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4. DJJEKTPOIrMJIPOAUHAMUYECKAS MOJEJIb IIIAPOBOI

MOJIHUH

4.1. MOJIEJIU IITIAPOBO MOJIHUHN

B HacTosimiedl rnaBe mnpenjaraeTrcs M HUCCIEIyeTCs aBTOPCKas MOJIENb IIapOBOM
mostauu (LIM). Tlpexkne ueM nepert K 00CYKIECHUI0 MOJAEIH, KPATKO pacCMOTPUM
coBpeMeHHoe coctosinue mpobnembl [IIM. bonee mosiHbie 0030pbl MOXKHO HaiTH,
Harpumep, B [20-23, 56-58]. Co BpemMeH MepBOTrO HAy4YHOTO IMOAX0Ja K Mpodseme
[IM, ocymectBienHoro ®. Aparo B 19 Beke, y4eHbIMU OBUIO MPEIIOKEHO
MHOXKecTBO Mojeneit [1IM, onHako yka3zaHHas mpobiieMa 10 CUX MOp HEe pelieHa, B
YaCTHOCTH, He yzaaercs noixyuuth [IIM B naGoparopHbix ycnoBusx. B mocneanue
roJibl, Ojarojapsi YCHUJIUSIM HEKOTOPBIX YUYEHBIX, YAAJIOCh C(HOPMHUpPOBATH OaHKH
naHHbeIX 0 HaOmoneHusx M odeBuanamu. OIMH W3 KPYMHEUIIUX TaKuX OaHKOB
chopmupoBaH B SIpOCIaBCKOM YHUBEPCUTETE MOJ PyKOBOACTBOM mpodeccopa A.U.
I'puropreBa m HacuuthiBaeT okosio 6000 omucanumii sBienus I1IM oueBuanamu.
Cratuctuyeckass o0OpaboTka OaHKOB IIO3BOJISIET BBIPA0OTaTh CTATUCTUYECKUN
noptpet aBienus [IIM. Hanpumep, no ganasiM b.M. CmupHoBa [56] MOKHO yKa3aTh
caenyromue ceorcrra [HIM:

1. Cpennuii fuametp — 20 cm

2. Cpennee Bpems xku3nu — 10 ¢

3. llapoBuanas popma — 90%

4. ITosiBnenue nerom — 82%

5. Koppensauronasii K0O3)PUIUEHT MOSBICHUS TUHEHHONW M IIapOBOM MOJHUN —

0,84
6. IlosiBnenue BHyTpH 31anuii — 50%
7. HaubGomnee pacnpoctpaneHsbie 1neta [IIM — kpacHbIi, OpaH>KeBbIM, KEITHIA —

62%
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8. CBs13b ¢ rpo3oBbIM nekTpuuectBoM — 70% IIIM nHabmromanuce B TPO30BYIO
OTOy
9. Xapakrep Bo3HUKHOBeHUs [1IM
9.1. Ha nmpoBognukax — 57,5%
9.2. 3 xanana nuHeHou MoaHuu — 32%
10. Xapakrep ucuesHoenus [HIM
10.1. B3psiB — 51%
10.2. Mennennoe noracanue — 40%
10.3. Pacriag Ha yactu — 40%

11. Cpenuss sueprus — 10 kJIx

CymectByet mHOTo Mojeneit [IIM. Ha nam B3rsg pabouas monens 11IM nosmknaa
YAOBJIETBOPSATh KAk MHUHUMYM JIBYM TpeOOBaHUSAM: BO-TIEPBBIX, JOJKHA
CyIIECTBOBATh BO3MOXHOCTh KOJMYECTBEHHOI'O pAacueTa BCEX MAPAMETPOB MOJENH,
BO-BTOPBIX, JOJKHA CyILIECTBOBAaTh NPUHLUNHAIbHAS BO3MOKHOCTb
DKCIEPUMEHTAIBHON TMPOBEPKH 3TOM Moxenu. PaccMoTpum  KOpPOTKO  Tpu
pacrpoCTpaHEHHBIX HalpaBlIeHUs B MoaenupoBaHuu [IIM: mia3zMeHHbIE MOJEINH,
mMozenu [IIM ¢ %eCcTKMM KapKacoM U 3K30THUYECKHUE MOJIEIH.

1. Ilina3meHHbIE MOJENH.

[Tockonbky uvacto 11IM, cBeTsick, CBOOOAHO MapuT B BO3AyXe, TO €CTECTBEHHO €€
CUMTATh CTYCTKOM TOpSYEro ras3a, TO €cTh Ijaazmoil. OIHAKO TUIa3MEHHbIE MOJEIU
HATaJKHUBAKOTCS, IO KpallHEed Mepe, Ha TpU MNPUHIMIHUAIBHBIX TPYIHOCTH. Bo-
NEPBBIX, HATPETOH TUIa3Me BO3/yXa HET MPENSTCTBUN ISl OBICTPOrO PACUIUPEHUS U
TEM CaMblM HCYE3HOBEHHS; BO-BTOPBIX, PEKOMOMHAIMS 3apsHKEHHBIX YacTHI[ B
masme, Kotopo moxaenupyercs 1M, mpoucxoauT 3a AOIU CEKYyHAbI, B-TPETHUX,
1azMa OOBIYHO KBa3WHEWTpasibHAa. Takum 00pa3oM, 3aMeTHasi SHEPTUs HE MOXKET
ObITh COXpaHEHa B aBTOHOMHOM IIJJTA3MEHHOM OOpa30BaHUM JOCTATOYHO JOJITO.
TeopeTuku mia3MeHHBIX MOJENIEH MPUAYMBIBAIOT PA3IMUHbIE XUTPOYMHBIE CITOCOOBI,
4TOOBI 0OOWTH 3TH TPYIHOCTH, OJHAKO MPHU 3TOM MOJIEIN CTAHOBATCS TPOMO3IKUMHU

U MPAKTHYCCKU HCBOCIIPOMU3BOJHMMBIMU KaK B TCOPHH, TAK WU B IKCIICPUMCHTC. Kak
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OBUIO OTMEYEHO, BCE CKAa3aHHOE OTHOCHUTCA K aBTOHOMHBIM MOJENSIM, €CIU K€
MMEETCSl BHEUIHUI MCTOYHUK 3HEPrUU, HENPEPHIBHO €€ MOABOMISIINNA, TO CUTYaLHs
m3mensercs. Tak, manpumep, [I.JI. Kanumna npm mopenmmnpoBanum sinenus [1IM
co3JaBajl B KaMmepe C TelIUMeM YCTOWYMBYIO CBETSILYIOCS 00JacTh IIAPOBUIHOM
GbopMbI, HaXOMASNIYIOCS B ra3e W HE COMpUKAcalolIytocs co crenkamu [112]. Dta
obJsacTh mpeacTaBisiiia coooil pa3psi cBepxBbicokor yacToThl (CBY-pa3psn, yactoTa
u3nydyenus 6onee 1 MI') u HenpepsiBHO cHabxkanack sueprueit or CBY reneparopa.
[ITapoBasi MOJIHMSI TAKOT'O THIIA BIIOJHE MOKET CYLIECTBOBATh, OJIHAKO JlaJbHEHIIINE
UCCJIEIOBAHUS MMOKA3aJIM, YTO PEATBHOCTh CAMOCTOSTEIbHOIO BO3ZHUKHOBEHUS TAKOM
[IIM B atMoc(epe ManoBeposiTHA.

2. Mogenu IIIM ¢ xeCcTKUM KapKacoM.

Puc. 4.1. Moaenb mapoBoi MOJTHHUH C SIIPOM THIA (GPaKTaILHOTO KiacTepa

B Hacrosmiee BpemMss MHOTHE HCCIEIOBATENM, 3aHUMAIONIUECS MPOOIEeMOit
IapOBOM MOJIHMH, CUUTAOT, 4TO IIIM 10oiKHA MMETh KECTKUM KapKac WIH SIpo.
Opna w3 Takux Mojened akTuBHO paspabarbiBaetcs b.M.CmupnoBeiM [23, 113].
CornacHo ero mpeaCTaBlICHUSM, LIAPOBasi MOJHUS — 3TO (PpaKTaJIbHBIA KIacTep,
OKpY>XEHHBIN 30HOW TropeHus (puc.4.1). MexaHusmbl oO0pa3oBaHUsI MMOJOOHBIX
KJIACTEPOB M UX COCTaB MOTYT ObITh paznuyHbiMu [113]. Baxuo To, 4TOo OoOJbIIas
MOPUCTOCTh TAKOT'O KapKaca MO3BOJISET 3amacaTh OOJBIIOE KOJIMYECTBO XUMHUECKOMN

SHEPruMu, KOTOpas BBICBOOOXKIAETCS IO Mepe IMPOTEKaHWs BOKPYr Kapkaca
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XUMUYECKON peakuuu Tuna ropeHusi. TBepaoe BEMIECTBO KapKaca MOXKET TOpeTh
aHAJOTUYHO TOMY, KaK FOpsIT MUPOTEXHUYECKHUE COCTaBbI, cojiepxaniue Mg, OKUCIIbI
K, Na u npyrue BemectBa. OIHMM M3 OKHUCIMTEIECH B XUMHYECKOW PEaKLUH
MpeArnoJiaraeTcs 030H, KOTOPhIM 00pazyeTcst BO BpeMsi IpO3bl. YUUTHIBAs IOPUCTOCTh
Kapkaca — (pakTadbHOTO KJlacTepa M TO, YTO BOKPYr HeEro (GopMHpyeTcs 30Ha
TOpEHUs, TO €CTh OTHOCHUTEIBHO Temiasg 00JIacTh, MOXKHO MPEANOJI0XKUTh, YTO BCS
cucTemMa crocoOHa miaBath B Bo3ayxe. [IpuBeneM mpumep omucaHus OJHOTO W3
HaOmoaeHun spnenus IIIM, B3gror u3 [22]. HaGmomenue OBLIO clIeIaHO
S.B.bepe3ockum BecHou 1945 r. B I'epmanun. IlpumepHo B 24 yaca OH Jier
OTIIbIXaTh W MOCTABUJI CBOM KapaOWH y U3r0JIOBbs MPUKIIAIOM Ha noil. [IpocHyrcs oH
OT CHWJIBHOTO TpecKa OKOJIO royioBhl («...[lokazanock, yTo BeICTpEIM KapabuH...») U
OTKpBIB TJla3a, YBUJEN CBETAILLUNCS IMIap, KOTOPBIA IUIABHO JIETEN BJOJIb CTEHBI
napayiesibHO noiy. OOG0rHYyB MeUKy, KIIyOOK BbUIETEN B OTKPHITOE OKHO. Y TPOM IpH
O0CMOTpE KapaOuHa BBISICHUIIOCH, YTO BEPXHSS FOJIOBKA IIOMIIOJIA OTUIABJICHA, IPUYEM
4acTh METajlla IPOCTO MCYE3Ja, OCTaBUB Ha ILIOMIIOJNE JYHKY AMAMETPOM SMM U
riyounoi 3mm. Mcxonst M3 3TOTO ONMUCAHUS MOXKHO MPEANOJIOXKUTh, YTO METaJll
JNEUCTBUTENBHO HCHAPWICS B PE3YJbTAaT€ WHAYKIIMOHHBIX TOKOB IPU BO3MOYKHOM
npeapiayeM OJU3KOM yAape JUHEHHOW MOJHHMH. 3aTeM MPOM30IIJIa KOHICHCAIIUS
MeTalyla M 00pa3oBaHUE HUTEBUAHOW (HpPaKTaIbHOM CTPYKTYphl. 3aMETUM, 4YTO
CYILIECTBYIOT IKCIIEPUMEHTAIbHBIE TIOTBITKH MTPOHAOIIOAATh (PpaKTaIbHBIE KIACTEPHI
B JKCIEPUMEHTaxX IO CO3JaHuio IapoBod mosiHuM [114]. OnucaHHblid TIpUMEp
Habmoaenus 11IM no3Bosisier onpenenutb 00beM U Maccy UCHApHUBIIETOCS METalla.

Cuwuras JIYHKY HHHHHHqueCKOﬁ, a MCTaJlII CTaJIbIO, IMOJIy4HuM:

1

m, =pV =ZTk12h p=0,46c. A Temepb cAenaeM CIEIYIONIYI0 OlEeHKY. Onpenenum,

KakoB JIOJDKEH ObITh paguyc Harperoro no 1, =900K (30Ha ropeHus) Imapa,
IIOMEIIEHHOTO0 B OKpyKaomui Bo3ayx ¢ Ttemmeparypoid 7, =300K, 49ToOBI

apxuMeioBa cuiia Obl1a Obl CIIOCOOHOW yaepaTh 3TOT IMIap BMECTE ¢ KapKacoM B

COCTOSIHUM  HEUTpaJbHOW  IUIaBydecTH. MmeeM  yclioBUE ~ paBHOBECHS:
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m.g+p,gV =pygV,, P,,-TIOTHOCTH BO3dyxa mpu Temmeparypax I, =300K wu

1, =900K coorBeTcTBEHHO. I3 ypaBHEHUS COCTOSHHSA BO3AyXa IOIy4aem

M, M,
Py :i, o} = 2Pa (p, =10°Ila). YuutweBas, uro V =(4/3)TR’, mocne
RT, RT,
o _9my i
HECJIOKHBIX TpeoOpa3oBaHUM HAXOIUM paguyc My3sips: R = (8—) = Scm.
T,

BunumMm, 4To monydyeHHasl OlleHKa HE PacXOAMUTCs C HAOMIOJaTeNbHBIMHU JAHHBIMHU O
M. Oxgnako mozens I1IM ¢ ssapom Tuna dpakTansHOTO KiacTepa o0iaiaer, Ha Hall
B3TJIS], PSAAOM HeocTaTKoB. OCHOBHOM M3 HUX — 3TO TPYJHOOOBSICHUMBIN B paMKax
310N Mozaenu B3pbIB [IIM.

ABTOpPCKYI0 MOJIENb, O KOTOPOW peuYb MOWAET HUXKE, TAKKE MOKHO OTHECTH K
TUILY MOJEJIEN C KECTKUM KapKacoM

3. DK30THYECKHE MOJIEIIH.

K HuM moxxHO OoTHecTu mpexncrtasieHue IIIM B BuAE KyCOYKOB aHTMBEILECTBA,
MaJIEHbKUX YepHBIX Ablp U T.O. Kak mpaBuio, mapaMerpbl 3THX MOJEIEH TPYIHO
paccuMTarb, TeM 0oJjiee BOCHPOM3BECTH B 3KcnepumeHTe. [IpusaTHOE HCKIIOYeHue
cocraBisier Monenb [IIM, kak MarHuTHOrO MoHomouss Jlupaka, NpeaIoKeHHas
B.K. KopmrynoBsiM [115]. ABTOp 3TON MOzENnV MpOBENl KOJIUYECTBEHHBIE PAaCUETHI
NOCJIEICTBUN TPOXOXKJEHUA MOHoNoJs Jlupaka (B NpeAnonoKeHWH, YTO TAKOBOM
cyliecTByeT) yepe3 arMocdepy 3emin. Pe3ynbrarel pacueToB MO psiy MapaMeTpoB
COTJIaCYIOTCS C HAOMIOJaTeIbHBIMU JaHHbIMU 110 [1IM.

IlepeitneM K U3JI0KEHUIO U UCCIIEAOBAHUIO aBTOPCKOW MOJEINIH LIAPOBOU MOJIHUU

[162, 163, 168, 169].
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Puc. 4.3. Cxema BO3HUKHOBEHUS 3aPSDKEHHOTO

Puc. 4.2. Mopeny mapoBol MOJHUHM C .
ITy3bIpsl - IIAPOBON MOJTHUM

IIy3bIPDKOBBIM ~ IIPOM, OKDPY’K€HHBIM 30HOH
TOpEHHUS

CyTh ee 3akmoudaercss B TOM, 4to aapo IIIM mpencraBisieTcsi B BUAE MY3bIPS C
AIIEKTPUYECKH 3apsDKEHHOW O0O0OJIOYKOW M3 PpacIIaBICHOTO WM 3aTBEPJIEBILETO
Metaia win cwinkara (puc. 4.2, 1 - obGomouka, 2 - mojocTh). B mporecce
BO3HMKHOBEHHUSI TaKOro OOBEKTa BOKPYr HEro ¢GopMHUpyeTcs 30Ha TopeHus - 3,
KoTopas obecrnieunBaer cBeTuMocTh IIM. Xumusi peakiuum ropeHus: MOXKET OBITh
Takou ke, kak u B mozaenu b.M.CmupHoBa, mo3ToMy He OyJieM Ha HEW MoJapoOHO
octaHaBnuBaThcs. [loapoOHEN paccMOTpUM BIEKTPOTUIPOMEXAHUYECKUE ACTIEKThI
mozenu. [Ipexae Bcero, 3aMeTUM, YTO MEXaHU3M 00pPa30BAHUS MY3bIPSI MOXKET OBIThH
cienayromuM. [Ipu 6nuszkoM ynape auHerHoW monHum 1 (puc. 4.3) B Meramie - 2
TEKYT MHAYKUWOHHBIE TOKH. B pe3ynbTaTe dYacTh MeTajuia, colepikamias ra3oBbld
3apOABII - 3, MOKET OIIABUTHCS, U MOJ IEUCTBHEM HU30BITOYHOTO 3apsiia MaJeHbKHI
y3bIpeK BbIpacTaeT B 0oubioi. (MMeHHO 1o TakoMy CIEHApHUIO MOTJIM Pa3BUBATHCS
COOBITHUS B BBIIIICONMCAHHOM ClIy4ae ¢ MIOMMOJ0M). [1o0CTh BHYTPH ITy3bIpsI MOXKET
colepkaTb MaJO0 NapoB MW Ta3a W NO3TOMY, IO CYTH, MOXET SBIATHCS
BaKyyMUpOBaHHOU. CXJIONbIBAHME TaKOW TIOJOCTH aHAJOTUYHO HEOOJIbIIOMY
B3pbIBY. HeTpyHO mokasaTe, 4To cuina Apxumena, ACMCTBYIONIAs Ha TAaKOM My3bIpb

paguycoM R =5 cM, criocoOHa yAepKUBATh B COCTOSTHUU HEHUTPaJbHOMN IUIaBY4YECTH
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maccy m, =0,5c. OueHka sHepruu, HEOOXOOUMOW JUIs HArpeBa M IIJIABJICHHUS
HaAIpUMeED >KeJie3a TaKOH MacCChl, JaeT

W =m(c (T, = T,) +X) =0.5(0,4600° (1800~ 300)+ 0,27010° % 0,5 kI, (4.1)

Ecnu xuakui my3slpb IOJMHOCTHEO BaKyyMUPOBAH, TO JUIS IOJJACPKAHUS €T0
PaBHOBECHOTO COCTOsIHMSI B aTtMmocdepe TpeOyeTcsi 3aps Ha €ro IMOBEPXHOCTH.
JleficTBUTENBHO, YCJIOBHE pPAaBHOBECUS CPEPUUECKOTO Iy3bIpsS MOMKHO 3alucaTh B
BUJIC

2
A

+ )
Pa TP TR

3necy p, —arMocdepHoe naBieHue, O - KO3((UIUEHT NTOBEPXHOCTHOI'O HATSKEHUS
KHUJIKON 000J0YKH, p, —JaBlIeHHE raza BHYTpHU Iy3blps. Cuuras naBiIeHHME ras3a
OPEHEOPEKUMO MajJblM U BBINOJIHEHHBIM YyciaoBue 40/ p R<<1, u3 ycnoBus
PaBHOBECHSI TTOTYYHM TSI 3apsA/ia My3bIpsl OLEHKY
g=R*(8Tp, / k)" =42%107 K.
Kak mokazano B pasgene 2.3 mpu Takux 3apsiax PaBHOBECHE ITOBEPXHOCTH
BaKyyMHPOBAaHHOTO My3bIps HEYCTOMYMBO MO OTHOHICHHIO K ee puduenuto. Ilpu

’TOM HOMEp Haubojiee oOmacHoM cdepuueckoil TapMOHUKH OMPEACNSIeTCs

COOTHOIICHHEM
n =(6p,R/a)".
Tak kax juuHa BOJHBI pudnenns A =2TR/n,  (puc.4.2), To mpu o =10’ MH/m

(Metamut) U R =5 cM noJiy4aeM OIIEHKY

1/3
A =2TRR O(j =2 MM.
6p,R

JlanpHenmas 3BOIIOLUS HEYCTOMYMBBIX BO3MYILICHUN, B IPUHIUIIE, MOXKET IPUBECTH
K BBITATMBAHUIO HUTEH W3 BEPIIHUH BBHICTYNOB U (HOPMHUPOBAHUIO 0Opa30BaHUs THIA
dpakrana. Tem cambIM 37eCh IMy3bIpbKOBasg Mojielb U ¢pakraibHas mojens [IM

MOT'YT UMETh TOUYKY COITPUKOCHOBEHUS.
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4.2. THAPOANHAMMUKA U TEIIVIOOBMEH PACTYIIEI'O I'OPAYEI'O
IIY3bIPA (IIM) [167]
PaccmoTpum nuHamuky pocta my3sipsa (LILIM), nonb3ysch pe3yiabTaTaMu TJIaBbl 2
U METOJOM, M3JIOKEHHBIM B [94]. IlycTh B HadaJbHBII MOMEHT BPEMEHU HMMEETCS
chepudeckuil 3apoJIblll My3bIps, Y KOTOPOTO 3aJaHbl PajlyC BHYTPEHHEW MOJOCTH

R,,, Macca XHMOKOHM 0O0ONOYKM m, JAaBJIEHWE ra3a BHYTPU Iy3blpd p,, U

DIIEKTPUYECKUM 3apsAl Ha IIOBEPXHOCTH ¢. byaeM cuurtarh, 4TO pOCT ITy3bIpsA
IPOUCXOANT MPHU MOCTOSHHOM 3apsifie 1 HEM3MEHHOW Macce 00O0J0YKH, B MpoIiecce

pocTa Imy3bIpb coxpanser cepuueckyro ¢popmy. BHeminee naBienue o603HauuM p,,,
a TeKylue paguychbl obonouku R, u R,. bBynem cunrtaTh, UTO aBieHUE raza BHYTpPU

Hy3BIp5[ 110 Mepe cro pOCTa N3MCHACTCA IIO0 aI[I/Ia6aTI/IIICCKOMy 3aKOHy. B ITUX
HpeﬂHOHO)KCHI/IHX IMOTCHIHUAJIbHAA C-)HepFI/ISI HYBI)IPH paBHa
2 2 2 2 kq ? 3y
W:I4T§’70R2dR2 ‘I4U?R1 de +4 T[(éRl +R, ) +E, P =po(Ry, /R)™.(4.2)
2

HOCHC I/IHTCrpI/IpOBaHHH, C y‘—ICTOM Ha4YaJIbHOI'O COCTOAHMA, HAXOJUM
qu

2R,

2

_4 4T§D -3(y-1)
W= TR+ 3(y1°_ 1‘5) R7YY +ama(R” +R,) +

(4.3)
ITycth » — paguyc npou3BOJIBHON C(epbl KOHLIEHTpUUECKOH ¢ R, U R, mnpuueMm

R, <r<R,. Torma B cwily MpeaNoyOXKeHUsI O CPEepUuecKoll CHUMMETpUH pocTa

ITy3bIpsI UMEEM

4 dr dR
E)'[(r3 - R31) =const, rz(z) = Rlz(d—tlj : (4.4)

B cootBeTcTBUM C 3TUM KHMHECTUYCCKYIO OHCPIUIO MOKHO 3allMCaTb B BUIC

et (o osnd (58] e ) (31 e

CornacHo 3aKOHY COXpaHEHUSI MEXaHUUECKON YHEPTUN UMEEM

K+ W =W, =const,

W, — Ha4yanpHOE 3HAYCHUE MOTEHINUAIbHON SHEPIUH 11y 3bIps
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41T kq®
Wo=2——"w 3(V 1) Rloplo + 4T[G(R120 + Rzzo) +E

Takum oOpazoM, nnsi omnpeaeneHus R(#) uMeeM Ccleayrolee HeTUHEHHOoe

+471p,R;,. (4.6)

muddepeHnnanbHOe YpaBHEHHE:

2mpR’ (R, - Rl)(de
R, dt

) =W, -W(R,,R,), (4.7)

rae W u W onpenenensl 1o (4.3) u (4.6) coorBeTcTBEHHO. YpaBHeHME (4.7) HYKHO

MMPOUHTCIPUPOBATL, YUUTHIBAA, YTO B CUIIY ITOCTOAHCTBA MACCHI 000JIOUKH

1/3
3m
R + R . 4.8
) (4np j 4.3)

Cucrema (4.7), (4.8) unTerpupoBajiach YUCJIEHHO. B mporpaMmMe npemnycMaTpuBanoch

BBIUMCJIEHHE CKOPOCTH pocTa U, BHYTPEHHEro paaumyca R, TOJIIMHBI O0OJOYKU

h=R, — R, u Bpemenu pocta ¢, . Cdyer mpekpamaics B MOMEHT, KOTla HauWHaJIO

(™) <o
dt t=tm

beino cnenaHo HeCKONBKO BapuMaHTOB pacueTa. B mepBoM BapuaHTe 3aiaBajics

BBIIIOJIHATBCA YCIIOBUC

3apan  obomouku paBHBl  1,6*107° Kn. OcraneHele TapamMeTpbl BHIOUPANHCH
CJIEYOIIMU:
Pos = Do =10°Ha,a =0,9 Joc / m*,p =8*10°k2/ m>,
R,=05mMpm, m=05Tr.
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V10 R
M/C CM
10 1 12
2
5| -1
0 1 2 t"lo‘,‘c

Puc. 4.4. 3aBUCHUMOCTH CKOPOCTH POCTa U paauyca Mmy3bIps OT BpEMEHU

Illar mo BpeMmeHM BblOMpancs paBHeIM Ar=10"c. Pe3ynsTaTel pacyeToB

TpescTaBIeHbl Ha puc.4.4. BuaHo, 4o 3a Bpems ¢, =2,7 * 107 ¢ my3bIph BeIpacTaeT

no pamuyca 2,14 cm (Tommuua oGonouku npu 3toM k=107 cm). Bo BTOpoMm
BapMaHTe pacyeToB momaranock: p, =10 ITa, ¢=0 (onexTpudeckuii 3apsn

OTCYTCTBYET), OCTAJIbHbIC MapaMeTpbl UMEJIU MPEKHUE 3HAUCHMS. XapakTep pocTa
MIPU 9TOM OCTaBAJICS MOJOOHBIM, MIPEACTaBIEHHOMY Ha puc.4.4 ¢ TON pasHUIEH, 4TO
HaYyaJIbHBIN y4acTOK HOCHII elié 0osiee BhIPAKEHHBIA B3PHIBOOOPA3HBINA XapakTep. 3a

BpeMsi =1 MKC CKOpPOCTb pPOCTa JOCTUTalla MakcuMmainbHoro 3Hadenus 500 m/c. 3a

Bpemsa £, =19*107'c myselps BepacTaeT m0 R, =3,14 cM (TommmHa 0GONOYKH

max
h=0,510"n ). OrmetumM, uto nasienue 10" ITa, BooOuie roBops, He SBIAETCS
sk30TUKONM. B [116] oTmewaercsi, 4yTO TpU B3PHIBHON 3IEKTPOHHONW SMUCCHH C
BBICOKOBOJIbTHOI'O Karoja NpU HCHApEHUU MeETalljla JaBJeHUE B oOpasyroleics
mwiasme mocturaer 3uadenuii 10° Ta. (Hampspkenue Ha katoje okoio 10 kB,
JUINTENBHOCTH UMITYJIbCA HanpshkeHus okono 107 ¢ ).

[TepelinéM K paccCMOTpEHHMIO TIporiecca oxJaxaeHus my3sips. [Ipu sTom Oynem moka
CUUTATh, YTO TOPEHUE HE BO3HUKAET U MYy3bIPh MOXKET TOJIBKO OXJIAKAATHCS 3a CUET

PaAMAIMOHHOTO U MOJIEKYJISIPHOTO TEIIoOOMEHa ¢ OKpyskaromie cpenoi. CHaudana
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OTZEJIBHO PACCMOTPUM OXJIAKJICHHME 3a CYET M3NydeHHUsA. Ecnu u3nydeHue cuuraTrh
OJIM3KMM K PAaBHOBECHOMY JIJIsl a0COJIFOTHO YEPHOTO TeJla, TO U3MEHEHHE BHYTPEHHEN
SHEPrUH 000JO0YKHU 32 EAMHUILY BPEMEHU

dW
dt

o TH4TR:, (4.9)

0 —nocrosinHasg Credana-bonsumana, dW, =cmdT, c—ynenbHas TEMI0EMKOCTB,

m —Macca obonouku. Uurerpupys (4.9), nmoiayuyaeM BbIpaKEHHE ISl TEMIEPATYpPhI

KaK (yHKIMU BPEMEHU B BUJIE

10 =T+ 22 1), g0 = [ R, (4.10)
cm 0

1,, —HauanbHasg Temueparypa o0oJoukd. B mporpamme mnpegycMaTpUBalioCh

BbIuKclieHne uHTerpana J(¢). Oka3aloch, YTO €ro 3HayeHue JJIsl MPUBEIECHHBIX

BHIIIE MHapamMeTpoB He mpeBbimaer 107 m°c. Ilpu Takux 3HaueHumsx J

T, =2*10°K c BbIcOKOIi cTenenbto Tounoctd 7(t) = T, BIIOTH 10 ¢ =¢f__, TO €CTh

max ?

TeMIiepaTypa oOOJIOUKHU 3a CYET U3IYUYEHHUs B MPOLIECCE POCTA IMy3bIpsl MPAKTHUECKH
HE U3MEHSETCS.

[Ipoananu3upyem  Temepb  MOPOLECC  OXJAKIAEHUS  My3bIpd 332  CU€T
TEIJIONPOBOJAHOCTU. 3allMIIEM YpaBHEHUE TEIIONPOBOJHOCTH B C(HEPUUECKUX

KOOpJIMHATAX, CUUTAsA, YTO TeMIeparypa oOOJOYKHA 3aBUCHUT TOJBKO OT pavaIbHOM

KOOPJAMHATBI
oT 10 (GT )
— = , R <r<R,. 4.11
ot Xz r> Or\ Or : 2 @10
B kadecTBe rpaHUYHBIX YCIIOBUH BbIOEpEM
(?) =0, T(r=R,) =300K, (4.12)
r

4YTO O3HA4YACT OTCYTCTBHC TCIINIOBOT'O IIOTOKA BHYTPb 000JIOUKH U HN30TCPMHUYIHOCTD

BepXHeH rpanuiibl 06om0uky, 300 K TeMrepaTypa okpyskaromieit cpenbl. HauanbHyto

TeMIiepaTypy 000JO4YKH BbIOepeM paBHOM: T (t = 0) =2%*10°K. Kpaepas 3amaua
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(4.11)-(4.12) pemanacb YHCJIEHHO, COBMECTHO C BBIUHUCICHHEM Rl(t). st

ypaBHenus  (4.11) wucnomp3oBasiach  mpoctas  sBHas cxema [117]. B
KOHEUHOPa3HOCTHOU popme ypaBHeHHE (4.11) nmeeT BUI

: At
T = 7™ +_F>Zh2 [ + AT =2 +(r =AWTS)], r=R +ibh.  (4.13)

Koapduuuent TEMIIEPATYyPOIPOBOJHOCTH BBIOMpaJCs pPaBHBIM

X =10"m" / c(xene3o, cramp). Bca TommmHa o6Gomouku pasbuBanzack Ha 16

1
oTpe3KoB. Tem caMbIM IIar mo KoopAuHate coctasisin Ak =E(R2 —Rl). Tak kax

(R2 - R1) YMEHBIIIAETCSI CO BPEMEHEM, TO IS BBINOJHEHHUS YCIOBUS yCTOMYMBOCTH

YHMCJICHHOM CXEMBI IIar Io BPCMCHH TaK K€ IMPHUXOJUIIOCH YMCHbIIATD. PGBy.HI)TaTI)I

pacyera Temneparypsl B IIeHTpe 000J04ku 7' (r =h/ 2) B 3aBUCUMOCTH OT BPEMEHHU

npeacTtaBieHbl Ha puc.4.5. [lapamerpsl Te ke, uro u s puc.4.4. BugHo, yto
000/10YKa OCTBIBAET TOpa3l0 paHbIle (3a BpeMs mopaaka 2*107%c), yem
MPEKPATUTCS POCT My3bIps. TeM caMbIM 000J0YKa MOXET COXPAHHUTHCSA KHUIKOH, a
Ny3bIpb BBIPAaCTH [0 HAOJIIOJAEMbIX pa3MepoB, TOJBKO B TOM CiIy4yae, €ClId Ha
onpeen€HHOM 3Talre pocTa BOZHUKAET BBIJCIICHHUE TEIIA B PE3yJIbTaTe TOPEHUS, YTO
Y IIPEATIOIIAraeTCs B IPEIIaraéMor MOJEIH IIApOBOX MOJIHUH.

T,K

2000

1000

. .
1 2 t10te

Puc. 4.5. 3aBucuMocTh TEMIIEpaTyphl CEPEIMHBI 000JIOYKHU MTy3bIPsI OT BPEMEHH
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4.3. K TEOPUU DJIEKTPOTEIIJIOBOI'O B3PBIBA, TPOU3BOANMOI' O

MOJIHUEMH. B3PBIBHOM PEJIAKCAITMOHHBIN ITPOIIECC

B omHoM u3 omyONMKOBAHHBIX HAOJIOJACHHWM IIIAPOBOW MOJHUU OYCBHIIIAMHU
[118], roBopuTCs, 4TO 1IapOBasi MOJIHUS, AHamMeTpoM npumepHo 40 cM, OnmycTUIach
U3 TPO30BOM Ty4UH U KOCHYJIACh AEPEBAHHON OMOpPHI TeerpapHo-Tene(OHHON TUHUH.
B pesynbrate pazgancs B3phIB, TOT CTOJ0, KOTOPOTO KOCHYJIACH MOJTHUS, OBIIT Pa3ouT
JI0 OCHOBaHMS Ha IIENKHU PAa3HbIX pa3MepoB. Bcero, B TOM WM MHOM CTENEHU, BAOJIb
JUHUKA OBUTO TOBpEeXJeHO 12 cronboB. XapakTep MOBPEXKICHUIN - pacllerIeHHs
nepeBa. JTo coObiTHe Tpowsonuio B urone 1952 1. B Bomrorpaackoit obmactu.
ABTOpY HacTosImeld padOThl yaaloch HAONIOMATh AaHAIOTHYHBIC pa3pymieHus (yxe
II0CJIE TOTO KaK OHM CIIy4rJInch) B urosie 1994 roga B ['mazoBckom paitone Y aMmyptun

u KyzasiMkapckom paiione Ilepmckoit odnactu B aBrycre 1996 r.

Puc. 4.6. HauGosnee cunpHO paspyIiieHHas MOJIHHEH (10 OaHIa)a) ornopa JIMHUA
anekTponepenaun B ['mazoBckom paiione (poro Emmemersena A.C.)
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Puc. 4.7. Onopa, cocennsis ¢ m3oopakenHoi Ha puc. 4.6 (poro EmmemerseBa A.C.)

L

R

Wt

e N

w
®

2 §
{L3 1(

e b

LS MY

Puc. 4.8. IInan MmectHOCTH ['71a30BCKOTO palioHa, I/ie MOJIHUEH TOBPEINIIO 8 ONOp JIMHUHU
3eKTponepeaad
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B I'ma3oBckoM pailoHE OT MOJIHMM IOCTpajana JuHus daekrporepenad 10 xB.
Opnna u3 omnop (Ha30BEM €€ AMUIIEHTPAIBHON) OblIa pa3pylieHa a0 6angaxa (puc.4.6,
doto A.C. EmmemerneBa). CoceqHue omopsl CHIBLHO paciieruiensl (puc.4.7). Beero
BJOJb JHHUM ObUTO TOBpexaeHo 8 omop. Bce mpoBoga Obumn menasiMu (IIPOCTO
JeXanu Ha 3eMJie), HUTAE He ObLIO OOHAPYXKEHO CJEA0B OXKOroB. MECTHOCTh, Tlie
OPOXOAUT  JIMHUS, XOJNMHUCTas W ThuHHUCTas. [lmaH mecTHOCTH H300pa)keH Ha
puc.4.8. Camas BbpICOKasi TOUka Xxonma o0o3HaueHa OykBod A. Yuciom 10 oTmedeH
HEeOOIBIION OBpar. DNHUIEHTPaNIbHBIN cToI0 oTMeueH udpoi 3. Bee, Tak wiu nHaue
OTMEUYEHHBIE HA PHC.3 OMOpPbI, UMEIOT pa3pylIeHHUs, onopa 7 He noBpexaeHa. Omnopa
8 paciyxJia OT yBEJIMYEHHs pa3Mepa TPELUH, Y onopsl 9 ckonora niena. Bee ckosbl

ACPCBa HAYNMHAJIUCH C MCTANIMYCCKUX KPHOYbCB, Ha KOTOPBIX KPCIATCA U30JIATOPHI.

Puc. 4.9. Ilnan mectHoctu B Ilepmckoii 06acTh, rae MOJTHUEH MOBPEXICHO 18 IepeBIHHBIX OIOp
PaZuOTPAHCISIIMOHHON (TeneOHHOI ) THHUU
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Puc. 4.11. XapakrepHbie CKOJIBI IIET OT METALTUIECKUX akceccyapoB oropsl N 4 (puc.4.9)
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B  KynablMkapckoM — pailiOHE  QHAJOTMYHBIM  pa3pylLIEHUAM  ITOJABEPIiach
JIBYXMPOBOAHAS JUHUS (TIO-BUAMMOMY, TeNe(QOHHAS WIH PAaTAOTPAHCISAIIMOHHASN).
Macmta® pa3pylleHHi OTHENbHBIX ONOp 3[ECh MEHBIIE, YEM B CIy4yae JIMHHUU
3IIEKTpOIEepeaay, HO KOJIMUYECTBO MOBPEKACHHBIX OMOp Oojbine. MecTHOCTh TaKxke
BO3BBILIEHAs, €€ IUlaH u300paxkeH Ha puc.4.9. Camasd BBICOKAas TOYKA TAKXKE
ormeueHa OykBoi  A. Yucinom 19 ormeueno miocce. M3 mnsTHaauaru ormop,
OTMEUYEHHBIX Ha JIeBOM OT Mmocce auHuM, noBpexiaeHo 10. Camoe OoJbiiioe
MOBpEXJACHUE MMeNa omopa 6, y Hee ObUIa CKOJIOTA IIena pa3MepamMu HMPUMEPHO
0,10X0,10X4 ’ (puc.4.10, ¢oto aBTopa). Bee ocTanbHble OBPEKIEHHS - 9TO TOKE
CKOJIBI MJIM TPEIIMHBI, 0€3 KaKux JUOO CIEJAOB OXKOTOB, HAyajao CKOJOB UJIET OT
METAJUNIMYECKUX KPIOKOB Ha Oropax, JHOO OT METAUTMYECKUX YacTed OaHmaxa.
XapakTepHble CKOJIbI TMOKazaHel Ha puc.4.11 (1 - ckomx or Kptoka, 2 - CKOJI OT
BEpXHEero OaHmaxka, 3 - CKOJ OT HWXKHero OaHmaxka). MlHTEpecHO OTMETHTh, UYTO
MIMpUHA W TIyOMHA CKOJia MPOMOPIHMOHAIbHA €ro JJIMHE. 3aMeTUM TaKXKe, UTO
HEOOJBIITNE MOBPEXKIACHUS, TUIIA PACIICTUICHUST BEPIINH, UMEJTUCh U Ha TPEX Omopax
16, 17, 18 npyroi nuHuM, uayuiei copasa oT mocce. [IpuyeM y aBTopa CI0KUIOCH
BIICYATIICHUE, YTO 3TH MOBPEKACHUS MPOU3OLLUIM pPaHbIIE, YEM Ha JIEBOU JIMHUU
(lepeBo Ha CKoJIaX MMOTEMHETIO).
N3 pe3ynpTaToB HAOIIOIEHUH MOKHO CIENIaTh CIEAYIOIINUE BHIBOIBI.

1. BeposATHee Bcero paspylleHHs ONOpP €CTh CIEICTBHE BBICOKOBOJIBTHOIO
paspsiia B CTOJIOMKAX BOJIbI, HAXOAIIEHCS B TpeuHax ctonboB. [Ipu paspsae Boga
OBICTPO BCKHTNIAET ¥ JaBJIEHWE Tapa pa3pbiBacT JpeBecHMHy. Takas THUIIOTe3a
BBICKa3bIBAJIaCh B JIUTEpaType U panee (cm., Hampumep, [119]), omnako 6e3 Kakux-
1100 cepbe3HbIX pacueToB. Hmke Oyaer mpensokeHa TEOpUsl 3JIEKTPOTEIIOBOTO
B3pbIBa JIepeBSHHBIX onop [177].

2. DIEeKTpUYECKOE HAIpPsHKEHHE OT MOJIHMM IEepeNaeTcs MPOBOJaM U JIPYTUM
METAJUTMYECKUM aKIeccyapaM OIop U yKe€ ¢ HUX UIET pa3psan Ha 3eminto. [Tokaxewm,
YTO B ATOM CiIy4ae, B COOTBETCTBUU ¢ puc.4.11, nokanpHbIil MacmTad pa3pylieHH

MPOIOPIIMOHAJIEH JITMHE Pa3psaHOTO MpoMexyTka. [lycth HanmpspkeHHOCTh Tpo0os,
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XapakTepHas JUlsl JaHHBIX yCIHOBMH, paBHa £ . Torma nHanpsbkeHue mpo0os
U,=E,, | - jumHa pa3psagHOro TNPOMEKYTKa. OHEPrus, 3armaceHHas B
KOHJIEHCATOpe, OOKJIaIKaMi KOTOPOIO SIBJISIOTCA METAIMYECKUH aKieccyap OIOpHI
Y 3eMJIsI, paBHA

CU> _&,SE,I
2 2

BunHo, 4TO BBIOENSIONIASCS NPHU pa3psie SHEPIHs, a CIECJOBaTEIbHO U 00bEM

W =

pa3pyILIeHN, TPONOPLUOHAIBHBI IJIMHE PA3PSIAHOTO MPOMEXKYTKA.

3. B3pBIBHBIM BCKUIIAHMEM BOJbI B MHKPOTpPEHIMHAX MOKHO OOBSICHUTH M
apyrue 3¢GGdeKTb, ONMucaHHbIE OYEBUIIIAMHM IIAPOBOM MOJHHM, Takue Kak
00pa3oBaHHE KAaHABKH B CTBOJIE COCHBI MPHU MPOXOXKIACHUU BJOJIb HETO IMIAPOBOM
moustHud [ 120], pa3pyumenne kamuas-BanyHa [IIM [118].

4. B3pblBHOE BCKUIIAHHE BOJbI HE 0053aTENbHO AOKHO OBITh CIEACTBHEM
KBa3WCTAlMOHAPHOI'O AJIEKTPUYECKOr0 pa3psia, OHO MOMKET ObITh M CIEICTBHEM
nocrarogHo wmomHoro CBU-pa3spsima (BCIOMHMM Kak WHOTA B OBITOBBIX
MUKPOBOJIHOBBIX I€4ax MPOUCXOIAT MaJIE€HbKHUE B3PbIBbI).

5. BO3MOXHO, 4TO ONMCaHHBIE BBINIE Pa3pyLICHUs AEPEBSHHBIX ONOP CBSI3aHBI
VCKIIFOUUTENBHO C YIapOM JIMHEHHON MOJIHUH.

Ha ocnoBe HaOmomaeMbpix (akTOB pa3pylICHHH OEPEeBSIHHBIX OMNOp JUHHUH
IIEKTPOIIEPENAY MOJHUEH MPEMIOKHUM CIEAYIOIYI0 TEOPUIO UX JIEKPOTEIIIOBOTO
B3pbIBa [177].

B kauecTBe 0AHOW M3 pabOYMX TUIIOTE3 MEXaHW3Ma PA3PYLICHUS JEPEBSHHBIX
OTIOp PacCMOTPUM cleAyoIy0. Bo BpeMs A0k MUKPOTPENIMHBI CTOI0a, 332 CUET
KamuispHOro 3(¢eKkTa, BIUTHIBAIOT B ce€0s BOAY M YIEPKUBAIOT €€ TaM
ompezaeneHHoe Bpems. Ecnu temeppr Ha cTONO mMOMAeTCs TOCTaTOYHO BBICOKOE
HaIpsDKEHUE, TO Yepe3 BOAY HJIET ANEKTPUUECKHUI TOK, KOTOPBI MOYKET HarpeTh €e
70 TEMIIepaTypbl KUMIEHHUs U UcrapuTh. [lpu 3TOM naBiieHHE mapa MOKET OKa3aThCs
HACTOJILKO OOJIBIITUM, a BCKHUIIAHUE HACTOJIBKO OBICTPHIM, YTO BECh MPOIECC OyaeT

HOCHUTb B3pPBIBHOM XapakTep W cTosi0 paszopseT. [lpeasioxkeHHOE THMIIOTETHYECKOE
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ONMCAaHWE IIpollecca B3pbIBA CTOJ0A OYEHb HANOMHHAET W3BECTHOE SIBICHHE
3IIEKTPUYECKOTO B3pbIBAa MPOBOJHUKOB, HAOIOat0IIeecs B JJa0OPATOPHBIX YCIOBHUSIX
[121, 122]. IlosTomy, nis KOJMYECTBEHHOTO OIKMCAHUS B3pbIBa CTOJIOOB
BOCIIOJIB3YEMCSI METOJAaMU TEOPETUYECKOIO OINMUCAHUS JIIEKTPUYECKOIO B3pbIBa
npoBoJioyek [122].

OmuH mnponer MNpPOBOJAOB H  OAHY ONOpPY MPEACTAaBUM HSKBUBAJICHTHOU
AIIEKTPUUECKON CXEMOM B BUJE K0JIeOAaTENIbHOTO KOHTYpa, coepkalero eMkocts C,
conpoTuBieHue R, 1 HUHAYKTUBHOCTh L (puc.4.12). B HayanbHbIA MOMEHT BPEMEHHU

€MKOCTb 3apsbKaeTcss J0 HampsbkeHus U, © 3areM paspspkaercs depes

COINPOTUBIICHUE

Puc. 4.12. DxBuBaneHTHas 3JIEKTPUUYECKAs CXEMa OMOPBI U OJTHOTO MPOJIETa MPOBOJOB

U UHIYKTUBHOCTh. Tak Kak Temmeparypa HIpOBOJAHUKA (BOIbI) MEHSETCS, TO
M3MEHSIETCA W BEJIWYMHA CONPOTHUBIEHMS. lIpy 3TOM, B OTIHMYHME OT IMPOBOJIOYEK,
cpady IIOCi€ TOBBIICHUS  TEMIIEPATYpPbl, MW  BIUIOTh JO  BCKHUIIAHU,

AJIEKTPONPOBOJIHOCTh BOJIBI PACTET (CONMPOTUBIICHUE MANAET). ANPOKCUMUPYEM 3Ty

_ (lj” (4.14)
p pO 7-(,) b

3aBUCUMOCTH (PyHKITUEH

P,- HAayalbHOE 3HAYEHHUE YJENBHOIO CONPOTUBIEHUS BOAbL, I - abCOIIOTHas
temneparypa. BwiOpaB 7, =293K 1 y4uThIBas SKCIEPUMEHTAIBHBIE JAHHBIE IIO

QJICKTPOIIPOBOJHOCTHU IIPCACIIBHO YHUCTOMU BOJbI B 3aBHCHUMOCTH OT TCMIICPATYPhbI
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[101], moxHO monoxuts n=14. Torga (4.14) gocTaTOYHO XOPOIIO OMHUCHIBAET

BKCHepHMCHTaHBHBIﬁ yY4aCTOK p(T) H I COIIPOTUBJICHUA R nmeem

T, (4.15)

14
R=RO(?) : T<T,.

T, -remneparypa KumneHus BoAbl. 3akoHbl Oma, @apanes u Jlxoyns-JleHua naror

YpaBHEHUSA
2 4.16
Ld—f+i(1R)+i=0, PR=em, T r<1, (310
dr*  dt C dt

m,- Macca BOJBI B TPEIIMHE, C, -yACIbHAs TEINIOEMKOCTh BOJBI. 3alUIIEM CHCTEMY
ypaBHenuii (4.15)-(4.16) B Oe3pasmepHOM BHJE, BbHIOpaB B KayeCTBE €IUHUIIL
U3MEpEHUs
[7]=71,. [R]=R,. []=R.C. [U]=U,, [I]=U,/R,, [L]=R;C.
U - nageHne HanpsbKeHUs Ha CONpoTuBIIeHUMU R . Torna noiyyum
2. . 2 2
d—;+i(1j+i: @sz) W—ZWe W:CUO
dt o" dt. ©"

’ N ’ 2 4.17)

Z=L/RC,U=—, n=14, 0©<0O,.
en

i, ©, T- 6e3pa3zMepHbIC TOK, TeMIiepaTypa u Bpems. B cucremy (4.15), (4.17) Bouuiu

clenyrolue BHEIIHUE (yIMpaBisiolue)napaMeTpel: - W OTHOLIEHUE 3amaceHHOU

AJIEKTPUYECKON HPHEPrMM K TEIUIOBOW B Macce BOJbl m,. O, - 0Oe3pa3mepHas
TeMIeparypa BCKUIIAHUS, ONpeaeseMas JaBlIeHUEM B3pbIBa (HAMpPsHKEHUEM
paspeiBa jepeBa); n=14 - MOKa3aTeb CTENEHU B 3aBUCUMOCTH
CONPOTHUBJICHUSI BOABI OT TEMIlEpaTyphl; Z - Oe3pasmMepHass  UHIYKTUBHOCTh
KOHTYpA.

N3 nureparypsl M3BECTHO, YTO NPOYHOCTH JEPEBA HA Pa3pblB B Pa3IMYHBIX
HaIlpaBJICHUSX, MO OTHOWICHWID K HANPABJICHUIO BOJIOKOH, COCTABJISET OT
Heckosbkux Klla no Heckonpkux Mlla [123]. Pa3pymenue aepeBa noxa JEHCTBHEM
BBICOKOTO JIaBJIEHUSI MOKET MPOUCXOJIUTh MO KpailHEll Mepe IByMs crocobamu.

OauH u3 HUX OBbUT MpeIokKEeH BbIIe. /[ yCTaHOBIEHHSA NPYroro paccMOTpUM
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ciaeayromue mnpenenbHeie ciaydad. Ilycte HarpeB BOABI B TpEIIMHE-KAITWLIAPE
IIPOUCXOAUT TOCTATOYHO MEJUICHHO, TaK, YTO BO3PACTAIOLIEE C POCTOM TEMIIEPATYpPhI
JIaBJICHUE BOJBI yCIIEBAECT CPABHATHCS C aTMOC(HEpPHBIM B pE3yJbTaTe TEPMUUYECKOTO
pacuupenus. Torja KuneHue BOoAbl MPOU30iiIeT Kak B 0OBIYHOM OTKPBITOM COCYJE U
HUKAKUX pa3pylleHuil He OyaeT. B npyrom npenenbHOM ciaydae IMyCcTh HarpeB BOJIbI
IPOUCXOJIUT HACTOIBKO OBICTPO, UTO PACIIMPUTHCSA OHA IPAKTUYECKU HE ycneBaeT. B

9TOM CJIy4ac IMO4YTHU U30XOPHUUYCCKOIro 1ponecca 1aBJICHUC B X XUJIKOCTH OUYCHb CUJIBHO

d,
BO3pPACTAET C POCTOM TemnepaTypol. Mmeem d_p = —&. 3nechk (3, - koadduueHt

B,

TEPMUYECKOTO paciumpenus, B, - kooppuuuent oobeMHOro cxkarus. I1ockonbKy mo

nopsaaky Benuuussl [124] B, 107K ™", B =2 10°Ta™", To Bo3pacTaHue JaBIEHUS

MOXKET COCTaBJISITh HECKOJbKMX aTMmocdep mnpu HarpeBe Ha 1K. D1y curyanuio
MOXKHO OXapaKTepHU30BaTh KaK TUJPaBIMYECKUN yAap, KOTOPBIA, MpU ONpPEAeIICHHbIX
YCIIOBUSIX, MOKET MPUBECTH K pa3pbIBY JepeBa (mepBblil cnocob). KauecTBeHHO

9TOT

213 K T

Puc. 4.13. KauecTBeHHbIE 3aBUCUMOCTH JaBJICHUS B KUJAKOM CTOJIOMKE OT TEMIEPATyPbl

poCT AaBiieHus NoKa3aH Ha puc.4.13 smHusamu 1 u 2. ['opu3oHTanbHBIE NPSMBIE P, H
P~ COOTBETCTBYIOT aTMOC(EpPHOMY JaBJICHUI0O U JIaBJICHUIO (HAMPSKEHUIO)

paspylieHust apeBecuHbl. JIMHMS 3 COOTBETCTBYET KpHUBOW (Pa30BOT0 paBHOBECHS
Knaneiipona-Knaysuyca. Eciiu pocT naBiieHust BOJIbl IPOUCXOJUT MO JIMHUM 1, TO B

TOYKe A HayuHaeTCs pas3pymicHuc AOpCBCCHUHBI W IIOCIACAYIOIICC PACHIMPCHUC
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IMPpHUBOAUT K BCKHUIIAHUIO JKUAKOCTHU B TOYKC B. Ecnu xe POCT AAaBJICHUA ITPOUCXOJINUT
10 JIMHUH 2, TO B Touke C HAYHETCS KHUIICHHUE BOJbI, 3aKaHYHMBAIOIICCCA B TOUYKEC D

pa3pyIieHueM JpPEeBECUHBI (BTOPOU CITOC00).

-1,6F

-2,0
K 2 3 4 5 W

Puc. 4.14. 3aBucumocts Jiorapudma 6e3pa3zMepHOTO BpEMEHU HarpeBa BOABI B TPEIIMHE OT
BEJIMUMHBI OABEICHHOMN SHEPTUU B OTHOCUTENbHBIX €MHUIIAX

Uucnennoe wuHTerpupoBanue ypaBHeHudd (4.17) mpu L =0 u ¢ HavaIbHBIMH

ycaoBuaMu i, =0, =U, =1 naer BO3MOXHOCTb HPOCIEAUTh KaK 3aBUCUT BpeMs

HarpeBa CTOJIOMKa BOJIbI B TpemniuHe 0 TemnepaTypbl 373K B 3aBUCUMOCTH OT
BEJIMYMHBI TIOABeeHHON sHepruu W . Ha puc.4.14 nokaszan rpaduk 3aBUCUMOCTH
jorapudma Oe3pazmepHOro BpeMeHH HarpeBa Bojabl 10 373K ot mapamerpa W .
Buano, uyto mpu W <0,55 Boma BooOmie He HarpeBaercs 10 373K, a BpeMs HarpeBa

npu W, =0,5506n113k0 K BpeMeHH penakcaiuu koutypa T, = R,C. Ilpu yBeauueHun

W 1o 3HadueHuss W =2 BpeMms HarpeBa yMEHBILIAETCS YK€ Ha Hopsaok. Takum

oOpa3om, 3HaueHue mapamerpa W, =055 MOXHO cyUTaTb HAUMEHBIIUM

KPUTUYECKUM 3HAUYEHHUEM TNPU KOTOPOM BO3MOXKHO pa3pylICHHE JIEPEBIHHON OMOpPHI
HE TOJILKO IO MEPBOMY CIIOCO0Y, HO ¥ BOOOIIIE.

UtoObl HATH KpUTHYECKOE 3HaueHue W g paspylieHus cTojida Mo BTOPOMY
crnoco0y, yyTeM, 4TO Ha KpHuBOM (ha30BOr0 paBHOBECHs TeMmIeparypa KUIICHHS

3aBUCHUT OT JaBjeHus coriacHo ypaBHeHuto Kianeilipona-Knaysuyca
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- T . (4.18)
C 1= (R T ki) In(p. / p, )

3nece R, =831Jx/Khons, K =226M]/Ix/kr, H=18 10~ kr/mMoub, P, =10’IIa,

T, =373K.

C‘{I/ITa}I, 4To IIpHU JOCTHKCHUHU TCMIICPATYPbI KUIICHUA BCC ’KOYJICBO TCILIO UACT

Ha UCIIAapCHUC BOAbI, 3alIMIIICM 3dKOH COXPAHCHUA SHCPIUU IIPU Q= @KB BHUIC

dm 4.19
K— =I°R, npu O=0,, ( )
dt
K- ymenbpHas TEIUIOTa mapooOpa3oBaHUsS, m - Macca WCIIAPUBIICHCS BOJIBI K

MOMEHTY BpeMeHH ¢ . [Ipeamnonoxkum, 4yTo IMpU KUIMEHUU CTOJIOMKA BOJBI ILIOLIAIb
€r0 CEYEHHs] YMEHBUIACTCA MPONOPLUUOHAIBHO KOJMYECTBY MCHAPHUBIIEHCS
KUJIKOCTH, TOTJa KakK YAEJIbHOE CONPOTHUBIEHUE BOJBI OCTAETCS ITOCTOSHHBIM

p= p(@ K), KaK M JJMHA CTOJIOMKa [/, a map MpakTUYECKU HE MPOBOAUT TOK. Torna,

MCHAOMICCCA CO BPpEMCHCM COIIPOTUBJICHUC CTOJIOMKA MOYKHO MMpCaACTABUTH TAK

m 4.20
R=R(O,)——. (4.20)
m, —m
[ToncraBum 310 BbIpakeHue B (4.19), obe3pazMepuM NOJYYEHHOE PABEHCTBO MU
IPOUHTETPUPYEM €ro OT Hauyajga BCKUIIAHWA IO IMOJIHOIO MCHApEeHHs] BCEH MaccChl

BOIbI m,, . Torz[a MOJIY4YHM CJICAYIOIICC YCIIOBHUEC B3PLIBHOI'O BCKHUIIAHMA:

(421)
[Par=2Y y= K <ip
2w o T,

3,Z[€CB T, 1 T, - Bp€MCHa HadaJla U KOHIIA ITpOoecca KUIICHUA.

Cucrema ypaBHenuii (4.17), (4.21) uaterpupoBajiach YHUCJIEHHO B ciydasax: 1)
UHIYKTUBHOCTh KOHTypa TOYHO paBHa HYJIIO, 2) UHAYKTUBHOCTH KOHTYypa
KoHeyHa. Heo0X0IMMOCTh B TAKOM OT/EJIbHOM PAaCCMOTPEHUU CBS3aHA C TEM, YTO B
NepBOM cilydae umeeM AuQdepeHIuanbHOe ypaBHEHUE IMEPBOTrO MOpPsAKa, a BO
BTOPOM - BTOporo. Tem caMbIM, MpU YHUCIEHHOM pEUIEHUH YPAaBHEHUS BTOPOTO

NopsAJIKa MOTYT BO3HHKHYTh TPYJIHOCTH, CBSI3aHHBIE C MaJIOCThIO KO3 (dUIIMEHTA
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npu crapmeil npousBoaHod. Ilpm 4~ =0 wuHTErpHpoBaHHME MPOBOIUIOCH C
HayaJbHBIMU ycloBUsAMU: [, =O, =U, =1 mnpu pa3auuHbIX 3HAYCHMUAX IMapaMerpa
W . Cder mpekpalajics Npu BBIIOJIHEHUU OJHOTO W3 YCIOBHUM: MO0 JAOCTUraeTrcs
i<0,001 u Torma B3phIBA HE MPOUCXOAMUT, JTUOO B HEKOTOPHII MOMEHT BpPEMEHU

OKa3bIBAE€TCA BBINOJHEHHBIM YyciioBue B3pbiBa (4.21). Ilpu 3ToM 11 HaBieHHs

pa3pbiBa JiepeBa Opauch JBa KpaitHux 3HaueHus p =lxklla u v=>"

C] mun

MlIIa. Oxka3anocs,

4YTO BOJa HarpeBacrTCia A0 TCMIICPATYPbl KHIICHHUA W HIPEBPAIIACTCA B 11dp, TO €CTb

IPOUCXOAUT B3pbIB, HauuHast ¢ W, =245, ecru p=I1klla u ¢ W, =288, ecnu
p=1MIlla. Takas cinabass 4YyBCTBUTEIBLHOCTh KPUTHYECKOTO 3HaueHus W K

HU3MCHCHHUIO TaBJICHUA  pa3pbiBa CBA3aHA, OYCBHUIAHO, C JIOFapI/I(bMI/I‘ICCKI/IM

XapakTepoM 3aBucuMoctu (4.18).

160

120

80

40

u
0,8
0,6
0.4
0,2

0

Puc. 4.15. 3aBUCHMOCTH CUJIBI TOKA, TEMIIEPATYPHI BOJBI U MAJICHUS HATIPSKEHUSI OT BPEMEHU
(Bce BemM4MHBI Oe3pa3MepHbie). BepTukaibHble MpepbIBUCTHIE MPSIMbIE COOTBETCTBYIOT MOMEHTaM
B3PBIBHOT'O BCKUIIAHUS BCEH BOJBI B TPEIIMHE

XapakTepHble 3aBUCHUMOCTM CHJIBI TOKa, TEMIIEpaTypbl BOABI W MAJACHHS

HaIpsDKEHHUsT OT BpeMeHu Juis caydas L =0, W =29 u p, =1Mlla noka3ansl Ha

puc.4.15 (xpuBbie 1, 2, 3 cooTBeTCTBEHHO). BepTukanbHas MTpUXOBas JHHUS

COOTBETCTBYET MOMEHTY McCHapeHus (BCKUIIAHUs) BCEH HArpeTod A0 TeMIlepaTyphl
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KHUIIEHHUSI BOJIbI, TO €CTh B3pbIBY. BUAHO, YTO MpOLECC MMEET MMEHHO B3PBIBHOM
XapakTep: €ro JUIMTENbHOCTh cocTaBiseT ~ 3,610 BpemMeHH penakcaluu ¥ 3a
KOPOTKHI MPOMEXYTOK BPEMEHH CHJIa TOKa Bo3pacTaet Oosiee yem B 160 pas.
[lepeitneM K OOCYXAECHHIO pPE3yJIbTATOB YUCICHHOI'O WHTEIPUPOBAHUS IOJTHOU
cuctembl ypaBHeHU#l (4.17)-(4.21) mpu L#0. B kadyecTBe HayalbHBIX YCJIOBHIA

Ternepb BEIOUPATHUCH CIIETYIOIHE:
iy =0, G)O :UO =1, (ﬂj :l_ (4.22)
av/ .., Z
Ha puc.4.15 noka3anbl xapaKkT€pHbIE 3aBUCHUMOCTH CHJIbI TOKA, TEMIEPATyphl U
najeHusl HanpskeHHs oT BpeMeHd npu Z=10" u W =39 (xpusbie 4, 5, 6
COOTBETCTBEHHO). BepTukanbHas mNpepbIBUCTAsl JIUHUS COOTBETCTBYET MOMEHTY
B3pbiBa. Kak u cienoBamo o0XuaaTh, HAIUYME WHIAYKTUBHOCTA YMEHBIIAET

MaKCHUMAJIbHYIO BCJIIMYMHY CHJIBI TOKa W YBCIIMYMBACT JUJIMTCIIBHOCTL IIpOHCCCa.

Boszpacraer npu 3TOM M MHUHHMAalbHAasl BEIMYMHA Hapamerpa W ., HEOOXOAMMOIO

JUISL B3pbIBA. I'paduxu 3aBHCHMOCTH W, ot norapupma Oe3pazMepHON
UHIYKTUBHOCTH
W
20
16+
12+ 2
8
;
4 -
2 P .
1 ~2 -3 4 1gZ

Puc. 4.16. 3aBucumocTu 6e3pa3MepHON SHEPTUH, HEOOXOAUMOM IS B3pBIBA, OT Jiorapudma
0e3pa3MepHOl HHITYKTUBHOCTH

noka3ansl Ha puc.4.16. Kpusas 1 coorBerctByer p =1klla, a kpuBas 2 - p=1MlIla.

BunHo, 4TO ¢ yMeHbIIEHUEM [ MUHUMAIbBHBIA MapaMETP B3PbIBA ACUMIITOTHUYECKH

CTPEMUTCA K 3HAYCHUAM, NTosryvarommmces mpu L =0.
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Tak xak mapamerp /¥ 3aBUCHUT OT OTHOLIEHUS ABYX BHEIIHUX IIapaMeTpoB: W -
3aIIaCEHHOU JJIEKTPUYECKON DHEPIUM U /M, -MacChl UCHAPUBLICHCS XUIAKOCTH, TO
SCHO, YTO MNPH BBHINOJHEHUHU YCIOBHS B3pbIBa KOJIMYECTBO MCIAPUBIICKCS BOABI, a
CJIeIoBaTeIbHO U MaciuTad pa3pyllueHui, Oyaer TemM 0oJblie, 4eM OOJIblle BeTuYrnHa
IIOABECHHOU dHepruu W .

CnemnaeM HEKOTOpBIE OLIEHKH Pa3MEpPHBIX Benu4uH. [Ipeamnonokum, 4To BHOJIb
JNEPEBSHHOTO CTOJI0Aa NIJIMHOM [=6M uMeeTcs TpellMHa, B KOTOpOM coOpaics
CTOJIOMK BOJIbI CO CPEIHUM CeYeHueM S =1 Mm°. Haitnpem wmaccy »Toii BOABI:
m=VYIS =6 007 kr.

Hcnonb3yss ycnoBue B3pblBA 110 MHHUMAJIbHBIM 3HaueHusM W, =0,55 wu
W,=245 npu L =0, BBIYMCIUM DJIEKTPUUECKYIO DHEPIHI0, HEOOXOAUMYIO s

paspyuieHust cToji0a o NepBOMy M BTOPOMY CIocobam

Wie,m,T,
W, = % =~ 2,0 Ik, W, =8.9k]Ik.

(4.23)

BrinonHeHHbIE OLIEHKH AJIEKTPUYECKOW HHEPruH, HEOoOXOTUMOW Ui B3phIBa,
MOYKHO OTHECTHU K OLIEHKE 3HEPTrUH IIapOBOM MOJIHUU. TOrjaa BUIHO, YTO HANJECHHBIN
JMATIa30H 3HAYCHWH OMU30K K CPETHECTATUCTUYECKOW SHEPTHH IIApOBOM MOJHUH,
KOTOpasi, o AaHHbIM [56], cocTaBnser ~ 10 xk/[x.

OreHUM HaYaJIbHOE COMPOTHUBIICHUE CTOJOMKA BOJIBI, CYMTAS TIPH 3TOM, YTO BOJIA

qucTasd, HepeFHaHHaﬂ B HpI/IcyTCTBI/II/I Bosz[yxa n €c y,HeJIBHaH BJIGKTpOHPOBOI[HOCTB
pasua [101]: 0, =4 00™*Om'™m". Torna

e

R, = =1,5 00" Om.

0
OueHnm, Takxke, eMKOCTh CHCTEMBI, IOjaras, 4To B Kaue€CTBE TAKOBOW CIIY>KUT
IIPOBOJ BO3YIIHOM JIMHUM JUIMHOM /, 1 3emirs. Torna umeem

_ PALENA
In(2h/7)’
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h - BbICOTa MpOBOJA HaJ 3eMJiel, »- ero paauyc. Ecnu npussats 7 =6wm, r =2MMm, TO
C=10"®. Takue OIEHKH NPUBOAAT K CJIEIYIOIIEMY 3HAUEHHMIO BpEMEHH
penaKcanuy CUCTEMBI:
T, =R,C=15c.
B sTOoM ciiydae BpeMst pa3BuTus B3pbiBa Iipu W =25 paBHO
t.=3,6007 [, =0,54c.

CpCI[H}IH MOITHOCTH B3pPbIBA OKA3bIBACTCA paBHOﬁ

P = Ij/; =16 kBr.

OTMeTI/IM, 4TO €CJIM TOK HIACT II0 HCCKOJIbKUM IIapaJUICJIbHBIM TPCHIMHAM, TO

YBEJIMUUTCSI Macca HarpeBaeMou BOJIbI 71,, YBEJIUYUTCS KOJIMYECTBO HEOOXOAMMOIL
DHEPIUU, YMEHBUIUTCS CONPOTUBICHUE R, M, CIEI0BATENbHO, PE3KO BO3PACTET

MOIIHOCTh B3pbIBa, & C HEH M CTeNeHb paspymeHud. IIpu Tex xe ycraoBusax

Ha4YaJIbHOC HAIIPsSHKCHUC HAa CMKOCTHU

2
U, = |22 <130 «B.
C

Ecnm BCIO BBIIENMBIIYIOCS IIPU B3PBIBE DHEPIUI0 OTHECTH K JJIEKTPUYECKOU
DHEPIrUM, KOTOPOU MEPBOHAYAIBHO O0JIaana MapoBas MOJIHUA paguycoMm 7, =20cwm,
TO MOKHO TAaKX€ OLICHUTDH BEJIMYHUHY JJIEKTPUUYECKOr0 3apsA/ia Ha HEH

g =~/8TEW 1y =63 M0 Ko

[Io moBoAy MOJYyYEHHOM OLIEHKM CIENIaeM Cleayrolue 3amedanus. Bo-nepBeiX, B
pasnene 4.1 nns 3apsna 1IIM 6su1a nonydena orenka 4,210~ K, 4To He CIMIIKOM
CHWJIBHO OTJIMYAETCS OT 00CYKIaeMOil OLIEHKH. BO-BTOpBIX, TaKO BEIMYMHBI 3aps/IbI
[IIM wmoxer npuoOpecTH B pe3yibTaTe HEOJHOPOJHOTO TOPEHHS BO BHEIIHEM
AIEKTPUYECKOM I10JI€ IO CXEME, aHATIOTUYHOM 3apsIIKe HEOJHOPOIHO MUCIIAPSIONINXCS
Kanenb (CM. riaaBy 3).

B 3akmroueHne eme pa3 OTMETHM, YTO, BO-IIEPBBIX, BCE BBIYMCICHUS OCTAKOTCS

ClIpaBCAJIMBbIMU W JJIA JIMHEHHOU MOJIHUH, KOTOpass TaKXKE MOKCT OBITh
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OTBETCTBEHHA 3a OIMCAaHHBIE pa3pyLICHUs, BO-BTOPBIX, MEXaHU3M pa3pyLICHHS
KaMHs-BaJyHa, 0 KOTOpoM coobimaercss B [118], MOXXKHO MPUHATH TaKUM K€, KaK U
JUIsL JEPEBSIHHBIX omnop. To ecTh K €ro paspylieHUI0 MPUBOJIUT 3JIEKTPOTEIIOBOM
B3pbIB CTOJIOMKOB BOJbl B MHKPOTpEIIMHAX KaMHsS, KOTOPBIA MPOMCXOAUT B
pe3yJIbTaTe MOJIHUEBOIO Pa3psa.

OCHOBBIBasICb Ha IIOJYYEHHBIX pe3yjibTaTaxX, BBEAEM IOHITHE B3PBIBHOIO
peJIaKCallMOHHOI0 npouecca. [l 3T0oro paccMOTpUM ceprudecKuil KOHAEHCATOp C

paanycamu oOKJIaA0K R, M R,, 3al0IHEHHBIN IPOBOASAILIEH KHUAKOCTBIO C YIEIbHBIM
compoTHUBiIeHUEM P, U Temmeparyponr 7,. IlycTb B HayajbHBII MOMEHT BPEMEHU
BHYTPEHHEMY JJIEKTPOAY MI'HOBEHHO COOOMIAIOT 3apsiii ¢, (BHEIIHHN SJIEKTPOX

3a3eMJIEH), a 3aTeM OTKIIOYAaloT OT HCTOYHMKA HaNpshKeHWs. Torja 10 3aKoHy
COXPAaHCHHUA 3apsia OJIA 3apsada Ha JJICKTPOIC B HpOI/I:’)BOHBHBIﬁ MOMCHT BPCMCHH
HMCCM OYCBHIHBIC PABCHCTBA

: E 4.24
___it}]ndS:_ Engs =9 (4.24)
Eciu TeMIepaTypa KHUIKOCTH U3MEHSETCs ¢/1ab0 Tak, 4To yJedbHOE COMPOTHBIEHHE

KHUJIKOCTU MO>KHO CUMTATh IMIOCTOSIHHBIM P = P,, TO ypaBHeHUE (4.24) uMeeT XopoIo

M3BECTHOE PEIAKCALIMOHHOE pElIeHNe JUIs 3apsA/ia U TOKA
qg=qe, 1=1,e"". (4.25)
T = €,EP, - BpeMs pernakcaiuu (pa3psiiku KOHIEHCaTopa).

Curyanus CymecTBEHHO MEHSETCSA, €CIIN IPKOYJIEBO TEIUIO HACTOJIBKO BEIUKO, YTO
UM YK€ HEBO3MOXKHO MpEeHeOpeyb M CIEAYeT YUYWUTHIBaTh H3MEHEHHUE YIEIbHOTO
CONIPOTHUBJIEHUS C TeMIlepaTypoi. IIycTs 3aBUCHMOCTD yI€TBHOTO COIIPOTHUBIIEHUS OT
TemriepaTypel umeer Buna (4.14). Pacnpenenenue Ttemmepatypsl B KUAKOCTH

MMOAYUHACTCA YPAaBHCHUIO TCIIJIOIIPOBOAHOCTH, KOTOPOC 3aIlIMIIICM B BU/JIC

2
T nar 426
" ot

Y

[Tpennonoxxum, 4To 3PPEeKTh TEIIONPOBOAHOCTH MAJIbl B CMBICIIE
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E*/p>>MAT. (4.27)

B paccmarpuBaemMoM cdepuueckd CUMMETPUYHOM ciaydae BMecTO (4.27) MOXKHO
MOJIYYUTh

UO >> ()\6Tp0)1/2, . :% (428)
1

U, - nauasnpHOE HanpspkeHue, 07 - XapaKTepHasi pa3HOCTh TEMIIEPaTyp, KOTOPYIO JUIS
OLICHOK MOJKHO IIPUHATH PABHOW TeMIEpaType KHUIIEHUS >XUIAKOCTH B Ipaaycax

[lenbcus. Torna ykOpouyeHHOE YPaBHEHUE TETIONMPOBOJHOCTH CTAHOBUTCS TAKUM

T _ kg’ (4.29)
“Vor elr'p’

O6e3pazmMepuM 3TO ypaBHEHHE, BbIOpAaB B KadyeCTBE €JMHMI] H3MEPEHUS
clenyIolue:
[71=R,,[T]1=T,.[9] =q,,P =P,.[t] =€,£p, [L]1=I[q]/[t] . Torma Bmecto (4.24),
(4.14) u (4.29) nonyuum cuctemy

2 2
dZ _ Z_ . 00__Z L _ g,eU; (4.30)
—=-—==, —=W——, p=07", W=———".
dt p ot rp c,;YIL,R,
YcnoBueM pa3BUTHS B3PBIBHOTO TMpolecca OyAeM CUHTaTh YCJIOBHE MAJOCTH
BPEMEHH TPOIIEcca MO CPaBHEHUIO C BpeMeHeM penakcanuu B (4.25). OueBuaHO, 4TO
3TO BO3MOJKHO IPHU JIOCTATOYHO OOJIBIIUX TOKaX, a TOUHEE KOTJa 3aBUCHMOCTh TOKa
OT BpeMeHH OyAeT MpOXOIuUTh 4Yepe3 MakcuMyM, kak Ha puc.4.15. Jlns sToro

HE0OX0MMMO, YTOOBI B HAYaJIbHBIH MOMEHT BpPEMEHH, XOTA Obl mis r = 1,

BBITITOJIHAJIOCH YCJIOBHC

( ﬁ) o (431
dt/ =
C Y4€TOM COOTHOIIICHUH (430) MOCJIACAHEC HCPABCHCTBO MOXKHO IIPHUBECTHU K BUAY
_1(a 432 )
BpW>19 Bp = __(_p) .
Py 10O/ g

[lomydyeHHOE  ycnoBME M €CTb  HEOOXOIHMMOE  YCIOBHUE  B3PBIBHOIO

penakcalmoHHOro npoiecca. @U3NUECKH OHO O3HAYaeT, YTO, BO-TIEPBBIX, YJIEIbHOE
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CONPOTUBJIEHUE XKUIAKOCTH JOJDKHO JOCTaTOYHO CHJIBHO YMEHBLIATBCS C POCTOM
TEMIIEpaTypbl, BO-BTOPBIX, BSHEPIus, BBOAUMAs B JKUIKOCTh, JOJDKHA OBIThH
I0cTaToyHO Oonbiiod. OTMETHM Tak)Ke, YTO TPHU BBINOJIHEHUU YycloBHUs (4.32)
JUKOYJIEB Pa30orpeB >KUJIKOCTH B IPOLECCE pPeNIaKcalluu 3apsAia MPUHLIUIIAAIBHO

HCJIB3s HC YUUTLIBATD.



