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KpaTtkas Teopusa J¢pupa pycckoro gujieTaHTa

3aHuMasCh B TeueHMe MOC/IeJHUX 15 /IeT ToMCKaMHu 3aKOHOB (DYHKI[MOHUPOBAHUS «BEUHBIX»
JIBUTaTe/iel, s TIPUILEN K TIOHMMaHWI0, uTo Oe3 TMpaBuibHON Teopuu Odupa 3TO chenarthb
HeBO3MOKHO. [Tumry O¢up c Gosbmioii OykBbl, YTOOBI HUKTO He myTas O¢up C 3QUPOM Kak
KJIaCCOM XUMUYECKUX COeUHeHUM.

51 ve npusHaro Teopuro OTO u CTO Asnpbepra DiiHmuTeiiHa. Kak v mpourie KBaHTOBbIE TEOPHUH.
N60 cuurtaro 3T Teopuud 0Opa3I[OM XOPOIIO CTPYKTYPUPOBAHHOI'O OKOJIOHAy4YHOro Opeza, B
KOTOPOM TIpaB/ia IeperieTeHa C J0XbI0 TaK, YTO CaM YEPT HOTY CJAOMHT, MbITasiCh MOHSATh CYTh
3TUX TEOPUM.

51 He npusHaro Teoputo bosbioro B3peiBa, Tak Kak cunTaro, UTo y BceneHHOM HeT HU Havasa,
HU KOHIL]a HA BO BpEMeHH, HU B TIPOCTPAHCTRBeE.

51 He mMpH3HAIO TEOpUIO TeryioBOW cMepTh BceneHHOM, Tak Kak Bo BceneHHOM, a TouHee y
Odwupa, ecTb MeXaHU3MbI, KOTOPbIE C JIMXBOM KOMITEHCUPYIOT YHepreTHUeCKre 3aTpaThl Ha TPEHUe.
COOTBeTCTBEHHO, 51 He TIPHM3HAl0 3aKOHbI TEPMOJMHAMUKH, KOTOpbIe POTHBOpeYaT Teopuu Jdupa.

Y MeHs CBOE MMOHMMaHHe 3aKOHa coxpaHeHus sHepruu (3C3D), KoTophklit 6e3 npu3HaHus Ddupa
SIBJISIETCST HEIOCTaTOUHO TIpopaboTaHHBIM. [Ijii MeHsSI HacCTOSIL[UM 3aKOHOM COXDaHEHWs YHEepPruu
sIBJIsieTCsl ypaBHeHue JlaHuwia bepHytH, KOTOpoe BepHO [i/ist BCeX CpeJ: TIIa3Mbl, ra3a, XXKUJKOCTU
u Odupa. U gaxke TBepzoro Terna.

Mario Toro, Jjisi BCeX IATH Cpe[| CIIPaBe//IUBbI 3aKOHBI MIOTPAHUYHOTO CJ10st. XOTs AJisg Ddupa
eCTb CBOU HIOAHCHI, CBSI3aHHbIE C OYeHb HeOOJBIIMMU pa3MepamMu 3(MPHBINA YaCTHLI, B Pe3yJsbTaTe
yero D¢up MponuThiBaeT 000e BelecTBO, Kak Boja ryoky. M mo3ToMy 3aKOHBI TOTPAHUYHOTO
CJ10s1 TIPOSIBIISIIOTCSA MexXAy O(GUpOM M aToMaMy BellleCTBa, a He Ha TMOBEPXHOCTH Tesa, KakK 3TO
MeeT MeCTO [I/Isi OCTaIbHbIX CPef.

OcHoBbI Teopuu Idupa.

Odup — 3TO cpefa, M3 KOTOPOUM CcOCTOMT Bcsi BceneHHasi. DTO OCHOBa Bcero cyijero. MHe
MOKa He Ba)KHO, UTO C/e/yeT MPU3HaTh 3a 3/eMeHTapHble YaCTULlbl, U3 KOTOPBIX COCTOUT DQup.
YcnoBHO HazoBeM HX, Kak 3TO npemyioxun [.J1.MeHjeneB, KOpoHWeM U HBIOTOHHMEM. MOXXHO
Ha3BaTh MX 3(upoHamMH. JINUHO MHe TaKOe Ha3BaHWE HPABUTCS, U s OyJAy WM I0/Ib30BaThCsl.
Bo3MoxHO 3TH 3¢pupoHBI BeAyT cebsi Kak MasrOCeHbKHe BOJIUKM, BPAIIAMOLIUECS M0 YacOBOM
CTpeJiKe, eC/Ti CMOTPeTb «CHU3Y» WM «C3aJu» BOJb OCHA BpallleHUsl 3TOT0 BOJSYKA. JTO HeKue
MarHuTHble MOHOMOMM. C OJHOM CTOPOHBI KPYTOBOM TOK, C JAPYIOM CTOPOHBI CO3/laBaemMoe
KPYrOBbIM TOKOM MarHutHoe T1iojie. CHJIOBble JIMHUM  3JIEKTPUYECKOrOo TM0Jid  Be3fje
reprneH UKy /IsIpPHbI CUIOBBIM JIMHUSIM MarHATHOT'O TTOJISL.

bnaropapsi BpaieHHI0 3()MPOHBI JIETKO CO3JAl0T CTPYU B BUJe CIMpasel, KOTOpble B CBOIO
ouepe/ib CO3ZAIOT CITUPAM ellje OOJbIero pa3mepa, U3 KOTOPBIX, HallpuMep, COCTOSIT CIHpad
raakTuk. He wuckitoueHo, 4To 3(UPOHBI SBJASIOTCS AUMOJSAMM, UTO T103BoJisseT JduUpy
MO/ISIPU30BaThCS ITPU HEKOTOPBIX B3aUMO/€MCTBHUSX.

YTBepx/aTh, UTO 3(MPOHBI B3aUMOZENUCTBYIOT MeXAy co00i Kak abCOMIOTHO ympyTrue Tena si
He Oyay, Tak Kak O¢duUp TIPOSB/SET ABOHMCTBEHHbIE KaueCTBAa — KaK MaTepus, COCTOsIIas U3
OT/leJIbHbIX 3/IeMEeHTAapHbIX 4acTHul] 3()UPOHOB, TaK U KakK CIUIOIIHasi cpefia. B 3ToM s He BWXKY
HUYEro CTPAaHHOTO, TaK Kak BOZia BeZlIET cebsi aHA/IOTMUHO. Bozia cOCTOUT W3 MOMEKy/, Kaxkaas U3
KOTOPBIX MOKeT B3aMMO/eMCTBOBATh C APYTMMH MOJIEKYJ/IaMU U aTOMaMU Kak aBTOHOMHasi YacTurlLia



Ha MUKPOYDOBHE, HO KOI/la MOJIEKY/Ibl CO3/1al0T KJ/IacTephbl, TO BOJla HA MAaKPOypPOBHE MpeBpalliaeTcs
B CIUIOLIHYIO cpeay. Bcé 3aBUCUT OT TOro, Ha KAKOM YPOBHE TIPOUCXOUT B3aUMO/EMCTBHE.

Otnuuust Moeit Teopuu Ddupa OoT oduiManbHOr0 (HU3MUEeCKOro BakKyyMa U [IPYTUX TeOopui
Odupa cocTOST B TOM, UTO, BO-TIEPBBIX, i CUMTAa0, UTO DPUP HAXOJUTCS MO 3ampejenbHO
BBICOKMM faBjieHreM, rprumepHo 10E35 Ila, a BO3MOKHO U BbIllle. BbICOKOe [aBjieHHe O3HayaeT
BBICOKHI MOTEHLMa/l U CaMblii BBICOKMM 3HepreTuueckuii ypoBeHb. Bcé nipocrto. [ToTeHunan paBeH
JlaBIEHUIO.

B 3TOM OTHOIlIeHWH, BO-TIepBbIX, 51 coMujiapeH ¢ Biagumupom JIeOHOBBIM, XOTS B 1IeJIOM 51 He
COrJIaceH C ero KBAaHTOHHON Teopuei. Ho mpu >kelaHUM MOXKHO /000 3(HPOH CuMTaTh 3a
KBaHTOH, CBOMCTBA KOTOPOTO 3aBUCST He OT OKPY»Karollleld MacChl, a OT JiaB/ieHHsl U TpaZiueHTa
JlaBfieHusi camoro D¢upa. Y MeHsl eCTb CTaThsi, B KOTOPOW § MOKAa3blBal0 CXOJACTBO U OT/INYUE
3¢upoHa OT KBaHTOHa. HoBaTtopcTBo JIeoHOBa COCTOUT B TOM, UTO OH Hapsily C MpHU3HaHHEM 3a
KaHTOHHBIM TIPOCTPaHCTBOM-BpPeMeHEeM CaMOro BBICOKOIO TMOTeHLMana, u3yvyaeT KBaHTOH U Cpefy,
COCTOSILL[YKO U3 HUX, METOJAMM COMpOMaTa, M3 KOTOPBIX C/Ie[yeT, UTO CKaTHe KBaHTOHA B[OJIb
OJIHOM 0CH, COMPOBOXK/JJAIOTCSI pacIliipeHreM BOJIb JPYTUX Oceil. A TakKe HauurMeM BHYTPEeHHHX
KosiebaHMM, KOrjja SHeprusi U3 OJHOW TUIOCKOCTH TUIaBHO TepeTeKaeT B JIPYrHe, He U3MEHSSCh B
CyMMe.

Bo-BTOpBIX, Heb3s1 B Teopuu D(dupa BelljeCTBeHHbIE Tejla, UMEIOIINe TTOBEPXHOCTb U 00bEM,
CuMTaTh 3a TOUYKU. [loToMy 4TO B 3TOM Ciaydae sHeprusi Ddupa obpaijaeTcsi B HO/b, TaK Kak
NoTeHLIMabHas 3Heprus Ddupa En BeruncisieTcs o hopmyie:

En=pV, 1)
rjie p — 3To JaBneHue Ddupa, a V — 00bEM BeliecTBEHHOTO TeJia.

Korga ¢u3uKu-TeOpeTHKM TIPUPAaBHUBAIOT [laBleHHWEe OKPY)KAWIel cpeapl W/WIH 00BbEM
pabouero BeIeCTBEHHOTO Teja K HYJ/O, TO 3TOT KOMIIOHEHT B JFOOOM ypaBHEHHH TpOIiafiaer.
Co3paéTcs Brievat/ieHUe, YTO BelleCTBEHHOEe Te/l0 OKa3bIBaeTCsl B KPOMeEIIHOM nycToTe. VI HU oguH
HOpPMaJIbHbIM YUEHBIM JjaXke He 3a/lyMbIBaeTcCs, a 3a CUET Yyero BellleCTBeHHOe TeJI0 COXPaHseT CBOK
dbopMy U He pasneTaeTcsi B IPOCTPAHCTBE Ha OTJe/bHbIe aTOMbI, U TIOUeMy OT/Ze/IbHble aTOMbl He
pasjieTalOTCd Ha OT/e/bHble HYK/IOHBI, a TOC/JeJHWe He TpeBpallalTcsd B HUUTO. [Ipuaymanu
TaKkyl epyHJly, KaK IpeBpallleHhe MacChl B SHEpruro, a S3Hepruvd B Maccy. iy pasHble T/TFOOHBI,
KOTOpBbIe TI0Ka e€ HUKTO He Halllél.

OcHOBHBIE BW/bI /BWKeHWS Odupa — 3TO BUXPU U TOTOKH. 31ech PeHe JlekapT Obut
abcomoTHO TIpaB. BuxXpu /ierko BO3HUKAKOT B Ddupe MOTOMY, UTO CAMU 3/ieMeHTapHbIA YaCTULIbI
Odupa BpamjaloTcs BOKPYr cBoeil ocu. IlosTtomy, Korja moToku Odupa HauMHAIOT [BUTaThCS
rapasisieJikHO JIPYT APYTY, TO OHU eCTeCTBeHHLIM 00pa30M IMpU HaJTMUUU He3HAUUTe/IbHOU BSI3KOCTH
CO3/al0T BUXPU. A Korja BUXpb Ddupa Co3/aeTcs, TO OH MPOSIB/sieT Takhe KauecTBa, Kak pe3koe
rnajeHve AaBieHusi Sdupa BHYTPU BUXPS M TPaJUEHT [laBjieHUs OT nepudepuu K LIeHTPy WKW OCU
BpailjeHHst BUXpsi. UeM ObIcTpee ABWIKETCS TOTOK Odupa, TeM HiKe B HEM 3(HUPHOe /IaBJieHUE,
TeMIiepaTypa M 37eKTPOCTaTUuUeCKuil TmoTeHuan. Ho, ¢ [Apyroii CTOpPOHBI, TeM CHUJIbHee
OKpY>Karoiuii (Gup JaBUT Ha 3TOT MOTOK UMEHHO O/1aroiapst TpajIueHTy /IaB/ieHusl.

Ins Odupa cripaBeauBo ypaBHeHue Bepuymmu. K.A.Xatimapos, pabotas B MathCad, ans
3TOrO C/lyyasi MOAy4ywa KpacuByio ¢GopMysy, B KOTOpod (yHKIMsI Diijiepa BbIpaXkaeTcsi uepe3
dbynkumto Januuna bepayim. A dyHkiusi bepHysiiu BoipakaeTcs uepe3 Tpu QpyHKiuu ['yka.

[TyTéM MpPOCTBIX pacCy>XZAeHW MOYKHO TOJIyYUTh MPOCTYO0 (OpMyy J/sl pacueTa repernaja
JlaBJIeHUsT MeX/ly [IByMsI IOTOKaMU C NIPaKTHYeCKU PaBHOM, HO BCe >Ke pa3HOU CKOPOCTBIO:



dp = -p*v*dv (2),
rje dp — pa3HOCTh /IaB/IeHUN MEX/y TOTOKaMU;
p — IJIOTHOCTh ITOTOKOB;
V — «Cpe[IHsIsl» CKOPOCTb IMOTOKOB;
dv — pa3HOCTb CKOPOCTeM MOTOKOB.

dopmyna (2) oueHb Toxoxka Ha popmMyny 2KyKOBCKOTO AiJist TUAPOYAapa.
3Ty dhopMy/y MOXKHO 3amMcaTh HEMHOTO HHaue:

grad(p)=-p-v-grad(v)  (3)

Ota QopMmyna Takxe ToJjiyyaeTcs, eciu oreparop grad() NpUMeHUTb K TIIpOCTeiIeMy
ypaBHeHut0 [laHunna bepryuim

pV2/2 + p = const 4)

N3 dopmysnsl (1) crnemyer, uTo MeXAy MOTOKaMH (rasa, XXKUAKOCTH WM Ddupa), eciu y HUX
pasHasi CKOpPOCTb, BO3HUKaeT «IOTepeyHblii» Tepenaj [aBjeHus, a 3HAaUUT U [orepevyHasl CUa,
KOTOPYIO ellje MHOT/Ia Ha3bIBalOT MObeMHOM, 1[eHTPOOKHOW WM PaJMaHTHOU. DTO MPOSIBIISETCS
Y B ypaBHEHUU [BWKEHMs 3apsDKeHHOM YacTvlla B MarHUTHOM rosie (cuna Jlopenua). Yactuia
[BIDKETCS BAO/b pajuyca K (0T) 3apsijia Mo, JeHdCTBUeM 3JIeKTPOCTaTHKHU, HO OJHOBPEMEHHO OHa
JIBIDKETCS TepheHAUKY/ISIPHO paJuycCy Mo/, Bo3jelcTBreM cuibl JlopeHija.

Xotst u3 ¢opmynsl (2) cneayer, uro grad(v) Mo)KeT ObITb HarpaB/ieH He TOJIBKO TIOMepEK
MOTOKA, HO W BJOJIb €ro, Co3/jaBasi yJapHYI0 BOJIHY B HeCKUMaeMOW >KUJKOCTH. A TaK Kak
JlaB/ieHNe «/IaBUT» OJIMHAKOBO BO BCe CTOPOHBI, TO IMOJyyaeTcsi OOKOBOU (TIOmepeuHblii) yZap B
Mr060M ciyyae. IMEHHO 3TOT TIOTIepPeYHbI yiap PBET TPyObl BOAOIIPOBO/IOB.

[Tpeanonarato, 4To MIOTHOCTb D¢upa K3-3a BHICOKOrO JlaB/eHHsl MPaKTHUUeCKH MOCTOSIHHA B
000l TOUKe TMPOCTpaHCTBA. XOTS He HWCK/IOUYAK, UTO B HEKOTOPBIX 0OJIACTSX TIPOCTPAHCTBA
TJIOTHOCTh MOXKET OT/IMYAThCS OT CPeIHUX TOKa3aresel. VI B Takux ciiydasix oOparijaro BHUMaHUe,
YTO TUIOTHOCTb, KaK Y CKOPOCTb BXOJUT B KUHETMYECKHWM KOMIIOHEHT YypaBHeHUs [laHuuia
bepHy/imi. A 3TO 3HauMT, YTO MPHU MOBBILIEHWM MJIOTHOCTH J(urpa CTaTUUeCKoe [aBjieHUe ero
noHwkaetcsi. [losTomy cuMTaro, YyTO Te, KTO CBA3bIBAET TEOPUKD TPaBUTALMUA C TMOHWKEHHEM
TIOTHOCTH D¢upa 1Mo Mepe NMpPUOIMXEHUs] K aCTPOHOMHUECKOMY Tejly, COBEpIIAlT OmmroOKy. V160
TOJIbKO TpaJueHT JaBjieHusl TOpPOXKJaeT CUIy, a TOHWKeHWe IUIOTHOCTH Odupa 1o Mepe
NIpUO/IKeHNsT K KOCMUUYECKOMY TeJly 00si3aTeslbHO MOPOJAWT TPafiueHT AaBjieHus Jdupa u CUiy,
HarpaBJieHHY0 OT KOCMHUECKOT0 00beKkTa. BMeCTO «IpUTSKeHUs» TIOYYUTCS OTTa/IKUBaHUe.

Cuwrato, uTo ABWKeHHe Ddupa oT rnepudepun K KOCMUYECKOMY 00beKTy CITOCOOHO TTOPOUTh
rpajyeHT IJIOTHOCTA D(upa, HarpaB/IeHHbIM OT repudepun K LIeHTPy KOCMUYEeCcKoro tena. A 3T0
3HAUWT, YTO BOJIM3U MMOBEPXHOCTH KOCMUYECKOTO 00beKTa AaByeHre Jdupa OyneT u3MeHsATbCS He
no mapabosie, a yMeHbLIATLCSI HEMHOTO Kpyde. UTO MOXKeT TMPHUBECTH K PE3KOMY BO3pacTaHUIO
YCKOPEeHHI0 CBOOO/IHOTO TaZieHusi W YBEJUUEHWI0 CHJIbI TSDKeCTH B TIpefiesiaX, Harpumep. 1-2
METpOB HaJl IOBEPXHOCTbIO TaKUX KOCMUUECKUX 00HEKTOB.

YpaBHenue [Janunia BepHy/M MOXKHO CUMTaTh TJIaBHBIM ypaBHeHHeM Odupa, Kak cabo
COKUMaeMOM, HO CBepXTeKyuel cpefbl. ITo cBoum cBoticTBa Ddup 6/m30K K Bozie. Omupasch Ha
Hero (ypaBHeHMe [lanuunna bepHy/UTH), MOXKHO XOTSI Obl KaUeCTBEHHO OL[€HUTb MHOTHE TPOLIeCChI B
Odupe u ero Buxpsix. Eciv Hajjo nomyuyuts Oosiee TOUHYHO KapTHHY B OD¢dupe WIM KOHKPETHOM
MPOCTPaHCTBe, TO CjeAyeT TMPOBOJWTb UMC/IEHHbIe BBIUKC/EHHs M0 ypaBHeHHtO HaBbe-CTOKca.
Cepreii OpJsioB, NpoBe/il BbIUMC/IEHUS 110 3TOMY YPaBHEHMIO, MOATBEPAW/I, UTO PaBUTALMOHHOE
1ojie — 3TO 3(UPHBIM BUXPh, CO3/laBaeMblii BOKPYT BpAIIAOIIUXCSI KOCMUUYEeCKUX 00BheKToB. MHe
’Ke TIPUIILJIO TIOHWMaHKe, YTo BOKPYT JiFo00oro Bpalijaroiierocsi 06beKTa Bcersa co3faércsi 3uUpHbINA



BUXDb, AaHAJOTUYHBIM TpaBUTALMOHHOMY. M UTO Ha 3TOM OCHOBAaHHUM MOXKHO OOBSICHUTB
MpaKTUYeCKU BCe 3aKOHbl U (peHOMeHbl (U3MKH, U MOCTpouTh Teoputo Bcero. HyxeH TO/lBKO
MOJAXO/ALINN MaTeMaTHUUeCcKUe arrapar.

HaBnenune 3¢drpa p — 3TO MOTEHLMAN @ B 371eKTPUUECKOM MOHMMaHUU. [Ipuuém fjaBneHue u
TIOTeHIMasI paBHBI APYT Apyry. [To3ToMy BOKpYT /it0O0r0 Bpalljarolierocsi MaxoBUKa WK 3UPHOTO
BUXPS CO3/]aeTCsl He TOJIbKO TMOHW)KeHHUe [jaB/ieHusi OT rnepudepuu BUXpsl (TpaBUTAL[MOHHAs siMa WU
BODOHKA) K €ero LIeHTPY, HO U CHI)KEHHe TOTeHLMaaa B TOM JKe HallpaB/eHUU 0 TOMY >Ke 3aKOHY
0OpaTHBIX KBaJ[paTOB B BH/ie TUIepO0IoH/ja BpalljeH!sT U TI0CKOCTH JIobaueBCKoOro.

[TosTOMy Tesla He3apspKeHHOrO BelljecTBa IMOAUUHSIOTCS TpaBUTALIUM, a 3apsUKeHHble Tejla
pearvpyroT Ha rpaJijueHT NoTeHIMajia. XO0Tsl IPafiueHT JjaBleHusl U rpaJjueHT noTeHlyana Jdrupa —
3TO O/lHA Y Ta >Ke (u3nueckas BelMurHa. BriosiHe BO3MOXXHO, UTO TpaBUTALMOHHOE TI0Jie U T0Jie
3/IEKTPOCTaTUYeCKOe — 3TO OZHO M TOXKe 3(UpHOe I0Jie, HA KOTOpPOe IO pa3HOMY pearvupyroT
He3apsbKeHHbIe U 3apsbkeHHble Tesia. [IpocTo BOKpPYT Ji000ro 3apsykKeHHOTO BeIeCTBEeHHOTO Tesia
y)Xe HuMeeTcsl TpajiueHT JaBreHUsi Jdupa, KOTOPbI HAK/IaZJblBaeTCs Ha T'pajIueHT JaBJeHust
IPaBUTALMOHHOrO T10JiA. W y 3apsKeHHOro BelleCTBeHHOI'O TeJja Hapsily C BBICOKMM I'paJjJueHTOM
JaBjieHnsi J¢pupa MMeeT MeCTO OYeHb HeOO/bLIONH O00BEM 3aHMMaeMOro TPOCTPAHCTBA, UTO
MIPUBOAUT K TOMY, UTO B 3TOM 00b&Me HaOM0/jaeTcsi BbICOKasi TUIOTHOCTb I'PaZiieHTa JlaBJIeHus!
Odupa, a 3HAUUT BO3HUKAIOT OTPOMHbIE CUJIbI, IeHCTBYIOIMe HAa KOPOTKHX PACCTOSIHUSIX.

IaBnenue B Ddupe oueHb BbicoKoe. OHO, BCIeACTBHE TOro0\, UTO D(HP IPOIUTHIBAET TH000e
BeIleCTBO, JJaBUT CO BCeX CTOPOH U MPHU OTCYTCTBUU TpaZiieHTa AaBjieHUs J¢upa 3To /AaBjeHue
Bell[eCTBeHHbIMU TeJlaMH, JKMBbIMA OpraHM3MaMM W UX OpraHaMd YyBCTB He BOCIIPMHMMAEeTCH.
BcnenctBue BBICOKOTO AaBieHUs 3(UPOHBI (YaCTULIbI, U3 KOTOPBIX COCTOUT Jrpa) HaXOAATCS B
COCTOSIHUM MaKCHMMasjbHO BO3MOXXHOW, CaMOW TUIOTHOM yMNakoBKWA. WM TpakTUuUecKd CaMou
IJIOTHOM. ODTO 3HAUWT, YTO TpaJUeHT IIOTHOCTM Odupa MpaKTUYeCKU He MeHsieTCsl Kak B
TIPOCTPAHCTBE, TaK U BO BpeMeHU. [103ToMy Masieliiiivie ABV>KeHUSI B OIHOM 3(UpPOHe 0ueHb ObICTPO
repeZiat0TCsl Ha cocejHUe 3(UPOHBI, a OT HUX COCEJHUM U TaK Jlaree.

HeT HUuero yiuBUTeTLHOTO, YTO J(PUP MOXKHO pacCMaTpHBAaTh B KaueCTBe yIPyroil MaTepuu C
pacnpeie/IEHHbIMUM 1apaMeTpaMu. [ 4To 3TH NapamMeTpbl MOXKHO U3y4aTb MeTOZaMH COIlpomara.
[MTomo6HBIN ToAX0A UCToNb3yeT Braagumup JleoHOB B CBoeli Teopuu cyriepobbevHenus. M Kak He
CTPaHHO, I0JIyYaeT YAUBUTe/IbHbIE pe3y/IbTaThl.

OcobenHoctd Odwupa, pacCMaTpUBaeMOro KakK OOBEKT COrpoMaTa, TO3BOJSIIOT B HEM
BO3HUKATh W PpaCIpPOCTPAHSIThCS TIOTIEPeYHbIM KosiebaHussM. MOXXHO paccMaTpuBath Opup
COCTOSIILIMM M3 KBaHTOB, B KaueCcTBe KOTOPBIX SIBJsIOTCS 3¢upoHbl. C)kaThe KBaHTa Jdupa BAOJb
OJIHOM ocu OyJeT PUBOAUTH K PACTSDKEHHIO KBaHTa Ddupa B0/ APYrOi KOODJWUHATHOM ocu. A
€CJTM B 3TOM KBaHTe (3(pMpOHe) BO3HUKHYT KOsie0aHusI, TO OHU OyAyT HOCUTH CJIOXKHBINA 0OBEMHBIN
Xapakrep.

B Moeii Teopuu 3(MpPOH COCTOUT W3 KOJbLIEBOIO TOKA M BO3HMUKAIOLIETO MO 3aKOHY buo-
CaBapa-Jlariiaca wmarHutHoro T1ionss.  [Ipy  3TOM  3/1leKTpUYeCKOe UM MarHUTHOe — T0/s
NeprneHuKyAspHbl Apyr Apyry. M ecin paccmaTpuBaTh KPYTrOBOM TOK Kak /iBa BPALLAFOLLUXCS
BOKPYI HEKOW OCH pa3HOMMEHHBIX 3apsiia, TO 3(UPOH INpPaKTUUeCKW HUYEeM He OT/IMYaeTCsl OT
BBeléHHOr0 Biiagumupom JleoHOBbIM KBaHTOHA. Korja TOK HJeT K Ham, YCJOBHO, HABCTpeuy, TO
3TO TMOJIOKUTE/TbHBIN 3aps/. A Korja TOT, YCJIOBHO, TeYET OT Hac, TO 3TO 3apsij, OTpULiaTe/bHbIi. B
TakoM 3(UpOHe MarHWTHasi OCb, COeAUHSIONIAs MarHUTHbIE TI0/t0Ca (MarHUTHBIE 3apsifibl IO
JleoHOBY), Bcerja meprieHUKYy/IsipHa OCH, COeUHSIOLIEN 3/1IeKTpUYeCcKre 3apsi/ibl.

Ho ects ¥ oTnmuus OT KBaHTOHA JleoHOBa. JJieKTpuueckue 3apsiibl (+ U - ) MOCTOSIHHO
BpalLlalOTCsd BOKPYT MarHUTHOM OCU. A 3TO MOXXET PUBOJUTH K TOMY, UTO 3/IeKTPUUYECKHUe 3apsifibl
T0J| IeMCTBUEM L[€eHTPOOEKHOUW CHUJTbI CTAHYT WCIBITBIBATh KOjeOaHWs BAO/Ib pafinyc-BeKTopa. A
3TO, B CBOIO ouepe/ib, MPUBEJET K KosiebaHusiM JuameTtpa (paguyca) 3¢upoHa, obecrieunBasi emy,
TeM CaMbIM, BeYHOe BpalljeHue.



Komy-To mokaxetcsi, uto s cam cebe rpotuBopeuy. Mo, OTpullaeT KBaHTOBYIO MeXaHHKY, a
caM >Ke TIpHM3HAaeT 3a 3(UPOHAaMHU CBOHCTBA KBaHTOB. B 3TOM HeT HUUero crpaHHoro. 1M6o 3¢hupoH
— 3TO 3/IeMeHTapHasl 4acCTUL|a, Jie)alljasg B OCHOBe BCero MaTepuajbHOro mupa. To/lbKO 3Ta
yacTulla CTOJIb >KMBas, YTO OMNHCaTh €€ TakUM TOHSTUEM, KakK IPOCTOM >KECTKUM IIapUK,
HEBO3MOJKHO.

UYewm Gosblile y KOCMAYECKOTO Tejla YCKOpeHHe CBOOOJHOTO Ta/ieHusl, TeM OTpHULiaTesibHel Ha
€ro MOBepPXHOCTH NnoTeHUan. CoJHLe UMeeT OTHOCUTE/IbHO 3eM/IM OTpULIaTe/IbHbIN 3apsij, a 3eM/st
3apsbkeHa OTpHLIAaTebHO OTHOCHTebHO JIyHbl. Tak uTo 3apsifi - 3TO MOHATHEe He abCO/MOTHOe, a
OTHOCHUTe/IbHOe. [11 TpaKTUUeCKUX 1iesiel BaykKHa pa3HOCTh MOTEHLIMA/I0B — HarlpshKeHUe.

[To cyTH, KaKk TaKOBBbIX OT/Ie/IbHBIX 3apsiZIOB HET, a eCTh 00bEMHBIE 00/1acTH Ddupa C TeEM WK
VHBIM JlaBiieHreM (TioTeHi[ranoM) Odupa. [To3ToOMy B3aMMOZEMCTBYIOT 3TH 00/IaCTH IeJTUKOM, HO
HaMm yJj00HO pacCMaTpuBaTh 3TO B3aMMOZEHCTBHE KaK B3aUMOJEMCTBUE OTIE/NbHBIX 3apsiIoB WIN
3apsDKeHHBIX cdepuueckux Ten. W Gsaropapsi TpafiMeHTy MOTeHI[Mana MPOUCXOIUT PaBHOMEpPHOe
pacripefiesieHre «3apsifioB» (obsacteli, 06bEMOB Ddupa ¢ OOBIIMM WX MEHBIIUM JIaB/IeHHUEeM) Ha
BBIMYKJIbIX TTIOBEPXHOCTSIX BellleCTBEHHBIX TeJl. Y BbITaKMBaHUe UX U3 BOTHYThIX [TOBEPXHOCTEM.

[Moctynupyto, 4Yto OPUP MOXKeT HaxXOAUTbCSI B TpeX arperaTHbIX COCTOSHUSIX -
KPUCTa/UTMYeCKOM, KUAKOM U ra3oobpa3HoMm. Temmepartypa Touku Kropu paBHa 2,730K. Kakoe
JaBneHue B Touke Kiopu yTBepKJaTh He MOTY, TaK KakK 3HaHUM U MH(OpMaLlUY He XBaTaerT.

Kpucranmmueckum 3(UpoM 3arosiHeHO MPAKTUUeCKU BCE MeXKrajakKTUyecKoe MPOCTPaHCTBO.
Takoit Dpup B OCHOBHOM Macce HeTOJBIKEH WM TiepeMelliaeTcs oueHb MeJjieHHO. ['pafiuieHT
JlaB/ieHusi B TakoM Jupe MpakTUUyecku paBeH Hy/0. CKopee Bcero 3TOT J(up CoBCeM He BUsET
Ha MPOLIeCChl B Ta/laKTUKAX, HO OH JIETKO TTpeBpaIljaeTcs B XKUAKUNM Ddup rnpu c1abom Bo3eiCTBUN
Ha Hero, UTo TI03BOJIsIeT TajlaKTUKaM, COCTOSIIIIUM U3 YKUIKOTO U Ta3000pa3Horo Odupa ABUraThCs B
TIPOCTPAHCTBe, He BCTpeyast COMPOTHUBIIEHHS CO CTOPOHBI KpUcTamndeckoro J¢upa. CBoeobpa3Hast
«TeéMHasd MdTepus».

Kpucrammmueckuii Obup /erKo MPOMyCKaeT CKBO3b Ce0sl 3JIeKTPOMarHUTHBIE BOJTHBI CaMbIX
pasHbIX yacToT. CKOpee BCero, Tak Ha3blBaeMOe PeMKTOBOe M3/IyueHWe — 3TO U eCTb U3/lyYeHHue
camoro Kpucrainyeckoro J¢upa. V3nyyeHre Ha 3TOW YaCTOTe MOXXHO YJIaB/MBaTh C MTOMOLLbIO
MPUEMHHKOB THUIA JeTeKTOPHBIX, 3aTeM 3TO U3J/lyYeHHe YCU/IMBATh C MTOMOLLBIO Pe30HaHCa, a 3aTeM
nipeBpailjaTh B 00j1ee MOIIHBIE KOJIe0aHUsS MPOMBIIIEHHON YaCTOThI.

Takke KpucTaiauueckuii 3¢Gup JIerko MOXKeT yuaCTBOBaThb B CBepXralakKTUUeCKUX BUXDSIX,
1py HeoOXOJMMOCTU JIETKO Pa3/iaMbIBasiCh Ha «KYCKH», KOTOpPble B HY)KHOM MeCTe U B HY)KHOe
BpeMsI JIeTKO 00beIMHSIOTCS B CIIJIOIITHOM KPUCTA/UTMUeCKUA MacCHB.

Yacte Ddurpa HaXOAUTCS B JKUAKOM COCTOSIHUU. JTO B OCHOBHOM O(Up, HAXOASIIUMCST B
rajakTMKaX W BOKDYT MX Ha OO/BIIMX pacCTOSIHUSX, W B 3Be3AHBIX cuctemax. JKugkuii Ddup
MOAUMHSIETCS] 3aKOHAaM, aHa/JIOTMUHbIM 3aKOHaM TUApoAvHaMuKu. [lpeamosiarato, 4To >KUJKUN
Odup obsazaeT oueHb HU3KOW BSI3KOCTBIO M CKUMaeMOCThIO, TIO3TOMY /IJIsl HETO JIydllle TTOAXOZST
3aKOHBI TW/JIPOIMHAMUKHU. XOTsI B HEKOTOPBIX C/yuasiXx OH MOXKET BeCTH Ce0si KaK OueHb MJIOTHBIN
ras.

Tak Kak KaxAbli 3(UPOH - 3TO KOMOMHAIMSI U3 KPYrOBOIO TOKA M CO3ZAHHOTO 3THM TOKOM
TOPOOOPAa3HOr0 MAarHUTHOTO MO/, TO MeXAy Co00M Ha «JaJbHUX» PaCCTOSHUSX 3(OUPOHBI
B3aMMO/IEMCTBYIOT KaK MarHUThI, a Ha «O/TM3KHUX» PACCTOSTHUSIX B3aUMO/IEHCTBYIO YKe KaK TOKOBbIe
BUXpU. [Ipy 3TOM B 3aBUCHMMOCTM OT CBOEro MPOCTPAHCTBEHHOTO TIOJIOXKEHWSI OHM MOTYT Kak
TIPUTSATUBATLCA [IPYT K [ApPYry, TaK U OTTaJKWBATbCs, MOPOXKJas Te CTPAHHOCTH, Kakue aBHO
3a)UKCHPOBaHbl YU€HbIMU B OTHOLLIEHWM, HAllpuMep, aTOMOB BoJopo/a. [IBa aToMa BoAopo/ia Ha
OOMBIINX PAaCCTOSHUSX TPUTATUBAIOTCS APYr K APYry CBOMMH MarHUTHBIMM TIO/ISIMM, a KOTJa
MIPAKTUYECKH «CJTUTIAIOTCS» APYT C PYTOM, HAUMHAIOT C OOJIBIIION CHUION OTTANKUBAThCS APYT OT
JIpyra, Beas cebst Kak BUXPHU WM TTIOTOKU, TEKYIIMe B OJ[HOM HarlpaB/IeHUH.

[IpuBBIYHOE HaM BeILeCTBO, COCTOSIIIIee U3 MPUBBIYHBIX HAM aTOMOB M MOJIEKYJI — 3TO TOXe
Odup, HaxopsLuiics B 0c060M cocTostHUM. TouHee 3TO CMeCh XUAKOTO U mapoobpasHoro ddupa.



A npugepxuBaroch Touku 3peHust Hukonel Tecsa, uto yacte J¢rpa, U3BECTHOIO HAM — 3TO OYeHb
TIIJIOTHAas >)KUJKOCTb C Masiol BA3KOCTBIO. A BeLeCTBO, TI0 CYyTH, 3TO TOT ke D¢up, HO C NIPUMEChI0
KaBUTAIIMOHHBIX IMy3bIPHKOB, HYKJIOHOB M WX acCcOLalvi (siilep aTOMOB), OBICTPO BpAaILIAIOIINXCS
BOKpYr cBoeil ocu. IIpocto Bpalaroimiics mysbipek mnapa O¢upa, KOTOPbIi Mbl Ha3blBaeM
TPOTOHOM W/IM HEHTPOHOM, BpalllaeTcsi BOKPYT CBOel OCH C OTPOMHOM yTr/10BoM CKOpocThio. Ho u3-
3a TOro, 4YTO BOKPYI IPOTOHOB M aTOMOB, a Takke MeXJAy aTrOMaMH CO3ZaéTcs BaKyyM, TO
Gsiaroziapsi BaKyyMy CO3/1aéTCsl TIDOUHBIM Bell[eCTBeHHBbIM KapKac, KOTOPBIN IJlaBaeT B KUJKOM
Odupe. [To 5Toi MpUUKHe TVIOTHOCTD BELLeCTBA B 1|€/IOM UyTh HIKe TVIOTHOCTH YMCTOTO XKUJKOTO
Odupa. A 06bEMHasT oS caMoro >XuakKoro Ddupa B BeljectBe cocTapmser 99,9...9%. Bermectso
He 1ioTHee O¢upa, HO OHO 3a CUET aTOMHOM MPOCTPAHCTBEHHOM PpeLIETKU MpoyHee Idupa.
[TosToMy BellleCTBO, TOUHEe €ro aTOMHbIM Kapkac, TuiaBaeT B >XUAKOM Odupe, HO MOXET C
TIOMOLIBI0 CTOPOHHEM CW/IbI MU3MEHUTb CKOPOCTb M HallpaB/ieHue CBoero [JBikeHus. IIpu stom
BO3HUKAIOT CUJTbl MHEPLIMU, KOTOpPbIe CO3/at0Tcsi b1aroiapst B3auMO/IeHCTBUIO BaKyYMHOM pelleTKd
BeIl[eCTBA W COZep’Kalerocss B r000M Bel[eCTBEHHOM Tesie >XuUAkKoro ODdupa. Cuibl WHepLyn
MOTYyT OBbITh HaripaBJieHbl Kak 10 XOAY /IBWKeHUe BellleCTBEHHOTO Tesia, TaK U MOIepéK CKOPOCTH
Tena. OnpefienseTcss BEKTOPOM I'paZjieHTa CKOPOCTH.

HyK/n0H — 3T0 BUXPb, 3TO OUeHb Ma/lleHbKUI TOPHAZI0 CpepruecKou Ul TOPOBUAHOM (hOPMBI.
OH mpakThyecku mycrod BHYTpU. [lnoTHocTk mapa O¢upa npumepHo B 100-2000 (Bo3MOXHO U
Oosblile) pa3 MeHbllle TUIOTHOCTH >XUAKOTO Ddupa. IIpy BpaiieHUW BOKPYT CBOW OCH HYKJIOH
yB/leKaeT OKpY’Karollui >Xufgkuii O¢up BO BpaljeHHe. ITOT MPUCOeAUHEHHBIM BHUXPb MHOTHe
TIPUHUMAIOT 3a 3JIeKTPOH. BOKPYT siipa, KOTOPOe COCTOAT M3 OIHOTO U 0OJIbIIIeT0 YKC/Ia HYK/IOHOB,
MIPUCOEJUHEHHBIM BUXPb JKUAKOro Odupa NpPUHUMAaeT OueHb CJIOKHYIO (QOpMy, HO yueHble
YMYZAPSIFOTCSI B 3TOW TIPOCTPAHCTBeHHOUW ¢urype JIucaxxy HaliT Oosjiee WM MeHee TIOHSATHBIN
MOPSJIOK, BbIEIUTH CPeAU YCJIOBHBIX 3JIEKTPOHOB BaJIeHTHbIE 3/IeKTPOHBI, KOTOpPbIE TO3BOJISIOT
aToMaM B3aUMO/IefiCTBOBaTh MeXKy cO00M Ha OTHOCHUTE/IbHO OTPOMHBIX PACCTOSTHUSIX.

B3auMozelCTBYIOT aTOMBI MeXy CO00# Gsiaroziapsi TOMy, UTO BpaljalOL[Hecss BOKPYT siiep
aTOMOB «3JIEKTPOHBI», a TOUHee 3(hHPHbIe BUXPU KUAKOro Ddupa co3aar0T 06/1acTy TOHMKEHHOTO
3¢upHOro faBneHusi, Onarofiapsi KOTOpPbIM >KUAKUM OdUp co3/laeT BOKPYT sifiep B BellleCTBe
JKECTKYIO IMPOCTPAaHCTBEHHYIO CHJIOBYIO CETKY, KOTOpasi KPeIKO JIeP>KUT aTOMbI BHYTpH cebsi. Hy a
MBI, He Mes BO3MOKHOCTH OLIYLaTh 3()MPHOE CUIOBOE T0Jie BUAUM TOMBbKO pe3y/bTaT — KOLIKY,
MallliHy, 4e/ioBeKa, TUTUTKY IIOKOJaja W T. Z. XOTS KaKIbld M3 TakuX 00BEKTOB B 00BEMe Ha
99,9...9% Oyzaet cocTosTh U3 XuUAKoro Ibupa u Tonbko 0,0...1% 3Toro odbémMa OyayT COCTAB/IATh
HYKJ/IOHBI U UX KOHIJIOMepaThl (sijpa aTOMOB).

Mo>KHO NOpa3MbILIATE, YTO TakKoe (POTOH U HEUTPUHO. POTOH, MO CYTH, 3TO 3(PUPOH, TOUHEE
MOTOK 3()MPOHOB, BUTAIOLIMXCS 0 OJHOM TPAaeKTOPUM W CO3Zal0lllye B HallMX CeTuaTKax WIu
¢doTo3/1eKTprUeCcKUX TMpUbOpax M SMYJIbCUSIX COOTBETCTBYIOLIME CJiefibl. A HEWTPUHO — 3TO
HeOoJIbIlIe BUXPH, Ha KOTOPBIE pacriaZiaeTCsi TaKOW BUXPb, KAK HEMTPOH TPH €ro CXJIOMbIBAHUU
yepe3 15-20 MUHYT CBOOOAHOTO T0JIETA.

bnaroyapst ToMy, UTO BeIeCTBO — 3TO CMeCh >KUJKOTO U rmapoobpa3Horo D¢wupa, Becb Dpup
HaxOJMUTCS TOJ OrPOMHBIA [JaB/eHHWeM BO Bcell BceneHHOM, Tak Kak HYKJIOHbI pa3/yBasicCh,
OKUMarT Jdup. A aBneHue, Kak U3BeCTHO, PaBHOMEPHO Tepe/laéTcsi BO BCe CTOPOHBI U Ha BeCTh
00bEM KUKOCTH, KOTOpOM siBisieTcss D¢up. TToBTOpsito, UTO CO3[al0T 3TO JaBjieHWe HYKJIOHBI,
3aroJyiHeHHble TlapoM Jdupa. HecMoTpsi Ha TO, UTO >KUAKOrO M KPUCTa//IMYecKoro Odupa BO
BcenenHoit mpubmisutensHo 99,9...9%, ofHON MpOMWIM WIM MeHbIlle, OCTaBIIErocs oObema
MPOCTPAHCTBA HYK/JIOHOB M WX KOHIJIOMEepPaTOB JOCTaTOYHO /i CO3/laHusl BO Bceil Macce Ddupa
OIPOMHOTO []aBJIeHus], a 3a0[JHO 3aHUMaTh B MIPOCTPAHCTBe B 0ObeMe HeCKOJIbKO TpOLeHTOB (4%),
TIPOMUTBLIBASsICh TIPH 3TOM >KUAKUM OGHUPOM, Kak ryOKa TpOMUTHIBAETCS BOZOWH. AOCOIFOTHO
JKUAKWN 3¢Yp Mbl He BUAUM U He OllylllaeM BCEMU OpraHaMy UyBCTB, a BOT CME€Ch HYK/JIOHOB U
XuAKoro Odupa, 3aHUMAIOUUX OOJBIION WM Majblii 00bEM, Mbl BHUAUM B BUJE TalaKTHKH,
3Be3/ibl, [JIaHEThI, FOPbI, MOPSI, KallJIi BOZbI, LIBETOB U Ipoyee mpodyee. V1 BocmpvHMMaeM Takou



0OBEeKT 11e/TMKOM C TIOMOIIIbIO HAllIMX OPraHOB YYBCTB, TaK KaK HAllld OpraHbl YyBCTB PearupyroT Ha
CWJIbI, KOTOPBIMM XapaKTepu3yTCsl ¥ KOTOPbIM MOJUUHSIOTCS BellleCTBeHHbIe Terla.

LleHTpamMu [i/1s1 «IIPOU3BO/ICTBa» HYKJIOHOB U si/lep aTOMOB SIBJISIFOTCS LIEHTPhI rafakTHK, 3Be3/,
TUIaHeT, a TaK)Ke Takre 00BeKThl, KaK KBa3aphl. COJTHIIe B MaCCOBOM TOPSIIKe TTPOM3BOAUT B CBOEH
riybrHe TIPOTOHBI, KOTOpble TpU TNOABEMe K moBepxHOocTH Co/HIlA, K €ro KOpPOHe, MOTYT
TIPOB3alMO/IeCTBOBATh APYT C APYroM C obpa3oBaHMeM reyust U Oosee CIOXKHBIX aTOMOB. I1Ipu
5TOM BO3HHMKAIOT KojebaHus, KOTOpble HaMHM BOCIIPUHHMMAIOTCS [Jla3aMd W Tpubopamu Kak
CBETOBOE U TeIJIoBOe u3jlyuyeHue. HeKOTOpble yueHble «IIOLLIW» Jajbllle U CO3[ald HeBepHYH
TEOPUI0 TepMosiZilepHOro rpotecca B Hezjpax CosiHLa, M HaJerTcs C eé MOMOLbI CO3/aTh Ha
3emJ/ie aHaJIOTUYHBIM NIPOL[ECC U MOIy4YaTh MOpe 3Hepryuy. He moHMMalOT, UTO MBI M Tak KyIaemcs B
MOpe S5HepruM, KOTOpPOM BHYTPM Hac Bblllle KpbIlM. IIpocTo MOAK/IOUM K HauleMy Temy
crieLiMasbHO CKOHCTPYHUPOBAHHbIN /1eTeKTOPHBIM PUEMHHK, M Mbl MOXKET TIepeiTH Ha aBTOTPOQHOe
nuTaHue. M, ecrmy noHafo00UTCs, MOJKET JIeTaTh Kak ITTHLIbL.

B TepmosiiepHBbIX peaklMsX BaKHa He TemriepaTypa U JiaB/leHHe BellleCTBEHHOM Cpefbl, TyT
Ba)KeH TPaJjyieHT faBeHusi J¢pupa, KOTOPbI MOXKeT ObITh co3/iaH U Ha 3emiie. 11 Gosee rpocTeIMU
criocobamu, 4eM S5TO TbITAaeTCs CJefaTh COBpPeMeHHasi o¢uIManbHasg Hayka. IIpocTo Hago
noZ06path /iBa Mosisi, pacrio/ioXKeHHbBIX MO/, IPSMBIM YTJIOM — 3/IeKTPUUeCKOe U MarHUTHOE.

[TonyuaeTcsi UHTepecHast KapTuHa. Mbl, moad, Ha 99,9...9% cocroum u3 uakoro ddupa u
TOMbKO Ha Kakylo-TO [IO/II0 TPOMHIE U3 HYKJIOHOB. A CKOMbKO TOHOpa ObIBaeT HCXOAWUT U3
HEKOTOPBIX M3 HaC, YaCTO OTpHULaroluX Hamuure Jdupa! VI ofuH C COIIKOW U CeMepo C JIOXKKOM.
A JI0O)XKM He TIPOCThle, He 30/I0Thle, a ajJbTepHAaTHBHbIe, HACTOsIMe BeuHble ABUrareny. IIpsmo,
cKkarepTh-camobpaHka. Harpumep, ito0ast 3KOHOMHKA — 3TO BeUHBIH, TOUHEee /JapOBbIi [BUTATe/b,
3¢ deKTUBHOCTL KOTOPOW 3aBUCUT OT 3((eKTHBHOCTU W3BJIeUEHHsI SHEPIrMU U3 OKPY’Karolero
npoctpaHcTBa. [loka sHeprusi W3B/ieKaeTCsl U3 SHeProOHOCUTeNlel — ypaHa, TOpusi, yIJisi, HedTH,
rasa, BeTpa, BOJHBIX IIOTOKOB U COJHEYHOro cBeta. Ho c mepexosoM Ha 0e3ToOr/vBHBbIE
3/IeKTpOreHepaTopbl YC/I0BUS HaLEero CyLeCTBOBAHUS MOTYT 3HAUUTE/IbHO yayqiuThesl. Ho 3To He
TOYHO. [loKa HEKTO CUJIbHBIA MeIIalT HaM CO03/aBaThb Oe3TOIUIMBHBIE TeHepaTophl SHepruu. Tak
YTO NPUZETCS el HEMHOI'O TIOMYYUTbCS.

CnenyeT OTMETHTb, YTO MHOTHMe MpOLIeCChl Ha 3eM/le SIBHO UMEHOT 3(PMPHYIO MPHUPOLY, HO
BHeIIHee BellleCTBeHHOe IposiBieHVe. Bce 5TM BUXpHM, TOPHAJO, yparaHbl, NpPOCTble BeTpkl,
MOJTHWY, W3BeP)KeHHs BYJIKAHOB, 3eMJIETPSICEHUs, MOPCKUe TeueHus], r100anbHble MTOX0I0AaHus U
TIOTeIJIeH!s], B3PbIBHbIE BOJIHBI OT pPa3HbIX OOEMpHUIIacoB, CMeHa BpeMEH rofa, BpalleHue 3eMin
BOKpYyr CoJ/IHIIa U MHOTO ellje Yero BbI3BaHO MpeXx/e BCero BWKeHHeM IT0TOKOB U BHUxpeit J¢upa.
O¢up yrnpassieT ABWKeHHEM BellecTBa [OCPeJCTBOM IpaJjieHTa CBOero /aB/IeHusl.

bnaroyapst Tomy, 4TO B [BMOKYLEMCSl TTOTOKe D(rpa JaBjieHre CHWKAaeTCs, 3TO MPUBOJUT K
TOMY, UTO BpaIIlaOI[ecss KOCMUUECKHUe 00BeKThI «TI0XKUPAIOT» O/IMKaMIlIHe K HUM BelljeCTBEHHbIe
00BbeKTHI, I7le CKOpPOCTh TOTOKOB O¢dupa MeHblile. CriMpanbHas TanakTHKa 3aTsArdBaeT B cedst
IIapOBU/HYIO, a KBa3ap 3aTAruBaeT B ce0si O/M3/ieXXallyl0 OrpOMHYIO 3Be3ny. A 3emist
NIPUTSTUBAeT K cebe BeCb KOCMHUUECKHI MyCOp B TIpe/iesiax CBOero rpaBUTALMOHHOTO KOIO/LIa.

Ha 3emse B atmocdepe miaBaioT obsaka. Ilo BceM Npu3HAHHBIM O(QUIMATLHOW HAYKOM
3aKOHaM 3TOro ObITh He A0/mKHO. Ho eciy MpHHATB, 4TO Kakzgoe 06/ako OKpy>keHo D¢upom c
Oosiee BBICOKMM JiaBjieHWeM, 4TO JitoOoe 007aKO OKDY)KeHO BaKyyMHOM 3(MPHON JMH30H, TO
HauMHaeIlb IOHNMaTh, YTO 3TO y>Ke BO3MOXKHO. V1 /060 A0XKah — 3TO pa3pbiB 3TOM BaKyyMHOU
3(MpHOM /MH3bI. W U3 3TOM ABIPSIBOM 3(PUPHOM KaCTPIO/IM HAaUMHAEeT MaZjaTh Ha 3eMJII0 BOJa.

OneKTpUUecKuii TOK — 3TO TOXKe MOTOK J(upa, MO3TOMY BOKPYT IPOBOJHUKA C TOKOM
JaBneHre O¢upa cHwkKaercsa. EciM TOK BK/IOUaTh M BBIK/IIOUATh PE3KO, TO BOKPYI TakKOro
MPOBOJJHMKA C TOKOM CO3Zal0TCsl yJapHble 3(UpHblE BOJHBI, 5SHEPrMI0 KOTOPBIX MOXXHO
aKKyMYJIMPOBaTh U WCII0/Ib30BaTh AJis Oyiara UBWIK3aLUK. JToM 3Hepruu O0yzet B 100 pa3 Gosbliie
omuuyeckux rnorepb. Emé Hukona Tecia npeayioxui, HO 4O CUX IOP BO3 U HbIHe TaM. I'yaBapu



HayKU He XOTAT. A BOT HEKOTOPbIe PyKacThble YMeJblbl JaBHO e3/5T Ha aBTOMOOWISIX, SHEPT U0 ISt
KOTOPBIX BbIpabaThIBAIOT C MOMOIIBIO TpaHchopMaTopa Hukoser Tecra.

Mexxy 2Hepruei rupoTapaHa U paZiJMaHTHOMN SHepruei uMeeTcs TecHast CBsi3b. 1160 B ocHOBe
3TUX TPOL[ECCOB JIOKUT UHepLus Ddupa.

Yro Takoe pa3psAgHUK? OTO MCTOYHMK TMPSIMOYTOJIbHBIX HMITYJBCOB TOKAa (HAarpsyKeHHs),
KOTOpBIE COCTOST M3 OECKOHEYHOTO KOMMYeCTBa KoyieOaHW pa3HbIX YacTOT OT MUHUMAJIBHBIX 10
CaMbIX BBICOKMX. A 3TO 3HAUUT, YTO repBuuHas 06MoTka B TT mepesaéT Bo BTOPUUHYIO 0OMOTKY
TT cpa3y mMpOKUi CcrieKTp Koie0aHW#, 0JHO X KOTOPBIX MOMAJET B Pe30HAHC C COOCTBEHHBIMU
KonebaHusIMHA BTOpHUYHOM 0OMOTKHU. [lanee HaunHaeT paboTaTh pe30HAHC, SHEPrHsi KOTOPOI'O BO
MHOTO pa3 Oosibllle Hepruy Koje0aHWH, BbI3bIBAIOIINX pe3oHaHC. HaunHaeT paboTath vHepLus 1
sHeprus Jdupa.

Bo BcenenHoil ugyT OecripepbiBHbIE TIPOLIECCHI TIPeBpAIlleHUs] 3PUPHBIX MacC U3 OFHUX
arperaTHbIX COCTOSIHUU B Apyrue. Hampumep, MPOTOH, MOKWHYB ra/lakTUKy W Me[[JIeHHO ABUTasiCh
CKBO3b KpHCTa/UTMueckuii D¢up, obs3aTelbHO Ha KaKOM-TO 3Tarie MpeKpPaTUT BpallaTbCs BOKPYT
CcBoell ocH. OTO TIPMBEAET K CXJIOMBIBAHUIO TAaKOTO HYK/JIOHA KaK KaBUTALIMOHHOTO ITy3bIPbKa.
Hyk/ioH ucue3HeT, OSIBUTCS KarlenbKa XUAKOro D@upa, KOTopasi BCKOpe 3aMep3HeT U COJILETCS C
peIIéTKOM KpucTaainueckoro ddupa.

MoryT ObITb U pyTHe ucxozbl. Ho BHauasie Xxouy 3aMeTHTb, UTO eJUHCTBEHHOU 3/IeMeHTapHOH
yacTuieid, kpome 3(prpoHa, B MOEM TOHUMAHUM SIBJISIETCSI HYK/IOH, KOTOPBIH MOXXeT TpeObIBaTh B
JBYX COCTOSIHUSIX — B BHJe TMPOTOHA U B BHUJe HelTpoHa. DOTOH YCIOBHO MOXXHO Ha3BaThb
yacTuiieid, 100 3To BOJIHA, KOTOPAasi TOHUT camMa Ce0si C TIOMOIIIBIO IMyJ/IbCUPYIOILero BeKTopa ¥ MoBa-
[MoiinThHra. OTCIOfja M KOPIyCKY/ISIPHO-BOJIHOBOM Ayanu3M. Y TIPOTOHA TIJIaBHbIM BapUaHTOM
JIBIDKEHUS sIBJISIETCS BpallleHHWe BOKDPYT LIeHTpaibHOM ocu. [Ipu 3TOM MpPOTOH MOXKeT OBbITh Kak B
¢dopme miapa, Tak U B (opme Topa. B mocsesHeM ciydae K BpalleHHWIO BOKPYT CBOe OCH
nobaBsisieTcs: BpallleHWe BOKDYT oOpa3syroleid Topa B BHZe CBOeoOpa3HOro BbIBOpAaUMBAHUS 3TOU
3/IeMeHTapHOM yacTuLpl. MoJiofible TIPOTOHBI MMeIOT (GOopMy 1apa, a cTapble — QopMy Topa.
He#lTpoH — 3TO yMHparOL|i MPOTOH, Y KOTOPOTO 3aKOHYW/IACh SHEPTHs /il BpallleHUs] BOKPYT
OCH, ¥ OCTajach TOJILKO SHEeprus /jsi TOPOBUJHOTO BbIBOpauMBaHMs. [103TOMY MOJIO/I0i TIPOTOH
TIpOJIeTaeT CKBO3b BEIECTBO, OTCKAKWBAeT OT JIOOOT0 TIPeNsATCTBUS KaK OWbSIPAHBIN 11ap, a BOT
HEMTPOH TpU BCTpeue C Jit0OOM Tiperpasioil paspyllaeTcsi OKOHYaTe/lbHO, TepeJaBasi MocjiefHein
OCTaTOK CBOei HHepruu. [I03TOMy MPOTOHHOe W3/yueHHe MeHee OIacHO, YeM U3/ydyeHue
HEUTPOHHOe.

Korjga mpoTOH WM HEUTPOH OCYIIECTBJISIOT OJWHOYHBIN TO/ET, TO MPOTOH MOXKET >KUTh
MWIIMOHBI, €C/TM He MWIIMapAbl JeT. A BOT OAWHOYHBIM HEUTPOH OBICTPO Ppa3pyllIaeTcs
(xonnancupyet). OAMHOKOMY HEMTPOHY OTBeZleHO Ha MoséT Bcero 15-20 MuHyT. BHyTpH sipa
aToMa HYKJIOHBI 00pasylT C/IOKHYIO CTPYKTYPY, MPO KOTOPYIO HU OAWH O(QUIMATbHBIA (U3MK
MOKa KOHKDETHO CKa3aTh HWUero He MokeT. Ho Tak Kak caMu HYKJIOHBI CHJIBHO BpaIl]alOTCS, a
BOKDYT sI/Jpa aTOMa BpaIllaeTCsl Le/Tbli OYKeT «3/IeKTPOHOB», TO OKPY KoL DPUp JaBUT Ha SAPO
C HEeMMOBEpHOW CWIOW. SIpo c/aBMMBaeTcs, HO OJHOBPEMEHHO TIOy4aeT BO3MOXXHOCTb W3
OKpy»atoiero Odupa uepriaTb TOTeHLMAAbHYH SHEPrui0 /il BpallleHusi CBOMX HYKJ/IOHOB.
[MTosmyuaeTcss MoI[Hasi KWHeTHYeCKasi SHEepPrusi, Koropas Osiarofiapsi TPEHWIO TIpeBpallaeTcs B
TOTeHIUATbHYI0 SHEePTHIO.

IlBa BpalarOIMMXCs TOpPAa B pa3HBIX HarpaBleHUSX OyAyT 3a CUET BBICOKOTO C/laB/IMBAHUS
OKPY>KaroIuM D(PUPOM U CUJTbI TPEHUSI Pa3roHSATh APYT Apyra.

Iymaro, uTo BHYTPHM CaMOro sifipa HeT OOJBIIION pa3HUIbl MEXY TIPOTOHAMU U HEWTPOHAMHU.
ITpocTo ogHU HYK/IOHBI, OyAyud BUXPSMMU, TIPEMMYIIIECTBEHHO BpaIllalOTCsSI BOKPYT OCH, a ApyTrHe
BBIBODAUMBAIOTCS KaK TOPbl. He WCK/IIOUEHO, UTO MeXy HYK/IOHaMM BCe 3TH BpallleHHUs
PaBHOMEPHO pacIipe/iesisiioTCsl, UTO MpeBpalllaeT siipo B KOHTJIOMepaT HYKJ/IOHOB. M ec/id HyK/IOHaM
yIaéTCsa TOAENUTb MeXkAy co0oi oOL[ui 3HepreTMUecKWi 0OaslaHC, TO TaKoe SApPO Ha3bIBalOT
CTabW/IbHBIM U30TOTOM, a €CJIM SHepruyd MHOTO, TO PO eé BbIOpachiBaeT BMeCTe C OJHUM WU



HeCKOJIbKUMM HYK/IOHaMU. VI TyT Kak M0OBe3éT, B 3aBUCUMOCTH OT «IIPHXBAaUeHHOT0» [IBIKEHUS 3TO
MOTyT OBITb KakK TIPOTOHBI, TaK U HeWTpoHbL. Ec/iu BbIOpOIIEHHBIA W3 sApa HYKJIOH
BLIBODAUMBAETCS, TO 3TO HEWTPOH, eC/Id OH ellle W BpalllaeTcs BOKPYT CBOei OcH, TO 3TO Oyzer
TIPOTOH.

EcTb nofo3peHue, uTo HEUTPOH — 3TO 3J/IeKTPOH, JIMIIMBIIUICA CBOET0 NpoToHa. [1oka MpoToH
OB >)KMB, OH Bpalljajl BOKPYT cebst prcoeIuHEHHBIN 3(UPHBINA BUXPb — 3/71eKTPOH. HO KakK TO/bKO
MPOTOH KCYe3aeT, 3/eKTPOH HauWHaeT CKUMATbCS OKPY’KaroLUuM 3(UpOM [0 TeX Mop, MOoKa He
TIpeBpaTUTCS I10 3aKOHY XJ/IbICTA B HECKOJIbKO HEUTPUHO, KOTOPbIe He SIB/SIOTCS TOTHOLeHHBIMU
YacTUIaMU, 3TO BCETO JIMIbL HeOoJsibIlle BUXPU U3 3(UPOHOB, KOTOpPbIe CO3ZJAIOTCS IO 3aKOHY
COXpaHEeHHsl 3Hepruy. JTU BUXPU MOTYT CyLeCTBOBaTh JOJrO, HO BOUTHU B COCTaB aTOMa OHU He
MOTYT, OCTaBasiCh «I10 CepefjHe» MeXy (OTOHAMU U HYK/I0HaMU. [laHHbIN (heHOMeH HY>K/aeTcs B
JlaNbHelIIeM UCC/eJOBaHNN.

B npuHLMne Takue rpoLecchl MOXXHO XOPOLLIO OMUCATh C MTOMOLLbI0 BEPOSITHOCTHBIX (YHKIIMIA.
Tak uTo A/ TakUX MporeccoB ypaBHeHHe llIpesyHrepa v npoure 3aKOHbl KBAHTOBOWM MeXaHUKU B
caMbIii pa3.

Bokpyr /000ro Bpalaromierocsi BeleCTBeHHOr0 00beKTa CO3JaeTcsi CBOE I'paBUTAL[IOHHOE
rosie. OTo Tiosie 3UpHOE U BUXPeBOe, MO0 TONBLKO BOKPYT BpAIIAIOLIUXCS Tel CO3JaéTCs
rpaBUTaLMOHHOe Mose. [I03ToMy BOKpYT ranakTHK, 3Be3/, TUlaHeT U UX BPAaLaroLUXCsl CITyTHUKOB
CO3/]aéTCsI TPABUTAL[MOHHOE TI0JIe. MOXKHO JlayKe CUMTaTh, UTO TeOPHel BCEro MOXKeT ObITh TeOpHsi
BHXpEeBOro 3(pMpHOro rpaBUTALIMOHHOTO TIOJS, €C/M PaclpOCTPaHUTh TEOPUI0 IpaBUTALMM Ha
MPOTOHbI, HEUTPOHBI, 3/IEKTPOHBI U X KOHIJIOMepaThl — aTOMHBbIE sifipa.

OZHOBpEMEeHHO CTaHOBMUTCS MOHSATHOU MpHpoja TpeHUs. TpeHHe BO3HMKaeT Ha MOBEPXHOCTU
Tes TOrJa, KOrJa OHO W3 HUX MPUABIUBAETCS WU MPKUMaeTcsl K [pyroMy. Tak y»k momaydaercs,
YTO B IIMPOKOM JMaria3oHe CU/ CWjia TPeHUs IPsSIMO TMPOIOpLMOHaNbHA Cue AasieHus. [loatomy
Cusia TPeHUs TIOKOsI, CKOJTbKeHUSI U KaueHWs] — 3TO 00si3aTe/IbHbIe TIPOSIBIIEHUST CUJTbI TSDKECTH WH
rpajueHTa [aBieHuUs.

Y MeHs ecTb CBOe MOHMMaHHe TOTO, UTO ecTh CBepxHOBasi. JItobasi 3Be3/1a Kak 3UPHBIN BUXPh
TOCTeNeHHO MCTOILlaeTcst sHepreThuecku. I1oka 3Be3za mMosozasi, oHa OOMKO BpalllaeTcs, cOo3ZiaeT
BOKPYT Ce0sl rpaBUTAIMOHHOE, 3/IeKTPOCTaTHUeCKOe W MarHuUTHbIEe To/sg. [1o MOWM TOHSTHSM
I'PaBUTALIMOHHOE T10JIe, 37IEKTPOCTaTUUECKOe T10JIe ¥ MarHUTHOE TIojie JIF0OOM rajlakTHKH, 3Be3/Ibl
WU TUIaHeTbl — 3TO OJWH W TOT ke (pu3nueckuii 3pUpHBIA 00BEKT, KOTOPBIM BO3ZEUCTBYeT Ha
BellleCTBeHHble (JIErKKe) Tesla KaK I'paBUTAL[MOHHOE I10Jle, Ha 3apsDKeHHOe TeJl0 WM YacTULy Kak
roJjie 3/eKTPOCTaTUUeCKOe, a Ha 3JIeKTpUUeCcKue AUMOIM WM MarHUTHble CTPeJKA Kak IioJie
MarHuTHoe.

Korpa y 3Be3fbl ecTb MarHUTHOe TOJie, TO BHYTPU 3Be3/bl CO3/aeTcsi «masnel» bora umu
L{eHTpa/IbHasl 4aCTb TOPOBUHOTO BUXPS. JTa YaCTh BUXPSl B CAMOM LIeHTpe 3Be3/Ibl, la ¥ ralakKTUKU
TOXKe, CO3/laeT «3aBO/» M0 MPOU3BOJACTBY MPOTOHOB — MaJIeHbKUX MY3bIPbKOB, 3aroOJHEHHbIX
napoM Ddupa, BpaIaloINXCs C OPOMHON YI/I0BOM YacToToi. B uTore 3Be3fa, Oyayuu OrpoOMHOM
I1apOBOM MOJTHUEM, HaTo/THSAeTCsl MPOTOHAMU, TO €CTh BOAOPOZOM, U3 KOTOPOTO MHOT/A CO3/]at0TCs
aTOMBbI Te/lvg U Jpyrye 371eMeHThl. 3Be3/ja He OKUC/ISeTCsl KUC/IIOpPOZoM MOTOMY, YTO KUC/I0poJa B
000l 3Be3Zie OueHb Majo. A BOT IIapoBass MOJHHMS B aTMocdepe 3emiid, HaroJHeHHast
BOZIOPOJIOM, YaCTO B3pbIBAaeTCsl OT KOHTAKTa C KWUCI0pPoJoM atMocdepnl. [Io Mepe wcToleHus
JHEepreTUUeCKMX BO3MOXKHOCTeM 3Be3/ibl TIPOM3BOJCTBO TMPOTOHOB TiaZiaeT, caMa 3Be3/a
rpeBpallaeTcs B «HEWTPOHHYIO» 3Be3ly. Korzia B 3Be3/le B HEWTPOH IpeBpallaeTcs MOoCaeJHUN
TIPOTOH, a BCe HEUTPOHBI MPeKpalllaloT BbIBOPAUMBATLCSA, TO €CThb MepecTaloT Mo/jaBaTh MPU3HAKU
JKU3HH, HaCTyraeT OrPOMHBbIM BaKyyMHbIA B3pbIB. PoXKpaeTcsi cBepxHOBas. Bce HeWTPOHBI
CXJIOTIBIBAIOTCS, TIpeBpaliasgCb W3 Tapa B >KUgKoe coctossHue. OOBeM HeHTPOHHOU 3Be3fbl
ymenblaetcsi B 2000 pa3. OTOT B3pbIB NMOPOXKJAeT Y[apHYH chepuueckyro 3(HPHYIO BOJIHY,
O/1aroziapst KOTOPOU BbIZIe/ISIeTCS OTPOMHBIN TIOTOK SHEPTHH, [JOCTaTOUYHBIM B HEKOTOPBIX CIydasix
JJ1s1 CO3/laHusl HOBOW 3Be3/bl WM rajakTuKA. Ho Kak npaBuio, moc/e B3pbiBa TaKOM CBEPXHOBOWU



3Be3/Ibl OCTAeTCsT Me/[JIeHHO pacLIUpsIOLasics TyMaHHOCTb. IHOT/ja CBepXHOBasi pa3pyliaeTr 6JIM3K0
pacrionokeHHble 3Be3/IHble CUCTeMBI.

Pa3 mbl mpu3Haém, uTo Jrobasi 3Be3fa — 93TO 3aBOJ M0 TPOM3BOACTBY BOZAOPOJA, TO AJis
NIPOM3BO/ICTBA BOAOPO/A C/leZlyeT HCII0/Ib30BaTh L1apOBble MOTHUU. A /11 3TOTO HaZlo MOHSATH, IPU
KaKOW HarpspKEHHOCTU MarHUTHOTO MOJIsi 3()MPOHBI TIPeBpallialoTcsi B aTOMbI Bolopoza. OcraHeTcs
TOJBKO OTKAuuBaTb BOJOPOJ W3 IIaPOBOM MOJIHUM, U TIOMOTaTh el MOAJep>KUBaTh HeOOXOAMMBIN
SHEpPropeKUM.

Ewé oguH oueHb Ba)kHbI MOMeHT B Teopud O¢upa. CoBeplIeHHO MOHATHO, YTO YaCTULIbI
Odupa U BelllecTBa He MOTYT KaK yropesble HOCUThCS U3 OJHOTO yrya BceneHHOW B ApPYrou.
OcHOBHOU TUN JABWKeHUss B D¢dupe — 3TO BpallleHHWe WM TPOCTPAaHCTBEHHbIe OOBEMHBIE
KosiebaHUsI OTHOCUTEIbHO HEeKOTO LIeHTpa. MOXKHO Tpe/ICTaBUTh MaXOBHUK, KOTOPBIN TIPY BpalljeHu!
yBEeJIMUMBAETCS U YMEHbIIAeTCsd B AvaMeTpe, OCh BpallleHHss KOTOPOro IOBOpAaurBaeTcCs, Kak 3TO
MPOMCXOAUT B 3eM/IéH, Ha3bIBaeTCsl 3TO sIBJIeHUe MpeLjeccueid. Pacimpssich U CyKasich B JuaMeTpe,
yacTuLbl J¢pupa B3aMMOZAEHCTBYIOT MeXXAy CO0OH, TOMKAIOT ApYyT ApyTy. Ilo3ToMy 3TO cocTOsiHUe
HarloMuHaeT OpOyHOBCKoe [BiKeHHe. HO He HCK/IFOUeHbI CUHXDOHHBbIE [IBWKEHUsI OTPOMHBIX
00BbEMOB Ddupa, Korzia uepe3 IbUp MPOXOAAT HEKHe BOHBL. MOryT ObITb CUHXPOHHBIE KOJie0aHHsI
L[eJIbIX T71aCTOB 3(UpoHOB. [T03TOMY He 3psi HEKOTOPbIe yUéHbie Ha3biBaloT J(hUP BUOPHUPYIOIIUM.

Bce 3tu KosebaHUs MOXKHO HCII0/Ib30BaTh /IS MOJIyueHUs1 3Heprum u3 Odupa. s 3Toro
cjlefiyeT CO3AaTh MPUEMHHUK W YCUIUTeb KojiebaHWM OfHOBpeMEeHHO, Haroo0ue [eTeKTOPHOTO
npuéMHuKa. Takol npuémMHuK B Hauvaje 20-ro Beka co3gan T.I'Mopen. K coxaneHuto BnacTb
CIOA cpenano BcE, urobbl Mopeli He TO/Myuyws TMaTeHT Ha CBOW TMPUEMHUK W TeHEpPaTop
ofHOBpeMeHHO. EMy fake He [jasyd BO3MOXXHOCTb IOJIYYMTb TNATeHT Ha (u3MOTeparieBTUUeCKuit
arrapar, B KOTOPOM MCIT0JIb30Ba/IuCh JIaMITbl M 3/IEKTPOHHBIE KOMITIOHEHTHI, Haroo0ue TeX, 4To
VICII0/Ib30Ba/IMCh B ero reHeparope. I1o3ToMy y MeHsi BONpOC K YUEHBIM, Hey)KelnH, 3Hasg Kak
paboTaeT pasvio, Hesb3sl CO3/laTh IIMPOKOIOIOCHBIA TIPUEMHHMK 3/IEKTPOMArHUTHBIX KosieOaHUM,
THIIA IeTEKTOPHOTO MPUEMHUKA, B KOTOPOM HCII0/Ib30Ba/MCh ObI uaen T.I.Mopest u [Jona Cmura, ¢
L[eJIbI0 YCUIeHUS 3/IeKTPOMAarHUTHBIX KOJIe0aHUH U TIOTy4eHusT Ha BBIXOZe IepeMeHHOro Toka B 50
ry v HarnpsbkeHueM 220 BosibT? Hukosna Tecsa mor rmonydath pe3oHaHC B cBoéM TT, a
COBpeMeHHbIe aKaleMUU HayK HU4ero He Moryt? My He XoTaT?

Teopus rpaBUTalMi KaK BaXkHas yacTh Teopuu Jdupa.

['paBUTaLIMS 0 CUX TTOP OGUIMATBLHON HayKe OKa3bIBaeTcs He 1o 3ybam. Mexy Tem npupoja
rpPaBUTALlMM OUeHb Jake MPEKPACHO CTAaHOBUTCS TOHSATHOM, eC/Id OMMPaThbCsl Ha MOK TEOpHIO
Odupa. Bee TaliHbl Ddupa OTKPBUIUCH Nepesio MHOM TOC/Ie TOro, Kak 60)KeCTBeHHBIH IrojioC BO CHe
MHe CKa3asl: «A Tbl MOnpoOy# MpuMeHUTh ypaBHeHUe [lanunia bepaysumu!». [TompoboBan u 1o cux
T10p HapaZ0BaThbCsl He MOTYy.

Heno B TOM, uTO TIpOCTOE ypaBHeHHe [laHunna bepHyH 1o3BosisieT 00bICHUTD BCIO (DU3UKY:

pv2/2+p =const 5)

Ecmu ckopocTe v 3(hUpPHOro MOTOKAa MOBBIMIAETCS, TO CTaTUuUeckoe JaBjieHue Odupa p
MOHWXKaeTcsl. PaccunTtaTh mapaMeTpbl S()MPHOTO BUXPS MOYKHO UMC/IEHHBIM METOZOM C TIOMOILLbIO
ypaBHenusi HaBbe-Ctokca. Cepreil OpsioB OBl 1epBbIid, KTO TIPOBEN C JPYroM Takue pacuéTbl. U
MOJIyuYn/1 TIOATBEP)KJEHWe, UTO COJIHeYHas CUCTeMa CBsi3aHa IpaJIMeHTOM jaBjeHus O¢upa oT
teHTpa CoJsHIa K nepudepun cosHeuHoW cucteMsl. biarosaps sToMmy rpagueHTty niaHetsl CosHLa
nipujaBnvBaroTcsi K CoMHIy U TakuM 00pa3oM y/iep’KUBArOTCs Ha opOuTax 6sarosapsi paBeHCTBY
CUIBI TIPU/IAB/IMBAaHUS U LIeHTPOOEKHOM CH/bI, KOTOpasi BO3HMKAaeT TPU OOpalleHW TIJIaHeThI
Bokpyr Connua. O paborax OT/0Ba s y3Hana y)Ke IOC/Ie TOrO, KaK CaM TPUIIET B TaKOMY >Ke
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MOHMMaHUID CYyTH TrpaBUTalui. B VIHTepHeTe MOXXHO HaWTH OO/blIOe YKUCIO CTaTeld 3TOro
HcciieioBaTesisi, pa30poCaHHBIX 110 MHOTHUM CalTaM.

To ecTb, rpaBUTAI[MOHHOE TI0JIe CO3JAETCS BOKPYT JIFOOOTO BpaIlaroIerocss KOCMAYeCKOro
00beKTa, KOTOPBIM BpalljaeTcsi BOKPYT CBOeM ocH, Kak Bpamjatotcs Cosaile, FOmurtep v 3emiis.
Ho mocne BO3HUKHOBEHMsI TPaBUTALIMOHHOTO TIOJSI BOKPYT BpAIljaloL[erocss 00beKTa BO3HUKAeT
JWieMMa, THIa JAUIeMMbI «KYPHIla WK SMII0», UTO BaykKHee, TeJlo Wi BUXpb. 60 Bpaiiatorieecs
TesIo To/iiep)KrBaeT BpalljeHre 3(MpPHOT0 BUXPS, a Bpaljatoluiics Ibup nojjep>KUBaeT BpallleHue
Bpamjatoierocss tena. IloTom, 5r00oe BelecTBeHHOe Telo — 3TO0 Toxke Odup, Cerka
pa3baBiieHHBIM aTOMaMM XMUMWYECKMX 3/IeMEeHTOB, OKpY’Karoluii Jdupa C/aB/ivBaeT BelllecTBa
Harozo0ue ToJTyIIIapUi, U3 KOTOPbIX OTKAYa/u BO3/YX.

Tak Kak rpafiveHT AaBieHWss O¢dupa y TOBEPXHOCTH 3THUX OOBEKTOB MaKCUMasbHbIH, TO
BO3HMKAeT CH/a TpeHWs, KOTopas 3acTaB/isieT HIKHUe C0M 3(GUPHOTO BUXPS TepeTbCs O
TIOBEPXHOCTb KOCMHUYeCKOro 00BheKTa, BOB/IeKas BO BpallleHWe Bbilllenexkaliye ciod Odupa. B
utore QopmupyeTrcss 3(GUpHBIA BUXPh, B KOTOPOM CKOPOCThL BpallleHUsi BHYTPEHHUX ITOTOKOB
Oduipa BbIlle, UeM HaXOJAIMXCS Ha Kpato BUXp. [laBneHre D¢upa B TaKOM BUXpe U3MEHSIeTCsI 10
runepOboMYecKOMy 3aKOHY, a CHJIa, TTOPOXKJaeMasi TPaZiieHTOM [IaBJIeHHs], U3MEHSIeTCSI TI0 3aKOHY
oOpaTHBIX KBa/[paTOB, KAaK 3TO HAaNMCaHO B 3aKoHe TsAroTeHWs HeioToHa. To/bKO BOT cusia
TpU/IaB/IMBaHUsl 3aBUCUT He OT MacChl KOCMHYECKOro Tejia, a OT MOIIHOCTH 3(UPHOT0 BUXPS,
KOTOpOe 3TO TeJi0 CO3JAaéT BOKPYT ceOs. DTO HeMyJpeHO, TaK Kak Jio00e BelljeCTBEHHOEe TeJo
MIPAKTUYECKH He OT/IMUAaeTcs OT KuAkoro Ddwupa. ITostoMy ans cBobogHoro Ddupa HET TaKOro
MOHSITUSI, KaK Macca.

MO>KHO TIPeJII0/IOKHUTh, UTO MOIIHOCTh BHUXPs OIpeJe/sieTcs TUIOMIa[bl0 TOBEPXHOCTU
Bpaltarolerocsi tena. [laBneHve D¢dupa BHYTPU BUXPsSl MeHbIlle [jaB/ieHUs] CIIOKOKWHOro Jdupa 3a
nipefie/laMM BUXPsl, TIO3TOMY B Tpefiesiax BUXPS CO3JaéTCsl BaKyyMHasl JIMH3a, O/1arozapst KOTOPOH
Hab/roa0TCs MHOXKeCTBO (usnyeckux 3¢ddekroB. Hampumep, MCKpUB/eHHe ydell CBeTa TpU
MIPOXOXKJEHUU UX BOJIM3M MAaCCUBHBIX BpAILAOMIMXCS (TPaBUTHPYIOLINX) KOCMUYECKHUX O0BEKTOB.

Ecmm KocMryeckoe Teslo He BpalljaeTcsi, TO OHO He CO3ZJAaéT BOKPYr cebst 3(DMpPHBIM BUXDb.
[ToaTOMy y Takux Ten HET TPaBUTAI[MOHHOTO TIOJIs, WM OHO PACIPOCTPaHsSeTCs Ha OueHb
HeOOoJIbIIIFe PAaCCTOSTHUS OT TIOBEPXHOCTH TaKOTO Tesia. B CBSI3U € OTCYTCTBHe rPaBUTAIIMU Ha TAKUX
Te/laX, 3TH KOCMHUUYeCKHe OOBEeKThI, CKopee BCero, OyAyT pa3Ba/MBaThCsi Ha 0Oosiee Mesikue
MJIaHeTOUbl WK acTtepou/ibl. Hampumep, naaHeta @asTOH MoOrJia pa3BajUTCsS Ha OCKOJKHU TI0
TpUUrHe TIpeKpallleHus BpallleHust BOKPYT cBoeil ocu. [Toatomy ockosiku PadToHa OCTamuch Ha
opbuTe ¥ [I0 CUX TIOp JieTaloT Mexxay Mapcom u FOrurepom.

['paBUTAl[MOHHAS JIMH3a BOKPYI T'PABUTHPYIOIIEI0 KOCMMUECKOTO OOBLeKTa He I03BOJISIEeT
TIOTIABIIIMIM B eé TipeZiesibl O0jiee MeKre KOCMUUeCKre 00beKThI, ¥ KOTOPBIX JIMHEHHAast CKOPOCTb He
TIPeBbIIIaeT BTOPYI0 KOCMUUECKYH0 CKOPOCTh, He MOTYT TIOKMHYTh 00/1aCTh BaKyyYMHOM JIUH3bI. []/1s1
BbIXOZIA 3a Tipefle/ibl BaKyyMHOM JIMH3bl KOCMHUYECKOe Te/0 J[O/DKHO TIpeojosieTb HeKWn
NoTeHLMaNbHBINA Oapbep. [ToaTomy JIyHa moguuHseTcss 3emsie, MO0 HaXOAUTCS B IPaBUTALIOHHOMN
BaKyyMHOW J/iMH3e 3eM/M, XOTsl Cu/la TPUTsDKeHUsi co CcTopoHbl CoOfHIlA, paccuMTaHHasi o
MaTeMaTH4ecKol (opmysie, B [Ba pa3a Oosibllle CH/bI «IIPUTSDKEHHS» CO CTOPOHBI 3emn. B
rpaBUTalL[MU [IeHiCTByeT TpaBWIO — Baccajl MOero Baccajsa He MOM Baccan. XOTs B Tpefesnax
COJTHEUYHOUM cHCTeMbl 3eM/Isi MOXKeT Hapsqy C TIpaBUTALMOHHOW svH30M CoJiHIla OKa3aTbCsid B
ripefilelax rpaBUTALMOHHOW JiMH3bI FOmuTepa wiu CaTypHa CO BCEMH  BbITEKAOL[UMU
MOC/IeZICTBUSIMH.

['paBUTAI[MOHHBIE TI0JIST CO3/IAl0TCST BOKPYT JIFOOBIX BEI[eCTBEHHBIX TeJl, BPAL[AFOIUXCS BOKPYT
CBOEi OCHM — TIPOTOHOB, MAaXOBHWKOB, 3GHUPOHOB M T.MN. TOJBKO [JUaMeTp W MOIIHOCThb
IPaBUTAL[MOHHOTO T10JIsI OTIpeIesIsIOTCS KaK pa3Mepamu (paZjiyCcoM) TaKoro TeJia, TaK U CKOPOCThbIO
BpallleHHsI UX BOKPYT CBOMX oceil. CKOpOCTh BpallleHHUsI OTpe/esisieT CKOPOCTh BpalljeHus Ddupa
BOKPYT TaKWX TeJl, U3MeHeHHe JiaBjieHus U TrpajiueHTa fAaBjieHusi Dupa oT Tena K nepudepud, a
TaKKe MOII[b TPAaBUTALIMOHHOTO TTOJISL.
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['paBUTAL[MOHHOE TIOJie, TI0 CYTH, CO3JaéT BOKPYT BpallalOIlerocsi Teia TpaBUTAL[MOHHbBIN
KOJIOflell, U3 KOTOPOTO Tejl0 CaMO 3a CUéT BHYTPeHHeW SHepruu, BbIOpaThcs He MoxeT. Ecin
TOJBKO OHO He B30pBETCS. M He OyJeT BBHIOUTO W3 TI'DAaBUTALIMOHHOTO KOJIOALIA JPYTHUM
MaCCHBHBIM TeJIOM, 00/1a/JafOIL[|M /ISl 3TOTO JOCTAaTOUHBIM 3arlacoOM KMHETUYEeCKOUW SHEepPrum.

IIpupo/ja uHepLUMM U CIUJI UHEPIMH.

PaccmoTpuMm, kKak Odup BO3AeiCTBYeT Ha BelllecTBO. Bo3zeiicTBUe OCYIeCTBIsSeTCs
TIOCPe/ICTBOM CO3/]aHUsI TPaZiieHTa MOTeHL[Ma/IbHOW dHepruu Ddupa. A TpafiueHT MOTeHIUaTbHON
sHepruu Jdupa co3haét cuy 1o popmyse:

F = - grad(p)V. (6)
rje p — 3To AasneHue Ddupa, a V - 00bEM BelljeCTBEHHOI0 Teja.

CaM ke rpaJjueHT JaB/jieHus1 CO3/1aéTCsl TPaiIMeHTOM CKOPOCTH 3(MPHOro MoToKa. B pe3ysbrate
TIPOUCXO/IUT Kojle0aTesbHBIN TPOLecC TepexoZia KMHEeTUYeCKOW SHEepruv B IMOTEHIMANbHYI0 U
obparHo. Ilpu 3TOM mrO6OM TIpoLlecC BO BpeMEeHM TOPOXKJAeT TI'PaZUeHTbl KUHEeTUYeCKOU WU
MOTeHLIMa/IbHOW 3HepruM B INPOCTPaHCTBe. B KakoW TOUKe MPOCTPaHCTBAa CO3JaéTCs yJenbHas
CWla, a BCS CWJa, ZeMCTBYHOIAsi Ha BelleCTBEHHOEe Tesio, MOXKeT ObITh BBIYMC/IEHA C TOMOIIbIO
TPOMHOTO UHTerparna.

3TO 0IMH W3 OCHOBHBIX 3aKOHOB TOrpaHWuHOro ciosi. OH cripaBe[yivB [jist JiFOOOUW Cpefpbl.
To/mbKO B rase WIM JKUOKOCTU CWIA [elCTBYeT Ha T[I0BEPXHOCTh BeLeCTBEHHOIO TeJla
OpPTOTOHA/ILHO el, a B Ddupe 3Ta cuia pa3dMBaeTCss Ha MHOXXECTBO HeOOMBIINX CHI, KOTODbIe
JlaBAAT Ha aTOMbI Bell[eCTBEHHOr'0 Tejla KaK BHYTPH, TakK U CHapyXXu Tesna. Hanpumep, nogbéMHas
CcWsla y camojiéTa BO3HUKAeT B pe3ysbTaTe 00ZyBaHUSI TOTOKOM BO3ZyXa Kpbuia U (ro3esspka.
Tenepb yMeHbIIWTe KPbUIO [0 pasMepoB aToMa U MpeJCcTaBbTe, UTO MHOXXECTBO TaKHWX aTOMOB
o6myBaeTcss 3(GUPHBIM TTOTOKOM. [IpepscraBunm  Takyr0 3Takepky u3 aTroMoB? Ocraércs
TNIpe/iCTaBUTh, KaK OHA IOJIETUT B MPOCTpaHCTBe. Ecu Bce aToMbl OylyT XaOTUYHO pacriosiaratbCsi
B TNIPOCTPAHCTBE, TO, MOHATHO, HUKY/A Takas 3TakepkKa He ToJyieTUT. VInn HauHET CABUraThCs MO
HarpaB/ieHUI0 3(PMPHOr0 MOTOKa.

Mo>KHO Tpe/CTaBUTh aTOMbI BellleCTBAa B B/ BpaIalOIIMXCS B OJHOM HaripaBjieHUU cdep
WM HeDOJBIINX LMIMHAPOB, OCH KOTOPBIX OyAyT HampaB/ieHbl B OAHY CTOPOHY (OJWHAKOBBIE
crivHbl). Torga mpu 06/[yBaHUM BCEX aTOMOB 3()MPHBIM IMOTOKOM cpabaTbiBaeT 3ddekt MarHyca, u
OFPOMHO€e YM(JIO CWJI HauMHaeT [1aBUTh Ha aTOMHBIM KapKacC BeIeCTBEHHOrO Tesa. Tes0 HauHeT
JBUraThbCsl TyZAa, Kyjga OyneT JaBUTh yKa3aHHasi Bbllle cuia. M Tsira OyzeT /AaBUTH IOMepeK
3¢MpHOro NoToKa. ITo U ecTb cvia JlopeHia.

TyT MHe mpuiia B TOJIOBY WHTepecHass MbIC/b. [lycTb Teso pa3sroHsieTcs, HamnpuMmep, C
MOMOLLIBI0 paKeTHOro ABuratens. Cama pakeTa JIeTUT YCKOPEHHO BIlepés, a KOCMOHABTa [OUYeMy-TO
HeBeJlOMasi CM/la UHepLMM BZAB/IMBaeT B KPeC/I0 C TaKUM JKe YCKOPeHHeM, C KaKUM pakeTa JIeTUT
Brepén. EciM pakera HauyHET 3aMe[/IsiTb CKOPOCTb, TOAUMHSISICH OMSThb-TaKU pPaKeTHOMY
JIBUTATeJII0, [It03bl KOTOPOro Oy/ieT HarpaBjieHbl BIiepésl, TO Terlepb KOCMOHaBTa OyZieT HeBeZjoMasi
CWJla MHEpIMY BbIOpachIBaTh U3 Kpecsia Biepés. AHa/oTUYHast CUTYal|si BO3HUKAeT TIPH Pa3BOPOTe
pakeThl Mo/, AelicTBMeM OoKoBoro aBuraresis. Pakera JieTUT BMpaBO, a KOCMOHaBTa OTOpachiBaeT
BJIeBO. V1 HMYero € 3TOM CUJIOM UHEPLMM ClefaTh Hemb3sl, Ha/letoCh, MTOKa.

[Monyyaercsi, yto HploTOH ObUT MpaB CO CBOUM TPETHUM 3aKOHOM, XOTS 51 OJHO BpeMsi 3TOT
dakt otpunan. IIpocTo BHeIIHsisT cuhia W3MeHsieT TPAeKTOPUI0 U CKOPOCTb TPAHCIIOPTHOTO
Cpe/CTBa, a yesioBeK, Oyayuu c1abo 3aKkperyiéHHbIM Ha 3TOM TPAHCIIOPTHOM CpeJCTBe, TI0/TajaeT
10|, IeMCTBHE HEKOW CU/Ibl MHEPIIUH, KaK MPOZOIbHOM, TaK U MOTMepeyHoM, KoTopasi criocoOHa Tpu
3TOM COBepIiiaTh paboTy, 0 UéM MOTYT CBU/eTe/IbCTBOBAaTh CHUHSKU Ha Teje HecuaCTHOTO
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KOCMOHaBTa. [lake ec/id MbI >KeCTKO 3akpelmMM KOCMOHaBTa B pakeTe, ero Tejo Oyzer
MOZIBEPraTtbCs BO3[€MCTBUIO CWJIbI MHEPLIMM, KOTOpasi BCerja HarpaB/ieHa B MPOTUBOMOJIOKHYIO
CTOPOHY CUJIe, BO3/IeHiCTBYIOllel Ha paKeTy.

Bce 3T0 onsiTh MOATBEPKAAeT OTMEUEHHBINH MHOM (DaKT, UTO CH/Ia MHEPLIUHU CBsI3aHa C 00bEMOM
Odupa, KOTOpble UMeeTCsl B BelLleCTBEHHOM Tejle, B KOTODOM 3Ta CWia BO3HUKaeT. U sTa cuia
TIPOTHUBOZENCTBYET Cu/ie, KOTOpasi BbI3bIBaeT H3MeHeHHe CKODPOCTHM W HarlpaB/ieHUs [IBU)KeHUs
JJAHHOTO Bell[eCTBeHHOr0 Tesia. M 1o MO/yJTF0 3TH CUJTbI OYAyT paBHbI.

OTO 3HAUUT, UYTO KakK MepBUYHAs CW/a, TaK W CWIa UHEPLUUM peasibHO CylecTByoT. Ho
TiepBUYHAsT CUJia BBIBOAUT TeJI0 U3 paBHOBeCHsl BMecTe ¢ J(HPOM, KOTODPBIM COAEP>KUTCS B JIF0OOM
Bell[eCTBEHHOM TeJle, a CWjla UHEepLUU — 3TO peakiius cofiepxkailjerocsi B Tejie Opupa, U ero 1eib
— BEepHYTh MOpYLLIEeHHOe paBHOBecHe. B culy Toro, 4To rnepBHYHasi CUia SIBJSIETCSl TIPUUMHOM, a
Cula WHepLWd — CJIe[ICTBUEM, KOTOpasi TMpOSIB/ISeTCS C HEKUMM 3aro3jlaHdeM, TNepBUYHasi CUia
nobexxgaer cuny uHepuuu. W 9ta Qu3nueckass 3aBUCUMOCTb TIO3BOJIsieT BCerJia HaCTPOUTh
Bell[eCTBEHHOE TeJI0 Ha HOBbIM PE)KUM [IBU)KEHUS.

MoskHOo Tpo 3TOT 3¢ deKT cka3aTh 0ojiee KpaTKo, MPUMEPHO TakK, Kak (hOpMYJ/MPYeTCsl 3aKOH
Jlenua. Ho Ha miepBbIii pa3 M 3TOr0 J0CTaTOUHO. ['/1aBHOe, UTO CTajia MOHATHA CYyTh CHJ/Ibl MHEPLIUU
KaK OTBEeTHOM peaklvy J¢upa BelleCTBEHHOr0 Teja Ha M3MeHeHHe CKOPOCTU U HarlpaBJ/ieHHsl ero
(Tena) nepemenieHusi. ['1aBHOe, UTO CH/la MHEPLMU — 3TO CWa peasbHast. M Hallla 3ajjaya COCTOUT
B TOM, YTOObI HAayUWMThCS €€ HCTO/b30BaTh, a B HEKOTOPBIX CAy4assX TOJHOCTbIO WM TIOUTH
TMOTHOCTBIO HEMTPA/M30BaTh.

Pa3 y)X mpuULIOCH y[enuTb BHUMaHWe CWjiaM MHEpPLWH, TO MPUAETCA [jaTh TOHSATHE CaMOU
vHepIuu. VIHepLMs — 3TO COCTOsIHUE, KOT/la TeJI0, He UCTIBIThIBAeT Ha cebe BO3ZeHCTBHE BHEIITHUX
CWJI, U TIO3TOMY He UCTIbIThIBAaeT HUKAaKWUX YCKOPEHUH, HaXOAUTCS B HEMOABW)KHOM COCTOSIHUU WU
JIBIDKETCSI paBHOMEpPHO MO TipsMoi. [Ip¥ TakoM COCTOSIHUM BelljeCTBeHHOro Tena Jdwup,
HaTOJIHAOLMI Ten0, HaXOAUTCS B PaBHOBECUU C TEJIOM W He CTPEMUTCS TIPOTHMBOJENCTBOBATh
JIBIDKEHUIO 3TOro Tesia. ViMeHHO D@up oTBeuaeT 3a uHepiuio. be3 Ddupa HUKaKOW MHEpLUH He
ObI710, KakK, BooOIIIe, He ObUTO ObI Halllero 3aMevaTe/TbHOr0 MUpa.

C TakyMM MOHSATUEM KaK MHepLYsl TeCHO CBsI3aHO TakKoe TOHsITHe KakK Macca. C «TOUKH 3peHUsI»
Odupa Macchl He CyllleCTByeT. A eCTb HEKOe COMPOTUB/IEHHE, KOTOPOe OKa3bIBaeT BellleCTBEHHOe
Teno moToky Odupa. Kak, Haripumep, pbiO0/iOBHasi CeTh OKa3biBaeT COMPOTHUB/IEHWE TIpU
MPOTACKVBAHWUHU eé I10/] BOJIOH.

Kak Mbl y3HaéM Maccy H000ro BeleCTBeHHOTO Tejla Ha MOBepXHOCTU 3emyn? BHauase Mbl
v3MepsieM BeC [IJaHHOTO Tejla C TIOMOLIbI0 DbIYa)KHBIX WM TIPY)KUHHBIX BECOB. 3aluChbIBaeM
pe3y/ibTaT. 3aTeM B TOUKe WM3MepeHHsi Beca Mbl U3MepsieM YCKOpeHWe CBOOOAHOro TiafleHus,
ripejiriosiarasi, YTo 3a Mpollie/iliee BpeMsi 3HaueHHe 3TOro rapameTpa rpaBUTAL[MOHHOTO TOJs He
HM3MEeHU/I0Ch. 3anrcbiBaeM pe3y/bTaT. [I0ToM fe/iiM rnepBoe 3HaueHWe Ha BTOPOe, TO eCTh BeC TeJia
Ha ycKopeHHe CcBOOOAHOTO TazieHus. [lomydyeHHasi paCUéTHBIM MyTeM BeJMUMHA W OyzleT Maccou
Tesa.

3areM, 3Has U3 KakKOrO BelljeCcTBa ObLIO C/ie/laHO W3MepsieMOe Teslo, Mbl CO3[jaéM U3 3TOTO
Bell[eCTBa KOIMWHU, KOTOPbie B Ja/JibHEMIlIeM MCMO0Jib3yeM TIpU HM3MepeHUM Beca U MacChl APYTUX
Bell|eCTBeHHbIX TeJ, UCTIO/b3Ys [/Isl 3TOT0 Becbl. PaKTHUeCKH, CPaBHUBAsi MacChl, Mbl CDaBHUBaeM
Beca JJaHHbIX TeJl.

[TonyyaeTcsi, YTO MbI U3MepsieM COTIPOTHBJIEHUE TOTOKY Jdupa CO CTOPOHBI BellleCTBEHHOTO
Tena. YeM compoTuBeHue 0oJibiiie, TeM BeC U Macca 6osibitie. Ho, ¢ Apyro#t CTOPOHBI, MOTyYaeTcs,
yTo ueM OoJibIlle B BeleCTBe HYK/JIOHOB B eJuHHIE 00bEMa, TeM 0osibiliee COMIPOTUB/IEHHE OHO
OKa3bIBaeT TOTOKY ODdwupa, ubo ryije HyKJIOHHasi ceTb. UeM Oobille B Telle HYK/JIOHOB, TEM OHO
MeHee TUIOTHOE 10 CpaBHEeHUIO C >XXUAKUM OdupoM. To ecTb, omydyaeTcs: mapalokc, ueM OoJbiie
BeC, TeM MeHee TIJIOTHBIM SIBJISIeTCSI 3TO BellleCTBO OTHOCUTE/NbHO Ddupa. ITOT MapajioKC CaeayeT
UMeTb B BUAy, KOrjla KTO-TO Oy/leT pasMbIlIUIATh HaJ, TaliHaMu Macchl u JDdupa. U sgepHoi
(busuKU.
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C TOUKM 3peHHs] MeXaHWKU U MHOTUX JIPYTMX pa3fiesioB (M3MKH, Macca SIBSeTCS T71aBHbIM
rapaMeTpoM JIFOOOTO BEIeCTBEHHOTO Tejla W 37IeMEHTApHBIX YacTUll. A BOT C TOYKH 3PeHUst
5(¢MpOAUHAMUKMA TJIaBHBIMM [1apamMeTpamMH SIBJISIOTCSI CWa W YCKOpeHue (TpafjueHT [aBjeHUs
Odupa), a macca sBseTcss BeMUUWHOW pacuéTHou. [lo JaHHOMYy BOMpPOCY Mbl MMeeM HeKHit
rapa/ioKCc, KOTOPbIH C/ieflyeT YUUThIBATh B 3()MpPOJUHAMUKE.

[Toka y MeHs1 He TIpopaboTaH BOMPOC, KaK CO3/aéTCsi MarHUTHOe 1ojie. Ho Tak Kak MarHUTHOE
rojie He MOJKeT CyI[eCTBOBaTh caMO Mo cebe UM CO37aeTcsi TOMBKO BOJIM3U ABWXKYLUXCS
3JIeKTPUUECKUX 3apsi/IOB U 3JIEKTPUUECKOr0 TOKA, TO CKOpee BCero MarHUTHOE T0Jie — 3TO HeKUU
aHa/Ior WHEepLMM, BO3HMKAIOLIMI B OTBET Ha MOsIBJIEHWE 3/IeKTPUYeCKOro noss. TonbKo BeKTOp
HarpsyKeHHOCTH MarHUTHOTIO TI0J1s1 BCer/ia HarpaBJieH IeprieHAUKYJ/ISIPHO BEKTOPY HalpsyKEHHOCTH
37IEKTPAYECKOro MoJig mo 3akoHy buo-Caapa-Jlaruiaca. A UTOroBoe MAarHUTHOE TI0Jie SIBJISIETCS
WHTErpajabHbIM MaTepuasbHbIM 3(HUPHBLIM OOBEKTOM B OTBET Ha 3JIEKTPUUYECKHE TIOJST U TOKU B
O/yKaMIIIeM OKpPYKeHHH.

Emé omuH BOMpoC, KOTOPbIM HYXKJAeTCs B YTOYHEHWH, 3TO B3aUMO/|eHCTBHUE TTOCTOSSHHOTO
MarHMTHOTO TI0JISi C BUXPEBbIM 3(UpHBIM MosneM. Eciv CcyauTh MO M3BeCTHBIM MHe (akTam, TO
¢ dekT MarHyca B Sdupe NpoSB/SeTCS He Tak, Kak MPOSBseTCs 3TOT 3GGdeKT B Bell[eCTBeHHBIX
notokax. Tak /st BoJbI U BO3AyXa 00/1acTh, T/le TIOTOKU JBUTAIOTCS HABCTpPeuy JAPYT JApYyTy, TaM
JlaBjieHue TIOBBILLIAEeTCS, a TaM, Ie TOTOKU JBUraloTCA B OJHOM HarpaB/IeHWH, TO TaM [aBJieHHe
roHwxkaeTcsi. Ho BOT B 3/IeKTPUUECKOM MOTOpE MOCTOSTHHOTO TOKa BCE TPOSIB/SIETCS IO-APYTOMY.
Tawm, r/ie HaNpsPKEHHOCTb MAarHUTHBIX T10JIeli HarpaB/ieHbl B OJHY CTOPOHY, TaM ZaBjieHue Jdupa
BbIIlIe, @ TaM, I/le BEKTOPbl HArpsDKEHHOCTU MarHUTHBIX T071eid HarpaB/ieHbl B Pa3Hble CTOPOHBI,
TaM JlaBjieHue Ddupa MOHWKAeTCs.

Ho nHe Bcé Tak mpocto. Vropb Benelkuii rnmoctaBus onbiT. OH Ha KOPOMBIC/Ie 3aKpernusa Ha
OJJHOM KOHIIe ObICTPOXOZHBIM MOTOPYMK, Ha OCh KOTOPOT'O YCTaHOBU/I MaXOBUUOK u3 CJ/]-IMCKOB.
Ha apyrom KoHLle KOPOMBIC/IA OH pa3MecTu/ ABe OarapelKu [/s TUTaHUs MOTOpuuKa. M Korga
MOTOPUMK Bpalllajcs M0 YaCOBOM CTpeJIKe, TO KOPOMBIC/IO BpAala/oCh MPOTUB YaCOBOM CTpeJIKe.
XoTs 10 3TOT0 y MeHsi ObUTM COOOpaXkeHHsI, YTO MaXxOBUYOK C KOPOMBIC/IOM /IOJDKHBI BpaILlaThCsl B
O/THOM HaripaBjieHud. VI mpy 3TOM KOPOMBIC/IO HaJj0 OBLIO TIpe/iBapyTeIbHO 3aCTaBUTh BPAll[aThCs B
HY)KHOM HarpaB/ieHUd. BOT 3TOT (akT 3acTaB/iseT MeHsl CUJIBHO 3aJyMaThCsl HaJ TeM, Kak
MpaBUJIbHO OLIeHUBaTh MOBeIeHe MaXOBUKOB B MaxOBHKe B 3(DPUPHOU cpejie.

IIpogomkaem 06 Idupe.

BoT Takoe momyuvaeTcsi KpaTKoe BBeJleHME B TEOpPHI0 D@upa pPYCCKOro AWieTaHTa, KOTOpoe
T03BOJIsIeT eJUHO00Pa3HO OOBSICHUTHL MHOTHE U3BeCTHbIe B (pu3mKe W acTpor3vKe TpoLjecchl. B
OT/leJIbHbIX CTaTbsX C/elyeT y[enuTb BHMMaHWe TaKUM BOMpPOCaM, KakK TpaBUTALUs U TpoUUe
3¢upHBIe TPOLIECCHl, O KOTOphIe C/IoMana 3yObl coBpeMeHHasi (hv3uKa, OOsibHasi OIMIMOOUYHBIMHU
unesmu CTO u OTO. A Takxke TMOHSTb, 6/1arojaps YeMy y HaC UMEeTCsI BO3MOXXHOCTb C03/1aBaTh
Ha 0a3e 3GUPHBIX TEXHOJOTMH pa3HOTO poOJila «BEUHbIe» [JBUTATENM, [JBUDKUTEIIH,
3/1eKTpOreHepaTophl U TeryioreHepaTopbl. M B UaCTHOCTH, MOHATb HAaKOHEL] YTO TaKoe paj/liaHTHast
sHeprus. I moyemy TerioBasi cMepTh HalieMy MuUpy He rPO3UT.

Mexay 3¢brpoJuHaAMUKON, a3pOIMHAMUKON U TUAPOAUHAMUKON ecTb MHOro obiriero. Ho ecthb
Y CyllleCTBEHHbIe pa3/Inuusl.

PaccMoTpuM  0COOEHHOCTH a’pOAMHAMUKM W THUApoguHaMHKU. OKpyskarolljasi cpeja B
a’po/iiHaMKKe W THUAPOAWUHAMUKU sIB/IsIeTCsl BellleCTBeHHOW. [103ToMy dYacTHLbl cpefibl, Kak
MpaBW/i0O, He MOTyT TIPOHUKHYTb BHYTPb BeIlleCTBEHHOTO Tena. I[lo3ToMy BCIHO TeOpHIO
B3aMMO/IEUCTBUS BEI|eCTBEHHOI'O TeJla C BeIeCTBeHHOM CpeZiol (ra3oM WM KUAKOCTBI) MOXKHO
CBeCTH K K/IaCCMUYeCKOM TeoprH MOrPaHUUHOTrO C/10s. Pa3Hulla MeXX/ly ra30M U >KUIKOCTbIO COCTOUT
B TOM, UTO Ta3 XOPOIIIO CXKMUMAETCS, a KUJKOCTh KaK TTPaBU/I0 CKUMAETCSI 0ueHb c1abo. [Toatomy B
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BOZIe MOXXeT BO3HHMKHYTb TM/JpOy/iap, a BOT B rase aHajor TMpOyZapa, 3a peJKUM UCK/IH0YeHUeM,
BO3HUKHYTb He MOXeT.

Yro kacaeTcs Ddupa Kak OKpy’Karolled Cpefibl, TO HajZi0 YUUTHIBaThb, UTO JUaMeTp Jit0OOro
atoMm B 10E20 pa3 Gosibliie fuamerpa moboro 3¢upoHa. ITosTomy /st 000r0 aToma, a Takxke /s
M000r0 yesioBeKka, COCTOSIIET0 W3 TPU/UTMOHOB aTOMOB, J(HUD «OIIyIlaeTcsi» Kak HerpepbiBHAs
cpena, Jake Oosee OIHOPOAHAs, UeM BOZA AJisl F0OOOTO >KUBOTO CyllecTBa Ha 3emse. D(PUPOHBI
CBOOOJHO «pa3MBAIOTCs» MeXKAy aTOMaMM Bell|eCTBa, CAABJ/IMBasi TIOCIeJHHe CO BceX CTOPoH. 160
noboe BeljecTBeHHOe Tesio cocTouT n3 Ddupa Ha 99,9...9%. U ecsi MbI € TOMOILBIO CTOPOHHEH
CWIbl TIOTMBbITAEMCS HW3MEHWTb CKODOCTb U HampaB/ieHue [IBWKeHUsI aTOMHOIO Kapkaca
BeIIIeCTBEHHOTO Tea, TO JGduUp, Ha KOTOPBI y Hac HET BO3MOXXHOCTH BO3/1€HCTBOBaTh, OyzeT
MpoJo/DKaTh [JBUTaTbCsd B TIPe)KHEM HarpaBieHUWW. B pe3ynbTaTe BakyyMHasi —pelieTka
Bel|eCTBEHHOI'0 Tejla HaUMHAIOT WCIBITHIBATh BO3/EWCTBHE CO CTOPOHBI COZep)Kallerocs B Tese
Xuakoro Jdupa, HO ykKe B HOBOM HarpaB/jieHUU. [10sBSIOTCSA CU/Tbl UHEPLIMM, KOTOPbIe KaK MBI
Terlepb BUMM M OIlLlylljaeM, SIBJISIIOTCSI He CBOWCTBOM Tejla, a CBOMCTBOM Odupa, KOTOpble B
00si3aTe/IbHOM TIOpsIJIKe TIPUCYTCTBYeT B BellleCTBeHHOM Tesie. [Ipu 3ToM, uem Oosblile B aTOMax
HYKJIOHOB, TeM Jjerue s O¢upa OKa3blBaeTCs BelleCTBeHHOe Teso. [loatomy ans nroboro
BeIIleCTBEHHOT'0 TeJla TPYAHOIPOXOIUMbBIM SIB/ISIETCSI BOZOPOAHOE 00/1aKo0.

Puc.1. B3aro u3 NlHtepHera.

Ha puc.1 yc/10BHO MOKa3aHO, YTO KaXX/ bl aTOM OKPY>XEH BaKyyMHOM JIMH30U U3-3a [IBUKEHUS
Y BpalljeHUsI CBOMX uacTell. HeKOoTopble aTOMbl «BbIOpachiBalOT» B HarpaB/leHUM APYTrUX aTOMOB
BaJIeHTHbI@ 3/IeKTPOHBI, KOTOpbIe CO3/al0T MeX/ly aTOMaMH BaKyyMHble JOPOXKKH. Tak Kak BOKpYT
aTOMOB M B BaKYyMHBIX /IOPOKKaX ZiaBjieHrne J¢pupa CHIKEHO, TO OKpYKarolwii D¢up c 60/b1oi
CUJION JIaBUT HA aTOMBI U UX «3JIEKTPOHHBIE» CBSI3U MeXKAy 000, HaMepTBO 3areuaTbiBasi aTOMBI,
rpeBpalljasi COBOKYITHOCTb aTOMOB M OKPY>Karolyii J(up B TO, UTO Mbl Ha3bIBaeM BELL[eCTBOM.

[TpaBma Ha puc.l aroMbl TOKa3aHbl OMM3KO APYr OT Jpyra, B /1efCTBUTENbHOCTH yuéHble
MULIYT B CBOUX paboTax, YTO aTOM MOXKHO ymofo0uTh (pyTOOILHBIM MsTYaM, YCTaHOBJIEHHBIX Ha
nHUSIX BOpoT (yTbonbHOro mons. Ilpu stom gnvHa ¢ytbonbHOro momns u OyJeT paccTosHUEM
MeXXJy aromMmamMu. To eCcThb, PacCTOsSIHUE MeX/y aTOMaMM B ThICSiUM pa3 Oosibiile ux guamerpoB. Ho
3TO He MelllaeT B3aMMO/IeMICTBOBATh aTOMaM MeX/y Co00¥, co3/1aBasi BCe BHbI BeIleCTBa, KOTOPbIe
MbI 3HaeM — T1/1a3Ma, ras, XXUJKOCTb U TBEP0e Teslo0. 4 3/1eMeHTa, 5-1 3/1eMeHT, KBUHTICCEeHLIUs —
5T0 Oup.

B ouepesHoli pa3 xoTesiocb Obl 3aMeTHTh, UTO BaKyyMHbI KapKac BeIL[eCTBEHHOTO TeJia
SIBJISIETCSI CAaMbIM KPEIKUM «BeI[eCTBOM» cpefbl. V160 faBneHne J¢upa oueHb BBHICOKOE, IT03TOMY
Ja)ke HersyOOKWM BaKyyM BOKPYT aTOMOB M BaKyyMHbIe JODOXKKH (TpPyOKMU) MeXAy aTomMamu
NIPUBOZAT K TOMY, 4TO DHUp 3aKMMaeT, MO0 CyTH, HaMepTBO, BCKO 3Ty BaKyyMHYIO CTPYKTYpY.
Co3patoTcst cBoeobpasHble MarieOyprckue rostyliapusi, U3 KOTOPbIX BblkauaH Bo3zyX. ITosTomy
TaKOW KPUCTa//T KakK ajMa3 oOpeTaeT CIOCOOHOCTh IjapamaTh J/O00M MeTaul, a MHOTUe
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KOMOWHAIIMM aTOMOB TIPeBpAalljalOTCs B TIPOUHble KaMHMA WM MeTaii. bes Ddupa Bce 3TH
BaKyyMHble KapkKacbl He BO3HMKHYT. be3 Odupa HUMKakue HYK/JIOHbI He BO3HMKHYT. A 3HauWT
BMeCTO IPOCTPAHCTBA, 3allO/IHEHHOIO Tra/JlaKTUKaMW, 3Be3/laMM, IUIaHeTaMM M UX CIIyTHUKaMU,
OyzeT mpoCTo MyCToe MPOCTPAaHCTBO. MOXKHO CMeJIo YTBep)KJaTh, UTO JIF0OOe BEIeCTBO SIBJISIETCS
Jl0Ka3aTebCTBOM Cyll[eCTBOBaHUsS Jdurpa, MUPOBOI cpeibl, 63 KOTOPOro 3TOr0 Mupa He ObLIO,
HeT U He OyJeT B OyayIiem.

HecMmoTpsi Ha TO, UTO MHe Y/JaeTcsi JierkO OOBSICHUTh MHOTMe 0coOeHHOCTH Ddupa, Kak
OKpYJKarolIlel cpe/ibl, OCTaéTCsI OJVH OUeHb Ba’KHBIN BOMPOC — Kak paboTaeT TpaHchopmarop. Kak
M3BECTHO, TpaHC(OPMAaTOp MO3BOJISIET U3MEHATh HalpshDKeHWe MepeMeHHOr0 TOKa, KakK B CTOPOHY
TOHW)KeHUsl, TaK U B CTOPOHY IOBbIleHUsA. Hampumep, u3 220 B IONyYUTb IlepeMeHHOe
HaripsbkeHue 500-600 B, unu 6-7 B. Takue TpaHChopMaTopbl CTOSI/IM B JIAaMIIOBBIX TNPHEMHUKaX
COBETCKOM 3MOXH.

[Toka y MeHs Takue coobpaxeHusi. Y soboro TpaHcdopmaTopa CepAeuHUK 3aMKHYTHIM.
CoriacHO ypaBHeHHsIM MakcBesuia B TpaHCOpMaTOpe TPOUCXOJUT IpeoOpa3oBaHue IepeMeHHOT0
HarmpsbkeHUe TIepBUYHON OOMOTKHU B TlepeMeHHbIM MarHUTHBIA MOTOK 3aMKHYTOTO Cep/leUHHKa. A
BO BTOPUYHOM 0OMOTKe TIPOMCXOJUT TIPeBpallleHre MarHUTHOTO TIOTOKA Cep/leUHUKa B TlepeMeHHOe
HarpsbKeHHe TOM JKe 4acTOThbl, HO APYroro 3HaueHHs. DTO BO3MOJKHO, TaK KaK MepeMeHHbIN TOK
CO3/1aeT TOKHU CMellleHHsl, 0CoOble 3(UpPHBIe TIOTOKH, UMEFOLI[He CPO/ICTBO KaK C MarHUTHBIM T10JIEM,
TaK M C 3/IEKTPUYECKMM TOKOM TIPOBOAMMOCTU. I[lo cyTH, mepBuuHass OOMOTKa CO37aéT
TOPOUJa/IbHOE 3JIeKTpPUYeCcKoe I10JIe, OHO TpeBpallaeTcsi B TOPOWJAJbHOE MarHUTHOe IIoJie
cepfieuHrKa, a TOpOMJaJbHOe MarHUTHOe Tiojie cepJedyHrka ¢GopMUpYyeT TopoujanbHOoe
3/IeKTPUUECKOe ToJjie BTOPUYHOUM 00MoTKH. [Ipeobpa3oBaHue ocyiecTBisieTcsi ¢ BbICOKUM KIT/
(98-99%). Ecmu ectb 3akoH buo-CaBapa-Jlarutaca, To Jo/pkKeH ObITh M 0OpaTHBIA 3aKOH I10
CO3/IaHHIO 3/IEKTPUYECKOr0 TOKA M3 MarHUTHOI'O TIOTOKa.

Cka3aHo raocHO, HO TI0Ka Apyroro oObsicHeHus1 y MeHsl HeT. Hazo 1ymars.

Kak no/styyaTh 3Hepruro u3 Jdgmupa?

[TonyuaTe 3Heprut0 M3 DPupa — 3TO TepMUH He CcOBceM TOuHbI. CriefyeT TOBOPUTH O
MOTyYeHUH SHepPruM, UCMoJib3ys cBorcTBa Jdwupa. [lesio B TOM, SHeprusi, KOTopasi COIep>XKUTCs B
ogHoM KybomeTpe Ddupa (10E35 /pK) — 3TO He TO >Ke caMoe, UTO T0JTyYaTh SHEPTHI0, UCTIONb3Ys
M3BeCTHbIe B (PM3UKe TIPUEMBI.

s monyueHuss 3Hepruu «u3 Odupa» He0OXOAWMO HAYUUTLCS CO3/laBaTh T'PAZIMEHThI
naByieHust Dupa, KOTOpbIE y>Ke MOXKHO Oy/leT UCTO/B30BaTh [I/Isl TIOy4YeHUs] He0OXOAUMBIX CHIT U
pabor. Cuna B 3upHON cpefe - 3TO rpajueHT sHepruv O¢upa. B MosHOCTBI0 aHU30TPOITHOM
3¢UpHOI CcpeJie CO3/jaThb CU/y HEBO3MO)XHO, KaK HEBO3MO)KHO W3Bjeub 3Hepruto. @opmyna s
MOTyYeHUs1 CUJ/IbI TIPOCTas:

F=grad(pV)=grad(p)V (7)

Torga paboTa 3TO¥ CU/IBI BBIYUC/ISIETCS 110 (hopMyie:
A=FI (8)

Co3paBatb cpa3y rpagueHT fasieHus Ddupa rnpobrematnyno. Ho MOKHO Co37aTh rpafiieHT
CKOPOCTH, 3acTaB/sisi pabouee Tes0 IepeMelaThbCsl IO 3aJ@HHOW TPaeKTOPUM W C 3aJaHHbIM

YCKOpEHHeM. a y>ke [0TOM 110 popMyJie MOXKHO pacCuMTaTh CUIY:

F=mvgrad(v) €)
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[lpy s3TOM [/ig TO/NyYeHUs] HY)KHOTO TpaZiieHTa CKOPOCTH TIpUAETCs TropaboTaTh Haf
TIOBEPXHOCTEIO pabouero Tena U T. 1. Harmprimep, HUKTO He MOXKeT 3apaHee OIpeZeTUTh BeTHYUHY
MOABEMHON CUJIbI KPbUIbEB CaMOJIETa, TaK KaK 3Ta CUa CUJIbHO 3aBUCUT OT CTeleHU T1aJJKOCTH
BepxXHell U HIKHeW ToBepxHOCTel Kpblia, a He TOJbKO OT CKOPOCTH CaMoOjéTa U Aake (hopMbl
ceyeHUs Kpblia. MHOroe npuxoAuTCs MOATOHATE B TIPOLiecCe psifia SKCIIePUMEHTOB.

Tak uto He BCé Tak Oe3HanE&xHO. Kpome Toro, B (u3uKe ecTh psifi TIPUEMOB, UCITO/b3YS
KOTODPbIe MOXKHO CO3/aBaTh CHJIbL. Tak MOXKHO CO3/jaBaTh LIeHTPOOEXXHbIe CUJIbI U UCTIOb30BaTh UX.
Tem Oosee, 11eHTPOOEXHBIMU CHIAMH MOYKHO JIETKO YIIPaBJisiTh, B Pe3y/IbTaTe MOXKHO TTOJIYYHUTh
HECKOMITeHCPOBAHHbIE 1IeHTPOOeXHbIe CU/Ibl, HarpaB/ieHHble TPAaKTUYeCKd CTPOTO B OJHOM
Harpas/jeHud. B uTore MOXXHO CO3[jaTh pa3’HOro pofia UHepLIOW/bl, KakK KjlacCuyeckue, TakK U
poTopHble. Y Takve yCTPOMCTBa MOXKHO MCIIO/Ib30BaTh B KaueCTBe ABWKUTeJeN /1Jisi aBTOMOOuIIel,
CaMoJIETOB, BOJHBIX CYZOB W T.A. TyT rjaBHOe HauaTb, IIOJIyYUThb IIepBble pe3y/bTaTbl U IO
NepBbIM pe3y/bTaTaM MOJEePHU3UPOBaTh yCTpoiicTBa. K coxanenuto, oduiyanbHas Hayka Iociie
1991 r, B 3TOM HarmpaB/eHUHW BeJET cebs Bsio. Takoe BrieuaT/ieHWe, UTO HEKWe HEM3BECTHBIE, HO
OueHb MOTYIIeCTBEHHbIE CHUJbl, Ha/JOXW/IM 3anpeT Ha HAy4YHO-TEXHUUECKHH IpPOrpecCc BCETO
yesioBeuecTBO. [IprMep He 3a ropamu. Tot xe AHapea Poccu 0 cux nop He MOXKeT IIPUCTYIIUTD K
MaCcCOBOMY IIDOMU3BOJCTBY CBOMX TIeHEepaTopoB. 3aHWMAaeTCsl TOJIbKO TeCTUPOBAaHWEM HOBBIX
obpa3uom. Buaumo, He MOMy4Yn/I OTMALLIKK OT Ba’KHBIX TIEPCOH.

MokHo ucnosib30BaTh 3¢ dekT MarHnyca. 3ToT ¢usnueckuii 3¢ ekt yxe JaBHO UCTIOIb3yeTCs
[UI 3aMeHbl TIapyCOB Ha HeOONbLIMX M TPY30BbIX Kopabmsx. Ho moka 3To TpebyeT JiOBIM
eCTeCTBEHHOI'0 BeTpa. A MOJKHO C03[aBaTb CTPOTO 3aMKHYTble CHUCTEMBbI, B KOTOPBIX CO3JaéTCs
3aMKHYTBI TIOTOK BO3AyXa WA BOJbl, OCTaéTC pa3MecTUTb B TaKOM TpyOOmpoBoze
BpalllalOLMICsl 1ap WIM LWIMHAD, W MOXHO TIO/yyaThb CWIy, HarpaBAeHHYI TOMepék
VICKYCCTBEHHOI'0 [I0TOKa BOZbI U1K BO3/yXa.

MOXHO WCIIO/b30BaTh 3JIEKTPOMAarHWTHbIE CHUCTEeMbl, B KOTOPBIX CITeLIMa/IbHO CO34aéTCs
repeKpecTye Mo MpsIMbIM yIJIOM MarHUTHOTO U 3JIEKTPUYECKOro rnosied. TO/IbKO HanpsyKEHHOCTH
9TUX TI0JIeN [JO/DKHBI ObITh BLICOKUMU. [IprMepOM Takoro yCTPOWMCTBA MOXKET CYXKUTb ABUraTesTh
Bnagymupa CeménoBuua JleoHoBa.

OueHb MHOTO 3JIEKTPOMAarHUTHBIX YCTPOUCTB CKOHCTPYMPOBAJ B COBeTCKOe BpeMsi P.Curanos.
Ero «urpyiku» Bpamanick 61arogapst B3auMO/eCTBHUIO CO3/laBaeMbIX MU >Ke€ MarHUTHBIX TOJIel
(moHAepoMoTOpHBIe cuibl). Ero HapabOTKM [0 CHUX 10/ He TIOMYYWIM JO/DKHOW OLeHKH CO
CTOPOHBI O(ULIMAIBbHOW HaykKd. Hampumep, OH TMpeaioXKWa MCIOAb30BaTh B KauecTBe
TBEPZ0TE/IbHOTO 3/IeKTPO/IBUraTe sl MarHUT, yepe3 KOTOPbIW MPOMYCKaeTCs 3/IeKTPUUeCKUM TOK.

[TepekpecTre MarHUTHOTO U 37IEKTPUYECKOr0 MO/ B (PU3UKe HOCUT Ha3BaHUe BeKTOpa Y MOBa-
[ToriTHMHra. BekTop sBAsieTCsl CUIOM, KOTOpasi MOXKeT IepemMelaTb B MPOCTPAHCTBE [OBOJIBHO
KpYIHble 00beKThl. YBepeH, uTo Bce JieTarolue Tapenku (HJIO) mcnonb3yroT 3TOT ¢Gu3ndecKui
(heHOMeH [i71s TIO/IETOB HaJ| 3eMJIEM.

dusuKa [0 CUX IMOp MOJHOCTBIO He OCMBICINW/IA TaKWe (PU3nyeckue siBJIeHUs Kak TUApoyzap,
spdekr HOTKMHA W psif APYruX WHTepeCHBbIX (u3nueckux 3hdekToB. MapyxwH HU300pén
TIOJBOAHBIA THPOTAapaH, CIIOCOOHBIA 3aMeHWTh BCe THIbI 3JIEKTPOCTAaHLMH. OTO CaMbIi
5KO0JIOTUYEeCKU YMCTBIM UCTOYHUK 3Hepruu. K coxxanenuro, Mapyxus ymep B 2019 r Bckope mnocsie
TOr0, KaK Hauaj pacIlpoCTpaHsATh UYepTeXXU CBOUX T'MAPOYJapHBIX 3jeKTporeHeparopoB. Bor u
Jlymau, WiId caM ymep, Wiy TTIOMOTJIH.

Ecmu mpucMoTpeTbCsi K TeM YCTPOMCTBaM, C TIOMOIIbI0 KOTOPBIX MOXKHO 0e3 ToruivMBa
MO/Ty4yaTb SHEPIUI0, TO BBISICHAETCS Takas KapTWHA — BCe 3TH YCTPOWCTBA HCIIOb3YIOT TaKoe
¢dusnyeckoe siBjieHWe Kak WHepLys. Ecmu cpaBHUBaTh T'MpOTapaH C KOHBEPCHMOHHOW TpyOKO#
OnBuHa ['pes, To BoisiB/IsieTcs TosiHast aHasorust. O6a reHepaTopa paboTtaroT Ha nHepLuH Jdupa.

Kak mpaBu/io, Bce HOBbIe TEXHOJIOTMU OJIOKUPYIOTCS TIOZ, TIPEJIOTOM HapylleHUst UMH 3aKOHa
COXpaHEeHUsI 3SHEPruu, XOTS CaMbIM MPABU/IBHBIM 3aKOHOM COXPAaHEHWsl SHEePryu SIBJISIeTCS
ypaBHeHve [laHuuna bepHy/id. A B 3TOM ypaBHEHMM Ba)KHEWIIMM IlOKa3aTesieM SB/SeTCS
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JlaB/ieHWe OKpy)katouieil cpespl. C Opyrod CTOpOHBI, o¢uiManbHasg (U3MKa Kak pa3 [JaBjieHHue
OKpY’Karolriel cpe/ibl MO0 He YUUTBIBaeT, MO0 oUIiaIbHO 3arperiaerT.

Vcnosnib3ys yacTh SHEPrUU, CBSI3aHHOM C JlaBjieHMeM, MOXKHO TpeBpalljaTh 3Ty MOTeHLIMAIbHYIO
SHEPTHUI0 B SHEPTHI0 KUHETUUECKYH HeoOXoaumMol MoUfHOCTH. [IprMep, MOABO/AHBINA IMIpOTapaH
MapyxuHa-KyTbeHKOBa.

[MTonyyats 5Heprur0 U3 DPupa MOXKHO MpeBpallias YacTb NMOTeHLMaIbHON SHEePruu B MPOLIecC
TipeBpallieHus] MOTeHLMabHOM SHepruM B KWHeTHUecKyro U obparHo. To ecTh, uepe3 co3zjaHue
KosieDaHUM, KaK MeXaHUUeCKUX, TaK U 3/IeKTPOMAarHUTHBIX. [Ipy 3TOM eCTh /[Ba BUZa KOeOaHUM:
BBIXO/] Ha K/ITaCCUYeCKUI pe30HaHC M UCI0/Ib30BaHKe NapaMeTpUUecKux KoseOaHMii.

Knaccuuecknii pe3oHaHC TMoZpa3yMeBaeT WCIIO/Ib30BaHWe YacTOT 3aJarolllero BHELIHero
reHepaTropa paBHBIX YacTOTe COOCTBEHHBIX KoJiebaHWM CHUCTEeMBI, C MOMOIIbI0 KOTOPOH Mbl XOTUM
TO/Ty4aTh SHEPrui0. BOJBLINX yCrexoB B HCIOMb30BaHUM K/IaCCMUYECKOTO pe30HaHca Ao0uscs
Hukona Tecna, a Takxke [JoHanbg CMUT.

Tecna Oe3ame/IALMOHHO 3asiB/Is/I, UYTO He WCIIO/IB30BaTh PE30HAHC — 3TO 3ps TPaTUTh
sHepruro. KnaccuueckvM NMpUMepoOM ero yCTPOWCTBA, I/le WCI0/Ib30BajICsl Pe30HaHC — 3TO €ro
tpaHcopmatop. B TT Tecna wucnonb3oBan pas3psgHUK [/ TIOydYeHHs TPSAMOYTOJ/IbHBIX
Konebanuii. Ho st HUrge He Haién oObsSCHEHWH, TTOUeMy OH Tak IOCTymas. [103ToMy MpHUIILIOCh
JIOAYMBIBaTb CAMOMY.

B nepBuuHoii oomoTKe TT Bcero 2-3 BHWTKa TOJICTOTO TMPOBOAHUKA. BHYTpU TepBUYHOMN
0OMOTKM pacrosio’keHa BTOpDUYHAasi 0OMOTKA, HaMOTaHHasi U3 OTHOCHTELHO TOHKOTO MPOBOJA C
OO/MBIIMM UYKC/IOM BUTKOB. B pe3ynbraTe Ha BTOPUUYHOW OOMOTKe CO3[aéTCs OUeHb BBICOKOE
HarpsbkeHue, CO3/1aéTCs OrpOMHasi MOLLHOCTh U TMPOTEKarT OrpoMHble TOKU. IIpu sTom Hukosna
Tecna yTBepKJas, uTo BCE 3TO Osiarofiaps Co3aBaéMoMy Ha BTOPUYHOM 0OMOTKe pe3oHaHCy. Kak
3TOT pe30HaHC BO3HUKAET?

CekpeT 3ak/r04aeTCsd B II0y4yaeMOM B pa3psJHUKe TMPSIMOYTO/IbHBIX WMITy/bcax. [Ipruém
YyacToTa WUMIMY/JIbCOB 0OCO00OH posy He urpaer. ['JlaBHOe, uTOOBI TepegHUN W 3aAHUN (HPOHTHI
WMIY/IbCOB ObUTH BePTHKATbHBIMU.

Heno B Tom, uTo KosebaHusi /060 (OpPMBI MOXKHO Pa3/iOKUTh Ha CYMMY TapMOHHUYHBIX
KosiebaHMM, C YaCcTOTaMH, HauMHas C YacTOThbI, PaBHOW YaCcTOTe WMITY/JbCOB B pa3psHUKE U
Oonbiioro Habopa BBICOKMX YaCTOT, XOTS W HeOO/BIIOrO0 HampsbkeHWs. VI ecid TpaBUIBHO
noo0paTh TlapamMeTpbl pa3psgHUKA, TO CpeAd CO3/laBaeéMbIX WM TapMOHWYHBIX Koje0aHUi
oOsi3aTenlbHO Oy/leT Co3/aBaThCsi KOeOaHWsl, paBHbIE IO YaCTOTe COOCTBEHHBIM KojeOaHUsM
BTOPUYHOM OOMOTKM (KOHTypa). A 3TO O3HayaeT, UTO HE3aBUCHUMO OT MOIIHOCTU 3a/Jal0IIero
redHeparopa TpaHcdopmatopa Tecsma, BO BTOpuuHON o06MOTKe chopmupytoTcst Onarogapsi
pe30HaHCy KoJsiebaHusi OTPOMHOM MOIITHOCTU. [Toc/ie 3TOro ocTaHeTCst OT 3TOW MOITHOCTH OTOMpPAaTh
MOPLUSIMUA  MOLLIHOCTh, [JOCTAaTOUHYI [Jid TIMTAHWS Pa3HbIX 3J€KTPOMAarHUTHBIM YCTPOMWCTB.
Hanpumep, B bpaswmu ectb MacTep, KOTOPbIM YCTaHOBWI IO KariOT CBOEro AaBTOMOOWJIS
tpaHcdopmarop Tecsia ¥ MOAYYM/I TAKUM 00pa30M 3aMeuaTesTbHbIA 3/1IeKTPOMOOU/Tb, KOTOPOMY He
HY)KHBI OaTapen.

Knaccrueckuii pe3oHaHC /10 KOHLIA He M3y4YeH, TaK KaK OOBSICHUTH ero ocobeHHOCTU Oe3
ripu3HaHusi Jdurpa, Kak OKpy»Karollieil cpefibl, HeBo3MOKHO. [103TOMy uacTo oduluanbHble YuéHbie
paboTaroT C pe3oHaHCOM, He repexo/isi pa3peliéHHy0 PAH rpanb (kpacHyto mmHui0). OcobeHHO,
KOr/la HauMHaeT TOMaxvBaThb CBEPXbEJWHUUYHOCTBIO. A YAUBAATHCS €CThb ueMy. IIpu «mpoCTbIx»
KosiebaHUsX, MOLHOCTh KojiebaHMIl TPOMOpLIMOHAIbHA YacToTe KosiebaHWi. A TIpyU pe3oHaHce
MOIITHOCTh KOJie0aHui MTPOMOpPIIMOHA/IbHA KBA/IPATy YaCTOThI KOJieOaHMA.

O6 srom B cBoux paborax yrBepxkzaan JoHambs CMHUT, KOTOPBIM cO37an JeCSTKU pa3HbIX
reHepaTopoB, B OCHOBHOM 3JIEKTPOMAarHUTHBIX, C TMOMOILBK) KOTOPBIX OH MOJydas [eCATKU KBaTT
3/1eKTPO3HEePTrH1H.

UV ofHUM U3 ero CeKpeToB ObIJI0 UCTIOIb30BAHKE Ta30Pa3PsAHbBIX JIaMIT, HEOHOBBIX JIAMITOUEK U
MO/I00HBIX YCTPONCTB, KOTOPBIA MOTYT CO3/aBaTh TaK Ha3bIBaeMbld Oesiblii IITyM — IIMPOKHUU TI0
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yacToTe HabOP BLICOKOUACTOTHBLIX Kosiebanuii Kak 3To mpoucxoauno. OCHOBHbIE HU3KOUACTOTHbBIE
KosilebaHWsI OH CO3/jaBajl C TIOMOIIBbIO TTPOCTBIX 3a/]Al0I[UX TeHepaToOpOB, KOHCTPYKLIMS KOTOPBIX
Obula camoi pa3HOOOpa3HOW. DTO MOT/M OBITH TeHepaTOpbl TAPMOHWYECKUN U TIPSMOYTOJIbHBIX
KosiebaHMIA Ha JIOTMUeCKUX 3/IeMeHTax, Ha TPUrTepax, Ha OJI0KWHTr-reHepaTopax u T. A. Ho B cxemy
reHeparopa o0si3aTe/IbHO Tapasiljie/ibHO TIOJK/IH0Uanachk, HarpuMep, Ierovyka HeOHOBBIX JIaMITOUeK.
OTO MPUBOAWIO K TOMY, UYTO Ha BBIXOZe TaKOTO 3aJaloliero reHepaTropa IoJsydanacs Habop Kak
HU3KOYaCTOTHBIX, TaK U BLICOKOUACTOTHBIX KOie0aHUiA, HO yKe B BUZie Oesioro mryma.

[Manee curHan rojaBascs B KomebaTesbHBIN KOHTYDP, B KOTOPOM (POPMHPOBAJICS Pe30HAHC Ha
oJHy u3 yacToT Gesoro myma. B pe3ysibraTe MOL[HOCTh CUTHaJla YCUIMBAIACh B JIECITKU U JaxKe
cotHH pa3. [lomydancss BBICOKOYACTOTHBIM CHUTHA/M, IPOMOAY/IUPOBAHHbIM HHU3KOM YaCTOTOM
3ajarollero reHepatopa. Jlanee curHan yepe3 TpaHchopMaTop IMOJAABAJICS HAa O4YepelHON KOHTYP,
rje CHTHaJ OUMIIA/CS OT BBICOKOYACTOTHOM COCTaB/ISIOLIel TakK, KaK 3TO OObIUHO [e/laeTcsi B
mobom paauvonpuémHMKe. [Tosyuaromyrocsi Ha BBIXOZle HU3KYIO 4acTOTy OOJIBIION MOIIHOCTH
OTIIpaB/sIA  Ha TpaHCchOpMaTop, Ha BBIXOJE KOTOPOr0 TOMAy4yaaud TepeMeHHbId TOK
TMPOMBIIIZIEHHOW 4acToThl B 50 T ¥ ¢ BojbTakoM B 220 BosibT. [Ip¥ MTOroBOM MOIIHOCTH Ha
BbIXOZle B flecsiTKU KBarr.

[IpaBia, B HEKOTOPBIX YCTPOMCTBaX BMECTO HEOHOBBIX Jammouek /JoH CMUT MCHO/b30Basl
KJ/IaCCUYeCKUW pa3psiiHUK U Kj1acCuueckyro TexHonorutro Hukosnel Tecna.

EcTb emé oavH BUJ pe30HaHCa, MPO KOTOPbI oduiuasbHas HayKa CTapaeTcss 0cobo He
PacrIpoCTPaHSTLCS, OOBSIB/ISAS €ro HeHayuHbIM, HapyIIAIOMIMM 3aKOH COXpaHeHHWsl SHepruu (ux
3CD3). Kak mpaBu/io, MpUHATO, UYTO JJisi CO3/IaHUs MapaMeTpHUUYeCcKOro pe3oHaHCa B MeXaHUueCKOou
WY 3/1eKTPOMarHUTHOM crcTeMe Heo6X0/IMMO M3MEeHSITh BayKHBIM TTapaMeTp C 4YaCTOTOM, B /jBa pasa
Oosbllle YacTOTHI CHCTeMbl. VI Ty peub y)Ke He HJeT O 4YacTOTe CBOOOJHBIX KOeOaHUM.
[TapameTpryecKuii pe30HaHC TI03BOJISIET TIO/ydYaTh He3aTyxarole KojeOaHusi r000W uYacTOTHI
I'naBHOe, yTOOBI HEKHIA TTapaMeTp U3MEeHSIJICS C YJBOEHHOM YaCTOTOM.

[TapameTpuueckumu KonebaHusimu Hekoe Bpemst B 30-x roziax 20 BeKa 3aHUMaJTUCh COBETCKHUE
¢busuku Ilananekcu U MangenbintaM. OHM 9KCIIEPUMEHTHPOBA/M C TIOMOIIBIO TIPOCTOTO
aBTOreHepaTropa Ha J/laMIIOBOM TpHOZe, a B KaueCTBe YIIpPaB/sgeMOro rnapaMeTpa HCII0/Ib30Bau
pa3HOTrO poZia TlepeMeHHble KOHJIEHCATOphl. XOTS MOr/M Obl HCMOIb30BaTh TEePEeMEHHYIO
VHJYKTUBHOCTb. VIMM Moy4yeHbl OueHb Ba)kKHble pe3y/bTaTbl, XOTS 0, KOHeL| CBOeM CTaTbU OHH,
BO3MOXXHO, MCIYTa/MCh TMOJy4YeHHbIX BbIBO/IOB, TTOCTApPaIMCh CI/Ia[iuTh MOIy4YaemMoe BIieuaT/ieHue
OT CBOMX OMBLITOB. B mocnexytoiem MaHjenbiiraM okasancs B psiiax O0OpPLIOB MPOTUB TeOpUU
Odwupa, xoTs1 6e3 Teopur DPrpa 00BICHUTL Pe3y/IbTaThl X OIMBITOB ObIIO HEBO3MOXKHO.

Haxe cerojjHsi, pacCMaTpvBasi TlapamMeTpUueCKuil pe30HaHC, aBTOPbl CTaTeil, HECMOTPsI Ha
oueBH/IHBIE (DAKTBI CTAPAIOTCS 3asiB/ISATh, UTO «BpOZe Obl TPUPOCT 3HEPTMHM €CTh, HO 3TO He
TOUHO...». JDTO MHe MPULUIOCh UYWTaTb B psfle CTaTel, r/e W3ydyaJrdChb MaTeMaTUUeCcKhe MOJeau
rapaMeTpuuecKoro MasitHuka. IIpruém Bce [oKa3aTenbCTBa HEBO3MOXKHOCTH CBEPXbeAUHUUYHOCTH
CTPOW/INCh Ha W3y4YeHWU H3MeHeHWs TMOTeHL|MaJbHOM SHepruyd, a BOT O pOCTe IIpU 3TOM
KUHeTHYeCKOW SHepruu, B TOM UHMC/ie U 3a CUeT I'paBUTal[MM, aBTOPbl YMaauMBajiu, HECMOTpPS Ha
oueBHJHbIe (haKThl. JIMYHO 5, MOJenupys MapameTphyeckue MasTHUKU B Iporpamme <« KuBas
¢u3vka», BHauase ToJiyyan pacKkauMBaHHe MasiTHUKA, a B TMOC/eyIollleM MasiTHUK Mepexoiusl Bo
BpallleHre C YBeJIMUeHHeM KUHeTHYeCKOUW SHeprum.

HaBepHo, HalijyTcs Te, KTO 3asiBUT, UTO 3aCTaBUTh PaCKauuMBaThCsl Kauesd, eC/IM OHU CaMHu He
pacKauMBarOTCs, HEBO3MOXXHO. B0O3MO)KHO, [/11 3TOr0 BHauaje Ha/l0 U3MEHUTH LIeHTP TSDKEeCTH
CUCTeMbl uejiOBeK-Kauenu. [ljis 3TOro uesoBeKy, CTOsIIeMY Ha KauessiX, cjiefAyeT HeMHOro
TIPOTHYTLCSI Briepes, WM HasaZ. A Korja Kadeau HAuHYT KoJjebaThbCs, Jarblie WX MOXHO
pacKauMBaTh y>Ke C IMOMOIIIbI0 IMapaMeTpuyecknx Kosebanuil. Ec/ii Ha Kauesisix HeT ueioBeKa, TO
CJlerKa KauHyTh UX MOKHO F0060M J0CTyTHBIM crioco6oM. Hy, XoTst 6b1 MOAYTH Ha HUX C TIOMOILIBIO
BeHTU/IATOpa. Iy MOATONKHYTH PYKOM WA HOTOM.
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Cuurato, yto B 3/ekTpomobusie Hukosbl Tecsia uCronb30Baics rnapaMeTpuyecKuil pe3oHaHC.
Korga Tecna cen B aBTOMOOW/IB, OH TMOJAK/IIOUWI ZBa TPOBOJA CBOel KOPOOOYKHM K TIPOBOZAM,
TIO/IAF0IIMM HarpsbkeHre Ha BEHTU/IATOP B CcajioHe aBTOMOOW/IsI. B pe3ysibTaTe OH MOAK/IIOUMIT CBON
reHepaTop 3ajarolleil 4acToTel K OAHON u3 (a3 Tpex¢asHOro MOTOpPa, YCTAaHOBJIEHHOTO Ha €ro
aBTomoOmsie BMecTo [IBC.

Hanee yxxe Bcé mpocto. ['eHepaTop MojcTpauBasCsl MOJ 4yacTOTy (pas3bl 37eKTpoJBUraTess,
KOTOpasi 3aBHCe/ia OT CKOpPOCTU aBTOMOoOu/sg. Ho uactoTa 3TOrO reHepaTopa Bcerfia Obina B /iBa
pa3a 0oJibIlle YaCTOTHI U3MEHEHHsT HampsDKeHUs Ha ¢a3e apurartess. Co3aBasics mapaMeTprudeCcKuid
pe30HaHC, MOIIHOCTE (ha3bl Bo3pacTaia. U eé sHepruu okas3blBajioCh AOCTaTOUHO J/Isi pabOThI BCex
Tpéx da3 3nekrpogsuraresiss. Oougenu Hukony Tecsa >xypHamuctel. HazBamm ciyroii CaTtanbl. OH
3abpas Kopobouky c reHepaTopoM. U syekTpomMo6mib Hukonbel Tecsia mpeBpaTHIICSA B METAJI/IONIOM.

CpaBHUM TO aBTOMOOWUIBL C TeM, uTto cobpan MaoH Mack. HeGo u 3emsia. Y CO3[4aHHOTO
Hukonoii Tecna aBromobuns Her [IBC, HO HeT M aKKyMy/IsTOpHOW OaTaped, KOTOpPYIO Hazo
3apspkaTh. HUKakoM 3apsiaku 31ekTpoMobmmo Hukonbl Tecsia He HY)KHO. A BOT 3/IeKTPOMOOHITb
VnoHna Macka oT/imuaeTcss OT 3/eKTpoMoOusieli Hauana 20 BeKa TOJILKO B XY[IIYyHO CTOPOHY U
Oonblyto crouMocTb. CunTaro 3/1eKTpoMoOwis MnoHa Macka AucKpeguTanvedl uaed BeJUKOTO
Tecna. Ilpocto mwummapzep WioH Mack Hayuu/acsd HaKuBaTb CBOM KallWTalbl Ha JIOXKHBIX
OXXHMJaHUSX OOJBLIMHCTBA YesioBedyecTBa. Besi ero adepa ¢ 3sekTpomMoOmieM HUYEM He JIyullie
uzied Tosieta Ha Mapc ThICSiuM OTOOPAaHHBIX CMEPTHUKOB.

Cnemyer B oOuepeHOM pa3 3aMeTWUTh, OTKyJa Oe3TOIUIMBHBIE TeHepaTopel OyayT Oparthb
SHEPTHI0, ec/ii eé B 3TOM YCTPOMCTBe BHauasie He Obuio. DHeprusi 6epércs u3 Ddupa, TOuHee
6s1aroziapst CO3jaHUIO TpaJjueHTy AaBieHus D¢upa. [IpousBeseHue rpajueHTa JapneHus Jupa Ha
00bEéM pabouero Tesia TOPOXKAAET CUTy. A TIpPOM3Be/leHHe CH/IbI Ha MpOWZEeHHOe pabouuM TeoM
paccrosiHve coctassieT paboty Sdwupa. s Sdupa 3To paboTa, MHOTA OUeHb TsDKENasl, a /IS Hac
r3BeKaeMas U3 Jdupa sHeprus.

KonHeuHo, ec/ii yuéHbIi He IPU3HaAET DPUpP, TO OH HUKOT/A He COTIACUTCS C MOUMU JJOBOJaMH.
OH HuKOrjja He TOWMET, KaK B IyCTOM, N0 €ero MHEHWIO, MPOCTPAaHCTBe KaKue-TO CUJIbl MOTYT
coBepIiaTh paboTy. A TakXe, eC/id OH Jitoboe paboyee Tes0 pacCMaTpUBAeT B BUZE TOUKH, TO OH
TaK)Xe HUKOT/IA He TIONMET, OTKy/1a 6e3TOTTMBHBIN reHepaTop MOYKeT U3B/IeKaTh SHEPTHIO.

ITymaro, UTO MO>KHO U Ja/iblile PaclIUpsATh TiepeueHb Crioco00B MoTyueHust SHepruu u3 Adupa.
Ho make 3TOrO /0CTaTOYHO, UTOOBI TIOKA3aTh Ba)KHOCTh 3(UPHBIX OE3TOTUIUBHBIX TEXHOJIOTHH, OT
Pa3BUTUS KOTOPBIX, U TOJIbKO KOTOPBIX, 3aBUCUT BbDKMBaHUE Hallled LIMBUIU3aLiU.

K corkanenuro, Te, KTO BajieeT leHbraMy U BIaCThIO HaJ| JIFOJbMU U IPUPOJHBIMUA pPeCcypCamy,
MOKa 3TOr0 He TMOHMMAaroT. VM Mpofio/KaloT BBICOKMMU TeMIlaMy pa3BUBaThb Te SHEpreThuecKue
TeXHOJIOTUM, KOTOpble HAHOCAT W/IM HaHeCyT KOJIOCCA/JbHBIA BpeJ, MPUPOJEe U Ue0OBeYeCTBY.
I'naBHOe, «3apabotaTh» 0abs0 M crpsiTaTh €ro Ha HeoOuTaeMoM oOcTpoBe. THUNHMUHAs TO3ULIUS
nmoboro mmpata. He 3ps mpoBenéHHass B P® mporjeaypa oThéMa y Hapoja o00ijeHapoJHOU
COOCTBEHHOCTH Ha3Ba/lu MpuBaru3alyedi. OT C/l0Ba MPpUBAaTHP — TMPAT U TOProBel] B OAHOM
¢dnakone.

[Toka BCé 3TO AJ1s1 3eMJid U YesloBeyeCTBa B 1[eIoM He cMepTenbHO. Ho BpeMsi 6eXXUT, yacuKu
THKAOT... A KOT/la YaCHKH 3a3BOHSIT, MOXKET 0Ka3aTbCs M03/HO. JInbo ueioBeuecTBO BBIMpET, JIUOO
3eMJ1s1 pa3Ba/IUTCSl HA MeJIKUe KYCOUKH.

Pa6oTa 3()MpHBIX YCTPOICTB.

Ectb Takoi 3¢dext — s¢dpdexr FOTKMHa. VIcronb3ys ero mo HacTosILEMY MOXKHO IOCTPOUTh
3JIEKTPOCTAHLIMIO Ha HECKOJIbKO COT KW/IOBATT. [le/1o B TOM, UTO BOKPYT /1000M MOJIHUM CO3/aéTCst
MarHuTHOe T110/ie, KOTOpOoe II0 CBOMM CBOWCTBaM HalOMUHaeT TpaBUTAlLiMOHHOe Mose. IOTO
TI03BOJIsIET TIOCTPOUTh HHTEePEeCHBIN 3neKTporeHeparop (Puc.2):
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Wkad

FeHepaTop
/ ynpasneHus

TypbuHa

/

3 450 KBT

notpebutento

50 KBaTT Ha pa3psiaHUKK

S dekT KOTKMHa ANbTepHaTUBHaRA 3HEpreTuka

Puc.2. B3sro u3 NHTepHera.

[Ipy yracaHMM MOJHMM MarHWTHOe T0Jie BOKPYTI e€ CXJIOMbIBAaeTCsl. JTO CO3ZJAéT uepeny
yZJapHbIX BOJH B 0ake, HarlOJIHEHHOM TIOJ, 3aBsi3Ky, KpOMe CaMOro BepXa, I/ie JO/DKHO OBITh
BBICOKOE /laBJIeHHe BO3JYLLIHOr0 My3bIpsi, BooW. COOTBETCTBEHHO Yepe3 K/laraHbl, ITPOIyCKaroIuX
BO/ly TOJILKO B OJJHOM HaripaB/ieHMM BO/la HauMHAaeT TepeMellaThCs 1o TPyOOnpoBoAy, MO MyTH
Bpailjasi TypouHy. MOIIIHOCTb, KOTOPYH) MOKHO CHSITb TYPOWHOM, 3aBUCHT OT MOIIHOCTH, KOTOpast
rnoziaércsl Ha paspsfgHuKe. OJuH paspsifi MOXKeT MOPOXKJAAaTh Cpa3y Lieyl0 CepUr0 yAapHbIX BOJH,
9Heprusi KOTOPBIX TPAaTUTCS Ha TiepeMellieHre BOABI TI0 TpyOomnpoBoy. Pa3psif oauH, a yjapHbIX
BOJIH MOXKeT ObITb MHOTO. CBepXbeIUHMLIA TIOTyUaeTcsi. JJecsITOK yJjapHbIX BOJIH Ha pa3psij, — BOT
u nostyuaetcsi KYM (koadduupyenT ycunenus momHocTt) B 1000%.

Jl71s1 HaYaIbHOTO 3aIlycKa reHepaTopa Ha puc.1 HeoOXoArMa SHeprust U3 CeTH WIH OT MOLHOTO
akKymyssitopa. Ho 1oTom cucteMa JieTKo MepeBOJUTCS Ha CaMO3arnuTKy. [Ipu 3ToM MoKHO OyzeT
3apshKaTh aKKyMYJISITOPbI, KOTOPbIE MOTYT TOHaZl00WUThCS, eC/ii BAPYT NPUIETCS OCTaHAB/IMBAThH
reHeparop.

B 3TOM reHepaTtope MOXXHO OTKa3aThCsl OT TPyOOMpPOBO/ja, TYpOWHBI U TeHepaTopa. st 3Toro
CylefiyeT yKasaHHbIe yacTh yOpath, a B Gake TIPOM3BECTH HEKOTOpble W3MeHeHUs. Bo-TepBbIX, B
BepxHell yacTh 0aka C037aTh BO3JYIIHBIA My3bipb C fAaBieHdeM B 100 atm. Bo-BTOphIX, B
pa3psAAHUKAX C/leNaTh TakK, YTOObI MCKPBI CO3/ABa/IMCh B MOIIHBIX MarHUTHBIX TTOJISIX, KOTOpbIe B
JleCSITKM pa3 yBeauyaT I'paZiMeHT [aBJeHHsl OKOJIO MOJHWM, YTO BbI30OBET IOSIBJIEHWE TPU UCKpe
CWILHOW y/IapHOM BOJHBI. B-TpeTbMX, BHYTPEHHIOI TIOBEPXHOCTb 0Oaka Halo TIOKPBITh
CEerHeTO/IU3IeKTPUKOM, CO3/laTh BO3MOXXHOCTb CHSITHS TIOTeHLIMana C Hero, U MocTpouTh OJI0K 10
ripeoOpa30BaHUIO T0J/TyuyaeMbIX BBICOKOYACTOTHBIX KOJIeOaHUH B repeMeHHbIN TOK C 4acTOTou B 50
I'l} ¥ HarpspkeHreM B 220 BOJIBT.

BrIrsisieTs Takoi renepatop Moket mpuMmepHo Tak (Puc.3). [laBneHue Bo3/iyxa BBepxy 0Oaka
100 at™M. B 3TOM reHepaTope He TOKa3aHbI 0JIOKH [JisI TI0[jauy HallpsDKeHUsI Ha pa3psHUKH, OI0KU
M0 BbIBOJY MOIIHOCTA C CErHeTOAMUSJIeKTPUKA C MOC/AeAYHOIIUM HarpaB/eHWeM 4YacTH Ha
pa3psHUKH, a OCHOBHAsI MOIIIHOCTb OY/IeT 10/jaBaThbCsl B HAarpy3Ky.
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Bo3ayx nof BbICOKWMM AaBNeHneM

bak
CerHeToaAW3NEKTPHK

IneKTpon AN CHATUA
MOLLHOCTW C CEerHeTo-
OW3NEeKTpKKa

PazpaoHuk

an.nyra
-“""-..
INeKTpod ONA Noga4Yyw
HanpAXeHWA Ha

€5
paspaaHuK
Puc.3.
[To GosbIIOMY CUETY, TaKOH BapuaHT TeHepaTopa SHEPrUM CTAaHOBWTCS MOXOXKUM Ha OyO/MK

I'punikeBnua O.B. C gpyroit CTOpOHBI, BCE 3TO yXKe cenaHO H300peraTesisiMd TIOZBOJHOTO
ruzipotapaHa MapyxuHa u KyteeHkoB. Ho HemHoro no-zgpyromy (puc.4).

y3en
co3aaHun

A3BNEeHUA

Kopnyc pesepsyapa

yAﬁbﬂHﬂ Knanad

Puc.4.

Y Hux He ucnons3yercs 3¢pdekr FOTKMHA, OHU TPUAyManyd WHTepecHbI crocob Bo30y uTh
KosiebaHWsT B BOZHOM Cpejie BHYTPU MHTEPECHOTO Pe30HaTOpa, COCTOSIIEero u3 AByX Tpy0, BHYTpU
KOTOPBIX Os1aroZjapsi TapaMeTpuyecKOMy Pe30HaHCy 3TU Koje0aHHsi CaMOTNPOM3BOJIEHO BO3HUKAIOT
U TI0JJepKUBAIOTCS T10C/Ie Haya/JbHOTO TO/YKA B BHJE Pe3KOro W3MeHeHUs [JaBjieHus. Y HUX
BHYTPEHHsIs [I0OBEPXHOCTb pe30HaTopa IOKPhITAa Nbe30JU3/IeKTPUKOM, OHU HAYUU/IUCh CHUMATh C
Hero 3J1eKTPUYeCcKUi BbICOKOUYACTOTHBIM TOK U MpeBpaliaTh ero B epeMeHHbIN TOK ¢ 4acToTou 50
riy ¥ HanpsbkeHreM 220 BosbT. CaMblii MajleHbKWEM WX TeHepaTop BbipabartbiBaeT 20 KBaTT U
yMell[aeTcsl B TUBHYO aFOMUHHEBYIO OaHKY.

BriosiHe BO3MOYKHO, OHM /]JaBHO 3/eKTporeHepatop Ha 3¢dekre FOTkmHa n3obpem. Chenatb
3TO He CJI0’KHO (pHUC.5)
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Bo3aoyx nopn BbICOKMM OaBleHueM

bak

CEFHBTOHMSHEKTPMK

SnekTpopg ONA CHATUA
MOLLHOCTKW C CEerHeTo-

— AW3NeKTpUKa

|- PesoHaTop

Pa3paaHUK

3n.nyra
T
INeKTpoA4 ons nogayv
HanpAMeHWa Ha

paspaaHvK

Puc.5.

Uem TakoW BapuaHT Jyullle KjacCMueckoro BapuaHTa MapyxuHa-KyTbeHkoBa? CucreMa
MOJIHOCTBIO TrepMeTHYHas. [Ifs 3amycka [OCTaTOYHO OJWH pa3  «3aXeub» UCKPY MeXIy
9/IEKTPO/IaMH, a Jla/ibllle Pe30HATOP BOWJET B PEXKUM «BEUHBIX» KOJIeOAaHWH, KaK 3TO OMUCAHO B
rUApoysapHOM reHepatope MapyxuHa-KyTbeHkoBa. EcM MO KakuM-TO TpUYMHAM TeHeparus
KosebaHUl U BBIPAOOTKA 3JIEKTPOSHEPTHU CaMOITPOM3BOJILHO TIPEKPATUTCS, CUCTEMY MOXXHO
BCKDBITh, Ha/laJuTh, 3arepMeTHM3UpOBaTh, HaKauaTb BO3JyXa W/IM HWHOrO rasa /0 HY)XHOIO
JlaB/ieHus], TOJaTb MMITYJ/IbC HarpsDKeHUs1 Ha 3/1eKTPOJbl M CHOBA HACJaXJATbCs IT0y4aeMou
3/1eKTPO3HEepruei.

K coxanenuto, MapyxuH ckoHuasics B 2019 rogy. M moka HeT HUKOro, KTo Obl Mor
MPOJIO/DKUTH ero JeJso.

[To stomy azpecy (CChIIKa HH)KE) UMTaTe/b MOXKET TOCMOTPETb paboTy 1LieHTPOOeXHOro
I'PaBUTALIMOHHOTO YCU/IATEJISI MOITHOCTH. TOJIbKO CMOTpHTE BHUMAaTeIbHO, 00paTUTe BHUMaHKe Ha
COOTHOILIEHWE JWaMeTPOB IIlecTepEéHOK. Takasg mITykKa MOXKeT paboTaTh 3ameuaTe/bHbIM
HMHEepLOU/IOM, TTIOMOTasi MOTOPY BO3WUTb [1aCCa)KHUPOB.

https://www.youtube.com/shorts/1aiPtmFGcNO

[MosiBUMCh HEKOTOPbIe COOOpa)keHUs 10 reHepaTopy Xabb6apza (puc.6), kotopbiii Xabbap/,
cMacTepu, Korja eMy 6bi1o 16-17 ner.

.

e

L—" b N -

- —

Hers ia & sketch of the apperatis a3 made by Hubbard da 1916 |

Puc.6. BHemHuii Bug reHepatopa Xab6apga
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https://www.youtube.com/shorts/1aiPtmFGcN0

[To puc.6 BHAHO, UTO YCTPOMCTBO TeHepaTopa rpocToe. ECTh LieHTpanbHas KaTrylika v 8
KaTyllleK MeHbllero AvaMmerpa. Ha 3Tux 8 karyiikax, 1o JaHHbIM Pa3HbIX UCTOUHUKOB HaMOTaHbI
elile 10 OZ/HOM HeOO/bIION KaTyliKe (Bcero 8 mt). Ha3HaueHWe Bcex KaTyllleK, KOHAEHCAaTOPOB U
TpaHcdopMaTopoB [0 KOHLIA eljé He MOoHATO. Ho y MeHsT eCTh HEKOTOpbIe COOOPaKeHUsI U CBSI3aHbI
OHH C TapaMeTpruyeCcKUM Pe30HaHCOM.

Ha puc.7 mokasaHa mpejrosiaraemMasi cxema reHeparopa Xab6apga. Ho 3To He To4HO, XOTsS
0/1M3K0 B peaibHOCTH.

The Amplifvieg Transformer

9 bron cores 8 coils connected i series
Slép up ' step down
transformer transformer
"tl! X
|"""_'\ <A
'lj <=x|i
= l

——n
—_—

4
|

capacitor
adjusted
For resonance

capacitor
adjusted
for resonance

AC DC ™ Dutput power !,"'m, Lt DCIAC
Converter 3 times I ower —
L input power P=El g1

Puc.7.

[Tpexamnosnararo Beien 3a Ilapmom CamapuHbBIM, UTO B TeHepaTope Xab0ap/a HCIO/b30Bacs
rapameTpuueckuii pesoHaHc. Bceen 3a [TaBiom CamapuHbIM MpUMeM, UYTO LieHTpajibHasi KaTyllKa
Oo/bIIIOTO AiaMeTpa — 3TO KaTyIllKa, C KOTOPOM CHHUMAaeTCsl BBIXOJHasi MOIIHOCTb. 8 KaTyllek
BOKDYT' 1[eHTpPa/lbHOW KaTylIKW (3/1eKTPOMAarHuTa) BBITOIHSIOT POJIb «BEUHOTO JIBUTATesIs»,
Kosie0aHUsI KOTOPOTO TIOAJIEPKUBAIOTCS C TIOMOII[BIO TTapaMeTPUYeCcKOro pe3oHaHca. VIMITYJbCh
rapaMeTpUUecKux KosiebaHUi TOCTYMaiT CO CHelMaJbHOrO 3aZIalollero reHepaTopa, KOTODbI
OTC/Ie)KMBAeT YaCTOTY MMITY/JIbCOB Ha 8 TeHepaTOPHBIX KaTyIIKaX W CO3JaéT KojebaHWs, YyacToTa
KOTOpPBIX B [IBa pa3a MpeBbIllIaeT YacTOTy KosiebaHM B TeHepaTope. biiarogapst mapameTpruueckomy
pe30HaHCy KoJyiebaHUsI B TeHEepaTOPHBIX KAaTyIIKax IMOCTOSTHHO TIOAMUTHIBAIOTCSA HeOOIbIINMU
MOPLMSIMHM SHEPI'UM C 3a/lat01Lero reHeparopa.

it mepeiauu 3TUX Y/IBOEHHBIX TI0 YaCTOTE MMITY/IbCOB MCITO/Ib3YIOTCS T€ caMble HeOOoJIbIle
KaTYIIKU, O KOTOPbIX HAMMCAaHO BO MHOTMX UCTOYHMKAx. C [pyroil CTOPOHBI, MapaMeTpUuecKuid
reHepaTtop, CKOpee BCero, CHHUMAaeT YacTOTy KojebaHM B CaMOM TreHepaTope C TIOMOII[bIO
yJIaBJIMBAHUSI BCIIJIECKOB MAarHUTHOTO TI0/Is, KOTOPbIe CO3/Ial0TCsl TeHepaTOpOM BO BpeMsi PaboThl.
/11 3TOro MOKHO MCII0/Ib30BaTh JaTuuK XoJuia.

Xotesmoch OBl 3a0[JHO OTMETHThb, uTO Ji0OOM JlaTuMK XoJila MOKHO TIpeBpPaTUThb B
3/IeKTPOreHepaTop.

[71st 3amycka B paboTy Takoro reHepaTropa JOoCTaTOUHO Ha OYeHb KOPOTKOEe BpeMsi TIOIK/TFOUNTh
0OMOTKY 1[eHTpa/IbHOM KaTYIIKK K HeOOJbIIOMY aKKyMy/asaTopy. ITocie uero konebGaHus yxe He
OCTaHOBUTh. Ml 0OHM OyyT MOACTpauBaTLCS CAMU IO/, TTOAK/TIOUaeMy0 Harpy3Ky.
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Bcé 310 cunbHO HamoMyHaeT paboTy TMOCAeJHUX MoJeselt ruipotapaHa MapyxyHa, KOTOPbIi
reHepupyeT SHEPryi0 C TIOMOLbI0 TapaMeTpUyecKoro pe30HaHCa, M3BJeKas eé U3 cpefpl,
HaXOJSAIIeNCs Mo, J0CTaTOYHO BhICOKUM AapyeHreM (50-100 at™). Hy, a reHepaTop Xa606apza Kak
3/IeKTPOMArHUTHbBIN TeHepaTop HaXOoJUTCs o/ AaByieHueM Ddupa, Kotopoe paBHo 10E35 Ila.

Bo3MO0)XHO, B MOMX PacCy>KJeHHsIX 0 pabore reHeparopa Xabb6apza ecTh OLIMOKH, HO TIOC/e
3HaKOMCTBa ¢ paboramu [laBna CamapuHa y MeHsI CJIOXKWIOCh TBEpZOe yOexKieHue, uTo B TH0O0M
cydyae paboToCriocoOHOCTE TreHepaTopa XabbapZia CBs3aHa C TapamMeTpUUYecKUM pPe30HAHCOM.
Bormpoc g1 MeHst TO/IBKO B TOM, Kak OH (Xab0ap/1) ero B CBOéM reHepatope OpraHM30Ball.

HecMoTpsi Ha CBOIO YBEPEHHOCTb BO3MOYKHOT'O MCITI0/Ib30BaHUsI TTapaMeTpUUecKoro pe3oHaHca
B reHeparope Xab06apza, Mory u ommbarbcs. /[eso B TOM, UTO YacCTh a/bTEPHATUBIIUKOB BIIOJHE
000CHOBAaHO CUWTaeT, UTO B TeHepaTope Xabbapaa mpuMeHsiics Tpambiep W3 aBTOMOOHWIS C
motopoMm (IBC), rae 6buto 8 1pwmmHApoB. UTo 3TOT Tpambiiep MPUBOJWICS BO BpallieHHe
3/IEKTPUYECKUM MOTOPYMKOM HeOOJbIIoN MolfHoCcTH. He Oygyud aBTOPEMOHTHUKOM U
aBTO/IIOOUTEsIEM, 5T HE MOTY 00CY>K/IaTh 3Ty TeMY, MyCThb el0 3aHUMAIOTCS JIFOAU, pa3orparoLecs B
3/IEKTPUKe COBPEMEHHBIX aBTOMOOUIEH.

WHTepecHble CBefieHUs YAAN0Ch TOJyUYUTh TIPA WU3yUeHHWH OJHOT0 W3 TeHepaTOpOB, aBTOPOM
KoTopbix Obu1 ucnaHel; Clemente Figuera. B HEM BMecTo Toro, uToObI BpalllaTh POTOP reHepaTopa
BHEIIIHEM CUJIOW, BpalllaeTCsl KOHTAKT B peocTaTe, B pe3yJbTaTe B 3/IEKTPOMarHUTaX «CTaTOPHON»
YyacTH TreHepaTopa CO3[aéTcs TiepeMeHHOe MarHuTHoe Tiojie, 3Heprusi Oepércs u3 Oatapeil.
[TepeMeHHOe MarHMTHOE II0JIeé «CTaTOPHBIX» OOMOTOK B «pOTOPHBIX» OOMOTKax CO3[aéT
3/IEKTPUUYECKU TOK C Oosiee BBICOKOM MOIIHOCTBIO, 4eM TpeOyeTcsi MOTOPUMKY, BpallarolleMy
KOHTaKT B peocTare.

Ha TtexnHosoruu Figuera Cu/IbHO IOXOXU TexHosiorud AHKBUYaA, AHApes MenbHUUYEHKO,
Xoskomba, Xabbapga. VI oueHb CTPaHHO, UTO 3Ta TEXHOJIOTHs], KOTOpas MOT/a ObITh BHeJpeHa
6omee 100 sieT Ha3a[, W3MEHWB TP 3TOM BCIO Hallly I[MBWIM3al[MI0, OKa3ajach He3aCTykKeHHO
3a0biTa. Bce TaTeHThI 3TOTO BEJMKOTO H300peTaresis CKyNWId OoraTble [s7M, 3arjlaTHB
nu3zobperaresiss OerleHble 06abku. BwmecTo BHeApeHHsi 3TOM Cyriep3e/iéHON SHEpPreTU4YecKoi
TEXHOJIOTUM Pa3BUThIe CTPaHbl MPEANIOUMTAIOT Pa3BUBaTh JOPOTYI0 M KpailiHe OTMacHYIO SiZiepHYH0
JHEPTeTHKY.

B mpuHIMITe MOTOPUMK /IJ1s1 BpAIlleHWs] peocTaTa MOXKHO BpailjaTh U OT COJIHEUHBIX OaTapei u
BeTPSIKOB, Tak Kak ycTpoiictBo Clemente Figuera siBnisieTcsi ycuauTesneM MOLIHOCTH, TPUUEM
JIOTIOJIHUTe/TbHAsE JHeprusi u3BjeKaeTcss M3 O¢upa 3a CUYET CO3[aHUsL Y TIOMHOCOB «CTaTOPHBIX»
3/IEKTPOMAarHUTOB MOIIHBIX MAarHUTHBIX TI0JIe U BBICOKUX TPaJJUEHTOB JlaBieHus1 Jdupa.

MoTopuMK [/1s1 BpallleHHUs KOHTAaKTOB peocTaTa MOXXHO CJieJlaTh 1O THIy Tpambjepa /s
aBTOMOOHJIS.

['naBHBIM B M300peTeHuu Figuera sIBNSIeTCS TO, UTO «CTaTOPHbIE» U «POTOPHBIE» KAaTYIIKH
pacIio/iararoTCs Ha OTZAebHBIX Cep/IeYHUKax Wid, Boobiie, ooxoasaTcs 6e3 cepaeunnkoB. Karyku
«CTaTopa» W «pOTOpa» pacIlo/IOKeHbl OUeHb OJM3KO TOpLAMM ApPYyr K APYyry, HO MEeXIy
cepieuHUKaMU 00si3aTesTbHO eCThb 3a30DPbl, KOTOPBIE U TI03BOJISIET «3aTeKaTb» DPUPY B CeP/I€UHUKH,
TIPUBHOCS TIPU 3TOM «JIULIHIOK» SHEepryt0. BoT mpocToii BapuaHT ero reHeparopa:

electromagnet N AC Output induced coil electromagnet S
battery
& Ve ] |
5} b -
N S S ]_|+ 3]

primary N secundary primary S <
variable resistance

magnetic field N magnetic field S

Puc.8. Ilpocrasg mopgesns reHeparopa ®duryepa.
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BakHyto posb UrpaeT ¥ MaTepuas CepeuHrKa, 3TO (peppOMarHeTUKH, Y KOTOPBIX JOCTaTOUHO
BBICOKUM SIBJ/ISIeTCSI TAaKOM IOKasaTesb KaK MarHWTHasl IIPOHULIaeMOCTb. JTO IT03BOJISIET CO3/|aBaTh
(heppoOMarHUTHOMY Cep/IeUHUKY TPU T0JIF0CaX MOLLHbIE TIepeMeHHble MarHUTHbBIE TOJIs1 C BBICOKUM
rpajueHTOM HaNnpsUKEHHOCTHM MarHUTHOTO MOJIS.

Bmecto peocrara € BpaljarOlIMMMUCS KOHTaKTaMM MOJKHO MCII0/Ib30BaTb TI'eHepaTop
CUHYCOUJATBHBIX KOJ/ie0aHWi JOCTaTOUHON MOIJHOCTU. A TaKkxKe [U(poBbie cucTeMbl. HampaBisiem
CUHyCOWZa/bHble KoiebOaHWsi Ha TIepBUUHble OOMOTKHM, a CO BTOPUYHOM OOMOTKA CHHMaem
KosieDaHWsI TAaKOU >Ke YaCTOThI, HO yBeJIMUEHHOW MOIIJHOCTH, €C/TM B TIePBUUHBIX 3/IeKTPOMarHUTax
OyAyT UCIO/Ib30BaThCsl CEPAEUYHUKH U3 KaueCTBEeHHOro TpaHC(hOpPMaTOpHOro Kese3a. [ymato, uto
MOJKHO MCIO/Ib30BaTh (PeppuUThl, KaK 3TO JenaeT AHApeli MenbHUUYEHKO.

[Tpu 3TOM HUYEro CTPAIIHOTO He OyZeTr, ecju Mpu paboTe B TEPBUYHBIX 3JIEKTPOMAarHUTax
OyzeT MpOUCXOAUTh TIePeroIFOCOBKA CEBEPHOTO TOJTI0CA Ha FXKHBIMA M 00paTHO. B mpuHLMIe oAvuH
U TOT >Ke TeHepaTop MO)KeT MUTaTh cpa3y o00a TMepBUYHBIX /IeKTpOMarHvTa. B mpuHLuIe, gBa
MePBUYHBIX 1eKTPOMarHuTa — 3TO OJUWH 3/IeKTPOMarHuT, HO pa3pe3aHHbl Ha /iBe paBHble YaCTH.

[Mpeamnonarato, 4YTo 3a TaKWUMU TreHepaTopaMd SHepruu Oypnyiee. W60 OHM TpOCTHI B
YyCTPOWCTBe, a NpU NMPaBWIbHOM IPOEKTUPOBAaHMM CMOTYT BblZaBaTh I'MraBaTThl MOLIHOCTH. [Ipu
3TOM He HaJI0 CKUraTh ypaH, yroyb, He)Th U ra3, JIOBUTh COJHLIe U BeTep. VIX /IeTKOo CTPOUTb, OHU
3Koorudecku Oe3oracHel. B HUX HUYero He Oyner BpamaThcs. He Hy>kHBI TypOuHbl CHMeEHCa,
Kariyiana, He Haflo rpeTh BOAY U TeM caMbiM TepsiTb 60% wu3BIeKaeMol W3 SHEPrOHOCUTEIs
sHepruu. He Hazo 6yget ctpouts 'DC 1 HapylllaTh KOJIOTHIO PEK.

K cokaneHuto, BCs Hallla SKOHOMHKA IOCTPOeHa Tak, uTo 6e3 pacrmuia ToCyZapCTBEHHOTO
6ro/pkeTa HUUero He npoucxout. U He Tonbko B PD, Ha faxe u B CIHIA. [Ipuuém B CIIIA kpaayT
B 10-20 pa3 6osbliie, yeM B P®, 1 Ha BIoJiHE 3aKOHHOM OCHOBAaHHH, TakK Kak /1066m3m B CIIIA
3alUILIEH 3aKOHOM.

Tak uro, HMUEro cJo)KHOro B Teopuu Odupa HeT. HoBoe moHumMaHue Odupa OTKpbIBaeT
IIUPOKYI0 [IOPOTY [/Isi CO3[laHUsl CBEPXBbEeJUHUUHBIX YCTPOWCTB, OE€3TOT/IMBHBIX TeHEepaTOpPOB,
JBWKUTeell 06e3 orOpoca macc, HarpeBaTesieid BOJAbI U TIOMEIEHHH, HOBBIX MCTOYHUKOB CBETa,
CHICTEM 10 TPEeBPAIIeHHI0 PaJUOAKTUBHBIX U30TOIOB B CTaOU/IbHBIE, U T./I.
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