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AHHOTAIIUA

JlaHHas CTaThs SBIAETCS TPETHEH YaCThIO HAYYHOT'O NMPOEKTa 110/ 00IMM Ha3BaHHeM «[ eoMeTpu3npoBaHHast (PU3MKA BaKy-
yMa Ha OCHOBE AJIreOpsl CUTHATYp». B mepBhIX ABYX craThsx [1,2] ucciaenoBanachk ujicaibHas (T.e. HCUCKPUBICHHAS U HE-
MOJIBIIKHAS ) JIOKaJIbHAsI 00JIaCTh BaKyyMa U OBbUIM 3aJI0’KEHBI OCHOBBI AJreOpbl CTUrHATYp. B 3T0it cTaTthe paccMOTpeHbI
BO3MO>KHOCTH OIMCAaHUS HCKPUBJICHHOTO U MOJBIDKHOTO COCTOSIHMA TOM ke 00JIaCTH BaKyyMa Ha OCHOBaHUHM MaTeMaTHde-
ckoro ammnapara AyreOpsl cUrHaTyp. PackpbIThl IPHYMHBI MHOTOCTOPOHHET'0 M MHOT'OCJIOWHOTO PaCCMOTPEHHSI BaKyyMHOU
MPOTSHKEHHOCTH M CKPYUMBAHUS BHYTPH-BAKyyMHBIX ITPOIIECCOB B CIIUpAJICBHIHBIC KIYThl. BBeneH Tenszop 4-nedopmariuii
1 KOMITOHEHTHI BEKTOpa OTHOCHUTEIHHOTO YAJIMHEHUS MPH ABYXCTOPOHHEM U 16-CTOPOHHEM PacCMOTPEHHUU HCKPHUBIICHHHA
JIOKaTbHOHM o0nacT BakyyMa. Ha OCHOBaHMM KHHEMAaTHIECKHAX MOJIEeH BBICKa3aHbI MIPEIOI0KECHUA: 00 HHEPTHBIX CBOM-
CTBaX BaKYyMHBIX CJIOCB; O BO3MOYXKHOCTH CMEIIICHISI BAKYYMHBIX CJIO€B OTHOCHTENBHO JAPYT APYyTra CO CKOPOCTHIO, 3HAYH-
TEJBHO TPEBHIIIAIONICH CKOPOCTh CBETA; O BO3MOXKHOCTH «Pa3phIBay JIOKAJTHHOH 00MacTi BakyyMa. IIpeaioxKeHHbIC KIHe-
MaTHYECKUE MOJICNN JABIKCHHUSA BAaKyyMHBIX CIO€B MOTYT IOCIYKHTh TEOPETHICCKIM OCHOBAHUEM IUTSI Pa3BUTHS «HYIIE-
BBIX» (T.€. BAKYYMHBIX) TEXHOJIOTHI.

ABSTRACT

This article is the third part of a scientific project under the general title "Geometrized vacuum physics based on the Algebra
of Signatures". In the first two papers [1,2], the ideal (i.e., non-curved and immobile) local region of vacuum was studied and
the foundations of the Algebra of Signatures were laid. This article considers the possibilities of describing the curved and
moving state of the same vacuum region on the basis of the mathematical apparatus of the Algebra of Signatures. The reasons
for the multilateral consideration of vacuum extension and twisting of intra-vacuum processes into spiral bundles are dis-
closed. The 4-strain tensor and components of the relative elongation vector are introduced for two-sided and 16-sided con-
sideration of the curvature of the local vacuum region. On the basis of kinematic models, the following assumptions were
made: about the inert properties of vacuum layers; about the possibility of displacement of vacuum layers relative to each
other at a speed significantly exceeding the speed of light; about the possibility of "rupture" of the local region of vacuum.
The proposed kinematic models of the movement of vacuum layers can be a theoretical basis for the development of "zero"
(i.e., vacuum) technologies.

KiroueBble cjioBa: BakyyM, T€OMETPU3UPOBaHHASA (DU3MKA BaKyyma, CUTHATypa, aredpa CUTHATYP.
Keywords: vacuum, geometrized vacuum physics, signature, algebra of signature.

HPEJABICTOPUA U BBEJEHUE

JlanHas paboTa sBiIsIeTCs TPEThEi N3 IMKIIa cTaTei nox o0mmM HazBaHueM «I eomerpuyeckast Gpu3uKa Bakyyma». B npesl-
JIYIIUX IBYX CTaThsX [ 1, 2] ObLIN M37105KEHBI OCHOBBI ANTeOphI CTUTHATYP B ANTeOphl CUTHATYD, TOIy9eHHBIE HA OCHOBAaHUU
HCCIIeIOBAHMS WICATBHOM (T.€. HEMCKPHUBJICHHON W HEIOIBIKHON) 00JIaCTH BaKyyMa.

B aT0ii cTaThe paccMOTpeHa BO3MOXKHOCTH PACIIMPEHUS BO3MOXHOCTEH AJITeOpbl CUTHATYP JJISl ONMHCAHUS UCKPUBICHUH
TOTO K€ Yy4acTKa BaKyyMa.
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B §1 cratpu [1] 6buT0 IOKA3aHO, UTO B pe3yNbTaTe 30HAMPOBAHUS HICAIFHOTO YYacTKa BaKyyMa JIydaMH CBETa C [UIMHOU
BOJIHBI Amn (13 monauana3zona A4 = 10™+ 10" cMm) ¢ Tpex B3aNMHO MEPIIEHANKYISIPHBIX HATIPaBICHUH, IOTYIaeTCsl CBETOBAs
KyOuueckas perierka (cMorpure puc. 1 cratbe [1]). Takas BeICBeueHHast U3 IyCTOTHI PEIIETKa C JIMHOW pedpa KyOnuecKkoi
steUKd émn ~ 100Amn (puc. 1 B [1]), Obuta Ha3zBaHa Amp-BakyymoMm (uiu 3Dm p-nasaimadTom).

Taxoke B cTarbe [1] OBIIO MOKa3aHO, YTO €CIIM aHAJIOTHYHBIM 00pa30M NPO30HIUPOBATH UCCIIEAYEMbIH y4acTOK HICalIbHOTO
BaKyyMa JIy4aMH CBETa C JPyTHMH JJIMHAMH BOJIH, TO IOJY4YUM OECKOHEYHOE KOJTMYECTBO Am,n-BaKyyMoB (T.e. 3Dm n-pererox
¢ JUTHHOU pebpa KyOuuecKoi TUeHKU émn ~ 100-Amn), BIOKEHHBIX APYT B Apyra moJo0HO MaTpemkam (puc. 1, uiu puc. 2 B
cratbe [1]).

€ men

Puc. 1: JluckpeTHblii HaGOP BIOKEHHBIX IPYT B APyra Amn-BaKyyMOB OJHOTO U TOTO K€
3-MepHOTro 06beMa MyCcTOTHI, TAE Amn > Am+1n+1 >Am+2,n+2 >Am+3n+3 ...

Kak yxxe ormewanocs B §2 crareu [1], eciin MccneryeMblii y9acTOK BaKyyMa HE HCKPHBIICH, TO BCE Amn-BaKyyMbl OymyT
TIPE/CTABIITECS B BUIE HICATBHBIX KyOHmuecknxX 3Dm n-pemmeTok, KOTopble OTIIMYAIOTCs APYT OT JIpyTra TOJIBKO AJIMHON pedpa
KyOuuecKoil stueiku emn ~ 10%Amn (puc. 1).

OpHaKo, €CIIM HCCIelyeMbIi YHacTOK BaKyyMa HCKPHUBIICH, TO BCE Amn-BaKyyMBbI OYIyT HECKOJIBKO OTJIMYATHCS APYT OT JIpyTra
B CHJIy TOTO, YTO JIy4H CBeTa (T.e. SHKOHAJBI) C Pa3HOW AJMHON BOJHBI MMEIOT Pa3HYIO TOJIIUHY (T.€. KPyroBOE CEUEHHUE
siikoHana, puc. 2, win puc. 3 B [1]), 4To NPUBOIUT K YCPEAHEHUIO HCKPUBIICHUH BaKyyMa B IIpeAeiax TOJIIMIMHBI JTyda.
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Puc. 2: BKCHepHMeHTa.HBHBIe JIAHHBIC O TOJIIIWHE J1y4a J1a3€pa B 3aBUCUMOCTH OT JJIMHBI
BOJIHBI A COOTBETCTBYIOLIECTO MOHOXPOMATUYECKOTO U3ITYUCHUS

B sToMm cityuae kaxpiit Amn-BakyyM (T.e. cBeToBOI 3Dmp-nanamadT) Oyaer yHUKanbHBIM. TO €CTh, KaKABIH Amn-BaKyyM —
3TO TOJILKO OJIH 3-MEpHBIH «Cpe3» UCKPUBJIEHHOH 00acTy BakyyMa. Jljist OJIHOro onMcaHusl HICKPUBIICHHOTO Y4acTKa Ba-
KyyMa HeoO0X0IMMO UMETh OECKOHEUHBIH Ha0Op UCKPUBICHHBIX Amn-BaKyyMOB, BIIOKEHHBIX JPYT B Ipyra (CMOTpHUTE pHC. 3
niu puc. 4 B [1]).



Puc. 3: UnmrocTpanst HCKPUBIICHHOTO Am n-BaKyyMa, BIIOYKEHHOT'O B
WCKPUBIICHHBIN Afd-BakyyMm (rae Agd >Amn)

Takum 00pa3oM, JTOKaIbHBIH 00beM HCKPUBICHHOIO y4acTKa BaKyyMa — 3T0 O€CKOHEUHO CIIOXKHAs CUCTEMa, COCTOSIIas U3
0OECKOHEYHOI'0 KOJIMUECTBA BIIOKECHHBIX JAPYT B Ipyra Amn-BaKyyMOB.

Curtyanusi, 0JIHAKO, YIPOIIAETCs TEM, YTO BO BCEM U3yUCHHOM JUana3oHe JJIHH 3JIEKTPOMArHUTHBIX BOJH BCE Amn-BaKyyMbI
MOTYHUHSAIOTCS. OTHUM M TeM K€ (PU3HMUCCKUM U FCOMETPUUECKUM 3aKoHaM. [103TOMy MeToIuKa OTMHMCAHKS OJTHOTO MCKPHUB-
JICHHOTO y4acTKa Ak r-BaKyyMa aBTOMaTHUCCKH PACIPOCTPAHSIETCS HA BCE OCTAIBHBIC Amn-BaKyyMBI.

Hiwoke pa3BuBaeTcsi MaTeMaTH4ecKHii annapar AJareOpbl CTUTHATYD, TPeAHA3HAYSHHBIHN JIsl HCCIIeIOBAHHS JIOKAIBLHOTO 00b-
€Ma TOJIBKO OJTHOTO MCKPUBJIEHHOTO Amn-BakyyMa. OIHAKO 3TOT MaTeMaTHYECKHUil anmapaT MPUro/ieH JUIsl HCCIISIOBAHMS He
TOJIBKO BCEX Amn-BaKyyMOB, HO ¥ JIIOOBIX IPYruX Ae(OPMHUPOBAHHBIX CIUIOUIHBIX CPEJl, B KOTOPBIX BOJHOBBIC BO3MYILCHUS
PacIpOCTPAHSIOTCS ¢ IOCTOSIHHOW CKOPOCTBIO.

MATEPHAJIBI U METO/]
1 UckpuBJIeHHBIH Y4ACTOK Amn-BaKyyma

PaccMoTpnM MCKpHUBIICHHBIN ydacTOK BakyyMa. Ecin [utmHa BOHBI Am:n MPOOHBIX MOHOXPOMATHYECKHUX Jy4el CBeTa 3HAUH-
TENbHO MEHBIIE PA3MEPOB HEPOBHOCTEH BaKyyMa, TO HA 3TOM y4acTKe KyOudeckas syeiika Amn-Bakyyma (T.e. KyOHdeckas
stueiika 3D p-nanamadra, orpaHUYeHHAS STUMH JiydaMu) OyaeT uckpusieHa (puc. 4a).
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Puc. 4: a) UckpuBnénnas KyOmueckas siaeiika Amn-BakyyMa,
6) OuH U3 YTIIOB UCKPUBIICHHOH KyOH4YeCKOH T9eKu Amn-BaKyyMa



PaccMmoTpuM ofHY M3 BOCEMH BEPIIIMH HCKPUBIEHHOTO Ky0a Amn-BakyyMa (puc. 4a). 3aMeHIM UCKa)keHHBIE pedpa, BBIXOs-
1€ U3 JaHHOW BEPITMHbI, HCKAKEHHBIMU OCAMH KPUBOMMHEHHOH cucTeMbl koopaunaT X'0@, X1, x'2@) x3@ (puc. 46). Te
e pebpa MCXOIHOTO, HIeanbHOTO Ky6a 0603HaUMM MCeBI0AeKapTOBOil cucTeMoit koopaunaT X2, x1@), x2(@) x3(@),

B paiioHe BepIIMHBI paccMaTpUBaeMoro yria (puc. 46), ero HCKaXeHHsl MOKHO Pa3loKUTh Ha JIBE cOCTaBJsiomue: 1) u3me-
HEHHMe JUIMH (CKaThe WK pacmupenue) oceit X'0@, x'1@) x'2@ x3'@ ppy coxpaHeHUM MPSIMBIX yIJIOB MEKILY STHMH OCSMM;
2) OTKJIOHEHHS YTIOB MekIy ocamu X'0@, x4 x'2@ '3 ot mpsmprx yrnos (1.e. 90°) TIpy COXpPaHEHWH UX JUTHH.

PaCCMOTpI/IM JaHHBIC UCKAXKXCHHUS 110 OTACIIBHOCTH.

1) IlycTs BO3MIE BEPIIMHEI IIPH UCKPUBIEHUM H3MEHUINCH TOIBKO JAMHHBI oceit X%, x'1@), x'2@ x3'(@) torna 3t ocu MOKHO
BBIPA3UTh YEPE3 OCH UCXOHOTO HieanbHoro kyda X0@, x1@), x2@ x3(@ ¢ omoub0 COOTBETCTBYIOMMX MPeoOpa3oBaHuil Ko-
opauHar [3]:

X100 = 0 @X0@ + 03 DXL + @2 + @3
XL@ = 0@ + 5@ + D2 4 @3 Q@
X'20) = @@ + 1 DXL + @2 4 @3,
X3 = a0 @X0@ 4 g @DXUD + a2 + graalay3@

rae 0@ =dx"@/dxI® 2)
— sikoOMaH peoOpa30BaHMs, WM KOMIIOHEHTHI TEH30pa YAJHMHEHHUH.

2) [TycTh Tenephb BO3JIe BEPUIMHBI MCKaKEHHUS CBA3aHBI TOJIBKO C M3MEHEHHEM YIIIOB MEKLY OCSIMH CHCTeMbI KoopauHat X' %@,
XU x12@) 3@ a nruHEl 5THX Oceif OCTAIOTCA HEM3MEHHBIME. B 3TOM cllydae JOCTATOYHO PACCMOTPETh TONBKO H3MEHEHHE
YIII0B MeXTy 6a3ucHEIMU BekTopamu €@, '1®, ¢',@, /3@ yckaxeHHoH cHCTeMBI OTCUETA.

U3 BEKTOPHOTO aHANHM3a H3BECTHO, UTO GA3HMCHBIE BEKTOPA HCKakeHHOro 4-6azuca /0@, e'1®, e',@, e'3® moryT GBI BBIpa-
’KEHEI uepe3 HCXo HbIe 6asucHbe BekTopa €@, 8:®, @, e3® oproronansHoro 4-6a3mca mocpeacTBOM CETYIOMIEH CHCTEMEI
JMHEHHBIX ypaBHeHHid [3]:

+501(a
+511(a
+521(a
+ﬁ31(a

£o® = 0@ gy@
e/1® = f10@ gy
e,@ = 200 gy
¢/3@ = 300 g,

£1@ + 02 g,@ 1 03@) g, @):
£1@ + 4120 g, (@) 4 §13(@) g, (@); 3)
£1@ + 4720 g, (@) 4 §23(@) g @);
£1@ + 32 g,(@) 4 §03(@) g (@),

rae S pm(@) = (e’p(a) -em®) = cos (e’p(a) "em®) 4)
— HalIPpaBJIAIOIIHUC KOCUHYCBI.

Cucremsl ypaBHeHU (1) u (3) MOTYT OBITH IPECTABICHEI B KOMIIAKTHOM BHJIE:

X1 8 = g @ i) 5)
&', = g g @) (6)

31IECh U JIaJiee UCTIONB3YETCS «IIPABIIIO CYMMHUPOBAHHS DWHIITEHHAY.

st npuMepa, 3anuimeM BekTop (48) B [1]

ds’M = e 4dx 1D, (7
B HCKa)KeHHOM 4-06a3uce, ¢ yueToM BeIpaxkeHH# (5) u (6), BekTop (7) MOXKHO TIPEJICTABUTH B BHJIC

ds’ @ = g o) g (g DR, ®)



HckaxkeHns1 OCTANBHBIX 7 TPEXIPAHHBIX YIJIOB HCKPUBICHHOTO Ky0a Amn-Bakyyma (puc. 4) (T.e. OATHagUATH OCTABLINXCS
4-6a3¥COB, MOKA3aHHBIX PHC. 5, WK puc. 7 B [1]), ONMMUCHIBAIOTCS aHAIOTHIHBIM 00pa3oM.

% ok
B At

Puc. 5: lectHaauats 4-0a3uCoB, CBA3aHHBIX C BOCEMBIO YTIaMH Ky0a Amn-Bakyyma (moBTopeHue puc. 7 B [1])
Takum 00pa3oM, Bce mecTHaaAnaTh 4-6a3ucoB (CMOTPHUTE PHC. 5), CBA3AHHBIX ¢ HCKOKCHHBIMU TPEXIPaHHBIMU yIlIaMu Ky0Oa
Ampn-BakyyMma (puc. 4), MOTYT OBITh IIPEICTAaBICHEI BEKTOPAMHU
ds’@ = P g (@ g @ixi@), )
rnea=1.2,...,16.
2 WckpuBJjieHHbIE MeTPpUUYECKHE 4-TIPOCTPAHCTBA
Paccmotpum jBa BekTopa (48) u (49) B [1], 3a1aHHbIX B 5-M U 7-M HCKPUBIEHHBIX a(HUHHBIX MIPOCTPAHCTBAX
ds’®= A6, 6)y O, (10)
ds’ (M= grme, (N (Mdx!, (11)
Haiinem ckaisipHOe POM3BEICHUE ITHX BEKTOPOB
ds /792 = ds*(Mds ) = e, (M MG )5, Gixidnd = ¢ 7Ddxidx (12)

e cii9= frme, oy pnOe, gy ©) (13)
— KOMIIOHEHTBI METPHUYECKOTO TeH30pa (7,5)-To METpUIeCKOro 4-TIPOCTPaHCTBRA.

Takum 00paszom, mosydeHa Metpuka (7,5)-ro MeTpHIecKOro 4-mpoCcTpaHCTBa
ds /(7902 = ¢;i(7 elxiclx] (14)

¢ currarypo#t (53) B [1] (+ + + —) ¥ METPHUUECKUM TEH30POM



C(7'5) C(7'5) C(7'5) C(7'5)

00 10 20 30
(7,5) (7,5) (7,5) (7,5)
(7.5 _ | o1 €11 €21 C31 (15)
Si "= os s 75 (75 |
\Coz C12 C22 C3; /
75 (75 _(7,5) (7.5
Co3 €13 C23 C33

AHaJNOTUYHO, CKaJSIPHOE TIOMAPHOE MPOU3BEICHIE ABYX JHOOBIX U3 16-u BekTopos (9)

ds’@= prm@e, (@ g @dxi, (16)
ds’®) = ginblg 05, Ol 17)

MPUBOAMT K (POPMHUPOBAHHUIO aTiaca, COCTOSLIEero u3 16 X 16 = 256 BCeBO3MOKHBIX UCKPUBIICHHBIX 4-JTHCTOB (T.€. METPH-
YeCKHUX 4-TIPOCTPAHCTB) C METPUKAMU

ds 7@ D)2 = ;@ Dy, (18)

roe a=1,23,...,16; b=1,273,...,16, ¢ coorBeTcTBYIOIUMH curHatypamu (11) B [2] U MeTpUUYECKUMH TEH30paMU

(a,b) (a,b) (a,b) C(a,b)
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C c [ C
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\Coz C12 C22 C3; /
(a,b) (a,b) (a,b) (a,b)
Co3 C13 C23 C33

e i@ D= g, @ (@bl ) ®) (20)
— KOMIIOHCHTBI MCTPUYCCKOI'0 TCH30pa (a,b)'FO HNCKPHUBJICHHOTO MCTPHUICCKOTO 4'HpOCTpaHCTBa.

3 IepBrlii 3Tan KOMNAKTH(GUKAIMH MUCKPHBJIEHHBIX M3MepeHMit
[Tomo6HO TOMy, Kak 3TO ObLIO caenano B §3 B [2], HA mepBOM dTare KOMIAKTU(GUKAINS JOMOJHUTENLHBIX HCKPUBIICHHBIX
MaTeMaTHYeCKUX M3MEepeHH B Airedpe CUTHATYp BBINOJIHACTCS YCPETHEHNE METPUIECKUX 4-TIPOCTPAHCTB C OJHON U TOH

’K€ CUTHATYypOil.

Hanpumep, 1J1st METPUK € CUTHATYPOH (— + — +) IMeeM CIIeqyIOIHH yCPEAHSHHBIH METPHYECKIIA TEH30p

(142)  (142) (142) (14.22)
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rze P cooTBEeTCTBYeT 14-if curaatype (— + — +), COTIACHO CIEAYIONIeH YCIOBHOW HyMepaIliy CUTHATYP:

+H+++H) +H++-) ++-)° F+-DF

. —=—=4)? (=+++H)° (—-+D° (—+-H™

sign(c®) = ¢ 7 )° 0 ) )
(+==+° =) F-= -+
(m=+2) (F=+2) (m+=)2 (-——o)

JlanHas MaTpuna c MpoHyMepOBaHHBIMH CUTHATYPaMU COOTBETCTBYET MaTpuile curaatyp (32) B [2].

B pesynpraTe BeImoHEHUS oneparuy (2 1) moxydaercst ycpeZHeHHas METpUKa

I = Gjj i -1 - - .
<dst*-"2> = ¢;dxidxi, ¢ curnatypoit (- + — +) (23)

AHanoruvHo, B pe3ynbrare yepeaaerus tuma (21) — (23) u3 256 metpuk (18) HCKPHBICHHBIX METPUUECKUX 4-TIPOCTPAHCTB
MOJKHO HOJTy4HTh 256 : 16 = 16 ycpeJHEHHBIX METPUK C 16-10 BO3MOXXHBIMH CUTHATYpaMHU

<dst—92>  <dst 92> <dst-M2> <dstt - 12> (24)
<dst %> <dst*tI2> <dsCroI> <dst - I
<dsCFH2> <dst)2> <dst 02> <ds >

<ds(++7+)2> <ds(77++)2> <ds(+7++)2> <ds(7+ 7+)2>'

TZIE < > - O3HAYAET YCPEAHCHHUE.
Ecnu annutuBHOE Hallo)keHUe (MM YCPEIHEHUE) BCeX 9THX 16-TH yCpeJHSHHBIX METPHK (24) IpUPaBHATH HYIIO

ds = éZ;ilcg.’)dx"dxf =% [cs)dx"dxf + cg)dx"dxf + cg)dx"dxf + cg)dx"dxf + (25)
+ cS)dxidxf + cgf)dxidxf + cg)dxidxf + cgf)dx"dxf +
+ cg?)dxidxj + cgo)dxidxj + cgl)dx"dxj + cgz)dx"dxj +
+ cs3)dx"dxj + c§}4)dxidxj + cgs)dx"dxj + cg}é)dxidxj] =0,

TO JAHHOE BBIPAXKEHHE MOYKHO UCIIOIB30BAaTh VIS B CPEIHEM IIOCKOTO Amn-BakyyMma. BmecTe ¢ TeM, OHO SBJISETCS YCIIOBUEM
coONFONIeHUST Ampn-BaKyyMHOTO OalaHca.

Hanomuum, umo «ycnogue saxyymnozo baianca» o6uiio cpopmynupogano 6o Beedenuu cmamvu [1], u amo 6azosoe ymeep-
JHCOeHUe 0 MOM, Ymo, 8 YACMHOCMU, KaKue Dbl 8bINYKI0-80ZHYMble UCKPUBTeHUS ((ryKmyayuu) He npoucxoounu ovl ¢ no-
KAIbHBLM YUACTIKOM Amn-6AKYYMA, 8 CPeOHeM NO 6cell OAHHOU 00IACmU OHU PAGHbI HYIO.

B sToM citydae Bce 16 X 16 = 256 KOMIIOHEHTOB 16-TH yCpeIHEHHBIX METPUUECKUX TeH30pOB CifP) MOTYT GBITH CIydaiHBIMU
¢byHKIaMu BpeMeHnu. Ho, coritacHO YCIIOBHIO Amn-BaKyyMHOTO OanaHca, 3TH METPUKO-IMHAMUYECKUE (IIyKTyaIly JOJKHEI
TaK MepeJIMBaThCS APYT B APyTa, 4TOOBI CyMMapHast MeTprKa (25) B cpe/iHeM OCTaBaIach PaBHOM HYITIO.

Ha ocHoBaHNM cyMMapHOii MeTpukH (25) MOXKeT ObITh pa3BUTa Amn-BaKyyMHasi TEPMOJHMHAMMKA, PACCMATPUBAIOIIAsT CIIOXK-
HeHIIue, OKOIO-HYJIEBBIE «IIEPETUBAHUS) TOKATBHBIX Amn-BaKyyMHBIX HCKPUBICHUH. MOTYT OBITH BBEJICHBI ITPECTABICHAS
0 Am:n-BaKyyMHOW 3HTPOIIHH W TeMIepaType (CyTh XaOTHYHOCTH W WHTEHCUBHOCTH JIOKAIBHBIX Amn-BaKyyMHBIX (IIyKTya-
1Hii). MOXHO TOBOPUTH 00 «OXJIAXKICHUN» Amn-BaKyyMa J0 «3aMOPaKHUBAHHSI», O €r0 «IIOJOTPEBE» JI0 «HCIIAPEHUS» U O
MHOTHX ApYTHX 3((}eKTax, CX0KUX C MPOIEcCaMy, MPOTEKAIOIIUMI B aTOMUCTHIECKHX CIUIOIIHBIX Cpeiax.

Oc00eHHOCTH Am,n-BaKyyMHOW TEPMOJMHAMUKH CBS3aHbI C MPOLECCAMH, KOIJa IPAJMEHTHl Amn-BAKYYMHBIX (IIyKTyaluii
npubmmkaroTes Kk ckopoctu cseta (deijP/dXa ~ ¢) umn x mymo (dcij®/dxa ~ 0). eTanbHoe paccMOTpeHHe Ampn-BaKyyMHOM
TEPMOJUHAMHUKNA U TOPCHOHHBIX noJien BBIXOOUT 3a paMKH HaCTOﬂmeﬁ CTaTbH. O}IHaKO, HEKOTOPBIE ACHEKThlI JaHHOTO
HaIpaBIICHHUsI UCCIIeIOBaHUT paccMoTpenst B [3,4,5].



4 Bropoii 37Tan KOMOAKTH(PUKAIMH UCKPHBJIEHHBIX MaTeMaTHYeCKUX U3MepeHui

ITomo6HO TOMY, Kak 3T0 ObLIO cenano B §7.2 B [2], BoipaxeHue (25) MOXKHO CBECTH K IBYM CIIaracMbIM
1 - _1 CD) i 7] () iy ) —
E((ds(ﬂz) +(ds?)) = 5((91'1' Ydxtdx) + (g;; Ydxidx)) = 0, (26)

e <gi(;r)>dxidxj = <gi(;r"_)>dxidxf = % 71 cg’)dx"dxf, ¢ curHatypoii (+ — —-) (27)

— KBaJIpaTU4Has (popma, SBISIOIIASCS PE3yIbTATOM YCPEIHCHHUSI CEMU METPUK M3 CIUCKa (24) ¢ cUrHATYpaMH, BXOIAIIMH
B YHCIUTENb JICBOTO pamxkupa (43) B [2] win (29);

(gi(j_))dxidxf = (gi(j_H”)dxidxf = %Z}{ig cg?)dxidxj, C CHTHATYpOii (— + + +) (28)

— KBajipaTudHast GopMa, ABJIAIOIIANACS PE3YIBTATOM YCPEIHEHHS CEMH YCPEAHEHHBIX METPHK U3 crMCKa (24) ¢ CHTHATYpaMH,
BXOJISIIAMHE B YHUCIUTENb MPAaBoro pamxupa (43) B [2] wiu (29).

(29)
++++) + ----) =0
--4 + (+++-) =
+--4) + (++-) =
-+-) + (++-4+4) =
++--) + (--++) =
+--) + (+-++) =
-+ + ((+-4+ =
+---)9 + (-+++) =0.

Takum 00pa3oM, U3 Bceil COBOKYITHOCTH Amn-BaKyyMHBIX (DIIYKTYaI[Hii MOYKHO BBIJCIUTH [[BE YCPEIHEHHBIC CTOPOHBI:
1) ycpeHEHHYIO0 «BHEIIHIOKY CTOPOHY 23-Amn-BakyyMa (uimu cybkonm, cMotpute §2.7 B [2]) ¢ yeperHeHHO#H MeTpUKOi

(dsE==7)2) = (ds?) = (gi(;))dxidxf , C CHTHATYpOif (+ — ——), (30)

e (gi(;'))dxidxf = (gi(;’_"))dxidxj = % - cg.))dxidxj, (31)

(D] (€] (€] Gl
Yoo© Y9100 Y9200 Y30

(D] (€] (€] Gl
& _ 191 911" Y217 I

MECh Gij =1 0 ® o ® D (32)
902 Y912° 922" Y9

(D] (€] (D] Gl
903" Y13~ Y237 Y33

- KOMITOHEHTBI METPUYECKOTO TEH30pa cybronma (T.€. «BHELIHEHW» CTOPOHBI 2%-Am n-BaKyyma).

2) yCpeIHEHHYIO «BHYTPEHHIOI» CTOPOHY 23-Ann-BakyyMma (wid anmucybxoum, cmotpute §2.7 B [2]) ¢ ycpeqHEHHOI MeT-
pUKOH

(dsH*H)2) = (ds()?) = (gi(j_))dxidxj, C CHTHATYpOii (— + + +), (33)

e (gi(j_))dx"dxj = (gi(]-_+++))dxidxj = %Z}Iig cg?)dxidxj, (34)



=) ) ) )
/ 9oo© Y100 Y9200 Y30 \
(G ) ) )
=) _ 1901 911 Y21 Y31 |
Mk g = o o o O (35)
9o2" 9120 Y9220 Y3

=) ) ) )
9oz~ Y13~ Y237 Y33
- KOMIIOHEHTHI METPUYECKOT0 TEH30Pa aHTHCYOKOHTA (T.€. «BHYTPEHHE» cTOPOHBI 23-Am n-BaKyyMa).

Hanomnum, umo 08yxcmoponss Mooenb Amn-6aKyyma, mo ecmv pe3yabmam yCpeOHenus CIONCHbIX MEMPUKO-OUHAMULECKUX
pryxmyayuii Amn-6aKyyma 00 08yXCmMopoHHe20 YposHs paccmompenus, nazéana 6 §2.7 6 [2] «23-Amn-6aKyymomy, m.x. €
9MOM Cryuae 6 pamrax paccmompenus ocmaemes moavko 4 + 4 = 8 = 23 yamemamuueckux usmepenuil.

JL7ist COKpAaIlleHHs 3aMUCeil 3HAKH YCPEeTHEHHs < > KOMIIOHEHT MeTpruueckux TeH30poB (32) u (35) omyrieHsl.

Emie pa3 otmertim, 4to B [1] hopmanbHO ObUTH BBEICHBI JBa TIOHATHUS:

- cybronm (T.e. CYOCMAanyUOHANbHbIIL KOHMUKYYM WK BHEIIHAS cTopoHa 23-Ann-BakyyMa ¢ ycpeaneHHoil Metpukoii (30) u
C CHTHATYpoO# (+ — — —) mpocTpancTBa MUHKOBCKOTO);

- anmucybrxonm (T.e. aHMUCYOCMAHYUOHATbHBIL KOHMUNYYM WIN BHYTPEHHAS CTOpoHa 23- A n-BaKyyMa ¢ yCpeHEHHON MeT-
pukoii (33) u ¢ curHatypoii (— + + +) anTHIpocTpancTBa MUHKOBCKOTO).

BBIMBIIIIICHHBIC TOHATHS CYOKOHM W GHMUCYOKOHM BBEIECHBI I YIPOLICHUS U 00IErYeHNs HallleTo BOCIPHUSTHS CIOKHEH-
IIAX BHYTPH-BAaKyyMHBIX ITPOIIECCOB.

Takum 00pazoM, U3 CIIOKHO (PIYKTyHPYIOMETO Amn-8akyyma (pHC. 6) MBI 32 CUET YHPOIIEHHUS W YCPEIHEHHUS BBIICIHAIH
TOJILKO OJIUH YCPEIHEHHBIH 23-Amn-BaKyyM C JIByMs B3aMMHO MPOTHBOTIOJIOKHBIMU 4-MEPHBIMU CTOPOHAMM: CYOKOHMOM W
anmucyoxorwmom (puc. 7).

Puc. 6: ®dpakTanbHas WLTIOCTPANS CIOKHEHIINX BHYTPH-BaKyyMHBIX IIPOIECCOB



Ha puc. 7 ycI0BHO MOKA3aH YCPEAHEHHBIH y4acTOK ABYXCTOPOHHEro 23-Amn-BakyyMa, eneuunss CTOPOHA KOToporo (cy6-
KoHM) OTIACHIBAETCS yepenHeHHoi MeTpukoii {dsF~~72) (30), a BHyTpeHHss cTOpOHA (aHmuUCyGKOHM) OTHCHIBAETCS YCPE/l-

HeHHo# Metpukoii (ds(~FTH)2) (33).

4-mepHasi 6HympenHsist CmopoHa
23-Jmn-BakyyMa (aHTHCYOKOHT) ¢ METPUKOM
(dsC++H2y = (gi(j—))dxidxj
¢ cuenamypoii (— + + +)

4-mepras enewnss cmopoHa
23-Amn-Bakyyma (cy6Kxomnm) ¢ METPHKO#
(dst™—=)2) = (gi(;)) dxidx’

¢ cuenamypoii (+ ——-)

Puc. 7: YnpouieHHas WILTIOCTPAIMS IByXCTOPOHHETO ydacTka 23-Am:n-BaKyyMa, eHewnsAs CTOPOHA KOTOPOTO (CYOKOHNL) OTIHCHIBAETCS
yepennennoi merpukoii (ds*~~7)2) (30) c curnaTypol (+ - - —), a ero euympenHss CTOPOHA (anmucyOKoHM) OIHCHIBACTCS METPH-

koii (ds**%)2) (33) ¢ npoTuBonONOKHOI CHrHATYPOIL (- + + +), IpH & — 0

IlosicHUM Ba)KHOCTH KaK MHUHUMYM JIBYXCTOPOHHEI'O paCCMOTPCHU Ha IIPOCTOM INpUMEPC. Bosemem muct 6yMaFI/I H 1300-
Ppa3uM Ha ABYX €ro CTOpoHax OAMHAKOBBIC 110 JJIMHE JIMHUN (OTpC3KI/I) B OTHOM M TOM K€ MECCTC (pI/IC 8 0,6)

jr__ {++} ;—P {+}

A"

a) 0) c)
Buewmnss cmopona aucma Buympennss cmopona aucma
co cmuenamypou {+ +} co cmuenamypoti {— +}

Puc. 8: /IBe cTOpoHBI 0AHOTO JIMCTa OyMaru

Cucmemvr omcuema XY unu X'Y' na 08yx npomugononodicHuix CIMopoHax aucma oymazu umeiom pasivle CIMusHamypbl, co-
omgemcmeenno {+ +} u {+ —}. Umobwi 5mo nonams, 603omume aucm dymazu, u Havepmume Ha Hem cucmemy omcuema XY
(xax na puc. 8a). 3amem nepesepnume IUCm, Ha OOPAMHOU €20 CIMOPOHE 8 MOM JiCe CAMOM Mecme, MOYHO MAK dHce U300pa-
sume cucmemy omcyema X'V'. Ecnu cpaenume smu cucmemvl omcuema, mo oonapysicume ymo ocu X u X' nanpaeienvl 6

PAa3snvle CMOPOHbL, NOIMOMY UX CMUSHANY Dbl OMAUUAIONMCAL.
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Ecmu manHbIi mucT OyMaru He M30THYT, TO CHCTEMBI OTCUETa CO CTUTHATypaMu {+ +} u {+ —} paBHOIpaBHEI, T.c. T00as U3
HHUX MOJET 33/1aTh KOOPMHATHI HAUYepUYEHHBIX JIMHUH.

OnHako, ey AaHHBIN JTUCT U30THYTH (pHC. 8¢), TO TMHUSA Ha BHEIIHEH CTOPOHE TucTa (pUC. 8a) HE3HAUNTEIBHO PACIIHPUTCS,
a JINHUSI HAa BHYTPEHHEH CTOPOHE JucTa (puc. 86) MPaKTHYECKH HACTOIBKO XKe COXMETCs. J|pyTHMH CIIOBaMH, PAaCLINPEHUE
OJIHOM JINHUHM HEMHUHYEMO IPUBOJUT K CXKATUIO APYTOM IMHUM, HAUEPYCHHONW Ha NMPOTHBOIIOIOXKHON CTOPOHE JIUCTA.

ITosToMy HEM30€KHO KaK MHHUMYM JBYXCTOPOHHEE PACCMOTPEHHE IIPOILecca HCKPHUBIECHUS JHCTa Oymaru. B mporuBHOM
Cily4yae, OTHOCTOPOHHE PacCMOTPEHHE MPHUBEET HE TOIBKO K IMoTepe nH(opManuu 06 ncciaeayeMoM npouecce, Ho ¥ B HEKO-
TOPBIX CIy4asX K MapaJOKCaIbHBIM U OIINOOYHBIM BbIBOJaM. Kpome Toro, IByXCTOPOHHHH IOAXO/ Cpa3y yUHTBIBACT yCIIO-
BHE BaKyyMHOTO OanaHca, KOTOpPOE TJIaCUT, ITO JIF000e NeHCTBHE CONMPOBOXKAACTCA MPOTUBOACHCTBHEM. B paccMoTpeHHOM
Cllyyae pacIIMpeHNE OTHON JIMHUN HEMHUHYEMO COIIPOBOXKIAETCS CKATHEM JIPYTo JIMHHUH, TIO3TOMY, €CIIH IPeHeOpedp ToI-
LIMHOM JICTa, TO €ro yepenHeHHas Ae(opManust STUX JIMHUH CTPEMUTCS K HYJIIO.

Ha camom pene, nuct Oymaru umeet TonmuHy ¢ (puc. 7). [ToaToMy B ero ToJiie Bceraa MOKHO BBIJCIUTH KyO ¢ IIMHON
pebpa ¢ (puc. 7 u 9).

Y
I
4

Puc. 9: Ky0, BeIZIeTIeHHBIH B TOMIIE JHcTa OyMard (WM B KaKOH-THOO IPyro# CIUIONIHOM cpejie, BKIIoUas BAKyyM)

B ciyuae nsrubanus incra Bee MECTHAUATh 3-0a3UCOB, CBS3aHHBIX C TPEXTPAHHBIMHU YTIJIAMH TaKoro Je()OpMHUPOBAHHOTO
Ky0a, uckazsarcsi no-pazHomy (puc. 4). [Toatomy Aisredpa curHatyp pa3BHBaeT MaTeMaTHYECKHUil ammapar, KOTOPbIH U3Ha-
YaJIbHO YYHMTBIBAET UCKAXKEHUS Cpa3y BceX IlecTHa aTH 3-0a3ucoB, IIOKa3aHHbIX Ha PHC. 9.

Tonbko B ciydae, KOraa TOJIIKHA JUCTa OyMari HaCTOJIBKO MaJia, YTO €0 MOKHO NPeHeOpeyb, IOMYCTUMO YIIPOCTUTD 3a/1auy
JI0 IBYXCTOPOHHETO PaCCMOTPEHUSI.

OI[HOCTOpOHHee PAaCCMOTPECHUE, T.C. UCCICAOBAHNEC MCKPUBJICHUA TOJBKO O,HHOI\/'I CTOPOHBI JIUCTa 6yMal"I/I BO3MO>KHO, HO
HEMHUHYCMO IIPUBCACT K HpPIHL[PIHPIaJ'IbHOfI HCE3aBCPUICHHOCTU MaTeMaTHIeCKOM MOJACIN UCCIIEAYEMOTIO Ipo1ecca.

[TpyMeHUTENBHO K PU3NKE BaKyyMa MbI BBIHYK/ICHBI KOHCTaTHPOBATh, YTO IyCTOTA (T.€. BAKYyM ), BBITOJIHSIOIIAS POIIb OKPY-
KAIOIIEro HAC MPOCTPAHCTBA, MIMEET KaK MUHUMYM JIBE CTOPOHBI: 1) 6newnioro, T.e. IPOCTPaHCTBO MHUHKOBCKOTO C CHTHATY-
poit (+ — — —) ¥ 2) BHYTPEHHIOK, T.€. AaHTHIIPOCTPAHCTBO MHUHKOBCKOTO C CHTHaTYypo#l (— + + +) (puc. 7). OnHocTOpOHHEE
PACCMOTPEHNE HEMUHYEMO MPUBEACT K TYIIMKOBBIM U HE3ABEPIUICHHBIM HAIIPABJICHUAM HAaY4YHOT'O ITOUCKA.

Hanpumep, MeTprka, SBISIONIasICSA pelIeHneM ypaBHeHHH o01meit Teopuu otHocuTensHOCTH (OTO) A. DifHImITeHA ¢ CHTHA-
Typo# (+ — — —) MOKET OIUCHIBATh TOJNBKO OJHOCTOPOHHIOI0 KOCMOJIOTHYECKYIO MOJETh BceeneHHOH, KoTopasi B IPHHINIIE
He MOXeT OBbITh 3aBepIieHHOH. HyskHa elie, kak MUHUMYM, METPHKa-pEIICHHE TeX JK€ YPAaBHEHHH C IPOTUBOIIOIOKHOMN CHUT-
HaTypoii (— + + +). Bonee moaHas KOCMOJIOTHYECKask MOJIETb TOJDKHA YYUTHIBATh Bee 16 MeTpHK-pelenuit ypasaenuit OTO
¢ curHarypamu (29). TonbKko Takasi KOCMOJIOTHYECKasi MOJIENIb MOXKET IPETEH/I0BAaTh Ha JIOTMYHYIO HOJHOTY M 3aBEpIIEH-
HOCTb. [IpPOEKT KOCMOJIOTHYECKOH MOJIENIN C Y4eTOM METPHK-PEIICHUH CO BCEMHU 16-10 BO3SMOXKHBIMHM CHT'HATypaMH Oyzaer
MPEJCTaBIEH B MOCIEAYIOUINX CTaThsIX JAHHOTO IPOEKTA.
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5 Tenzop 4-nepopmauuii 2°-Ann-BaKyyma B ciyuae ynpoIIeHHOro ABYXCTOPOHHET0 PACCMOTPEHUs
5.1 Tenzopnl 4-gedopmanuii ABYX cTopoH 23-Amn-BaKkyyma

TIpenoNokKuM, YTO YIPOIIEHHAs JBYXCTOPOHHSA MOAENb 23-Ann-BakyyMa, TIpeICTaBIeHHas B MPEAbITYIIEM maparpade
(puc. 7), yoOBIETBOPSET 3aJaHHOI TOYHOCTH PACCMOTPEHHS.

[lycTh MCXOHOE HEUCKPUBIEHHOE COCTOSIHUE MCCIELyEMOTO yUacTKa GHeuuHetl CTOPOHbI 23-An n-Bakyyma (T.€. cyOKoHma)
XapaKTepU3yeTCs HyJIEBOU yCpeAHEHHON MeTpukoi (30)

ds{t% = qstP? = gi%)dxidxj, C CHTHATYpOii (+ — — —). (36)
30eck u Oanee 0na cokpawjenus 3anucell 3HAK ycpeOHeHuss < > yoaieH, NPu 3MoM YCI08HO NPeonoiazaemcs, ymo
ds(+___)2 = (ds("'___)z)’ ds(+)2 = (ds(+)2> U gl(]+) = <gl(]+)>

B nexapToBoil cucteMe KoopauHAT MeTpHKa (36) IpUHUMAeT BUA

ds$P? = c2de? — dx? — dy? — dz?, (36a)
IIPU 3TOM
1 0 0 0
=10 o 2 0 (37)
0 O 0 -1

B ciy4ae MCKpUBIEHHUS TOTO )K€ ydacTKa CyOKOHTa, €r0 METPUKO-ITUHAMUYIECKOE COCTOSHHE ONpPENenseTcsl yCpeTHEeHHON
METPUKOH

dst==2 = sz = gi(;r)dxidxj, ¢ Tolf 5Ke curHaTypoit (+ — —-). (38)

OTM4ne HCKPUBIEHHOTO COCTOSHHS MCCIIELYEMOTO YIacTKa CYOKOHTa OT €r0 HEUCKPUBIIEHHOTO COCTOSIHHUSI OTIPEIENAETCS
pasuureii [3]

ds?2 — qstH? = (gi(]fr) - gi(;;))) dxtdx) = Zggf)dxidx", (39)

+ _ +) +)
rne &; " = 1/2(91'1' _gijo) (40)
— TeH30p 4-aedopmariuii IOKaJbHOTO Y4acTKa CyOKOHTA.
OTHOCUTEIBHOE YINTHHEHHE (UIIH COKPAILEHHUE) NCKPUBIIEHHOTO Y4acTKa CyOKOHTa paBHO [3]

+) _ ds("')—dsg” _ ds™)

l = - 1. 41
dsé” ds((,+) (“41)

Otkyzna cienyer

ds™2 = (1 4+ 1#)2ds{H?, (42)

IMoactasiss (42) B (39) ¢ yuerom (40), momyuum [3]
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& = V5 [(1+19)2 1] o) 43)

ijo !

WJIK B pa3BCPHYTOM BUIC

& =Y [(1+ )L + 1) cos ™ — cos o] gy, (44)
e

Bio™) — yron mexy ocamu X' 1 X cucTeMbl OTCUETa, «BMOPOKEHHOI» B HCXOJHOE HEUCKPUBIEHHOE COCTOSTHHE HCCIIETye-
MOT'0 Y4acTKa CyOKOHTa;

Bi®) — yron mexay ocsimu X'u X' HCKaKEHHOM CHCTEMBI OTCUETA «BMOPOKECHHOI» B MCKPHMBJIEHHOE COCTOSHHE TOTO K€
ydyacTka cyOKOHTa.

Ipu Fijo*) = /2 Beipaskenue (44) npuHUMaET BU

&t =2 [(1+ )1 + 1) cos ™ — 1] g3 (45)

JInst IMaroHanbHEIX KOMIOHEHTOB TeH30pa 4-nedopmanuii &i*) Bepaxenue (45) ynporaercs

& =11+ "2 1] g, (46)

oTkyna cieayer [3]

H_
“YJiio

1+ uT 47

Ecnu nedopManuu yuactka cyOkonTa &;Y) Maibl, To, pasnoxkus BbipaxkeHue (47) B psjl M OrPaHHYUBILINCH MEPBBIM YJIEHOM
JAHHOTO Psi/ia, MONTYYUM OTHOCHTENIBHOE YIIMHEHHE JIOKAJIBHOTO ydacTka cyOkoHTa [3]

) &
li = — 5 (48)

Yiio

AHanoru4so, eopMaIys JOKaIbHOTO y4acTKa BHyTPEHHEN CTOPOHBI 23-Am n-BakyyMa (aHTHCYOKOHTA) ONpPeIeNseTCs Bbl-
pasKkeHHEM

ds2 — ds{? = (gi(j_) - gi(ﬁJ)) dx‘dx’ = 2551-_)dxidxj, (49)
e &5 = %(g5 ~ 9ij7) (50)
— Ten3op 4-nepopManmii T0KaIbHOTO YUacTKa aHTHCYOKOHTA;

dsé_ Tz ds(g_)2 = gi(j_o)dxidxj C CHTHATYpOii (— + + +) (51)

— METpHKa HEHMCKPUBJIEHHOTO COCTOSHUS JIOKAJIbHOTO Y4acTKa aHTUCYOKOHTa. B nexapToBoii cucTemMe KOOpAWHAT METpUKa
(51) npuanMaeT Bug

ds$7? = - c2dt? + dx? + dy?* + dz? (51a)
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-1 0 0 O
&_( 0 1 0 0}.
MPHOTOM gijo =| o o 1 o] (51b)
0 0 0 1
B CBOIO OYepesb
dsC++H2 = 52 = gi(j_)dxidxj C TOM K€ CHTHAaTypol (— + + +) (52)
— METpPHUKa UCKPUBIICHHOT'O COCTOSIHUS JIOKAIBHOTO y4acTKa aHTHCYOKOHTA.
OTHOCHUTENPHOE YAJMHMHEHNE (MIIA COKPAICHHE) JIOKAIFHON yJacTKa aHTHCYOKOHTA OTpEeeNieTCs BEIpakeHHEM
_ dsO-as{?  asO
1) = o= L (83)
ds, ds,
NN
(53a)

5.2 Tensop 4-nepopmanmii 23-Ann-BaKyyma B ciiyuae ABYXCTOPOHHET0 PACCMOTPEHHUsI

Onpenenum TeH30p 4-nedopmanii JOKaIbHOTO y9acTKa ABYXCTOPOHHETO 2°-Amn-BaKyyMa Kak cpejiHee 3HaueHue nepop-
Manui JByX €ro CTOpOH

a=" (a1 + 60) =12 (60 I+ g7, (54)
wim, ¢ yaerom Beipakerunit (40) u (50), monyunm

a®= % (g + gi0) = 2 (g™ + gi) =2 (g™ + i), (55)
T.K. M3 YCIOBUS Amn-BakyyMHoro 6ananca (48) B [2] dst*~~2+ dst***)2 =0 crenyer:

gio'” + giO = gip" 7+ gipt 9 =0. (56)

OrtHocuTeNbHOE yiuHeHue (1mu cokpaienue) |i® nokanbHOro ydacTka JBYXCTOPOHHETO 23-Amn-BaKyyMa onpeessercs
BBIPOKEHUEM

e 1 =1 +i10, (57)

)= Ji 1 o0

T.€. OTHOCHTEJILHOE Y UIMHEHHE (MJIM COKPAIIEHHE) JIOKAIBHOTO y9aCTKa JBYXCTOPOHHETO 2%-Am n-Bakyyma |i® sBnsieTcs kom-
IUIEKCHOE YHCIIOM.

B 5Toif CBA3M OTMETHM ClIeyIoliee BakHOE 06CTOATENCTBO. Eciu 06e cTopoHs! BeIpaxkenus (55) ymHoxuTh Ha dx'dxl, To
MOJyYMM yCPEIHEHHYIO KBaAPATHIHYIO GOpPMY

ds®?= 17 (dsM?+ dsO?) = ¥ (dst*~~ )2+ dst++9)2), (59)
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KOTOpas HaroMuHaeT TeopeMy [Tudaropa
c?=a%+b? (60)

D10 03HAYAET, uTo oTpe3ku nunuii ( % )V2dsM u (¥ )2ds"), koTopsle nekat Ha ABYX B3aMMHO MPOTUBOMOJIONKHBIX CTOPOHAX

JIBYXCTOPOHHETO 2°-Amn-BaKyyMa BCETJa B3aHMHO TepIEeHAMKYISAPHBI M0 OTHOMIEHMIO APYr K apyry, T.e. ds L ds ©
(puc. 10a). Ilpu 5TOM ABE TMHWH, HATIPABJICHHBIC B OJHOM H TOM K€ HAaIIPaBJIICHUH, MOTYT OBITh BCETa B3aNMHO TMEpPIICH/IN-
KyJSIPHBI TOJIBKO B TOM CJIydae, KOTa OHU 00pa3yroT ABOWHYIO crimpaib (puc. 106).

ds

Hiads ©
a) 0)

Puc. 10: a) Bsaumno neprienukysspubie otpesku ( % )Y2dsMu (4 )¥2dsO); 6) Ecnu cnpoenuposath ABOHHYIO CIUPab Ha MIOCKOCTb,

TO B MecTe TiepeceueHus ee unun ds ) u ds ©) Beerna B3auMHO MepIEHANKYIAPHEL

Takum obpas3om, ycpenHeHHas MeTpuka (59) COOTBETCTBYET OTPE3KY «KI'YTa», COCTOSIIErO U3 ABYX B3aUMHO TEPIICHAUKY-
aspubix crmpaedt S u sO. Tpu 3ToM, Tak e Kak OTHOCHTENBHOE Y/UIMHEHHE JIOKATHHOTO YYacTKa JIBYXCTOPOHHETO
23-Amn-Bakyyma |i® (60), Takoil yqacTOK «IBOMHOM CIIMpaIny» MOKHO OMUCATH KOMILUIEKCHBIM YHCIIOM

ds®=1/ - (ds +ids ), (61)

KBaJIpaT MOJYJIs KOTOPOTO paBeH BhpakeHUto (59).

Jlanee k-oiczymom 6y0em nazvieanv pesyibmam ycpeoHenus Mempux ¢ pasiulmu cuenamypamu (20e K — uucno ycpeousemvix
Mempuk, m.e. uucno «uumeil» 6 «iceymey). Hanpumep, ycpeonennas mempuxa (59) nasviéaemes 2-sc2ymom, max Kak oHa
«ckpyuena» uz 2-x aunuii («numeii): dst)=ds®--) g dsO=dsC*++9),

IMpuBeneMm erie OJMH apryMEHT B MOJIB3Y B3aUMHOMN MEPIICHIUKYIIPHOCTH OTPe3KOB auHui dst u dsO);

Ha puc. 8 6bu10 nokazano, uro cucrembl orcuera XY win X'Y' Ha JBYX NPOTHBOIIOJIOKHBIX CTOPOHAX JIMCTa OyMaru UMeroT
pasHble cTUTHATYpHI {+ +} u {+ —}. Jl5s1 Toro, 4T0OB! MOIYYHUTh MOJHOCTHIO IPOTHUBOIIOJIOKHYIO CTUTHATYPY {— —}, HE0OXO0-
JIMMO CHadaja u300pa3uTh Ha JIUCTE CUCTEMY OTcueTa XY, 3aTeM MOBEPHYTh ITOT JHCT HAa 90° TI0 4acOBOW CTpeIKe, 3aTeM
MIEPEBEPHYTH €ro Ha APYTYI0 CTOPOHY W TOYHO TaK K€ HAUEPTHTh CHCTeMy oTcuyera X'Y' Ha TOM e MecTe, TJe CHCTeMa
orcuera XV (puc. 11). B pesyiprare nony4urcs cuctema otcuera ¥Y'X’' ¢ HOMHOCTHIO IPOTHBOMOJIOKHON CTUTHATYPOH {——}
10 OTHOILIEHHUIO K cucTteMe XV.
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XY, crurHarypa {+ +}

Y'X', cturaatypa { }

g
ds)

Puc. 11: JIBe CTOPOHBI OHOTO TIPOCTPAHCTBA € MOJHOCTHIO MPOTUBOTIONIOKHBIMA cTUTHATYpamu {+ +} U {——}

Eciu ¢ 0/1HO# cTOpOHBI HcTa HauepTUTh JUHKIO dS™ Bonb ocl X (PHC. 11),8C = m m = = = = = = = = = =

JIPYTOi TIOTHOCTBIO MIPOTHBOMOJIOKHON CTOPOHBI HAYEPTHTH TAKYIO JKe JIMHMIo (s() ~ & ™ " @ & a"m &= «"= =

, ) ) BN E NN N E RN R W
B0k ock X', TO okaxkercs 4yro juauu ds™) u ds©) B3aMMHO NEPHEHIUKYISAPHBL.  y—u s s~ s—% s—5 s~ =
Taxoe nepexpemupanue auauil ds™ u ds©) umeeT MecTo B KaXIOM TOKATEHOM 06- & & M & % s % = n n o =

RN R E RN ENE RN
BN E N R E RN R R NN
R R N RN E RN RN
Ecii rUmoTeTHYECK A JIUCT ¢ IBYMS TIOJTHOCTBIO IPOTHBOIIOJIOKHBIMI CTOPOHaMK =~ B % ® W ® ="} &"® ="u ==

RN RN RN RN EEREN
(T.e. ¢ MPOTHBONONOKHBIMH CTUTHATYpaMu {+ +} U {——}) COTHyTh TaK, KaK ITOKa- i s e
3aHO Ha puc. 8¢, To uaus ds™) pactsHeTcs, a cooTBeTCTBYIOmIas eif Mans dsO Ha W & & % & % &= & % =
JPYTroif CTOPOHE TAaKOro JIMCTA OCTaHEeTCs NPEXHeH (T.e. Heae(hOpPMHUPOBAHHOM).
[Ipu 3TOM COXKMETCS TMHUS HA IEPIIEHAUKYJISIpHOM ocu Y'. DT0, B UTOTE, NPUBOAUT

K ckpyuuBanuio qunuit ds® u dsO) B cnupanesuguble xryTH (prc. 12a).

JIACTH JIKCTA, YTO HAMOMHUHACT MePEKpeIIBaHme HUTeH TKaHu (puc. 12a).

ITPUMEHHUTENLHO K MOJIENH JIBYXCTOPOHHETO YHaCTKa 23-Am n-BaKyyMa C MOJHOCTBIO
MPOTHBOIOJIOKHBIMI CTOPOHAMH, T.€. C CHTHaTypamu (+ — ——) u (— + + +) (puc.
7), IPUXOJUM K BBIBOJLY, 4TO MepereTennbie muauun ds ™~ u dst*** o6pasyror
TKaHb 3-MEPHOMH NPOTSKEHHOCTH. J[pyruMu ciioBaMH, 23- Am n-BaKyyMa 3TO He IIpo-
CTO JIBYCTOPOHHSIsSI 8-MepHasi IPOTHKEHHOCTb, & 3TO PE3YJILTAT [IEPEILIETEHHS ABYX
€ro CTOPOH, MOJI00HO HUTAM TKaHH (puc. 126).

Jedopmarins 01HO# CTOPOHBI TAaKOH MPOTSKEHHOCTH HEMUHYEMO ITPUBOJIHT K TIep-
NEHAUKYJIIPHOMY KOHTp - OTKIIMKY Ha IPYTroil ero cTopoHe. JTo sBiseTcs npuin-  Puc. 12: CruleTeHHbIe HUTH TKaHH
HOIl CBEpTHIBaHUS JOKAJBHBIX yYaCTKOB TAKOW JABYXCTOPOHHEH NPOTSIKEHHOCTH B

nBoitaele crimpanu (puc. 10 a,6 u puc. 126).

C1105KHO MPEJICTABUTEL 3-MEPHYIO TKAHEBYIO CTPYKTYPY JIBYCTOPOHHEHN 8-MEPHOH MIPOTSKEHHOCTH 23- Am n-BaKyyMa, HO MaTe-
MaTuka AJIre6pbl CMTHATYpP YUMTBIBAET MOBCEMECTHOE nepemietenue uauid ds ¢~ ~2) u dsC***) apromatnuecku, Tak Kak
CyMMHUpYIOTCS HE CaMH 9TH JIMHUH, a UX KBajgpaTudanble Gopmbl ds =92 g dsC** 42 (59), koTopbIe 3a1a10T .METPHKH STHX
HIPOTSKEHHOCTEN.

5.3 Tenzop 4-nedpopmannii ucKkpuBIsieMoro 25-1n n-Bakyyma B cIyuae MIeCTHAALNATH-CTOPOHHET0 PACCMOTPEHHUS

Ha cnenyromem 6osee rimyOnHHOM 1 6-CTOpOHHEM YPOBHE PACCMOTPEHHS KOJIMYECTBO MaTeMAaTHIECKUX U3MEPEHHUH Mmoyya-
ercst 16 x 4 = 64 = 2°, 103TOMY Ha JJAHHOM yPOBHE IIPEJMETOM PACCMOTPEHHUS ABAeTcs 28-Am n-BaKyyMm.



MeTpuKo-AMHAMUYECKUE CBONCTBA JIOKANBHOTO yuacTka 25-Am n-BakyyMa XapakTepu3yroTcs CyHeprno3uuuei (T.e. aauTHB-
HBIM HaJIOKCHHEM WM YCPEIHEHUEM) IIECTHAIIATH METPHK CO BCEMH 16-10 BO3MOXHBIMH cUTHaTypamu (29), T.e. 16-kry-
TOM (cornacHo onpeneseHuto K-xryta nocne Boipaxenust (59)):
dss? = 1/16 (ds®™ 92+ dst™** 2+ dsC =42 4 dstt~~ 12+

+dsC 2 + dst 92 4 dsC 2 + g2+ (62)

+ ds(7+ +H)2 4 ds(————)z + ds(+ )2 4 dS(’+ +)2 4

+ ds(++7+)2 + dS("++)2 + dS(+’++)2 + dS(’+’+)2).

B atom ciyyae umeem 16 TeH30poB 4-nedopmaruii BceX 16-TH THITOB UCKPUBJICHHBIX 4-IIPOCTPAHCTB C pa3HBIMU CHTHATY-
pamu (wid Tomojorusamu, cMorpure §2.4 B [2])

(1) (2) (3) (4)
} U ] L]
(5) (6) (7) (8)

F=h
) _ ij €ij €ij &;j
T o a0 an a4y | (63)
\U &j &j &j /
a3 a9 (15 (16
& & &y &

/i€ COTIIACHO BBIpaXeHHIO (25)
D=1 (ci® — cjo®) (64)

— TeH3o0p 4-nedopmarmii P-ro 4-mpocTpancTsa, P =1, 2,...,16, rae:
cijo® — MeTpuYECKHii TEH30p HEMCKPHBIEHHOTO Y4acTKa P-TO 4-MPOCTPAHCTBA C COOTBETCTBYIONIEH CUTHATYPON;
cij®) — MeTpUYECKHii TEH30p TOTO JKE, HO MCKPUBJIEHHOTO Y4acTKa P-TO 4-IPOCTPAHCTBA C TOM K& CHTHATYPOM.

ITo ananoruu ¢ BeipakeHueM (54), npu 16-cTOpOHHEM ypOBHE PacCMOTPEHHUs OOMIHiA TeH30p 4-nedopmaruit el(] ):) JIOKaJTb-

HOTO MCKPHMBIIEHHOTO y4acTKa 28- Am n-Bakyyma OnpeenuM Kak Cpe/iHee 3Ha4eHHe

(16) (1)
=5 (%)

2 3 16
es b 4D 4 £19) = Lyis D) (65)

16
ITpu 3TOM OTHOCHMTENLHOE YUIMHEHHE JIOKAILHOTO ydacTka 28- Amn-Bakyyma ll-( 5 )B 5TOM ClTydae 3a/1aeTcsl yCpeAHEHHBIM T'H-
MEPKOMILIEKCHBIM YnciioM 16-ro paHra

199= 11316 (qu i O+ 72 i @+ 3 i O+ + a1 19), (66)

e 1P = -1, (67)

#7m— OPTOHOPMHUPOBaHHBII 6a3uc u3 16-Tu equHMIHBIX 06BeKkTOB (M= 1,2.3,...,16), YIOBIETBOPSIONINX AHTHKOMMY TAI[HOH-

HOMY cooTHomeHuto anredpsl Kimddopma
Nmin + Minkm = 20mn , (68)
r1ie onm — equHUYIHAs 16x16-MaTpuia.

B sTtom cllydyac I/ICKpI/IBJ'ICHHHﬁ y4acCcToK 16->1<ryTa COCTOUT U3 HICCTHAAUATHU MEPCINICTCHHBIX «IIBETHBIX» JIMHUI (HHTGﬁ):
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ds 16y = LVT6 (1 ds™ ) + 5o dst*+9 + pzdst——* + y4dst~ 9+ (69)
+75dsC ) + pedst ) + prdsCTT) + pgdst T+
+ 719 dst*+% + 110 dst )+ 111 dst+* )+ 12 dst*+)+
+ ’713 ds(++7+) +’714 ds(77++) + ’715 ds(+7++) + 7716 ds(7+ 7+)).

IIBeTa 3THX MMHUK YCIOBHO COOTBETCTBYIOT IIBETAM CUTHATYD (T.€. THIAM TO-
HOJIOTHI TaHHBIX 4-MEpPHBIX IIPOCTPAHCTB), KOTOPHIE (POPMAIIBHO IIPUCBOCHBI
9THUM NIPOCTPAHCTBAM B PaMKaX BaKyyMHOH XpOMOJIMHAMHKH:

Kpacubiit (+ +++) + (———-) AHTH-KpacHBI (70)
Kenrerit -—-4) + (+ + +-)  AnxtE-KenTsi
OpamKeBblit (+--+4) + (-+ + ) Auru-opamkessii
3enenbiii —-+-) + (++ —+) AurH-3encHbI
Tony6oit ++--) + (--++) Anru-rony6oil
Cunuit -+--) + (+ — ++)  Aurtu-cunmi
DUOIETOBBIH (F-—+-) + (=+-+4) Anru-duoneroBblii
Benbrit (F—=) + (—++ ) YepHbIit
®opmanbHas packpacka 16-Tu uauit (mm Huteii) dst—), dsC*+ ), dst++ )
dst*=9, ..., dst* ~* Ho3BoNseT IPEACTABUTH CILIETCHHYIO U3 HUX «TKaHby  Lhe- 13 PpaKTanbHas HTOCTPALINA HCKPHBICHHOM
25 Am-BaKyyMma B useTHOM Bz (piC. 6 11 13). T envenay (o)

Kaowcooe «ysemmnoe» 4-npocmpancmeo ¢ coomeemcemayrowell cueHamypou (m.e. mononozcueti) (70) mooxcno opmansHo
npeocmasums Kaxk CRAOWHYIO NIACMUYHO-YRpY2YI0 cpedy coomeemcmeyouje2o yeema. Takue 4-npocmpancmea, o6nadaio-
wue Ynpy2oniacmuieckumu CGOUCMEAMU, MOJNCHO UHMEPNPEMUPO8ams Kax «ysemuuviey dgupel. Ho 6 omauuuu om meopuu
aghupa, 8 2eomempuzUpOBAHHOU PusuKe 6aKyyMa, OCHOBAHHOU Ha Aneebpe cuenamyp (Ancuene), umeemcs ne 0OuH 3¢up, a 8
3a6UCUMOCIIU O YPOSHS PACCMOMPEHUS, MAKUX 2Qupoe modcem 6vims 2 («benviiiy u «uepuuiiin) unu 24 =16 (c «ysemamuy
(70)) unu 28 = 256 (c pazruynvivu ommenxamu yeemos (70)) u m.o. 0o beckoneunocmu. Ipu smom éce amu popmanvuvle
«ysemuvley 3pupol AjicucHol nepeniemennvl 8 eOunblll 3-Mepublil «koeepy (puc. 6 u 14), m.e. obpazyrom edunoe nepenjemen-
Hoe u Oyprauee 3-mepHoe npocmparcmeo. Taxoe 3-mepHoe 6 cpedHem niockoe (m.e. «HYI€80€») NPOCMPAHCIBO 8 KANCOOU
JIOKAILHOU 0OAACMU HANOMUHAEm MHO20MepHOoe MHo2000pasue Kanrabu-Ay. Kpome mozo, «yeemuviey s¢pupul Ancuenuvl Ho-
CAM UWIIO30PHBIL XapaKmep u NPeOHA3HAYEHbl MObKO OJis MO20, Ymobbl 001e24umb 60CAPUSIMUE U OCOZHANHUE CILONCHETUUX
GHYMPU-BAKYYMHBIX NPOYECCOB.

Eciu Bce HCKpUBTICHHBIE THHEIHEIE GopMbr dSt——7), dsE++4, dst*-%)  dst* - ynaeTcs npencTaBUTh B AUATOHATHHOM
BHIIE, TO B COOTBETCTBUH € (65) 1 (66) B [2] Beipakenue (69) MOXHO MPEICTaBUTh B CITHHTEH30PHOM BHIIE

DO o (O )+ [ () s (C %) )
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oQaxo (T 0)+ JoDax (O D)+ JoDax (O
JoQax (L 0+ (69 (O D+ (6 (0 )+ (oD (D 0+
“ Yo dxo (g )+ el (5 g+ Ja () o)+ Josan (g )
+ 98 axo (o )+ oii0an (] 5+ o0k (] )+ el laxs (5 ])
+ g8 dx, (‘01 (1’)+ 9Pdx, (2 _01)+ 95D dx, (_01 (1))+ 98P dx, (‘01 _01)+
e JoiPare (b 0)+ JoiPan (O 1+ [s8Pan (O )+ JobPdn (G O)
ot (3 9)+ [oiPan (O b+ o (O 1)+ Joitan (O
#Josdx (5 O) + Jalax (] )+ Joi e (0 0)+ Jaiax (g D)
Y P R P G O K L Rl P (|

B pamxax AnreOpsl cUTHaTyp BO3MOXKHBI 3HAYUTEIHHO OoJiee TIyOnHHBIE 2"-CTOPOHHUE YPOBHH PAacCMOTPEHHS METPHKO-
JTUHAMUYECKUX CBOWCTB MCKPHUBIEHHOTO Y4acTKa Amn-BaKyyMma, IPH 3TOM KOJIMYECTBO KOMIIOHEHT METPHUYECKOTO TEH30Da,
XapaKTepU3YIOIIIe ero MEeTPUKO-TMHAMUYECKHE CBOMCTBA, MOXKET BO3pacTaTh 10 OeckoHeYHOCTH (cMoTpuTe § 2.9 B [2]).

6. ®uznyeckmii CMbICJ KOMIIOHEHT METPHYECKOT0 TeH30pa
6.1 HenyJieBble KOMIIOHEHTHI METPHYECKOT0 TEH30pa
ITycTh yCpeHEHHbIE METPHKO-MHAMUYECKME COCTOSIHUS JBYX 4-MEPHBIX CTOPOH JIOKAJILHOTO y4acTKa 23-Amn-Bakyyma 3a-

narorcst metpukamu (30) u (33) (puc. 7). PaccMOTpUM HeHyJIEBble KOMIIOHEHTHI METPUYECKUX TeH30poB (32) u (35) atux
METPHK

ISR Ne S S )

(+) . 9§1) 9%1) g§1) o - 9117 9217 9n

9op =| ... 953 9% o | Gap =|.. 95 9 95| (72)
noo® ¢ O O O
gis) 9%3) g§3) - 94130 923" Yz

3J1eCh HHICKCHI rpedeckoro andaBuTa a, f COOTBETCTBYIOT 3-MEpHOMY paccMoTpeHuio (T.e. a, f = 1,2,3).

CkaJisipHas KpUBM3HA JIOKAILHOTO JIByXCTOPOHHETO yyacTKa 23-Amn-BakyyMma B pamkax ANreOpbl CHTHATYD OMpPEJENSIETCs
KOMILIEKCHBIM YUCIIOM

R@® = pMH) 4+ iR(—), (73)

|R®| = yR®? 4 R2, (74)

@ = arctg (%), (75)



IJle CKaJIApHAs KPMBU3HA KAXIOM U3 BYX CTOPOH 2%-1mn-BaKyyMa oIpeselsercs Tak ke, Kak B 00leil Teopun 0THOCH-
tensHocTH (OTO)

R® = gaﬁ(+)R§;§) u RO = gaﬁ(—)Ré;), (76)
rae
I(+) 1(+)
) _%Tag 0T I pm(+) _ pm(+) pl(+)
Rap = our = o T Tap Tim ~ ~Tar Tmg 77)

— TeH30p Puuun BHelIHEl CTOPOHBI JOKAIBHOIO ydacTka 23-An n-BakyyMa (T.e. cy6konma);

O _ g oD ) me)  mo)pl)
RS == —Za 4 1O —rOr (78)

— TeH30p P44y BHYTpEHHEH CTOPOHBI JJOKATBHOTO y4acTKa 23-Am n-Bakyyma (T.e. anmucybxonmay; ;

) +) )
A Z 1 au) 99,p | 9ay _ 99ap (79)
ap 29 Ix® axP dxH

— cumBoutel Kprctoddens nokansHOTo yyacTka cyOKOHTa;

&) G 50
A _ 1 au(-) (29up | 29an _ 9ap
Faﬂ =29 Ix® + axB dxk (80)

— cumBoubl Kpuctoddens aHTucyokoHTa.

OCO00OCHHOCTBIO Pa3BUBACMO# 3/1€Ch TEOMETPU3NPOBAHHOMN (PU3MKK BaKyyMa 3aKIF0UaeTCss 00ECIeUeHEe YCI0BUS BaKyyM-
HOro OajaHca

S = [[f 2 (R® + RO)dxdydz = 0, (81)

TO €CTb, YTOOBI «BBITYKIOCTH» U «BOTHYTOCTH» (MJIM CXKATHS U PACTSHKEHHMS) 110 Beel 3-MepHoii nedopMupoBanHOit 06aacTn
Amn-BaKyyMa B CPEIHEM IMOJIHOCTHIO KOMIIEHCUPOBAIH APYT Apyra (puc. 14).

e

Puc. 14: JIByxmepHas WUTIOCTPAIHSI BBITYKJIO-BOTHYTOM JIBYXCTOPOHHEH MOBEPXHOCTH CO CTHTHATYpaMH CTOpoH {+ +} u {— +}. Dra
MCKPHBIICHHAsI TOBEPXHOCTD TaKasi, YTO B CpeHEM OHa muiockasi. [Ipu aTom Ta nedopmaiiysi, KOTopasi ¢ BHELIHEH CTOPOHBI BBINISIUT KaK
BBIITYKJIOCTh, C BHYTPEHHEH CTOPOHBI OHA BBIMVIAJUT KaK BOTHYTOCTh. BMecTe ¢ TeM cliefyeT y4uThIBaTh, YTO €CJIM CTUTHATYPBl CTOPOH
TaKoM JBYXCTOPOHHEH MOBEPXHOCTH MOJHOCTHIO MPOTHBOIONOXKHBI {+ +} u {——}, To nedopManiy Ha JBYX ee CTOPOHAX HE TOJIBKO B3a-
MMHO MPOTHBOIIOJIOKHBI, HO M B3aHMHO HEpHEeHIUKYJIIpHBI (cMoTpuTe § 5.2)

+ -
Urak, npy IByXCTOPOHHEM PAaCCMOTPEHHH HEHYJIEBBIC KOMIIOHEHTHI METPHIECKUX TEH30POB (72) giﬁ) u ggﬁ) B3aUMOCBSI3aHbI U OIU-

CBHIBAIOT UCKPHBIICHUE 3-MEPHOU NMPOTSHKEHHOCTH IBYXCTOPOHHETO Amn-BaKyyMa.
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6.2 HyJieBble KOMIIOHEHTHI METPUYECKOT0 TEH30pa

Jliist BeIsSICHEHMST (PU3UYECKOTO CMBICIIA HYJIEBBIX KOMIIOHEHT METPHUYECKUX TeH30poB (32) u (35)

+) +) +) +) ) ) ) )
Jooo Y9100 Y9200 Y30 Jooo Y9100 Y9200 Y30
- g(+) - g(—)
1 901 5 | 90
giO - ) ’ goj - ) y (82)
02 9oz
) =
9o3 Jos

BOCIIOJIb3yEMCS] KWHEMATHKOMN CIIOEB JIBYXCTOPOHHETO 2°-Am n-BaKkyyMma.

1100 KuHeMamuKoll 8aKyyMHbIX C10€6 NOOPA3YMesaemcs Maxol pasoen 2eo0MempusupOSaHHO GUUKU 6aKYYMA, OCHOBAHHOI
Ha Aneebpe cuenamyp (Ancucne), 8 Komopom nepemeujeHus: (OBUNHCEHUS) PAIUYHBIX CIMOPOH Amn-8AKYYMA paccmampuga-
romes Hesasucumo om ux depopmayuu. Ilpu 601ee nociedoeamenvHom nooxooe, m.e. Npu Pa3eUMUY OUHAMUKU BAKYYMHBIX
ClI0e8 6 NOCIEOYIOWUX CIMAMNBAX IMO020 YUKIA, 8bIACHACMCA, YMOo TH060e cMeujerue (nepemeujeniie) 10KantbHoll oonacmu 0o-
HO20 CNIOSL Amn-8AKYYMA HEMUHYEMO CONPOBONCOACMCA €20 UCKPUBLEHUEM. DMO 8 C80K0 0uepedb NPUBoOUm 6 08UNCeHUe U
UCKpUGIeHUe Opyaue CMeXCHbIe CLOU Amn-6aKyyma. Buecme ¢ mem, u Haobopom, uckpusienue 10KaibHoU 061acmu 00HO20
CNOsL Amn-6aKyyMa 0053aMeNbHO CONPOBONCOACTNCA €20 CMeUeHUeM (M.e. medeHuem), 4mo npueooum K 603MYWeHUIO U 6cex
CMeNCHBIX cNoes. B oanvueliuem 63aumoceazanuvle meueHus U UCKPUGLEHUs JOKAIbHBIX VUACMKO8 PA3IUYHBIX ClI0e8
Amn-6aKYYMa paccMampusaromcs Kak MHO2oOMepHble 4-0egpopmayuul ¢ npugiedeHuem MamemMamuyecko2o annapama ooueil
meopuu OMHOCUMETbHOCTU.

HCCMOTp?[ Ha BBIIICYKA3aHHBIC HEAOCTATKH, KHHEMATUYCCKNUE MOACIN ABUKCHUS PA3JIMYHBIX CJIOCB 23-/1m,n-BaI<yyMa II03BO-
JIAAKOT BBISICHUTD (1)H3H‘IGCKHI>'I CMBICJI HYJICBBIX KOMIIOHEHT MCTPHUYICCKUX TCH30POB U TCOPCTUUCCKHU NPCACKA3ATh PAJ paHCC

HEHM3BECTHBIX BaKyyMHBIX 3()()eKTOB, KOTOPHIE MOT'YT OBITH IIPOBEPEHBI HA MIPAKTHUKE.

ITycTh UCXOHOE (HEMOABMKHOE U HEUCKPUBJIEHHOE) COCTOSIHUE JIBYXCTOPOHHETO 23- Am n-BaKyyMa 3a1a€TCsl COBOKYIHOCTBIO
NCceBIOeBKINA0BBIX MeTpuk (36a) u (51a)

dsé"L)2 = c2dt? —dx? —dy? —dz? = dsW'dsM" = cdt'cdt’ — dx'dx" — dy'dy" — dz'dz";

_ (83)
dsé 2 — _c2dt? + dx? + dy? + dz? = ds'ds)" = —cdt'cdt’’ + dx'dx" + dy'dy’" + dz'dz",
IJie BBEJIEHBI YCIOBHbIE 0003HAYEHHs
ds® = cdt’ +idx'+ joy'+ kdz'  —auyuna cybKonTa; (84)
ds® = cdt"+ idx"+ jdy"+ kdz"" — uswanxa cyOkoHTa; (85)
dsO" = — cdt'+ idx'+ jdy'+ kdz’'  — ruuuna anTHCYOKOHTA; (86)
dsO" = cdt’—idx"—jdy"—kdz"" — usnanxa anTucyOKoHTa, (87)
— a)UHHBIE arperaThl, B YaCTHOCTH, KBATEPHUOHBI C TaOIMIEH YMHOKEHNS] MHUMBIX €IUHHLI, HAPHMED,
i j k (88)
i -1 k —j
j -k -1 i
k i —i -1

PaCCMOTpI/IM TPpU KUHEMATHUYCCKUX ClIydas:



1). IlycTh B IEPBOM CITydae IuyuHa U U3HAHKA BHEIIHEN U BHYTPEHHEN CTOPOH 23- Am n-BaKyyMa JIBUTAOTCS OTHOCHTENBHO
HCXOJHOTO HETIOJBIKHOTO COCTOSTHHS B/IOJIb OCH X C OTHOU M TOH K€ CKOPOCTBIO Vy, HO B Pa3HBIX HalpaBICHUSIX. DT Gop-
MaJbHO OIHUCHIBACTCS MpeoOpa3oBaHueM KOoopauHar [7]:

ct'=ct, X'=x+wtl, Y=y, 7=z - naauuuns, (89)
ct'"=ct, X'=x-wt, VYy'=y, 2=z - g usnanxu. (90)

PaBEeHCTBO MOJLyJIEH CKOPOCTEN MBMKEHUS Vy AUuUHbL U USHAHKYU OOYCIIOBJIEHBI yCIOBHEM 23-Am n-BaKyyMHOTO OajaHca, Ko-
Topoe TpebyeT, 4TOObI KAXKAOMY JBUKEHUIO B 2°- A n-BaKyyMe COOTBETCTBOBAIO AHANOTHYHOE AHTHBIHKECHHUE.

IMpoauddepennupyem Beipakerns (89) u (90) ¢ yuerom Toro, uro X' GyHKIHS ABYX mepeMeHHbIx X'(X,t) u Vx = const, u
TIOJICTABMM PE3yJIbTaThl AuddepeHnupoBanust B MeTpukH (83), B pe3yibTaTe MOMyYHM COBOKYITHOCTD METPHK

2
ds™? = (1 + v—’;) c?dt? — dx? — dy? — dz?,
% (91)
dﬂ”z=—(1+§9c%ﬁ2+dx2+dy2+dz%

OTMCHIBAIONINX KNHEMATUKY COBMECTHOTO JIBUKEHHUS BHEIIHEN CTOPOHBI 23~ Am n-BaKyyMHOIH (T.€. CyOKOHTa) ¥ BHYTpEHHEH
€ro CTOpOHbI (aHTHCYOKOHTA), TPU COOIIOICHUH YCIIOBUS BaKyyMHOT0 OanaHca

dsO2+ ds®2=0, (92)

HyeBble KOMIIOHEHTBI METPUIECKHUX TEH30pOB (82) B 3TOM Ciiydae paBHbI

1+v2/c2 0 0 O —1-v%/c2 0 0 0
w'=\ o nn)oer=l ) ®
0 0

2) Bo BTOPOM, Cliy4dae€ IIyCTb JUHYUHA U USHAHKA Cy6KOHTa n aHTI/I0y6KOHTa JABHUI'arOTCA OTHOCHUTCIIBHO UX HCXOAHOI'O HEIIO-
JABUIKHOT'O COCTOSIHUSA B OTHOM W TOM K€ HAIIpABJICHUU — BJAOJIb OCH X C OZ[HOﬁ H TOH Ke CKOpPOCTBIO V. 2710 Q)OpMaHBHO
OITMCBIBACTCA HpeO6paBOBaHI/I$[MI/I KOOpAWHAT:

ct’'=ct, X' =x-wt, VY=Y, 7'=7 — i «IU4UHB»; (94)
ct=ct, X'=x-wt, Vy'=y, 7=z — [1us1 «u3HaAHKWY. (95)

Mpomuddepenuupyem Boipaxkenus (94) u (95) ¢ yuerom Toro, uro X' dyHkius nByx nepemeHusix X' (X,t) u vx = const, u
MOJICTaBUM Pe3yJbTaThl AudepeHIUpoBaHus B METPHKH (83), B pe3ysbTaTe MOIy4YUM COBOKYIHOCTD METPHK:

2
ds®? = (1-%) c2dt? + vydxedt + veedtdx — dx? — dy? — dz?,
2

ds(2 = - (1 - ") c?dt? — vydxcdt — veedtdx + dx? + dy? + dz2.

1%
c2

(96)

9TOM CJiy4yae =Amn-BakK MHBIN aJIaHC TAaKXXE COOJIF0JacTCA, T.K. o = HO BO3HUKAKT OJOIIOJHUTCIIbHBIC I1€-
B 23-Im. 0 0 , ds?2+ dsh2=0,

pekpecTHble crnaraembie Vyxdxdt. IIpu 3ToM HylieBble KOMIIOHEHTBI METPUUYECKUX TeH30pOB (82) paBHEI

1-v%/c? v, 0 0 —1+v2/c> —v, 0 0
g =\ Gl =l T ©7)
0 0
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3) B TperbeM, citydae, IyCTh Ju4uHA M USHAHKA CyOKOHTA U aHTUCYOKOHTA (T. €. BHElIHell u BHyTpeHHel cTopoH 23-Amn-
BaKyyMa) BPaILAIOTCsI BOKPYT OCH Z B OJJTHOM U TOM K€ HAIIPABJICHUH C YIIIOBOH CKOPOCTHIO (2. DTH IIPOLECCH! ONUCHIBAIOTCS
MOCPEICTBOM 3aMEHBI TTepeMeHHbIX [7]:

ct’=ct, x’=xcosQt-ysin2t, z’=z, y=xsin2t+y cosNt, (98)
ct”=ct, x”7=xcosQt-ysinQt, z”7=2z, y”=xsinQ2t+ycosQt.
IMpoauddepennupyem Boipakerus (89) u mogcTaBiUM pe3ybTaThl AP PEepeHIUPOBaHUS B METPHUKH (83), B pe3ynbTate To-

JIy9UM METPHKH [7]

2
dsM? = [1— f—z(x2 + yz)] c?dt? + 2Qydxcdt — 2Q2xdycdt — dx? — dx? — dz?,
. (99)
ds? = — [1— f—z (x2+ yz)] c?dt? — 2Qydxcdt + 2Qxdycdt + dx? + dx? + dz>.

)2 =

IIpu 3T0M cobmronaercs 23-Amn-BakyyMHblii 6ananc ds™? + dsO?= 0, a HyneBble KOMIOHEHTHI METPHUECKHX TeH30POB (82)

paBHBI
2., 2 2. 2 2
1—C—z(x +y%) 2Qy 0 0 —1+C—2(x +y4) -2y 0 O
g(()}')z —20x T 20x . (100)
0 0
0 0

U3 paccMOTPEHHBIX KHHEMAaTHYECKUX IIPEMEPOB BUIIHO, YTO HyJIEBbIC KOMIOHEHTHI METPHYECKUX TEH30POB (82) cBA3aHEI HE
¢ eopMaIMAMH, a C OCTYATEIbHBIM H/WIM BPAIIATENBHBIM JIBUKEHHEM PA3IHIHBIX CIIOEB 2°-Amn-BakyyMma.

7 llpeacka3aHusi KHHETUKH BAKYYMHBIX CJ10€B

7.1 lpeneabHasi CKOPOCTH MepeMelleHus CJI0eB Amn-BaKyyma

Paccmotpum oxHy u3 meTpuk (96)

ds™?2 = (1- v@/c?)c2dt? + 2vydxdt — dx? — dy?— dz2. (101)
Boigenum B metpuke (101) monnusiii kBagpat [7,8]

2 2
_C—Z -

1 BBECJEM 0003HaYEeHUS

(=c|l-2-—2—rr t'=t x'= =, y' =y, 7=z (103)

B atux o603nauenusx metpuka (102) npunumaet Bua [7]
dsO? = ¢2dt"? — dx'? — dy'? — dz"?, (104)

COOTBETCTBYIOIINI paclpoCTPaHEHHIO JIy4a CBETa B CUCTEME OTCUETa HaOIII0AaTeNsl, KOTOPBIN IBH)KETCSI BMECTE C TTOJIBHIK-
HOM CTOPOHOM 23- Am n-Bakyyma.



[Tpu sTom mMeTpuka (102) onmcrIBaeT pacrpocTpaHeHHE JTyda CBETa B CJIO€ BaKyyMa, KOTOPBIA ABMKETCS C IIOCTOSTHHOH CKO-
POCTBIO Vx OTHOCUTENIBHO CUCTEMBI OTCYETa HETIOBIKHOTO HaOJroaTeNs. JTO MoJOOHO TOMY, KaK HENOABMIKHBINA HaOIIO-
JlaTesib U3MepsieT CKOPOCTh BOJIH, PACHPOCTPAHSIOMIMXCS MO JBHXKYILEHCS MOBEPXHOCTH BOABI (Hampumep, peku). Takoi
Ha0moaTeNlb 0OHAPYKHUT, YTO CKOPOCTh PaclpOCTPaHEHHUsI BOJHOBBIX BO3MYILEHUI 3aBUCHT OT CKOPOCTH TEUEHHUS PEKH,
TOTJa KaK OTHOCUTEJILHO CaMOM BO/IBI CKOPOCTh PACIIPOCTPAHEHHsI BOJIH OCTAETCSI HEM3MEHHOM, U 3aBUCHT TOJIBKO OT CBOMCTB
camoii BoJIbI (€€ IUIOTHOCTH, TeMIIEPaTypbl, IPUMEceH U T.11.).

U3 meproro Beipaxkenust (103)

2
c’=cf1—”—’2‘—”—"L. (105)
c cdt , vZ
1__
CZ

BUJIHO, 4TO B ciyuae (94) — (96) ckopocTh ABHKEHMS Vy BHELIHEH cTOPOHbI 23~ An n-BaKyyMa (CyOKOHTA) U ero BHyTpeHHekH
CTOPOHBI (aHTHCYOKOHTA) HE MOJKET IPEBBIIATE CKOPOCTH CBETa (T.€. CKOPOCTH PacIpOCTPaHEHHs BOJHOBBIX BO3MYILCHHUIH
10 9TUM CTOpOHaM), T.€. Vx < C.

Opnnaxo, s cuydas (89) — (91) neno obcrout mo-apyromy. PaccMoTpuM MaHHBIM BapHAaHT BHYTPUBAKYYMHBIX MPOLIECCOB
Ha TIpEMepe ABIKCHHUsI CYOKOHTA, OMUChIBaeMOro MeTpukoi (91)

ds©? = (1+ v,2/c?)c?dt>- dx? — dy? — dz2. (106)

B sTtom CJIyqac BBCACHUC 0003HaYCHUI

c’=c/1+’c’—’z‘, t'=t, xX'=x, y=y, 72/=z. (107)

npuBoaut Metpuky (106) k Bumy (104). IIpu sTom u3 Beipaxkenuit (107) BUAHO, YTO HUKAKHX OrPaHUYCHHUN Ha BCTPEUHBIC
CKOPOCTH ABUKEHUS Vx IUYUHbL U U3HAHKY CYOKOHTa HE BO3HUKAET. JJaHHOE 0OCTOSTENbCTBO TPEOYET OTIENBHOTO MOAP00-
HOTO pPacCMOTPEHHMS, MOCKOJbKY JIOIYCKAeT BOSMOXKHOCTb OP2AHU3AUUU CEEPXCEEMO6bIX GHYMPU-6AKYYMHBIX KAHAI08
CBA3U 3 CUem YRPABIeHUA 08UNCEHUEM BAKYYMHBIX €/10€6. DTO OJJHO N3 BOZMOXKHBIX TEOPETHIECKUX MPECKa3aHUi KnHe-
THKHU C10€B 2°- Am n-BaKyyMa.

7.2 inepTHBIE CBOMCTBA C/10eB 2°-Amn-BaKyyMa

Bepnemcs k paccMoTpeHuto MeTpuk (83)

dst 2 =dst2= 22— dx?— dy?— dz?, (108)
dsC**92 = dsO2= — c2dt? + dx?+ dy? + dz2 . (109)

Brinecem BenuuuHy c2dt? B mpaBbIX 4acTaX STHUX METPUK 3a cKoOKH [7]

ds®?

2de2(1 - %) (110)
c2”’

ds()?

_c2di2(1 -2 (111)
c2”’

rae v = (dx? +dy? +dz?)Y?/dt = dl/dt — 3-mepHas ckopoCTb.

HW3BreueM KopeHb u3 AByX cTopoH Beipaxerwnit (110) u (111). B pesynbrare, cornacHo ycaoBHbIM 0603HaueHusM (84) — (87),
TOJTYy IUM
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ds™' =cdt [1 - = — A auuunbl CyGKOHTa; (112)
2

ds™" = —cdt [1 —Z - nns usnanku cyGKoHTa; (113)
C2

, 2

ds) =icdt |1 - :—2 — JIJISL IUYUHbL AHTUCYOKOHTA, (114)
2

ds©)' = —icdt /1 - 1:—2 — IUIS U3HAHKY AHTUCYOKOHTA. (115)

st npuMepa, pacCMOTpUM 4-MEpHBIiT BEKTOP CKOPOCTH JIuyUHbl CyOKOHTA
Ui = dx' /ds™, (116)

IMoacraBum nunelinyio Gopmy (112) B Beipakenue (116), B pe3ynbrare moay4uM KOMIOHEHTbI 4-CKOPOCTH JINYUHBI Cy0-
koHTa [7,8]

+) _ 1 Uy Uy Vz

u; \/ vZ'\/ vZ’\/ 1;2’\/ =1 (117)
1_6_2 Cc 1_6_2 Cc 1_C_2 Cc 1_C_2
Ilycth tuuuna cyOKOHTaA ABUTAETCS TOJNBKO B HAIIPABICHUHU OCH X, TOT/a €€ 4-CKOPOCTh UMEET KOMIIOHEHTHI
- 1 v
u” = |=—,—2=,00|. (118)
[1-2% ¢ [1-%
c2 c2
Onpenenum Tereps 4-yCKopeHue auuunsl cyokonta [8]
)
du; d 1 d v
i | & — x ,0,0 (119)
cdt cdt vZ | cdt vZ
1——2 Cc 1——2
c c
U 7151 YIPOLIECHHUS PACCMOTPHUM TOJIBKO €T0 X-COCTABISIOIYIO 4-CKOPOCTH
)
du a v
x4 x , (120)
cdt cdt vZ
C 1——2
C
i BeIM4rHA
a Vy (+)
—| =2=1]=a 121
dt 17_% X ( )
T2

UMECT pasMEPHOCTH X-KOMITOHCHTBI 3-MepHOFO YCKOPCHHUA JIOKAJIBHOTO YYaCTKa JTUYUHBI Cy6KOHTa.

B neBoii yactu Beipaskenus (121) Beimonaum onepanuro quddepenuuposanus [ 8]

25



1 V¥ dvy

a)((+) _ _+ &% (122)

1 BBEIEM 0003HAYECHHE
dvi/dt = a, . (123)

[Ipu sTom BeIpaxenue (122) npuHuMaeT BUL

aP=| 2+ s ol (124)

2
, v 2
X 2\2
% 1%
c2 CZ( __925>
C

+ o
rac ax( )_ AKTYaJIbHOC YCKOPCHUE YUacCTKa 1UHUUHbL Cy6KOHTa, YUUTBIBAOMICEC €0 MHEPTHBIC CBOMCTBA,
+ o
ax( »_ HNACAJIBHOC YCKOPCHHUE TOT'O KC YUACTKA J1UHUHbL Cy6KOHTa, 6e3 ydeTa €ro HHEPTHBIX CBOUCTB.

[IpencraBum BeIpaxkeHue (124) B cienyromeM Buae

a)(c+) _ .u')(c+)a)(c+),1 (125)
+ 1 v
rie ,u,(c ) = =+ X 3 (126)

— Oe3pa3MepHbIii KHHEMaTHYECKUH KOI(PHUIIMEHT HHEPTHOCTH JIOKAIBFHOTO y4YacTKa JINYMHBI CyOKOHTA, CBSI3BIBAIOIINH aK-
TyaJbHOE U HIEATbHOE yCKOPEHHS TOTO Cllosl 23-Amn-BakyyMa. JlaHHbIH K03((HUIMEHT MOKa3bIBAET B PAMKAX KHHEMATHYE-
CKOTO TI0/IX0/1a KaK M3MEHSETCSl HHEPTHOCTH (T. €. CONPOTHUBIIEMOCTh U3MEHEHHIO COCTOSIHUS JIBMDKEHHMS) 9TOTO ydacTKa
JIMYMHBI CyOKOHTA IIPH U3MEHEHHN CKOPOCTH €T0 JABHKCHHUS.

. + +
U3 soipaxkenus (126) cnemyer, uto mpu Vy = 0 ko3 duument kunematuyeckoit uneptaoctu 4D =1 u a,(c ) = a,(c " Sro
03HAYaeT, YTO YYACTOK IUYUHbl CyOKOHTA HE OKA3bIBACT HUKAKOI'0 COMPOTHUBIICHHS HAadally ero IBKeHus (cMmerueHus). [lpu
NIPUOIIMKEHUH Vy K CKOPOCTH CBETA ¢ KOI(Q(HUIMEHT KHHEMATHIECKOH MHEPTHOCTH 44" CTpEMUTCS K GECKOHEYHOCTH, PH
9TOM JaNbHeIIIee YyCKOPEHHe JaHHOTO JIOKAIBHOTO Y4acTKa IuuuHbl CYOKOHTAa CTAHOBUTCS HEBO3MOXKHBIM.

Beipaxxenue (126) siBisieTcs 0e3MacCcOBBIM aHAJIOTOM BTOpOro 3akoHa HeroToHa
Fx = max’, (127)
riae Fx — X-KOMIIOHEHTa BEKTOpa CHIIbL; M — Macca Tena; 8y — X-KOMIIOHEHTa ero HJIeajbHOT0 YCKOPEHHUSL.

CpasuuBas Beipaskenus (125) u (127), o6HapyskuBaeM, uTo Ge3pasMepHbIii kodhduuuent uneptHocTH L4 ToKambHOTO
y4acTKa iuyuHbl CyOKOHTA SIBJISICTCS. 0€3pa3MepHBIM aHAJIOTOM IUIOTHOCTH MHEPTHOIH MacChl CIIOIIHON Cpebl.

IMocnenosarenpro BoimosHss aeiictus (116) — (126) ¢ merpuxamu (113) — (115), momayunm ko3hPUIHEHTH KHHEMATHYE-
ckoif mHepTHOCTH 467, 16,0 14,07 s Tpex OCTANBHBIX CIIOEB ABYXCTOPOHHETO 23-Amn -BakyyMma. O6mmii ko3 humuenT
KMHETHYECKOH MHEPTHOCTH JIOKAILHOTO JIByXCTOPOHHETO y4acTKa 23-Amn-BakyyMma siBsieTcs QyHKIHMEH OT BeeX YeThIpex
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KO3 PHUIHEHTOB MHEPTHOCTH
19 = (™7, 107 107 1O, (128)

SIBHBIIA BUJ 3TOH (QYHKIUHK OIpEeIAeTcs IPU U3JI0KEHHU TUHAMUKH 2°- Am n-BaKyyMa, KOTopas OyeT U3/I0KeHa B OCTIeLy-
IOIUX CTaThsIX OTOTO MPOEKTA.

7.3 KuneMaTHKa paspbiBa JOKAJILHOIO ydacTka 23-1n n-Bakyyma
«Bo mHO20U MyOpOCmU MHO20 neYanu; u Kmo
VMHOdICAEm NOZHAHUE — YMHOJICAEH CKOPOb)

Kohenem (Exknecuacm)

PaccMOTpHM KHHEMATHUECKME acleKThl BO3MOKHOCTH «pa3phblBa» IBYXCTOPOHHEH MPOTSKEHHOCTH JIOKAJbHOIO ydacTKa
23- Amn-BaKyyMa.

IMpounrerpupyem Boipaxkenne (121) [8]:

= a,t + const. (129)

Wnterpupys Beipaxkenue (129) eme pas, u monaras Xo = 0 npu t = 0, HOJIy4nM clienyromee H3MEeHEHNE NPOTHKSHHOCTH Jii-
yunbl CyOKOHTA 23- Amn-BaKyyMa BJIOJIb OCH X IIPH €€ YCKOPEHHOM JBUKeHuH [8]:

c? a?t?

X—XOZAX:— 1+7—1 . (130)
X

[TycTh ucxoaHoOE (T.€. HEMOABMKHOE) COCTOSIHHE JIOKAJIBHOTO y4acTka CyOKoHTa 3amaercs metpukoii (108)

dsO)® = c2dt'2 —dx'? —dy'2 —dz'?. (131)

PaBHOYCKOpEHHOE ABIDKEHHE JaHHOTO yYacTKa BIOJb OCH X (OpMaIbHO 3a1aeTcs peobpasoBannem KoopauHat [8]:

’ ’ CZ axztz 12 !
t'=t, x=x+Ax=x+a—x 1+C—2—1, vy =y, z =z (132)

Juddepenuupyst koopaunarel (132), u noacrasisst pe3ynbratsl auddepenimpoBanus B Metpuky (131), mony4um cneayro-
1yt MeTpuky [8]

d ($)2 _ _c?dt>  2a,tdtdx
Sa - ay?t? av2t2
1+= 1+ =5

KOTOpasi ONIUCHIBAET PABHOYCKOPEHHOE JIBUKEHHE JIOKAILHOTO Y4acTKa CyOKOHTa (T.€. gnewreli CTOPOHBI 23- A n-BaKkyyma)
B HalIPpaBJICHUHU OCHU X.

—dx? —dy? —dz?, (133)

Ecnu B 37011 e 001acTu Cy6KOHTa CO31aTh AOTIOJTHUTCIIBHOC TCUEHNUE C PABHO3AMECIJICHHBIM JIBUKCHUEM, T.€. C OTPULATEIIb-
HbIM YCKOPCHUEM
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= —ay, (134)

TO, IPOJICTIBIBAS MAaTeMaTHIECKHE BhIKIaaku anamornuabie (130) — (133), momyunm MeTpuKy

+)2 c?dt?  2aytdtdx
ds(? = 4 Zatdidx  gy2 _ gy2 _ gz2, (135)
b azt? a2¢2
T2 1--25
C

[pu 3TOM cpenHee METPUKO-TUHAMUICCKOES COCTOSIHHE JIOKAJILHOT'O yYacTKa CYOKOHTa OyIeT XapaKTepU30BaThCs YCPe/I-
HEHHOU METPUKOU

(ds(+)2 + dS(+)2) c2dt? Ay (Jz+\/ﬂ7>dtdx
2 a b

1
<dst >2=- .- x? — dy? — dz? (136)
- : 1- %t
c P

¢ cUrHatypo# (+——-).
W3 metpuxu (136) BUmHO, 4TO B CIydae

ajt*

= 1, wm |adt=c wim |a] = C /AL, (137)

MEpBOE U BTOPOE ciiaraeMble B ycpeaneHHoi MeTpuke (136) oOpamaroTes B 06CKOHEUHOCTh. JIaHHYI0 CHHTYJISIPHOCTh MOYKHO
UHTEPIIPETHPOBATH KaK «Pa3phIBy» HCCIEIyeMOro yuacTKa CyOKOHTa (T.€. 6Heuiteti CTOPOHBI 23- An n-BaKyyMa).

«Pa3pbIB» CyOKOHTA — 3TO HEMOJIHOE AeHcTBHE. JIJIsl TIOHOTO «Pa3phiBay JOKAIBHOTO y4acTKa 23- Amn-BaKyyMa HEOOXOIMMO
«IOPBAaTb» U €€ 6HYMPEeHHI0I0 CTOPOHY, OMIchIBaeMyto MeTpukoid (109) ¢ curnatypoii (— + + +). s 3Toro Heo6XoAUMO B
TOM e 00JIaCTH IPOCTPAHCTBA B AHTUCYOKOHTE (T.€. BO 6HympenHeli CTOPOHe 2°-Amn-BaKyyMa) CO3/1aTh aHATOTHYHbIE PaB-
HOYCKOpPEHHBIE M PaBHO3aMEUICHHBIE TEUEHHS, YTOOBI €ro CpeHee COCTOSHUE ONPEIeIIsUIOCh YCPEAHEHHONH METPUKOH

c2de? axt( f xzt + /1+ axt >dtdx

<ds©) >2= 2 (ds{? 4 dsy?) = -+ . +dx? +dy? +dz?,  (138)
-4

C CHTHATYpOif (— + + +), KOTopas «pPBETCs» TIPH TeX Ke yCITOBUAX

att _ =1,um |adt=c, mm |a=C/AtL (139)

c*

Yepennenue merpuk (136) u (138) npuBOAUT K BBIOIHEHHIO BAKYYMHOTO YCIIOBHUS

<< ds >>?=1/, (< ds™® >2 +<ds™) >2) =0, (140)
KOTOPOE B IaHHOW CUTYyalluu SKBUBAJIEHTHO TPEThbeMy 3aKOHY HbI0TOHA: — «JIeficTBHE PaBHO MPOTUBOIECHCTBUION
FH— FO = ma™—ma,O = a— a0 (141)

To ectb npouecc «pas3pbiBa» JIOKAJIbHOI'O yJacTKa Am,n-BaKyyMa AHAJIOTUYCH PAa3pbIBY 0OBIYHOTO (aTOMI/ICTI/ILICCKOFO) TBEp-
J0r0 TeJjia, K KOTOPOMY C JIBYX €I0 CTOPOH NPUIOKEHBI JOCTATOYHO OoJIbIINE PaBHBbIC CUJIbI, TOYHEC YCKOPCHUA.
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He HCKIIFOYCHO, YTO OIIMCAaHHBIC BBILIE YCIIOBUSA «Pa3pbIBay A -11,-13 - BaKyyMa CKJIaAbIBAIOTCS IIPU CTOJIKHOBEHUH BCTPEUYHBIX
TIOTOKOB 3JIEMEHTAPHBIX YaCTHI, Pa3OTHAHHBIX Ha YCKOPHUTEIE. BOSMO)KHO, YTO CHJIBHOE€ COYTap€HUE YacCTHL] IIPUBOIUT K
BO3HUKHOBCHHIO NayTHHBI BAKYYMHbBIX «TPCIINH», IPHU 3TOM 3aMKHYBHIUECA TPCIIUHBI PA3JICTAOTCA B BUAC MHOXKCCTBA HO-
BBIX «HYaCTUID» U «KaHTHYACTUIL» (HOZ[O6HO OCKOJIKaM pa36I/ITOF0 CTeKJ'Ia).

Jlis mony4yeHus: «pa3phIBOB» BaKyyMa OOJIBIIMX MACIITa00B HEOOXOIUMO UHHIIMUPOBATh YCKOPCHHBIC TCUCHUS Pa3IMIHBIX
CTOPOH Az 3-BakyyMa (cMotpute §1 B cTathe [1]).

ITo Bceit BUAMMOCTH, «pa3pbIBbI» BaKyyMa pa3MyHOT0 MaciuTada MPOUCXOAAT B OKpY Karolel Hac MPUPOAE, HAIIPUMED, IIPH
POXIICHUHM HOBBIX YaCTHIl M3 ITyCTOTHI BO BPEMs CTOJIKHOBEHHSI MOJICKYJI aTMOC(Ephl ¢ KOCMUYECKHUMH U3ITyYCHUSIMH, WIN
IIPY BCHBIIIKAX MOJIHIH B JOXKIEBBIX 00nakax. MBI 371eCh TOJIBKO MBITAEMCSI ONTHCATh TH SIBJICHUS] HA OCHOBAaHUU F€OMETPH-
3UpOBaHHON (PHU3WKH BaKyyMa, OCHOBaHHOH Ha AnreOpe curHatyp. OgHAKO, pa3sBUTHE «HYJIEBBIX) (BaKYyMHBIX ) TEXHOJIOTHN
COIPSDKEHO ¢ OONBIIMMHU OnacHOCTSIMU. [103TOMY, mapanienbHo ¢ pa3sBUTHEM (HU3KMKU BaKyyMa (B YaCTHOCTH KHHETHKH Ba-
KyYMHBIX CJIO€B), HECOOXOANMO IEPEOCMBICIIUTD PETUTHO3HO - (PHI0CO(CKUE acTIeKThl COBPEMEHHON HayKH, pa3BUTh «Baky-
YMHYI0 OTHKY», «BakyymHyro OcteTnky» u «Bakyymnayro Ilcuxonoruio». B mpoTHBHOM citydae 3TO 3HaHHE HE IPHHECET
M0J1b3Y Hallell UBUIN3ALINH.

BbIBO/IbI

Korma cpaxkaemscss ¢ MOHCTpaMu, ocTepe-
raicst, 4ToObI CaMOMy HE CTaTh MOHCTpOM. 1
€CIIM JIONITO BCMAaTpuBacubes B be3nHy, To
Bbeznna BcMaTpuBaeTcs B TeOS.
&. Huywe
“Jenseits Gut und Bose”
(Ilo my cmopony oobpa u 31a)

JlaHHas cTaThsl sIBJISETCS TPEThEW YaCThIO €JMHOTO MCCIIeIOBaHK 1M0]1 OOIIUM Ha3BaHHeM «I'eoMeTpu3upoBaHHOM PU3NKH
BaKyyMa Ha OCHOBe AJreOpbl CUTHATYDY.

B mepBbIX ABYX Y4acTAX JaHHOTO UCCIIEJIOBAHUS, IPEACTABIEHHBIX B CTAThIX aBTopa [1,2], OBbLT MpeyiokeH MEeTO T UCCIIeI0-
BaHUS HICAIHLHOrO (T.e. HEMCKPHBICHHOTO M HEMOJBMKHOTO) yYacTKa BaKyyMma C MOMOIIBIO 30HIUPOBAHMS €0 B3aHMHO
MEPICHANKYJIIPHBIMY JIy4aMH CBETA C PA3IMIHBIMK [UTMHAMH BOJH Amn. JlaHHBINA METO/I MO3BOJIUII B MEPBBIX JIBYX CTATHAX
[1,2] 3a;105%KTH OCHOBBI CHauyana AreOpbl CTUTHATYP, a 3aTeM ANreOpbl CUTHATYP.

B 3701 cTaThe paccMOTPEHBI BO3MOXHOCTH OITMCAHUSI HCKPUBIICHHOTO COCTOSIHHUSI TOTO YK€ y4acTKa BaKyyMa Ha OCHOBAHUH
JlanbHeHero pa3BUTHs MaTeEMaTHYECKOTO armapara AJIreOpsl CurHaTyp.

HepeqncnnM OCHOBHBIC pE3YyJIbTAThI, [IOJTYYCHHBIC B HaHHOﬁ CTaThbEC:

1) Ha mpumepe 0fHOTO U3 Amn-BaKyyMOB TIOKa3aHO, YTO BO3MOKHO MHOKECTBO YPOBHEH PACCMOTPEHHS €0 MCKPUBIICHHUIA.
CaMBbIif TPOCTOH U3 HUX 3TO, KAK MUHIMYM, TBYXCTOPOHHHNA. DTOT YPOBEHb PACCMOTPEHHS ITOIPa3yMEBAET, YTO OKPYKAr0-
I1ee Hac IyCToe MPOCTPAHCTBO (BaKyyM) UMEET He MeHee ABYX 4-MEpHBIX CTOPOH, KOTOPbIE YCIOBHO MOYKHO HAa3BaTh: BHEII-
HEll CTOPOHOM ¢ CHTHATYPO# MPOCTpaHCcTBA MUHKOBCKOTO (+ —— —), ¥ BHyTPEHHEH CTOPOHOM C TMOTHOCTHIO MTPOTHBOTIOIOK-
HOM CHTHATYpOW aHTH-TPOCTPaHCTBa MHUHKOBCKOTO (— + + +). B aTOM ciyuae 1yist ommcaHusi MCKPUBIICHHUH JTOKAIBHOTO
y4acTKa JByXCTOPOHHETO 23-Am n-BaKkyyMa TpebyeTcs He 16 KOMIOHEHT METPHUYECKOTO TEH30Pa, KaK B OJJHOCTOPOHHEH Teo-
pun, Hanpumep, B OTO, a 16 + 16 = 32 = 25 xoMnoHeHT MeTpuuecKoro Tensopa. CleayIomuii ypoBeHb pacCMOTPEHHUS ITO
Amn-BakyyM ¢ 16 cropornamu. Ha 3TOM ypoBHE paccMOTpeHUs JJIs ONMCAHUS UCKPHUBJICHUS JIOKATbHONH 00JacTH MIeCTHA-
JIATH-CTOPOHHET0 2°- A n-Bakyyma Tpedyercs yxe 16x16 = 256 = 28 xoMnoneHT MeTpuuecKkoro TeHsopa. IIpu 3ToM ommca-
HHUE NCKPUBJICHUH MTOJTydaeTcs 3HAUNTEIHHO 00Jiee TOYHBIM, Y€M NPH ABYXCTOPOHHEM PaCCMOTPEHMH. MaTeMaTHnIecKuii an-
mapat AnreOpsl IpeayCcMaTpUBaeT BO3MOXHOCTD YBEIMYCHNS KOJINYECTBA KOMIIOHEHT METPHUIECKOTO TEH30pa, ONHCHIBAO-
[TUX UCKPUBJICHHS JIOKAIBHOM 00J1acTH Amn-BakyyMa 10 6eckoHedHocTH (cMoTpute §2.9 B [2]).
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2) Tloka3aHo, YTO SJIEMEHTY JUTMHBI Ha OJHON CTOPOHE JABYXCTOPOHHEH MPOTSXKEHHOCTH C TMOTHOCTHIO MPOTHBOIOIOKHBIMH
CUTHaTypaMHU COOTBETCTBYET IepIeHIUKYJIIPHBIN 3JIEMEHT Ha IpYyToil ero cTopoHe (cMoTpuTe §5.2 naHHOM cTaThu). DTO, HA
TIEpBBIH B3IIISLA, MPOCTOE HAOJIOICHHE BIIeUeT 3a cOOOH BechbMa 3HAYMTENbHbIE TTOCIeICTBUS. JlaHHOE 00CTOSTENBCTBO SIBIISI-
eTcsl MPUYNHOM TOro, 4YTO MHOTHE BHYTPH-BAKYyMHbIE U MAaKPOCKOIIMUECKHUE MIPOIIECCHl CBOPAYUBAIOTCS B CITUPAIIH.

3) BeisiBieH (GDU3HYECKHI CMBICT HYJIEBBIX M HEHYJICBBIX KOMIIOHEHT METPHYECKOTO TEH30pa B paMKax npeiaraemoit «I'eo-
METPU3UPOBAHHOH (pH3UKH BaKyyMay (CMOTpUTE §6 TaHHOU CTATHH).

4) Beenen Tenzop 4-medopmanuii © KOMIIOHCHTHI BEKTOpa OTHOCHTEIBHOTO YAJIMHEHUS TP JBYXCTOPOHHEM H 1 6-CTOpOH-
HEM PacCMOTPEHHUU UCKPUBICHUH Amn-BakyyMa (cMoTpute §§ 5.2 1 5.3 nanHOM CTaThN).

35) PaccMoTpeHBI HEKOTOpBIE aCNEKThl KHHEMATHKH CIO0EB Amn-BakyyMa (CMOTpHUTE §7 NaHHOW CTaThH). DTO ITO3BOJIMIO
MIPOAHATN3UPOBATh HHEPTHBIE CBOHCTBA Amn-BakyyMa (cMoTpute §7.1) 1 mpeacka3aTs BO3MOKHOCT CMEIIEHHS BaKyyMHBIX
CJIOEB CO CKOPOCTHIO, 3HAUNTEIIHHO IPEBHIIIAIONIEH CKOPOCTh cBeTa (cMoTpuTe §7.2). BMecTe ¢ TeM mmokazaHo, YTO IpOJOITb-
HOE CMEIICHNE BHEITHEH U BHYTPEHHEH CTOPOH Am,n-BaKyyMa OTHOCHTEIIBHO JIPYT pyra HEM30€KHO BIIEUET 3a COOOH CKpY-
YMBAaHWE WX B CIIMPAJIECBUAHBIN JKIyT.

6) PaccMoTpena knHeMaTHYECKask MO/IENb BOZMOXXHOCTH JIOKJIBHOTO pa3pbiBa Amn-Bakyyma (cMmotpute §7.3).

[Mpennaraemas B crathsx [1,2] u B naHHO# cTaThe «I eoMeTpu3npoBaHHas (HU3MKa BaKyyMa C MO3ULUHA AIreOpbl CHTHATY DY
Jlajieka J0 3aBepIIeHMs, HO yXKe cefyac B paMKax JaHHOH MPOTrpaMMBbl HCCIEJOBAHUH NMPOSBISLETCS BO3MOXKHOCTh Pa3BUTHS
«HYJEBBIX» (T.€. BaKyyMHBIX) TEXHOJIOTHH. BMecTe ¢ TeM 04eBHIHO, YTO pa3BUTHE JaHHBIX TEXHONOTUH TpeOyeT 3HaUUTeNb-
HOT'O MOBBIIIEHUS OTBETCTBEHHOCTH YeI0BeuecTBa nepea Muposaanuem [5,9].
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