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2.10.4. KauecTBeHHOE ONIMCAHUE CTPYKTYPBbI <IIPOTOHA)

IIpu Bcelt TpyOOCTH TPETHET0 MPUOIIHKEHISI TEOPUH YIPYTOTO BaKyyMa (CM.
m. 2.3.2.1) Ancursa npeaocTaBIsSeT JIOTHIECKH 3aBEPIICHHBIN MaTeMaTHIeCKIHA
anmnapat, NpeHa3HaYeHHbIH IJIs HCCIIEI0BAaHMS yIbTEPAIbHOT0, HH(EPATHHOTO,
TUrajJbHOTO M JPYTrUX Oojiee TOHKMX yPOBHEH OpraHH3aLUM IMEpeIUIeTEHHBIX
TKaHEH «3JIEKTPOHOBY, KIIPOTOHOBY, «HEUTPOHOBY» U T. 1.

Kaxnast 13 3/1eMEHTapHBIX «YacTHI» — 3TO OSCKOHEYHBIH MHUp, W3yYEHUIO
KOTOPOT'O HY’KHO IIOCBATHUTH OTJeNbHBIe TOMAa. Ho B maHHON yacTu npoexra Aj-
CUTHA JeJaeT JHMIIb POOKYIO TOMBITKY «H300pa3svTh» HEKOTOPYIO KayeCTBEH-
HYIO KapTHHY BHE- M BHYTPHUSAIECPHBIX BAKYYMHBIX IIPOLIECCOB, IPOTEKAIOIINX B
HeZpax «IIPOTOHa» M «aHTHIPOTOHa». [Ipy 3TOM MBI OnHMpaeMcsi Ha MaTeMaTH-
YecKHe MOJX0/bl, KOTOpBIE y>Ke ObUTH BHIpaOOTaHbI IPU HUCCIIEIOBAHUN METpPH-
KO-TMHAMHYECKOH CTPYKTYPBI «3JIEKTPOHA» M «ITO3UTPOHa» (cM. 1. 2.3.2.1).

s mpuMepa paccMOTPUM MTHOBEHHOE COCTOSIHHE «IIPOTOHA» P , OMHCHI-
BaeMoe pamxupoM (2.10.17)

dx+(+ ++ 7)
u, (= +—+) (2.10.32)
U ——++)

pi =+ + ),
KOTOPBII packpeiBaeTcs B Buae 15-u metpuk (2.10.25).
2.10.4.1. TonoJsioruyeckasi CTPyKTypa P; -<IpOTOHA»

[Ipexne Bcero HaMOMHHUM, YTO HAaOOPHI
5-TH METpHK ¢ cuUTHaTypamu (— + — +) u
(- — + +), Bxomsmmmu B pamkup (2.10.32),
OIIMCBHIBAIOT 3aMKHYTbIE TOPOHANIBHBIE IIPO-
TsokeHHocTH (cM. m. 1.2.11 B [8]), a Tpernii
Ha0Op 5-THM METPHK M3 TOrO K€ PaHXKHpa C
CUTHATYypoil (+ + + —) XapakTepu3yeT runep-
00JINUECKYI0 4-TIPOTSIKEHHOCTh, HMEIOIYIO
CTPYKTYPY 3aMKHYTOI'O I1apaboIiona.

Takum 00pazoM, ¢ TOYKH 3pEHHS BaKY-
YMHOW TONOJIOTHH, SIIPO Py -«IIPOTOHA»
MIPEACTaBIsAET COOOM METPUKO - AMHAMHUeE-
CKHI y3€Jl, COCTOSAIIMN U3 IBYX IEPEIIETEH-
HBIX TOPOB, 3aKIIOYEHHBIX BHYTPH 3aMKHY-
Toro mapadonousa (cM. puc. 2.10.5).

Puc. 2.10.5.
Wnnroctpanust y3noBon
CTPYKTYpPBI BAKYyMHBIX TOKOB
BHYTPH sLJIPa «IIPOTOHA
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Brewnss obonouka p, -«IPOTOH@» — 3TO Y3JIOBBIE CTPYKTYPHI B OTKPHITOM
TUIIEPOOINIECKOM HPOCTPAHCTBE. Y3JI0Bas TOMOJOTMYECKasi CTPYKTypa, OIH-
ceiBaeMasi pamkupoM (2.10.32), MHOTOKpaTHO (pakTaIbHO PENPOAYLHUPYETCS B
Pa3INYHBIX JIOKATBHBIX 00JIACTSAX MCKPUBICHHOM BaKyyMHOH HpOTSH)KEHHOCTH,
KOTOPYIO MBI YCIIOBWIINCH Ha3bIBATh GHEUHE 000I0UKOU Pi -KIIPOTOHAY.

www.aires.spb.ru
ITonbITKa NPOMIIITIOCTPUPOBATE Y3IIOBBIE CTPYKTYPBI B OTKPBITOM

I"I/Il'[ep60.]'II/I‘-IeCKOM MMPOCTPAHCTBE, OKPYIKAIOLIEM SIAPO KIIPOTOHA»

Ewe 6 xonye XVIII 6. B. Tomcon (nopo Kenveun) nonvimanca cocmasume
nepuooUtecKyo mabauyy XUMU4ecKux d1emMeHmos, Ucxo0s us npeonoodHCeHus,
YUMo amomul AGNAIOMCA 3A6A3AHHBIMU 6 V3Ibl GUXpAMU dPupa. Xoms sma no-
nuIMKa mo20a OKAa3anacs 6e3yCneuHou, oHa, mem He MeHee, 600XHO8UNA €20
onuskozo opyea Iumepa . Totima (Peter Guthrie Tait, 1831 — 1901 22.) na
co30anue meopuu y3106. Oma meopus GKIOHANA KIACCUPUKAYUIO V37108,
UMEIOWUX 3aY31eHHOCb He Dolee 80CbMO020 NopaoKka. Anzebpa cueHamyp 60 MHO-
eom sepuynacwy K uoesim B. Tomcona u I1. [{oc. Tavma, Ho moabko Ha criedyrouem
BUMKe PA36UMUs HAWUX NPEOCABIEHU O CIONCHEWUX nepeniemeHus 6aKy-
VMHBIX MOK08, M. e. meuenuil tumeol Kusozo Beimus.
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2.10.4.2. Sinpo p; -«mpoTOHA)»

SAnpo «mporona» (Tak e KaK M SOPO «IIIEKTPOHA») — ITO OECKOHEUHBII
OKeaH, OKPY>KEHHBIII MHOTOCIIOWHOW MeMOpaHo# (pakueif). ToiapKko B oTiiH4He
OT sJpa «ICKTPOHA» 3TOT OKEaH UMEeT He OHO, a TPU CyObAAPBINIKA Xa0THYe-
CKH OJIyXKJAaIOIUX BOKPYT APYT OPYra, ¥ CBA3aHHBIX MEXIY cO0OH CI0XKHO IIe-
peIIETeHHBIMU CyOKOHT-aHTUCYOKOHTHBIMH TOKamMHu (cM. puc. 2.10.6).

[Tono6HO (BpakTaabHBIM MHOMKECTBAM, SIPO KIIPOTOHA» MOXKHO MCCIIENOBATh
BEYHO, HaX0/is B HEM BCE HOBBIE M HOBBIE TITyOUHBI U TAPMOHUYHBIE CTPYKTYPBI.
31ech MBI 3aTparuBaeM TOJIBKO CaMble IpyOble METPUKO-ANHAMUYECKHe GOopMBbI
€ro CyIIeCTBOBaHUSI.

B pamkax TpeTbero npuOIMKeHUst TEOPHH YIPYToro BaKyyMa, pa3BUBaeMo-
ro AJICHTHOH, SiAPO p| -«IIPOTOHA)» OMHCHIBAETCS COBOKYITHOCTBIO 6-TH 0000-
meHHbIx MeTpuk Kottiepa (2.10.256), (2.10.251) u (2.10.253):
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3) P p) . -
ds? = —[1 bl B ]czdﬁ e i s 0dg?, SENC )

(2.10.33)

rne ry, 1y, ¥, OepyT Hadauo He B OJHOW LEHTPAIBHON TOYKE HCCIIelyeMOro Ba-
KyyMHOT0 00pa3oBaHHs, a B IIEHTPaX TPEX CYOBSIPHIIIEK, COOTBETCTBYIOIIUX
TpeM BaJICHTHBIM KBapkaM (cM. puc. 2.10.4).

B 3TOM ciy4ae CKOPOCTH M YCKOPEHHS BHYTPHSICPHBIX YCPEIHEHHO -
MEePEIUIeTEHHBIX CYOKOHT-aHTUCYOKOHTHBIX TOKOB OIPEICISIOTCS CYNepIio3u-
LUEH HyJIEBBIX KOMIOHEHTOB gop METPHUECKUX TEH30POB U3 MeTpuK (2.10.33):

)] D 2) 2 (2) 2
g = 1 T L) ;{Me _rs]+[1_de ]

12 12
i i B no
1 d(,z) 7”2 d(3> 7"2
e v e R S | (2.10.34)
20 5 o nor)

B cBoro ouepenp, ycpenHEHHO-TIEPEIUICTEHHbIE JeopManui BaKyyMHON
MIPOTSHKEHHOCTH BHYTPH SiApa «IIPOTOHa» OINPEIEISIOTCS  CYNepro3uLuen
€IMHUYHBIX KOMIIOHEHTOB gi; METPHYECKHX TEH30pOB M3 TEX JX€ METPHUK
(2.10.33)
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_Uf,d —% 1 +% . (2.10.35)
2 Ko 5o,

IIpumensis Te xe MEeToAbl UCCIEAOBAHUNA METPUKO-IMHAMUUYECKON CTPYKTY-
PBI BaKYyMHOW MPOTSHKEHHOCTH, YTO W MPH M3YYCHUH SApaA «IJIEKTPOHA» (CM.
I 2.3), MOXHO TOJYYHTh YCPEIHCHHBIC IMPEACTABJICHUS O HEBOOOPA3UMO
CJIIOXHBIX W TMOTPSACAIONIE KPACHUBBLIX MPOIECcCax, MPOTEKAIOIUX BHYTPH Sapa
«TIPOTOHAY.

Mser He OynmeM B JaHHOM pa0oTe MOAPOOHO HCCIENOBATH CTPYKTYPY sIpa
P1 -«OpOTOHA», T. K. OCHOBHbIE WJEU U MOJXOJbl K PEIICHUIO 3TON 3a7auu yxKe
U3JI0KEHBI B MPEeAbLAYIIHX I1aBax. OTMETHM TOJIBKO, YTO MOTEHIMANA TPETHETO
MPHONIKECHAST TEOPUH YIIPYTOrO BaKkyyMmMa AJICHTHBI, HAa Hall B3TJISAI, BIIOJTHE
JOCTaTOYHO, UL TOCTPOCHHS BHYTPHSIIEPHOW (DU3HWKH, CIIOCOOHON pPacKpHITh
MHOTHE YANBUTEIBHBIE U MOTPSICAOIIEe TApMOHUYHEIE TaifHbI JKuBoro Bertus.
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YKaxeM Ha JBa CEphe3HBIX OTIMYMS SACPHOW (U3UKH «IPOTOHA» OT
GU3MKK spa «JIEKTPOHa»: 1) MOJOOHO MOBENECHUIO 3-X TI'PaBHTALMOHHO -
3aBHCHMBIX KOCMHYECKHX T€J, TPH BHYTPCHHUX KBAapPKOBBIX SIPBIIIKA
«IIPOTOHA» TO C YCKOPEHHEM CONMKAIOTCS, BPAIIasCh BOKPYI CBOMX OCed U
OTHOCHTEIIBHO APYT npyra (cM. puc. 2.10.6), To ¢ 3aMeaNIeHneM yIOaIsSIoTCs YT
ot apyra. [Toatomy B omTin4ue OT sApa <«AJIEKTPOHAY» BHYTPHSICPHBIA MHP
«IIPOTOHA» KakK Obl «IbIIUTY. OH TO HECKOJBKO CKMMEETCS, TO PACIIUPSIETCS;
2) «IpOTOH» XaJaKTepU3yeTcs HE OJHMUM, a TpeMs KBapKOBBIMH Habopamu
(2.10.27a) — (2.10.278), mo3TOMY K MPEABIIYIIAM METOaM UCCIICAOBAHUN SIpa
«QNIEKTPOHA» TpeOyeTcs TakKe HpPUBJICUYCHHE SJIEMEHTOB SIEpHOW KOMOWHA-
TOPHKH.

http://comtess.narod.ru/
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L RN e ™
http://www.nadishana.com/
Puc. 2.10.6. MmrocTpaiiuu pa3mudHbIX MPOSIBICHUAN
3-«KBapKOBOI» CTPYKTYPHI SApa «IPOTOHA»
£ G

http://hydepark.by.ru/

Puc. 2.10.6. lyxoBHbIii cumBon & (Maren JlaBuia) HaXouT GpakTaibHOE
OTpakeHHE B 3-KBAPKOBOW CTPYKTYPE KIIPOTOHY - «AHTHITPOTOHBIX
nap, ¥ B CTPOSHUH KUBBIX OPraHU3MOB M PACTEHHIA
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http://rico.pnzgu.ru/
Mupsl BHyTpU MUPOB

B cOBpeMEHHBIX M3MAHUSAX [0 MUKPOOHOJIOTHH
RS 4acTO BCTEYAIOTCS M300pa)KCHUS KJICTOK B sapax

. SN KOTOPBIX BHIHBI 110 JBa SApHIMKa. Takue KICTKH,
KaK IPaBHJIO, HE CTAOWIBHBI, T. K. JABa SAPBINIKA
00pa3zyroTcs mepes ee AeIeHUEM.

WHTEepecHo CyHIeCTBYIOT 1M KJIETKH C Tpems
sApbIIKaMu BHYTpH siapa? Ecnu ga, 1o u3ydenue
TaKUX KJIETOK MPOSCHUT MHOTO€ B OTHOLICHUH
CTPYKTYPbI IIPOTOHAY.

W3yuyeHnto 3-«KBapKOBOTO» SIpa «IIPOTOHA»
BO MHOI'OM MOTYT CIIOCOOCTBOBATh HCCIICIOBAHUSI BUPYCOB U OakTepuii ¢ aHa-
JIOTUYHBIMU 3-JICTICCTKOBBIMU BHYTPEHHUMH CTPYKTypamu (cM. puc. 2.10.7).

TN

http://saechka.ru/

" http://abzac.blog.ziza.rw/
6)

TR
http://www.rau.am http://fractalys.narod.ru/

B)

Puc. 2.10.7. a) Bupyc; 0) 6akTepusi; B) MOMBITKA MPOWLIIOCTPHPOBATH
YCPETHEHHYIO CTPYKTYPY BaKyyMHBIX Je(opMalinii BHyTpH
SIIPa «IPOTOHA»
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http://www.crlc.pu.ru/share/hosse/
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http://www.crlc.pu.ru/share/hosse/

WmrocTparust CyObsAPBIIICK BaJICHTHBIX
KBapKOB BHYTPH S,Ipa «IIPOTOHA
2.10.4.3. BHemHss 000J10YKa [y -«IPOTOHA»

B pamkax Tperbero NpUOIMKEHHsS TEOPHH YIPYroro BaKyyMa BHELIHSS
o0otouka pf-((HpOTOHa», OKpyKaromas €ro saap0, OIMUCBIBACTCA IECThIO MET-
pukamu (2.10.25a), (2.10.251) u (2.10.25%):

ds) V= (1= r,V/r)dt® + (1= 7 V) dr? + 1°d 07 — 1y ’sin’ 0dg?,

ds,""? = (1+ r Ve + (¥ ro/r) dr® + 1’07 — r’sin*0dg?,

dse?? = — (1= r,P/ry)?df + (1= 1P /) ldry’ = 1,’d0° + r’sin’0dg’,

ds;"? = — (1+ r. 2 r)df + (14 1Py 'dry — 1,7d0 + 1ysin*0dg?,

ds)“V? = — (1= r,V/r)df — (1= 7)Y 'dry® + 77d 0 + ri’sin’0dg?,

ds;; " = — (1+ 7 V/r)df — 1+ 1) 'dry + 17407 + ry’sin’0dgp.
(2.10.36)

YcKopeHHsl U CKOPOCTH TEPEIUICTCHHO - YCPEIHCHHBIX CYOKOHT-aHTHUCYO-

KOHTHBIX TOKOB BO BHEIIIHEH 000J0YKE p| -«IIPOTOHA» ONPENENIOTCS BBIpaXe-
HusMu Buna (2.3.81) — (2.3.84) mpu mojacTaHoBKE B HUX CYNEPIO3UIIMU
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YCPCAHCHHBIX HYJCBbIX KOMIIOHCHTOB goo METPHUYCCKUX TCEH30POB U3 MCETPHUK
(2.10.36):

<goo> = Y [(1=r. ) + (1+ 1) = Y (1= 7 P/ry) + (14 7, P/r)] -
— Y% [(A= 1P ) + A+ r )] (2.10.37)
B cBoro ouepens, edopmMarii BHEIIHEH 000II0UKA p; -«IIPOTOHAY OIpee-

JSIFOTCSL CYTEPIIO3UIIMeH SAMHUYHBIX KOMIIOHEHTOB g1; METPUYECKUX TEH30POB
u3 Tex ke MeTpuk (2.10.36)

<gi>="%[(A=r D)+ A+ r V) T+ B[P )+ A r P ) -
— (=) + 1+ 1) (2.10.38)

[Tpu nmoncraHOBKE TaHHOW YCPEAHEHHOW €IMHUYHON KOMIOHEHTHI <gj1> B
BBIp@)KEHHUE [ YCPEIHEHHOTO OTHOCUTEIBHOTO yATHHEHUs Bua (2.3.57)

0
< > - < >
I, :\/1+ g . g1 -1,
<& >

T/Ie COTJIaCHO IIEeNbTOBBIM MeTpukaM (2.10.258), (2.10.25¢) u (2.10.25n)
<g>=1+1-1=1.

Kak BuzgHO 13 puc. 2.10.4 mpu 60NBIIOM yIaleHHH OT SIpa «IIPOTOHA» pac-
CTOSAHUA MEXKIY SAPbIIIKaMH 3-X «KBapKOB» MOXHO CUHUTATb HE3HAYUTCIIbHBI-
MU. B 3TOM citydae uMeroT MecTo MpUOIMKEeHHbIE PaBEHCTBA

re(l) ~ re(z) ~ re(S) =r, U nNRNLHRKR=T (2.10.39)

IIpu 3TOM KOMIIOHEHTHI YCPEOHEHHOTO MeTprdeckoro teHsopa (2.10.37) u
(2.10.38) cBomsTCS K BUILY

<go> = — 2 [(1-rs/r) + (1+ r/r)] (2.10.40)

<gi>= %[(1-rs/r) "+ 1+ 1. (2.10.41)

VYcpennennas HysieBas koMmmnoHeHTa (2.10.40) ¢ TOYHOCTBIO 10 3HAKA COBIA-
JlaeT ¢ HyJeBOM KOMIOHEHTOi! (2.3.74), koTopasi ONMChIBAET YCPEAHEHHOE MET-

PHUKO-IMHAMHYECKOE COCTOSIHHE BHEIIHEH O0OJIOUKH TOKOSIIErocs «3JIEKTPO-
Hay. [loaToMy 3aps0 «IPOTOHAY MPAKTUYECKU COBIAAACT C 3aps00M «IIO3UTPO-
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Ha». JTO OOBSICHSET, II0YEMY B KIIACCHYECKOW 3JIEKTPOANHAMUKE 3apsij] IPOTO-
HA CUUTAETCS POTUBOIIOJIOKHBIM 110 3HAKY U MPAKTUUECKU PABHBIM 10 MOAYIIIO
3apsy 2IEKTPOHA.

http://fractalys.narod.ru/

IlonwiTka MPOWJITFOCTPUPOBATH NMTPUIYJJIMBOCTDH BHEIIIHEH 06OHO‘{KI/I,
Opr)KaIOHICf/'I AAPO «IIPOTOHA»



