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2.1. lepopmanuu 4. ,-Bakyyma

3enmeHass AJICHTHA SIBJISIETCS MPOJOJIKEHUEM OPAH)KEBOW M KEJITOW dacTei
AunreOpsl curHaryp [7, 8], moaToMy Hy™mepanus riaB, MyHKTOB, GpopMmyn u pu-
CYHKOB JIaHHOM KHUTY HAUMHAIOTCS ¢ HU(PHI 2.

[oustue «A,,.,-Bakyym» Obu1o BBejeHO B 1. 1.1.4 B [8]. B 3T0it rnaBe BbI-
CBEUCHHAs JIy4aMH CBETa MPOTSHKEHHOCTh A,,.,-BaKyyMa yCJIOBHO pacCMaTpUBa-
eTcs KaK Hekas MarepuajbHas cpela, oOiajaronias yHpyrolacCTH4eCKHMHU
CBOWMCTBaMH.

2.1.1. CBeTo-reoMeTpusi BAKYyMa

Jnst ynoOGcTBa CCHUIOK MOBTOPHM OCHOBHBIE ITOJIOXKEHHS CBETO-T€OMETPHU
BaKyyMa, KOTOpbIe ObUTH N3JI0’KEHHBI B JKeNTON AsicurHe [8].

B xenToil Ancurse BBISICHUIOCH, YTO JETAIbHOE OMHCAHUE CBOWCTB YCpea-
HEHHOW MPOTSHKEHHOCTH COAEPKUT MH(POPMAIMIO O M €ro BHYTPEHHEH CTpPyK-
TypHOI OpraHu3anuy, T. K. HA TIOBEPXHOCTH HEMHUHYEMO IPOSBIAETCS TO, 4TO
COZIEPKUTCS BHYTPH.

Hanpumep, xooica uenoseveckoco mena s6-
JIIEMCsL CTLONCHOU OUONI02UYECKOL CIMPYKMYPOT,
cocmosiel U3 KIemouHblX mKawell, KpogeHOC-
HbIX COCYO08, HEPEHBIX OKOHUAHULL U M. O.

Oodnaxo, eciu Hamecmu HA NOBEPXHOCHIDL
KOJICU  83AUMHO NEePREeHOUKVIsAPHbIe KOOpOU-
Hamuvle JUHUU, MO 6 pe3yibmame HOAYYUM
UCKPUGLEHHYIO 3AMKHYMYIO 2-MepHylo Npomsi-
arcenHocmy (puc. 2.1.1), ompadicaiowyro mons-
KO Haubolee @vl0aiowuecss 0emaiu denrogeye-
cK020 mena.

Ecnu uccneoosamv mempuueckue u mono- hitp://blender3d.org.ua/
JloeuyecKue 0COOEHHOCMU Kanc0020 YYaACMKd
NOBEPXHOCMU MeNa YeN08eKd, MO HAKONJEeHHAs
maxkum obpazom 6aza OAHHLIX OKA3bIBAEMCS
CO2NACOBANHHOU €O  CBOUCMBAMU  BHYMPEHHUX
opeanos, knemok, monexyn [JHK, PHK u m. 0.

Tlosepxnocmo 1106020 yposus scueozo Ecmecmea codepoicum ungopmayuro
u o ceoticmeax E2o enympennocmu — smo 3anoz nosuasaemocmu 2nyoun Mupo-
30anuslL.

Puc. 2.1.1. Tononorus
YeJI0BEUECKOro Tena

Kenras Ancurna [§] Havana n3ydeHHe pa3IUYHBIX MPOSBICHUIN OKPYXKaro-
1IEN Hac MpOTsKEHHOU PeanbHOCTH € MCClIe0BaHMS CBOMCTB INIOTHOM «IIyCTO-
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TeD» (BakyyMma). Kaxplil JOKaIbHBII 00bEM BaKkyyMa SIBJISICTCS Ype3BbIYaliHO
CJI0’)KHOM HENOBTOPUMOM CTpyKTypoil. Ho, ecnu 30H1upOBaTh €ro mpsIMbIMH U
0OpaTHBIMU JTy4aMH CBETa, ONMCHIBAEMBIMU HHTEPBAJIAMHU:

ds? = Adff — d’—dy* —dz* =0 ¢ curnatypoii (+——-),  (2.1.1)

ds'? = —df + d*+ dy*+d2 =0 c curnarypoit (—+++),  (2.1.2)

C TpPeX B3aHMMHO MEPICHANKYJIIPHBIX HANPaBICHHUNA, TO B UCCICIYEMOM 00beMe
BaKyyMa «BBIPHCOBBIBaeTCS» ycpenHeHHbli 3D-nangmadt (cMm. m. 1.1.4 B [8]),
YCPEAHECHHBIMH T€0JIC3UYCCKUMHU JIMHUSIMUA KOTOPOTO M SIBJISSIOTCS MPOOHBIC
MOHOXpPOMATHUYCCKUE JIydu cBeTa. Takoi 3D-manmmadt AncurHa Has3bIBacT
Apen-BaKyyMoM (T1e A,,., — 3TO JUIMHA BOJIHBI MPOOHBIX MOHOXPOMATHUECKUX
JIydeil CBeTa W3 COOTBETCTBYIOIIEro auamnasona A4 = 10"+ 10" cm).

www.enchgalery.com
Wirocrparus 2D-nangmadra A,,..,-Bakyyma
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ToyHO Tak e paccMaTpuBaeMblii O00BEM BaKyyMa MOXHO 30HAHPOBATH
NPOOHBIMH JIydaMU CBETA C APYTUMH AJTWHAMU BOJH A4 [Ipu 3TOM momydaercs
0ECKOHEYHOE KOJIMUECTBO A,,.,-BakyyMoB (cM. I1. 1.1.4 B [8]), BIOKEHHBIX IpyT
B Jpyra nojo0HOo MatperikaMm. [laHHyr0 omepamnuio AJICUTHA Ha3bIBaeT IpO-
JIOJIBHBIM PacCIOCHUEM UCCIISIYEMOT0 YYaCcTKa BaKyyMa.

[ToapoOHblii aHaNN3 0JHOTO U3 A,,.,~-BaKYYMOB, IpOBeIeHHbIH B . 1.2 1 1.3
JKENTOU AJICUTHEI [§], moKasall, 4To M OH paccllauBacTcs Ha OECKOHEYHOE KO-
4eCcTBO nonepeyHsix 3D-cioes.

IMocpencTam mporenypsl KOMITAaKTH(GUKAINH OECKOHEYHOTO KOJHMYECTBA
JOTIOTHUTENBHBIX M3MepeHuit (cM. B 1. 1.2.10 [8]), ommcaHue mcciemyeMoro
ydacTka A,.,-BakyyMa CBOJUTCS K TIPEACTABICHUIO XaPAKTCPHU3YIOLIETO €ro
WHTEpBaa B BUE CYIIEPIIO3UINH (T. €. aAIUTHBHOTO HAJIOKECHNUS) IECTHAAIATH
YCPEAHEHHBIX yIbTEPATBHBIX 4-HHTEPBAIOB CO BCEMHU 16-10 BOSMOXKHBIMU CHT-
HaTypamu {cM. Beipaxkenue (1.2.52) nmm (1.2.83) B [8]}:

dszz — ds(+’77)2 + ds(++++)2 + ds(fﬁﬂz + dS(+77+)2 +
T s g gt e (213)
FodsCT gt gttt 2 eG4
L N e N N Co e Y

OKBUBAJIEHTHAs] PAHKUPHAs 3allUCh JaHHOTO BBIPAKEHUS MMEET BHJ {CM.
Beipakenue (1.2.54) B [8]}:

++ + +) + ---9) =0
---+) + ++ +9 =0

+ - - +) + -+ + 9 =

- -+ =) + ++ - =

+ + - ) + -+ = 2.14)
-+ - -) + +-+ 4 =

+ -+ -) + -+-9 =

=+ + 1 + + - — = =0
©000), ©0000. =0.
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Takoli ypoBeHb pacCMOTpeHHs AJICUTHA YCIIOBHO HAa3bIBAETCS «yJbTepallb-
HBIM». DTOT YPOBEHb SBJISIETCS JOCTATOUYHBIM AJI1 HAMEPEHHH JaHHOU 3eJIeHON
gactu Asicuriel. Ho Matemarndeckuil anmmapaT, pa3BUTHIN B KenToH AJICHUTHE
[8], mo3BOJIsIET MOTPYyXKAThCsA B 3HAUUTEIBHO OoJiee TIyOMHHBIC: «HUH(EpaIb-
HbIE», «TUTAIBHBIE» U elle Oosiee TOHKUE TKaHu EcTtecTBa.

B paMkax ynpTepaibHOTO YpOBHS PacCMOTPEHUS HUCKPUBICHHOE COCTOSHUE
UCCIIEyEeMOT0 y4acTKa A,,.,~-BaKyyMa OIHCBIBACTCS YJIBTPAMETPUKOW {CM. BbI-
paxenue (1.3.33) — (1.3.34) B [8]}

16
dsi = chp)dxidxj = c,-(jl)dxidxj + ci(jz)dx,-dxj + cfj})dxldxj + c,-(j4)dx,-dxj +
p=l1

+c,5~5)dx,-dxj + c,-(jﬁ)dx,-dxj + c,-(;)dxidxj + c,-(jg)dxldxj + 2.1.5)

+ c,-(j9)dxl~dxj + c,?o)dxidxj + c,-(j“)dxidxj + c;fmdx,-dxj +

+ c;fmdx,-dxj + cl.(jm)dx,-dxj + c;.ls)dx,-dxj + cl.(jlé)dx,-dxj =0,

rue

(p) (p) (p) (p)

€0 €0 €0 %30
(p) (02 (p) (p)

e | €1 Cin €1 63 (2.1.6)

y (p) (p) (p) (p)

Co2° €120 € C3
(p) (p) (p) (p)

Co3° €130 Cx3 C33

— YCPEIOHEHHBIH YIbTPaMETPUIECKAN TEH30p p-TO yIBTEPAIEHOTO METPHUYECKO-
ro 4-mpocTpaHCTBa C COOTBETCTBYIOIIEH CHUTHATYPOH W3 CIEAYIOMIEH MaTPHIIBI
{cMm. BeIpaxenwue (1.3.31) B [8]}:

E++++)); E+++—;Z ((—++—))190 E++—+;lli

sionle® )= -——+ —+++ ——+ e N

g(; ) [ N L U N (R, 2.1.7
o e o e

Wnrepsan (2.1.5) yauBuTenbHBIM 00pa3oM BO MHOTHX acIleKTaX COOTBETCT-
BYET OJJHOMY M3 BapuUaHTOB pacKpbITHs kaboiucTuyeckoro [pesa Coupor (cMm.
1. 0.20 B [7]). Bo-niepBbIX, MaTpuLia CUTHATYp
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U yIbTPaMETPUUECKHE TEH30PbI

)
-
€02
kG

(+++4) (+++-) (~++-) (++=+) (4 HI VI HI
| ==+) (~+++) (~=++) (+-+)| |H HH VH HH
| G==4) (+==) (===) G=+4)| |V HV WV HV

(-=+-) (+=+-) (+--) (----)) \nH' HH' VH' HH

(2.1.8)
c;g> c§g> c§g> I H vi HI xkoy V, Vs Vg
Cl(f) Cﬁ’f) cyp _|IH HH VH HH|_ \V, I V, V,
e DDy HY vy HV | |V, V., H Vs
W W) \IH' HH' VH' HH') \V,s Vs V, H

(2.1.9)

COOTBETCTBYIOT PACKPBITHIO OMHAPHO-TIEPEKPECTHOI 3amucu HemponsHocumoro
Nmenn TBOPHA (cm. mm. 0.9 u 0.10 B [7])

[1H
(1 HT_(] H](I H] H vV
Hov) \# vk v)| (1 H
H Vv
rac
(xoy) 1
9 HH
2] 44
1 1V, IH, IH, VH, VH’, HH’
VI, HI, H1, HV, HV, HH
] HH'

| A

I H 0 IH\ (HI HH
H VJ (111’ IVJ [HH HVJ

[ H\| |(HI HH\ (VI VH
) e ) e ) (e )

VH' VV

(2.1.10)

Kemep (1 Cpupa)
Xoxma (2 Cghupa)
buna (3 Cupa)

3aup Amnun (6 cosoennvix Cihupom)

Manxym (10 Ceupa)

(2.1.11)
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Bo-BropsIx, naTepBai (2.1.5) obmagaeT BO3MOXXHOCTBIO PACKpPhITHS 10 Oec-
KoHedHOCTH (cM. 1. 1.2.13 B [8]) B MOJIHOM COOTBETCTBUY C OJTHAM U3 aJlTOPHT-
MOB «paspacranus» pesa Chupot (cum. 1. 0.6 B [8]).

Ecnu nonacamo, umo swvipascenue (2.1.5) ne pasro nyro, mo npu onpeoe-
JIEHHBIX YCR08UAX 8ce e2o 16 crnazaemuix

ds; :Zc,(jf’)dxidxj = c,-(jl)dxidxj + c;jz)dxidxj + cff)dxidxj + c;j4)dxl-dxj +
p=l

+cl§.5)dxidx I 036) d,dx; + 0,5-7) d,dx; + C;S) dxdx, +
+cl§»9)dx,-dxj + célo)dxidxj + cg 1)abc,-dxj + cgz)dxidxj +

+ci(j13)dx,-dxj + 6214)dxidxj + cgs)dxidxj + C;IG)dxidxj

(2.1.12)

OKA3bI6AIOMCSL IUHEUHO HEe3aBUCUMbIMU BeudUHaMu. B smom ciyyae mooicHo
ymeepacoams, umo svipadcerue (2.1.12) onpedensiem keadpam snemenma Onu-
Hbl 8 yibmepanvHom 4 X 16 = 64 - meprom npocmpancmese. Kascoas napa

()
yabmpamempux ¢, dx,dx; ¢ e3aumno npomusononodCHbIMU  CuHamypami

Modicem Obimb npedcmasiena 6 eude cynepnozuyuu 7 + 7 = 14 ewe 6onee eny-
ounublx ungpamempux (cm. n. 1.2.13 6 [8]). B smom cryuae mempura ds% oka-

3618AeMCs 2NeMEHMoM Onunbl yoice 8 X14 x 4 = 448-meprozo npocmpancmaa.
Takum dice 06paA3OM MONCHO NPOOOINCAMND HAPAUWUBAHUE HUCTA USMEPEHUTL 0O
beckoneunocmu. B oicenmoti Ancuene sma npoyedypa 0vila HA36AHA «83PLIEOM
usmepenuiiy (cm. n. 1.2.14 6 [8]).

ObpamHuulil aneopumm no380Jsiem Ce0payUeams (KOMIAKMUGUYUPOBANb)
beckoneunoe uucio uzmeperuti 00 4 + 4 = 8-mu (uu 4 —4 = 0).

B pamkax AJICHTHBI TpEICIbHBIA YPOBEHb KOMIIAKTH(HUKAIIMK JTOIOIHU-
TEJIbHBIX U3MEPEHHM MPUBOAMUT K MPEICTABICHHUSIM O IBYXCTOPOHHEH MpOTS-
KEHHOCTH A,,.,-BaKyyMa. B 3TOM mpejienbHO YNpPOLIEHHOM Clly4ae Y4acToK
6Heunell CTOPOHBI A,,.,-BaKyyMa OIUCHIBACTCS METpHKOil ds'? ¢ curmarypoii
(+ — ——), CUHTE3UpOBaHHOU U3 7-MU YJIbTPAMETPUK C CUTHATYPaMH, BXOJSIIH-
MU B YUCITUTEIb JIEBOTO pamxkupa (2.1.4):



22 Anre6pa curHaTyp

dS(—)Z — ds(——— -)2 + ds(+ ++ )2 + dS (-++-)2 + ds(+ +— +)2+
+dsC P4 dsC P4 dsC T = 0,0 dxd,

riue
=) )
goo 8o 820 &30
) (=)
) _|81 & 8u 83
=) =)
g2 & &»n &3
gs &5 &% &%

(2.1.13)

(2.1.14)

— KOMIIOHEHTHI 8HeuHe20 MeTpuieckoro Tenzopa (cMm. nm.1.2.10.3, 1.9.1 B [8]).
Brympennssa cropoHa Toro ke y4actka A,.,-BaKyyMa OIHCBIBAETCSI METPH-
v + o

Koit ds™?, CUHTE3UPOBAHHON M3 7-MU IPYIUX YJBTPAaMETPUK C CUTHATYypaMHu,

BXO/JISIIIUMU B YUCITUTENb PaBoro pamkupa (2.1.4):
ds(+)2 — ds(+ ++4)2 + dS(7 ——+)2 + ds(+ - —+4)2 + dS(7 —+-)2
+ds" TP dst TP gt T = gV avdy,

rac

(+) +) (+) (+)

oo 8o 820 830

(+) ) (+) (+)

@ _| 81 & 8a 831

/BN N CO)] (+) (+) (+)
g 8 8x» &3

(+) (+) (+) (+)
g3 8130 823 833

(2.1.15)

(2.1.16)

— KOMIIOHEHTHl @HympeHHe2o MeTpuueckoro Tem3opa (cm. myHKT 1.2.10.3 u

myHkt 1.9.1 B [8]).

OKBHUBAJICHTHOE PAaH)XUPHOE NPEACTABICHUE CHHTE3MPOBAHHBIX METPHK

(2.1.13) u (2.1.15) umeer Bux

F+++) + ---)
[ I G
+ - - +) + -+ +-)
- -+ -) + (++ -
+ + - -) + (- -+
=+ - -) + -+
+ — + - + =+ -1
+ - - 9 + (= + ++)

(2.1.17)



Anre6pa curHaTyp 23

31ech B 3HAMEHATeENe JICBOTO PAaH)KMPa OKA3bIBACTCSI CUTHATYpA IMPOCTPaH-
cTBa MHHKOBCKOTrO (+ — — —), a B 3HAMEHATele IPaBOro PaHXUpa — CUTHATypa
AHTUIPOCTPaHCTBa MHUHKOBCKOTO (— + + +).

B uaeansHOM cilyyae COBEpIICHHO HEHCKAXXCHHOTO Y4YacTKa A,,.,-BaKyyma
00a 3TH MPOCTPAHCTBA BOCCTAHABIHMBAIOT MCXOAHOE BAKYYMHOE YCJIOBHE {CM.
(1.2.61) B [8]}

ds" P 4 gt = (n,-j(’) + nU(+))dxidxj =

=(df —d*— dy* — d) + (- AP +d+ dy* +d)=0.  (2.1.18)

¢ curHatypoit (+—-—-)+(—+++)=(0000) (cm. m. 1.2.10.4. n, B yacTHOCTH,
puc. 1.2.22 vnu puc. 1.9.1 B [8]).

Bunewnsaa cropona Buympennsas cropona

ds? = g,Odx; dvx;, ds™? = g;Vdx; dx;

curHarypa (+ ——-) curHatypa (—+++)

Puc. 2.1.2. Y4gacTok AByXCTOPOHHEH MPOTSHKEHHOCTH A,,,.,-BaKyyMa, 6HEeU s
CTOPOHA KOTOPOTO OIHCHIBACTCS CHHTE3MPOBAHHO#M MeTpHKoit ds' ), a
6HYMPEeHHss CTOPOHA — CUHTE3UPOBAaHHOW METPUKOU ds™?

Ha puc. 2.1.2 ycnoBHO moka3aHa HeKasi TOJNIIMHA & PacCMaTPUBAEMOTo yda-
cTKa A,.,-Bakyyma. Ha camom 1ene, B Asicurae paccMaTpuBaeTcs mpe/eIbHbIN
ciyuait & — 0. To ecth cuHTe3MpoBaHHBIe MeTpukn ds” u ds™” onmceiBatoT
METPUKO-TUHAMUYECKHE CBOWCTBA IBYX CTOPOH MPAKTUIECKH OJTHOTO M TOTO XKe
JIOKaJIBbHOTO 00beMa A,.,-BakyyMa. [Ipu 3TOM ycpenrHeHHOe METPUKO-IUHAMU-
YECKO€ COCTOSHHE HCCIEIyeMOTO yYacTKa A,.,-BaKyyMa OITUCBIBACTCS YCpe.-
HeHHou metpukoit {cm. (1.9.10) B [8]}

dss =[ds"  P+ds" T = [ds + dsT = ‘/z[g,-]-(+)+g,-j(7)] dx;dx;. (2.1.19)

Hamomuum (cMm. 1. 1.9.1 B [8]), uT0o cutyanuio, nokazanHywo Ha puc. 2.1.2,

MOKHO TIOSICHUTH C TIOMOIIBIO OOBIYHOTrO Jimcra Oymaru. Ilycte Mmerpuka
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ds™? = gaﬂ”)dx“dxﬂ [rme o, f =1, 2; ¢ sign(+ +)] xapaKkTepu3yeT COCTOSHUE
MPOTSDKGHHOCTH  BHEINHEH CTOPOHBI JAHHOTO JicTa OyMmard, a MeTpHKa
ds? = g,,ﬂ(’)dxadx” [c sign(— —)] COOTBETCTBYET COCTOSIHUIO HPOTSXKCHHOCTU
TOrO %€ yuactka (moBepryroro Ha 90°) ero BHyTpeHHeii croponbl. Ecin nccie-
JyEMBIii JIUCT OyMaru COBEPUICHHO HE MCKaXeH, TO 00€ ero CTOPOHbBI HAXOATCS
B COBEPILEHHO OJWHAKOBOM METPHYECKOM cOCTOSIHUM. [Ipu 3TOM B KaxI0# J10-
KaJIbHOW 00JIaCTH JIaHHOTO JINCTA UMEET MECTO PAaBEHCTBO gaﬂ(’) =-— ga,;“) WIN
2 + 2,47 = 0, aTO M ABNAETCS BHIPAKEHNEM HEHCKPHBIEHHOCTH WM BAKY-
YMHBIM YCIIOBUEM YCPEIHEHHOH «HEMPOSBICHHOCTHY.

Ecin TCHEepb HaHHbIﬁ JIMCT UCKPUBUTH, TO C OHHOﬁ €r0 CTOPOHBI 3JIEMEHTHI
JUIHHBI HeCKONBKO ds'”) pacimpsTces, a COOTBETCTBYIONIHE HM TEPIEHIMKYISP-
HBI€ 3JIEMEHTHI JUIMHBI C JIPYrofl CTOPOHBI ds") ocrarorcs IpeXHUMU. B aTom
cilydae gaﬁ(f) *— gaﬁ(ﬂ.

Jnst onpeneneHus MecTa MOJNOKEHHs KaKOro-iubo Teida B MPOCTPAHCTBE
JOCTaTOYHO B KayecTBE CHCTEMbI OTCUETa B3STh TOJIBKO OIHO METPHYECKOe
MIPOCTPAHCTBO, HAMPUMED, IPOCTPAHCTBO MUHKOBCKOTO C CUTHATYPO# (+———).

Ecnu ke HCCHeqyloTcss METPHKO-THHAMHYECKHE CBOWCTBA CaMoOro Mpo-
CTPAHCTBA, TO OJHOCTOPOHHETO0 PAaCCMOTPEHHsS SIBHO HE JOCTATOYHO, T. K. JIE-
¢dbopma OAHOW M3 CTOPOH JIIOOOH peanbHO NPOTSHKEHHOCTH HEMHUHYEMO
COIPOBOXKIAIOTCSI TIEPEKPECTHO KOMIICHCHPYIOIIUMHU aHTHAeGopManusMu ee
NPOTUBOIOIOKHON CTOPOHBL. JTO 00Ilee CBOWCTBO BaKyyMa, B KOTOPOM JF00ObIe
JIOKAJIBHBIC HUJIU FJ'I06aJ'l])H])Ie OTKJIOHCHHA OT UJACAJTbHOI'O UCXOJHOI'O COCTOAHUA
OJTHOI1 €ro CTOPOHBI HEMHHYEMO CONPOBOXKAAIOTCS MEPEKPECTHO-KOMIICHCAIIH-
OHHBIMH aHTHOTKJIOHEHHUSMH MPOTUBOIIOIOKHON CTOPOHBI.

Urak, 3a cuer mocienoBaTelbHON MPOLEIYPhl yCpeaHeHHs (KOTopasi B pam-
Kax AJICHTHBI Ha3bIBAeTCS JUCKPETHOM PEIyKLUHUEW CIIOXKHOCTH), TIyOMHHBIE
NpE/ICTaBICHUSI 0 OSCKOHEYHOMEPHOW NPOTSHKEHHOCTH A,.,-BaKyyma B IIpe-
JEIIbHOM CJIy4ae CBOJSTCS K M3YUEHHIO METPHKO-THHAMHYECKUX CBOWCTB JIBYX-
CTOpOHHETO 4 + 4 = § - MEPHOTO NPOCTPAHCTRA.

http://fotolive.com.ua/



