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2.3. «DIEKTPOH» U «IMO3UTPOH»

‘-Iepe3 HN3Yy4YCHUEC MCTPUKO-ANMHAMHUYCCKUX CTPYKTYP «OJCKTPOHA» U «I1O3U-
TpOHa» MBI B HeKOTOpOﬁ CTCIICHU MO3HAaEM HNPUHIUIIbL q)yHKIII/IOHI/IPOBaHI/ISI
MHOT'MX MUKPO U Makpo O00OBEKTOB U BCETO MI/IpO3HaHI/I${ B IICJIOM.

2.3.1. MeTpUKO-THHAMUYECKHUI KapKAacC «3JIeKTPOHA)

CHavanma pacCMOTPUM YCpPEIHEHHbIE KOHTYPHI METPHUKO-INHAMHYECKON
CTPYKTYPBI «DJIEKTPOHA», ONUCHIBAEMBIX 0000IIEHHBIMU MeTpukamu Kortiepa
(2.2.70) - (2.2.74):

«JIEKTPOH»
BCE METPUKU C CUTHATYPOU
(==

BHemnrnsisi 060/1049Ka «3JIEKTPOHA (7 € [r,, R,])
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HleabT «3JIeKTPOHA (7 € [0, ])

dsO? = 2dr® —dr® - r*(d6* +sin® 0dg? ). (23.5)



Anre6pa curHaTyp 83

Pa/:mycm SIACP «IJICKTPOHA» 7, U KIIOBUTPOHA» 75 IOJAraroTCs OAMHAKOBBI-
MU 1 paBHBIMH KJIACCUYECKOMY pauyCy SJIEKTPOHA

2
e

r,=———— ~281794-10 " cu, (2.3.6)
dregmyc

rae e — 3apsa 3JICKTPOHA; & — AUDJICKTPHUYCCKAA IPOHULIAEMOCTb BaKyyMa, niy—
Macca MOKOsA 3JICKTPOHA; ¢ — CKOPOCTh CBCTA.

Ancuena yuumoieaem, Umo cO8peMeHHAs. PUIUKA CHUmMAem 1eKmpoH U no-
3UMPOH MOYEYHBIMU 00PA308AHUAMU, Oe3 KAKO20-TUDO 3aHUMAEMO20 UMU 00b-
ema. Taxoil 6b1600 Oenaemcss HA OCHOBAHUU IKCNEPUMEHMOB NO DPACCESTHUIO
INEKMPOHHBIX NYUKO8 Opye Ha Opyze, U3 KOMOPbIX Ciedyem, uUmo pasmepbl
271eKmponos domicubl 6uims menee 107 cm. Odnaxo unmepnpemayus pesyno-
MAamos maxux dKCNepuMenmos mogcem ovimos cosepuienHo unoll. B passeusae-
MOt 30eCh MeopuU MAoe CedeHue «INeKMPOHy - «INEKMPOHHO20» 63AUMOOeL-
cmeust 00bACHAEMC T meM, Ymo A0pa 08YX CONUNCAIOUWUXCIL (ITIeKIMPOHO8Y 00-
DPazyiom CIONACHYIO CNUHOBYIO CUCTEMY C CUTOBbIM G3AUMOOECIBUEM, OWymu-
MO OMAUYAIOWUMCSL O KYTIOHOBCKOZO.

Ecmo ewe ooun akmop, xomopuwiil @blHysHCOAEm COBPEMEHHVIO (DU3UKY
CUUmams IAEKMPOHbL U NOZUMPOHbL MOYEYHBIMU OeCCMPYKMYPHbIMU 00paA30-
sanusimu. M3 Maxceeilosckoil 31eKkmpoOUHAMUKU CIe0Yent, Ymo NpoCmpaHchl-
BEHHO PACNPedelenHo20 3apsioa 6 npuHyune Oblmb He MoXcen, M. K. 0OHOUMEH-
HO 3apsdiCeHHble YaCmU MAK020 3apsi0a O0NHCHbI HEMEOLEHHO PA3emembest HOO
Oeticmeuem 02pOMHBIX KYTOHOBCKUX Cull ommankueanus. Taxoe nonoscenue oen
6 MAKCBELI0BCKOU INeKMPOOUHAMUKE 8 KAKOU-MO Mepe «Cnacaemy 2unomesa
0 «moueyHocmuy 3apsdceHHvIx uacmuy. Keanmoeas mexamuxa HecKOIbKO
cMAZYURA IMY NpoOaeMy, nonazas, Ymo 00vbeM, 3aHUMAEeMbI MOYeUHbIM 3apsi-
00M, — IMO OKPECMHOCHb HAUbOIee BEPOSIMHO20 MECIA €20 HAXOIHCOEHUS.

Tloszoice k6anmosas 21eKMPOOUHAMUKA, KA3ANOCH Obl, COBCeM pa3peuiund
OGHHYIO «He3a0auyy, YMeEepiucoas, Ymo «20Jblily MOYeuHblll 3apsi0 6AIeHMHOU
Yacmuybl OKPYJICeH IKPAHUPYIOWUM €20 0DIAKOM GUPIMYALbHBIX 3APSIICEHHBIX
yacmuy NOBCEMECMHO KIOKOUYUe20 KEapK-2ioOHH020 Kondencama. Ilpu smom
IKpAHUPYIOWee «0OIAK0» co30aem WINIO3UI0 CYWeCmE8o8anUst NPOCHMPAHCMEEH-
HO pacnpedenennozo 3apsoa, m. K. N0 Mepe NPUOIUNCEHUsL K «20T0MY» moyey-
HOMY 3aps0y 3mo «00aaKoy éce bonee u boiee pacceusaemcs.

Ewe bonvuieii uzowpennocmu docmuena meopusi CmpyH, noiazaiowas, 4mo
3aPANCEHHAS, YACMUYA — MO B0BCE He MOYKA, d Yeadst IunUs (modnee cmpyna),
HO Makdice He 3aHUMAIOWAsl HU KAKO20 NPOCMPAHCMBEHHO020 00vbema. 3amo
CNIOJICHO NepenyiemenHas no8epxXHoCmy, 3amemaemas dmot cmpynot, ¢ 10 unu
11 meprom npocmpancmee, yoice npuobpemaem cmamyc bpamsl, obnraoarouent
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obvemom. Tonvko, 0Ovem >5mom OYeHb MANEHbKUl, 6 npedenax NAAHKOBCKOU
senuuunvt ~ 107° car’.

Bce smu udeu moavko npunyopusaiom 3acmapeguiue «Hapwvlébly HA Mmeie
obsemuasuiell K6AHMOBO-MeXanueckoll napaouemsl. To2oa Kaxk muozue npo-
O1eMbl COBPEMEHHOU HAYKU MCHOBEHHO YIIeMYYUBAIOMCS, eCU CUUMAMb, Ymo 8
yenmpe «3neKmponay umeemcs 20po ¢ paduycom ~ 107" cu.

Heobxo0umo ommemums, 4mo napaiieibHo cO «CMONO060U» KEAHMOBOU
Odopoeou pusuxu XX 6. 6cez0a cyujecmeosan nobOuHbIL NYyMb, HAMEUEHHbI
B. Knughgpopoom u A.Diinwmerinom, HanpasieHHulil Ha NOTHYIO 2e0MempU3AYU0
Qusuru. B pamkax npozpammvl MOMAIbHOU 2e0MeMpU3auUY 8 MAMEPUATLHOM
Mupe Hem Hu4e20 Kpome UCKPUBLEHUL, 6PAUEHUL U OBUNCEHUTI TOKATbHBIX VUd-
CMKO8 NPOCMPAHCMEEHHO-8peMeHH020 KoumuHnyyma. Camomy Dinwmetiny om-
yacmu yoanocms 2eOMEmpusupo8ams meopuio pasumayOHHbIX 63aUMoOeli-
cmeutl Ha 6aze obwei meopuu omuocumenshocmu (OTO), a makue e2o nocie-
odogamenu, xax [Joc. Yunep, E. Pexamu, A. Canram, U. I'eprosun u I'. [llunos
Pazeunu npedCcmagienus 0 CUIbHOU epAsUMayuu ¢ npUMeHeHuem pacuupeHHbIx
sapuanmog mamemamudeckozo annapama OTO Kk onucanuro cmpykmyp Mux-
pomupa. Ancucna A61Aemcs npoOONNHCEHUCM UMEHHO 2M020 HANPABIeHUs. Uc-
C1e008aHUI.

Pammyc okpyskaromieii Hac BeeneHHoM R, COBpEMEHHOM (PU3UKE HEM3BECTEH.
MeHorue ¢u3nky BoOOLIe COMHEBAIOTCS, YTO OKPYXKAIOIIMKA HAC KOCMOC LIapo-
obpazen. Curyanus moxoka Ha BpemeHa Komym0a, KOTOpHBI panu ToKa3aTeib-
CTBa 11apOOOPa3HOCTH HAIEeW MJIAHEThl HACTOSI Ha SKCHEIULUH K KPat 3TOro
MHpa.

YT0oOBbI TOHSTH, 3AMKHYT OKPY)KaIOIIMI HAC KOCMOC WJIM HET, MOYKHO BOC-
nosp3oBaThest uaeeit Komymba. [ 3Toro Hy»XHO mociaTh MOIIHBIH, y3KOHa-
IIPaBJICHHBIA 3aKOJUPOBAHHBIA PaJMOCUTHAI B OJHOM W3 HalpaBJICHUH OKpY-
JKaroLIero HaMm KocMoca. Ecii 3ToT curHan korja-HUOyAb BepHETCsSl B 00J1acTh
€ro M3JIy4eHHs, TO 3T0 OyJeT 03Ha4aTh, YTO OKPY’KAIOLIee HAc IPOCTPAHCTBO
3aMKHYTO, T. €. IIapoo0pa3Ho.

CoBpeMeHHasi KOCMOJIOTHSI, OCHOBaHHAs Ha Teopuu bonbinoro B3psIBa, CUH-
TaeT, YTO, €CJIM KOCMOJIOTHUYECKasl MOCTOSIHHAsI /1, OTBEYaloIasi B ypaBHEHUU
(2.2.55) 3a 3aMKHYTOCTh KOCMOCa, M HE paBHA HYIIIO, TO YPE3BBIYAIHO Maa

A=3/2RY < 10 em™ (2.3.7)

OTkyzna cinenyer npuOIMKEeHHas OLEHKa pajauyca Hameld 3aMKHyToi Bce-
JICHHOU
R, >10% cm. (2.3.8)
IIpu 3TOoM
re/R, <107%/10% ~ 107 (2.3.9)
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OTO CTONF HUYTOXHAs BEIMYMHA, YTO 0000mmIeHHble MeTpukn Kortiepa
(2.3.1) m (2.3.2) nns cimyyast ucciaeJOBaHUS BaKYyMHOH MPOTSHKEHHOCTH, OKpY-
KaloUed SIIPO «IJIEKTPOHA», MOXKHO CUUTATh BBIPOXKICHHBIMH B METPUKH
IBapummisna — lumnosa:

2
ds "2 = (1—r—°’jc2dz2 2407 vsin? 0 dg? ). (23.10)
L

r _le
r

20e ry = ZMZG — epasumayuonHblll paouyc niaremsl (M — macca nianemeol,

C

8 3 1 2
G =6,67-10"cm -2 - ¢~ — epasumayuonnas NOCMOSHHASL).

Mempuxy [eapywuneoa 6 6u-
de (2.3.10) 20e r, — yosoemnHvlll
KAaccuyeckuil. paouyc 31eKmpoHa
enepsvie sanucan I'M. [lunos 6
[12]. Iosmomy mempuru 6uoa
(2.3.10) u (2.3.11) 6yoem Ha3zvi-
6amb  000OWEHHBIMU MEMPUKAMU
Hlsapywunvoa — [llunosa, ¢ edun-
CIMBEHHOU 02080PKOU, YMO 8 pam-
Kax Ancuemvl v, — 3mo He YOB0eH-
HbLL  KIACCUYECKULl paouyc 3JieK-
MPOHA, a NPOCMO  KIACCUYECKUTL

Ppaouyc a1eKkmpoua 1, = 28-103¢u. http://radikal.rw/
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HeobxoauMo OTMETHTH, YTO KakuM Obl ManbiM HH OBLIO COOTHOIICHHE
(2.3.9), paguyc 3amkHyTOW BeeneHHoM R, BCe K€ UTPAcT OYEHb BAXKHYIO POJIb B
(U3UKE <«OIEKTPOHOB» M «IO3MTPOHOB» M BOOOIIE BceX (yHAaMEHTAIbHBIX
«YaCTHID.

Bo-mepBBIX, B paMKaxX pa3BHBacMBIX 3/1€Ch BO33PCHHUH, ecl OBl OKpYXKaro-
i HAC KOCMOC OBUT He mapooOpa3HBIM (T. €. He3aMKHYTBIM), TO B HEM B
MIPUHIUIE OBUTO OBl HEBO3MOXKHO POXKAEHHE MIapooOpa3HBIX 3aMKHYTHIX 00pa-
30BaHHUI THIIA SAEP «IJIEKTPOHOBY U KIO3UTPOHOBY». DTO CIEAYET HE TONBKO U3
061ux Gu1ocodcKkux MPUHIMIIOB, YTBEPKIAMOIIKX, YTO BHYTPH MakpooObeKTa
MOTYT POXKIAThCS TOJILKO T000HBIE eMy (hpakTaibHble Kormuu. CaMu METPHKH
Kortnepa (2.3.1) — (2.3.2), siBustolyecss HENOCPEACTBEHHBIM PE3YJIbTaTOM
MPENIOJIOKEHNUS O 3aMKHYTOCTH Haiield BceneHHOM, T. K. OHU MOJIy4EHBI U3
ypaBHeHus (2.2.36) R; — 24g; = 0 ¢ HepaBHOH HYJIO0 KOCMOJIOIMYECKOH MOCTO-
SIHHOU A.

Bo-BTOpBIX, B paMKax paccMaTpHUBaeMOH YCPEAHEHHOW METPUKO-IHHAMHUYE-
CKOM MOJIENH «3JIEKTPOHA», HAa TPAHHIE SApa «IIEKTPOHA», T. €. IPU 7 = 7,
KOMIIOHEHTHI METPHYECKOTO TCH30pa, Harpumep, B MeTpuke (2.3.1) oka3pIBaIOT-
Csl paBHBIMHU

1 1 sz v, r? r?
g = = = . g = 1__8+L = e ,
11 r, rez }"62 re2 00 , R 3 R 3
=451 | o2
nR) R
(2.3.12)

W3 3TuX BRIpa’kK€HUH BHUIHO, YTO paauyc 3aMKHYTOH BcenenHoil R, oka3bl-
BaeT OOJIBIIOE BIMSIHUE HAa BaKyyMHBIE ITPOLIECCHI B PaKusX (T. €. B MHOTOCJIOM-
HBIX MEMOpaHax) JIeMEHTapHbBIX «4aCTHI.

Ha pakuio (membpany), oxpyscarougyio
A0PO  «INIEKMPOHAY, OKA3bIBAIOM GNUAHUE
paouycel 8cex 3aMKHYMbIX CHPYKMYD Mu-
posoii Hepapxuu, 6 cocmag Komopbuix 6xo-
oum oanHoe sadpo. Ilosmomy membpana
A0pa «INEeKMPOHA» OKA3bl8AEMCs YPe36bl-
YAUHO CIONCHOU, MHO20CIOUHOU CIMPYKmMY-
PO, KadicOvlll CIOU KOMOPOU C853aH C CO-
omeemcmayowel. 3aMKHYmMoUu  CmpyKmy-
poiu Muposzoanus. /s npumepa, Ha puc. http:/chemworld.narod.ru/
2.3.1 npusedena cmpykmypa membparvl, Puc.2.3.1. CrpykTypa
oKpyacarougels OUOI0SUYECKyI0 KIemK). KJIETOYHON MEMOPaHBI
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B-TpeThux, «pa3pbiB» BaKyyMHOH NMPOTSKEHHOCTH, M COOTBETCTBEHHO 00-
pa30oBaHUE AIEMEHTAPHON «YaCTHUIIBD», BO3MOXKHO TOJIKO BHYTPH 3aMKHYTOH
Bcenennoii. IlosicHuMm naHHOE yTBEpKIAEHHE Ha clenyronieMm npumepe. Pac-
CMOTpPHM JIBa CTEPXKHS PA3IUYHON ITUHBI (CM. puc. 2.3.2), CIETaHHBIX U3 OJH-
HAKOBOT'O MaTepuaia, HalpuMep, MeTaiia:

4 —>
L, L,

A
v

Puc. 2.3.2. JIBa MeTaNIMYECKUX CTEPXKHS Pa3IHMUHON JITHHEI

OKCHEepUMEHTHI IT0Ka3bIBAIOT, YTO /IS TOTO, YTOOBI PACTSHYTh 3TH CTEPKHU
Ha OJIHY U Ty K€ BEJIMUMHY AL, K HUM HY>KHO IIPUJIOKUTH pasHble ycunusd. Pac-
TSHYTb OOJIBILION CTEp)KEHb JIerde, YeM MaJeHbKHH. DTO OOBSCHAETCS TEM, 4TO
B paccMaTpUBacMOM CJIydae MEXKMOJCKYIIPHbIE DPACCTOSIHUS B OOJIBIIOM
CTEp>KHE YBEINYATCS 3HAYUTEIEHO MEHBINE, YEM B MAJICHHKOM.

PaccMoTpeHHBIH npuMep oTpaxaeT oOIee MpaBWIIO: «BETHMYMHA Aedopma-
UK J1I000r0 MaTepHAIbHOTO TENa 3aBHCUT OT €ro rabapuTHBIX Pa3MEpOB).
[TosTOoMy B Teopuu ynpyroctTd B OCHOBHOM ONEPUPYIOT HE C CAMUM Yy UIMHEHH-
eM Tena AL, a ¢ BeIMYNHOMN €r0 OTHOCHUTENBHOTO YIuTnHeHusT AL/L.

OueBHAHO, YTO PaspylIUTh OSCKOHEYHO IUIMHHBIA METAIMYECKHH cTep-
KeHb (L = o0) 3a cueT ero nedopManyuyd HEBO3MOXKHO, T. K. TPHU JIFOOOM KOHEY-
HOM JIMHEWHOM YJUIMHEHHH AL €ro OTHOCHTENIFHOE YIJIMHEHHE BCET/a OKa3bl-
BaeTCs paBHBIM HYIO (AL /oo = 0).

TouHO Tak ke MpH JTMHEHHOM yUIMHEHUH KaKOT0-In00 y4acTKa BaKyyMa Ha
BEIMYUHY dr CIIEAyeT yYuTHIBaTh paanyc Bceil Beenennoit R, , KOTOpOMY OH
IpUHAUIEKUT. TO €CTh IPU pacCMOTPEHUU KPUTUUYECKUX NapaMETPOB BaKyyM-
HOU MPOTAKECHHOCTU CJIECAYET ONEpHUPOBATH C OTHOCUTC/IbHBIMU YIAJIMHCHUAMU
dr/R,. OTkyna cnemyer, 4to nmpu R, = o0 «pa3pbIBbD) BAKYYMHOMN HPOTSHKEHHO-
ctu B OeckoHe4yHo BcenenHol Obliin Obl HE BO3MOXKHBI.

[o/icTaBUM KOMITOHEHTY Merpudeckoro temsopa g, “ (2.3.12) B ypaBHeHue
(2.1.30). B pe3synbrate npu g;;” = —1 TOTyunM, 4TO B MECTE «Pa3phiBa» 7 = 7,
OTHOCUTECJIIbHOC YJIMHCHUE CyﬁKOHma OIr'pOMHO, HO KOHCYHO

28
=B 0 e, (23.13)
T 10 ©

.
Ilpu noxacraHOBKE YCPEOHEHHOM KOMIIOHEHTBI METPHUYECKOTO TEeH30pa

V(g "+ g1 ") [em. merpukn (2.3.1) 1 (2.3.2)] B ypasrenue (2.1.30) s BHeu-

HEH CTOPOHBI BAKYyMHOH NPOTSKEHHOCTH B MECTE Pa3phlBa ¥ = 7, TIOJIyYUM
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(2.3.14)

B oTHomeHnn pamuyca BHYTPEHHETO SIAPBINLKA d,, HAXOISLIETOCs BHYTPH
spa «aNeKTpoHa» (puc. 2.2.14), HaM M3BECTHO cieylolee. JKCIEPUMEHTHI 11O
paccesiHUIO 3JIEKTPOHOB M MIOOHOB Ha HYKJIOHaX (IIPOTOHAaX M HEWTPOHAaX) I10-
Ka3aJli, YTO BHYTPH ITUX CPepooOpa3HbIX 0OBEKTOB C YCPESIHEHHBIM PallyCOM
~ 107" cM, IMEIOT MECTO YCTOIUMBBIE HIEKTPHUECKH 3aPAKEHHBIE YILIOTHEHHS
(napmonwi) ¢ pagmycamu ~ 107°+ 1077 cm (em. puc. 2.2.1).

B ymoMmsHYTBIX BBIIE SKCIIEPUMEHTaX OBICTPO IBIKYIIHECS SJICKTPOHBI
MIPaKTHYECKH OECHpPEelsATCTBEHHO IPOHM3BIBAIM HYKIOHBI HAackBO3b. OmHaKo
MHOTJa OHM HATaJIKMBAJINCh HA IUIOTHbIE 00Pa30BaHUs, B3aUMOJACHCTBUE C KO-
TOPBIMHU OBIIO IOXOXE HA PACCESHHUE Ha KYJIOHOBCKOM IOJIE JPOOHOrO BIeK-
TPUYECKOI'0 3apsAaa. H03TOMy MPUHATO CUUTATDH, YTO 3JICKTPOHBI HE YUaCTBYIOT
B CHJIBHBIX B3aMMOJICUCTBHSX, & B3aUMOJICHCTBYIOT TOJBKO C TAPTOHAMH, KOTO-
pble 001a1at0T IPOOHBIMH HIIEKTPHYECKUMHU 3apsIaMu.

Bynem momnaratp, 4To napmon W €CTb BHYTPEHHEE CYOBSIPBILNIKO C paany-
coM d, ~ 107" cm, HAXOAIIEMCS BHYTPH SPA «AJIEKTPOHAY.

e

www.informatika.ru www.pc-software.ru

CyOBsSapHIIIKA BHYTPH SACP «IACTHID)

B sTOM ciywae paguyc spa «3IEeKTpOHay 7, ~ 10" cM TomBKO Ha TpH TO-
psKa MMPEBOCXOAUT PAANyC CyOBSAPHIIIKA dy~ 107" cm. DToro sBHO HemocTa-
TOYHO, 4TOOBI MCKJIIOUYUTh BHYTPEHHEE CYOBSAPBHIIIKO M3 paccMorpeHus. [lo-
3TOMY JUIsl YCPEIHEHHOTO OMHMCAHHSI METPHKO-IMHAMHYECKOW CTPYKTYPHI siapa
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«3JIEKTpOHA» OyneM ucrnonb3oBaTh meTpuku Kottnepa (2.3.3) u (2.3.4) (tme r,
~10"" cm — pamnyc sapa «onextponay; d, ~107'° cM — pamguyc cy@BsapbImIKa,
HaXO/ISIIIETO BHYTPH sIJpa «JIEKTPOHA).

Urak, ¢ yaerom (2.3.10) u (2.3.11), MeTpuKO-AMHAMHYECKHE CBOWCTBA B
CpE/IHEM BBIITYKIIOTO A 15 . j6-BaKyyMHOTO 00pa3oBaHusl, KOTOPOMY AJICUTHA B
JaHb TPAJUINH PHCBOMIIA YCIOBHOE HA3BAHNE «AIICKTPOH», OyIyT ONHMCHIBATH-
Csl CIEeNyIOUIed yIpOILIEHHON COBOKYNHOCTBIO ISITH METPUK C OJHOM U TOH ke
CUTHATYpOii (+ — ——):

«IJEKTPOH)»
yCPeIHEHHAs «BBITYKIOCTE» A |5, 16 -BaKyyMa
¢ curnatypoit (+———) grvan

BHemHsisi 000J104Ka «3JIEKTPOHA (- € [r,, R,])
nBe 00606uieHHbIX MeTpuky LBapimmiiasaa — Ilumnosa:

2
s :(l_’ejczdtz 2402 asin? 0ap?), (23.16)
P
r
2
ds (P2 = (1+r—8jc2dt2 —L—ﬁ(dez +Sin29d(p2>' (2.3.17)
P
r

Anpo «3aekTpoHa» (r € [0,r,])

nBe 00001IeHHBIX MeTprKn KoTTiiepa:

2 2
ds{ 2 = (1 —d’“’+rjc2dt2 240 wsin?0dgp?)s  (2318)
3 2 2
r re [ de g J
l-—+—
r }"e
2 2
ds§P = 1ede T N2gr oA 2(4p% tsin2 gap?) (2-319)
roor, [ d, rz]
1+ -
r v,

HleabT «QaeKTPOHA» (r € [0, ])

dsg_)2 =cldt? — dr? —1’2(51’6?2 +sin? quaz). (2.3.20)

e r,~10"cem, d.~10"cm
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To4HO Tak *e YCTpPOCHA U A _j; . 16 -BaKyyMHAsl 602HY-
mocmsb, TOJA YCIOBHBIM Ha3BaHWEM «IO3UTPOHY, OIHCHI-
BaeMasi TAKMM e HaDOPOM U3 ISTH METPHUK, TOIBKO C MPO-

THBOIIOJIOKHOH CUTHATYpoH (— + + +):

«IIO3UTPOH»
YCpeAHCHHAas «BOTHYTOCTb» 4—12 + 16 -BaKyyMa
C CHFHaTypOﬁ (— + + +) (IHVH’)

BHelnagas 000104Ka «IMO3UTPOHA» (relr,R)
nBe 0000meHHbIX MeTpuku [1IBapimmibaa — Llunoa:

2
dr +r2(d02+sin29d(p2)’ (2.3.21)

ds (" = —(1 - %)czdtz o
(-5
r

2
i r2(a0% +sin? 0dp?)  (2322)

[+

Anpo «mo3uTpoHa» (r € [0, 75 ])
nBe 00001IeHHBIX MeTpuku KoTTiepa:

2
dr +r2(d0? +sin? 0dg?), (2:3.23)

d- 2
ds{?=—|1-28 Tl T
g e 1 di.ﬁ.ﬁ
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HleabT «IO3UTPOHA (r € [0, x])
ds§? = —c2de® + dr® +r2(d0% +sin? 0dg? ). (2.3.25)

rae 1= ro~10"5cm, d;= d,~10"%cm



