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AHHOTAUUA: B paMKax MporpamMMbl TeOMETPHU3aluH (U3UKH, K KOTOPOil OTHOCATCS pabOTHl aBTOpa
[1, 2, 3], paccMoTpeHbI HH3MUIECKHE M MATEMATHYECKAE OCHOBBI CBETOTCOMETPHU BaKyyMa M AJNTeOphI
curHatyp. Bakyym mccienyercs mocpeacTBOM 30HIMPOBAHMS €T0 B3aUMHO HEPIICHANKYISIPHBIMA MOHO-
XPOMAaTHYECKUMH JIydaMH CBETa C Pa3NWYHBIMHU [UIMHAMHU BOJIH. B pesynmbraTe momydaercss mepapxus
BJIOJKEHHBIX JIPYyT B Jipyra cBeToBbIX 3D-nangmadroB (An.,-BakyyMoB). PaccMOTpeHbI HEUCKPUBIICHHOE
Y UCKPHUBJIICHHOE COCTOSHHMS JIOKAIBHOTO y4acTKa (Am.p-BaKyyMa Ha OCHOBAaHMH MaTeMaTHYECKOTo arra-
para AnreOps! curaatyp. ChopMyInpoBaHO «BaKyyMHOE YCIIOBHE» Ha OCHOBAHHMHU OIPENECIICHUS «BaKy-
yMHoro Oanancay. PaccMOTpeHbl HMHEpPTHBIE CBOWCTBA (Ap.,-Bakyyma. IlpuBeneHO KHHEMAaTHYECcKoe
000CHOBaHHE BO3MOKHOCTH Pa3pblBa JIOKATBHOTO Y4acTKa (Ap.n-Bakyyma. Ha oCHOBaHMM W3JI0KEHHBIX
3/IeCh OCHOB ANTeOphI CUTHATYp B CTaThsAX [2, 3] MOTydeHBI METPHUKO - TMHAMHYECCKIE MOJIENHN BCEX 3JIe-
MEHTapHBIX YacTHIl, BXOJIINX B cocTaB CTaHmapTHOH Mozxenu. B maHHOM pabGoTe BBOAATCS HOBBIE IIO-
HATHS, TIOTOMY B KOHIIE CTaThM IpPUBENEH «YKa3aTelb ONpPEIEICHUI HOBBIX TepMHHOBY». KiroueBble
cioBa: BakyyM, cBeTOreoMeTpusi, ycTOTa, CIUHTEH30p, CUTHATypa, CTHUrHATypa MeTpuka, ad(duHHOE
IPOCTPAHCTBO, METPUUECKOE IPOCTPAHCTBO, FEOMETPU3UPOBaHHAs (hH3HKA.
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Abstract: Within the framework of the physics geometrization program, which includes the
author's works [1, 2, 3], the physical and mathematical foundations of the Light-geometry of
"vacuum" and the Algebra of signatures are considered. The vacuum is investigated by probing it
with mutually perpendicular monochromatic light beams of different wavelengths. The result is a

hierarchy of nested 3D light-landscapes (i.e., Amn-vacuums). The non-curved and curved states

of the local section of the ﬂm,n-vacuum are considered on the basis of the mathematical appa-
ratus of the Algebra of signatures. The "vacuum condition™ is formulated based on the definition
of "vacuum balance". The inert properties of the Am n-vacuum are considered. A kinematic sub-
stantiation of the possibility of breaking the local section of the Ay n-vacuum is given. On the
basis of the foundations of the Algebra of signatures presented here in articles [2, 3], metric - dy-
namic models of all elementary particles included in the Standard Model are obtained. In this

paper, new concepts are introduced, therefore at the end of the article there is an "Index of defini-
tions of new terms".
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BBenenne
Mpeiciurenu 3anagHoi HMBWIA3ALUMU OCO3HAHO WJIM HEOCO3HAHHO, HO MOCIEA0BATEIbHO U IUIAHOMED-
HO Ha NPOTSKEHUU HECKOJIbKHNX BeKOB M3roHsuii bOI'A u3 Hayku.

Korna Hummie B «Frohlichen Wissenschafty (Becenoit Hayke) 3asBuut, uro "Gott ist tot" («bor
MEpTB»), TO OH TOJBKO KOHCTaTUPOBAJ 3aBEPILCHUE MPOLIECCa, KOTOPbIH HadyaJlu CTpouTen BaBuiion-
CKOI1 OalIHU U MPOJOJKUIN TOTOMKH AMaseka.

apXHUTEKTOpbl BaBUIOHCKON OaliHU B TaillHE CTABHJIM 11eNIbI0 TTOCTenieHHO M3rHath BOI'A cHa-
yaja ¢ nepBoro Heba, 3aTtem co Broporo Heba u Takum o6pazom nobpatbes 10 Beicimx HEBEC.

Awmariexk moctaBmiI npes; coboit 6onee mparmarnynyto 1ens: crepers Mims BCEBBIIIHEIO ¢
JUIa 3eMIIM. AMaJeKUTAHE MOChUIanu cTpeibl B He0o. AHTeNbl JOBUIU 3TU CTPENbI, 00Ma3bIBaIN UX
KpPOBBIO M BO3Bpalllajiy Ha3aJ] Ha 3emiito. Korga amanekuTsiHe yBUIETU OKPOBABIICHHbBIE CTPEIIbI, BEP-
HyBmuecs ¢ HeGa, oHM BO3pai0BaIlCh U BOCKIUKHYIIH: «Mbl younu bora!!!y

[Tn3anckas nanaromas OaiiHs TOXKe UMEET CEMb YPOBHEW, KOTOpbIE CUMBOJIM3UPYIOT ceMb He-
6ec. Jlerenaa riacurt, uro B 1589 r. I'anuneo [Manuneit co ceonm yuennkom Bunueniio Busuanu copo-
CHJIA C CEIbMOTO YPOBHS 9TOM OalllHU JIBa pa3HBIX [0 BETUYMHE MYyIIEYHBIX sAapa. Korga stu kameH-
HBIE /Ipa OJHOBPEMEHHO yIaJIl Ha 3eMJII0, Ha4yajlach 3110Xa COBPEMEHHOM HAYKU.

3a 400 - 450 ner ¢ MOMEHTa €€ BO3HWKHOBEHHUS, SMIUpPUYECKasl HayKa MO3BOJIMJIA 3araJHON
LUMBUIN3ALUU JOCTUYb OOJIBIIUX HJIEO0JIOTMYECKUX, TEOPETUUECKUX, TEXHUUECKHUX, TEXHOJIOTUYECKUX
BeplInH. Bee 3To oka3anoch BOZMOXKHBIM Oyiarofapsi pa3BUTHIO CTPOrOi SMIIUPUUYECKONW METOA0IOTUN
MOCTH)KEHUS 3aKOHOMEPHOCTEN OKPY>KAIOLIEro MUpa U PaclIMpEeHUI0 BO3MOXHOCTEH MBIIIIEHUs Oa-
rojiapsi 6e3yiepKHOMY (B3pBIBHOMY) pa3BUTHIO a0CTPAKTHOW MaTeMaTHUKH.

Bcemy aToMy criocobcTBOBaa XpUCTHAHCKas EPKOBb. VIMEHHO U XpUCTHAHCKHUE YHUBEPCUTE-
Tl EBponel (Cop6onHa, [Tnzanckuit ynusepcutet, Kemopumk nu Oxchopn, [Ipaxxckuit yHuBepcureT u
1p.) OTPaHUYMIM KPYT TOMYCTHMBIX MccieqoBaHui. Bee, 4To Kacanoch «3eMHOTro», ObLIO pa3perieHo
JUIS MCCIIeIOBaHMS U MOCTHKeHus, a Bce «HebecHoe» — 3amnperieHo.

Koctpbl CBsllIeHHON MHKBU3UILIMK BBDKIJIN: U3 alIXMMHHM — XUMHIO, U3 aCTPOJIOTHH - aCTPOHO-
MHUI0, U3 MeTapHU3UKU — GU3UKY, U3 TEOCO(PUN — ICUXOJIOTHIO, U3 LEIUTEIBCTBA — METULIMHY T.1.

Ho tpuymM(¢ HayyHO-TEXHHUECKOTO Mporpecca NOpOAUI Ha 3amaje Takyro MacCCHOHAPHYIO BOJI-
HYy aTeu3Ma U MOJIEpHHM3Ma, YTO 3Ta BOJIHA, YyTh OBLIO, HE CMbLIAa CAMO XPUCTUAHCTBO C JIUIa 3EMIIH.

B cepennne 80-x romoB mpomurtoro Beka HAayYHBIA DHTY3Ma3M Bboxcs. Hayka oxa3zamach B
riyookoM kpusuce. [IpyunHa 3TOro Kprusnuca KOpeHUTCS B METOJI0JIOTHH caMoil Hayku. Hayka s dek-
THUBHA TOJIBKO TOT'/1a, KOT/Ia €€ THIOTe3bl U MaTeMaTHYECKIe MOJIEIM MOTYT OBITh IIPOBEPEHBI HA MPAK-
tuke. Ho nmepenosbie pyOexu Hayku MOJONLIN K TaKUM TPaHUIIAM, 3arJIIHYTh 32 KOTOpBIE MpaKTH4e-

CKH HE€ BO3MOXXHO.



Cospemennas Hayka B npuHuuIe He criocoOHa NEPECTYNUTh 3a CIEAYIOIIME TPaHULIbL: pa3Me-
pbl Habmomaemoii Beenennoit 45,7 MuinapaoB CBETOBBIX JIET, MUHMMaJIbHbBIE pa3Mepbl HaOo1ae-
MOT'O IIPOCTPAHCTBA 10% em; miankoBcKas TeMIlepaTypa 1,4.10 *?K; mankoBcKoe BpeMs 54.10%cu
T.A. Jla ¥ 5TH rpaHuLIbl IIPU COBPEMEHHOM YPOBHE TEXHUKH BO MHOT'OM HEJOCTUKUMBI.

Hayka mponmospkaeT yCOBEpLIEHCTBOBATh TEXHHMKY M TEXHOJIOTHH, Pa3BUBACTCs MaTeMaTuye-
CKMI ammapar, HO BCE 3TO B paMKax OTIYLICHHBIX € rpaHull. Hudero kapIuHaIbHO HOBOI'O B HAyKe
He npoucxoauT yxe 35 — 40 ner. KoHeuHo, cienuanucTsl BUAAT MPOTPECC B CBOUX Y3KUX 00JacTsX,
HO /17151 OOBbIBaTeNel 3T MPOABHIKEHMSI CIIUIIKOM CJIO0XKHBI, HETIOHATHBI U HEOYeBUIHBI. Takux coObl-
THH, KOTOPBIE BOCXMILAIM BCE YEJIOBEYECTBO KAaK: BBIXOJ 4YEIOBEKa B KOCMOC, aTOMHAasl SHEPIreTHKa,
pacmudpoBKa TeHETHYECKOTO KO/Ia, Noaurpad u T.1., He MPOUCXOAIT B HaykKe ¢ 7/0-X TOI0B MPOILLIOTo
CTOJICTHS.

EcTb eme oguH acnekT, KOTOPbI OY€Hb CWJIBHO TOPMO3UT Pa3BUTHE HAyKH — 3TO IOHATHE
«macca». COBepLICHHO 0YE€BU/HO, YTO B MOJIHOCTBIO T€OMETPU3UPOBAHHON (U3UKE Pa3MEPHOCTb KH-
JIOTpaMM B IIPUHIUIIE [TOJIYYUTh HE BO3MOKHO. I[IoHATHA Macca U pa3MEpHOCTh KHJIOTPAMM IIPOHUKIIN
BO BCE IOPBI HAYKU. JTa UHTEIJIEKTyaJbHasl «IPsI3b» BCE 3aMYyTHEET, a pa3MEpPHbIE KOHCTAHThI, BKIIIO-
YaroIlUe pa3MEPHOCTb KUJIOTPAMM BCE YPE3BBIYANHO 3allyThIBalOT. KBaHTOBBIE MTOJIEBBIE TEOPUU OYU-
CTHUJIM IPOCTPAHCTBO OT MacCUBHOTrO 3¢upa. Ho Macca cKOHIIEHTpHpOBaiach B TOYEUHBIX YaCTHIAX U
3aMacKHpOBaach MOJ] TEMHYIO MaTepuio. Eciii MBI MOJHOCTBIO HE OYMCTUM (U3UKY OT IHOHSTHS
«Maccay, ToO Hayka HUKOTJja He CTaHET HACTOJIBKO YKCTOM, MpO3padyHoil U U3SIIHOM, YTOOB! BBIUTH Ha
HOBBIN YPOBEHb 3HAHUI.

EcTb 51 BBIXOZ U3 3aCTOS B HayKe?

[To Bceil BuguMoOCTH, BHYTpU CaMOll HayKu BbIXofa M3 3Toro Tymnuka Her. Hayka 0e3 BOI'A
MIPaKTUYECKH MOJHOCTBIO Mcuepnana ce0s Kak UcTOYHMK [Iporpecca m mpeBpaTmiiachk B 0OOBIYHOE pe-
MECIIO.

['maBHasg mpobiemMa COBPEMEHHOH HayKH 3aKiIIoyaeTcs B TOM, YTO OHA IOCTHTaeT TOJBKO
BHEUIHIOIO CTOPOHY 3TOro Mupa. OHaKO HEBO3MOXHO MOCTHYb Ja)K€ ATOT CaMblil TpyObIii MUp, HE
nuccnenys ero JlyxoBHyH CTPYKTYpy. DTOT MUP COCTOMT HE TOJIBKO M3 MATEPUAIBHBIX COCYJ0B, HO U
n3 JlyxoBHoro CBera, nx HanoaHstouiero. He 3arysaapiBast BHyTpb cOCy/Jja, HUUErO MOHATH HEBO3MOXK-
HO. B 5TOM KpOIOTCS KOpHHM Kpu3Hca HayKu, oTpunaronieil lyxosnyro croporny Muposganus. UucTsii
ITO3UTHUBU3M 3aBEJ] HAYKY B TYIHUK.

Uctounukom Breicokoro Broxnosenus u ganpHenmero MurtennexkryansHoro Pa3Butus Hamen
UBUWIIN3ALUU MOTYT MOCIYXHTb JIPEBHUE peluruo3nsle yueHus o Ctpykrype Muposnanus. YToOb
BbIpBaThCs U3 «IIpoKpycTOBa J10’Ka» HAYYHBIX OIPAaHMYCHHMH YYEHBIE Pa3HbIX CTpaH JOJDKHBI 00pa-

TUTBHCS K PEIMTHO3HO - puitocohckoMy HacaeIni0 CBOUX HAPOJIOB.



B nanHOl cTaThe npensiaraeTcs UCMOIb30BaTh Y HUBEpcalbHbIN Ko, Ha OCHOBaHHM KOTOPOTO

BOT Pa3zBopauuBaet Habm0qaemMyto HaMu BeeneHHyto.

Mynpenust TOPBI (mMexyOanum) COXpaHMIM U NEpelany U3 IOKOJIEHUS B IOKOJEHHE YueHue

BCEBBIIIHEI'O, KOTOPBIU Otkpsuics Ha rope CuHaii.

B Ocnoge storo Yuenus Benukoe u ['poznoe Mimsa BCEBBIIIIHET'O

957

Oro Benukoe u I'posnoe Mms CO3IATEJIA sBnsercs HeoTbemieMmbiM oTpaxenuem EI'O

CaoiictB u Kauects, u BMecte ¢ TeM — 310 OcHOoBa YHuBepcanbHoro Kozaa, u3 KoToporo passopayu-

BaroTCsa BCC HCXOJHBIC 3JICMCHTDBI TBOpeHI/IH.

EBpen, xotopsie ciyxaT 3TiuM 4eThipeM (7 = 4) OykBaM Ha3bIBAIOTCS 110 UMCHU POJIOHAYATbHUKA

onHoro u3 xosieH M3panns i1 79 7 % (Uryna). U ato Benukoe u I'poznoe Mms siBiisieTcss HICTOKOM pe-

aurun Uynansm.

OprtopokcansHbie uyneu He mpousHocaT Crpamuoe Mmsa 73-1-71-9. Jlomyckaercs MCKa)eHHO

IIPOM3HOCUTH TOJIBKO IMOCIIe0BaTeIbHOCTh OYKB 3TOro Mmenu: Uriox - Keii - Bas - Keii.

B eBpeiickoit Tpaguiuu, coxpanénnoi ot CuHaiicko-
ro OTKPOBEHUSI, roBoputcs, 4to B 0cHOBE Mupo3gaHus
U BCEX TBOPEHMM, HANOJHAIOIIMX €ro, JIEKaT pa3InyHbIe
Anroputmbl Packpeitust 3toro Bemmkoro u I'posHoro

Nmenu 1-9-71-% (T.e. YHuBepcanpHoro Koma Bcero cyiie-

ro). K Anropurmam Packpeitust Benukoro Umenu i7-1-7-°
otHOocaATcs: Munyu (Hanmomuenwe), Pubyi (Pa3BopaunBa-
uue), /[peso Cghupom (PazBerBnenue Kauects), Tpancmy-
mayuu (3amenpl u IlepectaHoBku OYKB), Anghasum
(Tpaucourepamus), I emampuu (Lndposrie 3HaUeHHUS OYKB
u cioB TOPBI), Koast TOPbI Ilapyygum (O6passr), Ku-
aum (Cocyzsl) T.0. HacTb U3 3TUX AJNTOPUTMOB PACKPBITHI
B [4].

Heine nynen He ckpbiBaroT ganHbsle Anroputmsl Pac-
kpoiTusi menn BCEBBIIIHEI'O, HO Bcerma criemyer

IIOMHMTH, uTO cKkazanu myapensl TOPDBI: «Korna mbl yunm
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Puc. 1.0.1. OnuH 13 anropuTMoB pacKpbl-
THs 4-0yKBKHHOTO VIMEHU 10]1 Ha3BaHHEM
«Ipeso Chupor»



TOPY B Manxyt ne Manxyr (T. €. Ha caMOM NMPUMHUTHBHOM, CXEMAaTHYECKOM YPOBHE) — 3TO OTKpBITast
TOPA, ner B HEU eme nacrosmero Mcnpasnenus u Ctpaxay.
WNynansm 3uKIeTcs Ha YBEPEHHOCTH, YTO 3TH Y HUBepcanbHble 3HaHus CoOOUIMII JIIOIIM C TO-

pbi Cunait CAM BCEBBIIIHUI TBOPEIL] Beero Muposnauus. 1 9Ti 3HaHMS HANOJIHSIOT aGco-
moTHO Bce TBopeHus Bepxuux (/[yxoBHbix) m Humxaux Mupos. msa BCEBBIIIIHEI'O 7-9-3-9.

(Urox - Keit - Bas - Keif) npicyTCTBYeT MOBCIONY, TAK KaK BCE TBOPSHUS BOSHUKIIN OJ1aroiaps mepe-
IJICTEHUIO Pa3uyHbIX AJNropuTMOB Packpeitusi 3Toro Bemukoro Mmenu. B Benukom u ['po3nom
Umenn 71-3-51-3 (Miox - Keit - Bap - Keit) Ckonnentpuposana Mupopmarmonnas OcHosa Bcero Cy-
IIETO0.

Ob6nanas YuuepcanbubiMu 3Hanusmu TOPBI (dapoBannoit CAMUWM BCEBBIIIHNM,
TBOPLIOM Bcero Cymero) uyzaeu, otHocstes k [Ipupone kak k XKuoit Kuwure, T.e. kak k Peanun3zo-
BaHHOM TOPE. 3nas Ucxoausiit Andasut, Mbl MoxkeM yutath Kuury JKM3HU na Bcex YpoBHsx bol-
tus. [Ipu 3TOM rpanunsl yenoseueckoro Iloznanus pacmupsitores 1o beckoneunocrtu, T.k. CAM CO-
3JIATEJIb Bcero Coo6umn Ham ¢ ropsl CuHait Ha kakux [Ipuanunax u Anropurmax OH Bee Coznman
un CorBopui. «CuHay B IepeBoJie ¢ UBpUTa (XuOpy) o3HadaeT «3aBUCTb, PeBHOCTH». JTO PeBHOCTH
BCEBBIIIHEI'O, uTo651 3T0 3HaHKME HE HNOHAI0 K 3J0ACIM.

TOPA T'oBoput, 4to EJIMHBIN u BCEMOI'VIIUI BOT Bee CotBopun u3 Huuero (1.e. u3
ITycToThI), a MaTepHATHCTHI (OMIIIOHEHTHI €BPEEB) YTBEPXKIAIH, YTO B OCHOBE BCETO BEUHas MepBOMa-
Tepusi. JTO OCHOBHOW HCTOK CIOpa MEXKIY OPTOJOKCATBHBIMU HWYAECIMH M MaTepUATUCTUUYECKU
HACTPOEHHBIMHU AIIJIMHAMM (ITOCJIE0BATEIH IKOIbI APUCTOTENS).

[IpencraBieHHas Hibke pabOTa HAUYMHAETCS C UCCIEAOBAaHUS MYCTOTHI (BaKyyMa), KaK UCTOKa
BCEX AJIEMEHTAPHBIX YaCTHUIl U aHTUYACTHUI] U3 KOTOPBIX MOCTPOEHA OKPYXkAIOIasi HAC PEAIbHOCTb.

Bakyym uccnegyercss mMocpencTBOM 30HIMPOBAHUSI €r0 JIydaMH CBETa, HAIMPABIECHHBIMHU C
TpeX B3aUMHO MEPIEHIUKYIISIPHBIX HallpaBlieHu. B pe3ynbpTaTe pa3BUBaeTCS CBETOT€OMETPHS BaKyy-
Ma u Anrebpa CUTHATyp, TOCTPOEHHBIE Ha OCHOBaHUH ANTopuTMoB Packpeitus Benukoro u ['po3noro
Umenn 51-1-71- (Miox - Keii - Bas - Keit). Anre6pa curHatyp — IOIHOCTBIO H Pa3HOCTOPOHHE TIPOIH-
tana BOXKECTBEHHBIM OTKPOBEHWEM wu Bo3Bpamaercs k ceoemy UCTOKY (4J1 o3nagaer
DJIb (BOT'), I'u6op — MoryiiecTtso).

TakuMm oOpa3om, CBETOreoMeTpusi Bakyyma U Anredpa CUTHATYyp, peann3yercs Kak cuMOno3

smnupuyeckoro nosxHanus mupa 1 BOXKECTBEHHOI'O OTKPOBEHUS B Buge AiaroputMoB pac-
kpeitus ETO Bemukoro u I'poznoro Mmenn 71-3-77-% (Miox - Keii - Bap - Keif). Tax e moxa3aHa aHa-

norust Mexay AnreOpoit curHatyp (AncurHoit) ¢ sizpikoM U-1[3b1H (kuTabickoit Kauru I[lepemen) u

PIH,HHP'ICKHMH maxmaTamMu.



B pamkax oHOW cTaTH HEBO3MOKHO M3JI0KUTh BCE aCIEKThl OCHOB MpEIjiaraéMOu peJIUru-
03HO-Hay4yHOU mapaaurmsl. [loaTomy oTChLIaeM TeX, KTO 3auHTEpecyeTcss AJICUTHON K JByM caiTaM

aBropa: http://alsigna.ru/ rue mznoxeHsl penUruo3Ho-puIocopckue UCTOKU Anredpsl curHatyp (Au-

curasl); 1 http://metraphysics.ru/, rae npeacrasieHa MOJIHOCTBIO TEOMETPU3UpOBaHHast (6e3mMaccoBast)

¢usuka ¢ mo3unuii Anredpsl cTurHaryp. Ha aTom caiiTe Ha OCHOBE CBETOI€OMETPUU BaKyyMa U AJl-
CHTHBI MPENJI0KEHbI METPUKO-IMHAMUYECKAE MOJIEIH BCEX YacTHll (kpome 0030Ha XHWrTca), BXOAS-
mux B coctaB CTaHIapTHON MOJIENH, ONKMCAaHA BaKyyMHasl pUpoOJa IpaBUTALUM, [IPEITIOKEHO peLe-
HUE CIEQYIOIMUX MpobiieM: GapuoHHOW acumMmeTpuu BceneHHol, KoH(allHMEHTa, CYIIECTBOBAHMUS
BTOPOT'O U TPETHETO MOKOJICHHUM KBAPKOB U JICNTOHOB; 3aJI05KEHBI OCHOBBI BAKYYMHBIX (HYJIEBBIX) TEX-
HOJIOTHH JIJTsl TIOJTYYEHUsSI CBOOOTHOW SHEPTHH M3 BaKyyMma, PaCIIUPEHUs] U YCKOPEHUS BaKYyMHBIX Ka-
HaJIOB CBA3H U T.J.

OObenuHeHnil Penurno3Hpix U HaAYyYHBIX MPEACTABICHUN B €IMHOE 3HAHUE HEOOXOIMMO He
TOJIKO JIJISi TOTO YTOOBI PACHIUPUTH KPYT YEIOBEUECKUX MO3HAHUM, HO W JUIsl Pa3BUTHS BaKyyMHOU
OTHKU ¥ BaKyyMHOI Mopaiu, 6e3 KOTOpBIX JalbHEHIee pa3BUTHE YEIOBEUECKOW NUBUIM3ALNN He-
BO3MOXHO. HeocTopoxHoe u 6€30TBETCTBEHHOE OOpallleHHue ¢ BAKyyMHOM IHEPreTHMKOW U JIPYTMMH
BaKYyMHBIMU TEXHOJIOTHUSIMU MOXET MOTYOUTh HE TOJIBKO HAllly IUIAHETY, HO M MPHUBECTH K KaTacTpo-

(e rajakTuyeckoro Macmraa.

1.1 IlocTHBIOTOHOBCKHUIH BAaKYyM

Korna Tel cpakaembcsi ¢ MOHCTpaMH, OCTe-
peraficsi, 9TOOBI caMOMy HE CTaTh MOHCTPOM.
W ecnu TBI 1oAro BCcMaTpuBaecllbcs B bezany,
To be3nHa BcMaTpuBaeTcs B TeOs.
@. Huywe
“Jenseits Gut und Bose ”
(ITo my cmopony 0obpa u 31a)

Bakyym (OT jaT. vacuus — mycToif) — 3TO caMblil CJIOXHBIH OOBEKT, ¢ KOTOPBIM KOTAa-ITHO0
CTAJIKUBAJICS 4yenoBedyecknid paccynok. «Ilycrora» — 3to Bee m Huuero B moreHunn. OHa oHOBpe-
MeHHO: coBeplieHHass HanonmuenHocTh 1 nonHas OTCyTCTBEHHOCTh; abcooTHbIN [1okoit n abcomtoT-
Hoe /IBmkenue. IHTYUTUBHO MBI OIIyIaeM, UYTO Y «BaKyyMma» He JOJDKHO OBITh KpaeB, U HeT aAHa. Ho
OT Hac MOJHOCTBIO YCKOJIb3aeT MOHUMaHue: — OHa WITI03Us WU pPealbHOCTh?

B konue 19-ro u B Havyasie 20-T0 BEKOB B Ka4eCTBE NMPUMHUTHUBHON MO «BaKyyma» pac-
cMmarpuBaics o0bem mpoctparcTBa (puc. 1.1.1), B KOTOPOM OTCYTCTBYIOT KaKHe-THOO MaTepHalbHbIC
yacTullpl. B Hamm 1HU B psfe o0nacTeil TEXHUKU 4acTO CHIIBHO pa3peKeHHbIN ra3 Ha3bIBAIOT TEXHU-

YCCKUM BAKYYMOM, Imojiaras, 4o a0COJIFOTHO YHUCTHIH BAaKYyM — 3TO CUHOHHUM ITIYCTOTHI.


http://alsigna.ru/
http://metraphysics.ru/

[To3gHee B KBaHTOBOW TEOPUHU MOJISI BOZHUKIIW MPE-

CTaBJICHHUS O (PU3UYECKOM BaKyyMe KaK O HAJIOKCHHUH «HYJIe-

BBIX» OCI_[I/IJIJISII_[I/If/'I MHOXKCCTBAa KBAHTOBAHHBIX (CKEU]}IpHBIX,
BCKTOPHBIX, CIIMHOPHBIX, TCH30PHBIX, KOMIIJICKCHBIX U T.I[.)

nosieii. bein Pa3BUTEHI NIPEACTABIICHUSA O IOJApHU3alllii, KOH-

ACHCATax, JUCIIOKAlIHUAX U APYIUX MPOABJICHUAX (1)I/I3I/I'-I€CKO-

ro Bakyyma. B mocienHee Bpems ao0aBuiIach HEOOXOIU-

MOCTb «HAIIOJIHUTB» BAKYYM HEKOM TeMHOU 3H€pl"PICI>i Hn TEM- Puc. 1.1.1. JlokanbHbli y4acToK MycToit

3-MepHOI IPOTKEHHOCTH, T.€. KIIacCHYe-

HOM Marepuei NIl OOBSICHEHUS psJia KOCMOJOTHYECKHX (-
CKOro Bakyyma 19-ro Beka

¢dexroB. Takum 00pa3oM, B COBpPEMEHHBIX HAy4YHBIX MpE.I-

CTaBJICHHSX JJa’K€ COBEPIICHHO CBOOOIHBIN OT MOJIEKYJ M aTOMOB 00BEM IpOCTpaHcTBa ((HU3NIECKUN
BaKyyM) — 9TO MHOTOCJIOWHBIH, IOBCEMECTHO YPE3BBIYAIHO CIOXKHO (GIYKTYHPYIOIIHA 00BEKT, MpakK-
TUYECKU C OECKOHEUHOM IUIOTHOCTHIO SHepruu. Bmecte ¢ TeM, B cpeHeM, GU3NUECKUil BaKyyM Ipo-
ABISIET ce0sl KaK «IIyCTOTa», MOSTOMY BO3HUKAET HEOOXOIUMOCTh «HM30aBUTHCS» OT OECKOHEYHOM
IUIOTHOCTH €T0 HEepruu (yIbTpaduoIeTOBON PacXOJUMOCTH) MTOCPEACTBOM NMEPEHOPMHUPOBOK (T.€. 32

CUCT BBCACHUA JOIIOJIHUTCIbHBIX KOHTP-YJICHOB B JIaI'paH>XHAaHbI 0O30HHBIX U (bepMI/IOHHLIX HOJ'IGIZ).

Puc. 1.1.2. ®pakranbHas WUTIOCTPALHS YPE3BBIUAHO CII0KHO HACHIIIEHHOTO BaKyyMa
W BaKyyMHBIX 00pa3oBaHuii B HeM



C npyroii CTOpOHBI, MHOYKECTBO TOIBITOK HECKOJBKUX TMOKOJICHWH y4YeHBIX "Hamrymarp" cyo-
CTaHIIMOHAIBHYIO OCHOBY OKpyxaromero beitust B Buze: 3¢upa, (Gprorucrona, 3CCeHLNH, aMepOB,
(IO 10B, AIIEKTPUYECTBA, KBUHTICCEHIIMU H T.JI. HE YBEHYAIUCH YCIIEXOM.

[TpoBan mporpaMmMbl OOHApPYKEHUS TOHKOM MaTepuaibHON OCHOBBI BHITHS MpUBEN K pa3BUTHIO
MpeJicTaBlIeHU 0 4-MepHOM MPOCTPAHCTBEHHO-BpeMEHHOM KOHTHHYyMe. HoBbll moaxoxa 6a3zuposai-
Csl Ha CHHTE3€ SMIIMpPHU3Ma U PalMOHAIIU3MA, CYyTh KOTOPOIO IPUMEHUTEIBHO K paccMaTpUBaEMOMY
BOIIPOCY CBOJMJIACH K CIEIYIOIIEMY YTBEPKICHHIO: — «J/la, Mbl HE 3Ha€M U3 YETrO0 COCTOUT OKPYXKalo-
11ast HpOTSKEHHOCTH (T.€. «1ycToTa»). Ho ¢ momorpto Bcro-
1y paccTaBlICHHBIX 4acoB U juHeek (puc. 1.1.1) MbI Moxxkem
«BBIPUCOBBIBATH» MPOCTPAHCTBEHHO-BPEMEHHYIO 4-MEpHYIO
KOOPJIMHATHYIO CETKY, KOTOpas MOBTOPSIET KOHTYpPBI MPOTSi-
KEHHOU peanbHOCTU». MHorue yuensle Hadyana 20-ro Beka

XO0pomo MMoOHUMaJIh, 4TO 3TO TOJIBKO YMO3PHUTCJIBHBIC «KOH-

TYpPhBI pC€aJIbHOCTU», 4 HC CaMa PCaJIbHOCTb. Ho co BpPCMCHEM
. Puc. 1.1.3. M3mepurenbHas perierka
YKOPEHWJIOCh MHEHHE, 4YTO 4-MEpHBbI NPOCTPAHCTBEHHO- COCTOSIINAS U3 YACOB U JINHEEK

BPEMEHHON KOHTHHYYM — 3TO U €CTh TO, YTO HAC OKPYKaeT, a
MacCHBHbBIE MaTe€pUaIbHbIE T€JIa UCKPUBIIAIOT €TO0.
Ha camom gerne, mpocTpaHCTBO-BpeMsl — ATO BCErO JIUIb MEHTAJIbHAs MOJENb MPOTSIKEHHON

pPEaIbHOCTH, T.€. UHTEIJIEKTYyaJbHasl «KOHCTPYKIHA», OTOOpa)karolas psij reOMeTpUYeCKUX U JHUHA-
MUYECKUX CBOWCTB «BaKyyMma». /[aHHas jormyeckas «KOHCTPYKLMS» UMEET TPAHULIBI IPUMEHUMOCTH,
MIO3TOMY B Hallle BpeMs OHa cTaja MPUYMHOMN psAJia HAyYHBIX IPOOIIEM.

OnHoM U3 OCHOBHBIX COBPEMEHHBIX MPOOJIEM SIBIISIETCS HECOOTBETCTBUE (PU3UUECKOT0 BaKyyMa
(T.e. COBOKYNHOCTH HYJEBBIX OCHWJUISALMNA KBAaHTOBAHHBIX IOJEH) ¢ 4-MEpHBIM MPOCTPAHCTBEHHO-
BPEMEHHBIM KOHTUHYYMOM. [IpH HOIBITKE NIPOKBAHTOBAaTh MCKPUBJIEHHOE IPOCTPAHCTBO-BPEMSI, OHO
«B3pBIBAETCSA», T.K. KBAaHTOBasi (PU3MKa HE JIOMYyCKAaeT OECKOHEYHO TOYHYIO JIOKAJIH3alMI0 MecTa 0e3
ITIOJIHOW HEOIPEACIICHHOCTH B €T0 COCTOSIHMM ABWXKEHUS. PU3MYECKUH BaKyyM — 3TO CBOETO poja
OypJsauil «0yab0H» U3 MHOXKECTBA POKIAIOIINXCS U UCYE3AIOUINX YaCTHI] M AHTUYACTHUIL Pa3IMUHbIX
COPTOB, a IPOCTPAHCTBO-BPEMSI — 3TO IVIaJKO€ MHOI000pa3ue ¢ MOIIHOCTbIO KOHTHHYYMa.

Bwmecte ¢ TeM, ¢pusndeckuil BakyyM M MPOCTPAHCTBEHHO-BPEMEHHOW KOHTHHYYM OOBEAMHSET
JlopeHI-MHBapHaHTHOCTh 00EUX JIOTUYECKUX KOHCTPYKLIUH.

Hpyroit mpo6iieMoil SBIsETCSI HE TOJIBKO BOIMPOC, CBSI3AHHBIA ¢ (PUIOCO(YCKUM OCMBICIEHUEM
KaTEeropuil «IIpoCTPAHCTBO» U «BPEMSI», COEIMHEHHBIX B €MHBIN «(IIPOCTPAHCTBEHHO-BPEMEHHOMN KOH-

TUHYYM», HO U CaM IMPOHCCC UBMCPCHUA PACCTOAHUA U JJIUTCIBHOCTH COIIPAKCH C MHOKCCTBOM CH-



CTEeMAaTUYECKUX U CIyYalHBIX MOTPEHIHOCTEH, BEIMUYMHA KOTOPHIX YacTO OKa3bIBAETCS COM3MEpsieMOon
C IPOCTPAHCTBEHHO-BPEMEHHBIMU UCKPUBIICHUSMHU.

B 310l crarbe npeanpuHATa NONBITKA MOCTPOCHUS CBETONEOMETPUUYECKOW MOJEIM BaKyyma
(T.e. «ImycTOW» MPOTSHKEHHOCTH), KOTOpasi, Ha Hall B3IJIsi, 00Jiee aeKBaTHO OTPa)XkaeT CBOICTBA MPO-
TSHXKEHHOM pPeasibHOCTH, YeM MPOCTPAHCTBEHHO-BPEMEHHON KOHTHHYYM, IPH OTCYTCTBUU MPOTUBOPE-
Ui C KBAHTOBOM (DPU3UKOIA.

Jnst uznoxenus ocHOB AnreOpbl curHaTyp (AJICUTHBI) MBI BHayajle BO3BpamlaeMcs K MakCH-
MaJIbHO YIPOILIEHHOMY paccMOTpeHuto «IlycToTb» B BHUJIE YHCTOTO TEXHUYECKOro Bakyyma 19 Beka,
KOTOpBIH Oy/1eM Ha3bIBaTh MOCTHBIOTOHOBCKUM BaKyyMOM, WJIH JIJIsl COKPAIICHUS «BaKyyMOM.

OtmeTuM, 4TO B 3TOH CTaTbe paccMaTpUBAaeTCs TOJIbKO OOBEKTHUBHBIN «BaKyyM», KOTOPBIN
HAXOJUTCS CHAPYKH 1O OTHOUICHUIO K HAOJIOAATEINI0, IOCKOIBKY «CyOBEKTHBHAS ITYCTOTA», HaX O~
miasicss BHyTpH HaOmronaTens (T.e. MPOCTPAHCTBEHHAs IMOJOCHOBA ISl YEJOBEUECKHUX BIICYATIICHUIA,
WUTIO3UH ¥ TaJUTIOIMHALINI), 00J1a/1aeT HHBIMU CBOWCTBaMU, U TPeOyeT JOMOIHUTEIHLHOTO HCCIeI0Ba-
HUSL.

Onpenenenue Ne 1.1 Ilocmuviomonosckuii 6akyym («8akyymy») — smo peaivhoe 3-mepHoe
npocmpancmeo be3 mamepuu, Haxoosweecs 6He co3Hanus Habnoodamens. IlocmHvlOMoHOBCKULL 8aK)-
VM 80 MHO20M COBemyem U3eCmHOM) 8 HaAYKe NOHAMUIO «UOeaNbHbIl AKYYM».

Brnocnencteuu, no Mepe pa3BUTHSI CBETOI€OMETPUN U ANreOpbl CUTHATYP, MOJeNb «Bakyymay
Oynet Bce Ooisiee u Oosiee yCIOXHATHCA, BIUIOTH A0 uccienaoBanus Ero Ilapo-anomanehbix U buo -
[Mcuxuueckux mposineHnii [4 — 9].

Cseemoeceomempus 06bEKMUBHO20 «8AKYYMay» (M.e. NOCMHbIOMOHOBCKO20 8AKYYMA) CIMPOUMCs
Ha OcHosaHuu aneopummos packpvimus Yemwvipexoykeennoeco Hmenu BCEBBIIIIHEI'O (TETPA-
I'PAMMATOHA) [4]. Dmo ecensiem nadesicdy na conudxcenue o6beKmMuHbIX 8033PEHUL HA OKPYXHCa-

10WYIo peairbHocms ¢ cyovexmuerot Ilcuxo-@usuxoii Pazymnozo beimus.

1.2 IIpoaoabHOe pacciioeHne MJI0CKOT0 «BAKYYMa» HA Am.n-BaAKYYMbI

Brauane paccmMoTpuM 3-MepHYIO 001acTh MOCTHRIOTOHOBCKOTO BaKkyyMa («BaKyyMmay), B KOTO-
pOil OTCYTCTBYIOT KaKue-TM00 NCKPUBIICHHS U TCUCHUS.

MpI He 3HaeM U3 Yero COCTOUT «BaKyyM», HO HaM JJOCTOBEPHO M3BECTHO, YTO Y€pe3 HEro pac-
MIPOCTPAHSIFOTCS JIy4r CBETA (JIEKTPOMArHUTHBIE BOJTHBI WIIH (DOTOHBI) CO CKOPOCTHIO CBETa

¢ = 2,99792458 -10% my/c. (1.2.1)

Ha nanHoM sTamne Mbl HE 3a1aeMcsl BOIIPOCOM, YTO TaKO€ JIy4 CBETA, U, KaK OH MPOXOJUT Yepe3

HcCaeayeMbIi 3-MEPHBINA Y4acTOK «BakyyMay. [IpocTo KOHCTaTupyeM SKCIIEpUMEHTABHBIN (PakT, 4ToO

(hOTOH, UCITYIIICHHBIA U3 TOUYKH A «BaKyyMay, 3a MPOMEXYTOK BpeMeHH Al T1oCcTUTaeT ero Touku b.



Ecnmn  MeTpuko-IMHaMUYECKOE COCTOSHUE
UCCIIEyeMOro o0beMa «BaKyyMa» HEU3MEHHO, TO
JMHUS, TI0 KOTOPOH mpoiues (GpOToH (MM MOCIeN0-
BaTEJILHOCTh (DOTOHOB — JIy4 CBETA), OCTACTCS HEH3-
MeHHOH. VIMEHHO COBOKYNHOCTb TaKUX B3aUMHO

NEPIEHIUKYJIAPHBIX CTAllMOHAPHBIX JUHUHN (1ydei

ceera) (puc. 1.2.1, 1.2.2) u sBAseTCS NPEIMETOM

paccMOTpeHus HaCTOsAIIEH pa60TI>I. Puc. 1.2.1. CranmoHapHble JIa3epHbIe T4 CBETA,
BU3YAJIU3UPOBAHHEIC C TIOMOIIBIO a3P030JIH
Omnpenenenue Ne 2.1 Jlyy ceema 6 momenm

spemenu t — oamo uHUA, NO Komopou npouwien @o-

MOH 6 «B8AKYyme)» 3ad UHmepeal e6pemMerHu om Mo-

menma e2o ucnyckanus to 0o t. [onpedenenue /[o6u-

0a Puoa (David Reid)].

Emen

Pa3IlCJII/IM BE€Ch Auama3oH JJIHH CBCTOBBIX

(3JIEKTPOMAarHUTHBIX) BOJIH A Ha IMOJAMana3oHbl OT

10" em mo 10™ 1 CM, TJIe M HATypaJbHbIC YHCTIA.

Ecnu yepes uccnenyemblii 00beM «BakyyMa

Puc. 1.2.2. TpexmepHasi pelIeTKa B «BaKyyMe»,
COCTOSIIIasi M3 B3aMMHO IEPIEHANKYISIPHBIX CTa-
JCNCHHOM [UIMHON BONHBI Am., (M3 AHamasoHa A/  WOHAPHBIX MOHOXpOMATHUMECKHX JIy4el cBeTa C
JUTHHOW BOJHBI Ap., W JUIMHOW peOpoMm KyOmde-

=10" =+ 10" cM, rme N = m +1) ¢ Tpex B3AMMHO TIep-  CKOif SUEHKH & oy ~ 107 Apen

MOChIJIaTh MOHOXPOMATHUYCCKHUE JIYUHU CBETA C OIIPC-

MEHANKYISPHBIX HampaBlIeHHUI, TO B 3TOM 00ObeMe
MOXKHO «BU3YIM3UPOBATH)» CTAIIMOHAPHYIO 3-MEPHYIO CBETOBYIO CETKY (CBOETO poOja CBETOBYIO
KKPUCTATUTNYECKYIO» pemeTky) (puc. 1.2.1, 1.2.2) ¢ anuHol pedpa KyOu4ecKoi sueiKku
Emen ~ Am:n, (1.2.2)

Jannyio 3-MepHyIO ceTKy OyaeM YCJIOBHO Ha3blBaTh CBETOBbIM 3D-nmanamadrom wimu Ag.n -
BaKyyMOM.

Omnpenenenne Ne 2.2 Ay.n-6akyym — smo 3D - nanowagm 6 «saxyymey, KOmopwlii COCMoum
U3 nepeceueHusi CMayuOHAPHLIX MOHOXPOMAMUYECKUX JIyUell c8ema ¢ ONUHOU BOHbL Am:n U3 OUANA30-
na A2 =10"+ 10" cm, 20e n=m +1 (puc. 1.2.1 u 1.2.2). Tonwuna nyueii ceema no cpasHenuio ¢ uccie-
0yembiM 00beMOM «8AKYYMAY CMPEMUMCs K HYII0, m.e. 8bINOJIHAEMCs YCI08Ue NPUMEHUMOCIU 2€0-
Mempu4eckou OnMmuKu.

[TocnenoBarenbHO MPO3OHIUPOBAB HCCIECAYEMBIH O00BbEM «BaKyyMa» MOHOXPOMATHYECKUMU
JydaMH CBETa C JJTMHOM BOIHBI Amsn M3 BCEX MOIMANA30HOB AA = 10™+ 10" cm, MOJYy4YUM IpaKkTHye-

CKH 0ECKOHEYHOE KOJHUYECTBO BIOKEHHBIX IPYT B ApYyra Am.n-Bakyymos (puc. 1.2.3).
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& m+n

Puc. 1.2.3. JluckperHsrit Habop cBeToBhIX 3D-nmanamadtoB (An., -BaKyyMOB) OJTHOTO M TOTO e 3-MEPHOTO
y9acTKa «BAKyyMay, THE Ama > Ametentt > Amezenez > Amezensz> Amegonts

Eciut Am:n > Am+1:n+1, TO Pa3Mepbl KyOUYeCKUX stueek cBeTOBbIX 3D-manamapToB (Am:n - Baky-
YMOB) Em.n > Em+1:n+1. 1 aK OCYIIECTBISIETCS MPOJIOJIIBHOE «PACCIOCHHE) UCCIEAYyeMOTo o0bemMa «BaKy-
yMma» Ha 0€CKOHEUHBIN NUCKPETHBIN psia cBeTOBBIX 3D-nannmadToB (Amn-BakyyMoB).

Onpenenenue Ne 2.3 [Ipodonvhoe paccioenue «8akyyma» — 3mo Hpeocmasienue nycmotl
3-mepHoti npomsidicenHocmu 6 8ude OecKOHeuHOU OUCKPEeMHOU NOCIe008aAMENbHOCMU BlLONCECHHbIX
opye 8 Opyea Am-n-6aKYYMOS.

[TpononsHOE paccioeHne «BakyyMa» Ha OECKOHEYHOE KOJTHYECTBO Am:n-BaKyyMOB aHAIOTHYHO
MIPEJICTABICHUIO O (PHM3UYECKOM BaKyyMe Kak O KBAaHTOBOH JKHJIKOCTH, COCTOSIICH M3 (DOTOHHBIX Ya-
CTHII, pacMOJIOKEHHBIX B OMpeAeIEHHOM MOPSAKE HAMoI001ue KpucTaunyeckon pemieTku. Kpome To-
T'O TOJIHBIN HA00p Am.n-BaKyyMOB COOTBETCTBYET IMPEIICTABICHHIO KBAHTOBOW TEOPHH ITOJISI O CAMOM
HU3KOM (HYJIEBOM) SHEPreTUYECKOM YpOBHE (U3MUYECKOTO BaKyyMa, KOTOPBI COCTOUT U3 OECKOHEU-
HOTO MHOKECTBA TAPMOHHYECKHUX OCIHIUIISATOPOB, HEIIPEPHIBHO M TIOBCEMECTHO KOJIEOIIOIMINXCSI C CO0-
CTBEHHBIMH YaCTOTAMHU (W:n=C/Am-n ¥ HYJEBBIMU SHEPTHAMU E =fiwy-n/2, T h=1,054572-10‘34 Jx-c

— NPUBCICHHAA IMMTOCTOAHHAA IInanka.
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1.3 PaanosiokaninoHHbINA METO/ MCCJIeI0BAHUS HHIOTOHOBCKOI0 BaKyyMa

JIyun cBera B «BakyyMe» HE BUIHBI, I03TOMY HU-

kakoro ceeroBoro 3D-manmmadra (T.€. An.n - BakyyMma), dl ~

00pa3oBaHHOTO MOHOXPOMATHYCCKHMH JIy4aMU CBETa, [

YeJIOBCUSCKHI TJ1a3 He BUAMUT. TeM He MeHee, ero MOXHO 1o/ ARLARA MAAALARAM) AARLARAL) AARLAMA ™
yac .

BU3YAJIU3UPOBATh. L

Ecnu Ha myTsx na3epHbIX JIydedl pacnbUIATh 4Ya- 3)

dHTEeHHa

CTUYKH a3p030Jid, TO CBETOBAA KPHUCTAININYCCKAd pCUICTKA 3MKOHanN oTpaartenb

Busyanusupyercs (puc. 1.2.1). KoHeyHo, mpocTpaHCTBO,

HAIIOJIHCHHOC aBpOSOHLHOﬁ B3BCCbIO, — 9TO HC «BAKYYM».

Ho B aTOM citydae nyuu cBeTa Mo-npexHeEMy pacipocTpa-

nuHelKa
HAKOTCA B «BAKyyME», a4 YaCTHYKHU adpO030Jid ABJIAIOTCA Hachbl
TOJIbKO MapKe€paMu JIsd BUSyalInu3alluu JaHHBIX nyqeﬁ.

bonee KOPPEKTHBIM ME€TOAOM HCCICAOBAaHHA MCT- 6)

. Puc. 1.3.1. PagronokannoHHasi yCTaHOBKa
pI/IKO-I[I/IHaMI/IquKI/IX CBOUCTB «BaKyyMa» ABJISACTCS pa- (P_Hy) JUIS 30HOUPOBAHUSA UCCIIEAYEMOTO

JMOJOKAIMOHHOE 30HJUPOBAHUE, TMOCKOJBKY JAHHBIN YHACTIE (BAKYYME»
MOJIXO0JT TIO3BOJISIET CPABHUBATH (PM3MUECKUE BEITMUYUHBI 8.z
B OJIHOM TOYKe MpocTpaHcTBa. CpaBHEHHE BEJIMYMH B
pa3HbBIX TOYKaxX MPOCTPAHCTBA CBA3aHO CO CIOXKHOU
MPOIIEAYPON CHHXPOHU3AIMU YaCOB B ITUX TOYKAX, UYTO
HEMHUHYEMO NPHUBOJUT K JOTOJTHHUTEIBHBIM OIIMOKaM

U3MEPEHUM.

Pannonokamnuonnas ycranoska (PJIY) mokaszana

A 4

Ha puc. 1.3.1. JlomycTum, 9TO OHA OCHAIEHAa BBICOKO-

TOYHBIMH YacaMu, HACAJIbHO JKECTKON JTMHEHMKOM M OT-
pakaTeneM, HaXOASIIUMCS 3a HCCIeAyeMbIM ydacTKoM  Pme. 1.3.2. PacnpocTpaHenue y4a CBeTa 1o
HUCKPUBJIEHHOMY Y4acTKy «BaKyyMa»

«BaKyyma». Taxxe JOIMyCTHM, 4TO pagHOIOKaTOp U3Iy-
4aeT KOPOTKHE HMMIYJIbCHl MOHOXPOMAaTHYECKUX JJIEK-
TPOMAarHUTHBIX CUTHAJIOB C HECYIIEH JTMHON BOIHBI Am-n.

IIycTh MMIyJIBC 3JIEKTPOMAarHUTHOTO CUTHAJIA, U3IIy4eHHBIM anTeHHou PJIY, pacnpocrpanser-
Csl B MCCIIEyEeMOM y4YacTKe «BaKyyMa» J0 OTpakaTels, OTpakaeTcsl OT Hero B 0OpaTHOM HampaBiie-
Huu (puc. 1.3.1), u OTpakeHHBII CUTHAJ MOMaAaeT B anepTypy aHTeHHsI PJIY.

[Tpomexxytok Bpemenu dt = t, —ty, mporreamuii OT MOMEHTA t; — HCITYCKaHUS UMITYJIbCA IO MO-

MeHTa 1 — mpuema OTpaskeHHOr0 CUrHana, (PUKCUPYETCsl BHICOKOTOYHBIMH YacaMH.
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3Has IPOMEXYTOK BpeMeHH dt' u mosaras, 4To CKOpocTh CBeTa (T. €. CKOPOCTh pacipocTpaHe-
HUS 3JICKTPOMArHUTHBIX BOJIH) SBJSIETCS (yHIAAMEHTAIbHOW KOHCTAHTOM, JIETKO PacCUUTaTh JIUHY
MyTH, IO KOTOPOMY PaclpOCTPAHSETCS JIyd CBETA OT AaHTCHHBI IIPUEMOIIePEATINKa 0 OTPAKATEIS 10
bopmyne

dl = %cdt. (1.3.1)

Jlenenue Ha /iBa CBSI3aHO C TEM, YTO CUTHAJ, U3y4CHHBIH
Y IPUHATHIA PagMoI0KaTOPOM, ITPOXOAUT OJJHO U TO JKE PaccTo- @\ <
SIHUE Yepe3 MCCIEeTyeMblid y9acTOK BaKyyMa JBaXKAbl: B IPSIMOM \ \ A/
1 00OpaTHOM HampaBICHUHU. |

M3mepuM Teneps TO e pacCTOSHUE OT arnepTypbl aHTEH-
HBI JI0 OTpa)KkaTeist C MOMOIIBI0 WACANTBHOW TBEPIOW JIMHEHKH

(puc. 1.3.1). Ilyctp mpu 5TOM JaHHOE PACCTOSHUE OKaXETCs

paBHBIM L.
Ecmu dl = L, To 3T0 MOXHO MHTEPIPETHPOBATH KaK Ipsi-
Puc. 1.3.3. 3ova1pOBaHNE UCCIETYEMO-
MOJIMHEHHOE pacIpOCTPaHEHUE PAJUOCUTHANA OT U3JIydaTellsd IO  To o0beMa «BaKyyMa» ¢ TPeX B3aHMHO
NEPIEHIUKYIISIPHBIX HAalpaBJICHUH
OTpa)kareyisi U 00paTHO.
Ecnu dl # L, To npy moHOCTBIO HcipaBHOM o0opymoBanuu PJIY 3T0 MOKET COOTBETCTBOBATH
OJIHOMY M3 CJIEIYIOIIUX CIIy4aeB:
a) UCCIIEAYEMBIN YIaCTOK «BaKyyMay UCKPHUBICH, IIO3TOMY JIyd CBETa PaclpoOCTPAHSIETCs MO I'eo-
Jie3ndYecKoil TuHUK uckpuBienHoro 3D-nanamadra (puc. 1.3.2);
0) B HccieayeMoM 00beMe «BaKyyMmay MPUCYTCTBYET HEKOE TeUCHHE (IBUKEHHE «BaKyyMmay), KO-
TOPOE CHOCHT JIyd CBETA C MPSIMOTO IyTH;
B) Ha JIaHHOM YYacCTKE HMEIOTCS] ICKPUBIICHUE U TCUCHUE «BAKyyMa).
C MoMOIIBI0 OJHOW PaJnoJIOKAIIMOHHON YCTaHOBKH, MOKa3aHHOW Ha puc. 1.3.1, HEBO3MOXKHO
OTIpEeICIUTh OCHOBHBIE METPUYECKHWE U JMHAMUYECKHE CBOMCTBA JIOKAJBHOTO y4YacTKa «BaKyymay.

I[JBI 0oJiee MOJIHOTO OIpeacCICHUSA €ro METpUKO-IUHAMUYICCKHUX CBOMCTB, HCO6XOZ[I/IMO 30HIUPOBATH

JaHHBIN Y4aCTOK MUHHMYM C TPEX B3aMMHO TEPIEHANKYISPHBIX HanpasieHui (puc. 1.3.3).

1.4 OcobenHoCTH PAIHOJOKALIMOHHOIO MeTOa
B paauonokaninoHHOM MeTOJie 30HAMPOBAHUS HCCIETyEMOro o0beMa «BaKyyMay coaepxKarcs
nBa GyHIAMEHTAIBHBIX aCleKTa, KOTOPhIE B JaTbHEHIIIeM MOBIUSIOT Ha PA3BUTHE CBETOTCOMETPHH.
Bo-mepBbIX, OTMETHM BasKHBIN (DAaKT, YTO MPOMEKYTOK Bpemenu dt, ormepsiembrit wacamu PJTY
(puc. 1.3.1), He UMeeT OTHOIICHUS K MCCICAYEMOMY YYaCTKy «BaKkyyma». DTO yTBEpXKICHHE BEPHO

y2K€ IIOTOMY, 4TO JAHHBIM y4acTOK «BaKyyMa» HAaXOIUTCS MEXKIY alepTypod aHTEHHBI U OTpaKare-
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JIeM, a 4achl HaXOJIATCSl BHE ATOrO ydacTka. J[pyrumu cioBamu, B paJHOIOKAIIMOHHOM METOJIE HCCIIe-
JIOBaHUSI CBOMCTB «BaKyyMay BpeMs SBJISICTCS aTpUOYTOM CTOPOHHEro HaOIroaarens, a He caMoro uc-
CJIEIy€MOT0 Yy4acTKa IMYyCTON MPOTSHKEHHOCTU. JTO 03HAYAET, YTO METPUKO-AMHAMUYECKOE COCTOSTHUE
JIOKQJIBHOTO y4acTKa «BaKyyMay OIpEAEeNseTCs] €ro MCKPUBJICHUEM UM BHYTPEHHUM JIBIKEHUEM, a HE
M3MEHEHHWEM TEUYEHHUs BPEMEHHM, Kak 3TO Tpakrtyercs B OOmieit Teopum otHocutenbHocTH (OTO)
A. DitHiTeitna.

Bo-BTOpBIX, paguoIOKAIMOHHBII METOJ] MPUBOAUT K HEOOXOIMMOCTH PacCMaTpHBATh OKPY-
KAIOMIYI0 MPOTSHKEHHOCTh, KaK MUHUMYM, <«IBYXCTOPOHHEI», a HE OJHOCTOPOHHEH, KaK 3TO UMEET
MecTo B OTO. To ecTh U3 JAaHHOTO METOJa HEU3OEKHO CIEAYET, YTO pealibHasl MPOTXKEHHOCTh UMEET,
KaK MUHUMYM, JBE€ COMPSIKEHHBIX 4-MEPHBIX CTOPOHBI: «BHEIIHIOIO» U «BHYTPEHHIOIO».

[Tosichum naHHOE yTBepKIAcHHE Ha mpumepe. OcHOBHOE ypaBHeHue paauosokarmu (1.3.1)

MOJKET OBITH npeaACTaBJICHO B BUJC

_(dI, +dl,)

C

dt (1.4.1)

rae dly — paccrostHue, KOTOPOE MPOXOJIMT JIyd CBETa B MPSAMOM HarmpasieHuu (0T anteHHbI PJIY K 0T-
paxkarenio) (puc. 1.3.1);
dl, — paccTosiHEe, KOTOpOE TPOXOAMT Jy4 CBETa B OOPATHOM HAlpaBJICHUU (OT OTpaXkaTess K aH-
tenne PJIY).
To ecTh B paauoIOKAaIIMOHHOM METO/Ie HeM30€KHO MPHUCYTCTBYIOT JIBa JIy4a: MpsMoi U oOpaT-
HBII, @ UM COOTBETCTBYIOT JIBE COINPSDKEHHBIC MPOTSHIKCHHOCTH: «BHEIIHSIS» M «BHYTPEHHSIS.
3a mpoMexxyTok BpemeHH dt Tyd cBeTa MPOXOAUT PacCTOSHHE
cdt =dl, (1.4.2)
rae dl = (dx*+ dy? + dz%) ” — sneMeHT JIHHEL B 3-MEPHOM «BaKyyMe».
U3 (1.4.2) cnenyeT BeIpakeHHE
c?dt? = dx® + dy? + dz°. (1.4.3)
B cBoto ouepens, (1.4.3) MOKHO 3amucaTh AByMs CIIOCOOAMM:
— B BHJIE KBaJIpaTa HHTEPBAJIa, OMKICHIBAIOIIETO PACIIPOCTPAHEHHUE JTydya CBETa B MIPSIMOM HAITPaBJICHUH
ds©? = ¢?dt? — dx®— dy? — dz? = dxo?— dxq®— dxo?— dxs? = 0 ¢ curnarypoit (+——-), (1.4.4)
BMECTE C Te€M, 3TO KBajapatT 3nemeHTa 4-niauHbl 4D-nannmadra, KoTophlil OyzeM yCIOBHO Ha3bl-
BaTh «BHEIIHE» CTOPOHON Ap.n-BaKyyMHOM MPOTSHKEHHOCTH;
— B BUJIe KBajjpaTa MHTEPBaJa, OMMMCHIBAIOIIETO PACIIPOCTPAHEHHE OTPAKEHHOTO Jy4a CBeTa B 0OpaT-
HOM HarpaBJICHUU

ds™? = — c?dt? + dx? + dy?® + dz® = — dxo® + dx;? + dxo> + dxs® = 0 ¢ curnarypoii (— + + +), (1.4.5)
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BMECTE€ C Te€M, ATO KBajapar 3yeMeHTa 4-mmuHbl 4D-antminannmadta, KOTOPEIM OyaeM yCIOBHO
Ha3bIBaTh «BHYTPEHHEN» CTOPOHOU Am.n-BaKyyMHOU MPOTSKEHHOCTH.

OmnpeneneHust HOBbIX TEPMUHOB. «BHEUIHSAA) CIMOPOHA Am-n-6AKYYMHOU NPOMANCEHHOCMU (UlU
CYOKOHM) N «BHYMPEHHSA) CMOPOHA Amn-6AKYYMHOU NPOMANCEHHOCU (UIU aHmMucyoxoum) OyayT
npueedenvl Hudice (onp. 7.2 —1.5).

KBanpate! unrepsaios (1.4.4) u (1.4.5) MoJIHOCTHIO KOMIICHCUPYIOT MIPOSBJICHUS APYT Ipyra

Yo(dsO? + ds™?) = dsO? + ds™? = (c2dt? — dx®— dy®— dz?) + (— c’dt? + dx® + dy* + dz°) = ©, (1.4.6)
JAaHHOE 00CTOSTENBCTBO MPH «IBYXCTOPOHHEM» PACCMOTPEHUH (BBITEKAIOILIEM U3 PaTUOIOKAIIMOHHO-
ro METO0/1a) CHUMAET OJIHY U3 OCHOBHBIX MTPOOJIEM KBAHTOBOM TEOPUU MOJIA — OECKOHEUHOCTh YHEPTHH
(U3MYECKOTO BaKyyMma, T.K. B 3TOM CIydac KakJIOMy HYJICBOMY YPOBHIO TapMOHUYECKOTO OCIHILISTO-
pa COOTBETCTBYET HYJICBOW YPOBEHb AaHTH-OCIHILISITOPA.

Onpenenenue Ne 4.1 «cmunnusiiiy Hy1b onpedessemcs 8blpadiceHuem

6=0-0. (1.4.7)

B nokanbHO# 00JIaCTH OCHIIIISITOPBI U AHTHOCIHIIATOPEI MOTYT OBITh CIBUHYTHI IO (a3e, OT-
JUYATHCS TI0 AMILTUTY/E U MOJSIPU3AIAN, TIOOTOMY B Ka) 0K TOYKE IMPOCTPAHCTBA BO3MOXHBI HETIPe-
PBIBHBIE BaKyyMHbIE (DIIYKTyalllu, HO, B CPEAHEM, 110 00BEMY «BaKyyMa)» OHH MOJHOCTHIO KOMIIEHCHU-

PYIOT IIPOSIBIIEHUS APYT ApPYTa.

1.5 T'eone3nueckne JUHUH Ap:n-BaKyyMa
MoHoxpomaTudyeckue JIydd CBeTa € Pa3IMYHBIMU JJIUHAMU BOJH Am.n PACIpOCTPAHSAIOTCS B
«BaKyyMe» C OJTHOM U TOM ke CKOpocThio cBeTa ¢ (1.2.1) ¥ 10 OHUM M TeM e 3aKOHAM 3JICKTPOIH-
HamuKH. [loaTOMy, ecnm WccienyeMblii Y4acTOK «BaKyymMa» HE HMCKPUBJICH, TO BCE CBETOBBIC
3D-nmanamadTel (Ann-BaKyyMbl) OyAyT OTIIMYATHCS APYT OT APYyra TOIBKO JTMHON pedpa KyOndeckoi
TUEHKH £men ~ 102 Am-n (puc. 1.2.2).
OpnHako, eciii «BaKyyM» UCKPHUBIIEH, TO BCE Am:n - BaKy-
YMBI OyIyT OTIMYATHCS JPYr OT Apyra B CHIY TOTO, YTO JIy4H
CBETA C Pa3HOM JUIMHOM BOJIHBI UMEIOT Pa3Hyo TONMMHY. Kax-
nbiid cBeToBoM 3D-nmanamadt (Ann-Bakyym) OyaeT yHUKaIbHBIM
(puc. 1.5.1), T.K. Bce HEPOBHOCTU «BAKyyMa» YCPEIHSIOTCS B

npeaciiax TOJMMUHLBI Jyda CBETA.

JlanHOE OOCTOSITENHCTBO TEOPETUIECKHA OOOCHOBBIBACTCS

Puc. 1.5.1. A;.,-BaKyyM BIIOKEH B
At g ~BAKYYM, TIE At.g > Am-n

B pasjieniax TeOMETPHUYCCKON ONTHKH, CBS3aHHBIX C pa3periaro-
el CrnocoOHOCThIO ONTHYECKHUX MpuoOopoB [18, 22], u mox-

TBEPI)KIAETCS IKCIIEPUMEHTAILHBIMU aHHBbIME (puc. 1.5.2).
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132 HM
82 HM 58 HM

A =650 um A =390 am A=240am A =170 am

Puc. 1.5.2. DxcnepuMeHTaNbHBIC JaHHBIE O TOJIIIMHE JTyda Jla3epa B 3aBUCHMOCTH
OT UTHHBI MOHOXpOMaTH4ecKoit BosHbI A ( https://tech.onliner.by/2006/03/29/blu_ray_about )

ﬂeﬁcmeumeﬂbHo, ecliu 80IHOBOE BO3MYUleHUe, pacnpocmpausioueecs 6 HanpaesieHuu I, onu-

cvisaemest komniekcrou ynkyueti [18]

U= e[a(r)+ikE(r)] ’

mo pacnpocmpaHeHue maxKoco 603MYUWeHUuA 3adaemcs YpaeHeruem

(VE)? —n? = /f;n [(Va)? + V2a], (1.5.1)
KOmopoe onpeoensiem WupuHy MOHOXPOMAMUYECKO20 Iyua C8ema 6 3a8UCUMOCIU Om OJIUHbL €20 60J1-
Hbl Amn.

Koeoa eenuuunou Onunvl 601HbL MONCHO npenedpeud (Am.n — 0), moeoa evipascenue (1.5.1)
ynpowaemcsi 00 ypasrenus sukonara [18, 22]

2 2 2
ey = () + (%) + () = 0s2)

Ilpu smom monwuna nyuei ceema makxice YCmpemasiemcs: K Hyno, m.e. 1y4u ceema npespa-
Waromecs 6 c6emosbvle TUHUU.

OnuH Am.p-BaKyyM — 3TO TOJIBKO OJIMH 3-MEpPHBIN «Cpe3» MCKPUBJICHHOW 00JIACTH «BaKyyMay
(puc. 1.5.1, 1.5.3, 1.5.4). /Insa Gosee MOTHOTO OMMCAHUS UCKPUBICHHOTO Y4acTKa «BaKyyMay» HE00Xo-
JUMO TOJIYYUTh MHOKECTBO Am-n-BaKyyMOB (3-MEpHBIX «CPE30B»), BIOKEHHBIX JAPYT B JIpyra Mogo0HO
MaTpeLIKE.

YroObl HE MOTEPATH UHPOPMALIUIO 00 UCKPUBIEHHOM YYaCTKE «BaKyyMmay, IIar ero JUCKpeTH-
3aIH Ha Am-n-BaKyyMBbI TOJDKEH YIOBIETBOPATH Teopeme KoTenbHrKkoBa (B aHIIIOS3BIYHON JIUTEPATY-
pe — teopeme HaiikBucta - lllennona). Ilo cytu, naHHas Teopema sIBISETCS yCIOBHUEM KBAaHTOBAHMS
«BaKyyMa» Ha BJIOKE€HHBIE JAPYT B Jpyra cBeToBble 3D-nanamadTel.

VYuutsiBas CBOMCTBa paclpoCTpaHEHUs Jydeil cBeTa (SMKOHAIOB 3JEKTPOMArHUTHBIX BOJIH),
3aKJII04aeM, YTO UCKpUBIIEHHBIN cBeToBol 3D-nannmadt (Am:n-BakyyM) BBISBIISETCS B TOJIIE «BaKy-
yMa» TOJIBKO TOTJa, KOTJa [UIMHA BOJHBI MOHOXPOMATHYECKHUX 30HAMPYIOMIMX JIyded cBeTa Amen

HAaMHOT'O MEHBIIIE Pa3MEpPOB UCCIEIYEMOro yyacTka «BakyyMay. B aTom ciydae mpuMeHuUMO puOiu-
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KEHHE T€OMETPHUUECKOM ONTUKH Am.n — 0, @ Tydn cBeTa MOKHO pacCMaTpUBaTh Kak OECKOHEYHO TOH-

KHe Teoie3ndeckue JTMHUU cBeToBoro 3D-nanamadTra (An:n-Bakyyma) (puc. 1.5.1, 1.5.4, 1.5.5).

Puc. 1.5.3. JIByxmMepHO€E NPEACTABIECHUE O Puc. 1.5.4. Nmmoctpanusi HUCKPUBIEHHOIO Y4acTKa
BIIOKSHHBIX JIPYT B nipyra 2D - marmmad- ceeroBoro 2D-nangmadra (2-MepHOTO Ap.,-Bakyyma)
tax [10] IIpU YCJIOBUH, YTO pa3Mepbl UCKPUBIEHHOTO y4YacTKa

«BaKyyMa» 3HAYHTEIHGHO TPEBBHIIIAIOT IJIHHY BOIHBI
Am:n 3OHIMPYIOLINX JIy4el cBeTa

[TosTromy, Hampumep, JUIsi BICBeUHBaHUsI cBeToBOro 3D-nmanmmadra Ha ypoBHE (iaykTyanui
KBAapK-TJIOOHHOTO BaKyyMHOI'O KOHJEHCaTa C XapaKTepHbIMM MCKPUBJICHUSMH B MaciiTtabax

1 _1 o —-17
108+ 10 em HE00XOJMMO MCIIOJIb30BATh JIYYH CBETa C JUTMHOW BOJHBI Ay.n > 107" "cm.

1.6 lecTHaauaThL Bpamawmuxcs 4-0a3ucos
BepreMcst K pacCMOTPEHUIO UACATHHOTO (HEUCKPUBIEHHOTO) y4acTKa OAHOTO U3 Am.n - BaKyy-

moB (puc. 1.2.2, 1.6.1).

gm+n

Puc. 1.6.1. neanshas (HeuckpusnenHas) 3D-«kpucraminyeckas pemeTka Ay.,-BaKyyMa, COCTOSILAs U3
MOHOXPOMATHYCCKHX JIy4eil CBETa C JIUHOM BOJNHBI Any.,. SI4elikaMu Takoi pereTku
SIBIISTFOTCSI MJCANIbHBIC KYOUKH C JITHHOM pedpa &p.pn ~ 10 Am-n
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B HenckpuBiIeHHOH 001acTH «BaKyyMay cBeToBbIe 3D-tanamadThl OTIHYAIOTCS APYT OT apyra
TOJBKO JTMHON pedpa KyOMYECKOH SYCHKU & men ~ 102-/1m+n, MOATOMY JaHHBIA MYHKT OTHOCHUTCS K
OTHMCAHUIO JTIO00TO U3 Ap.n-BaKyyMOB.

[TomcunTaeM, CKOJIBKO OPTOTOHAIBHEIX 3-0a3MCOB OEepyT HAYaIO B IEHTPAIbHOU Touke O Hc-
creayemMoro oobema «Bakyymay (puc. 1.6.1).

Onpenenenue Ne 6.1 Opmoconanvhuiii 3-6a3uc — 5mo mpu 63auUMHO NEPREHOUKVISAPHLIX eOU-
HUYHBIX 8EKMOPA, 8bIXO0AWUX U3 OOHOL 00Uell MOUKU.

Ecnu paznectn 3-6a3ucel u3 Touku O (puc. 1.6.1) B pa3Hbie CTOPOHBI, TO BBIICHUTCS, 4TO UX 16

(puc. 1.6.2 a,0).

Y
h

-
1
1
1
]

a) BOCEMb BHYTPCHHUX 3-0a3HCOB 0) BOCceMb BHEITHHUX 3-aHTHOA3UCOB B) CMEXXHbIE KyOHUUecKue sueiku

Puc. 1.6.2. lllectHanuare 3-6a31coB B
HEHTpaIbHOH Touke O H3y4aeMoro oobeMa «BaKyyMar»

N3 Hux BoceMb 3-0a3uCOB OTHOCATCS K caMoil KyOuueckoil stueiike (puc. 1.6.2 a), a BoceMb
MIPOTUBOMOJIOKHBIX UM 3-aHTHOA3MCOB OTHOCSITCS K CMEKHBIM KyOudeckum siueiikam (puc. 1.6.2 6, B).

JIroboe BUKEHUE B «BaKyyMe» JIOJHKHO COMPOBOKAATHCS aHAJIOTHYHBIM aHTHIBHYKEHUEM (ITO
B paMKax AJreOpbl CUTHATYP Ha3bIBACTCS «BaKyyMHBIM ycioBuem» (omp. 12.2). [TosTomy, ecinu oaux
3-6a3uc (BMecTe ¢ KyOMUYEeCKOM s4eiikoil) moBopaunuBaeTcs Mo yacoBoi crpenke (puc. 1.6.2 B), To 31O
BO3MOYKHO TOJIBKO, €CIM CME)KHasi KyOnueckas sueiika (BMecte ¢ 3-aHTHOa3MCcOM) aHaJOTMYHO IOBO-
paduBaeTCs MPOTHB YaCOBOM CTPENKH, MTOCKOJIBKY B «BaKyyMe» HET HUKaKOW TOYKH OTIOPHI.

B cBs3u ¢ Bblecka3zaHHbIM, YA00HO BceM 3-0a3ucam (puc. 1.6.2 a) noGaBUThH 10 4EeTBEPTOM
OCH BpeMeHH, a BOCbMHU 3-anTubazucam (puc. 1.6.2 6) 106aBUTh M0 YETBEPTON MPOTUBOMOIOKHOHN aH-
TH-OCH BPEMEHH.

Taxkum o0Opa3omM, B paccmarpuBaeMoil Touke O Am:.n-Bakyyma (puc. 1.6.1) umeercs 8§ + 8 = 16

OpPTOTOHAITEHBIX 4-0a3MCOB, TOKa3aHHBIX Ha puc. 1.6.3.
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Puc.1.6.3. HlectHaanaTs 4-6a3ucoB ¢ Ha9aIoM B Touke O, MONYYSHHBIX OCPEICTBOM JT00aBICHUS K
BOCHbMH 3-0a3ucaM U BOCbMH 3-aHTHOA3UCaM 110 YSTBEPTON OCH BPEMEHHU

HlectHamare 4-6a3ucoB (puc. 1.6.3) MOryT ObITh MOJYYEHBI B PaMKaxX paaud0IOKAI[MOHHOTO
METO/a 30HIUPOBAHUS JIOKAILHOTO YJacTKa «Bakyyma». B m. 1.3 G110 moka3aHo, 4To Jyisi onpezese-
HUSI METPUKO-TUHAMUYECKUX CBOMCTB «BaKyyMa» B OKPECTHOCTU TOUKHM O B 3TY TOUKY AOJIKHBI IIPH-
XOIMTh PaIUOJIOKALMOHHBIE CUTHANIBI (MOHOXPOMAaTHUECKHUE JIyYU CBETA) HE MEHEE UYeM C TPeX B3auM-
HO TIEPICHANKYJISPHBIX Harpasienui (puc. 1.3.3).

[Tycth B TOuky O NMPHUXOIAT MIECTh MOHOXPOMATHUYECKUX Jy4el CBETa C KPYroBOW MOJSpU3a-
ueit (1o Ba BCTPEUHBIX JIy4ya CBEeTa C TPEX B3aUMHO TEPIIeHIUKYSIPHBIX HanpaBieHuid, puc. 1.6.4).

Hanomuum, umo noaspusayueii 31eKmpomMacHUMHOU GONIHbL (ULU YA CBEMA) HA3LIBAENICA 3A-
KOM U3MEHeHUsI HanpasieHusl GeKMopa HanpajceHnocmu snekmpudeckoeo nois E 6 niockocmu nep-
NEeHOUKYISIPHOU HANPAGLEHUIO PACHPOCMPaneHust 60Hbl (uiu ayya) (puc. 1.6.5) [13].

Jis mpumepa paccMOTpPHUM JiBa Jyda CBETa, PaclpOCTPAHSIOUIMXCS HABCTpedy ApPYr JIpYyry
Baob ocu X (puc. 1.6.4). [lycTh mossipu3anms paccMaTpHBaeMOro Jiyda CBETa 3a/1aeTCsi BEKTOPOM
snekrprueckoro nomst B, a momspusauus anTmiyda — BektopoM snekTpuueckoro moms Ex. Dru

BEKTOPA OITUCHIBAIOTCS KOMIUIEKCHBIMHU BBIpaxkeHusmu [13]:
= - OO BT - ipl) (@t
E{) = E{)e!e ¢! (@) LE(De! gl (@) (1.6.1)
= Sy o) i = () i) i@t
20— Ee g g e et (162

rae Ezm(+) — MPOEKIUS BEKTOpa EX(+) Ha OCb Z; Eym(+) — MPOEKIUS BEKTOpA EX(+) Ha ochb Y; EzmH —po-
eKIUsl BEKTOpa EX(_) Ha oCh Z; Eym(_) —IIPOEKIIUS BEKTOpa EX(_) Ha och Y,

@ — HUKJINYECKas YacTOTa KojaeOaHuii CBETOBOH BOJIHEIL,
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K, — MpOeKIns BOJHOBOTO BEKTOpa Ha 0Ch X;

(sz(’f)

HBI, PACIPOCTPAHSIOLIEHCS B IIPSIMOM HAIPABICHUHU OCH
X,

(_),(pxy(_) — (ha3bl OPTOTOHAJIBHBIX COCTABJISIOMINX BOJI-

+
,(ny( )—(1)3351 OPTOTOHAJIBHBIX COCTaBJIAOIIUX BOJI-

Onz
HBI, pacCIpOCTPaHSIOUICWCs B  MPOTHBOIOIOKHOM
HaIpPaBJICHUU OCH X.

W3 mectH BpamIalommxcsi BEKTOPOB AJIEKTpHYC-
CKOTO TMOJisi, TToKa3aHHeIX Ha puc. 1.6.4, 1.6.6, MoxHO
coctaBuTh 16 Bpammaromuxcst 3-6a3ucon. 13 HUX: BoceMb
3-0a3MCOB BpAIAIOTCS MO YaCOBOW CTPEJIKE, & BOCEMb
napyrux 3-0a3MCOB BPAIIAIOTCS IPOTHB YACOBOM CTPEIIKH,
KaK mokaszaHo Ha puc. 1.6.3.

Kpartko mosicHuM, Kak BBOJWTCS YeTBEpPTasi aKCHU-
aJlbHasl OCh B Kbl 3-0a3uc. Eciau 4acToThl BCeX Tpex
MPOOHBIX MOHOXPOMATHUYECKUX Jy4del, MPUXOIAIINX B
uccrneayemyio touky O (puc. 1.6.4) ¢ Tpex opTOroHajib-
HBIX HAIPaBJICHUH, OJUHAKOBBl @y = @y = @, , TO HX
snekTprueckie Bektopa Ei) B 9T0il TouKe BpamaoTes ¢
OJIHOM U TOM K€ YIJIIOBOM CKOPOCTBHIO

dpldt=0Q=w. (1.6.3)

BMmecTe 3T Tpu BeKTOpa 3JEKTPUYECKOTO MO
Ei®) 06pasyioT opToroHanbHbIil aneKkTpuUeckuii 3-6azmuc,
MMOCTOSIHHO BPAIIAOIIHICS ¢ yriIoBoi ckopocThio (1.6.3),
OTKy/la BBITEKaeT HEOOXOIMMOCTh BBEICHHUSI OCH BpeMe-
HU @[ =1.

Taxum 00pa3om, paguoIOKALMOHHBIA METOJT 30H-
JTUPOBaHUSl «BaKyymMa» B OKPECTHOCTH TOYKU (O TIPHUBO-
JUT K TeM ke MIeCTHaaAuaTu 4-6a3ucam, MoKa3aHHBIM Ha
puc. 1.6.3. Ho B sToM ciydae penepHBIMH BEKTOpPaMHU

TaHHBIX 4-0a3MCOB SBISIIOTCS BEKTOpA DJIEKTPUUYECKOTO

oS Ei(i).

)
E; EM

) =)
E)' Ey

=

¥

A

P

Ex(ﬂ

Puc. 1.6.4. ITonspuzanuu nydeit U aHTHIIyYei
CBeTa, NPUXOJAIMX B Touky O ¢ Tpex B3auM-
HO MEPIeHIUKYIISPHBIX HaIpaBICHUI

Y
Puc. 1.6.5. Kpyrosas noyisipuzaliuu 3J€KTpo-
MarHuTHOM BOJIHBI [13]

E

&
E,

ES

X

Puc. 1.6.6. /Isa 3-0a3uca, cocrosmuiue u3
BeKToPOB JIEKTPHUYECKOTO OIS
Ex(+): Ey +), EZ(+) " EX(*)l Ey(*), EZ(*)l

Bpamaromuecs B Touke O BO B3aUMHO IIPOTH-

BOIIOJIOKHBIX HAITPABJICHUAX
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Benuxoe u I'posnoe Yemuipexoyrkeennoe Ums BCEBBIIIIHEI'O }'H-ﬂ—’ (Fii00-I"eii-Bas-I"eil)

MHO2OKPAMHO U PA3HO0OPA3HO NPOABIIAEMCA 8 CMPYKMype céema.
Ymobwl ne ynompebdaamo Benuxoe HUms BCEBBIIIIHEI O scye, Anecebpa cuenamyp ucnonvb3y-
em mpanHcaumepayuro:

0-1-1-> = H'VHI;, (1.6.4)

20e 6ykea i coomeemcmeyem Koy (ocmpuio) 6ykewt ° (Hi00), kxomopwiii coomeemcmeyem namomy
obobwarouemy s1emeHmy.

Hmeem mecmo nonnas ananoeus Umenu H'VHI ¢ 3akonamu pacnpocmpanenus ceema:

1) Yucno 6yxe Umenu u AHmuumenu coenadaem ¢ YUCIOM C1A2AemMblX 8 3aKOHe pAcnpocmpa-
HeHUs ceema

H' \YJ H | i
ds™? = dz? + dy? + dx®— cdt? = 0 (1.6.5)
i | H \Y '
0 = cdt® — dx®— dy?— dz® = ds* 2 (1.6.6)
2) Bexmopa sxnexmuuecxkoeo E u macnumnozco H noneii svipasicaromes uepes 4 komnonenmol

gexkmoprozo nomenyuana Ai (¢, A1, Az, As)=1HV H'

H =rotA. (1.6.7)

3) Bonnosoe ypasHenue
2 2
0%, 1 0%,
i2 2 2
ox's ¢t ot
onucwlgaroujee pacnpocmpanerue ayua ceema (INeKmpoMAasHUMHOL B0J1HbL), donycKkaem uemvipe

=0, e k=0,1,2,3=1HVH, (1.6.8)

suoa pewieHutl (be2ywux 60ouH):

I o =y exp{-i(ewt - Z?)} CO CTHTHATypoH {— +};

H o =a,expfri(of -k 1)} co crurnarypoit {+-}; (1.6.9)
93 = agexp{-i(wt + z?)} CO CTUTHATYpOU {——};

H’ o3 = a, exp{+i(wt + 37)} CO CTHIHATYpO# {+ +},

20e K — eonnosoit eexmop (| K| =2x/1);

I
I — gekmop, 3a0arwuii Hanpasienue pacnpoCmMpaneHus 1y4a ceema, H

@ — YUKTIUYECKAs YaCmOma 2apMOHUYECK020 KOIeOanusl, V
ai — AMRAUmMY0a coomeemcmayroujell 80JHbL. H’

1.7 CyOKOHT U AaHTHCYOKOHT
BaXHBIM acIieKTOM pa3BHBAEMOM 37€Ch TEOPHH SBISIETCS YTBEPIKICHHUE, YTO 00BEKTOM HCCIIe-
TOBaHUS sBIIsIETCSA 3-MEepHBIH 00beM «Bakyymay (puc. 1.2.2). M3 aToro mocrynara cieayer OCHOBHAs

dopmyina apdpunHoli cBeTroreomerpun (1.4.2)
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cdt = dl = (dx? + dy? + dz?) " = |idx + jdy +kdz| (1.7.1)
(rme 1, j, K —oproronasbHbIC ¢IMHUYHBIC BEKTOPA), U OCHOBHAS (hOpMyJia METPUUECKOI CBETOICOMET-
puu (1.4.3)
c?dt? = dx® + dy? + dz°. (1.7.2)
[TpeobpaszoBanue ToxaecTBa (1.7.2) IPUBOIUT K CUCTEME U3 ABYX KBaIPATHYHBIX (HOPM:
ds? = c2dt? —dx®—dy? —dz® = dxe’— dxi>— dx,>— dxs® = 0 ¢ curnarypoit (+——-) (1.7.3)
ds™? = — c?dt® + dx?+ dy? + dz® = — dx¢® + dxq? + dx,% + dxs® = 0 ¢ curnarypoii (— + + +) (1.7.4)
W3 naHHOI CUCTEMBI ypaBHEHHH CIICAYET JIBA «TEXHUYECKUX) BBIBOJIA:
1. KBanpatuunasie ¢opmsel (1.7.3) u (1.7.4) MOXKHO YCIIOBHO MHTEPIPETUPOBATh KaK METPUKH
IBYX 4-MEpPHBIX «CTOPOHY» OJHOTO U TOTO ke 4 +4 =8 = 2% - MEpPHOr0 METPUYECKOTO MPOCTPAHCTBA,
KOTOPOE 6yIeM Ha3bIBaTh «2°-Am.n-BAKYYMHOMH IPOTSKEHHOCTBION.
Omnpenesenue Ne 7.1 2k-/1m%n-60KyyMHa}Z NPOMANCEHHOCb — IMO BCHOMO2AMENbHAS 102Uute-
CKASL «KOHCMPYKYUAY, O3HAYAIOWAs NPOCMPAHCINGO (C MOUWHOCMbIO KOHMuHyyMa) ¢ 2% mamemamuve-
ckumu usmepenusmu (20e K =3, 4,5, ..., o), komopoe «eviceeuusaemcsy uz «8aKyyma» nocpeocmeom
€20 30HOUPOBAHUSL MOHOXPOMAMUYECKUMU IYYAMU CEEMA C ONUHOU BOHBL Amn.
Camas npocmast 23X -6aKyyMHAS RPOMANCCHHOCMb UMEEm 08¢ «CMOPOHbLY:
— 4-meproe npocmparncmeo Munkoeckozo ¢ mempuxou (1.7.3) u cuenamypoti (+ — —-);
— 4-meproe anmunpocmpancmeo Munxosckozo ¢ mempuxou (1.7.4) u cuenamypoui (—+ + +).
Aneopummsl nepexooa om NPOMSNCEHHLIX NOSUHECKUX

.~ k
KOHCMpYKyuu ¢ 2" mamemamuyeckumu USMEPEHUAMU K 3 - mep-

HOMY 00beMy «8aKyyMa» 6y0ym paccmompensl Huice.
Hecmotps Ha TO, 4TO 23-/1mm-6a1<yyMHaﬂ NPOMAICEH-

HOCMb SIBISIETCS] YUCTO JIOTHUECKOH 4+4 = 8 - MepHOH KOHCTPYK-

1ued, U3 Hee MOTYT OBITh IMOJIy4E€Hbl (PU3NYECKUE CIIEACTBHUS.

[Tosichum 310 Ha cneayromieM 2+2 = 4 - MepHOM ITpUMEDE.

VY nucra Oymaru, TONIIMHONW KOTOPOTO MOXHO IpeHe-
Opeub, uMeeTcs ABe 2-MepHbIX cTpanullpl (puc. 1.7.1). TToatomy
TucT OyMaru MOXKHO paccMaTpuBaTh B KadecTBe aHayora 2 + 2 = Puc. 1.7.1. M30rnyTas 1ByXCTOPOHHS

TMOBEPXHOCTH JINCTA 6yMaFI/I
4-MepHOM MPOTSHKEHHOCTH.

Ecnu nuct Oymaru He nedhopMupoBaH, TO 00€ €ro «CTOPOHBI» C TOYKH 3PEHHS] T€OMETPUHU
MPaKTHYeCKH OTUHAKOBEI. OIHAKO, €CIIU JTUCT TIePETHYTh, TO C OJHOM ero 2-MepHOi CTOPOHEI BCe ee

3JIEMEHTAapPHbBIC TJIOMIAJAKA HEMHOTO PACIIUPATCS, a C IPYTrod CONMPSKEHHOW 2-MEpPHON CTOPOHBI — BCE

SJICMCHTAPHBIC TUIOIAAKHA HCMHOTO COKMYTCA.
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To4HO Tak ke, MPU UCKPUBJICHUH JIOKATHHOTO y4acTKa «BaKyyMay, B HEM IO HEOOXOAUMOCTH
(koTopasi ornpenensercsi «BaKyyMHBIM YCIIOBHEM») OAHOBPEMEHHO BO3HHUKAIOT, KAaK JIOKAJIIbHBIE CKa-
THSI, TaK M JIOKAJIbHBIC PACHIMPECHUS, YTO aBTOMAaTHYECKU YYMTBIBACTCS, KAK MHHUMYM, «IBYCTOPOH-
HUM» paccMoTpeHueM ee 4 + 4 = 8-MepHOM MeTpUYecKOW NPOTsHKEHHOCTH. TakuMm obOpaszoM, ¢op-
MaJIbHbIC MAaTEMaTHYECKUE IIPUEMBI IIPUBOJISIT K BIIOJIHE OCMBICIICHHBIM (PU3UYECKUM CIICACTBUSM.

Ecnu yuuTeiBaTh TOMIIMHY JMcTa Oymard, TO B KayeCTBE AJIEMEHTAa PACCMOTPEHUS JOJDKEH
OBITH yXK€ JIEMEHTAPHBIN KYOHMK, HAXOAALIMICA MEXIy JByMs CTOpOHaMu jucTa. Ilpu stom, kak Oy-
JIET TTIOKa3aHO HIKE, MOTPeOyeTCss paCCMOTPEHHE KOHTUHYAIIBHOW MPOTSHKEHHOCTH ¢ 4%16 = 8%8 = 64
MaTeMaTHYECKUMHU U3MEPEHHSIMH.

[Tpu eme Oosiee TOHKOM PacCMOTPEHUH TMOHAIOOUTCS yxke 16 X 16 = 256-mepHasi MPOTSHKEH-
HOCTB, M T.JI. JI0 2%-MEPHOr0 MaTeMaTHYECKOro IpocTpaHcTBa (rue kK — o).

Takum 00pa3oM, B CBETOrCOMETPUU «BaKyyMmay», pa3BHBaeMOW B paMKax AJreOpbl CHTHATYP,
UMEETCsl TOJIBKO 3 (PU3UUECKUX MPOCTPAHCTBEHHBIX M3MEPEHUS «BAKyyMa» M OJIHO BPEMEHHOE M3Me-
peHHe, CBSI3aHHOE CO CTOPOHHUM HaOJI0aTeNIeM, a TaKKe 2" MaTemaTnuecKix (T.e. popMaTBHBIX WK
TEXHUYECKHX ) U3MepeHuid, rae K = 3, 2, ..., 00 3aBUCHUT OT yPOBHSI paCCMOTPEHUSI HCCIIEAYEMOTo 00b-
eMa «BaKyymay.

Eme pa3 ykaxkxeM Ha 0cOOEHHOCTh BPEMEHHU B pa3BUBaeMoil 3/1ech TeopuH. B cBeToreomeTpun
BpeMs HE SIBISIETCS aTPUOYTOM HCCIENYeMOTO yJacTKa «BakyyMay. HamomHuM, 9TO B paaroIoKaIu-
OHHOM Croco0e HCCIIEeIOBaHUSI METPHKO-ANHAMHYECKUX CBOWCTB JIOKAILHOTO y4YacTKa «BaKyymay
(m. 3) uHTepBan BpemeHu Ot mM3MepsieTcs B MpHUEMO-TIEPEIATYMKE PATMOIOKAMUOHHON YCTAaHOBKH
(PJIY) (puc. 3.1), KOTOpBI HAXOTUTCA 32 MpeeTaMu 3TOTO y4acTKa. ITO COOTBETCTBYET HacaM CTO-
POHHETO Ha0IIogaTeNsl, KOTOPhIE HUKAKOTO OTHOIICHHUS K U3y4aeMOMY y4acTKy «BaKyyma) HE UMEIOT.

Korna 3amauy ymaercsi CBECTH K JBYXCTOPOHHEMY PacCMOTPEHHIO, T.€. K HCCIIEIOBAHHIO
23~ Jimen-BaKyYyMHO# IIPOTSDKCHHOCTH, TO IPE/IATACTCS BBECTH COKPAIIICHHBIE YCIOBHBIE 0003HAYCHIIS:

Onpenenenue Ne 7.2 «Buewnsasy cmopoHa 23-ﬂm+n-6a1<yyMH0d npomsiicennocmu (unu cyo-
KOHM) — 5mo 4-MepHas npomsdHCeHHOCMb, JIOKAIbHbIe MEeMmPUKO-OUHAMUYECKUE CBOLCMBA KOMOPOU
3a0armcs MempuKou

dst 2= gij(_)dxidxj ¢ cuenamypoii (+ ——-), (1.7.5)
9 O O U0
L
9 92 92 U3
0 O 9% 0

(1.7.6)

. . 3 .
- MempuyecKuti meH30p «BHeuHel» cCmopoHsl 2™ -Am-n-6aKyYMHOL NPOMANCEHHOCMU (UTU CYOKOHMA).
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B cnyuae

1 0 0 O
gi(j—) _ ni<j—) _ 8 _01 01 8 a.7.7)
0O 0 0 -1

«CYOKOHMY» ABNAEMCA CUHOHUMOM 4-meproeo npocmpancmea Munkoeckozo ¢ mempukou (1.7.3) u
cuenamypoti (+ ——-);

Onpenenenue Ne 7.3 « Bhnympenussy cmopona 23-/1m+n-6ai<yyMH0ﬁ npomsidicennocmu (U aw-
MuUcyoKoHm) — 3mo 4-mepHas npomANCeHHOCMb, JTOKAIbHbIE MEMPUKO-OUHAMUYECKUE CBOLICEA KO-
Mopotl 3a0amcst MEMPUKOTL

dst* 2 = gy dxidx, ¢ crrmatypoit (- + + +) | (1.7.8)

(+) (+) (+) (+)

oo 90" Y2 s

(+) (+) (+) (+)
e @ Y% 91 9a O3 (1.7.9)
9i =l 0 40 40 a0 o
O 92" 9 Om

(+) (+) (+) (+)
9 O3 92 U3

. . 3 .
- MempudecKull meH30p «B8HewHel) CMOpoHbl 2 -lmm-gakyyMHou npomsidiceHHocmu (unu aHmucy6-

KOHMa).
B cnyuae
-1 0 00
1 00
(+) — n(H) =
g;” =n;’ = 01 0 (1.7.10)
0 0 01

«AHMUCYOKOHMY SI8NAEMCSI CUHOHUMOM 4-MepHo2o awmunpocmpancmea MuHKO8CKO20 ¢ MempuKotl
(1.7.4) u cuenamypoii (— + + +).

B onpenenennsx 1.7.2 u 1.7.3 nns cokpamieHus U3710KEHUS BBEJEHBI JBA BCIIOMOTATEIIbHBIX
TTOHSATHS:

Onpenenenue Ne 7.4 «Cyoxonmy (coxpaweHue om «CyOCMAHYUOHATLHBIU KOHMUHYYMY) —
MO YMO3pUMeNbHasA CRIOWHAS YRpyeo-niacmuyeckasn 4-mepuas ncegdocpeod, 10KaIbHble MEMpPUKo -
Ounamuueckue ceoticmea komopoti 3aoaromest mempuxoti (1.7.5).

Omnpenesnenue Ne 7.5 «Aumucyoxonmy (cokpawjenue om «aHmMuUCyOCMAaAHYUOHAbHBIL KOHMU-
HYYM») — MO0 YMO3PUMENbHAS CHAOWHASL YNPY2O-NAACMUYecKas 4-mepuas nceedocpeod, 10KalbHble

MempUKo-ouHamuyeckue ceovucmea komopoiu saoaiomes mempuxou (1.7.8).
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[TonsiTust «CcyOKOHmM» U «aHMUCYOKOHM» HE UMEIOT OTHOILLIEHUS K PeaIbHOCTH. DTO BCIIOMOTa-
TeNbHbIE 4-MEpHBIE MCEBAOCPEAbl, KOTOPHIE SIBJSIOTCS CHHOHMMAaMH COOTBETCTBEHHO «BHEIIHEN» U
«BHYTPEHHEW» CTOPOH 23-ﬂ,m+n-BaKYYMHOI7I MPOTSKEHHOCTH, U BBOJSTCS OHU TOJBKO JUIsl yA0OCTBa
BOCHIPUATHUS PsAa 3-MEPHBIX YIPYTO-TIIACTUYECKUX MPOIECCOB, MPOTEKAIONINX B «BAKYyMe».

PeanbHbIM 00bEKTOM B ANreOpe CUTHATYP SBIISICTCS TOJIBKO 3-MEpHBIN 00beM «BakyyMma». Bce
MHOTOMEpPHbIE MaTeMaTUYECKUE BBIKIAJKH CBOJATCSA K BBIUMCICHHUIO TOJHKO 3-MEPHBIX (PU3HUECKUX
BEJIMYMH, XapaKTePU3YIOUINX METPUKO-IMHAMUYECKOE COCTOSHHUE JIOKAILHOTO WM TJI00aTBHOTO

y4acTKa «BaKyyMay.

1.8 Auredpa cTurHaryp

Belmie 6p11M paccMOTpeHbl (pU3MUECKHEe OCHOBBI CBETOIC€OMETPHUM «Bakyymay. Jlanee OynyT B
OCHOBHOM 3aTparuBaThCs (pOpMaIbHBIE TEOMETPUIECCKHAE M MAaTEMATUIECKHUE acTIeKThl JTAHHON TEOpHUH.

Kak Obl manmee HU ycioxHsUICS (OpMaNbHBIM MaTeMaTUYECKUU ammapaT AJreOpbl CUTHATYD,
CIIEYEeT TIOMHHTD, YTO T€0Ie3NYECKUMH JTUHUSIMU ncciieayemoro 3D-nanamadra (M Am.n-BaKyyma)
SIBJITFOTCSI MOHOXPOMATHYECKUE OCCKOHEUHO TOHKHE JIydd CBETa C JUTMHOW BONHBI Apy.n. [Ipu 3TOM OC-
HOBHBIM <«IIPEIMETOM» PACCMOTPEHUS SBISAETCS OECKOHEYHO Manasi 3-MepHas KyOuueckas siuerka
Amsn-Bakyyma B okpectHocTd Touku O (puc. 1.6.1, 1.6.2), ¢ KaXKIbIM yTIIOM KOTOPOM CBSI3aHO I10 JIBa
Bpataromuxcs 4-6a3uca, mokazanHeix Ha puc. 1.6.3.

Kaxxapiii u3 31X mectHaanatu 4-6a3ucoB 3a/1aeT HaMpaBlieHUE
oceit 4-mepHOTO ap(PUHHOTO MPOCTPAHCTBA CO CBOEH 0OCOOOM XapakTe-
PHUCTHKOM, KOTOPYIO Oy/ieM Ha3bIBaTh «CTUTHATYPaA».

UToObl BBECTH XapaKTEPUCTUKY «CTUTHATYpa» ad(GUHHOTO Mpo-

CTpaHCTBa, CHayajla OIpelesuM TMoHsATHe «0aza». Bribepem uz 16-u

4-6a3ucoB, ToOKa3aHHBIX Ha puc. 1.6.3, B KkauecTBe «0a3bl» IISITHIN X ot

4-6azuc (e (5),e (5),e (5),e ®) uc. 1.8.1) u yCIOBHO IIpUMEM, YTO
(80 e 82 8s) (p ) Y p ’ Puc. 1.8.1. Baza co
HATPABJICHUS BCEX €0 CAMHUYHBIX 0a3MCHBIX BEKTOPOB MOJOXKHUTEIHHBI CTUrHAaTypoi {+ ++ +}

6001”67 6%) = (+1, +1,+ 1, +1) > {++++}.  (1.8.1)

31ech BBEJEHO COKpallleHHOe 0003HaueHue {+ + + +}, KoTopoe B AanbpHEiIeM OyaemM Ha3bl-
BATh «CTHTHATYPOI» adGHHHOTO (BEKTOPHOI0) MPOCTPAHCTBA, 3a1aBaeMoro 4-Gasucom e,

Onpenenenue Ne 8.1 «baza» — smo ooun uz 16-u 4-6aszucos, noxazannvix Ha puc. 1.6.3,
HAanpasieHuss 6cex 4-x eOUHUYHLIX 8eKMOPO8 KOMOPO2O YCIOBHO NPUHAMbL NOJONCUMETbHIMU, NO-

smomy cmuehamypa 6azvl 6ce2oa {+ + + +}.
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Onpenenenue Ne 8.2 «Cmuenamypay 4-6asuca — 3mo co80KyNHOCMb 3HAKOS, COOMBEMCME)-

OWYUx HanpaeieHusIm 0A3UCHbIX BEKNOPOB NO ONHOULEHUIO K HANpAaeGJ1eHUAM Oa3UCHbIX 6EKMOpo6 «ba-

3bl).

. 5
OTHOCUTENBHO MPOU3BOJILHO BBIOpAHHOH «0Oa3bl» (T. e. 4-0azuca el )) OCH BCEX OCTaJIbHBIX

4-6a3ucoB, MoKa3aHHBIX HA puc. 1.6.3, UMEIOT ClleIyrONTNE 3HAKU:

Tabmauma 1.8.1

o™ (eo(l), e, e,®, 63(1)) -
=11, -1 - {++-+}
@ (eo(z), e, e,@, e3‘2’) —
=@, -, -1, 1) > {+-——-}
e® (e0(3), e, e, e3(3’) —
=(,1 -1, 1) - {++--}
e® (60(4), e, @ e, e3(4’) —
=(1,-1,-1,1) - {+—-—+}
e® (60(5), e, e,®), e3‘5)) -
=(1,111) - {++++}
e,® (eo(e), e,©® e,®, eg(e)) -
=(1,-1 1,-1) - {+-+-}
e (60(7), e, e, e3‘7’) -
=11 1,-) - {+++-}
e,® (eo(s), e,® e,® 83(8)) -
=(1,-1,11) - {+-++}

6@ (en?, 6,9, e, e, =
=(-1, 1,-1, 1) -
610 (,19) ¢,10) ¢,10) ¢ (10 =
=(-1,1, -1, -1) -
61D (6,1, ¢,01 1), ¢ (1D =
=(-1, 1, -1, -1) —
612 (6,02, ¢,012 ¢,12) ¢.(12) =
=-1,-1-11) -
6 (6,19, 09,19, ¢, =
=(-1,1,11) -
69 (6,19, 09,19, ¢, =
=(-1,-1, 1,-1) -
6 (6,09, ¢, ,19), ¢, (9 =
=(-1,1,1-1) -
619 (,19), ¢,19) ¢,19) ¢ (16)) =
=(-1,-1, 1, 1) -

{+-+}

-}

+--}

-+

{-+++}

—+3

{++}

{-+4}

Bce crurnaryper, npuBeaeHnsie B Ta0n. 1.8.1, o00beaunstorcess B 16-KOMIOHEHTHYIO MAaTPHILY:

§++++§22 §+++—
stignle® )=| U7 SR
tignle(® ) e

e e

}10 —— _}20 fr4- +}3o
}11 (— +}21 - +}31
[ PR PR S
}13 - _}23 — _}33

(1.8.2)

Drta MaTpuIa IpeaCcTaBiIsieT cCOOOM OTIENbHBIA MaTeMaTHUYECKU OOBEKT, 00Jalaronuil yHU-

KaTbHBIMU CBOMCTBAMH. HepeqnanM HEKOTOPBIC U3 HUX!

1. Cymma Bcex 16-u crurnaryp (1.8.2) paBHa HyneBOM CTUTHATYype

{++-+}+{+——} + {++--} +{+——+}+
+ {++++} + {+—+-} +{+++-} +{+-++}+
+{+-+}+{———}+{-+-—-} +{———+}+
+ {—+++} + {——+-3} + {~++-} +{——++}={0000}.

(1.8.3)

2. Cymma Bcex 64 3HakoB, BXogsmux B Marpunty (1.8.2), paHa Hymr0 (32 «+» + 32 «» = 0).
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3. Bo3MoxHBI YeThIpe OMHApHBIC KOMOWHAIIUY 3HAKOB:

ol el el o) e

HJIM B TPAHCIIOHUPOBAHHOM BHUIC
H*o+-) Vie(l+) HeolH+s 1"Tol(--). (1.8.5)
BCeBO3MOKHBIE COUETAHNS TAHHBIX GHHAPHBIX KOMOHHALMIT 3HAKOB 06pasyloT 16 BapuaHToB

CTUTHATYD:

I R M e A W R LR SRR MR U

R + + -t T
|H:[_ +js{__++}, HH=[+ +js{++++}, VH=[+ +js{——++}, HH:[ JE{"**}' (1.8.6)

IV=(_ _]E{_--+}; HV=[+ _]E{++-+}; vv{_ _jz{-+-+}; HV=[+ _]E{__-+};
-+ + o+ + o+ +
IH’:[_ jz{_—+—}; HH':C jz{+++—}; VH':[; jz{-++—}; HH’:[t jz{—++—}.

Ceemozeomempu}z «eaxkyyma» cmpoumcs Had OCHOBAHUU AJZZOle’I’lMOB Pacprzmuﬂ Benuxoeo u

Tposnozo Hmenu BCEBBIIIIHETO 1-3-51-% (Hio00-I " eii-Bag-I"eti) [4].

Oonoui uz popm packpvimusi Umenu 1-1-03-> (H’V H | i) sersemes «/peso decsimu Chupomy,

KoOmopoe MOJNCHO noy4ums nymem 6‘036€a€HU}l 6 Kea()pam OGyPﬂOHOIZ mampuybpl.

(1.8.6b)
(U OHY (0 H Il IH HI  HH
H' Vv H V)| | UH 1v) (HH' Hv

I HY” (1 HY 1 H)
H'V_H'VH'V_H,IHVIH_H'IHH VI VH
H Vv H Vv HH" HV) (VH' W

Komnonenmui oannou mampuywst coomeemcmeyrom 10 Cchupom

i (xom) 1 Kemep
| HH Xoxma
H \AY Buna (1.8.6¢)
IV, IH, IH", VH, VH', HH’ Tugepem™

VI, HI, H'l, HV, H'V, H'H

H’ H'H' Manxym
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20e Tugpepem™ cocmoum uz wecmu Cchupom:

Xeceo (IV=VI) TIsyea (IH=HI) Tugepem (IH =H'l) (1.8.6d)
Heyax (VH=HV) Xoo (VH' =VH') Hecoo (HH' = H'H)

4. KpoHekepoB KBaJpaT ABYPSAHON MaTpHIlbl OMHAPHBIX CTUTHATYp 0oOpa3yeTr MaTpuily, Co-

crosiyto u3 16 cturnatyp (1.8.2):

|
Lol (1.8.7)
}

rac ® — CHMBOII, OSH&“I&IOHIHﬁ KPOHCKEPOBO YMHOKCHHC.

5. Eciiu matpuiiam (1.8.6) BepHYTh HCXO/IHBIC SIUHUIIBI, TO TIOJIYYUM IBYPSIIHBIC MATPHUIIBI

S N e B i B

(1.8.8)

(—11 ﬂ (1.8.9)
(

M3 Hux BoceMsn:

(1.8.10)
1 -1 -1 -1 -1 1 -1 -1
-1 -1 1 -1 -1 -1 -1 1
SABJIIFOTCA MaTpULlaMHA A;[aMapa, T.K. OHA YJAOBJICTBOPAIOT YCJIOBHIO
) 10
HQ®H'()=2 | (1.8.11)

[Tpu BO3BEenEHNH B KPOHEKEPOBHI cTerneHn Mo0oi n3 marpuil (1.8.9, 1.8.10) BHOBB momy4aroT-

cst Matpuibl Anamapa H(N), yIOBIETBOPSIONINE YCIOBHIO :

H(N®H"(n)=nl, (1.8.12)

rae | — nanaronanpHas eMHUYHAS MAaTpULAa pa3MEPHOCTH N N XN:
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Hanpuwmep,

haee (T 1) (T gt L)
@) _(1 —J _(1 —J [1 —1}_

11
®3
na=o(t 1)t el 2
1 -1 1 -1) |1 1
1 -1

H TaK JaJICC 110 AJITOPpUTMY

H(2)® = H(2" = H(2) ® H22)®*! = H(2) ® H(2"Y),

11
1 -1
1 -1
101

11
f

11
{:

-1

N = T T Y = Y SR BTN

)

|62

11
1

(1.8.13)
J 1 1 1 1
(1 -1 1 -1 (18.14)
11 -1 -1
1 -1 -1 1
1 1 1 1
1 -1 1 -1
1 1 -1 -1
1 -1 -1 1 (1.8.15)
-1 -1 -1 -1
-1 1 -1 1
-1 -1 1 1
-1 1 1 -1
(1.8.16)

brazooaps paznuunvim ynukanehvim ceoticmeam mampuysvt Aoamapa H(N) nonyyunu wupoxoe

npumenenue 80 MHO2UX obaracmsax nayku. B meopuu xoouposanus mampuywr H(MN) ucnonwvszyiom ons

paspa6omi<u nomexoycmoﬁqueblx K0008 ¢ ucnpaejlieHuem OWM60K, 6 meopuu ni1aHupoeaHusl OHu npu-

MeHAomcs 0Nl cocmasienust onok-cxem. Mampuyvl Aoamapa oxazanucs nonesHviMu OJisi pacuudg-

POBKU 2eHemu4eckKo20 Kood, m. e. Ol U3yueHusi CRUpaibHou cmpykmypol moaexyasl JTHK.

5. «ba3ay, nokazanHas Ha puc. 1.8.1, BeiOpana ycinoBHo. B ciydae BbiOopa npyroit «6a3en» u3

4-6a3ucoB, Moka3aHHbIX Ha puc. 1.6.3, 3Haku B MaTpune cturHaryp (1.8.2) nomeHstoTcst Mmecramu, HO

ee cBoiicTBa He m3MeHATCA. C 3TuUM BUJIOM HHBAPHUAHTHOCTU CBA3aHbI OTACIIBHLIC CBOICTBa ﬂ,m+n -

BaKyyMa, KOTOpbI€ OylyT pacCMOTPEHBI MO3XKE.

6. lllectHammaru 4-6a3ucam, npuBeneHHBIM Ha puc. 1.6.3 u B Tabn. 1.8.1, coorBeTcTBYIOT 16

TUIIaM «OBCTHBIX» KBATCPHUOHOB

(1.8.17)
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Z1=Xp + iXg + JXo + kX3 {++++} {———-} z9=—Xo—ixg—jxo— kX3
Zo = —Xp —iX1 — JXot kX3 {———-+} {+++-} z10=Xo+iXg +jXo—Kkxs
Z3 = Xg — IX1 — X2+ kX3 {+——+} {—++-} z11=—Xo +iXg + JXo — kx3
Z4 = —Xo — IXp+ JXo—KX3 {—-+-} {++—+} z12=Xo + Xy — X2 + kx3
Zs = Xo X1 — X2 —KX3 {++--} {——++} z13= Xo—ixXg + ot kxs
Zg = —Xp t+ IXg — JXo—KX3 {~+--} {+—++} z14= Xo— iXg +)Xot+ kX3
Z7 = Xo — X1+ JXo— kX3 {+-+-} {—+—+} z15 =X+ iX— JXot+ kx3

Zg = Xotixp + jXo + kdxg  {—++ +} {+——-} zZis=Xo—iXg—Jjx2—Kkxs

B [2] moka3zaHo, 4TO «1IB€Ta» KBATEPHUOHOB COOTBETCTBYIOT «IIBETam» KBAHTOBOW XPOMOJIU-
HAMHUKU.
[TpsiMBIM BBIYUCIIEHHUEM JIETKO YOEAUTHCS, YTO cyMMa BceX 16-U THIIOB «I[BETHBIX» KBaTEpPHU-

oHoB (1.8.17) paBHa HyI110
> 7,=0, (1.8.18)

T. €. CYIEPIIO3UIIHS BCEX THUIOB «IIBETHBIX» KBATEPHUOHOB COAIAHCHPOBAHA OTHOCUTEIILHO HYJISL.
B Teopun CIMHOPOB KBAaTEPHUOHBI SBISIOTCS OJHUM M3 PAa3HOBHIHOCTEH KIU(GGHOPIOBBIX ar-
peratoB [16]:
a=aqg*ela; + ey + esas, (1.8.19)
TZIe aj— BEIICCTBCHHBIC YKCIIA; € — OPTHI, IIOAYUHSFOIIUECS MTPABIITY YMHOXKCHUS
lei=eil, eiek=— Sk 1+ &unen, (1.8.20)
rze Ok ¥ &kn — cuMBoisl Kponekepa u Jlesu-Uuswursr (i, k, n = 1,2,3).
7. Marpuia cturaatyp (1.8.2) MoxeT ObITh IPECTABIICHA B BHJIC CYMMbI IHArOHAJILHOW U aH-
TUCUMMETPUYHON MaTPHII

{++++} 0 0 0 0 {+++—} {—++—} {++—+}
. (1.8.21)

0
0 Y U e e o

8. HYCTL 3aJaHa MaTpuIa, COCTAaBJICHHAs M3 YETHIPEX 3JICMCHTOB 4, b, C, d

30



a -b -c¢ -d

c_|Pb & -d -cf (1.8.22)
c d a -b
d c b a

[Ipoussenenue marpunsl (1.8.22) ¢ ognoit u3 matpun Anamapa (1.8.14) mpuBoIuT K MaTpulLe,

KOMITIOHCHTaAMU KOTOpOfI SIBIIAIOTCS JIMHEUHBIE (bOpMI)I C pa3JIMYHbIMHU CTUTHATypaMH
(1.8.23)

1 1 1 1Ya -b -c -d a+b+c+d a-b+c+d a+b-c-d a-b-c-d
H@)®C = 1 -1 1 -1jb a -d -c _ a-b+c-d -a-b-c+d a-b-c+d -a-b+c-d
11 -1 -1jc d a -b a+b-c-d a-b-c-d -a-b-c-d -a+b-c-d
1 -1 -1 1/Ad ¢ b a a-b-c+d -a-b+c-d -a+b-c+d a+b+c-d

Onpenenenue Ne 8.3 «/-1[3un ananocusn» — s3mo cxoocmeo Aneebpvl cmueHamyp ¢ 0OCHO8AMU
«H-1[3uny (xumatickou «Knueu I[lepemenr):

- 6 Knuee Ilepemen 0sa navana: «—» (An) u «— —» (Muv), u 6 Aneebpe cmucnamyp 06a 3uaxa:
«t» (naroc) u «—» (Munyc);
- 8 kumatickoti Knuee Ilepemen 8 mpuepamm (puc. 1.8.2a), u 6 Aneeope cmuecnamyp 6ocemsp 3 —
bazucos (puc. 1.6.2a) u/unu 6ocemov 3-anmubazucos (puc. 1.6.26);
- 6 Knuce Ilepemen 6cesozmodicHble couemanusi no 08e mpuepammsl nopodcoarom 64 cexca-
epammol (puc. 1.8.2 6,8), u 6 Aneebpe cmuenamyp 603modicHvl 64 couemarnus (CLONHCEHUS UNU YMHO-
JHCEHUSL) KAXNHCO020 3-6a3uca ¢ Kancovim 3-anmubazucom.

oroHe xS =k = w S| =k Sl 36 22
nn = = _|=Fl=H|= =|../=.al=|
S — % % =E wEnE S Z|Ex/EnEeE=
&t e \f"&"' NI O PO T PRI PRI PEYR EET P
"/, > \\\\‘ WSS R _‘EET#Ej@E—’EﬂiE‘QE!‘\-
4T x| SEFERSZuE 5 |= S 5w =
g2 9]2 28 =3 a8 -1 3 =8 us|
L BN SN = =ER wlE x|S a|E w|E p|E
sx11 125 = S
°T elafs * r=EE XIE 8|2 »|En|E w|En
"N N == T3 PO P PP o P
AN ."./// k| 22l 25 u|E #E wE xEH
%, N = | == == ==| ==| ==|
oot mmm S w =EE n|Z u|E a|E=|E r|Ew
aHYN M o =228 ZIE EEAER PR EH
evon B ks = | '?iE‘aEﬂ'.“.l ..-"&E!,"f|

a) 6)

Puc. 1.8.2. Bocemb mpucpamm u wecmuvoecsm wemvlpe cexcazpammol kumaiickoti Knueu Ilepemen
http://hong-gia-ushu.ru/vu-chi/traktat-vo-kyk-vu-chi-avtor-li-khong-tai

- Ouanexkmuxa Krnueu HepeMeH OCHO6AHA HA co4YemaHusix deyx npomueonoJI0HCHbLX Hauan

«—» (A1) u «— —» (Unv):

cmapviii An cmapwiii Unv - monodou An monodoii Unw

Kapa Xonoo Tenno Ipoxnaoa
Jlemo Buma Becna Ocenv

Ozonb 3emns Booa Boszoyx

Ananoeuuno, 6 Aneebpe cuenamyp (AC) 603modcHbl yemvlpe OUHAPHBIE KOMOUHAYUU 3HAKOB

«t» u «» (1.8.5): {+ +} {~-} {+-} {-+}.
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1.9 CnexkTpaJjbHO - CTUTHATYPHBII aHAIU3

YkakeM Ha BO3MOXKHOE MPUMEHEHHE ANTeOpbl CTHTHATYP JJsl PACIIUPEHUS BO3MOXKHOCTEH
CIEKTPAILHOTO aHATN3a.

HamomHaiM 00 M3BecTHOW B KBAHTOBOM (DM3UKE TPOIICAYPE MEPexo/ia OT KOOPIUHATHOTO MPE/I-
CTaBJICHUSI K MMITYJIbCHOMY. [1ycTh uMeeTcst HekoTopast pyHKIIMsS MPOCTpaHCTBaA U BpeMeHH p(ct,X,Y,z).
JlanHyto (QYHKIUIO IPEICTABIAIOT B BUI€ IPOM3BEICHUS IBYX aMILTUTY/:

pet,x,y,z) = o(ct,x,y,z) p(ct,X,y,z). (2.9.1)

Janee ocymecTBisitores ABa npeodpazoBanus Oypobe

0

2Pt B By )= [ et x v, e (et-x-y-2)0, (19.2)
0" (P BBy P)= [ et x v, Dl T (ot xy+NQ, (19.3)

rae p = 2m/A — o000IIeHHAas 4acToTa;
A — JUIMHA BOJIHBI,
n — ko3 PHUIMEHT MPONOPIMOHATILHOCTH (B KBAHTOBOM MeXaHUKe 7 = /i — mocrosinHas [1nanka);
dQ = dctdxdydz — snemeHTapHbIit 4-MepHBIH 00BEM;
exp{i(wt—Kk-r)} =exp{i(27/1) (ct —X -y —2)} — npsimas BoJIHA (TIpaBasi CIUPAIb); (1.9.4)
exp{i—aot+Kk-r)} =exp{i (27/1) (- ct+x+y+2)} — obpatHas BoiHa (1eBast cnupanpb);  (1.9.5)
@ — UKINYECKas YacTOTa;
K — BOJIHOBOI BEKTOP.
NmmnynbcHOe (criekTpanbHOe) mpeactaBieHne GyHkuun p(ct,X,y,Z) mojydaercs B pe3yibraTe

npousBeaeHus 1ByX amruuTyx (1.9.2) u (1.9.3)

G(pct' Px: Py, pz) = (p(pct’ Pxs Pys pz)'go*(pct’ Pxs Pys pz) (196)
BakyymHBIN OallaHC TAaHHOTO CIIEKTPAIBHOTO MPEICTABICHHSI JOCTUTACTCS YCIIOBHEM
(ct—x-y—-2)+(~ct+x+y+2)=0, (1.9.7)
C pamXupHBIM aHasiorom (omp. 10.2)
+- -3
{—++ +}
{0 0 0 0}. (1.9.8)

Tenepb chopMyTHUpyeM OCHOBBI CIICKTPAIILHO-CTUTHATYPHOT'O aHAJIM3a.
[To ananorum ¢ mporeaypoit (1.9.1) — (1.9.6) npeacraBum Gyuknuio p(ct,X,y,Z) B BHIE MPOU3-

BEJICHUS 8-U «aMIUTATYI»:
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(1.9.9)

1

8

[To(ct.x.y.2).

, 8), KOTOpBIE YIOBIETBOPSIOT CIEAYIOIIUM aHTHU-

01(ct,X,y,2) pa(ct,X,y,2) p3(ct,X,y,2)%... Xpg(ct,X,y,2)

pctx.y,z)
BMmecTo MHHMOI enuHuUIbI i, mpucyTcTByomei B uaterpaiax (1.9.2) u (1.9.3), BBemem B pac-

CMOTpPEHHE BOCEMb 00BEKTOB (; (tne r =1, 2, 3, ...

KOMMYTaTUBHBIM COOTHOIICHUSIM anreopsl Kimnuddopaa:

(1.9.10)
(1.9.11)

:1’

0 mpu m=k, (nin

{m i+ Gl

wit {nk + Gedm = 20km,

= k).

1 mpu m

Ompum=K u dm

rae okm— cumBod Kponekepa (dym

JlaHHBIM TpeOOBaHUAM YAOBJIETBOPSIOT, HAIIPUMEp, Habop 8X§-marpuil THIA

(1.9.12)

0 1000
0 0100
0 0010
0 0001
0 00O00O
0 00O00O

0
0
0

0
0

0

-1
0

-1 0 00 0O
0

0

-1 0000

g5 =

1 00000O0O0TO
01000O0O0O0
00100O0O0O0
00010000

00001000

000O0O0OT1O0O0

000O0O0OOT1IO0

0 00O0O0OOO01

Q1=

0

1
-1 0 0 O

0 0 0 0 O
0 0 0 O

1
0

0 0 00 0 0O
0 0 0 0 0O

-1

01 0 0 0 0 0 O
-10 0 0 0 0 0 O

0 0 01 0 0 0O

0 0

-10 0 0 0 O

Se =

0
0
0
0

0
0
0

010 0 0O
-100 0 0 O

0 00

-1 0 0

0
-1 0 0

0 01 0 0 O

0 00 0 O
0 00 O

1

0
-1

0 00 0 O0 O

0

0 00 0O 0 O

&

o 1,. o O O ©O o o
- O O o o o oo
O 0o+ o o oo
o o 1_. o O O ©o o
o O O o o 1,. o o
O 0O o0 o +d o oo
O O O O O o o -
o O O O o o 1_. o
I
~
o
o O O o o 1,_ o o
o O o o 1__ o O -
O O O O O O +H O
O O O O o o o o
O 1 O O O O O o
- O O O O O © O
o o o .I__ o O o o
o o 1_* o O O o o
Il
e
\»

0
1

0
0

0 00 O
0 00 O
0 00 O

0
0
0
0
0
0
0

-100

0 00 -10 00

0 01 0

0
0
0
0

0
0
0
0

0 100
-1 00 0

-1 0 00 O

Cg =

00 0 100 00O
0 0-100 0 0O

0
-10 0 00 O O O

1 0 00 0O 0 O

00 0 00 0 0 -1

00 0 0O0 O 1

0

00 0 0O0-100

00 0 01 0 0O

4

g

v

-MaTpULIEH:

B stom cnyuae dym B (1.9.11) sBnsiercst enuHuyHOM §x8
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OO O O O O O O
OO O O O O O o
O P OO O O o o
P O O O O O O O

O O O O O O O B
O O O O o o +r o
O O O O o Fr OO0
O O O OFr O o o

OcymiecTBUM BoceMb IpeodpazoBanuii ypbe

AP PPy Po) = [ A1y, DTG D et xy 230,

o0

0aPesPus Py Pr) = [ alctny, oSy L (ot=x-y+ )0,

—00

@3(Pets Pys Py, P7) = j ps(ct, X, y,z)exp{ésg(ct—X—yH)}dQ,

—00

2u(PasPus Py P = [ pu(etx Y, 2)oplc, - (ot—x+y-2)}d0,

—00

@5 (Pets Pxs Py P;) = j @s(ct, X, y,z)exp{§5§(ct+><— y-2)}dQ
P (Pt Py Py, p,)= J.¢6(Ct!xi Y, z)exp{(eg(—cwx—y—z)}dﬂ,
0r(Pas PPy P = [ gr(etxy Dempier S et-xy-2))0,

@s(Pets Py Py p,)= J.(/’B(Ctvxv y,z)exp{—g“gg(—ct+x+ y+2)HQ,

rae 00beKThl (n (1.9.12) BeinonHAIOT GyHKINIO KIH(HOPIOBBIX MHUMBIX SAMHHII.

Tak xe HaliieM BOCEMb KOMILIEKCHO CONIPAKCHHBIX UM <Dypbe-06pa30B:

00

3 (P Pu Py o) = [ AEX Y DOPEL (et x4y + DO,

—0

0

02 (P Puoy )= [ 0otk 1. DLy D ety s,

—0

03 (B BBy Po) = [ 03(et X, DOpE-G5- (et —x-y+ DK,

—a0

04 (Pas B By P2) = [ u(eL Y DG (otoxry =230,

—0o0

@5 (Pets Py Pys P;) = jcos(ct,x,y,Z)eXp{—ng(cHX—y—Z)}dQ,

—00

(1.9.13)

(1.9.14)

(1.9.15)

(1.9.16)

(1.9.17)

(1.9.18)

(1.9.19)

(1.9.20)

(1.9.21)

(1.9.22)

(1.9.23)

(1.9.24)

(1.9.25)

(1.9.26)
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6™ (P Pus Py Pr) = [ 05(Gh X Y, 2) XD 7 (ot x-y -0, (1.9.27)

—00

0

07 (Pt BBy ) = [ (el D4y (et xry -0}, (1.9.28)

—00

@5 * (Pt Py Py, P;) = j ps(ct, X, Y, z)exp{—§8§(—ct+><+ y+2)}dQ (1.9.29)

—00

[To ananoruu c¢ BelpakenueM (1.9.6) cnekTpanbHO - CTUTHATYpHOE IMpEJCTaBICHHE (PYHKIIUU
p(ct,X,y,2) monydaercst B pe3ynbrare npousBeaeHuss BocbMu amrmnty (1.9.14) — (1.9.21) u BocbMu

KOMILIEKCHO COMPsKEHHBIX UM amruiuty (1.9.22) — (1.9.29).

8
ER(pct’ Px: pyi pz) :H(Dk(pct’ Pxs pyi pz)(ok *(pct’ Pxs pyi pz) . (1930)
k=1

B sTtom CJIydac UMECT MCCTO 16 TimoB «OBCTHBIX» BOJIH (crmpaneﬁ) C COOTBECTCTBYHOIIUMHU

CTUTHATYpaMH (1.9.31)
expiG 27/ (ct+x+y+2)} [+ ++ +}
exp{{ 27/l (—ct—x—-y +2)} {- - - +}
exp{G27/IA( ct—x—-y +2)} {+ - - +}
exp{&u 27/ (—ct —x+y—-12)} { -+ -}
exp{ 27/A( ct +Xx-y—12)} {+ + - -}
exp{e27/A(—ct+x-y—12)} - + - -}
exp{(7 27x/A( ct—x+y—-2)} {+ - + -}
exp{(s 27/ (~ ct+ X +y +2)} {~ + + +}
exp{Q 27/ (—ct—x-y-2)} {~ - - -}
exp{&27/A( ct+x+y-12)} {+ + + -}
exp{(s27/A (—ct+x+y-2)} {~ + +-}
exp{G27/A( ct+x-y+2)} {+ + —+}
exp (G 27/ ct—x+y +2)} {~ - + +}
exp{s 27/A( ct—x+y+12)} {+ — + +}
exp{G27/A(—ct+x-y+2)} { + - +}
exp{ls 27/A( ct—x-y—-2)} (+ — —

{0 0 0 0}«

C PaHXKUPHBIM aHAJIOTOM

{+ + ++} + {-- --} =0
{- - - +} + {+ ++ -} =0
{+ - - +} + {-++ -} =0
~~-+3 + {++-+4 =0 (1.9.32)
{+ + - -} + {- -+ +} =0
{~+--} + {+ — + +} =0
{+ -+ -} + {- + - +} =0
{—+ + +} + {+---} =0
{0 0 0 0)+ {0000)y =0.

Takum 00pa3oM, CHEKTPAIbHO - CTUTHATYPHBIM aHAJIN3 TAaK)Ke OCTAaeTCsl cOaTaHCHPOBAHHBIM

OTHOCHUTCIIbBHO HYJIA.
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B [2] moka3zaHo, 4TO MOMBITKAa TOCTPOCHUSI TEOPUU MHBAPUAHTHOW OTHOCHUTENIBHO JIOKAIBHBIX

(a30BBIX BpaleHHH (T.€. TOKAIBHBIX KATMOPOBOUHBIX MPE0OPa30BaHMil) THIIA
eioz(fct+ X+y+z) _ —e Q27 (ct+x+y +z)>< O27IA(—ct—x—y+12) X e B27lA(ct—x—y +12) xe (27l (—ct—x+y—12) %
Cs 27l (ct +Xx—y— Z)>< eCe 2wl (—ct+x—-y-12) « e(7 27l (ct—x+y— Z) (1933)
Ia( ct—x— y—z) - e—Cl 27IA (ct+x+y+ z)>< —(027IA (—ct—X-y+12) X ¢ —(327lA(ct—x-y + z) X {4 27lA (—ct—x+y—12) x
527[//1(ct+x y— Z)Xe (6 2mlIA (—ct+x—y— Z)Xe (727l (ct—x+y—12) (1934)

MOJKCT IPUBCCTU K PA3BUTHUIO FeOMeTpI/ISI/IpOBaHHOI/I BaKyYMHOI/I XpOMOANHAMUKH.

1.10 Asredpa curHaTtyp
[lepeiinem ot adduuHBIX TeomeTpuid k MeTpudeckuMm. [y mpumepa paccMotrpum addunnoe
(BextopHoe) npoctpanctso ¢ 4-6azucom & (eo”,e1" e,(",e5”) (puc. 6.3) co crurnarypoit {+ + + —}.
3aga M B 3TOM NPOCTPAHCTBE 4-BEKTOP

ds™ = &Mdx" = eoMdxo™ + &,Vdx, ™ + &,ddx,{" + &5 "dlxa1", (1.10.1)

rae dx”) — 910 i-st mpoekums 4-sexropa ds'” Ha ock X", Hanpas- o
) e

o 7
JICHUC KOTOPOU OIIPCACIIACTCA 0a3HCHBIM BCKTOPOM Ei( ).

Paccmotpum npyroii 4-BexkTop (1.10.2)
ds® = 6O ® = 6,Odxg® + £,V + £,V + £, O i,

3a/laHHbId B a(UHHON CHCTeMe OTCYeTa X0(5)1 X1(5), Xz(s), Xg(s)

®) (90(5), 81(5), 82(5), es

¢ a) {++++} 0){+++-}

4-6a3ucoMm €; (5)) (puc. 1.6.3), co crurHary-

Puc.1.10.1. [IBa 4-6a3uca ¢ pa3IHIHBIMU
poit {+ + + +}. CTUTHATYpaMH
Haiinem ckanmsipHoe npousseaenue 4-sextopos (1.10.1) u (1.10.2)

ds®? = ds®ds™ = ¢ Vdlx’ dx! = (1.10.3)

= eo®eoMdxodxo + e1eoMdx;dxo + e,%egVdxadxo + e5®egPdxadxo +

+ 0™ Mdlxodx; + €11 dxadx; + e,e; Ddxodx; + e3es Dalxadxs +

+ 20, Ndxodx, + €, Vdx;dx, + e,%e,Vdx,dx, + 63, Vdxzdx, +

+ e0®esVdlxodxs + €15 dx1dxs + £,PesMdxdx3 + 3esVdxadxs.
JUTst paccMaTPHBAEMOTO CITydasi, CKaIAPHbIC IPOU3BEICHHUS Ga3HCHBIX BeKTOPOB &;g;!”

mpu i = e®eo”=1, &% "=1, &%, =1, e;,%%;"=-1, npui#j " =0.

PaBHBI:

[Tpu sTom BeIpaxenue (1.10.3) mpuobperaeT BUI KBaApaTHUHON (HOPMBI
ds®M2 = dxgdxo + dxydx; + dXodXo — dXgdXs = dXe® + dxq? + dXo% — dxa? (1.10.4)
¢ curHarypou (+ + + -).
Onpenenenue Ne 10.1 «Cuenamypay» — ynopsaooueHuas co80KyNHOCMb 3HAKO8, CMOAWUX Ne-
peo coomeemcmay UMy ciazaemvimu keaopamuunou gopmet (mepmur OTO).
UToOBI onpeIeNTh CUTHATYPY METPHUYECKOTO MPOCTpaHCcTBa ¢ MeTpukoi (1.10.4), BMecTo BbI-
MOJTHCHHSI OTEPalliU CKaasApHOro mpousBefacHus BekTopoB (1.10.3) MOKHO MPOCTO MEPEMHOKHTH

CTUTHATyphl 4-0a3ucoB, moka3aHHbIX Ha prc. 1.10.1:
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{++++}

{+++ -} (1.10.5)

(+++ )

r7ie YMHOKEHHE 3HAKOB MPOU3BOAUTCA MO cleAyromuM npasuiaMm. B uucnurene (1.10.5) nepemuo-
KAIOTCS 3HAKU, HAXOJALINECS B OJTHOM CTOJONE (B BEPTUKAIBHOMN IIEPEHTe), a pe3yibTaT TaKoro Ie-

PEMHOXKEHUS 3alMCBHIBACTCS B 3HAMEHAaTeJe (1101 YepToi) TOro ke CToJI01na. YMHOKEHUE 3HAKOB OCY-

IIECTBIISIETCS 110 CIEAYIOIIMM apu()METHUECKUM MPaBHIIaAM:

trx{+}r={+}  {Fx{={} (1.10.6)
| {rx{3=4F  rx{4r={

AT «BaAKyyMa»

{rx{+}={+y  {Fx{+={% (1.10.7)
H {x{3=408 x43=4h

JUIsI HEKOMMYTATUBHOTO «BaKyyMay

trx{+}={% {rx{3={} (1.10.8)
v =408 =41

JJIs1 HCKOMMYTATUBHOT'O «aHTHUBAKYyyMa»

{x{+r={}  {rx{h={+k (1.10.9)
H trx{3=08 <=4

I «aHTHUBAKyyMa»

B nanHoii pabore OyneT MCIOIBb30BaThCS TOJBKO MPABHIO yMHOXeHHs 3HaKOB (1.10.6) mms
«Bakyyma». OHaKo cieyeT IOMHUTb, 4TO B 00JIee MOCIIeI0BATEIbHON TEOPUH JIOJKHBI IPUCYTCTBO-
BaTh BCE YETHIPE BO3MOXKHBIX THIA «BaKyyMoB» ¢ mpaBmiamu ymHOxeHus (1.10.6) — (1.10.9) u ue-

TBIPbMS BO3MOXHBIMU (((I)aKTOpI/IaHaMI/I HYJISI» (I’ZO Uuciy uemuvlpex 6yK6 Benukozco u FpOé’HOZO Hmenu

BCEBBIIIHEIO 7-)-0->(H'VHIi)): 0'=1, 0'=-1, 0'=i, O!=-1i takumu, uto

1/4(0! + 0! + O + OI) = (1-1) +i(1-1) = 0 + i0 = © — xoMIUTeKCHBI HCTHHHBIN HOMb, (1.10.10)
010100 =01 =1-(=1)i-(-) = 1.

rJIe O/ HyJIIMH MOT'YT TaKKe TOApa3yMeBaloOTCs «paciieriennbie Hymuy tumna (1.9.33) u (1.12.3).
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Ha nanuuue uemvipex «saxyymosy ¢ npasunamu ymuodxcenus: (1.10.6) — (1.10.9) 6wviro Vrazano
uepes C.I'. IIpoxoposa npu yuacmuu B.I1. Xpamuxuna u M.I". Ueanosa. Yepesz C.I'. IIpoxoposa max-
ace ovino llepeoano, umo OanHvle «BAKYYMbLY U «AHMU-8AKYYMbLY AGNAIOMCA, 8 HEKOMOPOM POJe,

onopamu opye 0151 opyea 8 «3vioxot [lycmomey, m.e. obecneuusarom cmabuibHocms Bakyyma.

Jlypuanckas kabbana 2oeopum (cmompume ua caume http://alsigna.ru/ § Cumnssn Ancuena

(Kocmoeenesuc), Pazoen 2, n. Mup Acus) , umo 6 ocnose menecnocmu nexcam 4 Cmuxuu (H'V H 1)
camoeo Huzko020 uz Jyxoeuvix mupog - mupa Acus: Cmuxus Dw (Oconv), Cmuxus Pyax (Bozoyx),
Cmuxuss Maum (Booa) u Cmuxus Agap (Ilpax, 3emnsn). Kascoas uz smux 4-x Cmuxuti oensimcs Ha
decamv Cupom (Kauwecms). [lepennemenue camvix Huskux uz 10 Chupom xasxcoou Cmuxuu, m.e.
Manxym oe Dw (Llapcmeo Ocons), Manxym oe Pyax (Llapcmeo Bo3zodyxa), Manxym oe Maum (I]ap-
cmeo Boowt) u Maoxym oe Agpap (Llapcmeo 3emnu), popmupyem menecnocmo JJomem (Monuawyro).
Mooicno npeononoscums, umo Monruawas menechocmes — 5mo u ecmo I[lycmoma nawez2o mupa,
a 4 eaxyyma (1.10.6) — (1.10.9) coomsemcmeyiom Llapcmeam 4-x Cmuxuii: Ozcus, Bozdyxa, Boowl u

3emnu.

[Tockonbky apudmernueckue aeiictBus B (1.10.5) BeimonHstOTCS M0 cTONONAM (M/HIIH IIEpPEH-

ram), OyJeM Ha3bIBaTh MOJOOHBIC BBIPAKEHHS «PAHKUPAMU» (paHdcup — CTpOH, OPSAOK, IIIEPEHTA).
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PamxupHOE JeleHre CTUTHATYpP I «BaKyyMay ¢ mpaBuiamu ymHoxeHus (1.10.6) ompenerns-

eTcsl 0 apu(PMETUISCKUM TIpaBUIIaM IEHCTBUIN CO 3HAKAMMU:

{+#:+3={1 =4 (1.10.11)
3= {{3={+

B sTOM ciydae B 3HaMeHaTese CTHTHATYpPHOTO paHXHpa OyJeM CTaBHTb 3HAYOK JICJICHUS,

HaIpumeEp, 3a1nucb

{-+-+}
{+++-} (1.10.12)
C+)

O3HayaeT paHKHpHOE AejieHue mo npasmiam (1.10.11).

Omnpenenenne Ne 10.2 «Panoicup» — 2mo evipasicenue, onpeoensioujee apugpmemuyeckoe oeli-
cmeue co cmueHamypamu ag@uHHbIX (TUHEUHbIX) POpM UL CO CUSHAMYPAMU K8AOPAMUYHBIX (POpM.
3uax nocne ckobku 6 3Hamenamene pandicupa (...)+ — NOKaA3vl8aem KaKas onepayusi NPou3eo00Umcs co
3HaKamu 8 cmoadYax u/uiu cCmpoKax pamicupos. (...)s - ciodcenue, (...)- —evluumanue, (...). — oele-
Hue, (...)x— YMHOXCeHUe.

Ha6op crurnaryp (1.8.2):

~§++++§~ §+++—§ §—++—§ §++—+§
froms) frrmn) P} frovs) R
fFord fror) ) o)

o0pasyeT /iBe OT/AebHbIE abeneBbl I'PYMIIbL: MO ONepaluy PaHXUPHOTO YMHO-

KEHHUSI; ¥ 110 OIepaliil PaHKUPHOTO JEJIEHUS. ITO CBUIETENLCTBYET O HAIUYUU

[ITyOWHHBIX CHMMETPUN B OCHOBAHUSX Pa3BUBAEMOM 3/1€Ch CBETOTCOMETPHH.
Ecin, 10106HO TOMY, KaK 9T0 GbLI0 nposenano ¢ Bexropamu ds® u ds”,

MOTIApPHO CKAJISIPHO MEPEMHOXHUTh MEXIy co0o0il BekTopa u3 Bcex 16-u addun-

HBIX IPOCTpaHCTB C¢ 4-0a3ucamu, MOKa3aHHbBIMM Ha puc. 1.6.3, To momydyum

16x16 = 256 meTpuueckux 4-MOANPOCTPAHCTB C METPUKAMH BHJIA
ds“P)? = ei(a)e]‘(b) dx'@exi®), (1.10.14)
rnea=1,23,...,16; b=1,23, ..., 16.
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Curnatypsl 3TuX 16 x 16 = 256 MeTpudeckux 4-OAMPOCTPAHCTB MOTYT OBITH OIpPEIENCHBI,

non06H0 (1.10.8), paHKUPHBIMH YMHOXKEHUSIMU COOTBETCTBYIOLINX CTUTHATYP:

{+-++} {++++} {-+++} {++++}
{+++-} {+-+-} {+++-} {~—++-}
(+—+)x (+ =+ (—++) (—++)x
{+-——+} {++-+} {—+++} {+-+-}
{+++-} {—++-} {—++-} {+-+-}
(+——-) (—+—) (+++-) (++++),
j+_+_+_}_}: {++-+} {—+-+} {+-++}
(+——+). {—+-—-} {——+-} {+—+-} (1.10.15)
(~++) (+ =) (+++)x
{r++} {-+—} {-++) {r—+)
{——+-} {+-+-} {+—+-} {~—++-}
(- +4) (- ==+ =+ -~

Touka O (puc. 1.6.1) 0oAHOBpEMEHHO MPUHAMIEKUT BCEM ITUM 256 METpUUECKUM 4 - OJIPO-
crpaHcTBaM ¢ curHatypamu (1.10.15), Tounee oHa sBJIsIETCS MECTOM UX NepecedeHus. B nanpHeimem
OyZieT MOKa3aHo, YTO 3T METpUUYECKHe 4-MOAMPOCTPAHCTBA UMEIOT Pa3INYHbIE TOMOJIOTHH.

Hab6op u3 256-u merpudeckux 4-moAnpocTpancTs (4-kapT) 0Opa3yroT €IMHBIN «aTjiac C mnepe-
ceyeHHeM B Touke O, ¢ OOLIMM YUCIOM MaTeMaTHYeCKHX M3MepeHHi paBHbIM 256 x 4 = 1024. Ilo-
3TOMY pa3BUBAaEeMbIi 37ieChb MaTeMaTHUECKUN anmapaT AnreOpbl CUTHATYp MOXHO OTHECTH K paspsay
MHOrOMepHbIX Teopuil. Ho cBeToreoMerpust CTpOUTCSl TaKUM 00pa3oM, YTOOBI BCE JIOMOJHUTENIbHBIE
MaTeMaTHYeCKUEe U3MEPEHUs CBOJIMIINCH K TpeM (PU3NUECKUM U3MEPEHUSIM «BAKyyMa» U OJTHOMY Bpe-
MEHHOMY U3MEPEHUI0, CBI3aHHOMY CO CTOPOHHUM HaOJIr0/1aTeNeM.

[Togxon AnreOpbl CUTHATYp BO MHOTOM COBITIQJAET C JIOKAJTIbLHO-PETIEPHBIM (TETpaaHbIM) (Gop-
MaJIi3MOM, KOoTophiii pasBuBanu D. Kapran, P. Baiinen6ek, T. Jlepu-Uusura, I'. [llunos [19] u wacto
ucrnoib3oBaid A. DUHIITEWH B pamkax IuddepeHnalbHOW reoOMeTpU ¢ aOCOMIOTHBIM Mapaiens-
MOM.

Otmuune AC ot terpagHoro meroga B OTO 3akmrouaercs B cneayromem. B OTO B kaxaon
TOYKEe 4-MepHOT0 MHOTOoOOpasus (T.e. MPOCTPAHCTBA-BPEMEHM) 3a7aeTcs aBa 4-perepa (T.e. BE TeT-
pajibl), KOTOPBIE ONPENENSIIOT OJJHY METPUKY ds“P)? = ei(“)ej(b)dxi(“)dxj(b) C curHatypoit (+ — — —) [ ¢
curHarypoit (— + + +)]; a B AC B KaxJI0il TOUke 3-MEpHOTO MHOT000pa3us («BaKkyymay) 3aJaercs
mecTHaAnaTh 4-6azucos (unu 4-pernepos, win terpan) (puc. 1.6.3), ckanspHbIe MPOU3BEACHHUS KOTO-

peIx 00pasyror 256 metpuk (1.10.14) ¢ curnarypamu (1.10.15).
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1.11 MMepBblii 3TaN KOMIAKTH(PUKAIUM 101101~
HHUTEJIbHBIX U3MepeHu i

OnmHO# U3 OCHOBHBIX MPOOJIEM JTHO00M MHO-
TOMEPHOH TEOPUHU SIBJISIETCS ONPEAEICHUE BO3ZMOXK-
HOCTH KOMHOakTH(uKauuu (T. €. CBOpPAYMBAHMUSA)
JIOTIOJTHUTEIBHBIX MaTEMaTHYECKUX W3MEpEHUuil 10
Ha0JI0/IaeMBIX TPEX MPOCTPAHCTBEHHBIX U OJHOTO
BPEMEHHOI'O M3MEpPEHHUs. AHaJOrMyHas 3ajada
CTOUT Tiepe; AnreOpoii CUTHATYP.

OOpatuM BHHMMaHue, 4TO, Hampumep, 16
TUIIOB CKAJISIPHBIX MpOU3BeeHuI 4-0a31CcoB, MOKa-
3aHHbIX Ha puc. 1.11.1, mpuBOAAT K NOJYyYEHUIO
[IECTHAIATH KBaJPAaTHIHBIX GopM (METPUK) BHIA
(1.10.10) ds@®? = ei(a)ej(b)dxi(a)dxj(b) C OJMHAKOBOMU
curHarypoit (— + — +). [TosToMy AaHHBIC METPUKH
MO>KHO YCPEIHUTb.

Takum 00pa3oM, MOXXHO BBIJCIUTH BCETO
256/16 = 16 TunoB MeTpUUYECKUX 4-IPOCTPAHCTB C
METPUKaMHU:

ds™ 2= dxo? + dx 2+ dxo? + dxs’= 0
dst 2= _ dxg?— dx;®— dx? + dxg2= 0
ds® ™ "M2= dxg?— dxy®— dxo? + dxs® =0
ds“ %= dxo®— dx;*— dx,*— dxs*= 0
dsC 2= —dxo?— dxy® + dxp? — dxg® =0
dsC 2 = —dxg® + dxq?— dxo® — dxs? =0
ds® ™ T2 = dxg?— dxs%+ dx,? — dxs® =0
dst* 2 = dxo? + dxg2— dxp? — dxs® =0

C COOTBCTCTBYIOIIIMMU CUTHATYpaMHU

K- 2K e o 3K K
)>< 2 % P .0)%’% 5 %4.
3) x =+—=+) 11) x
4) x (-+-+) 12) x
5) x (-+-+) 13) x
6) x (-+—-+) 14) x
7) x (=+=+) 15) x
m;]g S }

Puc. 1.11.1. IllecTHaguarh cKaqsipHbIX POU3BEACHUM
4-0a3ucoB, MPUBOISIIINX K METPUKAM C OJJMHAKOBOM

curHaTypoi (— + — +)

dsC 2= _dxe®— dxy2— dx,® — dxs?=0
dstH* 2 = dxg? + dx® + dxp? — dxs? =0
ds C 92 = dxg® + dxq? + dxo> — dxa>= 0
dsC "2 = _ dxo? +d x,% + dxo? + dxa® =0
dst* "2 = dxo? + dxy®— dxo® + dxs® =0
ds® "2 = dx?— dx >+ dxo + dxs®= 0
dst* ~ M2 = _ dxo?+ dx®— dxo® + dxs? =0
dsC "2 = _dxo? — dx;2 + dx,2 + dxg’ = 0

(1.11.1)

(++++) (+++-) (—++-) (++-4)
(== (41 (=) (=)
(t=—=4) (F+-2) (=) (—++)

(-=+-) (=+) (+-0) (--—),

B pesynbrare Takoro ycpenHeHus ocraercs Bcero 4 x 16 = 64 MmaTeMaTHYECKUX U3MEPEHUH.

Mo xmaccudukarnuu denukca Kneiina [12] metpudeckue npoctpancTBa ¢ merpukamu (1.11.1)

MOTYT OBITE pasaciCHbl HA TPU TOIIOJOTHMYCCKUX KJIacca:
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1-ii kaace: 4-mpocTpaHCTBa, CHTHATYPBI KOTOPBIX COCTOAT M3 YETHIPEX OJAMHAKOBBIX 3HaKOB [12]:
Xo© X0 XS =0 (F++H) (1.11.2)
— X0’ —X*— X"~ X" =0 ——-)

— 3TO TaK Ha3bIBa€MbIC HYJICBBIE METPHUECKUE 4-TIPOCTPAHCTBA. Y ITUX «IIPOCTPAHCTB» HMEETCS
TOJILKO OJTHA JCUCTBUTEIbHAS TOYKA, HAXOMSIIA’ICS B Ha4Yajle CBETOBOIO KOoHyca. Bee ocranbHbIe TOU-
KW 3TUX MPOTKCHHOCTEH sABISAIOTCS MHUMbIMH. [1o cyTu, nepBoe u3 Boipaxenuit (1.11.2) onuceiBaet
HE «IPOTSHKCHHOCTBY», a SAMHCTBCHHYIO TOUKY (WIH «OEIIyI0» TOUKY), & BTOPOE — CIUHCTBECHHYIO aH-
TUTOYKY (MJIM «UEPHYIO» TOUKY).

2-i kJacc: 4-mpocTpaHCTBa, CUTHATYPBI KOTOPBIX COCTOSAT M3 JIBYX TOJIOXKHUTEIBHBIX H JBYX OT-

pHLIaTEIbHBIX 3HAKOB [12]:

N

Xo© —X12— X2+ Xg° =0 (+-——+4)
Xoo+ Xi'— X —X> =0  (++--)
X0’ — X2+ X" —X3° =0 (+-+-)
—Xo® F X2+ X = X2 =0 (—++-)
—x()z—x12+x22+x2 0 (——++)
CXPHF X2 X+ X2 =0 (—+—+) (1.11.3)

- OTO PAa3JIMYHBIC BAPUAHTBI 4-MepHI)IX TOPOB.

3-i Kiaacc: 4-HpOCTpaHCTBa, CUTHATYPbI KOTOPBIX COCTOAT U3 TPEX OJUHAKOBBIX 3HAKOB U OJHOI'O

POTUBOIOJOXHOTO [12]:

N

~Xoo XX XL =0 (———+4)
—X = X2 X=X =0 (——+-)
—X02+X12—X22—X32:0 (—+——)
X0’ — Xi2— X2~ x32 = 0 (+-——-)
Xo? + X12 + X2 — X3 = 0 (+++-)
Xo2 + X2 — X2+ %32 =0 (++—+)
X2 — X124+ X2 + X3 =0 (+—+4)
XXX+ XE =0 () (1.11.4)

— 3TO OBAJIBHBIC 4-HOBCpXHOCTI/I: DJIJNINTIICOUABI, DJJIUIITUYCCKUC Hapa6OJ'IOI/IJII)I, I[BYHOJ'IOCTHI)IG FI/Il'Iep-
0O0JIOUILI.
X, YrpoleHHass WUTIOCTpaIUs  CBSI3U

CUTHATYypPbI 2-MepHOI‘0 IpoCTpaHCTBA C €Tro

Tomojorueil mokaszana Ha puc. 1.11.2. U3

Xz
§ 3TOT0 PUCYHKA BHJIHO, YTO CUTHATypa KBaJ-
1
a) sign (+ +); 0) sign (- +); B) sign (+ 0) paTnuHOil (DOPMBI OFHO3HAYHO CBs3aHA C
X3= X1+ X X3= X" — X1 X3—X1
napabonuyueckas  CeIIOBHAHAS U-o6pasuas TOMNOJIOTHEH, ONMUCHIBAEMON €10 2-MepHOMU
IMOBEPXHOCTH TIOBEPXHOCTH IMOBEPXHOCTH

npotrsbkeHHocTu. Ho He HaobopoT, Tomoso-
Puc. 1.11.2. UnmocTpanus cBA3U CUTHATYPBI 2-MEPHOTO 6
IIPOCTPAHCTBA C ero TONONOTUEN [12] TUA TOPOTAKCHHOCTH — 3HAYUTCIBHO OO0JICC

€MKOE€ ITOHATHE, YEM CUTHATYpa METPUKH.
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[lecrramuars TimoB curHaryp (1.11.2) — (1.11.4), cooTBeTCTBYIONMHMX 16-1 THITAM TOIOJOTHI

METPUYECKUX MPOCTPAHCTB, 00Pa3ylOT MaTPUILY

+F++0)Y° (+F++)0 ++)? (++-H)

01 11 21 31
sign(ds® )= g:goz E:j” E:jzz E::;SZ , (111.5)
e I e e G
CBOMCTBa KOTOPOM COBIAAAIOT CO CBOMCTBaMH MaTpuIlbl cTurHatyp (1.8.2).
Onpenenenne Ne 11.1 «lllaxmamnas ananocus» — smo
cxoocmeo Aneebpol cuenamyp (AC) ¢ mupom waxmam: (i - f i
— y waxmamnuou 0ocku 8 x 8 = 64 knemxu: u3z nux 32 uepnvie u E:ﬁ? : TL\—
32 6envle. Tax dice 6 mampuye cuenamyp, (1.11.5) 64 snaxa, uz nux n & . )
32 nmoca «+» u 32 munyca «—», &

— 8 Hauale napmuu Ha WAXMAamuol 0ocke npucymcmeyem 32
waxmamusie gueypvi: 16 denvix u 16 uepnvix. Tak dice 8 pamkax An-
2eOpbl CUSHAMYP 8 KANHCOOU MOUKE Am.n-8AKYYMA UMEENCs WeCmHa-
oyamu 4-06a3ucos, Komopvie cOCMOAM U3 6PAUAIOWUXCS BEKIMOPO8
anekmpuueckozo noas (puc. 1.6.6), m.e. «gpueyp ceéema» u wecmua-
oyams 4-6a3ucos, ceA3aHHLIX ¢ yenamu Kyouweckou sauetiku 3D-

aanowagma (puc.1.6.2), m.e. «gpucyp momoly,

Puc. 11.3. [IlaxmaTHas gocka
coctouT U3 32 6enbIx U 32 gep-
HBIX KJIeTOK. B Havane maptuu 16
6enbIx Guryp u 16 uepHbIX Guryp

— cuenamypol (mononozuu) 16-u munos mempuueckux npocmpancms (1.11.2) — (1.11.4) cxoorcu ¢

xapaxmepucmuxamu waxmamuuix gueyp (puc. 1.11.3,1.11.4):

% 0eym nyneevim mononozusm (1.11.2) coomeemecmeyom «kopoivy u «pepzoy;

% wecmu mopoudanvivim monoaocusm (1.11.3) coomsemcemesyiom mpu napvi waxmammwix

Queyp: 2 «oghuyepar, 2 «kouay u 2-e «1a0vuy;

% socomu osanvivim mononocusm (1.11.4) coomeememeayiom socemv «neuiexy.

(+t—++) BRIl (++—+) HGEEEE (+++-) NCEEEIN (—— +-)

IICIIKa IICIIKa TICIIKa TICIIKa TIICIIKa IICIIKa

Il (+—+-) BRI (+++1) sl (+—— 1)

Tabst KOHb CJIOH (hep3b KOPOJIb CJIOH

TICIIKa

(+-4)

KOHb

Puc. 1.11.4. ComocraBiieHne curHaTyp (TOTIOJOTHI) METPHUECKUX MPOCTPAHCTB

C ImaxMaTHBIMH purypaMun

CrietyeT OTMETHTB, YTO IO OIEPAIMH CIOKEHUS (MM BEIYUTAHKS ) 3HAKOB T10 TIPaBUJIaM:
({3 ={+h {3+ {3 ={0} {3 -{+3={0} {3-{+}={0}
{#+43={0 3+{43={3 {#-3r=01 3-3={0},

43



curHatypsl (1.11.5) sBisitoTcs 35meMeHTaMu OoJiee MMUPOKON TpyMIbl, cocTosiieit nu3 16+64+1=81-i

CUTHATYPBI.
(++++) O+++) (+++0) (--——) ©O0O-——) (--0 .. (+-0)
(+++0) (00++) (+0+0) (-—-0) (00--) (-0-0) .. (-0+0) (1.11.6)
(++00) (000+) (0+0+) (--00) (000-) (©-0-) .. (0+0-)
(+000) (+0++) (+00+4) (-000) (-0—-) (-00-) ... (-00+)
(0000) (++0+) (0++0) (0000) (--0-) (0--0) ... (0—+0),

u3 HUX: 16 curHaryp 6e3 Hysei, 64 curHaTypsl ¢ HyJIAMU U ofHa HynneBas curaatypa (0000).

CHrHaTypa HCABHO BXOIMT B On€paluy, BBIIOJIHACMBIC C IIOMOIIBIO ITIOJJTHOCThIO aHTUCUMMCET-

PUYHOTO €IMHUYHOTO TeH3opa (cumBona JleBn-UuBuThI) &;; ; B N-MEPHOM IIPOCTPAHCTBE, KOTOPBIH

OIIpCACIICH KaK

+1 ecnu yeTHas nepectaHoBka 1,2,3, ..., 7;
e = —1 ecsu HedyeTHad nepectaHoBka 1,2,3, ..., 1; (1 11 7)
hlz-+tn 0 B ocTa/IbHBIX CIyYasix, KOrZa /iBa U 6oJiee B
WHJIEKCOB COBIAJAET .

JIJ1st KOMIIOHEHT TEH30PA €123 5, CIPABEIIIMBO CIIEAYIOIIEE TOXKIECTBO C KOCBEHHBIM YYaCTHEM CUTHA-

TYpBbI
5% 512 e ST
521 522 e O

123,28 0 = (1% 51 52 ... 8%, (1.11.8)
Sy 85 7 6y

rac S — KOJIMYECTBO 3HAKOB MHHYC B CUTHATYpC MCTPUKHU PACCMATPUBACMOI'0 IPOCTPAHCTBA.

Onpenenenue Ne 11.2 Aneebpa cuenamyp (Ancuena) — smo npouzsoounas om ciog An (JJIb) —
b-TI', I'ebop — Mozywecmeo, cuenamypui — 3uaxu. Taxum obpazom, Ancuena packpuvleaemcs kaxk «Mo-
eywecmeo TBOPLIA, nposenaioweecs uepesz cucmemy 3uaxoe». OCHOSHbIMU 3HAKAMU ANICUSHbl A6715-
tomces oykevl Mepuma (Jlawon a-Koiidew — Cesamoeo sazvika) — m.e. A30yka cuenamyp. OcHOBHbIMU
aneopummamu  AncueHel AeAmMcA  areopummvl packpuimus Hemvipexoykeennoco Hmenu BCE-

BBIIIHETO (TETPATPAMMATOHA) 11-1-13-1

1.12 Bropoii 3Tan koMnakTHGUKALUMN JOTOJHUTEIbHBIX U3MePeHUIi.
«BakyyMHbIii 0aJ1aHC» M «<BAKYYMHOE YCJIOBHE»

Ha BTOpOM 3Tarne kKoMmakTH()UKAIUU AOMOJHUTEIBHBIX U3MEPEHHUH ONPEICITUM alJIUTHBHYIO
cyneprno3uiuo Bcex 16 merpuk (1.11.1)

dSzz — ds(+—_—)2 + dS(++++)2 + dS(———+)2 + ds(+__+)2 +
+ ds(__+—)2 + dS(++——)2 + ds(—+——)2 + ds(+_+—)2 +
+ ds(7+++)2 + ds(————)Z + ds(+++7)2+ ds(7++7)2 +
+ st 4 dsC TP 4 gst P 4 st 2=, (1.12.1)
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HetictButensHo, ckiaabiBasg MeTpuku (1.11.1), monyuum
dss? = (dxodXo— dx10x, — dXodXp — dXadxs) + (dXodXo + dxydxy + dXo0X, + dxadxs) +
+ (— dxodXo — dx1dx; + dxo0x, — dxsdxsz) + (dXe0Xo — dxidx; — dXo0X, + dxsdxz) +
+ (— dxodXo — dx1dx; + dxo0x, — dxsdxsz) + (dXedXg + dX10dX; — dX20X2 — dxsdxsz) +
+ (= dxodxp + dxydx; — dxodxo — dxsdxs) + (dXedXo— dxidxy + dXa0X, — dxsdxs) +  (1.12.2)
+ (= dxodxp + dx10x; + dxodx, + dxsdxs) + (— dxodXe —dXdx;— dXo0x, —dX3dxs) +
+ (dxodxo + dxydx; + dXo0xo — dxsdxs) + (— dXpdXe +dx;dx; +dXo0X, — dxzdxs) +
+ (dXodXp + dxydx; — dxodxz + dXsdxs) + (— dxodXo— dxidx;+ dXo0x; +dx3dxs) +

+ (dXodXo— dx,dxq + dxodxs + dX3dX3) + (— dxodxg + dx1dx; — dxodx, + dX3dX3) =0.

BMmecTo cymMMHpOBaHHsI OJTHOPOJHBIX ClIaraeMbiX B BeipaxkeHUH (1.12.2) MOXKHO CyMMHPOBAThH
TOJIBKO 3HAKH, CTOSAIIKE IEepes 3TUMHU cilaraeMbIMu. 1103TOMy mii cokpaleHus 3anucedl BEIPAKEHHE

(1.12.2) MOXXHO IpeACTaBUTh B SKBHBAJCHTHOM PAHXHPHOM BHUJIE:

0 (00 0 0 + (0000 =0
0= (+ + + +) + (- --) =0
0= (- - - +) + ++ +-) =0
0= (+ - — +) + -+ +-) =0
0= (- - + -) + (++ -4 =0
0= (+ + - -) + - - +4) =0
0= (- + - -) + +- +4) =0
0= (+ -+ -) + =+ —4) =0
0= (- + + ) + + - -9 =0
0= (00 0 0. + (0O 000+ =0.

(1.12.3)
CymMa 3HaKoB, Kak 1Mo ctojibuaM panxupoB (1.12.3), Tak U MO UX CTpPOKaM MEXIY paHKHpa-
MU, paBHa HYIJIIO.
PamxupHoe Toxxaectso (1.12.3) Oynem Ha3bIBaTh MONEPEUHO «PACIICTNICHHBIM HYJIEM», TOJI0-
’KEHHBIM B OCHOBaHHE T€OMETPODUBUKH Am:.n-BaKyyMma.
B kaxnoil Touke «Bakyyma» UMeeTcss 0ECKOHEUHOE KOJIMYECTBO MOMEPEUHO «PACIIEIIEHHBIX

HYJIeH», COOTBETCTBYIOIIUX KaXIOMY Amsn-Bakyymy (puc. 1.12.1).
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s

Puc. 1.12.1. B xaxnoii Touke O «BaKyyMa» UMEET MECTO OECKOHEUHOE KOJIMYECTBO
TIOTIEPEYHO «PACIICTUICHHBIX HYJICH» KaXIOTO Anm.n-BaKyyMa (T.€. IPOIOIBHOTO 3-MEPHOTO CI05)

IIpooonvro u nonepeuno «pacweniennviii Hoiby 6 mouke O «akyyma» maum 6 cebe 0opa3z
eganzenuueckoeo kpeujenus. OpmozoHanvHule [lekapmossl nepekiaoutsl, Ha KOMOopslX Obll pacnsim
Cnacumenw, ne2nu 8 0CHOBY 6Celi COBPEMEHHOU HAYKU.

Omnpenenenue Ne 12.1 [lonepeuno «pacwenienuuiii HObY

— onpeoener 8 KaxdCOOU MOYKe Amn-6aKYYMA PAHICUPHLIM 8bIpA-

y 4 g:- oceHuem (12.3).
A ' 1 Onpenenenue Ne 12.2 [IpodonvHo «pacuyenieHHuiil HOby»
< ‘v_ ’1 ’ » — onpeoenen 8 KajxdcOol MouKe «8aKyyma» Kax NOJIHAS COB8OKYN-
’ r ": HOCMb NONEPEYHO «PACUWENNEeHHbIX HYLel» 8CeX Amn-8AKYYMOS.
rs Crnoxenue (ycpeaHEHHUE) IeCTHAAATH METPUYECKHUX MpO-

Puc. 1.12.2. O 3 peanmsawit qpyx  CTPAHCTB € PAsIMYHBIME CHIHATYpaMH (romomorusimu) (1.12.1)

MEPHOU NIPOEKLIUU TPEXMEPHOU BU3yaJIU-
31K JIOKAJIbHOTO yyacTka 10-mepHOro
muorooGpasus Kanabu-sly [10] ¢ 10-mepubiM MHOTOOOpazuem Kanabu-fy (puc. 1.12.2), kotopoe

MIPUBOAUT K PUYYN-TIIOCKOMY ITPOCTPAHCTBY, BO MHOI'OM CXOXKEMY

UCITOJIBb3YeTCs B TEOPHH CYNEPCTPYH.

Bropoii 3Tanm KOMIakTU(PUKAIUK JTOTIOTHUTEIBHBIX (MAaTEeMAaTHUYECKUX) U3MEPEHUH MPHUBEN K
MOJIHOMY UX COKpalleHuto. Bmecte ¢ TeMm panxupHoe BeipaxkeHue (1.12.3) sBisieTcst MaTeMaTu4yecKoi
(hOpMYIIHPOBKON «BaKYyMHOT'O OallaHCa.

Onpenenenue Ne 12.3 «Ay.n-6aKyymuulil 6anancy (uiu «8aKyyMHulil OAIAHCY) — IMO ymeep-
JHCOEeHUe, YMO KAHCOasi MOYKA Amn-6AKYYMA («BAKYYMA») COANAHCUPOBAHA OMHOCUMENbHO «PACujen-
neHno2o Hyaay euoa (1.12.3). To ecmv 6 kaxcoot mouke Am:-8aKyyma («8axKyyma») usHauaibHO 3a0aH
NPOOONILHO U NONEPEUHO «PACWENIeHHbIU HObY, I00ble OMKIOHEHUsL OM KOMOPO20 CEA3AHbL C 603-
HUKHOGEHUEM B3AUMHO NPOMUBONONONACHBIX NPOAGIEHULL.

OnHO# M3 OCHOBHBIX aKCHOM AJIreOpbl CUTHATYP SIBJSIETCS YTBEPIXKICHHUE, YTO HUKAKUE JCH-

CTBHS C Am:n-BaKyyMOM HE MOTYT IPUBECTH K INI00ATBHOMY YCTOHYMBOMY HAPYIICHUIO «Amn - BaKy-
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ymHoro Oamanca» (1.12.3). [TosToMy «Am.n-BaKyyMHBIH OajlaHC)» JIEKHUT B OCHOBE «Am-n-BaKyyMHOTO
YCIIOBHSI.

Omnpenesnenue Ne 12.4 « An.n-6aKyymuoe yciosuey (Uiu «8aKyymHoe yciosueyn) — nodvle npo-
SABNEHUSL 8 Am-n-6AKYYME («8AKYYMEN) OONAHCHBI HOCUMb B3AUMHO NPOMUBONOJIONCHILL XAPAKMED: 60.1-
HA — GHMUBOJIHA, BbINYKIOCHb — 60ZHYMOCHb, OBUNCEHUE — AHMUOBUICEHUE, CHCAMUE — PACHSICEHUE
u m.0.». Jlokanouvle Ap-n-8aKyymMHble («8AKYYMHbBIE») CYWHOCMU U AHMUCYWHOCMU MO2Ym Oblmb
COBUHYMBL U NOBEPHYNIbL OMHOCUMENbHO OpYe Opyed, HO, 8 CPeOHeM, NO BCell Am:n - BAKYYMHOU 001a-
CMU OHU NOJTHOCMbIO KOMNEHCUPYIOM NpOsgIeHUs 0pye opyed, 860CCMAHABNIUBAS « Amen - 6AKYVMHbIL
banaucy («8aKyymHulil 6AIAHCY).

Ha ocHOBanuM 6axyymmoeo yciouss MOXXHO JIaTh CICIYIONIEE ONPEACTICHHE «BAKYYMY.

Onpenenenue Ne 12.5 «Bakyym» — smo noanwvlii uneapuanm 0as 100blX 6U008 NPOCMPaH-
CMBEHHBIX U NPOCMPAHCMBEHHO-8PEMEHHbIX npeobpazosanuil. To ecmb, Kakue Obl 63AUMHO - NPOMU-
B0NOJI0JICHBIE USMEHEHUsL He NPOUCXOOUNU, 8 CPEOHEM, «BAKYYM» 6Ce20d 0CMAemcsl HeU3MEeHHbIM.

Pamxupnoe BeipakeHue (1.12.3) mo3BossieT nMpoaeabiBaTh B OKPECTHOCTH «ITYCTOTOW)» TOYKH
O HEeKoTophIe omepanuu 0e3 HapylleHus «BaKyyMHoOro Oamancay». K Takum omepamnusiM OTHOCHTCH,

HaIpuMep, CHMMETPHUYHBII EpEeHOC MEPBBIX CTOIOLOB C NHBEPTUPOBAHUEM 3HAKOB!

0= (O 0 0 + (0O 0 0) =0
_= (+ + +) + = - =) =+
+ = (- - +) + + +-) =—
-= (= = +) + + + ) =+
+ = (- + -) + + - +) =—
-= (+ - =) + -+ +) =+
+ = (+ - -) + - + +) =—
_= (- + -) + (+ - +) =+
+ = (+ + 4 + = - -) =—
0= (0 0 0)+ + (0 0 O)+ =0

(1.12.4)

WM TIEpeHOC JTI000H U3 CTPOK U3 yucautenei pawkupos (1.12.3) B ux 3HamMeHaTeNb Tak )Xe ¢ HHBEp-
THPOBAHHUEM 3HAKOB, HAIIPUMED:

= (OO0 0 0) + (OO0 00 =0
= (+ + + +) + ---) =
= (- --+4) + (++ +-) =
= + - - +) + =+ +-) =
= + + - -) + - - +4) =
= -+ - =) + +- ++) =
= + -+ -) + -+ —4) =
= =+ + +) + + - — =
= + + — ) + - +-) =0

(1.12.5)
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Pabu Motiwa Kapoosepo (PaMakK) 6 knuee «IlaP/leC Pumanumy ommemui, umo mexyoaium
(kabbanucmor — myopeywvt Tatinoti TOPBI) uacmo cumeonuzuposanu /peso Chupom oOyxeot N

(Aneqh), komopas cocmoum uz mpex 0yke

N(Aneq)) =9 1 9 (1.12.6a)

T'emampus (yucnogoe 3navenue) Oykevl Anegh cosnadaem c cemampueii Yemuvipex0yKgenHHo2o

HUmenu TBOPI]A (1.6.4)
R =91 =10+6+10=10+ 16 = 26, (1.12.6b)

7--m-9=5+6+5+10=26.
Mampuya cuenamyp (1.11.5)
(+H++0)%° (F++)0 (++)° (=)
(=" ++D)" =+ (—+=-D)F
(+__+)02 (++__)12 (+___)22 (+_++)32 '
(——+)% F-+)° (+-9)® (—--)®

YOousumenbHo mouno coomsemcmeyem cmpykmype o6ykevt R Anegh (1.12.6a) 6o mnoeux acnekmax.

sign(ds‘ab)):

Bo-nepesuvix, 6 byxkee R ynakoganvl 06e mampuybl CMuHamyp
1 =6+10 =16, 5 =6+ 10 =16, 16 + 16 = 32.

Bo-smopuix, anmucummempuynble CE0UCMEA MAMPUYbl CUSHAMYP OMHOCUMENbHO 2lLAGHOU
OUA2OHANU COOMBEMCIMBYION AHMUCUMMEMPUUHOMY PACNONodceHuio 08yx Oyke 3 (Mod) ommocu-
menbHo OyKewvl Y (Bas) 6 Oykee R (Anegh) u m.o.

Hannvie obcmosmenscmea ewje paz noomeepacoarom, umo mampuyst cmuenamyp (1.8.2) u
cuenamyp (1.11.5) mocym 6vimeb unmepnpemuposanvl Kax npoeKyuu C80UCmE KabOaIucmuiecko2o
Hpesa Chupom na mempuueckue ceoticmsa «6axyyman(Amsn - éaxyyma). 1 Ums BCEBBIIIIHET O

(H’V H 1) Bracocrosenno 6 kaxcoom mecme Ilpebwvisanus EIO.

1.13. ABYCTOPOHHSANA Am.n-BAKYYMHAasI IPOTHAKEHHOCTD
Bakyymupiii 6anaHc He Hapymiaercs, ecid B pamxupax (1.12.3) mepeBectn OIHY CTPOUKY U3
YHUCIUTENS B 3HAMEHATEb ¢ M3MEHEHHEM 3HAKOB Ha MPOTHUBOIMOJIOXKHBIE MO MpaBUiIaM apU(pMETHUKH.
Hanpumep, nepeHeceM HWKHUE CUTHATYPHI (— + + +) 1 (+ — — —) u3 yncnuteneii pamxupos (1.12.3) B

X 3HAMEHAaTCIN
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+ + + +4) + - --) =0
- --+) + (++ +-) =0
+ - - +) + -+ +-) =0
- -+ =) + (++ - +) =0
+ + - -) + - - +4) =0
-+ - =) + +- + 4 =0
+ — + — + — + — + =0
+ - — =)« + - + ++), =0.
(1.13.1)
B sTom ciyuae B 3HameHaresne JieBoro panxupa (1.13.1) monyuymnnack curHatrypa npocTpaHcTBa
MHUHKOBCKOTO (+ ———) ¢ meTpukoii (1.7.3)
ds¢ 2 = c?dt? — dx®— dy?— dz% = dxo®— dxq®— dx.°— dxa? = 0, (1.13.2)

a B 3HaMeHareJe npaBoro pawkupa (1.13.1) — uHBepTUpPOBaHHAS CUTHATYpa aHTUIIPOCTpaHCTBa MUH-
KOBCKOTO (— + + +) ¢ merpukoii (1.7.4)
dsC* "2 = _ c2t? + dx? + dy? + dz? = — dxo? + dx,% + dxo? + dxa® = 0. (1.13.3)

Takum 06pa3oM, TOCPEICTBOM CIOKEHHS (MM apu(PMETHYECKOTO YCPETHEHHST) CEMU METPHK C
CUTHaTypaMu B yuciurese Jieoro pawxkupa (1.13.1) moxxHo, corsacHo ompenenenuto Ne 7.2, Bbije-
JINTH «BHEIIHIOK» CTOPOHY 2%-An.n-BaKyyMHO#H MPOTSKEHHOCTH C CHTHATYPOH (+ — — —) Wi «cy6-
KOHT»; a MOCPEICTBOM CIJIOKEHUS (MK apu(PMETHIECKOT0 YCPEeTHEHHs) CEMU METPUK C CUTHATYpaMu
B uuciutene mpaBoro pamxupa (1.13.1) MOXHO BBIICTHTH «BHYTPEHHIOI» CTOPOHY 23-Amen-
BaKyyMHO# NPOTSDKEHHOCTH C CHTHATYPO# (— + + +) WM «aHTUCYOKOHTY.

[Tpu 3TOM ynaercs MOHU3UTH YUCIO pacCMaTPUBAEMBIX U3MEpeHUi 10 4+4=8 U COXpaHUTh Ba-
KYyMHBIH OanaHc

ds " 2+dst T2 =0 pm (+-——)+(+++)=(0000). (1.13.4)
Kak Obu1o mokaszano B 1. 1.7, maHHBIA pe3yabTaT MOXKHO MHTEPIPETHPOBATH KAK HATUYUE Y
23~ Jimen -BAKYYMHOM TPOTSIKEHHOCTH [BYX B3aHMHO-TIPOTHBOIIONOKHBIX 4-MEPHBIX CTOPOH:
- «BHEIITHEW CTOPOHBI» C METPUKOM dst ¢ YCJIOBHBIM Ha3BaHUEM «CYOKOHT» (omp. Ne 7.4);
- «BHYTPEHHEH CTOPOHBI» C COMPSKEHHONW METPUKOM dsC "2 ¢ YCJIOBHBIM Ha3BaHUEM «aHTHCYO-
KoHT» (omp. Ne 7.5).

B mo6oii cBeToreomeTpuueckoil 3agaue clieayeT UMETh B BHIY, YTO Am.n-BaKyyMHasi IpOTs-
KEHHOCTb SIBIISIETCS PE3yJIbTATOM aJJINTUBHOTO HAIOXKEHUs (YCPEIHEHWs) MHHHMYM IIECTHAAIATH
4-mepHBIX TpoTsbkeHHOCcTer ¢ merpukamu (1.11.1) u curnarypamu (tonosorusmu) (1.11.5). To ectsb
MUHUMYM MaT€MaTHYeCKUX U3MEPEHUN JOKeH ObITh 4 X 16 = 64. OnHako B psje 3a7ad MOJIEThb «Ba-
KyyMa» MOET OBITh CBeleHa K JIBYXCTOPOHHEMY paccMOTpeHuto ¢ 4 + 4 = 8 - MepHOH Ap.n-

BAKYYMHOH IIPOTS’KEHHOCTBIO.
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[Tepexon oT 64 (unu §8) MaTeMaTHYECKUX U3MEPEHUHN K TpeM (PU3NIECKUM H3MEPEHUSIM «BaKy-
yMa» 1 OTHOMY BPEMEHHOMY U3MEPEHUIO «CTOPOHHETO HAOM0AaTe s OyIeT pacCCMOTPEH HUXKE.

OaHOCTOPOHHEE PACCMOTPEeHHE 4-MEPHOH Am-n-BaKyyMHOM IMPOTSKEHHOCTH B AnreOpe curHa-
Typ (AJICUTHE) 3aIpPELIEHO «BAaKYyMHBIM YCIOBHEM». JTO 3HAYUTENbHO OTian4aeT Ascurny ot OTO
A. DiiHIITEWHA.

WTak, BBISICHUIOCH, YTO MPOCTPAHCTBO MHHKOBCKOIO C CUTHaTypol (+ — — —) MOXET ObITh
IIPEJICTABJICHO B BUJIE CYMMBI (T.€. aJINTUBHOIO HAJIOXKEHUS WIN YCPEAHEHUS) 7-U METPUUYECKUX TIPO-
TSHKEHHOCTEH ¢ CUTHATYypaMH M3 YHCIIUTENs JieBoro pamkupa (1.13.1)

ds "= 2= dstt T2 4 g2 4 g2 4 gsC 2 4 (1.13.5)
+ ds(++77)2 +ds (~+--)2 + ds(+7+7)2’
a aHTHMIPOCTPAHCTBO MMHKOBCKOT'O C CUTHATYpOU (— + + +) MOKET OBITh MPEACTABICHO B BUJIE CYyM-
MBI 7-M METPHYECKUX MPOTHKCHHOCTEH C CUTHATYPAaMH U3 YUCIUTENS IipaBoro pamkupa (1.13.1)
dsC* "2 = dsC =702 4 dstt ++ D2 4 gsC++ 2 4 g2 4 (1.13.6)
+ ds(77++)2 + ds(+7++)2 + ds(7+7+)2.

B pa3Bepnyrom Bune cymmapusie Metpuki (1.3.5) u (1.13.6) uMerOT BUJ COOTBETCTBYIOIIUMA

pamxkupam (1.13.1) (1.13.7)
dst F 2= dxg? + dxy® + dxo? + dxa ds™ = —dxo® - dxe® - oo — dxs?
ds® %= — dxo® — dxy® - dx,” + dxs? ds® " 2 = dxg + dxy’ + dx” — dxs’
dst 2= dxo”— dxy”— dxp” + dxs ds %92 = — dxo® + dxy® + dxo” — dxg?
ds®* 2= —dxo®— dxy” + dxp” — dxg? ds®* 2 = dxo®+ dxe®— dxo® + dxg®
dsC* 2 =i - dxPod® dsCTTR = dxgP— d® e + dxe?
ds T2 = dxe?— dxg®+ dxp” — dxd’ dsC 2 = —dxo® + dxy®— dx;? + dxg®
ds"* 2= dx+dx’odx’—dxg®  dsU T2 = —dxg’— dxe®+ dx’ + s
At 2= d?odaZodPodx?  dsCTT2 = dig? +d x 2+ d? + dxa?

1.14 CninHTeH30pHOE NpeACTABIEHNE METPUK
BepHeMcst kK pacCMOTPEHUIO METPUKH
ds®™ 2 = dxo? — dx,® — dx,® — dxs? ¢ curmaTypoit (+——-). (1.14.1)
JIjis1 KpaTKOCTH ONYCTUM B JAHHOM BBIPQXKEHUU 3HAKU TU(EpeHINaIoB U 3aluileM KBaapa-
tHuHyo Gopmy (1.14.1) B Buze
§% = X% X12 — Xo? — X3° . (1.14.2)
Kak wm3BectHo, kBamparuuHas ¢opma (1.14.2) sBnsercs AETEPMUHAHTOM IPMHTOBOM 2x2 -

MaTpPHIIbI
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Xo+ X3 X +iX )
0778 T2 _y2_x2_x2_x2=0, sign(+——-).

[x0+x3 x1+|x2j _
X —iX, Xo—Xg )

B TOM, YTO AaHHas MaTpula ABJISACTCA 3pMPITOBOI>i, JICTKO Y6CI[I/ITBC5{ IIPSAMBIM BBIYHCIICHUEM

(XO+X3 lerix2j+:(xo+x3 x1+ix2J (1.14.4)

e X=X (1.14.3)

X =X Xg =X X =X X=X
B teopun cnimHOpoB MaTpwuiibl Bujaa (1.14.4) Ha3bpIBAIOT CMENIAHHBIMH 3PMHUTOBBIMHA CIIUHTEH-
30pamu BTOporo panra [11, 16].

[TpencraBum 2x2-matpuily (3pmutoB cnimaTeH30p) (1.14.4) B pasBepHyTOM BHIE

Y-y, xo-x3) Yo 1) H-1 0) i o) Plo 1)

rae (1.14.5)

— Habop matpu Ilaynu.
B Teopun cnmHOpoB As-matpuniam Buja (1.14.5) craBsrcs B 0THO3HAYHOE COOTBETCTBHE KBa-

TCPHUOHBI TUIIA

g=X,+€ X, +€,X, +€;X,, (1.14.6)
pu u3oMopduszme
& —>(0 _1} 6, —{9 _Ij; & —{_1 0]- (1.14.7)
-1 0 i 0 0 1
AHaJIOrn4HO, KaXkaas KBaJpaTu4Has popma: (1.14.8)
SEHEN2= w4 xe? + X7+ Xg? SO 2= o xe® = xe® = X — X
sCT = xg? —xe? %+ Xa S R iR e <
S R e e i o SCT = x4 e X X
s X XX xg SCTT2 = x” + X+ X+ Xg
sCT = xg® - %+ % - Xg SCTT = X x? %+ X
sCTT2 = xg? 4 xp2 — X — xa sUTT = xg - X X X
S R e SCF = x4 %P - % + X

SEF R = 24 %2 %P — xd S22 xg” — X%+ %+ xg7

MOXKET OBITh MNpeaACTaBJICHA B BUAC CIIMHTCH30pa UJIN A4-ManI/ILILIZ
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Tabmuma 1.14.1

Xo + X3
iX — X,

X +iXg
iX — Xy

20e

iX, + X,
Xo —iXg

iX + X,
Xo —iXg

o) = ((1) 2}

] :x§+x12+x22+x§:0; sign(++++)
det

Jxlo ol ool o)elo

O_l(++++) — ((I) (I)J, G§++++) _ [_01 g')j, O_§++++) _

i%
Xo

iX
Xo

+ xzj
%3 Jget

+ Xy

10
G(()+++):[O 1}

:X§+X12+X§—X§:O; Sign(+++_)

10 0 i 0 1 -1 0
x001+xli O+x2_10—x30 1;

0 i 0 1
R S (A I

3

Xo+iXg X +X

[_o 3 I _2] =X+ X2+ X -x2 =0; sign(—++-)
X=X =X +iXg )y

Xo+iXs iX+X . -10 Ty 0 i i 0 1 Ly -i 0)
i —X, —Xo+ixg) L0 1) i o) *-10) ®o -if
20e

0 i 0 1 -
O’l(++):[i 0} O-E*Jr**) (_1 Oj; O_3(—++—_

O_é++—+)

X, +X,

Xo —iXq

X+ X,

Xo —iX;

9

J =x2+x2—x2+x2=0;  sign(++-+)
det

1
:XO O
0 -1 i
(& o) -
-1 0

X + X3
—iX, + X,

X + X3
—iXy + X,

20e

ot~ =

iX) + Xy

—Xg +

—Xg +

o )

iX; + X, -1 0 0
=—Xo =Xy .
X3 0 1 |

0; sign(———+)

oS Sy )

j =—X§—X12—X§+X32:
X3 det

--- =
1
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[.XO+X3 IX1+X2J =X+ x5+ X8 =0; sign(—+++)
X =X, =X+ X3 )
6 Xg+Xg X+ X Ly, -1 0 Ty 0 i Ty 0 1 i x 1 0)
X =X, —Xo+X 0o 1) i o) @-10) Plo 1/
20e
G(()—+++): -1 O’ O_:E—+++): O [ ’ G§—+++): 0 1’ O_§—+++): 1 O.
0 1 i 0 -1 0 01
Xo+Xs X +X
[0 $ ZJ =X -X;+x2+x2=0; sign(——++)
X=X, =X+ X )
v Xo+ X3 X +X, - -1 0 y 0 -1 i x 0 1 i x 1 0)
X =X, =X+ X ‘o 1) -1 o) -1 0) Plo 1)
20e
-1 0 0 -1 0 1 10
O'é__++)= : O_l(——++): ;Jé__++): : 0-:5__++): :
0 1 -1 0 -1 0 01
Xg+Xg — ¥ +X
(0 0 ZJ =X+ -x2+x2=0; sign(—+-+)
X +X =X+ )y
Xg + X3 —x1+x2_X710+X071 y 0 71+X1 0)
8 X +X —X+%) 0 1) M1 o) -1 0) ®o 1)
20e
B Al I R T (IR SRS e ARSI |
0 1 1 0 -1 0 01
X —iXg X —iX
0 78 LT 2 32 24 x2=0; sign(+——+)
X +iXy  Xo+iXg )
9 Xg—iXg X —iX Y 10 . 0 -1 . 0 i o x -i 0)
X +ix, Xo+ixg) 0 1) H-1 o) "A-i o) Plo if
20e
10 0o - 0 i -i 0
aé+"+)=[0 1} crl(+"+)=(_l OJ' a§+"+)=[_i O]; 6§+"+):[0 ij'
Xg—Xg X +X
[ 07 A ZJ =x2+x2-x5-x2=0;  sign(++--)
—Xp Xy Xg+Xg )y
10 Xg —X3 X +X, —x 1 0+x 0 1 Ly 0 -1 x 1 0)
—X +X, Xo+Xs) °lo 1) “H-10) Pl-1 o) "o -1)

10
(X = y
0 01

Gl(++-_):(01 3 G§++__):(Ol _01] 0'§++"‘):[(1) 01].
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(x0+x3 x1+|x2j ~
Xp =Xy KXo = X3 g

Xo + X3 X +iX,

X, —iX,  Xo— X,

=X5 =X =X, —x5 =0; sign(+——-)

Xo + X X, +iX 10 0 -1 0 —i -1 0
11 o T 2 =X, —X, —X,| . - X, :
X =X, Xg—Xg 01 -1 0 i 0 0 1
20e
T L T T B B [ R Al
01 -1 0 i 0 0 1
Xg +iXs X, +X
[0 3 1_2j =x2-xZ+x3+x2=0;  sign(+ -+ +)
Xp =Xy Xo—iX3 )y
Xg+iXs X, +X 10 0 -1 0 1 i 0
12 0 3 1 i 2 =X0 _Xl +X2 +X3 b
Xp =Xy Xg —IX3 01 -1 0 -1 0 0 —i
20e
6(+7++): 1 0 U(+7++): 0 —1 O_(+7++): 0 1 U(+7++): I 0
0 01/ 1 -1 0/ ? -1 0/ 3 0 —i
—Xg+iXa X +X
( 0t 1+_2J = x2-X2+x5-x2=0; sign(-—+-)
X =X XotiXg )y
—Xg+iXg X +X 1 0 0 -1 0 1 -i 0
13 o T1X3 1+.2 =%, - + Xy — X3 ! e
X =X, Xg+iXg 0 -1 -1 0 -1 0 0 -—i
20e
o) = 10 Lol ) = 0 _1, of ) = 0 1,0(”*’)= o
0 0o -1) -1 0) 7 -10) ° 0 i
Xo—X3 X +X 2 2,92 2 ;
=X5— -x3=0; sign(+ —+ —
(Xl—xz XO+X31M X2 — X2+ X5 — X3 ign(+ -+ -)
Xg— X3 X + X 10 0 -1 0 1 1 0
14 N E -% +% X ?
X —Xo X+ X3 01 -1 0 -1 0 0 -1
20e
(+-+-) _ 10 O_(+—+—): 0 - 6(+_+_)= 01 O_(+—+—): 10
0 01 % 1 0/ -10/ ° 0 -1
—Xg+iXs X+ X
078 AT 22 -x2-x2=0;  sign(—+—-)
—X tXy X +iXg )y,
—Xg +iX
15 ( o T1X3
=% + X%

20e

. :—XO +Xl —X2 _X3 o
Xg + X3 0 -1 -1 0 -1 0 0 i

10 0 1 0 -1
= , ot = e Lot =
0 - -1 0 -10
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—Xp +iXg X +iX, 2 2 2 .
=Xy —X{ —X5 —X3 =0; sign(—— — —
( X, —1X, X +ix3Jdet 0T an( )
16 —Xg +iX3 Xy +iX, C 1 0 . 0 -1 L 0 —i Ly -i 0}
X —iXy X +iXg %0 -1/ M-1 o) i o) o -if
20e
.5 (1 0 S 0 - ——_y (0 i .y (-1 0
L R K X K O

Kaxnoit As-matpunie u3 tabn. 1.14.1 craBUTCsi B COOTBETCTBUE «IIBETHOW)» KBAaTEPHHOH THIIA

(1.8.17), rae B kayecTBE MHUMBIX €AMHUI] HCIIOJIB3YIOTCS 00BEKTHI

g o :[

10
01

01
10

|

€, > o, :[

. -10 = 0 -
€ >0 = 0 1 € > 0g = 10
. 1 0 - 0 1
€y >0y = 0 €y >0y = 10
= -1 0 - 0 -
€3 03 = 0 - €y >0y = 10

- i 0 ~ 0 i
e3—)0'3=0i e4—)04=i 0

. (-1 0 = (0 i
&0 o &0 = (1.14.9)
~ i 0 0 i
€y >0y :[O _ ij €, >0y, [_ 0]
= -i 0 - 0 -i
j €5 > 05 :[ 0 _ij €5 = 0y :[—i 0 jr

— criuHoBbIe MaTpullsl [Taynu - Kanu, koTopsle siBisitoTest oopasyromumu anredpsl Knuddopaa

...
Oj

) + O_}....)O_i(...

0 0 .
npu i # j;
) _ 01 (1.14.10)
2 o npui=j,

B tabn. 1.14.1 npuBeaeHbI TOIHKO YaCTHBIC CIIyYau CIUHTEH30PHBIX MPEACTaBICHUN KBaapa-

TUYHBIX (popM. Hampumep, eTepMUHAHTBI BCEX TPUALATH MATH 2X2-MaTpHIl (SPMUTOBBIX CTUHTEH30-

pOB):
Xg + X3 +iX, — X3
Xp — Xy —x3 +iXy
x0 + X x3 +iXy — %
—iXy — X x3 +iX,
0+ X2 x1+|x3 x0 — X5
X; —iX3 — X, +iX3
x0 + X3 + Xy xo — X3
2 —iXg — X3 +ixg
Xo + Xg ><2+|x3 xo—xl
Xy —iX3 — Xy +iXz
Xo + Xo ><3+|x1 x0—><2
—ix — Xy +ixg
iX; =X, —Xp + X3 iX; — X
Xog + Xz iXy+ X — Xg + X3

|x2] [xo + X3

x0 + X3 Xg + %,

- |x2J [ Xo + X

x0 + X, +ix,

X1 |x3] [ o + Xz

Xg + X5 +ixg

—|x1J [xo + X3

Xg + X3 +ixg

- |x3J (xo + X

xo + X, +ixg

—|x1] [xo + X,

Xg + X +ixg
X + X3 iX; — X3
Xy + Xg — Xg + Xs

—iXy 0 — Xz Xq +iXy iX; =X, —Xg + Xz
0 — X ] [ —ix Xg + X Xo + X iX; + X (11411)
3 2 0 3 0 3 1 2
—iXy 0— Xy Xz +iXy iXo =X  —Xg + X3
— Xy —iX,  Xg+X Xo + X3z Xy + X
—|x3 x0 — Xy Xq +1Xz iX; — X3 —Xg + Xz
— Xy —iXs Xg+ Xy Xg +Xo X + X3
—ixy x0 — Xz X 40X iXg — X, —Xg+ X
— X3 —iX;  Xg + X3 Xo +X;  IXg+ Xy
—|x3 x0 — X, Xp +iXg iX, =Xz —Xg+X
— Xy —iXs  Xg + X Xo +X; Xy + X3
3 —iXg x0 — Xy, Xg+iXg iXg — X,  —Xg + Xo
— Xy —iX;  Xg + Xy Xg + Xy iXg+ X
x0+x2](ix27x3 XO+X1J (i><37><l XO+X2J
iX; + X3 ) \—Xg +X%;  iXy +Xg —Xg + Xy iXg + X,
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o v =2 ---)2 2 2 2 2
paBHBI OTHOH U TOH e KBafpaTu4HOU opme s 2 = x2 — x2 — x? — %2,

TouHO Tak k€ pa3BETBISIIOTCS (BBIPOXKJIAIOTCS) CIIMHTEH30PHBIE MPEACTaBIECHUS BceX 16-u

KBaJpaTUUHbIX (hopmM, nmpuBeneHHbIX B Ta0a. 1.14.1. B cienyromux cratbsix AJICUTHBI OyJEeT MoKa3a-

HO, 4TO JIr00as AUCKPETHAA BBIPOXKACHHOCTD (T. €. CKpbITasa MHOFOSHaLIHOCTB) HCXOAHOI'0 NACaJIbHOI'O

COCTOAHUA /’Lm%n'BaKyYMa IIpU OTKJIIOHCHHUHN OT HACAJIbHOCTHU IPHUBOJUT K PACIICILICHHUIO (KBaHTOBa-

HI/IIO) Ha JUCKPETHOC MHOXKCCTBO HCOANHAKOBBIX COCTOSIHUM ¢ MOMNEPCUYHBIX U ITPOAJOJIBHBIX CJIOCB.

[IlecTHaaaTh TUIIOB A4-MaTPHUIl SKBUBAJICHTHBI 16-1 «1BeTHBIMY KBaTepHuoHam (1.8.17). Jlns

HaIJBSIZTHOCTH BCE COPTA «IIBETHBIX» A4-MaTpHI] CBeACHBI B Ta0m. 1.14.2.

Tabnuua 1.14.2

Mertpuka As-matpuna Crurnarypa
Xo2+X1 24X+ X3° xo((l) 2J+ x{? gj+ xz(_ol $]+ xs((i) _OJ {++++}
X()Z—X;|_2—X22 + Xg2 Xo[cl) Sj_ Xl(_ol _O ]_ Xz[_oi (I]]“' Xs(_oi ?J {+ - +}
e B S L Y o I e
Xo X1 " Xo"— X3 XO[; Sj”l(_ol ;jXZ[_Ol _Oljx{(l) _01] {++--}
it | AL | oo
e G I P Py b -
Xo24X12—Xo? + X3° Xo[cl) 2j+ xl(_ol (1)] xz[_ol _01]+ xg[(i) _Oi] {++—+}
Xo*—X12 +Xp? +X3° Xo(é ij_xl[ 01 70 J+ Xz(_ol (l)]+ Xs[o _OIJ {+-++}
*X027X127X22+X32 XO(—Ol Sj_ x{? _()I] Xz[_ol _O J+ x{é 2] {——+}
XXX |- Xo[(l) _01] Xx[_ol _01} Xz[_ol ;j Xs(_oi ° ,J {—-+-}
*X02+X12+X22+x32 _ XO(Ol 2} Xl(? (i)}r Xz[_ol ;J+ x{(l) Sj {-+++}
X()Zlez'l'XzzfXg;2 Xo((l) Sj_xl[—ol _0 ]+X2[_01 ;J—Xs[é _0 j {+ —+ —}
XO2 +X12—X22 + X32 - Xo(_ol Sj xl[_ol _01] + xz(_ol é] + x{(l) Sj {— —+ +}
X —X1*+ X2 +Xg’ ‘XO[; _0 ]+ Xl[_ol éJ_X{_Ol 70 J_X{oi _OJ {-+-+}
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-10 0 -1 0 -1 10
2 2 2 2
—Xo X1 X2 X3 —Xo[o 1)”1[1 Oj—xz[_l oj”{o J {—+-+}

s 2 9 9 10 0 -1 0 —i i 0
—Xo X X2 Xg XO[O —1])(1[—1 o) o) %o -i {—-}

Anrebpa CUTHaTyp CBS3BIBAaCT COAJIAHCHPOBAHHYIO OTHOCHUTEIBHO HYJIS CYNEPIIO3HUIHI0 ad-
(UHHBIX TPOTSHKEHHOCTEH ¢ 16-10 BO3MOXKHBIMU CTUTHATYPAMHU:

dsy = (—dxo—dxy —dxp—dxs) + ( dxo + dx;+ dxp + dxs) +
+ ( dxp + dxg+ dxp—dx3) + (—dxg—dx; —dx, + dxz) +
+ (= dxo + dx3+ dxp, — dx3) + ( dXo—dx; —dxp + dxg) +
+ ( dxo+ dxy —dxy + dxz) + (—dXp — dx; + dxp—dx3) +
+ (= dxo— dxg+ dxp + dx3) + ( dxp + dx; — dxp, — dx3) +
+ (1 dxo—dxy +dxy +dxz) + (—dxg + dx; — dxp — dx3) +
+ (—dXo+ dxg — dxo+ dx3) + ( dxo— dxg + dxp — dxg) +

+ ( dXo—dx; —dx, —dx3) + (—dxg + dx;+ dx, + dx3) =0, (1.14.12)

C OJJHUM M3 BapUaHTOB cyneprno3uuuu 16-u 44-matpui:
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-1 0 0 1 0 -1 -i 0
"'x0 +% +X, + X3 ! F
0 1 -1 0 1 0 0 —i
1 0 0 -1 0 1 1 0
+ Xo +¥% + X, + Xg +
0 -1 1 0 -1 0 0 -1
+ -1 0 0 1 0 i i 0 00
Xo + % + Xy . + Xg = ,
0 1 -1 0 i 0 0 i 00

Bripaxxenue (1.14.11) paBHO HyneBoil 2x2-marpuiie, T.€. OTBeUaroeld TpeOoBaHUIO COOII0Ie-

(1.14.13)

HUS «BAKYYMHOI'O OamaHcay.
HpI/IBeI[eHHHﬁ 31CCh CHI/IHTGHSOpHHﬁ MaTeMaTH4YeCKHI alrrapar y,HO6CH IJI1 PCHICHUA pAda

3a4a4, CBA3aHHBIX C MHOTOCJIOMHBIMH BHYTPUBAKYYMHBIMH BpallaTCIIbHBIMU ITPOLICCCaAMU.

Cnunmen3opHbie c8OUCMBA  Am:-n-8AKYYMHOU HPOMSL-
HCEHHOCMU CBA3aHbl C 8PAUYAMENbHbIMU  (YUKIUYECKUMU)
npoyeccamu, komopwvie Onpedenenvt 6 Mupozoanuu Pac-
kpvimuem Benuxoeo Umenu BCEBBIIIIHEI O

= (xo +X, X+ isz
A X =X,  Xg—X
30e‘ap eosopum: — «3a epamvio 6ce20 Mmoo, UmMo

Modcem Oblmb CKA3AHO, U MO20, O YeM HEeBO3MONCHO U He
cnedyem 2o08opumon, Hao écem mem, umo Cozoano b-I'OM, u
mem, umo camo npunaonrexcum b- KECTBEHHOMY, naxo-
oumcst Abcomomnoe EJJMHCTBO, ne umerowee nu uacmeil,
HU KOHY08, HU yposHell, Hu npedenos. Coxpvimocmv CoKpbi-
moeo, Tauna Becnpedenvnocmu, Yzen e Ceepuymom, 3a-
MKHygwuucs 8 Konvyo... ».

PaccmoTtpum /1Ba mpuMepa ¢ UCTIOIb30BaHUEM CITHHTEH30POB.
Ipumep Ne 14.1 Ilycms 3a0anvl mampuya-cmonbey u 3pMumo8oCONPANCEHHAS el Mampuya -

cmpoka

le], (s5.s3) (1.14.14)

Komopble onucsvlearont COCmMoAHUue CnuHopa.
Hpoem;uu CnuHa Ha ocu KOOp()MHClm ons cydas, Ko20a mMempuyecKkoe npocmpaHcmeo umeem

cuenamypy (+ — — =) mocym b6vims onpedenenvi ¢ nomouvio cnunmensopa (1.14.4)
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(s* S*{xo + X3 x1+|x2J(slj_
1192 - -
X, —iX, Xo—X3 \S,

. <Y1 OY)s « <Y O —1Ys « «YO —i)s . «Y—-1 0Ys
:XO(Sl,SZ(O 1)[51J_X1(81'82(—1 Oj(le—xz(sl,sz{i OJ(SlJ_xg(sl,Sz{o 1)[51J:
2 2 2 2

=(s]’_‘sl + s;‘sz)xo —(— S5S; — sZsl)xl —(isZs1 — isl*sz)x2 —(— S1S; + 555, )><3,

(1.14.15)
Ipumep Ne 14.2 Ilycms npsamas 6oina onucwvleaemcst blpajiceHuem
= 7i2—7r t—r
EO _ge 1 (1.14.16)
a obpamuas et 60IHA
= iz—” -r
EO _ze ) (1.14.17)

20e Ay U & — amMnaumyOvl NPAMOU U 00paAmHOU 801HbL. B 0bwem ciyuae smo Komniekcuvie uucia:
—7 al? g —g e 3 _q o2 3% _ g al?
a, =ae?, a=ae'”, a=ae'?”, a =ace"”,
codepacawue ungopmayuro o Gasax 60aH P+ U ¢- .
Bzaumno npomusononoscuvie éonnvt (1.14.16) u (1.14.17) moowcno npeocmasums 6 suoe 08yx-

KOMNOHEHMHO20 cnuHopa:

S 3 e—i%(ct—r)
1 = |(//> = + or (1.14.18)
S, l

U IpMUMOBOCONDAINCEHHO20 eMy CNUHOopa
(s;f, s;)= lw)" =(y|=|ae ae * . (1.14.19)

Yenosue HOPMUPOBKU 6 OaHHOM cydae evlpasicaemcst paéeHcneom

—iz—”(ct—r)

. (St - iz—”(ct—r) i —iz—”(ct—r) Je 4 2 2

soss) =) =|ae > 7 ae A AR PR [ (11420)
Sy _ |7(ct—r)

a_e

Q)

Jna maxooicoenus npoexyuii cnuna (Kpy2o8oti noaapuzayuu) 1yua ceema Ha ocu KOOPOUHAm

60CNONb3YEMCA CNHUHNMER30POM
D T e P L VR 1.14.21
S x-ix, -x ) M1 o) A-i o) Plo -1) (1.14.21)

K0m0pblﬁ CBA30H C 3-M€prlM JIeMEHMOM ONUHDL
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X X, —iX X X; —IiX
det(Ag)z(X 3i ! 2] =| BT o+ xE ). (1.14.22)
det

1 =Xy = X3

X +iX,  —Xg

Tonazas 6 sevipaccenuu (1.14.21) X1 = Xo = X3 = 1, paccmompum npoexyuu cnuna Ha ocu Koop-

iy ol ofi iy 2)2-

=(s;s1 + s;sl)+ (— iS5S; + is]’_‘sz)+ (sfsl - S;SZ).

ounam

(1.14.23)

Iloocmasnsn 6 smo ewvipascenue cnunopwl (1.14.16) u (1.14.17), nonyuum mpu ciedyouue

npoeKyuu CnuHa Ha coomeemcecmeyroujue KOOp()MHCll’I’lele ocu X1=X, X2=Y, Xzg=12.

(s.)=(v-oulv)=(si '55{(1) 3)[52 i

2r
. iz—”(ct—r) . —iz—”(ct—r) 01 ge—|7(ct—r) e —i4—”(ct—r) e i4—”(ct—r) (11424)
=la,e* , ae 4 L o o =aae * +a,ae * :
E_i_e|7(ct—r)
. Y0 iYs
R R Y
2r
Cx i27”(ct—r) . —i27”(ct—r) 0 i §+e—|7(ct—r)
=|a.e , ae o) i%”(ct-r) = (1.14.25)
a_e
e —iZ%(ct-r) e |4—”(ct—r) [_*_ i~ (ctr) e —iZ%(ct-r)
=a a,e +a,ae =ila,a e -aa.e
« <Y1 0}s
<3z>:<‘/’|_03|5”>:(31'52(0 J[Szj—
27
> iZTH(Ct—f) _* ‘iZTH(CH) 10 §+eil7(m7r) 2 e (1.14.26)
a.e , ae o 2 ) =la,|" -2 |".
ae

B cayuae o= 9= 0 ¢popmynwr (1.14.24) — (1.14.26) npuobpemaiom ciedyrowuil ynpoujenHuolil

8UO:
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(sy)=2a,a_ 005[47” (ct—r } =2a,a_cos[2(tw—kr)],
(sy)=2a,a sin[% (ct— r)} =2a,a_sin[2(tw —kr)), (1.14.27)

(s:) =l ~[a|".

B cnyuae pasencmea amnaumyo npsmoti u obpamuou 60AH A+ = & 8MeCmo VPAGHeHUl

(1.14.27) nonyuum caedyrowue ycpeonennvle npoeKyuu CHUHA
<SZ> =0,
(s,) = 2aZ cos[2(ewt — k)], (1.14.29)
(sy) = 2aZ sin[2(ewt —kr)].

Ilpoexyus cnuna (8pawarowecocss 8eKmMoOpa HANPSIICEHHOCMU INEKMPUYECKO20 NOJIsL) Hd
HanpasieHue pacnpocmpanenus iy4a céema Z HeusmeHna u pasua Hymo. Ilpu smom e2o npoexyus na
niaockocms XY, nepneHOUKyIspHYI0 HANPAIeHUu0 pAcnpoCmMpaneHusi OGHHO20 Iyyd, 8pawiaemcs 60-
kpye ocu Z ¢ yenoeou ckopocmwio @ = 47 clA. Takum obpasom, cnunopHoe npedcmasienue pacnpo-

CMPAHEHUsI CONPANCEHHOU NAPbL 80JH NPUBOOUN K ONUCAHUIO KPY208OU noaapuzayuu be3 npueiedensl

OONONIHUMEIbHBIX 2UNOME3.

1.15 InpakoBckoe «paccjioeHHe» KBAAPaTHYHOH GopMbl
PaccmoTpuM 1upakoBCKOe «pacciioeHne» KBaIpaTHIHON (pOPMBI Ha IpUMEpe METPUKH
ds? = c2dt? + dx?® + dy? + dz? = dxo? + dx;? + dx,® + dxg® ¢ curnarypoii (+ +++).  (1.15.1)
IIpencraBuM 1aHHYIO METPUKY B BUJIE TPOU3BEACHUS ABYX ahGUHHBIX (JTMHEHHBIX) HopM
ds? = ds'ds” = (y, 0%, "+ 7,0%, “+7,0%, +7,0%;")- (70X, " + 7,0%, " +7,0%, "+75dx,") . (1.15.2)
PackpbIBas B JaHHOM BBIpa)KEHHH CKOOKH, TIOJTYYUM
3 3 1 3 3
ds'ds” = ZZU%dX#dXU = 522(7/1777 +7,7,)dx“dx”. (1.15.3)
1=0 710 4=0 710
CymecTByeT, 10 KpaliHEH Mepe, JBa BapUaHTA ONPENEICHUS BEIUYHH ), , YIOBJIETBOPSIOIIMX
yCJI0BHIO paBeHcTBa BhipaxkeHwuid (1.15.1) u (1.15.3):
1) meTon knudGHopaOBBIX arperaTos (HapuMep, KBATEPHUOHOB);
2) meton Jupaxa.
B mepBoMm ciyuae nuHelHbIe GOpMbI, BXoasme B Beipakenue (1.15.2), mpeacraBisioTcs B

Bujie napbl ah(PUHHBIX arperaTtoB ¢ yCIOBHBIMU Ha3BAaHHUSMMU:
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ds’ = y,cdt’+ y,dx"+ y,dy' + 3,02 — «ruuuna» merpuueckoii mpoTsHKEHHOCTH (1.15.4)
co crurHarypoii {+ + + +} (omp. 24.1);

ds” =y,cdt” + y,dX" +y,dy" + 7,02 — «usnanxa» merpuueckoii npoTsHKEHHOCTH (1.15.5)
co crurHarypoii {+ + + +} (omp. 24.2),

IJI€ ¥, — OOBEKTHI, yIOBIETBOPSIOIINE AHTUKOMMYTaTUBHOMY OTHOILIEHHUIO anredops! Knnddopna

Yuly ¥ VnYu= 25;1;1, (1.15.6)
rae
1 =1,
_ P AT avBorer Kponekepa (1.15.7)
0 npu u# .

Bo Bropom ciyuae, meron upaka mpeanosiaract BMecto cuMBosioB Kponekepa (1.15.7) uc-

II0JIb30BaTh EUHUYHYIO MaTPHILY

(1.15.8)

un

o O O B+
o O+~ O
o O O
= O O O

toraa ycaosuto (1.15.6) ynosierBopsiet, Hanpumep, clieayromuii Habop 4x4-matpuir J{upaka:

10 0 O 0 0 01 0 0 0 -—i 0O 0 1 O

01 0 O 0 010 0 0 i O 0O 0 0 -1 (1_15_9)
Yo = = ) Vo= . V3= .

0 0 -1 O 01 00 0 -1 0 O 1 0 0 O

00 0 -1 1 00O i 0 0 O 0 -1 0 O

OTH MaTpullbl MOKHO paccMaTpuBaTh B KadecTBE OOpa3yrOIIMX COOTBETCTBYIOLIEH anreOpsbl

Kmuddopaa.

B atom ciiyuae Beipakenue (1.15.3) npuodperaet MaTpUYHBIN BU/

3 3 3 3
(ds2)=>"> 7,7, dx dx" = %ZZ%%} +y,7,)dx X7, (115.10)

1=07n=0 #=0n=0
dsj 0 0 0
0 dZ 0 0
rie ds? )= 11 . 1.15.11
g ( ”) 0 0 ds3 O ( )
0 0 0 dsi

Beipaxkenue (1.15.10) ¢ yuetom (1.15.8) MokeT OBITH IPEICTABICHO B BUJIE
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(1.15.12)

o O O «

o O «+H O

o 1 O O

—1 O O O

-

o O O «

o O +H O

O 1 O O

— O O O

Yy, dxax” = Czdt{

o O O «

o O «H O

O 1 O O

— O O O

-

o O O «

o O «H O

O 4 O O

— O O O

+ dyz{
Bepuemcs k kBaaparuunoii ¢popme (1.15.1) u ee qupakoBckomy paccioenuto (1.15.10)

(1.15.13)

3 3
u=0n=0

3 3
=0 ;7:0

227, dx X =3 > b, dx“dx”,
7]

)=

@s

(1.15.14)

|

o O O «

o O «+H O

O 1 O O

— O O O

Vu?y =By {

PaccMOTpuM BCEBO3MOKHBIE BAPHAHTHI 3alIMCH BhipaskeHus (1.15.13).

rIe

Bocnonb3yemcs cienyromum 6a3ucom U3 IECTHAALATH BCEBO3MOKHBIX y#(p)-ManI/IH Hupaxa:

o o - O
o O O —
- O O O

o - O O

E

o O O -
o o - O
o - O O

- O O O

E

o O —+H O

o O O -

- O O O

O 1 O O

} nm{
J 7"

1000
0100

o O O «

o O «+H O

o —«+H O O

— O O O

%@{

@
7o

o - O O

- O O O

o O O -

o o - O

@
V3

- O O O
o - O O
o o - O

S O O =-

@
72

o «—+H O O

— O O O

o O O «

o O +H O

— O O O

o 1 O O

o O 1 O

o O O -

- O O O

o - O O

o O O -

o O = O

0010

0100

0 001
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Meton [dupaka, B oTiinuue ot MeToja ah@UHHBIX arperaton, MO3BOJISIET OJHOBPEMEHHO «pac-
CJIauBaTh» CPa3y YEThIPE METPUUECKUX MPOCTPAHCTBA C YETHIPbMSI METPUKAMU, SBIISIFOUTUMUCI KOM-

noneHTamu mMatpuiibl (1.15.11).

B AnreGpe curnatyp paccmarpuBaroTcs kBaaparuunbie Gopmsr (1.13.7) ¢ mecTHaaaThIO BCE-

BO3MOXHBIMU CUTHATYPaMU.

dst ** 2= dxg?+ dxg? + dx,® + dxa’ ds 2= —dxg’ — dxy” - dxo” — dxg”
ds® 7= —dxo®— dxy®— dxp” + dxg” ds " 2 = dxo? + dxy® + dxo’ — dxg?
ds ™ "= dxo®— dxy® — dxo® + dxs? dsC "2 = —dxg’ + dxy® + dx;”— dxs”
dst 2= - dxi2— Ao dxe? dsC* "2 = — dxg?+ dx®+ g + dxg®
dsC 2= _dx?— dxy® + dxp? — dxa® ds™ M2 = dxg? + dxq?— dxo? + dxs?
dsC* 2 =_ dXo2 + dX12 - dXz2 - dX32 dstt=+"2 = dxoz_ dX12+ dX22 + dX32
ds ™ 2= dxe? — dxg® + dxp” — dxs’ ds© " 72 = —dxo” + dxe® — dxp” + dlxa’
dst* 2 = dxg? + dxg?— dxo? — dxs? ds© "% = —dxo”— dxy® + dxo® + dxa

Kax1y1o 13 HUX MOXKHO TaK)Xe «pacciionTb» o Merony lupaka

3 3

(dsi(ia,b)Z): Z y Oy Pdx#dx” (1.15.16)
1=0 =0
rac
7@y, ® = p,, @ (1.15.17)

HO B 9TOM cliy4ae Kaxkaas b #ﬂ(ab)-ManHua MMEET COOTBETCTBYIOIIYIO CUTHATYPY:

1000 100 0 -1 00 0 100
po (0100 o |01 0 0] 100 po |01 0
“~10 0 10 “~ 1001 0 “~ 10 01 0 “710 0 -1 0
0001 000 -1 0 00 -1 00 0 1
-1 0 0 0 -100 0 -1 0 00 -10 0 0
o |0 -1 00 L, fo 100l ., f0o-100 ., |01 0
@10 0 -10 “10 010 @710 0 10 “~ 10 0 -10
0 0 0 1 0 001 0 0 01 000 1
10 00 10 10 0 1000
pe |0 -1 00 e _|001 0 0] L, J0-10 0 ., 0-100
“710 0 -1 0 “710 0 -1 0 “~ 10 0 -1 0 @10 0 10
00 0 1 00 0 -1 00 0 -1 0 01
(1.15.18)
1.0 0 0 1000 -10 0 0 -10 0 0
w_ [0 -1 0 0 s [0 -10 b _ L0 0| 5 |0 -1 0 0
@~ 10 0 1 0 “=lo 0 1 “~ 10 0 -1 0 @10 0 -1 0
0 0 0 -1 00 0 -1 000 -1 0 0 0 -1
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)

3Haku nepea CAMHUIAMU B JUArOHAJIbHBIX b/m(ab -MaTpuiax COOTBECTCTBYIOT Ha60paM 3HAaKOB B

KOMIIOHEHTaxX MaTpuilsl curuatyp (1.11.5)

(444 F++)° 4+ F+-4)°
e A e A

e .
S =

-~ __)33_

nN
w
—_~

B 5TOM myHKTE 11 KpaTKOCTM BEPXHHE HHJIEKCHI OyleM BPEMEHHO ONyCKaThb M BMECTO
b
«bﬂ,,(a )-marpua» Gyzaem mucath «b " MaTPHULIA».

BepHeMcst K AMPaKOBCKOMY «paccioCHUIO» KBaapatnaHoit popmsl (1.15.10)

(ds?)= iiymdxﬂdx" = iibwdxﬂdx", (1.15.19)
#=07=0 1=07=0
rac
1000
7ﬂ7,7=bw=g cl) 2 8 (1.15.20)
0001

" PaCcCMOTPUM BCCBO3MOIKHBIC BAPUAHTLI €€ PACKPBITHA.

Kaxnoil u3 mecrHaauatu yﬂ(”)-ManHu (1.15.15) moxHO MOAOOpaTH BTOPYIO yl(’)-ManHuy u3

3TOrO e Habopa, TaKylo, 4TO UX IPOU3BeAeHNE paBHO D ,,~MaTpuie (1.15.20). Hanpumep:

0i 00YO0O -i 0 0 (1L0OO
i 000|-i 0 0 0| |0100
00i 0/0 0 —-i 0| |001O0] (1.15.21)
ooo0iflo o o -ijlooo1

%

Kaxnas y, )-ManI/IHa (1.15.15) moxer umerb oAHy U3 16-u BO3MOXHBIX cTUrHaTyp. Hampu-

mep:
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0010 001 0 0 01 0 00 -10
ym:ooo 1 le=000—1 o 0 00 -1 y30=00 0 1
"l1 000 1100 0 L1100 0 110 0 0

0100 010 0 0 100 01 0 0

0 0 -10 0 010 0 0 10 0 0 -10
701:0 0 0 1 ynzo 001 yﬂ:o 0 01 73120 0 0 1
Y110 0 0 “l-1000 u 10 00 110 0 0

0 -1 0 0 0 100 0 -1 00 01 00

0 0 -10 00 -1 0 0 0 -1 0 0 0 10

0 0 1 00 0 -1 0 0 -1 0 0 01
02 _ 12 _ 2 _ 32 _
Yu = 0 0 Y 100 0 Y1 0 0 711 10 00

-1 0 O 01 0 O 0 -1 0 0 0 -100

0 0 1 0 0 01 0 0 0 -1 0 0 -1 0
o 0 0 0 -1 o 0 0 0 -1 o 0 0 0 -1 . 0 0 0 -1
"1 0 0 0 "1 0 0 0 .10 0 0 " 10 0 of

0 -1 0 0 0 -10 O 01 0 0 0 -1 0 0

(1.15.22)
Jis Kaxmoi U3 3THX ywij-ManHu TaKXe MOXKHO M01I00paTh BTOPYIO yZT”j-ManHuy, IpOu3Be-
IeHHe ¢ KOTOpoH mpuBoaut K b,,-marpune (1.15.20). Takum oOpasom, ¢ yueToM 16-u cTHUTHaTYp U3
16-u y,,-marpun (1.15.15) nomxyuaercs 16 x16 = 256 ywij-ManI/III.
Kaxnyro y#pij-ManHuy (1.15.22) moxHO npeBpaTUTh B 0/1HY U3 16-u cmemaHHbIX MaTpull. [lo-

1
SICHUM JIAHHOE YTBEPKJICHHE HA IIPUMEPE P11 3-ManI/IuLI:

0 010 0 0 i O 0 010 00 i O
13:0 0 0 -1 13:0 0 0 —i 13:0 0 0 —i 13:O 0 0 —i
00711 100 0 10711 i 00 0 20711 i 00 0 30711 100 0
0-100 0-10 0 0 -10 0 0 -i 00
00 i O 0 0 i O 0 0 i O 00 i O
13:O 0 0 -i 13:0 0 0 -1 13:0 0 0 -i 13:0 0 0 -1
01711 i 0 0 1711 100 0 21711 10 0 31711 i 00 0
0 -10 0 -10 0 -10 0-100
0 01 0 0 10 0 0 1 0 00 10
13:0 0 0 —i 13:0 0 -1 13:0 0 0 —i 13:O 0 0 —i
02711 i 00 0 12711 i 0 2711 i 00 0 32711 100 0
0 -10 0 0 -i 0 0 -i 0 0 0-100
0 i 0 0 10 0 i 0 0 i 0
0 0 -i 0 0 -i 0 0 -1 0 0 -i
0371113: 1 0 1371113: 1 0 2371113 = i 0 0 3371113: i 00
0 -i 0 0 -i 0 0 -i 0 0 -i 0 0

(1.15.23)
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[Tpu monoOHOM pa3MeIIMBaHUM BCEX ABYXCOT MATHIACCITH LIECTH yypij-ManI/H_[ (1.15.23) nomy-
qaercst Gasuc u3 16> = 256 x 16 = 4096 nkyypij-ManHu. CrnenoBarenbHO, B 3TOM citydae b,,-MaTpuia
(1.15.20) mosxeT ObITh 3a7aHa ogHON U3 4096 Mpou3sBeACHUN TTap nkj}ypij-ManI/H_[.

B cBoro ouepens, Bce mectHannars b,,-marpur (1.15.18) mMoryT ObITH 3a1aHBI 16* = 65536
PA3IINYHBIMA BAPUAHTAMH [APHBIX IIPOU3BELCHUI "y ) im -MaTPHLL.

[TonoGHBIM 00pa30M MOYKHO ITPOJIOJDKATh HapaluBanue 0a3uca 0000meHHBIX y-MaTpull Jupa-
Ka IPAaKTUYECKH 710 OECKOHEYHOCTH.

ByleM HasbIBaTh BCKO COBOKYIHOCTB ' 7 im -MATpHIl 0GOGIICHHBIMU MaTpuIaMy Jlupaka, a
Am:n-BaKyyM, MpemapupoOBaHHBIN MOCPEICTBOM 3TUX MaTpull, OyJAeM Ha3bIBaTh TUPAKOBCKUM Am.n-
BaKyyMOM.

HGHOMHMM, umo eciu, Hanpumep, Mempuxka paeria HYJiro

[ [ H v H

0=c?dt? + dx? +dy? +dz?,
Mo OHa ONUCHIBAEMm PACHPOCMPAaHeHue 00HO20 U3 «Y8eMHbIXY Nyuell ceéema. BHympennue u enewnue
acnexmul 1 1younnoti Qunocoguu oannot mamemamuxu ceoosmces eoeouno: «Ilycmomay na komo-
poti Hapeuenwr ceoticmea Henpousnocumoeo Umenu TBOPI]IA 71-1-11-% (HVHI)- smo beckoneunas

Ilomenyus Bosmooicnoeo u Heucuepnaemviti Hcmounux Buympenneeo Cusinus.

Beie  ObLTO paccMOTPEHO JUPAKOBCKOE «PACCIOCHHUE» TOJIBKO OJTHON KBaJApaTUYHON (POpMBI
(1.15.1). TouHO TaK ke «pacciauBarOTCs» Bee ocTanbHbie MeTpuku (1.15.16), co3gaBas HEBOOOpa3MMO
TapMOHHYHOE «IIBETHOE» CHUSIHHE.

ByneM Ha3bIBaTh BCIO COBOKYIHOCTB ' nk J |mij-ManI/II_I 00001menHpIMu MaTpuliamu Jlupaka, a
Am:n-BaKyyM, MpenapupoOBaHHbIN MOCPEICTBOM 3TUX MaTpull, OyAeM Ha3bIBATh TUPAKOBCKUM Am.n-
BAKYYMOM.

Wrak, npu 1eTalbHOM pPacCCMOTPEHHUM BBISICHAETCS, YTO MUP MOBOPOTOB U BPALLEHUHN KaKIO0TO
MOTIEPEYHOT0 CJIOS JIOKAIBHOTO Y4acTKa Am:n-BaKyyma CTOJIb e pa3HooOpa3eH, rapMOHUYEH U Oec-
KOHEUeH, Kak U 0ECKOHEYHO pazHooOpa3ue MpoJOibHBIX U MOMEPEUHBIX 4-IPOCTPAHCTB, HA KOTOPHIE
«paccllauBaeTCcs» UCCIEAYEMBI YyUaCTOK «BaKyyMay.

Iloka ovin Xpam 6 Hepycanume, uemvlpe cmenbl KOIHO8 U 1€BUMOE HENPEeCmAaHHO 803HOCUNU
Xeany I'-CIIOAY ece 24 yaca cymox. bozocnyscenue ¢ Hepycanumckom Xpame ne npexpawjanoco Hu
Ha cekynoy. Tak u nvine, kocoa Hem Hepycanumckoeo Xpama, He ymuxaem 21ac 60CX8aieHus u oopa-
wenus k [-CIIO/]Y kpyanvie cymxu.

Ilo mepe 3axo00a u 6ocxooa coanya k Xpamosvim Cnyscoam (waxapucy, Munxe u mMapuey) npu-

COCOUHSIIOMCSL 8CE HOBbIE U HOBbLE CuHnacocu, yepKkeu u medemu 6 pasnblx ZOPOC)CDC mupa. Omkyda 6U-
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oum, umo Xpamoesas Cnysxcoba ecmv MUposol UHBAPUAHM, He 3ABUCAWULL OM 8PEMEHU, Mecma U 00-

cmosmelbCnie. @OPMCZ MEHAEecA, HO CodepofcaHue ocmaemcst nNPesICHUM.

1.16 B3pbiB MaTeMaTHYEeCKUX (BCIIOMOTaTeIbHbIX) H3MepPeHH i

W3 pawxupHoro Beipakenus (1.12.5) ciemyer, uro rodas mapa METPHIECKUX 4 - TPOTSHKEHHO-
CTel ¢ B3aMMHO MPOTUBOIIOJIOKHBIMUA CUTHATYpaMU MOKET OBbITh MpE/ICTaBIeHa B BUAE IBYX CYMM IO
CEMb METPUYECKUX MPOTSHKEHHOCTEH C APYTMMU CUTHATYpaMH (TOMoJIOTHsIiMuU ), ioao6Ho (1.13.7).

—+-)2 (++-4)2

Hanpumep, conpspkeHHast mapa MeTpuk ds u ds C B3aMMHO [IPOTUBOIOJIOKHBIMH
curHarypamu (—— + —) u (+ + — +) MOKeT ObITh BBIpaXKEHA Yepe3 CYNMEPIO3UIUI0 CEMHU 4 - MOIIpO-
CTPAHCTB C CUTHATYpaMU (TOIOJIOTUSMH) MPEIICTABICHHBIMH B YUCIUTENSIX panxkupos (1.12.5):

dS(++7+)2:dC(++++)2 +dé‘(7+++)2 +dé,(+77+)2+dé,(777+)2+
+de P qr e Ry g2 (1.16.1)

ds(77+7)2 :dé‘(————)2+d((+77 7)2+déz(7++7)2+ dé‘(+++7)2+
+d C(ff++)2+dé‘(+7++)2+ dé‘(7+7+)2’ (1162)

Awnanoruyso, u3z 256 metpuk ¢ curHarypamu (1.10.15) mMoxxHO BbiAeauTh 128 COMpPSHKEHHBIX
nap MeTpHUK, KaXgas M3 KOTOPBIX MOXET ObITh BbIpa)keHa uepe3 cymnepnozumnuio 7 + 7 = 14-u
4-MepHBIX TTOJI-METPUK. B pe3ynbraTe MaTeMaTHIeCKUX (BCIIOMOTATEIbHBIX) U3MEPEHUI OKa3bIBaCTCS
yxke 128 x 14 x 4 = 3584.

B cBoto ouepenp, conpspkeHHBIC TTAPhI MTOA-METPUK MOTYT OBITh TOYHO TaK YK€ Pa3IOKEHBI e1le
Ha CyMMbI 7 + 7 = 14 noA-noi-MEeTPUK, U TaK MOXKET MPOI0JKATHCS 10 OECKOHEYHOCTH.

[Monyuaercst cOaaHCHUPOBAaHHAs OTHOCUTENBHO «paciieriennoro nyss» (1.12.3) Teopusi, B Ko-
TOpON «BaKyyM» CHadalla paccllauBaeTcsi Ha OeCKOHEYHOE KOJMYECTBO BIOKEHHBIX IPYT B Ipyra
Am:n-BaKyyMOB (T.€. MPOJOJBHBIX CIIOEB «BaKyymay, cMOTpUTe M. 4 — 6). 3aTeM Kaxaplid U3 Am.n -
BaKyyMOB pacCHICIUISIETCs] Ha OECKOHEUYHOE KOIMYECTBO 4-MEPHBIX METPUYECKUX O] - MPOTSKEHHO-
CTeH, MOA-TIOI-TIPOTSHKEHHOCTEH | T.JI. 10 OECKOHEYHOCTH — MTOTIEPEUHBIX CII0EB «BAKYyMa.

Onpenenenue Ne 16.1 Ilonepeunoe paccinoenue «8axyyma» — 5mo npedcmagierue Karicooll
JIOKANLHOU 001acmU Amn-8AKYYMa 6 8ude Cynepnosuyuu 4-mepHvix mempuieckux noo - npomsaiCeH-
Hocmetl, no0-noo-npomsidxceHnocmeil u m.o., ¢ 81-u eozmooicnoi cuenamypou (1.11.6).

HekoTopsie 3cTeThl OT MaTeMaTHKH, BO3MOXKHO, COUTYT MPUBEICHHBIC BBIIIE MOCTPOSHUST AJl-
reOpbl CUTHATYP JTOBOJIBHO JTFOOOMBITHEIMU. HOo pu3nkm 00s3aTenbHO 3218 TyTCsl BOIIPOCOM: — «A JJIA
YEro BCE ATO HYKHO?»

OTO HYXKHO IJIsl TOTO, YTOOBI, C OJIHOW CTOPOHBI, pa3paboTaTh MaTeMaTHUYECKHI ammapart, Ko-

TOPBINA, BO3MOXKHO, TIO3BOJIUT HAILIEMY CO3HAHHIO MOTPY3UTHCS B HENOCITaeMbIe paHee IITyOMHbI «Ba-
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KyyMmay». C qpyroil CTOpoH»l, 3TO HEOOXOJUMO Ul COIJIaCOBAHMS s3bIKA T€OMETPU3UPOBAHHON (QU3H-
KU C JIOTHYECKUM amIapaToM OCCKOHEYHBIX MOHATHH KabOaybl (cMoTpuTe [8]) ¢ 1eIbl0 HAOTHEHHS

¢usuku tpenerom npen Bemuunmem m Cestocteto BE3/IHBI, nax Kortopoit Hapeueno Bemukoe u

I'posnoe YerbipexOykBennoe Ums TBOPLIA 13-9-11-° (H'VHI) [18].

Bce, uto rosopuiiock 10 3Toro, kacaiaock Packpeitust Tosneko oxHoit Chupsl. HamomuuM, uto
13 mectHaaaTh 4-6a3ucoB, moka3aHHbIX Ha puc. 1.6.3, B kadecTBe 0a3bl OBUT BEIOpaH OJuH 4-0a3uc
ei(5)(eo(5),e1(5),e2(5),e3(5)). OTHOCHUTENBHO HETO OBUIH TOJYYEHBI CTUTHATYPHI OCTAIBHBIX 15-u 4-0a3ucoB
(tabm. 1.8.1) u marpuna crurnaryp (1.8.2). B pesynbrare mocienyomiero passopaunBanus AJIreOpsl
curraryp no Anroputmam Packpeitusi Umenn BCEBBIIIHEI'O §3--73-% (H'VHI), mony4yeno Gecko-
HEYHOE MaTeMaTuieckoe packpbitue ogqHoi Chupsbl.

Ecin B KauecTBe Gassl BHIOpath, Hampumep, 4-6asnc ei” (eo”, 61,621 e5!"), To momyumnm npy-
roil Habop W JAPYryl0 MaTpuily CTUTHaTyp. [lamee mponenbiBas aHaJOTHYHBIC ONEPAlNd, MOIYIHM
O6eckoHeyHoe packpbITHe BTOpoi CHupsI.

AHanornyHo nepedupas B KauecTBe 0a3bl Bce ocTanbHble 4-0a3uckl (puc. 1.6.3), Bcero momy-
yuM 16 Geckoneunbix Cupot. Ho B cuny acummetpun, ananoruusoi (1.8.6b) — (1.8.6¢€), orinmunbix
Cduport ocraetcs Bcero 10 B mosiHoM cooTBeTcTBUH ¢ «Ceghep ea-Eyupa» Aspaz’ma Asetiny («Kuuru
TBopeHus» ABpaama OTIIa HAIIETO).

[Toka nOKanbHBIN y4acTOK «Bakyyma» He UCKpuBieH, Bce 10 ChupoT mpakTHYECKH MOJTHO-

CTbIO UACHTUYHBI, 1 OHHU sABisIIOTCA 10-10 HEpaCKPHITHIMU (B3aUMHO KOMITEHCHPYIOIMMH) COCTaBIIS-
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omuUMH eauHo# 3urotel. OTHAKO B CIydae MCKPUBICHUS «BakyyMmay, nanueie 10 Chupot OynyT mo-
pa3HOMY OPHEHTHPOBAHBI OTHOCHTEIHLHO JaHHOTO UCKPHUBJICHUS (€CIIH OHO HE CPEPUUYECKU CHMMET-
PUYHO), U MOTYT PaCKpbIBATHCS MO-PA3HOMY.

«ITYCTOTA» craner mis Hac Mcrounnkom KomoccanpHoro M300miins, €ciim Mbl HAydUMCS

EE nonumars u ¢ 0narorosenuem Ilounrars.

1.16a A30yka curHatyp
«Hnvie konecnuyamu, unvle Kouamu, a mol Umenem 2-3-1-9-8 1-3-1-5 (I-CIIO[A b-I'A) nawezo
X8ANUMCSL: OHU NOKOe0ANUCH U NATU, A Mbl CINATIU U CIOUM NPIMON.
Hasuo a-menex ([lcanmups, 19:8-9)
«H so3padyromces ece ynosarowue na TEBA, eeuno 6yoym auxoeams, u Thl Byoeww [lokposu-
menvcmeogamo um,; u 6yoym xeanrumvcsi TOBOIO nobswue Umsa TBOE (71-3-71-9)».

Jlasuo a-menex ([lcanmupo 5:12)

1.16a.1 «IlyreBoanast Hutp»

Aunrebpa curHatyp (Ajcuraa) mojaraet ceos mpoaoinkeHrueM He Tosbko OTO pabetiny (yuu-
Tens Hamero) A. DiHiuTelHa, HO U Jlena npaotnoB M3paunbckoro Hapoaa: ABpar’ama, Mixaka u
SIxoBa, MOCKOJIBKY IMBITAETCSA TOCTPOUTH CBETOIC€OMETPUIO «BaKyyMay, ONMpPasich Ha AJITOPUTMBI pac-
kpwitus Bemnkoro u I'possoro Mmern TBOPLIA 51-3-71-3 (Miox - Ieit - Bas - Iei).

JMannoe 4-6ykBennoe Besnecymee Nms 3-1-7-% (TETPATPAMMATOH) cayxut Kpurepuem
MOJTHOTBI MOJIEJIBHBIX MPEJICTaBIECHUH AJICUTHBI.

Kak, HanmpuMep, Ha OCHOBE aHalIM3a BO3MYIIEHUN OpOUTH YpaHa ObUIO MpecKa3aHo MOJIOKE-
HUE elle He OTKPBITOH u1aHeThl HenTyH, TOYHO Tak ke Hajau4due, HallpuMep, TPeX pelIeHU BaKyyM-
HOTO YpaBHEHHUS OJJHO3HAYHO YKa3bIBaJO Ha TO, YTO JOJHKHO OBITh U YETBEPTOE PEIIeHHE — MO YEThI-

pem bykBam TETPATPAMMATOHA. Taksxe BCsiKuid pa3 TOJDKEH ObLT HalIeH MATHIN 00001atomuit
ANIEMEHT, CBsI3aHHBIH ¢ koyem (ocTpuem) BykBbr 3.
Bemnkoe Mmss BCEBBILIIHET O §3-9-3-% (H' V H ) Besikmit pa3 cnyxkur «[lyreBonHoit Hutbio»

st AnreOpsl curaaryp. Kak rosopun Jasuo a-mwenex (napb Jasun): — « Beerna crasui Ums 71-3-77-9

(Mron - Ieii - Bap - [eif) mepex Ta3amu, KOTa CMOTpEN HA MHp», TaKk ¥ AJICHTHA HA BCE CMOTPHT
yepe3 310 Benukoe u ['poznoe mst BCEBBIIITHEI'O (moapo6HocTH B [4 — 9]).

B stom pasaciic npeAnpruHUMAacTCA MOIBITKA CBA3ATh CBETOTCOMETPUIO «BaKyyMa» C €IIC O/1-

HUM QIrOpuT™MOM packpsiTusi Beankoro Umenn TBOPLA 77-9-77-° (H' V H 1): «AndaBury.
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1.16a.2 Boiaep:kku u3 «Cegep za-Eyupa» (Kuuru TBopenus)
«'OCIIO[H, b-)KE naw! xax seruuecmeenno Mms TBOE (71--11-%) no eceit 3emne! Cuasa

TBOA npocmupaemcs npesviwe Hebec!» Jlasuo a-mwenex (Ilcarmups 8:2)

«byoym ynosamv na TEBA 3narowue Uma TBOE (7-)-71-°), nomomy umo ThI ne ocmasnsieuiv
uwywux TEBA, 'OCIIO/[Hy. /lasuo a-menex (Ilcanmupo 9:11)

EBpelickoe mpenanue riaacut, 4to Agpae’am Hepu (ABpaam EBpel) ycTHO mepenal CBOMM
Hacnenaukam Cegep ea-Eyupa (Kaury Tsopenus). Jlonroe Bpems sta Kuura xpanwiach B mamsiTu
JyYIIUX ero MOoTOMKOB. HO BO BpeMeHa CTpaliHbIX FOHEHHi (rmocne paspymenus BTroporo Mepyca-
TuMcKoro Xpama) padbou Akusa 3anucan Cegep ea-Eyupa (Kaury TBopeHust), 9T00bI TPEIOTBPATUTH
ee yTpary.

[TpuBenem Boinepxku u3 Cegep ca-Eyupa:

«eaoyamv dee bykevl: OH (BCEBBIIIIHUH) Hauepman ux, Boibun ux, Coenan ux couemanus
u nepecmanosku, Bssecun ux u Coz0an ums ecemy co30aHHOMY U 6CeMYy umeroujemy Ovimv CO30aH-
HBIMY.

«/eaoyamsv 0ge Oykevl ocnosanus. OH ycmanosun ux na cgpepe nanodobue cmenwt 6 231 pso,
u cihepa spawaemcsi enepeod u HA3A0, U 3HAK IMOMY: Hem sbiule, yem Y33 (y0ogoabcmaue), u Hem Hu-
JHce, yem Y (36a)».

«Kax OH ux (Byxewi) Bzgecun u Coenan couemanus u nepecmanogxku? O0Hy OYK8y — co cemu,
u 6ce Oykevl — ¢ 0OOHOU, 08e — CO CeMU U 8ce — C 08YMA U mak oanee, u okasvieaemcs 231 psao. Bce
CO30aHHOE U 8CsL peyib NPOUZOULTU OOUHAKOBLIM 00PA30M».

«OH u3 «Huueeo» Coenan «Heumoy, u Buipyoun 6onvuwue Cmonbwl uz Bozoyxa HeobvsimHoeo,
U 60M 3HAK. OOHA OYKBA — CO 8CeMU, U 8Ce — C OOHOII.

B kuure ogHoro u3 yueHukoB Apuzans (padou Uuxaka Jlypun) «Muxoaw oe Menex» (CBsitu-
muie Lapst) mpuBeIeHbI cleayIonie cloBa:

«Kozoa DHH CO®, Fapyxy, 3axomen Omxkpeims Céoe Benuuue u JJams JJo6po ecem npucym-
cmeyrowum ¢ Comeopennom UM Muposdanuu, OH Coenan Odexncoy uz Ceema CBOEH Cywmocmu,
Komopas naswieaemcss TOPA. Ceem TOPBI Poswcoaemcs om 231 Illaapum (Bopom) Jluya, nauunaio-
wuxcs ¢ nepsoii bykewvl R (Anegh), u 231 Ulaapum (Bopom) Chunsl, HauuHarowuxcs ¢ nocieonel 0yKevl
n (Tag)».

B knaure «/Jaam ee Teyna» (3nanue u lloHmmanue) npyroro mocienoBaTesss Apusais padu
Moceda Xanma (Gonee u3BecTHOro noj uMeneM ben M Xait) 3amucano cnenyiomee (pazzaen 7 8 Cu-
Heit Ancurhe [8]):

«Co0 a-Manboyw (Taiina Ooesanus). B kuuee 302’ap, 6 pazoene «bepetivuumy (Buauane) ecmo

cnedyrwujee oueHb ckpvimoe @vickazvieanue: — « Tol dondcen 3namo, umo TOPA Comeopena uz 231

71



Hlaapum (Bopom). Pewun BCEBBIIIIHHUH Packpuimvcs u Coenams Xopouio Beem. OH Coenan CE-
BE Man6yw (Ooesnue) us CBOEH Cywrocmu, komopas nasvieaemca TOPA, komopas nocmpoena u3
X" (PaJIA — 200 + 30 + 1 = 231) Hlaapum Hanum (Bopom Jluya) u X7 (PaJIA - 231) waapum
Axop (Bopom Cnunbi).

ITocne smozo OH Cacan CBOHM CBET ¢ onpedenennom Mecme, 3amem Omcmpanun Imom
CBET om llenmpa dannoco Mecma, Ocmasus nycmyio Ilonocms (Ympoby). Tam ocmanca monvko
Pewumo (Omneuamox) om CBETA DHH CO®, Bapyxy.

Jlannwiii Pewuumo (Omneuamox) — smo Jlegyw (Ooedncoa, Tkanv), komopyio OH Coenan menm,
umo Cnoorcun Angpasum Hepuma nononam, Coeounue Huz Angpasuma c e2co Bepxom».

ben Uw Xaii nosicnsiem: - Eciu nomecmums noo nepgvimu 11-10 6ykeamu HUepuma 11 nocneo-

Hux Ezo 6yka:

N2 T Yo o> 2
YW r1o0y o ¥ p RN (1.16.3)
mo nonyuumcs 11 napuvix kombunayuii: 98, 1, 13, 07, ..., N2. Omu napuvie kombunayuu oyke Hepu-

ma Kpamko nazeléaiom «22-89» (AJI-BaM).
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AJI-baM — smo nepsasa Kombunayus, komopas nonyuunace npu Teopenuu ucxoonou Tkanu
Mupo3zoanusa. Kpome Hee ecmb ewe 21 cnocob coeounumsv 0se 6ykevi Mepuma 6 11 nooodonwvix nap-
Hblx Kombunayuil. Iloomomy, eceeo nonyuaemes 21 x 11 = 231, m.e. R 7’21 (PaJlA — 231) ecesozmodic-
HbIX nap 6yke egpelicko2o aigasuma, komopwie Hazvisaiom [llaapum (Bpamamu,).

U3 22 6yke Hepuma (espetickozo angpasuma) cocmasnsiomesi 462 0gyxoykeentvle komounayuu. Tlo-
JIOBUHA U3 HUX — NepesepHymble KOMOUHAyuU mex dce 0ykg, Hanpumep 8?2 u 33 .28 u ... ,ann3 u n3. Ilpu
9MOM YUCIIO HENOBMOPAIOWUXCA NAPHBIX coedunenul paerno 462 © 2 = 231. Omo uucno coenadaem c

yuciom covemanuii 22 6yke no 2 [4,8]:

co__ 22 22 21.22 462
27 22-2)1 2.200 2

~231, (1.16.4)

Ecmo 231 «Bpamy Ilanum (Jluyegvie), komopvlie HauuHarOmcs ¢ nepeol Oykevl angasuma N
«Aneg», u ecmo 231 «Bpam» Axop (Cnunvl), komopvle HAUUHAIOMCS ¢ NOCTIeOHel OVKEbl angasuma n
«Tagy. [Toosmomy, obwee uucno «Bpamy 462. [ea paza R’91 (PaJlA - 231) smo 6ydem 462 = 2°n1
(Hemus - Tponunxa) — smo namudecsmole « Bpama», komopvle Mowe Pabeiiny ne nocmuzy.

B xommenTapusix k Ceghep ea-Eyupa (Kuure TBopeHus) eBpelickue Myapelsl IPUBOISAT MHOTO
Pa3IMYHBIX CIIOCOOOB MapHBIX coueTaHuit 22-X OykB nBputa. HeKoTopsie U3 3TUX CrIOcOO0B MpUBE/IE-

HBI HUKC.
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HexkoTtopslie cioco0b1 coennuenust 22-x 0yxks UBpura

B X”91(231) napuble KOMOMHAIIMH
B341o u3 kommMeHTapueB
mynpenoB TOPBI k Cedep ea-Eyupa (Kanure TBopenns)
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1.16a.2 Manoyw (Onesinmne) u3z Csera [4, 8]
IBanuats ase byksel Andasurta Xu6py (UBputa) — 370 01MH U3 ANTOPUTMOB pacKpeiTus Be-

nukoro u ['po3noro menu BCEBBILITHET'O

nhk

BceBo3moxnbie nepecranoBku 4eTbipex bykB TETPATPAMMATOHA

-0 = H'VHI (1.16.5)

MIPUBOJIAT K cocTaBieHuio 4! = 24 TerparpaMMaTOHHBIX (HhOpM

| H'V H HIVH  VIHH H'V I H
IHH' V HIHV  VHIH HVHI
IVHH HHIV  VHHI HHVI (1.16.6)
IHVH HH'VI  VIHH HHIV
IV H H HVIH  VHIH H' IV H
IH'HV HVHI1  VHHI HIHV

B Umenu 71--11-% = H' V H | 9se 6yksvr 71 (Xeil), noosmomy cpeou 24 xombunayuii (1.16.6)
monvko 12 uz nux nenosmopsromca. B kabbane Onu onucviéarom yukiuuHocms epemenu: 12 komobu-
Hayuii coomeemcmeyiom 12 uwacam ous, opyeue 12 xombunayuii — 12 yacam nouu. Takoce Oanmvie
Hmena nocrnedosamenvro Bauaiom na 12 mecayes aynnoeo eooa, m.o.
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Ecmu u3 24-x Terparpammartonusix Gopm (1.16.6) BeiBecTr u3 paccMoTpeHust camo Hermpous-
Hocumoe Mwms 71-9-71-% = H' V H | (kotopoe npucyrctByer B Tekcre TOPBI kak camocrositenbHas
Enununa) u npoTtuBomnosoxHoe (conpsbkeHHoe) emy Antunms === = | H V H', To octanyrcs 22

TerparpammaToHHBIE POPMBI, C KOTOPBIMH MOKHO COIIOCTAaBUTH 22 OYKBHI eBpeiickoro Andasura:

VHIH IHHYV HIHYV IHVH HIVH VIHH HVIH

) 1 7 7 A = N
HHIV IVHH IVHH HHIV VHHI HHVI VHHI
: » b > 5 v n
HVIH VHIH HIVH HVHI HHVI VIHH IHHV
w 9 ? = 2 v °
HI1HV (1.16.7)
n

HpHMOﬁ u O6p8.THBIfI JIy4H CBCTA, JICKAIIUC B OCHOBE CBETOTCOMETPHUUN «BAKYyMa», TAKIKE

OIMUCBIBAIOTCA BBIPAKCHUAMU, COACPKAIIUMU 110 YCTBIPEC ClIaracMbIX

H' \Y% H | i

dz +dy + dx—cdt =0, (1.16.8)
i | H \Y% H'

0 = cdt—dz—dy—dx. (1.16.9)

U3 4-x cnaraembix juHeHHbIX hopm (1.16.8) u (1.16.9) cocraBnstoTcs 22 mapHbie (COMPSKEH-

Hble) KOMOWHaNuu, ananorndueie 22-m TerparpammatonHsiM hopmam (1.16.7):

dy+dx-cdt+dz —cdt+dx+dz+dy dx-cdt+dz+dy — —cdt+dz+dy+dx  dx-cdt+dy+dz  dy-cdt+dz+dx dz+dy-cdt+dx
—dy-dx+cdt-dz  cdt-dx-dz—dy —dx+cdt-dz—dy cdt-dz-dy-dx  —dx+cdt-dy-dz -dy+cdt-dz—dx  —dz-dy+cdt-dx

VHIH ITHHYVY HIHYV IHVH HIVH VIHH HVIH
) 3 2t T A =2 N
dz+dx—cdt+dy  —cdt+dy+dz+dx —cdt +dy+dx+dz  dx+dz-cdt+dy dy+dz+dx—cdt  dz+dx+dy-cdt  dy+dx +dz-cdt
— dz-dx+cdt-dy cdt-dy-dz-dx  cdt-dy-dx-dz = -dx-dz+cdt-dy  —dy-dz-dx+cdt -dz-dx-dy+cdt —dy-dx-dz+cdt
HHIV IVHH IVHH HHIV VHHI HHVI VHHI

2 ” b > 5 v n
dx+dy—cdt+dz dy+dz-cdt+dx  dz-cdt+dy+dx  dx+dy+dz-cdt  dx+dz+dy—cdt dy-cdt+dx+dz  —cdt+dz+dx+dy
—dx-dy+cdt-dz ~ —dy-dz+cdt-dx  —dz+cdt-dy-dx —dx-dy-dz+cdt —dx-dz-dy+cdt ~ —dy+cdt-dx-dz cdt—dz-dx—dy
HVIH VHIH HIVH HVHI HHVI VIHH IHHV
w " » X ) ) °
dz—cdt+dx+dy
—dz+cdt-dx-dy
HIHV
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Cymma kaxaoit mapsl 22 nmuHeiHbix Gopm (1.16.10) ya0BIETBOPSIOT «BAKYYMHOMY YCIIOBHIOY,
HaTnpuMep,
(dz—cdt+dx+dy) + (—dz+cdt—-dx—dy) = 0. (1.16.11)
[IpencraBum nunerinbie Gopmer (1.16.8) u (1.16.9) B Buae KOMIIJIEKCHO COMPSDKEHHOW Iapbl

ahpuHHBIX arperaToB

ds = ledt + idx + jdy + kdz, (1.16.12)
ds* = lcdt — idx— jdy — kdz, (1.16.13)
rae kK, j, i, | (H'VvHI) — peniepHble €UHMIIBI OHOM U3 TAOIMII YMHOKCHHS THIIA!

I i j k I i j k | i j k
| -1 -1 1 -1 | -1 1 1 1 | -1 (/-1]-1]|-1

i |1 -1 k| i 1| 1 K | - i | -1 ]-1] k| 4

j 1 k | -1 i j 1| k| -1 i j | -1 -k|-1 i
kK | -1 j —-i | -1 k 1 j —-i | -1 k | -1 j —-i | -1

Ckansipoe npousBenenue adp¢unnabix arperatoB (1.16.12) u (1.16.13) npuBoaut x KBaapa-
TUYHOU opme
dsds* = dst2 = — 2 dt?+ dx® + dy? + dz 2. (1.16.14)
Awnanornuno u3 22-x nap jauHeiHbIX Gpopm (1.16.10) MoxHO onpeneauts 22 mapbl KOMILUIEKCHO
COMPSDKEHHBIX a)()MHHBIX arperaToB U MOJXYYUTh MApbl CKATAPHBIX TPOU3BEACHUHN, HAIIPUMED,
(ldx-icdt+jdz+kdy) (—lcdt+idz+jdy+kdx) = ny,dx’dx" ¢ curnarypoii (- + +-), (1.16.15)
(—ldx+icdt-jdz—kdy) (lcdt-idz—jdy-kdx) = —ny,dx’dx" ¢ curmarypoit (+ —— +),

rac
-1 00 O0
0 10 0
N, = (1.16.16)
0 01 O
0 00 -1

[Tpu 3TOM cobmrogaeTcst BAKYyMHOE YCIIOBHE
nydxX’dx” + (- ny,dx’dx") =0, (1.16.17)
Takum oOpazom, U3 22 map CBETOBBIX JIMHEHHBIX (hopM (i adduHHBIX arperatoB) — «BykB
Wspura» (1.16.10), mocpeacTBOM MX CKaJSPHOTO TPOU3BEICHHS COCTaBISIOTCS 462 MeTpuku (CyTh
«/IByxOykBeHHbIE KOMOMHAIWMMY). [loMOBMHA M3 HUX — 3TO MEPEBEpPHYThIe KOMOMHALIMK TeX ke «BykBy,
HalpuMep, WHUHEHUIECOC XBIHPAI SICXHUIIIOSIPOTBOIIEH XUKAT OckuY .JI.T ¥ ,21 ¥ 27,78 U R? (CKaysip-
HBIX TIPOM3BEICHHIT) paBHO 462 : 2 =231 (X ” 97). D10 uncio coueranuii 22-X CUMBOJIOB MO 2:

I I .
coo_ 22 22 2122 462,
2(22-2)1 2.200 2 2
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CBeToBas «TKaHbY», COTKaHHag u3 231 «Hu-
tH» (cBero-merpuku) U 231 «aHTHHUTH» (aH-
TUCcBeTO-MeTpukH) (puc. 16.1), cooTBeTCTBYET Ca-
Momy tipoctomy Manbywy (Onesnuro) — Hcxon-
Hol Tkanu beiTus.

Pabu Moiima Kapnosepo (PaMaK) B kaure
«[TaPleC Pumanum» OTMETHI, UTO €Ie €CTh MOJ-
TkaHb, cocTaBlieHHass U3 BCEBO3MOXKHBIX aHAalO-
TMYHBIX MEpecTaHoBOK 3-X OykB WBputa (Jlawon
a-Kotioews — Cssitoro SI3pika). [lox Helr Tkanb,
COCTaBJICHHASI U3 PA3IMYHBIX KOMOWHAIwil (mepe-
cTaHoBOK) 4-x OykB MBputa, W T.1. 10 camoi
«mIoTHOM» TKaHU, COCTABIEHHOW U3 BCEBO3MOX-
HBIX mepecTaHoBok 620-u OykB WBpura. Yumcio
KOMOMHAIMI HTOW MOA-IION-....-HOA-TKaHU JUIA

Hac COOTBETCTBYET beckoneunocTu.

Puc. 1.16.1. [TompITKa IPOMIUTIOCTPUPOBATH OAHY U3
BO3MOJKHBIX pean3alnii CBETOBOH TKaHU (PHUCYHOK
Jle6enena - [IpoxopoBa), COTKaHHO U3 462 CBETOBBIX
«HUTEN» (JTyueil) 1 «aHTHHUTE» (AaHTUITy4ei)

Ho, xax Obl HE ObL1a citokHa MHorocioiinaa Mcxongnas Tkanb berrus, B Hell mocTossHHO 110-

BTOpsiercst cTpykrypa dpesa Kuzuu (Chupor):

-) (++-4) n v
+) (+=+)| | IH IH VH
(+—++)| | HV HV VI
)) (HH" HH VH'

HV
VH

HV
HH

(1.16.18)

— OcHOBHOro BapuanTa Packpsitus Benukoro Nmenu 51-1-77-9 (Mo - et - Bas - Ieit) = H'V H |,

(koy) I —
9 HH -
] \AY; -

1 IV, IH, IH’, VH, VH', HH’' —
VI, HI, H'l, HV, H'V, H'H
0" H'H’ -

Kemep (1 Cpupa)
Xoxma (2 Chupa)
buna (3 Chupa)

3aup Amnun
(6 cosoennvix Cchupom)

Manxym (10 Chupa)

(1.16.19)

KoTopas conepxut B cebe [Totenuio Packportus Beenenckoro Yesnoseka (puc. 1.16.2)
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rac

|
-3
o)

N

A

13=31

Puc. 1.16.2. Packpsitoe [peBo XKuzuu (wu Ipeso Chupot)
UMeeT CTPYKTypy UenoBeka. 31ech:

Il HI VI HI 00 10 20 30
IH HH VH HH |01 11 21 31
IV HV VW HV |02 12 22 32
IH HH' VH' HH’ 03 13 23 33
I =00 — Kerep; i
HH =11 — Xoxwma; |
VW =22 - buna; H
HIL VI HI 0 10 20 30
IH VH HH 01 0 21 31
= — Tudeper*: V
IV HV HV 02 12 0 32 eper™;
IH HH' VH’ 03 13 23 0
H'H' = 33 — Manxyr. H’

(1.16.20)
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[Toatomy Mcxomnas CsetoBas Tkanb beiTus m3HaganbHO comepxuT B cede Ilorenmuio Pac-

KpbITH DOMOprona Beenenckoro Yenoseka (puc. 1.16.3).

Puc. 1.16.3 Pazsurne Dmb6puona Beenenckoro Yenoseka, imst Koroporo
71--1-5 (Mron-I"eit-Bas-I"eit) = H'V H |
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Omnpenenenue Ne 16.2 «Kabbarucmuueckas ananoeusy — 3mo UCXOOHASE UOEHMUUYHOCTb OC-
Hos Aneeopwl cuenamyp (AC) co cmpykmypoii «/pesa Jecamu Chupomy kabbanvt:
Coenacrno nypuanckoti xaboanre Umsa BCEBBIIIIHEI'O 71-)-11-° (8 oanvheliuwem, emecmo 0yKe

uepuma ucnoavsyemcs mpancaumepayus H’V H 1) Packpvisaemces 6 suoe «/Ipesa Jecamu Chupomy,
KOMopoe MOJICHO NOJYYUMb NymeM B8038e0eHUsl 8 Keaopam O08YpsaOHOU mampuysl uz byke oanHoeo

HUmenu:
| I H Y I H I IH HI  HH
I HY” (1 H of ' H)_| \H Vv H V)| | UH v HH' HV )| (1.16.3)
H V) (H VvV H’V_H,IHVIH_H'I HH VI VH
H V H V HH" HV VH' VWV
Komnonenmur oannou mampuyvt coomsemcmeyiom 10 Cohupam:

Tabauya 1.16.1

bykea HUmenu Komnonenma Coupa
mampuywl (16.3)
i I Kemep
ocmpue bykevt Hro0
| HH Xoxma
H VvV buna
\Y IV, IH, IH’ VH, VH HH" Tugepem™
VI, HI, H1, HV, HV, HH
H’ HH’ Manxym

20e Cpupa Tughepem™ cocmoum uz wecmu cogoennvix Cepupom:
Xeceo (IV=VI) Teypa (IH=HI) Tupepem (IH' = H'Il)
Heyax (VH=HV) Xoo (VH' =VH') Hecoo (HH' = H'H)
Hecrkonvrko mpancgopmuposannyro mampuyy (1.16.3) mooccno nocmasume 6 coomsememeue ¢
mampuyeti cuenamyp (1.11.5)

I H VI HI (+++4) (+++-) (++-) (++-+)
IH HH VH H'H _ ) (+++) (—++) (+-4) ’ (1.16.4)
IV. HV VvV HYV +——+) (++—) (+——) (+—-+4)
IH' HH' VH' H'H’ ——+-) (+—+-) (+—) ()

20e
Kemep 0 0 0 i 0 0 0 (++++4) 0 0 0
0 Xoxma 0 0 |0 HH O 0 | 0 (-+++) 0 0 (1.16.5)
0 0 Buwa O | |O O W 0 || o0 0 (+-—-) 0
0 0 0 Maxym) (0 0 0 H'H 0 0 0 (----)
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0 HI VI H'I 0 (+++-) (++-) (++-4)
IH 0 VH HH| |(-—-4) 0 (——++) (—+—+)
IV HV 0 HV| +-—4) (++--) 0 (+-++) '
IH' HH' VH' 0 (——+-) (+—+-) (=+--) 0

Tugpepem™* = (1.16.6)

Ilpu smom, kax kaxcoas kaboanucmuueckas Cohupa cocmoum uz 6€CKOHEYHO20 MHONCECMEa
noo-Chupom, max u Kaxcoas CUSHAmypa S8IAemcs pe3yibmamom Cynepno3uyuu 6ecKOHeuHo2o0 Ko-

Jquuecmea noo-cuenamyp [cmompume, nanpumep, (1.16.1) u (1.16.2)].

1.17 CBeroreomerpusi HCKPUBJIEHHOI0 Y4aCTKA «BAKYyMa)

PaccMOTpUM HMCKpPUBJICHHBIM 3-MEPHBIH y4aCTOK «BaKyyMay.
Ecnmu nnvHa BOJNHBL Am.n TPOOHBIX MOHOXPOMATHYECKUX JIy4el cBeTa
3HAYUTEIIFHO MEHBIIIC Pa3MEPOB HEPOBHOCTEH «BaKyymay, TO Ha 3TOM
ydacTke Kyoudeckas siueiika ceeroBoro 3D-nanmmadTa (Am:n - BaKyy-
Mma) Oynet uckpusieHa (puc. 1.17.1).

PaccMoTpuM OfHY W3 BOCBMH BEpIIMH HCKPUBJICHHOTO KyOa
Amsn-Bakyyma (puc. 1.17.1 u 1.17.2). 3ameHnM HCKaXeHHBIE pedpa,

BBIXOJAIIME W3 JTaHHOM BCPIINHBI, UCKAXXCHHBIMU OCSMU KPHUBOJIN-

Puc. 1.17.1. TebopmupoBanHas

HeliHol cuctembl koopauHar X'°@, x1@ x2@ 319 (hue. 1.17.2). Te .
KyOmdeckas siaeiika An.,-Bakyyma

’Ke pebpa MCXOJHOrO, MICATbHOr0 Ky0a 0003HAauUM ICEBI0JEKAPTO-
BOU CHCTEMOM KOOpJANHAT X0@ xHa) y2@) 3@ x5

' (@
HckaxxeHus yria paccMaTpuBaeMoro Kyoa Am:n-Bakyyma MOX- x'5

@

HO pa3JjoKUTh Ha JIBE€ COCTaBJIAIOLIME: 1) M3MEHEHue JUIMH (CxKaTue

win pacummpenne) oceii X', x X9 ¥ x3@) poy coxpanennn mpsi- X
MBIX YTJIOB MEXKJLy TUMHU OCSIMHE; 2) OTKJIOHEHHS YTJIOB MEXKITY OCIMH "
a
x/0@ @) yr2(@) yr3(@) o NPSMBIX TIPU COXPAHEHHUHU MX JUTHH. "
—
PaccMoTpuM JaHHble adUHHBIE HCKAKEHHUS 110 OTIAEILHOCTH. 0

1) IlycTh MpH MCKPHUBICHUW M3MEHMINCH TOJBKO JJIHHBI OCei

0@ @) wr2@ <3 Puc. 1.17.2. OniuH U3 yrioB uc-
XWX XA xR tora 9TH 0CH MOYKHO BBIPa3HMTh Yepe3 OCH HC- CIEyeMOTO Ky0a An.-BaKyyMa
XOJIHOTO HJICATLHOTO KyOa x0@ 1@ y2@) y3@) ¢ gomompo cooTBET-

CTBYIOIIUX HpeO6pa3OBaHHI>’I KOOpJAUHAT:
3(a).

0@ = g @O0 4 @1@) 4 o @20 4 (@

KD = g @00 4 o @1 4 o (@200 4 (@30, (1.17.1)

20 = g @0 4 o @1@) 4 o @200 4 (@ 3(a)

3@ = 0 @0 4 o @16 4 o @26 4, (@) 3
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e
0@ = dx"'@/dx® (1.17.2)
— AK0OHMaH peoOpa3oBaHus, WM KOMIOHEHTHI TEH30pa YIIHHEHHH,
2) IlycTh Teneph M3MEHEHHIO MOABEPIKEHBI TOJIBKO YIIIBI MEXKIY OCAMH CHCTEMBI KOOPAMHAT
x/0@ U@ o2@) 3@ 5 uEEl 3THX OCell 0CTAIOTCS HEM3MEHHBIMH. B 5ToM ciy4dae JOCTaTOYHO pac-
CMOTpETb TOJIBKO H3MCHEHHE YITIoB Mexay Gasuchbivu Bektopamu €@, e'1@, e,@ e's@ yckaxen-
HOW CHCTEMBI OTCUETA.
M3 BEKTOPHOTO aHaIM3a U3BECTHO, YTO 0A3MCHBIE BEKTOpPa MCKaKEHHOTo 4-0a3uca '@ @,
e’,@, 3@ moryr GbiTh BbIpaxeHsI uepe3 ucxoaHble Gasuchbie BekTopa e, 1P, e, e5® oproro-
HaJpHOTO 4-0a3uca MoCPEACTBOM CIIEAYIOIIEH CUCTEMBI IMHEUHBIX YPABHECHHI:
e 0(a) — IBOO(a) eo(a) + ,BOl(a) el(a) + ﬂOZ(a) ez(a) + ﬂ03(a) eg(a);
erl(a) :1310(3) eo(a) +1311(a) el(a) +ﬁ12(a) ez(a) +ﬁ13(a) e3(a); (1.17.3)
e 2(a) - ﬁZO(a) eo(a) + ﬁ21(a) el(a) + ﬂZZ(a) ez(a) + ﬂZB(a) 83(a);
e 3(a) - ﬁ30(a) eo(a) + ﬁ31(a) el(a) + ﬁ32(a) ez(a) + ﬂOB(a) 83(a),
rae
ﬂpm(a) - (E'p(a) .em(a)) = cos (erp(a) "em(a)) (1.17.4)
— HAIPAaBJIAIOIINE KOCUHYCHI.

Cucremsl ypaBaenuii (1.17.1) u (1.17.3) MmoryT OBITh TIpe/ICTaBICHBI B KOMIIAKTHOM BH/IE:

1@ = OCij(a)X i@ (1.17.5)

e, @=pm@e @ (1.17.6)
OcranbHble 7 YIJIOB MCKaXEHHOTO Ky0a Am.p-Bakyyma (puc. 1.17.1) (TouHee, msATHAILATH
ocrtaBiuxcs 4-6a3ucos, puc. 1.6.2, 1.6.3) onuceiBatoTCS aHATOTHYHBIM 00pa3oM.
Paccmotpum, utst npumepa, Bextop (1.10.1) B nckakeHHOM 4-6a3uce
ds’ () = esgx 1 (1.17.7)
C yuetom (1.17.5) u (1.17.6) Bextop (1.17.7) MOXKHO MPEICTABUTH B BUIE
ds’D = g Pm® g (g Dgyd® (1.17.8)
AHaAJIOTUYHO, BCE BEPIIUHBI HCKAXKEHHOTO Ky0a Am:n-BaKyyMa MOT'YT OBbITh IpeJICTaBICHbI BEK-
TOpaMH
ds’@ = g g @ ; (@@ (1.17.9)
rnea=1,2,...,16.
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1.18 UckpuBieHHbIe MeTPpUYECKHE 4-TTPOCTPAHCTBA
Jns mpumepa, paccmorpum Ba Bektopa (1.10.1) u (1.10.2), HO 3ajaHHBIX B 5-M U 7-M UCKpPUB-

JICHHBIX a)(PUHHBIX MPOCTPAHCTBAX

ds’®= ,B'n(s)en(s)au(s)dxj, (1.18.1)
ds’ = ,Bpm(7)em(7)api(7)dxi. (1.18.2)
HaiineM ckassipHOE IPOU3BEECHUE ITUX BEKTOPOB
ds’ ("2 =ds’ (s ®) = ,Bpm(7)em(7)api(7),3'n(s)en(s)au(s)dxidxj = cij(7‘5)dxidxj : (1.18.3)
rue
cij(7,5): ﬁpm(Y)emU)api(Y)ﬁln(S)en(S)alj(S) (111&4)

— KOMITOHEHTBI METPUYECKOro TeH3opa (7,5)-ro MeTpuyeckoro 4-mpocTpaHcTBa.
Takum 06pa3om, monydeHa MeTpuka (7,5)-ro METpuIecKoro 4-npocTpaHcTsa

ds 92 = ¢y "Ieixidd (1.18.5)

¢ curnarypout (1.10.5) (+ + + —) u METPUYECKUM TCH30POM

75 75 7.5 75
C( ) Cl(o ) Cgo ) Céo )
0 _ C(7 5) (7 5) Cgl,s) Cg,S) (1.18.6)
Cjj 75 75 75 75) |* T
Cc()z ) 01(2 ) ng ) Céz )
75 75 7.5 75
Cc()g ) C1(3 ) C£3 ) C§3 )
AHaIOTHYHO, CKAIIPHOE MOMapHOe MPOU3BEICHHE ABYX JIF0ObIX BekTOpoB (1.17.9)
dS/(a):ﬁpm(a)em(a)api(a)dxiy (1187)
ds’® = g0lg, ), Oyl (1.18.8)

NPUBOAUT K (POPMUPOBaHUIO aTiiaca, cocTosmero u3 16 x 16 = 256 BCeBO3MOXXHBIX HCKPHBIICHHBIX
4-1uCTOB (T.€. METPUYECKUX 4-TIOANIPOCTPAHCTB) C METPHUKAMHU

ds @2 = ;@ Pxidxd, (1.18.9)
e a=1,2,3,...,16; b=1,2,3,...,16, ¢ coorBercTBytouimu curuarypamu (1.10.15) u metpude-
CKHMH TEH30paMu
oY o cle
ci” o e

(ab) _
C =
i cl@) c@n b b | (1.18.10)
B o o o
rac
Cij(a, b)— ﬂpm(a)em(a) api(a) ﬁln(b)en(b)alj(b) (1.18.11)

— KOMITOHEHTBI METPUYECKOT0 TeH30pa (&,0)-ro HCKpUBIEHHOTO METPHUYECKOTO 4-MTOIPOCTPAHCTRA.
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Kaowcowiti uz 256 mempuueckux menzopos (1.18.10) — omo ooun uz eapuanmos packpvimuis

Ipesa Cipupom, co ceoum (UHOUBUOYANLHBIM) HAOOPOM MEMPUKO-OUHAMUYECKUX KAYeCME

(ab) (a,b) (a,b) (a,b) 1)
Co  Cp Cx Cy i HI VI HI
(ab) (a,b) (a,b) (a,b)
Co Cp Ci Ca | _ IH HH VH HH
(ab) (ab) (a,b) (ab) | —
Cp, ' Cyp’ Cxn Cy IV. HV VW HV
(ab) (a,b) (a,b) (a,b) ' ' ' 4
Cos ' Ci’ Cx’ Cg IH" HH" VH" HH
ede
(ko) I - Kemep (1 Coupa)
9 HH - Xoxma (2 Coupa)
h wW — buna (3 Cpupa)
9 IV, IH, IH,VH,VH, HH"  — 3aup Amnun (6 cosoennvix Cihupom)
VI, HI, H1, HV, HV, HH
h HH’ - Manxym (10 Ceupa)

1.19 Ten3op 4-nedopmanmii
B kmaccuueckoll TeOpuM YNPYrOCTH AKTYaJbHOE COCTOSHME JIOKQJIBHOTO O0BbeMa yIpyro-
IUTACTUYHON Cpefibl, KaK MPaBUJIO, OMHMCHIBAETCS TOJIBKO OJJHON «BMOPOKEHHOI» B HEe CUCTEMOH OT-
cueTa ¢ COOTBETCTBYIOIIUM 4-06a31cOM. DTO MPUBOJIUT K aHAJIU3y TOJIBKO OJHOM KBaJpaTHUYHOH (op-
MBI BUZIA
ds’? = g;; dxldx!, (1.19.1)
rae gij — KOMIIOHEHTbl METPHUECKOr0 TEH30pa JIOKAJIbHOTO y4acTKa HCKPUBJIEHHOM MeTpu4ecKoil mpo-
TSHKEHHOCTH (TaHHBIX KOMITOHEHT 16, HO U3 HHUX JCHCTBEHHBIMU SIBIISIOTCS TOJIBKO 10 B CHITy CHMMET-
pun gji = gij).
KBanpatuunyto ¢popmy (1.19.1) cpaBHHBAIOT ¢ KBaapaTUIHON (POPMOI HCXOTHOTO HACATHHOTO
COCTOSIHHSI TOTO XK€ JIOKAJIbHOTO Y4acTKa yIpyro-riacTuIHo# cpebl [17]
dso? = g;’dx'dx’. (1.19.2)
Bbrunras merpuky wucxomnHoro coctosHHS (1.19.2) M3 MeTpUKHM aKTyalbHOTO COCTOSHHSI
(1.19.1)
ds'” —ds,” = (g; — 97)dx'dx! = 2¢,dx'dx’, (1.19.3)
B TEOPHUH CILTOLIHBIX Cpell onpeaensercs TeH3op 4-ngehopmanuii [17]

1
£i= 5 (0 = 9), (1.19.4)

KOTOPBIH ABIIETCS HEHTPATbHBIM IPEIMETOM PACCMOTPEHHUS KIIACCUYECKOW TEOPUH YIIPYTOCTH.
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Pa3BuBaemble 3/1€ch MpeAcTaBIeHUS! AJICUTHBI OTJIMYAIOTCA OT KJIACCMYECKHMX JIUIIb TEM, YTO
HCCIeAyeMbIH y4acToK (KyO) yImpyro-tiacTHYHON cpefibl (B TaHHOM CiTydae Am-n-BaKyyMa) OIHCHIBA-
eTcsl He OHUM 4-0a3ucoM, CBSI3aHHBIM C OJIHHM M3 BOCHMH YTJIOB Hccienyemoro kyba (puc. 1.17.1), a
CO BCEMH lIecTHaAuaThio 4-6azucamu (puc. 1.6.3), o 1Ba B KaKJOU €ro BepIINHE UCCIEAYEeMOro Ky-
0a.

JlaHHOE 00CTOSATENHCTBO MPHBOJUT K TOMY, YTO BMECTO oaHON Merpuku Thma (1.19.1) B Aun-
reOpe curHatyp, purypupyer 256 merpuk (1.18.9)

ds@P)? = cij(a’b)dxidxj (1.19.5)

¢ coorBercTByronmu curuatypamu (1.10.15), koTopsie
OIKCHIBAIOT OJMH U TOT K€ 00bEM, UCCIEeyeMOU Mpo-
TSOKEHHOCTH (B YACTHOCTH «BaKyyMa») C pa3HBIX €ro
cTopoH. [Ipu 3TOM METPHUKO-TUHAMHYECKOE COCTOSHUE
uccienyeMoro oobema onuchiBaercs He 16-10 yuciamu
(KOMIIOHEHTaMU METPUUYECKOro TeH3opa J;i), a 256 x 16
= 4096-t0 xoMIOHEHTaMH 256-TH TEH30POB Cji(a’b)
(1.18.11). DTum pmocTUraeTcsi HE TOJBKO 3HAYUTEIBHO
0oJiee TOUHOE OIMCAaHHWE MCKPUBICHHOTO 00BeMa yIpy-
ro-TUIACTUYHON cpenbl (B YaCTHOCTH, Am:n-BaKyyMma) B
okpectHocT Touku O (puc. 1.6.1), HO oOecreunBaeTCs
jJoruyeckoe 00OCHOBaHME JUIS BBISBICHUS psija Oosee
TOHKUX BaKyyMHBIX 3((PEKTOB (KOTOpbIE MIaHUPYETCS
pPaccMOTPETh B CIEAYIONINX CTATHIX).

Pa3BuBaembIii AJICUTHOW MaTeMaTHYECKUU ar-
mapat CBETOI€OMETPUU «BAaKyyMa» IMOAXOAUT ISl HC-
CJIEJTOBAHMSI HE TOJNBKO ITYCTOTBI», HO U JIFOOBIX IPYTHX

3-MepHLIX CINIOIIHBIX CPpCH, B KOTOPBIX BOJIHOBBLIC BO3-

MyIIeHus: (CBET, 3BYK, (DOHOHBI) PacCHpOCTPAHSIOTCS C

MOCTOSSHHOM CKOPOCTBIO.

1.20 IepBslii 3TAaN KOMIAKTH(UKANMH UCKPUBJIEHHbIX H3MepeHu i
[Tono6no n. 1.11, Ha mepBOM 3Tane KOMNaKTU(UKAIKS JOMOJIHUTEIbHBIX (BCTIOMOTaTEIbHBIX )
HCKPUBJICHHBIX MaTeMaTHueckux usMepeHuid B AC pocturaercs nocpeicTBOM yCpEeIHEHUs MeTpuye-

CKUX 4-TIPOCTPAHCTB C OJHOW U TOM K€ CUTHATYpPOH.
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Hanmpumep, mis metpuk ¢ curaatypoit (— + — +) (puc. 1.11.1) umeem ycpeTHEHHBIH MeTprUYe-

CKHUH TEH30p

( ( (14,2)
Coo Cyo Ca Ca
(B e o
42) 142 A142) A(142)
Cos Ci3 Co3 Ca
(») (p) (p) (p) (132) (132) (137) (132)
Co~ €0 Cn Ca Coo Cio C2 Ca
|l el el ol 1) e o e o]
RN Y 0 RN 1) N () B ) I 1) ~8)  L8) L@y | [?
Cy Cy Gy Cy 16 Coz C, C2 Cs
(») (p) (p) (p) (132) (132) (137) (132)
Co3 €137 Cp3 Cgp Cos Ci3 Cos Ca
o o g o
L13) A1) A1) A(L13)
Cos Ci3 Co3 Ca3

(1.20.1)

rae P cooTBeTcTBYeT 14-ii curnarype (— + — +), COrylacHO CieAyIoIIeil yCIOBHOW HyMepaluu:

sagn(cf,w)zg::;s E:fj} E:i))il E::;; (1.20.2)
N e
U YCPEAHCHHYI0 METPUKY
<dst* "% = ¢;Mdx dx! . (1.20.3)

AHanorun4yHo, u3-3a 16-kpaTHOW BbIpOXIEeHHOCTH U3 256 Mmerpuk (1.18.9) MCKpHBICHHBIX

4 - mOAIPOCTPAHCTB MOKHO MOJIY4UTh 256 : 16 = 16 ycpeqHEeHHBIX METPHUK ¢ 16-10 BO3MOXXHBIMH CHUT-

HaTypaMHu
<ds(+777)2> <ds(++++)2> <ds(777+)2> <ds(+7 7+)2>
<dsC > <ds® s <dsCr s <dst S (1.20.4)
<dS(_+++)2> <dS(____)2> <dS(+++ _)2> <dS(_++_)2>
<dS(++_+)2> <dS(__+ +)2> <dS(+_++)2> <ds(_+ _+)2>’

r7ie < - » - 03HaYaeT yCpeIHEHHE.

AJIMTUBHOE HANOKeHHUE (T.e. yCpeaHeHHe) BceX 3Tux 16-tu ycpemueHHbix merpuk (1.20.4),

COTJIACHO «Am:n-BaKyyMHOMY YCIOBHIO» (0mp. 12.2), TOJDKHO PaBHATHCS HYITO
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16 _ ) ) ) ) ) ) ) _ _
ds? =Y el ldx'dx’= cPdx'dx’+ cPdx'dx’+ cPdx'dx’+ cfPdx'dx)+
=1

+ci(js)dxidxj+ ci(jﬁ)dxidxj+ ci(j7)dx‘dxj+ ci(js)dxidxj +

(1.20.5)
+cdx'dx! + ¢ dx'dx !+ ¢f Pdxdx+ cPdxdx+
+c{Pdx'dx!+ ¢f Ddx'dx!+ ¢fPdx'dx!+ ¢ dx'dx! = 0.
Bce 16 x 16 =256 xoMnoHEHTOB 16-TH yCpeTHEHHBIX METPUUECKUX TEH30POB Cij(p) MOTYT OBITh

CIly4yailHBIMH (PYHKIIUSIMH BPEMEHH CTOpOHHero HaOmonatens. Ho atu ¢yHKIMH, coriiacHO BakyyM-
HOMY YCIJIOBHIO, JIOJDKHBI TaK MEpPEeMBAThCs Ipyr B apyra, 4roObl cymmaphas merpuka (1.20.5), B
CpeZHEeM, BCEr/la OCTaBaJIach PaBHOM HYIIIO.

Ha ocHoBanuu cymmaphoii metpuku (1.20.5) MoxxeT ObITh pa3BUTa Am.n-BaKyyMHasi TEPMOJIU-
HaMHKa, pAaCCMaTPUBAIOIIAs CIIOKHEHIITNE, OKOJIO-HYJIEBBIE «IIEPEIUBAHUN) JIOKATBHBIX Am:n - BaKy-
YMHBIX UCKpHBIICHUH. MOTYT OBITh BBEJICHBI PEACTABICHUS O Am.n-BaKyyMHOU SHTPOIIUHU M TEMIepa-
Type (CyTb XaOTUYHOCTH U UHTEHCUBHOCTHU JIOKAJIBHBIX Am:n-BaKyyMHBIX (QuIyKTyaruii). MoxHO roBo-
pUTH 00 OXJIAXKIEHUH Am:n-BaKyyma J0 «3aMOPaXXUBAHUA», O €ro MOAOrPEBE 0 «HUCIAPEHUs» U O
MHOTHX JPYTux 3(Q@eKTax, CX0KHUX € MPOLECCaAMM, MPOTEKAIOUIMMHU B OOBIYHBIX (ATOMHUCTHUYECKHUX )
CIUIOHBIX cpefax. OcoO0eHHOCTH Am:n-BaKyyMHOH TEPMOAMHAMHKHU CBSA3aHbI C MPOLIECCAMHU, KOT/a
I'PAJUEHTBl Am.n-BaKyyMHBIX (DIYKTyaluui npuOIMxKaroTcs K CKOPOCTH CBeTa: dCij(p)/an ~ C WM K HY-
10 dCij(p)/an ~ 0. bonee neranbHOE PacCMOTPEHHUE Am:n-BaKyyMHOH TEPMOJMHAMUKH BBIXOAUT 32
PaMKH HACTOSIIEH CTaThH.

Kpucmannuzayus «3amopodicennoiiy 0oaacmu Amn-6aKyyma, OO0IHCHA NPUBOOUMb K YHUKANb-
Hom Tlcuxuueckum 6aKyymMHuim d¢hgpexmam, NOCKONbKY makas 001acmb MOJNCEM CAYACUMb NPOBOOHU-
Kom Jlyxoenocmu c¢ Oonee blcOKUx yposHel buvimus 6 nudchue mupul, m. K. u3 kabbaivl u36ecmHo,
YmMo NpasuIbHIM HIOMHBIM QOPMAM COOMEemcmeayom nooobuvie um Jfyxosnvie cmpykmypol. OOHa-
KO cledyem NOMHUMb, YMO pa3gumue «8aKyyMHOU MA2uu» U «6aKyyMHOU AIXUMUUY HEMUHYEMO Npu-

sedem K «OONIe3HAM 8aKyyMa» u K Opyeum 2youmenbHulM NOC1e0CMEUsIM.

1.21 Bropoii 3Tan KoMNaKTH(GUKALMN UCKPUBJIEHHBIX H3MepeHMii
[Tono6Ho TOMy, Kak 310 ObLIO caenaHo B 1. 1.13, Beipaxkenue (1.20.5) MokHO cBecTH K ABYM
cllaraeMbIM
sy + «ds™?, = (gij(+))dxidxj + <gij(7)>dxidxj =0, (1.21.1)

rac
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. . . . 7 . .

— KBaj[paTu4Has (Gopma, SIBISIOIIASNCS pe3yabTaToM ycpenHenus cemu merpuk u3 (1.20.4) ¢ curnary-
paMu, BXOASIIUMHE B YHCIUTENb JeBoro pamkupa (1.13.1) wiu (1.21.4);
<gi(j*)>dx‘dxj: <gi(j****)>dxidxj Zc” dx'dx’ (1.21.3)
p=8
— KBagpaTuyHas (opma, SBISIOMASACS PE3YyJIbTaTOM YCPEIHCHHS CEMU YCPEIHCHHBIX METPHK U3

(1.20.4) ¢ curnarypamu, BXOJSIIAMH B YUCIUTENb npaBoro pamxupa (1.13.1) wiu (1.21.4)

+ + + +4) + - --)

- --+) + ++ +-)

+ — — + + — + + —

E_ -+ _)) + E++ — +)) (1.21.4)
+ + - -) + = - ++)

-+ - =) + +- +4)

+ -+ ) + (= + — )

+ - — —) + = + + 4.

Taxum 00pa3oM, U3 Bcel COBOKYITHOCTHU Am:n-BaKYyMHBIX (UIYKTYaI[il MOKHO BBIIEIUTH!

3 ~ o
— YCPCAHCHHYIKO «BHCUIHIOIO)» CTOPOHY 2 ‘/1m+n'BaKyyMHOI/I MNPOTAKCHHOCTH (I/IJ'II/I YCPECAHCHHBIN

CYOKOHT) C yCPEIHEHHON METPHUKOM

dst 2= ds?= gij(i)dxidxj ¢ curHatypoii (+ ——-) (1.21.5)
0 9 On Ox
e go|tn 0 G G (1216)
ij + + + +) | e
0 O 9z O
0 O Uz Ox
— YCPEIHEHHYIO «BHYTPEHHIOK» CTOPOHY 2°-Am.n-BAKyyMHOMN MPOTSHKCHHOCTH (WM YCPEIHEHHBI

AHTUCYOKOHT) C METPHUKOI

dsC M2 = gst2 = gij(Jr)dXidXj C curHarypou (—+ + +), (1.21.7)
goo) 91(5) 920) 930)

o\ - o o of of ot

e g((Jz) 012 922) 931) (1.21.8)
903) 91(37) 923) 933)

Jlnst cokpalneHus 3anuceit 3Haku yepeanenus B metpukax (1.21.5) — (1.20.8) omyteHs!.
Ha puic. 1.21.1 ycIoBHO MOKa3aH YCPEIHEHHBINH YYaCTOK JBYXCTOPOHHEH 23-An.q-BakyyMHO#
NPOTSUKEHHOCTH, 6HewHsis CTOPOHA KOTOpOH (CyOKOHT) ommcpiBaeTcst Metpukoii ds©? (1.21.5) , a

BHYMpeHHsIsl CTOPOHA (aHTUCYOKOHT) — METPUKOH ds™?(1.21.7).
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X3

A-mepHas 8HewHssi CMOPOHA
23-/1m+n-BaI< MHOH MPOTSKEHHOCTH
ds"? = g;Odx'dxd,
cuenamypa (+ ——-)

4-mepHas 6HympeHHAs CMOPOHA
23-/1m+n-BaK HOM IPOTSHKEHHOCTH
ds™? = g;Mdx'dx!,
cuenamypa (—+ + +)

1
1
I
I
|
I
I
I
I
]
I
]
]
I
1
1
1
1
1
1
1
1
1
I
1
I
A
/]
----- >

Puc. 1.21.1. YipolueHHas WILTIOCTPALMs Y4acTKa ABYXCTOPOHHEH 23-ﬁm+n-BaKyyMHOI‘/‘I npotspkeHHocTH (BIT),
gHewHss CTOPOHA KOTOPOH omuckiBaetcs 4-merpukoit ds)2, a enympennss cropona
— 4-metpukoii ds™?, mpu g — 0

1.21 Tensop 4-nedopmanmii 2°-A.n-BaAKyyMHOI IIPOTSKEHHOCTH
[TycTh nCX0HOE HEMCKPUBIEHHOE METPUKO-TMHAMHYECKOE COCTOSIHUE HCCIIEAYEMOT0 yJacTKa
gHewHeli CTOPOHBI 2°-Am.q-BAKYYMHOMN TPOTSIKEHHOCTH (.. YCPEIHEHHOTO CYOKOHTA) XapaKTeph3y-
eTCsl YCpeTHEHHOW METPHKOM
dsg 2= gijoHdXi d¥ ¢ cUrHatypou (+——-), (1.22.1)
a UCKPUBJICHHOE COCTOSIHUE TOTO JKE€ YUacTKa 3a/1aeTCsl YCPEAHECHHON METPHKOM
ds©? = gij(*)dxidxj C TOM k€ CUTHATYpo# (+ ———). (1.22.2)
OTnuune MCKPUBJIEHHOTO COCTOSIHUSI Y4acTKa CyOKOHTa OT €r0 HEMCKPHBJICHHOTO COCTOSHHUS
omnpezessiercs: pasuuiieit Buaa (1.19.3)
ds?— dsy 2 = (g — gijp") dx'dx = 2, dx'dx! (1.22.3)
rre
a) = %@~ gi")) (1.22.4)
— TeH3o0p 4-aegopmariuii J0KaIbHOTO y4acTKa CyOKOHTA.

OTHOCUTENBHOE YIJIMHEHUE HCKPUBJICHHOTO y4acTKa CyOKOHTa paBHO [17]

ds© —ds®@  ds©

10 = 00 = g0 -1. (1.22.5)
Otkyna cienyer
ds©? = (1 +19)2ds, 2. (1.22.6)
[Toncrasmss (1.22.6) B (1.22.3) ¢ yuerom (1.22.4) umeem [17]
g”_(f) = [L+192-1] gijo(i), (1.22.7)
WM B pa3BEPHYTOM BHJIE
&7 =% [(1 + )@ + O) cos ;i — cos o] gijp"”, (1.22.8)
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rIe

ﬂijo(i) — YOI MEeXIy OCAMH X U Xj CHCTEMBI OTCUETa, «BMOPOKCHHOI» B HCXOJHOE HEUCKPUBIICH-
HOE€ COCTOSIHUE MCCIIEyeMOTro yuyacTKa CyOKOHTa;

ﬂij(i) — YTOJI MEXJIY OCSIMU Xi' M Xj' MCKa’)KeHHOH CUCTEMbI 0TCUETa «BMOPOKEHHOW» B HCKPUBIICH-
HOE€ COCTOSIHUE TOTO K€ y4acTKa CyOKOHTA.

[Tpu ﬂijo(i) = /2 Beipaxkenue (1.22.8) mpuHUMAET BU/T
&) =Y [(1+ )L + 1) cos i — 1] g, (1.22.9)

JUIst IMaroHaIbHBIX KOMIOHEHTOB TeH30pa 4-nedopmauuit &'

g =1+ 1) = 1] gio”, (1.22.10)

BeIpakenue (1.22.9) ynpormraercs

oTkyna cienyert [17]

(1.22.11)

Ecnmu nedopmannu aj(f) MaJibl, TO, pa3ioxuB BbipakeHue (1.22.11) B psij, U, OrpaHUYUBIINCH

MEPBbIM WICHOM psAda, HOJIYYUM OTHOCUTCIIbHOC YAJIMHCHHNC CY6KOHTa

10 5 G (1.22.12)

AHajnoruuHo, aedopmanus JIOKaIbHOTO Y4acTKa BHYTPEHHEW CTOPOHBI 23-/1mm-BaKyyMH0171

MMPOTAKECHHOCTU (ycpezLHeHHoro aHTI/Icy6KOHTa) OMPCACIIICTCS BBIPAKCHUEM

ds™2 — dsy™? = (g™ — gijo™)dx'dx = 26;dx'dx ], (1.22.13)
rie
&)= (9 - gip"”) (1.22.14)
— TeH30p 4-aedopmaruii JOKaJIbHOIO y4acTKa aHTUCYOKOHTA;
dso™? = gij0(+)dxidxj C cUrHatypoii (—+ + +) (1.22.15)
— METPHKa HEUCKPUBJIICHHOTO COCTOSIHHSI JIOKAJTbHOTO Y9acTKa aHTUCYOKOHTA;
ds )2 = gij(+)dxidxj C TO¥1 JKe cUrHaTypou (— + + +) (1.22.16)
— METPUKA UCKPHUBIIEHHOT'O COCTOSHUS JIOKAJILHOTO y4acTKa aHTUCYOKOHTA.
OTHOcUTENbHOE Y/UIMHEHNE aHTUCYOKOHTA
ds® —ds®®  ds™
| = e = 450 —1. (1.22.17)
OrnpenenuM TeHsop 4-1eopMariii IBYCTOPOHHEH 2°-Am.n-BAKYYMHOH IPOTSKCHHOCTH KakK
cpenHee

a=Y (a1 + 5N =1 (5" + 517, (1.22.18)
i, ¢ yuetoM (1.22.4) u (1.22.14)
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g = (@ + 9y7) = (@10 +910”) =4 (@ + 9i7), (122.19)
T.K. COIJIaCHO «BaKyyMHOMY yciioBuio» (1.4.6):
gij0(+) + gijo(_) = gijo(_ MR gijo(+ =0,
OTHOCHTEIIBHOE YIUTHHCHHE JIOKATBHOTO YYaCTKa JBYXCTOPOHHEH 2°-Am.n-BaKyyMHOI IPOTSi-
|i(i)

KCHHOCTHU B 5TOM CJIydac CJIICAYCT BbIYUCIIATH C TIOMOIIBIO (I)OpMyJ_IBI
IS :%(hu) +|iH)’ (1.22.20)
rae
(%) (+) (=) (£) (+) )
T T NP U T TS \/1+ 26, —1:\/1+—9" o1 (L22.21)
i ii i Gii

— +
[Tockonbky B 1H000M cilydae OJHA U3 KOMIIOHEHT gijo( ) unm gijo( ) gpnsercs OTPHULATEIbHBIM

YHCIIOM, OTHOCHTENNbHOE yaiuHeHue (1.22.20) MoXkeT 0Ka3aThCsi KOMIIEKCHBIM YHCIIOM.
B 9T0if cBsi3W OTMETHM CcIlEeAyIolee BaXKHOE 0OCTOSTEINb-

ctBo. Ecnu o6e cropons! BelpakeHus (1.22.19) ymHOXuUTh Ha

dx'dx!, To monyunM ycpeaHEeHHY0 KBaIpaTHIHYI0 GOpMyY ds &

ds“? = 3 (dsO%+ ds™?) (1.22.22) Vpds ©

2_ 22 R2
KOTOpasi HanoMuHaeT Teopemy ITudaropa ¢“=a”+ b*. Dro o3Haua-

er, urto orpeskn smHmi (%)*2ds”) u (%)"ds™) Beerna Bsanmuo
Vg (-
Jizds O

Puc. 1.22.1. CooTHolIeHHE
orpeskos ds7 u ds®

TepICHMKYIISPHEI 110 OTHOWeHHo apyr K apyry ds 7 ds ™ (puc.
1.22.1), a 1Be NUHUH, HANIPABJICHHBIE B OJTHOM M TOM K€ HaIpaB-
JICHUU, MOTYT OBITh BCETJa B3aUMHO INEPIIECHIUKYIISIPHBI TOJIBKO B
TOM clTy4ae, KOTJia OHH 00pa3yroT JABOWHYIO criupaib (puc. 1.22.2).

Takum o0Opaszom, ycpennenHas metpuka (1.22.22) coorBer-
CTBYET OTPE3KY (CKI'yTa», COCTOSIIEr0 M3 ABYX B3aWMHO IEpICH-
mukymsipubix crmpaneit s u s, TIpu aTom, Tak ke Kak ycpenHeH-

Hoe oTHocuTenbHOe ymiuuHeHue (1.22.20), yyacTok JaHHOM

«JIBOMTHOM CITUPAII» MOMKHO OMUCATh KOMITJIEKCHBIM YHCJIIOM

Puc. 1.22.2. Ecnu cripoennpoBath

= O4ide &
ds™'= }{/E (dS +ids )’ (1-22-23) TaKyIo JBOWHYIO CITUpajh HA
IIJIOCKOCTB, TO B MECTEC MEPECEUC-
KBaJ[paT MOAYJISE KOTOporo paseH (1.22.22). HUSL €€ JIMHUH BCET/1a B3AHMHO

NECPICHIAUKYJIAPHBI

Omnpenenenne Ne 22.1 k-oiceym — amo pezynomam ycpeoHeHuss MEMPUK ¢ PASHBIMU CUSHATNY-
pamu (20e K — uucno ycpeonsemuvix Mempuxk, m.e. YUcaio «HUMely 6 «ic2ymey).
B uwactHOCTH, yecpenHeHHas meTpuka (1.22.22) Ha3bIBaeTCs 2-KTYTOM, TaK KaK OHA «CKpy4€Ha»

w3 2-x mmuit («anreit»); dsO=ds* " dsO=dsC Y,
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Ha cnenyromem Gosnee rimyOMHHOM 16-CTOPOHHEM YPOBHE PACCMOTPEHHUS METPUKO - TUHAMU-
YeCKHe CBOMCTBA JOKABHOTO Y4acTKa 2°- Ay -BaKyyMHO# IIPOTSKEHHOCTH XapaKTEPU3YIOTCS CyIiep-
no3uuuei (T.e. alTUTUBHBIM HAJOKEHUEM WIN YCPEAHEHUEM) IECTHAAATH 4-METPUK CO BCEMU 16-10

BO3MOXXHbIMU curHatypamu (1.11.5), t.e. 16-xryrom:

dsy® = 1/16 (ds™ 2+ dst 24 dst 24 dstt 2 4
+dsC 2 4 dst T2 4 dsC 2 4 gt 2 (1.22.24)
+ ds(7+++)2+ ds(————)2+ ds(+++7)2+ ds(7++7)2+

+ T2 4 dsC T2 4 s 2 4 g =g,

B aTtom cinyuyae umeem 16 TeH30poB 4-nedopmarinii Bcex TUIIOB 4-IIPOCTPAHCTB

@ (2) (3 (4
& & & &
(5 (6) (7) (8)
& = 8?9) 8?10) gi(jll) 8?12) ; (1.22.25)
& & & &
(13) (14) (15) (16)
& & & &
rae a®= 1% (c® - cip™) (1.22.26)

— TeH3op 4-gedopmariuii p-ro 4-noaMPOCTPAHCTBA.
cijo(p) — METPUYECKUN TEH30P HEMCKPUBIEHHOTO yyacTKa P-ro 4-TIOMPOCTPAHCTBA;
cij(p) — METPUYECKUN TEH30P TOTO K€, HO UCKPHUBJIICHHOTO YJacTKa P-ro 4-MoanpoCTpaHCTBa.
IIpu 16-cropoHHEM ypoBHE paccMOTpeHHs oOmuil TeH3op 4-nedopmanuil &je) JTOKAIBHOTO
ydacTka 26-/1m+n-BaKyyMH0171 MPOTSHKEHHOCTU PaBEH
gie) = 1/16 (g @4 &i (2)"'é‘.j(3)+6‘|j(4)+aj(5)+6‘|j(6)+6‘|j(7)+6‘|j(8)+6‘|j(9)+

+glj(10)+(c"lj(ll)+aj(12)+glj(l3)+€ij(14)+€lj(15)+glj(16))| (12227)

a4 OTHOCHUTCJIbHOC YAJIMHCHUC JIOKAJIBHOI'O YYaCTKa «BaKyyMa» |i 16) B OTOM CJIy4ac CJICAYCT BbIYUCIIATH

no opmyne
liae)= 71l Paey + 721i Pragy+ 13 li Daey+...+ 72 1i s, (1.22.28)

rIe

1o _ |y 2 (1.22.29)

i(16) — 1+ com -1 e
rae nm (tne m =1, 2, 3, ... , 16) — opTOHOPMHUPOBaHHBIH 0a31UC OOBEKTOB, YOBICTBOPSIONINX AHTH-
KOMMYTaIlMOHHOMY COOTHOIIEeHUI0 anreopsl Knuddopaa

Nmtin + Mnflm = 20mn (1.22.30)

rJie Onm — €OUHUYHAS 16x16-MaTpwuia.

ITpu 3TOM ydacTok 16-Kryra COCTOUT M3 MIECTHAIUATH «HUTEH»:
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ds (16) = N1 dS(+___) + dS(++++) + 73 dS(___+)+7’]4dS(+_ - 4
+ (==+-) (*++--) =+--) (+-+-)
nsds + ne ds + n7ds + g ds + (1.22.31)
+ 719 dS(_+++) + 7710 dS(____) + 711 dS(+++ )y N12 ds C+ey
+ 713 dS(++_+) +7714 ds(__++) + N1 dS(+_++)+ 16 ds(_+ —+) — O

Ecnu Bce nuneitHbie HOpMBI ds(+f - *), ds(+ T +), e, ds(* M) yIaeTcs MPeACcTaBUTh B IUAro-
HAJIBHOM BuUE, TO B cooTBeTcTBUU ¢ (1.14.13) Boipaxenue (1.22.31) MOXHO HpPEICTaBUTH B CIHH-

TCH30PHOM BHUJC
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0 -1 i 0
o e g

[N

1 0 0
o= Jaon(y °Je o ) Jaen
o ( )

10 0 -1 0
R L N R g IR L BT
1 0
+
933 0 1
X,

gOO
gOO 0

o
=

0) +
% i
1 0 0 i dx, 0 1
0 1 gll | O gZZ 1 O
-1 0 0 1 l -1 0) 4+
O 1 gll 1 gZZX 0 g33X 1
1 0 0 i 0
+w$m& ]\Mw4| ]@g%LlJMM%%OJ+
10 - 0 i -1 0
R P R b PR A BT i
0 1 0 - -i 0
Faan(y O Jeafon( O e aDan(] Jedalen( [ 0)*
0 i 0
MR I IR g IR T G IR A
0 i 0 -1 1 0
+\/gé?dxo[ J NI dX{ OJ+ gé?dxz(l OJ+\/9§?dX{O o7
10 0 1 0 1 —i
T ol dxo(o J+ 9&‘”%[_1 Oj+\/g§£°)dxz[_l O)ﬂ/gé?”dxg[o
1 0 0 0 -1 1
MR I N et L TR
10 0 -1 01 -1
95 d 0[0 1} o Xl[ O] \/gélf)dxz[_l 0]+\/g§¥)dx3[o _J*
1 0 0 i 0 10
P T (e I g PR

0 1

10 0 -1 -i 0
+\/gé%;‘dxo[0 R I TR g TR

1 0 0 0 1 1 0
e[y e dalPo(; e 5 o] e ]

10 0 i i 0
+ 9% dx 0(0 1] 9% dx (1 Oj+,/g§126)dxz[i 0J+J@dx3(0 ij' (1.22.32)
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gOO
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Bo3MoxkHEI enie 6osiee rayOuHHble 2"-CTOPOHHHE YPOBHM PACCMOTPEHHUS METPUKO - JHHAMHU-
YECKUX CBOMCTB «Bakyyma» (mm. 1.2.9, 1.2.13 B [5]), ¢ yBeIMYEHHEM KOJIUYECTBA KOMIIOHEHT METPH-

YCCKOro TeH3opa 10 OCCKOHEUHOCTH.

1.23. ®u3nyeckasi HHTePNpeTaANHs HEHYJIeBbIX KOMIIOHEHT METPHYECKOT0 TEH30pPa
[TycTh METPUKO-IMHAMUYECCKUE COCTOSIHHUS ABYX 4-MEPHBIX CTOPOH JIOKAIBHOTO Y4YacTKa
Zs-ﬂmm-BaKyYMHOﬁ npoTsukeHHOCTH 3amatorcss merpukamu (1.21.4) u (1.21.6). Torma HeHyseBbie

KOMIIOHEHTBI MeTprueckux TeH3opos (1.21.5) u (1.21.7)

(+) (+) (+) G g6 g
" _| i 91 Oa O_[= 9 Y1 Oa

9op = O a0 g0 YT O 40 6 (1.23.1)
v Oy On Oy v Oy Oy Oy
© A0 0 O 4O 40
1; g23 g33 e gl3 923 g33

OTIPEIENISAIOT JIOKATbHYI0O KPUBHU3HY 3-MEpPHOU SUCHKH «BaKyyma». 3/1€Ch MHICKCHI ¢, [} TPEYeCcKOro
andaBuTa COOTBETCTBYIOT 3-MEepHOMY paccMmoTpenuto (a, f = 1,2,3).
CkansipHasi KpUBHU3HA 3-MEpPHOW SYCHKU «BaKyyMmMa» IpPHU JBYXCTOPOHHEM pPACCMOTPECHUU B
pamkax AC onpezaensieTcsi yCpeJHEHHBIM BbIpakeHHeM [2]
R® =y (RO+RM) (1.23.2)

rAC CKaJisipHast KpUBHU3HA KaXI0H1 U3 ABYX CTOPOH OIPCHACLIACTCA TaK KE, KaK B OTO

RO) = g(*)aﬁRaﬂ(*) u RM= g(+)aﬁRaﬁ(+), (1.23.3)
rie
I
_ Oy oI g
v x ox’

— TeH30p Puuun BHemHeH (-), WK BHYTpEeHHEH (+) «CTOPOHB» SYEUKH «BaKyyma»;

+ I =l (1.23.4)

rl, Z%g@@%ﬂ + Z?(aﬁu . aaii'ﬂj (1.23.5)
— cumBonbl Kpucroddens BHemneii (), Wi BHyTpeHHEH (+) cTopoHsl, rae g% 9To, coOTBETCTBEHHO,
g% o g%,
Tenzop 3-medopmaruii 3-MepHOU SUESHKH «BaKyyma» B OTOM ClIydae 3aJaeTcsl yCpeAHECHHBIM
BBIPAXKXCHUEM
Eop B =1, (éup *) 4+ Eop (f)), (1.23.6)
rIe
eup =¥ @)~ 9 up") (1.23.7)

— TeH30p 3-aedopmaruii BHEIIHEH CTOPOHBI SIUEHKU «BAaKyyMa;
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Eup ) =1, (gaﬁ(ﬂ —g aﬁ0(+)) (1.23.8)
— TeH30p 3-aedopmMaliii BHyTPEHHEH CTOPOHBI STUYCHKU «BaKyyMay.
Teopus nedopMaruu J0KaILHON 3-MepHOU 00JIaCTH «BaKyyMa» MOKET ObITh pa3BUTa MO aHa-
JIOTUU C TEOpUEH YMPYTrOCTH OOBIYHBIX (ATOMHCTUYECKHX) CIUIONIIHBIX YIPYTrO-TUTACTUYECKUX CPe

[17] npu ydeTe ABYXCTOPOHHETrO (MU 2"-CTOPOHHEr0) PACCMOTPEHHS.

1.24 ®dusnyeckas HHTEPpHpETALUA HYJIEBBIX KOMIIOHCHT METPUYECKOI'0 TEH30pa

Jlnst BBISICHEHUS (PU3MYECKOTO CMbICIIA HYJIEBBIX KOMIIOHEHT MeTpudeckux TeH30poB (1.21.5) u

(1.21.7)

(-) (-) (=) =) (+) (+) (+) (+)
o %0 920 Uz oo G0 Y2 U3
) gfﬂ) (+) géi)
ng = O , giO = ) (1.24.1)
95 .. . . oy ...
(-) (+)
9 . . . g

BOCITIOJIB3YEMCSI KHHEMATUKON JIBYXCTOPOHHEU 23-lm+n-BaKyyMH0171 [POTSAKEHHOCTH.
ITycTb HCXOmHOE (HEMOABMKHOE M HEHCKPHBICHHOE) COCTOSIHHE 2°-Am.n-BAKYYMHOH MPOTSi-
’KEHHOCTH 33/1a€TCsI COBOKYITHOCTBIO TCEBA0CBKINI0BBIX MeTpuK (1.7.3) u (1.7.4)
dse 2= Pdt?— dx® —dy?—dz? = ds"ds"” = cdtedt’— dx'dx”— dy'dy”’— dz'dz”’,  (1.24.2)
{ dsot?= — Pdt® +dx?+ dy 2+ dz? = ds™ds™) = — cdt'cdt’+ dx'dx”+ dy’dy”+dz'dz”,  (1.24.3)

rae
ds© = cdt’ +idx'+ jdy'+ kdz’  — auuuna cyokomnta; (1.24.4)
ds©O = cdt”+ idx"+ jdy"+ kdz "' — usnanxa cyoxonra; (1.24.5)
ds® = — cdt'+ idx'+ jdy'+ kdz’  — ruuuna antucy6koHTa; (1.24.6)
ds™ = cdt’—idx'— jdy"— kdz"" — usnanxa AHTHUCYOKOHTa (1.24.7)

- a(b(i)I/IHHBIG arperartbl, B HaCTHOCTH, KBATCPHUOHEI C Ta6HHHeﬁ YMHOXCHUSA MHUMBIX CIIUHUILL

Tabmuua 1.24.1

i | k
| -1 k |
jo| k| -1
k ] - | -1

Onpenenenue Ne 24.1 Jluyuna cyokonma — smo aggpunnasn 4-mepuas npoOmsA*CeHHOCMb C UH-
mepeanom muna ds©" = cdt’ + idx'+ jdy'+ kdz .
Omnpenenenue Ne 24.2 zuauxka cyokonma — 3mo a@@uuuas 4-mepHas npomsaiCeHHOCmb C

unmepeanom muna ds© = cdt’+ idx"+ jdy+ kdz .
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Onpenesenue Ne 24.3 Jluyuna anmucybokonma — asmo a@p@uuras 4-mepuHas npomsdiceHHOCb
¢ unmepsanom muna dst = — c dt’+ idx’'+ jdy'+ kdz .

Onpenenenue Ne 24.4 H3znanxa anmucyokonma — 3mo apdunnasn 4-mepHas npomsidiceHHOCb
¢ unmepsanom muna ds™"" = ¢ dt”’— idx"'— jdy”’— kdz .

PaccmoTpum uetkipe ciryyas:

1). Ilycth B mepBOM cllydae JuuuHa W U3HAHKA BHEIIHEW W BHYTPEHHEHW CTOPOH 23 Amen-
BaKyyMHOW NPOTSHKEHHOCTU (T.€. CyOKOHTa M aHTHUCYOKOHTA) JIBUTAIOTCS OTHOCHUTEIHHO HCXOJHOTO
HEMOJIBUYKHOTO COCTOSIHUSI BAOJIb OCU X C OJHOM U TOM K€ CKOPOCTHIO Vy, HO B PA3HBIX HAIPABIICHUSX.
3710 opMalIbHO OMUCHIBAECTCS TPEOOpa3OBaHUEM KOOPMHAT:

t'=t, X' =x+wt, y=vy, 7=z - wisaiuuunel, (1.24.8)
t'=t, X'=X-Wwt, Yy'=y, 7'=1 -— nnsausuauxu. (1.24.9)

PaBeHcTBO MOynelt CKOpPOCTEl ABMXKEHUS Vy JUYUHbL U USHAHKU OOYCIIOBJIEHBI «BaKyyMHBIM
YCIIOBHEM», KOTOpPOE TpeOyeT, YTOOBl KaXXIOMY IBI)KEHHUIO B «BaKyyMe» COOTBETCTBOBAJIO aJCKBaT-
HOC aHTHUBUKCHHE.

[Tpomuddepenunponan (1.24.8) u (1.24.9), u noacraBuB pe3ynbrarhl AudQepeHnpoBaHus B
Metpuki (1.24.2) u (1.24.3), nomyduM COBOKYITHOCTh METPHK

ds2= (1+ v, 2P cPdt>— dx® — dy? — dz?; (1.24.10)
{ ds™?= — (1+ v,2I)c’dt?+ dx®+ dy?+dz? (1.24.11)
OICHIBAIOIIMX KHHEMATHKY COBMECTHOTO [BHKCHHS BHEIIHEH U BHYTPEHHEH CTOPOH 2°-Am.n - BaKy-
YMHOMU MPOTSKEHHOCTHU (CYyOKOHTa M aHTUCYOKOHTA), IPU COOJIIO/IEHNH «BAKYYMHOTO OajlaHcay:
ds©? + ds™2= 0,

2). Bo BTOpOoM cnyuae, MycTh u4UHA U U3HAHKA CYOKOHTAa U aHTUCYOKOHTA JIBUTAIOTCSI OTHO-
CHUTEJIBHO UX MCXOHOTO HETOABIKHOTO COCTOSTHHSI B OJTHOM U TOM JK€ HAIpPaBJICHUU — BIOJb OCH X C
OJIHOM U TOM e CKOPOCTHIO Vy. DTO (hOpMaIbHO OMUCHIBAETCS MPeoOpa3oBaHUSIMHU KOOPANHAT:

t'=t, X =X—-wt, Y=y, 7=z — 1 «ITUIuHbD; (1.24.12)
t'=t, X'=X-Wt, VYy'=y, 7'=71 — 1Ig «a3HAHKW. (1.24.13)

[Mpomuddepennmponas (1.24.12) u (1.24.12) u nmoacTaBuB pe3ynbTaThl AuddepeHnnpoBanus B

meTtpuki (1.24.2) u (1.24.3), nomy4yuM COBOKYITHOCTh METPHUK:
dsO?= (1- v2/c?)cPdt® + vydxdt + v,dtdx — dx® — dy’— dz?, (1.24.14)
{ ds™? = — (1- v,2Ic®)c’dt? — viedxdt — vydxdt + dx?+ dy?+ dz°. (1.24.15)

+)2
"2 - 0, HO BO3HHKAIOT

. )2
B 5TOM clyyae BakyyMHbIIi GanaHc Takxke cobmonaercs, T.k. dsO? + ds
JOTIOJTHUTEIbHBIC TIEPEKPECTHBIE ciraraemMbie Vydxdt.

HyneBbie KoMIOHEHTHI MeTprYecKuX TeH30poB (1.24.1) Bo BTopoM OoJiee, o0mieM ciiydae paBHbI

98



1-vi/e* v, 00 “1+v2/c -v, 0 0
] Vi o e -V e
(=) _ X + X
05 = ) - , gi(o) - . - , (1.24.16)
0 . . .

o o 3
3) IlycTb uuuna v uzHanka CyOKOHTA M aHTUCYOKOHTa (BHEIIHEH M BHYTPEHHEH CTOPOH 2°-
Amsn - BAKYyMHOH MPOTSHDKEHHOCTH) BPALIAIOTCS BOKPYT OCH Z B OJJHOM M TOM >K€ HAIlPaBJICHUU C yT-

JIOBOM CKOPOCTbH £2. DTO OMMUCHIBAETCS IOCPEICTBOM 3aMEHBI IEPEMEHHBIX:

‘=1, X’=Xc0s2t—ysinQ2t, z’=z, y=xsinQ2t+ycosNt, (1.24.17)

7/ —

=1, X”7=xc0sQt-ysinQt, z”7=1z, y”’=xsinQ2t+ycosQt. (1.24.18)

[Tpomuddepenunponas (1.24.17) u (1.24.18) u noacraBuB pe3ynbrarhl AudepeHupoBanus B
metpuku (1.24.2) u (1.24.3), monyuum metpuku [10]

{ ds?= [1- (©2%/%)(* HA)]PdtP+202 ydxdt — 202 xdydt — dx® — dy? - dz?, (1.24.19)
ds?= — [1- (€22 /%) (* HA)]PdtP-202 ydxdt +22 xdydt + dx® + dy® + dz?, (1.24.20)

B OUIMHAPHUYICCKUX KOOpAWHATax

pi=x*+y%, 1=z, t=t, e@=arctg(y/x)- Qt. (1.24.21)

metpuku (1.24.19) u (1.24.20) npuobpeTarot BUI

{ ds= (1-p*R%c?) - p /e dgdt - p*Q/c didg—dp® - pdp®—dz',  (1.24.22)
dst? = — (1 p° Q%) At +p Q2 /edgrt +p 22 /cdtdp + dp® +p dp? +dz%.  (1.24.23)

[Tpu 5TOM KOMIIOHEHTHI METPUYECKUX TeH30poB (1.24.1) paBHbBI

1-p* QI —pQle 0 0 ~1+ p*Q% It p*Qle 0 0
2 2
é])Z pQlc P | o pQlc e . (1.24.24)
0 e o . ..
0 e 0

4) Taxxe MOXKET ObITh PAaCCMOTPEH Ciy4ai, Korja Juuuna U usHanka cyOKOHTa U aHTUCYOKOHTa
BpalaroTCiad BO B3aUMHO ITPOTUBOIIOJIOKHBIX HAITPABJIICHUAX C yrﬂOBOfI CKOpPOCTBHIO (2. DTO OmHCHIBa-
€TCA IMOCPCACTBOM 3aMCHBI IICPEMCHHBIX !

=1, X’=XcC0s2t-ysint, z’=12, y’= XxsinQt+ycosNt, (1.24.25)
t’=t, X”7=-xcosQt+ysinQ2t, z’=z, y”’=-xsinQ2t-ycosQt. (1.24.26)
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" IPpUBOAIUT K aHAJIOTUYHBIM PE3yJIbTaTaM.

U3 PACCMOTPCHHBIX ITPUMCPOB BUAHO, YTO HYJICBBIC KOMIIOHCHTBI METPUUCCKOI'O TCH30pa CBA-
3aHbl C NIOCTYHNATCIIbHBIM H/UIIn BpamaTCJIbHbBIM ABUXXCHUCM Pa3IMYHBIX CTOPOH 23'ﬂm+n'BaKyyMHOI>'I
MMPOTSAKCHHOCTH.

CocrostHne JBHIXXCHUA JIOKAJIBHOI'O 3'MCpHOFO ydaCTKa «BaKyyMa» XapaKTCpU3YyETCA yCpCaAHs-

€MBIMH HYJIEBBIMA KOMIIOHEHTaMH METPUYECKOTO TEH30Pa
05 = %0+ 95). (1.24.27)

Bo Bcex 4eThIpex pacCMOTPEHHBIX CIy4asX yCPEAHCHHBIE HYJIEBbIC KOMIIOHEHTHI METPHYECKO-

ro tenszopa (1.24.27) paBHBI HYJIIO g( o) —}/(g () g ) 0 . DTO 03HaYaeT, YTO BHYTPU JIOKATBHOTO

3-MEpHOTO y4JacTKa «BaKyyma» MOTYT MPOTEKaTh B3aWMHO IPOTHBOIOJIOKHBIC BHYTPUBAKYyMHBIC
MIPOLIECCHI, HO, B LIEJIOM. 3TOT YYaCTOK OCTAETCSl HEMOABH>KHBIM.

Tem He MeHee, BO3MOXKHBI Cly4au, KOrJla BHYTPHUBAaKyyMHbIE IPOILIECCHI 3a CYeT (ha30BbIX
C/BUT'OB MOT'YT KOMIIEHCUPOBAaTh JIPYr JIpyra HE JOKaJbHO, a rI00anbHO. B 3TOM ciyuyae JioKanbHbIN
3-MEepHBIH y4aCTOK «BaKyyMa» MOXET Y4acTBOBAaTh (KaK II€JI0€) B HEKOTOPOM 3aMBICJIOBATOM 3aMKHY-
TOM JBM>KEHUHU. PaccMOTpuUM Tako# ciiydaid Ha KOHKpPETHOM npumepe. [lyCTb B HEKOTOPOM JIOKAJIb-

HOM YYaCTKE «BaKyyMa» KMHEMATUKA BHYTPHBAKYYMHLIX IMIPOLECCOB TAKOBA, YTO

t'=t, X =x+vit, VY=Y, 7=z — anaauuunsi CyOKOHTa; (1.24.28)
t'=t, X'=x-vxt, VY'=y, 7"=7 — g usnanku cyOKOHTa, (1.24.29)
t'=t, X =X+vxit, VY =y, 7=z - usdauyunsl aHTUCYOKOHTA; (1.24.30)
t'=t, X'=Xx-vgl, VY'=y, 7= — nndauznanku aHTUCYOKOHTA, (1.24.31)

TIOE Vix # Vox# Vax £ Vax, HO coOrogaercs o0 0aganc IBUKEHUS
Vix — Vox + Vax— Vax = 0. (1.24.32)
B aToMm citydae BHEIIHSIS M BHYTPEHHSS CTOPOHBI 23-lm+n-BaKyyMH0171 NPOTsSHKEHHOCTU (CyO-
KOHTa U aHTUCYOKOHTA) OMMCHIBAIOTCS COBOKYITHOCTBIO METPUK
dsO= (14 vy Vaulc?)c?dt? — vy dtdx + vocdxdt— dx? — dy? — dz%; (1.24.33)
ds™2= — (1+ Vay Vil ?)C2dt? + vaedtdx — vaydxdt + dx® + dy? + dz?, (1.24.34)
IIPY 3TOM HE PaBHBIC HYJIO YCPEIHEHHBIC HYJIEBbIE KOMIIOHEHTBI METPHUYECKOTO TeH3opa (24.27) pas-
HBI
Joo = (VaxVax — Vax V)2 Qo1 = (Vax— V)2, 10 = (Vax— V)2 (1.24.35)
mpu  (Vix + Vax) — (Vox + Vax) = 0. (1.24.36)
OTO 03HAYaET, YTO PACCMATPUBAEMBIN 3-MEpHBIH JOKAIbHBIN Y4aCTOK «BaKyyMay» y4acTBYET B
3aMBICJIOBATOM JIBHXKEHHUHU BJIOJIb OCH X MPH (HOPMAILHOM COOJIIOJICHUH «BAaKyyMHOTO OanaHca» B OT-

HOIIICHHUH TIOJIHOTO KoJiiuecTBa ABrkeHus (1.24.32).
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Puc. 1.24.1. nmocTpaiyst CTEYCHUs «BaKyyMa» K LEHTPY
€ro UCKPHBIICHHOI 06acTu

1.25 IpeneabHasi CKOPOCTH MepeMenieHusl C10eB An.n-BaKyyMa
3a1a/MMCs BOIIPOCOM: — «It00ast I CKOPOCTh MOXKET GBITh Y CTOPOH 2°- Am.n-BaKyyMHOI1 IpoO-
TSOHKEHHOCTH?» PaccMOTpuM JaHHBIN Bonpoc Ha npumepe metpuku (1.24.14)
ds©? = (1- v ZcP)cPdt® + 2vydxdt — dx® — dy*— dz2. (1.25.1)
Boigenum B (1.25.1) nonHelii kBagpaT

2

2 2
dst? = dt?[ ¢y [1- % - VCX” dx _| - X gy —dz? (125.2)
c C 1_V7X 1_V
C

N

1 BBCIACM 0003HaYCHHUS

c'=cl-=% -2 ——, t'=t, x':L, y=y, 7'=z. (1.25.3)

B stx o603nauenusx metpuka (1.25.1) mpuHumMaet Bug
dsO? =c2dt2 —dx'’ —dy'> —dz'”. (1.25.4)
dusnyeckuii cmpicn Beipaxenuit (1.25.2) — (1.25.4) B kopHe oTiuyaercs ot akcuomatuku CTO
u OTO A. DiiHmiTeitHa, mosToMy TpeOyeTcst JOMONMHUTEIbHOE pazbsicHenue. [locTynar DifHiTeiiHa o
MIOCTOSIHCTBE CKOPOCTH CBETa B BaKyyMe OCTaeTcsi HeM3MeHHbIM. Ho, eclii y4acTok oJJHOH U3 CTOPOH
23-Zm+n-BaKyyMH0171 MPOTSDKEHHOCTH JIBHXKETCS KaK I[eJI0e CO CKOpOCThio Vi [cMotpute (1.24.12) —

(1.24.15)], To mas cTopoHHEero HabmomaTeNs, HaxojAierocs Ha Hemozasmkuoi PJIC (puec. 1.3.1),

IpSIMO¥i JTyd cBeTa OyIIeT pacrpoCTPaHATHCS CO CKOPOCTHIO
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c=ofl- e 2 (1.25.5)

OT0 Mom0OHO TOMY, KaK HEMOJABI)KHBIN HAOMI0IaTellb U3MEPSIET CKOPOCTh PACIPOCTPAHEHUS
BOJIH, PacCIpOCTPAHSIONINXCS IO JABIKYIIEHCS MOBEPXHOCTH peku. Takoil HaOmonaTens 0OHAPYKHT,
YTO CKOPOCTh PACIpOCTPaHEHHs] BOJHOBBIX BO3MYILEHHH 3aBHCUT OT CKOPOCTH TEUECHHUS PEKH, TOT/A
KaK OTHOCHUTEJIbHO CaMOM BOJBI CKOPOCTh PAaCHpPOCTPAHEHUs BOJH OCTAETCS HEM3MEHHOW, U 3aBHCHUT
TOJIBKO OT CBOMCTB caMOi BOJIBI (€€ IUIOTHOCTH, TEMIIEPaTyphl, IpUMecei U T.11.).

U3 Beipaxenuii (1.25.3) cienyer, uro B ciaydae (1.24.12) — (1.24.15) ckopocTh pacripocTpaHe-
HUS GHeulHell CTOPOHBI 23-/1m+n-BaKyyMHOI>'I MPOTSKEHHOCTH (CYOKOHTa) HE MOKET MPEBBICUTH CKO-

pocth cBeta. [Ipu Manbix ckopocTsx (Vx << C) UIsi CTOPOHHETO Ha0III0JaTeNsl CKOPOCTh C’ OKa3bIBACTCA

V. X

X

cdt’

HECKOJIBKO MEHbIIIEH CKOpPOCTH CBCTa c'=c—

Takum obpasom, s ciaydas (1.24.12) — (1.24.15), HecMOTps Ha TO, YTO MHTEPIPETALUN Ma-
temaruueckoro ammapara AC u CTO oTiuyaroTcsi, OCHOBHbIC (DPH3UUECKHE BBIBOJBI OCTAIOTCS MPEXK-
HUMHU.

Onnaxo s ciny4vas (1.24.8) — (1.24.11) neno obctouT mo-apyromy. PaccMoTpum f1aHHBIN Ba-
pPHAHT BHYTPHBaKyyMHBIX IPOLECCOB HA MpPUMEpE ABMKEHHs CYOKOHTA, OMUCHIBAEMOTO METPUKOU

(1.24.10)

ds©? = (1+ v, 2/c?)cPdt>— dx? — dy? — dz°. (1.25.6)
B sToM cimyuae BBeneHne 0003HauCHUM
VZ
c'=c 1+C—X2, t'=t, X'=x%x, y=y, 7'=z. (1.25.7)

npuBoauT MeTpuky (1.25.6) k uuBapuantHomy Buay (1.25.4), HO HUKAKUX OrpaHUYCHHUI HA BCTpEU-
HBIE CKOPOCTH ABMKEHUS Vy JUYUHBL U U3HAHKY CYOKOHTa HEe BO3HUKAeET. JlaHHOE 00CTOATENbCTBO Tpe-
OyeT OTAEIBHOrO MOJPOOHOTO PACCMOTPEHUS, TOCKOJIBKY OHO JIOMYCKAaeT BO3MOYKHOCTh OpraHHU3aLUuU

CBCPXCBETOBBIX BHYTPHBAKYYMHBIX KaHAJIOB CBA3H.

1.26 UHepTHBIE CBOIiCTBA C10€B Ay.n-BaKyyMa
Bepuemcs k paccMotpenuto MeTpuk (1.24.2) u (1.24.3)
dst 2 =ds(2= cdt® — dx®— dy?— dz°, (1.26.1)
dsC** 12 = ds2 = _ c?dt? + dx® + dy? + dz” . (1.26.2)

BoineceM BenuuuHy ¢20t’ B IPaBbIX YacTAX THX METPHK 33 CKOOKH
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2
ds)? = c2dt? (L Z—z) , (1.26.3)

2
ds’? = —czdtz(l—\é—2) , (1.26.4)

rae v = (dx® +dy? +dz%)?/dt = dI/dt — 3-mepras ckopocTs.
W3BiaeueM KOpeHb W3 JBYX CTOPOH MoiyduBIIMxcs Beipakenuit (1.26.3) u (1.26.4). B
pe3yJbTare, COrJIacHO YCJIOBHBIM 0003HadYeHusM (1.24.4) — (1.24.7), nonyuum

2

ds™' = cdt,[1- \é—z — JUISL Iuyurbl CyOKOHTA,; (1.26.5)
ds' = —Cdt@ — JUIS U3HaHKY CyOKOHTA, (1.26.6)
ds™)'=icdt 1—\é—2 — JUISL AU4UHbL aHTHCYOKOHTA, (1.26.7)
ds™'= —iCdt\@ — JUISL U3HAHKY aHTUCYOKOHTA. (1.26.8)

Jnis mpumepa paccMOTpUM 4-MepHBII BEKTOP CKOPOCTH JuuuHbl CyOKOHTa [ 14]
i = dx'/ds". (1.26.9)
IMoacrasnss (1.26.5) B (1.26.9), momydnM KOMIOHEHTHI 4-cKopocTH [ 14]

\"
! Yy y .| (1.26.10)

v v v v?
\/1_02 CJl‘cz C\/l_cz C\/l_cz

HYCTL JUYUHA CY6KOHTa ABUTACTCA TOJIBKO B HAIIPAaBJICHUH OCH X, TOT A €€ 4'CKOpOCTL nMECT

u) =

KOMITIOHCHTBI

1T I S (1.26.11)

v
Jl‘ P’ C\/l_cz

Onpenenum tenepb 4-yCKOpeHHeE auyuHbl CyOKOHTA

du® d 1 d v
—=— || — | —/—=,0,0 1.26.12
cdt cdt 1 v cdt V2 ( )
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1 PacCMOTPUM TOJBKO €0 X-COCTABIISIONLYIO

(=)
du " _d) v | (1.26.13)
cdt  cdt v2
-3
C
1€ BCJIMYUHA
df_ Y |_q0 (1.26.14)
dt V2
e

HMCCT pa3MCPHOCTDb X-KOMIIOHCHTDI 3'MepHOFO YCKOPCHUA.

B neBoit wactu (1.26.14) BeimonHuM onepanuro 1udGepeHInpoBaHus

O 1 v, dv,
a,’ = =+ 7 g (1.26.15)
\/1— ol W) t
2 c - X
Cc c2
H BBeJlEM 0003HAUYEHHE
dv/dt = a, ", (1.26.16)
[Tpu sTom BeIpaxenue (1.26.15) npuHrMaeT BUI
. 1 V2 2y
al) = v + @ (1.26.17)
N
1_ X 2 Vx 2
e )

rae a,\ ) — aKTyanbHOe YCKOPEHHE YUaCTKa JuuuHbl CyOKOHTA, YIUTHIBAIOLICE €€ MHEPTHBIC CBONCTBA;
a7 — HieanbHOE YCKOPEHHE TOT0 XKe YUaCTKA JuduHbl CyOKOHTA.

[TpencraBum Beipaxenue (1.26.16) B cieqyromeM Buae

a) = uPal, (1.26.18)

rac

2
S - 4 (1.26.19)
=
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— 0Oe3pa3MepHbI KO3(PPHUIIMEHT MHEPTHOCTH, CBS3BIBAIOIIMM aKTyaJlbHOE W HJI€aTbHOE YCKOPEHHUS
M3y4aeMOro JIOKaJbHOTO YYacTKa Iu4uHbl CyOKOHTA, U TMOKA3bIBAIOIINH, KaK U3MEHSIETCS HHEPTHOCTh
(T.€. CONPOTUBIISIEMOCTh U3MEHEHHUIO COCTOSIHUSI ABM)KEHUSI) 3TOTO yyacTKa IIPU U3MEHEHUHU CKOPOCTHU
€ro JBUKECHUS.

N3 Beipaxenus (1.26.19) cnenyer, yto npu V, = 0 KOAPPUIHEHT MHEPTHOCTH yx(_) =1lwu
al” =a?’". 310 o3mauaer, uTO y4aCTOK UUUHbI CYOKOHTA HE OKA3BIBAET HHUKAKOIO CONPOTHUBICHHS

Havairy ero aBwxeHus. [lpu npuOmmwkeHnH V, K CKOPOCTH cBeTa ¢ KOA((GUIIMEHT MHEPTHOCTH ,ux(_)
CTPEeMHUTCS K OECKOHEYHOCTH, IPH 3TOM JajbHEHIee YCKOPEHUE JuuuHbl CyOKOHTA CTAHOBHUTCS HE-
BO3MOXKHBIM.

Beoipaxxenue (1.26.18) sBisiercss 6e3MaccoBbIM aHAJIOrOM BTOPOro 3akoHa HeloToHa

Fx = may’ (1.26.20)

rine Fy —koMrmoHeHTa BEKTOpa CHJIBI; M — Macca Tela; 8y '— KOMIIOHEHTa €ro UealbHOrO YCKOPEHUSI.

CpasuuBas (1.26.18) u (1.26.20), oOHapy)HBaeM, UTO B Ay.n -BaKyyMHOU THWHAMUKe Oe3Mac-
COBBII KOO((UILMEHT MHEPTHOCTH /) JTOKAIBHOrO Y4acTKa uuuHbl CyOKOHTA SBISETCS AHAIOrOM
IUIOTHOCTH MHEPTHOW MAcChl CIUIOIIHON CPe/Ibl B IOCT-HBIOTOHOBCKOH (pusnke.

[MocnenoBarenbHON mocTaHOBKOM MHTepBaANoB (1.26.6) — (1.26.8) B BRIpakenue (1.26.9) ana-

- //’ (+) /1 +) s

JIOTUYHO MOTYT OBITh NOJTY4YeHbI KO3()OUIIMEHTbI MHEPTHOCTH Ll M " 11 TPEX OCTalIbHBIX

78
apUHHBIX CII0EB 2% Amen -BaKyyMHOH mpoTskeHHOCTH. OOumil K03(h(HUIMEHT HHEPTHOCTH JIOKAIb-
HOTO Y4acTKa 2°-An.n-BaKyyMHOM MPOTSIKEHHOCTH SIBISETCS DYHKIHMEH OT BCEX YeThpex Kod( uIii-
€HTOB HHEPTHOCTHU
w8 =1 (1O, 1O 1 197 (1.26.20)
Bug stoit ¢pynkuuu OyneT onpeaeneH B NOCIHEAYIOMUX CTAThIX MPH U3IOKEHUU Am:n - BaKy-

YMHOU JTUHAMHKHU.

1.27 KunemaTuka pa3pbiBa JIOKAJIBHOI0 YYAaCTKA «BAKYYMay

Bo MHOro# MyApOCTH MHOTO NE€YaIH; U KTO
YMHOXaeT M03HaHNe, YMHOXKA€eT CKOPOb.
Exxnecuacm (bubnus, cmp. 666)

CBeroreoMeTpusi «BaKyyMa» OTKPBIBA€T OOJBIINE BO3MOKHOCTH MO PA3BUTHUIO «HYJIEBBIX)»
(BakyyMHBIX) TexHONOTHMH. MaremaTudeckuii ammapat AnreOpsl curHaTyp (AJICUTHA) TO3BOJISET
CIPOTHO3UPOBATH PsiJl BAKyYyMHBIX 3()(PEKTOB, KOTOPHIE B MPUHIIUIIE HE MOTYT OBITh MpeACKa3aHbl CO-
BPEMEHHOMN «OJHOCTOpOHHEH» pusukoit. Hampumep, Asicuraa yka3biBaeT Ha BO3MOXKHOCTB: «3aMopa-
KUBAHUS BAKyyMay, «UCHApPEHUSI BaKyymay, «IETOHAIIMU BaKyyMay», «pa3pbiBa BaKyyMay, «IOJIyde-
HUA DOHCPIrUU U BCHICCTBA U3 MYCTOTHI», «PA3BUTUC AJIbTCPHATUBHBIX CHOCO60B NEpeMCIICHNA B BaKy-

YME» U T.AO. O,HHaKO BCC 3TH HAITPaBJICHUA I/ICCJ'IeI[OBaHI/Iﬁ TasAT B ce0e OIMaCHOCTH KOJIOCCAIbHBIX pas-
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PYLIEHUN U COUMAIBHBIX MOTPsiCeHUH. [1oaTOMY, mapaieIbHO ¢ Pa3BUTHEM «HYJIEBBIX» TEXHOJIOTHIA
HEOOXOJIMMO TEPEOCMBICIIUTh PEIUTHO3HO-(QUIOCOPCKUE aACTIEKThl COBPEMEHHOW HAYYHOW MBICIIH,

pa3ButTh «BakyyMHyt0 OTuKy», «BakyymHyto Ocretuky» u «Bakyymuyto Ilcuxomnorurom.

«

HYJIEBBIX» (BaKYyMHBIX) TEXHOJIOTHSIX MOKHO OyJIeT TOBOPUTH OOJiee JETalbHO TOCIE U3JI0KEHUS B
CIIeAYIOMHUX paboTax Am.n-BaKyyMHOU JMHAMUKH.

B 10l cTaThe paccMOTpUM TOJIBKO KMHEMATHYECKHE ACMEKThl BOZMOXKHOCTH «pa3phiBa» JIO-
KaJIbHOTO Y4acTKa «BaKyyMa».

[Tpounrerpupyem Boipaxkenue (1.26.14) [15]:

v
—Xzzaxt+const. (1.27.1)

Wnterpupys (1.27.1) eme pa3, u nonaras Xo = 0 npu t = 0, umeem cienyroiee U3MEHEHHE pac-

CTOSIHUSI BAOJIb OCH X TP YCKOPEHHOM JIBUKCHHUH JTUYUHDBL CY6KOHTaI

2 242
c a;t
X—=Xg=AX=—| [1+—=5— -
a c
X

1

[Tycth ucxoaHoe (T.€. HEMOJABMKHOE) COCTOSIHME JIOKAJIbHOTO y4acTKa CyOKOHTa 3a/1aeTcsl MH-

tepBasiom (1.24.2)
dsO? = c2dt’2 —dx'2 —dy'2 —dz'? (1.27.2)

PaBHOYCKOpEHHOE JBIKEHUE NaHHOTO Y4acTKa BIOJL OCH X (OpMaIbHO 3aaeTcst mpeodpaso-

BaHUEM KoopauHat [32]:
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a’t?
t'=t, X' =x+AX=x+—|,1+=2—-1|, y=y, 7=z (1.27.3)
C

X

(]
N

Huddepenuupys xkoopaunatsl (1.27.3), u mojacraBiss pe3ynbraThl Tud(GepeHIUpOBaHHs B

(1.27.2), nonyunum metpuky [15]

2442
(-2 _ codt 2a, tdtdx 2 2 2
U5, " =— 7 ‘\/ — W -yt -a, (1.27.4)
1

1+ ay t axztz

C2 C2

OIMCHIBAIONIYI0 PAaBHOYCKOPEHHOE JIBUKEHHUE JIOKAJIBHOTO yJacTKa CyOKOHTa (T.€. gHeutHell CTOPOHBI
3 o
2°- Am-n-BaKyyMHOW NIPOTSDKEHHOCTH) B HAIIPABJICHUH OCH X.
Ecnu B 310ii e o0nacTu CyOKOHTa CO34aTh JIOMOJHUTEIFHOE TEYEHHE C PaBHO3aMEVICHHBIM

ABHUIKCHUCM, T.C. C OTPULATCIIbHBIM YCKOPCHUCM

——=_|=-a, 1275
& T (1.275)

TO, MPOJICIbIBAsI MATEMATUYECKUE BBIKJIAAKK aHagorudubie (1.27.1) — (1.27.4) nmoay4um METpUKY

. c2dt?>  2a_ tdtdx
ds, = =37~y UK —dy'-dz’, (1.27.6)
Al &t
C c2

HpI/I 9TOM CpCIAHCEC METPUKO-AUHAMUYCCKOC COCTOAHUC JIOKAJIbBHOI'O yd9aCTKa Cy6KOHTa 6y,[[eT

XapaKTEePU30BaTbCA YCPEIHEHHON METPUKON

<ds® >? = %(dsi’z + dst(,’)z):

(1.27.7)

2t2

- a,t \/ \/ dtdx
- cd54_ — dx? —dy? — dz?
a,t f
1- o
¢ curHatypoii (+ — ——). OTKyaa BUAUM, 4TO TpU
a‘t!
=1, wm |aft=c wm |a=c/At, (1.27.8)
c

MepBOe M BTOPOE cliaraeMele B ycpeaHeHHou metpuke (1.27.7) oOpamiaroTcss B 6ecKkoHEeYHOCTh. [laH-
HYIO CHHTYJISIPHOCTh MOKHO MHTEPIIPETUPOBATH KaK «Pa3phbIB» UCCIEAYEMOTO y4acTKka CyOKOHTa (T.e.

o 3 v
6HeuiHell CTOPOHBI 2°-Am.n-BaKyyMHON POTSHKEHHOCTH).

107



«Pa3pbIB» CyOKOHTa — 3TO HEMOJIHOE JACUCTBHE. J[JIsI MTOHOTO «pa3phiBay JIOKAJIBHOTO y4acTKa
23~ Jimen-BaKyyMHO#1 TIPOTSKEHHOCTH HEOOXOIMMO «IIOPBATBY U €€ BHYMPEHHIOI CTOPOHY, OIHCHIBAC-
Myt merpukoii (1.26.2) ¢ curHarypoii (— + + +). Jlist 3Toro He06X0IMMO B aHTUCYOKOHTE TOH e 00-
JACTH Am-n-BaKyyMa CO3/1aTh aHAJOTMYHbIC PABHOYCKOPEHHbBIC U PaBHO3aMEIJICHHBIC TCUCHHUS, YTOOBI

€ro CpeJIHEE COCTOSHUE ONPEAEIISIIOCh YCPEIHEHHON METPUKOM

<ds® >% = %(dsg”z + dsé”z):

(1.27.9)
242 242
at \/1— ax'; +\/1+ aXE dtdx
=— T+ +dx° +dy” +dz°,
1-> x
c’ \/ ¢t
C CUTHATypoi (— + + +), KOTOpast «pBETCS» MPU TEX K€ YCIOBHUIX
a4t4

=1, Wi |alt=c, wm |a=C/At (1.27.10)

C4

Ycepennenne metpuk (1.27.7) u (1.27.9) npuBOIUT K BBIOJHEHUIO BAKYYMHOT'O YCIIOBHS

<<ds >>’=¥(<ds™ >* + <ds” >?)=0, (1.27.11)
KOTOPO€ B JJAaHHOM CUTYallMM 3KBHBAJIECHTHO TPETbeMy 3aKOHY HbIOTOHA: — «1eiCTBHE PaBHO IIPOTH-
BOJICUCTBHUIO»
FO-FO = mal?-ma = a - a0 (1.27.12)

To ecTh mporiecc «pa3pbiBay JOKATBHOTO YYacTKa «BaKyyMay aHAJIOTHYEH Pa3pbIBY OOBIYHOTO
(aTOMHCTHUECKOT0) TBEPJIOTO Tea, K KOTOPOMY C ABYX €r0 CTOPOH MPHIIOKEHBI TOCTATOYHO OOJIBIINE
paBHBIe CHJIBI, TOYHECC YCKOpeHI/IH.

HC HCKIIFOUCHO, YTO OIIMCAaHHBIC BBIIIC yCHOBI/Iﬂ «paspLIBa» ((BaKyYMa» CKJIaAbIBAKOTCA HpI/I
CTOJIKHOBCHHUHN 3H€MGHTapHLIX qacCTHull, paSOFHaHHI)IX Ha YCKOPI/ITeJ'Ie. CI/IJ'H)HOG coy)]apeHHe qacTu
HpHBOJIHT K BO3HHUKHOBCHUIO HaYTI/IHBI BaKyyMHI)IX ((TpeI]_[I/IH», HpI/I 3TOM SaMKHyBIHI/IeCSI TpeHII/IHI)I
paBJ’ICTaIOTCSI B BUAC MHOXECTBAa HOBBIX «YHAaCTHUL» U «KAHTHUYACTHUIL» (HO,Z[O6HO OCKOJIKaM pa361/1T01“0

CTEKJIa).

BriBoabl
CeroreoMeTputo ANreOpbl CUTHATYp CIEAOBA0 Obl HAa3BaTh «IIYCTOMETPHEH», MOCKOIBKY
Hccaeayercs «Bakyym» («imyctotay), a He [ es (ap.-rped. I'), I'd, I'oia — 3emist). OgHako Bcs pa3BuBa-

€Masd 31€Ch TCOPUS IMOJTHOCTBIO MPUIroAHA U JJIA UCCICA0OBAHM CINIOIIHBIX ATOMUCTHYCCKUX CPE (Ta-
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KHX, KaK BOJIa WJIK TBEpJIbIe Tesa), TOJIBKO JaHHbIE CPEbl CIEAYyeT 30HAUPOBATh HE JIyuaMHu CBETa, a
Jly4aMH 3BYKOBBIX BOJIH, KOTOPBIE PACTIPOCTPAHSIIOTCA B 3TUX CPEJlax C MOCTOSSHHON CKOPOCTHIO.
[lepeunciiim OCHOBHBIE OTIAUYMS npearaemon Teopunt o OTO A. DiiHinTelHa.

1. OTO paccmarpuBact TOJIBKO OJHY METPHUKY, HAIpuMep ¢ curHarypoii (+ ———) (1.7.5)

ds® %= g;Odx'dx!

U CIIEIOBAaTEIbHO OJHOCTOPOHHEE ICEBJOEBKIINIOBO MPOCTPAHCTBO, YTO B Psi/I€ CIy4yaeB MPUBOAUT K
napagokcam. Torma kak Anre6pa curHatyp (AC) yduThIBaeT COBOKYIHOCTH 16-UM BCEBO3MOKHBIX
metpuk (1.11.1) [um (1.20.4)]

ds 02 et trNZ el h2 gt 2

dsC 92 ggt+2  gsC+-I2 (gtt— + 2

dsC 92 gt 02 ettt Iz g+

dstH M2 gt gelr ot gt -2

U CJIE€I0BATENIbHO MOJHYIO COBOKYIHOCTh 16-1 TUIIOB 4-MEpHBIX MPOCTPAHCTB CO BCEMU BO3MOKHBIMU

currarypamu (i tomonorusimu) (1.13.1)

(+ + + +) + - - -) =0
(- -+ + (+++-)=0
+ - - +) + -+ +-) =

- -+ =) + (++ -4 =0
+ + - =) + - ++4) =0
=+ - -) + +- ++) =0
+ — 4+ — + -+ —+4) =0
+ - — =)+ + -+ ++4).=0

NpU YCPEAHEHUH, KOTOPBIX MOKHO YIIPOCTUTH OOJIBIION KIIAcC 3aj1a4 JI0 «JIBYXCTOPOHHEI0» PacCcMOT-
penusi. To ectb B AnreOpe CUTHaTyp MUHHUMAaIbHOE KOJHYECTBO «CTOPOH» BaKYYMHOH MPOTSKEHHO-
CTH JIOJDKHO OBITH HE MeHee JBYX (10700HO JBYM CTOPOHAaM JIMCTa OyMaru) ¢ COOTBETCTBYIOIIUMH
COMPSKEHHBIMA METPUKAMH:

dsC M2 = ds2 = gindXide c curHatypoii (—+ + +) - npoctpancTBa MUHKOBCKOTO;

dst* 2 =dst2= gij(+)dxidxj C CUTHATypoH (+ — ——) - aHTUIPOCTpaHCTBa MUHKOBCKOTO.

JlaHHBIH TOIXO/1 MMO3BOJISIET HAMETUTD IYTH PEIICHHS psijia 3a/1a4, KOTOpbIE paHee He Mo/IaBa-

Juch penieHnio. Hampumep, npeanararoTcsi METPUKO-IMHAMUYECKHAE MOJICITH BCEX AJIEMEHTAPHbBIX Ya-
CTHII, BXOASIMUX B coctaB CtaHmapTHOU Mojienu [2, 3]; BOSHHKAET BO3MOXKHOCTh PEIICHUS TTPOOIEMBI
0apHOHHOW aCHMMETPHU MATEPUH; MPEUIAracTCsl TEXHOIOTHUS «Pa3phIBay JIOKAILHOTO Y4acTKa «BaKy-
yMay, OOHapyKUBAIOTCS BO3MOKHOCTH TEOPETHYECKOTO OOOCHOBAHHMS HCIIOJIb30BAaHMS BHYTPUBAKY-
YMHBIX TE€UEHHH /ISl IepeMEIeHHs B IIPOCTPAHCTBE U TOJYYCHUS SHEPTUU U3 «BaKyyMa», H MHOTOE

apyroe [4+ 9].
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He uckmroyeHo, 4To AaHHBIA MOIXOJ ¢ OA00OpeHUEM MPUMYT GHUIOCO(HBI, T.K. B HEM MPHUCYT-
CTBYET: CEMEPHUYHOCTh JTMAJIEKTUKH, HyJIeBasi cOaJaHCHPOBAHHOCTh U TMOTMBITKA 0co3HaHMs beckoneu-
HOTO.

Hanomnum, umo umeemcs uemvipe ocHo8HbIX npuema 05l ocosHanus beckoneunozo:

|). Bvioenenue 6 beckoneunom nepuoouueckux cmpykmyp. Ilpu smom uzyuenue 00H020 nepuo-
0a pacnpocmpanaemcs Ha 6ce AHAI02UYHble Nepuoobl, m.e. Ha 6cto beckoneunocmo;

H). IIpoeyuposanue b6ezepanuunoll beckoOHeUHOCMU 8 02PAHUYEHHYI0 beckoneyHocmy. Hanpu-
Mep, Kaxcoas mouka 6eCKOHeuHOU NIoCKOCMU Modcem Oblmb CHPOeyuUpo8ana Ha NOGEPXHOCMb wapd,
npu 9MoM 8cs ycKov3arouaa om Hadnoodenus nepugepus beckoneunocmu okasvigaemces nepeo 30-
poMm uccnedogamens;

V). llepedhopmamuposanue (npeobpazosanue) beckoneunocmu, max, umobsl HOCIeOHUL dJe-
MeHmM OecKOHeuUHOU NOoCie008ameNbHOCIU OKA3AIC NePEblM ee IIeMEeHMOM, U HAobopom nepebil
91eMeHm CMail NOCIeOHUM.

H’). Bvioenenue xnacca beckoneunocmeii, 0eieHue Komopwix opye Ha Opyea npueooum K Ko-
Heunvim yuciam. Hanpumep, npu onpedenenuu ckopocmu NV = AX [At, ompezok AX u unmepsan At mo-
2ym Ovlmb 6ECKOHEYHO MANbIMU UTU OECKOHEUHO OONbUUMU, HO UX OMHOUleHUe 8Ce20d OCMAemcsl KO-
HEeYHbIM YUCTIOM V .

Bce smu 6uovl ocosnanus beckoneunocmu npumensiomces 6 Aneebpe cucnamyp.

2. B pamkax Ascurasl BpeMs t He siBisieTcss aTpuOyTOM M3y4aeMoro JIOKaJbHOTO y4JacTKa «Ba-
KyyMa», OHO XapaKTepU3yeT CIOCOOHOCTh HaOIIoJaTelNss YMOpPSIOYUTH OIIYIIEHUE IUTEIbHOCTH.
[Tostomy, B otnune ot OTO, B Ancurie mpoMexyTok BpemeHu Ot He M3MEHSeTCS MPU UCKPHBIIE-
HUU «BaKyyMay». BMecTo M3MEHCHHS TEUCHHUS BPEMEHH, Ha MCKPUBIICHHOM YYacTKEe «BaKyyMma» BO3-
HUKAIOT BHYTPUBAKYYMHBIC TCUCHUSI.

B 1. 24 noka3aHo, 4TO HyJIeBble KOMIIOHEHTHI METPHYECKUX TeH30poB (1.24.1)

05 of g% of 0% 0% o oy
O_|e% 0 0 0 g = g O 0 0
WG 0 0 ol g 0 0 o0

g 0 0 0 g9 0 0 0

CBSI3aHBI C JAMUHAPHBIMH B TYPOYJICHTHBIMH COCTABJISIONTUMHU JIBFOKCHUST BHYTPUBAKYYMHBIX CIIOCB.
Takoi moax0/1 B KOPHE MEHSET IICUXOJIOTHIO BOCIIPUATHS «BAKYyMHBIX» TPOIIECCOB, M MTO3BO-
JST OTHOCUTHCS K 3-MEpHOMY «BaKyyMy» KaK K OOBIYHOHM CIUIONTHOW YHMPYro-TIaCTHUYECKOH cpene,
KOTOpasi oJIBep>KeHa U3MEHEHHUSIM B TeUeHHE BpeMeHH | cTOpOHHETo HalIroaaTes.
3. B paMkax AJICHTHBI IMEET MECTO HE OJIMH, a YEThIpe «BaKyyMa» C MPaBHJIAMH YMHOXCHHS
3nakoB (1.10.6) — (1.10.9). KomMyTaTuBHBIE U aHTHKOMMYTATHBHBIC «BaKYyMbI» U «aHTHBAKYYMBbD»

SABJISIIOTCS OIIOPAaMHU IpYT I apyra Haj be3nHou.
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4. BciomorartenbHble MaTeMaTudeckue mpoctpancTtBa AC CynmepcUMMETPHUYHBI, T.K. B KaXI0U
UX TOYKE 33/Ial0TCS KaK KOMMYTaTHBHBIE, TAaK U aHTUKOMMYTAaTHUBHbBIC OIEpalMy HaJl MHOKECTBaAMHU
qucel.

Wtak, akcuoMaTHKa CBETOTCOMETPUH «BaKyyMa» AJICUTHBI IPAKTUUYECKH IMOJTHOCTHIO COBIAa-
et ¢ akcuomatukoid CTO u OTO A. DiiHmTeliHa (JIOKAJIbHOCTh, TPUYUHHOCTD, JIOPEHI] MHBApUAHT-
HOCTB, OOIIIEKOBAPHAHTHOCTh YPABHEHUH, SKCTPEMAIbHOCTh ICHCTBHS U T.1.), 32 UCKIIOYCHUEM:

- UHOT'O OTHOIIICHUS KO BPEMEHH;

- HHOI MHTEPNIpPETAllMU HYJIEBBIX KOMIIOHEHT METPHUUECKOT0 TeH30pa Joo, Joi;

- yueTa BceX 16-u BO3MOKHBIX CUTHATYP;

- CYIIEpCUMMETPUYHOCTU IPOCTPAHCTB COOBITUH.

JlononuurenbHble MPOOJIEMBI, CBSI3aHHBIE C OLIYIIEHHEM JJINTEIbHOCTU HAONIOAATeNs, U C
BIIUSTHUEM €0 CO3HAHUS HAa BHYTPUMBAKYyMHbIE MTPOLIECCH B IIPeenax 00JacTH ero KOMIEeTEeHINH, Ka-
catotcs [Icuxodusuku «BakyyMay, KOTOpbIE B 3TOI paboTe He 3aTparuBaroTCs.

dopMaNbHBI MaTeMaTHYeCKU ammapar AnreOpbl curHaryp (auddepeHnuaipbHas, Myiib-
TUCUTHATYpPHAsI, MOTIEPEYHO M MPOJIOJILHO PACCIOEHHAs, CylIepCUMMETPUYHAs U OECKOHEUHOMEpHast
CBETOreOMEeTpHsi) Bce Oosiee M Oosee YCIOKHATCS MO Mepe MPUOTMKEHHUS K W3YYCHUIO CBOMCTB MYy-
cToi 6eckoHeyHOCTH. Ho M3HaYaIbHO MPEeIyCMOTPEHBI alTOPUTMBI CBEPTHIBAHHSI MHOXKECTBA JOMOJ-
HUTETBHBIX U3MEPEHHUI U TOMOJIOTHYECKUX HACTIOCHUM /IO OTMMCAHMS METPUKO-TMHAMUYECKHUX CBONCTB
3-MepHOTro 00BeMa «BaKyyMay, KOTOPBIH MOXKET H3MEHATHCS B TEUEHHE BPEMEHH CTOPOHHETr0 HabIt0-
naTerns.

[TocTrositHHOE COOMIOIEHIE «BAKYYMHOTO OallaHcay, 03BOJIsAeT AJICUTHE U30eKaTh MapajoKCcoB,
XapaKTEePHBIX JIJIS1 BCEX «OAHOCTOPOHHMX» TEOPUN. A nocmosHHas npusepiceHHocms AncueHol Kk An-
eopummam packpoimusi Yemwipexoykeennozo Benuxoco u I'posnoco Umenu BCEBBIIIHEI O, ne oa-
em eti coumscs ¢ O3apennozo smum Hmenem [lymu.

HeunsbexHo Bo3HHKaET Bompoc: — i 4ero Tak yCIOKHSATh MPECTABICHUS O CaMOM ITPOCTOM
00BeKkTe — 3-MepHOM 00BeMe «BakKyyMma» («mmpoctatb»)? Ha 3TOT Bompoc mmeeTcss HECKOJIbKO OTBe-
TOB:

- BO-TIEPBBIX, JIUAJCKTHKA TOBOPUT, YTO CAMOE «IIPOCTOE» JIOJDKHO OBITH OJJHOBPEMEHHO U Ca-
MBIM «CTIOKHBIMY». Pa3BuTHe (QU3MKO-MaTeMaTHUECKHUX aCIIEKTOB MCCIENOBAHUS «BAKYyMay MPHUBEAET
pa3peleHuIo psiia OHTOJIOTMYECKUX M THOCEOJIOTHUECKHUX pobiieM coBpeMeHHON (uiocopuu.

- BO-BTOPBIX, (DOpPMaJIbHBI MaTeMAaTUYECKUN ammapaT CO3JaeT JOrHYecKylo Iuatdopmy s
TUTAHUPOBAHUS PEaNbHBIX NEHCTBUI HaJ 00BEKTOM HccienoBanus. Hampumep, yriayOieHHOe TOHUMa-
HUE OCHOB ANTeOpbl CUTHATYpP MPUBEIET K OCO3HAHUIO TOTO, YTO JOKAIBHBIA 00hEM «BaKyyMay MOXK-

HO: «GaMOPO3HUTH», «HMCIIApUTh», «B30PBATh», «PACKOJIOTh HAa YaCTH», «PACCIOUTH», «HMCIIOJIb30BAaTh
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KaK MCTOYHUK PHEPrum» U T.1. BakyymHbIe TUIOTE3bI AJICUTHBI MOTYT JIEYb B OCHOBY PAa3BUTHSI MHO-
KECTBA «HYJIEBBIX» (BaKYyMHBIX) TEXHOJIOTHNA, KOTOPHIE U3MEHAT TEXHHUUECKUN OOJIMK YEIOBEYECCKOM
LMBUIN3ALMH (€CIIM HE YHUUTOXKAT €€).

YTOOBI 10KA3aTh, YTO YXKE MPH ABYXCTOPOHHEM PACCMOTPEHHH 2°-Anm.n-BaKyyMHOI IPOTSIKEH-
HOCTH Ha OCHOBAHHUHU METOJI0B AJNreOpbl CUTHATYp MOTYT OBITh CIIPOTHO3HPOBaHbI BaKyyMHBIE 3 Dek-
ThbI, KOTOPbIE, B MPUHIUIE, HE MOTYT OBITh ONMHCAaHBI B PaMKax OJHOCTOPOHHUX TEOPHii, pa3BUBAIO-
muxcsa Ha ocHose CTO u OTO A. DitHinTelina.

B-mpemvux, u smo camoe 2nagnoe, ceemozeomempus Ancuenvt cmpoumcs no Areopummam
Packpvimus Yemuipexoyxeennoco Umenu TBOPLIA Mupozoarnus [4]. Ilosmomy Ancuena — smo no-
nwvlmKa 00veOuHums Hayuusle, guirocogpckue u perucuosmvie acnekmol Oumonozuu bvimus 6 pamxax
eounozo 3uanus. Omo nonvimka ocosnamv Kowmunyanenoe BECKOHEYHOE uepe3 ouckpemmuoe
beckoneunoe. U 6 amom Ancuena euoum ceoe cayxcenue Benuxomy u I posnomy Umenu BCEBBIIII-
HETO.

Packpvimue nposenenuii Yemoipexoyxeennoeo Umenu TBOPIL[A ¢ Mupax (Vposusax Kuesoti
TOPbI) — smo ne npocmo b-eouckamenvcmeo u b-eocmpoumenscmeo, 3mo eOUHCMBEEHHASL B03MOIHC-
HOCMb 8bINHCUMb 4eN08eUeCKOl YUBUNUAYUU NPU PA3BUMUE «H)TIe8bIXY (6aKYYMHbBIX) MEXHOI02UM.

be3 pazsumusa «Bakyymnou Hpaecmeennocmuy uzyuenue beckoneunoi Cmpykmypsl «8aKyy-
Ma» 4pe38bluatiHo ONACHO.

Bripaxato uckpenntoro omarogapuocts [IpBuny Puny (David Reid) 3a oka3zanue momomiu mo
pEIaKTUPOBAHUIO U TBOPUECKOMY TMEPEBOAY JAaHHOM CTaThbM HA aHTJIMMCKUUN s3bIK. Psim mael, o0cyx-
JaeMbIX B JIaHHOM cTaTbe, OblIM BbIcKazaHbl B Oecenax ¢ C.I'. Ilpoxoposbim u B.II. XpaMuxuHbIM.
Taxoke, aBTop npusHateneH K.¢.-M.H. B.A. JlykpsaoBy, T.C. Mopo3zosoii u C.B. IIpxxuroackomy 3a

KOPPECKTHPOBKY PYKOIINCHU JTaHHOM CTaThH.

Yka3zaTeJb HOMEPOB ONpeAeTeHHH HOBBIX TEPMHUHOB
OnpeueneHHe HOBOI'O TEpMHHA MOKHO HAaWTH B TEKCTE CTaTbU oJ COOTBETCTBYIOIIIMM HOMEPOM.

Aneebpa cuenamyp (Ancuena) — onpenenenue Ne 11.2;
Ancuena — onpenenenne Ne 11.2;

Aumucybronm — omnpenenenue Ne 7.5;

baza — onpenenenne Ne 8.1;

«Baxyym» — onpenenenue Ne 1.1, Ne 12.5;
Baxyymnoe ycnosue — onpenenenue Ne 12.4;
Bakyymnoui 6ananc — onpenenenue Ne 12.3;

3 o :
Brewnsn cmopona 2°-Am.n -6aKyyMHOU npomsdiceHnocmu (cyoxonm) — onpenenenue Ne 7.2;
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Buympenuss cmopona 2% A -8AKYYMHOU NpomsIceHHocmu (aumucyokonm) — onpenenenue Ne7.3;
Hsnanka aumucyoxonma — onpenenenue Ne 24.4;

Usnanxa cyoxonma — omnpenenenue Ne 24.2;

Hcemunnwiii Hyne — onpenenenne Ne 4.1;

U-1[3un ananocus — onpenenenue Ne 8.3;
Kabbanucmuuecxas ananoeus — onpenenenune Ne 16.2;
Jluuuna anmucyorxonma — onpenenenue Ne 24.3;

Jluuuna cyokonma — onpenenenue Ne 24.1;

Jlyu ceema — onpenenenue Ne 2.1;

Hvromonosckuii saxyym («saxkyymy») — onpenenenue Ne 1.1;
Opmoconanvuuiii 3-6azuc — omnpenencaue Ne 6.1;
Ilonepeunoe paccnoenue «eaxyyma» — omnpenenenue Ne 16.1;
Ilonepeuno «pacwennennsiii nyavy — onpenenenue Ne 12.1;
IIpooonvHoe paccnoenue «saxyymay — omnpeaenenue Ne 2.3;
IlpooonvHo «pacwennennviii Honvy — onpenenenue Ne 12.2;
Panorcup — onpenenenne Ne 10.2;

Cuenamypa — onpenenenue Ne 10.1;

Cmuenamypa — onpenenenue Ne 8.2;

Cybkonm — omnpenenenne Ne 7.4;

Hlaxmamnas ananocus — onpenenenue Ne 11.1;

k-orccym — onpenencaue Ne 22.1;

Am-n-6akyym — onpezaenenue Ne 2.2;

Am-n-6aKkyymuoe ycnosue — ompenenerue Ne 12.4;
Am-n-8axyymusiii oanranc — onpenenenune Ne 12.3;

k
2"-Am-n-6aKyymHas npomsdiceHnocms — omnpenenenue Ne 7.1.
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