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(57) Pedepar:

M3obpeTeHne OTHOCUTCH K KOCMUYECKOW
OTpacnu U NpefHaaHaueHo ana coafaHus Tar B
HOBBLIX NMOKONEHUAX MEKMNAHETHBIX KOCMUYECKUX
Kopabne 3a cuer MCNOMNbL30BAHNA
CBEPXCUMBHEIX BaaWMOOSHCTBUA € BaKyyMHEBIM
nonem. Mpegnaraemblid cnoco® co3gaHWa TAru B
BaKyymMme OCYLLECTBNAT 3a cuer
nepepacnpeieneHns  KBaHTOBOW NMOTHOCTM
cpensl BaKyyMHOTO nons BHyTpW pabodero Tena
B HanpaBneHuu, NPOTWUROMNONOKHOM BEKTOPY
CMMbl  TArM B peaynbTate  gechopmauuu
BaKyyMHOro nonsi, BO3AelcTBys Ha pabouee
Teno cUCTEMONW BpallaloWwmMxcs HeoAHOPOOHLIX
SMEeKTPUYECKUX N MAarHUTHLIX CKpPeLLMBaoLLMXCH
nonel, rpagveHT HanpsKeHHOCTM  KOTOPbIX
COBMapgaeT ¢ HanpaBneHWeM BeKTopa CUNbl TATK,
a pabouyemy Teny 3ajaloT OOHOBPEMEHHO
SMeKTpuYeckMe W MarHWTHble cBoKMcTBa. [lo
NepBOMY BapWaHTy NONeBoR Asvratens Ansa
KOCMWYECKoro Kopabns, cHabxeH
aneKkTporeHepaTopoM, npeoGpazosaTenem
HANPSKEHWA M aKTUBATOPAMKU BaKYYyMHOrC NCNs,

BKIMIOUYAIOILAMIA  BMEKTPOABMraTens,  pOTOp,
BLIMOMHEHHBIA B BWMae pabodero Tena W3
O3NEeKTPUYecKoro " eppPOMarHMTHOroO

mMatepvana B opMe ycedeHHOro  KOHyca,

OCHOBAHWE KOTOPOro COOCHO COBMELLeHO ¢
pOTOPOM SNeKTPoABUraTens, NpenMyLLECTBEHHO
rMpPoOMOTOpPa, MarHUTHOR CUCTEMON
pa3HoONONAPHLIX  SNEeKTPOACE, KOTOPbIS
OXBaTLIBAOT C 3330pOM KOHYG pabodero Tena.
Mo BTOpOMY BapWaHTy NONeBOR ABuraTtens Ans
KOCMWYecKoro  kopabns  BKMYaeT  KOPMNyc
nNoneBoro  ABWraTens, cGryxalluid — Tawke
KOPMycoOM KocMudeckoro kopabns, cHabxeH
aKTMBaTOpaMX BaKyyMHOrO MOnf, KOMbUEBLIMA
sneKkTporeHeparopamm, aKKyMyNATOPHON
GaTapeei, npeobpasosarenem TOKa
aKKyMyNATOPHOR BaTapen, CUCTEMOW
yNpaBneHWs TATOA noneBoro ApWrartens,
snekTpoABUratensaMu Ans MNpUBOAa pPOTOPOB
aKTMBaATOPORB BakyymHoro nons. aobpeteHve
noagonsieT obecnednTs cosfaHve
achcheKTUBHOIO  MOMeBOro  ABurarens  Ang
MEXMNaHEeTHOro KOGMWYECKOro kopabns HOBROro
NOKONEHWS ¢ OAHOBPEeMEHHEIM reHepUpoBaHUEM
aNeKTpU-ecKko sHepriun. 3 c.n.d-nbl, 28 wn.
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(57) Abstract:

FIELD: spacecraft; new generations of
interplanetary spacecraft. SUBSTANCE:
invention relates to creation of thrust
owing to superpower interactions with vacuum
field. According to proposed method thrust
is created in vacuum owing to
re-distribution of quantum density of vacuum
field in  working medium in  direction
opposite to thrust vector as a result of
deformation of vacuum field by acting onto
working medium by system of rotating
non-uniform electric and magnetic crossed
fields with field strength gradient
coinciding with direction of thrust vector
specifying simultaneously electric and
magnetic properties of working medium. Field
engine of first design version has electric
generator, voltage converter and vacuum
field activators including electric  motor,
rotor made in form of working body of
dielectric and ferromagnetic material in
form of truncated cone whose base axially

coincides with rctor of electric  motor,
mainly hydraulic motor, and magnetic system
of different polarity electrodes enclosing
working body cone with clearance. Field
engine of second design version has field
engine housing which serves also as
spacecraft hull and also vacuum field
activators, ring electric generators,
storage battery, battery current converter,
field engine thrust control system, and
electric motors for driving vacuum field
activator  rotors. EFFECT. provision of
effective field for interplanetary
spacecraft of new generation with
simultanecus generation of electric energy.
4 cl, 28 dwg
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MNaobpeTeHne OTHOCUTCH K KOCMWMYECKOW
OTpacnn 1 NpegHa3HavYeHo Ana COo3faHusa TArM B
HOBbIX MOKOMEHUAX MEXKMMNAHETHBIX KOCMUYECKMX
kopabnei 3a cuer MCNOMNbL30BAHNA
CBEPXCUIMBHLIX B3aWMMCOSHCTBMA C BaKyyMHbIM
nonem. WasobperteHud Takke MOXeT OblTb
MCNOMNBb30BAHO B HAPCAHOM XO3SAWCTBE Kak
3HEepreTUYecKoe W TArOBOE CPedcTBC AnA
camorerta, astomobunda, Tpaktopa Wu  Opyrmx
TPaHCNOPTHLIX CPeacTs.

MapecTeH cnocob co3gaHvs peakTUBHOA Tarn
B BaKkyyMe 33 CYEeT UCTEeYEeHWUH [a30B Yepes
PEaKTUBHOE COMMo B pesynbrare CKWUraHug
XMMYECKOrO TCNNMBa B peakTUBHOM ABWratens
{cTatek "PeaktMBHaa Tdra" U “"PeakTWBHLIA
asuratens”. [lONUTEXHWYECKWA cnoBapb. M.
CoBeTckana sHUKKNonegua, 1989, ¢.446 ) [1].

HepocTaTKoM W3BECTHOroO cnocoba co3gaHusa
PEaKTUBHOW TArM ABNAETCA  HU3KWUA
KOSMPUUMEHT  MUCNONB3OBAHUA  3HEPTAK
XUMAYESCKOrO TOMMMBA B PeakTUBHOM ABuraTene,
KOTOPBLIA MOMHO BbIPa3UTb Kak nonHbid K4
Jepes OTHOWeHWe nonesHoi sHeprn W, npu
cropaHuMKM  TOMNUMBa K MOMHOW  SHEepruM
W o aKKyMynWpCoBaHHOW MaHaYaneHO B Macce
Tonnuea

W
KNt = 2100x C€1.13
“D

Moneanyw sHepriw W, onpegensem dvepea

Maccy m, TOMMMBa WM ero  SHeprootdadqy

P
Q P (Tennoty cropaHus)

Wo=QnPm, (1.2)

MonHyto sHeprio W, akkyMynipoBaHHYO B
TOMINMBE, ONpPeaernsaeM Kak SHEPIUIO NCKos Yepes
Maccy NOKOS Mo W KBagpaT CcKOpocTM ceeTa

C? B Bakyyme (C=3410% M/C) B COOTBETCTBUM
C MPUHLMNOM  SKBMBANEHTHOCTKM MacChbl W
3HEeprun

Wo=m,C2 (1.3)

Moactaensaa (2) u (3) 8 (1) nonydvaem
nonHeln KM peakTueHoro gsuratens Ha
XUMWYECKOM TOMMMBE, KOTOPLIA Jdae Ana
BogopogHoro  TonnmBa Q,P=150 MIOx/kr
npeacTaBngeTr coboOW  OOBOMBHO — Manyk
BEMUUMHY

b

]
190+10 =7
——1004 = 1,67°*10 # 1.4

Km = —;muz =
[+ 3+10

MTaKk, B COOTBETCTBUM C BbipaxeHuem (1,4) B
SHEpPrio PeakTUBHORW TArn nepexoant He Gonee
10""% OT Macchl XMMAYECKora Tonnuea. Mo aToi
NpUYMHE COBPEMEHHLIR KOCMUYECKMA Kopabnb
npeAcTaBnfeT B OCHOBHOM eMKOCTb AnA
TOMNUBa ¢ HeGOoMbLWWM NONE3HbIM MPY30M, XOTS
N B COCTOAHWKM OBecneqynTb BHIBCA rpy3a Ha
oKonoaeMHyto opbuTty. MNoneTol Xe ¢ akMnaxam
yxe JlyHe npegctaengloT coboi  OOBOMBHO
CepLe3Hy NpobnemMy U COBMELLEHbBI C BbICOKUM
puckom. [onetel € 3kUNaxem Kk Gnvxkaimnm
nnaHetam (Mapcy W BeHepe) Ha kopabnsax ¢
PEaKTUBHEIM ABurarensm Jaxe He
nnaHnpyoTCs.

MaBecteH cnoco® cozgaHua TArM B
BaKyyMHOM Mone nyTeM BO3AcWCTBMA Ha
pabcuee Teno BpallaloOWUXCH HEOAHOPOAHbLIX
SMEKTPUYECKUX 1N MArHUTHBIX CKPelLWBaOLLUXCA
nonei 1 nNoneBol ABuratens, KOpnyc KOTOpOoro
OAHOBPEMEHHO MOXeT fBMATLCS KOPNycoM Ans
KocMudeckoro  kopabna (cm. JleoHoe B.C.
Teopua ynpyroi KBaHTOBAHHOW cpefbl, 4. 2,
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HoBble WUCTOYHWKKM sHeprn. MuHck.: [Monubur,
€.93-104, puc. 22, 24).

HepoctaTkamm n3BecTHEIX cnocoba nonesbix
[Buvrateneli  ABMAOTCH  HEBO3MOXHOCTb
CO3JaHWA TAM B CBA3N C OTCYTCTBUEM onepaLui
1N COOTBETCTBYHOLWMX ,EI,ETaJ'Ieﬁ B3aVIMO,EI,eI7ICTBI/IF| c
BaKyyMHEIM NOMNEM CHCTEeMbl SMEeKTPUYECKUX W
MArHWTHEIX Noned.

TeXHMYEeCckMM pelleHVeM, Ha JOCTUNEeHWe
KOTOPOro HanpaeneHo usobpeTeHue, aBngaeTtcs
co3JaHWa TAMM B Bakyyme 3a Ccuer
B3aMMOJENCTBIA G BAKyYMHBIM MOEM CUCTEMbI
3NEeKTPUYECKUX ] MArHWTHBIX nonen,
peanusaunsa  KOTOpOro  noasonuna ool
ofecnednTb cosfaHue apheKTMBHOrO NoneBoro
apuratens AN MEXNMTAaHeTHOro KOCMUYEGKOro
kopabna HOBOro NMOKONeHWs ¢ OAHOBPEMEHHbLIM
reHepupoBaHuemM SJ'IEKTpW-IeCKOP'I SHeprun.

Peanuaauus npennaragMmore TexXHWYecKoro
pelleHns nosgongeT obecnevnTb co3gaHue
achcheKTUBHOrO noneeoro  Asurarens  Ans
MEKNNAHETHOTO KOCMWYeCKoro Kopabnsa HOBOro
NOKONEHWS.

YKa3aHHbIA TEXHUYBCKUA peaynertar
JocTuraeTca Tem, 4To B cnocobe coagaHna TAru
B BaKyyMe MyTem BO3JeicTBMA Ha pabovee Teno
cucTeMOl  BpallalwlMXcd  HEeOOHOPOAHLIX
SMNEKTPUYECKUX N MarHWTHBIX CKPELLWBAKLLMXCA
nonei 3afarT OfHOBPEMEHHO 3MEKTPUYECKUE 1
MarHWTHele cBoicTea pabodemy Teny, spawlas

KOTOpOe nepepacnpegenaoTt KBaHTOBYHO
NNOTHOCTE Cpedbl BaKyyMHOro nonda BHYTPKW
pa6oqero Tena B HanpaBneHW,

NPOTMBOMNOMNOXHOM  BEKTOPY CWNbl TATM B
pesyneTare AdecdopmMali BakyyMHOro nons, npu
3TOM BEKTOp CWMbl TAMM paclennaiT Ha
HOpPManbHbIA W TaHreHuWaneHeld  BekTopa,
HOpPMarbHLIA BEKTOP CUIEl HanpaBnaloT Ha
cO3JaHWe CUMbl TAMW, a TaHreHuWanbHbIA BeKTop
- Ha coajaHWe Bpalalwero  MOMEHTa,
obecneYnpaoLLlero npou3BoACTBO
3MNEKTPUYECKOR SHEPrK ANA NUTaHWUSA CUCTEMBI
HEOOHOPOOHBIX  SNEKTPUYECKUX U MarHWUTHBIX
CKpelnBaloLMXea Noned M cucTembl  UX
BpalleHWd, npudeM cuny Tark  sajaloT
NOCTOAHHOW  BeNWUMHOK  Ha  MapLlpyTte
MEKNNAHETHOTO OBWKEHWA N YCTAHABMWBAIOT K3
YCNOBWSA  SKBWMBANEHTHOCTU  CO3JAaBAEMOro
YCOKOPEeHWs, PaBHOMO YCKOPeHWo cBOOOAHOro
nageHns Ha NOBEPXHOCTM 3eMIu, NepUoMHECKU
MEHSIOT HanpaBfeHWe BeKTopa CWMbl TAMM W
YOKopeHun Ha  NPOTUBONONOXHOE W
ofecneqvBaloT ABUMKEHUE B PEXMME Pa3roHa 1 c
NocneaywLUM TOPMOKEHUEM.

YKasaHHbIA TEXHUYECKUIA peaynestar
[OCTUraeTcs Takke TeM, 4TO NONEBOW ABWraTenb
Ond KocMUYeckoro Kopabns, copepallui
KOPMyC, aKkkyMynaTopHylo Oartapel, cuctemy
YyNpaBneHns TATOW, MArHUTHYK CUCTEMY W
CHCTEMY PasHOMONAPHbLIX SNeKTPOAOB, COASPMKMT
aneKTporeHepaTop, npeobpasoBaTenb
HanNpPaXeHWa U akTUBATOPLl BaKyyMHOro nons,

BKIIOYAIOLL|ME aneKkTpoABWraTenb, poTop,
BBINOMHEHHBIA B BMae pabodero Tena K3
ONBNEKTPUYECKOro W hepPOMAarHUTHOrO

matepyana B OpPME YCEYEHHOro KoHyca,
OCHOBaHWE KOTOPOrC COOCHO COBMELLEHO C
POTOPOM SNEKTpoABUraTens, NPeuMyLLECTBEHHO
rMPoOMOTOpA, MAarHWTHYK0 CUCTEMY W CUCTeMy
PasHONONSAPHEIX  SNEeKTPOAOS, KoTopble

OXBAaTLIBAKT C 3330POM KOHyC pabodero tena,
npyyem nonwca MarHWTHOW CUCTEeMBl NOBEPHYTLI
OTHOCKUTENBHO CUCTEMBI pPasHOMMEHHEIX
anekTpoaoB Ha yron 90° takuM obpasoM, YTobkl
BEKTOpA  HAMpPMKEHHOCTW  MAarHUTHOrO U
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aMeKkTpu-yeckoro nonei obpasoBanu  cucTemy
CKpelLMBalolWMXca Noner, a rpynna akTMeaTtopor
coefMHeHa C  OCbW  aMeKTporeHepartopa
nocpeACTBOM AMCKa C ero Topua u cHabkeHa
YCTPONCTBOM noescpoTa aKkTUBaToOpPOB
OTHOCWTENBHO MMOCKOCTW AUCKAa CO CPeACTBOM
WapHUPHOTO coeAnHeHus, npeobpa3oearernbs
TOKa aKkKkyMynaTopHoW ©OaTapen cHabxeH
PerynaTopoM 4acToThl TpexdasHoro MCToYHMKA
HanpsKeHWs Ona NWTaHWa TMPOMOTOPOB, a
cUcTeMa  YMNpaBNeHWs TAMOA  COOSpXWT
Perynatop HanpsKeHus MarHUTHOW CUCTeMEl K
ChCTeMbl PpasHOMMEHHbBIX 3NeKTpodoBs.
Yka3aHHbIA TEXHUYECKMA pesynertar
AOCTUraeTCd TakKe TeM, HTO noneBown apurarenbs
Ons  KooMWYecKoro Kopabns, cofepiallni
Kopnyc, CrnyxaLLumi TaKKe KOPMycom
KOCMUYecKoro  kopabnfl, akkyMynaTopHYHo
BaTtapelo, CUCTeMy yhpaBMeHWs THAMOH,
MArHUTHYK CUCTEMY U CUCTEMY Pa3HONONAPHLIX
SMEeKTPoAoB, OTNWYASTCH TeM, UTO COLepXWUT
KONbLEBble SNeKTporeHepaTophbl,
npeobpascBaTeNb HaNpPsKEHWA U akTMBaTCpbl
BaKyyMHOro nons, BKMKOYAKOWME
aneKkTpoABUraTens WM pPOoTOP, BLIMOMHEHHLIA B
Buae pabodero Tena u3 EeppPOMarHATHOrO

OASNeKTpUYeckoro  matepuana B copme
YCEYEHHOr0  KOHyca, OCHOBAHWE  KOTOPOro
COOCHO COBMELLEHO c pOTOpPOM
anekTpOABWraTens, NPEUMYLLECTBEHHO

rMpoOMOTORA, MarHuTHYIO cUcTEMYy,
BLINOMNHEHHYIO B BMOE MHOTOMA3HOW CMCTEMEI
MarHUTHbIX noncos, " cucTemy

PA3HONOMAPHLIX 3MNeKTPOAOB, BHINOMHEHHYO B
BUOE MHOrOMasHOW CUCTEMbI C OAMHAKOBbLIM
KONMUYEeCTBOM Map MarHWTHbLIX MOMKCCE WU nap
pPasHOMOMSAPHLIX  SMNeKkTpodcB, oObGpasylownx
CUCTEMY CHHXPOHHO Bpallalwuxcs B OOHOM
HanpaeneHWn SNEKTPUYMECKUX WM MarHUTHBIX
noneW ¢ nNPOCTRAHCTBEHHBIM  COBWIOM  Ha
90 °© BEeKTOpPCB HaNPMKEHHOCTA MarHUTHOMC W
SMEeKTPUYECKOro  CKPeLlMBaloWKUXCH  Monew,
OXBaThIBAKLLYID C 3330pOM KoHyc pabodero
Tena, NpY 3TOM MeXay MarHUTHBIMW Noncamn
W CWCTEMOW pPa3HOMCMAPHBIX  SMEeKTPOOOB
YCTAHOBMNEH M30MATOP W3 AWSNEeKTPUYecKoro
mMatepuana B OpMe KOHyca, KonblLeBble
SMeKTporeHepaTopsl  YCTAHOBMEHEl B KOpnyce
noneBoro ABWratens no  nNepumeTpy ¢
BHYTPEHHEA CTOPOHBI Ha [OBYX YPOBHAX W
BLIMOMHEHL C HEeNoABMNKHLIMK - cTaTopamMu K
BpallaoLLMMACA B pa3Hble CTOPOHLI poTopamu,
C BHYTPEHHER CTCPOHLI POTOPOB YCTAHOBMNEHLI
aKTMBaTOPbLl BAKYYMHOrO NOMS G HAKINOHOM OCU K
NOCKOCTHA BpalleHWs poTopoB, NpUYeM yron
HaKNoOHa aKkTMBATOPOB Y OAHOMC M3 pOTOPCB
NPCTMBOMNONOXKEH YrMy HaKNoHa akTUBaTOpPCB
Apyroro potopa, npeobpasceaTenb HANPKEHUA
cHabxXeH perynaTopoM 4acToThbl Tpexda3Horo
HanpsbkeHWs Ana NUTaHWa MMPOMOTOPCB, a
cucTema  ynNpaeneHWa TAMOW  COOepRXWT
Perynatop HanpsKeHus MarHUTHOW CUCTeMbl K
CUCTEMEl PA3HOUMMEHHBIX NeKTPOJoB, NPY STOM
AKTUBATOPLI MO NUTAHWKD Pa3bUTEl HA RYNNLI
Ona perynupoBaHua Tarn ¢ nwbold na cTopoH
KocMUYecKoro kKopabnsa Ans ocyLWwecTBNeHns ero
NoBoOpOTa NPU MaHeBspe.

Ha cur. 1 npeacraesneHa cxema,
oBbACHAIWAN NOSBNEHWS CUMbl TAMCTEHWS,

fedcTeyiowed Ha npobHyww  mMaccy 2 U
oByCcnoBnNeHHOMR rpagueHTom KBaHTOBCH
NAOTHOCTW 3 cpedbl (BaKyymHOro nonfd) B
pesynetare cchepuyecKkoi necdhopmalm
BaKyyMHOro nons BO3MyLLaoLLEeR

rPaBUTALMOHHON Maccol 1 (YepTex ycedeH).
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Ha chur. 2 npefcraBneHa rpaBuTauMoOHHaAN
AvarpamMa B BWZe SMopbl  pacnpeleneHus
KBAHTOROMA MAOTHOCTK cpeapl "
rPaBUTALMOHHOIO MOTeHUMana BO BHelHel
obnactn 4 (p4, C2) n BHYTPM & (po, C%)
rPaBUTALUMOHHOA rpaHnubl 6 B peaynbrate
cchepuueckoid gedopmauiiv BakyyMHOMC nons
BO3MYLLAKOLWER rpaBMTAUMOHHOR Maccol npu
$OpMUPOBAHNM MaCCEl N3 BaKyyMHOrO Mons.

Ha hur.3 NnoKasaHo Knaccuyeckoe
pacnpefeneHne HbHTOHOBCKOrO MoTeHuuana B
BaKyyme.

Ha dwur4 nokazaHa noTeHUWanesHas
rpaBUTaLMOHHAs fiMa, NoMyYeHHas BO BHELUHER
obnactu 4 BakyyMHOro nons B pesynbtaTe ero
BO3MYLUEHUA MacCcod 1, Hanuyne KOTOPOW
obBACHAST NpUpoay TArOTEHWS Macckl 2 K Macce
1 B pesyneTare nageHWs Maccel 2 Ha OHO
NoTeHUWansHOR rpaBUTaLVOHHOR AMbl.

Ha dwur. 5 nokasaHo rpagmeHTHoe
pacnpefeneHWe KBaHTOBOW MNOTHCCTU cpedkbl
BHYTPU Tena B pe3ynbTaTe BO3AeHCTEMA Ha Teno
MaCCOW My yCoKopsoWwed cunsl Fy,.

Ha  wur6 nokasaHo  BO3HUKHOBEHWE
ycKopsawlWwer cunel F ., AeACTBYOWEA HA Teno
Maccol my Npu dedhopmaumy BakyyMHOro nons
BHYTPW Tena B HanpaBneHun cunbl Fm.

Ha ¢ur.7 npegcrtaeneHa cgHopogHas ceTka
rPaBUTALMOHHOIO NOMsi  BHYTPU Tenma B
OTCYTCTBWE rpagueHTa KBaHTOBOW NMNOTHOCTU
cpefsl NpW PaBHOMEPHOM W NPAMONUHEAHOM
JBUXEHWM Tena B BaKyyMHOM Mone Wnn ero
HenoABWMAHOCTH.

Ha chur. 8 npegcraBneHa HeoaHOPOAHA
ceTka rpagMeHTHOro BaKyyMHOro Mons BHYTPW
TeNna B BWOEe CWMOBLIX [NWHWA BeKkTopa
Aechopmanmm Do % AKBMNOTEHLUWaNer
HEHOTOHOBCKOrO rPaBUTaLMOHHOMO MNoTeHuMana,
NPUBOAALLMX K NCABNEHWIO HeYpaBHOBELLEHHOH
yCKopsloWwer cunbl F,.

Ha cur. © npegcraeneHsl rpagueHTHsIe
38BMCUMOCTU U3MEHEHWA KBaHTOBOM

NNOTHOGTK pli cpedbl BHYTPWU Tena u BenuunHbl
AecpbopmManmn Dy BakyyMHOMO Nongd, npuBodliue
K NOABNEHWUIO HEYPABHOBELLEHHOR yeKopsioweR
cunbl F .

Ha cwur10 npedctaBneHa  CTpyKTypa
anekTpuyeckoro (MarHUTHOro) MOHOMONSA.

Ha dur. 11 nokasaHo hopMUpoOBaHUE KBaHTa
npocTpaHcTBa (kBaHTOHA) M3 veTbipex
MOHONMOSNBHEIX 3apsafoB C TETPasSAPHOW MOAENb
pacnonokeHua agep MoHoMoneh (Bra ceepxy).

Ha ¢ur.12 nokasaHo  opMUpoBaHUE
WapoBoA pOpMbl  KBAHTOHA B peaynbrare
MNEeKTPOMArHUTHOMO  CKaTWA  MOHOMONEr B
KBaAPYNONEHOW KOHCTPYKUMW KBaHTOHA.

Ha dwur. 13 npepcraBneHa ynpowleHHasa
cXemMa B3aWMMOOSACTBUS YeTblpeX KBAHTCHOB,
npedcTtaBneHHas B CUMNOBLIX NWHUAX B
NOKansHER obracTh BakyyMHOro nons.

Ha dwmr. 14 npegcraBneHa  cxema
BO3HUKHOBEHWS  rpagWeHTHoH cunbl  F o g,
JdedcTeyloWed Ha MarHWTHeIR  gunons 13
KBAHTOHA 12 B HEOAHOPOAHOM MarHUTHOM none.

Ha cwmr. 15 npepcraeneHa  cxema
BO3HUKHOBEHWA  TpagMeHTHOW cunbl  F o,
OeAcTBYIOWEA Ha SsnekTpuyeckud gunone 14
KBaHTOHa 12 B HEOOHOPOOAHOM SMNEKTPUYECKOM
none.

Ha cur. 16 npefctarneHo BO3OeHCTBUE Ha
pabouee TEno 21 HeEOAHOPOOHOrO MAarHWTHOIO
nons, co3gaBaeMorc MarHUTHOA CUCTEMOR C
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KaTyLIKOW BO3GyMASHMA.

Ha chur. 17 npefcrtaBneHo BO3AeHCTBME Ha
pabouee TEno 21 HEOAHOPOOHOro
SMNEeKTPUYECKOrO MOoNA CO3JaBAEMOr0 GUCTEMONA
SNeKTpo4oB pa3HOVIM9HHOﬁ NONAPHOCTHA.

Ha dwmr. 18 nokasaHo CcOBMELlEHne
BO3JEWCTBMA MarHWTHOTO W SNEKTPUYECcKOro
noned Ha paboyee Teno 21 npu yCnoeuu
OpPTOroHanNLHOCTM KMX BEKTOPOB HaNpPAXeHHOCTW.

Ha cbur.19 npegcraeneHa cxema ycTpohcTea
NpOCTerLWero NoNeBoro AeuraTens.

Ha cour. 20 npefcraeneHa cxema noneBoro

jeuvratens ¢ YCTPOWCTBOM  MOBOPOTA
aKTMBAaTOpPOB.

Ha dcur. 21 npedctaeneHa cxema noneBoro
jeuratens ¢ YCTPOWCTBOM  MOBOPOTA

aKTVBaTOPOB (B cedeHUK Mo A-A).

Ha cur.22 nokasaH akTWBaTtop BaKYyMHOro
nonsa B paspese No MarHWTHOR cucTeme.

Ha cur.23 nokasaH akTMBatop BaKyyMHOMo
nons B paspese No CUCTEME PasHOMOMNAPHLIX
aMekTpoaoB (cedveHue no A-A).

Ha dwmr. 24 npegcraesneH akrtueaTop
BaKyyMHOro nong B paspe3e Mo MarHATHCR
CMCTEME W MO CUCTEME  PAa3HONOMAPHLIX
anekTpogoB (ceveHne no B-B).

Ha cpur.25 npepcraeneHa cxema noneBoro
JBuratend  MemNNaHeTHOro  KOCMWYECKOro
kopabna B e4MHOM COBMELLEHHOM Kopnyce (B
CeYeHUn).

Ha cur.268 npefcraBneHa cxema noneBoro
asuratensd  MenNNaHeTHOro  KOCMUWYECKoro
kopabna B e4WHOM COBMELLEHHOM Kopnyce (B
ceveHun no A-A).

Ha cur.27 nokazaH akTWBaTOpR BaKYYMHOro
nong ¢ MHOroasHoW CUCTEMOR MarHWUTHbIX
MOMCOB WM PA3HOMOMAPHBIX 3NeKTpodoB (B
paspeae).

Ha cur.28 nokasaH akTuBatop BaKyyMHOIo
nong ¢ MHCrogasHoW CUCTEMOM MarHWTHLIX
MOMCOB W PA3HOMNOMAPHBIX 3NeKTpodos (B
pazpese no A-A).

C uenblo O6GOCHOBAHKWA MNpeanaraemMoro
cnocofa HWKe npuBoaaTcs Heobxoaumole
pacdeTel W NOACHAWOWME TeopeTUdecKue
BbIKMaOKW. B OCHOBE npeanaraemoro
n3obpeTeHna nexar duanyeckue npoueccsl,
npoucxogde B BakyyMHOM  none W
pacKpblBaloWMe MexaHu3Mmbl  rpaBuTauMM W
uHepumn. Ha dcur.1 nokasaHo, 4to B none
TArOTEHWA 3eMrn 1 ¢ Maccoid mq gpyroe teno 2
C Maccoi ma NPUTArMBAETCHA B COOTBETCTBUM C

33KOHOM BCEMWPHOTO TAroTeHws HeloToHa c©

cunol F,, HanpaBNeHHOW K LEeHTPpY 3emMnu no
pagiycy r (1, - edWHWJHBIA BeKTop B
HanpaBneHuK r, No3uuMsa 3 - SKBUNOTEHLUWanu
KBAHTOBOW MIOTHOCTW BaKyyMHOW cpefbl)

m_m
1 Zz2
F =G 1 C1>
m 4 ~
r

roe 26,67*010'11HM2/Kr2 - rpaBUTaLUOHHAS
NoCTOSHHAA.

3aKkoH BCeMMpPHOre TAroTeHWa HeloToHa (1)
BaavpyeTc Ha peleHun  KNacCUYeckoro
ypaBHeHWs [yaccoHa Anf rpaBUTaLUOHHOMO
noteHuWana o, Hanu4ue KOTCpoOro B
npocTpaHcTBe  cO3faeTcsl  BoaMyLlaloleir
Maccol, Hanpumep, 3emMnv My ¢ NNOTHOCTBHO

BellecTea pm(Kr/M3) {cM.  Hoeukoes W.O.

TaroteHne. PUINYECKMA SHUWKNIONSONYSCKAR
crnoeapb. M.. CoBeTckas sHUWKNoneausa, 1984,
c.772-775) [3]

AP = 471:Gpm (2)
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roe s - onepatop flannaca
2 2 z
7 d d
A = _Z\-'-_Z\*_Z (3>
& Iy Oz
Ecnw nnoTHocTE
BeLecTBa p,, COCPEAOTOMEHA B OTPaHWUHYEHHOM
obbeme, TO BHe sTOf0  oObObema  Mnpw
YCNoBMK  p, = O ypaBHeHWe [lyaccoHa (2)
nepexonuT B ypaeHeHWe Jlannaca
Z z Z
dpdpdy
—_——— =

& - 2"

a2

PelweHvem ypaeHeHWs [lyaccoHa (2) B
obnacTu, yaosneTeopdower yenosuw Jlannaca
(4), aBnaeTcd YHKUMSA pacnpefeneHns
rpaBUTaLUOHHOrO noTeHuana P,
onpefensemas UHTerpancm no obvemy vV

pmdv

W = G{ -

0na cchepryecks CUMMETPUYHOR CUCTEMBI
pacnpefeneHne rpaBMTaLWMOHHONO NoTeHuuana
5) onuckIBaeTcH HEHOTOHOBCKWM
rpaBUTaLMOHHbIM NOTEHLUMANoM o,

(57

i
P = Gm_— (B)
n

ix
3HadeHve 1/r B (6) npeacraenser coboi
KPUBU3HY rpaBMTaUMOHHOMO nons

OOYCMNOBMNEHHOIO WCKPUBNEHWEM NPOCTPAHCTBA
BO3MYLLAKOLLEA MACCOR My .

Hanuune KpYBMaHBI NpocTpaHCTBa NPUBCANT
K NOABMEHWIO obobwatoLLei CKHInkl,
NpenaTCTBYOLWER UCKPUBNEHWIO NPOCTPaHCTRA.
Ho 3To He oTpaXeHC B W3BECTHLIX PeLUeHMsIX
ypaBHeHWa [lyaccoHa (2). OTcyTCTBME CWMbI,
NpenaTCTBYOLWER UCKPUBNEHUIO MPOCTPaHCTRa,
AOMKHO ObIno 6Bl NPMBECTW K HEYCTOWYMBOGTK
npocTpaHcTBa, TO ecTe K ero konnancy. Ho
aTOro He HabnogaeTcA SKCNepUMEeHTanbHO.
MpoCTPaHCTBO Kak HOCWTEMb rpaBUTaLWOHHOMo
nons npencraenser cobor ouyeHb YCTORUMBYHD
cybcTaHumMio. 3TO BO3MOMHO TOMBKO B TOM
chyyae, ecnyM cuna, npensTcTeylowasn
WCKPUBNEHUIO NpPOCTPAHCTBA, cyllecTeyeT
peansHo. HO Hanudme Takoh cunbl MOXeT BbiTh
CBA3AHO TOMLKO G HANMUYWeM YMpyrix cBoicTB y
NPOCTPAHCTBA, ONpefendeMblXx ero peasncHOR
CTPYKTYPOH, y4eT KOTOPCH NO3BOMNAeT BBECTU B
pelweHUs ypaBHeHWs [lyaccoHa BTOPYH
KOMMOHEHTY, NPenaATCTBYIOLYH0 WMCKPUBNEHWO
NpOCTPaHCTBa.

KecTatu, Ha HanUYWe JaHHOW CUMEl YKaabiBan
akageMuk  OmuTpuiA  CaxapoB, noAsepras
Cepbe3HOl  KpWUTUKE CyLLecTBYWWEe Teopuu
rPaBuMTalMK, He TOMbKC HLHTOHOBCKYK, HO U
SMHLWITEeAHOBCKYO (oM. Caxapos A [l BakyyMHbie
KBAQHTOBLIE  PNyKTyauuMn B  WUCKPUBNEHHOM
npocTpaHcTBe W Teopusa rpaBuTauMu. Joknagbl
Axkagemum Hayk CCCP, 1987, tom 177, 1,
c.70-71) [4].

HelcrButensHo, ypaBHeHne [lyaccoHa (2)
BOWNO B TEOPUIO TpaBudTayyMi U3  Teopun
YNPYrocTH Npy pelleHnun cTaluoHapHbIX 33434 B
MexXaHWKe CnnolwHbiX cpel. B BekTopHol dopme
ypaBHeHWe [yaccoHa (2) npefctaenaeT coboi
OVBEpreHUMIo  rpagueHTa  rpaBMTalUOHHOro
noTeHuwana, onpefensas CROlcTBA
npocTpaHcTBa Kak cybctaHuMK, obnagaroller
noeansHoW ynpyroctelo  (6ea  TpeHMa M
NAacTUHHOCTH)
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pm = mﬂlv gradCypy [ ]

Ho BulpaxeHue (7) xapaktepuayeT coboi
MMACTHOCTE MCTOYHWKA MpaBUTALUOHHOMG Mons
(WHTEHCUBHOCTL), XOTA B TEeOpWW rpaBuTauMu
HaMPAMyl0 He YYUTLIBAET Ccamux  yNpyrix
CBOWCTB rpaBUTALWOHHOINO MOMs Kak nomns
CUMOBOrO.

YTOOblI NepeirTn OT abCTpakTHOW BenuduHe
rpaBuMTaUMOHHOrO  neTeHuywana B (V) K
peansHOMY rpaBUTALMOHHOMY MOMI0, Hagenum
BaKyyM YyNpYyrol CTPYKTYpPOiA, NpeacTaBmB UTO CH
COCTOWT W3 MenbyYarlluMX 4acTul - KBaHTOB
npocTpaHcTBa, KoTopble obnajaloT CBOWCTBOM
npuTArMBaTECA OPYr K Apyry, obpasys ynpyryto
kBaHTOBaHHYK cpedly (YKC). B Teopum YKC [5]
paccMaTpyvBaeTed MeToAuKa SNeKTPOMarHWTHOro
KBAHTOBAHWA NPOCTPAHCTBA G AWCKPETHOCTLIO
nopsaka 10 2% M Ha MWKpoypoBHe B pamkax
HEeNOABUNKHOR NOpeHLEBoW abConoTHO YNpYron
cTpykTypel (JlecHoB B.C. Ponb cBepxCUNbHbIX
B3aUMOJEACTBWA NPpKU CUHTE3e 3aneMeHTapHbIX
dactuy. B kHure "Yetolpe ooknaga no Tecpuu
ynpyro# keaHToBaHHOW cpefkbl YKC". OtaensHoe
n3gaHne no matepyvanam 6-A koHdepeHuun PAH
"CoBpemMeHHble Npobnembl ecTecTBO3HAHUA". -
C. -MeTepbypr, 2000, c.3-14.) [5].

KBaHTOBaHHbIW 3MNeKTPOMAarHUTHbINA
DU3NUSCKUIA BaKYYM Ha MaKpOypOBHE
paccMaTpUBaeTCH  Kak  cneuucuyeckas
cnnowHas cpega, conagawwas naeancHor (6ea
TPEHWUA W MNAcTUYHOCTU) YNPYrocThio 3a cyeT
KonoccaneHeIX CWUN BHYTPEHHEro HaTMKeHWUA
coOCTBEHHOro CTaTU4YECKOro OWUCKpEeTHoro
SMEeKTPOMAarHMTHOrO  Nons, WccneaoBaHWsA
KOTOPOro TOMbKO HavvHawTea (Omutpues B.I.
Ynpyragd wmogenb U3aNdeckoro  Bakyyma.
Masectnsd PAH. MexaHuka Teepaoro tena, 1992,
6, ¢ 66-79. [6]. CwmupHOoB B. W
OkcnepumeHTansHas npoBepka rWMNoTeasl o
CYLLECTROBAHUM CTATUHECKOrO
3MNeKTPOMArHUTHOIO nons. - [Oybna:
ObbeaMHEHHbIA WHCTTYT A0epHbIX
necnenoBaHuin, 1999, npenpuHt P13-99-7. [7].

PelweHne cTaunoHapHbIX 3agaM
JedopMalii B TEOPUKM YMPYTOCTU KU MeXaHuKe
CNMNOLWHEBIX CPef ONpeaenseTcs KMacCUYecKUum
ypaBHeHWeM [lyaccona (7) 1, B JaHHOM crnyyae,
onpefenseTcs NpW 3aMeHe rpaBUTaLWOHHOrD
NOTEHLMana ¢ Ha KBaHTOBYIK NMNOTHOCTL YNPYron
CNMOWHOW cpefbl p, KOTOpas Xapakrepusyer
KONMUYEeCTBO YacTuy, (KBAHTOB MpOCTPaHCTBA) B

efnHuLe obbema cpedsl (qacTuy/m3).
Monyduaem HOBOE nepeHoOpMUpoBaHHOE
ypaBHeHWe [Myaccona, npUBeOeHHoE K
KBaHTOBOMA NNOTHOCTM cpeasl Kak
HenocpedcTBeHHOro napametpa YIPYriAX
CBOWCTB YNpyroro Bakyyma
pm = Kodiv grad(p) (8)
roe
p
1 o 49 Y4aCcTHu
— = AMG— = 3,3+10 _ a3
k 2 2
o c KM
[n]
z
c 1)
W= PP 10D
p’ 2
o [
[1]
_ 49 2
roe 1/ke= 3,310 YacTUL/KIM -

NOCTCSHHAA HEBC3MYLLEHHOrC Aedopmauuei
YNpyroro Bakyyma,

p 16 2/:2 o
C ,=8,9%10 Mmeic -rpaBUTAUMOHHEIRA
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noTeHLWan HeBO3MYLLEHHOMO YNpyroro
Bakyyma; p, 3,5510,107% wactnym® -
KBAHTOBAs  MMACTHOCTb  HEBO3MYLLEHHOrO
ynpyroro sakyyma [5].

BolpaxeHve (8) xapakTepuayeT COCTOAHWE
AedopMUPOBaHHOIO BO3MYLLaloLLeR
rpaBUTaLMOHHOA MACCOR M yNpyroro Bakyyma, u
ero pelleHe No3BonaeT HalTK pacnpeneneHue
KBAHTOBOW NMNOTHOCTU BaKYYMHOW cpedbl kak Ans
BHellHeA obnacTh py JOedopMAUPOBaHHOIO
NPOCTPaHCcTBa, TaK U ANA BHYTPEHHeR po. fna
cnyyad cchepuyeckol aedopmMaudn Bakyyma, B
peaynbTare  WHTErpUpPOBaHWS  ypaBHeHWA
MMyaccoHa (8), nonydaem TO4YHOE pelleHWe B
BUOE CUCTeMbl ABYX ypaBHeHMI?I B CTaTWKke

Py

11
o
-]
F e
|
%o

Pe

|
=
-]
—_
T

rde r - paccTosiHie OT LeHTpa WCTOYHUKA
rpasutagmmn (r=Rg), M, Ry - paguyc WCTOYMHWKA
rpaBsuTalMM (rpaBUTaLMOHHAA rpaHiLa pasfaena
B cpede), M; Ry - rpaBuTalMOHHBIA paguyc
WCTOYHWKA rpaBMTaumm (6ez MHoXUTENNA 2), M
Gim
R = — C1Z»
o CZ
L]

Ona  snemeHTapHbIX 4YacTuy, W He
KonnancupyLwmnx oOObLEKTCB rpaBUTaLMOHHLINA
paguMyc fIBNSEeTCA 4YMCTO  pacYeTHbIM
napameTpoMm.

Pewenve (11) no3sonaAeT OUEHUTb YNPYrocTb
BaKyyMa, Hanpumep, No TOMY Kak CKUMaeTcs
KBAHTOBAA MMOTHOCTL CPpefbl po  BHYTPW
NOBEPXHOCTK rPaBMTaLNOHHOM rpaHuULb
pasgena 3emnu, ConHua W YepHoi Ablpkl:

ons 3emmn npu R =6,37.10%,
R ,=4,45¢10m

po = 1,0000000007p,

ons ConmHua npu R =6,96410% w,
R g=1.484103m

po = 1,000002p,,

AN YepHoi geipbl Ryg=Rs; ps = 2p,

Ecnu npowsoinget konnanc ConHua, To ero
BellecTBo coxMmeTces B 1,27 «10'% pas, 8 10
BpeMs Kak KBaHT NpOCTPaHCTBA COXMETGCSH BCEro
B 2 HeRrcTeuTensHo, pevb

¥z = 1.26 pasa.

WaeT O DU3NUSCKOM BaKyyMe Kak CBepXynpyron
cpede, He NMerLUeid aHanoroe.

YunTeiBas, 4TO KBAHTOBAA MNOTHOGTL cpeabl
KaK napameTp cKanspHOrc nons cnpejenset
pacnpefeneHne rpaBUTALMOHHONO NoTeHuuana
B BaKyyMe, YTOUHSAEM pelleHWe KNacCWUYecKoro
ypaBHeHus [lyaccoHa (7) Ana rpaBMTalnoHHOro
noTeHuwana, ONpedenve ero pacnpefeneHue
ONs BHELLHEA ¢4 W BHYTPEHHeRA ¢, obnactei

chepuyeckn AedOopMUPOBaHHOMO BaKyyma

Z Z R

)
= = s —
l|:l1 1 n[ r]

Z 2 R
c C 1+—g
Z Z o R

=

(13>

Htak, HoBble peweHus (11) wu (13)
cTatudeckoro ypaBHeHwsa [yacccoHa Ans
ynpyroro BaKyyMa BKITIOMAOT BTOPYIO
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BHYTRPEHHIOK KOMTMOHEHTY ps W ¢p, KOTOpad

NPenATGTBYIOT WCKPUBINEHMIO NPOCTPAHCTBA W
YpaBHOBelLIMBAET  BHeWHw  AedopMauuio
{CKpUBNEHME) yrpyroro Bakyyma,
oBycrnoBneHHylo napameTpaMi py U ¢q. TaKoW

nogxod NoO3BonseT  WCKIKMMTE  Konnanc
npocTpaHcTBa, obecneynB ero yCTORUNBOCT.

OelicTBATENBHO, €CNW BLIAENWTE B YNPYIrom
BaKyyMe HeKyt cchepUyecKkyto rpaHuLy W HavaTb
ee  PaBHOMEPHO CXKMMaTL 4O  paguyca
R ¢ BMecTe co cpefol, TO BHYTPeHHAa obnacTb
CKATUS YBEMUUMT KBAHTORYIO NNOTHOCTE cpefkl
3a CcueT paCcTAXKEHWs BHELWHeR obnacTy,
ypaBHOBELLUMBAA cUCTeMy. 3TOT Npouecc
ONWUCLIBAETCA  YpaBHeHWeM [lyaccoHa  Kak
OMBEpPreHUns rpagueHTa KBaHTOBOW MNMOTHOCTU
cpedbl  WMNW  rpaBUTALMOHHOMO MNoTeHuMana.
PelweHus ypasBHeHWA [lyaccoHa (11) n (13)
NO3BOMAKOT  COCTABWUTb  TOYHLIA  GanaHc
KBAHTOBO NNOTHOCTM Cpedbl U rPaBUTALMOHHLIX
noTeHUWanoB  Ang  BHewHeld  obnacTtu
JehopMUPOBAHHOMO BaKyyMa MpU py = p U ¢q =

2
ci=c?
Po = ptpn (14)
2_ 2

Co =C%t¢, (15)

roe p, - U3MeHeHWe KBAHTOBOR NMOTHOCTU
cpensl nogq  OeAcTBMEM HBHOTOHOBCKOIO
noteHuyuana o, ?n - HEIOTOHOBCKUIA
rPaBUTALMOHHBIA noTeHuman (6), mc? c?
rPaBUTALUMOHHEIA  NOTEHLWan  BO3MYLEHHOro
rpaBMTaUMEn BaKyyMHOro nons, mZic2,

WTak, HoBble pelleHWa ypaBHeHUA [yaccoHa
BMecCTO oAHoro HBOTOHOBCKOrO
noTeHuuana o, AAKT OONOMHUTENMBHO eLwe TpK
rPaBUTALMOHHEIX  NOTeHUuWana Coz, pq =
o ¢p, OSHCTBYIOLMX B [ehOpMUPOBAHHOM
BaKyYMHOM MNofe. 3TO 3HAUUTENBHO paclunpseT
BO3MOXHOCTU TEOpUW FpaBuTaUMM K ynpollaeT
MaTemMaTUYeckne pacqeTbl, Aenas OCHOBHOMH
YyNop Ha peancHble duandeckue MoAenu,
obbAcHAKOWME NpUpoay rpaBUTalun.

Ha chur. 2 npegcraeneHa rpaBuTalMoHHanA
JvarpaMMa B BMAe SMopbl  pacnpedensHus
KBAHTOBOW NNOTHOCTU CPedbl U rPaBUTaLMOHHBIX
noTeHuWanoe B cooTeeTcTBMM ¢ (13) 1 (11).
Kak BufaHo, pelleHwe ypaBHeHUs MNyaccoHa ang
ynpyroro BaKyyma onpeaenset ero
chepudeckyo gedopManuio. BHyTpU (noanumns
5) rpaBuMTaUMOHHOWA rpaHnubl Ry (nosmuma 6)
pazfgena HabnwaasTcs CXKaTtMe KBaHTOBOWM
NAOTHOCTH cpelbl Po W yBenuyeHwe

rpaBUTALMOHHOMO MOTeHuMana ¢, = C%. BHe
{noanumsa 4) rpaBuTauMoHHOWR rpaHulubl 6
pasfena Habnogaetcs yMeHbleHWe KBaHTOBOM
MNOTHOCTKM  cpedbl pqy W rPaBUTALWOHHOIO
noTeHuuWana ¢q = C? no mepe NpUBTIKEHUS K
rpaBUTaUMCHHOR  rpaHWue 6. Ha camoi
rpaBUTALMCHHOA  rpaHuue pasgena =R,
Habnwogaetca CKauOK KBAHTOBOM
MNOTHOCTU  Ap  CPefdbl W PaBUTaLMOHHOIO
noteHynana ¢, obpasys B cpefe
rpaBUTALIMOHHYIO AMY

AP = 2pns 19 = 2¢ps (16)

rie ¢pg - HbIOTOHOBCKUA TPABUTALMOHHLIA
noTeHUWan Ha  rpaBWTAUUMOHHOW  rpaHuue
pasgena R;, o0OycnoBneHHolA  KBaHTOBOW

MAQTHOCTLID Ccpefbl png HA FpaBI/ITaLLVIOHHOVI

2;~2

rpaHuLle, m</c<.

10

15

20

25

30

35

40

45

50

56

60

HEHTOHOBCKWIA rpaBUTaLMOHHEIA NoTeHuuan
Ha TrPaBUTAUWOHHOR auvarpamme  (chur.  2)
npedcTaBfneH Kak noTeHuuan MHUMBIA. BmecTo
rpaBMTaLMOHHOIO NOTEHLMANAa Ha CaMoM fene B
BaKyyMHOM rone [eHcTByeT rpasBUTaLWOHHLIA
noteHuuan C2 To CYTW gena 3ameHa

HEKTOHOBCKCIO noTeHuMana Ha
rPABMTAUMOHHBIA  NoTeHuMan  AeACTBMA
c? npegcraesnaer coboi MeToa

nepeHoPMUPOBKU  TPaBUTALUOHHbIX
NoTEHLWANoRB, NPYBOAALLWIA K SKBUBANEHTHOCTU
SHEprni rpaBWUTALMOHHOIO W SMNEeKTPUYECcKoro
(aneKkTpoMarHUTHOrO) Nonel MNpU HEeU3aMeHHOM
XapaKrepe rpaBUTalWUOHHbIX CUM.
OeicrButensHo, na (15) sanvwem sHaqveHne

rPABUTALMCHHOTO MoTeHUMana aelictaus C2 B
BaKyyMHOM none

CZ=c§-(pn (17)

BHecem B rpaBUTaALMOHHOE none,
onpepensemoe (17), npobHykwo maccy m o W
onpedenyM cuny Fp, TATOTEHWA Mexgy m o U
m 4, KoTopaa co3gaeT noteHunan (17), c

y4eTOM, YTo Cp2=const

Z 2
F = m grad(C -y » = G 1 (18>
" Z o n r

i

Kak BuaHO w13 (18) 3aKkoH BCEMWPHOro
TAOTEHWUA C  Yy4eTOM  NepeHOPMUPORKM
rPaBUTALMOHHBIX MOTEHLMANoB He WameHsieT
CBOEH BenWyMHbl W NOMyYeHHbId pesynbTaT
NCMHOCThLHO coBnagaeT c W3BECTHLIM
BhlpaxKeHHemM HeloToHa (). OaHako
pacnpefeneHle HbLIOTOHOBCKCONO NoTeHuWana
(dwur.3) B M3BecTHoM 3akoHe (1) oTnuuHO OT
pacnpefeneHns rpaBUTaLMOHHLIX NOTeHUWanos
(chur.2) B Teopumn YKC.

YToBbl MOHATH CYWHOCTE NpeanaraemMoro
n3obpeTeHns HeoBXoOMMO YACHWUTb MNPUUMHG
TArOTEHWA, onpedendemeie BelpaXeHuem (18). C
3TOW  Uenblo  NpeAcTaBWM  rPaBUTALUOHHYIO
avarpamMy TOMBKO B BWde rpaBWTaALWOHHOR
NoTEHUWANBHOKW SMbl B BakyyMHOM Mone,
CcO3gaBaeMon BO3MyLLaloLeR Maccon
m 4 {(NO3ULKA 1), a BHYTPU rpaBrTaLMOHHOR AMbI
HaxoguTca npobHas mMacca m o (no3uums 2)
(dur4). Kak BwgHO, npobHaa macca 2,
HaxosAch BHYTpH rpaBUTaLMOHHOR
NOTEHUWMANBHOW SMbl, CTREMUTCHA "yrnacTe" Ha
OHO noTeHuMansHoW AMbl nof AsicTBuemM cun
TAroTeHus. ToNeKC Ha AHe NOTeHUMansHOK AMEl
cUcTeMa MpUHUMaeT YCTORYMBOE GCOCTOSHUE,
CBA3aHHOE C AelCTBMEeM rpaBWTALMKM Kak CuWI
NPUTSHKEHNS.

Boaepalyasch K pacnpefeneHuo
HEIOTOHCBCKOrC  NoTeHuMana Ha  ur.3, kak
TPAKTYeT ero MexaHuka, HeTpPYyAHO 3aMeTWTb
OTCYTCTBME TaM MOTEHLWANBHOR AMbI.

Hanwune rpaBuvTalMOHHOA NOTEHUWANsHOR
MBI B BakyyMHOM none oBbACHAST TONbKO
BHELLUHIOK CTOPOHY MeXaHWama TArcTeHWs, He
packpelieag Gonee rny6Gokux ero npuyH. YT1obbl
NMPCHUKHYTE B GYTb nNpobnemel nepeigem oT
paccmoTpeHns pacnpefensHua
rPaBUTALMCHHOMO MNOTeHUWana B BakyyMHOM
none K aHanuay pacnpejeneHvs KBaHTOBOW
nnoTHocTKM cpedbl (11) (cdwr. 2). Bo BHelwHeR
obnacTu NPOCTPaHCTBa KBAHTOBAs MMOTHOCTb
cpefbl YMeHbLIaeTca No Mepe npubnmxKeHus K
rpaBUTaAUMOHHOA  rpaHuue  pas3gena. 37O
YMeHbLUSHWe npeacTaBneHo B BUAE
3KBMMNOTEHUMaNed 3 KBaHTOBOW MMOTHOCTU
cpedbl Ha dmr.1. Kak BWAHO SKBMNOTEHLMAmNN
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CIYLLAIOTCA NPU YOANEHAW OT rpaBUTALUOHHGCH
rpaHWubl pasgena (B JaHHOM cnydae ponb

rPaBUTALNOHHOR rpaHULbl BLINOMNHAET
NMoBEpPXHOCTbL 3emnu 1).
Hanee paccMoTpuUM pacnpefeneHue

KBaHTOBOA MNOTHOCTU Cpefbl KaK NoNd 3eMHOro
TArOTEHWA BHYTPW NpoBHOW maccel 2 (dwr.1).
3KBUNOTEHLMANW KBAHTOBOW MNOTHOCTW cpedbl
rpaBUTaUMCHHOIC nond 3emMnu NPCoHU3LIBaKT
Teno npoBHoW macchl 2, hopMUpYA B Hem
rpagWeHT KBaHTOBOW NNCTHOCTK cpefbl. TO eCTh
BHYTPM Tena npobHOW Macchl 2 KBaHTOBasd
MNOTHOCTL cpeds pacnpeieneHa
HepaBHOMEPHO. 4 UMEHHO arta
HepaBHOMEPHOCTE  onpefenser  npupony
TArOTEHWS Kak JaBneHue ynpyrod KeaHToBaHHOM
cpedbl (BakyyMHOro nons) Ha npobHoe Teno 2.
Mpw atoMm cuna F,, TAroTeHWa HanpaBneHa M3
obnacth ¢ 6Gonblield KBaHTCBOW NNOTHOCTHIO
cpefosl B obnacTtb MeHbLUeR  KBaHTOBOW
MMOTHOCTW, TO €CTb Ha AHO TpaBUTaLWOHHCH
AMbI. MaTeMaTuueckn STO BbIpaKaeTcs NyTem
3aMeHbl rPaBUTALMOHHOTO noTeHuWana
nelereuns C 2 {(18) Ha KBaAHTOBYK MNOTHOCTH
cpedbl pq = p

R .C

o gl o
F = m_grad(p—> = m_grad|p |[L—-——|—| =
m o ~|p
o

19>

M3 (19) BUAHO, 4TO 3aMeHa rpaBuTaLUuoHHOMO
noTeHuWana KBaHTOBOW MNOTHOCTLIO Cpelly He
M3MeHseT camMoro  3akoHa  BCEMUPHOro
TAroTeHWda. C  Apyrol CTOPCHLI, pagueHT
KBAHTOBOW MMOTHOCTWM cpedbl NpeacTaBnaer
cobol BekTOp AedopMaumn D BakyyMHOro nons

2 FA
C C
o o
F = —mwm _grad{p» = —mn_D CZ0>
m p =2 p oz
o o
3aech

D =grad(p) (21)

Takum obpasom, And Toro vtobbl BbI3BATH
HanpaeneHHyld cuny B BakyyMHOM rone
HeoBxoOUMMO NPOW3BeCTH ero Jdedopmauunio B
HanpageneHun cunel. [ng sToro HeobasaTensHo
npou3BoanTL Aediopmauuio BakyyMHOro nons
noneMm TArOTEHWA 3emnu. EcnM KeaHToOBRas
MMACTHOGTL Cpedbl ONWChLIBAeT MNoTeHUuMansHoe
rpaBUTaLMCHHOS none noaobHo
rpaBUTALMOHHOMY MOTEeHUWany, TO BeKTop
Jedopmauumn D BakyyMHOro nons signsercs
aHanorom BeKTopa YCKOpeHWs a

o
F =ma = m_—D CZED)
OTKyda

o
a = —D «(Z32

]

Ecnn »na nonga taroteHnsa 3emnn 1 (cour. 1)
BbIHECTW Ha oTAenbHYy dur.5 NpobHy Maccy 2,
OCTABWMB  SKBUMOTEHUManNKW 3 KBaHTOBOW
MMOTHOGT Cpefbl BakyyMHOro Mons BHYTPW
rpaBUTALMOHHORA rpaHunLbl pasgdena, a
COOTBETCTBEHHO W Aedhopmaumio Ds (dur. 8),
To npobHad macca OyaeT MenbIThiBaTb
Bo3gelictene cunbl Fr, HecMOTps Ha TO, YTO
ncxogHoe BakyyMHoe none He gedopMUpOBaHC.
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Kak BUaOHO W3 cour.5 Teno ¢ NpobHOW Maccoi
Mz NpW BO3AeRcTBUM cunbl Fry B HANPaBNeHUA X
WCNBITLIBAET YCKOPeHWe a (23), KoTopoe BeOeT K
nepepacnpefeneHnilo  KBaHTOBOW  NNCTHOCTW
cpedbl  BHYTPM  FPaBMTALWOHHOW  rpaHMubl
pasgena R,. PasMecTUM Hayano KoopAuHar B
Toyke 0, BWOHO, YTO BHYTPM Tena B
HanpaBneHW r KBaHTOBaA MNOTHOCTL Cpefbl

YBENWYMBAETCSH OT p% oo p%, dopMUpPYS BHYTPU
TENa TPafgMeHT KBAHTOBOW NNOTHOCTM cpedb
(21), cnpegensoWWA HanpaBneHne U BeNNYUHY
BekTopa gAecopmaumn Do BakyymHoro nons
BHYTPW rpaBWTALWOHHOW rpaHnubl

Dz =grad(p,) (24)

Takum  0Bpa3oMm, YTOOLI  UCKYCCTBEHHO
Bbi3BaTL CWUNy Fp,, [ASACTBYOWYH: HA Teno wu
NPOWM3BOAAUYIO €0 CamMONpPOW3BONEHOE

ycKopeHue, HeobXoOoWMC  BHYTPM  Tena
NPOM3BeCcTM NepepacnpeferneHie KBaHTOBOMA
MMNOTHOGTK cpensl B HanpasneHnm,
NPOTMBOMNONOKHOM — BekTopy  AedhopMaLui

BaKyyMHOro nong. OTO ABNASTCH NEPBbIM
HeoBxoaumelM geicTeuMeM, obecnevynsarowum
paboTocnocobHOCTL NpegnaraeMoro cnocoba.

Moka, nepepacnpedeneHwe  KBAHTOBOW
NMNOTHOGTK cpenbl B HanpasneH,
NPOTUBOMNONOXKHOM  BeKTopy  AedopmMalin

BaKyyMHoro nons, Habniogaetca B none
TArOTEHWA, Hanpumep 3emMni, U NpK ycKopeHWn
Tena. Ana coagaHua YoKOpeHus Tena B Bakyyme
noka WMmeeTcs BCero nulle oAMH cnoco,
CBA3AHHBIA €  pPeaKTUBHbIM  ABMKEHUEM,
felicTBMe  KOTOpPOro, B KOHEYHOM  uTore,
HanpaeneHo Ha nepepacnpejeneHue KBaHTOBOM
MMOTHOCTK cpefb B HanpasneHuu,
NPOTUBOMNONOXHOM BeKTopy  AedhopmaLinin
BaKyyMHOIro nons. YUToBbI NONHOCTBK OTKazaTbCs
OT peakTMBHOTO ABMMKEHUA B  KOCMOCe,
HeoBXoAUMO TeXHW4YecKW pelunTb npobnemy
nepepacnpegenseH1e KBaHTOBOAW  MNOTHOCTH
cpefsl  BHYTpWM Tena  Apyrum  cnocoBom,
OTNHUYHbIM OT peaKTWBHOro.

B COOTBETCTBAN c APUHLANOM
SKBUBANEHTHOCTW THATOTEHUA W UHEPLWW,
cChopMyNMPOBaAHHBIM ele OWHLITERAHOM,
NMPUMEHWM 3aBMCUMOCTH, OMUChIBAOWME none
TArOTEHWA B BWAE pacrnpefeneHns KBaHTOBOW
MMNOTHOCTK py Cpedkl (11) B HanpaBneHWK r onq

onnucaHuaA pacnpefeneHKns KBaHTOBOR
i

MAOTHOCTW p2 cpefdbl BHYTpW Tena npw

BO3ASWCTBUWN MHEPLMN,

npupaeHae  p2 = py (MHZekc | OT cnoea

L .
MHEPUWA YKa3bliBaeT Ha TO, YTO p2 MO CBOEW
npupoge OTnudHa OT po, OI'IMCbIBaPOLLl'eI\?’I

KBAHTOBYO NNOTHOCTb cpeny BHYTPW
rpaBUTaUMCHHOW rpaHulel B (11) B peaynerate
cchepudeckold aedopmMaliiKM BakyyMHOrO nons
npu OpPMUPOBaHWUK Macchl {“acTulbl U Tena)

R

- _ 9
P, = pu[ I_] CZ5)

[Moactaensa (25) B (24) nonyyaem OyHKUMK
BekTopa Aecdopmaumn Do BHYTPW  Tera,
WCMbITEIBAKLLETO YCKOPEH1e

R
a

D = grad(p_>» = p —(-1 3 CZE)
Z Z or ™

3HaK MWHYC B (26) ykaablBaeT Ha TO, 4TO
BekTOp  Adechopmaunn Dz  HanpaeneH B
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MPOTMBONONOXKHYK CTOPOHY OT HanpaeneHus
edWHUYHoro BeKTOpAa 1 (dur.6).
[paBUTaUMOHHBIA paguyc Ry (12) B (25) M
{26) npepcraenaet coboi cBoeobpasHyo Mepy
WHEPTHOCTH, XapakTepuay oLy BEKTOP
nedopmaymn Dy, © nerko Moxer  ObiTh
Npeobpa3cBaH B HANPMAKEHHOCTL (YCKOpeHUe a)
rpaBUTaUMOHHOrO  nonfd,  obycrnoBnNeHHoro
VHepLuuer BHYTPW Tena

Z Z Z
Gm Gm ¢ r

R = ——=— — = a— <&
o Z2 2 zZ 2 2
c r c
[n] [n] [n]

Moactaenas (27) e (26) nony4aem 3HaqveHue
BekTopa Aecdopmauun Do BakyymHoro nons
BHYTPM YCKOPSAEMOro Tena B pesynbTare
NCKYCCTBEHHOro nepepacnpejeneHins KBaHTOBOM
MMNOTHOCTK cpeal

o
D = —a CZ8)
Z

Kak BumgHO (28) cornacyetrca ¢ (23).
EctecteeHHo, 4TO B (27) rpaBUTalWOHHLIA
paguyc npeacrtaBsngeT y:xe cobor BEKTOpP, KaK U
ycKopeHue a B (28).

Takum obpasom, ecnuv BHYTPU Tena Bbi3BaTb
WCKYCCTBEHHO NosiBNeHWe BekTopa AecopmaLiif
Do BakyymMHOro nomd, TO STO Teno CTaHeT
YCKOPATLCA C YCKOpPeHWeM a B HanpaBneHWn
BekTopa aedopmaunn Do

Ha cur.7 npedcrasneHa KapTuHa
BaKyyMHOro nons BHYTPW rpaBUTaLMOHHOR
rpaHuLbl  pasfena  cpefdsl  Ang  Tena,
HenoJBMHOMO B BakyymMHOM  norne W
JBUralollerocs B HeM  paBHOMEpHO U
npaAMonuHeiHo. KapTuHa BaKkyyMmHOro nons
npeAcTaBneHa B BUAS NoTeHUWansHOW ceTkn, B
yanax KOTOPOW pacnonoxeHsl paBHOBEMNWKME
rpaBUTALMOHHBIE MOTEHUMAnNsl UMM 3HaYeHUs
KBAHTOBOR NNOTHOCTW cpelpbl. Kak BMAHO, Takoe
rpaBUTaLMOHHOE Mone He WMeeT rpajleHToB
KBAHTOBOX MNOTHOCTM Cpefdkl, & COOTBETCTBEHHO
He AecdopMUpoBaHO. B TakoMm none Bce CUMbl
YPaBHOBELIEHbLI HATHKEHWAMK rPaBUTALMOHHORA
rpaHULbl pasgena.

Ha dcwur. 8 npegcraeneHa  KapTWHa
rpaBUTaALMOHHOTO NOMA BHYTPW Tena, Koraa
1ncxogHoe BakyyMHoe none aedopMUpoBaHO K
npeAcTaBNeHo B BWAE CUMOBLIX NMWHWIA BeKkTOpa
nedopmayim Do, CUNOBLIE NUHWNA CryLLaKTCH K
Touke O, onpepenas HeOOHOPOAHOCTb
rpaBUTaLMOHHOTO nons. NonepeyHble
SKBUNOTEHLWANM oTpaxaloT xapakrep
HBIOTOHOBGKMX NoTeHuwanoB. B pesynbrarte
chopmMupyeTca ceTka JedopMUpPOBaHHOIO Nona ¢
ABHO  BbIP&KEHHOW  HEeOOHOPOAHOCTLIO,
ofycnoeneHHas rpagMeHTaMn  KBaHTOBOW
nnoTHocTW  cpedbl. B wutore, Teno ¢
JedopMUpPOBaHHBIM BHYTPEHHEM nonem
cosfaeT  HeypaBHOBelleHHylo  cuny  Fp,
cnocobHylo YCKOpATb Teno B MNPOCTPAHCTBE.
BHyTpM Tena Habniopaetca  yBenuyeHue
nedopmaym 7 (Do) BakyymHOro nona B
cTopoHy Hadana koopauHar 0 3a  cueT
ocnabneHnWss KBAHTOBOW MNOTHOCTW cpeasl,
NocKkoneky AecopMauia nNposBnAeTca Kak
rpagueHT KBAHTOBOW NMOTHOCTW 8 cpefbl
{dwr.9).

Taknm  obpasom, 4TOBbI  WCKYCCTBEHHO
CO30aTb HeypaBHOBELUEHHYI0 CWNY B Bakyyme,
JefcTBYIOWYIO Ha Teno W NPoU3BOAALLYID TArY,
HeobxoauMO BHYTPW Tena co3fjaTtb YCrnoBus,
npuBOAsLMEe K HanpaeBneHHoW JdecbopmaLiti
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BaKyyMHOro NONs B peaynsTate rpagueHTHOro
nepepacnpefeneHns KBaHTOBOW NNOTHOCTW
cpegbl. [na sTtoro HeobxopMMO  packpbiTb
CTPYKTYPY Camoro BakyyMHOIO NpOCTPaHCTBAa, B
TOM 4WUCne, BHYTPW rPaBUTALMOHHOR rpaHuUbl
paspena.

MNpeAcTaBnerHble BbILLE pacuyeTsl
ybeouTencHC  [OKa3bIBAKT, YTO  BakyyMHoe
NpoCTPaHCTBO obnagaet yrnpyroh CTPYKTYPOW W
JOMKHO coCTOATL M3 GonblUoro KonuyecTea
MenbYailLMX YacTWL - KBAHTOB MNPOCTPaHCTBA
(KBAHTCHOB), Hefenumbix  ganee. Y1o0bI
pacKpbITb  CTPYKTYPY SMNEeMEeHTapHOro KeaHTa
NPOCTPAHCTBA BOCMNONBL3YEMCHA YPaBHEHWAMU
Makceenna Ang Bakyyma, 3anucae MMoTHOCTb
TOKOB  SMNEKTPUYECKOro  jo W MarHUTHOro

jm CMELLEeHWs Npy MONAPK3aLMK BaKyyMHOro

nong  SMNeKTPOMarHWTHOM  BONMHOW — qepes
W3MEHEHWE BO BpPeMeHW 1 HanpsKeHHOCTW
anekTpudeckoro E v marHnTHoro H noneid [5]

J = rotH = E B—E CZ3)

e odt

. 1 7H

.jm = u—rotE = _i 302

[n]
rne e, = 8,8501071°0iM - anekTpuueckas

NOCTOsHHAA;, u, = 1,26.10‘6FH/M - MarHUTHas

NocToAHHAas.

Beuay CMMMETPUYHOCTW 3MeKTPOMArHUTHOM
BOMHbI MMNOTHOCTM TOKOB  SMNEKTPUYECKOro W
MarHUTHOrO  CMeLleHWs B BakyyMe 1o
abCconoTHOW BENWYMHE (MOAYIHO) SKBMBANEHTHGI
Apyr opyry

Im=Cole (31)

B (31) NNOTHOCTKU TOKOB CMELLEHWA CBA3AHGI
mexay coboA MHOXUTENEM, PaBHBEIM CKOPOCTW
ceeta Co ANS HEBO3MYLUEHHOrO rpaBuTalunen
BaKyyMHOro nond, unn C - Ana BO3MYLLEHHOIO
rpasurtagued. 3t1o  oBycnoBneHo Tem, uTO
PasMepPHOCTX MMNOTHOCTM TOKOB CMELLEeHUs Ans
SMNEKTPUYECKOW W MArHWTHOA  KOMMNOHEHT
pasnuyHel B cucteme CKH. HeAcTBUTENBHO,
BLIPA3UTL NICTHOCTU TOKOB CMELLEeHUS MOXHO
Jepe3 CKOPOCTb cMelleHns v 6e3amaccoBbiX
aneMeHTapHLIX ANEeKTPUUECKOro € U MarHUTHOro
g 3apAgoB WM KBAHTOBYHO MNOTHOCTL CPedbl p,
nonoras, 4To 3apafpl € W g BXOAAT B COCTaB
KBAHTOHA napamu ¢o 3HaKoM (+) K (-), obpaaya
B LenoM HelTpanbHyl YacTuuy

je =2epyv  (32)

Jm=2gpoy (33)

[Mopctaensa (32) u (33) B (31) nonydaem
COOTHOLLIEHWE MeEXIY 3MNEMEHTaPHEBIM
SNeKTpru-4ecKiM 1M MarHMTHbIM 3apagamq

g=Coe=4,8.10""" Am (unu [x) (34)

Hrak, B cucteme CWM  anemeHTapHbIA
MArHWUTHEIA ~ 3apag  (34) UMeeT  BenuuuHy
4.8 410" AM W pasMepHOCTb, BLIPAKEHHYH B
Oupakax (0K).

Takum  obpa3om, aHanua  ypaBHEHWA
Makceenna  nokaseiBaeT, 4TO  YCIIOBUEM
nonspuMaauan  BaKyymMa  3MeKTpoMarHUTHOR
BOMHOW  ABNSETCA  HanuyuMe  TOKOB
SNEeKTPUYECcKoro W MarHWTHOTO  CMeLLeHKUs
0e3MaccoBbIX  SNEKTPUYECKMX W MarHMTHGLIX
3apadoB, BXOASALWMX B cOCTaB KBaHTOHA. [lpw
3TOM CaM KBAHTOH KaK SMNemMeHTapHEIA KBaHT
NpOCTpaHcTBa AOMKEH BKIToYaTh B cebs YeTbipe
3NeMeHTapHbIX 3apaga; ABa anekTpudeckux (+1e
M -1e) W gea marHutHeXx (+1g u -19g),
npeacrasnas coboi cTaTUYeCcKUiA
SNEeKTPOMArHWTHLIA  KBaApynonbs, MPakTUYeckn
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He  MayueHHbIA B snekTpoguHamuke. B
janeHeldwenm 6yoem HasbiBaTe 6GeamaccoBble
afeMeHTapHble  3apaibl  MOHOMNONAMU
(BNeKTPUHECKUMIK U MarHUTHbIMM).

Y100k BblAENWTb B npocTpaHCTBE
aneMeHTapHLIl obbem HeobXoouMo ¢ No3nL WA
reoMeTpuyeckol MUHMMW3AUWMK BCEro JeThipe
pasMeTouHbIX Toukd. OpfHa Todka - MpocTo
TOMKa, ABE TOYKW NO3BOMAKT BLIAENUTL NUHUID,
TPW - MNOBEPXHOCTb, YeThipe - obbem. M aTH
JeTbipe TOMKKW 3annaHMpoBana cama npupoga B
BUIE YKa3aHHbIX YeTbipex MoHonone, obpasys

CTPYKTYPY KBaHTOHa. B LenoMm  KBaHToH
npeacTasnset coboi SNEKTPUHECKM
HeWTpansHylo W GeamaccoBylo  uacTuuy,

obrnajarolWwyo SNeKTpPUHecKMM M MarHUTHBIMA
CBOWCTBaMK, KOTOpble MPOABNAKTCH NPy
nonspuaauni Bakyyma B SnNeKTpOMarHWTHOR
BOJHE.

K camoi CTpyKType KBaHTOHa Mbl HE MOXEM
noaxoanTe c MepKamm WM3BECTHLIX
MNeMeHTapHbLIX YacTuL, TaKWX KaK SNEeKTPOH,
obnagalolnMin - mMaccod U OAHOBPEMEHHO
ABMNAWMWACH HOCUTENeM 3MNeMeHTapHOro
anekTpudeckoro  3apsga. C  KNacCKUYecKUx
Nno3vuWiA YeTbipe PasHOWMEHHbLIX MOHONONA B
KBAHTOHe ncA AeWCTBMEM KOMOCCAmbHLIX CKN
HaTAKEHWUA JOIMKHBI KOMMancupoBaTh B TOMYKY.
OpHako atoro He Habnwopaetcs. BakyymHoe
NpoCTPaHCTBO MNpeacTaBnaeT cobod  oYeHb
YyCTORUMBYHD cybCcTaHUMIO. 3TO 03HaYaeTr, dTo
MOHOMOMM, BXOAdAWMWE B KBAHTOH, WMEIOT
KOHEeYHble pa3Mmepbl, onpegenas avameTp
L 4 camoro ksaHToHa [5]

1
- /el
4 G |4 =
L = —_—
o 4
o

—25
=k = 0,74+10 M (35>
3 3 c

o

roe ka= 1,44 - KospdhrUUEHT 3anonHeHus
BakyymMa  KBaHTOHaMK  IapoBOK  hOpMbI;
R 3:0,81.10'15M - paguyc nNpoToHa (HeWTpoHa).

BoipaxkeHne (35) nonyydeHo W3 ycnoBWiA
HaTsXeHWs YNpyroro Bakyyma B peayneTate
B3aMMOeicTBUA KBAHTOHOB Mexay coboid npw
POXASHAW SNEeMeHTapHOW 4YacTuubl (NpoTOoHa,
HeWTpOoHa) W3 BaKyyMHOro Nonf B peaynkTare
ero  cdpepudeckold  pgedhopmauuu. Papuyc
R s npencraenger coboi  snNemeHTapHyto

rPaBUTaLMOHHYIO rpaHvLy pasgena B
KBAHTOBAHHOW  cpefe  ANA  yKasaHHbIX
SNeMeHTapHbIX YacTuL,.

Ha @¢wur.10 npegcrasneHa  HawbGonee

BEpOSATHAs CTPYKTYpa SNeKkTpUYecKoro U
MarHWTHoro moHonons. MNo-BMaMMomMy MOHOMNC!Mb
9, yTobbl YOOBNETBOPATE YCNOBUAM YNpPYroro
COCTOAHUS  BaKyYMHOrQ Mons, OOMKeH
npedcTaBnATe COCOW ABYX(pasHylo dacTiuy,
COCTOSALYI0 M3 UeHTpansHoro sgpa 10,
OKpYXeHHOro ynpyroi atmocdepoid 11. MmeHHo
agpo 10 #ABNABTCH WUCTOYHMKOM Nons
(3NeKTPUYecKoro WX MarHWUTHOrC) B BWAe
3apgaga. MoxHO NpegnonoxuTb, YTO WMEHHO
A0pO MOHONOMA cnpefensaeTcs MNNaHKOBCKON
anvHoi  103%Mm, a cam  MoHomonbe  MMeeT
pasmepbl nopsaka 10 26y, [8]. Moka HesicHa
huandeckan npupoga Camux MOHOMOMBHBIX
3apsAoBR WM CTPOEHWMe WX Ynpyroh aTmocdephb.
Ynpyrag atmocdepa  MOHoMoned W camu
MOHOMNOMM  ONpefensioT  aneKkTpudveckue U
MarHUTHble CBOACTBA BAKyymMa B BUOE g, U
CBA3bIBAA BOBAMHO SMNEeKTPUYECKYH W MarHUTHYIO
MaTepUio BHYTPU KBaHTOHA.

Torga Ha OCHOBaHWWM OU3UHYECKOW MOLENK
MOHONOMBHEIX 3apAA0B MOXKHO aHanuanpoBaTh
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-10-

NPoLECT hopMUpoBaHns KBEHTCOHA,
M3oOpaxeHHBId Ha ¢ur.11. YeTolpe ynpyrix
Wwapuka-McHonons 9  obpasyor  durypy ©
paccTaHOBKOW CBOWX fAAep MO BeplnHaM
TeTpasgpa, obecneunsas OpPTOroHan:EHOCTL
SMNEeKTPUYECKOR W MArHUTHOA OCEW B LEMNOM
HelTpanesHoro kBaHToHa. Ho B Takom cocToAHUA
KBAHTOH OCTaBaTbCsl HE MOXeT. ECTeCTBEeHHO,
YTO KONoccalbHLIE CWIBl  SNEeKTPOMAarHUTHOro
cKaTUa OMKHEN AedopMUpoBaTe KBagpynons
M3 MOHONOMEA B LWAPOBYH dactuuy 12,
n3obpaxeHHyd Ha qur. 12, coxpaHaa ee
L&NoCTHOCTL Kak eAWHOW YacTuLbl U coXpaHas
OPTOrCHAaNLHOCTE SNeKTPUYECKOR U MarHWTHORA
oceA. B sToM cnydae agpa  MoHononeir
WApOBOro KBAHTOHA TakkKe pPacnonoXeHsl no
BeplUMHAM TeTpasdpa, BCTPOEHHOrO BHYTPW
KBaHTOHa, obecrneynBas SNeKTPOMArHUTHY1O
CUMMETPUIO CUCTEMBI. [TpK 3TOM 3KBMBANEHTHOES
[eACTBNE 3NEKTPWYECKOrO U MarHWTHOTO Nonew
BHYTPU KBaHTOHA oOMNpedensetcsl paBeHCTBOM
cun KynoHa Ans 9NekTpUYecknx Fe M MarHMTHEIX
Fgy 3apanoB, ASHCTBYIOWMX Ha PACCTOAHAM T,
paBHoM pebpy TeTpasgpa

r

F = F
e
g Z
1 e
1 F = — (363
e 4amE 2
L]
1] z
[n]
F = — 9
o an  z
- ir
W3 (36) nonyyaemM cooTHOLEHNE
2
2 - z €37)>
£ I-IDE[

o

2
Yunteiead, uto 8 CW ¢u,Co = 1, ua (37)

nonyYaeM COOTHOLUEHME MEXAY MarHWTHbIM W
SNEeKTPUYECKUM  SneMeHTapHLIMK - 3apsdamu
g=C .e, cooTBeTCTBYIOWeEe (34), HO Nony4eHHoe
MHLIM cnocoBom. TpK 3ToM NPUPOAa CKOPOCTU
ceeTa ycTaHaenuBaeTes peansHLIM
KBAHTOBAHWEM  BaKyyMHOrc  NpOCTPaHCTBa
BNEKTPUYECKUMKY U MArHUTHBIMA MOHOMONAMU,
BXO4AWWMMK B COCTaB KBAHTOHOB

g

cC = (38>
o e

Cam npouece 3MNeKTPOMarHUTHCro
KBaHTOBaHWA GonbLIoro obbema NpoCTpaHCTBa,
CBA3aH C ero 3anofHeHWeM KBaHToHammn 12. B
CUNy eCTECTBEHHOR CnocoBHOCTM K CLenneHuno
NPCTUBOMNONOKHEIX NO 3HAKY 3AaPSA0R, KBAHTOHbI
cuennaace  AOpyr ¢ AOpyrom, obpasyior
KBAHTOBaAHHYO YNpyryio cpedy. TeTpasgpHas
cdopmMa paccTaHOBKWM SAep MOHononerd B
KBAHTOHAX BHOCWUT SMEMEHT XaoTWYHOCTKM B
cUuenneHnss KBaHTOHOB, fAenas Chny-alHbIM
obpaszoM  OpUeHTaLWMIO WX SNEKTPUYECKUX U
MArHWTHbIX OCeA B MPOCTPAHCTBE W, UCKNKYasn
npv 3TOM Kakoe-nubo npuopuUTeTHoE
HanpageneHWe opueHTaluun. B uenom coagaeTcs
SNEKTPUYECKM W MArHWTHO  HerTpanbHan
ofHopoAHast M M3cTponHas cpeda, obnagatowas
SMEeKTPUYEeCKMM W MAarHUTHBIMKA  GBOWCTBaAMM,
nony4YvBLUIas Ha3BaHWE KaK BakyyMHOe none B
BMAES CTaTMYeCKOro SNeKTpoMarHUTHOro mnorns.

ECTecTBEHHO, YTO NPeacTaBUTh CTPYKTYPY
AWCKPETHOTO  SMNEKTPUYECKOrO W MArHUTHOro
nonsi KBaHTOBAHHOW cpedbl B MpOeKUuuK Ha
NAOCKOCTE He NPeacTaBnAeTCH BO3MOXHLIM.
YnpolleHHas MoaeNbs NNOCKoro MNoKansHoro
yyacTka BakyyMHOrc nonsi Ans dJeTbipex
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KBaHTOHOB 12 npegcraeneHa Ha ¢ur.13 B
MPOeKUMK Ha NMOCKOCTL B BUAE CUMOBLIX NAHWA
SMNeKTpUYECcKoro " MarHUTHOro nonei.
BakyymMHOe none MOXHO paccmaTpuBath B BUAE
OVCKpeTHOR CeTkM ¢ AUCKPETHOCTBIO MopaaKka

1026 M M3 cUNoBLIX NWHUEA CTaTUYECcKoro
3MNEeKTPUYECKOro 4 MarHMTHoro nene,
HabpoweHHORW Ha  BCK  BeceneHHyw U
CBA3LIBAKOLYK BOSOWHO Bce OObekThl. Mkl
HKMBem B SJ'IEKTDOMaFHI/ITHOPI BcenerHol.

EcTecTBEHHO, YTO BBUOY ManbiX pa3mMepoB
OeACTBME SNeKTPOAMHAMWYECKMX CUIT BHYTPK
KBAHTOHA Mexady MOHOMOMbHLIMK 3apagamu
HACTOMNLKO BEMWKO, YTO B NPUPOLE OTCYTCTBYHOT
CWMbl, CNOCOBHbIE paclennuTb KBAHTOH Ha
OTAENbHEIE MOHOMOMK. JOKCNepUMeHTarnbHO 3TO
noaTBepkaaeTcqd No OTCYTCTBAK B npupode
CBOCOAHLIX MarHWTHLIX 3apadoB HECMOTPS Ha
MHOMOYWCNEHHEIE WX MouckW.  HekoTopbii
1n3bbITOK snekTpuyeckMx 3apaaos obycrnoBneH
ANEeKTPUYECKOR acKMmMmeTpueld BceneHHoR. Ho
WMEHHO M30LITOK  SNeKkTPUYECcKUX  3apsaoB
ABMNAETCH MCTOYHUKOM POXASHWUSA M3 Bakyyma
3MeMeHTapHbLIX  YacTUL, W BellEeCTBEHHOR
Matepun [5].

WTaK, aHanua snekTpoMarHUTHOR CTPYKTYPLI
BaKyyMHOMo nons Kak YNPYyron OUCKPeTHOR
cyberaHumnn, obycnoBNeHHOM 3MekTpUYECKMMIA 1A
MArHUTHEIMIA HATEKEHUAMK MeNKAY KBAHTOHAMM
(KBAHTAMM MNPOCTPAHCTBA), MOKa3kIBAST, uTO
BO3JECTBYA Ha BaKyyMHOE MOMNe BHEWHWMMK
AMNEKTPUYECKMMA M MArHUTHEIMIA NONSAMW, €ro
MOXHO MCKYCCTBEHHO AedOpPMUPOBAaTL B HYXHOM
HanpaeneHWK, co3gaBasg HeypaBHOBELLEHHYIO
CUMy TArMM B COOTBETCTBMW C MOCTABNEHHOW B
npeanaraemom naodpeteHnn aagadeid. C apyroi
CTOPOHLI, BO3BpalWlasck B TPaBUTALMCOHHOR
owarpaMmme  ur.2 CTaHOBWUTCA  MNOHATHOW
CTPYKTYPa [paBUTaLWOHHOW AuarpaMmMbl  Kak
obrnact  chepuydeckn  AedhopMUpOBaHHOMO
CTATUYECKOTO  SMNEeKTPOMarHUTHONC  BaKyyMHOro
nons nog  AelcTBMEM HaTSKeHUA
rPaBUTALMOHHOR rpaHuubl pas3gena, CTpoeHne
KOTOPOW ANs snekTpoHa (MO3UTPOHA) W HYKNOHOB
onucaHo B [5].

C HEeKOTOPLIMW OrOBOPKAMU TPaBUTaLMOHHYIO
rpanHuly Rg pasfena kak pacqeTHbld napaMmerp
MO¥HO NPUHATL NpyW onvMcaHWK rpaBUTalMOHHOro
nong npobHoro Tena ¢ Maccoh m . Toraa
abcTparMpyacs OT TOro, YTO npobHoe Teno
COCTOWUT K3 aTOMCB W MOMeKyrn, nepergem K
TOMY, HYTO B KOHEYHOM WTOre, C NO3WLMWA

rpaBUTaLMM, npoGHoe TEno MOXHO
paccMaTpuBaTh TaK, 4TO BHYTpW
rpaBUTauMOHHOW  rpaHuMusl  npoGHoe  Terno
COCTOMT M3  KBAHTOHOB,  KOHLEHTpauus

(KBaHTOBAA NMNOTHOCTL) KOTOPLIX NPEBbILIAET WX
Me KOHUEeHTpauuWio ¢ BHEWHEeW CTOpOHbl B
COOTBETCTBMM C (11), UCNbITLIBAA HA rpaHWle
pasfena ckavyok KBaHTOBOW NMAOTHOCTWK (16).
YTtobbl MpouaBecTU nepepacnpedeneHe
KBAHTOBOA MNOTHOCTK cpedbl BHYTPW NpobHoro
Tena HeobXxoAMMO BbI3BaThL TPAAUEHTHBIE CUTIbI,
cnocobHble  CMEeCTUTb  KBAHTOHbI  BHYTPW
rpaBUTaLMOHHOR rpaHunLbl B OfHOM
HanpaeneHun, obecnedns rpaguMeHT KBaHTOROK
MMOTHOCTHK cpens BHYTPH Tena.
MpepcraeneHHas Ha ur.12 cxema kBaHTtoHa 12
No3BOMNSAET PacCMaTpUBAaThL Ero Kak ABa AWMNOns:
MarHMUTHoro 13 W 3nekTpudeckoro 14,
ofnafjaoliMe AMNOMNbHLEIMA MOMEHTaMKU Dy U
Pe COOTBETCTBEHHO, MarHWTHas "
SMeKTpUHecKne OCK KOTOPbIX OpTOroHanbHbl ApYr

Apyry (cpur.11).
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Ecnn nomecTUTb MarHWTHbIA  aunons B
HeoAHopoAHCe MarHWTHoe none
HaNpPsKeHHOCTLID H, TO BO3HWKaeT rpadueHTHas
MarHuTHas cuna F g, HanpaeneHHas B obnactb
HaubonbLUel HanpPsKEHHOCT MarHWTHOrO Nons,
TAaK Ke KaKk eCcnu MNOMECTUTL SNeKTpPUHecKUi
avnone B HeoAHOPOoAHOe SMeKTpudeckoe none
HanpsKeHHOCTEIO E, TO BO3HWKaeT rpadueHTHas
snekTpuyeckas cuna F ., HanpaBneHHas B
obracTtb HaubonsLen HanpPAKeHHOCTH
anekTpuyeckoro nonsa {(cMm. Tamm W.E. OcHoBgbl
TEOPUM SneKkTpudecTBa. MagaHve aecatoe. M.
Hayka, 1989, c.241, 118) [8]

Fg = pggrad(p H)+pgrotiu,Hi) (39)

Fe=pegrad(E)+perot(E;) (40)

B BbipaxeHua (39) n (40) Bxopdar Takke
HanpPsKeHHOCT I MarHUTHoro H ]
snekTpuyeckoro E; nomed WHAOYLMpOBRaHHblE
BMXPEBEIM XapakTepom noned npu BpalleHWH
BeKTopoB H U E.

B uenom, BhipaxeHns (39) wn (40)
OonpefensioT  BerWuMHY W HanpaBneHws
rpafueHTHeIX cun Fg U Fe B BiAe crxansapHoro
npouasefeHVsa BXoaaLMx BekTopoB. Kak BMaHO
rPaWeHTHl HAMNPSKEHHOCTU SNEKTPUHECKOro W
MarHWTHOro noneil AoMxHbl  coBnajate C
HanpaeneHwemMm cunel TArU. [pu OTCYTCTBUK
nepemMeHHOro xapakrepa rnorneiW B pesynsTare ux
BpalleHWs NCHEe3aloT KOMMOHEHTLI C POTOpaMK B
(39) »n (49), onpepenss 4MCTO CTATUHMECKWA
Xapaktep JAWNcneHOro B3avMoAeWcTBUA B
rpaaueHTHOM HeoAHOPOAHOM norne.

Ha dwmr. 14 npepcraenera  cxema
BO3HWKHCBEHWA  rpagueHTHor cunbl F o,
JeAcTByOWeEeA Ha MarHWUTHBEIA gunons 13
KBaHToHa 12 B HEOAHOPCAHOM MarHWTHOM none
MArHWUTHOA cuctemMbl 15, nonwca KoTopor 16
(+N) 1 17 (-S) ycTaHoBMeHsl Nog yrnoM apyr K
apyry. MarHutHeld gunons 13 opweHTrpoBaH
BACNE  CWNOBOW  MWHWMKM  HEOOHOPOAHOro
MarHWTHOroO Nons W UCMLITLIBAST BoagehcTeue
cun Fg* W Fg Ha MarHWTHble 3apagbl BHYTPW
KBaHTOHA 12 €O CTOPOHbLI MArHUTHBLIX MOMKICOB
16 (+N) n 17 (-S) cucremsl 15. MpagneHTHas
cuna Fg ABnAeTcA pesynbTURYLLEeR Gun
FguFg.

Ha ur.15 npedcrasneHa cxema
BO3HWKHOBEHUA  rPaguMeHTHOW cunbl F o g,
ASACTBYIOWER Ha SneKkTpuyeckdd aunone 14
KBaHTOHA 12 B HECAHOPCAHOM 3MNEeKTPUHEeCKoM
none cuctemsl snekTpogoe 18 pasHOMMEHHCH
nongapHocTn 19 (+) n 20 (-) yCTAHOBNEHHLIX NoA
YIMOM ApPYr K apyry. SQnekTpuyeckuii gunons 14
OPHEeHTUPORaH BACMNb CWNOBOM TIUHUK
HEeOJHOPOAHOIO  SMEeKTpUYecKoro nons W
MCNbITbIBAST BO3AEWCTBME CUN Fg+ 7] Fg' Ha
aneKkTpyYeckie 3apagel BHYTPW KBaHTOHa 12 co
CTOPOHLI snekTpodos 19 (+) U 20 (-) cucTeMel
18. [pagueHTHaa cuna Fe gendetcsa
pPe3yneTURYIOLLEeR ChI FQ+ nky.

EcTecTBeHHO, 4TO Ha nNpeAcTaBneHHbIX
cxemax ¢ur.14 n cur.15 KBaHTOH yBenuueH 1o
pasMepor, 4TOObI MOXHO ©biNO pas3rnafeTb
B3aUMOJEWCTBME  3apadoB  KBaHTOHA C
BHELUHAMKW MarHATHBIMM W 3NEeKTPUYECKUMIA
nonsiMi. Ha camom gene pasmepbl KBaHTOHa
OYeHb Manbl (35) W cocTarnAKT nopsgka
10w, B peantHoM Tene  KOMUYECTBO
KBAHTOHOB C4YeHb BENWKO, W  [OelcTBue
HeOJHOPOAHOrO NONsA NPUMBOAWUT K CMELLEHWIo
KBAHTOHOB B obrnacTtb HanbonesLUer
HanpsKeHHOCTW  Nong,  CcyLWecTenss
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nepepacnpefeneHne  KBaHTOBOW  MNOTHOCTK
cpedbl.
MosToMy B npegnaraemom  cnocobe

co3gaHMa  TAMM B Bakyyme  NCOMWMO
HeoBX0AMMOCTH npouaBeneHus
nepepacnpefeneHns KBaHTOBOW NNCTHOCTW
cpefbl BHyTpW paboderc Terma B HanpasneHWw,
NPOTUBOMNONOKHOM BeKTOpY  AechopmaLiu
BaKyyMHOro Mons, npefgycMaTpuBaeTcs, YTO
camo nepepacnpefeneHue KBaHTOBOM
MNOTHOGTU cpeab OCYLLECTRNAKT
OOHOBPEMEHHBIM BO3AeicTBMEM Ha pabovee
TENO HEOOHOPOOHBIX  SMNEKTPUYECKUX "
MArHWTHBIX CKpeLLMBaLLMXCA Nonen.

Ha ¢ur.16 pabodee Teno 21 HaxoauTcsa B
HEOOHOPOOHOM MarHUTHOM Mone, co3gaBacMomM
MarHUTHOW  CUCTEMOW 15 ¢ KaTyLKO®
BO30yXOeHWa 22 1 nonwcaMu 16 1 17. dopma
pabouero Tena 21 COOTBETCTBYET MATrHWTHOR
cucteme 15 C  MUHMMANEHBIM - BO3AYLLHBIM
3330poM. CUNOBEIE TMWHWM  HANPMKEHHOCTA
rPAgMeHTHOro MAarHWTHOrO Mons  MarHWTHOR
cuctemsl 15 CKOHUEHTPUpOBaHLI B obnactu
HavbonbLled HanpsKEHHOCTW, onpefenss
MarHUTHEIA NOTOK ‘g, NPOHK3bIBAIOLL WA pabovee

Teno 21 wHa nwbom yyacTke, cedeHnem S
yHacTka 1M HanpaXeHHOCTbD MarHWTHOro nond H
¥ = [p Has can>
q [0}

s

KoHueHTpauKua notoka B  obracTtu
MaKCUManeHOW HAMpsXKEeHHOCTM  MarHWTHOro
nons obycnoeneHa HeOJHOPOAHOCTLI0
MarHUTHOro nona, odbecneqnBas rpagleHTHoe
BO3JelcTBUE Ha KBAHTOHEI BHYTpWU pabodero
Tena 21. ['pagWeHTHeIe CUnMbl, BO3AeACTBYOWME
Ha KBAHTOHbI (0B03HaYeHb! TOYKamK),
HanpaeneHsl nNoO  cTpenkaMm B ofnacTb
HauWBoneLIel HaNPAKeHHOCTU MarHMTHOrO Nons
W KOHUeHTpauum noToka, obecnedveas
nepepacnpegeneHMe  KBAHTOBOA  MNOTHOGCTU
cpens BHYTpW patoderc Ttena 21. lpw sTOMm
KaHTOHBI cMmelaoTes B obnacTtb
YBENUUYMBAKOWEACH  KOHUeHTpaLK  noToka,
co3fgaesas Bektop AecdhopmMaumnM  BaKyyMHOro
nons BHyTpw pabodero Tena B HanpaBneHWM,
NPOTUBOMNONCHKHOM CMeLLlEHUK  KBaHTOHOB
(HanpaBnNeHWo, NPOTUBONOMOKHOMY
KOHLIEHTPaLMK MarHMTHOro MoToka).

Ha cour. 17 pabodee Teno 21 HaxoguTtca B
HeOHOPOOHOM SMEeKTPUYECKOM none,
CO30AaBaeMCM  CUCTEMOW  anekTponoB 18
Pa3HOUMEHHOW nonapHoctv 19 (+) u 20 (-,
YCTaHOBMEHHLIX Mog YrnoMm Apyr K Apyry c
MWHUMAanNEHBEIM - BO3AYLUHBIM  3a30poM. $opma
pabouero Tena 21 CcoOOTBETCTBYET CUCTEME
anekTpogoB 18. KpenneHune anekrtpogee 19 n 20
NPOM3BOONTCH C MNOMOLLLKD Wa3onATopa 24.
CWNoBbIE NMUHUKM HANPSKEHHOCTU MPagMeHTHOro
SMeKTPUYECcKoro Nons CUCTeMbl anekTpoace 18
CKOHUEHTpWpoRaHbl B oBnacth Hauvbonblen
HaNpPsHKEHHOCTW, OMpeaensas anekTPU-YecKUi
NOTOK ¥, NpoHKUsbiBaOWMA pabodee Teno 21 Ha

mnoBoMm  yyacTke, ceueHMeMm S yyacTka W
HanpAXeHHOCTbK SNeKTpUYeCcKoro nonda E
= IEdS C4az)
s

KoHueHTpaumsa  notoka B obnactu
MaKCUMAarnEHOR HanpaXeHHOCTH 3MeKTPUYeCcKoro
nons obycnosneHa HeOJHOPOAHOCTbI0
anekTpudeckoro  nond,  obecnedyneas
rpafueHTHOE BO3ASWCTBME HA KBAHTOHBI BHYTPU
pabouero Tena 21. T[pafWeHTHble CWbl,
BO3JEHCTRYOWME HA KBAHTOHBI (0603HA4YeHLI
TOYKaMK), HanpaeneHsl No cTpenkam B obnactb
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HauBonbLUed HanpsKeHHOCTH SNeKTpUYeckoro
nonsi W KoHUeHTpauWuu noTtoka, obecneunBas
nepepacnpegeneHne  KBAaHTOBOW  MMNOTHOCTU
cpedbl BHyTpW pabodero Tena 21. lMpyn sTom
KaHTOHbI CMelLLaoTes B obnactb
YBENUUYMBAKOLLEACH  KOHLUeHTpauuM noToka,
cosgaBas BekTop AedopMauMM  BakyyMHOro
nons BHYTpW pabouyero Terma B HanpaBneHuu,
NPCTUBONONOKHOM GMeLLEeHWo KBaHTOHOB
(HanpaBneHWo, NPOTUBOMNONOKHOMY
KOHUEHTpaUWy MarHUTHOTO MOTOoKa).

Hanee Ttpebyetca obbeAnHEHWE OSWCTBWA
rPAOUEHTHBIX  MarHWTHBIX W 3MeKTPUUSCKUX
noner Ha pabovese Teno. MNpocToe coBMELLEHWE
our.16 1 ur.17  He JactT  OXWAAEMOro
peaynbTara, MOCKOMbKY —SNekTpUyYeckue  ocK
KBAHTOHOB OpTOroHaneHbl Apyr apyry. [Nostomy
MarHWUTHoe WM aneKTpUdeckoe none B
npocTpaHcTBe HeobXOOUMO pPa3HecTW Tak, uTo
Obl X BEKTOpa HanpAXeHHOCTU TakKke Obinu Bl
OpTOroHansHE! Apyr opyry.

Ha cwur. 18 nokasaHo coBMeLleHWE
BO3AeHCTBUSA MarHUTHOMO W SNEKTPUYECKOro
noned Ha paboyee Teno 21 npu YCNoBuU
OPTOrOHANLHOCTM  BEKTOPCR  HaMPsKEHHOCTU
E IH. Onsa storo paccMoTpuMm cedeHne cur. 16 n
cour.17 n noBepHem cucTeMy anekTpofos 18 B
npoctpaHcTBe Ha 90° B wuTore nonydYaem, 4uto
MarHUTHele nortoca 16 1 17 co3nakwT MarHuTHoe
none, rnaBHbLIA BeKTOp HanpsxeHHocTw H
KOTOPOro  OPTOroHaneH [MaBHOMY — BEeKTOpY
HanpsbkeHHocTW E  snekTpudeckoro nons,
cosfgaBaemoro snektpogamu 19 n 20, obpasysa
cuUcTeMy CkpelyuBalowmxcs nonel. MNockonbky
anekTpogel 19 1 20 HaxogaTcs Mof, BbICOKUM
SMEeKTPUYEeCKUM  HanpsikeHueM, TO  OHMU
cHabxeHbl TpagMeHTHbIMK - anekTpoaamn 24,
YCTPaHAWUMK KOHLEHTPALMIO HANPSKEHHOCTH
SMEeKTPU-eCcKoro Nons Ha SNekTpodax ¢ CCTpbiMA
KPOMKaMM. Mofn, rMaBHbIMIA BEKTOPaAMMK
HanNpsKeHHOCTW Nonel MOHUMAalTCH BeKTopa,
CWIMOBAs MUHWA KOTOPLIX HanpaBneHa Mexay
noniocaMM W SNekTpofaMv no  kKpartdyanllemy
paccToaHW. BblaeneHWe rmaBHOMO BeKTopa
OOyCcrnoeneHo TeM, YTO HeopHopodHce none
XapaKTepUayeTcs CNOXHOW CeTKOW U3 CUMOBLIX
TNUHWEA, 1 BEKTOPA HANPSKEHHOCTWY MarHUTHOrO K
SMeKTPUYecKoro nonel TOYHO OpPTOroHamnbHE
TONEKO AN rMaBHbBIX BEKTOPOB.

Ho ana Toro, 4tobbl acdhdhekTrBHO paboTtan
npeanaraemblil  cnoco® cosgaHWa THAMKM B
BaKyyMe, nNepedncneHHelX AeACTBUA ¢ nonsMu
OKasblBaeTcAd HedocTaTodHo.  Heobxoaumo
obecneynts BpalleHWe noneld Taknm obpasom,
4TOObLI rMaBHLIE BEeKTOpa HanpAXeHHOCTH
MarHWTHoro " 3MEeKTPU-ECKCro nonemn
OcTaRannchb OPTOroHaneHBIMK Apyr Apyry. [Ona
sToro npegnaraetca obecneuynTb BpalleHue
camoro pabodero Tena 21 oTHOCUTENBHO ocK 23,
HanpaeneHHoOW no  BekTopy  Aedopmauuu
Do BakyymHoro nonda (cgpwr. 8, 16, 17, 18).
Mpy 9TOM BO3HMKAOT AOMOMHATENBHLIE GUMbI,
onpefenseMele  pPOTOPaMK  MarHATHOTO W
ANEKTPUYECKOrD nonemn (39) W (40),
obecneuvBalollMe ycuneHue BO3ASHCTBUSA
noned W yBenuueHWe BekTopa Ascdopmaluin
Do ucunel TArK F; (cour.16 n 17).

Mockoneky MexaHuyeckas yacToTa
BpalleHWs pabouero Tena orpaHWdeHa ero
NPCYHOCTEID, YBEMWYUTE YacToTy BpalleHUs
BEKTOPOB MarHWTHOMO W 3MeKTpUYecKoro nonew,
a COOTBETCTBEHHO ] appeKTUBHOCTb
B3aUMOeNCTBUA, Mpegnaraetca 3a  cueT
BLIMNOMHEHWS MarHMTHOA CUCTEMbl U CUCTEMEI
SMNeKTpPOOoB MHorodasHelMi (0T AByX a3 M
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Bonee), coxpaHaa OpPTOroHAanNsHOCTEL BEKTOPOB H
n E. MHorotpasHble cKCTeMbl NO3BOMAKOT
obecneynTs BpalleHue BEKTOPOB
SMNEKTPUYECKOTO WU MarHWTHOIC Noneild BHYTPW
TENa HEe3aBUCUMO OT ero MexaHW4ecKkoro

BpalleHuns.
EcTecTBeHHO, uyTto paboTtocnocoBHOCTL
npeanaragmoro cnocoba MOXeT ObiTb
obecnedeHa TOMbKO NpY Hanudnu y pabodero
Tena OLHOBPEMEHHO MarHUTHbBIX W
ON2NEKTPUYECKAX CROACTE.
B kavecTBe npumepa, peanuaylolero

npednaraemblil cnoco® cosfgaHWa THAMTKM B
BakyymMe, Ha uUr.18 npeacraBneHa cxema
YCTPOWCTBA noneBoro Jpuratens,
oGecneqmaarOLu,ero He TONMbKO co3aaHWe TArM, HO
W NOANUTKY aHeproobecrnedyeHWa 3a  cueT
KonoccansHOM 3Hepruu, W3HaYanLEHoO
AKKYMYNMPOBAHHOW B BakyymMHOM  none.
YCTpohcTBO BKMKOYAET aKkTMBaTOpPLI 25
BaKyyMHOro  nonf, KpoHWTeRHE 26 U
anekTporeHepatop 27.

HeTpyaHo nocuuTtaTh, 4TO NpM  pa3aMepax
kBaHTOHa (pur.12) nopsaaka 10 25y 3Heprd
CBA3W MeKAY MOHOMOMNEBHBIMK 3apsidamMu BHYTPK
KBaHTOHa cocraenaetr nopdgka 10 '2,D,>|<.
YUUTEIBAS KOHUEHTPaLMWK KBAHTOHOB Nopsaka
107%acTr/vM3,  nomyyaeM  SHEPrOeMKOCTb
BakyyMHoro  mons 10 °dwym® Qroro
[OCTaTOYHO NpK aKTUBM3aLWW AAHHOA 3Heprim
4TObbI NOMNY4YMUTE elle oduMH 6oNbLIOoR B3pbIB, B
peaynbTare KOTOPOro MOXeT poauTbca elle
ofoHa BceneHHas. Mo cyTw fgena, BakyymHoe
none ABMNASTCH ©AWHCTBEHHBIM MCTOUHUKOM
SHEpPrMM BO BCENEHHOR, pasnuuHbl  MUllb
cnocofbl  M3BMeYeHWus  (akTuBauuM)  3TOW
SHEPrUK: XUMUYECKWE, AAepHbIe, TepMOoaaepHLIS
1 ap.

B OaHHOM criyyae paccMmaTtpuBaeTcs cnocod
co3gaHuA  TArM B BakyymMHOM none ¢
OOHOBPEMEHHBIM  W3BMeYeHWeM M3 Hero
SMeKTPUYECKOR SHepPrK B pesyneTarte Toro, Uto
BEKTOP CWMbl TArM, CO3gaBaeMoi  paboqum
TENOM, pPacWennsioT Ha HOopManbHbIA K
TaHreHUWanbHBIA BEKTOpa, KOTOPLIA B GBCH
odepefbs  HanpaBnsAwT  Ha  co3jadHve
Bpallalowerocs MomeHTa, ofecneyuBaloWwero
MPCU3BCAGCTBO  SNEKTPUUYSCKOR SHeprin  ans
MMTaHWA GUCTEMBI.

HaaceeM cUcTeMy MarHWTHBIX "
SMeKkTpUyeckMx noned ¢ paboyuMm  Tenam
eOMHEIM TEPMUMHOM - aKTUBATOP BaKYyYMHOro
nons, WNW cokpalweHHo aktueatop 25 B
YCTPOWCTBE Ha  ¢ur.19  aktueatopel 25
pacnonoXeHel Ha KpOHWTeRHaX 26, KoTopele
YCTaHOBMEHEl Ha Bamny anekTporeHeparopa 27.
Ha ¢ur.19 He nokasaH anekTponpusofd pabodero
Tena akTuearopa 25, KoTopbIA ocyLlecTBnaeTcH
C MOMOLLBK BCTROEHHOMO MMpOMOoTOpa.

AKTMBATOPEl 25 YCTAHOBMEHBI OCBKD B
HanpaeneHWW co3gaHWa cWnel TArM F o nog
YIMOM K NNOCKOCTKM BpalleHWs KPOHLWTERHOB 26,
pactjennas cuny Tarm F . Ha HopmaneHyo Fy v
TaHreHumnansHyo F, coctasnawwme (Bug A). Mo
JeAcTBMEM TaHIeHUWanbHOR CcoCTaBNALER
F x cosgaeTca Bpawawowmnii MOMEHT, KOTOPLIA,
BO3deicTBYA Ha KPOHLUTEMHEI 26,
YCTaHOBMEHHbIE HA Bany aneKTporeHepartopa 27,
npuBoaAT BO BpalleHue poTop
anekTporeHepaTtopa 27. BripatatbiBaemas
SHeprua WAeT Ha NOANUTHIBAHWE aKkTWUBRaTOPOB
25, co3gaBas MarHUTHLIE U anekTpuYecke nong
1 BpalleHne paboyero Tena akTveaTopa.

3KenepUMeHTansHasa npoBepka
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npeanaraemoro cnocoba NOMHOGTLH
noarteepauna  ero  paboTocnocobHOCTE  Ha
npumepe paboTel noneBoro Asurarensa cour.19.
[Ons nycka nonesorc Aguratens Tpebyetcs
AOMNOMHWTENBHBIR  UCTOYHWK  3MeKTPUYecKor
SHEeprnK (anekTpuyeckas ceTk, akkyMynaTopHas
bGaTapes).

PabcTtaeT noneBod ABMratents chnegykolinum
obpasom. OT UCTOUHMKA SNEKTPUHECKOR SHEPTK
ndTaeTcn snekTporeHepatop 27 B pexume
Asuratena W axktueatop 25. [lpW packpyTke
CUCTEMBEI OO CNpefeneHHOW  KPUTUHECKOR
CKOPOCTKM B JaHHOM crniydae fo 1500 ob/mMuH
noneBor Apuratefls BXOAWT B ABUratenbHbld
pexum. Tpn  sTOM  anekTporeHeparop 27
obecnevrBaer nognuTsiBaHWe akTeaTtcpos 25
aHepried. Tara, paspuBaeMas MOMeBLIM
JBuratenseM, MpeBOCXCAWT BeC CUCTeMEbl B
uenoM W 3aBUCUT  OT  KOHCTPYKTWMBHBIX
napameTpcB NOMNEBOro ABUratens, uto AenaeT
BO3MOXHLIM ~ WCNOMb3oBaHWe nNpednarasmMoro
nonesoro  Aeuratens B KOCMWYECKMX
MeXNnaHeTHbLIX Kopa6n;|x HOBOMO NOKONeHWA.

Huxe npeacTaBneHbl pacyeTsl MNOMeBoro
Asuratensa no tare, MOLWHOCTU U SHEpPrvK.

1. 3anuem OCHOBHOE GanaHcHoe
YpaBHeHWe AnA NoneBoro Asvrarensa npu
ABHXeHWU KOCMYeCKOoro Kopa6nq B BaKyyme

Z
C

ma =n_mD 2 43>
11 Z'z2 zp
z

roe my - Macca KOCMMWYECKOro Kopabns,
Kr, mp - Macca pabodero Tena aktMeatopa, Kr;
N 2 - KONKMYECTBO aKTMBATOPOB BAKYYMHOro Mons
B MoneBoMm Apurartene, Wryk; do - Aedopmanms
BAKyyMHOrO MOMNs aKTMBATOpPOM, YacTuuy/m 4
a | - yCcKopeHWe KocMudeckoro kopabns, micZ.

2. C ydyetom (28) BhbipaavMm JdechopmaLuio
Do, BakyymHoro noma B (43) depes
SKBUBANEHTHYIO BEINUYUHY YCKOpeHus a o,
[elAcTRylolWero Ha pabodee Teno akTMeBaTopa B
pesyneTate Aedopmaund BakyyMHOro nons

mqaq=nsMoas (44)

3. Hanee w3 (44) paccuutaem napamerpsl
pafovero Tena akTMBatopa AN MONeBOro
Jpuratens  MeXnnaHeTHOro  KOGMUYECKOro

kopabna MacCOKn m 1=100T1=1 05|<r,
ABWralLlLeroca ¢ YCKOPeHWeM, paBHbIM
yckopeHuio  ceoBogHoro  nageHuvs Ha

NoBEpPXHOCTW  3emnu  aq= gi:9,8M/c2, npw
YCNOBWKW, 4TO YCKOpeHue, JelcTeylollee Ha
paboyee TENO aKTUBATOPA, AOCTUraeT 3HaAYeHWUHA
32:1000 i
M1gi=NoMoe 1000g; (45)
oTKyAa
I'I'Ill_I[i m

1
nom_ = = = 100KI <46}
P 1000y 1000
1

lNanee 3amaem wmaccy pabodero Tena
aktmeatopa mp=10 Kr W K3 (46) HaxoOum
TpebyeMoe KOMUYECTBO aKTUBATOPOB
BaKyyMHOro Nomns Ansg Nonesoro AsMrarens

m
1 100

n_ = = = 10UTYK <47
z 1000m_ 10
4. Onpegensem cuny F o gaBneHUs (TArM)
Ha OCb pa60h|ero Tena akrueartopa

F2=maap=m31000g;=1049,8=10°H (48)
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5. Onpegensem cyMmapHyw cuny F . T4ru
NoneBero ABMraTens kocMuyeckoro kopabns

Fr=naFp=10%H (49)

6. Onpepensdem Tpebyemyio sHepriio W ang
JBUXEHWM  KOCMUuecKoro  kopabna ¢
paboTallnM NoNeBsiM ABUraTenem Ha nyTm X

[NA PaBHOYCKOPEHHOTO ABMKEHUS
H:Iqu:Fx C50)
T T

o
OHeprua, Tpebyeman Ha NpoxXoxaeHUe 1 KM
MyTW  MNpPW  PaBHOYCKOPEHHOM  ABWKEHWM

KOCMKMYEeCKoro KOpa6J‘IF|

W=F x=10%10%=10° I (51)

C ppyrod cTopoHel, sHeprisa, Tpebyemas Ha
PAa3roH KOCMWMeCKoro KOpaﬁﬂH A0 CKOPOCTH vV,

onpegenaetca ero KMHeThYeckoh eHeprmeﬁ

Z
m v

1
W = (BZ)>
Z

Kak BnaHO K3 (52) KMHeTWYecKan sHeprus
KOCMUYEeCKoro  kopabns  onpefensetcs
KBaApaTUYHOK 3aBWCUMMOCTBIO OT €ro CKOpPOCTW
JBWXKEHWA B BaKyyMHOM MOMe W 3aBUCWT OT
Ha4anbHOR CKOPOCTU ABWKEHWS Vo

2 2
m_v m_v m L]
o

2 2 1
AW = = —Ay v ) = —(v_wv (v )
Z Z 2 o Z o o

(632
Ho B (53w-vy, = AV npefncraengser coboi
PA3HOCTb CKOPOCTEW, C y4eToM KOTOpoW na (53)
nony4aem
m m
1 1
AW = ——vhws—v Av (54>
2 2 o
Kak BuaHo u3 (B4) KMHeTWdeckan sHeprua
33BMCUT OT HaqanbHOW abconioTHON CKopOCTU
Vo JOBWXKEHWs  KOCMWYecKoro  Kopabns
OTHOCUTENbHO BakyymHoro nonda. [pu v ;=0
BbipaxkeHwe (54) nepexont B (52).
7. OnpegenseMm MowHocTs P nonesoro

asuratend
dH dx
= — = F — = F w (552
dat Tdt T

Kak BuoHO u3 (55) npu NocTOsHHOA Tdre
NoneBoro ABWratens ero MoLHOCTE Bo3pacTaeT
C yBEeNWYEeHWEeM CKOPOCTW B BaKyYMHOM Mone W
npw ckopocTu 30 KM/C cOCTaBUT

P=Fv=10%3410%=30 BT (56)

BruipaikeHne (56) TaKkke oTpaxaeT
0cOBeHHOCTH  B3aWMOLSWUCTBMA YKe BCero
BellecTBa  KOCMWYecKoro  Kopabnsa ¢
SHEeproeMKVM BakyyMHbIM MOMNEeM, a He TOMNbKO
paboTatollero Nnonesoro ApUraTens.

8. Bpemsa noneta oo Mapca KOCMWUYECKOro
kopabna ¢ noneebiM ABMraTeneM npu yCroBUM
ero HenpepeIBHOMO pasroHa Ha NONCBUHE NyTH K
TOPMOMEHUA Ha BTOPOW MOMOBUMHE MyTH,
COCTaBWUT:

= 151Z00c =

= az4 ¥ ZcYyrtok <57

roe x=56410° M - pauBnmxarwee
paccTosHWe oT 3emnu go Mapca.

9. MakcvmManbHas ckopocTs kopabnd Ha nyTu
K Mapcy cocTaBuT:
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t 151200
w = g.—= 9,8»— =
ma iZ2 4

= 740880Mrci740KMAC (58>

Kak BMOHO, MakcUMalnbHas CKOPOCTb
KOCMUYECKOro kopabna ¢ noneBbIM ABUraTenem
npuv nytewecteui kK Mapcy coctaBuT 740 KM/c,
4YTO HAMHOMO MeHblle CKOPOCTK CBeTa B BakKyyme
(C=300000 km/c).

Takum 00pascM, npoeedeHHble pacyeThl
NOKa3LIBAKT, YTO peanuaayusa npeanaraemoro
n3obpeTeHns No3BouT CCYLLECTBUTL
pa3paboTKy HOBOTo MNOKOMEHWS KOCMUYECKUX
kopabned ¢ noneebiMA  ABUraTenAmMM,
cNOCOGHLIMU coBepLIaTh MeXNMaHeTHbIe
nepeneTsl 3a HeCOW3MEepUMO Maroe Bpems Mo
CPaBHEHWIO C PeaKTUBHLIMKM annapatamu, Korga
cama cwuna TATW 330aeTcd  NOCTCAHHOW
BEIMYMHOW Ha  MaplpyTe MEXNIaHeTHOro
OBWXEHWA W yCTaHaBNMBAETCH W3 YCMNOBMWSA
SKBMBANEHTHOGTX CO3[aBaeMCro  YCKOPEeHWUs
PaBHOrO YCKOpEHWK cBOBOAHOrC NafeHusa Ha
NOBEPXHOCTW 3eMnn, NepuoanYeckn MeHss
HanpaBneHWe BeKTopa CUIMBl TAMM U YCKOPEHUS
Ha NPOTUMBCMNONOXKHOE U o0ecneYnBas OBUKEHVE
B PpPeKWMEe pasroHa W G Nocnedytolwum
TOPMOXeHNEM.

Hwxke paccmaTpuBalOTCa  KOHKPETHLIE
BAPWaHTLl KOHCTPYKLMKM NCneBblX ABWratenei,
peanuayloLlWx npegnaraeMeld cnocod cosgaHus
TAMM B BaKyyMe.

Mo nepeoMy BapWaHTy NOMeBOM AsuraTens
AN KOCMUYEecKoro kopadna npegHasHadeH ang
CO3JaHWA TAMM B BAKYYME C NMOMOLLBIO GUCTEMBI
HEOOHOPOOHBIX BRALLALWLMXCH SNEKTPUYEcKkUX 1
MarHWTHbeIX nonen. MNoneeol agsuratens (cur.20,
21) BrNIOYAET: KOPMyC 28, anekTporeHeparop 27
Ha Bany 29 KoToporo ycraHoeneH gduck 30,
akTveaTopbl 25, 3aKpenneHHble Ha wapHupax 31
¢ Topua pgumcka 30, cucTemy noeopota 32
akTUBaTtopoe 25, cxeMy  ynpaBneHus,
aKKyMyNATOpHYK Datapeto W npecbpascBaTens
HanpsKeHWs (He nokasaHsbl). CUcTemMa NoBOpPOTa
32 akTMBaTOPOB 25 COCTOWUT W3 BTOPOrO AUCKA
33, rmgponpuBoda 34 M yNOPHOro NoAWMnHUKa
35, Cucrtema noeopota 32 moxeT 6biTb
BbliNONHeHa nwbol Apyrod W3 W3BECTHLIX B
mexaHuke. KoHel, Bana 29 3akpenneH B kopnyce
28 YNOPHEIM NOALWNMTHUKOM 36 (MK
pPafmMansHO-yNOPRHLIM).

AxkTmBatop 25 (cbur.22, 23, 24) BakyyMHOro
nona (B ZancHeWlwem akTueaTop) BKNKYaeT:
kopnyc 37 ¢ wapHupamn 31, pabovee teno 21 ¢
Banom 38 7] nogwrnHUKamm 39,
snekTpogsuratents 40 cocToaWwmMA na potopa 41
W cratopa 42, MarHUTHywo cuctemy 43 ¢
KaTywkamn 44, cucTeMy anektpodoe 45.
Patouee Teno 21 BbINOIHEHO na
dEPPOMArHATHOrO OU3NEKTPUHECKOro
Matepuana B Buae Tena BpalleHus B chopme
YCEYEeHHOro  KOHyca, OCHOBaHME  KOTOPOIo
COOCHO COBMELLEHO c pOTOPOM 41
anexkTpogeuratena 40. CoO CTOPOHBI KOHyca
pabouero Tena 21 ¢ 3a30pOM  YCTaHOBMEHa
MarHuTHasa cuctema 43 1M cucTemMa SneKkTpodoB
45, oxBaToiBawWMe KoOHyc pabodero Tena.
Cuctema anekTpodoe 45 ycTaHoBNeHa B
kopnyce 37 Ha uaonatopax 46 ¢ HW3KOR
OTHOCUTENBbHOW  AWSNEeKTPUHECKON
npoHWyaemMocTeo  (proponnact M gp.). B
kayecTBe anekrpopsurarens 40 Ucnonb3oeaH
TMPOMOTOP € BHELLHUM LUMXTOBAHHLIM POTOPCM
41 M KOpPOTKO3aMKHYTOR  obmoTkchd 47,
HEeNOABMKHEIM LUMXTOBAHHEIM CTaTopoM 42 1
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TpexchasHoW obmoTkolh 49, nuTaemod  or
npeobpasceartens HanpsKeHUsa NOBLILLEHHOR

Jactotel. B kadectee anexktpogsurarena 40
MOXKeT BbITb MCNoNb3oBaH NWOOK Noaxoaamnii
TWUN 3NeKTpodBMraTens.

PaboTtaer noneBoW Asuratensb CNegyoLlmMm
obpasom.

OT akkyMynaTopHoiA ©Gatapen nuvTaeTcsd
anekTporeHepartop 27 B pexunMe Apuratens u
npeobpascBaTeNs HAMpPAKEHWs, KOTOpPLIA
BblAAeT TPWM TUNA HaNpsKeHWwd: Ans nuradHuis
katylwek 44 MarHWTHOW cucTeMbl 43, BLICOKOTO
HanpsKeHWs AN NTUTaHWa CUCTeMEl SNeKTPOaoB
45, 1 NepeMeHHOre Hanps)eHWa NOBbILWEHHOR
4yacToTbl ANS NWTaHUg anekTpogsuratens 40.

MarHuTHaa cuctema 43 KW cUcTemMa

ANeKTPOoAoE 44 co3gakT cucTemy
HeOHOPOOHLIX none: MarHMTHoe [
anekTpuyeckoe c OPTOroHaNEHEIM
pacnonoXeHUem rmaBHbIX BEKTOPOB
HanNPsKeHHOCT I B COOTBETCTBUM c

npeanaragmbim Ccnocobom. Cuctema
HEeOAHOPOAHLIX  NOoMel  Bo3deilcTByeT  Ha

pabouee Teno 21, obecneyunBan ero MarHATHY O
W 3NeKTpUYeckyko nonapusauuno. BosgedcTeue
BpalLatoLLMXCH MarHWTHOTO WM SMNeKTPUYEecKoro
noner ofecnedynBaseTca 3a cuyeT BpalleHUs
pabouero Tena 21. B peaynbrtare BHYTPW
pabovero Tena nponcxeanT
nepepacnpeieneHne KBaHTOBOW  MNOTHOCTM
cpedbl  BaKkyymHOrC nond W co3gaercd
HeypaBHOBeLLIeHHaA cuna TArk, nepefarwwancd
akTveartopy 25.

Ot aktmeartopa 25 cuna TArM nepegaetca
anckam 30 U 33, YCTaHOBMEHHEIM Ha Bany 29
aneKkTporeHepaTopa 27. [MoCKONsKy akTumeartop
25 ycTaHoBNEH nog YrioM OCblo eWCTBUA CWbl
TArM K NNOCKOCTHU AWUcKkoB 30 K 33, NPOMCXOauT
pacLlenneHne Cunbl TAMKM Ha TaHreHUMansHy 1
HopManeHylo. TaHreHuwaneHas cuna cosgaer
BpallawlWWA MOMEHT, OSHCTBYHLWKWA Ha AUCKKA
30 1 33. CymMUpOBaHME BpaLLaloWMX MOMEHTOR
OT AeACTBKUA CKN BCEW Pynnkbl akTBaTtopoe 25,
YCTAHOBMNESHHLIX paguansHo ¢ TOpUoB auckes 30
1 33, NPMBOOMT BO BpalleHWe guckn 30 1 33, K
COOTBETCTBEHHO Ban 29 snekrporeHeparopa 27.
[anee cuctema npuxogut B ABUratenbHbli
PENUM, B3aUMOAEACTBYH C BAKYYMHEIM NOMNEM, U
TakMm obpascM, U3BMNeKad 13 BaKyyMHOro nons
SHEPruo, KOoTopas WAOET Ha nogaep:aHus
BpalleHWa  anekTporeHeparcpa 27  And
obecneyYeHns NUTaHUA SreKTPUYECKOn cucTembl
NoneBore ABUratens U Ha cosfaHue NoneBoi
TAMM.

COOTHOLEHWEe 3Heprn, HeobxoaumbixX Ans
BpallleHWAa snekTporeHepaTtopa 27 1 co3gaHusa
NONeBOR TAMM, perynupyercs WaMeHeHWem yrna
HaKMoHa akTMBaTopoB 25 K nnockocTn gucka 30
3a CYET M3MEHEHWS PACCTOAHWUA MENAY JMCKami
30 1 33 ¢ noMoLbK rnaponpueoga 34.

daHHeldA T gsuratena  MoxeT ObiTb
npuMeHeH He  Tonmeko  Ha  HebonblnX
KOCMUHECKNX kopabnax B KayecTBe
MApPLIPYTHOrO OBWraTend, Ho MoxeT OblTb
npruMeHeH ansa nboro TpaHcnopTHOrO cpeacTea
B 3aBUCMMOCTM OT MOLWHOCTK [JBMUrarens
(aBTOMOOWMNB, TpakTop, MOPCKWEe cyha u ap.).

Mo BTOpOMY BapWaHTy MOMeBCOW ABWratenb
anga  KocMmudeckoro  kopabna  TakKe
npedHasHadYeH ong co3gaHud TArM B Bakyyme ¢
NMOMOLL B CHCTEMBI HEeOOHOPOOHLIX
BpaLlaloLLMXCH SNEKTPUHECKMX W MarHWUTHbIX
noner. CylecTBeHHOE OTNKYMe  NoneBscro
Asuratens no BTOPOMY BapwaHTy OT gsurarens
no NepBOMY BAPWaAHTY 3aKNKOHYAETCH B TOM, YTO
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no BTOPOMY BapWaHTy BpalleHWe aneKTpUu4ecKkux
W MarHuTHbIX Monen B aKThBaTope NponsBognTcA
3a cYeT MHOrodasHblX CUcTeM MUTaHWA. 3To
No3BONAET YBEMWUATE YACTOTY BpaLLeHWs Nnonei
W, Tem cambiM, YBENWYUTb SHepreTUdeckue
nokasatenu pgurarend. Kpome Toro, otnuyHa
KOMMOHOBKA AAHHOTO MONEBOro ABMraTens u ero
sHepreTuyeckoe obecrneveHke. [aHHbIA  TUN
JBuratens npejHasHadeH AnA yCTaHOBKM Ha

KPYMHBIX MeXnnaHeTHeIX Kopabnax.

[NoneBol gpuraTens (cpur.25, 26) BKIKYaLST:
kopnyc 49, konbUeBOW snekTporeHepartop 50,
aktueatopbl 51, cxemy  ynpaBneHus,
aKkKyMynaTopHylo batapelo U npeobpasosartenb
HanpsKeHWs (He nokasadsl). Kopnyc 49
NoneBoro Apurarens oAHOBPEMeHHO ABMNSeTcH
KOPMyCcoM KocMUYecKoro kopabns, Ana yeuneHus
HECTKOCTM KOTOPOro CryaT CTohKM 52.

KonbleBoi SneKTporeHeparop 50
KOHCTPYKTMBHO TaKKe YCUNWBaeT MXecTKOCTb
koprnyca 49 W BbiNOMHEH B BWAe Kombla,
YCTAHOBMNEHHOMO No NepumeTpy kopnyca 49, a
BHYTPM Kkonbua obpasyetcd  ceobofHoe
NPOCTPaHCTBO ANS pasmelleHUs obopyaosaHWa
W skuvnaxa. Konbuesol snektporeHepartop 50
COCTOWT W3 HenoABuNHoOro cratopa 53 w©
NOABUAKHOIO poTtopa 54, KonbueBor
snekrTporeHepaTop 50 BBWAYy BonbLlOro paguyca
BbIMOSMHEH NO CXEMe NUHEAHOM SNEKTPOMAaLLMHbI
CO CBEPXNPCBOAALLMMKY OOMOTKaMK U B AaHHOM
n3obpeTeHnn He paccMaTpUBaETCH KOHGTPYKLWS
camMoro snektporeHepatopa. B koprnyce 49
ycTaHoBMEH:I hga KonbLEeBbIX
snekTporeHepaTtopa 50 KU 55 MaeHTUYHBIX Opyr
APpYry, poTopbl KOTOpklX 54 KM 56 (He BuAaeH)
BpallalTcd B pasnuyHble CTOPOHbLI.  3TO
No3BOnseT YCTpaHWTh JeAcTBMe Bpallalolero
MOMEHTa Ha Kopnyc 48 kopabng M NonHOCTLH
KOMMNEeHCWpOoBaTL AeWCTBME  TMPOCKOMUYEeCKoro
MOMeHTa, Mellalolero ynpasneHuio Kopabnem
npy ero mMaHespe.

AxTmuBatopsl 51 ycTaHOBNEHEI C BHYTPEHHER
CTOpPOHLI poTopoe 54 W 56, AkTMBaTophl
cHabxXeHbl CMCTEMOR UX NMOBOPOTAa (He nokazaHa)
Ana  co3daHus  TaHreHuyWansHol  Tdru,

obecneymnBaloLLel BpalleHue poTopoB
SMEKTPOreHEPATOpPoOB B MPOTUBOMNCIONKHBIX
HanpagneHrax.

Axrueartop 51 (dur.27, 28) sakyymHoro nons
(B gancHellem akTuBaTop) BKMKYAET: KOPNyc
57, pabeouyee Teno 21 ¢ Banom 38 K
nogwunHukammn 39, anektpodeuratens 40
COCTOAWMA K3 potopa 41 mn cratopa 42,
MarHWTHyW> cucteMy 58 ¢ Kkatywkamu 59,
cucTemMy snektpogoce 60. MarHuTHasa cuctema 58
n cuctema anekTpcgoB 60  pasgeneHbl
HU30nATOPOM 61.

Pabouee Teno 21 BHINOMHEHO K3
heppOMarHUTHOTO  AUSMNEeKTPUYeCcKoro
Matepuana B BWde Tena BpalleHus B copme
YCEUEeHHOro  KOHyca, OCHOBaHWE  KOTOPCro
COOCHO COBMeLLEeHO c pPOTOPOM 41
anektpogsuratena 40. Co CTOpPOHBI KOHyca
pabouero Tena 21 ¢ 33a30pOM  YCTAHOBMEHA
MarHWTHasa cucTema 58 W cucTemMa SnekTpoaoB
80, oxBaTtblBawlWMe koHyc pabodero Tena. B
kadyecTBe anekTpodsuratens 40 ucnonb3oBaH
rMPOMOTOP C BHELUHWUM LUWXTOBAHHEIM POTOPOM
41 ¢ KOPOTKO3aMKHYTOW  obmoTkon 47,
HEeNoABMMHEIM LUWXTOBAHHEIM CTATOPOM 42 U
TpexdasHch OOMOTKOR 49, nuTtaeMor oOT
npeobpasocBaTens HanpmKeHWs MOBbILEHHOR
Jactotel. B kavectee anexktpogsurarena 40
MOXeT OblTb UCMonb3oBaH NKKOORA NooxXoaawniE
TN SNeKkTpodpuraTens.
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MarHuTHaa couctema 68  BbinonHeHa
MHOrohasHoM!, 4 B OaHHOM chnyJae
paccmatpuBaeTcs ee AByxdhasHbli BapuaHT,
BKNOMaOWKMA ABe napsl nonwces 61, 62 U 63,
64, YCTAHOBMNEHHLIX €O  CMelleHWeM B
npocTpaHeTee Ha 90° OTHOCUTENBHO  ApYr
apyra. MarHnTHoe none nonwca 61
BO30yxOaetca OOMOTKOW 65, oxBaTbiBaloWEeH
JaHHbIA nonwe, nonwca 62 - OOMOTKOW 66,
nonwca 63 - obmoTkoW 67, nomwca 64 -
obMeToW 68. OBMOTKM 65 KU 66 NepBoir napkl
nonwcoB 61 K 62 coedMHEHbI 3NEKTPUYeCKU
napannensHo M NoAKNKYeHbl K NepBoid dase
WCTOMHWKA MNepeMeHHOro ARyxdasHero Toka
dYepea WKHbl 69 1 70. OBMOTKM 67 1 68 BTCPOHA
napbl nonwcoB 63 KW 64 coedMHeHbl
SMEeKTPUYecKW napannensHo U NOAKTHYEeHBl KO
BTOPOWH daze WUCTOUHMKA nepemMeHHoro
AByxhasHOro ToKa 4epe3 WWHbl 71 WM 72
$a30BbIA COBUI Mexay asaMu HanpsKeHWA
JByXhasHOro MUCTCYHWKA MUTaHWUA CocTaBnaeT
90° [NaHHas marHUTHas cuctema obecrnedmusaet
BpalleHle BeKTopa HanpmKeHHOCT MarHMTHOrO
nons H, npoHnsbiBawLwero paboyee teno 21.

Cucrema snektpofoB 60 TakKe codepxut
ABe napbl pasHOMNOMNAPHLIX aNeKTpogoB 73, 74 K
75, 76 VyCTAHOBMNEHHLIX CO CMeleHWeM B
npoctpaHcTBe Ha 90° OTHOCMTENBHO APYr
apyra. [lepeas napa anekrpogoB 73, 74
YCTAHOBMNEHa Ha MAarHWTHBIX nonwcax 61-62
Yepes uaonaTtop 60. Ecnn obmoTkM 65 KM 66 napbl
MarHUTHbIX nonwcoB 61, 62 nodcoefUHeHbl K
nepeoi haze (WKWHbl 69, 70) NCTOYHMKA NUTaHWA,
TO snekTpoasl 73, 74 nogcoedMHeHbl KO BTOPOR
thase (WuHbl 71, 72) MCTOYHMKA NUTaHKUA. 3T
obecnevMBaeT COBUI NC Qa3e HanpsKeHWs
nUTaHKA 3MeKTPoaos 73, 74 Ha
90 ° OTHOCUMTENLHO HAMNPSKEHUA NUTAHUSA
o6MOTOK 65, 66 napel nonocos 61, 62. Bropas
napa sanekTpogo 75, 76 ycTaHoBNeHa Ha
MarHUTHbBIX nontocax 63, 64 vepes naonatop 60.
Ecnn ofbMoTkM 67 M 68 napel MarHUTHBIX
noncoB 63, 64 nogcoeanHeHs! Ko BTOpol chase
{WiHel 71, 72) KCTOMHMKA MWTAHWA, TO
anekTpodel 75, 76 noacoefMHeHbl K NepBOR
thaze (WwuHbl 69, 70) MCToYHKKA NUTaHUA. 3TO
obecneyvBaseT cABMr No haae HanpsKeHus
nurTaHua 3MeKTpoaos 75, 76 Ha
90 ° OTHOCMTENBHO HAMNPSKEHUA NUTAHKUS
obmoTok 67, 88 napbl nontocos 63, 64. B uenom
JaHHas cucTema nudTaHWMa obecnedmneasT
CO3faHWe BpPAaLLaWMXCA SMEeKTPUYECKUX U
MarHWTHEIX MNonel, BekTopa HanpaXeHHOCTW
KOTOPBIX GOBWUHYTEI OTHOCUTENEHO ARYr Apyra Ha
90° (chur.28) B COOTBETCTBMU C Npeafiaraembim
cnocobom.

Kpome TOro, marHmtHas cuctema 58
cHabxKeHa 0OOMOTKaMU BO30YKOSHKUA,
YCTaHOBMEHHLIMW  CTyMeH4YaTtc Mo BhbICOTE
MAarHUTHOA cHCTEMBI. DTO NO3BONAET YBENNYNTE
HaNPMKEHHOCTE MArHWUTHOMO NOMS Ha BeplUMHe
koHyca pabodero Tena 21 No CpaBHEHUK C
OCHOBaHWEM, U TEM CaMbIM YBENWUUTE rpagueHT
HaMNPSKEHHOCTW MArHUTHOTO MONs, yBenuyMBeas
cuny TarM nonesoro asuratens (wr.27). Mpw
paboTe Ha HWM3KMX dacToTax gJo 20 «kiy
MarHuTHas cuctema 58 moxeT ObiTb BbINOMHEHA
HaBOpHOW W3 MMCTOBOK 3NEKTPOTEXHUYECKOR
cTany. Ha Gonee BLICOKMX YacToTax MarHUTHas
cuctema 58 BbinonHAeTcs M3 dheppomarHeTiika.
CTyneH4yaToe yBenu4eHWe HanpsKeHHOCTH
MAarHUTHOrO KM SNEKTRUYECKOro NONel No BeICoTe
NC3BOMSET WCMONL30BaTh He TONbKo pabouee
Teno B chopme KoHyca, Ho U B chopMe LunuHapa,
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WNU ApYyroid KoHpurypauum.

Cuctema asnektpogoB 59 otoeneHa oT
MarHUTHOA cucteMbl 58 umaondropom 60,
BLIMOMHEHHBIM B BWAE ChMOWHOMO  KOHyca,
YCTAHOBMEHHOrO  MeXay  snektpcgamu U
nonocaMyM  MarHUTHOW cucTembl. [pu  sTOM
cucTema snekTpcaoR 59 BcTpauBaeTcs B
uaonatop 60, obecneunBas KpenneHwe
snekTpogoB. B pgaHHOM cnyuae npu nuTaHun
CcUCTEeMEI aNeKTpoaos nepemMeHHBIM
HaNpsKeHWeM sNekTpoapl MOMHOCTEK  MOMYT
ObITe BCTpoeHbl B n3onatop 60, obecnednBas
BbICOKME NOKasaTenu snekTpUdeckol NpouHOCTH
B YCMNOBMAX  BO3OEWCTBUA  CUNbHbLIX
SneKkTpudeckx noneid. [Ona  yBenudeHus
HanpsKeHWUst NUTaHWA CUCTEeMbl SMNSKTPOoAoR
BO3MOXHO npUMeHeHWe NOBLILLAKLLMX
TPaHCHPOPMAaTOPCE, YCTAHABNUBASMEIX MeXOy
nUTaLWUMA LLINHaMK [ aMeKkTpoaamMu.
YBenuueHue HanpsiKeHns Ha snekTpofax BeaeT
K YBEUYEHUIO HAaMpPsKEHHOCTHU SMeKTPUYecKoro
nonga Bo3byKgalwLwero akTueaTop, U orpaHUYeHo
SMEeKTPUYecKol NpPOYHOCTEI0  M3cnaTopa  co
BCTPOEHHLIMU B HErO 3MeKTPogaMM.

PaboTaeT nonesoi AgWraTens criefyHoLnm
obpasom.

B cucTeme 3HeproobecneveHna
npeAnaraemoro NoneBsoro ABUratens B KadecTse
CTapTOBOrO WMGTOMHUKA NUTaHWA Npeanaraetcs
ncnoneaoeate HebonbWOoK NONeBoOr ABUrartens,
paccMOTPEHHLIA NO NepBOMY BapuaHTy JaHHOro
uaobpeteHusa (cowur.20). 3anyck CcTapTOBOrO
NoneBCcro  ABuratens npou3BoguTcs  OT
HeBOoNbLUOW akkyMynATOpHOW Batapeun, a ganee
NycK OCHOBHOrO noneeBoro gpdratens (cpur.26)
NpPCU3BCONTCH yKe OT CTapTOBOIC MONEeBoro
JBuratenss Kak MepBWYHOTO  MCTOMWHWKA
BMNeKTPUYECKOro NUTaHkA onda npeobpaacearens
HanpsiKeHWs, KOTOPbIA BblAaeT TpW TMNa
HanpsKeHWH: ORYyXPazHOro HanpsKeHus
NepeMeHHOro Toka ¢O COBUIOM Mexay chazamu
90° onA nuTaHWMA OoBMOTOK 65, 66 U 67, 68
MarHUTHOW cucTembl 58, BLICOKOIO HanpsKeHus
ana  NATaHWS CcUCTeMbl  snekTpodoB 59
(anekTpogel 73, 74 1 75, 76) U nNepemeHHoro
HaNpPsHKeHWA MNOBLILEHHOW YacToTbl  ANS
niTaHWa asnektpogeuratens 40 npueoda
pabovero Tena 21 akTuBaTopa 51.

MarHutHaas cuctema 58 u©  cuctema
3MeKTPOLoB 59 Co34alT CUCTEMY BpalLak LLMXcs
HeoAHopoAHbLIX nonel. Mpy 3ToM MarHuTHCE U
SMNeKTpUYeckoe MNoMs  BpawawTcd  C

OPTOrOHamNEHLIM + PACNONOXKEHWEM  MNAaBHbLIX
BEKTOPOB HaMpsKeHHOCTM B COOTBETCTBUMM C
npeanaragmbim cnocoboM. CuvcTema
BpaLlaoLmxcs HeoOHOPOAHLIX none

BO3elcTByeT Ha pabovee Teno 21,
obecneynBasn ero MarHUTHYIO W SNeKTPUYECcKYIo
nonsapusauyuio. JononHuTensHoe BoageicTBue
BPALLAOWNXCH MArHUTHOrO N 3MeKTPUYECcKoro
noner obecneyuvBaeTca 3a cyeT BpaleHud
pabouero Tena 21 C MpvBOAOM  OT
snektpogeuratens 40. B peaynbrarte BHYTPW
pabouero Tena npoucxoauT
nepepacnpefeneHne KBaHTOBOW  MNOTHOCTK
cpedbl BakyyMHOro nong W cosgaeTcs
HeypaBHOBELLIEeHHasa cuna TArW, nepejaowanca
akTusartopy 51.

OT aKktMeatopa 51 cuna TarK nepegaertcs
poTopy 54 KonbueBOro snekTporeHepartopa 50
(cTatop 53 HenoasuKeH). [NocKoNbKY akTUBaTopR
51 ycTaHoBNeH Nog yriomM Ocb AeHCTBUA CUMbl
TAMM K NIOCKOCTM potopa 54, npoucxoout
paclienneHne cunbl TAM Ha TaHreHyWansHyo w1
HOpMarnkHylo. TaHreHuwaneHaa cuvna cospaet
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BpallaoLlwmMiA MOMEHT, ASACTBYIOWWA Ha poTop
54, CyMMWpOBaHWe BpalakwuxX MOMEHTOB OT
OeAcTBMA cun BCeW Ipynnbl akTueaTopoB 51,
YCTAHOBMNEHHBIX Ha poTope 54, npuBoauT BO
BpalleHne poTop 54 KOnNbLEBOro
anekTporeHepaTopa 50. Janee cuctema BXoaut
B ABWraTenbHbli pexuM, B3avMOeicTByS C
BaKyyMHEIM Monem 1, TakiM obpa3oM, U3Bnekas
13 BAKyyMHOIO MONA SHEPru, KoTopas WaeT Ha
nogdepaHua  BpaweHua  potopa 54
anekTporeHepartopa 90 gna obecnedveHWA
MUTaHWA SNEKTPUYECKOW CUCTEMbl MONEBOro
jpuratens U Ha CO3faHWe TMOneBo TATW.
AHanornyHelM  obpasomMm  MPOUCXoAWT  MycK
BTOPOro KOMbUEBOro snekTporeHepartopa 535,
poTop 56 KOTOpOro BpallaeTcs B HanNpaeneHuu,
MPOTMBOMONOXHOM  BpalleHWio poTtopa 54,
KOMMNEHCUpYs  Takum  ofpasoMm  AelcTBUe
Bpawawwero  MomeHtTa  Kopnyca 49 U
KOMMNEHCWpYs  AelCTBUMEe  TMPOCKOMWYECKOro
MOMEHTa Npy MaHeepe kopabns.

MaHeBp kopabng, cBA3aHHLIA C U3aMeHEeHNeM
HanpaBneHvsa ero ABMKeHus, obecnedMBaeTcs
yourneHvem unu  ocriabrneHvem cunbl  TATW
aKTMBAaTOPOB C OAHOW CTOpPOHLI, 0bpaays
NOBOPOTHBEIA MOMeHT. [ing sToro aktveaTopbl
CO8OWHEHbl B TPyNMbl. HeobxoaumMo OTMETUTEL,
4TO  [BMKEHUE MEeXNnaHeTHoro  Kopabns
PaccYATaHO C MOCTOAHHBIM  YCKOPEHWEM,
COOTBETCTBYKILLMM  YCKOPEHWK  cBOBOAHOro
nageHus Ha NoBepxXHOCTH 3emMnn. B sTom cny-ae
3KMNaK  KoCMUdeckoro Kopabna He 6ydet
WCMbITEIBATL BO3OEACTBMS HEBECOMOCTW NP
nonete, HAXOASACh B NOME, 3KBMBANEHTHOM NOM0
TArOTEHWS Ha noeepxHocTW 3emnu.  [pu
JBWXEHWMW NonoxeHue kopabnd B NpocTpaHCTBe
onpedensetca  HanpasneHWeMm BekTopa
CKOPOCTU ABWNKEHUS, HOPMANbHEIM K MNOCKOCTH
ceveHuns A-A (dur.25). [IBmeHUe ¢ NOCTOAHHBLIM
YCOKOpeHWeM CYLLEeCTBEHHO coKpallaeT Bpems
nonera.

Mpn sKcnegumuMu NonoBWMHY MyTW Kopabnb
MPOXOAUT C NOCTOAHHBIM YCKOPEHWEM, a BTOPYIO
MNONOBUMHY MYTK NPOXOOUT C TOPMOMEHWUEM, NPy
3TOM YCKOpEeHWE U TOPMOXKEHWe COOoTBeTCTBYeT
aemMHOMy (9,8 wm/c?). Bpewms skcnemiuuM Ao
Mapca Ha KOCMMWYECKOM Kopabne ¢ nonesbiM
[JBUraTeneM B pPeXUME NOCTOAHHOMO YCKOPEHWS
1 nocneaylowero TOPMOXEHUS COCTaBMT BGEMO
42 vaca, TO eCTb OKOMO [OBYX 38MHBbIX CYTOK
(67). Mpuyem sHeprud, 3agelcTBOBaHHas W3
BaKyyMHOro nons Ha yokopeHue kopabnsa,
BO3BPALIAETCA  BaKYYMHOMY  MOMK  Mpu
TopMOXeHUM kopabna, ofecnevunBas 3aKCHbI
COXpaHeHus sHeprun KW ee KpyrooGopoT B
BaKyyMHOM Mone.

WMcnonbsoBaHWe npeanoXeHHoro
TexXHW4eckoro pelleHuss cbecrneqnsaeT cosgaHue
TAMM B BaKkyyme 3a CYeT B3aWMOASHCTBMS C
BaKyyMHEIM MOMeM Kak 3SHEeProemMKoW CPenow,
UMeloWerd  aMeKkTPOMAarHUTHYIO  CTPYKTYPY, W
npedHasHaYeHo Ana peannaalnm B KOHCTRY KLU
MEKMNMNAHETHEIX KOCMWYecKuX kopalbnel HoBoro
noKkoneHus. Kpome Toro, AaHHOe TeXHM4eckoe
pelleHne HalhoeT NpUMEHEeHWE B SHEpreTrke W
TpaHCMopTe AN MPOW3BOACTBA SMEKTPUYECKONR
SHepPrn W TArK.

Cbopmyna I/I306peTeHI/IF|:

1. Cnocob coagaHua TArM B Bakyyme nytem
BO3delcTBMA Ha pabodvee Teno CUCTEMOM
BpallaloMxcs HEOAHOPOAHBIX 3MEKTPU-ECKUX 1
MarHUTHbIX CKpeLlUBatoLL X Cs nonei,
OTJ'II/IHaPOLLI,I/IPICF! TeM, 4TO 3a4akT OQHOBPEeMeHHO
aneKkTpu-eckue " MarHiTHble  CBOWCTBA
pabouemy Teny, BpaLlas KoTOpOe
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nepepacnpedensioT  KBaHTOBYIO MMCTHOGTb
cpedkl BakyyMHOro nNons BHyTpW pabodero Tena
B HanpaeneHuM MNpOoTUBOMOMNOXKHOM BEKTOpY
cunel  TAMM B pesyneTate Aedopmauum
BaKyyMHOro Nons, NpWU 3TOM BEKTOR CUNbl TAMM
pacwennsoT Ha HOpManbHbIA 7
TaHreHUManbHeIA BeKTOopa, HOpMarksHBIA BEKTOP
CUNbl HANPAaBNAKT HA CO3O0AaHWE CUIMbl TAMW, a
TaHreHUMansHsIA BEKTOpP Ha co3faHve
Bpallalowerocs MomeHTa, ofecneuyunBalolwero
NMPCU3BCACTBO  SNEKTPUUSCKOR SHEeprin Ans
nuTaHKa cucTEeMbI HEOAHOPOAHBIX
SMEKTPUYECKUX M MarHWTHBIX CKpelLWBatOLLUXCA
noner W cuCTeEMBbl MX BpalLeHWA, NPpUYeEM cUny
TAMM 330407 MOCTOAHHOW BENWYUHOK Ha
MapLUpYTe  MEXNNaHeTHOro  ABWMKEHWs W
YCTaAHABNMBAKT M3 YCMNOBWUA 2KBUBANEHTHOCTW
CO30aBaeMOro YCKOPEeHWsl, PaBHOTO YCKOPEHUID
cBO6OAHOMO NageHWs Ha NOBEpPXHOCTU 3emnu,
NepUoaNYeckn MeHsAKT HanpaBneHWe BekTopa
CUMNbI TAMM 1 YCKOPEHWA Ha NPOTUBONOMNOKHOE K
obecneynBaroT ABMKEHUE B PEXKMME Pa3roHa U ¢
nocneaywmmM TOPMOXEHNEM.

2. MNonepor gpuratenb AN KOCMUYECKOrC
kopabna, cogepKallWid Kopryc, akKyMyNaTOPHYH
OaTapelo, CcUCTeMy YNpaBNeHWs THAMOW,
MAarHUTHYK CUCTEMY W CUCTEMY Pa3HOMNONAPHBLIX
SMEeKTPoAOB, OTNMYAIOLWMIACA TeM, YTO COAEPKMUT
3neKTporeHepartop, npeobpasoBaTens
HaNPMKEHWA M aKTUBATOPLI BaKyyYMHOMO Nong,

BKIIOYaOLL e anekTpoaBWraTerns, potop,
BLIMOMHEHHBIA B BWMae paboyero Tena U3
ON3NeKTPUYECKoro " cbeppoMarHMTHoro

matepuana B OpMe YCEeYeHHOro KOHyca,
OCHOBaHWe KOTOPOrC COOCHO COBMELLEHO ¢
POTOPOM SNekTpoABUraTens, NpenMyLLeCTBEHHO
rTMPOMOTOPA, MAarHUTHYIO CUCTEMY W CUCTEeMY
pasHONONAPHLIX 3MeKTPOaCs, KoTophle
OXBaTLIBAOT C 3330pOM KOHyG pabodero Tena,
npuyemM Mnonca MarHUTHOW CUCTeMbl NMOBepHYTEI
OTHOCKTENBHO CUCTEMbI pPa3aHOUMEHHbIX
aNeKkTpeaoB Ha yron 90°, Takum  obpasom,
4TOObl BEKTOpa HanNPSKEHHOCTM MarHUTHOro U1
SMeKTpUYecKoro noned obpasoBani cUcTeMy
CKpeLLMBaLWMXCa NONer, a rpynna akTMeaTopos
coevHeHa €  OCbiD  SnekTporeHeparopa
nocpeacTBOM JWCKa ¢ ero Topua U cHabkeHa
YCTPOWCTBOM noBopoTa aKTUBaTopOB
OTHOCWTENBHO MMNOCKOCTM AWCKA CO CPEeACTBOM
WapHUPHOTO CCedMHEeHUs, npeobpasceaTtenb
TOKa aKkkyMynaTopHOW ©OaTtapen cHabmeH
PEerynaTopoM 4YacToThl TPexdasHoro UCToYHMKa
HaNPMKeEHWA 4NA NUTaHWS TMPOMOTOPOB, a
cucTema  ynpaeneHws TATOW  CoOepmuT
perynatop HanpsMeHusi MarHUTHOW CUCTEMBbI K
CUCTEeMbl PasHOMMEHHBLIX 3MeKTpPoaos.

3. MNoneBol gsuratenb AN KOCMUYECKOro
Kopabnsa, cogepxaluiA Kopnyc, ChyXallui
TaKe KOPMYyCOM KOCMUYeckoro  kopabns,
AKKYMYTNATOPRHYHO GaTapeto, cucTemy
yNpaBneHUs TArOA, MAarHUTHYH CUCTEMY W
cucTemy Pa3HOMNCMAPHBIX SMeKTpoaos,
OTNMYAIOLWNACH TEeM, UTO COOSPKWT KONbLEeBLbIe
aMeKTporeHepaTopbl, MNpeobpasoBaTtens
HanpsHKeHWst M akTUBaTOPLl BaKyyMHOMC MO,
BKMIOYAOWME  SNekTpofBMraTens W poTop,
BbINOMHEHHEIA B BWMAe paboderc Tena w3
theppoOMarHUTHOIO  LU3MeKTPUYeCcKoro
MatTepuana B opMe YCeUYEHHOro KOHyca,
OCHOBaHWE KOTOPOrO COOCHO COBMELLEHO ¢
pPOTOPOM aNeKTpoABUraTens, NpenMyLLecTBeHHO
rMpoMoTopa, MarHUTHY CUCTEMY,
BbINOMHEHHYID B BWAg MHOroha3oBol cUCTEMbI
MarHWTHEIX NOMIOCOR K CUCTEMY PasHONONAPHLIX
3MeKTPoaos, BbINONHEHHY K B BUOS
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MHOTrCCHA30BOW  CUCTEMBI  ©  OAMHAKOBLIM
KOMMYECTBOM Map MarHWTHbIX MOMIOCCB WM nap
pa3HOMNONsAPHLIX  SNeKTpodcoBR, o6pa3syoLux

CUCTEMY CMHXPOHHO BpaLLaoLIMXCs B O[HOM
HanpaBneHUW SMeKTPUUSCKUX W MarHWTHbIX
noned ¢ MNPOCTPAHCTBEHHBIM  COBUIOM  Ha
90 ° BEKTOPCB HAMPAKEHHOCTA MAarHUTHOrO W
SMNEKTPUYECKCTO  CKpelUUBaloWMXCs Nonel, W
OXBaTLIBAKLYI G 33a30pOM  KOHYG pabouero
TEna, NPy 3TOM MEXOY MarHUTHBIMK MONKcamm
M CUCTEMOM pPa3HOMONAPHLIX  SMNEeKTPOAOB

YCTaHOBMNEH WICNATOP W3 AWSNeKTpUYecKoro
mMaTepuana B opMe KoHyca, KorbUEBble
anekTpOreHepaTopsl YCTaHOBMEHL B Kopnyce
noneecrc  ABWraTens Mo NepUMeTpy €

BHYTpEHHEH CTOPOHLI Ha [BYX YPOBHSX W
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BbINOMHEHBI C HEMNOABWMXHLIMK CTatopaMn W
BpallaloLMMUCS B pa3Hble CTOPOHLI POTORAMM,
C BHYTPEHHEeld CTOPOHBI POTOPOB YCTAHOBMEHbI
AKTWMBATOPLI BAKYYMHOTO MO G HAKNOHOM OCH K
NNOCKOCTH BpalleHWs DOTOPOB, MpUYEM yron
HaKNoHa aKTMBATOROB Yy OOHOMO W3 POTOROB
NPOTMBONONOMKEH YINY HAKNOHA aKTWBATOpOB
OPYroro potopa, Npeotpasoearerb HaNpsKeHUs
cHabKeH perynaTopoM YacToThl TPexdaaHoro
HanNpsKeHWs OnA NWTaHKA TMPOMOTOROB, a
chucTemMa  YNPaBMeHWs  TAMOW  COOSPMMT
PErynATop HanpPsiKeHWs MAarHWTHOM CUCTEMBI 1
CUCTEMBI PA3HOWMMEHHBIX SNEKTPOAOB, NPK STOM
aKTUBATOPLl MO NWTAHWID Pa3duTel Ha rPYNMG
ANA perynupoBaHia Tarkm ¢ nioGoi M3 cTOpoH
KOCMMYECKOTo Kopabna Ans ocyLecTBNeHUs ero
NOBOPOTA MpK MaHespe.
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