KOCMUWYECKHUE IBUTATEJIU
C TOPCUOHHOM TATOM1

unos I'.H.

BBenenue

B HaCTOAIICC BPECMA peaKTI/IBHbe/’I ABUTATCIIb ABJIACTCA CAUHCTBCHHBIM TCXHUYCCKHUM YCT-
pOIMCTBOM, C TOMOIIBIO KOTOPOTO MOYKHO IEepeMeIaThcss B KOCMUYECKOM MPOCTpPaHCTBE. -
(EeKTUBHOCTH TPAHCIIOPTHOT'O CPEJICTBA C PEAKTHBHBIM JABHUIATEIEM CIHMIIKOM Majla U COCTaBIIs-
eT BennuuHy nopsiaka 8%. Ilepenersl Ha OosblIMe paccTOSIHUA TPEOYIOT OTPOMHBIX 3aIacoB
B3PBIBOOIIACHOT0, SKOJIOTMYECKH BPEJHOTO TOIIMBA Ha OOPTY KOCMHYECKHX aIllaparoB, Jelast
UX He 0e30MacCHBIMU U HE CIUIIKOM IPUTOJHBIMH ISl JIUTEIBHOTO oOuTanus. MoXXHO yTBep-
JKJ1aTh, YTO Ceiiuac peaKTHBHAS TEXHHMKA JIOCTUIJIA MAaKCHMyMa CBOEro coBepiieHcTBa [1] u ee
JanpHelIee pa3BuTue TpedyeT pa3padOTKK KayeCTBEHHO HOBOTO, Oosee 3¢ (heKTUBHOTO, CIIOCO-
Oa NEPCABUIKCHNA B KOCMUYCCKOM IIPOCTPAHCTBE.

B Hacrosimeii ctatbe OyneT pa3BUTa U AKCIIEPUMEHTAILHO MOATBEPIKACHA uest Murens Aib-
Kyobeppe [2], Kkoropas mpearonaraeT BO3MOKHOCTh MCIOJIB30BaTh JUIS JBMKECHHS B KOCMOCE
KPUBU3HY IIPOCTPAHCTBA, CO3JAaHHYIO M YIPaBIsIeMyl0 KOCMHUYECKHM KopabieM. PeanbHoe ycr-
pPOKMCTBO MOMO0HOrO THMa OBLIO MPEIIoKEeHO poccuiickuM uxeHepom B.H. Tomumubim [3],
OIHCAaHO TEOPETHYECKHU U MCCIIEIOBAHO SKCIIEPUMEHTAIBHO B padorax [4,5]. Pa3Butue nBurare-
neit AnbkyObeppe-ToqurHa TMO3BOJIUT B Oy/IyIEM IMOCTPOUTH TPAHCIIOPTHOE CPENCTBO, Iepe-
JIBUTAIOIIEECs] B KOCMOCE 0e3 HUCIOIb30BAHUS PEAKTUBHOTO JIBUTATEISI CO CBEPXCBETOBBIMU CKO-
pOCTSIMH.

HWccnenoBanus ObLIM MPOBEICHBI HA OCHOBE ypaBHeHUi dusnueckoro Bakyyma [6], u3 koto-
PBIX ClIELyeT NPUHIMIHAIBHAS BO3MOKHOCTh CO3/IaHUsl KOCMUYECKOTO IBUTaTeNs HOBOTO IOKO-
nenus. Takoil aBurarenb coco0eH UCKPUBIATH BOIM3HU ceOsl MPOCTPAaHCTBO-BpPEMs, CO3/1aBasi B
IIPOCTPAHCTBE-BPEMEHH «KPOTOBBIE HOPBI» - CBOCOOPA3HbIE MPOCTPAHCTBEHHO-BPEMEHHBIE TTOP-
Tajbl U NEpEMENIaThCsl 10 HUM B yJaJIeHHblEe TOUKU BceneHHOM co cBEpXCBETOBBIMU CKOPOCTSI-
Mu. B crarbe npencrasiensl Gpororpapuu u GUIBLMBI IPOCTHIX JEHCTBYIOIIMX MOJIENEH TaKOTO
crocoba nepenBUKEHUs, KOTOPbIE 1I0Ka3bIBAlOT PEAIbHOCTD BBIABUHYTHIX TEOPETHUUECKUX HJIEH.

1. Teopust Pu3nyeckoro Bakyyma u TOpCHOHHBIX MoJIeH

OcHoBHBIMU TIOJISIMH B Teopuu Pusnueckoro Bakyyma oka3bIBalOTCS TOPCUOHHBIE MOJISL C
Pa3HOOOpa3HBIMH (DU3UYECKUMH CBOMCTBAMH. DTH TIOJISI KaK MPEIMET M3yYCeHHs] B HAyKe BO3-
HUKJIM B KOHIIE 19 Beka B paboTax utanbsHckoro matematuka I'.Puaun. CyiecTByer orpoMHOe
KOJIMYECTBO MaTeMaTHIECKUX paboT nmpoBeAeHHBIX KapranoM, CXOyTE€HOM | JIp. MaTeMaTHKaMU
10 MCCJIEJOBAHUIO CBOWMCTB TOPCUOHHBIX MOJIEH, HO TOJIbKO B KOHIIE 20 Beka B Poccum ydeHbIM
yaaIoch OOHAPYKHUTH CBS3b ITHX MOJIEH ¢ PU3NIECKUMH SKCTIEPUMEHTaMHU.



TopCUOHHLIE nons

Cnaiig 1

Henopazymenus 1o noBojy KpUTUKU TOPCUOHHOM (u3uku akagemukamu PAH Haunnaercs ¢
TOT'0, YTO OHHU HE PA3INYaAIOT CYIIECTBYIOUINE B HAYYHOM JIUTEpAType TPU THIA TOPCUOHHBIX 110-
nei. OOBIYHO MO TOPCHOHHBIMU MOJISIMH MMOHMMAIOT KpyueHHue mpocTtpaHcTsa (cnaiin 1). Ilep-
BBII TUIT IPOCTPAHCTBA ¢ KpyueHHeM siBisgercss Puyun-Kaprana-OiiHimreiiHa (pocTpaHCTBO a0-
CONIIOTHOTO mapasuienu3ma). D.Katpan u A.DWHIITEHH 00CYX/1aju T€OMETPUIYECKHUE CBOMCTBA
ATOTO MPOCTPAHCTBA B Te€UeHUE Tpex JeT ¢ 1925 mo 1928 rox, mone yero A.DWHINTEHH Hanmucan
13 craTeif, HCIONB3YSI B HUX KPYYEHHE MPOCTPAHCTBA abCOMIOTHOTO mapaienusma [7]. S mpo-
JOJKUJI MICCIIEZIOBAHMUSI, UCTIOJB3Ysl, B OTJIMUUE OT paboT A.DHHIITENHA, CTPYKTypHbIE ypaBHe-
Hus Kaprana sroii reometpun [6]. DTu ypaBHEHHsI HE colepKaT NEPBOHAYAILHO HUKAKHX (Hu-
3MYECKUX KOHCTAaHT M, KaK OKa3aJloCh, ONMMCHIBAIOT AMHAMUKY MOjed nHepuuu. MIMeHHO 3TOT
(axT 1Mo3BOJIET CBA3aTh NEPBbIM THUI TOPCHOHHBIN MoJiell (TOpCHOHHBIE MoJisd Puyun) ¢ skcre-
puMeHTOM.  BTOpoll TN TOpPCHOHHBIX TOJEN MosABIsAeTcs B reoMmerpun Pumana-Kaprana.
Tonbko Ha xadenpe Teopernyeckoit ¢puznku MI'Y ObLIO 3alUIEHO 6 JOKTOPCKUX JTUCCepTa-
U TI0 TOPCHOHHBIM MOJIsIM reomeTpun Pumana-KapraHa, B KOTOpBIX OBUIO IIOKA3aHO, YTO 3KC-
HNEPUMEHTAIBHO 3TH M0JI B HACTOSILEE BpeMsl OOHapyKUTh HEBO3MOXKHO. TpeTHil TUI Takxke He
IPOSIBIISIET ce0s1 B HKCIIEpUMEHTE. Y MEHsS HET paboT, CBSA3aHHBIX MOJSIMH BTOPOTO U TPETHErO
THUIIA, TO3TOMY KPUTHKA aKaJJIEMUKOB ObET MUMO IIEJIH.
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Cnatin 2

B pa6ore [8] B 1984 r. ObuIn BriepBbIe OMyOJIMKOBaHbI ypaBHeHUsT Pusnueckoro Bakyyma, a B

1988 r. MHO# ObLIa 3aBepiieHa mporpamMma Beeobieit OTHOCHTEIFHOCTH M OKOHYATEILHO TIPe/l-

cTaBiieHbl ypaBHeHUs Bakyyma (A) u (B) (cnaiig 2) kak HOBble (hyHAaMEHTaJIbHbIE YpaBHEHUS
[

¢usuku. Topcuonnsle monst | jk B ypaBHeHHsX ®usnmdeckoro Bakyyma UrparoT pojib TOTO

camoro Exunoro [lons, Ha moucku kotoporo A.DiHuITeitH notparui oosee 30 ner.

VYpaBHeHus (A) npeacTaBisioT co00i TOPCHOHHBIE YpaBHEHHS, TIOCKOJIBKY COIEpKaT TOPCHOH-

i a o o
HOE Mo7e | jk M BeKTopa €'k  YeThIpeXMEpHOH MPOM3BONBHO YCKOPEHHOH CHCTEMBI OT-
cuera. YpaBHeHust (B) pacmagaroTcss Ha MOJHOCTBIO T€OMETPU3HPOBAHHBIE (BKIIIOUYAs MPaBYIO
yacTh) ypaBHeHUs OiHmTelHa (B.1) M MoMHOCTBIO TeoMeTpU3HpOBaHHBIE ypaBHeHMs SIHra-

Munca (B.2). Tensop sHeprun-ummnyinsca 1 om B ypaBHenusx (B.1) u Temsop Toka  J “bkm

i
OTIpeIeNAI0TCS Yepe3 KBapaTHuHble KOMOWHAIMU TOPCUOHHOTO TMOJIS T i U UX MPOU3-

BojHbIe. [loaTOMYy TopcnoHHOE ToJie B ypaBHeHHUsIX Pusmueckoro Bakyyma urpaer poib nois
Mamepuu.

3HaveHne KOHCTaHTHI (i GyHknuu) VB ypaBHeHusX (B.1) u (B.2) omnpenensiercs mocine
TOTO0, KaK HalJICHO PEIICHHEe dTHX YPaBHEHH, KOTOPOE 3aTE€M CPAaBHUBAETCS C PEIICHHEM O/IHO-
10 U3 QyHIAMEHTAIBFHBIX YpaBHEHHH (DU3HKH.
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Craiipg 3

[lonHoCTBIO TEOMETpU3MpOBaHHOE YypaBHeHHE OiHIuTeiiHa (B.l1) npenackassiBaeT HOBbIE
IPEJICTaBICHUS] O CTPYKType IMpocTpaHCTBa-BpeMeHU. CoOrjacHO 3TUM MNPEACTABICHUSM Mbl
xuBee B 10 MEpHOM KOOpAMHATHOM MPOCTPAHCTBE, KOTOPOE BKIIOYAET B ce0sl 4 TpaHCISAUOH-

HBIX KoopauHatel X, Y,Z,Cl u 6 BpamareabHbIX KOOpAHHAT @, @, @y, 0, 0,, 0,. NMeHHO

[
6 BpamIaTeNbHBIX KOOPAMHAT OMPEAENSIIOT TOPCHOHHBIE TONS | jk . B HepensTMBHCTCKOM

npuOMKEHNH U B (KBa3W)UHEPLHUAIbHBIX CHUCTEMaX OTCUeTa IUIOTHOCTh MaTepuu L0 Jr00ro

00BbEKTa, POKIEHHOTO M3 BaKyyMa, ONpeelseTcs kKak O =A@y *y , rie - HOpMHUPOBaHHOE
Ha CIWHHILY I0JIe MHEPIHU (TOPCHOHHOE TOJIE), YAOBJIECTBOPSIOUICE T€OMETPH3UPOBAHHOMY
ypasuenuio Illpenunrepa, 7/ - KBaHTOBas KOHCTAaHTa JUIs JAHHOTO OOBEKTa, () - 4acToTa
TOPCHOHHOTO TOJs. TakuM 00pa3oM, TOPCHOHHOE IT0JIe UMEET KBaHTOBYIO MPUPOAY, YTO yKa-
3bIBACT Ha KBAaHTOBYIO Mpupoxy 10 MEpHOro mpocTpaHCTBa, B KOTOPOM MBI kuBeM. Jlokasa-
TEJIbCTBOM 3TOTO CIYXHT KBaHTOBBIN 3¢dekt [xanndekosa (cnaiin 3). Ha cnaiine npencrasie-
HBI 5 KaJ|pOB JBIKEHMS BpallAIOLIeNcs raifku, KOTopasi KBAaHTOBBIM 00pa3oM MEHSET HalpasJie-
HHUE OCH BpalleHus uepe3 Kaxjsle 40 cM. MPOHAEHHOTO MyTH B COCTOSIHUM HEBECOMOCTH. DTO
MOKHO YBHJIETh B JHWHaMUKe B (uiIbMe http://www.youtube.com/watch?v=dL6Pt10 gSE&NR=1

CHSITOM B KaOWHE KOCMHUYECKOro kopabins. HaGmromaemsbrit apdext He oOBsicHsIETCS Teopuei
rpaBUTallK DWHINTEeHHAa. MaKpOoKBaHTOBasl CTPYKTypa MPOCTPAHCTBA HAOMIOJaeTCs U B KBaH-
TOBaHUM CpelHUX paccTossHui oT CoNHIAa 70 TUIaHeT W B HAKJIOHE OCEH BpallleHUs IUIaHET K

mI0ckocTH 3kBaropa ComnHua.
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http://www.youtube.com/watch?v=dL6Pt1O_gSE&NR=1

OcHoBHbLI® CTaATLY M KHUMM [O TEeC[ol

TEOPHA
PEAJALHON
OTHOCHTEIBHOCTH

Craiin 4

Ha cnaiine 4 npeacraBiieHbl OCHOBHBIE OITyOJIMKOBAHHBIE CTAaThH M MOHOTPA(UH 110 TCOPUH
®usnyeckoro Bakyyma. Bonee omnepaTHBHO U MOIpOOHO MOKHO TIO3HAKOMHUTCS ¢ paboTaMu 1o
Teopun Bakyyma Ha caiitax www.shipov.com wu www.trinitas.ru . Ha 3Tux caiitax pacmoso-

JKEHBI CTaThbH aBTOpA, HamMcaHHbIe B nociennue 10-12 met u TpyaHO AOCTYMHBIE B IPYTUX HC-
touHukax uHpopmaruu. B kaure moero nocnegonarens E.A.['ybapeBa «Teopust peaabHO# OT-
HOCHUTEJIBHOCTU» JOCTAaTOYHO MOJAPOOHO M3JI0XKEHBI OCHOBBI BceoOIiel OTHOCUTENbHOCTH, KO-

TOpast MCIOJIb3YeT BpalarebHble KOOPAUHATEL @, @, , @5, 0, 0,, O,. xak snementsr 10 mep-

HOTO IPOCTPAHCTBA-BPEMEHH.


http://www.shipov.com/
http://www.trinitas.ru/

Cnaiig 5

Ha cnaiine 5 nepednciieHbl TOPCUOHHBIE TEXHOJOTHUH, KOTOPBIE Pa3BUBAIMCh B paMKaX yKe
yactHoro npeanpusarus «MHTL BEHT», kotopeim pykoBoaun A.E.AxumoB mocie 1991 r.
KocBenHbIM 00pa3oM, T.e. TEOPETUUECKH, s MIPUHUMAI MOCHJIBHOE Yy4YacTHe BO BCEX ITHX TeX-
HOJIOTHSIX. DKCIepUMEHTaNbHasl paboTa (M3roTOBIEHHE JEHCTBYIOIUX MOJENeld U UX TeOpeTu-
Yeckuil aHanu3) Obula MHOW TpoBeJeHa B 00JacTH TOPCHOHHOI'O TPAaHCIOPTa, TOPCHOHHOU
SHEPreTUKU U TOPCUOHHOW MEIUIINHBI.

Eme B nanekom 1991 r. A.E.AkumMoOB yTBep:kJiai, 4yTo Mbl OOroHsieM AMepuKy Ha 15 jer B
pa3BUTHUU TOPCUOHHBIX TeXHONOrui. C Tex nop npouwio 20 geT u yTo Mbel BUAUM. ['ocynapcTso B
muue PAH u naxe IIpaBociaBHas 1IepKOBb BOCCTAIM MPOTHUB PAa3BUTUS TOPCHOHHOW (U3UKHU, U
0COOEHHO, POTUB TOPCHUOHHBIX TeXHOJIOTUN. [IpuuuHbl 3TOro(M 1 HE OyAy ATOr0 CKpHIBaTh) B
TOM, YTO BHEJIPEHHWE TOPCHOHHON (PM3UKK M TOPCHOHHBIX TEXHOJOTHHA BEJET K 3HAYHTEIHHBIM
npeoOpa3oBaHUsIM BO BCEX OCHOBHBIX C(hepax uemoBe4eCKOH AEATENTbHOCTH: B 9KOHOMHUKE, IO-
JMTHKE, COITUOJIOTHHU U, YTO OCOOCHHO Ba)KHO, M CO3HAHUU JIIOJIEH.

HukoMy U3 cMEpTHBIX HE IaHO OCTaHOBHTH Tporpecc. Ceiiyac B pa3BUTHH TOPCHOHHBIX TEXHO-
joruil Ha Teppuropuu OniBIIero Coro3a ydacTByroT nopsiaka 150-200 uccnenoBareneit u 6osee
50 xommepueckux komnanuit. Tperuii rox moapsia (2008 (Kues), 2009 (Coun), 2010 (TamboB))
POXOJISIT MEXKIYHAPOIHbIe KOHpepeHIn Ha Tepputopun ObiBiiero Coro3a. [leuaratorcs cra-
ThH, 3AIIUINAIOTCS JUCCEPTAIUH, TIOTYJArOTCS TTATCHTHI.



2. TopcuoHHbIE IBUTATEIH

2. TOPCUOHHENY
TRPAHCHGIAS

Cnaiig 6

B Hacrosiiee BpeMsi peakTUBHBIN IBUTATEINb SBISETCS €AMHCTBEHHBIM TEXHUYECKUM yCTPOi-
CTBOM, C MOMOIIbI0 KOTOPOTO MOXHO MEepeMeNaThCsl B KOCMUYECKOM IpocTpaHcTBe. D dek-
TUBHOCTBH TPAHCIIOPTHOTO CPENICTBA C PEAKTUBHBIM JIBUTATEIIEM CIIMIIKOM Maja M COCTaBIISET
BennuuHy nopsiaka 8%. IlepeneTsl Ha 60JbIINE pacCTOSTHUS TPEOYIOT OIPOMHBIX 3aI1aCOB B3PHhI-
BOOMACHOT0, KOJIOTHYECKH BPETHOTO TOIUTMBA Ha OOPTY KOCMHUYECKUX alIaparoB, Jeias uX He
0€30IaCHBIMH U HE CIIMIIKOM MPUTOIHBIMU JIJIS JUTUTENBHOTO oOuTanus. JlanpHelimee pa3BUTHE
KOCMHUYECKOW TEXHHUKHU TpeOyeT pa3padOTKU KauyeCTBEHHO HOBOTo, Oonee 3¢dexTuBHOTO, CIo-
coba mepeBIKEHUsI B KOCMHUUECKOM IPOCTpaHCTBE. TeopeTudeckrue M TEXHOJIOTHUECKUE Mpo-
€KThI CO3JJaHUSI KOMHUYECKUX JBHUraTeleld HOBOTO MOKOJICHUSI CIEAYIOT U3 YpaBHEHHH Bakyyma
(A), (B). B nokanpHbIX KOOpAUHATaX TOPCHOHHOE TOJIE MOKET OBITH MPEICTaBICHO Yepe3 ero

1
HETNPUBOANMBIE KOMIIOHEHTBI CIEAYIOmmMM o0pazoM: Tp= —AuU®+am,U° +0,U°+=0h,U°,

rne A,— 4D yckopenue, (@,, -TOPCHOHHOE TOJIe BPAIleHHs, O, - TOPCHOHHOE TIONE C/IBUTA,

0 - TopcuonHoe none pacmupenns. Ha cialine 6 npencrapieHo ypaBHeHue —Paituaymypu [9],
cienyrollee U3 ypaBHeHuil Bakyyma. YpaBHeHue Paliuaynypu mokasbIBaeT, 4YTO JOKaJbHas

KPUBH3HA MPOCTpaHCTBa R, MOeT GbITh MOPOKIEHA TOPCUOHHBIMH HOMSIMH (D, O gy U 6.



OTO TEOPEeTHUYECKUI BBIBOJ, Ha CETOJHAIIHUN JIEHb, HAXOJUT 3KCIIEPUMEHTAIBHOE MOATBEp-
xnenue [10] u oTKpbIBaeT mMyTh IS CO3aHUsI TOPCUOHHOTO TPAHCIIOPTA HOBOTO MOKOJICHHS.

LBuraTesns AbKYCEEEE

PuUMaHOBa KpMBM3Ha TopcuoHHoe none ——>

Cnaiipg 7

B pa6ore [2] anrnuiickuit pU3MK MCIAHCKOTO MPOMCXOXKICHUS Muresst AJIbKyObeppe mpej-
JIOKUJT TIEPEABUTATHCA B KOCMHMYECKOM MIPOCTPAHCTBE IMyTeM HMCKPHUBICHUS TMPOCTPAHCTBA.
[Ipenmonaraercs, 4T0 Ha KOCMHUYECKOM KopaOje YCTaHOBIEH [BUTaTeNb AJBKyObeppe, cO3-
maromuii pacmmpende € (TOPCHOHHOE II0JIE), KOTOPOE BBI3BIBAET PHMAHOBY KPHUBHM3HY IPO-
crpancTBa. Cam kopabib (TOUHEe, ero IEHTP Macc) JOJDKEH HaXOIUTCS B IIEHTPE OKPY>KHOCTH
(Ha cnmaiine /7 kopabiyip npumnoAHsT) . Brmepean kopalOist 00beM MpOCTpaHCTBA paCIIUPSETCS, a
no3aau cxxuMmaetcs. J[BrkeHue kopalis MPOUCXOANT B CTOPOHY paciiupeHus . Bue kpyra u
ONvKe K IEeHTPY MPOCTPAHCTBO IJIOCKOE, TOITOMY KOCMOHABTHI BOJHM3U IIeHTpa OynyT Haxo-
JUTHCSL B COCTOSITHMHM HEBECOMOCTH Jake€ MPU YCKOPEHHOM IBMKEHHH IIEHTpa Macc Kopabs!
JIBukeHre Kopallisd MPOUCXOIUT «I10 MHEPLUU», XOTSI OH JBUXKETCS YCKOpeHHO. [Tockonmbky
BHEIIHNE UCTOYHUKU TPaBUTALIMOHHOTO MOJII OTCYTCTBYIOT, TO TaKOMW TUI IBUKEHUS SBIISETCS
0€30MOpPHBIM, YTO, BOOOIIIE TOBOPSI, MPOTUBOPEUYHUT TPETheMY 3aKOHY MexaHuku HeroToHa (3a-
KOHY JIeHCTBUS M MPOTHUBOJEHCTBUS). ENMHCTBEHHBIMH M3BECTHBIMM B MEXaHHUKE CHUJIAMH, HE
YIIOBJIETBOPSIOUINE TPETHEMY 3aKOHY MEXAHUKH, SIBISIFOTCSI CHIIBI MHEPILIMH, BbI3BAaHHbBIE MTOJIIMU
WHEpIHUHA (TOPCHOHHBIMU TIONIsIMHK). J{ist mBuTaTens AnbkyObeppe HeoOX0oIuMa OTpHIIaTeIbHAS



IIJIOTHOCTh 3HEPruH, IMMO3TOMY BCC€ TEXHHUYCCKUC IMPOCKTHI TAKOI'O0 ABHUIATCIIA CTAJIKHBAKOTCA C
OTpOMHBIMHU TPYAHOCTAMMU.

~—"

Momenu oBurareinei IOnBIIE!
)

(2000

Cnaiig 8

TopcuoHHOe nonie @, MO3BOJSET UCIOJIB30BAaTh TEXHUUYECKU JTOMYCTUMBIN CIIOCOO MCKpUBIIE-

6 R uaub — a)ab B
HHS MPOCTpPaHCTBa OJjlarogaps ypaBHEHUIO R, b . B soToM ciyyae osHeprus uc-

TOYHHMKA IMOJIOKUTEIbHA U TOPCHUOHHOE MOJIE CO3/IaeTCs BpAIllEHHEM MaTepHabHBIX 00BEKTOB
(unest Kaprana). Kpome Toro, u3 ypaBuenuit Bakyyma (B) cnenyer ypaBHeHue

A = &Vba)b ’

e
KOTOpOE MOKa3bIBAET, UTO YCKOPEHHE LIEHTPa Macc CBOOOIHOTO OT BHEITHUX HbIOTOHOBCKUX CHJI
00BeKTa MOKHO U3MEHUTH ITyTEM M3MEHEHHUS YTJIOBOW YacTOThl (® BpPAILLEHUS Macc BHYTPH €ro.
TexHU4ecKoe YCTPOWCTBO, JEMOHCTPUPYIOIIEE ITO siBIeHUE, Obu1o mpemnoxkeno H.B. Tomun-
HbIM [3] ¥ ycoBepIIeHCTBOBAHO aBTOPOM. [1opo0OHOe n3mokeHune 3Toi padboTs! AaHo B [4,5]. Ha
crnaiifne 8 mokazansl hoTorpaduu u3 GUIHLMOB, JEMOHCTPUPYIOIINX YHUBEPCATHHOCTH ITHX JBH-

rateneil (CHUMOK cJieBa) U JIBIKEHHUE C TIATO# TONBKO BIepes (CHUMOK cripaBa). OuiabM MOXKHO
http://www.youtube.com/watch?v=SXOKT3 SPSO

YBUIACTH HA caiite


http://www.youtube.com/watch?v=SXOKT3_SPS0

TOPCUOHHLIE OS] 1 KKOOIe)IIE
OB INpENERa (2007)

e

o
it
,l” r/ r

Cnaiig 9

a b ab
B pa6ote B.Kpeuera [11] 6b110 noKa3aHo, uTo pemenus ypasaenus R U U™ = @, @0 onu-

CBIBAIOT «KPOTOBBIE HOPBI» B IMPOCTPAHCTBE-BPEMEHU. DTO O3HAYaeT, 4TO MPH JTOCTATOYHO
OOJBIINX PHEPrUsAX BpalleHUs UCTOYHMKA B JiBUTarese TodnHa, MOXKHO HE TOJIBKO UCKPUBUTH
IPOCTPAHCTBO-BPEMsI, HO U U3MEHHUTD €r0 TOMOJIOTHIO TAaKUM 00pa30M, 4TO Mepexo] U3 00JIacTH
A B 00sacth b BO3MOKEH CKBO3b «KPOTOBYIO HOPY» (Claiin 9 sxenTast TMHUSA) ropa3ao ObICcTpee,
yeM OObIYHBIM 00pa3zoM (cnaiin 9 kpacHas nunHwMs). [Ipyu 3TOM MIOTHOCTH SHEPTUU JBUTATENS
MIOJIOKHUTEIbHA, YTO JIOMYCKAET €r0 TEXHWYECKYIO peajun3aluio. Takue KocMUYeckue Kopaliw,
00pa3Ho TOBOPS, OYIYT «IPOTHIKATHY MPOCTPAHCTBO-BpEMsI, 00pa3ys B HEM CBOE€OOpa3HbIC TyH-
HEJlY, T03BOJISAIOLINE EPEABUraThCs B KOCMOCE CO CBEPXCBETOBBIMU CKOPOCTSIMHU.

10



INBUraTtenb BpayViks

[isuratens bpayHa

B BUAE aCUMMETPUYHOTO KOHAEHCATOpa

MonoxurenbHana 0bknaaka
‘\,

HanpasneHue TAru

A

/

® Nonsaosarens TELEBrands

Coaiin 10

Tomac bpayn, 6yayuu nogpoctkom (emy 6su10 Toraa 15 ner), B 1920 r. cryuaiino oGHapy-
KU JIBUKEHUE IOJIBEIEHHOM Ha HUTSX peHTreHoBckoi TpyOku Kymmmxa. TpyOka Kymumka
npecTaBisieT co00 CTEKIISTHHBIN COCYJ, 3all0JIHEHHBIH TEXHUYECKUM BaKyyMOM, BHYTPH KO-
TOPOTO PACIIONIOKEH KAaTOA M aHOJ|, 00pa3yloIMX acUMTETPUYHBIN KoHAeHcaTop. [lpu momade
Ha TPYyOKYy BBICOKOBOJIBTHOI'O MOCTOSIHHOTO HampsbkeHus nopsiaka 30 KB co3gaercsa mexaHuue-
CKasl TAra HEM3BECTHOI'O MTPOUCXOXKACHUS B HAIIPABJICHUH aHO/a, M OHA HauuHaia aBuratbes. C
Tex nop npouuto nouty 100 e, HO COBpeMeHHas HayKa He B COCTOSTHUM J1aTh OOBsICHEHUE Ha-
OmrojaeMoMy siBJIeHHI0. He BBIIBUTaTh pa3iuyHble THIOTE3bl, @ CO3/1aTh TEOPUIO, OJHO3HAYHO
OTHCBIBAIOIIYIO HKCIIEPUMEHT.

W3 ypaBuenuii ®usnveckoro Bakyyma (A) u (B) cnenyer reomeTpusnpoBaHHast 3J1€KTPOIU-
HamMKa (pelleHue mnepBoil mpobiembl DWHIITEHHA), B KOTOPOM KpUBU3HA IMPOCTPAHCTBA-
BPEMEHHM CO3/1a€TCS DIEKTPOMArHUTHBIMHU MOJISIMHA M YIIPABIIAETCS IEKTPOMarHUTHBIMU MOJISIMU
unepiun [12]. Ha cnaiine 10 mpeactaBieH BapuHaHT YIpaBiCHHsS KPUBH3HOW MPOCTPaHCTBA-
BPEMEHHM C MOMOILBI0 ABurarens bpayna. @uibM 00 3TOM SIBIEHWU MOXHO YBUJIETh Ha calTe
http://www.youtube.com/watch?v=2rYOjPHNIUo&feature=related

3. BakyymMHbIe HCTOUHUKH IHEPTUH

Eme omHoit mpoOnemoi, CBSA3aHHOW C KOCMHYECKUMHU TEpeNeTaMH, SBISIOTCS HCTOYHHKHU
SHEPTUU JUIS JIBUTATENeH, CTIOCOOHBIX UCKPHUBISTH MPOCTPAHCTBO-BpeMs. TakUM HCTOYHUKOM
MoskeT ObITh Dusnueckuii Bakyym. [Ipumepom mamimHbl, KOTOpas MOJIy4daeT SHEPTHUIO0 U3 Ba-
kyyMa siBisiercst Tecratuka [Tayns baymana.
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http://www.youtube.com/watch?v=2rYOjPHNIUo&feature=related

2, TOPCUOHHAS SHERHERIY
p =3 e IPETD

>
o

CyMMapHas MOWHOCTH
740 KBt

Cnaiin 11

I'enepatop Tecraruka ObuT co3man B 1978 T. u cMacTepus ero 4acoBbIX Jjen mactep [laynb
bayman Ha yeTBepTOM rofy 3aK/IIOUEHHUs B HMIBEHIIAPCKOMN TIOPbME U3 KOHCEPBHBIX OaHOK, KOTO-
pBI€ BBIMOIHSUIA POJIb KOHJIEHCATOPOB, OOPBHIBKOB IIPOBO/IOB U JieTaliell, COOpaHHBIX U3 Xjama B
TIOPEMHON MacTepCKOW. B co3aaHHON UM XPUCTHAHCKO-PEIIMTHO3HOM KOMMYHE «MeTepHUTa) B
[Beiinapun ¢ 1980-x rogoB paboraioT yctpoiictBa, renepupytonie ot 200 Br. mo 30 KBt
3JIEKTPOIHEPTUU Ul OBITOBBIX HYXJ nocenka. CyMMapHas MOITHOCTh BCEX CUCTEM COCTaBIISIET
yxke 6osee 750 Kunosatt (cnaiin 11). Takum o6pazom, B 1980 roay B Mupe nosiBUICS HacelleH-
HBII ITYHKT, KOTOPBII pa3 W HaBCerJa pelui1 3HepreTuyeckue npodsemsl. Ero xxurenn (Oynyun
JMJIETAHTaMH B HayKe) OTKAa3aJHCh OT TPAJUIIMOHHBIX BHJIOB TOIUIMBA U Pa3pyHIHIN MUQBI 00
YTPOKAIOILIEM HaM «3HEpreTndeckoM Kpusucey. Cekper reHeparopa KOMMYHON HE pacKpbIBaeT-
Csl 10 NMPUYMHE HEBEpUs YJICHOB KOMMYHBI B MUPHOE MCIIOJIb30BaHHE YEJIOBEUYECTBOM HOBOTO
WCTOYHWKA JHepruu. DunpM o paboTe reHeparopa TecTaTMKa MOXHO TIOCMOTPETh Ha caiTe
http://www.youtube.com/watch?v=AJgMSjGo3lg
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http://www.youtube.com/watch?v=AJqMSjGo3Ig

Yeenmuenue 10

Cnaiig 12

Tecratuka sBisieTcs nepBoi B MUpPE MAIIMHON, NPOM3BOIAIIEH «CBOOOJHYIO SHEPTHIO» U3
®dusnueckoro Bakyyma, ¢aykryanun KOToporo, mo npeicTaBiIeHUsM COBPEMEHHOM HayKu, 00-
JaJlal0T OECKOHEYHBIM KOJUYECTBOM dHEpruu. Ecim Obl Mbl MMEIM MHCTPYMEHT, UMEIOLINNA KO-

3¢ (ULHEHT yBeIUYEeHUs TOpsAIKa 10**, 1o Mb1 GBI yBuzaenu Qaykryanun dusznueckoro Bakyy-
Ma (cnaiin 12). Takue u3BecTHbIE SKCIIEPUMEHTHI, KaK JIOSMOOBCKUN CIBUT YpOBHEH B aTOMax M
s¢¢ext Kazumupa, mokaspiBaroT, 4To 3Heprus Bakyyma neiicTByeT kak Ha MHMKpPO, Tak U Ha
MakpooObeKThl. [loaToOMy, BO MHOTUX Ja00paTOpHUsX MHUpPA BOT YK€ HECKOJIBKO JECSTKOB JIET
YUE€HbIE MBITAIOTCS MPEBPATUTH ATy «HEIAETEPMUHHPOBAHHYIO» YHEPTHIO B SHEPTUIO JI€TEPMU-
HUPOBAaHHYIO, KOTOPYIO MOXHO HCIOJIb30BaTh JUIsl MOJb3bl Jitoged. Oxnako Ilpupona modbur
NOWIYTUTh HaJ YYE€HBIM MHPOM, NPEMOTHOCS MY, BpeMsl OT BpEMEHU, HEOKHUIaHHbIE OTKPBITHS,
cieNlaHHbBIE JIIOAbMHU, JTAIEKUMH OT HAYKH.

4. T'enepatop BakyymMHoi 3Heprum Hukousl Tecina
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TOTOK CKAJIPHOI'O 1TOJIsA
TECJIA YEPE3 ITPOCTAHCTBO

dngycoswt

@) -YACTOTA NMEPE3APSJIKH COEPBI
V = IOTEHIHAJI COEPBI

R -pamivc coerbr

Cnaiin 13

Cep6ckomy rernro Hukone Tecna O6bu10 12 Jtet, korma MakcBell Hanmucall CBOM 3HAMECHHTHIC
YpaBHEHUS W JO0 CO3JAHHUs CIEUUAIBHOM TEOPUM OTHOCUTEIBHOCTH CHENA TaKOW OTPOMHBIN
BKJIaJ] B 3KCIIEPUMEHTAJIbHYIO 3JIEKTPOJIMHAMUKY, KOTOPBII HE OlleHeH 110 cux nop. B 1897 r. on
IPOM3BEI OJHONPOBOIHYIO Mepeaady dJIeKTpuueckoi suepruu [15], npu 3Tom, Kak oKa3anoch,
HaOJroaeMble (PU3UUECKUE SIBICHUS JI0 CUX MOp HE MMEN TEOPEeTHUECKOro 000OCHOBaHMs, MO-
CKOJIbKY OBUIH TMOPOXKJIEHBI CKAJSPHBIM (2 HE BEKTOPHBIM!) 3JIEKTPOMarHUTHHIM mojieMm. Ha
crmaige 13 mpexncraBneH oauH u3 3kcnepuMeHToB H.Tecna, B KOTOPOM HCHONB3YeTCsS TpaHC-
dopmarop (wim karymka) Tecna u 3apspkeHHas cepa B KauecTBE M3ITydarolle aHTEeHHBI. 3a-
PSOKEHHYIO cepy MOXKHO pacCMaTpUBAaTh Kak MPeJeNbHBINA ciaydaid chepruueckoro KOHIeHCaTo-

pa, y koToporo paguyc R, BTopoii o6kiaaku cTpemuTcs K 6eckoHeunocTd. IIpu monaue Ha
cdepy NepeMEHHOT0 HaMNpsKEHUsI OHA HAYMHAET U3JTydaTh TOK cMeleHus Tecna, mopoXaeHHbII

ckanmspueiM moneM S =1/rcoQ/ot. Dra BenmumHa ONMMCHIBAET MOHONOIBHOE H3IyUEHHE

cucremsl 3apsmoB  Q(t) u me cimemyer m3 ypaBHeHmii snexTpoauHaMuka MakcBemia. MoHO-

HOJIbHOE M3Iy4eHHUe 3apsiia (WIN CUCTEMBI 3apsi/IoB) CIeyeT U3 BaKyyMHOM 3JIEKTPOJUHAMUKH,
ypaBHEHHsI KOTOPOH, B CBOIO O4Yepe/ib, BHITEKAIOT U3 ypaBHeHU# Bakyyma (A), (B). MoHomnomns-
HOE M3JIyuyeHHe o01agaeT psJoM HEOOBIYHBIX CBOMCTB, HalpuMep, yObIBaeT C PacCTOSHUEM
kak1/r .
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BechnpoBomHas NEPEERE!
ATEKTPOIHECRIRIA

Craiig 14

Emie B 1919 r. H.Tecna ocyiecTBui 6ecpoOBOHYO Tepeaady dIeKTpudeckoit snepruu [13],
HO /IO CUX NIOp YHHUBEPCUTETCKHE yUEeHbIE HE JJaJli HAyYHOTo OOBSICHEHUs 3TOMY siBieHuto. [lo-
BTOpEHHBbIE MHOU 3kcnepuMeHThl Tecna (cmaiin 13,14) mokasanu, 4yTo HaOIIOJaeMble SBICHUS
JeKaT 3a mpejieflaMM, Kak KJacCH4ecKod anekTpoanHamuku Makcsemna-JlopeHna, Tak 1 KBaH-
TOBOH 3NekTponnHamuka Maxkcsemna-/lupaka. U3 ypaBHenuit pusmueckoro Bakyyma (A) u (B)
ClIeZlyeT TeOMETPU3UPOBAaHHAS BaKyyMHas DJIEKTPOAMHAMHUKA, CIIOCOOHAsl OIUcaTh HadIoaae-

MBbIe JKCIIEPHMEHTHI M0 CKAIAPHOMY MOHOMONBEHOMY m3nmydeHmio  cucteMsl 3apagoB Q(t) ¢
HANPSDKEHHOCTRIO 1oJist BHaa [14]

=— == A4mwQu'y
p— Qv v

KOTOpasi CBSI3bIBACT KBAHTOBBIE M KJIACCHUECKHE SIBICHUS B IJIEKTPOAMHAMUKE. DTO yIAeTCs
caenaTh Ojaroaapsi TOMy, 4YTO BOJHOBasi PYHKIUS |/ B JE€TEPMUHHUPOBAHHON KBAaHTOBOM 3JIEK-
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TPOJAMHAMHKE TIPEJICTABIIACT CO0O0H Mojie MHepuU ( TOPCHOHHOE T0JIE) — YHUBEPCAIBHOE TOJIE,
CBSI3BIBAIOIIEE BCE PU3NYECCKUE MPOIIECCHI, U IO MpaBy Ha3BaHHOE EnunbiM [Tomem.

[Nepeoavya 2MeKTPOIHECRGAN

DHeprisi Ha
i "g' t"‘:':"'""f': . BBIXOJe JTAMITBI
Tw s 32Wx2 =64

Cmatig 15

114 et Tomy Hazax H.tecma npeutosKuit 0IHOMPOBOIHYIO Mepeaady snekTposneprun [15]. Ha
chaiine 15 skcmepumeHnT Tecna Mo OAHOMPOBOAHON TEepeaayue IEKTPOIHEPTUHU TIPE/ICTABIICH B
MUHHUATIOpE. DKCIePUMEHTHI TTOKa3aIH, YTO IPU TaKO# mepeaaye MeKTPOIHEPTUU He paboTaroT:

1) 3akon Oma Juts ABYXIIPOBOIHOM JIMHUH;
2) 3akonbl Kupxrodda asst AByXIpOBOIHOM JTHHUH;
3) 3aKOH COXPaHEHUS NEKTPHYCCKON SHEPTHUH.

Ha cnaiine 15 xarymka Tecna notpe6isier 30 BaTT 3J€KTPOIHEPTUH, a K OJHOIPOBOIHON JIH-
HUU TOJKIIIOYEHBI 2 JIaMIIbl IHEBHOTO CBeTa, noTpedistomue 64 Barra 3nekTpodHepruu. [Ipu
HOJKIFOUYEHUH JIOMOJHUTEIbHBIX UICTOUHUKOB SHEPIUU MOTpeOsieHNe SHeprun Katymkoil Tecna
ocTaeTcs TeM K€ caMbIM. BBIXOAWT, YTO B YCTaHOBKE MPOMCXOJUT MpeoOpa3oBaHHUE IIEKTPO-
sHepruu ¢ kodpdunuentom npeodpazosanus (KII) 6onpmie equaunpl. Ha cmaiine 14 KII=2.1,
XOTS ApyrHe KOHCTPYKIIMU KaTymKu Tecia mo3BoJSI0T MOIyYUTh ropa3ao 00abmni ko huiu-
€HT TIpeoOpa30BaHMUs.
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IHEPIMM B KaTYIIKENIEE

\ "L
Lf

e

Cmatig 16

Ha cnaiine 16 npeacrasnena karymka Tecna, TeHepaTop UMIYJIbCOB KOTOPOW MUTaeTcs 6ara-
peiikoii. ITorpebisiemast reHepaTOpoM MOIIHOCTE Beero 1.7 Br. B ckanspuom mone S kaTymi-
ku Tecna ropar nBe namiibl ¢ 06mel mortHocTh S0 Br. CrneBa namna B pyke ucciaeaoBaTens siB-
asieTcst 00bIYHOM amnoi HakanuBaHus 110 V. u momHocTeio 25 Bt CripaBa Ha CTOJ€ J€XKUT
Jamra JIHEBHOTO CBETa, MOMIHOCTHIO 25 Brt. ¥V ato#i ycranoBku KI1=29.4. ®wibem 00 3kcrme-
pHMEHTE MOXKHO ITOCMOTpPETh Ha caiite http://www.youtube.com/watch?v=0zGwb0glcXg

HeBonpHO HampammmBaeTcsi BOIIPOC, a oYeMy ObI TIOCIIe 3aIycKa CHCTEMBI HE B3SITh YacTh W3-
OBITOUHOI PHEPrUM, TeHEpUpyeMol KaTymkoi Tecna, u HalpaBUTh €€ Ha BXOJ, UCKJIIOUMB ITyC-
KOBYIO OaTtapeiiky? B aTom ciydae cucreMa A0 KHA T€HEpUPOBATH CBOOOTHYIO SHEPTHIO cama
no cebe, HarotoOue Tectaruku [ayns baymana.
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http://www.youtube.com/watch?v=ozGwb0glcXg

3aszemneHune

The KAPAGEN v3.2 with 1200 Watts thalogentlamps at' the output
two 150 W 220 V halogen lamps and six 150 W 220 V light bulbs
A Kapanadze generator replication by Jean-Louis Naudin

June 5, 2010 - JLN Labs - www_jInlabs.org

Carig 17

Orta uzes Ovuta peanuzoBana H.Tecna eme B 1931 r., korma H.Tecna mocraBun sHepreruye-
CKYIO0 YCTaHOBKY Ha aBTOMOOWJIb M HCIOJIB30Bajl MOJTYYCHHYIO DJIEKTPUYECKYIO SHEPTHIO s
MepeIBUKEHUSI aBTOMOOWIISI C TIOMOII[BIO AJIEKTpoMoTOpa. B Hamie Bpems: mogo0Hasi yCTaHOBKA
onua mpensoxkena Tapudnem Kamananze wu, 3aTeMm, MOBTOpPEHA JIPYyrUMU uccienoBarensmMu. Ha
cnaiine 17 mpencrapiieHa sHepreTuyeckas ycranoBka Kamananze momnHocteio 1.2 KBT, co3nan-
Has JKanom-JIym HonuHoM. Y cTaHOBKA MMEET OJIMH BHEIIHUH MPOBOJ, UIYIINI HA 3a3€MJICHHE.
B kauecTBe Harpy3Kku KCIIOJIB30BaHbI 6 JTaMIT HaKaJIMBaHUS MOIIHOCTHIO 150 BT HampsikeHuem
220 BonbT. B uHTEpHETE MOXHO HAWTH HECKOJIBKO pEIUIMK ycTaHOBKM Kamananse
http://www.youtube.com/watch?v=uxQ99R4gOWY &feature=related cmoTpu, Hanpumep,

http://www.youtube.com/watch?v=PgorIWIkhWI&feature=related

B pesynbrarte HenpUATHA 3TUX SBJICHUN aKaJIeMHUYECKOW HAyKOM, MPOIECC Pa3BUTHS UIET B Ta-
KOM HalpaBJIEHUH, YTO KaXK/IbIM HYX/IaIOIUICS B SHEPTrUU OYAET MOKyNaTh JeTall Ha PhIHKE U
CaMOCTOSITENIbHO TI0 CXeMaM, IMpelaraéMbIM B MHTEPHETE, CO37aBaTh HYXHON MOLIHOCTH HC-
TOYHUKH AJIEKTPUUYECKON SHEPTHUHU.
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http://www.youtube.com/watch?v=uxQ99R4gOWY&feature=related
http://www.youtube.com/watch?v=PqorIWlkhWI&feature=related

DHepreTu4ecKre yCTaHOBKH, caenanHble Kanananze, umeror montHocth oT 3 10 100 KBT n

9TO

nanexo He npenen. Ilo muenuto H.Tecna stu ycraHoBku, kak U MamuHa [I.baymana, uc-

HOJIB3YIOT SHepruto 3¢upa (Gusnyeckoro Bakyyma), mpeBpalias ee B JJICKTPUUECKYIO SHEPTHIO.

10.
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