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3(1)1/1[) H HOBBIE TeXHO/IOI'UM.

Mopens Jdupa.

Bcsi BceenenHasi mipesicTtaBnsier coboit D¢up (crenpanbHO mwminry ¢ Oosbinod OyKBBI) B
pasnuuHbIX MogudUKaluuax. B caMoMm mpocTom ciiyyae eCTb UMCTbIA DQUP U BeleCcTBO, KOTOpOe
eCcTb He UTO MHOe, KaK MCIOpYeHHbId MpPOTOHaMU U aTomMamy Odup. B BeljecTtBe aroMoB U
TIPOTOHOB He Oonee, ycinoBHO, 10%, octanbHOoe uMcThii Ddup. Bo Bceli BceneHHOM BelecTBa
Bcero 4%, octanbHble 96% - 310 Odup. Hukakoli TeMHOW Marepud W HEPrUUM HeT W ObITh He
MOJKET.

HyKJ/I0HBI TIyCThble BHYTPH, [103TOMY TUIOTHOCTb BellleCTBa HUXKe IJIOTHOCTU D@upa B /1eCATKU
pa3 MUHUMYM. JTO0 npeznonoxui emé Hukona Tecna. ITosTtoMy BeljecTBo Bcerja ABUKeTCS TY/a,
KyZa TeuéT Ddup.

Odup npeObiBaeT B MOCTOSHHOM JBI)KEHUH, €CTh TOJMBKO JhUp U ero BUxpu. [103ToMy Hazio
yIenaTb OCHOBHOe BHUMaHMe He TPsSMOJIMHENHHBIM [BIKEHUSIM, a BCeM BHJaM BUXDPEBBIX
JBIDKEHU B caMbIX pa3HbIX cpejjax, Mpexje Bcero, D@upe, Boje WU Bo3ayxe. Kak rMokasbiBaeT
MpPAaKTUKa, UMEHHO BUXPU SIBSIFOTCS WCTOYHWKAMM SHepruu. Hampumep, TOpHAZ0 TMOSIBASETCS
HUOTKY/a, pa3pyliaeT ropof, BbIMOJHsIS paboTy, COTIOCTAaBUMYIO C SHeprueid HeOOoJIbIIION aTOMHOM
O0MOBI, ¥ HCUe3aeT B HUKY/a.

Odwup sBAseTCS B CUTy CBOMX KaueCTB CIUIOIIHOW Cpefioi, O60sIbIlle HallOMUHAFOIIed KUIKOCTb,
Harpumep, Bogy. Boza umeet ¢opmyny H20, HO 3TO He 3HAuuT, UTO BOJA COCTOUT U3 MOJIEKYI
H20. Dta dbopmyna npexk/ie BCero oTpa’kaeT COOTHOIIIeHHEe aTOMOB BO/IOPOZia M KUCIOpPO/ia B BOJIe.
B camoii Bozme arombl BOJOpOZa M KHUCAOPOJA MOTYT COEAWHSITHCS MeXAy Co0ol cambiM
npuuyiiBbie obpa3oM. Bogia, Kak cpezia Wik pabouee Tesio, MeeT Oojiee C/IOKHOE CTpPOeHHUe, U
NpYpoZia CWJI, TIpeBpalljaloliX BOJY B BOAY, KUAKOCTh C YHUKa/JbHBIMK CBOMCTBaMH, NPUMEPHO
Takas ke, Kak W TNpUpoJa CuJ, TpeBpalialoux D(Up, CcOCTOSIIMK K3 3()MPOHOB B CILIOLIHYIO
cpeay,

Kaxapiii spupoH B Odupe OKPYXEH HEKUM TMO/eM, T03TOMY pe3yabTUpYroIuid 3¢ ekt
SIBJISIETCS CTIeCTBUEM B3aUMO/IEMCTBUS 3THX T0Jield Mexxay coboii, B pe3ysibTaTe 4ero HeKasl CHsia
3acTtab/sieT 3()MPOHBI CO3/laBaTh MPOUHYH0 CTPYKTYPY, Pa3pylLIUTh KOTOPYIO MOKa HEBO3MOXKHO. Ho
B /Ipyroii CTOPOH 3()UPOHBI MOTYT 6Oe3 1MpobeM CMeIaTbCsi OTHOCHUTETBHO APYT ApyTra, TOpoXK/ast
3¢ dekT cBepxTeKyuecTu. Tak U B BoJie, HEKOe 107ie BOKPYT OT/ie/IbHbIX MOJIEeKYJI, IpeBpalliaeT BOLy
B HeIpepbIBHYIO CPe/ly, HO C APYroii CTOPOHBI 3TO TOJie He MelllaeT MOJIeKy/aM BOZbI 3aHMMaThb
TIOJIOXKeHUs, Gyarofiapsi ueMy Bojia SIB/ISIETCS KUAKOCTBIO. OT/enieHre OT/[eIbHOM MOJIEKYJTbI BOBI
OT 00BéMa BozbI TpeOyeT OOJBIIMX 3aTpaT Hepruu. M3BeCTHO, UTO TErIOEMKOCTb BOJBI OfiHA W3
cambIX BbICOKMX. HO € [pyroii CTOpOHbI MOJEKY/bl BOAbI JIETKO CKOJIb3ST OTHOCUTE/NBHO [JpPYT
Apyra, obecrieunBasi Hepa3pbIBHOCTb cpefibl. [Toxoxke, uro Co3zpaTesnb CreldaJbHO CO37aa BOZLY,
yTOOBI Ha TIPUMepe BO/[bI MbI MOTJIM TIOHSITh CBOMCTBa D(durpa, He MMest BOSMOXXHOCTH OILyIaTh €ro
CBOMMU OpraHaMU UyBCTB.

Odup nopurHsieTcs psay GU3NUECKHUX 3aKOHOB. JTO 3aKOH HEPa3pbIBHOCTHU, 3aKOH COXpaHEeHUsI
uMIy/bca, ypaBHeHUe [lanuunna bBepHynnu u fgpyrue. M3 3akoHa cOXpaHeHUs UMITy/bCa MOXKHO,
IuddepeHLIMPYsl KaXK/Ibli 4/ieH, MO/My4YdTh TPeTHi 3akKoH HbIOTOHa, a UHTerpupysl BaKJbld uieH
MO>KHO TO/TyUHTh 3aKOH COXpPaHeHUsI KUHeTHUe CKOW SHepruu.

BakHo, uto Ddup nojuuHsieTcs ypaBHeHUIO [laHuuna bepHy/uM, KOTOpoe SIBAsSIeTCs TOUHbIM
3aKOHOM COXpaHeHHsl SHepPryu U B TIPOCTOM BH/Ie BBIITISUT TakK, Kak MTOKa3aHO HIUKe.
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B TakoMm BHe ypaBHEHWE CTAaHOBWUTCSI Oosiee TIpO3payHbIM [ijisi TTOHMMaHUs. [lepBbIi uieH
3TOr0 ypaBHEHUs] — KMHEeTUUeCKasl SHeprusi, BTOPOW UieH — 3TO SHeprus noTeHluanbHasi, TpeTun
yjleH — 3TO HSHeprusi Oapuueckas (3aBHUCAINas OT JaBJeHUs] OKPYJKalolleld cpespl), KOTopas
MOKa3bIBaeT SHEPIUI0 B3aUMOJENCTBUS OKpYXKatollleld Cpefbl, HAXOASLMICS MO/ JaB/eHUeM P, C
Maccori M, umeroriieii ripu 3ToM 06séM V. Eciti B pa3HbIX TouKax 3()MpHOM Cpefibl CKOpPOCTh Jdupa
OyzeT pasHOM, TO MeXJy 3THMHU TOUYKaMH OyzeT pa3HbIM 3¢dupHOoe JaBrieHHe. To eCTb, MeXIy
TOYKaMH MPOCTPAHCTBA, 3arl0/IHEHHOTO J(HPOM, MOSIBUTCS Pa3HOCTh /laBleHUM, KOTOPYH0 TIPHUHSATO
OLleHMBaTh B BU/le (QyHKLMM (omepaTopa) 1o/, Ha3BaHueM rpajueHT (grad).

Ecsu MbI oiBeprueM ypaBHeHue [lanunina bepHysmu npeobpa3oBaHuio ornieparopoM grad, To
MOJIyUYrM

M*v*grad(v) + Mg + grad (p)*V =0

[TepBbIii uneH 3TOro ypaBHeHUs — 3T0 cua HbloToHa, Tak kKak v¥*grad(v) — 3TO yckopeHue.
Bropoii unen Mg — 370 cuna Tsbkecty, Tpetuii wieH F = grad (p)*V — 370 cuna, nopoxxzaaemas
HepaBHOMEPHBIM paclipejie/ieHre CTaTUYeCcKoro JasyieHus cpefpl (Odupa, Boabl, Bo3ayxa). Cienyer
o0OpatuTh BHUMaHWe WMEHHO Ha TPEeTbI0 CHIy — 3TO CH/IA, OTPaKaroljasi 3aKOH BCEMHPHOTO
BbI/IaB/IMBaHUs, OTKPBITbIM ByKOBbIM. JTO TakKe 3aKOH ApXHMMeZld, OTKPBITbIA UM /151 BOAbL. Y
B.JleoHoBa ecTb aHasormyHasi ¢opmyna. [Io ero MHeHWIO cula — 35TO TpaJMeHT SHepruu.
F=grad(pV). YpaBuenue /[I.bepHynnv npefocrap/isieT HaM Cpasy TPH CUJIBI.

Ecnu Ha omneparop grad HanoXuUThb orepaTopkl AuBepreHus div WM poTop rot, TO MOXKHO B
UTOre TOMYYUTh ypaBHeHWs MakcBesia. OTo mokaszan Jmutpuii JlocuHew. Tak uto pabora 1o
u3yueHH0 Ddupa BeJETCsl He TOJbKO CTapUKaMU, HO U NpeJCTaBUTeISIMA MOJIOZI0TO TTOKOJIEHMSI.

[To B.JIeoHOBY TUIOTHOCTb KBAaHTOHHOTO TOJIi — 93TO OTHOLIEHWe SHepruu K o0bémy. U3
dopmynel [Janunia BepHy/ud monyyaeM, 4TO TUIOTHOCTb Oapuyeckoro mosisi Ddupa paBHA €ro
[laB/IeHHI0, 3TO >Ke TOoTeHLMan 3¢pupHoro mnoss. Ha 3TM BenmuuHbl ciefyeT obpaTuTh ocoboe
BHUMaHWe. OHM HaM TIOHAAOOSTCS, KOrza TPUZETCS TOKa3blBaTh IPAKTUUECKOe TpPHMeHeHHe
3¢ UpHbIE U BaKYyMHbIX TEXHOJIOTHH.

[Touemy ypaBHeHue BepHymiu siBnsieTcsi 6osiee TOUHBIM 3aKOHOM COXPaHEHHsSI SHEpPryu, 4eM
TOT, YTO WCIIOJIb3yeTCsl B KjlacCUueckKuxX ydeOHMKax ¢usuMKu? B KjaccuueckoM BHZe 3aKOH
COXpaHeHUs] SHepPrhy 3BYUYHWT TaK — CyMMa KHHeTUYeCKOW M TOTeHLIMaJbHOW 3SHEPruu ecCTb
Be/IMUMHA TOCTOsIHHas. B 3akoHe coxpaHeHusi sHepruu [lanuwna bepHymiv nosiBisieTcsi TpeTUM
YjieH ¥ OH 3BYYHT yKe TaK — CyMMa KWHeTHUeCKOH, MOTeHIManbHOW U OapruecKo SHepruu ecThb
BeJIMYMHA MOCTOsTHHAsA. A 3TO MeHsieT BCE, MO0 TOSIB/ISIETCs UjieH, KOTOPBIN MMOKa3bIBaeT HAaCKOIBKO
SHepPryI0 Teja yBelWuuBaeT BHellHss cpeja. He BaxHo, D¢up 5To, Bo3AyX Wiu Boga. Bo
BceneHHOM HeT HM OJHOM TOuku, rze ObwIo Obl HyseBoe [apjieHde. Bcé Haxogutcs Mo,
3ampe/ie/ibHBIM JiaB/ieHneM. A 3TO 03HadaeT, uTo B M000W Touke BcesieHHOW MOXKHO TOYYUTh
SHEPruM CTO/IBbKO, CKOJIbKO MOTpebyeTcsi, peBpalliasi B KWHETHYeCKYI0 SHepruio Tena 6apryeckyro
SHEePrur0 OKPY’Karolljer Cpefbl.

be3 naBnenus Odupa HUKakou BceneHHOI He Ob110 Obl. VI KpaliHe MHTePeCHO, 1oYeMy YUYéHble
He BHUJAT 3Toro ¢akra. Camoro miaBHOTO (pakTtopa, KOTOpbI cOMBaeT BeljecTBO BceyeHHOI B
rajlakTHKW, 3Be3[bl, IUIAHEeTbl UM WX CIyTHUKM, HallM akKaJleMUKU He 3aMeyaroT, CuuTas 3TO
/okeHayKoi. Ouky Ha 10y BCeTzia TPYZHO HalTH.

MoskHO, KOHEeUHO, 6apUYecKyr0 SHEPrUI0 CUMTATh 3a HeKWM BapUaHT SHePryuu MOoTeHLMaIbHOM,
TaK Kak I[MOTeHLMa/IbHasi 3Heprus eCThb pe3yJbTaT B3auMOZelCTBHS BellleCTBEeHHOIO TeJla CO CpefloMu.



Ho BbigeneHue Oapuyeckoil SHepruyd B OT/Ae/bHbIM BUJ SHEPrMM TOMOTaeT TMOHATh, KakK U3
OKpY>Karollel cpe/ibl TIOJYUYUTh SHEePTHI0, He Pacxo/ys Ha 3TO TOIJIMBO WUJIU UHOE ChIPbE. DTOT WiieH
ypaBHeHUsI bepHy/ulM MoOKasbIBaeT, UTO TMPHU MPaBUIBHOM TMOAXOZe KWHETUYEeCKYI0 SHEprvio U3
OKpY)Karolllel cpefibl MOXKHO TIONYYUTh Oe3TOTVIMBHO M B HEOTPaHWUUEHHOM O0b&Me, WCITOJb3ys
OYeHb MPOCThIE CMIOCOOBI.

[Touemy (pU3MKK-TEOPETUKU He MpU3HaT Jpup? Vnu He MPU3HAIOT, UTO DPUP MOXKET IOMOUYb
HaM CO3[laTb HOBble TEXHOJOTWM TIOy4YeHUsi SHEPruM WM HAyuyuTbCs IepeMeLaThCst
B3MpocTpaHcTBe 0e3 WMCIO/b30BaHUsI PAKeTHBIX ABUraTenel? Bcé neno B TOM, UTO TeOPETHKH
COBEpIIAIOT [Be OIIMOKM - MeToAudeckyro W ¢uiaocodckyto. OpHa COCTOUT B TOM, 4TO
BellleCTBEHHbIE Tejla B UX TEOPHUSIX BBIVIAAAT KaK TOUKH, OOBEM KOTODPBIX paBeH Hy/o. Bropas
ommMbKa COCTOWT B TOM, UTO OHM OTPULAIOT D(UP WM He TMPU3HAIOT, UTO OH HAXOAUTCS IO[
BBICOKUM JlaB/ieHHeM. A 3TO TIPUBOJUT K TOMY, UuTO Oapuueckasi 3Heprusi B ypaBHeHUMd bepHysmm
OKas3bIBaeTCsl PaBHOM Hy/mM0. BOT 1 mosiyyaeTcst ype3aHHbIM BapyMaHT 3aKOHa COXpaHEHHs! SHePruH,
OTUPAsiCh Ha KOTOPBIA KOMUCCHS TI0 60pb0e € JhKeHayKoi THOOUT BCeX YUEHBIX, KOTOPhIE TIHITAFOTCS
pa3BuBaTh TeMy Odupa.

Haxke Tako¥ BbiZaroLuiics yueHbld kKak B.C.JleoHoB, co3parenb Teopun CyrnepoObequHeHus,
n3o0peTare/ilb KBAaHTOHHOTO [JBHUraresisi C OOJBLION TATOM, COOpaBILMWI €ro MPOTOTHII, TIOTYYH/I
omiyn oT PAH, Tak Kak ero Teopusi NMpU3HAaéT, UTO KBAHTOHHOE TI0/ie HAaXOAWUTCS TI0J, CaMbIM
BBICOKMM TMOTeHIMasoM. A odulManbHasg ¢u3MKa rpusHaeT 3a (M3MYeCKUM BaKyyMOM TOJBKO
Hy/eBoi moTeHMas. Ho, Kak Bbipasusicsi AsiekcaHip bepexxkHoil, B TIpUpojie OTpHLIaTeNbHBIX
BEJIMUMH He ObIBaeT, Kak He ObIBaeT OTpHLIATe/IbHBIX [jaB/ieHni B Dpupe Ui WHOU cpefie — BOJie U
BO3ZyXe.

YpaBHeHue [lanuuna BepHy/nnu mokasbiBaeT, UTO MPU YBeIMUEHUM CKOPOCTH BelljeCTBa U
5(GHUPHOTO TOTOKA ITOHW)KAETCS CTaThueckoe naBieHWe Odupa. DTOT 3aKOH HUMeeT BCeoOIIuit
xapakrep. Harmpumep, nBa Kopabiis, [BUrasich Tlapasiie/lbHbIMU KypcaMu, 00si3aTe/IbHO CTONKHYTCS
6opramu. Ecmu nofyTe MeXay ABYMs TMCTaMH, TO OHU C/IMIIAIOTCS, a He pa3xofsaTcs. HepaauBbix
rpaxjaH noesy, «CaricaH», MPOCKaK1Basi HA OTPOMHOM CKOPOCTU MHMO BTOPOCTEeIeHHbIX BOK3asl0B,
niprcacbiBaeT K cebe, ybuBasi ux. Tor k1o myctun «CaricaH», HO He OTTOPOAW/I €ro OT JIFOeH,
caMmblii HacTosiui yowiina. He3HaHue 3akKOHOB (U3MKM He OCBOOOXK/IAeT OT YroJIOBHOM
OTBETCTBEHHOCTH.

[ToBTOpUM ILIKO/MBHBIN Kypc ¢u3uku. [To Gokam mr060ro Tesa, ABWXKYLIEroCs B CIUIOIIHOMN
cpege — rase, Boje wiu Odupe, Tam, Te eCTb JaBjieHue, BO3HMKAIOT MOrpaHWYHbIe C/IOH, B
KOTOPBIX CTaTUuYecKoe JaBjieHWe OKpY’Kalollleil cpelbl MOXKET pe3KO CHMXKAThCs. VI CHUKeHue
JlaBlIeHHsI 3aBUCUT KakK OT TUIOTHOCTH OKpY’Karollel cpefibl, TaK U e€é OTHOCHUTEeNbHON CKOPOCTH.
[TajeHue faByieHUsT OT CKOPOCTH 3aBUCUT B KBajpaTe, a OT IUIOTHOCTH JiIMHelHO. Harpumep, mo
[ITaybeprepy Ooree xosiofiHasi TJIOTHasE BOJ@a 10 HOYaM MOIJIa BOPOYATh OTPOMHBIMU KPYT/IBIMH
BaJ/lyHaMH, HO JIHEM, KOT7ja TJIOTHOCTb BOZbI CHW)Ka/ach, BOJja Y>Ke He MOIJIa OTOpBaTh BaJiyH OTO
nHa. [TpakTruuecku BCE, UTO KacaeTcsl BOJbl UMeeT OTHOLIeHUe U K DPUpy.

W3syuass O¢up, NpUXOAUTCs 3alyMaThbCsl HaJl POCTBIM BOIIPOCOM - B UéM CMbICT »KU3HU? OH
COCTOHUT B TOM, UTOOBI co3/jaHHast I(UPOM pa3yMHasi )KU3Hb Hauajia TPAaTUTb CBOIO SHEPTHI0 He Ha
TIO/TyueHre Y/I0BOJILCTBUS OT JKU3HH, Mapa3uTHpys Ha 1o6pote S¢upa, a Ha 0CBOeHUe TailH J¢wupa.
YroObl TOHSTH, UTO MbI JFOAU cocTouM U3 Idupa. UToObl moHsATE Kak CosHile BbIpabaTbiBaeT
JHEPIHI0, YTOOBI IOBTOPUTH 3TO B MPOCTOH JlabopaTtopuu. UToObI HauaTh 0CBaMBaTh KOCMOC, JIETATh
K 3Be3/jaM U TajlaKTUKaM Ha 3(GUpHBIX ABWKUTeNsX. UToObl ymMeno pasmenutb cdepbl oOUTaHUS
JIOfeld M >KUBOTHBIX, UTOOBI M30aBUTH 3€MJIFO OT [OpOT, BBIPYOOK JiecoB, [JOOBIYM TIOTe3HBIX
WCKOTIaeMbIX, ypoayrommx 3eMato. UToObl 3aKphITh aTOMHbIE, yrojibHbIe, ra30Bble, Ma3yTHble U
npouue 37eKTPOCTaHL[MM, B TOM YMCJ/ie U OCHOBHYIO YaCTh BeTPSIHBIX U COJHEYHBIX T'eHepaTopOB,
ub0 3TM CTaHLMM He TIO3BOJISIIOT CO3[aTh HY)KHBIM TpajueHT [aBieHusi Ddupa WIA WHOU
OKpy>Katorelt cpezibl. U moatomy HepeHTabe/IbHBI U HUKOT]A He OKYTISITCSL.
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PaccmoTpum B3aumo/eiicTBue Bpaiaroijerocsi tena ¢ 3cdupom (Puc.2). BpaijeHue — 3T0
OCHOBHOM THII IBWKeHUs1 BO BceneHHoil. [TycThk TakuM Tesiom OyzeTr 3emsis, Haitia [1aHeTa.

Ha sTom pucyHKe (puc.2) MoKa3aHO, KaK Bpararoiasi 3eMist CO3aéT BOKPYT cebst 3(hHpHBIiA
BUXpb. Csioii D¢upa, HENOCPeACTBEHHO MpHUerarluil K MOBepPXHOCTH 3eMJM, UMeeT CKOPOCTb
PaBHYH0 CKODOCTU [IBW)KEHMSI TTIOBEPXHOCTH 3eMJ/IM, TaK KaK OH KDEeINKO MpWXKaT K MOBEePXHOCTU
3eM/IM TPaBUTALMOHHBIM moneM. Crefyrolyi CI0M UMeeT Y)Ke MeHbLIel0 CKOPOCTb W MO0 Mepe
yAaseHust 0T 3eM/IM CKOPOCThb BpallleHHsl 3(PMPHBIX ITOTOKOB BOKPYT 3eMJ/IM YMeHbILAeTCsl, BIJIOTh
[0 Hy/si. OTOT Kpyroobopotr Odupa BOKPYr 3emM/id MPUBOJUT K TOMY, UTO 0 Mepe yAasreHHsl OT
TOBepXHOCTU 3eM/u fapjieHue Odupa TMOBBIIAETCS, CKOPOCTh MOTOKOB Jdrpa BOKPYr 3eM/u
rajZiaeT, r0O3TOMY I10 3akoHy [l.bepHy/niu pnaBieHue aBroMartvuecku Bo3pacTaeT. C HM3MeHeHueM
JlaB/ieHUs1 BOKPYT 3eMJ/IM TeCHO CBsi3aH TaKOM NapaMeTp Kak rpaJiueHT jaBieHusi J(pupa, KOTOpoMy
NpsSIMO  TIPOTIOPLIMOHA/IEH TaKoW TI0KasaTelb Kak JIOKaJbHOe yCKOpeHWe CBOOOZHOro TiafieHwus,
MaKCUMasbHOe y TIOBepXHOCTH 3eMaM. Ha pucyHKe mokasaHO, Kak TpajiveHT JaBieHusi Ddupa
CHWXKaeTcsl 0T MaKCMMYMa K HYJIIO 110 Mepe yZaleHUs OT 3eMJId.

[Ipy 3TOM, BHO/MIHE BO3MOXKHO, UTO IJIOTHOCTb O(Hpa HEMHOrO yBe/JUUMBaeTCs M0 Mepe
nipubsKeHust K 3emse, ©00 rpaZiieHT AaBneHust Ddupa 3actapisieT IPUP He TOMBKO BpallaThCs
BOKPYT 3eMJ/Ii, HO U CTPEMUTHCS K 3emsie BOMb paguyca. VIMeHHO 3TOT NMOToK Ddupa NprKuMaeT
BCe Tejla K IOBEePXHOCTU 3emyd. BennuvHa mnpwKyMa Tesla K IOBEPXHOCTHA 3eMJ/IM Ha3blBaeTCs
BECOM.

B cuny Toro, uTo rpajvieHT JaBiaeHus Dpupa UMeeT LieHTpajbHOe HalpaB/ieHre, TO B KaXI01
TOUKe 3eM/IA JelCTByeT cwia TsokeCTH. HO CymMMapHBIM BeKTOp BCeX CWJI TSDKECTH paBeH HYJIIO.
[Tpu 3TOM 3emsist 3TUMM TpajueHTaMu Kak Obl 3arupaeTcsi B CBOeoOpa3sHOM KOJIO/Lle, KOTODBIi
Ha3bIBAeTCs TPAaBUTALJMOHHBIM KOJIOLEM.

[To cytn, B 3TOM U cocTouT rnpupoza rpaBuraumu. Co3zatesneM 3¢HPHOM BUXPEBOM Teopuei
rpaButaiuu siBisietcsi Cepreii OproB, paboTel KOTOpOro [JaBHO pa3bpocaHel 1o VHTepHeT-
pecypcam, HauuHasi ¢ 2001 roga. OpmHa M3 CTared  pacriojio)keHa  T0  ajpecy  —
http://www.sciteclibrary.ru/texsts/rus/stat/st1412.htm.

Tak uro BnacoB B.H He siBnsieTcsi aBTOPOM 3TOM TEOPUM, HO eMy YZaroChb IO pe3yabTraTam
pabotbr OpsioBa TIOHSITH MHOTOE [pyroe, TIOHATh KakK 3acTaBUTh paboratb O¢up Ha Omaro
yesioBevyeCTBa.

Het HEeoOX0AUMOCTH CreranbHO SdrpoaHaMUKY Ha3bIBaTh I'papueHTHOM
OdvpoaHAaMUKOM, TaK KakK IpU HaIUuuMy MepeMmelleHdss Wid (OpMUPOBaHUsl BUXpsi O¢up
00s13aTesIbHO CO3/]aéT TPaJJeHT CBOETO /IaB/IeHMSI.

AHanorom rpaBuTallMM B aTMocQepe SIBAsIeTCS TOPHAZ0, a B BOZe — BOJOBOPOT. M3yuas
TOPHAZI0 ¥ BOZOBOPOT MOXKHO MPOILle CMOTPETh Ha FPaBUTALIMIO.

bnarogaps 3¢vpHOMY BUXPIO BOKPYT KOCMHUUYECKOTO Tesa, UMEIOL[ero rpaBUTaljMOHHOE TOJIe,
co3zmaéTcs cBoeoOpasHas JUHaMHUUecKasi BaKyyMHasi 3MpHasi JIMH3a, KOTopasi B TVIOCKOM CeYeHUH
BBIIVISIZIUT [IPYMEPHO TakK:
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3enéHbIN 1[BeT — 3TO 00s1acThb, TAe JaBjeHue J¢pupa CHWKeHO. VIHTEHCHMBHOCTL 3e/1EHOr0
1[BeTa MOKa3bIBaeT IyOMHY BakyyMma (CHWKeHHs1 faBjieHus1). CepbIM I[BETOM ITOKa3aHa 00/1acTh, B
KOTOpol JaByieHre Odupa Oosee BbicOKoe. O06aCTh 3Ty MOXKHO Ha3BaTh 3(UPHOM BaKyyMHOM
mn30i. [Ipy nHOM criocobe oToOpakeHus 3Ta 30HAa HA3bIBAETCS TPABUTALIMOHHBIM KOIOALEM. JTa
JIMH3a eCTb BOKPYT JIF0OOTO BpAILAlOILErocss MaTepuasbHOro obbekTa B Jdupe, HauuHas C
3¢upoHa, MPOTOHA U 3aKaHUMBasi TajlakTUKaMU U BCeJIeHHBIMU.

bnaropapsi 3¢upHOI BaKyyMHOW JIMH3e caM >kKe OD¢up, HO TepeMellaroluics C MeHblen
CKOPOCTbIO, PACIIO/IOKeHHBIN AUCTa/bHee, JaBUT Ha IJlaHeThbl, 3aCTaB/isAs UX «MaZaTtb» Ha CosHie.
Ho nipu 3TOM crivpasibHbie OTOKM J¢upa 3acTaB/sIOT I/IaHeThl, Kak TeJla C IJIOTHOCTh HIDKe, 4eM
y Odwupa, Bpamarbcsi Bokpyr CosHua. [lpu BpaijeHuu miaHeT BOKpyr CosHIja c037aéTcst
L[eHTpoOe)KHasi CUJla, KOTopasi ToKe MMeeT 3(UPHYI0 TIPUPOAY, TaK KaK y MOBEPXHOCTh TIaHeThI,
pacnionioxkeHHoit Ommke kK CosnHLy, JaBneHue Odupa OKasbiBaeTcsi Oosbllie, uYeM Ha
TIPOTHUBOTIONIOKHOW TOUKe TIaHeThl. [10siB/IsieTCst rpa/ijueHT JiaB/ieHusl, KOTOPbIN 3aBUCUT OT pa3Mepa
TeJla ¥ ero CKOPOCTH 110 opbuTe BOKpyr CosHIIa.

I'paBuTalMOHHAsA BaKyyMHasi IMH3a U eCTh TO CaMOe UCKPUBJIEHHE «TIPOCTPAHCTBa», 0 KOTOPOM
rOBOpWI, OIMOasich, OWHINTEeHH. XOTS WCKPUB/SETCS He TPOCTPAHCTBO, a TOJSPU3YeTCs
chepuuecku bapuuecku JPUp, CHIXKAETCS ero /laB/ieHre 10 U3BeCTHOMY BCeM, KDOMe aKaZIeMHKOB,
3akony /l.bepHy/ui. Bnaromapst 6apuueckoit monsipusai OGUp B HEMOCPEICTBEHHON OM30CTH
crocobeH UCKPUBIIATE Jiyu cBeTa. CBeT - 3TO MaTepua/ibHbIA 00beKT, JBMXKYIIUNCS CO CKOPOCTBIO
cBeta, rposietast Bo3sie ConHIja, OH OyzeT ABUraThCs 1Mo rurnepbosmueckoii opoure, rapameTpbl
KOTOPOI MOKHO JIeTKO paccuMTaTb. A C /Ipyroll CTOPOHBI 10 BeMUMHe OTKJIOHEHWs jyda CBeTa
MOJKHO OLIeHUTb HeKOTOphbIe rapameTpbl Ddupa.

Bn BceneHHolt MHOro mapHbeIX o00bekToB. Haripumep, MOXHO YBUJETb [Be psiIoM
PAaCIOJIOXKeHHBIX TaTaKTUKU WK ZiBe 3Be3Abl. [IpuuéM BUIHO, UTO BEIECTBO M3 OHOTO OOBEKTa
riepeTeKkaeT B ZIpyroil. OTO BO3MO)KHO TOT/a, KOT/ia /laB/lieHre B OJHOM 00beKTe MeHbllle /1aBleHus B
apyrom obbekre. Ilonmywaercs, uto 0ObeKT, B KOTOPOM cpefHee faBieHHe Odupa MeHbIIIe,
3acachiBaeT BTopoi 00beKT. Tak UTo He UCK/II0YeHO, UTO uepe3 HeCKObKO MUIIMAp/0B JIeT U3 JIByX
rajlakTUK — Harlei ['alakTHKU ¥ TYMaHHOCTHA AH/ZIPOMe/IbI, JIETSIIUX HaBCTPeuy ApyT Apyry, OyzaeT
CO3/IaHa OJ[HA e/IMHasl TajlaKTHKa. U eIlé He U3BECTHO, KTO B 3TOM COPEBHOBAaHWU TIOOE/IUT.

AHanu3 rpaBUTALUY MOKa3bIBaeT, UTO B Hel [IeHCTByeT MpaBuIo — Bacca/l MOero Baccaia He
Mot Baccan. To ectb, 3emsst Bo3jeiicTByeT Ha JIyHy, a BoT CosHlle Bo3ZielicTBoBaTh Ha JIyHy, MoKa
OHA HaXOJWUTCS B TPaBUTALIMOHHOM KoJiofle 3em/id, He MoxeT. [ paBUTALIMOHHBIN Koozel] 3eM/u



samuiaet JIyHy ot BausHusA CosnHua. Takke sicHO, uTo CoJiHLIE «TIPUTATMBAET» IJIaHeThbl, a BOT
TUTaHEeThl «TpUTAruBaTh» CosHile K cebe He MoryT. Hy He MO)keT Kakasi-To Oykalika 00aThCst C
HOCOPOroM. MOIITHOCTH TPaBUTALIMOHHBIX BUXPeH IJIaHeT Ha 3TO He XBaraeT. TyT SIBHO HapyllaeTcst
OJVH 13 3aKOHOB HbroTOHA. V1 He ofjH aka/|leMUK-TeOpeTUK U JjaXke MPAKTUK TaKyl HECTBIKOBKY He
3aMeyaer.

HeonHOPOAHOCTE TPaBUTALMOHHOIO MO/ Y TMOBEPXHOCTHM 3eM/IM T03BOJIsIeT CO37aBaThCs
obsakam, (OpMHpYeT pPa3HOCTh IIOTEHI[MA/JIOB B Ppa3HbIX TOYKAX aTrMOC(ephl, UTO SIBJISETCS
nipuurHoi MostHUM. CIIIA, nmes HAARP Ha Ansicke, B Tioc/ie/iHee BpeMst MHOTO cebe T03BOJISIOT,
BO37IEMCTBYsI MUKDOBOJHOBBIM U3MyueHWeM Ha armocdepy 3emau. OJHOBpeMEHHO OHU
BO3/IEICTBYIOT U Ha rPaBUTALIMOHHOE Tosie 3eM/d. A Mbl [I0TOM YJWB/SIEMCS], TIOUeMY TPOCHY/ICS
By/JIKaH, Hadajachb 3aCyXa WIM TMOLUIA TPOJIVBHbIE [AOXKAW, a TI7e-TO MNPOUCXOAUT CUJIbHOE
3emsierpsiceHre. HeobOxogumo uepe3 OOH 3amperuts CIIIA 3KcrtyaTHpoBaTh 3Ty CTaHLUIO,
KakuMu Obl 6y1aroBuHbIMU nipeioramu CIITA He TIPUKPBIBAHCh.

ONeKTPOCTaTUUeCKoe rosie 3eM/M eCTb MPOCTO Jpyras MIOCTach IPaBUTALMOHHOIO MOJIS,
TOJIBKO B KauecTBe TMPOOHOTo Teja /il ero M3y4yeHusl MPUXOAUTCS HCIOJb3bIBaTh HE MacChl, a
3apsUKeHHbIe TeJia.

Bokpyr m000ro BpalljaroIerocss Wik JBWKYIIErocs Mo MHOW JTMHUM MaTepyuasbHOTO 00beKTa
(Odup sT0 TOXKE Marepusi, KaK U BeIeCTBO) CO3/aéTCs CBOSI BaKyyMHas JivH3a. [1o3ToMy BOKpyT
3GUpPOHOB BaKyyMHasl J/iMH3a HeOosblIoro 00béMa, HO TIIyOMHAa Bakyyma Tam Bbime. Ha
COBpEMEHHOM 3Tarle HayYHO-TeXHWUYECKOrO Pa3BUTHS AJisl Bbie/eHUs] OJHOr0 3()MpoHa He XBaTUT
SHEpreTUYECKUX PeCypCoB BCEro yejoBeyecTBa. A KOrja OHU TOSIBSITCS, TO TOMBITKA BbIJJ€/TUTh U3
Odupa oTraenbHbIM PUPOH MOXKET 3aKOHUUTCS YHUUTO)KEHHWeM He TOJIbKO Halllell COTHeuHOM
CHCTEMBI, HO ¥ BCel ["'ajlakTHKH, eciv He OoJbiie.

ITO K TOMY, UTO M3y4aTh (PU3MKY C MOMOILIbIO KOJIJIaii/IepoB KpaiiHe OMacHO M Hepa3yMHO, Kak
¥ pa3buBaTb OpexW OrPOMHBLIMU BajayHamH. [l u3yuyeHusi (U3MKM €CTb MO3T M TIPOCThIE
(usnyeckue sKcriepuMeHThl. VHaue TIPUZETCS MPBITaTh, TIPbITaTh U MPbITaTh 3a OaHAHOM, XOTS €ro
MOXKHO [JOCTaTh TaJKOW, KOTOPYIO 3a00TIMBO OCTaBW/ 3KcriepuMeHTarop. Co3aaresib 3TOro0 Mupa
OCTaBWJ/T HAM MHOKECTBO TIOZICKa30K OyKBa/JIbHO Ha KaXKZ[OM Liary.

Tak Kak Bce Bpaliarwolmecs OOBEKTbI OKPY)KEHbl BaKyyMOM (OGHUPOM C TMOHMWKEHHbIM
JlaB/ieHeM), TO CTAHOBUTCSl SICHO, KaKWe CHJ/Ibl 3aCTaB/SIFOT BeL[eCTBO ObITh Kperue CTasiu.
BeliecTBo Kpemko BaKyyMOM BOKPYT CBOMX aroMoOB, MO0 OKpyKawolui BelriecTBo Jdup
C/IaB/IMBaeT BEILeCTBO B CBOMX Kpemnkux 00bsTHsX. [TosmyuaroTcst cBoeoOpasHble MarzeOyprckue
TMOJIyIIapHs.

Ho HaubGosiee WHTepeCHbIM B TpaBUTAlMM SIB/ISIETCS TPaJueHT faBieHusi Ddupa Ha
TIOBEPXHOCTH OOBEKTOB C TPaBUTALIMOHHBLIM TI0/IEM, KOTOPBIN 00sI3aTe/IbHO ZI0/DKEH BpaljathCs. Y
He Bpalarolerocs o0BeKTa TIpaBUTAlMOHHOe Tiofe caaboe, pACIpPOCTpaHsIeTCS Ha OueHb
HeOOoJbIIe PACCTOSIHUSA, @, BO3MOXKHO, TDAaBUTALIMOHHOE I10jie OTCYTCTBYeT. OTOT TPaUeHT
SIBJISIETCSI  CBOEOOpa3HbIM T0JJapKOM TIPUPOABI, KOTOPBIM MOXKHO WCIIO/Ib30BaTh KaK HOX [IJist
peleHust TeX WK UHBIX 3a/jad.

Paccmotpum Haie ConHie. BHyTtpu CosHile, ckopee BCero, X0/a0[HOe, TaM eCTb MOIIHBIN
3bUpHBbIN BUXPb, BHYTPU KOTOPOTO W3 3(UPOHOB CO37AIOTCS MPOTOHBI. [IpeKpacHOW Moje/nbio
nr000i 3Be3/bl SIBJISIeTCS 1mapoBasi MoyiHUs. [1o myTn Ha moBepxHOCTh COJHIIA U3 [IBYX MPOTOHOB
MOXKET CO03[aThbCsd MoJsieKyna Bogopoga. Ho Korga Mosekysna BOJOpOJa OKasblBaeTCsl — Ha
noBepxHocTy CoJiHIja, TO OHA MOABEPraeTcsl pacTAruBaroIeMy BO3/eHCTBUIO TPaiieHTa J1aB/leHus
Odupa, c ogHOM CTOPOHBI, a TaKXKe BO3/EWCTBUI0O BeKTOpa YMoBa-IIOWTHWHrA, KOTOPbIN
dopMupyeTcsi Kak BEKTODHOe TIpOM3Be/leHHe HampshKEHHOCTU —3/1eKTPUYEecKoro TIoasi Ha
HarpspKEHHOCTh MarHUTHOTO T10JIs1, KOTOPble UMEROTCs1 Ha ToBepxHOCTH CoHIIa.

Hanee oTaenbHbIe aTOMbI BOJOpOo/a (MIPOTOHBI) MOMA/jal0T B KOPOHY, TZle BeJIMUMHA rpajiieHTa
naBneHuss Odupa U BeKTopa YMoBa-IloMTHHHra 3aMeTHO MeHblile, ueM Ha roBepxHOCTU CosHIa.
[TpoToHBI 00BEAWHSIIOTCS B MOJIEKY/bI BOZOpPOJA, cOpachiBasi TPU 3TOM CBOW 37eKTPOHBI. C



3/IEKTPOHAaMH OT aTOMOB YXOJUT TeIul0, KOTOpOe HarpeBaeT KOPOHY. B 3TOM M COCTOUT CyTb
TepMosiZiepHOM peakiivy Ha CosHIle. DTy CXeMy MOYKHO JIeTKO pean3oBath Ha 3emsie. UTo KacaeTcs
re/vsi, TO OH TPH 3TOW peakLWH SIB/seTCs MoOOYHbIM MpoAykToM. Haripumep, coeivHWIMCH [Ba
JlenTepusi, OMYUYUIICS CBEPX TSDKEJbIA BOJOPO/I, KOTOPbIM JIerKO MOXKET CTaTh aroMoM renus. He3
7ierko obpasyeTcsi pu CoOeIMHEHUH TIPOTHS C AeHTepreM.

CosHLIe — 3TO UCTOUHKMK He TOJIbKO CBeTa, Teljla U MacChl pa3HbIX U3/1yueHHH, HO 3TO, Ipex/e
BCero, UCTOUHWK ((pabprka) MPOTOHOB, KOTOpBIE OHO CO3JAET B CBOMX IIyOMHaX W3 3(UPOHOB.
ITpoTOH — 3TO pa3AyBIIMKICS OT rOPAOCTU 3(UPOH. DJIEKTPOH — 3TO TIPUCOeIUHEHHBIN (PUPHBIT
BUXPb TPOTOHA. JTO T'PaBUTAL[MOHHOE TOJie MpPOTOHAa. HeMTpOH — 3TO BCE TOT K€ 3/1eKTPOH,
KOTODBIH JIUIIIAeTCSI CBOEro TIPOTOHA, MO0 M0 TIpUYKHe TIpeBpallleH s IPOoToHa 06paTHO B 3(MPOH,
b0 TIPOCTO OTTOrO, YTO Kakas-TO MoIHasi (OTHOCHUTE/NbHO) Cula BLIOMBAeT TIPOTOH U3
3JIEKTPOHHOK (TpaBUTAI[MOHHOM) 00070uKH. OCBOOOKIAEHHBI OT IMPOTOHA 3/IEKTPOH HAuWHAEeT
CKAMAThCsl OKpyKaroluM Ddupom u B TeueHHe 15-20 MUHYT Mcye3aeT, MOpPOXK/asi OCPeiCTBOM
3¢ dekTa XbICTa HECKONBbKO BUXpeH, KOTopble (M3UKM Ha3blBalOT HeUTpuHO. Ilonmyuaercs, yto
riepeyeHb 37IeMEeHTapHBIX YacTUL] HeOOMbIIolH — 3QUPOH, (OTOH, MPOTOH, /I€KTPOH, HEMTPOH U
HelTpuHO. BCé ocTanbHOe, BblZlaBaeMoOe 3a YaCTUIbl — 3TO TMPOCTO MepexoiHble (POPMbI OFHUX
BUXpell B fpyrve. B oTHoueHuun ¢oTOHa ecTb TOAO3peHHe, YTO 3TO BCE TOT e 3(UPOH, HO
Bpalaroiuics ocobbiM obpa3om. Korga ¢hoTOH racHeT, TO TOPOKAAMOIMIUNA ero 3hHUPOH ITPOCTO
BCTpaMBaeTCs B 00LMIA MacCUB 3(DMPOHOB, PaCTBOPSISICh TaKUM 00pa3oM B Ddwpe.

CrniycTuMcs Terepb C KOCMUYeCKUX BBICOT Ha Hailly 3emsto. Ha [1naHeTe ecTh cuia TsHKeCTU U
cua TpeHusi. [Ipuuém cuia TpeHHs 3TO TOKe Cuja, co3gaBaeMast Opupom. V6o 6e3 CUibI TsHKeCTH
CWIbl TpeHUs1 He ObuIo Obl. C IPDYTOM CTOPOHBI Ha MOBEPXHOCTH JFOOOTO Tesia eCTh MOrpaHuYHBIN
CJION C TOHWKEHHBIM CTaTHUeCKUM JlaBjieHreM D¢upa. ITO NPUBOJUT K TOMY, UTO TeJlo, JiaBsiijee
Ha JIpyroe TeJio, TIPWIUIAeT K Hemy, Oy/[yuu MpHuaB/ieHHbIM OKpPY KaroIiuM J(HUpOM, HO UMEFOIIM
Oostee BbICOKOE ZiaBiieHHeM. DTO BCE TOT ke 3¢ deKT MargeOyprckux mosyrnapuid. [1o 3Toit npuurHe
KYCOK ’Kejie3a MprKumaeTcs K MarHuTy. He nputsarvBaeTcsi, a, UMEHHO, TIPUKUMaeTCsl.

[ToBepXHOCTHOe HaTsHKeHUe >XUJKOCTel Takke umeeT 3¢(upHyro npupony. Ho y kaxzoit
YKUIKOCTH CBOM XapakTep. Ocob60ro BHUMaHHUS 3aCTy>KUBAeT PTYTh.

Hekoropble MeTa/ibl 0COOBIM 00pa30M B3aMMOZEHCTBYIOT C OKpYXKaroIuMm O(upom. ITo
ese30, Meib, cepebpo U 30710T0. Kesie30 UMeeT CPOZICTBO K MarHUTHOMY TIOJHO, @ Me[[b, Cepebpo U
30JI0TO JIETKO TIPOBOASAT 3/IEKTPUUECKHI TOK. XOTsS M0 O0/bIIoMy CUéTy 0C000M pa3HHUIIBI MeXAy
MarHUTHBIM TIOTOKOM U 37IeKTPUUeCKUM TOKOM HeT, pa3/IMuusi 3aK/IF0UaeTCsi TOMbKO B 0COOEHHOCTh
CTPOEHHs1 CUJIOBBIX JIUHUM. ECTh mpe/inosioxkeHre, UTO MarHWTHasi CU/I0Basi IMHUSL — 3TO CIIUpasb,
CoCTosILiasi U3 CIKMpasy, a Ta B CBOIO Ouepe/ib COCTOUT U3 cnupasau. PpakTanbHOCTb B CAMOM SIPKOM
BUJIE.

Mkl B cBOeli MpakTHKe yaCcTO UMeeM JieJi0 C TMPOCKONaMd M MaxOBUKaMu. MaxoBUK — 3TO
TOXKe Bpallatoieecs Teso. [103ToMy y MOBepXHOCTH Bpalljarollerocss MaXxoBUKa CO3/aéTcsi CBOE
rpaBUTAI[MOHHOE T10Jie, CBOM TOTPAaHUYHBIM CJIOM C TIOHW)KeHHbIM JlaBjieHreM Odupa. biarozaps
yeMy MbI IMeeM 4eCThb HaO/roaTk rupockoryeckue 3ddektel. OquH 13 3¢ deKToB — mpereccus,
KOTJla MaxOBHUK WM TUPOCKOIN C BEPTHMKAJbHOW TUIOCKOCTHbIO BpallleHWs HauuMHaeT BpallaThCsi
BOKDYT' BEepPTMKa/JbHOW OCH. OJTO TPOUCXOAUT TOTOMY, UYTO B 3(HUPHOM BUXpe, CO3[aBaeMbIM
MaxOBUKOM WM THPOCKOINOM C O/HOM CTOPOHBI MaxOBHWKa TMOTOKM J@upa ABUTAOTCS B OJHOM
HarpaB/ieHUM C MOToKaMK O¢upa rpaBUTALMOHHOrO Mosisi (faBneHue O¢upa MOBBILIAETCS), a C
JIpPyroil CTOPOHBI MOTOKK J¢upa ABUTAOTCS HaBCTpeuy MOTOKaM D@upa rpaBUTALMOHHOTO OIS
(naBnenue Ddupa TOHMWKaeTcs1). B pesynbrare mMosiBAseTCs TpajueHT JaBieHust O@upa,
HampapB/eHHbI TOPU30HTAIbHO, 3aCTaB/SIOLIMN MaxOBUK (TMPOCKOI) BpallaThbCsi BOKPYT
BepTUKalbHOM ocu. HampaBneHve BpallleHWss BOKPYT BepTHMKAJAbHOM OCH  OIpeJesiseTcs
HaripaB/ieHHeM BpallleHUs] MaXOBHKa (TMpOCKoTia) BOKPYT CBOel rOpU30HTa/IbHOM OCH.

[pyruM TrUpOCKONMUecKUM 3(G@eKToM SBISeTCS CIIOCOOHOCTh TUPOCKOMA  «JeprKaTh»
TUIOCKOCTh CBOEro BpAIlleHUs TIPU JIFOOBbIX U3MEHEHUSIX ero IoJIoyKeHHsl. DTO CBSi3aHO C TeM, UTO



BpALIAIOLUNACA THUPOCKOI CO3[aéT Ha CBOEM TMOBEPXHOCTH TOTPAHUYHBIM CJIOM C BBICOKUM
rpajIieHTOM JlaByieHus Ddupa, B KOTOPOM JapjieHne JDdupa CHIKEHO, TaM 0Opa3yeTcss BaKyyM.
[To3TOMY OKpY)KAIOI[Wi, HO HEMOJBW)KHBIM OGUp CJaBIMBaeT ¢ 000MX CTOPOH BpAaIIlAIOIUHCS
TMPOCKOIT U He T03BOJIsieT M3MEeHUThCS TJIOCKOCTH BpalljeHus], [0Ka YIVIOBasi CKOPOCTh BpalljeHus
TMPOCKOTIA TIpeBbILIaeT HeKYyr0 MOPOrOBYH0 CKOPOCTb.

JlokazaTebCTBOM CYIIleCTBOBaHUS Odupa sBiseTcs Mr000H 371eKTpoaBHUrartens. Haue
NpUAETCS TPU3HATh, YTO JBUrare/b BpaljaeT Heyucras cuia. Cygure camu, TOK B pOTOpe TeUéT
BJIOJIb DOTOpa, a CWia, KOTOpas CO34aéTCsl Yy KaK[Oro MpPOBOJHMKA pOTOpa, Harpab/ieHa
nepreHIuKyaspHo paauycy. [To Teopuu HeroToOHa Takoro ObITH He MOXKET. A BOT 1o Teopur Ddupa
MoxeT. Boobije, mobasi cuma, KOTopasi pAaCcCUMTBHIBAeTCS KaK BeKTOPHOE TIPOM3Be/ieHHe
HarpsUKeHHOCTH 3JIEKTPUYECKOTO T0JI Ha HarpsyKEHHOCTb MAarHWTHOIO TIOJS, SIB/ISIETCS CaMbIM
Har/IsSIHBIM [J0Ka3aTe/bCTBOM CylilecTBOBaHMsI O¢upa. Jloka3arenbCTBOM CyleCcTBOBaHMsI Ddupa
SIBJISIETCS MAarHUTHBIE WX 37IeKTPOCTaTUuUeCKUe 1moJist. IGUp opraHbl 4yBCTB He BOCIIPUHUMAIOT, HO
nipubopbl Ha DGUp U ero KosebaHusi pearupyroT. Hy>kKHO TIPOCTO aZieKBaTHO OLIEHWBATh IMOKa3aHUSI
nipubOpoB U Toraa OyzeT BCé B MOpsiZIKe.

E.M.ABIIapoB co3jan Jjisi PerdcTpalyyd TOoTOKOB Odupa HeCKoJbKo TpubopoB. U, ckopee
BCEr0, 3TH MPUOOPBI PErUCTPUPYIOT TIOTeHI[an (AaByieHue) Ddupa B KOHKpeTHOM Touke. Takke u
O.Beqynu wMen TPUOOPHI [JIT PErvucTpaldyd ToTeHI[Hana Odupa, OAWH W3 KOTOPBIX OH
JIeMOHCTPUPYeT B OZJHOM U3 CBOUX POJIUKOB.

Emé ogHuM rupockonuueckuM 3¢@deKTom siBiseTcs HyTalusi. Eciu mpu BpaljeHUM BOIUKa
OTKJIOHWTh OCh Bpall[eHHsl, TO OHA 4Yepe3 HeCKOJbKO 00OPOTOB BEPHETCSI B MpekKHee TOJIOKeHHUe.
Bo3Bpaijaer och BOMUKa B MpeXHee MOJIO)KeHWe OKPY)KAloLIWM, HeroABWKHBIA WX MeJIeHHO
nepeMeriatomuiics O¢up, Omarogaps cBoeMmy 0Oosiee BBICOKOMY JAaBieHuto. Ilo  cyTy,
rpaBUTALIMOHHOE T0JIe BOJTYKA He M03BOJIsSieT 0CH BO/TYKA OTK/IOHUTLCS TPY BHEIIIHEM BO3/|€HCTBUM.
O6 3ToM 3¢ deKTe peKpacHO 3HaeT JIF0OOM BeJIOCHUIIeIUCT, KOT/la C/ierka HaK/IOHsSeT BeJoCUIIe] B
OfHY "3 CTOpPOH. BMmecto TOro, utroObl TazaTh, BEJIOCHIIEZ, CaM TPUHMMaeT BepTHUKaJbHOe
TI0JIO’KEeHHUe.

YacTo MOXKHO YC/bIIATh BOIPOC, Kak MpoBepuTh (akT Hanuuusi ODdupa. [lo MHe, Tak
rpaBUTALMOHHOE TIOJie U eCTh Ji0Ka3aTeqbCTBO CylllecTBOBaHUS Jdurpa. Ho MOXHO TIOCTaBUTH
OTBIT. B3SThb MaXOBUK, PacCKpYTUTh ero. M mojgBecuTb Ha HUTOUKe MPOOHOEe Teyo MpPUMEPHO Ha
YPOBHE OCH MaxOBWKa, €C/IM MaXOBUK OyleT BpalljaThCsi B BEPTUKAJbHOW TUIOCKOCTH, WIHM Ha
YPOBHe MaxOBUKa, eC/Ii OH OyZieT BpalljaThbCsi B TOPU30HTAIBHOM MI0CKOCTU. Eci BpaiieHue Oygert
B 06€3BO3/YIIIHOM NIPOCTPAHCTBE, TO MPOOHOE Tes0 /[0/KHA OTK/IOHUTHCS B CTOPOHY BPAIIIAOIIerocst
MaxoBHKa. He Wckirouaro, 4To MOSIBATCS COMHEBAOIIMeCs, CKaKyT, UTO 3TO peaau3alysl 3aKOHa
BCEMHUPHOTO TAroTeHus1. Torza moBTopsieM onbIT Oe3 BpalljeHHsi MaXOBUKAa U CMOTPUM Ha TIOBeZIeHHe
npobHoro Tena. EjiM mpoOHOe Teo OTKJIOHWUTCSA, TO TOTZA aBTOp TipaB. Eciu mpoOHoe Teso
OCTaHeTCs] BUCETh Ha HUTOUKE BEPTHKA/IIbHO, KaK OTBEC, TO MOXKHO Oy/eT CuMTarh, UTO MbI He
TIOJIYUW/IM Jl0Ka3aTebCTBa CylecTBoBaHus Jdupa. [Ipu npoBefeHHH OMbITa C/ieyeT MaxOBUK U
NIpOOHOe TeJI0 3a3eMJIUTh WM YPaBHSATh UX MMOTEHI[HAIBI.

fApocnaB CrapyxuH TIpUBEN TNpUMep OIbITa, KOrJa pacKpyTKa OJHOTO MaxOBHKa B
0e3BO3/yIIIHOM TPOCTPAaHCTBE TIPUBOAWIA K PacKpyTKe JPYroro MaxOBWKAa, PAaCIOI0KeHHOTO
pszgom. [Ipuuém BTOpOI MaxOBUK pacKpyuuBasCs B IPyrOM HampaB/ieHUU. JTOT OIBIT 0Ka3bIBaeT,
YyTO MeX/ly MaXxOBUKaMM pacriojiarajach Ccpejia, KOTopasi 3acTaB/sila BpalaTbCsl BTOPOU MaXOBUK,
eC/TU Bpallla/ics MepBbIi.

He Oyns Odupa, Hallero AMBHOTO MHUpa IPOCTO He CyIIecTBOBasio Obl. MeHsSI MOCTOSIHHO
rpec/efyeT MbIC/b, YTO Hally BcesieHHYI0 KTO-TO CO37asl, CO3/jai rajakTHKH, 3Be3[bl, IJIaHeThl,
COo3Jjan pacTeHus], )KUBOTHBIX M yoZied. 3aueM? HaBepHoe g 3TOro coszarens Hawa BceneHHas
TipeZicTaB/sieT OObIUHBINA aKBapUyM, a Mbl B aKBapHUyMe BBITIOJHSIEM POJib CBOe0Opa3HbIX PhIOOK, Ha
KOTODPBIX CTaBAT SKCIIEPUMEHTBI. XOTSI, BO3MOYKHO, s OLTUOAr0Ch.



HanHast mozens Ddupa TpeOyeT repecMoTpa OCHOB 3/IEKTPOCTaTHMKH, TaK KaK CTABUT TIOZ
COMHEHUe CyllleCTBOBaHHe 3apsifioB. BelllecTBeHHble Tejla B3aMMOJEHCTBYIOT 3/1€KTPOCTAaTHUeCKH
TOTOMY, UTO B HUX BpPEMEHHO OKa3bIBaeTCs pa3Hulla B JaBieHUU (moTeHiMasne) Odupa. ITO
0COOeHHO SICHO Ha TMpuMepe OaTapeli WIM aKKyMy/siTOPOB. JJeKTPUUECKUW TOK (TOTOK
Odwupa) TeuéT u3 obsactu ¢ Gosiee BBICOKMM ZiaBieHueM Ddupa B 0071aCTh C MEHBIINM JjaB/ieHHeM
Odupa. Kak TombKO JjaBieHrst BBIDABHUBAKOTCS, IBU)KEHME TOKa MpeKpalljaeTcsi, ucue3aeT pPa3HOCTb
MOTEeHLMA/IOB (HarpspKeHUe).

BpaiijeHrie (BUXpb) SIBJISIFOTCS He €IMHCTBEHHBIM CIIOCOOOM CO37IaHHMsI TPAJJUEHTOB JABJIEHUS
Odupa wnu uHoit cpenwl. Co3maTh TPaZMEeHT MOXKHO [IOBOJIbHO TIPOCTBIMM MeTOoJaMh — C
TIOMOII[BI0 TUPOCKOTIOB, 0COOEHHO C TOMOIIBI0 HeypaBHOBEIIIEHHbIX MaXOBUKOB (MHEPIIOHIOB), C
TIOMOIIIbIO TIPOBOAHUKOB C TOKOM U T. TI. HaripuMep, B 3/1eKTpUUeCKOM MOTOpe TPaJIueHT /1aBjieHUst
CO37aéTCs1 BOKPYT pOTOpa Kak BOKPYT JiF0OOTO BpaIlAroIerocs Teja, HO TIPYU 3TOM BOKPYT JIFOOOTO
TIPOBO/THMKA POTOpa B pe3y/ibTaTe B3avMOENMCTBUs TOCTOSHHOTO MAarHUTHOTO MO/l CTaTtopa C
BHUXPEBbIM MarHWTHBLIM T10JIeM TPOBOJHMKA Ha pPOTOpe CO3[aéTCs MOILLHBIM TDaIueHT JaBJieHus,
TIOPOXK/JAIOIIMM TATY, 3aCTaB/ISIOIIYI0 POTOP BpalllaTbCsl BHYTPU CTaTtopa. JTa CUJia M3BeCTHAa U3
IIKOJIHOTO yueOHHKa (pU3MKH, B KOTOPOM MOXXHO HaMTH CIIOCO0 €€ BBIUMC/IeHHS. DTy TATYy MOXKHO
TIPUCTIOCOOUTE 1Sl TIONETOB B KocMmoce. ITpoiiecc 3TOT MOXKHO Ha3BaTh 3¢dekrom MarHyca st

Odupa.

B Bell[eCTBEHHOW Cpefie TakXKe [l CO3[AHUSI TPAJUEHTOB JABJeHUS MOXXHO HCIIO/Ib30BaTh
sbdekr MarHyca, HO TIpU 3TOM TaMm, T/e BellleCTBeHHble TIOTOKM CTajKUBAIOTCS, TaM OHU
TOPMO3ITCSI, @ TaM, T/le JBV)KYTCS B OJJHOM HarpaBleHUU — YCKOpsitoTcs. 1o 3akoHy BepHysuiu B
30HE TOPDMOXKEHUS /laB/ieHWe TIOBBLIIIAeTCS, a TaM, TZe YCKOPSIIOTCS, /iaBjieHue TMOHMKaeTcs. B
ciiyyae ¢ OduUpoM momydaeTcsi HA000poT, re bUpHbIe TIOTOKK HarpaB/ieHbl B OZJHY CTOPOHY, TaM
JlaB/ieHye TIOBBIIIAeTCs, a e 3(UpHble TOTOKW ABUTAIOTCS HABCTpeuy JApYr [APYTY, AaBjieHue
Odupa rMoHWKaeTcsl.

W HecMOTpsSl Ha TO, UTO TeOpUs JIeKTPOJBUrarTesield M3BeCTHA JABHO, HU OJUH YUEHBIN WU
VH)XeHep MOoYeMy-TO He TMpeJ/IoXKU MCIO0/Ib30BaTh, HalpuUMep JIMHEWHbIM MOTOD B KauecTBe
JBYDKUTEJIS JleTarollleld TapesKu.

EcTb yBepeHHOCTb, UYTO COBpeMeHHble 3JIeKTPO/BUTATENd TIPOEKTUPYIOTCS TaK, YTOOBI
rojiyyaemasi Ha HMX MexaHMYecKas MOIIHOCTb HM TpPU KakKuUX YCJIOBUSIX He TIpeBblIlllasia
1oTpebsisieMy 0 3/7IeKTPUUeCKYH) MOIIHOCTb. MeXKIy TeM TPOCTOM aHaiu3 TOKa3bIBaeT, UTO IPH
TIPOUMX paBHBIX YCIOBUSX BBIXO/HAs MeXaHWUecKasi MOIIHOCTh TeM BbIilie, ueM 0oJibllle painyc
(muametp) poropa. Hukona Tecsia oueHb JIFOOM MOTOPBI U Te€HEpPaTOpbl C OOJBIIMM PauyCcoOM
poropa. Ho Ham He cka3ar.

WUcrionb3yss mMoTop C 0Oojlee BBICOKOM MeXaHHWUECKOM MOIIHOCTBIO T10 CpPaBHEHUIO C
noTpebsisieMol /1eKTPUUYECKON MOIITHOCTBIO, MO>)KHO COOpaTh U3 TAaKOTO MOTOpA U TIOAXO/SIIEro T10
MOLIJHOCTH TreHeparopa, 10 CyTH, BeUHblIi, TOUHee /1apoBblii reHepaTop sHepruu. [1pu paboTte Takoro
YCTPOMCTBA YacThb BbIXOAHOW MoifHOcTH (500 BarT) reHepatopa Oy#eT TPaTUThCS Ha PAcKPYTKY
MOTOpa, KOTOPBIM, UMesi MOIIHbIe MarHUTBI Ha POTOpe, OyZeT BbIAAaBaTb Ha OChb MeXaHWYeCKYIO
MotHoCTh pa3 B 10 6osbizie (5000 BaTT). 3Ta MOIIHOCTH OyJeT repeJjaBaThCsi reHepaTopy, KOTOPbI
OyzeT BbIjaBaTh Ha CBOM Bajl uyTh MeHbllle, yuutbiBast KI1/]. Harpumep, 4500 Batt. 500 BarT yiiger
Ha MoTop, HO 4000 BaTT MO)KHO HampaBUTb B HArpy3ky. Takyr IITyKy MOXXHO YCTaHOBUThH B
KaXZbIN 10M, NPeIOCTaBUThb KaXKJ0M CeMbe JapoM, KaK YaCThb JKUJIbSI.

COBPEMeHHaH SHepreTuka B OCHOBHOM HCIIO/IB3YET TdK Hd3bIBd€MbI€ 3SKCIVIO3WMBHBIE
TEeXHOJOTMU. A 3TO TEeXHOJIOTHU B3DBIBHbIE W/IM HMCIIO/IB3YHOILKE IIPpHMPOAHbIE SHEPrOHOCUTE/IM B



KauecTBe roprouero. ITpu 3ToM 6osiblliasi YacTh CO3[AaBAEMOrO TeIla PaCCeWBAETCS YW HAarpeBaeT
atMocepy. Iloxoxe, UTO 3TO U eCTb OCHOBHasi MPHUYMHA BCEMUDHOIO MOTEI/IEHUs, B KOTOPOM
OOBUHSIFOTCSI TIADHUKOBBIE Ta3bl, SIBJISIOIINECS C/IeACTBUEM TOTEIUIEHUs, a He ero npuuuHoi. Ho
ectb Jpyrue, 0Oosee 3ddekTHBHBIE TexXHOMOTHUH, KOoTopble Bukrop Illaybeprep Ha3biBam
WUMIIO3UBHBIMHU TEXHOOTUAMHU. B 3TOM ciiyuae paboTaeT BUXpPb, CO3/IaETCS1 BAKYYM U C TIOMOIIIBIO
BaKyyMa pelIaloTCcsl Te >Ke 3aJaud, KOTOpble pelIaloTCsl TPU  MCIOAb30BaHUM B3PBIBHBIX
TeXHOJIOT M.
OTH pa3uMuMs MoKa3aHbl Ha cxeMe

SKCNI03MBHBLIN
npouecc

NaeneHwve cpefbl

30Ha B3pblBa

Hasnexve cpeasl 0o npouecca

MmMnno3weHLIA Npouecc

NaBneHune cpelsbl
[l0 mpouecca

OaeneHuve cpelbl
BO BpeMsi npouecca

[aBneHne cpelsbl
BO Bpems npolecca

Puc.4.

OKCIJIO3VMBHbIE M MMILJIO3MBHbIE TEXHOJIOTMM PEIIalOT OJWHAKOBbIE TEXHOJIOTUUeCKue 3aZjauu
— CO37Ia10T B HY)KHOM MeCTe W B Hy)KHOe BpeMsi HeoOXOIUMbIM I'PaZiIieHT JaB/ieHHs] OKpYyKarolei
cpeabl. TONMBKO 3KCIIJIO3UBHBIE TEXHOJOTMM IPU 3TOM HAarpeBarOT U 3arps3HSIOT OKPY’KaroLyro
cpelly, TOrja KakK HMILIO3MBHbIe TEXHOJIOTUW JIMIIEHbl MHOTMX HEeJOCTaTKOB, OHU He TperT
OKPY’KaloIlyl0 Cpefly, He 3arpsi3HSIFOT e€ BpeJHBIMH OTXOZlaMH, OHM He TpeOyroT CrelLraabHOMI
3alUThI B OOMBIITUHCTBE C/TyyaeB.

Ecin Bomy packpyuuBaTh B TIOMOILLBHO CHelMaJbHOM HacaJKU TUIA TMOIUBAIKU, TO
1[eHTpoOe)KHasi CU/la BHauajse TOMbKO OyzieT pa30phi3ruBaTh BOJAY, MPH YBeIUYEHUH YIJIOBOU
CKOPOCTH BpallleHUs HaCaJJKW BOZIa HAUHET HarpeBaThCs, TPU uncie 060poToB B MuHYTY 3a 10000
BOJla HAYHET pa3/iaraTthCsi Ha BOJOPOJ W KUCJIOPOJ, a MpHU yactorax, ommskux K 20000 Boga yxke
Oyzer pasnaraTbCsi Ha YMCTBIM BOJOPOA, TpPH Oosee BBICOKMX YAaCTOTaX BOZA pasjaraercs [0
UCTUHHOTO J¢upa. ITO TOKa3biBaeT, YTO C TIOMOIIbIO BpAIlleHUs] TIO/e I[eHTPOOEKHBIX CHIT
CroCoOHO C037aBaTh IPajIveHT faBieHust Jdupa He XyKe, ueM 310 AenaeT CosHle.

Bpaillass MaxoBUK B MaxOBHKE, MO)KHO TOYUUTh [jisi BHYyTPEHHUX MaxOBHUKOB TATY, KOTOpasi
OyzeT HampaB/ieHa MepreHJUKY/ISIPHO paguycy OosbInoro MaxoBuka. CyMMapHast Tsira OyzieT paBHs
TSITe OJHOTO BHYTPEHHEr0 MaxOBMKa, YMHOXXEHHOTO Ha UMC/IO BHYTPEHHUX MaxoBUKOB. [1o sTomy
ke MexaHu3My paboraet auck Cépna. ITo cyTu, B 3TUX ycTporcTBax paboTaeT 3(UpPHBINA BapUaHT
s dekTa Marnyca.

['pajiueHThl [jaB/ieHNsl OKPY)Karoleil cpefjbl MOXKHO CO37aBaTh 0ojiee TOHKMMH CHOCOOaMHU.
Wcnonb3yeTcs, HanpyuMep, BpalljeHhe, HO He MaXOBUKOB U 3Be3]l, a TVIOCKUX JAUCKOB. B aToM ciyuae
Ha MOBEPXHOCTAX JIMCKA TaK)Ke CO3JaéTCs MOrPaHUYHbBINA CJIOM C HU3KUM [laBlIeHHeM OKpY’Karolen
cpeibl. OTO TIPUBOJUT K TOMY, YTO Ha IJIOCKOCTA JUCKA C OOOMX CTOPOH HauyMHAeT JaBUTh
OKpy>Karoljas cpezia. Beyes Ha nosiBjieHMeM CZlaB/IMBAIOLMX CUJ NOSBIISIeTCSl cyjla TpeHus. U ecin
TIPaBU/ILHO BpAlllaTh JIUCK, HO KUAKOCTb OyZeT HarpeBaThCsi. BoT Bam u TeruioreHeparop IloTaroga.
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[Tpuuém TeruIOBOM 3HepPruu OyneT BBIJENATHLCS OOJbIle, YeM TPAaTHTbCS Ha BpallleHHe [WCKa.
MO)KHO BMeCTO OZJHOTO JHMCKa BpalljaTb Cpa3y C AeCSITOK, HaCaXeHHBIX Ha 00yt ock. Torna mbl
nonyyaeM TypouHy Hukonbl Tecsia. VI cTaHOBUTCS TIOHSITHO, TIOYEMY C TIOMOIIbIO TypOuHbI Tecma
MOYKHO TIepeKauMBaTh rasbl U XUJKOCTH. [IpakTrka rmokassiBaeT, uto KI1/] Typbunb! Tecna He HiKe
70%, uTO SIBHO BBIllIe aHAJIOTMYHOTO IOKa3aTe/s APYrux TypOuH. M MpUUuHON 3TOrO SBISETCS
BaKyyM, KOTOPBIM 00pa3yeTcst Mexy Juckamu. [103ToMy MHe HeroHsITHO, 3a4eM IPUHKUMATh Tiepef
CUMEeHCOM KOJIeHO-JIOKTEeBOe TIOJIOXKeHre, eciu o0y TypouHy CuMeHca MOXKHO 3aMeHWTh Ha
Typbuny Tecsia, KOTOPYIO C/iesiaTh B COTHH pa3 TPOIIIe U JiellieBie.

EcTbh Tak Ha3biBaeMble rMpOyJapHble TEXHOJOTUM MO/yYeHHs SHepruv. JTUM HarpaB/ieHueM
3aHMMAarOTCsI MHOIO aBTOpoB. B P® nmu Hauanmu 3aHMMarbcss MapyxuH U KyTbeHKOB, KOTOpbIe 13-3a
OTCYTCTBUSI TIOZ/IEP>)KKH CO CTOPOHBI TOCY/IapCTBa, BbIHYXK/eHbl repebpatbcs B Vcnanuto. EcTh
Takuve WUCCaeloBaTe/lM Ha YKpavHe. AHa/iu3 JJaHHbIX B VIHTepHeTe TMoKa3biBaeT, YTO MHGOpPMALUI0
00 TUAPOYIAapHBIX YCTAHOBKAX TUYATE/bHO BHIMAPBIBAIOT. JTO YKa3bIBAeT HA TO, UTO KTO-TO U T/Ie-TO
Be/leT WHTEHCHBHYIO pabOTy T1I0 COBEpIIeHCTBOBAHWIO JTOTO HarpaB/ieHUsi 0e3TOMTMBHOTO
ToTyueHus1 3Hepruu. Tak uTto pykoBozacTBY PD ciemyeT He MPOMYCTUTh MOMEHT, KakK 3TO ObUIO B
cjiyyae C atoMHOW O0MOOW. A A 3TOTO He HY)KHO >KasieTh [leHer Ha HayKy, MaTeHTHOe [eJio.
CKymnol miaTuT TpWXabl. A 0cobGeHHOCThI0 Poccuu ObUIO U ABNSETCSA XKM3HB M0 MPUHLAIY —
9KOHOMHUKA /I0/DKHA ObITh 3KOHOMHOM. VauoTckuii y1o3yHr. Uem Oosibllie ZieHer B SKOHOMUKE, TeM
ayuiie. Ho HaM Tak >KUTb KTO-TO YIOPHO He AaéT. KTo-TO Ziep)KUT Hac B MSTKOW OKKymnauuu. Yto
kacaetrcs LIb P®, To c HuM Bcé sicHo. OH TIPOTHB yBeJTMUeHUs JleHer B 000pOTe TOTOMY, UTO TIpU
OTCYTCTBUHM Jie(UIIUTA IeHET HUKTO KPeJUThI OpaTh He OyzeT, a Bce (PMHAHCUCTBI CTaHYT HUIIUMHU.

Cpaenaem TiepBbIM BbIBOZ. BOKpYr BpalllaloOL[UXCs Tes, BOKPYT W BHYTpU JiHOOOTO BHUXDS
CO371aéTCs BaKyyM, He abCOIOTHBIN, a OTHOCUTE/bHBIN. [T03TOMY /1H00BIE BpaljaroL[iecs: 0ObeKThI
OKpY)KEHHbIe CITOKOMHBIM O(GUPOM OKa3bIBalOTCS 3aMypPOBAHHBIMUA B CBOEOOpAa3HbIX BaKyyMHBIX
JUH3aX Wiy nonyiiapusix. [To aToli npuurHe r060e BellecTBO He paccerBaeTCsi B IPOCTPAHCTBe, a
«cOuBaeTcs» B arioMepartbl — TalaKTUKW, 3Be3/Ibl, TJIAHEeThbl, KPUCTa/UTbl U T. . JKUIKOCTh
SIBJISIETCST JKUAKOCTBIO TI0 TOM >Ke mnpuurHe. HUKakuX IJIFOOHOB U KBAapKOB /Il «CKJIEMBaHUSI»
HYK/IOHOB B aTOMbl He TpeOyeTcs, eCM eCTb OKpy’Karolllas CpeJja IO BLICOKMM JaBjieHUeM,
CKJIOHHasi K BUXpeoOpa30BaHUIo.

B cuny Toro, 4yTo BCE BpaljaeTcsi U OKPY’KeHO IPaBUTALIMOHHBIM I10JIEM WIA €ro aHajoroM,
MOYKHO TIPE/TIONIOKUTh, UTO BUXpeBasi 3UpHasi TeOpUsi TPaBUTALIMA — 3TO M0 CYyTU TEOPHS BCETO.
OTO U ecTh IMaBHasi Teopusi Qu3uKd. [IpocTO rpaBUTALMOHHOE TO/e Yy 3BE3[ OrPOMHOE, HO
TPa/IMEHT JIaBIeHMs] HEBBICOKUM, a y 6osiee MeJTKUX 00BEKTOB pa3Mephbl HeOO/IbIIHE, 3aTO BeJTMUMHA
rpaZiieHTa AapneHusi O¢dupa B 30He rPaBUTAL[MOHHOIO T0JIs1 OrpoMHast. [1o3ToMy rpaBUTaLIMOHHOE
B3aMMO/IeMICTBHE HA3bIBAIOT C/1a0bIM, a HYKJIOHHOE CH/IbHBIM. Pa3HMI]a 3aK/TFOYaeTCsl B Pa3/THuUM
rpajiveHTa jaBjeHus Ddupa. [ToHMMaHue 3ToM I71aBHOM TalHbl Ddupa MO3BOUT CO3/laBaTh JIHOASIM
caMble pasHble TeXHOJOTUU [Jis TIOJyUYeHUs] TaKWX pe3y/braroB, KOTOpPble C TOMOLLbIO
9KCI/IO3UBHBIX TEXHOJIOTUM TIOJIYUUTh HEBO3MOXKHO.

CospaBath 3¢GUpHBIA BaKyyM MOXKHO C TOMOII[bIO TIPOBO/IHMKA, TIPOIYyCKasi uepe3 Hero TOK.
OneKkTpUueCcKruit TOK — 3TO TOTOK Odupa, 3aKPyUeHHOTO T0 TpaBUIy TpaBoro OypaBunka. DTOT
TOTOK, [IBUTasiCh I10 MPOBOAHUKY, KOHLIEHTPUPYETCS Ha TIOBEPXHOCTU NPOBOJHUKA, CO3/aBasi CKUH-
cnoii. CKUH-CJIOM — 93TO ouepefiHOe J0Ka3aTelbCTBO Odupa. DNeKTpUUecKHid TOK, BpalllasicCh
BOBJIEKAaeT BO BpalljeHre OKPY’Kalol[uii TPOBOAHUK Dup, CO34aéTCsi BUXPeBOe MarHUTHOe TioJie, y
KOTOPOTO faBjieHWe Odupa HENOCPeJCTBEHHO Y TIPOBOJHMKA 3aMeTHO TIOHMKaeTcs, MO0
3/IeKTPUYECKUM TOK IlepeMellaeTcss CO CKOPOCTblO cBera. HOo Ha yzmaseHuMM OT NpPOBOAHMKA
JaBieHre Ddupa yxe MpakTUYeCKy He MeHsieTcsl. Ecy u3mMepuTh MOTeHLMaa Bo3/ie MPOBOJHUKA U
BJlaJld OT HEro, TO TOJYyYWM pasHble Be/IMUMHbL. TaK KaK MarHuWTHOe [0Jie LUIMHJPUYeCcKoe, a
TOTeHLMas bl MEHSIFOTCS BAO/b PaJilyCoB, TO MAarHUTHOE T10/1e OKa3bIBaeTCsl HOCUTEIEM paJJuaHTHON
sHepruu. Ec/ii TOK G0JIBIION, TO B IPOBOJHUK HAUYMHAIOT OUTb MOMHUU (MCKPBI) U3 OKPY’KAOIIIETO
TIPOBO/IHMK C TOKOM MPOCTPAHCTBA. JDTO U eCTh NPUUMHA PaJJUaHTHON SHEPTUHU.
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Ho e1ié cunmbHee 3TOT 3¢ deKT MpOosiB/sSieTCs C KaTyIIKaMH U 37IeKTPOMarHUTaMH.

|
3NeKTpoMarHuT =
[NaeneHve 3dupa
npyv oTCYTCTBMA
BN

/ TOK@ B KaTyllKe

Schupa npw ' i

HaIn4yuu ToKa |
B KaTyluKe i

Puc.5.

[Ipu mMpomyCKaHWU 3/1€KTPUYECKOr0 TOKAa uepe3 OOMOTKY KaTyIIKW WM 31eKTPOMarHuTa
BOKPYT KaTyILIKW CO3/1aéTCsl IOHWKEHHOe flaBjeHre J¢upa cpasy Mo [ByM NpuuvHa. Bo-mniepBhIx,
KaTrylllka — 3TO NPOBOJAHUK C TOKOM. A BO-BTOPbIX BCe BUTKM B KarylllKe HaMOTaHbl B OJHOM
HarpaBleHUH, a MeX/y TaKUMU IPOBOJHMKAMHU CO37aloTcs 00/1acTy (JIMH3bI) C TIOHWKEHHBIM
JaBneHreM O¢upa. B snekTpoMarHure eCTb W TpeTbsl MPUUMHA — TOBBILIEHHWEe HaNpsHKEHHOCTU
MarHUTHOTO TIOMs B CepAeuyHrKe W3 jkese3a. B pesynbTare B HernocpejCTBEHHOM O1M30CTH OT
KaTyIIKWA JaBieHre Ddupa pe3Ko cHWKaeTcs. [Iporyckasi TOK MO KaTyllke B BUJE WMITY/IbCOB
MOXXHO YTpaB/sATb JaBjeHWeM OQupa, YNpaBisATh ero MOTeHLMajoM. OTO OJUH M3 CeKpeTOB
Benyan. OH 3Has1, HO HaM HarpsIMy0 He CKa3asl, XOTs B CBOMX OMbITax 00 3TOM HaMeKall.

ITepeBosl MOCTOSIHHBIA NOTeHLMan J(drpa B MepeMeHHblM, Mbl II0y4aeM BO3MOKHOCTb €ro
JanbHeliero mpeobpa3oBaHusi K 0e30macHOMY TOKY WM HampsbkeHHto. OTCrOZla CTaHOBUTCS
NoHATHEIM M000Bb Hukosel Tecsbl K TiepeMeHHOMY TOKY. UTO KacaeTcsi MOILLJHOCTH T0y4YaeMoi
TakM 00pa3oM 3Hepruy, TO 3TO yKe OmpezessieTcs rapaMeTpaMM YCTaHOBKH. I71aBHOe, uyTOOBI He
BO3HUKJIO KOPOTKOE 3aMbIKaHUe.

Korzia moTeHIMan BOKPYT KaTyIIKU C TOKOM KOjie0seTcsi, To MeXXZly 3Tod 006/1acThio U 3eMIéit
TIOSIB/ISIeTCSl TlepeMeHHOe HarpsbKeHue, KOTOpOe JIErKO C IOMOILbI0 TpaHC(opMaropa IOZOIrHaTh
T10/, Hy>KHOe HarpsbkeHue, HarpuMep, 220 BOJIBT.

YCTaHOBMB BOKPYT KaTyLIKW C IepeMeHHbIM TOKOM HeKWi IMPOBOJHUK, BOCIPUHUMAIOLUMA
NOTeHL|Ua/l, MOXKHO Jajiee 3TOT [OTeHLMasa Iepefarb I10 [IMHHOMY IIPOBOJHUMKY, & Ha KOHL[e
IIPOBOJHUKA TIOAK/IFOUUTBCS K HeMy C IOMOLIBIHO BWIKM ABpPaMeHKO, I0/y4as HYXHYH HaM
SHepruro.

Ynpasnate JaBneHueM O¢upa MOXHO C IOMOLbIO IapasulebHbIX MPOBOAHUKOB. Eciu 1o
[IByM Tapasijie/lbHbIM IIPOBOJHMKAMM IIPOIyCKaTh TOK B OJHOM HarlpaB/IeHUM, TO IPOBOJHUKU
«TIPUTATMBAIOTCS», €C/IW TPOIyCKaTb TOK [0 IlapajUle/lbHbIM IIPDOBOJHMKAM B PasHbIX
HarpaB/IeHUsIX, TO TPOBOJZHUKK OyyT OTTa/JKWBAaThCS. DTO MPOMCXOAUT TIOTOMY, UTO B TIEPBOM
cjlyya MeX/ly IpPOBOJHMKaMM JiaBjieHHe O(drpa CHWKaeTcs W BHEIIHWM O(Up BJaB/IMBaeT
NPOBOAHUKU B 3¢uUpHYyI0 simy. Bo BTOpoM ciyuyae MexJy TIPOBOJHMKAMHU JaBjieHHe Odupa
TIOBBIIIAETCS M 3(pYpHast ropKa pas3jBuraeT NMpoBOAHMKUA. Ho Mbl BoCpuHMMaeM BCé B TOYHOCTH
Hao0O0poJ, U oTlepupyeM TepMUHAMU — TIPUTATHUBAIOTCS M OTTA/IKMBAIOTCS.

OTH 0COOEHHOCTH TIPOBOJHUKOB MOKHO MCIIO/b30BaTh [JISi CO37IaHUS  [IBVDKUTETbHBIX
YCTaHOBOK [/ JIeTAIOLMX TapejoK. BoT ofHa M3 MOACKAa30K, OCTaBleHHasi HaM OT OpaTkeB IO
pasymy. B VIHTepHeTe MOJKHO HAUTH U [ipyrye CXeMbl B BU/le PUCYHKax Ha IOJIsSX.
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Puc.6.

B sToii cxeme Tpu yrna CuranoBa obecrieunBarOT repeMelrieHre Tapeakd M0 TOPU30HTaIU B
nmobom HanpasnieHnd. Tpu yria CurasnoBa B IjeHTpe /00 BBIMOHSIOT PO/b TeHepaTopa YHePrHy,
mbo ciy)KaT [Jjisi pa3BOpoTa Tapenkud XOoTb Ha 360 rpagycoB. A Tpu Mapbl MapasieabHbIX
MPOBO/ITHMKOB 00eCreurBarOT TiepeMellleHre TI0 BepTHUKa/Jud WA BpallleHWe TapejKd BOKPYT
ropu3oHTa bHOW ocu. HeT, 10 Kakoro rno3opa Jolia Halla [UBUIA3aLUs, ec/id He TIOHUMaeT CTO/Tb
Ba)KHOMW TIOZICKa3KW OT MHOTUIaHeTsH. Pebsita craparoTcsi, a JIOAU YIIPSIMO He XOTAT HMCIOIb30BaTh
3Ty UH(OPMALUIO /IJIs1 CTPOUTENIbCTBA TapesioK, ClIoCOOHBIX MepeMeliathcsi 6e3 orbpoca macc. [Ipu
5TOM B CpeJHel IIKo/le NIKOJbHUKOB yuaT B3aWMOJEMCTBHIO MNMpoBOAHMKOB. Ho moka 3Odwup
3anpelréH, Mo/IBWKeK HUKaKUX He Oy/ieT.

Heobxoarmo He 3a0bIBaTh, YTO MOJIHHSI — 3TO TOXKe 3/eKTPHUecKrid TOK. [To3ToMy BOKpyT
moboii MOTHUM CO3[aéTC BaKyyMHas 3¢upHasi 000/i0uKa, aHa/JOr TPABUTALMOHHOTO TIOJIS.
bnarozpaps aTomy, a Takke BC/e/ICTBHE KPaTKOCTU MOJTHUM, MOJTHAY TIOPOXKJAIOT yAapHble 3(prpHbIe
BOJIHbI OFPOMHOM MOILIHOCTH, YaCTO TMPOXO/sl MHOTO pa3 Mo OJHOMY M TOMY ke Mapuipyty. Eciu
CPaBHUTH 00BEMBI TTOPOXKAAEMOUM MOJTHHENM SHeprvy C SHepruei, Cco3jarollell MOTHUIO, TO 00BEM
Pa/IMaHTHOM SHEPTUU OKa)KeTCsi BO MHOTO pa3 Oosbliie. DTOT (aKT Kak pa3 U JaéT IMoHWMaHKe TOro,
uyto Hukona Tecsna HaspiBasm pafniaHTHOU 3Hepruel. He 3ps B ero AHeBHMKax 4acCTO IOMNafaavuch
(hopMyJibl, 110 KOTOPHIM OH BBIYMCJISZT SHEPTMI0 MarHUTHOTO TIOJIsl, CO3/jaBaeMOro MPOBOJAHUKOM C
TOKOM. OTy ¢opmyny 00s3aH 3HaTh 000U BBHIMYCKHUK CpefHed IIKO/bl. VIMEHHO pafuaHTHast
SHeprusi Mo3BOJIUT Ye/I0BeUeCTBY MOTYYUTh JOCTYN K HEOrpaHWYeHHbIM SHepreTHYeCcKMM pecypcam
Od¢upa. bnarosaps pafivaHTHON SHEPrUM HUKaKasi TeljioBasi CMepTh uesioBeuecTBy U BcenieHHOI He
rpo3ut. 6o Ha 1 /pKoynb, IOTpaueHHOTO Ha CO3[jaHHWe MOJIHWH, caMa MosiHus nopoxkzaaer 1000 u
Oostee mKoysell paiaHTHOM SHEPT M.

[Ipn 5TOM 3aKOH COXpaHeHHsl SHepPruy He HapyllaeTcsl. Tak Kak MOJHUSI B3aUMOZENCTBYeT C
oKpyXatorieii cpenoit — Odupom. MonHusi ObET B TPOAOILHOM HArpaBlIeHUH, a pafiiaHTHast
SHeprusi NocTyrnaeT B MOMepeuyHoM HarpasyieHuu. OJHO JpyroMy He MellaeT.

Ha 3emsie MosTHMM OyIIYIOT, TakK UTO 3eMJisi CaMa TIOPOXKIAeT SHEePTHi0, HeoOXOAUMYHO el ISt
JanbHeliero npeobpa3oBaHusi. B s000oM opraHv3Me, T7ie eCTh HepBHasi CMCTeMa, OyliyeT Ljesast
snekTprueckast Oypsi. Kakapiii HepBHBIN WMITY/IC TIOPOXKAAET BZAOJIb HEPBAa MOIIHOE MarHWTHOE
10Jie, OKPY>KatoIllMM HEPB OpraHaMm Iepe/jaeTcsi OrpOMHasi S5Heprusi. BoT rnoueMy Kaxk/bli uesoBeK
JIOJDKeH JIBUTaThCSl, IBUTATHCS U eIl pa3 JBUraThCsi. B 3TOM OoTHOIIEHNH uesioBeK OyzieT BecTH cebst
KaK YCWIWTe/Ib MOILHOCTH, 3apsbkasi cebsi sHeprueii. He ucK/IoueHo, 4ToO 3TOT (paKkT TMO3BOJIUT B
Oyzayiiem cyiiectBoBaTh 0Oe3 mwmiu. Bpemsi mokakeT, Tem Oojiee cpeau JrO[ied TOMAZArOTCS
YHUKYMBI, KOTOpbIe [I/TUTe/IbHOe BpeMsi MOT'yT 00XoAuThesi 6e3 efpl. ECTb cpej HUX U 1L1ap/iaTaHbl,
HO eCTb U peaJibHble JIMYHOCTH, KOTOPbIe MIUTA0TCS BO34yXOM U BOZOH.
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XoTtenock ObI 00paTUTh BHUMaHWe Ha TO, UTO BCE KAaTYLIKA MOXKHO pa3/le/IuTh Ha OObIUHBIE U
oudunspHbie. B 0ObIUHBIX KaTyIIKaX, 0OBEMHBIX WM TJIOCKUX, COCeJHHe BUTKU HarlpaBJieHbI B
OfIHy CTOPOHY M TOK II0 HMM TeCET B OJJHOM HampaBjieHHW. [103TOMy B OOBIYHBIX KaTyIIKaxX
JnaByneHre Ddupa CHWKAeTCS He TOMbKO BOKPYT KaXKJOTO BUTKA, HO W MEXOy BUTKaMU. Y
OuduIIpHON  KaTyIIKW, TIPeXJe BCEro TIJIOCKOW, TOKM B COCEAHUX BHUTKAax TEKYyT B
TIPOTHUBOTIONIOXKHBIX HAIpaBIeHUsIX, TIOPOXKAAsi MeXX/ly BUTKAaMU BLICOKOe JaByieHWe Odwupa, bosee
BBICOKUM MOTeHIMa/l. ITOT (PAaKT MOXKHO MCTOb30BaTh TAKXKe [I/Isl CO3[jaHus TeHepaTopoB 3(UPHOM
SHepruHu.

[T1ockue mpocThle U OUGUISPHBIE KaTyIIKA MOXXHO HMCITO/Ib30BaTh il CO3ZIAHUS JIETAFOIUX
Tapenok. [lns 3Toro cienyet OubWiIsApHbIE KATYIIKH KPeNUTb Ha [JHUILE TapejKd, a TpPOCThIe
KaTYIIKA Ha BepxHel MOBEPXHOCTH TapejKh. DTO CO3/aCT IPajueHT AaByieHusi DPupa, MOSIBUTCI
ToZ/bEMHAs CUJla U TapesiKa JIeTKO CMOXKeT TepeMelaThCsl 10 BePTUKAIM MPOTHUB CUJIbI TSDKECTH.
[nst ABVO>KEeHUs TI0O TOPU30HTAM MOXKHO TakK)Ke MCIO/Ib30BaTh TUIOCKWE KaTyIIKW, XOTs eCThb U
apyrue criocobwl popmupoBanus 3¢upHO Tsaru. P.CurasioB u Apyrve UCCIe0BaTeH TPeIIoKUIHI
MHOTO [IBVDKHUTENIeN /il TIepeMellieHus B TIPOCTpaHCTBe 0e3 oTOpoca BeleCTBeHHbIX macc. [Ins
Hayasia TaKue KaTyIIIKH MO>KHO YCTaHaB/IMBaTh B KaueCTBe JBWKUTE/EN Ha CITyTHUKU. TOTUIUBO ISt
HUX He HY>KHO, ZI0CTaTOYHO 3/IEKTPOIHEPTHH C COTHEUHBIX TaHesei.

BceM 13BecTHBI TaK Ha3bIBaeMble TpPeUeCcKHe M PUMCKUe MeaH/phbl (CO CBaCTUKOM Wiv 0e3), a
TaK)Ke pa3Hbie Y30pbl B BU/le crivpaseil. JIto0oii 3/1IeKTPUK Cpa3y CKa)keT, UTO 3TO pa3Hble BapUAHTHI
aHTeHH WIM KaTylleK, KOTOpble TIOIJIOMIAIOT WM M3/y4aloT 3Hepruro. B MeaH/pax TOK I10
TPOBOJTHMKAM TIPOTeKaeT B TPOTUBOIIOJOXHBIX HarpaBleHUsX, TMO03TOMYy TaKue CTPYKTYpbI
CriocoOHBI U3/Ty4aTh SHEPTHIO, CO3/aBast Hafl c0O0 06/1aCTH C MOBBIIIEHHBIM JaBieHreM Ddupa. A
cnvipav Oy[yT HEPTHI0 U3 OKPY’KaroIllero MpoCTPAaHCTBA TOIVIONIATh, TaK KaK MeXAy CIHUpasiMy
OyzyT BO3HMKaThb 00/1aCTH C TIOHWKEHHBIM JaByieHHueM Ddupa. He MCK/IOYeHO, UTO pa3HOro poja
NMabUpUHTBI, KOTOPble BO MHOXKecTBe HaxoAsaT Ha CeBepe, - 3TO CBoeoOpa3sHbie OH(UISPHBIE
KaTYIIKH, C TIOMOIIbI0 KOTOPBIX HaIllM TIPe/IKU TbITaICh Ha/laZWuThb CBsi3b ¢ Kocmocom.

MHOruM H3BEeCTHbl KeJbTCKHMe KpeCThl. B HEKOTOpBhIX CTpaHaX OHH 3arpellieHbl, TaK Kak
KeJIbTCKHe KPeCThbl UCTIOb3YIOTCSI HEKOTOPhIMU (DAIlIMCTCKUMH OpraHW3alUsMy B KaueCTBe CBOUX
cumBo/ioB. Ho B HUX Ba)kHO [pyroe. Ha MHOrMX KelbTCKMX KpeCTaxX pacrojioykeH WHTepeCHbIN
OpHAMEeHT

[Ipy BHUMATEJILHOM H3yueHWM 3THMX OPHAMEHTOB BLISICHSETCS MHTepPeCHass 0COOeHHOCTb. JTO
3aMKHYTble B BUTOK IIJIOCKO-O0BbEMHBIE OM(UISPHbIE KaTylIKH. A 3TO O3HA4yaeT, 4TO TIpU
00/yueHNM TaKOW KaTyIIKW BHELIHUM 31€KTPOMAarHUTHBIM WMITY/IbCOM, HaripuMep, Jjia3epoM, B
Karyiike Bo3HUKHET J[IC. A Tak Kak Karylika OuduisipHasi, TO Hafi KaTyLIKOM BO3HUKHET 00/1acTh C
TIOBBIIIIEHHBIM /laBlieHneM D@upa, OT KOTOPOM 3IeKTPOMAarHUTHBIA UMITY/bC OyZeT MTHOBEHHO
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otOpomieH. TakuMM KaTylIKaMyd MOXKHO 3all[UI[aTh U COBPEMEHHYH) BOEHHYIO TEXHUKY, eCJTH eCTh
BEPOSITHOCTb €€ Mopa)keHus! 3/1IeKTPOMarHUTHbIM opy>kreM. CaM >ke KelIbTCKUN KpecT — 3TO MakeT
3Be3/0J/16Ta.

3aciy>xuBaeT BHUMaHUs TpyAbl P.CuranoBa, yueHOro, KOTOpPbIM B COBETCKOe BpeMsl MpoZesiasl
OrPOMHYIO PabOTy TIO W3y4YeHHUIO TIOBe/leHWs TMPOBOAHUKOB (CaMoii pa3HOM KOH(Urypanmu) c
TOKOM. 3a CUéT TOH/IEPOMOTOPHBIX CH/Iy B ero jabopaTopuu IepeMelanuch, Bpallaaich camble
HeBeposITHble TPOBOJHUKM C TOKOM. [Ing mokasa cBoux «¢okycoB» P.CuranoB coopyaun
crielMasbHbId CTeHZA. B koTOopoM posb MpOBOJHMKA C TOKOM BBINOMHsAA Boja. B ogHOM U3
)KypHanoB «TexHUKa-MOJIOAEXW» Oblia OrmyO/TMKOBaHa CTaThst 00 3TOM, HO B Jja/ibHEHIIIEM BCe 3TU
paboThl OKa3amuch 3abbITbl. MeXay TeM HeKOTOpble «3aBUTYIIKW» P.CUrajioBa MOXHO
peaHMMMpOBaTh U UCII0/Ib30BaThb C OFPOMHOM M0Jb30M. ECTecTBeHHO, He B KalMUTa/lIMCTHYeCKOM
obujectse. /17151 KanuTaau3ma 3(UpHbIE TEXHOIOTHUH SIBHO NIPOTUBOIIOKA3aHBbI.

Hanpumep, 6bi1a y P.CuranoBa Takasi «3aBUTYILKa»

t

e il

3aBUTYlLKa
P. CuranoBa

cospanuLan
TAry I

Puc.8.

HanHasi 3aBuTymika P.CurajsioBa mpu TMpOMyCKaHWM IO MNPOBOAHUKY ToKa I co3gaér
norepeuHyto Tary F. OTo mpoucxoauT moTtomy, 4To B IPaBOM IIOJIOBMHE 3aBUTYIIKU CO3[aETCS
TIOBbIIIIeHHOe JaByieHre Ddupa. V160 TOKM TeKyT HaBCTpeuy JApYT JApyry. A B jieBO TOJIOBHHE
3aBUTYLIKM CO37la6TCsl TIOHM)KEeHHOe JaBjieHWe Ddupa, TaK KaK TOKU 3[eCb TeKyT B OJHOM
Hampap/ieHUH.  Mexay T[0/JIOBUHAMU 3aBUTYLIKW CO3[aeTcsl TpajueHT JaBieHuss Jdupa,
co3gatomiuii cuny F. CurasoB coO CBOMMHM COTPY/AHUKaMM 3TO Jl0Kasasja SKCIIepUMEHTaTbHO, XOTS
WHTEpIIPEeTUPOBa/ 3TOT 3(PPeKT B TepMHHAX TMOHJEPOMOTOPHBIX CHI. JTO TIPOCTOM CIOCO0
co3faHus aHasora Maruuta «Cubupckuii Komsi», y KOTOPOro ecTh /1Ba IMOJIOCA, HANPSDKEHHOCTD
MarHUTHOro mons (moTeHUMan O¢upa) B KOTOPbIX pa3/idyHa, a 3HAuUMT MeXAY HHMH eCTb
HaripsbkeHue. HarpsbkeHue ke 6e3 csibl He ObIBaeT.

MO)XHO paccMaTpuBaTh CO3/laHHe CU/Ibl B 3TOM 3aBUTYILKe, KaK pe3y/bTaT B3aUMOJEWCTBUS
OTHOCHTE/IbHO OFHOPOJHOIO MarHMTHOIO IO/, CO3/laBaeMOr0 KPYTOBBIM TOKOM W BHUXPEBOTO
MarHWTHOTO TI0Jisl, CO3/laBaeMOro MPOBO/JHMKOM, PACIIO/IOKEHHOTO T0 AuaMeTpy OKpYKHoCTU. U
TYT MbI BO3BpalllaeMCsi y TOMY MeXaHW3MY, KOTOPBIH 3acTaB/sieT BpallaTbCs poTOp Jr000ro
3/IeKTpUYecKoro [Buraresis. ViMess Habop TakuMx 3aBUTYIIEK, MOXXHO COOpaTh [BWDKUTENb [IIs
KOCMHYeCKOTO Kopaoiisi.

Ecnv Ha Toplie 3/7eKTpoMarHuTa rnociegHue 1-3 BUTKa 3aKPyTUTh B BU/Je 3TOW 3aBUTYILKU, TO
Ha TOpL|e 3/eKTPOMAarHWTa MarHUTHOE Tojle W3MEHWTCSI Y HampskEHHOCTh OyleT WMeTh [Be
COCTaB/SIFOLL{ME —  BePTUKA/JbHYIO, HamnpaBAeHHYIO BAOAb OCH  3IeKTPOMarHuTta, |
rOpY30HTAa/IbHYI0, HarpaB/eHHYI0 IepreHJUKY/IsSPHO OCU 37eKTpoMarHuTa. Y mpu npomyckaHuu
HMITy/IbCa TOKA uepe3 TakoH 3/IeKTPOMarHuT (KaTyIlIKy ), MPOXOASIIMM Ha/l TOPLIOM 3/IeKTPOMarHuTa
MarHuT poTopa (Be/JIOCUIIeZHOTO Kojeca) TO/NyUdT [OTIOJHUTEbHbIM HMMY/AbC  CWIBbI TI0
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HaripaB/ieHuto BpaiteHusi. [IpaB/a, nocie Takol MoOZEepHU3al[My KOJIeCco CMOXKeT BPAlllaTbCsl TOBKO
B OfIHYy CTOPOHY, HO 3aT0 ¢ 60JIbIIIell MOIITHOCTBIO.

OpHoti u3 3aBuTyIIek P.CuranoBa MO)KHO CUMTaTh OOBIUHBINA KPECT, KAK COBOKYITHOCTb MPSIMbIX
yrioB. Ec/iv Ha HW)KHUM KOHeL| KpecTa Io/laBaTh UMITY/IbChl OT MarHeTPOHa, TO KPeCT TIPeBpaTUTCS
B JIBIDKUTEJb, TaK Kak TIOf MepeK/IaZiiHaMu Oy/leT CO3/laBaThCs TMOBBIIIEHHOE /aBieHre Jbupa, a
BbIllle TepeK/aZuHbl JaBjieHre O@upa MOHU3UTCA. BO3HUKIIMI TrpajueHT JaBneHus Jdupa
3aCTaBUT KPECT BMeCTe C MarHETPOHOM CTPEMHUTbCS BBepX. M ec/iu TAra OKa)keTcsi OOJIbIIe CHUJIBI
TSDKECTH, TO BO3MO)KEH B3/IET Ha JTF000M CKOPOCTH C TIOBEPXHOCTH 3eMJTH C TIOC/Ie[yFOIL[UM TTOJIETOM
B fanbHui Kocmoc. BoT Kakue y Hac 1iepkBu! OTo MO/ie/Id KOCMUYECKHX KopaoJiei.

OKCrepyMeHT 10 MpeBpallleHrIo0 KpecTa (L|epKBHU) B JABWKUTeNb MPoBEn Asekcanzap Kyiernes,
Kakercs1, emé B 1991 roay. Mcrosb3oBajics MakeT I[ePKBH C KpeCcTaMH, TUIOTHO OOEpPHYTOro
MeTayinyeckor ¢oabrol. Ha Qonbry mnozgaBanuch 3neKTpUYecKWe MMIY/AbChl OT MarHeTpoHa
MHUKDOBOJTHOBKH. Pe3ysibTaT — MO/e/ib LIepKBU C KpeCTamu Bpalljajia KDyTHU/IbHbIe BEChI C XOPOLIei
CKOPOCTBHO.

006 3TOM 3KCIiepuMeHTe Majsio KTo 3HaeT. A.KyiiiesieB 3a 3TOT OIBIT 0/DKEH OBITH Y0CTOEH
HobeneBckoit mpemun. Ho OH Kak Obl1 yUéHBIM-OAMHOYKOM, Tak UM U ocTascsi. PAH cienana Bug,
YTO HUYEro 0COOEHHOTO He MPOU30III0. 3aTO B TIOC/IeJHUE TOZIbl YCUIEHHO TTHApAT HeKui e-drive,
O/THOTO 3ara/{HOT0 M300peTaresisi, y KOTOPOTO OUeHb He3HauuTesbHast TAra. [I[poCcTo 3TOT 3arafiHbIi
n3o0peraresib HUKOra He untan pabor A.Kymenesa u P.Curanosa.

Cpeau 3aputyiiek P.CurasioB ciieflyeT yKa3aTh Ha CaMblii OOBIYHBIN yTOJI, B KOTOPbIM cribaeTcs
TIPOBO/IHUK C TOKOM. B 3TOM yrIyie BHyTpH yI/ia JjaBieHue Ddupa MOBLIIIEHHOe, a Ha BepIIUHe yIia
— TMOHWKeHHoe. B pe3ynbrate yron npu NpoIyCKaHWM TOKa IpeBpaljaeTcsl B JBWKUTENb, OH
co3aét tary. Ho nyuiie Ha yron nopaBaTth He MOCTOSIHHBIA TOK, @ MUKPOBOJIHOBOE U3/TyueHHe OT
MarHeTpOHa WJ/IM aHaJIOTUYHOTO 110 MPUHLUITY [1eHMCTBUI0 UCTOUHMKA SHEPrUU.

WHurepecHoe pelieHue mnpefnoxkun P.CurasoB [/si 3aMeHbl 3/1eKTpOJBUraTesiell. OTO MarHuT,
KOTOpbIe TIPOTKHYT MPOBOAHUKOM. [Ipy mozadye TOKa BOKDYT IPOBOJHUKA CO3[AETCS BUXPEBOE
MarHuTHOe TI0Jie, KOTOpPOe B3auMO/|eHiCTBYS C BHYTPEHHMM MarHUTHBIM [10/ieM TIOCTOSSHHOTO
MarHuTa OyzieT GpopMHUpOBaTh rpafiueHT faBieHusi Jdurpa, HarpaB/ieHHbIN TOMepEK MarHuTa. JTO
TpeKpacHO TT0KAa3aHO Ha PUCYHKe, B3ITOM U3 JKypHasa «TexHuka-monogéxu». KIT/I Takoro gBruxka
BbIlle, yuem KII/] snekrpogsuraresns. Komeca B TakOM 3/IeKTPOBO3€ BBITIOHAKOT POJIb OTIOP U He
noTpe0yeTcsi HUKAKOTO PhIBKA Mepei HauaioM JIBM)KEHHUS COCTaBa.

MATHWT

Puc.9

C mMomeHTa nyOvKauyy 3Tor uH(opMarwu miporio 6osee 50 sieT, HO TIOKAa 0 TaKUX T0€37ax
Mbl MOXKEM TOJIbKO MeuTaTb. Te, KTo rpe/yioxxun HaMm pa3meHsiTe CCCP Ha cTO cOpTOB KOJOACHI,
NEKCSL TOMBKO O CBOEM KapMaHe, a He 0 MHTepecax Pogunel U Hapoga. ToK B TakoW ABWKUTE/b
npe/ijlarajoch MojiaBaTb M0 pesbcaM, 4YTO OMacHO A jofed. Ho HuUyero He MellaeT BMeCTO
Zi3eJisl TeMJI0BO3a YCTaHOBUTh 3()MPHBIN reHepaTop Hepruy Ha MOJXOZSIYH0 MOIIHOCTb.
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[Tocne Bcero TMOKa3aHHOTO CjieAyeT OOpPaTUTbCS K MeTOAY TIOMyueHUsi WMCKYCCTBEHHOTO
rpaBUTALIMOHHOrO Mo/si. Hallli KOCMOHaBTHI JIeTaloT B KOCMOCE, Tie OHU HaxOJsTCSl B COCTOSIHUM
CBOOOZIHOTO TIa/IeHUsl. ITO CephE3HO MelllaeT, Kak MPUHUMATh THIIy U BOAY, TaK U pear30BbIBaTh
ecTecTBeHHbIe HaJOOHOCTH. VICKyCCTBEHHYIO TpaBUTaLMsl M300pén, He 3Has 00 3ToM, AHApei
Epmona, KoTopbIii MOMyTHO U300pE/ MHTEPeCHbBIM BapHaHT» BEUHOTO» JIBUTATe IS, KOTOPBIH Ha3BaH
um Penykrop Epmornbl. He 6ymy oObsCHSITE, Kak ero peayKrop Bpaijaercsi. BakHo gpyroe. Epmona
OfHAKIbl B3I U PAcCKpPyTW/I MaXOBUK BOKDYI [ByX oceil. M Korja OH yjapui KUSHKOUW TIO
Bpalllaroll{eMyCsi MaXOBHKY, TO POM30LLLIO0 CTpaHHOe. MaxoBuK nonetes. Koraa oH nposietan MUMO
>KUBOTa AH/Ipesi, TO MOC/eJHUI MOUYBCTBOBa/ THPOTULIBH JIIYI[eHUs B >KUBOTe. Korma MaxoBUK
rposieTajql Haj TPaBOW, TO TPaBMHKWA TSHYIMCb B MaXOBUKY. A KOTJa MaXOBUK TMOAJIeTeN K
umgepHoMy 3ab0py, To mmdep JOMHY/, a KyCKU Iudepa MoeTe/ld HaBCTPeUy MaXxOBUKY.

[Tpepnarato mof rMojsioM B KOCMUUECKOW CTaHLIMM YyCTaHaBIMBAaTh MaxOBUKH, Bpalllarolliyecs
BOKpYr /ByX ocei. Kaxplli BpaljaromMiAcId MaxOBUK OyleT Co37aBaTh BOKpPYr cebst
rpaBUTaLMOHHOe Tone cdepuyeckoil ¢Gopmbl. A BCe MaxOBUKH, YCTAaHOB/IEHHbIE TI0[, TOJIOM,
CO37ayT «IJIOCKOe» TPaBUTALIIOHHOE T107Te, KOTOpOoe UYéTKo 0003HauuT, T7ie BepX U Hu3. M Ha Takoi
CTaHL[MM KOCMOHABTAM CTaHET JieTue KUTh U paboTath.

/*/

IIpuMmepsbl 3(pMpPHBIX U BAKYYMHBIX T€XHO/IOTHH.

YToObl MOHATh, KAKUMH MPOCTBIMU MOTYT ObITh 3(UPHBbIE TEXHOJIOTHH, MOXXHO TPE/TIOKUTh
HeOOoJTBIIION CITHCOK.

HauHéMm c Toro, 4to B OpraHu3Me 4ejioBeKa eCTb HEeCKOJILKO 3(HPHBIX TMPOLIECCOB, O KOTOPBIX
MHOTHe 3HaloT.

Bo-nepBhbIX, cMcTeMa [ibIXaHWsI UCTIO/Ib3yeT BaKyyMHYIO TEXHOJIOTHIO. B mieBpasibHOM MO/I0CTH
JaByieHue HyseBoe. [103TOMy 4esloBeKy OCTAaéTCsl TOJBKO paboTaThk MbIiiel fuadparmbl, a JerkKue
Ha aBTOMare CTPOro C/IeAYIOT 3a Hel. Bo3yX B /IErkre BXOJUT M BbIXOJUT 13 HUX B COOTBETCTBUU C
TPaJIeHTOM JIaB/ieHUs] MeXKy aTMocdepoit U 6poHxamu. MO)KHO 3Ty TeMy pa3BUTh Jjasiblile, HO U
3TOTO JJOCTAaTOYHO, UTOOBI MOHATH BAXKHOCTb JAHHOM BaKyyMHOW TEXHOJIOTHH, KOTOpasi MO3BOJISIET
OpraHM3My 5KOHOMHO pacx0/l0BaTb CBOK SHEPTHIO.

Bo-BTOpBIX, CepAlle C aOPTOM He CKOJBbKO MEepPeroHsItOT HamnpsMYH KPOBb, CKOJIBKO CO3Zar0T
yIApHYH BOJIHY, KOTOpasi B BH/e ITy/bCOBOM BOJHBI J[IBKETCSI OT CepAlia K apTepuosam,
TIPO/IaB/IMBasi KPOBb OT cepjlla K mepudepuu. [Ipuuém MmyapcoBasi BOJHA BBITIOIHSAET paboTy BO
MHOTO pa3 0oJibIlie TOM, KOTOPYIO BBITIONHSIET Cep/lie MPU CBOUX COKpalleHusix. [TynbcoBasi Bo/HA
SIBJISIETCS1 JIMHEWMHBIM aHA/IOTOM paJJuaHTHOU SHEepPruM.

B-TpeTbux, HEpBHas CUCTeMa IPU KaXK[OM HMITy/bCe, KOTOPbI OHAa MOChLIAeT 0 HepBaM,
CO37IaéT BOKPYT HEpBa MarHUTHOE TIOJIe, YHEPTysi KOTOPOH BO MHOTO pa3 0oJibllle 3aTpaT SHEPrUM
HEpBHOW KJIETKH Ha CO3/jaHue UMMysibca. Uem GosibIlie UMIY/IbCOB, TéM OO0JIbIlle SHEPTUU MT0/TyuaeT
OpraHusM. A Be/lb 3TH UMMYJIbChI OETYT He TOJILKO OT MO3ra K MbIIIIaM. JTO Hab/ofaeTcst B Kope
TOJIOBHOTO MO3ra, C CIMHHOM MO3re, B BUCLiepa/JbHOW HepBHOU cucTeMe. [To3ToMy 4yesioBeK [jist
TOJIHOL|EHHOM >KU3HU [I0J/DKeH He TOBbKO XO[UTh, OH JIO/DKEH UWTaTh, JymMaTb, CAyLIaTb MY3bIKY,
UrpaTh B HACTOJIbHBIE U TIPOCThIE KOMITbIOTEPHBIe UTPhI. JIF000M YesioBeK /[0/DKeH YMeTh YIIPaB/IsTh
CBOEM BUCLlepa/lbHOWM HEpPBHOM cucTemMol. I Torja MOKHO He TOJIbKO COXPaHSTh 3[0POBbE 10
ryO0KOM CTapOCTH, HO U HAYUUTHCS JIEBUTUPOBATh.

VIMeHHO BaKyyMHbIe TE€XHOJIOTMM MOMOTAIOT pbibe-Meu I/1aBaTh MO BOAOW CO CKOPOCTBIO /10
130 km/u. denbcuH, 6arogapsi BAKYyMHOM TeXHOJIOTHH, TIJIaBaeT CO CKOPOCThIO 55 KMm/4. JIococh
JIETKO TIpeofi0/ieBaeT MHOTOMETPOBbIE TOPOTH W BOJOMAZbl, TaKKe WCIO/b3ysl BaKyyMHYIO
TexHonoruto. ['ych netaeT mo Tou ke mpuumHe. Kak Bce OHUM 3TO [lenal0T, B J@HHOW CTaTbe He
ckaxy. [TogymaiiTe camu, BO3MOXKHO JJ0Ta/laeTech. Tak UTO Ue0BeKY JO/DKHO ObITh CTHIZHO 3a CBOE
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HeBe)XeCTBO. Bce >KMBOTHBIE MCMO/Mb3YIOT BaKyyMHble U 3(UPHbIe TEeXHOJOTHM, a UesloBeK C ero
OOJBIIIM MO3TOM /10 3TOTO JlaXke He JOAyMaJics.

Byzmem cuuTaTth, UTO rpaJMeHThl JaBieHus Jdupa MOTyT ObITh TIPUPOAHBIMUA U PYKOTBOPHBIMH.
[TpuposHble TpajueHTbl [aB/eHUs TIOPOXKAAKT Takve (eHOMeHbl KakK Cuaa TsKeCTH, Chja
Apxumesa, 1leHTpOOEXKHAsT CHIa.

LlenTpoOeskHasi Cuia KOTOpasi MOXKeT ObIThb ypaBHOBeIlleHHas, TaK U He ypaBHOBellleHHas. B
TepBOM CJlyyaeM Mbl UMeeM [1eJi0 C ypaBHOBELIEeHHbIMM MaxOBUKaMM, a BO BTOPOM CJiyyae C
uHeprjongamMu. LleHTpoOe)KHasi CUla MCIO/Ib3yeTCsl B CIIOPTe, Harlpumep, MpU OpocaHWM MOJOTa
Wiy Jucka. KuHetrueckas sHeprusi, KOTOPYHo Tojy4yaeT, Harlpyumep, MOJIOT, BbljleTast U3 CeKTopa, BO
MHOTO pa3 Oosbilie TOW pabOThI, KOTOPYIO BHITIO/IHSIET TIpU Opocke crioprcMeH. Ho HU ofuH
akKa/IeMHUK Ha 3TOT (DaKT, J0Ka3bIBaloL[Mi Hamure Ddupa, BHUMaHKe He 00paTuiI.

Knaccruueckuii ipumep u3 BeTtxoro 3aBeta, korjja JlaBuj youn KaMHeM K3 TIpalljy Be/MKaHa,
TpaKTHUUeCcKu BceM u3BecTeH. Ho yuéHble HaJ| 9TUM (PAaKTOM HUKOTZA He 3a/lyMbIBa/lMCh. A 3TO BeJb
Od¢up ybun lomuada, a [JaBUT TONBLKO Bpallas Mpaily U OTIYCTHI KaMeHb B HY>KHbIA MOMEHT
BpeMeHU. DPUP BHITIOHIT OCHOBHYIO paboTy, HO [laBu/| yMeso yrpaBisii BCEM TPOL[eCCOM.

I'paBuTaLsg MO3BOJISIET CO3/aBaTh rpaBUTALMOHHBLIE Koéca. IIpumep, komeco Anbao Kocra,
koTopoe cobpaHo uMm B [apmke. Ho odurranbHas Hayka 3ampeljaeT TakoMy KosieCy BpalatbCs. A
OHO BpalljaeTcs. ITO O3Ha4aeT, UTO rPaBUTALIMOHHBIE KOJIECa MOXKHO HCII0/Ib30BaTh KaK reHepaTropbl
SHEepruu.

Emé a¢pdexTriBHEE CMOTPATCS TO[BOIHBIE KOIECA M TPAHCITOPTEPHI, B KOTOPBIX paboTaer cuia
TsDKeCTU U cuia Apxumesa. [IpumepoB yiima. Haripumep, BeuHslil aBuraress [1lapoBa., Ha KOTOPbIA
VM TI0/TyUYeH MaTeHT, MOKHO HailTh B VIHTepHeTe.
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AKaJIeMHKH TOBODSIT, UTO OHUM HE 3HAOT, OTKY/a TaKHe reHeparopsl 6epyT sHeprur0. MoJi, oHu
HApYIIalT 3aKOH COXPaHEeHHs] SHePruM. DTH TeHepaTopbl HAapyIIalT ype3aHHbIH akaJemMuueCKuil
3aKOH COXPaHeHHst SHEePTHH, HO 3aKOH COXpaHeHus SHepruu [lanunia BepHy/m 5TH yCTpOWCTBa He
HapyLIAIOT.

MO)KHO HCITO/Tb30BaTh B JADOBOM BEUHOM [JBHMTATe/Ie CUJIY TSDKECTH U aTMOC(EPHOe [aB/ieHHe.
AtmocdepHoe [aBjieHHe B COHO3e C BAaKyyMOM OyzeT TMOJHMMAaTh BOAY Ha 9 MeTpOB BBepX, a
Grarozapsi crie TSDKeCTH TIOJHSTast Ha BLICOTY 9 MeTpOB Bojia OyzieT cTekaTh BHU3, Majjaromast Boja
OyzeT Bpaiiath TypOWHY, a TypOuHa OyZeT BpalljaThb 3/1eKTporeHepaTop. Takue 3/1eKTPOCTAHIUU U
BAaKyyMHbIE HACOCHI, C/e/aHHble U3 Oouek u TPyD, HcCmonb3yoT B FOro-BocTouHoi Asum.
Haripumep, 3/1€KTPOCTaHIHsI MOXKET ObITh TaKOM

Muuul3C ¢ rmagponynbcopomMm

BepXHMH repMeTnH4HbIN Bax

Tp2|

MyneT

ynpasne-
Tp1 HUA

Huxuui Bak, cooém,alnm!icn
¢ aTMocdepon

Puc.12

B moboM ABOpe XOpOIIWI X03IWH MOXeT W3 /IByX Oouek, ABYX TpyO, MpocToii TypOMHBI U
/ieKTporeHeparopa coopyautb MUKpPoI'DC Ha HecKolbKO KWaoBaTrT. OcHoBa 3Tol MMKpOI'DC
MOXKeT OBITh MCII0/Ib30BaHa B KayeCcTBe BaKYyMHOI'O Hacoca, KOTOPbI OyZeT MOAHUMATh BOAY U3
peku, o3epa uiu 600Ta Ha BBICOTY He Oosee 9,8 M, a 3aTeM pa3/MBaTh BOAY TI0 OTOPOAY WU TIOJIO.
A c moMo1IbI0 THPOMY/IECOPAa MOXKHO TIOAHMUMATh BOJY M3 CTOSIUEro BoZ0éMa Ha OOJbIIYI0 BBICOTY
— 50-100 meTpoB. A 3TO 03HAYaeT, UTO MOXKHO YCTaHOBHUTH TaKYH0 YCTAaHOBKY Ha Oepery mopst Win
Gosnblioro BofoéMa, W 6e3 3arpaT SHEpPruu MOJHMMaThb BOAY Ha OOMBIIyIO BBICOTY, a OTTYZa
CITyCcKaTh eé 1o Tpybam Ha /Ipyroi TUAPOIY/ILCOD, TIPeBPaIléHHOr0 B TYPOMHY, a y>Ke Ha ero ocb
YCTaHOBUTH 3J/IeKTPOreHeparop.

MoxHo cobpare I'SC mo Takoit cxeme. Macjio Heobsi3aTeslbHO, HO OHO He TIO3BOJIUT BOJE
UCTapAThCS.

Hacoc

Bo3ayx i

Macno /

Bo3ayx
Bopa

TypbuHa ¢
reHepaTopoM

. Boaa

BozaywHo-rpasuTaunoHHas M3C

Puc.13.

Macno
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B atoii 'SC crieiyeT nepekaunBaTth BO3AyX U3 OHOTO KOjieHa B ipyroe v obpatHo. Boga Gyzer
BBIMO/IHATE paboTy B 600 pa3 OGosblile, ueM OyzeT TpaTUTLCS SHEPTUM Ha PabOTy BO3ZAYIIHOTO
Hacoca. B Takoii I'SC BaxxHO, uToOBI TypOMHa Bpalliajiack B OfHY CTOPOHY HE3aBUCHMO OT TOTO, B
Kakyl CTOpOHy OyzmeT Teub Boga. Cpenarh Takyr TypOWHYy TipocTo. M moBopaumBath TypOWHY
OyzeT nieHTpobexHast (3pupHast) cusia, TPOXO/s 10 U30THYTHIM BO/ISTHBIM KaHaslaM.

CrnenyeT pyUBeCTH /iBa TIpUMepa JBWXUTeIel, B KOTOPbIH, M0 CYTH, UCIO/Ib3yeTCs OAUH U TOT
Ke TIPUHLUII.

B.C.JleonoB u I'I1.MiBaHOB, KaXk/blii, UCXOZAS W3 CBOUX TeOPETUUECKHX IIpe/CTaBIeHUH,
TIPUILIM K BBIBOAY, UTO TI€PEKPECT OJHOPOAHBIX MAarHATHOTO U 3/IEKTPUYECKOTO TI0JIs1 TIOJ, MPSIMbIM
yIJIOM B OJHOW TMJIOCKOCTA (OPMUPYeT BEKTOp YMOBa, IMeprHeHUKY/SPDHbIA 3TOW TUIOCKOCTU U
cwibHyl0 TAry. [.I1.VIBaHOB 3amareHTOBan CBOXO ycTaHOBKY. To ke chenan u B.C.JIeoHOB.
[TpyMepHO K TaKWM BbIBOJIaM U s TIPMILEN, KOTZA pa3BUBaJ MOJIOKEeHUs1 CBOell Teopuu Jdupa Ha
ripuMepe 3/1IeKTPUYeCKOro Motopa. HaumHan s cO CXeMbl 3/1IeKTPUUYeCKOr0 MOTOpa, B KOTOPOM
¢buryprpyer TOK TPOBOAMMOCTH, a B cxeMax JleoHoBa W VIBaHOBa Osarosapsi KOHJeHCATOpy
WCTIONb3yeTCss TOK cMelrieHus. UTo mo3BossieT GU3UUeCKU TONYUYUTh CBEPXIPOBOAUMOCTE TIPU
KOMHaTHOM Temreparype.

Bor geuraresis B.C. JleoHoBa. X0Ts paBU/IbHEe ero Ha3bIBaTh JABUKUTEIEM.

s
74,
)
4
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77
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Puc.14.

Konyc wu3 ¢eppoausneKTpyka Ceporo LiBeTa TI0O/BepraeTcs BO3[E€HCTBUI0 MarHUTHOTO WU
3/1IeKTPUYECKOT0 TI0jieli, BEKTOpbl KOTOPBIX TepreHAUKY/ISpHbl JApyr Apyry. B pe3synbrare
B3aMMO/IEMCTBUS TIO/Iell B KOHyCe BO3HHKAaeT Macca o0macTeld C BBICOKMM TPAJHUEHTOM JIaBIeHUS
Odupa, HampaBleHHbIX B OAHY U Ty >Xe cTOpoHy. IlosTomy ¢dopmMupyeTcsi HemnapHas CWa,
n300pa>kEéHHAsT [JIMHHOW CTPeNKOM, co3paromjasi Tary - FT, HarpaBneHHass BrpaBo. Cuma 3Ta
YBeIMUMBAETCS 33 CUBT KOHYCHOCTH Tea.

Ha 6ase 3Toro jBuraressi MOXXHO CO3aTh I'pa3ep, TPO3HOe OpYy)KHe, KOTOPbIM MOXKHO OyzieT u3
KOCMOCa yTHKUTh TIOBEPXHOCTb 3eM/IM, YHUUTOKasl )KUBYHO CUJIy U TeXHUKY IIPOTUBHUKA, TPOMUTh
ero rofi3eMHble 1ITabbl, 37IeKTPOCTAHLMU U T. . [IpH >keslaHUK MOXKHO CPaBHATH € 3eMJI&it 000
TOpoZ. Y>KacHO, HO TaKOBA Hallla KM3Hb. BotoeM, XOTs1 MO/ OBl )KUTb APY>KHO. A TT0YeMy BOIOEM?
Pecypcel Hy)XHBI, B TOM YMCJIe U SHEPTOHOCUTEIIH.

Mowu u Ipyrux aBTOPOB 3UpHBIE U BaKyyMHbIe T€XHOJOTMU TI03BOJIST 0CBOOOAUT JIFO/IEN OT
60pbOBI 3a pecypchbl. Bo3MOXKHO, 3TO CHU3UT HAINPSDKEHHOCTh MEX/y HapOZlaMU, FOCY/1apCTBaMU U

6nokamu. [TpaBaa, ecTb 60JIbIIAs BEPOSITHOCTD, UTO TOPOATOTrO TOMBKO MOTH/IAa UCTIPABHT.

A Bot aBwxkurens [.I1. ViBaHOBa.
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HanpaBneHwe TArm Karymra
NepeMar HHTHBAHHA
CERAETHH A

Buyrpenuus
SIEKTR O
| |
CepmedHHE H3 E gemuni
MAT HHTHOL O BMERTRON
MHSTEETP HYIECK OT 0 -
MaTeEpHATA )

Puc.15.

B 5TomM ycTpoicTBe, TpejHa3HaUeHHOM /i CO3/laHWsl TSITM 10 BePTHKAIW, KOJIbL0 U3
(heppoan3neKTpUKa U3HYTPU U CHApPY’KU MOKPBITO KOJbLIEBBIMU 3/1eKTPOJilaMH (PKEITOTO 11BeTa), Ha
KOTOpbIe TIOAAeTCs MMIY/IbCHOE HampsyKeHWe pasHOW moisipHOCTH. Ha yacTu Kosblla HamoTaHa
TopooOpa3Hasi 0OMOTKa, Ha KOTOPYIO TOXKe TIOZIAFOTCS WMITY/IbChl, CUHXDOHHBIE C TE€MH, UTO
TIOAIAIOTCST Ha OOK/IaZKu KOHJeHcaTopa (3/1eKTpofbl). ODTa OOMOTKAa CO3[aéT B KOjblle U3
(eppoaManeKTpUKa MyAbCUPYIOLlee MarHWTHOe Tiojie. OJeKTPOJbl KOHJEeHCaTopa CO3/aroT
3/1eKTpUYeCcKoe 110Jj1e, KOTOpOe HarpaB/eHO NeprieHUKY/ISIPHO CU/IOBBIM JTMHUSIM MarHUTHOTO TIOJISI.
Bo Bpemsi paboThI yCTpOICTBa CO3/aéTCs My/IbCUPYIOLasi OJHOHATIPAB/IeHHAsI TATa TI0 BePTUKAIH.
Takoe yCTpOWCTBO, 1O CyTH, HUUeM He oTaMuaetrcs oT jBwkurtens B.C. JleoHoBa. Xorsi oba
V3/ledsl CO3JlaHbl Ha OCHOBaHWM pasHbIX Teopud. B.C.JIeoHOB omnmpasncss Ha CBOKO KBAHTOBYIO
Teoputo cyrnepobbeavHeHys, a [.I1.iBaHOB Ha JJaBHO U3BECTHYIO 3/IEKTPOMarHUTHYIO TEOPUIO.

B o0oux ycTpoicTBaXx Ha CcepAeyHUK U3 (eppoAndINeKTPUKa [IeHCTBYeT CHHXPOHHO
repeMeHHOe MarHUTHOEe U 3/1eKTpuuYecKoe rosie. BeKTopbl HanpsyKEHHOCTU T0/IeM PacriooyKeHbI
nioz, yryiom B 90 rpazycoB. B pe3synbrare Ha (heppoAM3NIeKTPUK 1eHCTBYIOT MUPUAZbl HEOOBIIINX T10
00BEMY 30H C BBICOKHMM T'pajIieHTOM JaBieHus 3¢upa. CyMMapHBIi BEeKTOpP 3TOTO rpajueHTa Oyger
Harpas/ieH TepreHJUKY/ISPHO KaK BEKTOpPY HalpsPKEHHOCTM MarHWTHOTO TOJisl, TaK U BEKTOpPYy
HaMpsDKEHHOCTH  37IEKTPUUECKOTO T0/isi. A 10 BeJIMYMHe STOT BeKTop OyaeTr paBeH (TIpsMO
NIPOTIOPLIMOHA/IeH) BeKTOPHOMY ITPOM3Be/leHus YKa3aHHBIX nosiel. BoT Bam u nonepeuHas cuna. Ho
TIpOZlo/ibHAsL KOHYCY U3 (heppojusieKTpuka y JleoHoBa. Vinu ocu Konblia B ABWkUTesne ViBaHoBa. Y
JIeoHOB 3TOT 3¢peKT yCUIMBaeTCs elljé 1U3-3a KOHyCHOCTH Cep/ieuHHKa.

OTH yCTPOMCTBa, KOHEYHO, HAMpPsIMyI0 B KaUeCTBE SHeProreHepaTopoB NMPUMEHSTh Henb3sl. Ho
eCJT 3TH JBVKUTENTN Pa3MeCcTUTh Ha OOMBIIOM Kojlece, HallpaBUB BEKTODP TSTH 10 KacaTelbHOU K
OKDY’>KHOCTH, TIPUCOEJUHUTb K OCH 3/IeKTpOreHepaTop, TO MOJyudM TeHepaTop 3/eKTpUYeCcKoin
sHepruv. B cBoém mnareHte B.C. JIeOHOB mpejsiaraeT TakKe yCTaHaB/IMBaTb CBOU JBWKUTEIN
(mBUTaTenn) Ha aBTOMOOW/IM ¥ Ha KOCMHUYeCKHe arraparsbl.

[lpumepHo Tak paboraer 000# 37MeKTpUUECKHT MOTOpP. TOMBKO BMECTO TOKOB CMeIeHHs
VICTIO/Tb3YHOTCSl TOKY TIPOBOJIMMOCTH, & OHU y>Ke TIOAUMHSIOTCA 3aKoHy OMa. Eciii cpaBHUTB JjaHHbIe
CXeMbI CO CXeMOW paboThl 371EKTPOMOTOpPA, TO MOXKHO OTMETHTh, UTO B JAHHBIX YCTPOMCTBAX
BMECTO TOKa MPOBOAMMOCTH, KaK B MOTOpe, UCIO/Ib3yeTCs TOK CMelleHHUs. A 3TO O3HadaeT, 4To
WCTI0/Ib30BaHKUe 371eKTPUUECKOTO T10Jisl M03BOJIsIeT MCI0/Ib30BaTh, MO CYTH, CBEPXIIPOBOJUMOCTb.
OTO NPUBOAUT K 3HAUMTETbHON SKOHOMHUM SHEPruu /sl CO3[,aHUsl HY)KHOU TATU. [la M 3Hepruio
MarHUTHOTO TI0JISI MOXKHO COOpaTh M MCTI0/Ib30BaTh BHOBb.

EcTb HeoOXOJUMOCTb TIOSICHUTh, KaK MCII0/b30BaTh 3(UpPHbIE TeXHOJOTMM [Jis CO3[aHUs
JBYDKUTeel /s mpocTpaHcTBa 6e3 otbpoca Macc. OCHOBOH /TF000TO BMKEHUS SIB/ISIETCS Ha/TNUKe
rpajiveHTa ZiaBieHust Dpupa WM UHOW OKpy»Karolei cpeabl. UTOObI co3aHHasi CW/a MpeBpaTusia
BellleCbBEHHOE TeJI0 B JABWKUTE/Ib, C/ielyeT CO3[jaHHbII IPaJjueHT [jaB/eHUs] OKPY>Katolleil cpe/ibl
KpPEenKO TPUKPENUTh K BelleCcTBeHHOMY Teay. Torja Mpu epeMelleHUM BelleCTBEHHOrO Tejia
(TpaHCcTOpTHOTO CpencTBa) OyzeT OfHOBPEMEHHO IiepeMelaTbCsl CBSI3aHHBIM C TPAHCIIOPTHBIM
CPeJCTBOM TpajiueHT JaBjeHue (Tsra). To ecTb, co3jaHHasi TPaJiIMEHTOM CUIa TlepeMeliaeTr
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TPaHCIIOPTHOE CPeACTBO, HO MPH 3TOM TPAHCIIOPTHOE CPEeJCTBO TMEPEeHOCUT TPaJIueHT [laB/leHusI
BMeCTe C YCTPOMCTBOM [iJ/ISI €70 CO3/JaHusl U MO//lePrKaHusl.

OdupHbIE TEXHOIOTHU MO3BOJISAT MOyYaTh BOAOPO/] SHEPrO3KOHOMHBIM CIIocobom. [Ijist 3Toro
ciefiyeT KpOMe 3JIeKTPUUYECKOTo Toisi J00aBUTh B CxeMy MarHuTHoe rosie. Torja B 30He
TePEeKPeCTHs ToJ TIPSAMBIM YIJIOM 3/IEKTPUUECKOTO W MarHUTHOTO Tiofed OyleT co3jaBaThCst
rpajiueHT JaByieHust Dupa, KOTOPhIM OyzeT pBaTb MOJIEKY/IbI BOJbI KaK TY3UK I'DEJIKY.

A 3 MeHbIA UMNMHOP

A-A

A MarHuT (371eKTPOMarHuT)

SneKTpo ANA NoNyYeHUs BOAOPOAa

Puc.16.

Ecmu mpaBunbHO mO00paTh HaNpsDKEHHOCTH TI07Iel, TO TIOydYaeMblii BEKTOp YMOBa-
[MoliTHuHra He OyJeT pBaTh MOJeKyJbl BOAbl, a OyzeT BOAy HarpeBaTb [0 HY)XKHOW HaMm
TemIiepaTypsl. 1 B 3ToM cilyuae HaM yske He TIOTpeOyeTcst iepexojuTh Ha BOJOPO/IHYIO SHEPTEeTHKY.
Hawm Gyzet focTaTouHO TIPOCTOM, 10 CyTH, TH/IPOY/IaPHOM 3/1eKTPOMAarHUTHOM yCTaHOBKHU.

Cnepyer obpatute BHMMaHue Ha 3¢dekr HOTkMHa, HesacaykeHHO 3a0biTerii PAH.
OneKTporujpaBauyeckril yaap, rje WCIoJb3yeTCsl MOLb MOJBOJHON MOJIHMM, TO3BOJISIET pellaTh
3¢ deKTUBHO MMPOKMIA CrieKTp 3ajau. [loyuars BBICOKOE aBleHHe W TeM CaMbIM APOOUTH KaMHH
Y THYTb JIUCThI MeTasula. Pa3mesnisyath 1ouBy, npeBpaitias eé B ynoopenusi. ['pets Boay. [IpeBpaiiarh
paZMoaKTHUBHBIE OTXOZbI B Oe3BpejHble BeljecTBa. PaciienisaTte BOAY Ha BOZOPOJ U KHCJIOPOA.
Co3paBarb ABYKUTENU U JBUrartesnu. VI MHOro yero fpyroro.

Cnenyet oOpaTUThCS K OTIBITY paboThl BauaeBa, KOTOPBIM Ha CBOe DHEProHUBE TIOMydYas U3
BO/Ibl JIEKTPO3HEPIUI0, TeI/I0 U MacCy pa3sHbIX MeTaJl/IoB.

YBesmueHue Teruia rojyvyaeTcs py CKUTaHUM yIvig € U3BeCTHAKOM. JTO elé B CCCP 3Hamu u
ucrosb3oBany. Emé 6osblile Ternsa rnoayvaeTcs MpU CKUraHWM yris ¢ Bogoil. Ho, roxoxe, MOXXHO
C/ie/1aTh BOT TAaKOW MPOCTOW KOTEN

3BeeBuK

Bona K Typbune

WK CBWHeL,

—

Nap

OT TypbuHBI

N Bona

Monorpesastoe MHAyKUWOoHHas nnvTa
LHO

Puc.17.
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B 5TOM KOT/Ie eCcTb BHyTpeHHUM KOTE/, AHO KOTOporo HarpeBaetcs 0 600-1000 rpaaycos. B
3TOM KOT/Ie HY)KHO 3a/JUTh HeMHOro Bozbl. [loz BO3AeiicTBHEM BBICOKOM TemriepaTypbl JHa, T/e
OyzeT co3/aBaThCsl BHICOKUM I'PaZIMEHT JaB/IeHUs, Bozia OyJeT pas/araTbCs Ha BOJOPO/, U KUCIOPO/,
0e3 JOTOHUTE/IBHBIX 3aTpaT YHepruu. 3areM Boja OyaeT MOAHUMATLCS BBepPX, KOH/I€HCHUPOBAThCS,
BOJIOPOZI W KHC/IOPOZ BHOBb OyayT o0pa3oBbiBaTh MoJieKy/iabl Bozabl. CTekas, Bofa Oyzer
BO3BpAII[aThCSl Ha PAaCKaséHHOe /IHO, UYTOOBI MOBTOPUTH mpoliecc. IIpy KOHAeHCALWU BOABI U TIPU
00pa3oBaHUU MOJIEKY/TbI BOZIBI U3 BOJIOPO/IA M KUC/IOPOZA Oy/IeT BhIZENSATHCSI MHOTO TeTljia, KOTOPOe
OyzeT mepeJaBaThCsi BOJe BHEIIHEro KOT/Ia, a OTTyJa Teruio OyleT TpeTb BOAY B 3MeeBUKe,
ripeBpalliasi BOJy B 3MeeBUKe B Tap BbICOKOTO /1aB/IeHUSI.

TakM 00pa3oM MOXKHO TIO/yUUTh 3aMeHy siZiepHOMY peakTopy. KOHCTpyKuusi mpocTas U
Ge3omnacHasl.

/*/

B nmaHHOM cTaThe cZiejlaHa TOTBITKA B OuepefHOW pa3 ToKa3aTb M Jj0Ka3aTh, UTO 3(UpPHbIe
TEXHOJIOTUM OueHb TPOCTHI, JKOJIOTHUECKH Oe3BpeJHbl, CrIOCOOHBI M30aBUTH Ue/I0BEUECTBO OT
TSDKE/IOr0 KaTOP>KHOTO TPYZA T0 J00bIYe MHOTHX BUZOB TIPUPOHOTO ChIPbsi. D(PUPHBIE TeXHOIOTHU
TI03BOJISIT YeJIOBeUeCTBY HaBCer/a PelInTh SHepreTHuecKyto npobsemy, BeITH B KocMoc 1 0CcBOUTH
BCIO Hallly COJIHEYHYIO CUCTEMY.

Ha 6a3e 3(MpHBIX TeXHOMOTHI Oy#eT co37aHO Opy)kKMe Ha HOBBIX (PU3MYeCKUX TMpPUHIUIAX.
dakTHyeckl HeT HeoOXOAMMOCTU CTPOUTH TaHKH. Jl0CTaTOYHO a/leKBaTHOTO BHEIIHWM T'pO3aM
¢noTa nerarolMx Tapesiok, BOOPY>KEHHBIX 3(MPHBIMU CPeJCTBaMU Hara/leH!sl U 3allUThl.

Otnagaer He0oOXOAWMOCTb TPAKTUYECKHM BO BCeX BUJAX TPAHCIIOPTa, KPOMe CITIOCOOHBIX
TiepeMeIaThbCsl o BO3AyXy M B OmkaiiiieM kocMmoce. He HaJj0 MIIAYMTBCS CO CTPOMTETHCTBOM
JIOpOr MeX/ly Topo/ilaMi U TepPUTOPHSIMKA MacCOBOTO MPOXKWBaHUs rofiel. bynyT co3zmaHbl HOBbIe
TeXHOJIOTHM 1epepadOTKM KaMHS, /lepeBa, MIaCTMAcChl M MeTajla. bosbllas 4yacTh TIOBEPXHOCTH
3eMJ/TM U MOpeli OyzieT oT/iaHa [ijist ’KUBOTHBIX.

W3meHuTCst OBIT /FOfiei. B KBapTHPY MOXKHO TIPOBOJJUTH TOJBKO BOJY, OCTa/IbHOE MOXKHO OyzeT
CO3/1aBaThb C MOMOILBI0 UMEIOLerocs B KBapTUpe 371eKTporeHeparopa Ha 10 KBarT pasmepoM C
XOJIOZWIBHUK Y [ja)Ke MeHbllle. /]oCTaTOuHO 3amyCTUTh TaKOW arperat, MOAK/IIOUMTb ero K OJHOU U3
PO3eTOK B KBapTHpe U BO BCel KBapTupe OyzeT 3/1eKTpuuecTBO. VI3MMIIKK 3/1eKTpPO3Hepruu OyayT
BBIBOJUTHCS B OOIIYO CeTh, XOTs Ha TPaHMUL|e CeTU U KBAPTUPHI CJIe/IyeT MOCTaBUTh YCTPOMCTBO AJIst
COI/IaCOBaHMs YacTOThI U (ha3bl CO3/1aBaeMOro B KBapTHpe MepeMeHHOro TOKa C epeMeHHbIM TOKOM
cetd. HYKakol B3aMHOM OIIaThI 3a [TOCTaB/ISIeMYIO 371eKTPO3Hepruto. [Iis noaepkaHusi BICOKOU
MOIIJHOCTH B CE€TH HeT HeoOXOJUMOCTH CTPOUTb MOII[HbIE 3/IeKTPOCTAHLUU. []0CTaTOuHO
HeOONBIINX CTaHLWM, 3aJalL[MX HanpsDKeHWe, YacToTy W a3y TepeMeHHOro TOKa, a
JIOTIO/THATE/TbHYIO0 MOLHOCTb MOYKHO CO3/]aBaTh C MOMOIbI0 PE30HAHCHBIX YCUIUTE/Nel MOIIHOCTH
tuna ycrporcts Hukosel Tecna i [lona Cmuta. He 3ps sxe Hukona Tecna ocTaBuin Ham CXeMbl,
rJe ToKasasl, B KaKUX MeCTaxX CeTW YCTaHaB/IMBaThb pa3psJfHUKH, C TTIOMOLbI0 KOTOPBIX MOLJHOCThb
cetu OyZeT mpupacTaTh C MOMOLBIO PAJUAHTHON SHEPTHH.

[Toxoxe, UTO MOXKHO B KBApTUPY BOZY He TIPOBO/MTH, a CO3/aBarh eé 13 Bo3ayxa. Ho rpu stom,
HarpuMep, U3 MOPCKOW BOJbI CIelhajbHble 3aBOAbI OyyT MPOM3BOAUTE BO3AYX B AOCTATOUHOM
o6béme. CKOJIBKO uesioBeueCTBO OyzneT TpeBpailjaTb BO3AYX B BOAY, CTOMBKO BOJbI HEOOXOAUMO
OyzeT mpeBpaTUTh B BO3AyX. IIpu yBemuueHWH oObeMa BOJbI B OKeaHax W30BITOK BOZABI MOXXKHO
OyzeT mpeBpaIaTh B BO3AYX WIH B [pyTHe 1oJie3Hble MaTeprasibl, HallpuMep, B JKeJie30 WK 30J10TO.
13 mopckoii Boapl mopu OynyT noObiBaTh cebe BCEé HeoOXoAuMoe, HCUe3HET HeOOXOAMMOCThb
pa3pabarbiBaTh 10JIe3HbIe UCKOTIaeMble, CO3/IaBast Kapbephl, AbIPSIBS 3€MJIF0 CKBXKUHAMHU U T. [I.

Ha Bceii 3emne OygeT 1japuTh CyOTPOMUYECKHUN K/IMMaT, UCUYe3HeT HeoOXOAUMOCTb B TEIJIon
ofexxze. Y KaXZoro yesoBeka OyfyT JIMUHble KPbUIbs 10 TI€PEMEIeHUI0 0 BO3/AYyXY, Carloru-
CKOpOXOZbI, CKaTepTu-caMoOpaHKu. Bes 3emnst Oyzer smeKTpuUIMpOBaHa U KaXKAbIA uesioBeK
OyzeT uMeThb 10CTYN B VIHTepHeT WM WHYIO aHA/IOTHYHYHO CETh.
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He WCKIIOUEHO UTO YacThb TPAHCIIOPTa TMEepPeMeCTUTCs Tof 3eMto. [Ipuuém gobparthbcst OT
MockBsblI (cTonuibl HbiHelHelr P®D) no Kanbepps! (CTOMMIbI HBIHEITHel ABCTPaMK) MOXKHO Oyzer
3a HECKOTbKO YacoB. JTO MOTyT ObITb /MO0 MarHWTHbIe, /MO0 BaKyyMHbIE TI0€3[a, C
VICTI0/Tb30BaHUe NCKYCCTBEHHOTO MHTe/IIeKTa.

Ckopee BCero, 4ejoBeYeCTBO OOBEUHWUTCS B €UHOE TOCYHAApPCTBO, OyJeT CO3[ITH eMHBIMI
SI3bIK.

V3MeHSITCS collda/ibHble OTHOLIEHWs, JIOAU He OyayT Je/MUTbCs Ha MEpBbId U BTOPOW COPT.
YncneHHOCTb HaceslleHHsI MOXKET CTIOKOWHO HaXOAWThCS Ha ypoBHe 25 u Oojiee MWIIMAp/OB
yesioBeK. 3eMJIsl TIpU Oepe>KHOM OTHOIIIEHHWH K e€ TIPUPO/IHBIM pecypcaM CIIoCcoOHa MPOKOPMUTh U
Oosnbiniee uncsio mogei. Beé, mpousBoauMoe Ha (habprkax U 3aBojiaX, BHICTaB/IEHHOE B Mara3vHax
Oyzer pys moboro uenoBeka OecriaTHbIM. [leHbrd W3 0OOratCcTBa W CpeJCTBa HAKOTUIEHMS
TIPeBPATATCS B CaMble OObIUHBbIE JAOKYMEHThI, HA OCHOBaHMM KOTOPBIX JIFOAU OyAyT 3HaTh KaKOU
1[eHOH M CKOJIbKO SHEPTHH ObI/I0 MOTPaueHo TpY NPOU3BOZCTBE TOTO UM MHOTO TOBapa Wid YCIyTH.
[Tpon3BozACTBO OyzeT aBTOMaTW3HUPOBAaHO, KOMIBIOTEPHU3UPOBAHO U COA/aHCHMPOBAHO TakK, YTOOBI
TIPOM3BOJW/IOCH TOBAapOB U YC/IYT CTOJIBKO, CKOJBKO Hazo. Jlyullle, ecjid TPOU3BOAUTLCSA OymeT
CTpOro TIoZ, 3aKa3. ToBapbl, BO3MOKHO, OYAYT AOCTaB/SATHCS MPSIMO B JIOM WM KBapTHPY, Kak 3TO
ceifuac JiesiaeTcs C TIOUTOM.

Yrpo3a daimsma Hcue3HeT HaBcerja, OAHKOBCKHM KpeJuT C CCYJHBbIM TMPOLIEHTOM Kak
WUCTOUHUK COBPEMEHHBIX KPHU3UCOB OyzleT 3ampeliéH, ja U B YCIOBUSIX BCeOOIero u3o0umus oH
OyzieT MPOCTO HUKOMY He HY’KeH.

Ho 310 He 3HauuT, uTo Ha 3eMse OyzeT nmocTpoeH Paii. Kakablii B3poC/blii UeioBeK /10 CBOEH
cMepTd JlobkeH Oyzer paboratb. To/bKO TPOJO/DKUTENBHOCTh pabouero AHS He JOJDKHA
nipeBbIaTh 4-x yacoB. Kakzplii peOGEHOK [JO/DKeH 00s3aTe/IbHO yUUThCs. He MCKIFOUeHO, UTo /st
0CBOEHMsI BO3pociiiero o0béMa 3HaHUM ZieTbMU OynyT cuuTtatbes moau 1o 20 et. [To okoHYaHUA
IITKOJTbl MOJIO/IbIe JTFOJIU C/Iat0T 9K3aMeHbI He TOBKO TI0 Pa3HbIM HayKaM, HO U TIOATBEPKAAI0T TaKKe
CBOIO 3peJ/IOCTh YYaCTHEM B pPa3HbIX COPEBHOBAHUSX, MOX0/aX, B KOTOPbIX, HE UCK/IHOUEHO, KTO-TO
U3 HMU3 MOXeT TOrubHyTb. VM B MOC/IeAyIONIEM KaXble 5 JIeT KaXKAbIM 4YeOBEK [OJDKET
TOATBEP)KJATh CBOE TMpaBO Ha3bIBaThCSl UeI0BEKOM, TMPOXOsl Ppsii CepbE3HBIX MCIbITaHUM.
OcBOOOXKJAFOTCS OT TAKKUX UCIILITAHUN TOJIBKO OO/BHEIE.

Monopble My)KUMHBI [IO/DKHBI OTCIY)KUTh 10 TMPHU3bIBY 2 roja B apMuM, [[e TMoayyar
BO3MOKHOCTbh HayUUThCsl TIO/Ib30BaThbCsl OPY)KHMEM W HaBBIKM TI0 3all[uTe APYTHX Jrofel, a Takxe
BCEro uesioBeyecTBa. JKeHIIMHbI MPUXOJAT B apMHUIO 10 >KejaHuto. VIX yaen TmpojJjieHue poja u
3a00Ta 0 My)XuMHax. OTO He O3HayaeT JUCKPUMHUHALMK >KeHIUH. O KaKOW AMCKPUMMHAI[UM
YKEHIIIMH MOKET UJITU Peub, eCJId MY)KUMHBI OyAyT C/Iy)KUTb B aDMHUU PaZid CTIaCeHHsI BCeX yKeHII[UH
OT BO3MOYKHOT'O Bpara. YZiesl My>KUWH — 3all[UIlaTh >KeHIIUH U JieTeld, Aake [JeHON CBoel KU3HHU.

[To OkOHYaHWIO IKOJIbI MOJOAbIE JIFOAM, >KeNarollue Co3[aTb CeMblo, TMO/Jy4yalT B CBOe
pacIiopsbkeHHe KUIbE 10 BBIOOPY, U [0 25 JIeT poXKaroT He MeHee 3-X JieTell. BOoCITUTHIBaTh f1eTei
00s13aHbI Jeqylikyu U 0alylkuy, a Takke Apyrue B3pocsble yoad. [Tocse 25 et mMonombie JiFOgU
TIO/TyYatOT BO3MOXXHOCTh TIPO/IO/DKUTE 00pa3oBaHue, BIUVIOTh [0 BBICIIIETO, MOTYT TIOKMHYTb 3€MITIO
U repeOpaThCsi Ha WHBbIe 3Be3/IHble CUCTEMBI, Tfe OyayT HaXOAWUThCS 3eMHbIe KOJIOHWH. JIroau,
POXIEHHBIE Ha 3eMJie, IO/DKHBI HAXOJUTLCS Ha 3emyie fio 25 jieT. TIpexkae BCero pajii TOro, YTo0bI
OHH TIOJTHOCTbIO C()OPMUPOBAUCH B YCJIOBHUSIX 3€M/IM — IPaBUTALIMs, COJTHEUHOE H3/TyuyeHre U T.[.

Ha ciyuaii BcTpeur ¢ BpaXKieOHBIMHU Ue/I0BEUECTBY ITUBUIU3AIUSIMUA B PACIIOPSDKEHUH 3eMJISIH
JIO/KeH ObITh MOIIHBIN MeXKrajakTHueCKui (prioT, BOOpY>KeHHBIM CaMbIM COBEPILIEHHBIM OpPYKHEM.
XoTs1 eCTb BbICOKAsi BEPOSITHOCTb, UTO TaKUX BPaKAeOHbIX [IMBUIM3AIUN OyzeT eauHUIbl. Tak Kak
nobasi LMBUMM3ALMs, OCBOUBIIAS 3(HUPHBbIE TEXHOJOTHM TIepeCcTaéT HYXKIATbCS B TIPUPOJHBIX
pecypcax, Mo3TOMy TaKOW LIMBUIM3alMM HET HeoOXOAMMOCTH BelllaTh ceOe Ha IIIel0 spMO B BUJE
BOMHBI C paBHOM cebe ruBumm3anueir. Ho 6epexxénoro bor 6epesxérT.

/*/
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B /aHHOUM KOPOTKOM CTaThe aBTOP MOCTapasiCs MoKa3aTh, KAKUM OH BUAUT DPUp U 3(UpHbIe
TeXHOJIOTWU. B CBOMX MCC/ef0BaHus JaHHOM TeMbl OH CTapasiCsl OMUPaThCsl TOJIBKO HAa M3BECTHBIE
3aKOHbI (PM3WKU, OTKPBIThIe ellé ¢ 18 Beka. Kak BBISICHWIOCH, ypaBHeHUe [laHuuia BepHymmm
OKa3ajoCh He MPOCTO ypaBHEHHWEM. JTO TOJHOLIEHHBbIM 3aKOH COXPaHEHHWsI SHepryH, KOTOPBIU
OTHBIHE (PU3UKU-TEOPETUKU 00s13aHbI UCIT0/Ib30BaTh B CBOUX TEOPHUSIX.

Ornupasce Ha 3aKOH COXpaHeHWs SHepruy [laHuwia bepHy/iv aBTOpY yZ[anoch IOCTPOUTH
Mojienb O¢upa, KOTopasi XOPOIIIO COTIacyeTCsl C U3BeCTHBIMU Ha CErOAHSIIHUN ZieHb OCHOBHBIMU
TI0/I0’KEeHUSIMH 00111eli hr3uku. XOTs MOsIBUIAaCh Macca BOTIPOCOB.

BbIsSICHU/IOCh, UTO Macca He SIBJSIETCS TeM Ba)KHbIM IapamMeTpOM BelecTBa, Ha KOTOPOM
TIOCTPO€eHa BCs MexaHHKa. 160 Macca pacCunThIBaeTCs 10 BeCy U YCKOPeHHI0 CBOOOHOTO TafieHusl.
W TyT He BCé Tak ofjHO3HauHO. MI3MepuTh BeC BeleCTBEHHOIO Tejla MOYKHO TO/IbKO Ha MOBEPXHOCTH
3emsd, B KOCMOCe BeC U3MepUTb HEBO3MOKHO, TaK KakK He Ha UTO MOCTaBUTh WIH MOZBECUTH BeChI,
a Tem Oosiee B yC/IOBUSIX HEBECOMOCTH U3MEPUTh YCKOPeHHe CBOOOIHOTO MafleHusl.

[Toxoxke, uTOo 3¢MpoAMHAMUKa HapyllaeT Bce 3akoHbl HbroToHa. TouHee 3akoHbl HbroTOHA
HapyILIalOT 3aKOHbl OQUpoAUHAMUKUA. VOO BCce B3aWMOJEHCTBUS MeXAY JaKe ABYyMs
Bell|eCTBeHHbIMH TeJlaMH OCYLLeCTB/ISIOTCS uepe3 3(UPHYI0 «TIPOKJIAZKY».

ODJeKTpOCTaTHKa M 3/1eKTPOJMHAMUKA, TIOXO0XKe, MoTpedyeT cepbé3HOM repepaboTKH, TaK Kak
3/1eKTPUYECKUI TOK — 3TO He TIOTOK 3/IeKTPOHOB WM MPOTOHOB, 3TO MOTOK Jdupa U3 TOUKU A, rje
JaBieHue Ddupa BbICOKOe, B TOUKY B, rie maBieHve Ddupa HU3Koe. [1jis MO/MyueHus: SHEPTUU U3
Odupa crefyeT ero MOCTOSIHHBIN MOTeHLMAa (/laB/ieHre) HayUUThCsl N1ePeBOAUTL B MepPeMeHHbIH C
TIOC/IeIYIOIUM MpeoOpa30BaHKeM MepeMEHHOTO TOKA B TOK MPOMBIIIJIEHHON CTaHAAPTHOM YaCTOTHI
Yl HaTpsDKeHMUs..

Hnst camoro 3¢upa Macca He UMeeT HUKAKOTO 3HaueHusl, TPYAHO TOHSTh, UTO TaKoe MJIOTHOCTh
Odupa. [Insg Ddurpa ecTb TOMBKO €ro CKOPOCTb, AaBreHue (TOTeHI[das), rpafiIieHTbl CKOPOCTH U
JlaB/IeHusl, a TaKXe CWJIbl, T'PaIMEHTOM IMOPOXKJaeMble, AEeMChbBYIOILIME B TEpPBYI0 Ouepe/lb Ha
BellleCTBeHHbIE OOBEKTHI.

[MToaTBep>kJeHa 3UpHas BUXpeBast TEOPHsI TPaBUTAl[Ms, KOTOPYIO BriepBble pa3paboran Cepreit
OpnoB, KCIO/B30BaB A/l BbluMCAeHUM ypaBHeHWe HaBbe-Crokca. emié 20 et Haszaza. Teopus
TPaBUTALIMM MOXET BBICTYIaTh B (DHU3MKe KaK Teopusi BCero, oOIasi Teopus MoJisi, HaJj KOTOPOM
ObloTCSl (DM3MKU-TEOPETHUKH TI0 BCceMy Mupy. HO ecyii TeopeTWKM CO3[ami HUKOMY He HYXXHYIO
KkBaHTOBYIO0 MexaHHKy, CTO u OTO A.JiiHilTeliHa, TO y aBTOpa TeOpUs T'PaBUTALIUU TOIydaeTcst
eCTeCTBeHHO, KaK C/ie[[cTBUe ypaBHeHHUs1 [laHuuna bepHymiu. @opMysibl aBTOp He UCIO/Ib30Ball,
CUMTasl UX Ha JJaHHOM 3Tarie Oecrio/sie3HbIMM, KPOMe TeX, KOTOpble MPUBE/EHbl B JAHHOW CTaThe.
PerreHve mosy4nsiock HaCTOIBKO TMPOCTOE, YTO XOUEeTCS JIUTh CJI83bl, MPOK/IMHAsA TeX, KTO 3aBés
¢u3nKy B HayuHOoe 0O0JIOTO, TIO3BO/IMB MpakoOecaM TBOPUTH 0€33aKOHHUSI M W3[eBaTe/bCTBa Haf
Oosmee WM MeHee aJieKBaTHbIMKM Y4éHbIMA. Hazo 00si3aTesibHO TIpOaHAIM3WPOBaTh paboTy
KomMuccuu TIo 6opbbe Co JDKeHayKOM, MOJCUMTaTh, CKOMBKO Cyzeb 3Ta KoMHCCUs WcroraHwia. U
Jaxe 3actaBuTh PAH Bo3MecTUTh MOpaibHbIN U PU3HUeCKUH (ZeHe)KHBIN) yiriepd 3TUM yUEHBIM U
VX PO/ICTBEHHUKaM.

[Tpennaraemasi aBTOpoM Mofenb D@upa MpeKpacHO COIacyeTcs C TaKMMH (akTamu, Kak
nperieccusi U HyTauusi. [{aér oObsicHeHue paboTe TpaHchopmaropa Tecsibl U KOHBEPCHOHHOM
Tpybke OnBuHa I'pes, TernoreHeparopa IloTanosa, ycrpotictBy [.benuan, reHeparopor [I.Cmura,
Xenpgepiora ¥ Cépsia, rpaBUTAI[MOHHBIX KOJIEC U TIOJBOAHBIX TPAHCTIOPTEPOB, BOAHBIX OAPOMETPOB
B KauecCTBe reHepaTopoB. ABTOp Mpe/jaraeT CTPOUTh 371eKTPOCTaHL[MK, OMUPasiCh Ha aTMoCcdepHoe
JlaB/IeHUe U CUTy TsoKecTd. [IpuuéM Takasi 371eKTPOCTaHI[Us He OyzeT BeUHBIM JABHWratesieM. JTO
OyzieT JapoBbIi ABWUraresb, WCIMOAB3YIOUMM CUIY arMOC(epHOro AaBjieHW W CUIY TDaBUTALUU.
AtMochepHOe aB/ieHHe BMeCTe C BaKyymMoM OyaeT TOoAHMMAarTh BOAY Ha BBICOTY 9 MeETpOB, a
rpaBuTaLvs OyZeT 3aCTaB/isATh BOAY CJIMBAThbCs BHU3, Bpalljasi TypOUHY U 3/ieKTporeHepaTop. Beero-
TO Hajo ABe Ooukw, ABe TpyObl, TypOuHa Tecnbl unu IlenToHa W 3nekTporeHeparop. U Takas
9HeproycraHoBKa Oy/ieT Bbl/laBaTh 3/IEKTPOIHEPTHI0 KpyTyible CyTKU 365(6) fAHel B roay.
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[TokazaHo, uTO TpaZiMeHT AaBjieHUsi Ddupa WIA WHOW Cpeibl MOXKHO CO3/iaBaTh OUeHb
TIPOCTBIMH CITOCO0aMH. A 3TO TIO3BOJIUT He TOJBKO CTPOUTH MOILI[HBbIE TeHepaTOpbl SHEPruH, HO U
CTaBUTh Ha 3BE37I0/IEThI 3(DUPHbBIE ABW)KUTETH, KOTOPbIe He OyyT HeCTH HUKAKOW OMacHOCTH 3eMiie
1 3Kunaxy. C MOMOLLbIO POCTBIX YCTAHOBOK MOYKHO I'PeTh BOJY, N0J/TyuaTh TeI/IO AJisl TOMeLLeHu,
MOKHO peajiM30BaTh TePMOs[IEPHYI0 YCTAaHOBKY Ha COBEPILEHHO WHbIX (HM3UUeCKUX TIPUHLIUIAX.

AHasnu3 rokasbIBaeT, UTO Y)Ke CeroJHsi MOJKHO C’KWraTh TOIUIMBO, COCToOsiee Ha 75% W3 BOAbI
U 25% mo00oi OpraHWKH, Jja)ke B3STOM MPSIMO W3 KaHAIW3alUy WA CO CBAJIOK. DTU TE€XHOJOTHU
CYIIeCTBYIOT YK€ MHOTO JieT, HO, BUIUMO, OHU He UHTepeCHbI O0JbIIOMy OM3HeCy, KOTOPOMY HaZio
BCE, BIUIOTb /10 YHUUTOXKEHUSI Ue/i0BeUeCTBa WM 3aMeTHOTO0 COKpallleHUsl UMC/AeHHOCTH Halllen
nonynsauuu. I Ha mepexofHOM 3>Tame [aHHYH, [0 CyTH BOJOPOAHYH0, TeXHOJIOTHI0 MOYKHO
WCII0/Th30BaTh, 0C0OeHHO B paiioHax KpaiiHero CeBepa, rjie 3a 3UMHHI C€30H C)KUTaeTCsi MHOTO
TOIUIMBA.

B faHHOM cTaTbe aBTOpP HE CMOT TIOKa3aTb BCE pa3HOoOpasve 3PUPHBIX U BaKyyMHBIX
TeXHOJIOTWA, KOTOpble JaBHO pa3paboTaHbl TajaHT/IMBbIe M300peTaresissMid, MHOTHE WX KOTOPBIX
ObUTM TEMHBIMU CHJIaMHU OTTIPABJ/IEHBI HA TOT CBET. B 3TOM CITMCKe MHOTO pYCCKUX H300peTraTesiei.
[Ipennarasi cBor0 Mofeb Dpupa, rpaBUTALMK U UHepLuM (pe3y/bTaT B3auMO/EeNCTBUS BelllecTBa 1
Odvpa TpU HaAWUUM TPAJIMEeHTOB JaBjeHuss Odupa), aBTOp HAZEeTCsl, UTO TOSBUTCS IIaHC
M3MEHUTDb He TOJIbKO Hallly HayKy, HO OTKa3aThCsl OT KalMTaan3Ma, Kak OaHAUTCKOro coobIecTBa B
T0/1b3y KOMMYHH3Ma. TOMBKO 3TOT KOMMYHH3M Y>Ke OyZieT COBEpIIEeHHO JPYroi, uyeM 3TO ObLIO B
CCCP. 1160 ero MoKHO BBECTH, OMMPAsiCh Ha 3(UPHBIE U BAKyYMHbIe TEXHOJIOTHH C OHON CTOPOHBI
Y TIOCPE/ICTBOM BBE/IEHHUSI COBEPIIIEHHO HOBOW (DMHAHCOBOW CUCTEMbI, B KOTOPOW He OyzeT MecTa
0aHKOBCKOMY KDeAWTy U CCYAHOMY TIpOLIeHTYy. VI HMKOro He Ha/l0 M3 KJIACCOBBIX COOOpakeHWM
YHUUTOXaTb KaK BparoB Hapo/a.

Odrp — 3TO HACTOMBKO MPOCTO, UTO 3TOT (aKT MOXKET IOHSTH JIF000M peGEHOK, He TOBOPS O
rOCY/JapCTBEHHbIX UMHOBHHKAX, OW3HECMEHaX M TIPOCTO aJ|eKBAaTHBIX JIFOJEH, 11 KOTOPhIX MUCTHUHA
JIOpOXKe [leHer.
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