTh B cebsi HekoTopble
3MNEeMEHTbI, KOTOPbIE He ObINK yYTEHbI, Tak1e Kak Nbifb, Psi3b UM KOMKM Ha CTEBNAX pacTeHun,
CTPYKTYPY KOTOPbIX Mbl U3MEHWIM C MOMOLLbIO TPAHCMOPTHOrO Nyya, a Takke Hebonblune U3MeHeHus B
SHepreTUYeCcKon MaTpuLie BO BpeMsi NpoLiecca, B 3Tol 0bnacTn octaHeTcsi HekoTopast 3bblTouHas
aHeprus, B pesynbTaTe 4Yero Tam OyaeT NpucyTCcTBOBaTb HEGONMbLLOE, HO U3MEPUMOE KONMYECTBO
VNOHW3UPYIOLLIETO MU3NYyYeHUsl. DTO NPOUCXOAUT, Koraa 06beKT Co34aeTcsl C MOMOLLbH ONMCAHHOTO BhilLe
npoLecca, HO 3TO M3ry4YeHne oveHb cnaboe, He NnpeacTaBnseT NPoGrembl U He BPEAHO.

D,aT‘-I MUKN HaCTOThbl.

[nsi Toro 4To6bl KOpabenbHbIV KOMMLIOTEP MOI OBHAPYXWUTb M ONPEeaENUTb TOYHYH YacToTy MaTepun B
OKpY>KaloLLLEM NPOCTPAHCTBE, UCMOb3YTCA YPE3BbIYAMHO YYBCTBUTENBHBIE ATYMKM HA MArHUTHOWN
ocHoBe. OHM pacnonoXxeHbl BOOMb KOpnyca Kopabnsa B onpeAeneHHbIX MecTax, Taknx Kak HOC, Kpbifbs,
cTabunmnsaTopbl, XBOCTOBOE ONEPEHUNE U NEPELHSASI YacTb KOPyca, a Takke BBEPXY U BHU3Y, Bceraa B
onpeaeneHHbIX MecTax, KoTopble NOABEPratoTCa pasnmMyHbIM NU3MEHEHUAM B NOneTe, NoABeprasch
OVWHaAMMYECKOMY OaBIEHUIO BHELIHEN Cpefbl, OKpyKatoLen kopabrb.

OTn AaTynkmM OGHapPYKMBAKOT MU3BMEHEHWUS U HAPYLLEHMSI B MAarHUTHOM Mofe, Takne Kak cuna, HanpasneHve
noToka, MOBOPOT, Yribl N 06wWmi 06bem notoka. OHM paboTaloT C ABYMS acnekTaMu UM KOMNOHEHTaMM
AETEKTUPOBAHUSA, OAMH M3 KOTOPbIX onpeaenseT oblee MarHUTHOE none, a Apyron obHapyxueaeT
N3MEHEHMS B MarHUTHOM MNose, Ha3blBaeMble BEKTOPHbLIMU KOMMOHEHTaMU, KOTOpPble NpeaCcTaBNsaloT
coboi oTaernbHbIE TOYKM B MAarHUTHOM MOJE U MOTOKE U UX B3aMMOCBS3b.



MazHumHbI€e r1osisi TECHO CBSI3aHbl C rpaBUTaLMOHHBIMU MONAMMU, SBMSSICb MO CYTVM OAHUM U TeM xe. Kak u
CBET, MarHeTn3M TakkKe UMeeT 8HymMpPEeHHUU CreKkmp, B O4HOM HU3KOYaCTOTHOM KOHLIE KOTOPOro
HaXoAMTCA OBbIYHbBIN MEeTannMYeckuin MarHuT, a B pYrom BbICOKOYACTOTHOM — NnaHeTapHas rpaBUTaums.
pagumauusi — 3TO 8bICOKOYACMOMHbIU ¢hOHOBbIU MOMOK, KakK ONMUCAHO BbILE, @ MarHUTHOE Norie — 3T0
KOHLIEHTPUPOBaHHas ToYka B 3TOM MOTOKe, 0ObIYHO ropasfo 6onee HU3KoW YacToTbl. PasHuua mexay
HUMW 3aKIOYaEeTCA TOMbKO B PA3HOCTW MOLLHOCTEW, UMK B UX PACMONOXeHUN B 3aBUCMMOCTU OT TOYKM
3pEHVs], UK B UX TaK Ha3blBaeMbIX BEKTOPHbIX KOMMOHEHTax. Mbl MOXXeM 0GHapyXWUTb FpaBUTALMOHHbI
MOTOK ONpeaerneHHoro MecTa, CpaBHUBas M3BECTHOE 3HAaYeHe MarHMTHOro NoToKa BHYTPU AaTyuka Unu
N3MepUTENBLHOIO NpUGopa ¢ M3MEHEHNSIMU, KOTOPbIE MPOUCXOANAT B HEM NPV BO3AENCTBUM BHELLHEN
cpeabl.

JTrobon anekTprMyeckuin TOK UMeeT MarHUTHOE 3HadeHne, 1 Hanudmne 6onbLIOro pasHoobpasus
3NEKTPUYECKMX TOKOB Pa3NIMYHOM CUMbl NN NapaMeTPoB, HAaNPSXKEHWI U CUIbl TOKA, BHYTPU AaTymka
HabnaeHne 3a Menb4YanlMMn N3MEHEHNSIMU B HUX NO3BOSNUT ONPeaEeNnnTb 3Ha4YEHNE OKPYKatoLLEero
rpaBUTaALMOHHOIO NOSS, KOTOPOE BNUSIET HA HEro, MyTeM OBHAPY)XEHUS UBMEHEHUI B 3NEKTPUHECKOM
CONPOTUBIIEHNUN MArHUTHOMO MO KaXO0ro 3NeKTPMYECKOro Toka BHyTpW CeHcopa.

Ota pasHoobpasHas rpynna unu guanasoH 3MeKTPUYEeCKUX TOKOB pasfniMyHON BENNYNHBI MOCTOAHHO
KonebneTtcs no cneuuduyeckon npeaonpeaeneHHon Moaenu. 3ToT TUN AaTymMka odeHb apdekTMBEH Ans
0OHapyXeHUs1 MarHUTHbIX U rPaBUTALMOHHbBIX NOSEN Ha OOMbLINX MIOWAaasX, HO He OS1si OYeHb
ManeHbKUX UMK KpolleyHblx obnacten. Ytobbl MMeTb BO3MOXHOCTb U3MEPSTb MarHUTHbIE U
rpPaBUTALNOHHbBIE BEMNYMHBI B O4EHb MaNeHbKUX MecTax, Takux Kak KBaapaTHbIA MUKPOH Uin eLle
MeHbLLE, HaM HyXHa eLle 6onblias YyBCTBUTENbHOCTb M TOYHOCTb, U ANSA AOCTUXEHMS 3TON LEeNN Mbl
ncnonb3yem Apyron TUN gatyuvka, HasblBaeMbli CBEPXNPOBOAALLMM OATYMKOM KBAHTOBOM
MHTEepepeHLmN.

OTOT TMN AaTymka n3mepsieT BNMSHUE rpaBUTALMOHHONO MOMS UM MarHUTHOMO MOMS Ha NOTOK OTAENbHbIX
AMEKTPOHOB, «TYHHESNTMPYIOLMXY» U OBUXYLLMXCS Yepes o4eHb TOHKMI cron, 30 aHrcTpem unm meHee,
HeCBepXnpoBOAALLEro MaTtepmana, KOToOpbIN CAYXXUT U30MNSTOPOM MEXAY ABYMSA pasfUYHbIMKU CrIOsSMA
CBEpPXNpPOBOASALLErO MaTepuana, UCnosnb3ys U cpaBHMBAA TOYHO M3BECTHbIE NapaMeTpbl. ATOT TUM
AaTymka HaCTONMNbKO YYBCTBUTESEH, YTO MOXET OOHaPYXUTb rpaBUTaLMOHHbIE MAarHUTHbIE U3MEHEHUSA B
npegenax oTaenbHbIX 4enonspu3anmii Mexay HempoHamm Mo3sra.

CBepxnpoBOAHUK: MaTepuarn, 06bI4HO MeTanIM4Yeckuin UM KepaMm4eckuin Cnnae, KOTOPbIA HE OKa3biBaeT
HMKaKOro CONPOTMBIEHMUS NMPOXOXAEHUIO 3NeKTpUYeckoro Toka. OBbIYHO 3Ta CNOCOBHOCTL NPOSIBNAETCS
NPU OYEHb HU3KMX TEMNepaTypax, HO Mbl ¢ TareTbl UCMNONb3yeM CBEPXMNPOBOASLLNE MaTepuarbl Npu
TeMnepaType OKpyKatlolLen cpeapbl, a Takke NepeoxnaxaeHHbIe.

XOTA 3TK JaTYMKN Ype3BblYaHO YyBCTBUTENbHbI, OHX HE MOTYT NPEeAOCTaBUTb HAM NOSHbIE 3HAYEHUS
4yacToT B nNpeaenax mect, obnacren n 06beKToB Ha CyGaTOMHOM YPOBHE M HE MOTYT OBHapPYXUTb Kaxgoe
MarHMUTHOE U rpaBMTaLNMOHHOE 3HAYEHNe Lienor 06nacTu, HO HaM N HE HYXXHO, YTOObI OHWM OBHapPYXMnu
BCE 3TN AaHHbIE, MOTOMY YTO Mbl 3HAaEM, YTO MaTEPUS B HACTOTHOM CyMne Uin 3HepreTu4eckon maTpuue
UNun BHELWHeN cpeae Bcerga byaeT 3aBMCeTb OT TOYHBIX M NpeackadyeMblXx MaTeMaTUYECKUX NapameTpoB,
TOrga Hallv KOMMNbTEPLI MOTYT BbINONTHUTL HEOOXOAUMbIE BbIYMCIIEHMS, YTOObI 3aMONHUTL
HeJoCTaLmMe aHHbIE HA O4E€Hb TOYHOM U CKPYMyrne3HOM YPOBHE, NCX0AA U3 AaHHbIX, KOTOPbIE MOTyT
reHepMpoBaTb AaTYMKK, U UX Bonee Yem JOCTAaTOYHO AN1A 3anonHeHUs TpeboBaHWi K AaHHbIM, KOTOpbIE
HY>KHbI TOMY K€ KOMMbIOTEPY ANSA onpeaeneHnst rapMOHUK YacToT, KOTOPbIE AOMKHbI ObITb NMPUHATLI BO
BHMMaHMe Unun B Ka4ecTBe NapameTpoB, YTOObl MMETb BO3MOXXHOCTb MPOSBUTL U BHEOAPUTD
roniorpagouyecknin obbEKT B NoSie U BO BHELUHEN obniacTu.



[ns Toro 4Tobbl TEXHONOMMYECKN NPOSIBUTL TBEPAbLIA 0O0BEKT, HEOOXOANMbI BE KNoYEBbIE BELn: 1.-
Ype3BblYaNHO MOLLHbLIE KOMMbIOTEPSI, 2.- CPEACTBO UMK annapaT A ynpaBfieHns MarHUTHO-
rpaBUTaALNOHHBIMM YaCTOTaMM C MOSIEKYNSIPHON TOYHOCTBHO.

MCTOYHMKM:

https://www.youtube.com/watch?v=4tGUPkuWatg

https://swaruu.org/transcripts/swaruu-de-erra-navegacion-estelar-2-gravedad-rayos-tractor-creacion-de-energia-
de-materia



https://www.youtube.com/watch?v=4tGUPkuWqtg
https://swaruu.org/transcripts/swaruu-de-erra-navegacion-estelar-2-gravedad-rayos-tractor-creacion-de-energia-de-materia
https://swaruu.org/transcripts/swaruu-de-erra-navegacion-estelar-2-gravedad-rayos-tractor-creacion-de-energia-de-materia

