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2. BETBJIEHUE U YCTOHUYUBOCTh PABHOBECHBLIX ®OPM

KAIIEJb U TY3bIPEX B 3JEKTPUYECKOM I10JIE

2.1. O ®OPME JUDJEKTPUYECKHUX KAIIEJIb BO BHEHIIHEM
IJEKTPUYECKOM ITOJIE

B cBf3M ¢ MHOTOYMCICHHBIMH TNPWIOKCHUSIMH SBICHHN AepopMalriu
HadJIEKTPU30BAaHHBIX Karelb BaXKHO 3HATh MapaMmeTphl ASPOPMUPOBAHHOW KAIlIu U
npenesnsl ee yctoiunBocTu. Kak moka3pIiBatOT HKCIIEPUMEHTHI (CM., HAIpUMeEpP, 0030p
[13] 1 3KCIEpUMEHT, ONTMCAHHBII HUXKE) (POPMBI HAIEKTPU30BAHHBIX Kalesb OJU3KU
K (popmMaM BBITSHYTBIX 3JUTMIICOUIOB BPAILICHUS.

JUiss  cpaBHEHHS TEOPUU U SKCHEPUMEHTA TEOPETUYECKU MOCTPOMM CEUYECHHE
PaBHOBECHOI MOBEPXHOCTH KaIUIM, CUUTAsl €€ MOBEPXHOCThIO BPAILECHHUS, & BHEIIHEE
noysie oAgHOopoiaHbIM. Kammo OyaemM  cuuTarh HE3apSKEHHBIM  UJCaTbHBIM
JTURJIEKTPUKOM, HaxOJIAIIMMCId B HEBECOMOCTH. B paBHOBECHMM B KaXJOW TOUKE
NOBEPXHOCTH KaIUIM JIOJDKEH BBINOJHATHCS OajaHC [JaBJIEHUM, MpU ITOM
TUAPOCTATUUECKOE JaBlieHHWEe B Kamuie (¢opMmupyercss u3  aTrMocepHOro,

KaHI/IJIJDIpHOFO u 3JIeKTpI/I‘-IeCI<OFO
p, =0k +p(E*) +p,. (2.1)
K - I1IOJIHAs1 KpI/IBI/ISHa HOBerHOCTI/I Karlliu, pj - IIOCTOAHHAasA, 3aBUCAIIIAsA OT

BHEILIHUX [apaMeTpoB (HampuMmep OoT 00beMa KaIliu), p - FIEKTPUYECKOE JaBJICHUE,

KOTOpOE 3amnuiieM B Buje [93]
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A

Puc. 2.1. MepunuanbHOe C€U€HNE TOBEPXHOCTHU KaIUIM U PACTIONOKEHHE OCEl KOOpIUHAT

)= o) (e ez +£2)). 22

E;, - xacarenpHas W HOpPMallbHas COCTAaBJIAIOIIME HAINPSDKEHHOCTU II0JIs Ha
MOBEPXHOCTH Karuu (puc. 2.1). bynem cuutaTth, 4TO BHYTPH KaruIM IMOJI€ OJHOPOHO

U HaIpsKEHHOCTh €ro paBHa E,. EciM miuockocTh ce4eHHs Karuld 0003HA4YuTh X, Y
(puc. 2.1), TO HETPYAHO MOITYYUTH

_E ., B _dy (2.3)

=g g ’ _ _, =2
1+2z? ol4+z Ox

1 » T

CrpukiiioHHoe ciaraemMoe B (2.2) BBIYUCISIIOCH ABYMSI CIIOCOOAMU: UCIIONB3YS
dopmy nuHelHOM cBsi3u € U Y U Gpopmyny Moccortu-Knaysuyca. B kaxmaom u3 aTux

ClIy4acB COOTBCTCTBCHHO I10JIy4acM

2.4
y(%} =g-1, y(%j :l(g +2)(8—1), (2.4)
oy oy) 3
a IJIA SJICKTPHUYCCKOT'O JaBJICHUA UMCCM BBIPAKCHHUC
e (e-1)E’ (2.5)
Dy =~ 0( )2 1 fl,za f1=3’ f2=(2_22)
6(1 +z )

B kaudectBe CANHHUIBI M3MCPCHUS OJINHBI BLI6CpCM KalTMWJJIAPHYIO IMOCTOAHHYTO

KHUIKOCTH a, =./20/Yyg. Torga obe3pasMepeHHOE ypaBHEHHE OalaHca JaBJICHUM
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(2.1), ¢ yuetom cootHomieHu (2.2) - (2.5) u BbIpakeHUs AJi MOJHOW KPUBU3HBI

NOBEPXHOCTH, Npeodpasyercs Kk ypaBHeHuto tumna KOnra-Jlamaca [94]

z' z F*f,,
+ + —="Dy>
(1+22)"  H(1+22)" 1+ 7 (2.6)
2 _80(8_1)2E12"s ,_dz _d’y
F?= , =2=2)
60 dx dx

Jnsi HaxoXKJIeHUs ceyeHUusl y(x) paBHOBECHOW (OPMBI Kallsid B DJIEKTPUUECKOM
nojie ypaBHeHue (2.6 ) UHTErpUpOBAJIOCh YHCIEHHO COBMECTHO C YCJIOBHEM

MIOCTOSTHCTBA 00beMa KarlIu MPU N3MEHEHUH BETMYMHBI TIOJIS (TO ecTh mapaMerpa F)

4 2.7)

- 27—
Vo= 2]‘[_[)( dy =const .

0
@ - pacCTOSIHWE OT Hayayia KOOPIMHAT 10 IMOJIF0CA Kalid. DTO ycloBHe (PaKTHUSCKU
OTIpe/ieTIsieT 3HaUCHUE TIOCTOSIHHON py B ypaBHeHUU (2.6). [lockonbKy 6e3pa3MepHbIii
napaMeTp, XapaKTepU3yIIUKA MOPOT YCTOMYMBOCTH KaIlId B DJCKTPHUECKOM II0JIE
NPUHATO TPEJCTABISITH B BUIE OTHOIICHUS JJICKTPUYECKOTO U KalWJUIAPHOTO

JaBJIeHUHN
N = g,E.R, (2.8)
4a

2 2
TO HEOOXOAUMO MONY4YUTh (opMyily, cBsi3biBatolyto N° u F°. Jlns storo Oyaem
cuuTarh (popmMy Karu OJNM3KOW K AIUTMIICOMAY BpalleHHs MU 3anuiieM (Gopmymy,

CBA3BIBAOINYI0 MCKIY coboi HaNPAKCHHOCTH BHCIHIHETO I10JIA EO " TI0JIA BHYTPH

amumnconna £, [93]

_ E, =1—e2( (l+e)_ j (2.9)
b (1+(e=1)n,)’ =20 (Mime) 7%

n, - KO3(pOUIMEHT ACHOJSIpU3ALUU, € - IKCUESHTPUCUTET DJUTUIICOUAA, KOTOPBIN

CBSI3aH C OTHOIICHHEM Tonyoceit B=a/b Tak: e =4/l —1/B*. C yuerom (2.8), (2.9)

2 2
MOJIy4YaeM CJIEIYIOIIEE COOTHOLIEHUE Mexay N” u F™:
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,3(1+(e-1)n,) Bo Bo=R /a,. (2.10)
2(e-1)° v

3nece Bo - umncio bonna wim 6e3pasMepHBIl paanyc 3KBUBAJIEHTHON cepsl, a R,

N*=F

3\ "
paccuuTsIBaics 10 popmyne R, = (FJ .

B pesynbrare ykazaHHOW TIpOLEAYypbl MHTETPUPOBAHMS OblIa TMOCTPOCHA

. 2

3aBHCUMOCTb YJUJIMHEHUs KaIUIW, TO €CThb OTHOLICHUS IOJyOCeH, OT mapamerpa N-.
[Tpu ManbIxX mossx, korjaa 3 Oynm3Ka K eAMHUIIE, a SKCIEHTPUCUTET e Mall, 0Ka3aJloch

CIIpaBCAJIMBbIM COOTHOIICHHC

N? =010 = 010{B’ -1). (2.11)
B pa6ote [95 | ApyruM MeTOA0M MoTydeHo N° = éez . OnHako npy GOJBINKMX MOJIAX

3Ta aCUMIITOTHKA HApyIIaeTcsd M CYLIECTBYET KpUTHUYecKoe moie (mapamerp N ? ),

IIPH KOTOPOM BBITIOJIHAETCS He(PHU3UUecKoe YCIOBHE, COOTBETCTBYIOIIEE IIPEaCITy

YCTOMYMBOCTH HAWJICHHOW OCECUMMETPUYHOU (POPMBI KaIIH: ———y — ©0,
(v?)

2,2

1,8

1,4}

1,0 L L 1
0,054 0056 0,058 006 N2

Puc. 2.2. 3aBucuMoCTH OTHOIIEHHS TTOIyOocei (hOpM CeueHHsI Kareib OT KBapara
0e3pa3MepHOil HaPSYKEHHOCTH MO

Ha puc. 2.2 kpuBoi 1 mnOKa3aHO TMOBENEHUE 3aBUCUMOCTH B(N 2) BOIM3U

KpUTHYecKoi Touku s Boael (€=81). Bumwo, uyro mnpu N; =0,059
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aUnconaanbaas Gopma kamm ¢ =196 craHoBuTcs HeycToH4MBOW. OTMETHM,
YTO B KJIaccuueckod padbore [48] s mpoBOAsIIeH KaruiM € — 00 TOJTYYEHBI
KpMTHUYECKHe 3HaueHMss mapamerpoB N, =0,052 u B.=L9. Jna cpaBHeHus
NpUBEIEM pe3yJIbTaThl UYUCICHHOTO pacueTa KOOPJAWHAT CEUCHUS KPUTHUYECKOUN

dopmbl karm Bogsl 1o (2.6) , (2.7) ¢ R, =1 u B. =196 (N’ =N?) u swmnca ¢

MOJIYOCSIMU @, b, yAOBIETBOPSIOLUIUMU yCIIOBUAM % =196, ab’ =R, =1.
HucneHHslil pacyeT Dnuric

X y X y
0,1 1,548 0,1 1,548
0,2 1,510 0,2 1,511
0,3 1,445 0,3 1,446
0,4 1,349 0,4 1,351
0,5 1,212 0,5 1,218
0,6 1,022 0,6 1,032
0,7 0,763 0,7 0,755
0,8 0,005 0,8 0

Bunum, uyTo paznuuue B KOOpAUHATAX ceueHUs: (POPMBI KAIUIM OT CEYEHUSs AIIIUIICA
He npeBbimaeT 1%. MHTerpupoBanre npoBOAUIOCH NEPBBIM YIYUIIEHHBIM METOJIOM
Ditnepa [96] ¢ maroMm o x paBHbIM 107. BromHe BeposTHO, 4TO 6IM30CTH (HOPM
KaIlJld U 3JUIMIICOUJIA HE TOJIBKO (haKT, HO U B KaKOW-TO Mepe, CIEJACTBUE CIECTaHHOTO
MPEANOIOXKEHNUS O TOM, YTO BHYTPHM HCKOMOM OCECUMMETPUYHON (HOpPMBI Karuiu
AIIEKTPUUYECKOE MOJ€ OAHOPOJIHO. OTMETHUM, YTO HECMOTPA Ha TO, YTO PACUETHI
npoBeneHbl s Boabl (€ =81) Bce MOdy4YeHHBbIE pPE3yNbTaTbl B KaueCTBEHHOM
aCmeKTe CHpaBeUIMBBI ISl JAUAJICKTPUYECKUX KUIKOCTeH ¢ JoObiM €. Takxke

OTMETHUM, UTO NMOAOOHBIE PE3yIbTAaThI MOIYUYEHBI B [51] ApyruM MeTo10M.
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Wrak, B nanpHeiem OyaeM cUuTaTh, YTO BO3MOXKHBIMUA PaBHOBECHBIMU (hopMaMu
HAIEKTPU30BAHHBIX Kaleslb WIN Iy3bIPEH SBIISIOTCS AILTUIICOUIbI BPAIEHUS BOKPYT
HaITpaBJICHUS TIOJIS.

Bosmoxuble (GopMmbl U mpeaen yCTOWYMBOCTU PaBHOBECHS AILTHUICOMIATBHOM
OUJIEKTPUYECKOW KalUld MOKHO HAWTH IIPOIIE, HANPUMEDP, HUCHOJB3YS IOIAXOI,
pa3BUTHIN B Kilaccuueckoil padbore [48] u peanuzoBanbiil Takxke B [171].

B cBere BBILIEH3I0KEHHOIO MPEANOI0XKHUM, YTO CEYEHHE Kalulu B

QJICKTPUICCKOM I10JIC JJUJIMIIC U 3aIIUIICM €I'0 YPABHCHUC B BUAC

2 2 2.12
S L (2.12)

R2(1-3)° RY(1+9)

O - HEKHWHA TMapameTp, YYUTHIBAOIMKA JedOopMaIio Kaluld W CBS3aHHBIM C
oTHomeHreM moayocei Tak: O =(B—1)/(B +1). YcioBue mocrosHCTBa 00BEMa

KallJld UMCCT BU /T

» :RO((l —6)2(1 +6)) —1/3, (2.13)

Ry - pagnyc ucxonHoi cdepuueckoil kari. Beipazum u3 (2.12) y u mojactaBuMm B
ypaBHeHHE (2.6). AHATUTHUYECKU HE YJACTCS MOKa3aTh, YTO DIUIUIC yIAOBIECTBOPSET
ypaBHeHUIo (2.6), mosTomy nmotpedyeM BoinoHeHus (2.6) 1 (2.12) B kpallHUX TOUKax

x=0, x = R(l - 5). Tornma moyiygyuM ypaBHEHUS, CBA3BIBAIOIINE MEXTYy co0oi W, py,

Ro, O. Ilpm sTOM OKa3bIBaeTCs, YTO HE3aBHUCHMO OT BBIOOpA CTPHUKIIMOHHOTO
CJIaraeMoro CBSI3b MEXIy BEIMUYMHON JeopManuud O M HANPsSHKCHHOCTHIO TOJIS
E, (F) nony4aercs Takoiu

452+ 5+ 78) (2.14)

- 3R(1-8)

2

[TocTositnHast R ompenaensiercss mo (2.13). JlaBneHue ke B KUIKOCTH, 3aBUCSIIEE OT

MOCTOSIHHOM Po, KaK U CJIICOIOBAJIO OKUIATD, ITOJIYHACTCA PA3JIMIHBbIM:
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Por :%((1—15;(161 6)2}

IIPU JIMHENHOM CBA3U EU Y ;

b = 2 2(1+62)+1+5

3R(1-8)\ (1+3)" 1-8

npu cBsizu € U Y o popmyiie Moccortu-Kiaysuyca.

3asucumocts B(N?), s Bojakl moctpoeHHas 1o (2.14), ¢ yuerom (2.10) u (2.13),

nokazaHa Ha puc. 2.2 kpuBoil 2. BuaHo, 4TO U B IUIaHE OIpeAeNieHUs Mmopora
YCTOMYMBOCTH PABHOBECHBIX (HOPM Kameilb pe3yjbTaThl YHUCIEHHOrO cyeTa M
AHAIUTUYECKOTO, B DJUIUIICOUJATLHOM MNPUOIMKEHUH, OTIMYAIOTCS MEHEe, YeM Ha
2%.

B 3aknroyeHume OTMETHM, UYTO pacyeT KpPUTHUYECKOM (B CMBICIE Kpu3Hca
YCTOMYMBOCTH) HAMPSHYKEHHOCTH BHEIIHETO MOJIA MO0 COOTHOUIeHUIO (2.14), ¢ yueTom
BeIpakeHuit (2.6), (2.9), (2.13) mpu P =19maeT mas Kamid BOJBI PaJRyCOM
R,=2mm  3Hauenme E, =93 kB/ecm. [Ina  cpaBHEHHMA — IIpUBEnEM

DKCIIEPUMEHTANIBHYIO  (pOpMysly Il  KPUTUYECKOM  HANpPSYKEHHOCTH  IOJI,

NOJIy4eHHYI0 B [97] nist kanenb BoAbl paguyca R,
_ 3875
V RO

Pacuer nmo nHeil ana kanenp paguyca R, =0,2cm maer E, =8,7 xB/cm. Takum

E,

, [E]=xB/em, [R]=cm.

00pa3oM, COOTBETCTBHE PE3yJIBTATOB 0OJIEEe YEM yIOBJIETBOPUTEIHHOE.

2.2. BETBJIEHUE PABHOBECHBIX ®OPM
HADJIEKTPU30OBAHHBIX KAIIEJIb
Kaxk nmoka3aHo B nepBoii rjiaBe paBHOBECHUE TIOCKON MOBEPXHOCTH KHUJKOCTU BO
BHEIIIHEM TIEPIEHIUKYJISIPHOM €W DJIEKTPUYECKOM II0J€  IPU  OMNpPeAesIEHHBIX

YCIIOBUAX H€y0T0fI‘IPIBO, U  JKHUAKOCTb IICPEXOJAUT B HOBOC COCTOSHHE C
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ne(OPMUPOBAHHON MOBEPXHOCTHIO, MPUYEM 3TU MEPEXOAbl MOTYT UMETh KECTKHIA
XapakTep U COMPOBOXKIATHCS ructepe3rcoM. [1o100HbBIN pe3ynbTaT UMEET MECTO U B
Clydyae MArHMTHBIX HUJKOCTeM B MarHuTHOM 1ione [42]. B caydae kanenb
MarHUTHBIX JKAJKOCTEd B MAarHUTHOM IIOJI€ KaK TEOPETHYECKH, TaK M
DKCIIEPUMEHTAIBHO  YCTAHOBJIEHO, UYTO B  IPEHEOPEKEHWH  JIEHCTBHEM
TPaBUTAIMOHHBIX CHJI PAaBHOBECHBIMH (opMamMu SBISIOTCA chepbl U QUrypHI,
OJIM3KME K BBITAHYTOMY JJIITUIICOMAY BpameHus. [Ipu 3ToM, Kak U B clly4ae IIOCKOU
MOBEPXHOCTH, IS KalleJb MarHUTHBIX JKUJIKOCTEH HAOIIOJANKNCh KECTKUE MEPEXOIbI
MEXJly PaBHOBECHBIMH (popMaMM, COMPOBOXKIAIOLIUECS TUcTepe3nucoM. OYeBHIIHO,
AHAJIOTMYHBIE PE3YJIBTATHI JOJKHBI UMETh MECTO U JUISl AUDJIEKTPUUYECKUX Karlelb B
IIEKTPUYECKOM I10JIE, OJIHAKO Ha MPAKTHKE Yalle MPUXOAUTCS HMETh JEJ0 C
OpPOBOSIIMMHU, Ja emé M 3apsbkeHHbIMU  KamisiMu. B [98] oTMeueHo, uto
3apsSOKEHHbIE  KalId  TaKKe MOTYT HMMETh IOAKPUTHYECKHUE PaBHOBECHBIE
AITUIICOUAANIbHBIE (DOPMBI, HO JETalbHO 3TOT BOIpOC HE obcyxmaercs. Takum
00pa3oM, BOIIPOC O BETBJICHUH PAaBHOBECHBIX (POPM 3apsHKEHHBIX UM HE3APSKEHHBIX
Karejgb BO BHEIIHEM >JIEKTPUYECKOM II0JIE, a TaKXKe MEePexoJax MeEXAy HHMH,
OCTAETCS MAJIOU3Y4YECHHBIM.

PaccmorpuMm cHavanma ciaydall  OIUMAJIEKTPUYECKOM Kalldi B OJZHOPOAHOM
anekTpuueckoM mosie [175, 181]. IlycTe BBITAHYTBIA AMAIEKTPUYECKUANA AIUTAIICOU
BpanieHus (Kamis) TOMENIEH BO BHEIIHEE IMOJieé TaK, 4YTO OoJjbliasi MOJyoCh
IUTUIICOMIA TapaJUIeNIbHA JIMHUSAM HanpspKEHHOCTU. {151 onpeneneHus: BO3MOKHBIX
PaBHOBECHBIX JJUIMIICOMAANBHBIX (OPM Kamenb HalAEM MOTEHLUUAIbHYIO SHEPTHIO
IUIMIICOMAA BO BHEIIHEM mozie. Ecin noje OJHOPOIHO, TO 3IIEKTpHUYECKAs
COCTAaBJISIIOIIAs HEPTUM paBHa [93]

(2.15)

2mgab’(e—1)E;
W, ==L, p = 2R ()L

2 3(1+(e=1)n,)
C YUY€TOM BBIPAKCHUA I IUIOAJAW ITOBCPXHOCTHU JJUIMIICOMIa BpPaAlICHHA

MMOBCPXHOCTHYIO NOTCHIHAJIbHYIO SHCPIrUIO KaIlJIh MOKHO 3aIlliuCaTb B BUAC
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_ p a2 _
W, =omary| g% + P aanB TR

7o (2.16)

B kauecTBe eJMHMIIBI U3MEPEHHs dHeprun BeibepeM 2TIOR, . Torma 6e3pasMepHyIO

MOJTHYIO SHEPTHIO IITUTICOH]Ia MOKHO MPEACTABUTE B (hopme

2.17)

ST 3(f(+£(;l-)§nx) ‘

Bo3moskHbIe paBHOBECHBIE (DOPMBI AIUTUIICOUAA YIOBIETBOPSIOT YCIOBHUIM

0 0’
—W=0, ——W>0.
oB B
Inp
4-
3-
1
2F
1
1
T
1
0 *I 1 1 1 1 1
0,02 0,03 004 005 006 007 008 N2

Puc. 2.3. 3aBucumoctu Jsorapudma OTHOIICHUS TOJIYOCEH SIUTUIICOMAAIBHBIX (opm
JIMAJIEKTPUYECKUX Kalleslb OT KBajpara 0e3pa3MepHOil HalpsHKEHHOCTH ITOJIs. DKCIIEpUMEHTAIbHbIC
TOYKH COOTBETCTBYIOT MarHMUTHBIM JKUJIKOCTSIM B MAarHUTHOM TioJ1e [42]

KoMmmbioTepHass MUHUMM3AIUS DHEPruu  JTA€T 3aBUCHMOCTh  OTHOIICHHMS
noJryocei IUTMIICOMAA OT KBajpaTa HANpsDKEHHOCTH TMOJs  (TOuHee, OT
Ge3paszMepHoOro mapamerpa N°), koTopas npu € = 81 (kariu Bojbl) H300paXkeHa Ha
puc. 2.3 (muamm 1, 2; macmra® Baonb ocu [3 jmorapudmuueckuii). BumHo, 4ro
CYIIECTBYET CEMENCTBO AJUTUTICOUIOB, PABHOBECHE KOTOPHIX HEYCTOWYHMBO: ISl BOJIBI
310 mHTepBan 1,85 <3 <12,8. Mexmny AByMs BETBIMH YCTOWYHMBBIX (B CMBICTE
CyILECTBOBaHMS min /) paBHOBECHBIX (OPM 3JUIMIICOMIOB CYIIECTBYIOT >KECTKHE

nepexoAbl U TUCTEPE3UC: Nepexoi K 0ojee BBITSHYTHIM (hopMaM MPOUCXOIUT IPU
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N} =0,059, a o6paruslii nepexonq npu N, =0,029. CyliecTBoBaHHE BepXHEl BETBU

YCTOMYMBBIX PABHOBECHBIX (POPM KHUAKUX DIUTUIICOUJIOB paHee ObUIO YCTaHOBJIEHO
KaK TEOPETUYECKH TaK W SKCHEPUMEHTAIbHO TOJIBKO HJisi Clydyas MAarHUTHBIX
KUJKOCTeW B MarHUTHOM Tosie [42]. Ob6nacTh mapaMeTpoB, B KOTOPOH paBHOBECHE
IUTUTICOMOB  HEYCTOMYMBO, 3aBUCUT  OT  OTHOILIEHUSA  JIUAJIEKTPUUECKUX
MPOHUIIAEMOCTEN KaIUIM M OKpY>Karolleil cpeibl U MoKa3aHa Ha puc. 2.3 auHuen 3.
Kpaitnas npaBas Touka cooTBeTcTBYyeT € =20, TOo ecTb mpu £<20 MHHUMYM
MNOTEHIIMAIIBHON SHEPTUH CYLIECTBYET IS TFOOBIX KUJIKUX BBITSAHYTHIX AJUIAIICOUIOB
BpallleHUs, HAXOMSIIMUXCA BO BHEUIHEM JJiekTpuueckoM rmone. KpuBbie 4 u 5
cooTBeTCTBYIOT € =40. UYepHble KpyX KA U TPEYrOJIbHUKA COOTBETCTBYIOT

pe3yiibTaTaM J3KCIICPpUMCHTOB C KalllIsIMU MATHUTHBIX )KHI[KOCTCﬁ c M =40,

npuBeneHHbIX B [42]. Ilpum sToM pombs mapamerpa N° wHrpaer Oe3pa3MEpHBIH
napamerp HR,/16TQ (H,- HanpsKEeHHOCTh BHENIHETO MAarHUTHOTO MOJIS, BCE

BEJIMYMHBI JIOJDKHBI OBITH BBIPAXKEHBI B TrayCCOBOM CHCTEME €IUHMI]). BuaHO, 4TO
CpaBHEHHUE PE3YJIbTATOB IEMOHCTPUPYET YIOBIETBOPUTEIBHOE COTJIaCHE.

[lepernémM K pacCMOTPEHUIO 3aPSKEHHOU MPOBOAIIECH Karlulv, HAXOASAIIEUCS
BO BHEIIHEM 3jeKkTprudeckoM mosie [181]. Cumras, 4To Takas Karisi TakKKe MOXKET
UMETh (POPMY BBITSIHYTOT'O JJIJIMIICOM[A BpaIllEHUs], 3alUIIeM €€ IMOTEHIHAIbHYIO
SHEPIrUI0 B CUCTEME OTCUETA IIEHTPA MacC B BUJIE

kq® _E,P, po | (2.18)

w=as + —
2C 2

b

4118,

311ech BBIpaXEHHE JUIsl IUIIOJIBHOTO MOMEHTa Kamu P. naercs (2.15) , B koTopoMm

HaJI0 B3ATHh Npenesl € — 0, COOTBETCTBYIOIIMKM NPOBOIAIIECH Karule. Y4YHUThIBas
BBIPDAKECHUS I IUIONIAJAM TOBEPXHOCTH W EMKOCTH BBITSHYTOIO JJUIAIICOMAA
BpaiieHusi [93], BelpakeHHE ISl PHEPTHH B paHee BBIOPAHHBIX €IWHUIAX MOMXHO

3aImcaTrb TakKk



40> 4N’ Bs
W=§ +—= - —F ___ Arch(B).
e T o1 rch(B) (2.19)
lnp
25F
2,0F
1,5} !
Bl p=1.9 i
ll 1.=J,/Ji:
02 04 06 0,8

10 12 Q2
Puc. 2.4. 3aBucumoctu JorapupmMa OTHOIIEHHUS TMOJYOCeH AIUIMIICOMTAIBHBIX (opm

MMPpOBOJAIIMX KallCjib OT KBaJApaTta 6e3pa3MepH0r0 3apsAaga IIpUu  pPas3IMYHbIX 3HAUCHUA X
HAITPsX)KCHHOCTHU BHCUIHETO ITOJIA

Ha pwuc.2.4 npeacraBieHsl 3aBUCUMOCTH JorapudMa OTHOILIEHHUS MOJIyocel

BO3MOXHBIX PAaBHOBECHBIX JJUIMIICOMAAIBHBIX (OPM Kamejlb B 3aBUCUMOCTH OT
KBajgpaTa 0e3pasMepHOro 3apsfaa Kamau (° TpU  pasIMYHBIX  3HAUEHHSX
Ge3pasMepHOro mapamerpa mons N° , monyueHHble MuHMMuszatueit W . Liudpam
COOTBETCTBYIOT CJIEIyIOIIME BEJIMYMHBI KBajJpara napamerpa noist: 1,2 -N =0 ; 3 -
N?=0,002; 4 - N>=0,003. Cayuait N =0 COOTBETCTBYET 3apsKEHHOI Karie B
OTCYTCTBHE TOJIsl. B 3TOM citydae omHa w3 paBHOBECHBIX (GopMm - chepa B =1, ee
paBHOBECHE CTAHOBUTCA HeycToiumBbiM npu Q° =1 (pesymsrar Pomes [47]).
OOpatHbIil MepexoJl OT BBITSHYTOIO JJUIMICOMAa K c(epe COBEpLIaeTcs MNpu
0’ =0,88. BujmHO, 4TO ¢ YBEIMYEHHMEM MOIs BEPXHsAS BETBb CyLIECTBOBAHUS
PAaBHOBECHBIX  AJUIMIICOMJIOB 3HAYMTENIBHO yMeHbluaerca. Hampumep, mpu

N?=0,003 oHa cooTBercTByeT HHTepBamy 3<PB<10 , a mpu N.’ =0,0045

2
ucueszaer coBceM. CooTBeTCTBYIOIIME Npeaeibhble 3HaueHus O, =0,80 u . =4,4.

Takum 00pa3omM, 00JACTh CYIIECTBOBAHMSI BEPXHUX BETBEH pPABHOBECHBIX (HOPM

orpaHnueHa KpuBbiMuM 2 u 5. Ilpsamas B =1,9cooTBeTcTBYET MpPEACIHEHBIM
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yCTOMYMBBIM ~ (popMaM  HE3apsHKEHHBIX  MPOBOJAIIMX  Kamlelb BO  BHEIIHEM
anekTpuyeckoM mnoje no Teitnopy [48].

B 3akmioueHne oTMeTHMM, YTO B PEATBHBIX YCIOBHUSAX JKCIIEPHUMEHTa Ha (OHE
YCTOMYMBOM DJIIMIICOMIAIBHON MOJBI BO3MOXHO pPa3BUTHE HEYCTOMYMBOCTH I10
OTHOLIEHUIO K BBICOKOMOJOBBIM BO3MYILEHHUSAM [99], OHAKO MX pPa3BUTHE MOXKET
OBITh MTOJABJICHO B CIy4Yae BBICOKOBS3KUX >KHIKOCTEH MJIM Karellb Majioro pa3smepa.
B yacTHOCTH, 3KCIEPUMEHTHI 110 HAOIIOJEHUIO )KECTKUX MEPEXOJOB U TUCTEPE3UCA B
MarHUTHOM IoJje (puc. 2.3) NpoBOAWINCH C KAIUIIMA MAarHUTHOM >KHJIKOCTH BECbMa

MaJIbIX pazmepoB ( R, =15 Mxm) [42].

N2
0,05

0,04

0,03

0,02F

0,01

Puc. 2.5. Kpuble HEHTpaIbHONW YCTOMYUBOCTH SJUTHIICOUATBHBIX (DOPM TIPOBOIAIITNX
3apsHKEHHBIX Karellb BO BHEIIHEM AJIEKTPUYECKOM I10JIe, TOCTPOCHHBIE M0 TaHHBIM PacueTOB
pa3IUYHBIX aBTOPOB

PaccmoTpum moapoOHEE TpenenbHO YCTOWYWBBIE JIUIATICOMAAIBHBIE (POPMBI
Kareyb, COOTBETCTBYIOIIME HUKHUM BETBSIM, TO €CThb TOYKaM Tuma A Ha puc. 2.4.
HNudopmanus o HUX cBeneHa K rpadukam Ha puc. 2.5. [udbpamu 1, 2, 3 nokazansl
HEUTpaJIbHbIE KPUBBIE, TOJYYCHHBIE DPA3THMYHBIMH METOJAMH Pa3HBIMU aBTOPAMHU.

Bolllle KpUBBIX pacloyiokeHa o0nacT mapamerpo N°,0Q°, 11d  KOTOpoii

PaBHOBCCHBIC (I)OpMBI KallCJib, COOTBCTCTBYIOIIUC HWKHUM BCTBAM, HCYCTOﬁ‘IHBBI.
KpI/IBaH 1 IMoJIyd€Ha MCTOAOM MUHUMMU3AIINH HOTeHHI/IaHBHOﬁ OHCPIUU, N3JI0KCHHBIM

Bhitie. KpuBas 2 moctpoeHa mo pesysibTaTaM padboThl [95], B KOTOPOM YyUUTHIBATIOCH
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NEUCTBUE CHJI TSKECTH, a TPAaHUIA YCTOWYMBOCTH OIpPEAEIIACh U3 ypPaBHEHMS
OaaHca CHJl MHOIOMOJOBBIM MeTOIoM. [Ipu mocTpoeHnn KpuBoil 3 UCIOJIB30BAINCH
pe3ynbTaThl paboThl [49], B KOTOpOH BO3MOXHBIE pPaBHOBECHBIE (OPMBI Karleib
YCTaHaBJIMBAINCh HA OCHOBE METO/Ia KOHEYHBIX AJIEMEHTOB M TAKKE YYHTHIBAJIOCH
neiictBue cun TsokecTd. Kak BUAHO M3 puc. 2.5, CUIBI TSDKECTH 1eCTaOMIU3UPYIOT
paBHOBecue. ANpPOKCHUMAIMOHHAS NpsAMasi 4 COOTBETCTBYET YPABHEHUIO
O’ +uN’ =1, H=1/0,052, (2.20)

KOTOpOE TOJIy4aeTcs U3 pe3ybTaTtoB [95] nmpu npeHeOpeKeHNN CUIIaMH TSDKECTU U B
npejene MajblX JKClIeHTpucuTeToB Kameilb (e=<0). B coorHomenun (2.20),
bakTHUUeCcKH, pean3yercs TE3UC O TOM, YTO 33 HEYCTOMYMBOCTh PABHOBECHBIX (hOpM
Kareb OTBETCTBEHHA CyMMa 3iekTpuueckux napnenuid [13]. Tlpenen ycroiunBocTH
AIUTUTICOMAANIBHBIX OpM Karmenb, ompenensemeiii mo (2.20) , sBisercs, ¢ OJHOM
CTOpPOHBI, HanOoJee CiadbIM YCIOBUEM HEYCTOMYMBOCTH M3 BCEX IMPEACTABICHHBIX
Ha puc. 2.5, ¢ Apyroil cTopoHsl OJU30K K HUM, HakoHell yciaoBue (2.20) mpocroe u
PO3pavyHoe ¢ (PU3NYECKON TOUYKU 3PEHHUS, TOITOMY MOKET ObITh UCIOJIb30BAHO JIs
OILICHOK Tpejiesia YCTOMYMBOCTH B paMKaX HEKOTOPBIX MOCTAHOBOK CMEXHBIX 3ajiad.
[udpoit 5 Ha puc. 2.5 oTMeUYeHa JIMHUA, OTPAaHUYMBAIOIIAs 00JACTh CYIIECTBOBAHMS
BEPXHUX BETBEM paBHOBECHbIX (QopM Kkamenb. Hakonen, uudpoin 6 obo3HaueHa

KpuBas, IIOKa3bIBaromiasd CBA3b OTHOIICHHA HOJIYOCCfI BHpGI{CJ’IBHO YCTOI‘/’ILII/IBBIX

(I)OpM KarCjib Ha HWKHUX BCTBAX, C IapaMCTpaMu I10JIA N : , COOTBCTCTBYIOIIIMMU

TpejenaM yCTOMYMBOCTU NPY PA3IMYHbIX 3HaYeHusIX Q.

2.3. Ob YCWJIEHUU DJEKTPUUYECKOI'O HOJISI ATMOC®EPHBI
KAIIJIAMHA BOAbI
N3BecTHO, 4YTO €ClAM MPOBOJAIIMNA IIAp MOMECTUTh B OJHOPOJHOE BHEIIIHEE
AIIEKTPUYECKOE I0JIe, TO HANpPsHXKEHHOCTh IMOJsI Ha Tojifoce mapa Oyner B 3 pasa
OOJIbIIIEe, YEeM HAMpPSKEHHOCTh MOJISIPU3YIONIEr0 BHEIIHEro mojia. O4eBUIHO, YTO

SJUIMIICONAAJIBHBIC IIPOBOIAAININC KaIlJIX BOJbI CIIc OopIIe 6y,HYT YCHUIINBATb
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BHEIIHEE moJe. lMcrnonp3ys TOIydeHHBIE BBIMIE  PE3YyJbTAThl, pPACCUUTAEM
KOA(PGUIUEHTH YCHJIEHUS TOJISI BO3MOKHBIMH PaBHOBECHBIMU (OpMamMH Karieib.

OmnpenenuMm ko3¢ ¢punuent ycuinenuss tak: K =FE,/ E,, tne E, HanpseHHOCTb
1OoJIsl BO BHEWIHEW cpene (Bo3ayxe), F,- HANPsHKEHHOCTh OJHOPOAHOTO BHELIHETO

10JI Ha OOJIBIIIOM YAAJICHUU OT KallJIu. Torz[a, AJIA Cliyvdad I[HBHCKTPHHGCKOfI KallJin

BO BHCHIHCM IIOJIC, YUUTBLIBAA I'PAHHUYHOC YCJIIOBHUC E2 :Elsl /82 N COOTHOIICHHC

(2.9), nomyuum

ST T -
x

HanpsokeHHOCTP mOJIT  y  BEPIIMHBI  3apSOKEHHOM  MPOBOJAILICH — Kalllu,
HAXOJSIIEHCS B  OJHOPOJHOM BHEIIHEM Tiojie OyAeT CKIaJbIBaThCs U3
HaIPSHKEHHOCTH TOJIS 3apsHKEHHOTO Aruunconaa [93] u Hanpsi>KEeHHOCTH BHEIIIHETO,

YCHUIICHHOI'O ITOJIA

(2.22)

Beipaxkenue i K|, COOTBETCTBYIOIIEE NPOBOJALIEH Karuie, noiayyaercsd u3 (2.21) B

npenene € — o . Takum 00pa3om, B 3TOM citydae sl KoddpUieHTa yCuaeHus mosst

NoJIy4aem

K2 :i +JBZ/3, J:% — Rlquz ) (2.23)
0 0

X
Beimme  Obuto  HaiimeHo, 9TO  O0JACTh  CYIIECTBOBAaHUS  PAaBHOBECHBIX

AITUICOMAANBHBIX (DOPM Kareib, COOTBETCTBYIOIAs BEPXHUM BETBSAM Ha puc 2.4,
2 2
YMEHBIIIAETCS ¢ POCTOM Mapamerpa moiist ¥ mpu N,” =0,0045, O.” =0,80, [=4,4

ucyezaet coBceM. CreoBaTelbHO Ha BEPXHHUX BETBSIX PAaBHOBECHBIX (OpPM HMEEM

orpaHnueHust Ha noisie ceepxy N < N,, a Ha 3apsn kamenb cHu3zy Q> (.. B cuny

9TOI0 IapaMcETp J Ha BCPXHUX BCTBAX PABHOBCCHBLIX q)OpM TAaKIKC OKa3bIBACTCs

OTPAHUYEHHBIM  CHHU3Y  3HAUYCHUEM J=0./N,=13. CooTBeTcTBYIOIHUN

HAaUMEHbIIUN KOA(P(UIMEHT yCUIIeHHs Mojs (GopMaMH Kamelb Ha BEPXHHUX BETBSX
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paBern K, =50. Hanportus, ko3pduueHT ycuieHus GopMamMH Karenb Ha HUKHUX

BETBIX MOXET OBITH JIFOOBIM.

InK
sl

4 /
3 5

|
i L
0 05 10 15 20 25 30 Inp

Puc. 2.6. 3aBucumoctu norapudmoB K03HPHUITUEHTOB YCHICHHS TTOJIS OT JIorapudma
OTHOIIICHHS MOJYOCEH AITUIICOMIATBHBIX (POPM Karesb

Ha puc. 2.6 moka3zanbl 3aBUCUMOCTH JOrapupmMoB KOIDPHUIIMEHTOB YCUICHUS OIS

otT jorapudma otHoweHus noiayoceil. Kpussie 1, 2 cooTBeTcTBYIOT K, Ha HUKHUX

BetBsix npu J = 3 u 10, mudpoit 3 mokazana rpanunia obsactu kKodPpGUIIMEHTOB
ycwieHus: popMaMu Karellb Ha BepXHHX BeTBsix (kpuBasg 4 - J = 20) , xpuBas 5
COOTBETCTBYET KO3 hUIIMEHTAM YCUJIEHUS MO (hopMaMu JUAIEKTPUUECKHUX Kameb
Ha BETBHU 2 puc. 2.3.

N3BectHo [15, 16, 18, 19], yTO HANPSAKEHHOCTh JICKTPUUECKOTO TOJIA B BO3AYXE
IpU Tpo3e peako mnpebinaeT 3HayeHue 1 kB/ cMm , a B cpeiHeM COCTaBIsIeT OKOJIO
0,3 kB/ cm. Torma kak mig HCKpoBOro mnpoOosi Bo3ayxa (Hampumep s
WHUILMMPOBAHUS MOJIHMH) TpeOyeTcs HanpsbkeHHOCTh moutd B 100 pa3 Oosbmias. B
CBETE€  TOJYYEHHBIX  BBIIE  PE3yJbTaTOB  MOXHO  MPEIANOJIOKUTh,  UYTO
BBITSTUBAIOLIMECS B AJUIMIICOU KAIUTM BOJIbI CIIOCOOHBI YCHIIMBATH 3JIEKTPUUYECKOE
noJie aTMocdepbl A0 MPOOMBHBIX 3HAYEHUN U B OCOOEHHOCTH 3TO KaCaeTCsl Karelb,
COOTBETCTBYIOIIUX BEPXHUM BETBAM  PABHOBECHBIX (OpM, HAa  KOTOPBIX
kod(pduLMeHThl yeuneHus nojs 6onee 50.

Pe3ynbraThl, OJy4YEeHHbIE B 3TOW M MEPBOM TIJIaBe, MOTYT ObITh YIOPSIOYEHBI U

0606H_ICHBI, CCIIM IIPUHATHL YTBCPKACHUC, COINIACHO KOTOPOMY 34 HGYCTOfI‘II/IBOCTB
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PaBHOBECHS IUIOCKOW WJIM MCKPUBJIIEHHON HAXJIEKTPU30BAHHOW KUAKOM IIOBEPXHOCTH
OTBETCTBEHHA BEJIMYMHA KBAJpaTa JIOKAIbHON HANPSYKEHHOCTH MOJs (WA BETUYHHA
KBaJIpaTa IJIOTHOCTU IOBEPXHOCTHOIO 3apsiia). B COOTBETCTBMM C 3THUM BBEIEM
Cleqyromui 6e3pa3MepHbIil MapaMmeTp MoJsl, ONPEAe IO MOPOr YCTOWYHUBOCTH
IIJIOCKOM MJIM UCKPUBJIIEHHON MOBEPXHOCTH JKUIKOCTH

N2 = EBEaR(,)

2.24
‘ 1q (2.24)

3I[eCB E .~ HOPMAJIbHAA COCTABJIAKOLIAA HAIIPSXKEHHOCTU II0JII Ha IMOBEPXHOCTH

KalUIi WIM Ha IUIOCKOM TOBEPXHOCTH, CO3JaHHAs OJHUM HCTOYHUKOM. Ecium
MCTOYHUKOB IOJIS1 HECKOJIBKO, TO B COOTBETCTBUU C (2.20) CKIIaabIBAOTCSl KBaAPAThHI

HanpspkeHHocTed, R,/ - XapakrepHble pasmepbl. O4eBUIHO I IUIOCKOM

IIOBEPXHOCTU MapamMerp /N, COBNAAaeT C ONPEACICHHBIM B IIEPBOM TIJaBe

e

napaMmerpoM N . PaccunraeM KputHueckue 3HaueHMs napamerpa N, juid Kameib. B

Clly4yae p3JIeeBCKOM 3aJladyM O HEYCTOWYMBOCTH 3apSKEHHOM KaIulk, Mepexois OT
3apsi/ia K HaIpsKEHHOCTH, TOJYUYHUM YCJIOBUE HACTYIUICHUS HEYCTOMYMBOCTU B BUJIE

N, =1. B cnyyae TeHIIOPOBCKOM 3a[1a4¥ O HEYCTOMYMBOCTH KAaIUIM BO BHEIIHEM I10JI€

ycioue Heycroiumsoctd N° =0,052, ¢ yuerom Toro, uto E, =E,/n (B =1.9)

2
. =

naet N, =1,5. YcioBue HEyCTOMYMBOCTH paBHOBECHUS TIJIOCKOM moBepxHocTH (1.67),

a TaK¥KC yCJIOBUC HGYCTOfI‘—IHBOCTH Sapﬂ)KeHHOf/'I KaIlJIkd 110 OTHOLICHUIO K ACJICHUIO €€

TIOI0JIaM, MOJIy4aeTCAd TAKUM Nj =2,36 [174].

2.4. BETBJJEHUE PABHOBECHBIX ®OPM HADJIEKTPU30BAHHBIX
Y3bIPEN

PaCCMOTpI/IM TCIICPb BOIIPOC O BCTBJICHHUHW PABHOBCCHBIX q)OpM 3aPAKCHHBIX

WJIW TIOJISIPU30BaHHBIX My3bIpen [175]. Takue my3sipu MOTYT BO3HHMKATh B IIpoleccax

KHUIICHUS KUJIKOCTEH B AJIEKTPUUYECKOM TMojie [4], m1ubo Ha mpeAnpoOoHHON cTaauu

AIEKTPUYECKOr0 MPo00s B )KUJIKoCcTH [24-29, 50].
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[lycTh HE3apsKEHHBIN ITy3bIPh HAXOAUTCSA B YCIOBHSIX HEBECOMOCTH B HECYILIEU
KUIKOCTH C  JMDJIEKTPUYECKOM MPOHUIIAEMOCTBIO €, KOTOpas IMOMEIIeHa BO

BHEIIHEE OJHOPOJHOE JJIEKTPUYECKOE IIOJIE HAIpPsKEHHOCTBIO FE. IIpenmonoxum,
4TO B OTCYTCTBHE MOJISI Iy3bIpb UMeET (opMy IIapa paauyca R, TAaKOro, YTO UMeEET

MCCTO MCXAaHHNYCCKOC PABHOBCCHUC, OIIPCACIIICMOC YPAaBHCHUCM

_3mR,T

Py =P, T20/R;,  py, _FIJRO}' (2.25)

Do Py, - BHEILIHEE NABIICHUE U JaBIEHUE ra3a B Iy3bIpe, m,l - Macca rasa B IIy3bIpe
U MOJIApHas Macca, R, - yHUBEpCaJlbHas ra3oBas IIOCTOsIHHasA. byneM cuurarh, 4To

MIPU HAJIOKEHUU BHEIIHETO MOJIs My3bIph aguadaTudecku aeopMUpyeTCs U3 mapa B
BBITSIHYTBI  BIOJb TOJISI OJUIMIICOMJ Bpall€HHWs C OTHOIIEHHEM MOJIyOCeu

B=a/b > 1. IIpx 5TOM B COOTBETCTBHH C Pe3yJIbTaTaMHU MPEABIIYIICH TIaBbl OyaeM

npeHebperaTb CTPUKIUOHHBIMH 3¢ (deKTaMd TMpU aHadu3e paBHOBECHBIX (HopM
IIy3bIPEN U ONPENEIICHUH MOPOTa UX YCTOMYUBOCTH.

3anuiieM MOTEHUUAIbHYI0 3HEPrui0 1e(OPMUPOBAHHOIO ITy3bIPs, CUMTAas 3a
Havajgo e€ OTcueTa NOTEHIHAIbHYI0 DJHEPrui0 HeAehOPMUPOBAHHOTO ITy3bIpS.
[lorenuuanpHast »Heprust OyAeT coAepXkaTh CcllaraéMble, paBHbIE paboTe Cui
BHEIIHETO JaBlieHUss U paboTe Traza mnpu jaepopmanuu Mmy3bIps, a TaKke

IIOBEPXHOCTHYI0 DJHEPrUI0 M DHEPIHIO, CBSI3aHHYIO C IOJApU3anued myssipsa. B

€IUHULIAX [W =4T0aR;, ¢ yueToM cooTHomenui (2.8) - (2.16) , oHa GyneT UMeTh

BU]T

(2.26)

2.3 1 1
B F o (R N

3,Z[€CI> BBCJICHBI HOBLIC 0003HaUYCHHS
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= Lot r0=—( ) . (2.27)
a R,
0 002 004 006 N2
p 22 .
4F
1
3t
2_
2
'I 1 1 1
0 1 2 3 N2

Puc. 2.7. 3aBUCHMOCTH OTHOIIEHUS TTOTYOCEH DILTUTICOUAATBHBIX (DOPM ITy3BIpEH OT
0e3pa3MEepHOro KBaipaTa HaAMPsHKEHHOCTH TOJIS

Celiuac moTeHIMaIbHAsT HEPTHUs SBISIETCs] (PYHKIMEH TBYX MEPEMEHHBIX: CTETICHH

BBITSIHYTOCTH DJUIAIICOMAA [3 U ero 00béMa, XapaKTepU3yIOIIErocss SKBHBAICHTHBIM
paauycoM 7,. B cocTOssHUM yCTONYMBOIO MEXaHHMYECKOIO PaBHOBECHS HEOOXOINMO
UMEeTh min W(B, ro).

MuHuMH3a1Ms MPOBOAWIIACH YUCIICHHO, U €€ pe3yibTaThl MPEACTaBICHBI Ha
puc. 2.7. Kpusble 1, 2 moka3plBalOT 3aBUCUMOCTb PABHOBECHBIX JJUIUIICOUIOB OT
napameTpa IoJjs N’mis Bomsl €=81 u Oensona €=2,23 COOTBETCTBEHHO.
BenuurHa BBITSHYTOCTH [3 NpU 3TOM MNPaKTHYECKH HE 3aBHCHT OT pajauyca
MCXOJIHOTO My3bIpsi R, TOr/a Kak 00bEM Ae(OpMUPOBAHHOIO 3JUTUIICOUIa HAUUHAET
CYIIECTBEHHO 3aBUCEThb OT R, NpH €ro yMeHbUICHMH. TO €cTh Iy3bIpH MaJbIX

pa3MepoB MpU HAJOKEHUU MOJISl HE TOJIBKO BBITATHUBAIOTCS, HO U YBEJIMYUBAIOT CBOM
00BEM, a cleloBaTeNbHO, U JaBJICHHE Ta3a B HUX W3MeHseTcs. UToObl HaWTU 3TO
U3MEHEHHEe Heo0XO0auMO, B OOIIeM cllydae, y4ecTb CTPUKIMOHHBIN 3 deKT. 3aech
3TOT BONPOC HAC MHTEepecoBaTh He OyaeT. DakT OTHECEHUs My3bIpsS K MajbIM WM

GOJBIIINM OTIPE/IeIISETCs BENMUrHOM mapamerpa A =a / p R, . [Ipu A > 0,01 my3bipb

YK€ MOJKHO CUUTATb MaJIbIM.
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Takum oOpa3om, BO-NIEPBBIX, B OTJIIMYKE OT Karelb, PaBHOBECHBIM (Qopmam

my3bIpeli BO BHEIIHEM II0J€ COOTBETCTBYIOT JIOOBIE [3, MOHOTOHHO pacTyIIUE C

BEJIIMYMHON HAIPSHKEHHOCTU ITOJSA. BO-BTOpBIX, NpPU MAaJBIX pa3Mepax Iy3bIpen

CTaHOBHTCA CYHIGCTBGHHOﬁ HX CKHUMACMOCTb, TaK, YTO IIpHM HAJIOXCHHH II0JIA

YBEIIMYUBACTCS 00bEM My3bIPSL.

Paccmorpum Teneps 3apsukeHHBIN cepuueckuil my3wipb. [lycTh chepudeckuit

Iy3bIpb paguyca R, BMECTE C HECYILEH XUIKOCTBIO HAXOAWUTCS B HEBECOMOCTH B

MCXAaHHYCCKOM PABHOBCCUU H 3aAPAKCH II0 IMOBCPXHOCTH OO 3apiaAda ¢, a TaKIKC

COACPKUT BHYTPH cebst MacCy Tasza m. TOFI[& YCIOBHC €T0 MCXAaHHUYCCKOI'O

PaBHOBCCHUA UMCCT BUJ

kq> _2a
4 +p09
8TR' R,

Pt

[IpoBens ob6e3pazmepuBanue, MOTyIUM

M 1 a

—+ Q' =—+1, A\=—.

2 2\ DR,

(2.28)

(2.29)

[Tapamerp Q omnpenenen panee no (2.19). Ilpeanonoxum, 4To MpU ONPEAEIICHHBIX

3apsAnax My3bIpb MOXKET Ne()OpPMHUPOBATHCS B BBITSAHYTBHIM JIITUTICOM BPAIICHUS C

OTHOIIICHHEM MOoJTyocei [3. 3amuiieM MOTEeHIIMATbHYIO SHEPTHIO J1eOPMHUPOBAHHOTO

ny3bIpsi, MPUHUMAs 3a HAYajlo €€ OTCYeTa DHEPruio0 chepuyeckoro mys3bips,

YAOBJIETBOPsItOIEro yciaoBuwo (2.28). B 6e3pazmepHoii popme moaydum

Inp
3r 4

- — — — — —

-

Q2
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Puc. 2.8. 3aBucumoctu noraprdma OTHOMIEHHS MOTYOCEH AILTUIICONIATBHBIX (OpM
3apsHKCHHBIX My3bIpei 0T KBajpara 0e3pa3MepHOro 3apsaaa

_ M 1 7S, 1
W——(r03—1)—3(y_1) =)+ 120 — -1 @230)

7"0 rO X

C, omnpepenena no (2.19). Ilo-mpexxHeMy OyaeM CUMTaTh, YTO COCTOSIHHIO

YCTOﬁqHBOFO paBHOBECHUA COOTBCTCTBYECT MHHHUMYM HOTCHHH&HLHOﬁ 9HCPIruu,

KOTOpas sBIsieTCs (YHKIMEH NBYX MapamMeTpoB W(B, ro). Pe3ynbraThl 4nciieHHON

MUHUMU3AIMU W 10 JBYM NEpEeMEHHBIM [JIsi 3TOTO Ciyyas MpeJcTaBiIeHbl Ha
puc. 2.8. Ilpsimast 1 cOOTBETCTBYET pPaBHOBECHIO CQepbl, KOTOPOE YCTOWMYHUBO 110
O=1 nna moObix my3bipeil. To ecTb BHOBH TNOJIy4aeM pe3yJbTaT, COTJIACHO
KOTOPOMY B CMBICIIE TMOTEpHU YCTOMUMBOCTU C(HEPUUYECKOTO PABHOBECHUS ITY3bIPh
BeJIeT ce0sl Kak Karuisl KUAKOCTH. OJHAKO, XapaKkTep AaJbHEUIIEro BETBICHUS YKe
3aBUCHUT OT pa3Mepa My3bIps U CYHIECTBEHHO OTJIMYAETCS OT KAleJIbHOTO JJIsi MaJbIX
ny3bipei. Tak, Ha puc. 2.8 kpuBble 3, 4 COOTBETCTBYIOT 3apSKEHHBIM ITy3bIPSIM

paanyca R, =0,01 mm B OeH3one u Boae. BuaHo, YTO CTENEHb MX BBITSAHYTOCTH

0O0JIbIIIe, YEM Yy COOTBETCTBYIOIIMX Kameib. XapakTep >K€ BETBJICHHUS PAaBHOBECHBIX

(dopM Oonpiux myssipeil R, > 0,01 MM npakTH4eCKH HE OTJIMYAETCS OT KalleIbHOIO

(yiunnm 1, 2). O0bEM 1epOpMUPOBAHHBIX MTy3bIPEN MAJIOr0 pa3Mepa yMEHBIIAETCS O
CpaBHEHHIO C 00BEMOM cepbl, COOTBETCTBYIOIIEH UCXOJHOMY paBHOBecHIO (2.28) B

cmbiciie 7, < R,. Tem caMbIM, JjaBlieHHE ra3a BHYTpH Iy3bIps Mocie ero aedopMaiuu

TaKKC HN3MCHICTCA. HpI/I 9TOM CJICOAYCT OI'OBOPHUTLCA, UYTO paanyC HCXOIHOI'O

cepuueckoro mysplps R,, ompezaenseMblil ypaBHeHueMm (2.28), Oonblie paanyca

COOTBCTCTBYIOIICTO HEC3APAKCHHOT'O ITY3bIPA, KOTOpBIfI 0003HaYNM quo .

Beenem Ko3(pUIMEHT yBENIMUYEHUS paaWyca IWy3bIps 7 , ONPEIACIHB €To
cienyromuM obpazom: n =R, / R,_,. HaiizieM BO3MOXHbIE 3HAUCHMUS kod(pdunmreHTa

yBenudeHus. s 3Toro BHOBBL o00e3pa3MepuM ypaBHEHHE OajlaHca JaBJICHUM,
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BbIOpPaB B KauecTBE €AMHUIBI M3MEPEHUs paauyca BenuuuHy [R]=20/ p,. Toraa

obe3pa3zMepeHHOe YpaBHEHHE OanaHca JaBJICHUH MOYKHO TIPEACTaBUTh B (hopMe

X o 3mR,T (2.31)
A+ =R +1, el el
R ¢ =& X ATt [RT’

[TonoxuB Q = 0, Haligem X:(1+Rq:O)qu:0. C yuerom »Toro ypasHenue (2.31)

MIPUBOJIUTCS K BULLY

1+ R,

2

Q> =1+nR _, - (2.32)

n

[TonnyyeHHoe ypaBHEHHE Ha Mpejelie YCTOWYUMBOCTH cepruueckor (opMbl My3bIps,
T0 ecth npu (° =1, ompejenseT MaKCHMalbHble KO3(P(MUIUEHTH YBEIMUEHHUS

paguyca Ty3bIps IOpPU  €ro  3apsaKe JJIEKTPUYECTBOM B 3aBUCUMOCTH  OT

MEPBOHAYAIIBHOTO paauyca R _,

) (2.33)

n =|1+—

m
q=0

Jlst my3sIppKOB pagnyca 1 MM Beraucienus parot R _, =700, a n, =1,0005, qost 1

MKM  noimydaeM  n, =1,3. TIoCKONBKY B pEalbHBIX YCJIOBHAX I1apOra3oBbIE

3apOABIIIN PEAKO UMEIOT pa3Mepbl MeHee 1 MkM, To KoadduieHT ypenuuenus B 1,3
paza MOXKHO CYHMTaThb BEpPXHHUM IpenenoM. Temepb MOJHOE H3MEHEHHE OO0BbeMa
ny3bIps TPU €ro 3apsjake dJIEKTPUUYECTBOM C Tmocienyiomed nedpopmainueit B

— 3
ymncou] npu O >1 MOXKHO BBIYMCIUTB TaK 71, = (¥yn)°, THE 7, OIPEIEICHO

no (2.27) u oTBevaeT

MUHUMYMY W, a n, 0pu 3aJaHHbIX 3HaueHHsIX O U R ONpenenseTCs. U3

q:()’
ypaBHeHUs (2.32). COOTBETCTBYIOIIME BBIUMCICHUS IMOKA3bIBAKOT, YTO HA BEPXHUX

BETBSIX PaBHOBECHBIX ()OPM, KaK U CJIE0BaJIO OKUAATh, 1, > 1. Tak, Hanpumep, s
my3bIpbKa B Bojie paauycoM R _, =0,01 Mm u 0’ =1,2 nonyuaem n, =1,05, a mus

O’ = 1,5 coorBercTBEHHO 71, =1,02.
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Takum  0o06pazom, 3apsKa  Iy3bIpsS  DJEKTPUYECTBOM C  IOCHEAYIOUIEH
nedopmaIeil ero B 3JUIMIICOU MPUBOAUT K YBEIMUYEHHUIO €r0 00beMa, aHaJIOTHYHO
TOMYy, Kak OJTO IIPOMCXOJMT C HE3apsDKECHHBIMU IY3BIPSIMH BO  BHEIIHEM

SJICKTPUICCKOM II0JIC.

2.5. K TEOPUU KABUTAIUMOHHOI'O MEXAHU3MA
IJEKTPUYECKOI'O ITPOBOSA B XKUJKOCTHU

B coBpeMeHHON pa3psaHO-UMIYJIBCHONM TEXHOJOTUU OO0pabOTKH MAaTepuasoB
NIEKTpUUYECKU paspsn (mpoOoi) B KUAKOCTH YAaCTO HUIPAeT OCHOBHYIO POJb U
TpeOyeT BcecTOpoHHEro uzydeHus. [lpu sTom Bompoc 06 0Opa3oBaHUU U IBOJIIOLUU
ra3oBbIX MOJIOCTEH M HUX POJM B MHUIMHPOBAHUMU W PA3BUTUU pa3psaa SBISETCS
OJIHUM W3 TMPHUHIMIHAIBHBIX B (DU3MKE BHICOKOBOJIBTHOIO pa3psjia B KUIAKOCTH [28,
29]. Hwxke OyneT mnpoaHaIM3WpOBaH KAaBUTALIMOHHBIM MEXaHU3M OOpa30BaHUS U
HBOJIIOIIMU Ta30BOM TIOJIOCTM B CUCTEME  JJIEKTPOJOB OCTPUE-TJIOCKOCTh Ha
npeAnpoOuBHOM craguu paspsana [164] u npousBeeHO CpaBHEHUE C pe3yJbTaTaMu
AKCIIEPUMEHTOB JPYTrUX aBTOPOB [55].

PaccMoTpyM  poCT KaBUTAIMOHHOTO TMYy3bIPbKa, 3apOKAalOIIerocsi BOJIU3H
anekTpoma-octpusi.  bynmem  cuMrtarh, 4TO  My3BIpEK  pacTeT 3a  CYEeT

JIIEKTPOCTATUYECKUX CUJI, [JABIEHUE B XXUAKOCTH p,, BHYTPH IIy3bIpbKa JABICHUE
MOHMU3MPOBAHHBIX MApOB Majlo0 IO cpaBHEHUIO ¢ p,. Kpome Toro, npeHeOpexem
BIIMSIHUEM DJIEKTPOJOB HA IMHAMUKY POCTa, TO €CTh CUMTAEM, YTO IY3bIPEK PAaCTET B
0€3rpaHUYHON HMICATBHOM HEC)KMMAEMOW JKUIKOCTU. Mcronb3ys HaHHBIE ONBITOB
[55], mpeamonoXWM, YTO NOBEPXHOCTh Iy3bIpbKa BCE BpEMs  OCTAETCs
OKBHUIIOTCHIMAJIBHOW C MOTEHIIMAIOM, PABHBIM MOTCHIMANY 3JeKTpoaa ¢ ,. HIKe
MOKA3aHO, YTO MOXHO Tak)Ke MpeHeOpeyb JarlacoBCKUM JaBjieHueM. B MmpuHATHIX

MNPCANIOIIOXKCHUAX 3allMIEM JWHAMHWYCCKOC YpPaBHCHUC JId paanyCa ITIy3bIpbKa B

Buje [100]

RR+(32)R* =(p, =p))/p,  p.=0,/(8TR?), (2.34)
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(p,- DIEKTPOCTATUYECKOE JaBJIECHUE HA MMOBEPXHOCTH IIy3bIps). C IMOMOIIBIO

MPOCTHIX MPE0OPa30BAHUIN HETPYAHO MOIYYUTH MEPBBIA HHTETPAJl ITOTO YPaBHEHUS

2 3 p S8Tkp

2
11’231'22 +lM _ R =const.

BriGpaB B KauecTBe HayaibHBIX YCIOBHH R = u(t :0) =0, R(t = O) =R, (Ry -

paanyc 3aKpyrJIeHHs JJIEKTpoa), MOJIYy4YuM JUIsI CKOPOCTH pOCTa Iy3bIpbKa

CIIeAyIOIIee BRIpaXKEHUE, 3alMCAaHHOE B Oe3pa3MepHOi Gopme:

u(R) ={%(¢§(R _1) —%(R3 —l)j]/z, (2.35)

Uy
2
" = 2[90 o2 = ¢0
o ’ * " 8mkp R
p Polly
u/u, R
2
8_
1,5+
6r 1
1,0F 2
4+
05f
1 sl
0 3 6 R 0 3 8 12 T

Puc. 2.9. 3aBucumoctu Ge3pa3mMepHON CKOPOCTH

Puc . 2.10. 3aBucumocTb paguyca my3sips OT
pocTa my3bIps OT €ro 6e3pa3MepHOro pajguyca

BpEMEHU B O0€3pa3MepHbIX €IMHUIAX
R- wusMmepserca B emuHunax R,,. DPyHxkuusa u(R) MMEET MAKCUMyM B
Touke R, =3/2 - 1/ (ZCDé). Ouesngno, pu d; >1/3  maxR, =3/2. Kpome Touku

R =1, dynkuus u(R) oOpariaercst B HyJb IpH

R, = /3(®; —1/4) -1/2. (2.36)
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[lonyyenHoe 3HaueHue R, - MpeeNbHBIA pa3Mep paclIupsrouierocs chepuueckoro

ny3bipbka. HalieM Take mpeleinbHyl0 CKOPOCTh POCTa Iy3bIpbKa, OMNPENEIIUB €€

KaK u(max Rm) =y . Torna

= 2uf Yo -] 237
330 12

W3 (2.36) BHAHO, YTO KaBUTALIMOHHBIA PEKHUM POCTA Iy3bIpbKa BO3MOXKEH MpPU
®; >1/4. Tlpu atmMocdepHOM IaBJIEHMH p, 5TO JAET JUIS HANPSKEHHOCTH IOJIs

E >045 MB/cm. Ha puc. 2.9 npencraBieHbsl 3aBUCUMOCTH u(R) B 0e3pa3MepHBIX
emuaunax npu O =4 u 30,2 (xpusble 1, 2). Kpusas 2 nocTpoeHa s H-TeKCaHa U

napametpoB p, =10°Tla, ¢ (=33kB, R, =0,04MM, KOTOpbIE HCIOIb30BAIKCH B

sKcriepuMeHTe [55]. MakcumallbHOE 3HAY€HHWE CKOPOCTH POCTA IMOJIOCTH IS
yKa3aHHBIX MapaMeTpoB, paccuutaHHoe no (2.37), ~34,8m/c. Ilo usmepenusim [55]
OHO pocturaio S0m/c.

JIsist mosrydeHust 3aBUCUMOCTHU R(t) ypaBHeHHE (2.34) ObUIO MPOUHTETPUPOBAHO

uncieHHo. PesynsTaThl mHTerpuposanus npu @ =30,2 npencrasieHs Ha puc.2.10
B Ge3pa3MepHbIX epeMeHHbIX. [Ipu 3ToM Ge3pasmepHoe Bpems T = fu, /R, . Jluanu 1

U 2 COOTBETCTBYIOT MpPEAEIbHOMY U PAaBHOBECHOMY 3HAYEHUSIM pajuyca Iy3bIpbKa.
PaBHOBecHOE 3HaueHHE ONpeAeNsieTCs ypaBHEHHEeM OanaHca cuil (JaBieHU) u
paBHO R = @,. PazMepHOe BpeMs pocTa Iy3bIpbKa 10 PaBHOBECHOTO pajguyca ~8 MKC,
no mnpenenbHoro ~38 mkc. [lo u3Mmepenusam [55] my3bIpek yABaMBaeT HadaJlbHbBIN
paauyc 3a BpeMs 2Mkc. PacueTsl o pesysibraraM mHTerpupoBanus (puc.2.11) marot

BpeMsi yaBauBaHus paauyca ~1,8 Mxc. Ha puc.2.12 npencraBieHa 3aBUCUMOCTb R(T)

B norapupmMuueckoM Macinrabe. BuaHo, 4To HAa HayadbHON cTamuu pocta R ~1,
mpu 1,5<R <7 (ywactok 2) R~t"". B [55] sKcIepuUMEHTANbHO OINpe/eIeHHbI

MoKa3aTesb pocTa Ha yyacTke 2 paBeH 0,6.
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InR

40 1 2 InT
Puc. 2.11. Jlorapupmudeckas 3aBHCHMOCTD pajryca My3bIpsi OT BpEMEHH

B [I, 55] BO3HMKHOBEHHE CTPUMEPOB Ha OMNPEACICHHOM JTale pocTa
c(hepuveCKOl TOJIOCTH CBSI3BIBAETCS C Pa3BUTHEM HEYCTOMYMBOCTH TIOBEPXHOCTH
XKUJKOCTH B 3JEKTpUYECKOM moje. (OJHako aHalu3 YCTOMYMBOCTU IPU 3TOM HE
IIPOBEJIEH.

[IpoBenem aHanm3 yCTOWYMBOCTH C(HEPUUECKOTO PAaBHOBECHS KaBUTAIMOHHOU
MOJIOCTH C 3apsSKEHHOW MOBEPXHOCTHIO, UCMIONB3Ys MeTof Panes [47, 54]. IIpu sTom
NPEANOJIONKUM, YTO B MOMEHT, KOTrJa HEYCTOMYHMBOCTH CTAHOBUTCS BO3MOXHOM,
BO3MYIIIEHUS PACTyT OBICTpPEE, YeM YBEIUUYHMBACTCS CPEAHUI paanyc mojgoctr. Toraa

COCTOSIHME TIOJOCTM MOKHO CUMTaThb KBAa3sUPAaBHOBECHBIM paauyca R, ¢
nmoteHuaioM ¢, u moctosiHHBIM - 3apsmom O, =¢,R,/k. WccrenoBanue

YCTOMYUBOCTU IPOBEAEM, CUUTas IIOJOCTh IIOJHOCTBIO BaKyyMHUPOBAaHHOW H
YUYUTBIBAsL, YTO B OTJIMYUE OT KAIUIU IpH JedopManusax OBEPXHOCTH IOJIOCTH 00bEM
€€ MOXKET U3MEHATHCS. Y pPaBHEHHE BO3MYILIEHHON IIOBEPXHOCTH IIPEICTABUM B BUJIE
R= Ro(l + Zan}’n(cose)j , P -mnomuHoMSBI JIexkanapa.
n=1
DNEeKTPUYECKUI MOTEHLHAT U JABJICHHUE B JKHJIKOCTH YJOBJIETBOPSIIOT yYPaBHEHUIO

Jlannaca ¥ COOTBETCTBYIOIINE PEIICHUSI MOKHO MPEACTaBUTH B (hopme
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b, = kq quA( jm]’n(cose),

Onl

> (R (2.38)
P. =Dy +Po;Bn(7°j Pn(cose), r>R.

N3 ycnoBusl SKBHIIOTEHIUATBHOCTH MOBepXxHOCTH [P T=0(T- eauHUIHBINA
BEKTOP KacaTeJIbHOM K IIOBEPXHOCTH) HaxoauM A =a,. VI3 yCinoBHs HENPEPBIBHOCTH
JTABJICHUS p‘ e = ( P, —Px )‘R (p,m p, - DNEKTPUYECKOE U JAIIACOBCKOE JIABIICHUE)

Imojayvdacm

_ s a ()
B =a, —Z(n —1) ——(n +n —2) :
4Tp, R, Ry p,
[ToTeHIMABHYIO YHEPTUIO TTY3bIPs IPEACTABUM B BUJIC

L ofas [ e

JIJist ycTOMYMBOCTH paBHOBECHsI HEOOXOMMa MOJIOKHUTEIHHOCTh BTOPOUM BapHaIllU
) 2
NOTEHUUANbHON 3Hepruu. Beruucnas unterpansl B (2.39) ¢ TOUHOCTBIO 10 a, U

nepexos K 0e3pa3MepHbIM MIEPEMEHHBIM, HAXOIUM yCIIOBHE YCTOMYHUBOCTH
)\F(n ~1)(n =2 +2) + 1 (n* 4 +z)} +1
3 2 — q)Z
2 S
s 21 -2)] (2.40)

A=a/p,R,, q)12 = (I)é/(gTTkpoRg).

3aBUCUMOCTD Cl)lz*(n) uMeeT MUHHMMYM, IIPH 3TOM 7, TPEACTaBIseT coOOW HOMEp

P} <

HanOosee omacHoi chepuueckoir rapmonuku. [Ipm A<<1 oxkaseiBaetcs n, >>1 u

= (6/ )\)3, YTO W OTBeYaeT pU(ICHUIO TTOBEPXHOCTH MOJIOCTU. Takum oOpa3om, B

OTJIMYME OT 3apsHKCHHOM Kaluld Y 3apsDKEHHOTO Iy3bIpS C ra3oM BHYTPH, IS
KOTOpbIX  HauOoyiee omacHas MoJla 10 OTHOIICHHID K  YCTOWYMBOCTH

JJIIUIICON AaJIbHAA (I’l =2) , I 3ap51>1<eHH0171 KaBHTaHHOHHOﬁ IIOJIOCTHU B XHUAKOCTH
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Hanbosiee omacHbl BbIcIIME cdepuyeckue TrapMoHHMKH. Poct Hambonee omacHbBIX
BO3MYILIEHUN MOKET CTHUMYJIMPOBATh Pa3BUTHE KOHEYHOTro uncia N crpumepos. M3
0o0IMX COOOpaKEHUU SCHO, YTO MHKPEMEHT pOCTa BO3MYILIEHHI MPONOPLHOHAIECH

1
lazW 2
m|OR*

(m - mnpuBeNeHHas Macca), TO €CTb MNPONOPLHUOHAIEH KOPHIO

KBaApaTHOMY H3 BapHualuu HOTGHHI/I&JIBHOﬁ OHCPIUH. Tak Kkak IMOCJICIHAA

MaKCHUMaJIbHa mi n=n, , TO U HauOoJIee OIACHBIC BO3MYIIICHUA O6J'Ia,Z[aI-OT

HauOOJIBIITAM HHKPEMCHTOM MW YHCJIO CTPUMCPOB N:I’lm. yIH/ITBIBaSI, qTo

a |R
DR /R =D u A= —% | MOXHO TpPOM3BECTH pPaCYeT KPHUTHIECKOTO
PR/ Ry
0

3Ha4eHMs Oe3pasMepHoro moteHmmana P, un,, MOIB3YACh COOTHOHIEHHEM (5)
napamerpaMu 3kcnepumenta [55]. Ilpuammas, kak npexne, R, =0,04MMm u
o = 1,84 0107 H/m (n-rexcan [101], noxyunm A = 4,600~ (R, /R,) u

®;, =43007, n,=11, R,=R,;

®;, =55007, =n,=12, R,=15R,. (2.41)
(1)02* e

0,5

0,4

3

03F

0,2}

0,1}
¢ e oo..

0 > 4 5 8 0 12 n

Puc. 2.12. 3aBUCUMOCTH KPUTHYECKOTO (B CMBICIIC TIOTEPH YCTOMYHUBOCTH) O€3pa3MEpPHOTO
KBaJlpaTa HallpsDKEHUS Ha My3bIpe OT HoMepa cepruyecKoil rapMOHUKU
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3aBUCUMOCTb CDf)*(n) npu R, =R, nokasana Ha puc. 2.12. Tak kKak mus

00pa3oBaHUsA U POCTa KaBUTALMOHHON MOJOCTH Heobxomumo ®; >1, To u3 (2.41)
BUJIHO, YTO POCT TOJIOCTH MPOUCXOIUT B CHIBHO HAJAKPUTHIECKOM MO OTHOIICHHIO K
YCTOHYMBOCTH CPEepUIecKOro KBazupaBHOBecus pexknme. Ho Tak kak BO3MYIICHHS
pacTyT ¢ KOHEYHOH CKOpPOCTBIO, TO B TMEpBOe BpeMms (M0 KpaiHel mepe, BO BpeMms
oOpazoBaHust mnojocth 10 R, =1,5R,,) TOBEPXHOCTb €€ MOMKET OCTaBaATHCA
KBa3UCPEPUUYECKOM U TOJBKO BIOCJIEICTBUU TMPOSIBIAIOTCS BO3MYILEHUS U

BO3HMKAIOT CTpUMephl. B skcnepumenrtax [55] obnHapyxeno, uto npu R, =0,2MMm
BOJHOBOE YHCIO HApacTAIOIMX BO3MymleHui k =500c M'. DTO COOTBETCTBYET
n=kR,=10. 13 (2.41) umeem n, =11.

TakuMm 00pa3oMm, cCpaBHEHUE MPEUIOKEHHON TEOPUU C SKCHEPUMEHTAIBHBIMU

JaHHBIMH  IIO3BOJICT  HAACATBCA, UYTO OTBCTCTBCHHBIM  3a (l)OpMI/IpOBaHI/IC

BBICOKOBOJIETHOTO ( £ > 0,45MB/cM) cTpuMepHOTO MPOOOS B )KUAKUX JUIIICKTPUKAX

SABJIICTCA KaBI/ITaIII/IOHHHﬁ MCXAaHHU3M.



