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Peyensus Ha kuury O.X. basnesa
“OnexTrpuyecrso 3emnu”

Hosas Teopusi aTMocepHOro aNeKTpUYCSCTBA SBJIACTCS Pa3BUTHEM
1 OMHOBPEMEHHO YAaCTHBIM NPHIOXEHHWEM K PHZHYSCKOH KOHUENUUM
aBTOpa, ONyOIMKoBaHHOI paHee B Bunc moxnorpadun. (fI.X. basues. Oc-
HOBB! efMHOI Teopun u3znxn. M. 1994).

FlepBhie ABE IMaBbl NOCBSIIEHb KPATKOMY OHCAHHIO H 060CHOBA-
HHIO HOBOM TMApajg¥IMBl, BKIIOUAs 3JICMCHTH! HOBOW aTOMMCTMKHM H
HEMAKCBEJUIOBOI 3JIEKTPOMMHAMHKR, a 3, 4 ¥ 5-51 IaBbl ~— cOOCTBEHHO
OTHOCSTCS K MOJCIIM aTMOC(hEPHOTo 3JICKTpHISCTBA H €I0 OCHOBHBIM
3NMEMEHTAPHBIM TiporeccaM. OcHoBHOE TRopueckoe aocTickenne JI.X. ba-
34EeRa 3aKTI0YAETCs B CHHTE3E BLISMCAUTENLHON GU3NUCCKON napaaur-
Mbl, BbIXOAsAUIEH NOJIHOCTBIO 32 pPAMKHM MHKPO- U MaKpOMEPHBIX SIBJE-
HMH ¥ npoleccoB. Bneppsie co3aaHa 3aMKHYTasi ¥ CaMOCOT/IACOBaHHas
TEopeTHYECKaR KOHUEnuMst GN3MYEeCKOro HaROMUPaA, OCHOBHLIC Mapa-
MeTpHUYecKHe 0OBEeKTH KOTOPOTO HA TPH NMOpSAKa MCHBIIE pasMEPOB
atomoB bopa (6asoBoro oObekTa B COBpeMEHHOM (PH3HKe MUKpoMHpa). B
OCHOBHOI MOHOrpadnu aBTOopa COACPXATCS NOJCMHUYECKHE BRICKA3bIBA -
HHUS 10 MOBOJAY MHOTUX npoBneM U pa3fieNoB COBPEMEHHON MUKPO- U
Makpo PM3IHKM H TEXHUKH, OIHAKO 3TO BCE “CTPOMTE/IbHBIC Jieca”
COBeplIeHHO HOBOTO NMOAXOAA M TPAKTOBKH GMIWIECKOTO MlaHa MUPO3-
panus. [Tocne Toro xax aTu “cTpOMTENBHBIE NIOTHYECKHE MOAMOPKN "’
ybpaHbl, Mbl BUIHM, YTO pedb HAET O COBEPIICHO HOBOM KOHTHHYYMeE,
€O CBOCH aTOMUCTHKOMH U (PYHIAMEHTAIBLHBIM B3aMMOACHCTBHEM, B KO-
TOpOM MHpOBas KOHcTaHTa h — nocTosirHas [InaHka, okasanach 1peo6-
Pa30BaHHOM B IPYINY KOHCTAHT, I NeHCTBYIOT COBEPIIIEHO MHble KBaH-
TOBbBIE TMIEPYACTOTHDIE 3AKOHBI, KaK Obl XOAMPYIOIKE W 3ajalolliue
KBaHTOBYIO Mepy BCeX OCHOBHBIX K1accoB Makpodusnieckux sieneHuii. B
HaHoMupe Basuera AeiicTBYIOT TpH PyHIAMCHTATbHbIE YACTUIIB ~ 371K~
TPHHO, HOCUTEND NOJIOXUTEALHOIO 3apsana, /IEKTPOH, XapaKTepU3yo-
wHitca 12-10 mapaMeTpaMH B HEMTPOH WIH EPBOATOM, IPEACTABISIO-
Uit coBoil chepy U3 KOHTAKTHBIX CTPYKTYPHBIX JMEKTPHHO H 3NEKTPO-
HOB, YACPXHBAEMBIX 3JIEKTPOCTATHYeCKMM B3auMojeicTueMm, Creayet
OTMETHUTD, 4T0 99,8% Maccrl 06bEKTOB HAaHOMUPA NPUXOANUTCH HA AOTIO
HOBO} DYHIAMEHTATLHON YACTULIBI — ANMEKTPHHO. DIIEKTpHYIECKoe nose
B HAHOMHpE — 3TO MOJIe 3apsAoB, TaM HET U He MOXeT OuITh Makcaen-
NOBCKMX aGCTPaKTHBIX NOJAEH W BOJIH, HOO 3TO COBCEM HHOM THN peab-
HOCTH CBepXOBICTPHIX ABHXEHUII co ceouM MaclutaboMm, ocoboit napa-
MeTpHuuecKoit dopMoil cylllecTBOBaHHS, MHBIMH 3aKOHAMH, 0OheKTaMH
M TIaBHoOe ¢ UHOM duU3NIecKoll JOTHUKOH. ATOMBI H MOJIEKY/Ibl B HAHO-
MRpe NPeacTasasioT cobot abcoMIOTHO TBepAbie Tella ¥ HAaKOTIUTENH
napaMeTpoB, GOPMUPYIOLIKE COTOBOE WM 1CBYASPHOE NPOCTPAHCTBO
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yepes MEXaHU3M OCLIISIUUY B TUTIEPHACTCTHOM pexumMe. [TapaMerpn
ra3oB (IaBAeHHe, TeMIicparypa) HOPpMHUPYIOTCH HENOCPEeACTBEHHO
rnoctosHHol [lnaHka, xoTopasi sBasieTcss MOMEHTOM HMITYJibca 3JIeK-
TPHHO. AHAIU3 OCHOBHLIX (pOPMYI U OTHOMIEHUH TUIIEPYaCTOTHOMN
MCXaHUKH MO3BOJASIET cAcNaTh BHIBOA, YTO HA YPOBHE HAHOMMpA TpO-
HCXOLUT KaK Obl HOpPMUPOBAHHKE B POXIEHHUE OCHOBHLIX ITapaMETPOB
MaKpoMMpa — AaBICHUS Tasa, TEMIEPATYphbl, BI3KOCTH U T.II. B3an-
MOASHCTBHE OCUMASITOPOB HaHOoMMpa (a 31eck Bce 0ObEeKThl yya-
CTBYIOT B THUTIEPYACTOTHOM BO3BPATHO-TIOCTYIIATEILHOM M BpalliaTeNb-
HOM ABMXEHUHU) MHTEPHPpETHPYETCS XKaK TeHEeTUUecKasd NpUYMHA
pcalbHBIX M M3MEpPHMBIX MaKpOCKONWYECKMX MapaMeTpoB. Tak,
jAwboe naBlieHUE Ta3a B KOHKPETHOM MaKpooOLeMEe UMEET CBOHM
MHBapPHaHTOM IUIOTHOCThL TMIICPYACTOTHOMW 3HEPruH, KOTOpasd UMeeT
Mepy Ix/m>.

Macca 06BeKTOB HaHOMMpa BOBCE He ABIAETCS MEPO MHEPLIMH, a
HA0DOPOT BLICTYNAET KAK MEPA CAMOOPTAHM3ALMH IHHePYACTOTHOTO /B~
XeHHs, 6a30Bo¥ GHOPMBI CYLIIECTBOBAHUSA KOHTHHYYMA, [ paBUTALIHOHHOE
rnosne B HAHOMUPE HHAYLHMPYETCSl He Maccol, KaK B MAKpOMMpe, a He-
CKOMITICHCUPOBAaHHOH KOMINIOHEHTOH 3NeKTPHYECKOro 3apsaja KOMMno-
3UTHEIX T

Macca 371eKTpHMHO BLIBOAMTCS aBTOPOM HE3aBUCHMO OT MaccChl 3JeK-
TPOHA ~ U3 NOCTONHHOM [11aHKa U CeKTOpHANIBHON CKOPOCTH (POTORA.
CaM 3/1eKTPOH B HAHOMHMPE MO CBOMM IapaMeTpaM M CBOMCTBaM OT/IHYa-
eTcsd OT IEKTPOHA B PH3NKe MHKpOMHpA. DTO chepryecKoe Teno H3Be-
CTHBIX PAa3MEPOB € KONOCCANbHOH IUVIOTHOCTHIO 3apsAa U Macchl, 4TO U
SIBAACTCA, BUAUMO, MPUINHON er0o GYHKLUHOHHPOBAHHUS B CBOOOZHOM
COCTOSTHMM B peXMME IHIIepyacToTHOTO reneparopa (f, ~ 10% I'n). 3aTo,
HaXOHSCh B COCTaBe HEMTPOHOB HJIM aTOMOB H MOJIEKYJ JIEKTPOMEI
abCoMIOTHO HETIOABHXKHbBI U NpEeACTaBImoT co00i HaKONMUTEIH NapaMeT-
poB du3uYeCKOM IK3IUCTeHUHH. JII00bIM BHIAM 3HEPIeTHYECKUX NPO-
LICCCOB B MAaKpPOMMpE B MaclUTabe HAaHOMHpa COOTBETCTBYET OAHH H TOT
Xe GyHAAMEHTANBHBIM NPOLECe paclleNICHHAsl aTOMOB B MOJIEKYJ Ha-
HOMHUpA cBOOOJAHBIMU 3JIEKTPOHAMU € BbICBOOOXAEHHEM, CBOOOAHBIX
37IEKTPOHOB U 2JIeKTpHHO. [Ip1 3ToM 3neKTpocTaTHueckas 3HEpTHS cBs-
34 B aTOMe MEePEeXONHUT B KMHETHYECKYIO GOpMY NMOTOKA H3Jy4YECHHS,
Mepa KOTOpOH MEHSeTcs B LIHPOKUX Mpeaenax.

Konuenuus Basuesa B ueoM MOXeT paccMaTpHBaThCA, Mpexie
BCETO, KAK HOBBIM MHCTPYMEHT NO3HAHUA MakporpolleccoB. Ilockonbky
B TCOPETHYSCKOM HAHOMHUPE ASHCTBYIOT 3aKOHBI O0Mblueit creneHy 06-
UIHOCTH, TO NOAB/ICTCS BO3MOXHOCTb NNPOBSACHMS pacyeToB caMbIX pa3-
JHYHBIX NIPOLIECCOB, €CJH 3a4aTh anrebpanyeckyio popMy MX caMoopra-
HM3auuH. Bee paspens! KraccHuecKon GU3HKHA B KOOPAHHATHOH CHCTEMe
HaHOMMpa CTAHOBATCH CON3MEPHMBIMH U COITIOCTABUMBIMYA HOpMaMH U
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GYHKIIMOHANLHBIMY YPABHEHHAMH HIM CXEMAMM 3aMelle HUsl (B MOHO-
rpacduu ba3zuena oblee KOMHYECTBO TAKUX YpaBHEHHH ~ okono 3000).

CTpyKTYypHOE KOHLENTYANBHOE SIAPO TEOPUU OCTAETCS MHBAPUAHT-
HBIM ¥ IPU nepexosic K KOCMOMU3MYecKUM npobnemMaM, oTcoaa TIogB-
JigeTcsd cxeMa 3aMelieHus (anreGpandeckas MOAes) 3eMinu U ee 06oJ10-
YeK B KOOPJAMHATHOM CHCTEME HAHOMHUPA, YTO NO3BOJIUIO ABTOPY pa3pa-
60TaTh TEOPUIO aTMOCHEPHOTO 3NEKTPHUECTBA, COINACOBAHHYIO C OC-
HOBHLIMH 3MITHPHYECKNMH (haKTOpaMy ¥ rapaMeTpaMH.

CnenyeT OTMETUTD, YTO NeODHU3UIECKHE HAYKH HaBHO IOCTABJEHbI
nepen NpoGAeMOi CAOXHOIO ¥ HEBLIMHCITHMOIC XapakTepa B3aWMOoei-
CTBMS €CTECTBCHHBIX NMPHUPOAHLIX NPOLECCOB, NPOUCXOISIIUX B OKOJIO-
3eMHOM KOCMHMYECKOM NPOCTPAHCTBE, B aTMocdepe ¥ BO BceX 0B60n0YKax
3emmu. Hanpumep, camu ¢pusnueckne MCXaHH3MbI, IIOCPEACTBOM KOTO-
PBIX U3MEHEHHE COTHEYHOH aKTMBHOCTH BAMSIET Ha IMHAMMKY aTMocde-
PHI M3y4eHEI IBHO HEOCTATOYHO. HeKoTophbie HCCNETOBATENMN BbICKA3LI-
BaJI¥ FUNOTC3Y O TOM, YTO HCTHHHAA NPHPOAA MEXAaHU3MOB COTHEYHO-
aTMochepHEIX cBsi3ell, ROMXHA UMETb BEChbMa TOHKMIE XapakTep, Gop-
MHPOBATLCA Ha KHOM YPOBHE U HOCHUTD YNIpaBAAIOLIKN H HHPOPMALIH-
OHHBIH Xapaxrep.

[Tapanurma J.X. BazueBa Kak pa3 W [O3BOJISIET peai30BaTh TAKYI0
nporpaMMy M IaThb 4YeTKOe oflMcaHMe OCHOBHBIX aTMOChEepHBIX npoilec-
COB B KOOPAHHATHOW M TIAapaMETPHYECKOH CUCTEME HAHOMMPA M 3aTeM
TPOU3BECTH CPABHCHHE PAacUETHLIX BEJIMMHUH C 3MIIMPHYECKUMH daKTa-
MH. 30ech NOABIAKTCS HOBBIC NapaMeTphl, XapaKTEPHU3YIOUIHE aTMOC-
tbepHbIii 2IEKTPUYECKUM IPOLECC H, MPEXAE BCETO, — MOJHBIN 3/1€KT-
pocTaTHYeCKHH 3apsa arMocdepsl, 06pazoBaHHBI CYMMO# (OCLILIATO-
poB) atMocdepHO# BOAEI, a30Ta, AproHa, IMOKCHIA, YIJlepoia U KHC-
JopoAa. 3eMiist KaK TBEPAOe TeNO XapaKTepU3yeTCA OTPHLATENLHBIM 3a-
psAnoM U moTeHIuaaoM. Maraurocdepa 3eMaM B MOACIHA HAHOMUPA TIpe-
ofpasyeTcsi B anleKTpuHocdepy, Bee NapaMeTpbl KOTOPOM TOYHO PACCYH-
TAHEL

JIxo6bie nepeMelneHMs BO3AYUIHbIX MACC B MAKPOMHPE B HAHOMHUPE
3KBHBAICHTUPYIOTCSA TOKAMU, NIOTCHUHANAMH, 3apsiiaMHi, NPUYEM YHH~
BepcanbHbIM HOCHTENEM TOKA SIRNACTCS BUXPEBOM MOTOK 3NEKTPHHO.

CTpyKTYpHBIH aHAJI3 ATOMOB H MOJIEKYJl NI0KA3bIBAET YTO BCE Me-
TaLALI HECYT W30BITOYHBI cTATHYECKMIT OTPULIATCIILHALIV 3apaA, BoAa B
arMocepe Takke ABASETCS HOCUTENEM OTPULIATENBHOTO 3apana. [Jo-
6anpHas ponb aTMOchEPHOTO KUCAOPOAA 3aKNI0YAETCS B CO3aHNH 06-
iero GoHOBOTO NOMOXUTENBLHOIO 3apsaaa nopsiaka ~ 102 Kn. B paGote
paccMoTpcHa 3agada TpeX Ten B cucreMme ConHue — 3emna — flyHa u
06ocHOBaHA MOJENL B3aMMOJCHCTRUA sUIpa, MAHTUH W aMTocdephbi 3eM-
JIX Ha YPOBHE HaHOMHpa. N36LITOUHEII OTpULATEIbHBIN 3apsin cBo6on -
HbIX 371CKTPOHOB, KOHLIEHTPHPYIOIIMXCS BOKPYT AApa 3eM/IH YpaBHOBE-
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LIMBAET MONOXUTETLHBINA 3apsin B aTMocdepe (3nekTpuHocdepy). B MaH-
THH RACT Npoliecc obpaTHOTO (haszoBoro nepexolia BhICUIETO poja, obec-
NeYUBalOlKi HeHTPann3aliIo CBOGOAHEIX 37IGKTPOHOB, I€HEPHPYSMBIX
AOPOM.

CrneyyanbHBiM aHATM3 JOKA3bIBaeT, YTO 60ONbLUIAA YACTh JIEKTPHHO
B cepy 3emnn nocrymnact of CosIHUE U U3 KOCMHMECKOTO NIPOCTPaH-
CTBa. ‘

B yTore reoMarsMTHOE noJie 3cM/IM PACCMATPHUBAETCS KaK MepBouc-
TOYHHK aTMOC(EPHOTO 3/IEKTPUYECTBA M BCEX TOKOBBIX SRISHHH Ha 10-
BEPXHOCTH UIAHETHl. B paMKax TeoperHyeckoil HAHOMOAENHM JaHa HOBas
¥ YHMBepcajlbHas TPAKTOBKa MexaHHU3Ma HHMPpaKpacHOTO U3NTyUeHHS
M00BIX 1€ (ECTECTBEHHLIX H TEXHOTSHHBIX) Ha TIOBEPXHOCTH 3eMIH.
IIpuBeneHa oueHKa JOTOKa MOLIHOCTH H3NTy4yaeMOro BCel TOBEpXHOC-
ThIO JeMJIH.

ABTOp npennaraet yHuBepcaanmﬁ MeXaHU3M obpazoBaHuA obna-
KOB ¥ I'DO30BBIX S4¢€K, KOTOPBIA MO3BOAAET IIPOU3BOAMTDL YHCICHHDIA
pacyeT OCHOBHBLIX aTMOoCdepHBIX [TPOLECCOB M COMOCTABIATD MX ¢ 3MITH-
pudeckMMH Paktamu. PasBuTa HaHOMOZENb OCHOBHOIO pa3spiaaHOTO
npoliecca B arMocdepe — AMHEKHON MOTHUM 1 pa3paboTaHa HOBasA MoO-
JeJb WapoBOH MOJHHH.

CaMoe OpUIrMHAIBLHOE B PeLIeH3HPYeMOii TEOPHH — 3TO TO, YTO Bee
THITBE aTMOChEPHBIX NMPOLECCOB T10CTiC 3alaHHs HAYalbHBIX MaKpoYycJo-
BHMH Ha A3bIKe HAHOMHMpPA MOIYT GuiTh BhluHcneHb. [lpudyeM pacuern
napaMeTpoB HMEIOT CXOAUMOCTH A0 7 3HaKa nocie zanaroi. Heonpeae-
NIEHHOCTD, ECTECTBEHHO, 3aKpaasiBaeTcs B GOPMYIHPOBKE HaYaMbHbIX
H rpaHWYHBIX YCIOBUI MaKpOSIRICHHA.

Teopus O.X. Bazucsa, 6€3ycOBHO, 3acyXMBACT ONYOIHKOBAHNSA,
AacKe He3aBHCHMO OT (haKTa IKCTIEPUMEHTANLHOIO OOHAPYXEHHA SACKT-
puHo. Bce Jies10 B TOM, YTO OCHOBHBIC pacyeThl TApaMeTPOB B TEOPUH
HUTAK COTMOCTABRNISIOTCS ¢ AMITUPHYECKMM MHPOM.

Crnenyer oTMETHTD TAKXC, 9TO hU3MYeCKas KOHIEeNIUs aBTopa BO3-
HMKJIA KaK CBOETO POia OTKPOBEHUE U METAOTKPBITHE, OHA HEBBIBOAMMA
TPaIMLIMOHHEIMH MO3HABATENILHBIMH CPEACTBAMY W3 Klnaccuyeckoi ¢pu-
3MKH, HO B TO Xe BpeMsA COCOTBETCTBYET COBPEeMEHHOMY 3Taly pa3sBUTH
HOBBIX MTHPOPMALIMOHHBIX TEXHOJIOTHI WIH OTepexaeT NX. MoxXHo gaxe
CYMTATb, YTC NapaaniMa basvesa He TOMLKO OOMOJHACT KAPTHHY MHpA,
HO M JaeT K104 K HOBBIM TEXHOJIOTHAM U GopMaM 3HeproobHMeHa BO
BceX cdepax 4eI0BeUeCcKON AeATeIbHOCTH,

Yren-rxoppecnondenm Mexncoynapodrou
axademuu unpopmayuu ducun B.H.



Mpepucnosue

ABTOp aHHOU MOHOrpaduu, KaHANAAT buosorndeckux Hayk basu-
eB JIxaOpanun XapyHosuy, poausics 1940 roay e c. Sivukoit Kb ACCP.

B 1962 roay sakoHuyun Kabapanxo-bankapckuil rocyiaapcTBeHHEIH
YHHBEPCHTET MO CHEUMANBHOCTH: OHoMor-xMMuK. B 3T10M Xe roay mo-
cTyniwa B acnupantypy MI'Y um. M.B.JloMoHOCOBa O ClIEBaIbHOCTH
— 3KOJIOTHA NTHII ¥ 3aKoHYmMA ce B 1965 roay 3amnToll aAnuccepranmu
Ha COHMCKAHHUE YYEHOH CTEHEeHM KaHAKIATa OHONOTHIECKUX HayK.

B 1965—1967 rr. pabotan B KyHGbilICBCKOM CCNBCKOXO3IHCTRCH-
HOM MHCTHTYTe, a ¢ 1967 rona mo 1979 roa paboran 8 KbI'Y. B 1972
rofy 3aKOHYWI paboTy, HaJl HOKTOPCKOH AUCCEPTAIMEA, HO 3aL{HTA €€
He COCToANach BRUAY NPUHUMITNANLHOTO PACXOXKACHUS B TONKOBAHWN
NMOJIyYEHHBIX PEe3yIbTATOB ¢ pykoBoauTeneM, akanemukoM C.C. I sap-
UeM.

B 1980 roay Basues J1.X. npucTymun K pa3paboTke HOBBIX HOAXOAOB
K TSpMOIMHAMHKE PealibHBIX ra3oB, YTO NPUBENIO N0 K HEOOXONMMOCTH
pa3paboTku ocHOB HOBOM Tecopuu du3uku. B 1994 rony sakonuun pabo-
TY Han DpUMHUMIIKHAJILHO HOBOM Teopueit (PU3MKH M B H31aTENLCTBE
“Tlenaroruka” geiina MoHorpadus “OcHoBb eauHol Teopun du3n-
KH”, B KOTOpPOIf noasejeH UTor 310l pa6ote. B MoHorpadus Bniepsbic B
MHpOBOH JTUTEpaType paccMaTpuBacTCs KOHUCHLUNS, IPpeRNoXeHHas aB-
TOpOM, O CYLIECTBOBAHWH UCTHHHO 3JIeMEHTAPHOH NOJOXHTENLHOM Ya-
CTULBI — 3JICKTPHHO. ABTOP YTBEPXAAET, 4TO HMEHHO NEKTPHHO AB-
J8eTcs HOCHUTEEM BNEKTPHYESCKOTO TOKA H MarHUTHOTO T0JIsk OJHOBpE-
MeHHO u obnazaeT npu 3TroM Maccoit m, = 6,8557572 - 107 xr, nono-
XHTeNBHBIM 3apggoM > = 1,9876643 - 1077 Ka M nuameTpoM
d, = 1,1067247 - 10" M. MaruuTHOE 1I0]I6 — 3TO MOTOK 2/1€KTPHHO.

JarHbIC TeOpeTHUECKHE YTBEPXKICHHS aBTOPA TPEOYIOT 3KCIICPUMEH -
TANbLHOTO MOATBEPXACHMS, YTO B HACTOSLICE BPEMsi OCYIHECCTRIASIOT He-
CKOJIBKO 3KCIIEPHMEHTATOPOB, NPOBOIS psl 3KCMEPHMEHTOB 110 BO3-
AEeHCTBHIO NOCTOSTHHBIX MATHUTOB HA BOAY M Apyrue oObLEKTHI,

IMpeanaraemast untatenio Hopad MoHorpadus J1.X. Basuesa “Diexr-
pHYecTBO 3eMNU” MOCBALIEHA HCCSAOBAHMK (PHINYECKNX OCHOB aT-
MOC(EPHOro 3MEKTPUIECTBA M COMOCTABICHHH HX C CYLWIECTBYICLIMMH
KIacCHYECKMMU TEOPHSAMM.

[enb MoHorpaduy — CMHTE3 EAMHON TEOPHH aTMOCHEPHOTO 3JIEKT-
pHYecTBa, a ITaBHOE — OCHOB HOBOM TCOpHHU UMK,

[TepBbie TpU rnaBbi MOHOTpad MK MIOCBFIUSHBI NOCTPOSHMIO dyHIA-
MEHTa Y OCHOB TeOpUM aTMocthepHOTo 3ieKTputiecTBa. [locTynnpoBanue
aBTOPOM 3JICMEHTAPHON MONIOXUTEIRHOM YACTULBI — 3JICKTPHHO — TPH-
BEJIO K 3ap#0BOH CUMMETPNM B PH3HKE M K NOHUMAHHIO KBAHTOBOM
KAPTHHBI PeILHOTO MMPA, UMEIOMIETO AMCKPETHYIO CTPYKTYPY. DTO no-

7



3BOIMJIO ABTOPY CeNaTh ONHO3HAYHBI BLIBOA: “... B peasbHOM GU3H-~
4eCKOM MHpe He CYUIECTBYeT YacTUlbl 6e3 Macchl U 3apsifia, T.€. Macca n
3apsg — nBa hyHIaAMEHTaNbHLIX ¥ He pa3AeNsgeMbIX CBOMCTRA MaTepHu”.
VYyuTsiBas 3710, aBTOP YTBEPXKIAET, YTO ABE JIEMEHTAPHBIE YaCTHULI,
NEKTPOH K AJNEKTPHHO, a TAKXKE eMeHTapHbIH aToM (HCHTPOH) sABIIs-
forcsl PYHAAMEHTOM — OCHOBOM, M3 KOTOpOii 06pa3oraHbl BCE JICMEH-
Tbl AEPUOIMUECKOM CUCTEMDb], BCC M3BECTHBIE HaM BellleCTBa M Tena Ha
3eMie, HeliTpoHHoe sapoe 3emnH, TwiaHeT, ConHua ¢ 3ee3a. lpu atoM
reoMeTpuYeCcKHUe, MACCOBBIC  3apsAOBLIE MMApPAMETPbl 3THX YACTHIL,
OTIpeICICHHbIC PACYETHBIM Y OIBLITHBIM MYTEM, PABHBI:

d, = 6,63655765 - 107'* M — nuaMeTp 3NEKTPOHA;

d_ = 7,0112108 - 16'* M — nuaMeTp 37ICMEHTAPHOIO aTOMa;

m, = 9,038487 - 1073 kT — Macca 3/IeKTpOoHa;

m, = 1,66057 - 10~¥ xr — Macca 37leMeHTapHOTO aToMa;

e=—1,6021892 - 107 Kn — KBaHT OTPHLIATEABHOIO 3MIEKTPHIECTEA;

3 = 1,9876643 - 107% Kn -~ KBAHT NONOXHTEIBHOIO 3/IEKTPHYECTEA;

g = £ 5,0220235 - 107 Kn — XBaHT rpaBUTALHOHHOTO 3apana
BJIEMEHTAPHOTO aTOMa.

PacueTHBIM MyTeM aBTOPOM YCTAHOBJCHA CYTh H OCHOBA MarHMTHO-
ro MoJd U €ro B3aUMOACHCTBUSA C MPOBOAHMKOM TOKa, KOHTYPOM H
paMKoii, a 3TO NOTPeBOBAIO MEPEeCMOTPa M IEPEOCMBICIIEHUS CYTH Beex
37IEKTPUYSCKHX, MATHHTHBIX, /IEKTPOTEXHIHMECKIX, PATHOTEXHUYECKHX
H 3NEKTPOXMMHYECKHUX npoueccoB, 2¢dexros H ABNCHUH.

Maruursoe nione — 310 OPraHN30BaHHBIH NOTOK 3JIEKTPUHO, 3 IHMp-
KyJISILIHS NOTOKA Yepe3 BelICCTBO NPHOGpeTaeT peanbHble HU3HYECKIE
napaMeTpbl, KOTOPbIE MOXHO OIPEACIUTh PACYSTHBIM MyTEM.

NoctynnposaHHe 3IeKTPUHO MPUBOAUT K TCOPETHUCCKOMY pelle-
HMIO TPyAHeifueil, HayYHOH NIPOONEeMBI €CTECTBO3HAHMS — ABJICHMA Tpa-
BHTAUMHU. YIUBHTENILHOE CBOMCTBO IPaBUTALIMOHHOIO nonsi — ero fec-
NpenITCTBERHOE TIPOHUKHOBEHME CKBO3b MOOBIC TeNa, B TOM YHCIE ca-
Mble TIOTHEIE B TIPHPOJE — HEWTpOHHLIE Tena. [paButauoHHble 3aps-
Ib] B3 TEOMETPHIECKOTO HieHTpa, HanmpuMep, ConHua GecnpensiTCTBeH-
HOTIO BRIXOHAT HAPYXY MO CIHOXHEHIEeH ccTeMe MeXaTOMHBIX honoc-
Teli. IMeHHO 3T0 CBOJICTBO 'PaBHTALIMOHHONO TIONS — CTIOCOOHOCTD Gec-
MPENATCTEEHHO NPOHHUKATD Yepes3 JHoOsle Tena geliaeT HEBO3MOXHLIM
ynpaBlieHue UM, 160 ero Hesb3d HM 9KpaHH3NpOBaTh, HU (HDOKYcHpO-
BATbD.

B maBe 2 aBTOp TEOPETHYECKUM H PacUYeTHBIM ITyTeM OGOCHOBBIBAECT
CYTh HEMAKCBEIOBOM 31eKTpoauHaMMKU. [IpopeaeH b aBTOPOM MOHO-
rpaduy aHaIU3 110Ka32aj1, YTO B OCHOBE 3JIEKTPONPOBOAHMOCTH MeTan-
JIOB JIEXUT CTATHNECKUH OTpHLIATE/IbHbIA 3apsin aToMoB. Y3 reopyu aBropa
BBITEKACT, YTO HOCUTENEM 3JICKTPHYECKOIO TOKA ARISAECTCA NEKTPUHO, 00~
nagalouee [oNOXKHTENbHBIM 3apSIioM ¥ MMOCTOSHHOM Maccoi.
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TIpHBeAeRBI KOHKPETHBIC NPUMEPHI PACYETOR NAPAMETPOB INIEKTPH-
YecKOro TOKAa M MarHMTHOIO MOTOKA, KOTOphIe AOKAa3bIBAIOT, YTO JeK-
TPHUYECKHUH TOK — 3TO BUXPEBOH MOTOK 3NICKTPHHO BOKPYT NPOBOAHHU-
Ka, 2 MAaTHUTHOE HOJIC MTOCTOSIHHOIO MarHuTa — 3TO TOT Xe BHXPEBOIi
MOTOK 3JETKPUHO BOKPYI CHIOBOrC LEHTpPAa MAarHHMTa ¥ obnagamolui
chepuueckoit cumMmeTpreil. OOBICHEHA OCHOBA EKTPOCTATHICCKOTO
noTeHIMaka 3eMIM U pellleHa 3a1a4a B3auMOAeCTBHS TpeX Tejl Ha TIpH-
mepe Connue—3emng—JlyHa.

JokazaHo, uyro cuna rpaBuTauuy B cucteme JlyHa—3eMns peiicTBH-
TeJbHO Gonbile cunpl rpaBuTauuy B cucreme Jlyna—ConHile, mo3ToMy
Jlysa okasniBaeT BIMSIHHE HAa M3MEHEHMe psAlda DapaMeTPoB Ha 3eMie
(MpUAMBLI, OTIMBH ¥ T.A.). Anpo 3eMin obnanaeT XapakTepHbIMH CBOM-
cTBaMM, npucymuMu CosHily, T.e. ABISETCS e€ ATOMHBIM PEaKTOPOM,
YTO MOATBEPXAAETCH HENBIM pPAROM (PaKTOB, HAIPUMEP BHIXOAOM pa-
AUOAKTHBHOIO raza pofioHa M HECKOHJAEMOI'O TEIUIOBOIO NOTOKA.

OcHoBHOt oTIHYMe 3eMiun oT CoMHIa COCTOUT B TOM, 4TO €€ AAPO
3aKPBITO MOLHBIM CJI0EM KPUCTAJITMYCCKONH MaHTHH, HE TIPONYCKAIO-
HIUM CBOCOIHBIC 3TICKTPOHBI.

B riase 3 paccMOTpeH LEALIH psif BOIPOCOB, HCCEAOBAHbI X pac-
YeTHHIM ITYTEM OTIpelieJICHbI MapaMeTphl 3eMNIH, B YaCTHOCTH, H30bITOY-
HEli1 3apan 3eMin ¥ ee MarHuTocEpHlL.

ArMmocdepa 3emm IPOHU3BIBACTCA BAOND M TIONIEPeK NOTOKAMH 37K~
TPHMHO, KOTOPBIE ABISIOTCS €CTECTBEHHOM OCHOBOH BCEX 3JIEKTPHUECKMX
sIBNIeHNH B Hei, T.e. IEpBOUCTOYHUKOM aTMOCcEepHOTO 3A€KTpUYecTBa,
a JIoKaJbHEIE TOKH M AMHaMU4YecKye 3apsiabl 00J1akoB — HX NPOM3BOA-
HoMu. TIpu 3TOM panuychl BAMAHUS NOKANEHBIX CTATHIECKHX 3IeKTPH-
YeCKMX NONEH NPU3EMHOTIO ¢/10s1 aTMocephl I pazIMIHBIX COCTABHBIX
KOMITOHEHT BO3I0yXa PaBHBI;

— agoT Bosayxa — ry, ~ 0,117 ;

— BOISHOI Tap BoagyXa — Ty = L72m;

~— aproH Bosayxa — r, % 0,206 u;

— YITICKUC/IbIA ras

— Bo3nyXa — fep ~ 0,076 M,

B rnase 4 asropoM MoHOTpaduH paccMOTpeHBI MPodlieMbl aTMOchep-
HOIO 3JIEKTPUYECTBA, B OCHOBE PELUCHMS! KOTOPBIX AKCHOMA ~- THHAMH-
YecKuM 3apsia, GopMUpyomuiicsi BOKPYT Napos BObL, BCETAQ TOIBKO
nonoxwureneH. ONHAKO HanpaBleHUe UMPKYISLHH BUXPEBOTO MOTOKA
3JIEKTPHHO B Pa3sHBIX 4acTax o0saKa MoXeT ObITh NPOTHUBOIIONOXHEIM,
BanpyuMep Kak IPaBOBPAMAIOLIHIICS M JIeBOBPAINAIOMINICS BUXpEBBIe
MOTOKM BOKPYT IIPOBOAHMKA C TOKOM.

OpGutanbHoe ABHKEHUE 3MEKTPUHO GOHOBOTO MTOTOKA Han AI000#i
TOYKOH 3¢ MHOH NMOBEPXHOCTH MMeeT HanparneHue Or — Cesep, a BUX~
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peBad ero KOMIIOHeHTa (cocTaBisiolas) Bceraa HamparieHa ¢ BocToka
Ha 3anad (HarpaBleHue 3KBATOPHAJILHOTO TOKA).

HssecTHO, 4TO Bee Buonoruyeckue oobeXThl Ha 70—90% cocrosT
U3 BObl, TO3TOMY OHHM SABJISIOTCS HOCUTENSIMM OTPHLIATEBHOIO CTATH~
YEeCKOro 3apsja M MO3TOMY cnocobHbl GOpMHUPOBATE BOKPYT cebs cTo-
sYue BUXPU U3 3JeKTprHo MarHHTochepbi 3emnn. [Ipu 3toM opburans-
Has CKOPOCTDb SJIEKTPHMHO MarHuTocdepbl MAKCHMATLHA ¥ TOBEPXHOCTH

3eman (U, =27-10°M/c ) m MHHMMankHa y BHELIHEro Kpas

(Umin =22 10% M/c), 4TO O6YCIOBTNBAET MAKCMMANbHYIO YACTOTY TPO-

XOXICSHMUsI 3JACKTPUHO N0 TPACKTOPHHM BAONL [ToBepxHOCcTH 3eMau. Ha
OCHOBE 3TOI'0 TOK M HaNlpsLKeHHue Bceraa OoJibliie ¥ OCHOBaHHA JIO60TO
MPHPOLHOIO ¥ HCKYCCTBEHHOTO OCTPHS, YTO M (POPMUPYET €CTCCTBEH-
HOE BEPTUKAAbHOE HAllpaBlIcHHE TOKA OCTPHA — OT OCHOBaHHA K
BepuinHe. CpelHAA HaNPsDKEHHOCTD Mpofos Bo3ayxa atMocdephl paBHa

E, =3-10° B/m.

OnHOBpeMEHHO MPOBEAEHO TEOPETHYECKOE M PACHETHOE 0BOCHOBA-
HHE CYTH TTPoBOMHOTO WK HCKPOBOTO pa3psaaa MeXay napoi snekTpo-
noB. JlaHa Mozmenb pasBUTUS HCKPORBOTO paspsia ¥ MOCNeAORATENIBHOCTD
Pa3BUTHSA paspsiia B oObsACHseTCA (HHU3MKA MPOLIECCOB, MPOHCXOASIIMX B
KaHajle pa3pala, a Takke oObACHACTCA cO3NaHue 3BYKOBOH BOJIHH (Tpo-
Ma) TIpH CXOAe BUXPS 3JIEKTPHHO C KaHaNa pa3pana.

[nasa 5 MoHOrpadun nocsseHa H3YICHHIO LIAPOBOI MOJTHHM KaK
NpUMpoaHOit TaK M NaboparopHoii. [IpupoaHas wiapoBas MOJIHHA pac-
cMaTpUBaeTcs KaK 4acTb JHHCHHONH MOJHMU, nepeuieallasi B aBTOHOM-
HBIH peXUM cyuiecTBoOBaHHSA. OCHOBOH 3TOTO CYllleCTBOBaHMSA ARNSETCA
OTPHIATEABHONR CTAaTHYECKHUH 3apsil, BOKPYT KOTOPOIO IIMPKYINPYET
CTOSIHE BHXPEBOi MOTOK 9NeKTpuHO. MMEHHO 310 OMnpenesnseT Bce CBo-
cobpazue wapoBoit Monuuu. Jlanee nanoxeHs 060CHOBaHHSA (PH3HUKH
3TOTO ABJICHHA H pacYETHLIM IYTEM OHpEACNAIOTCA fapaMeTphl 1apo-
BOH MONHHM.

OnHOBpEMEHHO JaH ACTANbHBINA aHANKU3 Pe3ybTATOB, NONYMEHHBIX
B Ta6opaTopysX MPH SKCHCPUMMEHTANEHBIX HCCIeTOBAHHSAX IApOBOTi MO~
HUHM HENBIM PAIOM YYEHAIX, HA OCHOBE KOTOPOTO aBTOPOM TIPEAJIOXEHBI
METOALI pacyeTa PU3HYECKHX XapaKTepHCTHK UCKYCCTBEHHOMN 1HapoBoi
MOJIHHHM.

Haen anexTporepMOAMHAMHKH aTMOCHEPHOTC NEKTPHYECTRA MOXK-
HO paccMATPHBaThk KAK COCTABHYIO 9aCTh OCHOB €AMHON TeOpHH PH3UKY
Y HayYHYIO OCHOBY HEJWHEHHOM 3/IeKTpOANHAMUKY, PHIUIECKOR TeOo-
pHM 00 2JICKTPUYECTBE,

C OpUKIaIHON TOUKH 3pEHHUs NEPCNEKTHBHLI 1 aKTYalbHbI Hallpas-
JicHns paboT B obllacTy 3/1eKTpHYecTBa JUTOChEpHl 3eMITH, TeOpeTHYeC-
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KOTIO Pa3BUTUSI OCHOB HEMAKCBE/IOBOTO JIEKTPOMATHETH3MA, HOBOM 3JI€K-~
TPOTEPMOAHHAMUKH, 0611Iei anekTpodu3nIeckoil Teopru npeobpasona-
HHS pasHbIX BUAOB 3HEPIruH H HOBBIX HCTOYHHKOB PHEPIUH, Na3epHOH
$usnku. 1o yniyouT GpynaaMeHTaIbHbIE 3HAHMA M NOATOTOBKY CHEUH-
ATMCTOB, ACIIHPAHTOB M CTYAEHTOB, PaCIIHPUT TBOPYCCKUI MOUCK cIie-
LIMaNMCTOB IO CO3AAHMIO HOBbIX TEXHOJIOTHI, CHCTEM aBTOMATHKH, MeK-
TPOHHKHM ¥ PaZHOTEXHHKHM, pOOOTOTEXHUIECKNX KOMIUIEKCOB, YCTPOMCTB
M npH6GOPOB.

Haeu, nanmoxeHHslie B MOHOrpaduy, HaripapieHbl Ha aKTHBU3ALHIO
M ycUJeHHe HAyYHOTO TOHCKA M NMPaKTHICCKON NCATEALHOCTH B HC-
NMOJb30BAHUM 3THX MJicii aBTOpa IS PA3BUTHA B3aMMOAEHCTBUIA KOMI-
nexca “Hayka — npou3BoacTBO — OKpPyXaioulas cpeia’ B SACKTPOHHU-
Ke, KHOepHeTHKe, aBTOMAaTHKE, TEXHHUKE, 3KOJOTHY, OUONOTHH, MEAH-
LHHE H CENbCKOX03AHCTBEeHHOM npousBoacTee. MoHorpadus npeaHas-
HayaeTcsi 4711 HaydHBIX paboTHMKOB, CICHUATHCTOB — MPaKTHKOB H
HHXEeHEPOB, 3aHUMAIOLINXCS pazpaboTKolf HAyYHBIX U MPOH3BOINCTBEH-
HBIX HaIpaBJeHMWH Ha CTBIKAX 3JICKTPOHUMKH, KHOEpHETUKH, SKONOIHH,
XHUMUM, OHONOFKMY, MEIHLIMHEI ¥ CEJILCKOTO XO3KiicTRA.

HAupexmop no nayunoii pabome u pazeumuro
340 ”Ironvzuneckue Komnaexcume cucmemot”
C.A.Hoséocenos



TlaMaTH BBLlaronierocd chkiHa POCCHMH,
ocHOBaTeIs MOCKOBCKOTO YHHBEPCHTETA,
nMUOoHepa MccnefoBauit aTMocdepHOro
ayekTpuyecTsa B Poceuu, Muxaitto
JIOMOHOCOBA, MOCBAIAETCA 3TOT TPYA

Asgmop

FMABA |.

CONYTCTBVYIOWAA
| OUSNYHECKAA OCHOBA
ATMOC®EPHOIO 3NEKTPUYECTBA

1.2. CocTrosiHne npobnemsl

Ucnonnunocs 250 neT pasgeny GpH3MKK, 3aHHUMalOMIeMycsl Heclie-
JOBAHUSIMH SIBIEHM# aTMOcGiepHOTO 37IeKTPUYECTBa. 3a 3TOT TIepHOJ BbI-
noJiHed 6onbION 06BbeM HAGIIOOATENEHBIX M 3KCIIEPUMEHTANLHBIX pa-
60T, OXBATHIBAIOIIMX BCE CTOPOHEI aTMochepHbIX aBieHuil. CeroaHs MoX-
HO YTBEPXKIATh, YTO TMEepHO HAKOIUICHUS HAaGMonaTe bHbBIX U 3KCNEpH-
MEHTATbHBIX AAHHBIX TIO JaHHO npobneMe yxe 3aBepiucH. Tenepb Mbl
3HaeM Bce (M NMOYTH BCe) 1O Pa3sBUTHIO MCTEOPONOTHYECKHX NPOLEC-
COB, pa3BUTHIO 'PO3OBLIX PA3PANOB M B32aUMHOM CBA3M MeXAy HUMH.
3HaeM Bce O L1apoBoit MOMHUHK, OGO HayuW/IUCh TEHEPUPOBATh €€ B
nabopaTOpHHM M NMOABEPraTh pa3HOCTOPOHHEMY aHannu3y. Ho napagokc
COCTOMT B TOM, YTO MBI, 3Hasi BCE O JHHEIHOH U 11apoBoli MOJTHUAX, He
3HAEM YTO 2TO TaKoe, T.€. OTCYTCTBYET TeopHs, cniocobHas oObeRNHUTS
HAaKOIUICHHBIC 3HAHUS B €IHHYIO, HEIPOTUBOPEYNBYIO cucTeMy. YTOOB!
He OpITh TOJIOCIOBHLIM, S NMPHBEAY MHEHHUS Psilia H3BECTHBIX YYCHBIX,
paboTalolliuX B 2TO# 00JacTH HayKH.

“BruioTh 00 HACTOSILEIO BpEMEHM HeT pelllalolinX 10KA3aTeNbCTB B
MOJIb3y Kako#-nmuOo onpeneeHHOM TEOPHM, HH OJHA M3 TEOpHH He
KaxeTcs NOJHOCTHIO YIOBIeTBOpUTEAsHOM. TpynHO HopMyIHpoBaTs HO-
BYIO TEOPHIO KO TEX NOp, NOKa He OyAeT ACHO, YTO UMEHHO MOPOYHO B
cywecTeyouux” — Ix.YanMepe [1, ¢. 213, 216].

“HecMOTpsl Ha MHOTOBEKOBOE H3YYEHHE HAGIIONAEMOTO BCEMH TIPH-
poaHoro heHOMeHa — JIMHEHHOH MOJIHNHK, — HayKa He HMeeT [0 CHX
110p HCcYepnblBalliero oTeeTa Ha BONpocC, YTO 3TO Takoe, Elle 6omee
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3araJloyHa HaGnoogaeMasa B IPHpOAe IApOBask MONHUA” — ABpaMeEHKo,
Brruxos, Kaumoe, Cenkesny [2, c¢.7].

“IlonHas Teopusi TUHEeHHOH MOJMHWH, KAK U MHOTUX APYTUX JaBHO
H3BECTHHIX pa3ps/]oB, 40 CHX NIOp He co3laHa... He TonwKo 1waposas
MOJIHUSA, HO ¥ MHOXECTBO APYTUX pa3psiAHBIX CTPYKTYP OKa3bIBAIOTCS
aHOMAaJILHBIMH 10 OTHOMICHUIO K COBpPeMEHHOH Tna3zMeHHOM busuke
PaspsnoB. Ima cumyayus, npu 0oOCMuUZHymoM 8biCOKOM YPOGHE MEopuu u
IKcnepumenma, 8 o6aacmu PU3UKU BAA3MB OOHO3KAYHO caudemenbcmaey-
em 0 HedOCMAamoOYHOCMU NAGZMEHHOT KOHUERKUL, O HEBOIMONCHOCIY & €€
pamkax npeodosems umeronjuecs mynurxu” ( pazpagka 1.b.) — Mexbuu-
4yeHKo {2, ¢.158—159].

“SpneHue WAPOBO MOTHHUM NMPHUHAMICKHUT K TEM y3JTOBBIM Hayd-
HBIM nMpo6neMaM (TaKUM Kax pak, TepMosiepHble peakxuunu, MI'] —
IeHEepaTophl U Ap.), JIMTENEHOE HUCCIENOBAHHE KOTOPAIX HE CONIPOBOX-
RaeTcsa paguKaIbHBIM NPOABUXEHHEM Briepea” — JInxomepcTHHIX (2,
c.218]. :

“HapecTHo bonee 100 pasnMyHEIX TEOPETHYECKUX MOJENEH 1apOBOIi
MonHu#. bosbiras 4acTs Mozenel OCHOBaHA Ha BeChbMa 3K30THYECKHX U
Aaxe daHTACTHUSCKUX KOMOMHALIMAX BELIECTBA H 3/ICKTPOMArHHTHOTO
nosa. Bece Takue MOJENN OTPAXAIOT ONHY O0LIYIO HAEI0 06 aHOMAJIbHOC-
T, YHHKAJILHOCTU U 3K30THYHOCTH 1IAPOBOI MOJTHUM, T€M CaMbIM BbI-
YepKHBas €€ M3 YKCJa “HOpMaNbHLIX” SABJIeHHH — ABpaMeHKo, Bbru-
KoB, Kniimos, Cenkesud [2, ¢.9].

S He TONMBKO NMPHCOESINHAIOCH K NIPUBEACHHBIM MHCHHUAM 3THX yde-
HbIX, HO ckaxy Sosee: HepellaeMble NpodreMsl BOKPYT JHHEHHOH K
WApOBO MONHUI ABJLIIOTCA CIEACTBUEM O0LIEro M IIy0OKOTro KpH3uca
TeoperTnyeckoii ¢pusuku. Japalite 3ananum cebe BONpoOC: MOXET JIH 3MeX-
TporHHaMuKa JIx.Maxkcsenna, cosnanHas 6onee 130 ser Hazan, B ne-
PHOA, KOraa HayKe He ObLT M3BECTCH HU OAHH HOCHTENDb SJIEKTPHYECKO-
ro 3apsaga, 6bITh BepHOi U NoTHOH? BonbuidHCTBO GHUIUKOB Ha 3TOT
BOIIPOC CETONHS OTBETAT MONOXNTEAbHO. MMEHHO NO3TOMY MBI HE MME-
€M MPOABYIXEHHs B TEOpMH MoJHMiL. TeM KTo cuMTaer, 1o Teopus Max-
CBeJUIa ¥ JOCTRTOUYHA, M XOPOIlla 5 NPeNaran MOMNbITATLCHA NPEACTABUTD
WAPOBYIO MOJTHMIO B ypaBHeHUsIX Makcsesuia. 9TO OTPE3BUT UX OT IO~
KIOHEHHUS JorMe.

B XpM3UCHOM COCTOSHUH NpeCriBaeT HE TONLKO 3MeXTPOAUHAMUKA,
HO M Bce ocTanbHble pasaenbl PU3nKy, XUMUU 1 6uosorny. B ocHoBe
KpH3yca JICKHUT HeKUM pyHIaMEHTAbHBIN, OXBAaThIBAIOIIMHI BCE ecTe-
CTBO3HAHME, HEIOCTATOK, 0OyCIOBIUBalOIUY (GYHIAMEHTANLHYIO He-
NOJIHGTY CYWIECTBYIOUIEH TeOPUH DHU3UKH B LIEJOM.

Hens 370l KHUTH — CHHTE3 eAUHONH TEOPUH aTMOChEepHOTO JIEKT-
puuecrba. Ha nmyTH K 2101, KOHEYHO! 11e1HM HEOOXOAMMO PEeIIUTh LEeTYIO
CHCTEMY 3azay, a IJIaBHOEe — XOTs OB KpaTKO M3JIOXHUTh OCHOBBI HOBOW
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Teopnu GHUINKH, Ge3 4ero Henbis MOAHATHCS Ha CACAYIOLIYIO Kaye-
CTBEHHYIO CTYNCHb B [TO3HAHNN PCATBHOTO MHpa, YacThi KOTOPOIo SIB-
naiorcs 3eMns u ee aTMocgepa. [ToaToMy niepBble TP TNIABbl KHUTH
ITOCBAILEHB! TIOCTPOSHMIO THOCEONOTHYIECKOTO hYHAaGMEHTa HOBOI T€O-
pun. 3nech YHTATENb BCTPETUTCS ¢ HOBBIMU, HEITPHBLIYHEIMU OGBSICHE -
HMSMM MHOTHX CTaphIX SBJCHMI M, BOZMOXHO, HE Pa3 ero BHYTpEeHHHI
ronoc 6yaeT IpoTecToBaTh NPOTUB HUX. Ho g GoxbiuIof ONTHMHCT K
YBEpEH, YTO €CJIM MHE YAAIOCh BBIPBATHCH U3 IUIEHA CTAPHRIX JOrM, TO
HaWIyTcA THICSYM APYTHX CIIOCOOHBIX U TIOXKENABLIUX CAEIATh TO XK€
caMoe.

1.2. BoccraHoBneHue
38pAROBOU CUMMeETPUM B (hUsuke

B Mae 1994 r. u3 meyatd Briuia KHUra “OCHOBH eJUHOH TeOpuu
dusukn” [3], B KOTOpo# U3NOXKEHUEe MaTepHana, Kak U B 9TOI KHHUTe,
UCXOAMT OT MEPBOTO NuLa. S Obf XoTeN 0OpaTUTE BHHMAHHE YHTATENS Ha
3T0 OOCTOSTENBCTBO € TEM, YTCOR ObITH NMPABHIBHO MM NOHATHIM. Jenc
B TOM, YTO NPUHATHII B HAYYHOH NMTEpaType CTHIL U3IOXEHHA, MO
MoeMy MHEHHI0, GopMIpoBacd KOMIIWISTOPAMH KaK f3bIK CBOEro poaa
YTOIHUYECTBA aBTOPHTETY KOpHdEeeB U KAK S3hIK HEKOH(DIHKTHOIO U3-
noxXeHus colepXxaHusg. BoaMoxHo, 1 OlINGAIOCEH, HO IaXe eC/IH U He
olmGaloch, s1 He TIpeilylaralo CBOUM KOJUIETaM MEHATh NPHBBIMHLIN CTWIbL
nanoxenus. 5 xe, H3naras MaTepHaa OT NEepBOIO JIHlIA, BOBCE HE MMEIO
XeJIJaHUA BBINSATUTE cBOE “s1”, a 6epy Ha ceOsl CMENOCTb U OTBETCTBEH-
HOCTb NPH BBUIBUXCHHU HOBBIX HIEH, IPOTHBOpeYaIKX OobenpHHA-
THIM nTotoXeHHsAM. [loaroMy Moe “SI” — 370 MO# pHCK NIPH BHIABUXE-
HHH Ha NepeAHKH Kpaii HayKu ¥ Moe TpaXiaHCKoe MYXECTBO B OTCTaH-
BAHWH CBOMX TBOPYECKMX HAXOAOK. A TEM YUTATCASM, KOTOPHIM, TEM HE
MeHee, MOH CTWIb NPEeACTARIASTCS JUKHUM, sl TPHHOLIY ITy0oKoe H3BH-
HEHUE.

Utak, 4yTo65! co31ath TEOPUIO THHEHHON 1 11apOBOH MOJIHUHN Heo6-
XoAMMa napagurma, HMewpllnas Nyookoe 060CHOBAHHE H PaAHKANBLHO
M3MEHAIOAs CIOXUBUIYecs MPEACTABIEHNS IO BCceM paiaenaM U3y,
Taxas napagurMa  npeanoxeHa B [3]. CyTh ee COCTOKT B NOCTYIHPOBA-
HUH BTOPOM HCTMHHO 371eMEHTAPHOM 4acTHIIb, Ha3BaHHOM “3JeKTpH-
HO” W SRIAIOUICHCH 3apsiA0BbIM AHTHNOAOM IEPBOH UCTHHHO 3JIEMEH-
TApHOH 4YacTUUH — 3jckTpoHa, CBoMcTBA 3NEXTPUHO TAKOBHI:

m, = 6,8557572-107°° xr — Macca yacTHubl; 3=+1,9876643:10"% Kn
~ 3apsl YacTHUBL R = 55336235.107" M — panuyc chepuyeckoro

TCI1a JIEKTPHRHO. Kaxk INCKTPOH, TaK U NCKTPHHO AATEC HE OCAMME], HE
14



CXHMaeMbl, He YHUNTOoXaeMbl. Bece ocranbHble YacTHIbI, M3BECTHBIE Ha
cerofHda B KonudccTBe okoJio 200 U nonyucHHbic U060 B YCKOPHUTENSAX,
2460 3apHKCHPOBaHHbie N3 aTMOC(CPHBIX JABUH, ABJIAIOTCS OCKONKa-~
MH aTOMOB M 00n1aaaeT b0 KOMNO3HLUMOHHOH CTPYKTYPOIi, T.C. COCTO-
f|T U3 3NCKTPOHA U 3NEKTPHHO, JIMGO NPEACTABIEHD! CI'YCTKAMH TONLKO
H3 HEKOTOPOTO YMCNa 3NCKTPHHO U MOTOMY MNOYTH MFHOBEHHO pachafga-

I0TCS Ha CBOGOIKbIC NEKTPHHO (T =107 - 10_210). Mostomy B aan-

HOWM KHHTE NOJ 2IeMEHTAPHbLIMH YaCTHLAMHU CReYyeT MOHHMAThL TOJNBKO
3NEKTPOH U 3JIEKTPHHO.

HocrynupoBaHHe 31eKTPHHO NPUBEIC K NOIHOMY PACKpbITHIO PH-
3MKH peanbHLIX [a30B, XOTSA OyIeT TOYHee CKa3aTh, YTO PELICHUE Tep-
MOAMHAMUKH PEAJIbHBIX IMa30B CTA/I0 BOZMOXHbLIM Gaaronapst pHMeHe-
HMIO nocTosHHo# [1nanka a1a MX anandu3a, NPUBEALIETO K YCTAHOB/E-
HHIO THNEPYACTOTHOTO B3aMMOJENCTBHS MEXAY aTOMaMH B MONEKYJIaMy
B raszax. [Ipm aTom okazanocs, yto nocrogHuasn [11aHKa aBAseTCS KBaH-
TOM 3HEPTUM EAUHUYHOTO B3aUMONEHCTBUS MeXIY Mapoi oCHUIIATO-
POB rasa, a CEKYHAHas SHEPIUs ONHOIO OCLIWUIATOPA ONMUCEIBACTCH K3-
BECTHBIM ypasHeHucM [Inanka

E=h-f, (L1
rae f — YacToTa B3aUMOACHCTBHS. yCTaHOBI[eHO, YTO YacTOTa OCUHJIUIA-
TOPOB ra30B B HOPMANbHLIX YCIIOBHUAX JNICXKHT B obnacru THIEep4acToT-

HbIX KoneGaHuii, cocrapias f, =5,6. 102¢c”" . BhiBe/icHO OCHOBHOC ypaB-
HCHMe MMMepYacTOTHOH MEXaHUKH, ONpenensiolice KMHETHIECKYIO IHep-
IO OCLIMIUISITOPA.:

E=hf=kT= PV{g = myua JIx, (1.2)
rBe ) — mOCTOsiHHas bonpumada, 7 — TEpMOAWHAMMYECKas TeMilepa-
Typa raza, p — nasiaenue ([la), Vg—-— ofveM ro6ynsl, 06beM HHAMBH-
AyaNbHOro MPOCTPaHCTBA OCUMIIATOPA, m— Macca OCLWISATOpA,
V — NMuHelHas CKOpOCTh OCUWLIATOPA, y — CKOPOCTh O/yXKISHUS oc-

uunnsaropa, @ =} 47r/3 =1611992 — xo3dduuUeHT chepUUHOCTH

ro6ynsl. [Toa ocumIaTOpOM NMOHUMAETCsl CTPYKTYPHBIH 21eMeHT Bellie-
CTBa (aTOM HJIM MOJICKYNa), B3aMMOACHCTBYIOLWIMH C OKPYXAIOWUMH
3IEMEHTAMH B THIICPYACTOTHOM pEXUME.

YcTaHoBIeHO, YTO NovTosiHHAs TDIaHKa eCTh MOMEHT UMITYJIBCA IEK-
TPHHO, ¥ YTO NPHU KAXIAOM B3aUMOACHCTBHH NAPE] OCUWIAATOPOB MMM
M3TY4aloTCsl M CAMOTIONMALIAIOTCS ABA 3€KTPUHO-TIOCPEJHHMKA (B HOP-
MAJIbHBIX YCIIOBUSIX).



m -u-a
5 =6,626268-107 kr-m’ fc=Const,  (1.3)

rae p = 119,91698 M?/c — mocTosHHasgs MuUINMKeHa, ceKTOpHabHAS
CKOPOCTb 3/IEKTPHHO B 3JIEKTPHUCCKOM Hosie ocLwigaropa. JeneHuenm
obeux yacTeil (3) Ha NOCTOSIHHYIO ¢ NMONMydeHAa HOoBas GyHAaAMEHTANBHAs

KOHCTAHTa }; , Ha3BaHHas noctoaHHol [epua:

h=h/a=41106086-10"" xr-M’ /c = Const. (1.4)
Crano oYeBUAHBIM, ¥TO CEKYHAHYIO SHEPTHIO 3JIeMEHTAPHOTO JIy4a
CBeTa (eCTeCTBEHHOTO CBeTa) onpenenseT He A, a h:

E=hv (1.5)

rge v— yactora GoTOHOB Ha nyde. [IpyHUNNHANIBHOE OTIHYKE MEXOY
(1.1) 1 (1.5.) cocToUT B TOM, YTO YACTOTHOE ABUXEHHE OCHUNNATOPA
MPOUCXOAMT B 3aMKHYTOM obbeme rnobynm u Bee f '7,, B3aUMoneii-
CTBUIL ¢ OKPYXAIOUWIHM BELIECTBOM COBEpPIUACT OAUH ¥ TOT X€ OCLWLISA-
Top. Torga Kak iyd cBeTa yXOIUT B O6CKOHEYHOE NPOCTPAHCTBO U Ha ero
NYTH HU OOHH (POTOH HE MMEET NOBTOPHOIO B3aNMMOACHCTBHSA C ONHUM
U TeM XK€ TeNOM (323 UCKIIoYeHHEeM CTICHUAIbHO CO3AaHHBIX YCIOBUH).
DT0 3HAYMT, YTO NPU B3aWMOAESHCTBHH JIy4a C BELLIECTBOM KaKIbIil €ro
(OTOH HMEET eIHHUYHOE B3auMolciicTBYe ¢ HUM. T.e. nocrosHHas 'ep-
Lia eCTb XBaAHT €0MHWYHOro B3auMoncicTeysa GoTOHa BCceX BUAOB ecTe-
CTBEHHOTO CBETa, OT PaIHO4acToT 1o ¥ — usnydycHus. IToaToMy cekyH-
NHasi SHEPTHA 3/eMeHTapHoTo ay4a (npu 100% B3auMopeiicTBUH ero
(bOTOHOB ¢ BelllecTBOM B 00leM BURE UMEET GopMy

E =pv, (1.6)
DIeKTPOAHAMHYECKOe peuicHHe nocTosiHHOM epla MeeT BHA:

h=

_a-a- -:a)__a-e)2

n=— " v (1.7)

e g = 1,0404472 - 10%° Jx/Kn* — 3neKTpoAHHaMHYeCKas NOCTOSH-

Hasi, (—3) 3apsu1 oceBOIO IoJNs 3N€MEeHTapHOTO Jy4a, v, = Ic™! — exu-
HHIHBIN akT B3aumoneicteua. U3 (1.7) cneayer, 4ro B Kayectse doro-
HA WIH HbIOTOHOBCKAOrO KOPIMYCKy/a BRICTYIaeT ANMeKTpuHO. Koppekr-
HO YCTAHOBJICHO, YTO CBET HUKOTHA HE IPEACTABISUT COG0OH HEKYIO 3JIEK- .
TPOMArHHMTHYIO BOJHY (T.e. 66101 npaB HeioToH, a He [NolireHc), a sens-
€TCs1 OPTaHH30BAHHBIM NOTOKOM JIEKTPUHO, 06N1aJaloux OMHOBPEMEHHO
ABYMsl BUIAMU ABUXEHMS BOOJEL OCH /y4Ya, COCTOSIIErO U3 NpPOTDKEH-
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HOro oTpHuaTensHOro 3apsana (—19876643.10 7 Kn): opbuTanbHoi

CKOPOCTH U M IIaroBol CKOpocThio €. [T1 3TOM ycTaROBAEHO, MTO AN
j =IO Iy¥a cTIpaBeAINBO COOTHOLIEHUE:

u=2c (1.8)

B nose3y BepHOIo pellieHHs CTPYKTYPbl JIEMEHTAPHOTIO yda CBEeTd

CBUAETENLCTBYET TOT PaKT, YTO YACTOTHOE ONpeReIeH e CeKYHIHOMH

3Hepmﬂ (bOTOHa BIOJIE OCH Jy4a IO THOCTBIO COBNAmacT ¢ MEXaHHUYEC-
KHM. [Ins pacyera IpUMeM 3/1eMeHTApHBIH QHONETOBLII JyY ¢ HIATOM

A, =4-10"7 M ¥ yacToTOj v, =7.4948112-10"¢".

E =h v, =30808235 10" fn (1.9)
m ou, -c, 2m, & om,u
E, = LS = L=l J (1.10)
: 4 4 2y

rae y = u/ r}z v, =4 pad. = Const — NONHLIN YTON TPaeKTOPUH @mbna;
r, = 2,/2 — panuyc Kpyrosoil op&uThl hoToHa.

¢, = \Juv, =2,9979246.10" n/c (1.11)
~— 1AroBas cKopocTh ¢oToHa 1o ¢uoIeTOBOMY Yy,
u, =2c, =59958492-10" m/c (1.12)

~ opOuTasibHas% CKOpOCTh (POTOHA MO ITOMY XKe JIydy.
E,=m, u;/8=30808235-10" fac.

CTa10 04EeBUAHBIM, HTO 1HATOBAs CKOPOCTh GOTOHA BROML j -TC AyYa
fpnserca GyHKUMER 4acTOThl 1 UMEeT CACAYIOWHH oOLMid Bua:

C, = yHVY,

Ipu stoM 4YacToTa M mar GoTroHa (IVIMHA BONHBI — B MpeXHEH
TEPMHHOJIOIMH) CBA3aHbI MeXy cob0i Yepe3 CeKTOPHATEHYIO CKOPOCTh

¢dorona
| A =yufv, (1.13)

TakuM o6pasom 3/ieMEHTapHBIN Y4 CBeTa — 3TO 3A¢KTPOIMHAMH-
YecKas CHCTeMa, OChIO KOTOPOTO ARISETCS MPOTSIKEHH b1 OTpULIATE IbH bIi
38pAA (—3), BAOAb KOTOPOIo WATraMH IBUXYTCS TIONOXKNTEIbHO 3apsi-

1. A. X. basues ‘ 17



XEHHbIE YaCTHL(bl, IEPUOANYECKH YAABISICL OT OCH HAa PAcCTOsAHKe A, / 2u
posspalnasachk K Heit. [Ipn 3ToM sHepreTudecKol U CUIOBOH OCHOBOM
Jiyda sIBJiSIeTCs B3aMMoAedcTBHE NOAApHBIX 3apsaos [a 3 (—3)].
[MocTynMpoBHYE 3/16KTPHHO IPUBENO TaKXe K KOPCHHOMY Iepe-
CMOTpPY CTPOCHUSA BELISCTBA — K HOBOM aTOMMCTHKE. YCTAHOBAEHO, YTO
3JMEMEHTAPHBIN aTOM, paBHBIN Mo Macce 1/12 atoma yraepoaa 2C u
obnapnalowuit Maccoit m =1,66057- 1077 k2, coCTOMT M3 TPeX INEKTPo-

HOB U n9=2,4181989-10B 3NIEKTPUHO U RpeAcTanisieT coboii anekrpocTa-
THYECKYIO CHCTEMY H3 abCOMOTHO HENOABIDKHBIX Tesi, MPHXATHIX APYT
K ApYTY 3JEKTPOCTATHUYECKOH CHIOM TIONApHBIX 3apsanos. [Ipu aToM
CYMMapHBI}f OTPHIUATENBHBIA 3apsif TPEX VIEKTPOHOB COCTaBJISIET

q,~3e=-4,806567610"" Ku1, cymmMapHslii NONOXUTEALHBIN 3apsia A,

—i9

3NeKTPHHO cocTaBiasseT Z  =n, -3 =4,8065676-10 ~ K, a macconas

Aond 3JEKTPHHO B 3JeMEHTAPHOM aToMe paBHa 99,83%! M mockonsKy
j -blil 3JIEMEHT NIEPUORHYECKON cucTeMbl MeHaeneesa COCTOUT U3 A,
3]EMEHTAPHBIX aTOMOB (A, — ATOMHBIN BeC /EMEHTA), TO M BCE aTOMBI
SABASIOTCH 3JEKTPOCTATHYCCKNUMH CHCTEMAMY, B KOTOPBIX He GhINO U
HET pa3felbHOIO CYuIeCTBOBAHMA HEKOEI0 MAPHIECKOTO HOJMOXHUTEINb-
HOro sapa ¥ obpalaiolinxcsi BOKPYT Hero (paHTacTHIECKHM obpasoM
31eKTPpoHOB. Jlajiee, aTOMbl B MOJIEKYNAX COCHAHMHEHDI APYT C APYTOM
HOCPERCTBOM 3JIEKTPOHOB CBA3Y, T.€. 1Ba WIR 60slee aTOMOB, HMEIOUEHX
H36BITOYHBIH NONOXUTENbHBINA 3apsAa, COEIMHAIOTCH B MOJICKYNTY 3NIeK~
TPOHHBIM MOCTHUKOM H IUJIOTHO NPHXaThl APYT K APYTY ¢ HATIPSIXKEHHEM
10" [Ta, oGpa3ya aGCONIOTHO TBEPAOE TENO, O YeM CBHACTEILCTBYET KO-
NoccanbHasi CKOPOCTh BPalleHUsl OCLMUISTOPOR pealibHbIX Ta30B, AOC-

THraowas ¢ = 5.10° -2.10"¢™! [3, npunox. 1].
Crana NOHATHON NMpUpoda 3HEPrUH CBA3M (3HEPrUU aTOMa — B

NpexXHerd TEpMUHOIOTHH), 3aKNIOYEHHOM B leMeHTapHOM atoMe. OHa
TIETKO PAacCYMTHIBACTCH M cocTamnger E

E,=6-e-3-n,-n, =54608428-10"" [, (1.14)
e § = 2,3636849.10> Jue/Ke? anexTpocTaTiyeckas TOCTOSIHHAs aTo-

Ma, 77, = 3 — YHCJIO 3/IEKTPOHOB B 3JIEMCHTAPHOM aToMe. 3Ta Be/IMYnHA
TIOJIHOCTBIO COTVIACYETCS! € IKCTIEPUMEHTAIbHBIM BBIXOAOM JHEprHH Ha
ORUH HYKIOH (Ha 3neMEeHTapHBIi aToM), MONYYSHHBIN NPY UCTILITAHKSX
BONOPOXHBIX 6oMO Ha AEHTEpUEBOTPUTHEBOM TEPMOSACPHOM TOPICUCM K
cocrapasiomum E =56397107 Jx [4, c. 592}.

Peuienyie 3Heprun cBa3H MEMEHRTAPHOIO aTOMa NPMBENO U K pelie-
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HKI0 criocoba BLICBOGOXICHMS 3TO% IHEPTHH, T.C. K PACKPLITHIO SBNe-
HHA, neXalllero B OCHOBE NepeBOa CTaTUYEeCKOH 3HepruH aroMa B
KMHETUYECKYIO. DTO siBNeHNE Ha3BaHO Pa30BbIM flepeXoiOM BHICLIETO
poaa (PIIBP), cyThio KOTOPOTo SBALETCS NOJHOC PACLICTIIEHUE aTOMa
H8 €ro 3JIeMCHTAPHbIE COCTAB/LIIONINEG — CBOOOAHDBIE 3NEKTPOHBI M I/IEK-
tpuHo. TIpu 370M nocneare MOTYT BLICTYTIATH B KaUCCTBE HEMUTPUHO,
MOTYT CcTaTh 4acThiO TEPMOJMHAMMYECKOH CUCTeMbI (HanpyMep IiasMmbt
TOPEHMs WU IUia3MBbl 3BE31), @ TAKXKC MOTYT CTaTh (POTOHAMM CBETOBO-~
10 MINyEeHUsi, YACTOTa KOTOPOTO ONpPEeAEscTCs psiAOM TePMOAMHAMH-
Yeckux napaMeTpoB cuctemsl. [Ipu 3ToM konmyecteerHo @ITBP onmucki-
naeTcs nocrosHHoi Kypyarosa K:

K=\nve-n, n-E_ =54608428-10

e, (1.15)
rae E =1]Ix — xBafapaTHYHBIi MHOXWTEND, He BIMAIOLMUN Ha MOAYTH
senuunHsl. U3 (1.15) cnenyer, 4TO BEICBOGOXAEHHE IHEPIUH JICMEH-
TAPHOTO aTOMa fIPOUCXOANT HE MTHOBCHHO, HE B3PBIBHO, a NOCTENCHHO
c0 chepmyeckoii NOBepXHOCTH, CHOH 3NeKTPUHO 3a cnoeM. OcyuiecTs-
naer xe OIIBP 3nekTpoH-reHepaTop B yIBTPAarkNepyacTOTHOM PEXH-

Me, ¢ yactotHo# £, = 10" - 10%¢™', B 3aEuCHMOCT! OT TepMOAMHa-

MMNYECKHX YCAOBUIA.

Xot4 elile HUKEM He NMOCTARJICH Pellaouini 3KCIIEPUMEHT ¢ HEeAbIO
YCTRHORIICHHS PEATbHOCTH JICKTPUHO, HO yXKe CEIOAHS SCHO, YTO HMEH-
HO OHa gBngeTcsl TeM GyHIAMCHTAIBbHbLIM HEAOCTAXILIMM 3BEHOM B CY-
WECTRYIOLEH TeopeTudecKo PU3UKe, KOTOpasa 3apsiioBC ACUMMETPUY-
KA, H60 €ii OLLT M3BECTEH TOJBKO KBAHT OTPHMUATENBHOIO 3apsna —
18PAR 37IEKTPOHA. TyT HE0OXOAMMO HAaNOMHHTh, YTO TOCAE OTKPLITUS
npotoHa Pesepdoprom (1919 r.) Bce npUHSIU €0 3a 3apaROBHIYM aHTH-
noa anexkrpoHa. OnHAKO NMOoCe CO31aHUsl YCKOPUTEIEH CTAIO OYEBHA -
HBIM, YTO OH MMEET CIAOXHYIO CTPYKTYPY H pacnaaaercss Ha OCKOJKH.
3aTem, B 1928 roay, I1.IMpak npeackasan CYLWleCTBOBaHHE MOJOXMU-
TEABHOTrO 3NEKTPOHA — NO3UTPOHA, OOHAPYXEHHOro CNycTH 4 roia B
cocraBe KocMudeckux nyyeii K.Angepconom. Ho npourno eille HeKoto-
poe BpeMs M BBIICHUJIOCDH, YTO NPH B3auMOAECHCTBUM C 3JIEKTPOHOM,
NO3UTPOH pacnanaercst Ha GOTOHBLI ¥ — u3nyyeHusd (S, c. 497], r.e.
NOAUTPOH TAKKE HE €CThb HCTHHHO IeMeHTapHast yactuua. Y BoT To/b-
X0 Tenepb, C NOCTYIUPOBAHHEM IJIEKTPUHO, B (PU3NKE BOCCTAHOBNICHA
SMPANAOBAs CHMMETPHS. DTOT LHar B HayKe 3HaMeHyeT coboil Kosioccanb-
N KaueCcTBeHHDbIN B KOSUYCCTBCHHBINH CKAYOK, HE3ABUCHMO OT TOTO,
KM H rie npeisioXeHa HoBasi napanurMa. Tenepb Het Huuero Heobbsc-
HHUMOTO. .

TakuM 006pasom, NOCTYNHPOBAIHHE NCTKPHHO APUBOANT K 3aBep-
IWCEHMIO KBAHTOBOMH KAPTHHBI PcalbHOro Mupa, eccnopHO UMewlero
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HNCKPETHYIO CTPYKTYPY. Tenmeph Mbl HMeeM MIECTh QYHIAAMEHTAND-
HbIX KBAHTOB, TPHU U3 KOTOPLIX ABIIOTCA MacCOBbIMH, a8 TPH — 3aps-

aoebIMH: m, = 9,038487. 107" ke — Macca anekTpoHa ( yTOuUHEHHOE
MHOIO 3HaueHMe); m, = 6,8557572-107° ke — Macca 3/€KTpHHO;

m, =1,66057.10"% ke — Macca 31eMcHTaPHOTO aTOM&, 3 KOTOPOTo

00pa30oBaHbl 371IEMEHTbl IEPHOAUIECCKON CUCTEMEI, BCce U3BECTHBLIC HaM
Tesa Ha 3eMJje, HeliTpoHHoe siapo 3emny, muaHeT, ColHua W 3Be3N:
e = —1,602189210°" Kz — KBaHT OTPHLATEJILHOIO 3J€KTPHYECTBA!

5 =1,9876643-10"7 K2 — KBaHT NONOXHTENLHOIO SNEKTPHYECTBA;

g=+ 5,0220235 10*°Kn — KBaHT TPaBUTALIMOHHOTO 3apsia, CBOHCTBEH-
HBIH 3eMeHTapHOMY atoMy [3, ¢.463], 3a KOTOPBIM Mpeaarao 3akpe-
NMATh HA3BAaHKME “rpaBHKYNIOH”.

BcecTopoHHHUI aHANMN3 3THX TpeX QyHAAMEHTANILHBIX CTPYKTYPHBIX
2JIeMEHTOB (3JIEKTPOHA, 3JIEKTPHHO Y 3/1.aTOMA) NpUBEN K OAHO3HAY -
HOMY BHIBOJY: B pealbHOM (PH3UYECKOM MHPE HE CYIISCTBYET YaCTHILBI
6e3 Macchl U 3apsiia, Macca ¥ 3apsi — ABa GYHIaMEeHTAJLHBIX M HE
pasnenseMuiX cBoficTBa MaTepun. OcMbicienne 3TOTO BLIBOAA OCBOGOX-
JaeT HAC OT TAKMX 3acTapesbIX “M3MbIUUIeHUil” yXoagled Teopun Kak
¢$OTOH, HECYILIHIH 3HEPTHIO, HO JHIHEeHHBIH H MAacchl M 3apsAda: KakK

HEHTPMHO — YaCTHUIIBI, U3NYYaeMOil HeCYIeCTBYIOLMMM AAPOM B 3 -

pacnaje ¥ YHOCAKiA 4acTh 3HEPTHHU CBA3H, HO JIMIIEHHOM! U MaccH U
3apsAfa; KaK MaTHWTHOE NoJIc, COCTOSIUEro M3 HMYero, Ho obiagaioume-
0 3Hepruei u TpaHcOPMHUPYIOLIETOCs B 3NIEKTPHYCCKHIA TOK; Kak CBY-
UTYICHHE, COCTOSLICTO U3 GeccTPYKTYpHOH MHbMNecKoi a/eKTpoMar-
HUTHOM BOJIHEI, HO CTIOCOBHOI HECTH HEPTHIO H TpaHCHOPMMPOBATHCH
B IIAPOBYIO MOJHHIO |2, ¢.119—136}; kak cneunansHas ¥ obwan reo-
PUH OTHOCHTENIBHOCTH, NIPHBEIIIMX pasBUTHE TeopeTudeckoi Ghusnuku B
TYNHK H T.0.

1.3. 3apsingoBas OCHOBa BaNeHTHOCTU

Ecnn 6u1 3neMeHTH ieproanyecKoii CHCTEMB MeHaenieeBa cocTos-
JIM TONBKO U3 3JICMEHTApHBIX aTOMOB, HE HMEIOMIMX HapyUICHUs B X
CTPYKTYpPE, TO BCE OHM ObUTM 6B XMMHYECKUM MHEPTHBI, KAaK TeNuit,
HEOH M aproH. B HOpMaIbHOM JICMCHTAPHOM aTOME Ha KaXabif U3 Tpex

CTPYKTYPHBIX 3JIEKTPOHOB NpUXOAUTCA N, =N, /n, = 8,060663-»107

CTPYKTYPHBIX 2JIEKTPMHO U B 3TOM C.IyYae eMEHTAPHBI aTOM He MMe-
€T H3OLITOUHOTO 3apsifia. OH »acKTpoHeHTpancH. Ho cpeau 92 anemeH-
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TOB NEPHOAHYECKON CHCTEMBI HET HHM OJIHOTO, HE COAEPXKAUIETO M30bI-
'TOUHBIHM 3apsi TOTO MM MHOI'C 3HaKa, B Boabliell WiH MeHblliell cTene-
HH. B cBolo oucpens aebanaHc 3apsanoB aroMa 06yCIoRICH b0 geduim-
TOM CTPYKTYPHBIX 3JIEKTPOHOB (TOTHA M3OBLITOUHBIH 3aps)l aTOMA NOJI0-
XKUTEJ/ICH, KaK raJJoreHbl), 1460 NpUCYTCTBMEM ANULIHUX, HECTPYKTYp-
HBIX 2JIEXKTPOHOB ( TOTAA ATOMB 06HANAIOT U3OLITOYHBIM OTPHLATEb-
HBIM 3apsiioM, KaK MeTauabl). KpoMe Toro Het HM OAHOrO 3/1€MeHTa, B
f€ocraBe KoToporo He HabGmonaercs nubo AeduLUTa, 1u6O U3OHITKA
HEKOTOPOro YHCaa 31eKTpuHo. IMeHHO UM30bITOYHbIH 3apsin 3J1eMEHTA U
JABISAETCS MaTepHANIBLHOW OCHOBON XHMMYECKOH BaJEHTHOCTH 1 MEPHIOM
ero aktueRHocTH. I1pH 3ToM BaJIEeHTHOCTH CBOOOAHOTO 3NEKTPOHA, paB-
Hasg —2, NpUHHUMAETCS 33 3TAJIOH:

J e -16,021892-10°Kn .
w¢ = == ~20 = _2 = (/Onst, (I 16)
Aw,,)  8010946-10 Kn |

Iie z(we A) = 8,010946- 107*° K2 — 3apsigoBasi IOCTOAHHAS BATCHTHOC-
TH, 3apsj, o6yCNOBRIMBAIOIIUY EAMHHUYHYIO NONCXKUTENBHYIO BANCHT-
'HOCTBH W, 2= 1. OTpuuarensHbIil H3GBITOUHBIN 3apsaa NPUHATO 06O3HA-

4yaTh Yepes ¢ , a NONOXUTENbHbIN — Yepea 2. Torma B obiieM Buae, Iis
;i -TO SNeMeHTa UMeeM:

w o= —t— w, = —i
i Z(Weo) z(wﬂ,)' (1.17)

1.4. 3apsigoBan cTpyKTypa aTtoma
M MoneKyhbl KUc/opofa

Ony6nauxkoBaH 3aMevdaTe/ibHHH cnpaBoYHKK JAX.DMCIH no aje-
MeHTaM [6], B KOTOpOM BrnepBbie CBEACHB BMECTE JaHHbIE MO BeeM
H30TOINIaM, ¢ YKA3aHUEM HX aTOMHBIX BeCOB IO IeCTOTO 3HaKa Mocie

.sansATOH. B HaeM aHann3e Mbl 6yaeM MCXOAUTh H3 AAHHBIX 3TOTO
CIIpAaBOYHHKA.

ATOMHLIH Bec xucnopoia A=15,994915 a.e. npy aTOMHOM 4Hca0
A,~16 ae. , 1.c. HabmonaeTcsa NeHUIUT MACCHI ZO HOPMANBHOTO, JEKT-
POHEHTPAIBHOTO aTOMa, AA :

" AA=(A-A,)=-5085-10"ae (1.18)
[Tockonbky aToM KHCNIOpoAa obnanaeT U3GEITOUHBIM TTOTOXHTENb-
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HbLIM 3apSAOM (BONPEeKHN NPEXHUM TIPCACTABNCHUSIM), TO B HEM HE XBa-
TaeT OJIHOFO 3NEKTPOHA (k,'_‘“l) H k; INEKTPHUHO:

g Mo AA+ k,-m, -84439984-107"" —9,0380487-107" _

> m 6,8557572-107*

3

_ -93,478471-10"
68-107¢

OT0 YMCNIO EKTPHHO, HegocTalllee B aToMe, 06yCI0OBIHBaeT Ma-

=-1,3635032-10°3/atoM  (1.19)

OLITOYHBIN OTPHLATEALHBIN 3apsin Aq :

Ag =k, -3 =(-1,3635032-10°)- 19876643107 Kn =
=-2,7101866 - 102K (1.20)

A NONHbIA U3OHITOYHDBIA 3apANOB aTOMa Z,, OnNpeaensaeTcsa U3 CooT-
HOMICHUS:

Z, = (Aq +k. -€)=-2,7101866- 10" +160,21892-10~ =
= 1,5750875- 107" Ka. (1.21)
Hpn 3TOM BaJICHTHOCTb KHCIOpPOAa COCTABUT woz
Z, 15750875-107
Z(w,,) 8010946-107

YTo6b1 BbIBECTH ypaBHCHME, aHalorH4Hoe (1.19), Ho aAng onpeae-
JeHUA Yyucaa ae@UUHTHBIX WM HIOBITOYHBIX JIcKTPOHOB B ATOME Ha-

NHMILEM YPaBHEHME I M3OBITOYHOTO OTPHLIATEILHOTO 3apsaa j -I0 aroMa:
q, =Aq, +k, e (1.23)
C yaerom (1.23) nns Agq, MOXHO COCTABHTS CHCTEMY U3 [BYX YPABHEHML:

W0=

Aqi = qi —kc €
(m, A4, +k,-m,) (1.24)

Aq'.:kB-): 3 -

m,

IIpupasHas npapeie YacTh (1.24) moayanmM:

q,--k,'e=(ma'AA;+ke'me)'% (1.25)
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e 3/m =g -~ rUpoMar{yTHasi NOCTOSIHHAA 2MEKTPHHO.
C ydyetoMm 3Toro u3 (1.25) 4epea psan 3jieMeHTapHbIX Npeobpa3oBa-
HHMH IOTYyIUM:

q —k,-e=m,-AA, -g, +k,-m, g, (1.26)
q-m -AA -g =k, -et+k,-m, g, (1.27)
q; _ma'AAi'g3 :ke(e+me'ga) (1.28)
k qr_ma.AAi'gs
“= esm-z) (1.29)

C uenbio ynpoiieHus pacyetoB BeegeM B (1.29) ABe nocTOsIHHbIE:
C, =m, - g, =1,6605710-7r 2,8992629-10* Ki1/ke=4,8144289-10"° Ka
(1.30)
C,=(e+m,-g )=-15995688-10"" Ka (1.31)

Teneps ans uncia 3MeKTPOHOB, OOYCIOBIMBAIOIINX H30OBITOYHBIH
3apAn j -T0 aTOMa NMeeM:

k :qr'*AAJ‘Cl :Zz—'AAi.Cl
i C. C, (1.32)

Brile, npu ananuie aToMa KMCIOpOAa, KCXOIsl U3 €ro H3BECTHOI
BAJICHTHOCTH MBI NpUHsink K,=-1. [IpoBepnM, MOATREepXacTCA JIM Halle
ponyineHue no (1.32)

Zo—AA-C, 15750875-107 —(-2,448137-107") :
k (©) C, ' ~15,995688-107

Crano ObITh, 3apg0Bas CTPYKTYPa aTOMa KHCIIOPO/A pellieHa BEPHO.

Kak u3BecTHO, KHCHOpOA B aTMOcdepe NMPeACTaBIcH ABYXaTOMHbI-
MH MoJieKynaMH. YctaHoBaeHo [3, c. 224], 4To ABa MOJOXHUTEAbHbIX
aToMa COeIMHEHBI B MONEKYIY MOCPENCTBOM ORHOIO 3JIEKTPOHHOIO MO-
ctuka (Puc. 1) D10 3HauMT, Y10 MEXAY ABYMS aTOMaMH KMC/IOpoa HaXo-
JHTCS SNEKTPOH CBSI3M (3/1EKTPOH CTHIKOBKY), K KOTOPOMY 00a aToMa TUIOTHO
npuxaThl. MexaHwyeckas IPOYHOCTL 3TOTO COSHUHEHHMS COCTABISIET
P,,=—235 7107 ITa [3, c. 226—227]. OTpMuare/ bHbIi 3HaK YKa3biBa-
eT Ha TO, YTO CHJIa CBS3M OOYC/IOBNCHA CTATHYSCKUM B3aHMOIEHCTBUEM
TIO/IAPHLIX 33PAKOB Ha CTHIKE aTOMOB.

PaccunTacM H3OBITOUHDIN 3apsal MONEKY/IBI KMCIOpoaa ZO: :

Z, =2Z,+e=15479858-10"" (1.33)
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[1pu HenonHoOH ANCCOUHAUHH B BEpXHHX C104X aTMocdepm Mone-
Kyna O, AMCCOLIMMPYET Ha [(Ba HEPABHO3aPSAAHBIX HOHA:

0,->0 +0O° (1.34)
3apsaa OTpHLIATENILHOTO HOHA cocTasngeT Ag,:
Ag, =(Z, +€)=-2,71017-10" Kz (1.38)

[1pyu nosHOM AUCCOLHALIMM MOJIEKYIIH B M1a3Me TOPEeHUs obpazyeT-
¢4 ABa NOJNIOXUTEIBHBX HOHA KHCNopoaa M CBOGONHBI 3/IeKTpOH-TreHe-
paTop

0, 520" +e” (1.36)

TpexaroMHasi MoNeKyna KMcaopoaa (030H) o6pasyeTcs B pe3ynbTa~

Te CIMAHUA MOJNEKYAb! O, ¢ OTPULATENLHBIM HOHOM O™

O; +0 =0, (1.37)
OTciofa ScHO, YTO I CHHTE3a 030HA NpPEeXie BCEro HeoGXoauM
npouecc ¢otonuccounaumu Mosiexyn O, . U36bIToyHbii 3apsn MONEKy-

Jbl O30HA COCTARIIAET ZO, .

Z, =3Z,+2e=15208841-10"" Ka (1.38)

O3cHy npnaeTcs HesacayXeHHo 6Go/biloe 3HaYeHHe B 3alIuTe 610~
cepbl oT ynsTpadHONETOBOTO OOIyYeHHS.

1.5. AToM # Monexkyna asora

VHcxons m3 BHILIEU3NIOXKEHHOTO MO KMCJIOPOAY HETPYAHO 3aKJIIO-
YHUTh, YTO BCe MHOTOATOMHBIE MOJIEKYJIBI 06pa30BaHbl H3 MOJOXNTENb-
HBIX aTOMOB TTIOCPEACTBOM 3JIEKTPOHHBIX MOCTHKOB.

B pesynbTate AOCTATOYHO CAOXHOTO ¥ Pa3HOCTOPOHHEro aHanusa
COeAVHEHHH 2307Ta YCTAHOBICH M3OBLITOYHEBIH 3aps] ero aToMa

- Z, = 1,5505873 - 10 K»n, 4T0 noagonseT oNpenentTh €To COCTaB.

A=14,003074 a.c.; A;=14 a.c; AA =3,074-107° ae.

p = Zn—AA-C_15505873-107 — 1479955107
‘ C, -15,995688107%°

= -9,6012612-107" ¢ /a1ou, (1.39)
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AA-m, +k, -m, 51045921-10" -8,6780874-107" _

k, = =
? m, 6,8557572-107°

= 6,1798912~ 10° 3/atom (1.40)

Az=k, -2=12283549-107"" Ka, (1.41)

Z, =(Az+k, -€)=15505872-10"" Ka (1.42)

w,, = 19355856

U3 s3Toro ananuia cnenyer, YTo MO0 3apal aToMa a30Ta 3aHHXEH
Ha 4%, 1m6o cpeau 1000 atomos asota uMeeTcs 40 aTOMOB, Y KOTOPBIX
BCE CTPYKTYPHEIE /IEKTPOHBI HAXOAsTCA Ha cBoMX MecTax. [ipuMem Bep-
HbIM Bropoe nonyuexue. U3 (1.40) creayer, 4To B aTOME a30Ta UMeeT-
st M3GBITOK K, 3MEKTPHHO.

Mo.uexyna 430Ta MPOHHEEe MONEKYIb KMCJOopoda B CHMIY TOTO,
YTO OHa oOpasoBaHa ¢ NMOMOILIO ABYX 2JEKTPOHHBIX MOCTHKOSB
(puc. 2). DHeprus OMUCCOLHALUN MONEKYNBl KHUCIOpOAa COCTaBageT
E,=8203 107 Jx., a monekynw asora E,=15,637 10" Jxc. N36p1-

TOYHBI 32PAX MOJIEKY/IBI 30T {y JIETKO YCTAHARIMBAETCS:

gy, =2Z, +2e =-1032038-10"" Kz (1.43)

TTpoYHOCTD COEfUHEHUST ATOMOB B MOJIEKYJIe HAacCTOJLKO BEJIKKA,
4T0 OHa B atMocdepe He NMOABEPraeTCs AUCCOLMAUMH. 3TO NPOUCXOAHT
TOJBLKC B IPO3OBBIX pa3psifax.

1.6. Monexkynsi BOgb!, BOQRHOrO napa
M MOHOKpUCTania Bofbl

Chauana HeobXonuMo pa306paTses cO CTPYKTYpOl aToMa BOJOPOA.
TTockonbKy BOAOPON THNMYHBIH ABYXAaTOMHBIN a3, TO SCHO, YTO KaX-
Ablfl aTOM NMUIEH OJHOTO CTPYKTYPHOTO 31€XTPOHa, T.e. kK, =-1. Toraa
BCe OCTANbHEIE [IapaMeTphbl aTOMa pellaloTCs JIEIKo:

A=1,007825a.e.; Ay = 1 a.e.; AA=7825-107 ae.
AA-m,+k,-m, 129,9396-107 - 9,038487-107" _
m , 6,8557572-107%¢

=1,7634976-10°, /aron (1.45)
25

k. =

2




AZ =k, -3=3,5052412.10"' Kn (1.46)
Z, =(Az+k, €)=16372416-10"" Kn (1.47)

w, =2,0437556

XoTsl 3HEpIUA AMCCOUMALIMY MONEKYIE Bojopona, E,=7,17-10%
e, cooTBETCTBYET OAHOMOCTUKOBOM CBS3M MEXIY NMapoil aTOMOB, Ha

CaMOM Jie/ie 3Ta MOJIEKyJ/la ABYXMOCTHKOBAS, ¢ H3OLITOUHbIM IIOA0XY-

TenbHBIM 3apsgoM Z ;. (Puc.3):

Z, =27, +2e=7,01048-10" Kz (1.48)

3xecs HeOBXONUMO OTMETHTE, YTO B [3, §14] aroM BoOpOAA pac-
CMaTpHBAJICH KAK HE MMEIONIUH TedHUUHTA B CTPYKTYPHEIX 3JIEKTPOHAX,
a MOJieKyJla BOAOpoAa — OJHOMOCTMKOEBOH. AHAIH3 3JIEMEHTOB NIepHO-
AMYECKOM CUCTEMBI, MpOBCASHHBIH yXe nocie Beixoda (3], mokasan
OLIMGOYHOCTh TAKOro NoaxoAa. B CBI3H ¢ 3THM NepecMaTpHUBaeTCa 1
CTPYKTYpa MOJIEKYJIbl BOABI, KYA& BXOLST ABA aTOMa BOJAOPOAA.

TeopeTnyecku BosMOXHBI TPH COPTa MOJIEKYb! H,0: IBYXMOCTHKO-
Basl, peabHO MaJOBEpPOSATHASA BBHAY CAMINKOM GONBLIOIO H3GBITOYHOIO
3apsga, paeHoro 1,645 -10-° Ki; TpeXMOCTHKOBAsA, ¢ HeGOMbIIHM NOJIO-
XUTENbHEIM 3apsSaoM U 4ETHIPEXMOCTHKOBAs ¢ H3OLITOUHBIM OTPHLA-
TeNbHEIM 3apsiaoM (Puc. 31 4).

Zyo=2Zy+2Z, +3e=430031-10" Kz (1.49)

Guo =ZLo+2Zy; +4e=-15591861-10" K¢  (1.50)

Hanuaue ABYX COPTOB MOJEKYN C NOMAPHBIMH, XOTA H HE paBHBEIMH
o MOAYNIO, 3apsiilaMH AeNacT HCBOZMOXHBIM HMX pa3le/bHOe CYILIeCTBO-
BaHUE B COMHOMH TepMOAMHAMHUYECKOH cucreMe. MMEeHHO NO3TOMY Mo-
JIIpHbIe MOJIEKYJIbl COEAUHSIIOTCS, 06pasys 6oJiee CIOXHYIO MOJIEKYITY
napa. B [3, §16] xoppexrHo foKazaHo, YTO MOJEKY/A NIapa, HA3BAHHA
TpHaLoH, umeeT dopmyny (H,0),. Iipn TakoM KoTHYECTBEHHOM COCTAaBe
TPHaAbl BO3MOXHEI TONBKO JBE CTPYKTypHbIe ¢dopMel. Obe Tpuaasl npo-
CTPAHCTBEHHO JIMHeHHb!. [lepBas obpasoBaHa AByMs1 3JIEKTPOOTPHLIATE -

HBIMH MOJEKynaMu (H2 O)_ ¥ OOHOM 3JIEKTPOHONIOXHTENLHON

(H,0)" nocepenune. Bropass — nByms 3JICKTpOIONOXKHTEIBHBIMH B

OIHOMH EKTPOOTPHLIATEIILHOM B cepeanHe. XoTsa 06e TpHaasl NEeKTPo-
OTPHMHATEALHBI, HO BBHIY CHMMETPHYHOTO pPacnioloXeHUsl B HUX MO~
JISIPHBIX 3apsiioB, OHU OBICTPO U JIETKO COCAHHSIOTCS APYT C APYTOM,
KOHIAEHCHPYSCh B XHAKYK (pasy. Oba copTa Tpuaj cyuleCTBYIOT pas-
AENBHO TOJAbKO B CHEUMalbHbIX TCPMOANHAMNYCCKHX YCJIOBHUSX, OTBE-
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Puc. 1. OAHOMOCTHKOBOE COSXMHEHME Maphl aTOMOB B MoJlekylte O,.
a — Gosbuias, b — Majlafg OCH MOJIEKY/IH

Puc. 3. [TonoxuTenbHas MOJIEKyIa Puc. 4. OTpuuaTenpHas MojleKyna
BOJB (TPU 3NEKTPOHA CBA3M) BOON (YeTHpe AeKTPOHA CBS3U)

Puc. 5. TpexmocTukosas mMonekyra CO,
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qajoumx P=P u T > 100°C v ipu P < P,. IIpn OBBIYHEIX X€ YCIO-
BHSIX 3eMHOM aTMoceph TpHalbl l1apa HEMEWIEHHO KOHAEHCHPYET
B Xuakywo ¢asy c xkosabduneHToM koHaeHncauum ¥ = 1253,7013
(3, § 17], T.e. 1253,7 (cpenHee umcno) TPUaM, COSANHIACH, GOpMHpPY-
10T MUKPOKPHCTAJUIHK BOAbI, Ha3BaHHBIM CYIIEPOCUMINSTOPOM XHAKOMH
¢asbl. Kak ycTaHOBREHO, CyTIepoCcHWATOP 061adaeT BceMH CBOMCTRa-
MU KpHCTaUla TBEPAOTro Tena. T.0. MOHOKPHCTAILT BOAN {CYTIepOCIiWLs-
TOD) ABJSAETCS CTPYKTYPHOH eXMHMLEN Xuaxoit U TBepaoi ¢da3 BoOH M
XapaKTepU3yeTcsl CIeAYIOLMMU (PU3NYECKUMH CBOHCTBAMHU:

mg =y -m, = 1253,70]3 8’9746569 108 ke =

= 1,1249825 102 k2 (1.51)
(an +49r.)  ~147318-107° —3,0753691-107"
s = —-——--——--—-J/ = . =
2 2
=-2,8512608-107"° ks (1.52)

rae mS -— Macca CynepoCumnInATopa, qS — ero M30BpITOYHBIHA 3apsn,

qr 1 gy, — 3apROB NEPBOH U BTOPOH TPHAn, M, — MAcChl TpHaA.

1.7. 3apsg atoma aproxa
M MONeKyns! MoKcuga yrnepopa
ApProH — OBHOATOMHBIl GaropoAHLIN ras, cOCTaBISIOIINH 3aMeT-

Hyio xojio atMocdepsl (0,934% no obbeMy) H O3TOMY HEOGXOAMMO
paccMOTpeTh €ro 3apsaoBYiO CTPYKTYpY.

A=39,962384 ae.; A, =40 a.e; AA = -37616-10"a..
X¥MiiecKast WHEPTHOCTb apTroHa CBUAETEIILCTBYET B OAb3Y TOIO, YTO
k¢=0, T.€. aTOM colepXHT B ceGe Bce 120 CTPYKTYPHBIX 37IEKTPOHOB, a

BeULHT AA €CTh CBHIOETENLCTBO AeUINTA CTPYKTYPHBIX IEKTPHHO.

_AA-m, +k,-m, _ -624,64001-107"
? m 6,8557572-10°%

K]

k

= —9,1111746-1063/amM_ (1.53)
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q, =k -3 =—1,810995 102 Kz (1.54)

w, =-022606513 (1.55)

W3 aTux JaHHBIX cIeAyeT, YTO aTOM aproHa o6aagaeT B30bITOYHBIM
OTPUIATEIBHBIM 3apSIOM, 00OyCIOBIEHHBIM AeDUIHNTA K, CTPYKTYPHBIX
9NEKTPHHO.,

Mornekyna AHOKCHAA YITIepola CONCPXKHUT TPU ITSKTPOHHBIX MOCTH-
Xa 4 MOTOMY O4eHb NpoyHa (puc. 5). Ero conepxkanue B aTMochepe
cyllecTBeHHO H cocTapiidger 0,0645467% no macce unu 0,0314% no o6b-

emy. M36prmoyHBIi 3apsil MOJIEKYNEI OTPULIATETICH M PaBEeH Jco, -

Geo, =L, +2Z, +3e=—6,67813-10"" Ka, (1.56)
rae Z = 1,5896095- 10-° Kn — u30LITO4HBIH 3apsan aToMa yrjepoaa.

1.8. 9nekTpocraTuueckuin 3apan aTMocgepbi

Cratuveckuil 3apsaa BCSIKOTO Tesa, B paMKaxX eIMHON Teopun dpusn-
K#, pa3BUTOMN B (3], ecTh M3OLITOUHBIA 32PN CTPYKTYPHLIX 3JIEMEHTOB,
o6pasyrolmux 310 Teno. Crarudeckuii 3apsaa aTMocdephl (Toro Win HHO-
TO 3Haka) obpasyeTca cyMMoii 3apsaos ocuwisitopos. [pu aToM ele
He co3laH Nnpudop, KOTophbiil Mor 661 H3MEpUTh W3OLITOYHDIN 3apsa
aTOMOB M MOJIEKYIJ, €TI0 ellie NPESACTONT co3aaTh. CTapoe npeAcTaBIcHHe
06 2:1eKTPUECKOM TOKE, B OCHOBE KOTOPOTO JIEXHUT HAaNpaBIeHHEIN Me-
peHoc 3apsaoB B eIMHMIy BpeMeHH, 6e3HagexHo ycrapeno. Cornac-
HO 3TOMY IIPEACTAaBJICHUIO CTPYA a30Ta WIH BOAAHOIO Napa €cTh TOK,
HOO CTPYKTYPHbIE 3JIEMEHTDHI 3THX BellecTB ofnanaloT n36bITOUYHBIM
sapsagoM. Ho xTo MOXeT Tako#i TOK HAlIpaBMTH 1O NMPOBOAHUKY, KaK
BTO MBI AejlaéM C T€HEPATOPHEIM MM aKKyMYJNIATOPHBRIM TOKOM?
ODTHM A XO4y cKa3aTh, YTO YCTAHOBIEHHE H3OHITOYHOro 3apsna
OCHWINATOPOB KOPEHHMM 06pa3oM M3MEHSET CIOXHBUIHECA Bpel-
crasineHus. Tak, crarndeckue 3apaabl 06J1aKOB 0YeHb BEJIMKH, B UYeM
MbI yGeaAuMCS HMXe, HO OHH He CO3J4al0T rPO30BLIX pa3psaaAoB, ub0
TocIeNHHe ABAAIOTCS CNEACTBHEM AHHAMHYSCKOTO 3MeKTPHYECTERA.
B cBoO ouepens, IUHaAMHYecKoe aTMOcGhepHOE 3JEKTpHUECTBO BO-
3MOXHO TONBKO PN HATHYNY OTPHLATEIBHOTO CTATHYECKOTO 2apsiaa.
ITpu 3TOM NpHposa reHEpaTOPHOTO TOKA M JHHAMHWYECKOTO MEKTPH-
yecTBa aTMocdephl eIHHa.

ITpoBeneM KomrdecTBEHHBIH aHATN3 CTATHNECKHX 3apSANI0B MATH BaX-
HEHIWNX KOMIIOHEHTOB aTMocdepnl, Ha JOMI0 KOTOPBIX NMPUXOAUTCSH
96,22% no macce.
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1.8.1. Bxnag sonbi

M, = 1,901 10'6 k2 — xonu4ecTBO arMocdepHoii Bonnl (7, ¢. 92;

13, c. 175]
m, = 11249825 1072 ke — Macca CyNepoCIMLIATOpa BON,

N, =M, Jmg =7,0232203- 10°® — umcio CynepoCUMLIATOpPB aT-

Moccepbl,
0 =Ng-qs = -2,0025032-10% Kz — cymmapHBI# CTaTHYCCKMH

3ap;111.
1.8.2. Bxnan asorva
M, = 3,976965- 10'¢ xz — Macca asota B armocdepe [8, c. 29]
m, = 4,6507976- 107% ke — macca Monekyl,
N, = M, /m, =8551146- 10% — 4mncno MoneKyn B aTMocdepe,

0, = N, -q,, =-88251076-10" Kz — cymmapustit 3apax.

1.8.3. Bnap aprona
M, =744- 10'¢ xz — Macca aprosa B armocdepe [9, c. 138]
m, = 6,6361996-107% k2 — macca aToMa,
N, =M, /msv =1,1211236-10** — 4ncno aToMoB B arMocdepe,

O, =N,;-q, =-2,03035- 10 K1 — cymmapHBIit 3apsn.

1.8.4. Bxnap anoxcuaa yrhepopa
M, =3,4-10"° xz — macca raza B arMocdepe [9, c.138]
m, = 7,3050953.107% k2 — Macca Monekyne CO,,
N,=M,/m, = 4,6542856- 10 — 4ucno monexkyn B armocdepe,

Q.= N, qco, =-3,082762-10" Kz — cymmapubiii 3apsia.
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1.8.5. Bxnap xucnopopa
M, =1-10"* ke — Macca raza B arMocdepe |9, ¢. 138]
m, = 53122271 107% xz — Macca MoNeKy/I, |
N, = M, /m, =18824496-10* — 4ucno Monekyn B armocdepe.

Z(0)= N, -Z, =2,9140052-10* Ka — cymmapHbI#i 3apsi.

OueBunHO, 4TO GalaHC CTATUYECKOIO 3apsAna arMocepsl, Kak eiu-
HOTO LIENIOTo, ONPEACIMNTCS U3 anTeOpandecKol CyMME] €¢ KOMIIOHCHTOB.

Z,. =Z2(0)+Q,+Q,+0,+0,=18106325 109Kz (1.57)

rae Z_, — doHoBbI cTaTHYeCKUH 3apan aTMochephl, NPeBATHPYIONMA
HaJ CYMMOM oTpHLaTeIbHOTO 3apaa.

Takum o6pa3oM M3 TATH BAXHEHIINX KOMIIOHEHTOB aTMOocdephl Ye-
ThIpC ABNAIOTCA HICTOYHHKOM OTPULATCJIPHOIO CTATHYECKOIC 3apsna, co-
cramnsiouero Q. ;

0, =0, + 0, 0, + Q,=-11.0337286 10°Kn  (L5¥)

ITockonbKy rpo3oBble SIBJIEHUS TIPOUCXOAST NIPEUMYLIECTBEHHO B
Tponocgepe, orpaHU4CHHON BhicoToi =1,2 - 10* M, TO HeoOXoaAHMO
YCTAHOBHTD 3apsabl Tponochepbl. 3TOro MOXHO AOOUTLCS Ycpes onpe-
genenue Macch Tponocdepri. IInoTHocTh atMOcdeph! Ha BricoTe h co-

crapaser p, = 0,3260075 ke/x’[10, c.1194], a cpennec reoMeTpudec-

KOC 3JHa4YeHHE INIOTHOCTHU TpOﬂOC(bCpbl €CThb P .

0= 4Py Pn = V1,225-0,3260075 = 06319486m/M3 (1.59)

O6veM Tponocdeph B ee Macca COCTABNAIOT:

Vip =f§7£[(Re +h)’ —Ré;] =6,129238-10 »» (1.60)

M, =V, p=38733633-10" =73533% M,  (L.61)
rne M, = 5,2675038 - 10" xr macca arMocgepnl. Hicxoas us nonn
Tponocdepsl, HE BXOASA B JETAIM, MOXEM 3alIHCATh:

Q, =0,73533 - Q,, = -8,1134319 - 107 Kn (1.62)
vy =Q /v, =-1,323726 - 10° Knas (1.63)

Z_=0,73533 - 10¥Kx, (1.64)
Z(V) =Z NV, =3,4959572 105 Knior (1.65)
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Wrax, Mp! ycraHoBHIH, 4T0 POHOBBLIN CTATHYCCKUH 3apsii aTMOC~
¢ephbl OTPOMEH M OH HONOXUTENeH. BIH30OK K HeMY N0 BEIMYHHE OTPH-
LaTeNbHbl 3apsal, KOTOPbIH ABIAETCS OCHOBOM 3NEKTPHYSCKHUX TOKOR
atMocdepst, B 4eM MbI YoeauMes Huke. Crarudeckue apansl atMocde-~
pHl GOPMHUPYIOTCS 3apsfaMy OCHWUISTOPOB, AJ18 KOTOPBIX H3GHITOYHEIH
3apsi ABNAETCS UX BHYTPSHHUM ¥ IIOCTOHHBIM CROMCTBOM.



MMABA 2

OCHOBbl HEMAKCBENNOBOW
ANEKTPOANHAMUKHN

2.1. CraTnueckmii 3apsn
NPOBOAHKUKOB M MPOBOAVUMOCTL

AHanu3upys SBleHMe 3NEKTPOMATHUTHOK MHOYKLUMM, Makcpenn
3aKMIOYWA, YTO MPHIWHA MOABAEHHUSA 3.04.C. HHAYKUHH COCTOUT B BO-
3HHKHOBEHHH 3JCKTPHUYECKOTO NOJA, 2 IPOBOIHUKH MIPaloT BTropocTe~
NEeHHYIO poib U SRNMIOTCH TOJILKO CBOETO poja npHbopoM, obHapyxXH-
BajoluM 310 none |11, ¢. 276]. B aroit mase Mu yGeauMcsi, 410 370
COBCEM HE Tak.

2.1.1. MpaHunubl NnoHATUA “none”
B efUHOW Teopuu (U3NKK

MoxeM i MH CKa3aTh IoJic Macchl i-To Tena? Pasymeercs — Her.
IMouemy? IToToMy YTO Macchl BIaMMOAEHCTBYIOT TOABKG KOHTAKTHO H
TOJLKO NMPHIOXHB U3BECTHYIO CHIIY K HeIIOABHXHOMY Tel1y Mbl MOXEM
YCTAHORMTSH €70 Maccy, 10 CISACTBHIO IPUWIOXEHHONH CUNbl. A €C/IN MBI
pa3sMecTVIM ABa JIEKTPOHA B BAKYYMHOM IIPOCTPAHCTBE C PAacCTOSSHUEM
r Mexay HUMI? B aTOM cyyae MBI 1IeTKO YCTAHOBHUM CHAY OHCTAHLUH-
OHHOIO B3AaUMOICHCTBMSI MeXIY HUMH IO CKOpOCcTH MX paziieTa. [loye-
My npoucxeauT pasner? [Toromy uTo cTaTHdecKuiil 3apaj 37€KTpoHa
pacnpocTpaHgeTCsl OT HETO B IMPOCTPAHCTBO € DeCKOHEYHOM CKOPOCTHIO,
ToT Xe pe3ynbTaT MbI MOJY4HM, €C/IH BO3bMEM Mapy EKTpuHO. To
€CTh, CBOOOIHbBIC 3apsIIBl TEJl B3aMMOLCHCTBYIOT MeXRy coOoil iMcTaH-
LIMOHHO, Ha M06bIX paccTOSHMAX OT Tei. ClenopaTelbHO, IHCTAHLIMOH -
HOE B3auUMOJIeIICTBMC 3apAIOB €CTL HEOThLEMIcMoe uX ceoicTeo. C yue-
TOM 3TOTO 104 3ACKTPHYSCKUM NMOJEM NOHNMaeTcs chepa AeHCTBUA
CTaTHYeCKOro 3apsna (¢, z, Wiu 3apsaaoB oboux 3Haxos). IIpu sToMm
BeJIMYMHA 3apsifa UCTOYHKHKA HE 3aBHCUT OT PACCTOSIHHS M MHCTA APYTHX
3apsA0B, B3aUMOACHCTRYIOWNX ¢ HUM OgHOBpeMeHHO. Cuila Xe B3au-
MoZecTBMA 3aBUCHT OT PACCTOSHHS U MMEET BUL:
E:a.u-_—:a.i_"}_’[{ (21)

r v
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-z
F=a%1Zp (2.2)

e o = 1,0404472-10%° Jxuc/Ks? — anexTponuHaMudIecKast TOCTOSH-

Hast, § — OTPUIATENbHEI, Z -NOJOXUTENbHELA 3apaasl. B (2.1) 3Hak
mepel 3HaYCHHEeM CHJIBI MOJNOXHMTENeH, a B (2.2) — oTpHUATENCH, nbo
0OyCJIORNEH B3aMMOAEHCTBHEM NONSPHBIX 3apsJOB B CBUAETENLCTBYET O
B32MIMHOM TIPHUTSDKSHUHM UCTOYHHKOB 3apSlIOB.

B cnyyae ke B3aUMOAEHCTBUSA IAPHBIX 3apSAA0B MEXY KOMITO3HUL M~
OHHbLIMH TCIIAMHU ( COCTOALIHUMH U3 ATOMOB U MOJIEKYJI, & CACHAOBATCIb-
HO, M3 37ICKTPOHOB M NICKTPUHO) CWIa B3aMOACHCTBMS 06paTHO npo-
MOPLHOHAIBHA KBAAPATY PACCTOSTHUSI U UMEET BUI:

.z
F,=27'Q‘7lvH, 2.3)

I

e y = 3,6473973-10° [ m/K¥ — anexrpocTaTiyeckas NOCTOsHHAS,

Q, — cBODO/HEI OTPULIATENBHDIM 3apsil NIEPBOTO Tena; Z — cBoboaHbIA
TOJIOXKUTENBHBIIN 3apsin Broporo rena. CooTHoneHYe (2.3) ecTh YpaBHCHHE
BCEMHPHOTO TATOTCHMA, BEIBOJ KOTOPOTO AaeTcs B [3, §24].

B paMKax HOBOH TEOPHH SHEPIUd B3IaUMOACHCTBHSA MEeXRY CTaTHYeC~
KHMH 3apsiiaMH He 3aBMCHT OT PAcCTOSHMS MEXINYy HHMH KaK A
37IeMEHTAPHBIX YaCTHL (3MCKTPOHOB U 3MEKTPUHO), TAK U AMA KOMIIO-
3ULIMOHHBIX TEJI.

TaxuM 06pazoM, IOHITHS NEKTPHYSCKOE NOJIe H TPaBUTAHOHHOE
noJie BKAIOYAKT B cebs TONBKO NMPOTSIXCHHBIC B IPOCTPAHCTBE CTATH-
YECKME 33PsLAbl 37CMCHTApHBIX (3/IEKTPOHA M 3JCKTPHRHO) B KOMIIO3H-
UHOHHBIX TeJl. MAarHMTHOE TI0JIe MMEET NPHHIIMNHAILHO APYTYIO IPUPO-
Ly, XOTA ¥ 6azupyeTcs Ha CTAaTHIECKOM ToJe.

2.1.2 3apspoBas CTpPyKTypa
aToOMOB MeTrannos

THIMTUYHBIM ¥ OYeHb LWIHNPOKO NMPUMEHSAEMBIM 3JICKTPONPOBOAHUKOM
SIBJISACTCS AJIIOMUHMHA, HA aHA/IN3e (PHUIMIECKHX CBOMCTB KOTOPOIO Mbl H
OCTAHOBUMCA.

A=27981540ae;4,=28a.e;, AA=-1846-10" ae.

Ha ocHOBe aHani3a MOMYIIPOBOIHUKOBBIX COSAUHEHNH A/HOMHHUS H
WHINS YCTAaHOBJEH U30BITOYHEIN 3apsa aToOMa aIOMHHNSA:
q,=—1,5562191 - 107 Ki. A Bce ocTanbHEIE TapaMETPhI ATOMA yc-
TaHARITHBAIOTCS:
34



fo 4o AA-C, -15562191-10° +osss744 102

o ~15,995688-10™"
=0,91733765 e/atom (2.4)
¢ o DA-m, tk om -306,54122-107" +8291345-107" _
: m, 6,8557572- 107

«—4,3503565- 10° 3/atom 2.5)

Aq =k, 5 =— 8,6470483 - 10! K1,

g, =(Ag+k,-€)=-1556219-10"" Kn (xontpons)  (2.6)

W = — 1,9426158. :

W3 3TOoro ananmusa cienyet, 4to B cpeaHeM Ha 1000 aToMoB amoMH-
HHR npuxoautcs 917 U3ObITOUYHBIX, HECTPYKTYPHBIX 3JIEKTPOHOB M KaX-
IObIH cpemHMil aTOM HMeeT NeULIMT B CTPYKTYPHBIX 3EKTPHHO, COCTaB-
nsnouteit 4,35 - 108, TimaTenbHOe U3ydeHHe 3apsANOROM CTPYKTYPH 3JIE-
MEHTOB NePHOIUYECKON CHCTEMBI NIOKA3AJI0, YTO AHAJIOTHYHOE ATIIOMH-
HHIO CTPOCHHE MMEIOT M BCe ocTalbHbIe MeTa/UIbl. B cocTake kpucTawin-
4ECKOH CTPYKTYPhI 3J€KTPONIPOBOAALIHUX HEMETAIOB, TAaKUX KakK rpa-
pUT, KpeMHHUI1 ¥ TepMaHUi 0OHAPYXEHBI 3EKTPOHEI CONPOBOXIECHHS,
HECTPYKTYPHBIE 3JIEKTPOHDI, CYMMAapPHbIil OTpULIATe/IbHBIN 3apsil KOTO-
PHIX MPEBOCXOMUT YOOXUTENBHbIN 3apsi B pacyeTe Ha OAUMH atoM. B To
XK€ BpPeMsl CTPYKTYPHBIE 3JIEMEHTHI BCeX THITMYHEIX JU3IeKTPMKOB obna-
JAIOT MOJIOXHUTENLHBIM H30LITOYHBIM 3apsnoM. OTclola CTAHOBUTCHA AC-
HbIM, 4TO B OCHOBE SNICKTPONPOBOIHOCTH METAJUIOB IEXHUT CTATHYECKHH
OTPHUATENLHLIN 3apsij] aTOMOB.

2.1.3.9nexTpuyeckui ToK

B paMxax HOBO# TeOpHH HOCHUTENEM JIEKTPUGECKOIo ToKa, €10 KBaH-
TOM, SIBAAETCA MCKTPUHO, 06Aaaolice NMOCTOAHHAIM TONOXHTEAbHEIM
3apsioM 3 , M TIOCTOSSHHOMN m_ . DJIEKTpHYECKHH TOK — 3TO AWHAMH-
yecKas CHCTEMa, B KOTOPO# aHcaMOy1b 3N1eKTPHHO BUXPEBBIM NNOTOKOM
ABMXETCSA BAONL NPOBOAHMKA C MOCTOAHHON CKOPOCTHIO

v,=2,8992629 - 10° M/c. CrnoBoil OCHOBOM TaKOTO NBUXKEHHUSA SBISETCS
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SHEePTUS B3AMMOACHCTBHS IOJOXHUTCIBHOIO 3apsala 3;1EKTpHHO C OTPH-
LATENLHDLIM CTATHYCCKUM 3apSiOM NPOBOOHUKA. 1paeKropusi npo6HOro
3NEKTPUHO U3 COCTaBa BUXPS NpeICcTaBngeT cob0ii BUHTOBYIO JHHHUIO
BOKPYT IPOBOJHUKA € 0yeHb MajsibIM maroM (10-'? M) U nepeMeHHBIM
paguycoM.

B cTapoil anexTpoamHaMiKe OBIJIO NPYWHATO TOBOPUTH “BUXPEBOE
2IeKTPHYEcKoe 110J1e” BOKPYT NMPOBOZHUKA. B HOROM TeOpHH TaKoe Bhl-
paxeHHe HEKOPPEKTHO, HOQ Mbl Teriepb 3HaeM, 9To BUXph oOpa3oBan
3/IeMEHTAPHBEIMM HACTULAMH M CJIEAyeT TOBOPHUTh “BHXpeBOM IMOTOX”,

PaccMOTpHM KOMMYeCTBEHHBIHA aclieKT ToKa 110 ATIOMHHUEBOMY TIpO-
BOIHHUKY. [Ins 3HEPTUH npoOHOTO 3CKTPHHO MOXEM 3alTHCATh CUCTEMY
M3 [BYX YPaBHEHHN:

E =a3q )
_ .

E =m,-u-r o,

TAe 4, -opBUTanbHaA CKOPOCTh NEKTPUHO NPH paguyce OpOHTHI 7, ,

@, = 1 ¢ — axr p3ayumoneiicTeust. [TOCKOIEKY A i-To TIPOBONHHKA

€ MOCTOSTHHLIM CTAaTHYECKHM 3apsiiOM ¢, 3HEPTHS 3NE€KTPUHO €CTb
BEMWUMHA MOCTOSTHHAA, TO U3 (2.7) cilenyeT MOCTOAHCTBO MPOH3BENES-
HUS 4, r,, KOTOPOE €CTh HH 4YTO MHOE KaK CEKTOPHAJIBHAN CKOPOCTh
3EKTPHHO B CTATUYECKOM 10716 TPOBOAHMKS, V
a-3:q.
Vs; =u,r= 224 = Const (2.8)
m, @,
U3 (2.7) TakXe cneqyeT, YTO KAXKObIii MPOBOLIHYK MOXET XapakKre-
PHIOBATLCA CTATUYECKIM TIOTEHLIMATOM, 0ojlee YAOGHDBIM B PAKTHYEC-

KHX 3ajadax, @,;:

@, = a-q, = Const s i-ro IPOBOJIHHUKA. (2.9)
JIns amoMuUHBA UMeeM;

@, = 1,0404472.10% -(—15,562191- 10'2") = ~16,191638B, (2.10)
v - 2Pn _~3218354-1077
“m, @, 68557572:107°
OTpHUAaTeNbHBIM 3HAK Nepe] 3HAYEHNEM CEKTOpHATbHOH CKOPOCTH
€CTh CBUIOETCIIRCTBO TOIO, YTO ABHKECHHE JJICKTPHHO NPOUCXOIHUT B I'pa-
BHTALIHOHHOM TIOJIE HEHTPANBHOIO TEja, KOTOPBHIM CIYXKHUT NPOBOAHHK.

DNeKTPINMECKNM TOK B 1A hopMUpyeTCs KONMNYECTBOM IJIEKTPHHO,
paBHbIM uMciy @Ppankiuna N,

= -4,6943815-107 y/c. (2.11)
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fgg=——=1A (2.12)
ea
rne N,= 5,0310306 - 10> — qucno ®panximta. DHeprusa ABMXEHUA
INCKTPYHO ¢AMHHYHOrO TOKA BAOJbL MPOBOXHMKA ABAsSCTCS (DYHKIIMEH
CTATHYECKOTO NMOTEHLIHANA NPOBOJHUKA:

E(i.,), = No 29, (2.13)

DHeprus NepeaaBaeMasi IHHUIHBIM TOKOM [~OMY Tely HPOHOPLIHO~
HaJlbHa YHCY IIOBTOPHBIX B3aHMONEHCTBII KAXKOI0 21€KTPUHO BHXPS
C 3THM TeJIOM, V.

Ei = N(D‘B{oivired (2.14)

Cuna, ¢ KOTOPOH YAEPXMBAETCA KaXnoe 3JeKTPHHO BUXPS B CTa-

THYECKOM MoJic MIPOBOAHMKA JIETKO OMpeAcasaeTed, €CH 3a4aTh pagiyc

op6uTthl. UccnenoBanue npoMeiiiieHHOR cetu {3, §21] nokasano, yro

cpeaHuit paguyc Buxps (CIuTad OT NOBCPXHOCTH NPOBOAHHKA)
r=1,1-10%wM, Torna ncxomas cuna F cocTapnder.

-26
F=2%a _ 3’218354“30 =-2,9257763- 10 H,  (2.15)
r 1L1-10
3T0 0e3 ydeTa CiJl B3AUMHOTO OTTUIKUBAHUS 3NICKTPHHO BUXPS.
Taxum oﬁpasoM ¥3 BHUICHITOXEHHOIO OAHO3HAYHO CIACAYCT, 4TO
ABICHHE 3NCKTPHYCCKOINO TOKA HEMBICIHMO 6e3 BUXpEBOTO NOTOKA 37I€K-
TPUHO ¥ 6e3 OTPULATEILHOTO CTATUYECKOTO TOJIsI TPOBOLAHUKA.

2.2. NOCTORHHLIA MarHuT.
MpoBoAHUK B 3NEKTPUHHOM MNOTOKe.
MonoXuTtenbHbi U OTPULATENbHbLIA TOK

B murepatype, ocelnamulelt 35IeKTPHYSCKIE SBIeHHS B atMocdepe,
TepMUHEI “MOJOXHUTENbHEIN M OTPHHATENLHOHN 3apsiabl 0o6naka”, “no-
JIOXUTEJILHBIH ¥ OTPHLATEAEHBI TOK” KOHBCKTHBHAIX IIOTOKOB H OCaAKOB
HMEIOT O4eHb IIMPOKoe XoxXaeHue. YToObl CHSTh BO3MOXHBIC pasHOUTE-
H{A HaM HeoOXOoAHMMO ONpPeaenuThCs B CYTH CTapoil TepMUHONIOTHH.

Bo-nepBbiX, HOCHTENb TOKA CAWH BO BCEX ClIyyasiX ero NposBiieHus
— OT 3JleMeHTa Bonbra 10 TOKa Ipo30BLIX 0ONAKOB — 3TO TIOJOXHTEIb-
HO 3apsDkeHHasi yacTuua (anekrpuHo). [TosToMy orpuuatenbHoro Toka,
T.e. TOKa CO30aBaeMOro NMOTOKOM OTPHUATENBHO 3apSKEHHBIX JIEMEH -
TAPHBIX HYacTHIL (B POJIM KOTOPLIX NOTEHLUMATIBHO MOIIM Gl Y4aCTBOBAThb
TOMBKO 3MIEKTPOHBI) HE CYIICCTBYET HH B NPUPOJE, HH B SKCTIEPUMEHTE.
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[ToaToMy B paMkax HOBOIi TEOpUH TOK He MMEET 3HaKa, ubo OH Bceria
nonoxureneH. OIHAKO B 3JleKTPOTEXHHUKE, TOBOPS O MOCTOSHHOM TOKE,
MBl HE MOXeM OOOHTHCE 6e3 NOJOXHUTEIBHOTO U OTPHULATEIBHOIO NIO-
A10coB, 6e3 MoJOXUTEILHOR Y OTPULATENBLHON KIEMM Ie¢HepaTopoB H
notpebureneit Toka. K aTo oba3siBaeT Hac pazobpaThes B huzudecKon
CYTH ITePEMEHHOTO TOKA U ABYX COPTOB IIOCTOSIHHOTO TOXA.

2.2.1. Pac4yeT cunbli MarHMUTHOW NopBecKu

HMeloTcsa nBa OAHHAKOBLIX KPYIVIBIX MarHiTa, MOJYYEeHHBIX CIieKa-
HueMm 80% xenesa m 20% 6opa, ¢ uHayKUUMeir B=7,5 - 10-¢ Tn. [Tnor-

HOCTb MarHuToB p = 7,39 10° xr'M~3. B oTBEpCTHE HIKHETO MarHHUTa,

PacoNoXeHHOro CEBEPHBIM IOJIOCOM KBEPXY, BCTABIEH ILIEKCHHIIA-~
COBBIH NEeCTHK LIMIHHAPHYEeCKoH POPMEI, Ha KOTOPHIH HacaXHBaeTCA
BTOPOit MATHUT ceBePHBIM TIOMIOCOM KHM3Y. BepxHuii MarHUT NpU NpM-
JIOXEeHUH BEPTHKANbHOUW CHIbI MOXET ONMYCTUTHCH A0 HHXHETO, HO NpH
NpeKpalicHUN JeHCTBHS CHIIbI Pe3Ko MTOAHUMAaETCA BBEPX, HEKOTOpPOe
BpeMs KayaeTcd ¢ 3aTyxalolleil aMIUIMTYOM Y OCTaHARINBaeTCA, CHAs
Ha MarHUTHOH noayuike, B COCTOSHHUM AMHAMUYECKOTO PaBHOBECHS
(Puc.6). I'eoMeTpuyeckn 3Ta cucTEMA U3 IBYX MAarHUTOB XapaKIepH3yeT-
cs CAeAYIOUIHMY BeTUYHHAMU:

R,=13-107m; R,=445102m; ¢ =14- 1072 M, £,=25- 1072 M.
Mrl MOXeM MOMYYHTH TOYHOE pellleHie aHTUTPABUTAIIMOHHOMN CHIB

MAarHMTHOIO IIOTOKA, nepxunalomeﬁ Ha BECYy BCpXHHﬁ MarHur, T.C.
cury MarHMTHOM NnoiBecKH. 3anavy MOXHO PEUINTL ABYMA cniocobaMy.

1) OBepreTnyecxoe pellicEde MATHUTHOH NOJBECKH.

§=m(R} - R )=5,6902095-107 »2 — (2.16)
nnomagk NOBEPXHOCTH NOMIOCA MarHurta,
V,=8-£, =79662933-10" w (2.17)
— of6beM OZHOTO MarHMTa,
F, =V, -p=0588709H — (2.18)
CHJIa rpaBHUTAllHH BUCAYECIO MarHHra,
P, = F, /§=103,45998 H/M* = Ix/m’ (2.19)

rpPaBHTalMOHHOE NABJICHHE BHCSYEIO MarHMTA Ha MArHHTHYK NOAYILIKY.

®opMalbHO NMpoU3BeicHHe V| p naeT MacCy B KMWJIOTpaMMaXx, HO 10
CYTH OHO oNpefeNiAeT Bec Teja, T.e. mg. OUeBHAHO, YTO AUHAMUYECKOe
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pPaBHOBECHE BHCSTYEN0o MarHMTA, HAcTyTalollee Ha BbicoTe /., , obycnos-

JIEHO PABEHCTBOM ABYX aHTHIIAPAICILHBIX HATIPSDKEHUH, COIIACHO ypaB-
HEHMIO:
P+ Pz =0 (2.20)
rae P, — HanpsXeHHE, CO3NaBAEMOE NIOTOKOM 3NEKTPHHO B NPO-
CTPAHCTBE MEXAY Mapoii MarsMTOB W MpeacTaBagolee coboil 00BEM-
HYIO0 KOHLIEHTPALIMIO 3HEPTUH MOTOKA B 3TOM NpocTpaHcTBe B JIx/ M.

V, = (R} - R?)-£, =14225523-10"% w* 2.21)

06BEM NPOCTPAHCTBA MEXTY MATHUTaMH. MarnvTHasi 3Heprus 3T0ro npo-
CTPaHCTBa COCTaB/sAeT £ .

E =V,(-P)=— 1,4717723 - 107 Ax (2.22)
[Ipu aTom eHepmﬂ OJHOTO 3JIEKTPUHO LUPKYIHPYIOLLETO IOTOKA

cocrarnger (npu @, =—16,512403B) & :
£, =39, =-32821113-107 Ax, (2.23)

a YuCJIO 3NEKTPHHO B 06heMe V), , obycnomnupaioumiee aHepruo £,
COCTABJISIET Nm :

N =E /g =4,4842242 - 10> 2.29)
CyMMAapHEIH 3JICKTPHYCCKVN 3apsil 3TOTO YMC/Ia 3NTEKTPHHO COCTARASIET
Z =>3'N =89131323- 10* Kn (2.25)

¢ obreMROM KOHUeHTpauuei Z(V) =Z_/ V,= 6,2655919 Kn/m>.

Teneps, nocsie YCTAHOBIEHMA 3TUX BEJUYMH, HE COCTABISACT TPyda
JaTh ypaBHeHMeE, PacKpHIBawllee HUINIECKYIO CYTh MATHUTHOTO Ha-
npsixexus P,

N -3¢ -14,717723-107°
P = Fe — 2 — = ~103,45995
" v, 1422552310 ’ /> (2.26)
2) CunoBoe pemenye MarHHTHON MOIBECKM.
OnpenenuM cEXTOPHANBHYIO NOCTOSTHHYIO IUIS XeJe3a:

V (Fe)= 25 = _47873797-10° w¥/c = Const @.27)
m,-a,,

C noMollibio 3TOH NMOCTOSAHHOM JIETKO ONpeaenseTca opOHuTanbHas
CKOPOCTH BUXPA BOKPYT XeJ€3HOTO NPOBOAHMKA, U, , B QYHKUMUH OT
MrHOBEHHOTO paauyca OpGuTHI 7, :

u = v (Fe)r, (2.28)

TpaekTopuu 3NEKTPHUHO MOCTOAHHOIO MATHUTA TIPOXOOSAT CKBO3b TENO
Margyra, r10 MeXaToMHBIM KaHalaM. BXOJAT B I0XKHBIH [TOIIOC, a BbIXO-
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AT U3 CeBepHOro. Mul MMeeM BO3MOXHOCTD YCTAHOBUTh PEaNbHYIO Ka-
HAJIOBYIO CKOPOCTb 3J€KTPHHO, €CTH H3IBECTHO MEXATOMHOE PacCTOsTHHE
MarHura, a . Jins uccresyeMoro MarHWTa Macca CpefiHero aToMa co-
crasisier m = 7,796339 - 10-% kr, 4TO HO3BONISET ONMPEACTUTh €FO0 MeXa-
TOMHOE PACCTOSHHE:

sfm/ p =3/10,54985. 106 =2,1932195-107° M (2.29)
Hpn 3TOM PAaCcCTOSHHUC OT OCH MEXAaTOMHOTIO KaHajia A0 aTOMOB CO-

CTABIISICT BENUYIHUHY +/2 -a, /2 , @ KAHQJIOBasi CKOPOCTD JNIEKTPHHO, ¥, ,
onpeacnaeTCst U3 COOTHOINCHMUA.

_2n(F)) . is60s85. 10° |
e /e (2.30)

3HakK (—) nepen 3HaYeHUIMH V,(Fe) U 1, o3HavaeT ABHXEHUE DNEKT-
PHHO B CHIIOBOM IOJIE HEHTPANILHOTO Tela. A KAKOBa CKOPOCTDh JICKTPUHO,
BBIXOOAHINX M3 HHXKHCIO MarHuTra, TP QOCTHEXCHHH UMM TOBCPXHOCTH

a

m =

U

BEPXHETO MarHMTa, T.€. Ha ynaneHun ¢, ? OHa cocTaBuieT i,

u, =V,(Fe)/t, =-1,9149518-10" m/c (2.31)

W3 cpaBHEHUA 3TOH CKOPOCTH ¢ KAHAJIOBO# CTAHOBUTCS O4YeBHAHOMN
NPUYMHA TOTO, NIOYEMY MOTOK 3JIEKTPMHO U3 HUXKHETO MarHMTa He BXO-
OUT B CEBEePHBIN MOIOC BEPXHETO: MOTOMY YTO Y NMOBEPXHOCTH BUCSTYE-
IO MarHyTa OH CTAJIKUBAETCS C BCTPEYHEIM NTIOTOKOM, CKOPOCTh KOTOPO-
ro BhHILIE HAa BOCeMb NopsakoB. IMEHHO NO3TOMY NOTOK 3MEKTPHHO
HIDKHETO MarHMTa HETIPeMCHHO HaMpapiAeTcsl He B MeXAaTOMHbIE KaHa-
N1 (3aHSIThie CUIBHBIM BCTPEYHBIM IIOTOKOM) BEPXHEIO MarHuTa, a Ha
caMH aTOMBbI ¥ OTAAET UM CBOKO cHIy. [IpH 3TOM CHJIa OZHOTO 3NeKTpH-
HO, OTHaBacMasl BUCSHIEMY MAaTHUTY M HalpaBJIeHHas IIPOTUB CHIBbI Tpa-
BUTALIMH, COCTABNAET AF :

AF, =m u v, =— 13128444 - 10%* H (2.32)

M nockonpKy A AMHAMMYECKOTO PABHOBECHUSA BEPXHEIO MarHuTa
CIpPaBel/IMBO YPaBHEHHE CHIL:

F +F, =0, (2.33)
tne F, =N _-AF — cymmapHas cula NIOTOKa, NlepenaBaeMas BUCsIe-
MY MarHuTy, TO OTCIOAa COBeplIEHHO KOPPEKTHO YCTaHaBMMBACTCA YHC-
JIO 3NIEKTPHHO B MOTOKE, N

F -F, —0,588709H

"TAF, AF, -13128444-107H
M3 cpasHeHus 3TOrO pesynbTaTa ¢ (2.24) caeqyet, 4yro oba cnoco-
6a pelleHHA 3a0a4M MPUBOAST K OOHOMY M TOMY Xe pe3yJbrary, oObsc-
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HAKLLEMY SIBIeHHE 6e3 BCIKUX HATSLKEK. D10 pcuIeHMe MarHMTHOM noa-
BECKM CBMIETEJLCTBYET B IOJIL3Y TOTO, UTO BCSIKOE MAarHUTHOE IoJie —~
3TO IMOTOK 3JEKTPHHO, OOMANAIONINX KaK MOCTOIHHON Maccoi, Tak u
MMOCTOSAHHBIM IOJIOXUTEALHLIM 3apaaoM.

2.2.2, TlonHas xapakTepucTuka
NnoToKa NOCTOAHHOIO MarHwTa

CyulecTByeT M3BecTHasg BceM popMyna cTapoil 3/eKTPOAHHAMUKI,
TipUMeHsieMasl AJIs pacyeTa HeoOX0AUMOH MeXaHUYeCKO# 3HEPIUM Ha
BpallcHHe KOHTYPa B MATHHTHOM MoJie:

A=1i 8 B Ix, (2.35)
Tae { -TOK, CHUMaeMBIi ¢ paMKu, S — Tiowaab KOHTypa, B — HHAYK-
LM MarHUTA. AHAIN3 B paMKaxX HOBOM 2JICKTPOAMHAMHKH TIOKa3all, YTO
31a GopMyJia OTMHCHIBACT HE 2aTPATHYIO MCXAaHHYCCKYIO FHEPTHIO, a 3MeK-
TPUUIECKYIO SHEPIHIO IIOTOKA MEXIY MONIOCAMH MarHHUTa, TAE TOYHEE
4epes § 06o3HaYaTh ILTOWAAL 101I0CA MAaTHHTa, a 9epes i, — CyMMap-
HBIH TOK MEXTONIOCHOTO NpocTpaHcTsa. EcTecTBeHHO, KilaccudyecKas
37IeKTPOANHAMHUKA HUKOHNM obpazoM He Momia pelnThb i, , W60 TaM
MarHUTHOE Ione — 3To BeccTpyKTypHas MaTepHs. B HOBOM aneKkTponm-
HaMUKe / MMEET KOPPEKTHOE pellieHHE:

i =N, 3@, A (2.36)
Tae (Om ~ qacToTa oﬁpame}mﬂ KaXaore 3J¢KTpHHO MnOoTOKAa qepes o~

moca MarHuTa. I1ocKOMBKY MBI yXe yCTAaHOBMIM 3HaYeHMe N, To anis
MardMTHOM 3HEPIUH IIOTOKA MOXEeM 3aITHCaTh CHCTEMY M3 IIBYX YPaBHE-
HUH:

Em = Nm. 3Pr
E,=N, >0 SB[ @37
M3 KOTOpPO# JIETKO HaXOAMTCSA HEH3BECTHBIN WieH @ :
. 19,9036

w =38691962-10°c™"  (3.38)

" SB  -4,2676571-10°°
OTpuuaTenbHBIH 3HAK Mepel 3HAYeHUEM B — 3TO yKa3zaHUe Ha
UMPKYIALHMIO YACTHL B CHJIOBOM MOJI€ LEHTPAILHOTO Tena, Ubo ecm
ydecTh IPUPOAY HHAYKLUMHU B HOBOM CBETE, TO MBI JOJDKHLI 3aIIUCATh
B=-7,5-10 Tn, o yeM ellle CKaAXeM HUXKE.
N -3¢
— — Fe _ 7 5
i, =N, 30, =—"2—""" =34486617-10" 4 (2.39)
Tonbko HEOOXOANMO NOMHHTS, YTO §, — 3TO TOK LMPKYIUPYIOLIErO
MOTOKA MOCTOSIHHOTO YHCNA 371eKTpHO N, yAEpKHBAeMOTO JaHHBIM

m
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MarHMTOM. 3Hasl MEXATOMHOE PACCTOSIHME B MaTrHHTe, 4, , MOXHO pac-
CYMTaTh KOJIMYECTBO MEXATOMHBIX KAHAJIOB, BHIXOAAUIMX Ha TOBEPX-~
HOCTH nonmoca, N,

-3
N, -5 _ 567020910 —=1,1829436-10"

a, (2,1932195-107°)

(2.40)

A 3Hasl IOJTHOE YHCJIO KAHAJIOB MBI JIETKO onpeacIsicM KaHAJIOBYIO

9acTOTy @, , T.€. YaCTOTY TIPOXOXAECHHMS 3JIEKTPUHO Yepe3 ofiuH MeXa-
TOMHBIN KaHa:
0, =0, n _14665619-10%¢"
k= @y =h (2.41)
N
k
B cBolo o4epens, 3Ta BENMIMHA MO3BOJSACT ONPEAE/IMTD KaHAJOBBIA
TOK /] ( KaK YBHAUM HUXe i, — 3TO cllie He OKOHYATENbHOE PEleHHUE):

i,=3w, =2,9150327 - 107 4 (2.42)

CoBeplIEHHO OYEBHAHO, YT0 KAHANOBBIH TOK — 3TO TOK OLHOH
TPAEKTOPUY WIH OAHON CWIOBOH THHUM (110 CTApOil TEPMHHONIOTHH),

B=9/S , (2.43)

rie S — ceuyeHNe ORHON TPaeKTOPUHM B NIOTOKe, BHE Tejla Maruura; @,

— KBAaHT MAarHUTHOro NMoToKa. ITockoneKy B H3BecTHAs BEJIMYMHA, TO H3

(2.43) onpenensiercd Kak §,, TaKk ¥ MeXopOUTanprHOE pacCTOAHHE B

noToKe A,

_ —7,7429542.107%

S =@, /B
of ~7,5-107

m

=1,0323938-107"" 2, (2.44)

h, = ®,/B =32130885-10"" m (2.45)

ITo cTapoit TEpMHHONOIUH A, — 3TO PARCCTOSIHHE MEXIY CUIOBEIMH
JTHHUAMH B IIOTOKE.

YT106bI MOMYYHTH NOJHYIO SJHEPTETUYCCKYIO KAPTHHY 7NIETPUHHOTO
MOTOKA HCCeayeMol Naphl MArHUTOB, PACCYHTHIBAEM KaHAJIOBOE HA-
npskeHue V, ¥ KaHanoBylo MoltHOCTh W, ( moxa B riepBoM NpHEmIKe-
HHM): :
V.=®, w,=1,1356218 - 10 B, (2.46)

W, =i, Vo0, @,0,=3 @, o} =3,3103746 - 10 Br, (2.47)
W'=N, - W, =39159864.10" Br, (2.48)
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E, =W} -7,,=39159864-10" Jix, (2.49)
rae W/, W' E' — npoMexyTouHble pelicHUs 3THX BenHunH. U3 cpas-

wenus E) ¢ E_(2.22) cneayer, 4TO NpM pacyeTe KaHANOBOIO TOKa He

YYTEHH! elle ABa 3JieMcHTa. Bo-nepBuix, He yuTeH paKTop KpYroBoi
LMPKYJISiMM IIOTOKA BOKPYr MarHura, 7. Bo-Bropbix, He y4TEHO 4HCI0
3NIeKTPHHO, 06pallaloIINXes HO OTHOH TPAeKTOPHM, Clied B cnel, T.e.
Hace/leHe OHOH CWIoBoH TMHuH, K . 3Hayenne K MOXHO yCTAHOBUTD
M3 CHCTCMBI ABYX YPAaBHCHMH:

Em = Nm. 3 ¢Fe
E,=nK,-E! (2.50)
N -3¢

K =—m - "F =11,9693 '
m - ; (2.51)

Ecnu B 3ToM ypaBHEHHH pacKpbiTh £, To MoAy4uM:

N ;(o
K — m Fe

Tenepb MBI HMEEM OKOHYATCJIPHOC PCUICHHE BCEX 2HEPTETHYCCKHX
BE/IMYHH MAarHUTHOTO INOTOKA!

i, =k sw,=1,09557669- 107 A (2.53)
W, =7rk, @, 30>=1,22441609- 10 (2.54)

W, =N, W, =14717721.107 Br (2.55)
E =W, - 7, =14717721- 10 ? Ix (2.56)

OTH pacyers! yOeAHTENILHO AOKA3bIBAIOT, YTO HOBasA NEKTPOJIHHA-
MHK2 cTIocofHa oObACHHTSD JTI06bIe 3IeXTpHYECKHE RIEHHA. B YacTHo-
CTH, B pPaMKaxX HOBO¥ 3JIeKTPOAMHAMMKH CTajlo OYEBUAHBIM, YTO Mar-
HMTHBI OTOK M 2JEKTPHYECKUH TOK MO MPOBOJHUKY OTIHYAIOTCA JHILIDL
OPraHU3aLMOHHO: JICKTPHUYECKHIH TOK — 3TO BUXPEBOH MOTOK NEKT-
PMHO BOKDYT TIPOBOAHUKA, AB/STIOLIETOCs NPOTSDKEHHBIM CHIOBBIM 1IEH -
TPOM, a MAarHHTHOE TIOJIE IOCTOSHHOIO MarsuTa — 3TO TOT Xe& BHXpe-
BO#i TIOTOK 3JICKTPHHO, HO BOKPYI' JIOKaJbHOTO CHJIOBOTO LEHTPa, H
obnanaownii chepuyecKor cHMMETpUeH Takxke, KaKk MArHUTHOE 110J1€
3emnu.
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2.2.3. MpoBOAHKK B NOTOKe 3INEKTPUHO

[1ycTs Mbl HMEEM ABa MIPSIMBIX MOCTOSIHHBIX MATHHUTA B BUAC Y€Thi-
pexrpaHHbIX GpPYCKOB ¢ IJIOMIAABIO 1omocoB S = @ = 4 - 107* M2 Coctas
(Fe,,B,) n MHAYKIIMA KOTODBIX HAM yXe H3BecTHb (B=-7,5 107¢ Tn).
PasMecTHM HX TaK, YT0OOB] pacCTOSIHME MEXAY CEBSPHBIM NOIIOCOM HEp-
BOTIO M KOXHBIM [10II0COM BTOporo cocrapiwio b =2- 1072 M. B xkavecTBe
paGoyero MpOBOJHMKA BO3BMEM MEAHBIH MpoBod paguyca R =1- 107 M,

3NEKTPOCTATHYCCKHI TIOTCHIINA KOTOPOTO cocTaBisieT @ ., = —8,177 B.

PacrionoXus MarHuTh! BEpTHKaJIbHO, PAaCCMOTPUM HECKONBKO BaXHBIX
MMONOXEHUI BO B3aUMOJEHCTBHM IIPOBOJHMKA C TIOTOKOM 3NICKTPHHO B
MEXTOMIOCHOM NpocTpaHncTse. [IpHMeM MOTOK OAHOPOAHBIM, a €T ceve-
HHMC PaBHBIM IUVIOIUAAM TIOMIOCA MATHUTA.

1). Ocb becKOHEYHOTo NMPOBOAHUKA NMapaJljiejibHa K KPaIo IIOTOKa
KaK B BCPTHKAJIbHOM, TAK KaK ¥ B TOPHU3OHTAJIbHOM TUIOCKOCTSX U PaB-
HOYJaJIeHa OT MOBEPXHOCTH 060MX momocoB (puc. 7).

B oTcyrcTBME NPOBOAHMKA Kpall NOTOKa MeXay MOJACcaMN HHYEM
He BoamylieH. Ho npu npubamkeHUN NMpOBOAHHKA, MPH AOCTIDKCHHH
HEKOTOPOIO PacCTOSIHUA Af , KPaeBkie TPAeKTOPMM Ha4MHAIOT UCTIBIThHI-
BaTh €ro BoaMyllaollee AeicTBue, ubo 0H ob6naxaeT U3OBITOYHEIM OT-
pHLATENbHBIM 3apsinoM. [Ipu ycnopMH, Koraa npofieTHas CWia KpaeBbIX
3JIEKTPUHO O0JTbille CHIIBI MPUTAXKEHUS NPOBOAHWKA MOTOK ClIE HE Ae-
dopMupyerca, T.€. NPH BhINOJHEHHUY YCNOBUA:

F,>F, (2.57)

rne F,= m,-u,-v , — nponeTHas cuia 3NeKTPHHO Ha yAaNeHUH b/2

OT NOBEPXHOCTH ceBepHOTO nomoca F, =3 ¢, / A¢ — chia mpuTsxe-

HHs IPOBOAHUKOM 3JIEKTPUHO, HOpMAaJIbHAA K Fz u notoky. [Ipu nann-

HellleM NMpUGIUXKEHUM MNPOBOAHMKA K Kpalo Toiioca HacTymaeT

paseHcTBO 3THX ey, F, — F, = 0. MIMeHHO ¢ 3TOro MOMEHTa HauWHAETCH

HEyCcTOHIMBOCTD Ha Kpaio noroka. U, HakoHell, IpH COKpalUEHHH pac-

CTOSHMSI IO KPUTHYECKOTO 3HaYeHHUs Af_BBINOJNHsETCH YCIOBHE Iepe-
XOIia 3NIEKTPHHO Y3 MEXIIOMIOCHOTO TI0TOKAa Ha NPOBOAHMK:

F,<F, . (2.58)

Tenepr KpaeBsie 3/IEKTPHHO MOTOKA 3aBOPaYMBAIOT Ha MPOBOIHMK

¥ HayMHaeTcs GOpMHUPOBaHHE BUXpsl BOKpPYT Hero (puc. 8). PaccMoTpuM

KOJIMYECTBEHHYIO CTOPOHY IBJEHUA ANs ycnosus Fy > F, , IPUHSB K
PeIEHHIO 3HAK PABEHCTBA MEXAY CHJIaMM:

3.¢Cu :0

m, U, V- Al (2.59)
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2m, v, (Fe)-v,, m v, (Cu)v, _

b Ay

rae u, = 2v (Fe)/b — nmponerHas  CKOPOCTb 3JeKTPHHO;

v.(Cu)= —2,3707271- 10° M*/c — nocTOSIHHAA CEKTOPHATbHAA CKOPOCTD

3JEKTPUHO B 110Jle METHOIO NpoBoAHUKA. Pemas nonyyeHHoe ypaBHe-
HJE€ OTHOCUTETLHO A, HalaeM:

V: (Cu)b ¢Cu b
Al = 27, (Fe) = 20, = 4,9520351 - 1073m (2.61)

0 (2.60)

¢

M3 31010 COOTHOIIEHHS CIeayeT NTUHEHHAsA 3aBMCUMMOCTh MeXay AL,
¥ BBICOTOM IPOXOXIEHHS NPOBOAHKKA OT TIOBEPXHOCTH IIOMIOCAa MarHH-
Ta. EC/M Xe npoBonHMK XenesHBIN, To A/ = Ah, TIe Ah — BHICOTa
MPOBOAHMKA OT IOBEPXHOCTH CEBEPHOTO Momioca. Takke 04eBHAHO, YTO
YeM BBIIE NOTEHI[HAT IPOBOAHHKA, TeM C GOJBLIErO PACCTOSHUS HAYM-
HaeTcs Nepexon 27MeKTPHHO U3 TIOTOKA Ha MMPOBOAHMK. TakuMm obpasom,
duanaeckas cyTh HHIYKIIMY COCTONT B NIEPEXOJiE 3NEKTPHHO U3 MEXIIO-
JIIOCHOTO IOTOKA Ha NPOBOIHUK.

2) IpoBonH¥K (UKCUPOBAH Ha PacCTOSIHUM A/ _OT Kpasi NOTOKa.
Jn¥Ha aKTYBHOTO YYacTKa MPOBOOHMKA paBHa pebpy nomoca MarHura
WIH 1IHHPUHE MOTOKA, T.e. {= a = 2:1102 M. B 3TOM ToOJIOXKEeHUU Ha
NPOBOAHMK 3aBOpaYMBaeTCsl TONBKO MEPBRIM psAl NMOTOKa, 06pa3oBaH-
HULH NEPBBIM OT Kpasi MarHHTA pANcM MeXaTOMHBIX KaHaJI0B, pacCTosM-
HHe MeXIy KOTOPHIMH paBHO 4, . [I03TOMy Nerke onpeaensercs YucIo
TPaeKTOpHH, 33aBOPAYHBAIOILKX HA MPOBOAHUK, 7, '

n =¢/a_=a/a_=9,1190143 10’ (2.62)

ITocKonbKy HaMm yxke M3BECTHA KaHaJloBasl YacToTa @, , To 6e3 Tpy-

Ia YCTaHARIMBAIOTCH KaK IIOJHOE YMCNO 3EKTPUHO, N, , iepexonsiee
Ha TPOBOIHHK 32 NEPHOZT T, TAK M TOK, FeHEPUPVEMBIA ONHHUM PSAOM
MeXaTOMHBIX KaHANOB, i, :

N,=n, 7k, o, 7,= 50262937 10% (2.63)

i,=n, 7k 3 o, =99906818 10° A (2.64)
HonycTuM, 4TO BCe KOMAHYECTBO JIEKTPUHO N, HaKamiuBaeTcsa Ha
y4acTKe ¢ M GpopMUpYeET CTOSYHH BUXpb. Kak B 3TOM clly4ae CKiIagbiBa-

eTcst ero cTpykrypa? Bo-nepBhIX, HalpaBlieHHe BpallleHHs BUXps ofipe-
ZnensieTcsl OQHO3HAYHO: TPACKTOPUH 3JICKTPHHO 3aBOPAdMBaOT HaA Tpo-
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BOJAHUKOM B HalpaBleHUY, MPOTHBOMONIOXHOM €10 ABUXKECHUIO. Bo-Bro-
pbiX, Ha yJacTke / ¢opMHUpyeTcsi n, BHXPEBHIX [AKETOB, CTONLKO,
CKOJIBKO CWIOBBIX IMHKH 33BOpauyMBaeT Ha IIPOBOAHHK. BuxpeBoii naker
COCTOHT M3 1 TPACKTOPHUH, PaclioNoXEHHBIX CTPOTO B OQHOFH WIOCKOCTH.
[Tpu aTOM 110 KAXAOMN TpacKTOpUH MOXeT obpaiaTtbes K| 3neKTpHHO,
cnen B cnen. PaccTosinue MeXiy NakeTaMH COCTAaBISIET 4, , @ PaCCTOSIHNE
Mexnay opontamu B nakere — A . Cpefinsia TOMUMHA NakeTa (ero cpen-

HMI Pafinyc) COCTABUT f = (am /2+ nhm) . Crano 6uITh, KAXKABINA NaKeT

MHMTACTCs ONHOM CUNOBON TUHHEH (B paccMaTpHUBacMOM Clydae, Koraa
NMpOBOXHUK HETOIBIIKEH Y Kpas NnoTokKa).
3) BunToBaA TPAeKTOPUA 3/EKTPHHO BAOJL NpoBoXAKKA. ONHAKO pe-

albHO HEBO3MOXHO y/AepXaTh N, 3NeKTPHHO Ha aKTMBHOM Y4acTKe / He

TOJIBKO B T€4eHHE T , ., HO M B TCYEHHE =10""°¢ . [oyemy? Moto
e T

YTO, OMHOBPEMEHHO ¢ HAYANIOM (GOPMHPOBAHHA BHXDS, MEXAY AICKTPHHO
COCeIHMX TIaKeTOB HOPMHUPYETCS CHUIa B3AMMHONO OTTAJIKUBAHHSA, HAallpaB-
NeHHas BIOJb OCU NPOBOAHMKA, B 060MX HanpaBaeHUsX, F;

F,=a-3%/a, = 1874234910 H (2.65)

N MeHHO 3Ta cua TiepeBOAUT HaYadbHbIe KpYTOBLie OpOHTHI Kpae-
BBIX 3JIEKTPMHO BHUXpsl B BUHTOBHBIE, T.€. CHJa F, o6palaiolxMca aaeK-
TPHRO COOGIaeT ellle ¥ NMPOAONbHOE ABMXEHHE, B pE3yJIbTaTe Yero 3jeK-
TPHHO, HE MepecTaBag obpallaThesi BOKPYT NPOBOJXHHKA, NpHobpeTaeT
OBIDKCHHME BAONbL HETO, AeNasi OAMH 1ar A, 3a KaXawii obopor. Ipn
3TOM COBEPHICHHO SICHO, YTO BHXpb pacXoaHuTcs OAHOBPEMEHHO ¢ 06OHX
KOHI{OB aKTHBHOTG Y4aCTHHKR, T.€. B MPOTHBONOJOXHEIX HANMPAaBNSHHSIX.
YCTaHOBICHO, YTO NPOXONbHAR CKOPOCTh BUXPs1 ecThb dyHAAMEHTaIbHAs

nocrosHHAA Vo =h @, = 2,8992629-10° M/c, 32 KOTOpYIO B CTapoii

SNEKTPOANHAMHUKE NPHHHMAIIH CKOPOCTb CBETA C ; 3AECh @, — KpYIo-

Basi YaCTOTa aeKTPUHO BOKPYT NMpoBOAHMKA. [TocKoIpKY Hall MpoBoa-
HHK OECKOHeYHOH JUTMHBI, TO BOZHHKIUMI BUXPEBO MOTOK 3JIEKTPHHO
OymeT GecnpensgTCTBEeHHO pacTpocTpaHAThCA B 060HX HANpPaBICHMAX OT

y4acTKa ¢, a TOK W HANpPSDKEHHE N0 KaXKAOMY HAIPaRIEHHIO COCTABAT:

Aiy =i [2= ;’lm’_’f‘mzi“lx_ =4,9953409-107 4 (2.66)

AV, = Ai, - R, = 1,9459182B, (2.67)
rae R, = 389,5504 OM -— nocTosiHHasi COTIPOTUBJICHUSI.
Tenepy ecnu OT y4acTKa ¢ CMOTPETb BCeA yXoAAUIEMY BUXPIO B
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HallpaRJIeHHY 3a TUIOCKOCTh PHC. 8, TO OYEBUAHO Mbl YBUAMM BPAMICHUC
BHXPS MPOTHB 9acoBoil cTpeikH. EciiM Xe nocMoTpuM Beel BHXPIO,

yXoasmeMy ¢ IIPOTHBOMNOJIOXHOIO KOHLia y4acTKa ¢ , TO YBHAHM Bpa-

IeHHUE MO YaCOBOH CTpenke.
Taxum obpa3om, npu HeNMOABIKHOM NPOBOAHUKE Y Kpasl CTallHO-

HAapHOINO HOTOKA JICKTPHHO Mbl HMEEM 3. 11.C. = AVl M 3TO UMEET MECTO

TIpH BBIIOJIHEHUH ycnoBust d D/di= 0.

Kctary, noHsATHE 3.1.C. COBEPLUEHHO HCKYCCTBEHHO U IOTOMY B HO-
BYIO TEOPHIO OHO He BXOIMT.

B paccMoTpeHHOM ciydae 3NCKTpHYECKHH TOK BOZMOXEH B CHILY
TOI0, YTO CHCTEMA NNOPOBOAHMK-JICKTPHHHBIH TTOTOK coXpaHseTcs] He-
paBHOBECHOJ CKonb yroano aonrc npu B=Constu L = +wo, e L —
ITHHa npoBoAHuMKa. T.e. Bce N, , aneKTpHHO, NEpexoasaime OT NOToKa
Ha NMPOBOAHHK, TYT X€, CO CKOPOCTHIO ¥,, NOKHMIAIOT AKTHBHOM ydac-
TOK B BHAE ACKTpMYECKOTO Toka, MaMeHHuM ycnoBuc, BO3bMEM Tpo-
BOJ KOHEYHOM JJIMHLI ¥ 3aKOJbIYyeM cro. B 3ToM cnyuae sepes kpaTkuit
MHUr A7, B MOMEHT COeAUHEHHUA KOHIIOB, CTOJKHYTCS JBa BCTPEYHEIX
BUXPEBHIX NIOTOKA, B pe3y/IbTaTe YE€TO NpoAoibHbie cCUkl F, 06oux no-
TOKOB TacsT APYT Apyra, TEpACTCA Iar B 060MX BUXPAX U (popMHpyeTCs
CTOSYMI BUXPb. YCTaHaB/IMBacTCsH AMHAMHAYECKOE PaBHOBECHE MEXAY
YHCJIOM 3JIEKTPMHO, NOCTYMAIOLIUX HA MPOBOAHMK OT MOTOKA, K YHC-
JIOM 3JIEKTPHHO, paccedBacMbIX B MPOCTPAHCTBO CTOAYUM BHXpeM. CHeC-
TeMa CTAHOBUTCS] PABHOBECHO 1 TOKa B 3aMKHYTOM ITPOBOIHUKE HET.

N3 paccMOTpeHHOro caeayeT, YTo TIPH YCAOBUM NapannellbHOCTH
OCH NMPOBOAHMKA K Kpalo NOToKa B 060UX IUIOCKOCTAX (TOpU3OHTANIbHOM
H BESPTUKAJILHOW), Ha aKTHBHOM y4acTKe GopMUPYETCS CHMMETPUYHBIN
BUXPE C ABYHANPaBJICHHBIM pacTeKaHHEM B MPOTHBONOJNOXHLIX HANpaB-
JNICHUSX.

4). OpHouanpaBrernbIi BUXpeBoi morok. OYeBHAHO A MONYyYEHHS
ONHOHATPABJEHHOTO BMXPSI HA AKTUBHOM Y4YacTKe HEOGXOOUMO H3Me-
HHTb NapaijelbHOCTh MEXAY OChIO NPOBOAHHKA M KpaecM MOTOKa B
OIHOM U3 rockocTeil. Ha puc. 9, 310 cielaHO B TOPU3OHTANBHOMN TIIOC-
KOCTH, IpUAAHHEM MaJIOTO yIja (¢ NPOBOAHUKY. Tenepp npu nsuxe-
HUY NPOBOAHMKA B HaIpaBJIeHUH Kpasi MOTOKAa KPUTHYECKOTO cOnmxe-
HBA JNOCTHIaeT CHayana neppas CUIoBas IMHMA, 3aTeM BTOpas U T.4.,
MOCNEeI0BaTeIbHO, OT JaNbHETO Kpas fo OnmxHero. [Ipu atoMm nepsoe
3NIEKTPUHO, Nepelieaiee Ha aKTUBHBIN y4acTOK y €r0 JaJIbHEro Kpasi B
CHJIY TEOMETPHNMECKON aCHMMETPHM MEXIY ILTOCKOCTBIO OPOUTHI 1 OCBIO
NPOBOAHHMKA, Cpa3y NpHOOPETAET 1AT /2 B HaNpaBJieHUM BTOporo (6/mx-

Hero) xpasa ¢ . W eciu 3adpmKcHpoBaTh NPOBOAHUK B 3TOM TIONIOXKEHUH,
TO IO NPOBOAHMKY GeCKOHEYHOM AJIMHBI NOWAET BUXPh, PopMuUpyeMbLi
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TOJIBKO ONHOW CUNOROM NUHWEH, ONHHUM KAHAJOM MarHurTa M TOJIbKO B
OIHOM HanpaplcHHH, EC/IH Xe npono/oKvTh ABIDKEHHE NIPOBOAHKKA, TO
BCE 1 OPOMT NOCAENOBATENBHO BKIIOYATCA B TPOLECC, & HATIPABNEeHHe
[PONOILHOrO ABMXEHNS NAKEeTOB OYAET eAMHbBIM AN BCeX — OT Kpasd

¢, TEpBLIM BCTYNMBIUKM B KOHTAKT ¢ NIOTOKOM, K BTOPOMY €70 Kpalo.
B 3T0M Cifyyac Mbi NIOJNY9acM ONHOHAINPABICHHBIA BUXPb, TOK W Hamps-

¥eHHe KOTOPOro BO3pacTalorT B 2 pasa IO CPaBHEHHUIO ¢ TOKOM M Hampsi-
XeHueM IBYHANpaBjIeHHOIO BUXpS.

AL=2A0 =N/t = 9,9906818 - 107 A (2.68)

AV, = Ai,- R, = 1,9459182 B (2.69)

Ecnu Teneps 3aKobLEeBATh TAKOM NPOBOAHKK, TO BOSHHKHeT Oec-
UpepHBHAS LMPKYISALUHS ONHOHANPABICHHOTO BUXPs N0 3aMKHYTOM
JUHHK, T.e. ycaoBue L= oo coxpaHsercs B BuAe Koabna. Ecan xe
saUKCHPOBATh NPOBOAHUK B MOJIOXECHUK, KOTAa aKTUBHBIH Y4acTOK
IeTHKOM BOIIEeJ B KOHTAKT C TNOTOKOM, TO OINSATb, NPH YCIOBUH
d@/dt = 0, Mui OyneM UMeTh 3JIeKTpHYESCKUH TOK.

5) Buxpb BOKPYT RPOBOJHUKA HANIO/IOBHHY BolleAIero s norok. bec-
KOHEYHBII NPOBOAHMK C ABYHAIpaBlcHHbIM BUXPEM BABUTacTcA B 1O-
TOK Ha DIy6HAY cro paguyca R. [IpH 3TOM 0Ch MPOBOAHUKA YCTAHABIIN-
BaeTCq CTPOro Haj MepBbIM PsiioM MeXaTOMHBIX KaHanos (puc. 10). HUc-
cacayeM npodunb BUXpS B 3TOM nonoxeHun. [y6uHa notoka, Ha Ko-
TOPOM TPREKTOPHN HETNIPeMEHHO 3aBOPAYHBAIOT HA TIPOBOJXHUK COCTaB-

asior r = (R + Af) = 6,947539 - 107 M, a ofiee YHCIO Takux

TpaekTopuit coctasut N, = a - r/ a’ = 2,88866 - 10', K3 KOTOpBIX

N, = 4,158 10" ynupaeTcsi B HUXHIOK NOBEPXHOCTD MPOBOAHUKA, MeX-
Ay oceBoil JMHUEH Y NMCPeIHHUM KpaeM NTPOROAHHUKA, B 3TOM rionoxeHun
BeCh TIOTOK OOTeKaeT NMPOBOAHMK TONBKO C ONHOH (DPOHTATLHOH noBep-
XHOCTH, YTO NPUBOAHUT K acHMMeTpUU Buxpd. CyTh 3TOW acuMMeTprn
COCTOMT B He(hOopMaliMK MOTOKA 32 CYET €0 YIUVIOTHEHHS CHJIOBBIMH
JHHMSIMH BIOJE (PPOHTATLHOM noBepxHOcTH. UMEHHO 3TO YILIOTHSHHE
SABNSAeTCA IpUYMHOil dopMupoBaHus 0ojiee BBICOKOW 00LEMHON KOH-
LIEHTPALMY SHEePTHH NOTOKA BAOMb (HhPOHTAIILHOM MOREPXHOCTH MIPOBOI -
HHKa, YeM BAOJIb TbUILHOM €10 NOBEPXHOCTU. A 3Ta PA3HOCTb AABJICHUMH
NIOTOKA MeXIy GPOHTAILHOHN W ThUILHONM MOBEPXHOCTAMY POBOJHUKA,
B CBOIO OYepeab CTAHOBUTCA NpWYHHOH , dopMmpylomei cumy, Ha-
TIpaRJIEHHYIO NPOTHB ABUKEHHA NPOBOAHMKA depe3 IOTOoK. B paccMar-

pUBacMOM CJTyuyae MOTOK YIVIOTHsAETCS Ha 14,4% mockombky R= 16,6% - A/ ..

Ecnu xe B3ATh NPOBOAHMK, PaINyC KOTOPOTO paBeH A{ ., TO YIUIOTHE-

Hue cocTaBuT 50%. OT1cioa SCHO, YTo YeM GoJiblile AUAMETP NPOBOAHUKA,
TeEM Gonbliie 6)!1[6’!‘ CONPOTHBNACHHUE TOTOKA €10 NEPEMCUHICHUIC B HEM.
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Puc. 6. MaruuTHas nogpecka. [ToscHeHus B TEKCTE

/ ;
Puc. 7. Och npubmkaionerocs IpoBOAHUKA NapaLiesib-
N

Ha Kpalo [oTOKa B ropnaoma:leoﬁ " BCpTHKaJIbHOﬁ
IIMOCKOCTAX .

Puc. 8. PaccrogHue MEXITy ITOBEPXHOCTHIO ITPOBOAHUKA
M KpaeM IIOTOK2a PAaBHO KPUTUYECKOMY 3Ha4eHHUIO H
NepBLIN PSJ CIIOBBLIX JIHHMI 3aBOPaYMBaeT Ha NPOBOM-
HUK

Puc. 9. HapaniedbHocTh MPOBOIHRKA K KPako MOTOKA
HapyllicHa B FOPU3OHTANbHOMN IIOCKOCTH Ha yroil o.
HJaibpHuit Kpail MpoBoIHKKa, B TOYKe A, MEPBHM I0-
CTUTAaeT KPUTHISCKOTO cONIMXEeHHA ¢ [TOTOKOM, Ile U
HauHHaeTcA BUXpeoOpazoBaHue

©)

Puc. 10. Bce TpaeKTopuu MOTOKa, 3aBOpavHBaIOlIMe Ha
MPOBOJAHIK, OOTEKaIOT ¢ro ciepexn. IIpoBOIHUK Bo-
HIeJ B [IOTOK HAMOMOBHHY

Q

Puc. 11. TIposoaHKK HeTUKOM Boiuesl B 1O0TOK. Y B 3TOM
cly4ae BCe TPAcKTOPUU OOTEKAIOT €10 TOIBKO Cliepeau N

4- 4. X. baiues 49



6) Buxpb BoKpyr NpoBoARMKA NO/JHOCTHIO BollleAmero B moroK. [Ipo-
JIBHHEM GeCKOHEeYHBIH NPOBORHMK BITy6s NIOTOK2 ele Ha R 1 ocTaHO-
BHM B NOJIOXEHUM, KOT/la NEPBLIH psjl CIWIOBLIX JIMHMI MOTOKA MPOX0-
JUT MO KacaTeNbHOM K TEUILHOMY Kpalo nMpoBoAHMK (puc. 11). Teneps Ha
BCIO HHXKHIOIO NIOBEPXHOCTh NMPOBOAHUKA ynHpaercsa 2N, TpaeKTOPHI.
Ecnu 651 noTOK cocTostn U3 MONEKY) raza, TO OH CHMMETPUYHO o6Te-
Kajt 6b1 IPOBOAHHUK C 06EUX CTOPOH, CMBIKAICH Hall HHM H NPOAOIIKas
ABHXEHME BepTUKATbHO BBepX. Ho Ham noToK cocToMT M3 TOJNIOXKUTE/b-
HO 3apsSXCHHEIX YaCTHII, 2 00TEKaeT OTPULIATENILHO 3apsDkeHHOe Tenio. B
MApeAbIAYIIEH NO3HIMH BCE IJICKTPUHO 00TEKaId MPOBOAHHK TONBKO C
¢pOHTANBHON CTOPOHBE, 2 BUXPH BPAaHIAJICA B NOJOXUTENLHOM HaINpaB-
NeHUH (IPOTHMB 4acoBoH cTpenkH). Tenepry xe N, CHIOBBIM THHHAM,
o0TeKaBIIMM NPOBOAHUK CTiepenH, npubaswiocs eme N, TpackTOpHid,
MAYIIMX Ha 0OTeKaHue NPOBOAHMKA C3aaH H NOTOBBIX (POPMHMPORATH BUXPb
¢ BCTpeYHBIM BpalleHHeM (o vacoBol cTpenke). Ha nepsriir sarnan
KAXETCH, YTO HACTYITHJI MOMEHT, KOraa NpOBOAHMK JIMIIL HANIOAOBHHY
BXOIHT B NOTOK. B HOBOI 3nekTpoAMHAMHKE YCTAHORIEHO, 9TO HIDKHMIA
C/I0i BUXpsi ofpalliaeTcsi BOKPYT NPOBOAHHMKA Ha PacCTOSHUM a,/2 , Iae
a, — MEeXaTOMHOE paccTosiHue. [Ing MeaHOrO NPOBOAHAKA MMEeeM:

ac, = mg, [po, = V11,662871-107° w* = 2,2671 - 10 m, (2.70)

Y (Cu)— 2v (Cu)

— opbHTabHas CKOPOCTh SNMEKTPUHO TEPBOTO CJIOS BHXPS BOKPYT Mea-
HOT'O NMPOBOZHUKA.

F (Cu)=m_ u(Cu)- v,= -1,4338 - 107 H 2.72)

~— cwia opOuTaNbHOTO JBHMXEHHUsI 3JIcKTpHHO. U Xorla pOBOAHHK ¢
YCTOABLUIHMCS BHXDCM TaKOH ANMHAMHAKH BXCAHUT B NOTOK, TO IO €ro
THUIBHOM CTOPOHE, HABCTPEYY €MY ABHXETCS MEXIIONIOCHON NMOTOK,
MMEIOLIHI WHYIO JUHAMUIECKYIO XapaKTepHCTHKY, CKOPOCTb 3JIEKTPHHO
3TOI0 MMOTOKA Ha MOoAXoA¢ K NOBCPXHOCTH NPpOBOAHHUKA, HA YAIAICHHH
b/2 or TMOBEPXHOCTH NOMIOCA MarHHTA, COCTARIACT ¥, @ X CHIA F,:

-2,0914- 10” M/c (2.71)

(Fe)
~4,7874-10" m/c (2.73)

F=mv_ - ved = — 3,2821112 108 H (2.74)

H4
W3 cpaBHeHMA AMHAMHUYCCKHX XapaKTCPUCTHK BUXPS M TOTOKA Mbl
BHANM, YTO NpHY HX CTONKHOBEHUH, BIOAL ThUILHOM ITOBEPXHOCTH TIPO-
BOJHHKA, ONpeAeasiomas pojab NPHHALJICKHT BUXPIO. A 9TO 3HAYHT,
YTO BCTPEYHBIA MOTOK Ha THUILHOM CTOPOHE CAMMM Xe& BHXPEM MOBOpa-
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yuBaeTcA HA GPOHTANBHYIO CTOPOHY NPOROIHNUKA ¥ UMEHHO MO3TOMY
HAIIpaBJcHUE BpAlIeHUA BUXPA COXpaHseTcs HEH3MeHHbIM. TIpH 3TOM
VIUIOTHEHHS TIOTOKA BAC/L GPOHTANEHOM TIOBEPXHOCTH ellie 6osee Bo3-
pacTaeT M, cTano 6rITh, BO3pacTaeT M MPOTUBOJNEHCTRUE NIOTOKA JABUKE-
HHIO IIPOBOJHHMKA Yepe3 Hero.

TakuMm 06pazoM, Mbl pacKpbUId pHusMteckylo cyTs npasun JleHua u
JlopeHLa, YyCTAHOBIEHHBIX IMITUPHYECKH cllle B NPolLioM croneThi. Cuna
TOTOKa, NPOTHBOASHCTRYIOIas ABUXEHUIO NPOBOAHNKa, F, Takxe

GBlIa YCTAHOBIEHA SKCIEPHMMEHTANBHO U MO ceil AeHb He UMeeT obbsc-
HeHUd B cTapoil Teopuu. OHa uMeeT BUI:

F =iy¢B, 2.75)
rae ¢ -~ NJIUHA AKTHBHOTO YYacTKa IPOBOJHUKA.
B paMkax HOBOii TEOpHMM 3Ta CHJIa OMHCHIBACTCS YpaBHEHHEM

2
_la>s
mT 5"
2 a,
Tie o 9/a, — cuia B3aMMHOTO OTTATKHMBAHMS Naphl NEKTPHUHO B TIOTOKE.

Ilpy 3ToM B 3MnupudecKoii ¢popmyre HeobxonuMo BMecTo i Opars i,
TPEACTARISHOLIMI NMOMHBIN TOK MEXTIOJIOCHOTO NMPOCTPaHCTBA MATHHTA:

ko N7, (2.76)

k30,5
im =kmCth 3Nk = --——---——a2 k (277)

Jlns ucenenyemoii napel MaruuToB i =2,8999384 - 10° A.
Bsexas B (2.75) sMecto i ero 3HadeHHe u3 (2.77) nonyyuM:

F =k,2 w,N, ¢ B=4,3499076- 10 H, (2.78)
a TIOACTAB/sIs YHCTIeHHbIe 3HAaYeHHHU B (2.76) HalizeM:
ko N, -a 3 T

—m Tk k77 e . 10”7
F = o =4295262-10°H (2.79)

m

Yr1o6EI ONpeAe/NTS 3aTPAaTHYIO SHEPTHIO HAa OHO NPOXOXIEHHE TIPO-
BOJHHKA Yepe3 MOTOK HEOOXOAMMO CHly F yMHOXMTS Ha IMyTh, NPOXO-
OUMBIH C TAKHM YCHINEM, T.€. HA ILUPHUHY NIOTOKA @ . YUHUTHIBAA, 4TO

ANTMHA aKTHBHOTO y4acTka ¢ =b, 10 Ana E_ u3 (2.78) nonyyum:
E =F a=K 30, ,N §SB=28,6998152 10 dx  (2.80)
YuuTHIBAS, YTO YUCIO KAHAIOB MarHuTa N, = ab/ afn u3 (2.79) ana
3HEPTHH ITONyINM:
2 b k 2
E _a b ko, adr T,
” a; 2
4" 51

=8590524-10" 1 (2.81)



O4yeBHAHO, MHOXUTEND a2b/ af" €CTh OTHOLIEHHE MeXITOMIOCHOTO
obbeMa MarHMTa K oObeMy JIeMeHTapHOM A4YeMKu MariuTa. B obuem

cliyyae MOXHO nucats a b ¢/ a; , TAe ¢ — paccTossHHE MeAY MOJIcaMi
MarHura.

2.2.4. KoHTYp B NOTOKE 3INEKTPUHO

B3auMoneicTBUE KOHTYPa ¢ TIOTOKOM 3SKTPMHO OTIMYaeTCs OT Ta-
KOT'O NPSIMOTO TIPOBOJA LEbIM PALOM OCOOSHHOCTEIM, ABISIOIIHXCA CICa-
CTBMEM KakK BpallleHMs, TaK U HAIWYMA ABYX BeTBell. Ho nmpexne yem
NMpUCTYOHUTh K aHAJH3Y SIBJACHUA B HOBOM CBET€ PAaCCMOTPHM OAHY H3
ZorM crapoil Teopru. CyTh €e cOCTOUT B TOM, YTO NEPEeMEHHBIH TOK
OIIMCHIBAETCH CHHYCOMIOH, YTBEPXKAAIOUIEH, YTO 3a ONMH 000POT paMKH
B MaTHUTHOM IIOTOKE CHUMAaeMbIH C Hee TOK UCTIBITHIBAET ABE IyJILCa-
MM IO BeAMYMHE W ABaXAbl MEHSAeT HanmpaBlleHHe ABHXeHUA. Tak,
€CNIM ABa KOHIa KOHTYpPa COSIHHEHBI ¢ ABYMA KOHTAKTHBIMH KONbLa-
mMH, Nel 1 Ne2, To 1ipu nepBOM NOJAYyoGOpOTe TOK OT paMKH NMOCTYIIAET
Ha KOHTAKT Nel, OT HEro — Ha BHEUIHIOW LieTlb U CONPOTHBIEHHE,
BO3BpallaeTCsi Ha KOHTAKT Ne2 M 3aMbikaeT obuIyio uens. I1pu BropoM
nonyo%opore, AKOOE TOK OT KOHTYpa IMOCTYNaeT Ha KOHTAKT Ne2 u
Yyepe3 BHEUIHIO Lielih Bo3BpallaeTcsd Ha KOHTaKT Nel — cnoBoM Ha-
TpaBlIcHUE ABMXKEHHS ToKa obpaTHOe KaK B KOHTYpPe, TaK U BO BHElII-
Heit uer. JlonycTiM, 9TO 3TO AeHCTBUTENLHO TaK. Ho B TakoM ciyyae
PACCTOAHUE MEXRY reHEPaTOPOM TOKA M €ro noTpeSuTeleM HENMpeMEHHO
JAOIIXHO JIMMHTHPOBATBLCS KOHEYHOM CKOPOCTBIO paclpOCTpaHEeHUsl TOKA

v,= 2,8992629-10° M/c. Tak, npu craHaapTHoii wactore =50 ['m ero
nepuon £ = 1/f=2 - 1072 c. Ho nocko/ibKy TOK B OXHOM HAalpaBNCHUH
TEYeT NMOJINEPHOAA, TO €10 BpeMd cocTaBmsieT 7= #/2 =1 102 c. 3a 310
BPEMsI TOK JOJDKEH JOMTH A0 TIOTPEOUTENIS B BEPHYTECS K TeHEpPaTopy,
u00 TONBLKO B 3TOM cliydae 3aMEBIKaeTcs uernb. OueBHAHO IpeaeabHas

JNAIbHOCTh NOTPeOUTENSt OT TEHEPATOPa COCTABHT ( __:

L,..=V v/2=1,4496 - 10° M =~ 1450 xM. (2.82)

Ho Bens Bech MHOIOICTHHIA OIIBIT Y€JIOBEYECTRA IO HCTIOB30BAHHKIO

3NEKTPHIECKOTO TOKA CBHIETE/ILCTBYET O TOM, YTO HE CYHIECTBYET JIMi -

MMTHPYIOILLETO PacCTOSAHUSL MeXAY I'CHEpaTopoM M norpeburesieM. Crano
ObITh, CHHYCOHIA IPOTHBOPEYUT OMBITY.

1) Ilpoxoxnenne DONYKOHTYPA BAO/E CEBEPHOTO MONIOCA MATHHTA.
O6paTumMcs X puc.12, Ha KOTOPOM H300paXeH MOJAYKOHTYp B Ha-
YaNnbHOM, TOPM30HTAJLHOM NOJOXEHHH, KOTAAa BEKTOp B HOpMaJIeH K
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ero nnockocTH OABC. Paguyc KoHTYpa r paBeH IUIeYy NOJIYKOHTYpa
OA, Ho 6onblle MOJYUMIMPHHEL IONIOCA MATHUTA d/2 HACTONLKO, YTO B
HAYaJIBbHOM MOJOXEHHUH MONYKOHTYpa NOTOK 3JEKTPHHO NMPOXOAUT Ye-
pe3 ero cedeHue, He B3auMOMAEHCTRYS ¢ HUM, T.€. CIIPaBSANIMBL] Hepa-
BEHCTBA:

(r-a/2)>Ae,
(£-b)> At, (2.83)

rae & — anuHa nonmpoca,  =AB — axTHBHBIN 3N1EMEHRT MTONYKOHTYPA,

A{ . KPUTHYECKOC PACCTOSTHHE MEXAY KPAacM NOTOKA H MOBEPXHOCTHIO

AXTHUBHOIO YJacTKA.
C nensio obecniedcHrs OMHOHAIPABNICHHOCTH ABMXXKECHMS BUXPSA Ha

AKTHBHOM Y4YacTKe TIpHAAOAM €MY VIon g = 4A1 BA = 10° orHOCHTEND-

HO TOPH30HTAILHOM MIOCKOCTH U0, AB (puc. 13). Tenepsb ecny HavaTh
BpPAIUCHHE ITOJyPAaMKU IPOTUB YacOBOM CTPEJIKM, TO IIPH NMOBOPOTE Ha

YroJl @, HEpBBIM K KPalo 3JCKTPHHHOTO MOTOKA NPHOIU3HTCA Ha KpH-

THYECKOe paccTosiiue A/, yron A,. Toraa Buxps, Hayas hopMUpPOBaHHE
Ha 3TOM YTy, HENPEMEHHO NOJYYUT ZBUXCHHE B HANPaBAeHHH KO
BTOPOMY YTy B ¥ manee yepe3s KOHTAKTHOE KOJNbLO Ha BHEIIHIOK LENb
(puc. 14). I1pu aTOM, €cTH CMOTPETh BClied YXOAAIUEMY BHXPIO, TO Mbl
HENPEMEHHO YBUAMM ero TIpaBOBPAWAICIIHMCA, T.€. TI0 YaCOBOM CTpEJIKeE.
Yepes BpeMst Az, MOBEPHYBLIMCL Ha YIONA &, ¥ ToYKa B Bxoaur B
KOHTaKT ¢ MOoTOKOM. C 3TOro MOMEHTa TeHepaLysa TOKa OCYUISCTBIACTCS
no Bced ANHHE aKTUBHOTO yvyacTKa /. IToJyKOHTYp BOLUEH B PEXUM
cTalMoHapHoro GOpMHUpOBaHHS BUXpA, HOO 3TOT Mpollecc coxpaHaeTcS
HEM3MEeHHBIM Ha MPOTsKeHM Goxbluero yra =7 — 2(a + go) .Ipu
3TOM Ha OOHOM, MAaKCUMaJIbHOM YPOBHE COXPaHSAKOTCA BEJIMYMHA IeHe-
PHPYEMOTO TOKA, ero HalpsXeHHe, HalipaB/icHUe BpallcHMUs BUXPA ¥
HaIlpaB/lIeHHe €ro OBMXKEeH M. 3aKaHYMBAeTCH CTALlMOHADHEIH pexXHM B
MOMEHT, KOIAa KpalHsisl ToUyKa B aKTUBHOTI'O y4acTKa BLIXOAMT M3 B3aM-
MOIeHCTBHS ¢ MOTOKOM IO IPYTYIO €TI0 CTOpoHy (puc. 15). B sToT Mo-
MEHT HaANpAXCHHE U TOK NOJYPAMKH PABHBI HYMIO.

2) ITpoxoxkaenne NOTYKOHTYPA BIOJb K0XKHOMO Moca MarauTa. Ecin
Tenephb MpPoNOKATE BpallleHHe MONYKOHTYpa TO, IpU NOBOPOTE HAa YIOJ
@ , TOYKa aKTHBHOTO YYacTKa A, NBUTrasiChk B HATIPABJIEHHH K IOXHOMY
NOMIOCY, BHOBB IIEPBOM BXOAMT B KOHTAKT ¢ KpaeM 3JIEKTPHUHHOTO NO-
TOKAa M HaYMHaeTcs BTOPOH LMK Buxpeobpazopanust. DopMUAPYIOLIHIACS

BUXPb HENPEMEHHO MOJy4YaeT ABMXKECHHE BIOJb y4acTKa ¢, oT A, K B,
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Puc. 12. ITonxykoHTyp B HaZalbHOM ITONOXEHUH. Ero
MI0CKOCTh HOPMAJIbHA K MOTOKY

Puc. 13. ITapaLtesbHOCTL OCH aKTHBHOTIO yIacTka A B
Kpaw MOTOKa HapylleHa B BePTHKAJIbHON ILTIOCKO-
CTH Ha YTOI O

Puc. 14. Touxa A, aKTHBHOIO y9acTKa IIOJIYKOHTYpPa
cOau3nIack ¢ KpaeM MOTOKA Ha KPHTHIECKOe pac-
CTOSIHME M [iepBas CHIOBas JIMHUA IIOTOKA 3aBePHY-
Y Jla Ha MIPOBOTHUK

Puc. 15. oxykoHTyp 3aBeplI NMPOXOXASHUE CeBep-
HOH YaCTM MEeXIIONIOCHOIO MPOCTPAHCTBA H CHOBa
BBIIIIE] Ha HaYaJbHOE IOJOXEHHE, [TOBePHYBUIHCH
Ha yTOJN &

Puc. 16. Hagano BXOXISHMS NOJYKOHTYpa B IOKHYIO
/ JacTh MEXITONIOCHOTO MPOCTPaHCTBa. BHOBE TogKa
O O A, TIepBOii BCTYNAeT BO B3AUMOJCHCTBHE C IOTOKOM
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TO €CTh OIATh B HallpaBNeHUH K TOKOCheMHOMY Konbly (puc. 16). [Tpn
3TOM €CJIM CMOTPeTh BCNEA YXONseMY BHXPIO, TO Mbl YBHAMM €ro
‘NleBOBpaLAIoIIMMCA (TTPOTHB YaCOBOM CTPEJIKH).

H3 sroro aHanuza sBACHUA HA 3JICKTPUHHOM YPOBHE OAHO3HAYHO
cnenyer, YTO HalpaBleHHE TOKa B OJIYKOHTYPE COXpaHseTcs] NOCTOSAH-
HBIM, HO JBAX/Ibl MEHSAETCA HampamleHue BpalleHust BUxps. CopeplleH-
HO OYE€BUIHO, YTO IPM O3HAYCHHDBIX HAMH YCIOBUSX, NIPH ABHXCHUHU
TIOJIYKOHTYpa B CEBEPHOM TIOJIOBHHE MEXIIONMOCHOTO NIPOCTPAHCTBA HE-~
npeMeHHO (POPMHUPYETCS NTPABOBPAIAIOLIUNICSA BUXPh, 2 TTPH MPOXOXKIe-
HHM €70 Yepe3 I0XHYIO N0JIOBHHY — JISBOBpAlAIoLIMiics BHXpb. Ecnn
Teriepk, NPH HEUIMEHHOCTH NIPOHX YCNOBHH, ONYKOHTYP BpallaTh B
NPOTHBONOJIOXHOM HATIpaBlIeHUH, TO (JOPMUpPOBAHUE BHXPSA HAYHETCS B
TouKe B, ero pacnpoctpaHeHue GyIeT HaNpamIcHO B TOYKY A, a BUXpb
6yIIeT IeBOBPALIAIOIMMCS, T.€. 0062 SIBICHHS USMEHSIT HaTlpaB/icHHE ABU-
XeHHs Ha obpaTtHoe (Ha yron — 7). Ecnu xe B3aTh B TakoM 0GpaTHOM
BpallieHUH NMOJIHBIH KOHTYpP, TO TOK OT TOUKH B, npoiiasi BeCh KOHTYD,
BHIHAET HA BHEUIHIOIO LETh, Yepe3 KOHTAKTHOE KONBLUO BTOPOTO NOJY-
KOHTYpa, a TOK BTOpPOTO IOMYKOHTYpA, MPOis B 06paTHOM Hampapie-
HHMH, BBIHAET HA BHEIWHIOK LeNb Yepe3 KOHTAKTHOE KOJbIlo NEepBOTO
MOJIyKOHTYpa. OYeBUAHO, YTO OOpaTHOE BpalleHUEe KOHTYpa HEBLITOIHO
BBHAY HAJIOXEHHS BCTPeYHBIX BUxpei. [loaToMy yTodHMM, YTO NPAMBIM
BpalleHHEM KOHTYpa ABJIsieTcA TaKoe, Korja B3aUMOACHCTBHAE C MEX-
MOMOCHBIM ITOTOKOM HAa4YHMHAETCs HA IIPOTUBOIIONOXHOM OT KOHTAKTHOTO
KOJIbla YIIY NOJIYKOHTYpa, 60 TOMBKO B 3TOM CiIy4ae TOK, (popMHpye-
MBIH KaXXIBIM NOTYKOHTYPOM, HATNpapieH K CBOeMY KOHTAKTHOMY KOJIBIIY.

Ecny B 06paTHOM HampaBJIeHWH BpailaTh NOJYKOHTYP, TO Ha €To
KOHTAKTOM KOJIbLie HanpspKeHHe H TOK OyayT peakrmBHbiMHU. CyTh peak-
THUBHOIO TOKA IIOJYKOHTYpPA COCTOMT B TOM, YTO BUXpb, HauaB ¢opMU-
POBaThCsl B TOUKe B, monyyaeT MoCTynaTelbHOE ABUXEHHE B CTOPOHY
TYIIHKOBOTO KoHUA. doias no tymuka B Touke O ( 3TOT KOHELl U30JIH-
POBaH OT TOKONPOBOASUIMX MAaTepHUATIOB CUCTEMBI), BUXPh, NIOTEPSIB 1IIAT,
HaYMHAECT HAaKATUIMBATLCA, BOZHUKAET CTOSA4YMI BUXPb, KOTODHIN Yepe3

KpaTKUi MUT A7 NOJyJyaeT LIar B oOpaTHOM HaIPaBI€HHUH OT TOYKH O

K KOHTaKTHOMY Xonblly. [Ipy 3TOM eciiv B To4Ky O BHXpPb NpPHLIEN
JIeBOBpallalOMIMMCS, TO PEaKTUBHBIH BUXPb, MOBEPHYBLUHI Ha3al, yXxo-
JWT nipaBoBpamapmuMca. Kak BUAUM, U B 3TOM ciy4ae siBIEHHE CO-
NpoBOXJAeTCs HATOXEHUEeM BCTPEYHBIX BUXpEH, MIPUIEM PeaKTHUBHbIN
pacnosiaracTcsl Hal IPSIMBIM, T.e. €ro paauyc 6osbine. Bpamenue oboux
BHUXPEH — napauie/IbHoOE.

3) KonnyecTBeHHAA NePHOOHUYHOCTH TOKa B MOJYKOHTYpe. IToapo6Ho
PACCMOTPHUM ONMH IOJMHBIH 000POT MOJYKOHTYpa B 91€KTPUHHOM NOTO-
Ke (puc. 17). Korma akTUBHBIH YIaCTOK 3aHHMAET HavalbHOE MOJOKEHHE
B mwiocKocT KL HanpsikeHHe M TOK B TNOJYKOHTYpe paBHbl Hymio. [Ipu

55



MIOBOPOTE TIONYKOHTYPA Ha MaJiblil yron ¢, B oAoXeHuu 1, HAaUMHaeT
(opMHpOBaTLCA BUXPh B TOYKE A4, , 2 KOTAA MOJYKOHTYP MOBepHETCs
ellie Ha yroil ¢ (nonoXxeHmue 2), T0 ¥ ToYKa B BCTynaeT BO B3aUMOACH-
CTBME C MIOTOKOM, NMPUHNMAEMBIM HaMM OTHOPOAHBIM M HE BBIXOHSLUNM
3a Kpag MartHuTa. Ctaiio OBITh, B TICJIOXEHHNH 2, TTOBEPHYBUINCH HA YTOJ
(o +¢), HIONYKOHTYpP NePEeXOANT B CTALIMOHAPHBIN peXuM ¢GopMHpoBa-
HHA BUXPS, KOTOPHIH cOXpaHsicTCS HEM3MEHHBIM O TIOJMOXEHHSA 3, Ha

NPOTSIXeHHH yIia 8= 77 — 2(a + ¢J) . Jing ympolueHHs aHaIM3a YInisl o
H ¢ npuMeM paBHBIMM MeXay coboii n cocrapamomnmu 10°. Torna

Yros cTallnoHapHoro pexuMa £=140° [Ipu nanpHeiilleM NOBOPOTE €

NMOJIOXEHHA 3, aKTHBHBIA YJaCTOK HAYHMHAET BLIXOAMTE U3 notoxa. Kor-
1a TOYKa B MoNykoHTypa, KOCTUTHYB IIONOXEHHs 4, BHIXOAUT U3 B3aH-
MOAEHCTBHS ¢ MOTOKOM, TOYKAa A, HaXoAUTCs Ha THHUH KL u mony-
KOHTYpP UENHKOM HAXOAWUTCH BHE MOTOKA. HampsaxeHue m TOK paBHbI
HYJIIO, 3aBepIINICS NepBH MOJyoG0opoT Yyepe3 ceBepHYIO MOJIOBHHY
MEXTIOMMOCHOTO NMpOCTpaHCcTBa. TpepBasicd NpaBoBpalIAloWIdi BUXPb.

Bropoii nonyo6opot rioniypaMxu HaunHaeTcsl KakK ¥ NepBblii H co-
MPOBOXIACTCS TEMH X€ B3aUMOOTHOLIEHHAMHU C IOTOKOM C TOH JIMIIb
pasHuleill, YTO Tenepr GOPMHUPYETCA NISBOBPALAIOIINNHCS BUXPH B Y0X-
HOM YaCTH MEXIOMIOCHOTO MPOCTPaHCTRA.

He cocTaBnsieT TpyLa yCTAHOBUTh TOYHbLIC BpEMCHHBIE MHTEPBATRI
MEXTY OTBETCTBEHHBIMH TIOJIOXEHUSIMY TIOJIYKOHTYPa B KaXIOM IIONY-
060poTe NOCKONLKY H3BECTHEI YIVIOBbIE HHTCPBAIbI MCXIY HUMH. SICHO,
4TO €CJIK HAa TOJyo0opoT, Kak OBIJIO NOKa3aHo Bblllle, 3aTpadyUBaeTcs

r=1.10"%¢, TO Ha KaXAbI} rpalyc NOBopoOTa pacxoayercs

Az =17/ 180° = 5,5555555 - 10°° ¢/rpaa. (2.84)
XostocTol Xon NOMYKOHTYPA B HaUAle BPALIEHUs, OT TOPU30HTaTh-
HOTO TNOJOXEHHI [0 nojdoxeHus 1, 3aHuUMaeT BpeMSs

T, @ Ar=5,555- 10" c. Takoe Xe BpeMs 3aHMMAET Tpoliecc BhIXOAA
Ha CTAlMOHAPHBIM pPeXHM, TiepeXol] TOMYKOHTYpa OT NoJioXeHud 1 ao
nionoxenus 2: 7, = 7, = @ - A7 . JIbBuHasA IonA BpEMEHH 3aTPaYHBAETCH
Ha CTALHOHAPHEIN peXHM, MEXAY MOJOXKEHHAMM NMOJYKOHTYpa 2 M 3:
,=f-Ar=7777" 1073 ¢, 4r0 cocTarnser 77,7% or 7 . [Iponomxures-
HOCTb 7, (Tiepexola NOJIYKOHTYPA OT MONOKEHHA 3 K MOKOXEHUIO 4)
paBHa 7 ;=T ,. McXOAs U3 3THX peajbHbIX YUCEN M NMOCTPOUM rpaduK
nepeMeHHoro Toka B QYHKHMH OT BPEeMCHM HJU YIJla NOBOPOTA

(puc. 18). U3 paccMoTpeHust 3TOr0 TpadHKa BUAHO, Y10 B HEM CHUHYCOUION
¥ He naxHer. [Topima Toka Mexy ToukamMu 1—4 — 370 NpaBoBpaLAIOIIMA-
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Puc. 17. OCHOBHBIC [MOJOXEHNA ITOIYKOHTYpPANIPH [IOBOPOTE HA OIUH
000pPOT B MEXIIOMIOCHOM NMpocTpaHcTBe. O6BACHEHUA B TEKCTS

i)

Qo
-l
N

Puc. 18. I'paduk nepeMeHHOro TOKa NO.TYKOHTYpa 3a OMWH 000pOT.
II — mopuMd TOKa C IIPaBOBPALAIOIIMM BUXPEM,
JI — nopuuA ¢ JIeBOBPAIAIOILKM BUXPeM
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€4 BUXpPb, a MEXAY TOYKaMu 1’—4’ — nepoBpawaloinmiica. Ecim Xxe B3aThH
[OJIHLIA KOHTYP, TO TAKUX nap SyAeT ABe 3a OMUH 060POT BpallieHHA.
Eciu Tenepb TokocheMHBIC KONLUA MOJHOTO KOHTYPA 3aMEHUTD KOJ1-
NEKTOPOM, TO NPOUCXOAUT pa3aesieHHe nopuuii, hopMipyiolmxcs B ce-
BEpHOM 4aCTH MEXTIONIOCHOTO NMPOCTPAHCTBA (TOK NpaBOBpallAoLIerocs
BUXpS) OT NOPLIMNii TEHCpUpPYeMbIX B 10XHO# ero dactd. [leprag merka
CHUMAET TOJIBKO NpaBOPAlNAIOLIHECs TIOPLHHH TOKA, BTopas — TOJMBLKO Jie-
popauaonecs. O6e 1eTKy CHUMAIOT TIOCTOAHHBINA TOK, HO MX BUXPH Bpa-
WAKTCA B MPOTUBOTIONIOXHLIX HanpasneHHAX. OTmrme TOCTOSTHHBIX TOKOB
reHepaTopa Mexay co0oii 3MIIMPHYCCKH AaBHO 3aMEYEHO H HMEHHO NMO3T0-
My NepBbIH U3 HUX OLUT HA3BaH NMONOXHUTEALHBIM, 3 BTOpPOii — oTpHNa-
TenbHBM, COBepLIEHHO OYEBHAHO, YTO IIPH TMIOCTOSHCTBE KPYroBOii YacTo-
ThI POTOpPA MOLUHOCTD NOJYKOHTYPA MOYTH LICIUKOM oflipeaesiseTcsl CBOM-
CTBaMHM NMMTAIOLIETO MATHHTA. TaK, B pacCMOTPEHHOM HaMM BhIllle KOHKPET-
HOM cCJIy4ae MeKTpHYecKasi MOUIHOCTh OJHOIO MEXaTOMHOTO KaHaJa
NOCTOSIHHOTO MarHMTa cocrapsier W, =— 1,244161 - 10-¥ Br, a nonxas
MONIHOCTH MEXTIOIOCHOTO HPOCTPAHCTBA ONPEACIMTCH YHCIOM MEXATOM-

HbIX KaHanoB N, = a2/ a3'= 8,31564 - 10° m3 cOOTHOMIEHUS:

W,=N, W, =—1,0345997 - 10" Br, (2.85)
rne a’= 4 10*M* — iomans nomoca MarHuTa. ITo ceoeit cymn W, ectsb
LIMPKY/ISIMIOHHasi MOLIHOCTh OOBETHHSHHBIX MOTOKOB ABYX ONHHAKOBBIX
MarHuToB. CoBeplieHHO OYEBHIOHO, YTO 3T3 MOLIHOCTh ofecneumnBaeTcH
N, 3nexTpuHO, GOpMHUPYIOIINX O61IMH MOTOK:

N, =W, 7,,/3¢, =2,6148933-10* (2.86)

Bo3HuKaeT pe3oHHBI BOMIPOC: €CMH 3TO KONUYECTRO MICKTPHHO CHU-
MagTCsl M3 MArHUTHOTO TIOTOXA BPAINAIOLIMMCS ¢ KPYTOBOMH 4YacToTOM f XKOH-
TypoM, TpaHchopMEpYeTCH B BUXPEBOM MOTOK M B KA4eCTBe JIeKTpHYeC-
KOTO TOK& YXOAMT K IOTPeOUTENI0, TO KaK OOBICHHTb HEHCCAKACMOCTD
MOCTOSTHHOTO MarHuTa? OTBeT Ha TOT BONPOC OHOZHAYEH — TIOCTOSTHHBIN
MAaTHHUT, OyAyus TOKATLHON cHCTeMOH, GecTipephIBHO nonoxmHaeTcs or do-
HOBOM MarHHTHOM CHCTEMBI, KOTOpOY sriseTca MarauTHoe nosie 3ewm. C
YYETOM 3TOTO CTAHOBHTCS IIOHATHOH, YTO MOLIHOCTD IeHEpaTOpa Ha MOCTO-
STHHOM MarHure sieinfeTcs (QyHKIMeH Kak KpyroBoi 4acToThl TOKOCBEMHO-
IO KOHTYpa, TaK ¥ CKOPOCTH peNaKCalluM 31eKTPHHHOIO NOTOKAa MeXay
TIOMIOCAMK MATHUTA, A Pa3 TaK, TO BO3HHKAIOT HOBBIC BONMPOCH], MMEIOIME
XU3HCHHO BaXHble 3HaueHUsd. Hanpumep, ecii BocnoaHAeMOCTS 3/IEKT-
PHHHOIO MOTOKA HACTOMbKO BBICOKA, YTO IOZBOJISIECT B # pa3 YBEIMIUTD
KPYTOBYIO YaCTOTY pPOTOpa, TO H3 3TOTO Clle[iyeT, BOSMOXHOCTS B /1 pa3 yse-
JIMYMTH MOUIHOCTD TeHEPATOPa, HO 3T0 NOTpedyeT NepecTpOcHUS ANeKTpHYec-

KX MalllWH Ha ApelebHyIo 9acToTy f' =pf . UToGH ONpenesuTs nep-
CIMEKTHBY B 3TOM HanpawIeHHH HeOOXOOUME] CTICLMAIbHBIE BCCIICAOBAHYA.
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BakHbIM TEXHHYECKUM BOIIPOCOM, HE UMCIONIMM OCBACHEHUS B CTa-~
poil TeOpHH, SIRNSIETCH BOTIPOC O CYITHOCTY PEeaKTMRHBIX TOKOB. BeceM
NOJIL30BATENAM ICKTPHIESCKOH IHEPTHU XOPOILIO U3BECTHO ClleCTBHE
HEXBATKH MOLIHOCTY FeHepaTopa, NMUTAKILEro CHCTEMY MAllldH. A YTO
XKe IMPOHNCXOANUT B OOpaTHOM CUTyallHH, KOIa NreHepaTop BhipaGaThIBaeT
6osbile ToKa, HeobxoguMoro norpeburensm? B stom cayyae HeBocTpe-
©oBaHHasA MOILTHOCTb BO3BPAIAGTCS K TEHCPaTOPy B BUlle peaKTUBHOTO
TOKA, JOXOANT OO HaYaJibkHOM TOYKM CBOETO NOJYKOHTYP2 U NepeXonuT
B npaMoit ToK. [lo Bceit nern dopMupyeTcs BCTPEYHOE ABHXKEHHE ABYX
BHXpe#i — NPSIMOTO M PEaKTUBHOIO. BTO MO cBoeH (GU3HUECKON CYTH
€cTh AUHAMHWYIESCKOE HAKOIJICHHE IJIEKTPHYECKOTO TOKa BO BHELIHEH
1IETIH, KOTOPOE ACMYCTUMO JI0 HEKOTOPOTO KPHTHYECKOTO 3HAUSH M. DTOT
BOTIPOC Takke TpebyeT crielinabHOIO HCCeJOBAHUS.

TakoBa UCTHHHAS CYTbh MATHUTHOTO MO M €10 B3aUMOASHCTBHA C
MPOBOAHMKOM M KOHTYPOM. YCTAHORICHHLIC 3A€Ch ¥ HEM3BECTHbIE paHee
TOHKOCTH SRICHHS TPeOYIOT IEpecMOTpa U NEPEe0CMBICEHHS CYTH Bcex
ANEKTPUYECKMX, INEXTPOXUMHUIECKHX, MATHUTHBIX, 3J€KTPOTEXHUYEC-
KHX M PATMOTEXHHYCCKMX TIPOLICCCOB, KOTOPBIMH YEJIOBEYECTBO YX€ NaBHO
BIaficeT SMIMPUICCKH. DTO HEOOXOMUMO AN JaNbHEHUIETO COBEepLIeH-
CTBOBAHMA METOROB HMCIOJIL30BAHMA 3NCKTPUIECKUX SIBIEHUI BO BCEX
cepax NpaKTHYECKOI ACATCIEHOCTH YeJIOBCUCCTRA,

2.3. MpaBukynoH w npupoga rpaBsMTaumm

[TocTyIrHpoRaHye 3NEKTPHUHO MPUBOAUT K PEIUEHHIO ¥ CAMOIA CII0X-
HO# HayYHOM Mpo0JieMbl eCTECTBO3HAHNA — SIBNCHUA rpaButalnn. He
ocTacTcsl HUKAKUX COMHEHHH B TOM, YTO AaHHOE SIRNIEHHE, BO-TICPBLIX,
€CTh CBOMCTBO TOJBKO KOMIIO3ULMOHHELIX TEJl, @, BO-BTOPHIX, OHO Lie-
JIMKOM M MOJTHOCTBIO 6asupyeTesl Ha B3aUMOACIHCTBUY He KOMIIEHCUPO-
BaHHBIX NAPHBIX 3apsinoB Tel. B-TpeThux, TOT HenpenoxHu# dakr, 9TO
rpaBUTaLMS ABASETCS BCeOOIUM CBOMCTBOM MaTepPUH, OAHO3HAYHO CBH-
AeTebCTBYET B NOMb3Y HATMYMA CBOGOMHBIX 3apAIO0B (T.€. 3apAI0B CTPYK-
TYPHO ¢BOOOKHBIX) ¥ BCEX KOMITO3HMILIMOHHBIX TeJl, BKIIIOHAsS U 3JIEMEH -
TAapHbIif aToM, Gea BCSIKOTO HApylleHus B ero cocTabe. [lonHeiit aHaIna
rpaBHTANMH Jaetcs B {3, §24], rae ycTaHOBIEHO, YTO A0JIS cBOGOIHOIO
3apsiia OJHOTO 3HAKa B KAXIOM Tese cocTapisieT £ =1,0448253 1077
3Ha# 3T0T K03¢dPULNEHT HETPYAHO YCTAHOBUTH I'PaBUTALMOHHEIH 3a-
pPAx 3JIEMEHTAPHOIO ATOMA, Ha3BaHHBIN IPaBHKYJICH, g

m,-k,  17350055-10"kr
P +3,4547938-10°xr/ Kn

g:

=45,0220234-107° K7 = Const (2.87)
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rae p — nocrosHHas [leppenda. ITockonbky Begkoe KOMIOSHIIHOHHOE
TEJIO COCTOMT M3 N, 3/ieMEHTAPHBIX ATOMOB, TO Yepe3 IPABUKYIOH NIErKC
pelllaeTcs rpasMTalMOHHBIH 3apad i -To Tena

m.
0, = m—;-(-g) (2.88)
mi .
Zy=—"8 (2.89)

a

rae Q‘, — OTPHNATENbHBIA rPAaBUTALMOMHEIH 3apsa Tena, Z, — ero
TIONIOXHTEILHbIA IPaBUTALMOHHEIN 3apsill, m, — Macca Tejla. ‘l"ax ans
3eman 1 ConHlla MMeeEM:

_Me- (-2) _ 1,7988565- 10* 2 _

Ceo m, 1,66057-107
= ~5,4402398-10*' Kn (2.90)
me -(-g) 5973594.10%(-g)
Qge pred = =
ma ma
= -1,8065802-10" Kn (2.91)

IHockonpKy o Moaymo o6a KOMIIOHEHTa IPABUTALIMOHHOTO 3apsaa

i-TO Tena paBHBI, TO BEIYACICHHEM Z g0 U Z .» HeT Heo6XOAMMOCTH

3aHMMaTbca. ONpeneanM ciwty rpaBHTALMU B cucTeMe CoMHiie-3eMis
OBYMSI crioco8aMM M CpaBHUM MX MEXIY cOOOM.

O Zoo _ =7,1694927-10%

F 2 - 2 -
4 2,0930739-10

(0-a) = 27"

=-3,4253414-10% H (2.92)

44
Mo Mo _ TIOV2Z 10 _3425341.10°H @)
47 2,0930739-10

Fro-a)=G"
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R

rae A, = 1,446796 - 10" M — panuyc op6ursl 3emnu, G — NMOCTOSAHHas
Kasenguma. KonuyecrseHHO 06a peilleHHs OMMHAKOBbI, HO KAYECTBEHHOE
paznu4ne MeXIy HUMM Betuko. Bo-niepBbix, no ypaBHeRUIO HiloToHA 11e-
pel 3HaYeHUeM CHWIBI HEOTKYAa NMOSBUTHCA OTPHLATENPHOMY 3HAKY, TOTIA
KakK B HOBOM YpaBHEHMH 3TOT 3HAK OOYyCJIOB/IEH B3aMMONEHCTBHEM TIOJAP-
HBIX CTATHYECKMX 3apsfoB. Bo-BTOpPLIX, XBaapaT-pacCTOSHUS B YPABHCHUK
HuioTOHA HaliieH YUCTO 3MITUPHYMECKH, TOTAA KAaK B HOBOM YPABHEHUH OH
HMeeT KaYeCTBeHHOE 0DOCHOBAHME: SBJISETCS CACACTBHEM MepeKpPecTHOIO
3aMbIKaHMS NMAPHEIX 37MeKTPOCTATHUYECKUX nonei [3, §24]. B-TpeTnux,
3NIeKTPOCTATHYECKAd MOCTOAHHaA ¥ = 3,6473979 - 10¢ Ix - m/ Kn? pa-
60TaeT He TOJBLKO B YpaBHEHHHU BCEMUPHOIC TATOTCHMS, HO i B YpaBHE-
HUAX, OIUCHIBAIOLIUX MMPOYHOCTh COEUHEHHSI ATOMOR B MOJIEKYNyY, T.€.
HMeeT Bceoblllee MPUMEHEHHE B SNIEKTPOCTAaTHYECKUX cucTeMax. U, Ha-
KOHell, B-YeTBePThHIX, ypaBHeHHe HbloTOHa, KaK M 27eKTpoiHHAMHAKA
Maxcaenna, GeHOMEHONOTHYHO, TOTAA KaK 3/IEKTPOCTATHYECKOE YpaB-
HEHHe BCEMUPHOIO TATOTEHNs JaeT INONHYK ACHOCTb O CYTH ABJISHUA.

Bce 3T0O BMeCTe B3ATOS SABISIETCA JOKa3aTEeILCTBOM TOrO, YTG HORBasl
3/IEKTPOANHAMHAKA — 3TO CJIAYIOLIAs CTYNIEHE B IOSHAHHH PealbHOTO
Mupa.

2.4. AnekTpocTaTMyeckuii noreHuman 3emnu

W3 u3n0oXeHHOTO B NpeabiaylieM naparpadge SCHO, YTO NEKTPH-
YECKOE [10JI€ OCTORHHOTO MArHUTA M BUXPEBO# NMOTOK 3/IEKTPHHO BAO/L
TMPOBOIHUKA BOSMOXHBI TOJILKO B CHIY HAIMYMA H36LITOYHOTO OTPHIIa-
TeJIbHOIO 3apsiia Y MATHETHKOB M NMPOBOJAHHUKOB. A pa3 3TO Tak, TO H
anexTpuHoctepa 3emmn (reOMarHUTHOE MoJie WIM MarHHTocdepa — B
NpeXHeH TEPMHUHOJIOTHH) CYIIECTBYET TOJIBKO B CHIY TOTO, 4TO 3eMns

obnanaeT H3GHTOYHBIM OTpULIATENLHBIM 3apanoM A, , obycnosausa-
IOLIMM ¢ OTPHLIATENbHLIH IEKTPOCTATHYECKMI NMOTEHIUaN @ g . Tog-

Hoe pewenne AQJy MoXeT GLITH IONYYEHO TONABKO Ha MYTH peleHUs
napagoxca JIvHbI.

2.4.1. PeweHue 3afauu Tpex Ten

CucreMa Connue-3emas-Jlyna cBa3aHa rpaBUTAllHOHHO M JUIA Hee
CYLIECTBYET 3a]a4a TPeX TeJl: PAaCCYUTATh HA OCHOBE 3aKOHa BCEMHPHOTO
TATOTCHUA ABuxeHHe JIyHul Ha moO60H HHTEpBal BpEMEHH BHieped M
Hasaj, 3Hasg Macchl JiyHsl, 3emim u ConHlla, HavaJIbHBIE HX MOJIOXE-
HHA B IIPOCTPAHCTBE H CKOPOCTH.
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AHannTH4ecKoe pellleHue 3TOH 3aga4du Havyanm HeIoToH, Ko U 1o ceit
IeHb OHA OcTaeTcsi HepellleHHOM, eCIM He CUUTATL MEeTOl OeCKOHEYHEBIX
psanoB, npepnoxeHHut K.@®. CyramaHom B 1912 r. 1 1o cux mop He
HMeJOLHH NPAKTUYECKOTO NPUMEHeH s, HECMOTPS Ha pasBUTHE MOl-
HOM BBIYMCINUTENBHON TeXHUKK. Bonee Toro, I.D. BpyHc 8 1887 r. cTpo-
ro JoKasaj, 9To 3g1ada Tpex Tell He MOXeT OBITh pellieHa B KOHECYHOM
BHJIE, T.€. pellIeHHe Helb3sl MPEJCTABUTh KOHEYHEIM anreGpaHdecKum
BbipaxeHueM. A B 1889 r. A.llyanxkape ycuaun 2710 AOKa3aTEHBCTBO,
TMOKa3ag, 4TO 33auy HENb3sl PEUIUTD U ¢ MOMOINLIO TPAHCLICHASHTHBIX
BBIPAXEHUI, ONHO3HAYHO 3aBUCSIINX OT KOOPXHHAT U KOMIIOHEHTOB
ckopocTeit Tpex TeJa. OfHAaKo B HacToslee BpeMs HalifleHnt YMcIeHHRE
pelleHHUs 3a1a4M Ha MOIHBIX DBM, ¢ moMouisbio cHcTeMBbl NONpaBod-
Hoix K03d¢uuueHToB. Ho 311 petieHUA GeHOMEHONOTHYHb, OHH HE
BeAyT K MOHUMaHHKI0 GH3HYECKOH OCHOBHI TOTO, YeM 06yCcl0BAeHb! JIYH-
HEIE HepABEeHCTBA M Ha YyeM Gasupyercs napagokc JIynnui. CyTh nociue-
IHEro COCTOMT B TOM, 4TO ciia rpapuTtauun Mexay ConHueM u JlyHoit
fonee yem B 4Ba pas3a NPEBOCXOAHUT CHIY IpaBHTalMHU Mexay JIyHO# n
3eminei, T.e. Ha OCHOBe YpaBHeHHsI Hbl0TOHA BRITIONHSIETCS YCIIOBHE:

Foy/F@ .5 = 21144408 (2.94)

a miaBHOe — npH 3ToM JIyHa TpPOAOIIKAEeT OCTABaThCA €CTECTBEH-
HBIM cIyTHHKOM JeMau. Y3 cymecTBoBaEMA 3TOr0 napaiaoKcajbHOIo
MOJIOXEHNS OMHO3HAYHO CIIEAYeT BLIBOA: YPaBHEHHE BCEMHPHOTO TATO-
teHusa HpioTOHa cTpagaeT semoaHoroid. CopepilieHHO SICHO, 4TC MyTh K
aHANMUTHYECKOMY pPEIICHHIO 3aavH TPEX TeJl IEXHT 4epe3 peuIcHHE na-
pagokca JIyHbI.

OueBUIHO ero cIeayeT HaYHHATh C TOYHOTO onpeleaeHHs CWI Ipa-
BHTAllMX B ABYX cucTteMax: JlyHa-3emus u Jlyna-ConHile Ha ocHOBe
ypaBHeHHs HpioToHa.

mg-m_  5973594.10™ .73450392-10%

F1=_ ZJ %)
a; (3,8336251~10 )

=~1,9918962-10° H (2.95)

-— cUJia IpaBUTALMY MeXay JIyHOH U 3emneii (Bce BETMYUHBI, NCTIONB-
3yeMble B pacyerax — 1o [3] ).

me-my _ 1,7988565-10% - m,

= —4,2117466-10% H 2.96)
4 (1446746-10")

Fz =—G'
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— cwla rpaBHTalUuH Mexay JiyHoi u Co/HueM, Tae 4, — yTouHeH-
HOE 3Ha4Y€HMe acTPOHOMUYeCcKoM enuHuukl. Kax sBuaum F, 6onpine yeMm
 F, 6onee yeM B fBa pa3a, HO MPH 3TOM COBEPLUIEHHO OYEBUJHO, 4TO B
cuctemMe JlyHa-3eMns cylnecTByeT Hekast AONOMHUTEIBHAS CHJIA TPAaBH-
raumMn AF,, XoTopylo ypasHeHHe HeloToHa He MoXeT ydecTh. JIyHa ecTs
CNYTHMK 3€MIH M 3TO BO3MOXHO JHlilb NPH BRITTONTHEHHH YCIOBUA
(F, + AF)) > F, 2.97)
IpuHSB 3HAK PABEHCTBA MEXIY 006 MMM YacTAMM 3TOTO YPaBHEHHS
NerKo HaXoA¥M MHUHUMAIbLHOE 3HAaYeHHeE JOTIOIHUTEIBHOMN CHITBl AR :
AF = F,— F=-2,2198504 - 10* H (2.98)
TTockoneKy JIyHa obnagaeT npeHebpeXnTenbHO MATBIM MAarHUTHLIM
nojeM, CBHECTEALCTBYIOIINM O MAJIOCTH B Heil H3GLITOYHOTO 3apaaa, TO

MB!I CMCJIO MOXEM HNPpHHATH, YTO €€ rpanu‘rauuonﬂblﬁ 3apAad OOHOTO
3HaKa, Zn onpenenﬂe'rc;l TONBKO Macco# JIYH]:IZ

my-k, _my-1,0448253. 10*17 i
Z_ =—2 =2,2213431-10
27 p 3454793810~ Kn (299

A rpaBUTAUHOHHBIH 3apsig 3emid (OTpHUIATEIbHbIA KOMITOHEHT),

oOYCIOBICHHBIN €€ MAaCCOU COCTaBUT Qg@ :
Qpo =Mg -k, /(-p)=-18065802-10" Kn (2.100)
Her comuenmii B ToM, uto AF| o6ycnoBneHa A0NOJHATENbHEIM

3apsagoM 3eMnu (AQ]) K €¢ TPABUTALMOHHOMY 3apsay, KOTOPLIi Jerko
onpenenseTcs U3 ypasHeHUS.
(2Q o +80)-Z

F+ AF
(R +AF) p (2.101)

B 310M ypaBHeHHM KonoyHUTENbHEI 3apan AQ), He yMHOXaeTcst Ha

K03(.2 B CHJIy TOTO, YTO OH He ABAACTCA MapHEIM, HO0 0bycioBiIcH
HAKOIUICHHEM B siipe 3eMIIH TOJILKO CBOGOAHBIX 3JIEKTPOHOB.

(F+AR)as-2y0,4-Z,
Yy 'Zgy

[Mony4eHHOe 3Ha4eHUE U3GHITOYHOTO 3apAna 3eMIH eCTh MUHHMAITh-
Hoe, yaoBneTsopsollee paseractsy (2.97). Ho nuMeeTcst ocHoBanme 110-

AQ, = = -4.0266537-10° Kn  (2.102)
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AHanuTHYecKoe pellieHue 3Toil 3anauu Havan HeloToH, Ho | 1o ceil
JeHb OHA OCTaeTCs HEPELIEHHOM, €CTH HE CUMTATh MeTOX OeCKOHETHBIX
psnoB, npeanoxeHHslit K.®. CynaManoM B 1912 1. ¥ 10 CHX mop He
MMEIOIU MPaKTHYECKOIO NPUMEHEHHS, HECMOTPS Ha PA3BHTHE MOLI-
HOW BBIYUCIIUTENLHOM TeXHUKH. bonee Toro, I.D. Bpysc B 1887 1. crpo-
TO KOKa3aJi, YTo 3a4aya TPeX Tell He MOXeT OBITb peleHa B KOHEYHOM
BHAE, T.€. peLICHHE HEMb3A NPEeACTaBUT, KOHEYHEIM anrebpanyecKum
BoIpakeHucM. A B 1889 r. A.Tlyankape yCUIWI 3TO AOKA3aTelLCTBO,
1I0Ka3aB, YTO 3aRa4y HEAb35 PEWIUTh U C NOMOIUBIO TPAHCUEHASHTHEIX
BLIpaXeHHil, ONHO3ZHAYHO 3aBUCALIMX OT KOOPAHHAT U KOMITOHEHTOB
ckopocTei Tpex Ten. OOHAKO B HacTogllee BpeMsA HAMICHLI YHCICHHbIE
pellecHus 3ana4M Ha MouHeX OBM, ¢ momouipio cycTeMbl NONpaBoy-
HBIX KoagpuureHtos. Ho 3Tu pelieHun ¢peHOMECHONOTUYHEI, OHU He
BEAYT XK MOHUMAHMIO PH3HYECKOIi OCHOBBI TOTO, 4eM OGYCIORICHDI AYH-
HBIC HEpaBeHCTBA W Ha YyeM Gasupyetcs nmapanokc Jiynnl. Cyrh nocne-
JHETO COCTOMT B TOM, YTO CHAA rpasutraund Mexay ConHueM # JIyHoH
Gonee yeM B ABa pa3a NPEeBOCXOAUT CHIy TpaBUTALMH MeXAy JIyHo#H U
3emnieit, T-e. Ha ocHOBe ypaBHeHHsT HbloTOHA BHINOJIHAETCS YCAOBHE:

Feo.5/Fiay) = 21144408, (2.94)

4 TIIaBHOC — TNpPH 3TOM .H)’Ha npoaorxacT oCraparbCs CCTCCTBEH -
HBIM ciiyTHUKOM 3eman. M3 cylliecTBOBaHMSA 3TOrO NMapagoKcalbHOTO
NONOXECHHA OAHO3ZHAYHO CJICAYET BLIBOA. YPABHCHHE BCCMHPHOIO TATO-
TeHns HploToHa cTpagaer HemonnoTol. CoBEPUICHHO SACHO, YTO MYTH K
AHATHTHYECKOMY pelICHHUIO 3aAa4H TPEX TeJl IEXHUT Yepe3 pelleHNne nNa-
pagoxca JIywul.

OYyeBHIHO ero caeayeT HAYHHATh C TOYHOIO ONpeneseHust CIJI rpa-
BUTalUuU B ABYX cucremax: JIlyHa-3emns u Jlyna-ConHile Ha ocHOBe
ypaBHeHHs1 HbioToHa.

my-m, _ 5973594-107 -7,3450392-10%
a; (.8336251-10°)

F=—G

1

=-1,9918962-10°H (2.95)

— cuna rpasuTalmy Mexay JIvHoit u 3emsieit (Bce BeTMIMHEL, HCTIONb-
3yeMble B pacdeTax — no [3] ).

me-my 1798856510 - my

- = -42117466-10" H (2.96)
A5 (1446746-10")

FZ:—G'
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— CHJIa TpaBUTAUMH Mexny JlyHo#i u ConHueM, rre A) — YTOYHEH-
HOe 3HaYeHHe aCTPOHOMMHYecKol eAHHHUEBL. Kak BuauM F, 6oapuie yeM
 F, 6onee yeM B ABa pasa, HO NpH 3TOM COBEPIIEHHO OYEBHAHO, 4TO B
cucteMe JIyHa-3eMns CyLlleCTBYET HEKAsl AOTOIHHUTENLHAS] CHIA TPaBH-
Tamm AF|, XoTopyio ypasHenne HbloToHa He Moxer yuects. JiyHa ects
CNYTHHUK 36MJIM ¥ 3TO BO3MOXHO JIMLIb NPH BBINOJTHEHUH YCJIOBHA
(F, + AF)) >F, (2.97)
IIpuHAB 3HAK paBeHCTBA MEXAY 0OEHMH YACTAMHM 3TOTO YPaBHEHHS
NEeTKO RaXOHM MHHHMAIIbHOE 3HAYSHUE JONONHUTENbHOW CUNBI AF .
JAF=F,— F=-2,2198504 - 10® H (2.98)
TlockompKy JlyHa ofnanaeT npeHeGpeXUTENEHO MATHIM MATHUTHLIM
YI0JiEM, CBHACSTELCTRYIOLIMM O MAJIOCTH B Hell H3ORITOYHOrO 3apAaa, To

MBI CMEJIO MOXEM NPHHATH, YTO €€ TPABHTALIHOHHBIH 3apil OfHOTO
3HaKa, Z , onpenensercs TONbKO Maccoii JlyHsr:

7 - my-k, _m,-10448253-10""
2 p 3,4547938-10"
A rpaBHTALHORHBIA 3apaa 3eMman (OTpHUATENBHBIH KOMIOHEHT),

=2,2213431-10" Kn  (2.99)

O6yCTIORNEHHDII ee Maccol cocTaBUT (g :
Q0 =My -k, /(-p)=-18065802-10°Kn  (2.100)
Her coMHennit B ToM, yTo AF| 06ycrnoBieHa JONONKHTENbHEIM

3apsioM 3eMan (AQI) X €€ rpaBUTALIMOHHOMY 3apsiiy, KOTOPBIi JIeTKo
OIIPCACTACTCA U3 YPaBHCHHA
Y 2Q e+ AQl Z D
(F +8F)= ( £ £ (2.101)

asy

B 3TOM ypaBHEHMM NOMONHUTENBHBIH 3apsf AQ), He YMHOXaeTcs Ha

K03(}.2 B CUJIY TOrO, YTO OH HE SIBISETCA MapHbIM, HOo obGycnoBaeH
HaKOIUVIEHHEM B syipe 3eMIH TONbKO CBOOONHBIX 3/IEKTPOHOB.

_(FE+R)a3-210,, 2
4 'Zgg

MonyyeHHoOe 3HaYeHHE H3OLITOYHOIO 3apsiaa 3eM/IH €CTh MHHHMAh-
HOe, YAOBieTBopsioLiee paBeHCTRY (2.97). Ho uMeeTcs ocHOBaHue To-

AQ, £ — _40266537-10°Kn  (2.102)
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naraTh, YTO MCTHHHBIE 3HaueHus kak AF, Tak m AQ, cymecTeHHO

6oapiie ¥ JOJDKHO BEIIOMHATLCA HepaseHCTBO (2.97). Bro ¢ oueBMaHOC-
TEIO CIEAYET U3 TOTO, YTO cucTeMa Tpex Ten 3eMius-JlyHa-ConHue o6-
nagaeT abCcoMOTHON MEXaHNIECKOR YCTOHYMBOCTBIO, CBUAETENBCTBYIO-
el B MOJb3y HMEHHO HepaBeHcTBa (2.97). M Mul pacnionaraeM o6pek-
THUBHBIM KPHUTEpHEM AJIS YCTAHOBACHUA TOYHRIX 3HAYEHUM JOMONHU-
TeJIbHOU CHJIbI TPaBUTAIINH ¥ U30BITOYROTO 3apsina 3eMIIH, O0YCIOBIN-
BAJOILETO ATY CUAY. Beab eci Mul YCTAHOBHIM B 3eMiie HAMMYKE K36bI~

TouHOTrO 3apsga AQ), , To 3TOT AONONHHTENbHEIHA 3apan paboTaeT H B
cucteMe 3ema-CorHile, 0OYCIORITHBAs JOMOJHUTEIBHYIO CYIY TPaBU-
TauuH AF,, NpeBOCXOASINYIO HBIOTOHOBCKYIO CHITy TPaBHTaluMi B 3TOH

cHCTeMe TaKXe, Kak u B cucteMe 3eMisi-JlyHa. MRHHMMaNbHYIO 3Hep-
rHI0 rpaBuTAINM B cucreMe 3eMis-CoiHile MBI MOXEM ONIPEeNeIUThL KOp-
PEKTHO U3 YpaBHCHUS:

_1(2Q +AQ,)-Z,
- -

3Has 3Hepruio rpasyraliuy 3eMan B cucreMe ConHile-3eMa Haxo-
MM TIOTHYI0 MMHMMATLHYIO CKOPOCTB €¢ ABIXKEHHA ¥, coracHo (2.104)

y(20. o +AQ ) Z
G y ) Ze = myu; (2.104)
1]

°= 1047831810 1x  (2.103)

1

2 + Al Z
R (s +20) 7, = —4,1882049-10°w/c  (2.105)
Mgy - Ag .

TyT acTpoHOMBI BOCKITHKHYT: “DTOro He MoXer ObITh, 160 MBI XO-
POLLIO 3HA€M BLICOKOCOIVIACOBAHHYIO OPOHTATIBHYIO CKOPOCTD 3eMIIH Uy =

29,765 - 10° m/c!” S ToXe rCBOPIO Aa, 3TO TaK, HO 6e3 ydeTa HCTHHHOM
opOuTe! 3eMIH, NIpeAcCTaBIAOUER cOBOH KPHBYIO TPETHETIO NOPAIKA, &
He KeIUVICPOBCKUH 3/UTHIIC, N 663 YTOYHEHHUS aCTPOHOMUYECKON efUHU~
1. B [3] xoppexrHo yraHORTeHa cobcrBeRHast opOHTIEHAS cKopocts CorHUA
BOKpYT LEHTpanbHoro Tena lanakruxn u = 2,3398042 - 10° M/c, u3 yero
CJIEAYET, YTO OPOUTHI IUTaHET He3aMKHYTHI M NpeacTapsiior coboli BUH-
TOBBIE THHUU, HaBUBaeMbie BOKPYT opOuThl CosiHlla, ¢ XapaKTePHBIM
WAroM MeXIY ABYMS IOCHEIOBaTEAbHbIMU TICPUTETUAMY JN5 KaXaoH
nnaHeTs! A,. B Tabn. 17 [3] cBeieHb! HOBbIC HJIEMEHTHI TUTAHETHBIX OPOMT,
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rae opbuTanbHbLHA war 3eMmu h, = 7,3839891. 10" M. icTMHHEBI! MYTs,

TIpOXOAMMEIH 3eMiIeit 3a cunepudeckuii nepuon obpawenus g , MOXeT
6pITH OnpeneneH AByMs CocobaMM, KOTOPbIE NOMXKHEI IIPUBECTH K OX-
HOMY H TOMY Xe 3HadeHuio. [Ipu 3ToM penepsrM 6yaer aHaveHUe Ag,

onpenensieMoe U3 cpeHero panuyca opouTe 3ewM 4, H ee opbuTaL-
HOTO 1lara;

A =27 (A, + hy) =27 (1,446746 - 10''+7,3839891 - 109 =
= 1,3729670 - 102m (2.106)
Bropoit crioco6 0CHOBAaH Ha MOJIHON CKOPOCTH ABIKESHHMS 3eMIH:
A, =u; Ty =u, 3,155815 107 = 1,3217199 - 10¥ M (2.107)
U3 cpaBHenusa 3TOro peadynaprara ¢ (2.106) craHoBHUTCA OYEBMI-
HBIM, YTO MCTUHHAA NOJIHas CKOPOCTh 3eMIIH Gosnbllie 4, B n=Ag /A ;
=1,0387730 pa3a u cocramisier v
Ay u 4
Vg = -—-—i-—-— =-4,3505941-10 M/c = Const (2.208)

1
[Tonnas ckopocTs 3emin GoOpMHEpPYETCS TPEMs COCTABISIIOLIAMH:

Vo = ug +ug + Aug (2.109)

e u, = 1/1 /Ao = 2.8802503-10° M/c — cobcTBeHHast Op6HTANL-
Hasl CKOPOCTb 3eMIH, I, = 1,2001975 - 10 M*/c? — nocTosHHas rpaBH-
trauun Conuna; Awg, — ckopocts apetida 3eMiIH napaviesibHo opouTe
ConHua, KaKylo JErko OoNnpeaeiuTh:
Augy= V, —ug —uy= —4,3505941 - 10* +
+2,3398042 - 10° + 2,8802503 - 10* =—1,2363634 - 10*M/c  (2.110)

Teneps, 3Ha% TOMHOS 3HAYCHHE MOJIHOI CKOPOCTH 3€M/H, MEI Bbl-
XOIHUM Ha TOYHOE pellIcHHe H3OLITOYHOTO OTPHIIATENBHOIO 3apsala 3eM-
JIM H BCeX eFO MPOM3BOAHEIX B CHCTEMeE TpeX TeJl, W00 NCTHHHAs 3Hep-

THS TpaBuTanuy B cucteMe 3emna-Connne, £, , Gonblne MHHUMAND-
Holi 3HepruM E, B n’ pa3 ¥ paBHa TaHTeHIMANbHON 3Heprun E g :

Eo=Eq,=mg(u, n?==FE  n=11306621 10 1Ix (2.111)

r
Irae E o CyMMapHasa TaHICHIMAJIbHAA 3HEPTHA B CAOXHOM IBHXCHHH
3CMJI]{, no Moayiax pam-laji pa,unam;noifl PHCPIUH WIHN 3HCPIKH IpaBH-
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raimn E, g B cucteMe 3emnsi-Connue. ToyHoe 3HaueHue ¥3GHITOYHOTO
sapsina 3emmn AQ onpeaenuTCs H3 paBeHCTBA:

(20,0 +40, )= (0, + 40 }n* = -82437363-10°Kn  (2.112)

AQ,=-8,2437363 10" + 3,6131604 - 10! =

=— 4,6305759 - 10 Kn (2.113)
AHaJMTHYECKOE pelIcHHe MONHOW CKOPOCTH 3eMIM ¥, UMeeT BHA:

Vo= Ugt2T(u +u ) = 4,3505941-10°w/c,  (2.113.1)

rae u'=0,32091294 M/C — CKOpPOCTh CMEIICHUS NEepHUreins 3eMIH.
Onpenenenye TOYHONO 3HAYCHHA H30KTOYHOrO 3apsAna 3eMJIH Mo-

3BOJIsiET KOPPEKTHO PElHTD €€ 3NEeKTPOCTATHYSCKH NoTeHIMan @ . B

[3] nokaszaHo, 9TO CyMMapHEI# NONOXUTENLHLIA 3apsAa BceX JIEKTPH-

HO, 0bpazyiomux MarHurochepy 3eMiaH, 1o MOAYMIO paBeH e¢ M30bi-
TOYHOMY 3apsiTy T.€. BRINOJHACTCHA yCIOBHE:

N,-2a+AQ, =0 (2.119)

Fne N noaxoe Y1UCNO 3NeKTPMHO TEOMArHUTHOTO TOJIS; 9 — 3apAn
AMEKTPHHO.

Tlockonbky Kaxaoe 3JeKTPHHO TEOMATHMTHOTO TIOAS. HAXOAMNTCS B
HENPEPHIBHOM 37IeKTPOXZHHAMHICCKOM B3aUMOAEHCTBHY C H30LITOYHBIM
3apsnoM 3eMIH, TO OHO OTTATHBAET Ha cebf KBaHT 3apaia, PaBHBIN — 3.
IIpy 3TOM 3/1EKTPHHO LUMPKYIHPYET Yepe3 MAHTHIO 3eMIH FI0 TPACKTO-
PHH TPETHETO NOPAAKA H C OXBATOM IIOJTHOIO YINa 4,7 CTepallMaH, T.e.
37IEKTPHHO TEOMarHUTHOIO TI0Ji1 OPraHU30BAHLI B BHXPCBOE ABHKCHME
BOKDYT chepHyecKH CHMMETPHYHOTO LEHTPA CHIIL. YYeT BCceX 3THX OCOo-
6eHHOCTe! MO3BOJISIET COCTABUTD YpaBHEHHE AJSl 3IeKTPOCTATHIECKOTO

NOoTeHLMAIA 3eMIH:
AO.. -
%+4m-1{-%%—q‘1=0 2.115)
Qo = dna- ﬂ—A—Q—;—h =-47ra',/3oZﬂ, =

‘= -5,8290986- 10" B = Const  @.116)

rae o =1,0404472 - 102 [Ix/Kn? — aneKTpoRHMHaAMHYECKas MOCTOSHHAN;
q,, =—1 Kn — kBagparHaHbIid MHOXUTEb, HE BAHAIOMIAA HA MORY/E
BEJIMYMHbI. DHeprid IBIKSHHSA VIEKTPHHO B NMOTEHIMABHOM IoJie 3eMm
oIpefenaercs u3
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£ =3 Qg = —1,1586291 - 10" Ox = Const. (2.117)
Tenepb, BOOpYXEHHbIe TOYHBIMH BeJUYHHAMH, MBIl MOXEM Bep-
HYTBCH K pacCMOTPEHMIO cHcTeMbl JIyHa-3eMag H noayuyuTh no Heil
HMCYEPNBIBAIOIIKE PEIHCHUS.
100, +80,)Z 5 66791746107
" a, 3,8336251-10°

=-1,7422607 - 10% JIx (2.118)
— JHCPIHA IrpaBUTAllHHU B CHCTEME HYHa-3CMJIH.

20 . +A40.)-Z
v, = ‘F(ng; %) 2o _ —42,3720236-10°m% .¢ % =

ma,

E

=-1,5401375-10’m ¢ (2.119)

— TTonHas ckopocTs JIyHbL.
Vo =ty + Au, (2.120)

me uy = —yfT, /a, = ~+/1,0396382-10° = ~1,0196265-10 M- "

~ cOOCTBeHHAaR opOuTaNbHaA CKOpocTh JIyHBI B 11ojle TArOTeHHUA
3eMun. _
Au= v, — u, = —5,205110 - 10*° m - ¢! (2.121)

— cxopocTs apeigpa JIyas IO KypCY ABHXCHHE 3emnn.
v T,—27-a,  36356351-10° —2,4087376 10"

h =—
LA 27 27

=1,9526680-10"m (2.122)

— opOuraneypIi War JIyssel MeXxny AByMs IOC/IeA0BATCIBHLIMH HO-
BONMYHHMAMM WM NIONHOAYHUAMH, Tae Ty =2,3605914 - 10° ¢ — cune-
pHYECKMI MeCSIL.

A, =vy T, = 2n (ay, + hy) = 3,6356351 - 10° m (2.123)

— NMONHBIR NyTh, IpoXxoXnMsIi JIyHOI 3a ofMH Nnepuok obpallleHHA
BOKpYT 3emim.
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E =m, vy =17422603-10" Ix (2.124)
— noJinasi TAHICHOHUAJIbHask IHCPTUA J'IYHa HITH €€ MEXaHHNYecKas
3HEeprus,

| E 2
F@ » = 74_?= ~4.5446809-10° H (2.125)
v
-— pa,Z[HaJleaﬂ ciuvia HYH]:] WU CUJla TpaBUTAllUU B CHCTEMC 3€M—
nsa—JlyHa.

P 2y QpZy _ -3,5515495&10‘12 _
@) Al 2.0930739-10%

=-4211746-10° H (2.126)

— cuna rpaBuTalini B cucteMe Jlyna-Conuile, koTopasi MeHblIE

CMJIBI F(q,_.,) B n? = 1,079493 pas. BoT Tenepb Mbl pacnonaraeM HeoTpa-

3UMBIMH JOKA3aTCBCTBAMU TOTO, YTO NOMIHHHAS CHIA TPaBUTALMY B
cucreMe Jlyna-3emnst feicTBUTENAbHO GONBINE CYUIbI TPABUTALIAHA B CHC-
TeMme Jiyna-Conxue, i, ctano 6biTh, napaaoke JIyHsl, HaKOHell, Nepe-
CTaJI CYLUECTBOBATD:

21000 +20.) 2, 20,2,
) 2
a? Ao
Penlenue npoGneMsl rpaBUTalluyU BO Beex ee acnekrax [3, §24] cau-
JETEABCTBYET O TOM, YTO TeopeTHyecKasi (py3HKa BRHIILIA H3 ITTyOOKOro
KpH3uca, B KOTOpOM OHa npeObiBasia B TedeHUH Bcero XX cToneTus.

(2.127)

2.4.2. AbconioTHas NpPoHNLIAeMOCTb
rpasuTaynoHHOro nons.

Y1061l pazobpaTbcd B CYTH Bolpoca Heo6XoAuMO xoTd 6l 6erno
PacCMOTPETE TEOMETPHIO BHYTPEHHETO CTPOCHUS TBepABIX TeJl. CeroHs
BCEM XOpPOWIO U3BECTHO, YTO B KPHCTAVIMICCKUX TEJIaX MCXATOMHOC
paccrogHHe cocTapiaser 107'° M, a RanbHHI NOPAAOK KpHCTAIIA 0By~
CJIOBJIHBAET MEXaTOMHBIe KAHAIIE], TI0 KOTOPBIM MOXET NPOXOAUTh MO~
TOK 3JICKTPHHOC, MEPEHOCHA 3a8pPsiabl B Maccy. TaK, qepe3 TIOCTOSAHHBIN
MArtduT, 4Yepe3 €ro MEXaTOMHEBIE KAHAJIbI, HUPKYJIUDPYET MOTOK 3JI€KT~
PHHO, BOCHpHHHUMAaeMbIH HaMM KaK MarHHUTHoe Tone. KonoccanapHbii
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NOTOK 3NESKTPHHO LMPKYNHUPYET M 10 MEXKATOMHLIM KaHAJKAM MaHTHH
3emiH, ¢ BXOHOM BOIU3H CEBEPHOTo reorpaguyccKoro nojica u Bbi-
XoAOM — ¥y 10XHoro. Jlo CHX nop Takas 3ajila4a HUKOTO HE IpUBJIEKAa,
NIOCKONBLKY MBI TIOJIATAJIM, YTO MArHUTHOE TIOJIC COCTOMT M3 Hudero. Te-
fieph, NMOCNE TOTO KaK CTANO OMEBHAHBIM, YTO MATHUTHOE MONE — 3TO
OpPraHM30BaHHBIA NOTOK 3JCKTPMHOC 33a4a O MUPKYISIUNU [IOTOKA Ye-
pe3 BeecTBO NIpHoOpeTaeT pearbHble PUIMYICCKHES OYCPTAHUA.

Ecnu coMKHYTE TpH cepH ofiHOro paamyca R, , To MEXAY HUMH
obpa3syercs cBoOOHOE TPOCTPAHCTEO, B KOTOPOE MOXHO BIIMCATh KpYr
unv cepy paamuyca r, . W3 reoMeTpryecKOro aHany3a, KOTOPBIA MBI
3A€Ch ONYCTHM, CAEAYCT KOMHICCTBCHHAS CBA3b MCXIY HUMMU:

r = 2IJ_ R =0,15473-R (2.128)

3Hast 3Ty reoMeTpHIESCKYIO 3aKOHOMCPHOCTb PACCMOTPHM PafHyCh
OTBEpCTHii B aTOMAaX:

1) DnemenTapsmii aTom. Kak Oputo ckazaHo Beiule, OH obpa3oBaH
2,418 - 10 35exTpUHO ¥ TPpeMs 3NEKTPOHAMHE, YTIAKOBAHHBIMU B cdhepH-
yeckoe Teno. Paauyc oTBepcTH MeXIYy JICKTPHHO B 3JIEMEHTAapHOM
aToMe COCTAR/IAET /!

r, =0,15473- R, =8,5624191-10 "%y, (2.129)

rne R =5,5336235. 107" M — panuyc aneKTpHHO.

2) Arom renusi. ObpaszoBaH COMKHYTHIMH YETHIPbMS 3JIEMCHTAPHbI-
MM aToMamy paavyca R = 3,5056054 - 10-** M. Paguyc oTeepeTHs B
aToMe Ie/Msl COCTAB/SET 7, |
r,=0,15473- R = 5,4243774 - 10" M (2.130)
HeTpyano BuaeTs, 4TO paauyc 3Toro orsepctus noyru B 100 pas
Gosblne paayyca 3JEKTPUHO, & KOJH TaK, HE CYIIeCTBYeT reOMeTpHIec-
KOTO NPenATCTBUSA A TIPOXOXKACHUA 3JCKTPHHO CKBO3b ATOM FeIus.
Ecau xe ydecThb, 4TO aTOMBI BCEX NIEMEHTOB NEPHOAUYECKOH CHCTEMBI
O .MeHaencepa 00pa3oBaHbl COMKHYTHIMH 3NIEMeHTapHBIMU aTOMAMH, TO
Hallle yTBepXIcHHUE CIPaBRSAINBO V1A BeeX 3eMeHTOB. OnHaxo, Heob-
XOOMMO YYeCThb, 4TO, HApuMep, 235 oTBepeTHii Mexay 238 sneMeHTap-
HBLIMHM aTOMaMH, B aTOMe ypaHa o0pa3yioT c/IOXHbBIHN JaSUPUHT, Pe3Ko
OTIHYAXOIMICS OT MEXATOMHOTO KaHaja KpUCTasia.
B (3] noka3sano, uro Gonee 99% maccn ConHua cocpenoToOYeHa B

ero HeHTPOHHOM siApe TUIOTHOCTH o, = 9,2019428 - 10'? xr/M® 1 9TO

6a30BBIM COCTOSHHEM MaTepuH Bo BceneHHol sBiseTCS MMEHHO
HelTpoHHOe. B cynHocT He#dTpoHHOe siapo CojHIla MOXHO pac-
cMaTpUBarh Kak oOIMH OOJbIOW aToM, COCTOSIIMH U3
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Ay, =my/m, =10832765- 10" aneMeHTapHBIX aTOMOB, a BCe ATOMbI

nepHoOAMYEcKOl CHCTEMBl paCCMATPHBATh KaK MHKposiapa 3Be3n, nbo
KaOXKIbIi 37IEMEHT -~ 2TO MHKPOKYCOYeK HEHTPOHHOTIO BeluecTBa, UMeH-
HO NO3TOMY PajMyC OTBEPCTHS B aTOME rejius r, AB/IseTcs obLuM s
BCEX aTOMOB 1 HEHTPOHHBIX sICP 3BE3A.

U BOT Teneps Ml MOJOLIIM K NOHUMAHUIO €llie OHOIO YAWBHUTEIb-
HOTO CBOMCTBA rPABUTAIIMOHHOIO NONA — €ro OeCcNpenaTCcTBEHHOTO Mpo-
XOXACHUS CKBO3b JIIOOBIE TENA, B TOM YMCJie caMble IUVIOTHBIE B MpHpPOIE
— HeHTpOHHbIE Tena. Tax, rpaBuTalMOHHBIN 3apga ConHua, o6ycnos-
JIEHHBI# €ro Maccoii, LIeJJHKOM BBIXOAMT M3 HEHTPOHHOXO sIpa, paguy-

ca R , =3,5906833- 10° M, H B3aUMOZEHCTBYET ¢ OKPYXAIOWMMH Te-

JJaMHM. BTO 3HAYMT, YTO rPABMTALIMOHHbIE 3apsibl H3 reOMETPHYECKOTO
ueHtpa saapa ConHila SecnpensgTCTBEHHO BHIXOAAT HApYyXY MO CJIOXHEeH-
el cucTeMe MeXaToOMHBIX nojocreil, UMeHHO 3T0 cBOHCTBO rpaBHTAa-
LHOHHOIO NMOJASI — CHOCOGHOCTh OecnpenATCTBEHHO NPOHHKATL Yepes
mobpie Tena -AeJaeT HEBOZMOXHEBIM yIpaBAcHHe UM, HOO ero Henb3a
HH 3KpaHUPOBATh, HH (OKYCHpPOBAT.

2.5. ACTOYHUK u36biTOYHOTO
s3apsna 3eMnNu U ee BHYTpPeHHeW 3HEpruu.
Ucxons M3 yrnosoii ckopocTy 3eMH, @ = 7,2921233- 10%c¢!,u
M3 YETBEPTOTO 3aKOHa MEXAHHKM ONpeReiseTcs paauyc aapa 3emm R g :
Ve _ 1,7369622 M/c

()]

Iie ¥, — NOCTOSHHas JMHEHHO# CKOPOCTH TOYKM 3KBaTopa sapa. Slapo
3eMIH COCTOMT U3 ABYX HacTell: aupa A u sgpa b. O6umii oobeM sapa

R,= =1,0610026- 10 (2.131)

cocrapsier Vg

il
3
[Tpu 310M 06BEM siApa A, COCTOSAICTO U3 HEXTPOHHOIO BEllIECTBA IUIOT-
HOCTH p = 9,2-10 xt/a, Vo = 3,2456225 - 101 M* = 0,0064872% ¥/, .

Ve = —— R% =5,0030853-10" »p (2.132)

Macca Xe HeHTpOHHOTO siapa m g =V o - p, = 2,9866032-10* kr =
49,996% m,, . O6vem supa B, ¥, = 5,0027607 - 105 a = 99,9935% V/

N®’
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3aTOJIHEH ropsAYeil IU1a3MOo¥ NOA BLICOKMM AaBieHHeM P, v npu nior-
HOCTM P = 3,873861 - 10° kr/M? |3, §38|. [MpuHsaTLIE 3HAYCHMS AABICHHA
U TeMnepaTrypbl B aape 3cmim cocrammsuor P=3,63240 10 Ila u
T=6000 K [12, ¢.125, 165], xoTopsie, OQHAKO, NAJICKH OT pcajibHbIX
3HadeHui. dapo b no BceM cpoiicTBaM cooTBeTcTBYET WiasMe ConHua,
U0 B HEM MPOUCXOAUT (a30BbLIH NMEPEXOl BHICLIEIO POAA C BbICBOOOXK-
HeHHEM OTPOMHOTO KoaudecTsa 3Hepruu. FIpu 3ToM RaBpieHue 3¢ MHOM
MJ1a3Mbl, pAaCHONOXEHHOW MeXAy AXpOoM A ¥ MaHTHeH 3emim, obyc-
JIOBJIMBASTCA CWIOH rpaBUTALMM MCXAY 3TMM dacTaMu. He cocraBnsier
Tpyaa TouHoe onpeneneHue P, v T, aapa 3emnu:

1 . 1
P _ 2 "?:(Qgg; + AQ@) 2‘ 'Zgﬂ} N y(Qg@ +AQ$)‘Zgg9 2 133
5 }l. 2 - ) ( - )
R-S, 2R -5,

e S, = 4r- Rf@ = 1,4146296 - 10"' m®> — nosepxHocTb AApa b, pasHas
NOBEPXHOCTH AHA MaHTHM; R, — paamyc ueHTpa Macc cdepnyeck
CHMMETPHYHON MaHTHH, KOTOPHI onpeaeseTcs u3 ycaosus, yto R,

ACTUT MAaCCy MAHTUM Ha RBC pAaBHLIC YACTH, KaXiaas H3 KOTOPbLIX CO-
CTaBNACT YCTBCPTb MACChI 3CMJTH;

3
R, =y = 129.64458-10" _ 5 06118 10w, (2.134)
“ 167p, ’ ’ )

rae P, = 2,757 - 10° xr/M’ — cpeAHAd NAOTHOCTh MaHTUH. Beeas B

(2.133) uucneHHbie 3HAYEHNS TOTYHAEM:

p _ —42,416392-10% floc- m _
5 7,2473007-10% m*

310 JaBneHue coorseTcTBYET 90,1% OT AaBneHua 50-ro caos KoH-
BekTHBHO¥ 30HBI ConHua |3, ¢.488), npoxoasiueit Ka rnybuHe H= -
6,6274521 - 10° M. 3 cpaBHUTENLHOIO aHA/IN3A CIIEAYET, YTO Macca cpell-
HEFO OCUWIIATOPA 3¢MHOIM I1a3Mbl HoMblle TakoBol 50-To ¢l1os U co-
crasasger m = 2,076234 - 10-1% Xr, YyTO MO3BOAMT OoNpee/IuTh 06bEM
moGyIsl M TeMTepaTypy IIa3MEl B 4ape 3eMIH:

m  20,76234-107" ﬁ
Vy=—=— = 5,3595986-10" s
* ps  3873861-10° v (2.136)

~58527158-10" Ma  (2.135)

Pg -V 31,368207-107 JIx .
Ig=——=2 " = 5,6627737-10" ¢
® " ke 55393714107 ix/K K (2.137)
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riie kg — 3HEPreTHYECKAS] NOCTOAHHAS COMHEYHOM T1a3Mbl, KOTOpasl B
PaBHOM Mepe MPUMEHHMA U K TIazMe 3eMHOTO gAapa.
PaccMOTpUM OCHOBHEIE BETUYUHBI, XAPAKTEPU3YIONINE SHEPIETHKY
3eMHOM MJa3MBl H MAHTHH 3€MIIH.
— . —_ . 20
mg =V, p.=1938- 10" xr (2.139)
— Macca 3eMHOM IWIasMbl, cocTapnsaomei gapo b.

§ 2
Ug = Hso - —— —22.0,901 =1,7869575-10 KT/c (2.139)
50 AS,,@
~ CeKYHAHbIH pacxon HediTpoHHoro Bemecrsa Ha ®TIBP B aape
3emnu, rne M, — macca nnasme! 50-ro cnosi KOHBEKTHBHOH 30HBI

Comnua; S, — rUIollanb NOBEPXHOCTH HEHTPOHHOTO AApa 3eMmH; S o —

II0Waabs NOBEPXHOCTU HelTpoHHoro aapa ConHua, fg, — CEKYHAHBIA

pacxo HelTpoHHoro BemecTsa Ha MIIBP 50-b1M ciioeM KOHBEKTMBHOM
30RH Conuua.

W,=pu,. C =58764726 - 10" Br (2.140)
~ TIO7THasi MOMIHOCTE anpa 3emmu, rac C, = K/m_ = 3,2885352 - 10™
JX /KT yaensHas aHeprus cBA3u atoMa; K — nocrosinHag Kypyaropa.
N, = u /m =1,0761109 - 10¥ ¢ (2.141)
~- CeKyHAHBIF pacxol 3JeMeHTapHbix aToMoB Ha QOTIBP B aape
3eman.
N, =n, N, = 32283327 - 10¥ ¢/c (2.142)
— CEKYHIOHbIH BBIXOA CBOOOAHBIX 3NIEKTPOHORB B siApe 3eMiu B pe-
synsTate OIIBP

A QS =N,-e=—5,1723997 - 10" Kn/c (2.143)
— CEeKyHIOHbIH BBIXOA CBOOOJAHOTO OTPHLATE/ILHOTO 3apsaia B sape
3emmu. '

N =n_- N, =2,6022502 10 a/c (2.144)
-~ CEKYHIHOE UCTeYEHHE IICKTPUHO U3 Aapa 3eMiu.
AZ, =3 N, =5,1723997 - 10 Kn/c (2.145)

~— CEeKYHAHBIH BbIXOA CBOOOAHOIO MOJIOXKUTENLHOTO 3apsiia B Ape
3emin.
W, =42% W, = 2,4681184 - 10'¢ Bt (2.146)
— KMHeTHYecKas aHeprus N, 3/eKTpOHOB, BhICBODOXIacMas A1poM
3eMNU B eAMHHWLY BPpeMeHM, TAc 42% — NOs 3HEPrUH CBSA3H, MPUXO-
nAANACS Ha 1, =3 3JE€KTPOHAM B 31EMEHTAPHOM aToMe.

W, = 58% W, = 3,4083542 - 10" Br (2.147)
— MOIIIHOCTS BhicBoGOXIae MBIX 3SKTPUMHO B siApe 3eMIu.
W, =4nR. -q, =3,1630413-10"Br (2.148)
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— TI0JIH&S MOWIHOCTL, H3JydyaeMan BCeH NOBEPXHOCTLI) 3eMiIu, TAC

qs = 6,2012- 107 BT/M?> — MHpOBag CPEAHAS TEMJIOBOTO MOTOKA C

€AVHHIIBI [TOLIANH 3CMHOM NOBEPXHOCTH, YCTAHOBIEHHAs 3KCNEPHMEH-
Tansro {12, ¢. 123]

3pe3gHpii nieproa 3emau npopomxanca S - 108 net. K koHuy 3Toro
TIEpHOAA MOIIHOCTh 3eMIIH~3Be3b] TIOYTH AOCTHIVIA COBPEMEHHOTO 3HAYe-
HMsl MOIIHOCTH siApa W B HayanbHblit neprol GOopMHUPOBAHHA MAHTHH
3eMau €€ M3NyYaTeIbHas MOIMHOCTb HAM CBETHMOCTD cocTannsia L, :

L, =96% W, = 56414136 - 10 Br (2.149)

rne 96% — nons ulnyvyaeMoil B MPOCTPAHCTBO dHepruu, 4% — n0.a4
BO3BpaTa 3HepPIVMU U BelHeCTBa B KOHBEKTUBHYIO 30RY 3eMJiH B BHAES
KOHAEHCATA, MO AHAJIOTHH € TPOLIECCaMH, MPOMCXOASLITMMH CETOJHSA B
xoHBekTuBHOM 30He ConHua [3, §31].

3Hasl Ha4aIbHYI0 MOUIHOCTL HaNydeHnsA 3eMan (L) U cobpeMeH-
HyI0 (W) MOXHO BbIBECTH CPENHEE 3HAYECHHE U3Ty4aTeIbHOH MOILIHO-
CTH

W, = JW.-L, =13358152-10" Br (2.150)

CoBepLieHHO fICHO, YTO C MOMEHTa Ha4asa popMUpPOBAHHUA KPHC-
TaJTHYECKOH MAHTHY, HE NPONycKaloliei 3NeKTPOHbL, NOCNCAHUE U X
IHEPrusa Haya/ly aKKyMyRupOBaThCS BEUIECTBOM MAHTHU. A SHEPIWS WIEK-
TPUHO DECTIPeNATCTBEHHO BbIHOCUAACH M MPOIOJIKAET BIHOCHTLCS 3a Tipe-
JeNbl MAHTHH TIOTOKOM SJIEKTPHHO-HEHTPHHO MO MEXATOMHbIM KaHaJIaM
KPHCTAIUTHYECKOM CTPYKTYPhI MaHuTHH. Mcxoasd M3 aTHX NosioxXeHUit MOXHO
paccMOTPETh OalaHC 3HEPTUH, BHIPaboTaHHOM! aapoM 3eMau 3a Bech ec

nocne3Be3iHbIii nepuol 7q = 4,5 10? net = 1,4201167 - 107 c.

E,= W, v, = 8,3452768 - 10® [Ix (2.151)
— TonHasg 3Heprys, BulpaboTaHHAR AAPOM 3EMAH.
E, =W, t, =3,5050162 - 10® Ix (2.152)

— NoJIHasg 3HEePrHs, aKKyMylupoBaHHaa MaHTuel (6e3 yueTa uzny-
YEHUSI OT €€ MOBEPXHOCTH)

E, =W, 14 =18970134-10% Ix (2.153)

— 3HepTHsl, HITYdeHHAS TOBEPXHOCTLIO 3eMIH (TIOBEPXHOCTBIO MaH-
THH).

E, =E, - E, =1,6080028-10" Nx (2.154)
— WCTUHHAS JHEPTHs], aKKYMYTHPOBAHHAs MaHTHei 3emu (BMecTe
¢ Kopo#).
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E, 2£, 3216005610
# [ 3 - . ) 8 l
m - m, - so7asraqor e 2N g 21ss)

—- YOEbHAS CPEe/IHSAS IHEPTHSA MaHTHH, [ae M, = Mg /2 Macca MaH-

THI.

Kak BceM xopoilo M3BECTHO, 3eMns BpaillaeTcs Kak abcojlloTHO
TBEPHOE TENO, U3 4ETO CACAYET, YTO MAHTHS MMECT KPHCTAIMYECKYIO
CTPYKTYpPY BIUIOTb IO €€ AHS, ONMpalollerocss Ha noBepxHocrtb Agpa b.B
CBOK OYCpEeAb, H3 ITOIC CHCAYET, 4TO 6a3aibThi W TIPAHMTEl Ha NHE
MaHTHH He  TUaBgTcs IIPH Temneparype sapa 7, = 5,66 - 10° K suny
CBepXBbICOKOTo Aapnenus P, =585 10" [1a. Temneparypy nnapnesus
6asanpToB NpH AaBleHHH Py MOXHO YCTAHOBATh 3KCTPANOJMPOBAHHEM
psiia 3KcIepUMEHTaNbHBIX AaHHBIX. M3 Monorpaduu B.H.2Kapkosa |12,
¢. 121—170] caenyer, 4TO OCHOBHBIM MHHEPATOM MAHTHH SBISETCA OJIM-
BUH, (a3oBble mepexXoibl KOTOPOTO HCCIEIOBAHbB! 3KCIICPUMEHTAILHO.
U3 puc. 26 {12, ¢.126] sscTBYeT, 9T0 Ha rybune 670 KM TeMIepaTypa
IIaRTeHus nopos, obpasylolMx MaHTHio, cocramiseT f = 3500° C npu
P, = 2,39 10" Ila. [lpu vopmansHoM zaBresuu P, = 1,01325 10° [1a
6aszansT uMecT TeMnepaTypy nnasneHusa f, = 1200° C. Ha ocsobe 3THX
JaHHbIX MOXHO COCTRBUTEH [IPOIIOPUIHIO

L
P (2.156)

0 tO
INockonbKy 3aBHCUMOCTb MEXAY AABIEHUEM M TEMIIEPATypOil TIaB-
JICHHA He ecTb JIMHeiWHas ¢YHKuus,, TO BBeAs 0003HAYCHHSA

a,=P/P, B, =t/t,, nwa=P/P, =1,/ MOKHO COCTABUTD
ele OfHY NPONOPLHOHANLHYIO 3aBUCUMOCTD:

a _ o
a B (2.157)

M3 KOTOPOIi onpefesseTca NpUbMmIXeHHoe 3HAYEeHNEe TEMIIEPATYPhl TUIAB-
neHus 6asanbra Ha AHE MAHTHH £

a,-f, 16847387-10° .
= = =7,1395295-10
4 a, 2,3597335-10° ,  (2.158)

t,=t, p,= 8,5674354 - 10" °C (2.159)
3 3TUX pe3ynbTaTOB cllelyeT, YTO NPH BO3PACTAHMM AABJIEHHUS OT
P, no P, TeMnepatypa NiasjieHus Nopojl, cJaraloliMX MaHTHIO, BO3pac-

TacT B 3, pa3. Crano GbITh H yaCIbHas TEIUIOEMKOCTL 3THX TOPOX, TIPH
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pocie AaBiIeHHus g0 P, TakkKe KO/XHA BO3pAacTH B f,pa3 M JOJIXHa
COCTaBMTh 4 , Ha IpaHMle MaHTus — AApo b:
As=A B ,=6,282786 - 107 Ix/Kr - rpan., (2.160)

A = 880 Ix/xr - rpan. — cpenHAs yAelbHas TENNOEMKOCTh I'PaHUTa U
GasankTa MpM HOPMAanbHOM AaBiaeHuu {13, c.170].

A, = ,//1-,15 =2,351351-10° Ix/kr ' rpaa. (2.161)
— CPEOHAA YACIbHAA TCIITOCMKOCTh MAHTHH.
T, = JT,- T, =1,2770558-10° K (2.162)

—- cpefHss Temneparypa MaHTul, rae T, = 288 K — cpennsas reMne-
parypa NMoBepXHOCTH 3eMiId, paBHasi CpegHell TeMIieparype aTMocdepbl.

Tenepb Be cocTaBISCT TPYINA PAaCcCUHMTATh NpPele/ibHYIO IHEPTHIO,
KOTOPYIO MOXET aKKYMYJIUPOBATh MAHTHSI, COXPAHAS KPUCTAULTHYECKYIO

CTPYKTYPY, Q@
Q=m, - kﬂ- Ty = 8,9687628 - 10* Ox, (2.163)
AE =Q, - E, =136076-10" Ix, (2.164)
— 9HEpIus, HeaocTalllan A1 pacIviaBIICHUA MAHTHH 3emMin.
§,=0,[m, =49288817-10° Ix/xr (2.165)
-~ [pCACNbHAs YAeIbHAs TSIUIOCMKOCTL MAHTHH.
A - N3 _ 7 22
VIR 5,1017587-107 42 ¢ (2.166)

— IJIOTHOCTD MOTOKA HEWTPUHO U3 siApa 3eMJIH NPU yCIOBUH,
4YyTO BCe CBOSO,[IH]:IC NCKTPHHC NOKUAAKT AP0 B BHAC NMOTOKA He#l-
TPUHO.

N, =AQ, /e=2,7516378-10% (2.167)

— TIOCTOAHHOE YHCIO CBOOOIHBIX 3JIEeKTPUHOB, OCceJaloinX Ha AHe
MaHTHH ¥ B HUXHHX €€ C/IoAX, obycnopnuBas U3OLITOYHLIN OTpHLA-

TenbHHIH 3apsan 3emnn AQg , YCTAaHOBNEHHBIH HAMM BBILLE, IIPY pellle-

Huu napagokca JIyan. Ing N ,; MOXHO COCTABHTS €ll€ OQHO COOTHO-

LIeHMe, U3 KOTOPOTO ONpeAeNsieTcs nepuoa AHHaAMH4YeCKOTo paBHOBE -
cMsl 7 ; MEXIy NOTOKAMH 3JIEKTPOHOB M 3JIEKTPHHO Ha TPaHHLE MaHTHs
— sapo b.

Ng=N 1., (2.168)
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Ne AQ 5 . .
Ty= “—N—G)~: N Z = 8,9524516‘1Q ¢=10,36163 cyT.  (2.169)

e e
Tlepuon IMHAMUYECKOTO PABHOBECHS NMEET TOT (HUZUHNECKUN CMBICT],
4YTO B OTCYTCTBUE T€OCMarHWTHOTO NOJISI, B HAYAJIbHbIA nepuos dbopMu-
pPOBaHMS MAaHTHH, MPONCXOIMIIO ONepeXajolllce HaKOTUICHUE B Hell anek-
TPOHOB, BBUJY €€ HEeNPOHULIAeMOCTH AN mocjeaHux. X cnycrsa nmup
NEPUON 7 ; KOT/IAa M3OBITOYHLIA 3apaa HAYAMBHOTO C/IOS MAHTHH ACCTHUI

AQg , chopmupoBasicsi reOMaTHUTHBIN, LUPKYTUPYIOLIAM MOTOK 3/1EK-
TPUHO, TUTaeMBIN NIOTOKOM HelTpuHe ot Conxua. DToT NoTOK, NMpH
yIacTHH ¥ cOOCTBEHHOTO PaaUAIbHOIO MOTOKA HeUTPUHO U3 Alpa 3eM-
M, IPUCTYIINUN K HEHTpaTM3aLy ¢BOGOAHBIX 37IEKTPOHOB, OCTAaBINAE -
MEIX B MAHTHIO TJIA3MOM. DTOT MPOIIECC OCYLIECTBIASTCS TI0 cell ASHb,
corylacHO ypaBHeRMI0 o6paTHOro PIIBP:

e +nﬂ-3 = U (2.170)
rae n,=n, /n, = 8,060663 -10" — yycNO BMEKTPUHO, HeobXonUMae s
HeliTpalu3aluK ONHOTO 3JIEKTPOHA M BXOISINEE B COCTAB HeHTpanbHOM
JacTHUbI, MOHOHOHEHTPOHa 4 . Ecay 6B B HUXHEH MaHTUM He LIeT

npouecc o6paTHoro hasoBOTO NMepexona BICIUIETO poaa, TO B30LITOY-
HEIf OTpHUATENbHBINA 3apan 3eMIH K HacTOSLIEMY BPEMEHH COCTARMI

661 O :
Oy= N, 74 e=—7,3454111 - 10 Kn (2.171)

BMecto AQy = 4,63 - 10 K, peanbHo GUKCHPYEMOTO H3 PELICHHA

napagoxca JIyHbl.

Taxkum obpasom AApo 3eMIH H CETOAHS ABAIETCS MUHH3BE3R0H co
BCeMH XapaKTepPHBIMU cBOHCTRaMH, npucymuMH ConHIly, €€ AaTOMHBIM
pearopoM. Omune Xe Hawleit MuHN3Be3ns! oT COHIA COCTOHT B TOM,
4YTO e¢ KOHBEKTHUBHAS 30Ha 3aKPBITa MOIIHEIM CIOEM MAaHTHU, HE PO~
MyCKAIOWMM CBOGOAHEIC 3/IEKTPOHBDI.



rMABA 3

M3BbITOYHbIA 3APAAQ 3EMNN
N EE MArHUTOCOEPA

Ecnu KOMNMOZUIIMOHHBIE KOCMHYECKUE Tela (TNaHeThl, 3Be30bi) 06-
JIajaloT 3apsAAaMH PaBHO# BEMYHHBL, T.€. €CJIH BbIFIOJIHSIETCS YCJIOBHE
Qgi./Zg,, =/, 3.1)
TC 3JiEMEHTAPHBIE YaCTUUb! (3NICKTPOHBI, POTOHLI, HEHTPHHO), ABH-
XyHecs: B KOCMMYECKOM MPOCTPAHCTBE, HHBAPUAHTEI K IPaBUTALINOH -
HBIM MOJAM TaKWX KOMIIO3HUHOHHBIX Tesd. CBsA3aHO 3TO ¢ TEM, YTO,
HANpuMep, CBOGOAHDINK 3N1€KTPOH, B3aUMOAEHCTBYSl C J/-BIM TEJIOM,
Pa3BMBaET OJHOBPEMEHHO ABE aHTUHANpPaRNeRHbie CUnl F, u F,:

[ gi

F=a—F— (32)
ri
e-Z

F=a—*&, (3.3)

KOTOPbIE paBHbI IO MOAYIIO U OGYCJIOBIHMBAIOT YPaBHCHHE
F ,t F ,=0 3.49)
NMeHHO NMOoTOMY NMy4Y CBETA HE MOXET UCKPHBHTHCSA B IpaBHTalli-
oHHOM nosie CoNTHUR, A8 KOTOPOIo BHINOIHsCTeS yenosHe (3.1), AMEHHO
MC3TOMY HE CYLIECTBYET HM €HHOIO Tejla B MMPOBOM KOCMHUYECKOM
NPOCTPAHCTBE, CNOCOOHOTO CTaTh YePHBIM 1St CBOGOAHEIX 3J1EKTPOKOB,
3J7IeKTpHHO (HEWTpHHO) K cBeTa. Y HaoGopoT, ecnu Ans i-TO Tena He
-cobmopaercs ycnosue (3.1), ¢ ero CTaTH4ECKUM noNeM aKTHBHO B3an-
MOACUCTBYIOT CBOOOAHBIC 3JIeMEHTAPHEIC HAaCTHNBI. DTO — HeMNpenox-
HbII 3aKOH, KOTOpBIii €e BYepa Ham He 6buT u3BecTed. Tak, ana 3eM-
JIH IMeeM:

Oco +A0,
Z .o

Bor ¢pusnyeckan ocosa B3auMOACHCTBHA 3eMNY C KOCMHYSCKHM M
CONHEYHBIM MOTOKOM 3/ICMCHTapHbBIX YACTHI: CBOOOAHbBIC 3/1€KTPOHDI,
MPOTOHBI U & -4ACTULILI (NOCTABNACMBIE COMTHEYHBIM BETPOM) OTKIIOHS-
10TCA U OTOPaCHIBAIOTCS H3OHTOYHBIM OTPHIATEBHBIM 3apsaaoM 3eMiau
(MPOTOHM M (¢ -YACTHIIbl, BOTIPEKH CIOXUBIEMYCS NTIPEACTaBAEHUIO,
0o6nanaloT OTPHLATENbHLIMH 3apAaaMH ¢ M 2¢ , COOTBETCTBEHHO); NO-
TOK COJHEYHBIX H KOCMHYECKHX HEHTPUHO H 31€KTPUHO CBETOBOIO 110-
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TOKa, Ha000pOT, 3aXBaTLIBAIOTCA CTATHYECKHMM 3apsiioM 3eMJIH AQQ; "

ofpallaloTca B EAUHBIA HMPKYIHPYIOLIWHA NOTOK BOKPYT Hee, Ha3biBae-
ML HaMH TEOMATHHTHEIM MOJIEM.

Jlns Bcex ucciaenoBaHHMIX INaHeT M Jlyunl yenosue (3.1) Hapylue-
HO, O YeM CBUAETEJBCTRYET HATMYMUE Y HUX COOCTBEHHOTO MarHMTHOIO
nonsi. ColHle JIMIEHO MATHUTHOIO NMOJISL, HO IO CHX TIOp HEHTPMHH I
MOTOK, UCXOAALUHUN OT Hero W HecYHIMit 99,999% usnyyaeMoll UM aHep-
MU, OLKMOOYHO NPUHIMaeTCH 3a MarHUTHoe noJsie ConmHua, MarHurHoe
none ConHua HayHET (POPMHUPOBATHCS OTHOBPEMEHHO ¢ HAYAJIOM HH-
TEHCUBHOM KOHAEHCALMY I171a3Mbl B ITBIIEBBIE YACTHLLI, HA CTANHH Kpac-
HOTO THraHTa, B JATICKOM OyayiieM.

3.1. MariuTHoe none 3emMnU — MepBOUCTOUHUK
aTMocdepHOro aleKTpu4yecrea
HTax, U3 BRIIIEU3NOXEHHOTO SBCTBYET, YTO M3IGBITOYHBIHA
oTpuLaTeIbHbIA 3apsaa 3eman AQ, cdepuueck cMMMETPUYHO pa3Me-~
IIeH BOKpYr dipa, B OCHOBaHHHM MAHTHHM, Ha TriaybuHe
h,=Ry —Rg = 6,2649 -10° M. Cratnueckuit sapsin AQ, yaepxupaet

BOKDYT 3eM:IM, paBHEIN NO BeJMYMHE JHHAMHYECKHMH MOJOXUTEIbHBIN
sapsn Z, , GopMHpYeMBIH U3 N_ 3nekTpuHO, 06pa3ylomnX MarHMTo-
coepy:

AQ® + Zm = 03 (3'6)
Z_ =-AQ,=4,6305856 1016 Kn, (3.7)
N =2Z /5 =23296618 10° (3.8)

3Has noTeHIHAN 3eMJIH @ o HIOOJHOS YHCIIO CTALHOHAPHOIO NOTO-

Ka 3JIeKTPMHO BOKPYT sinpa, popMupyiollee MarHuTocgepy, Jerko pac-
CYHTATh MOAHYIO 3HEPTHIO ICOMarHMTHOro noas E_:

E, =92 @4 N =-2,6992139 10% lIx, 3.9

rae 3HaK (—) ecTb CBUACTEIbCTBO TOrO, YTO LHUPKYJLILHA MOTOKA Mpo-
HMCXOAHUT B CTATHYECKOM TOJIe UEHTpadbHoro Teaa. CeKTopHanbHas
CKOpPOCTD 3JICKTPHHO B NnoOJ¢ 3emau Vs YCTaHaBJINBAETCs H3 CUCTEMEI
ABYX YPABHCHHH:

&, =3 Qg

gm = m) Vs Ved (3' 10)
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b 2P _ ~11,586291-107%

= = = = —1,6900089 - 10" M*/c = Const.
* myv, 68557572:10

(3.11)

Op6yTanpHas cKOpOCTh MPOGHONO 3MEKTPHHO MATHUTOCHEDH U, AB-
AsieTes GYHKUMEH TOMBKO paguyca ero opOUThI:

u,=v, [/ (Rg+ h), (3.12)
rne Ry = 6,3710037 - 10° m — cpeanuit panuyc 3emnu; h, — BbICOTa

TPAEXTOPHH HAll MOBEPXHOCTLIO 3eMin. TOYHO TakXe M cHaa, YAepXH-
Bapllasg MpofHoe 3NMEKTPUHO Ha opOHUTe, ecTh GYHKUMA TONBKO pagyy-
ca op6UTYI;

F,=3 95/ (Rg+ by, (3.13)

V nosepxHocTtd 3emau, ipu h =0 , nonyynm u, 1 F .
v = ~16,900089- 10"
° " 6,3710037-10°

= —2,6526572-10° /e, (3.14)

~11,586291-10° 2 .
Fo=T1b ~ ~18185974-10° % H 3
° = T63710037-10° G.15)
Kax M3BECTHO, HCXOZA U3 Pe3yabTaTOR M3MEPEHMH MATHHTHONO MOJis
3eMJIM ¢ KOCMHYECKHX aIlIapaToB, MPHHATO, YTO CPEAHHI paAnyc Mar-

HuTocdepn R =12 Ry = 7,645236 - 107 M. SIcHo, 4TO HOBLI noaXon K

aHANM3y T€OMaTHUTHOIO M0J151, pa3sBUBaeMblil MHOIO 3€Ch, HE JOJLKEH
TIPOTHBOPEYHTD 3TOMY PaKTy. DTo NOA0XKEHUE JOCTYTIHO ApoBepke. Tak,
B [3, c.196] 6e30THOCUTENBHO K MATHUTHOMY MO0 3eMIH, NpH 06o-
CHOBaHMH ronyboro usera Heba, MHOKX OBUIO MOTYYEHO, UTO CPEAH S
[IOTHOCTE 3N€KTPHHO B OKOJIO3EMHOM MPOCTPAHCTBE COCTABASET

N =1,2669904-10" M. Mcxoas u3 370 BeTMYMHb! 1 NOTHOTO YHC-
na 3NeKTPHHO MariuTocdepsl N MOXHO YCTAHOBHTH R

an
NM=V,,‘"99=‘§*"R;'113@, (3.16)
R o 3Nn _ [6,9889854-10°
" Vazong \1592147-10%
=7,599943.10" M= 11,93R, (3.17)
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KaK BHAUM, PACYCTHOC 3HAYCHUE Rm CoBNanacT ¢ IKCHECPpMMCH-
TaNlbHO YCTAHOBJIEHHBIM, YTO CBUACTCABCTBYET B HOJbL3Y BEPHOCTH HO-
BOTO [10AX0Ha K aHa/IH3y BCEH CHCTEMBI reO(PUINISCKHX TRICHHI.

V. -16,900089-10" 3
Ui = = =-2,2237125-10
™ R, 759994310 ’ M/c  (3.18)
— MUHHMMaNbHast OpOMTANbHAA CKOPOCTD JIEKTPHHO Y BHEWIHETO
Kpasi MArHUTOC(Ephl.

u, = \Ju, -u_, =7,7450765-10° m/c (3.19)
— CpeaHAs opOoUTaNbHAasA CKOPOCTh 3MCKTPUHO MarHuTocdepst. Yc-
TaHOBNECHHWE 3TOM, paHee HEU3BECTHOH BEJIMYMUHBI, NO3BONIET onpeae-
NUTD ellle Lebii PSAN HOBbIX M O4eHb BaXHBIX MAPaAMETPOB INEKTPHHHO-
ro MOTOKA BOKPYT 3eMJIH.
Tak, cpeaHssi WIOTHOCTD SI0TOKA 3JICKTPUHO Yepe3 MATHUTHBI K-
Barop, BKIIOYas HA3eMHYIO U oA3eMHY10 cdeprl, cocTapasieT 4 :

A =n-u =9,8129375 107 M2 ¢! (3.20)
[pu 3TOM NONHBIH MEPUAHOHANBHEII TOK Ha3eMHoOM cdephl, Ha-

NpaRrIeHHbIH OT CEBEPHOTO MATHUTHOTO MOJIOCA K I0XKHOMY, COCTABSAET
BEJIMYUHY: 1“:

1= (R, ~0,) (4, - 4)54, (3.21)

rae A, — IWIOTHOCTb O6PaTHOIO MOTOKA 3JICKTPHHO B NICA3EMHON YacTH
MarHHTOC(hEephl, KOTOPYIO MOXHO BLIBECTM M3 PElICHMS CHCTEMBI RBYX

YPaBHEHWH:
Em =3 q’@ ) Nm
E,=1,04/27, 3.22)
A= R*4,-2N, 1126101-10" _
‘ R’ 4,8629004 10"
=2,3156982- 10 y-2 ¢, (3.23)

rie R = (R~ 5’,,) =6,97345 - 107 M — Ha3eMHBIN paIHyC MarHuTO-
cdepnl. :
Aﬂ =4 — A, =9,5813677 - 107 m~2¢c"! (3.24)
— HCTHHHa{ INIOTHOCTD MOTOKA 3JeKTPHHO Yepe3 MarHUTHLIN 3K-
BaTOp B HazeMHoOMH MaruuTocdepe. Termepn, ¢ yI€TOM 3THX pe3y/1bTaTOB
{3.21) MoxeM mepenucarb B 6onee KOHKpeTHOI dopMe:
J,=A, R} 3=2,9094827-10" 4 (3.25)
R0



[Ipu 5TOM dHeprus He3eMHOM YacTH MarHHTocdcpsl, BhIpaXeHHAad
yepe3 MCPHANOHANBHBIN TOK, COCTABUT BEIUYHUHY Em :

1, 95 -16959661-10™

2r 2r
U3 (3.25) cneayeT, 4TO CPeHsAs INIOTHOCTh MEPHINOHATBHOTO TOKA

=-2,6992139-10" Ix  (3.26)

COCTARMSAET BEANYMHY [,

I
Ju= Zé‘z = A,-3=19,044542 A/m? (3.27)

CpenHee 3HAYeHHE HATIPSKEHHOCTH MAarHMTHOTO TOJIS1 Ha BKBaTope
Y pPasHbIX aBTOpOB Konebnetcs ot 0,31 no 0,4 Dpcren. Ml npumeM K

pacuery H;= 0,35 3[10, c. 1184] , koTopas npu nepexoae Ha HHAYK-
IUIO JaeT

By = Hypu =-3,7422652-10"° T, (3.28)
e 4 = 1,3436193 - 10 I'n/M — MarHuTHas NPOHHLIAEMOCTbL BO30yXa;

Hgy= 0,35 5= 27,852125 A/m. 3nas B nerko yctaHOBHTH RIOWIAND

cedeHMs cpenHei opbuTel B MarHuTocdepe S, M cpeAHce pacCTOsHHE
Mexny opburaMu B NOTOKE, 4, :

®, -7,7429542-107%

| =B =2,0690554-107%°
S B, -3,7422652-10 M2,  (3.29)
a, =®,/B, =14384211-107 u, (3.30)

rne @, — KBaHT NEKTPUHHOTO NOTOKA (KBAHT MarHUTHOIO MOTOKA
— TI0 CTapoii TEPMUHOIOTHH ).

N _aR? _ 15277251-107
8, 2,0690554-107%

— TIOJTHOE YHCJIO TPAEeKTOPHH 3NeKTPHHO, TIEPeCEKAIIINX MATHHUT-
HBII 3XBaTOp B HA3eMHOI MarHuTocdepe.

{,=w,k, N, (3.32)

= 7,3836838-10% (3.31)

rie @, — 4YacToTa MPOXOXIEeHHs 3JEKXTPHHO MO OAHOM opbure;
k 4 — YHCJIO NEKTPHHO, HACENSIOlIee ONHY TPAEKTOPHIO U ABIXYIIEecs
no Heii cnen B cnel. YucneHHoe 3HaucHUe @, ONpeAensdeTcs us opbu-
TAIBHOH CKOPOCTH CPEAHETO 3/IEKTPUHO U 1 HA3eMHON NPOTSXKEHHOCTH
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ero opbutsl 7(R/2) = 1,0953869-10° m:

2u,  15,490153-10°

m

= ZR  21907738-10°

® = 7,0706309¢™" (3.33)

I 2.9004827-10"
H . _ 7
k= SoL N, 10377058107 P00 (334

W3 31HX DaHHBIX JIETKO onpencnadaeTcs JIMHeHasg IIOTHOCTD 3/eKT-

PVIHO OHO¥ Tpaekropuu A, :

k u 2k u 1 4
A,= 7ER/2— r - =0,2559611 1 (3.35)

N3 (3.35) cnenyet, 4To HA OpOUTE CpeBHETO ANESKTPHHO, IIPOXOAS -
mero Ha BeicoTe R/2 OT MOBEPXHOCTH 3eMIH, pacCTOSTHKE MEXAY Jac-
THLAMH COCTABJIAET OKOJIO YeThIPEX METPOB.

TaxkuMm 06pa3oM Mbl y3HaM MHOTO HOBOTO O MEPHAMOHATLHOM TOKE
oKono3eMHoro rpoctpaHcTBa. Ho 370 He Bece, HOO cyiiecTByeT eine H
3KBaTOPUATTLHEBIA WU NapalNeAbHEIN TOK, IMPKYMPYIOIINH BIOKL Mar-
HUTHOTO 3KBaTopa. Kaxnoe anexrpuHo Maraurocdepsl obnagaet oqHoO-
BPEeMEHHO OABYM4 BuZaMy ABXeHus. KpoMe BhilmeonucanHoro opou-
TAJBHOTO NBIDKCHHS Yepe3 MoJoca, 3JIEKTPUHO LIaraMH nepeMelnaeTcsa
BAONb MAaTHHUTHOTO 3KBaTOpa ¢ BOCTOKa Ha 3anai. Jeno B ToM, 9to
3JeKTPHHHBIH MOTOK BOKPYT 3eM/IW B CBOeH LIMPKYJNSIIUU NOYTH He
OTANYAECTCS OT BUXPEBOIO ABUXKECHUA 3NECKTPUHO BAOAD NPOBOIHUKA.
EAMHCTBEHHOE OTIHYME COCTOHT B TOM, YTO MPOBOXHMK C €70 OTpHLA-
TEABLHLIM CTATHYCCKHM TIONEM NpeAcTaBiIeH NPOTOKSHHONM MHUEH, BOK-
PYT KOTOPOTO 110 BHHTOBLIM TPA€KTOPHAM ABHXETCH BHXpEBOMN nakeT
U3 3MekTpuHo. CTaTidecKoe noje Xe 3eMnu chepryecKn CHMMETPHYHO
(nnu nouTH ceprHecKd CHMMETPHYHO) M IIOTOMY BHXPEBLIE NAKEThl Mar-
HUTOCchEepR HHPKYINPYIOT NG 3aMKHYTOMY KpPYyry BOXPYT sapa 3eMau c
TO# Xe IOCTOSHHOM CKOpocThio ¥, = 2,.8992629-10° M/c , uTo U BHX-

PeBLIC NAKETHI RIOL MPOBOAHMKA. B 0CHOBE BHXpPEBOIO 3KBATOPHATILHOTO
TOKa 3eMJIH JICXHT TOT $axT, YT0 TPACKTOPHSI KAXKIOTO 3/ISKTPUHO €CTh
JTMHUS TPETHETO TIOPANKA, T.¢. OHA ABISIETC BUHTOBOM JIMHKEH C 1IaroMm a,.

BTO 3HAYMT, YTO KAXAOE MOCAeaYIOLIee NPOXOXASHHE TPAaeKTOPHH
MPpOGHOTO 3/IEKTPHHC Y€Pe3 3KBATOP OCYLUECTRIAETCS Ha PACCTOSIHHMH 4,
3anafHee npeasayero. MMeHHO Mo3ToMy KaXAblil BUXPeBOH MakeT
Maraurochepsl 3eMil, WIaraMy NepeMellasch BA0Jbh IKBaTOpa, NPOXO-

AMT €T0 3a BpeMA T :
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v, =27R, [V, =0,1380688¢ (3.36)

I'Ipn 3TOM 4YHCJI0 BUXPECBLIX MAKETOB BIOJIb MATHHTHOTO 3KBATOpa
COCTaBIACT 1, -

_ 2aR, 27-6,37103-10°

a,  14384211.107"
a YUCNIO TPACKTOPHH B KaXIOM MaKeTe, n,, onpeaesseTcs U3
N, 773836838-10%
By » n,,

n =2,7829375-10"  (337)

n =

5 =2,6531978-10" (3.38)
Hpu 3TOM YacTOTa NPOXOXKACHMA NIAKETOB Yeped PUKCHPOBAHHYIO
TOYKY Ha 3KBATOPC COCTABIACT v -

V.=V, /a,=2015587-10"c" (3.39)
MepyaUOHANBHBIHN TOK OAHOTO MAKeTAa JISTKO pacCYMTHIBACTCA H CO~

cramssieT I,

i,=n, o, k-3=104547184, (3.40)

a BSJIHYHMHA 9KBATOPHNAIBBONO BHXPEBOIO TOKaAa Ha3eMHOM YacTH MarHu-
Tocephl cocTasut I, :

I,=1i,v, 7, =29094827-10" 4 (3.41)

s« U

[Ipyn cpaBHeHNH 9TOit BENNHUHHEI ¢ pe3ynbTaToM (3.25) MBI BHAMM,
YTO IIPHMIULIHA K NOTHOMY MEPHAROHAILHOMY TOKY Ha3€eMHOH MarHMTo-
cdeprl. Crano 6bITh, OAUH ¥ TOT Xe aHCAMOND 3JIEKTPHHO OMHOBPEMEH-
HO LMPKY/JMPYET B IBYX B3aUMHO NEPNICHAUKYIAPHBIX HATIPARJICHUIX —
BIOJIb MEPHIUAHOB U BOOJb 3KBaTOpa. [IpH 3TOM MOLIHOCTL MarHHTO-
cdepr cocrapnsier W

W, =i/, @, 7,/27=2,6992139-10% Br (3.42)

Ecmm y4ecTs, 4TO BCE IEKTPOCTAHIMHM MHpa BMecTe obliaaalor Molil-
HOCTBIO He Oonee 5 102 BT, TO CTAHOBHUTCA ACHBLIM KOJIOCCAJIBHOCTD
MOUIHOCTH MarHuTOoCGhepbl 3eMIU U 4To aTMocgepa 3eMJIM RIOTb M ITO-
NepeK NPOHM3LIBAETCS IIOTOKAMH JIEKTPHHO, KOTOPHIE H AREIIOTCS €C-
TECTBEHHOH OCHOBOW BCEX 3/IEeKTpHYeCKHX siBNIeHui B Heil. CoBeplleHHO
SICHO, YTO NMEPBOUCTOYHUKOM aTMOCGHEPHOTO IEKTPUICCTRA ABASIOTCA
TOKU 3NIeKTPUHOChephl, a JOKaJibHBIC TOKH U JHHAMHYECCKHE 3apsiibl
00/IaKOB -— MX TIPOU3BOAHLIMH.
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3.2 Paguyc peicreun
NOKaNbHbLIX CTaTUYMeCKUX noneu

IIpexne yeM NMPUCTYIHTHL K paCCMOTPEHHIO AEKTPHYCCKUX SRBIIE-
HMI aTMOocephl HEOGXOAMMO XOTA OBl BKpaTlie OCTAHOBUTBLCA HaA (byH-
AAMEHTANBHOM CBS3H ABJNCHHII B cucteMe 3eMns — Comune — Kocmoc.
3TO NOMOXET HaM B PCHICHUM YAaCTHBIX 3aJayd PHINKH 3eMJIIn.

B Mupe He cyInecTBYeT HU OZHOM 3aMKHYTOM 3HEPreTH4ecKol Cuc-
Temnl. Tak, Bce 6Monoruueckue oGbeKTH, Hacensaiolne MoBepXHOCTD
3emuu (MUKpOOb!, pacTeHHs M XHBOTHbLIC) AB/AIOTCS JOKATbHBIMH TEP-
MOAXHAMUYECKUMH cUcTeMaMH POHOROM CHCTEMBI, KOTOPOil sIBIsICTCS
atTmoctepa. Touno Tak Xe, Bce 3NeKTpHIeCKHe MALIMHB Ha 3eMiae U
Tpo3oBbic o6Naka Tponochephi ARIAIOTCA JOKANTBHBIMH cHcTeMaMu Go-
HOBOH anekTpudeckoit cucreMb! 3emad. M ecnu ceepxnposoaswmii co-
nenoun Kamepnnura-OHHeca, OTKIIOMEHHBIH OT HCTOYHHKA TIMTaHUS,
CKOJIb YTOJHO JOJITO MOI AepXaTh BOKPYT cebs1 BUXpEBOE Moje, TO 3TO
TONBKO TIOTOMY, YTO MEXAY HUM U (JOHOBHIM BUXPEBLIM NoJieM 3eMIH
YCTRHOBWIOCH JUHAMHYECKOES paBHOBecHe. U ecny MocTOssHHBIH MarHuT
JOJTHe IOkl HE TEPSET CBOMX CBONCTB, TO TOJbKO IOTOMY, YTO MEXAY
HUM M (POHOBEIM MarHMTOM TaKXe CYLIECTBYCT AMHAMHIECKOE PaABHOBE-
cue. CyTh 3TOT0 paBHOBECHUSI COCTOHT B TOM, YTO COCTAB JNEKTPUHHOTO
TIOTOKA JIOKAJILHOTO MarHUTa GecTnpepbiBHO OOHOBIMIETCSI — YacTh N3
HHX NIepeXoauT B MarHutocdepy 3eMiu, a Ha UX MECTO TIEPEXOAIT HO-
BBIE 3JCKTPHUHO U3 T€OMATHUTHOIO NOJA. OT0, B KOHEYHOM cYeTe 03Ha-

4aeT, 4TO ecny O6bl M36BITOUHBIN 3apsan 3emnun AQ, 6bin BHe3amHO

HeTpPanu3oBaH, TO 32 3TUM NOCAeNOBalO Obl CTOJb Xe BHE3aNHOE
HcYe3HOBeHHEe TeOMarHMTHOIO TIONs, 4 3aTéM, C HEKOTOPEIM 3ano3a-
HHEM, MpekpaTuiaoch Obl BRIpAGOTKA 37IeKTPUYECKOrO TOKA BCeMH 3JIeK-
TPOCTAHUMSIMH 3eMITH, CO BCEMH CACACTBHSAMH, BBHITEKAIOLIHMH U3 3TO-
1o 114 YeloBevecTna.

Boiine, npH paccMOTPEeHKY TipolieccoB B Anpe B, Mbl BUAenH, 4TO
4YHC/IO CBOGOIHBIX 3NIEKTPUHO, BRIPabaThIBA€MBIX TaM, POBHO CTOJBKO,
CKOJIbKO HEOOXOANMO LN HelTpaTM3aliK CBOOOIHBIX 37IeKTPOHOB, HpOo-

HCXOAALIEH ¢ 3aII03TaHUEM Ha Tg- W3 atoro ciaeayeT, 4TO KOJIOCCAIIb-

HOE YMCHO 3eXTPUHO, N, hopMupyoliiee asieKTpuHOChHepy 3eMiH,

nocrapiaseTcsl CoMHLEM ¥ OKPYXKAIOLUM KOCMHYECKHM NIPOCTPAHCTBOM
B BHAC IIOTOKA HEWTpHHO. TaK, IIOTHOCTb HelitpuHHOro noroka ot Con-
HUA COCTABIACT A

s 1360 Bt
A= T 13037881-10 0 Tk

=1,0431142- 10* Mgt (3.43)
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TA€e s, — CONHEeYHas NOCTOSHHAA, YCTAHOBICHHAS SKCTIEPUMEHTAIBLHO;
r — nocrosinHasa Pezepdopna, 3Heprus o4HOTO HEHUTPHHO. A KaKoBa
JIOTHOCTS TIOTOKA HeMTpMHO U2 KocMoca NoKa MBI He 3HaeM, HOo cie
HE CO3AaHBI IPUOOPHI AT €€ USMEPEHUA.

Teneps Mbl MOXEM pacCMOTPETh 33Ja4y TPEX Tell B cCHCTEME NOTeH-
Buan 3eMiIM — 3NeKTPHHO — NOTEHUHWAN JIOKaNnsHbli. J{ns peimeHus
3TOM 3afa¥H BO3bMEM aTIOMHHHEBBIH NPOBOAHHK C TOKOM, NPEACTaB-
agomero coboi JoKansHylo cucteMy. Ha npobHoe 371eKTpHHO K3 BHX-
PEBOIO MNAaKeTa, ABMXYLICrocs BNoJib IPOBOAHMUKA, HNEeMCTBYIOT IBE CIWIbLL:
nepsasi — pajnajlbHasi CHIa MPOROAHHUKA, YAEPXMBAIOLIAS 2NEKTPHHO B
CBOEM CTATMYECKOM NOJie; BTOpag — BHEWIHAY, ¢opMUpyeMas NoJieM
3eMin U cTpeMAIIasAcsA OTOPBATh NEKTPUHO U3 oM npoBoAHUKA. Oye-
BHJIHO, PACCEIHME 3NCKTPHHO M3 COCTAaBa MPOBOAHHUKA H Mepexoa B
COCTaB N'¢OMArHHTHOIO NOJAA TPOUCXOAUT NPY BLINIOMHEHHUH YCIOBHSL.

20, 39
r, Ry ’
rae r, — KpMTHYECKWH pazMyc AAst { — ro JIOKAJbHOTO MCTOYHHKKa
OTPHUATENLHOIO CTATHYECKOTO T10JIA, 32 NPEACIaMH KOTOPOTO 3JI€KTPR-

HO MepeXOoqUT B F'eOMAarHUTHBIN NoToK. [IpUHAB 3Hak paBeHCTRa B (3.44)
NIONTYyYMM YpaBHCHHE ANA 3ada4H TpeX Ten.

(3.44)

3 (oi _ 3 ¢e - 0
TR (3.45)
a peiasi €ro OTHOCHUTENBHO 7, HalneM:
r.:R®'¢i:R$'aqi (346)
m Pa Pa ‘

st amoMHHHEBOTO NIPOBOAHUKA € NOTeHUHaIoM ¢ , =—16,191638 B
Panuyc AeWCTBUA COCTARNIAET 7,

~10,315689-10’
Fy = = 1,76969
“ ~ 58200986-107 ™ (347)

PaccuMTaeM CTaTH4YECKHE NOTCHUMANRI KOMITOHEHTOB aTMocdeps B
Pagyychl HX BIHSHHUA Ha 3JCKTPHUHO, UCXORHA M3 UX U3OLITOYHBIX 3aps-
JOB, onpeaeNeHHbIX B NIepBoil IaBe.

@y, = @-(~1,032038 - 10 Km) = —1,073781 B,
Ty, = Ry oy, /¢® =0,1173605 M, (3.48)
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o =@ E o + Gy )= —15775083 B,

Fao = 17241621 (3.49)
@, =a-(-18109956-10 K )= - 1,8842453
r, = 0,2059415 u, (3.50)

Pco, = a-(-0,667831- 107 K1)=-0,6948428  (3.51)

oo, = 0,0759439 y

31ech 3HaYEHHE PAJMYCOB ACHCTBUSA JIOKATbHLIX NOJIeH pacCIUTaHbI
JIA ipM3eMHOro ciost atMocdepsl. s CTporHX pacyeToB KOHKPETHOTO
sIBIeHHA B Tponocdepe HeobXoAUMO YIeCTh BBICOTY HAMl TOBEPXHOCTHIO
3emnu A, :

r = (Re +hi)'¢i

3.
Peo :32)



MABA 4
ATMOCO®EPHOE 3NEKTPUYECTBO

4.1. BeofiHble 3amMe4vaHus

WTak, MBI IEPEXOAUM K HCCIETOBAHHUIO OCHOBHOTO Bompoca. Tpu
NpeaniAyIine [1aBkl — 3T0 GYHAAMEHT K MOCTPOCHHIO TEOPHH aTMOC-
depHoro anexkTpudecTBa. B HUX MBI He Kacaluck B3aMMOAEHCTBHS 3JIEK-
TPUHHOTC ITOTOKA 38MJIH C 3JIeMEHTAMHU aTMOC(EDSI, ABIIIOLIErocs oc-
HOBOJ1 BCeX JIEKTPHUYECKIX SARNeHHH Tponocdeps! 1 BhINENEKALINX CIIOEB.
Ho ripexae yeM MPUCTYNIMTE K aHAIM3Y 3TOIO B3aMMOACHCTBHSA Heobxo-
JAUMO OTOBOPHUTE COJEPXAHUE HEKOTOPHIX TEPMUHOB, BO M30eXaHue MX
Pa3HOYTEHHA.

1) Craruueckuii 3apan obaaka. Ilog 3TuM TEpPMUHOM B CIELHANb-
HOH TUTEpaType JO CHX MOpP MOHUMANOCh HaMepReMas IpUOGOpHO Beau-
yMHa 3apana o6naka. Ho BeIe MBI y6eIMTHCH, YTO CTATHYECKHI 3apsal
— 3TO CYTY00 BHYTPEHHEE CBOMCTBO CTPYKTYPHLIX 3JIeMEHTOB BEUICCTBA
Y TIOKA YTO He MOAAAeTCs NPAMOMY M3MEPEHHUIO. DTO CBOMCTBO Bellie-
CTBa B ABHOH M KOJMYSCTBEHHOH ¢opmMe He GbUIO U3BECTHO Hayke 1O
cyx nop. Takxe He 6rU1a eif H3BeCTHA NMpUpOJa AUHAMMIECKOIO 3apaaa,
KAaK, HanpHuMep, 3apsaa MarHutocdeps 3emnd. Huxke mbl yoeaumces, 9to
Kaxnasi Mostekysia atMocdepsl, o0nagaoman N30 TOYHBIM CTaTHYECKUM

3apsaaoM ¢, , MOXCT YACPXMBATb B palHyCce CBOCTO JAeCcTBUA AUHaAMn4Yec-

KMii 3apsi paBHOM BelMUMHEl U3 ofpallaoimxcs 3/MeKTpuHo. [TostroMy B
3TOM KHUTE JlenaeTcsl YeTKOe pasiIMyue MeXay cTaTHYeCKUM H JMHaMHYec-
KMM 3apsigaMy a1eMeHToB arMoctepsl. [lpn 3ToM He chenyet 3abbiBaTh,
4TO IMHAMHYECKHM 3apAIoM 2/7eMeHTbl atmochepb! MoryT o6/1aaTh TOMb-
KO TIpM HAUTMYHHY Y HIX OTPULIATEIBHOIO CTATHYECKOTO 3apsiia.

2) 3dak 3apsiga odnaka. B niuTeparype cruioilb U psAAaoM BCTPEHaIoTCA
YTBEPXACHUSA O HATHYMH NOJSAPHLIX 3apsAIoB MeXIy YacTAMM obnaka.
BT0 rnyboko owruboYHOe TIpeAcTaBlIcHUEe, 00 THHAMUYECKMH 3apsa,
dopmupyOLIMIica BOKPYT NapOB BOALI, BCETra TOJLKO MOJOXUTENEH.
Ho BoT HanpawrieHHe IMPKY/ISLMH BIXPEBOTO NMOTOKA 3/IEKTPHHO B Pa3HBIX
4acTAX 00naKa MOXET OBITh NPOTHBOMOMOXHKAIM, KaK, HAlIpHMED, NIpa-
BOBpaLAIOLIMICH (TOK OT MOJIOXUTEIBHON KIeMMBI KOJUIEKTOpa IreHe-
paTopa) M NeBOBpallaolmiica (TOK OTpMIATEbHOM KIEMMBI) BUXpe-
BBbIe MOTOKW BOKPYT NMPOBOJHHUKA ¢ TOKOM. B 3Toii knure obnaxo pac-
cMaTpuBaeTcs Kak o6beMHOe 3aMKHYyT0oe TeNo, obnanalolee 3HaYUTC Ib-
HbIM CTATHYECKUM 3apsiaoM 0, BOKPYT KOTOporo GpopMUpyeTes 3/1€KT-
PUMHHBII BIXPEBOH IOTOK, aHANOTMYHBIA MarHuTocdhepe 3emin. Umen-
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HO 3TOT NOTOK BOKPYT 00Jlaka ¥ €CThb €0 3JI€KTPUYECTBO M €ro AHHAMU-
YeCKHil 3apsil. YCIOoBHMCH HA3BIBATE TIONIOXKHTEIBHBIM TO HAIIPARICHNE YIEK-
TPUHHOTO noToka ofilaka, KOTOpoe Ha JaHHOM ero y4acTke, COBlagaeT ¢
HarnpaplieHueM (HPOHOBOTO IIOTOKA, T.€. [EOMAarHUTHOTO, A OTPHLIATEILHBIM
~— aHTHUNApaVIETLHOE €My HallpaB/ieHue, KOTOpoe aHTUTAPAVIETLHO OHO-
BPEMEHHO Y (POHOBOMY NOTOKY. OpOUTANLHOE ABIDKEHHE 2NEKTPUHO do-
HOBOTO MOTOKA Haj JI060H TOYKOH 3eMHOH MOBEPXHOCTH HWMECT Ha-
NpaRieHye IOF — CEeBep, a BUXPeBOH ero KOMIIOHEHT BCeraa HamnpasleH ¢
BOCTOK2 Ha 3anaj (HanpaBieHUe 3KBATOPHAIIBHOTO TOKA).

3) I'paaguenT noTennnana 3, JleKTpUYecKoro nojA. B pamkax HOBOM
JIEKTPOJYHAMHUKH IJNEKTPHYECKOE NOJie eCTh CBOMCTBO TONLKO CTaTH-

yeckoro 3apsza. [oTeHuman xe GrIBacT Kak cTaTHiecKuid (@, = a-q, ),
TaK W AMHAMHYECKHH V:

Vi=®@y-a,n (4.1)

roe @0 — KBaHT 3JICKTPHHHOTO NMOTOK4, @, -- YacTOTa obpaleHus

CpeHero NMEKTPUHO BHXPS, 1, — YUC/IO TPAEKTOPUM B BUXPEBOM MaKe-~
Te. DTO ypaBHEeHHE 4711 YYacTKa LeNH ONMUCHIBAET HANIPSDKeHNEe TOKa, a
Ha KOHIle NPOBOSHUKA WIH Y 1XK03e)COHOBCKOIO TMepexoia — 3To AU-
HaMUYeCKHiH NOTeHUMAN, NpeACTaBRISIONINI co60li CIyCTOK BUXPEBOIO
ITOTOKR, B KOTOPOM HaKOIUVIEHHE 3NIEKTPHHO H POCT HANpPSXeHHUs npo-
DOMXKaeTca 0o 3HaYeHUs npobos. B paBHOit Mepe 3TO OTHOCHUTCA M K
3NEKTPOOTHIIATEIBHBIM 3JIcMeHTaM aTMocdephl, B TOM YHCHe H K obna-
kaM. IlosToMy B 370it KHMIre MB!I 6yI€eM F'OBOPHTD “NOTEHLHAN aToMa”,
“NIOTCHIIHAN MOJIEKYIBI”, “NIOTEHIMAN KATUIM WIM KpHCTaVIa ibia”, “mo-
TeHIIHan obnaka” U “TpaMcHT NOTeHUHANA” 0e3 NpHUOABACHHS K 3TUM
BbIpOKeHNAM “anekrpudeckoro noja”. [lpu stom @, — 3o cratuyeckuii
NOTeHUMAN /— TO Tefa, KOTOpbIf BCeraa OTPHLATeNIeH, a V, -auhaMudec-
KU, MOTYUIMi KMMETh A pa3HbIX YacTeil o6aka KaK MnoJIOXHWTE/IbHbIHA,
TaK Y OTpHLATENLHDBIH 3HAKU, CBUAETES/ILCTBYIONUME He O 3HAKe 3apsna (oH
BCera NOJIOKHTEICH), 2 O HANPARTICHUH UMPKYISLNY BHXPS.

4.2. AnexTpuuecTBo armocdepsb!
B Xopouwyw noroay

A cuMTalo NOJIE3HBIM HavaTh nmaparpad ¢ H3NMOXECHHA TOYKM 3peHus
OYEeHb H3BECTHOTO ¥ aBTOPUTETHOIO HeCaeAoBaTeNns atMocdepHBIX SBJIe-
Huit I. U3pasng: “Yro6m oxapaKTepH30BaTh KAPTHHY 3/I€KTPUYECKHIX
SIBJICHUI B Tponocgepe BCNOMHUM MHeHHMe KenbBHHa, BEICKA3aAHHOE
uM 100 ner Ha3ag, 0 ToM, YTO B OyayleM npeacka3zaHue noroas dyaer
OCYIIECTRISITECS C HOMOIUBIO 3NTeKTpoMeTpa. Ero nporios, KoHeyHo,
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6p11 Yepecyyp ONTUMHCTHYHBIM. OHaKO CYLIECTBEHHO TO, YTO Bee
MeTeOpONIOrMdecKie IBACHUS COTIPOBOXAAIOTCS XapaKTePHEIMU U3MEHe-
HUAMY 3JEKTPUYECKUX NapaMcTpoB atMocdephl. MBI HOLKHBI YMETD
O6bACHATb 3TH CBSI3H H KJIacCMIUUHPOBATh BAPHALXU aTMocGEepHOro
anekTpudecTsa. MoxXeT 6bITh, 310 JIerde cXa3aTh, YEM CACNATh, TAK KAK Ha
NiepBLIA B3MISLA NOMYYEHHBIE 0 CHX NIOP PE3YABTATH JalOT BeChMa XaoTH-
YeCKYI0 KAPTHHY — LIMPOKMI AHaNa30H U3MEHEHHI CIIeKTpa pasIuYHbIX
NapaMeTPOB OT roJOBBIX BAPHALIWI 1O IIYMOB, Pa3/IMYHbIe KOMOHHATIUA
anexTpoaHoro 3 deKra ¢ BIMAHUEM a3pO30Jieii, PAIHOAKTHEHLIC BO3NCH-
CTBHS, iBMXKEeHHE BO3AYIHHBIX MAacc U T.4. U XOTS HeKoTophlc AeTalM B
3TOH 00JIACTH HAM M3BECTHBI, BHIpaGoTaTh OOIIMiA B3MISA HA COOLITHS B
HacTosIllice BpeMs TPYIHO. DTo, 5 YBCPEH, SRISETCS NIPHIHHON, NO KOTO-
PO HEKOTOPRIC YYEHRIE BHIPAXAIOT MHEHHE, YTO IPOAOJIKATL 3TH HCcie-
RoBaHHA OeccMBIceHHO. OMHAKO, MHE KaXeTcs, YTO TPYIHOCTEH B 3TOH
obnacTH He 6oMblne, YeM Booline B MeTeoponorui. A Mel AOVGKHBI KPHTR-
YeckH pa3odpaTh HALIH METORM H3MEpenHid, Tro0bl OUEHHTh X NPHIOIHOCTD
IJis pelIcHHA CTOSIIMX Nepel HaMH 3aja4 (pazpanka — J1.B.)”

[1, c.62—63.] B0 MHenue 6bL0 BEIckazano B 1963 roay, Ko akry-
anbHOCTh NPOBICM, 3aTPOHYTHIX B HEM, CETONHS BO3pocia eie Buille, S
TIONMHOCTHIO conuaapeH ¢ VlapasneM B COMHEHUSIX O TOM, YTO, 9€M M
KaK Mbl U3MEpSCM B arMocepe, H3y4as aficKTpudeckue apieHna. Bean
BCcA H3MCpHTENbHAs annaparypa co3naBalach IPUMEHHTEILHO K TOXaM
NPOTSKEHHBIX 3NeKTPONPORBCIASIIIUX MaTEPUAIOB, JJisl Y4ACTKOB 3aM-
KHYTBIX 3NeKTpHYecKUX lierneil, rae BUXpeBoil IOTOK MpoxoAanT No OYeHb
MaJIoMY U CTAIUOHAPHOMY TIPOCTPAHCTBY, 2 NOTOMY H JIerko KOHTPOIHU-
pyemoMy. Hu B Kakoe cpaBHEHME € 9THM HE HIET 3/IEKTPUYECTBO Ireo-
MarHMTHOTO NoNsA. Benb He ciydaliHo MPHHSTO U3MEPATHL TONEKO Halpsi-

XEHHOCTb MATHMTHOTO niosist 3emnu M, @ » XOTH OHa H BBIpaXxaeTcs YHCTO

AEKTPHYECKOil BeAHIUHOR (A/M). A 3JIeKTpHYECTBO aT™MOChepH], 0~
KaJIbHOM CHCTEMBI ITTOBATEHOIO 3¢MHOIO BJICKTPHUYCCTBA, €11 CITOXHES,
MHOrorpaHHee U HEBepOATHO AMHaMu4Hee. [JoaTomy Heobxoammo co-
3[aTh CNEUHATBHYIO U3MEPHTENLHYIO aNNapaTypy Uis paboTel ¢ aTMOC~
depHBIM aneKTpHYecTBOM. I MHE XO4YeTcs HanesATscs, 4TO 3Ta KHUIA
Oyaer cnoco6cTBOBATL Pa3BUTHIO 3TOYO HaNpaBlIeHU.

4.2.1, Ponb asora B hopMUpOBaHnU
armoctepHOro aneKTpuyecTsa

Bce anekTpooTpHLIATENbHBIE OCIIWUIATOPSI aTMOCEpE! (aTOM aproHa,
MOJICKYNbI a30Ta, JHOKCHA YI/iepoAa M BOXAHOIO fapa) CrocobOHB! K 3aX-
BATY 3JISKTPHHO K3 FTeOMarHMTHOTO NOTOKA, U3 CBETOBOTO MOTOKA U HEefT-
PHHHOTO NMOTOKA ¥ OpMHPOBaATh BOKpYT ce6s aneKTpuucckuil ToK. K 31o-
MY UX OOBSI3BIBE&ET CBOVWCTBEHHOE UM OTPHLATEALHOS CTATUIECKOE NOJIS,
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PaccMoTpuM [IBa MpeAe/bHLIX CAy4asi OTHOCHTE/BHO JIOKATBHOIO TOKA
MOJieKynsl N, .

1) Boxpyr Monekynu obpaltaeTcsi egUHCTBEHHOE 3JeKTpUHHO. ['eo-
METpPHYECCKHH pagHyCc OCHWUIATOpa — CYNEpBONYKa N, cOCTaBiAseT

RN2 =186- 107 [3, c.619] . [IpuMeM, 9TO cpeaHHU# panuyc OpOUTHI

37IEKTPHHO NTOYTH PaBEH pajauycy AeHCTBUA MONEKyNbl N, U cocTamnseT
... = 0,12236 M, T.c. obpalieHHe JMEKTPUHO TTPOUCXOANT ¢ MUHKMATIb-
HO#i CKOPOCTBIO 4, :

S _ -2,1343161-107 _
™ m,.r, v, 8388704.107
=—-2544274-10"" m/c (4.2)

I[Tpu 3TOM YacToTa O6pauIeHHs AIEKTPHHO BOKPYT N, COCTaBNIseT @ . -

U

mmin =

min__ __ . 10 -1
= =3,3093638-10"¢ 4.3)

max

JloxanpHslit TOK U HanpsXeHue cocTasar i, u V,

i =30 = 6,5779-1077 4 “.49

Vo =Py @, =2,562425- 107“B 4.5)

B cnoe obmena, npu A=3 xM, o6beMHas IWIOTHOCTE NV, COCTaRNAET

N; =1,476051-10"% m?. Ecan Kaxaasi mojnekyna N, yAepXnBacT B

CBOEM IOJIC OHO 3NEKTPHHO, TO OOBEMHbIM AMHAMHYCCKNH 3apsi CO-
craBut Z_, :

Z, . =3-N] =29337925-107 Kn/m? 4.6)

OTH pacyeThl NOJC3HBI B IO3HABATE/IBHOM IUIaHE, HO HE peajbHbI

BBMAY TOIO, YTO He peanbHa opbuTa panuyca r, . A He pealhHa OHa OT

TOTO, YTO AWAMETP PEANLHOIO HHAWBHAYAJIBHOTO MPOCTPAHCTBA MOJIe-
Kynsl N, Ha JaHHOMH BHICOTE COCTABILIET

d,, =3i/6m[np, =4,657512-107 m, 4.7)

rae p, = 0,9092538 xr/M? — nNOTHOCTE aTMocdepbl Ha BLICOTE A,

m = 4,810007 - 10-* xr — Macca cpenHeii MoneKynsl atMocdepsl. Jaxe
€ciTi 6b1 MEXKMONIEKYIIPHOE PACCTOSTHHE COXPAHANOCH MOCTOAHHBIM H
PaBHBIM d, , TO ¥ TOTAa NPEREbHbIA Pafuyc OPGUTH HHANBHAYATBHOTO

90



3NeKTPHHO, 06palIAIoLIETOCs BOXPYT MONeKy./ibl N,, COCTaBI 6bl
<d, /2 (4.8)

Ho u 5T0 HEBO3MOXHO, HGO MOJIEKYIIH aTMOC(hEpHI BO3AyXa HAXO-
AATCS B 6ecnpepHBHOM T'MINIEPYACTOTHOM B3aUMOACHCTBHH MEXAY CO-
00, cOMMXasAach NMpU KaXAOM B3aUMOAEHUCTBHU A0 KPUTUYECKOIO pac-
CTOSIHMA 7, PaccMOTpUM OCHOBHEIE TEpMOAMHAMIYECKHE MapaMeTphbl OC-
wuLUIATOpoB N, Ha BhicoTe A = 3 KM.

rmax

o=y T, =56032422.10" ¢, 4.9)

V= Vo~%=4,6441146-104 w/c, (4.10)
0

r, = p/mv, =1840168-10"°m, (4.11)

e T, =269 K; Vv, =4,7114467-10" M/c — nnHeliHass cKopocTb Mo-

nexyn N, B HOpMalIbHBIX YCIHOBHAX; y = 2,0829897.10"K ¢! —
4acTOTHasl MOCTOSHHAA BO3AyXa; f, H 1, — 4acTOTa OCUMIULATOPa H KpH-
THYECKOE PACCTOSHHE cHMuXeHHd. VI3 3THX pe3ynbTaToB cledyeT, YTo
npo6Hast Monekyna N, B eAMHKLY BpeMeHM 5,6 - 101 pa3 cbmxaeTcs ¢
MoJieKynaMu S1KailIero OKpYXeHUsT 10 PacCTOSIHMSA 7, H3 9eT0 ceay-
€T, 4TO

<r, /2 (Mexay moBepXHOCTAMH “4.12)

rmax
COMMXKAIOMHXCA MOSIEKYJT)

I1pu 3T7O0M 32 MUHHUMANBHEBIH paguyc OpOGHTH MOXXHO NPHHATH pa-
AMyc Monekynasl N, M TOraa cpeAHuil paiuyc OpOMTHI COCTABHT 7.

r= JRNI (RNz +-'2—) =22739736-10"%,  (4.13)

Teneprs MBI NONY9IUM CNCAYIONIME PeabHEIE BETHYKHM 110 BOJITAM-
TiEPHOM XapaKTepHCTHKe MOJIeKysl N, Ha BbIcOTE /i

3¢y, 20,51345-107%

u= =1,3158242.10%
mr-v, 1558981-10°® M/c  (4.14)
® = uf2ar = 9,209425-10%¢™ (4.15)
i=3-w=18305247-10° 4 (4.16)

V=00, 0=71308163-10°B (4.17)
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OT0 mpenenbHble 3HAYECHUA TOKA M HANIPSDKEHUS MONEKysl N, npu
YCIOBHH OecIIpensaTCTBeHHOro o6palieHusl BOKPYi Hee e IHHCTBEHHOTO
3NEeKTPHHO.

2) Boxpyr MoneKyabl obpalaercsi poit anekrpuHo, CoBeplleHHO
OYEBHIHO, YTO MAKCHMANBLHOE YUCIIO 37IEKTPUHO, YIepXKUBaeMOoe MOMNEKY-

noit N, Bokpyr cebs ecTh YYHKUMA TONMLKO ee H3OLITOUHOrO 3apsua gy, :

=21
n (N )z_qu, _ 10,32038 10‘27
3 1,9876643-10
Oauako, pesynsrarh (4.14 — 4.17) BhI3bIBAaET COMHEHHUE B TOM,

=51922148.10° (4.18)

410 06palleHHEe BCETO PO EKTPHHO 7 (N 2) BOKPYT MOJIEXYJIbI a30Ta

peajibHO, BBUIY Ype3MEPHON TECHOTHI WIS HETO MTPOCTPAHCTRA moﬁynm
BT0 MOXHO MPOBEPHUTH KOIUYECTBEHHO.

AV = ..31’. r’ - R} )=2,2300117-107 » (4.19)

— 00BbeM MPOCTPAHCTBA BOKPYT MOJIEKY/L NV ,, 3aHUMREMBIA HIH
MOTIYHIUH OBITE 3aHSATHIM pOEM 3JIEKTPUHO n,(Nz) ,
n(V) = n,(N,)/ AV =2,3283352.10% > (4.20)
— ofBeMHast TVIOTHOCTb POst BOKPYT MONEKYAb N, .
At = 1/n(V) = §/4,2949142-10% M =1,625-107"° (4.21)
-~ CpeliHee pacCTOSTHHE MEXAY JJICKTPHHO B poeE.
a3 4 ,1106086- 107

Ap 1,625-107"
— CHIa B3aHMHOTO OTTANKHMBAHHMA MEXAY apoH JEKTPHHO B pPoe.

F = =25296-10""H (4.22)

F=[n (N)— 1] -F,=1,3134-10® H (4.23)
— NOJIHast NOJIOXMTENbHAS] CIIA, ACHCTBYIOIAA HA ONHO ICKTPHHO pOst
a ¢ . 43 107
F 22249y 21343161 10,3 =-9,3858437-10*H (4.24)
g r 2,2739736-10"

— pazMaibHas cuwia, ZeHCTBYIOLAs Ha KAXAoe 3NeKTPHHO pos ¢o
CTOPOHBI HEHTPAJIHHOIO Tea (MONEKY/b! 230Ta). DTH pacyeThl NMOATBEP-
XIAI0T HaUIH COMHEeHMs, W60 cila B3aMMHOTO OTTAJIKMBaHUA B 14 pa3
NpeBLIIIACT CHY NMPUTAKECHMA MEXIY JICKTPUHO M MOJIEKYJION a3oTa.
dns pos BOIbTaMNEpHAd XapaKTEPHCTHKA NpeICTaRIeHa MAKCHMATBHBI-
MM TEOpeTHYEeCKH BO3MOXHBIMH 3HAYCHHAMM:
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i =1, (N,) /14 =6,7889124-10" 4 (4.25)
Voo =m(N,) -V /14 =2,6446235-10" B (4.26)

m

Z..=n(N,)3-N,/14=1,0881003-10° Kn/m®  (4.27)

TMonydeHubIE PEe3yALTATHI KaK U1 CNIyYasi C SAMHCTBEHHAIM Op6H-
TAJIBHBIM 3JIEKTPMHO, TaK M AN cAy4asd MOJTHOIO posd 3NEKTPHUHO,
COBEPUIEHHO KOPPEeKTHH. Ho B HUX ellie OTCYTCTBYET BIUSHHME CONPO-
THRISHUS JIOKATBHOMY TOKY OocHWUIATOpa. T.€. HaM HeobXoauMO BBECTH

B aHaNH3 yAeJbHOE CONPOTHBICHHE OCUMLIATOPA O, H, pasyMeeTcs,
€0 Hafl0 PELUNTh Ha MONEKYAAPHOM ypoBHe. [IpeanocsuUikoit Ay aHa H-
THYECKOTO PEICHUS P, ABAAETCA OHMMAHUE TOro, YTO CONPOTHUB/IE-

HHUe BCHKOTO NPOBOAHMKA IIPOXOXACHHIO FIEKTPHHHOIO BUXPS COBEpP-
IIEHHO WASHTHYHO MOHSTUIO PACCESIHUS 3JIEKTPUHO BHXPS B OKPYXalo-
1ee NPOCTPAHCTBO. [Ing NpoTsSKeHHBIX IPOBOAHHWKOB 3JIEKTPHYECKHX
1ienieii B OCHOBE COTIPOTHRIEHUS JEXUT CTOJIKHOBUTENLHOE B3aHMOE-
CTBHE 3JIeKTPUHO C BHEHIHUMM aTOMAMH MpoBoJHMKA [cM. 3, §21]. A B
CITy4ae ra3’oB paccesiHHe 3JIEKTPHHO JIOKATBHOIO TOK2 NIPONOPUHOHAIEHO
aMIUTHMTyle KoleGaHus BO BeeX TpeX HarlpaBjeHHs X HpOCTPAHCTBA IO0Ybl,
4acTOTe B3aUMOJEHCTBUS OCLWINATOPA, KOOPAWHALHHOHHOMY YHCJTY rasa
K=12 u nocrossHHoi conporusneHus, R, = 3,8955504 - 10° Om obpatHo
MpoNnopuHoHaIbio 1/2 KBafpara KpHTHYECKOIO COMMXeHHA. YUeT BceX
aTuX $aKTOPOB MPHUBOAUT K YPABHEHHIO YAEILHOIO CONPOTHRICHUS i~
Io rasa B HOpMaJIbHBIX YCIIOBHAX:

_2K-R, -1, -yl T,

3’

oF

pO,'

,OM-M, ~  (4.28)

rae A, — aMIUIMTyAa KoneSaHus OCHMIULITOPA / -TO ra3a B HOpMaibHbIX
yenoBusix , 7 ,=1¢; 7;, — TeMIepaTypa TCPMOAUHAMUYECKOTO HyNA / -
IO ra3a; 7,, — KPUTHYECKOE PACCTOSTHAE MEXAY OCHMLISTOPaMH 3TOTO
rasza. [Ins uccneayeMoit HaMH BBICOTHI ¢Jiofl, 1 = 3 KM, ¢ y4eTOM TOIO,

aro 4; = d,; nonyaum:

2KRymd,, -yl -7, _ 1,6627466:10°0m -M®

P 3 1,5512867- 10" u

=1,07185-10" Om - m (4.29)
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Ha 31010 pesynnTaTa CASAYET, YTO €CNH Ha BbicoTe 4 B3ATH cTONO

Bo3AyXa cedenueM S, =1 M2 ¥ BhicoToll {_, = IM, TO €ro CONpoTHBIE-
HME (B mOMyileHHH, YTO cTON6 raza UEAMKOM cocToHT M3 N, ) cocraBuT

R =P te - 07185107 Om (4.30)
Seo

Jlns ysacTka uen# conpoTHBRICHHE R, €CTh XapaKTEpHCTHKA BHXpe-
BOTO MOTOKA MOCKONBKY U3 HETO JIETKO YCTAHABIUBAECTCS TUCHO 31EKT-

PMHO, Hacensouiee OAHY TPACKTOPHIO B MaKere, K, :
k,=R,/ R, (4.31)
B cirysae Ui AM3NIEKTPHUKORB, KyJa OTHOCATCS M rassl, IU1st OCMbIC-
JIEHMA CYTH 3TOro mapameTpa, yaobHee BOCMOAb30BaThCA 0OpaTHOIM

penmauHoit, A, = 1/ k., oTHeceHnnoil x 7 . Ansg monexyin N, ¢ co-
b4 i i? e 2

nporusienueM Ry moayunm:

Ay, =Ry [Ret,, (4.32)

BCTaeT BOIIpOC — MOXCM JIM MBbl ONIPEACAHTD INCKTPUICCKOC CO-
NPOTUBJICHME OTACAbHOM Monekynsl N, ? la, MoxeM, 6o ACHO, 9T0

OHO NPONOPLHOHANBHO YACABHOMY CONPOTHBJICHHIO BO3AyXa p, , Ne-

PHMETPY I100YIBI ndg,, ¥ 006paTHO NpONCPHHORANBPHO NOBEPXHOCTH
2

MONEKYNBI-BOMIKa 72d )y

R _ Py, _P»‘dgh 2KRy-md , -yT, -7, o -
2 - - 2 ’ -
o ﬂdz/z d:’z 3rh -sz M ( )

_7,7485802-107"7
M 33651159107

rae d,, =2R, =34631985. 10 M — amamerp Monexyns N, [3,
¢.619]. Teneps (4.32) nonyyaer YucACHHOE PEUICHHE: ,
Ay =Ry, /R 7, = 59109658 107" (4.34)

OU3HYECKHH CMBICI 3TOH BEJIMIHHBI COCTOHT B YTBEPXASHHM TOTO,
YTO Ha BRICOTE A=3 KM KaXJo€ 3leXTpuHO posa 10® pas B cexyHny
MEHSET CBOIO TPACKTOPHIO MJIH PACCEHBACTCS B MPOCTPAHCTBO. A 3TO
CBHACTENBCTBYET 00 OTCYTCTBUM CTALMOHAPHOCTH BUXPEBOTO NOTOKA
BOKpYT Monekynnl N, . AHEIMH clioBaMHM, KaXA0€ 3NICKTPHHO, 3aXBa-
YeHHOE NMOACM MOJNEKYJIbl, MpeOLIBaeT B oOpoUTANBHOM ABHXEHHM BOK-

PYT Hee KpaTKMH MHT, PABHBIH A7 :

=2,3026191-10* oy,
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_ . Rofeo . =31
AT =y, = = 16917709107 ¢ 4.35)

Nyh

Tenepb, BBeOs B BOJIBTAMIIEPHYIO XapaKTE€PUCTHKY JOKalbHOTO

ToKa Monekynsl N, mapaMeTp conpotusnenns ky =R,/R,, =
=1,6917709- 107", nomyunm 115 e€ TOKA M HATIPSDKEHHA:
I =l Ky, =3 0-1,(N,) Ry / Ry, =1,1485284.107° 4, (4.36)
Vi = Ve * v, = 4,474097-10" B | (4.37)

2

HUrak, MBl TONY4YHJIH HECKOIBKO OYCHDb BAaXHLIX Pe3ynbTaTOB
(4.29—4.37) uncTo TeopeTHYECKH, XKOTOPble HeOGXOANMO CPABHHTD C
9KCNIEPUMEHTATbHBIMHE JAHHBIMHU, YTOGR! IIPUHATE WM OTBEPTHYTH HO-
Bhle MOJIOXEHMA B TeOPUH aTMOCKhEPHOTO 3/IEKTPUYECTBa. TakK, Mo yaeb-
. HOMY COTIDOTHRICHHIO BO3IYX2 CIIPABOYHAA JIUTEPATypa CBHICTCJILCTBYET:
£, = 10 OM ‘M [10, c.545], p, = 10 — 10 Om - M [15, c. 696],
P, = 10 — 10" Om M [16, c. 140]. Kak BuaHM, TeOpeTHYEeCKHH
pesynbTat (4.29) KOMHYEeCTBEHHO He BLIXOAHT 338 pAMKH 3KCNCPHMEH-
TaNbHBIX JAHHbLIX, HO KAYECTBEHHO MMEET OrPOMHOE NPEHMYLECTBO,
HOo naeT He NPUOIIDKEHHOE, a TOYHOEe pellleHNe N0 KOHKPETHOMY KOM-
MOHEHTY aTMocdephl H a8 10601 BBICOTHL.

YT10GbI CPaBHMUTD TEOPETHYECKUH H 3KCIIEPHMEHTATbHBI OOBEMHBINH
3apsAabl CHaYana HeoBXoAHMO YYeCTs CyMMAapHbIid CTaTHIeCKH 3apan
OTPHLATENBHBIX OCIIWUIATOPOB B o6keMe V=1 »® . [Ipencrasum, yro
BCA BoZla Tporocdepsl npecTaBlicHa nmapoM, T.e. MoneKyaamu (H,0), ¢
Maccoit m, = 8,9746569 - 10-% xr. Torna, nonrHoe YHCIAO TPHAA BCEH
aTMOChEpEI COCTABUT N,

My, 17901-10"
N, = - = - =8,803679-10% (4.37a)

e, My o, — nonHas Macca Bogsl aTMocdephl, KOTOpast NIOYTH LIETHKOM

cozepxurcs B Tponocdepe. Cpennmit 3ap5m OIHOM TpHaAb! napa cocTaB-
nger g,

g, = 21!..}‘!& = —2,2742745-10"° gy (4.38)

Hcxona n3 ¢akTu4ecKoro AasieHHsT Ha BpicoTe h = 3 KM,

P, = 7,012115 - 10¢ Tla [10, ¢.1194], nerko ycraHaBnuBaeTcs obbeMHasn
MJOTHOCTb BO3AyXa Ha 3TOH BpICOTE N, :
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1 _ B _ 70121155-10"
V., h-f, 37128584-107"

gh
TAc V — cpenHuit o6beM rnoGynsl Bo3ayxa Ha Beicote /1 . Ilockoneky
Roast napa cocrasnger okojo 0,684% (06reMHBIe), TO INIOTHOCTSH TPUAL,
napa Ha uccneayeMoli Bricote Gyner N, (V):
N(V)T =0,684% N, = 1,291804 103 M3 (4.40)
I1py 310M IIOTHOCTh CTATHYECKOTO 3apsifia NIApoB Bohl cocTasigeT q( V)
q(V)T = N(V)T'qT =—2,9379175 10* Ka/m3 4.41)

YuuteiBas o6beMHbIE JOJTH a30Ta, apTOHA U YIIEKUCIIOTO Taza AN
HUuX MaiiaeMm:

N, = =1,8886029-10" M~ (4.39)

q(V),, =-15219429-10° Kn/we (4.42)
g(V),, =-31945149-10° Kn/m® (4.43)
q(V) co, = ~3,96038-10' Kn/m? (4.44)

CyMMapBbIii CTATHYECKMI 3apsj OAHOIO KyGH4uecKoro MetTpa Ha
BBICOTE h COCTARNMNET g, :

9, =q(V), +q(V)N, +q(V)Ar ""I(V)co2 =

= -1,8480757-10° Kn/m (4.45)

[MonHbIH AMHAMAYECKHH 3apiad BCeX 3JeKTPOTPHULATEARHBIX OCIIHI-
JISITOPOB, KakK GbUIO MOKA33HO BEHIILE, YUCICHHO PAREH CTATHYECKOMY H,
c¢Tanc 6biTh, cocrarnser (6e3 ydera mapaMeTpa CONPOTHBIACHHUS)
Z; =1,8480757-10° Kn/M’. A peansHbiii 0GbeMHRLI 3apax, C yUeTOM
¢dakropa CONpOTHRICHNS, Z, :

R, -10 :
Zh =Z;’F=6,716598110 KJ!/M’ (4.46)
(]

Tenepk MOXHO B3IJISHYTE H Ha Pe3yNbTaTH H3MEpPeHNiH 00beMHOIO
AEMHAMHYECKOrO 3apsaa arMoc¢epsl B XOPOIyl0 NOTOAY, [ONydYeH-
Hbi¢ Pa3HBIMH aBTOpaMM B mpH3eMHOM cioe (ot 0,1 M po '3 M);
Z, = 6-101"=3 - 1071 KJI/M3 (171, Z= 2,8 - 107" Kn/m? [18],
Z,=1-10"Ky™ [19], Z,=2 107" I(.u/M3 [20], Z.= 6 107" Kn/m®
[21], = 5-1071* Kn/m? [22] Cpenxee 3HAYCHHE TIO anm pesyspTaTaM
COCT&BJIHCT Z= 1,13 - 107 Kn/M*. B To Xe BpeMs No CaMOJNETHBIM H3Me-
peHHsM oObeMHOTO 3apsia, NpoBecHHBIM MypoM c coasTopamu (14,
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¢. 154] no Beicotnl 600 M, Z,=1,6 - 10-* Kin/M>. BT0T pe3yibTaT MOXHO
OBLIO CYHNTATH KOPPEKTHHIM TOJIBKO B TOM cliydae, ecJii 6b1 UMeNoCh
OCHOBaHHEe NPUHATD YACNBHOES COMPOTHBIEHHME BO3AYXa B XOPOWIYIO MO-

roay paBHEIM p = 1.10%° OM ‘M, T.c. Ha TP NOpsAKa GOTBIINM, YEM

Ha BbicoTe 1 = 3 xM, coracHo (4.29). Ho Takoro ocHOBaHUA y Hac HET.

TaxuM o6pa3zoM, HECMOTPA Ha 3HAYUTENbHBIH pa3bpoc akcnepu-
MEHTaNbLHBIX 3HaYeHHI 0OBEMHOTO 3apAna, TEOpEeTHYECKUI Pe3yNbTaT
(4.46) BnucBIBacTCA B ATOT PsiA 63 CYHIECTBEHHBIX TIPOTHBOPEYMiA.

YuureiBag ype3BLIUaiiHO BEHICOXOE YAEIbHOE JEKTPOCOIPOTUBIIE-
HHe OCHWUISTOPOB ra3oB M BOASTHOIO napa, HCOGXONHMO TIPMHATD, YTO
KaxJoe 3JICKTPHHO pof, B CPeAHEM, COBEPIIAET TONbKO OAHH 0GOPOT
BOKpYT ocumisistropa. Toraa Moay/in AIMHAMHYECKOTO 3apsaaa H TOKA CTa-
HOBSTCS PABHLIMU H CBA3BIBAIOTCH COOTHOUICHUEM:

ix‘ = Ziwca =-q0,, (4.46a)

Tax, ecnm cornacHo (4.46) 0ObeMHBIN AMHAMUYECKUN 3apsi] paBeH
Z, , To 06beMHOE 3JICKTPHYECTBO aTMocdepsl cocTassieT i, (V):

i.(V)=z w,=067T165981 10" A/M’, (4.466)

a (4.36 — 4.37) nony4aT OKOHYATEIbHOE PEUICHUE:!
in, = Zy 3@, =10320379-107 4 (4.468)
Vy, =iy, - R, =4,0203077-10™" B (4.46x)

3HaHne 0ObeMHOIO AMHAMUMECKOTO 3apsila B paMKaX HOBOW 3JIEKT-
POAMHAMHWKY, MO3BONSICT PEUIHTh OO BbEeMHBIHN TOK M €r0 HanpsiXXeHHE B

xopomyo norony i,(V) , V,(V).

iWW)=2,/t,= Zi R | 6,7165981-107° 4/ w? (4.47)
TeO. h
V() =i (V) R, = 2R 5 6164531.107 B
h( )—’;.( )'Ro-ﬁw?, 1 B/M (4.48)
eo h

n,(V)=Z,/3=3379141-10" a/»® (4.49)

rae n (V) — YHCIO peadbHbIX EKTPUHO, o6palalouINXCs BOKPYT
OCLIWLISITOPOB B ONHOM KyOHYECKOM METpe BO3AYXa Ha BbICOTe A=3 KM.

TaxkuM o6pa3oM Mbl HONYIYUNHU TIONHYIO Ka4eCTBCHHYIO ¥ Konnde-
CTBEHHYIO XapaKTePUCTHKY 3NIEKTPUYESCTBA eAMHHULBI 0ObeMa 0GMEeHHO-
ro cfog B Xopoiuyo norony. Pesynsrarei (4.46—4.49) craHossaTcs 6a-
30BBIMH NIPH aHATKM3E ATMOC(HEPHOTO IIEKTPUYIESCTBA OCTATLHBIX COCTOSA-
HU Tponocdepnl. 3aech ¥ YMTATENIA MOXET BOSHHKHYTh BO3paXXeHHe,
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CBSI3AHHOE C HEYYETOM NpHMecHbIX HOHOB atMocdepnl B 06pa3oBaHUN
3aexTpudccTBa. Ho 4 ysepeH -— BHUMATCAbHbIM YHTATENE YK€ TIOHSAN
TOT $akT, 4To aTMOocdepa LIEATUKOM COCTOUT U3 MOHOB U YTO NPUMEC-
Hble HOHB! (TTaBHBIM 06pa3oM TeXHOTEHHbIE) B HEH UIPaioT MU3EPHYIO
poak, 160 HX IJIOTHOCTH cocTasigeT Julb 107—108 M3,

4.3. NeHepauus ToKa Ha OCTpPUSX

Hon TepMHUHOM OcTpHe cileayeT NOHMMAaTh Bce GHU3NIECKUE TENa,
BRICTYTAIOIHME HAJ MOBEPXHOCTHIO 3eMIH B JAHHOM MecTe Ha HEKOTO-
PVIO BLICOTY A. DTO TpPaBBl, KYCTADHMKH, JePEBLS, XKNUBOTHHIE, ONOPHI
reaedoHHBIX, TeNerpadHLIX U INEKTPHYESCKHX JTHHUH, Xene306eToH -
Hbl€ KOHCTPYKLIMU Ha CylIe ¥ cyza Ha Mope. TTockonnky Bee BHoNOTH-
geckue o6bekThl Ha 70—90% cocTOAT M3 BOJbLl, TO OHU ABASIOTCH HO-
CHTENSAMY OTPHLIATEBHOIO CTATHUECKOTO 3apsia ¥ NMOTOMY CITOCOOHBI
¢dopMUpORATL BOXPYT cebs1 CTOSTMME BUXPU U3 3NeKTpHHOChEPH 3eMan.
Haxe cyxad mepeBsSHHas onopa, NOKPHITAs MOHOCJIOEM BOABI, BeAeT
cebs KaK 3JeKTPONPOBOAHHK, HO C BBICOKMM CONPOTHBIEHHEM. DTO
NepBOe, YTO Mbl He NOIKHBI 3a65IBaTh. Bo-BTOPLIX, ClieayeT NOCTOSHHO
HMETh B BUIY, 4TO OpOHTANIbHAS CXOPOCTh BJIEKTPHHO MarHuTocdhepl
MakCHMMaJbHa y NOBepXHOCTH 3eMian (u, = 2,7 -10° M/c) ¥ MHHH-
MaisHa Yy BHeluHero kpas (u,, =2,2 - 10* m/c), yro obycnosnuBacT
MaKCHMAaTBHYIO YacTOTY TIPOXOXASHMS 3MICKTPHHO O TPaeKTOPHH BAOb
NOBEPXHOCTH 3eMIIM. A 3TO, B CBOIO 0YEpERb, OOYCIOBIMBACT MaKCH~-
MaJbHbBIE TOKH (KAK MEPHIMOHATIBHAIE, TAK U 3KBATOPHAJIbHBIE) TaKXe
Y NOBEpXHOCTH 3EMJIH, BETMYHHA KOTOPBIX YMEHBLIAETCS C BHICOTOI.
BoT nmoyeMy TOK ¥ €ro HanpspXeHHe Bceraa 6oibie y OCHOBAaHMSA OCT-
pus, 4ro ¥ bopMUpYeT ecTECTBEHHOE BEPTHKANIbHOE HaNpaBlIcHHE TOKA
OCTpHs] — OT OCHOBaHHS K BEPILIHHE.

B-Tperbux, reHepanus TOKa OCTPHEM 3aBUCHT OT TOKOCBEMHOTO
MeXaHu3Ma. B THXy10 Ge3BeTpeHHYIO IOTony U B OTCYTCTBHE BEPTHKAILHEIX
TIOTOKOB BO3AYIHHBIX Macc, OCTPHS HE JAIOT BKIAla B aTMOChepHOe 371eK-
TpHYECTBO, HOO B TAKHX YCJIOBHAX HaOMIofaeTCa IHHAMHYECKOe paBHOBE-
CHE CTOSYMX BHXPEil MeXIy HX OCHOBaRMeM ¥ BeplmHoi. Ho Kak Tonbko
HAYMHAEeTC ChEM TOKA C BEPUIMHBI OCTPHS BO3HHKACT HEPaBHOBECHAs
CHCTeMA MEXRY €10 M OCHORaHHEM. B Takol cucTeMe TOK, CTEXAIOWMHA
OCTPHS MPOTIOPUHUOHATIEH CKOPOCTH BETPa, HO 10 KOHKPEeTHOro nmpexe-
na, onpenesieMoro MONHBIM CTATHICCKMM 3apAnoM ocTpus ), , nbo
yaepXHUBacMBIH HM OTUHaAMHUYeCKHii 3apsa, cornacHo (3.6) cocraBHUT
Z,=—0, . [Ipy 5TOM HanpaBJcHHE BPAIICHN BUXPS MOXET GbiTh Kak
JIEBO- TaK H NpaBOBPAIHAIOIIHMCHA BOKPYT OCTpMS, YTO BOCTIpHHUMAETCA
NPHOOPHO KAK OTPHILATEILHBIK WIH NONOXATEIbHLIM TOK. PaccMoTpnM
HEKOTOpbIE Pe3yNbTAThi NPOBEASHHBIX H3MEPCHHUIA TOKA ¢ OCTPHI.
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OvyeHb BHTEpecHast paboTa Obu1a nposeacHa [llonnannom 23], uen-
HOCTH KOTOpoit Oniia OBl Bhillle MCHONL3YH OH IJISt ONLITA pPacTymice
IEepeBc, a He MEPTBOE (XOTs8 OHO M 6bUIO cBeXeKopueBaHHLIM). IlloH-
NMaHA NMOXYYMJ, YTO CPEAHHH TOK C JEpeBa MO FPO3OBBIM OBIAKOM
cocrapngeT 2,1 A. Mcxong us 3TOH BETUYHHB U C YYETOM YAEILHOTO
comnpoTHRIeHUs wTaMba U BeTBei aepesa, paBHOIO p =1 10° OM ' M

[16, ¢.140], MOXHO YCTAHOBHTD PAA SACKTPOANHAMUYCCKUX MapameT-
poB. IIpuMeM BRICOTY paBHO# /# = 3 M, a paauyc wramba r = 0,08 M.

Torna CONpPOTHBJICHHE AcpEeBa COCTAaBUT R':

L oph 310
R = =
a®  0,020106

k'=R,[R’ =26107666-10° 4.51)

= 1,492092-10" Oy, (4.50)

— TIapaMeTp CONMPOTHBNEHUS. OpOUTANBEHYIO CKOPOCTh 3NEKTPHHO BOK-
pyr wrramba fepepa MOXKHO YCTAHOBUTE MCXOIs M3 CTATHYECKOTO 3apsia
cpeaHeil MOJEeKYNbl BOILI, BXONSIMIEH B COCTaB TKAHCH KOpHl,
q = —15,16183 - 1072 Kn:

o _ . =27
=224 SLIN9107 5 0156149.10° we, (a.52)
}n3 .r.vw 5,484605‘]0

U U
@=—= =1,379408-10" ¢!
27 05024 (4.33)

— YacToTa O0paUIeH NS 3NIEKTPUHO BOKPYT wWitaMba aepesa, ¢ — 3JE€KT-
POAMHAMHYECKAS TIOCTOSTHHAS.

i 2.1
Cw-k' > 59051475-10°%

— YHUCNQ 2JEKTPHHO, PaBHOE YHUCIY OBICTPO MEHSIOLIUXCH TPAEKTOPHH,
dopmupywooluee Tox i= 2,1 A.

4

n

=3,5562193-10% (4 54

Ty

3 =1,0565164-107 (4.55)

— HCTHHHOE YHCI0 1eKTpUHO QopMupyIolllee TOK /.
W3 cpaBHeHHMs naHHOTrO pe3ynbrata ¢ {(4.54) cnenyer, 4To HECXO-
DUMOCTL MEXAY HHMH B 1, =1056,5164/3,5562193 = 297,0898 paa css-

3aHa HETOYHOCThIO O’ ANg wraMba u BeTeH ZepeBa, HCTHHHOE 3Have-
HHUE KOTOPOTO COCTABIIACT
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p=110".n = 2,970898-10'" OM - M (4.56)
4YTO NPHBOIAUT K YTOUHeHMIO R, k, n:

R=22 _ 4 4328531.10" oy,
nr

k=R, /R = 8,787803 -10'2,
I 21
n= = 27
w- k> 1987664110
Teneps Mbl BUOUM, 4T 06a MCTOZA onpedeaeHHs YHCIA 3NEKTPU-
HO, GOPMHUPYIOLIEIO TOK {, JAIOT ONHO K TO Xe€ 3HaYyeHHe, YTOUHIsA
MOMYTHO YAEJIbHOE COMPOTHBRIEHHUE ACPeBa. YX TAKOBH BOZMOXHOCTH

HOBOH anekrponnHaMuxy. [Ipy aToM HanpsoKeHHe TOKa Ha AepeBe, Co-
crasut V:

=1,0565164-10%" (4.57)

V =iR, zh— =2,4541675-10°B (4.58)

€0
O‘ICHB TIHATEIBHbIC U3MEPEHUS U B TCUCHHUE JJINTCIIBHOIO BPEMEHH
(Tpu ropma) 6siny npoBeaensl BopMeseM [24] ¢ MeTaLTUYECKNM OCTPH-
€M, YKpEeIUIEHHBIM Ha ctonbe. CorlacHo ero peayibraraM 3a roa

(T=3,15576-_107C) 4epe3 OCTPHE TPOXOAMT CYMMApHBLIH OTPH-
uatenbHpit 3apsx ¢ = —0,13 Ki. DTo coOOTBETCTBYET CpeIHEMY

TOKy i=-q/7=411945-10° 4 npu Hanpsxenun V =i R, =
= 1,604734 - 10 B, yto MeHblue pe3ynrrata [Hlownanna B 5 108 pas!
BTOT pe3yNbTaT HE COITIACYETCA C pe3yabTaToM MccnegoBaTeneh. Tak,
Yanmepc [14, ¢.196-204] na ocHoBe Gonbuuore onsita paboThl NpHIIER
K YOeXACHHUIO, YTO CYUIECTBYET MUHHUMANBHOE 3HAYEHHE HANIPSDKEHHS Y
OCHOBAHHS OCTPHs, TPH KOTOPOM C OCTPHS HAa9HHAeT UCTEKATb 3aMET-

Hbl% TOK. Jna ocTpuil, HMeOUMX BhicoTy AepesbheB (A~ 5M) —

ato ¥V, = 5000 B, a nng camux AepeBbes oHO elle ppie. Mcxoas ua
3TOr0 HanpsXeHUA MBI HONYYUM TOK

i, =V, €,/ Rh=256706184, (4.59)
YTO oYeHB O/Mu3oK K peayapTaTty Hloxnanma. Tyr HeoOXOAUMO cKa3aTh,
9TO BCE€ MCCNIENOBATENH aTMOCHEPHOTO JIEKTPHIECTBa, TOBOpsA obpas-
HO, U 1Iara He MOIYT CTYIIMTDh 6€3 MOHMTUA “rpagueHT noTeHuUnana” . B
3TOM KHHUTE 5 MOIBITAIOCh OOXOAHTRECA Oe3 Hero, 60 BaXeH caM MOTeH-
UMaJ ocTpHUst WM obnaka, a He ero rpaaueHt. KpoMe Toro peailbHo
MeXIy OCHOBAHHMEM U BepIIMHOMN OCTPHA Pe/IKO BO3ZHHKAET Pa3HOCTH
HanpsokeHus1. OHa BO3MOXHA NIPH YCJIOBHM, KOTAA HENPEPLIBHLIN 1 NON-
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HBIN ChEM TOKA C OCTPHSA HAYHUHACT YyXyallaThCsl U HOCT}’]’]&IO].HI/Iﬁ C
OCHOBaHMS TOK TIpEBATHPYET HaZl €70 OTTOKOM. B 3TOM cilydae BO3HHUKAeT
NYJILCHPYIOUIHH OTTOK WM NMYyNbCUPYIOLIEE KOPOHHPOBAHHE C OCTPUSA
YacTOTOH V, . :

B ocHOBe TOKOCHeMHOTO MEXaHH3Ma C OCTPHS JIEXHT Mpolece ne-
PEXOAA BHXPS OT OCTPHA K VIEKTPOOTPHUIATENBHBIM OCIMIUIITOPAM BO3AYXA.
IIpy OTCYTCTBYMH AOCTATOYHONO TOPH3OHTANILHOIO WIM BEPTHKABHOTO JABH-
KEeHMS BO3RAYUIHON Macchl, OCHMIIATOPB] BOKPYT OCTpHSA BLICTpO A0~
CTUTAIOT IPEeAECTbHOTO HACHICHMAS NHHAMMISCKHM 3apsiiIOM H OTTOK
~ 3JIEKTPHYECTBA C OCTPHsA NpeKpallaeTcs. 3nas, 970 JOKaAbHbIE TOKM
BOKPYT MOJIEKYJI a3ota dopmupylores ot n, = 1 go n, = 3,57 - 10° anexrpu-

HO MBI MOXEM NPUHATD 32 CpeAHee TUCTIO "3( N 2) =, /nl -n, =598- 10?
37IEKTPUHO Ha ONHY MOJIEKYJIy. B 3TOM ciyyae 10 MOJHOTO HACHILIEHUS
Kaxaas MOJIEKY/Ia a30Ta MOXET IIPUHATL Ha ce6s1, NPOXOAs Yepe3 KpoHy
nepeBa, ewte n, = n, — n_(N,)=3,564 - 10° wim, no Kpaiiteii Mepc, or #,
ao n_ (N, snextpuso. Ecnn yuecTs, 910 3/1eKTpOCTaTHMECKUIE NOTEH-

1Man fepera GopMHUpYeTCcs H3OLITOYHIM OTPUIATENLHBIM 3apSAOM CTPYK-
TYPHOH BOIEBI, BXOXAHICH B COCTAaB e€ro TKaHeil, TO paagnyc AeMCTBHSA

KPOHH! iepeBa Ha 3JICKTPHHO COCTABHUT 7y o

_@ro-Rs  10,050311-10
P 5,8290986-10’

HpyuMmeM K aHanu3y XHMBOE ZEPEBO BBICOTOH h = 6 M, paany-
COM KPOHH (KOHMYECKOH ¢dopMbl) r =3 M K BHICOTOH KPOHB
h, = 5 M. Toraa cedyenue BHUXPEBLIX NoOJNe# KpPOHBI COCTAaBUT

M0

=1724162 M  (4.60)

1
S= 2(r + "H,o)' (hl +rH10) ~ 60 M2, JlonycTiM, 9TO Kaxias MOJEKYJIA
a3oTa, NpoXoxs Yepe3 KpoHy, bepeT U3 ero Buxps 1, =1 snexrpuno. Torna
3a BpeMA 7,, Yepe3 KPOHY [ONMKHO NMpoHTH K MoJieKya a3oTa, Yrobhl
yHecTH ToK | = 2,1 A dopmupyemsiii n =i - 7,/ 3 = 1,0565164 - 107
anekTpuHo. OYeBHIHO s 3TOro CIyyast K=n. YaursiBas 06beMHYIO IUIOT-
HocTh Morekyn aszota, N, =0,78084-N, =2,0985595-10% m

HaliieM TOPH30HTANILHYIO CKOPOCTEh BETPa V, OCTATOUHYIO UK TIOTHOTO
ChbeMa TeHEePHPYEMOTO JACPSBOM TOKA M HEOOXOMMMBII 11 3TOTO CEKyH-

IHBIH 06beM Bo3ayxa A) :
AV=K/ NN2 = 50,34484 w?, 4.61)
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AV K
V, = = = 0,84
1 S~ T S . ’Z‘ed ] NN2 ] M/c (4.62)

0

OaHaKo ec/ii 06paTHTBCA K 2KCTIIEPUMEHTAIBHLIM AaHHBIM, TO ellle
TIpY YMEpeHHOM Betpe (V,= 5 M/c) HabmoaaeTcs MyJIbCHpPYIOUMii paspss ¢
OOHHOYHOTO METAJUIHYECKOTO OCTPHS ¥ ¢ nepesa [25, 26, 27], u3 yero
creayeT KOPpeKTUpyioliuil KoadduuueHt n, =,/ v, = 5,9524 6.
OueBHIHO, YTO €CITU NpH 1, = 6 BCe elle HabmoAaeTCs MyIbCHPYIOLIN#H
pa3psili, TO [UIA TOTO YTOObI OH MepeleN B CTAllMOHapHblil peXuM, T.€. B
COCTOSIHHE HENPEPHIBHOTO TOKA € OCTpHs, HeobxoAuM Betep Gonbluei
CKOPOCTH, NIPHBOSALIHiT K Ko3dduuuedty n, =10 (npubmkeHHOE 3Ha~
yeuue). C y4eTOM HTHX KOPPEKTUBOB nonytmm oblliee pellleHHe nocra-
TOYHOM CKOPOCTH 110 a30Ty:

10-X 10i -
v(N,)= = =84 _
W:)=5 Sz, N, SNy M (4.63)

Ecau xe yuecTh 06beMHYIO IVIOTHOCTE OCTAIBHALIX 3JI€KTPOOTPHIA-
TEABHLIX OCUHUISITOPOB BO3AyXa (RproOHa M TIapoB BOJB), a TAKXKE MC-
XOJMTh M3 00beMHON NIOTHOCTH Bo3nyxa npu T, = 288,15 K, a ne u3
N, (npu T=T), To oKoH4aTeNbHO HafizmeM (N, =2,1461968 - 10% m):

10.i-T,
V = —— =
SN o 7,785 m/c (4.64)

TakoBa cKopocTh BeTpa MM BEPTHKAIbHOIO MOTOKA BO3AyXa, He-
obxonuMas M IocTaToyHas Ag GecnpepbIlBHOTO M NOJTHOTC cheMa TOKA,
reHEePUPYEMOTO CPEIHMM AEPEBOM.

A Teneph pacCMOTPUM CHUCTEMY AepeBbeB Ha TUIOLEIH B o,zu«m reK-
tap (5, = 10° M?), T.e. ydacTok neca. JIonmycTuM AepeBbsi CTOAT ¢ TaKOH
TUIOTHOCTBIO, YTO KPOHH HX COMpHUKacalpTcd. Torga, ucxons U3 Ioua-

AH NPOEKLMH KPOHBI, PaBHOH §, = ar® = 28,26 M%, HalizeM noaHoe
YHCJIO ePEBBEB Ha UCCNIENYEMOM YYAaCTKeE Jieca A, ;

10000M *
ng =8, /S, = ————=353,85~ 354 gepesa. 4.65
s 1/ 2 28.26 p ( )
TloaHblt TOK, reHepUpyeMbIii YI4aCTKOM Jleca, COCTaBUT { i
I‘,=n6'i=743,4A, (4.66)

a IMHaMHYECKHH 3apsll, eXKeCeKyHAHO NTIePeHOCHMBI B rpo3osoe obna-
KO OT 2TOIO Y4acTKa Jjieca BePTHKAILHEIM TyPOYI€HTHBEIM TOTOKOM: BO3-
AyXa cocTaBisieT Z .
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Z,=1 -7, =743,6 Kn, : (4.67)
a 3apAx M TOK, MCXOaslHe OT S, = 1KM? Jieca COCTaBAgIOT COOTBET-
cTBeHBOo 74360 Kit 1 74360 A. Ho mipu 3TOM BO3HUKaeT BOIIpOC —
JOCTAaTOYHO MM MMUTAKLIasA JieC TOKOBasl 6a33 rcosNeKTPHHHOIO MOTOKA.
Hapaiite uccrenyem.

IlpyMem K aHANH3Y CPENHIOK TUIOTHOCTH MOTOKA 3JIEKTPHHO, Habio-
JaeMylo B cepeaHe MaruuToceprt 3eMmu, 4 (3.20). Beptuxanbuas cTeHa
neca MCCNEAYEMOTO yYacTKa S, , uMeiollaa cTopoHy a=100 M, obpa3syer
nowans S, , MepneHIuKYAAPHYIO NOTOKY 3TE€KTPHHO reOMarHuTHOTO
TIOJIA:

8y =(a+2ryo ) +1u0) = 6922w, (4.68)
rae ~=6 M — BbicOTa AepeBhbeB. CeKYHAHbIHK NMOTOK 3/JIEKTPHHO Yepes
HCcneayeMkiit Jiec cocTaBut N, :

N, =58, A =67924762 10% ¢! (4.69)

3TOT NMOTOK cnocobeH GopMHPOBATH BUXpeBOi TOK Ha uTaMbax u
BETBSX ACPEBLEB HCCIENYEMOTO YYacTKa, paBHblH /, ¢

I,=N ~5=1,3501163 10* A, (4.70)

410 Gonvwe I, 8 n, = I,/ I, = 18,156 pas. Crano 6uITh, MBI HMeeM
TIOJTHYIO TAPMOHHIO BO B3aMMOACHCTBHH LiesioTo pAla ABICHUH B cHCTe-
M€ NOBEPXHOCTh 3eMJIYM — COCTAB BO3AyXa — CKOPOCTh BeTpa MU Bep-
THKAJIPHOTO CTO/62 — TUIOTHOCThL NOTOKA 3JIEKTPHHO 3jIeKTpHHOChHEpH]
3emnu — anekrpocTaTHYecKHH 3apian 3emin. OUeBHUIHO 3Ta CHCTEMa
HOJDKHA 3aMBIKaTh Jajee Ha KydeBoe 006/1aKo — 3BONIOLKSA Ky4€BOIo
obnaka B rpo30BoOe ~— OCalKH.

4.4. OnNexTPUUeCTBO OTAENbHOro
Kydesoro obnaka

4.4.1. Macca napexns vacTmy
B aTMocdepe 3emnu

Kak pceMm H3BECTHO, 06NaKO COCTOMT HE W3 Hapa, a H3 MEAKHX
Kamnenb Bogbl cepuieckoit dpopmui. Ho uTobnl caenars oObeXTHBHLIN
aHanH3 obJsiaka mpexie Bcero HeoGXoaUMO 3HATh IIPH KaKMX pa3Mepax M
Bece KalUlH HaYMHAIOT NAaJIeHUE HA NOBEPXHOCTh 3EMIH, & NMPH KAKKX
pasMepax OHM CBOGOIHO NMapAT HA BbICOTE A, .

Ycnorue napeHus 4acTULBI B aTMocdepe 3eMm onpeaensiercs che-
OYIOLUUM ypaBHEeHHEM:
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2
2 Tgh

m,.-g,- b, -m,- d‘ =0 (4.71)
rae m, -~ Macca MapeHus JacTHULL; g, — YCKOpeHHe cBoGoaHoro Mafe-
HHS Ha BHICOTE h ; P, — arMocdepHoe naBicHUe Ha BhicoTe h ; d, —
JAHaMeTp YaCTHULI napelmsl d, — AnaMeTp IIIOGYNbI CpeaHEH MOJICKYJIB]
BO3AYXa Ha BhicoTe h. Yepes psm HEC/IOXHBIX Npeobpazopaunii (4.71) B
paMKaX rHNepYacTOTHOH MeXaHHKH, NOJYyYHM:

fnh.h.MZ _ fnh’h '7a12 _Gf"h‘h_6k];,

m g, = = = =
PSS e e T, d, 47
m, = OkT, KT, (4.73)
dgh'gn

rae k = 1,3802449 - 10-2 JIx/K — noctoanHas BonpumaHa n1s sosny-
xa, T, — TemmepaTypa Ha BeicoTe A, . COBEPIICHHO OYEBHAHO, 4TO MPH
YCTIOBUH

6kT,
mP
dgh -{

YacTHIia NpeObiBaeT B COCTOSIHMM NMAapeHHUA Ha BLICOTE A, H, HA06OPOT,
TIPH BHINOJHEHWH YCJIOBHA

(4.74)

m, > 6kT,
P d, g, (4.75)
4acTHIA ABMXETCH K nosepXHocTH 3emnn. JIna A, = 3 KM nomyunm:
()- 6k - 269K _22,277152-107"

"7 4.657512-10°M-9.7974m/c®  4,5631508-10°

=4881967-10 " kr (4.76)

q (hx)—s

roe p = 1000 xr/M® — nioTHOCTS Boanl. U3 xnaccuduxaumnu Nembpn-
ca, OCHOBAHHOTO Ha HCCIEJOBAaHHK PealbHEIX 00JaYHbIX OOpa3oBaHi
[7, c. 95], cnenyeTt, YTo Kanjy CyXoro TyMaHa, T.€. 06/1aKa, onycTMBIIe-

104

=1/932,38703-10™ \p =9 769344 104 v,  (4.77)



rocsi Ha TOBEPXHOCTb 3eMin, MMerT HuaMeTp 1 105 M, yro Gonbule dp

(h,) Ha BenUIMHY Ad = 0,231- 107% M. DTO MOMHOCTRIO COTNACYETCH C
Halll¥M TEOPEeTHYECKUM pedyibraTtoM (4.71—4.77).

4.4.2. KyyeBoe obnako

OnuH KyOnmyeckHi XHjaoMeTp obnaka, cocTosllero U3 xarens, co-
nepxur 2 10¢ xr Bogm [7, ¢. 95] u, cTano OBITh, JUIOTHOCTE Ky4YeBOTO

obnaka COCTAaRNISET P, Ha BHICOTE NOPANKA ;= 3 XM:

6
_2-10°kr
- —-""9—
"1107M’
a UHIMBUAYATbHOE MPOCTPAHCTBO ONHOM KaIlTi ¥ ero JHaMeTp Co-
craBnsawT ¥V, ud,:

m, 4.881967-107"
8 2-107

=2-107 xr/m?, (4.78)

Vh=

=2,4409885-107° (4.79)

d, = i’% =/466,19447.1077 =7,754.10°* (4.80)
T

[pu 3TOM cobcTBEHHBIH 06heM KAIUTH, 3aHHMAIOLUHI reoMeTpu3ec-
. KH# LeHTp MHAMBMAYANbHOI'O NpocTpaHcTBa V, , paBeH A) :

- nd?
AV=“—§QL)=4,831967-10*“S M, “.81)

gyro cocTapasieT 0,0002% or V, . O6beMHas MAOTHOCTL Kamneilb B
obnake, N, , 1eTKo onpeaenserca:

N, =1I/V, =4,096701 10° M (4.82)
Yucno MOHOKPHCTAILIOB B ONHOM KAILNE €CThb 77, :
m, 43881967-107"

n =% =4,3395937-10°
* " m,  11249825.10°2 (483

s

a CTATHYECKMH ¥ NTMHAMMYECKUI 3apsiibl KATUI PaBHBl ¢, 1 2 :
q,=n-q =n (-2,8512608 - 101%) = -1,2373313 - 10°Kn (4.84)
Z = —q, = 1,2373313 ‘10 Kn (4.85)

max
IIpu saTtom Z , — 3TO npefieNlbHOE 3HAYEHHE, HACTYNAloLIee IPH
MONHOM HACHIIUCHHY KAIUIM AMHaMW4YeCKUM 3apanoM. Yucao snexrpu-
HO, obpalualoieecst BOKPYT KaIUIH, COCTABMISIET B 3TOM CJy4ae
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n__ = Zoax _ 6,2250516-10% (4.86)
]

max

CpeaHuil panuyc TPACKTOPUH 3/IEKTPHUHO BOKPYT KaIlIM MOXeT OBITh
YCTAHOBJIEH U3 ycnoBua r,, =d war, =r, =d, /2:

r=4Jd, -d, /2 = 11067247-107° 387710 =

=2,071418-107 v, (4.87)

rae d, — RUAMETP 3NEKTPHHO, F, — PaaMyc HHIMBUAYAJILHOIO Mpo-
CTpaHCTBa Karumi. Yacrota obpallieHus CpeTHero MEKTPHHO JUHAMUYECKO-

IO 3aps/ia BOKPYT KAIUIH H €T0 OpPOMTaNbHAS CKOPOCTh COCTABAT &), U 4,

3Puo  -31355569-10°7 .
U = 0 _ > =-2,2641039-10 .
> m,rv, 13848997.10 M/c, (4.88)

_u, o 39u0
- - 2
27 2mro-m -y,

28 1
5 = ~6,9619204-10" ¢ (4.89)
[oBops 06 3nexTpHyecKoM TOKe KAILTH HeoOX0nauMo pa3iMyarh ABa
BHIA TOKOB. [IepBriii — 3TO KOABUEBOH TOK, opMuUpYyeMbIi MHOIO-
KPaTHBIM NOBTOPDHHIM O6palieHHMEeM 3JeKTPHMHO BOKPYFr KaIld

i, =n__ -3-®, =43071006-10" 4 ¥ MaKcHMaNLHEIA peaNbHbIH TOK
i, ompenesseMblil BeJIHYHMHON IMHAMMYECKOIO 3apsSAa MPH YCJIOBUH,

max ?

4TO K, . CTALHOHAPHO!

i = Lo _Toec® | 9373313107 4 (4.90)
Ted T¢0

Ho MCTHHHBIN TOK KAILTH MHOTO MeHbile, 6O OH ABIgeTcs ele |
dyHKIMEH YAEIbHOTO CONPOTHBIECHHUS BOABI, COCTaBAAIOILETO

Pro = 1-10°0m - M {7, ¢.27}. llonKoe cOTIPOTHRICHKHE KATUIH COCTa-
BUT R, : ‘ '
_ Pro 'dp(hl) _ Puo 10-10° 3
"Tomi(h)  md,(h) 3,0691273-10°

=3,2582552-10"°0Om (4.91)
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k, =R /R =11955797 10" (4.92)
— NapaMeTp CONMPOTHRICHUA KAIUIM. Tenephb peanbHblil TOK KAILTH ONpe-
JEJIUTCS U3 COOTHOILICHMSA:
R, Z - i
i, =i By Zow By | 1,4793281-107 4 (4.93)
R, R,t,
O6beMHBIN TOK U OOBEeMHBIH 3apsiil KydeBoro obnaka B NepBoM
npubmixerauun cocrasar i (V) u Z(V):

i,(V) =i N, = 6,0603649 10° A/M’ (4.94)

Z,(V)=i,-N,-7,, = 6,0603649-10° Ku/» (4.95)

B pa6ote J.Dutipkepansga {1, c. 142-143] npusoautca doTorpa-
@Hﬂ pazBuBaloLICIoCd rpo3cBOro ofnaka co BCEMH FCOMETDHYCCKHMH
napaMerpaMu. Pagmyc aToro ofnaka cocrtapnsieT okono 4 KM, a ero

obveM V = md® /6 = 2,679466- 10" M. [lonHIii TOK 1 AMHAMUYECKILH

3apaa B o6beMe 3TOro 0bMaKa, 40 Hayana ero 3BOJICIMH B IPO30OBOE,
coctapasanu fu 7 :

I=V-i (V)=16238545 10" A (4.96)
Z=V-Z(V)=1,6238545 10"Kn (4.97)

HeobxoauMo uMeTh B BHAY, YTO 3TH BEJIMYHHB! B HErpo30BOM 0bJake
NPEACTARICHB] JIOKATEHBIMY TOKAMH ¥ THHAMHYECKUMH 3aPAJaMH OTIE b~
HEIM Kanens. Hauamo 3Bosmiown KydeBoro oflaka B rpo30BOE COBNARAET C
HayanoM arrperaiiy Kaneib B 6ojice KpymHble, ¢ OXTHOBPEMEHHBIM 00b-
eAVHEHNEM MX JHHAMMMECKMX 3apsaaoB. B cBoo oyepean Havano arrpera-
LMy KalieNb COBNaZaeT ¢ HaualoM GOpMUPOBAHKA TPO30OBON stYeliKy.

4.4.3. OcHoBa NepeoxnaxgeHWs Kanenb
M WX B3aMmoflencTeue B KyuyeBoM obnake

Kaxk uasecTHO, B¢ HY/IEBOH TEMIlEPaTYPHOM JTHHHH, KATUIH TIpe-
OBIB2IOT B COCTOSHHHM NEPEOXTIAXACHHA, TO €CTb OHH HaxoAATcs B Xni-
KOM COCTOSIHHH Ha BRICOTe OT A, = 3 KM 10 A, = 56 KM, Ilie¢ MHHYCO-
Basi TeMriepaTtypa cocTtaBiger 0—15°C. YeM oOBACHUTD CTOb BLICOKYIO
CONPOTHRJISIEMOCTD KaIUIH (pa3oBoOMy Nepexoqy XUEKocTh — nea? 3ame-
4y, 4TO B M3BECTHON MHE JIMTEPAType, HA 3TOT BONPOC HE TONBKO HE
CYLIECTBYEeT OTBeTa, HO OH €Hle AaXe M He CTaBUTCS, HOO B paMKax
cTrapoll TepMOIMHAMKKM OH ObL1 HEpa3peluM.

JaBaiTe MccienyeM ABe napsiiive KaIUTH M3 cocrapa 06/1aKa, MMelo-
LIMe CYLIeCTBEHHO pasHble pasmepbl: d, =110 mu d, =910 M. Hx
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MAacchl M CHCTEMBI 3MIEKTPHYECKUX [1ApaMeTPOB COCTABAT:

3
m == 4 = 5235987.107 g,
6

m, = nd; - p/6=3,8170318-10"" K,

g, = gluq: = -1,3270574-107

¥

4

m,

g, =—%-q,=-9,674242-107 ¢,

5

Z,=-q,= 13270574 107 Kux,
Z,=-q,=9,674242 107 Kz,
n,=2,/3=6,6764664 10
n,=Z,/s=4,8671407 - 10%

R =pyo/md, =3,1831015-10" Om,
R, = pyp! md, =3,5367794-10° Om,
k,=R,/R, =1,2238076 107,
k,=R,/R, = 1,1014269 10,
Ay =1/k-t,, =R /Ry-7,, =81712186-10°c”
A, =R, /R, -7, =9,0791317-10"c™
iy=n-3k /t,=16240628-10" 4

i,=n, 3k, /1, =1065547.10"* 4
ITycts HccnenyeMble KaTii HaXofATCsA PSIOM, B cpeaHel yacTu ob-
JaKa, Ha BbICOTe 2 = 5 XM, tae f= -10 °C = 263,15 K. Torna okpyxa-

JOLUMIt KATUTIO BO3AYX MMEET CIEAYIOIINe TEPMOANHAMHYECKHE NTapaMeT-
DHI.

f =wl=54813613-10"2¢"
— YaCTOTa OCLWUIATOPOB BO3AYXA, ‘

& =hf =3,6320968. 1072 JIx
— BHEPIrHs OCLUWINATOPOB, :
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V, =€/ P=67201317-10"w
— 06BeM IMoGyIB! OCLIWUIATOPA BO3MYXa,

&
d, = if—‘ =4/12834516.107 =504421-10" u
T

— AuaMerp TIo6yIHl,

d 2
S =m % =19983696-10"7
2

4

— ceuenye MOGYILI,
rae P = 5,4048 - 10* T1a — maBneHue Ha BBICOTE 5 KM,
v =2,0829798-10" K™!-c! — yacToTHas NOCTOAHHAA BO3AYXA.
ny(m) = = SBBTN0T_, 1609575, 10%
m, 2991552310
— gucno monexyn H,O B xanne 1,

(m) = —% =1,2759368-10"
" — gucno Monexyn H,O B xamne 2 rae m, — Macca MOJEKYNbI.
.2 2
=T A ) 57207650108
Sg 8

— YHCNIO OCHMANATOPOR ONHOMOMEHTHO Baamoneﬁcmylomux ¢ Xamn-
nei 1,

2
N, = 4;; =1,273382-10’

£

— YUCIIO OCUWNISTOPOR B3aUMOJeiicTRYIONMX ¢ Kamnelk 2.
_ Jlo cHX nop Bce MCCNEeNOBaTENN CTOST Ha TOM, YTO Kannu obnaka
~ HaxonsITca B TEPMOIHHAMHYECKOM PABHOBCCHM € OKPYXAIOLIUM HX BO3-
ayxoM. [IponommkeHne ZaHHOrO HCCNEAOBAHMS, B paMKaX IHIEepYacToT-
Ho# MexaHuKH (3, r. 1], ybeauT Hac B TOM, YTO TaKasd TOYKa 3IPpCHHUA
He COBCEM BepHa.

U3 obparHoro napamMeTpa CONPOTHBICHUS Kanens, A, n 4,,cne-
HAyET, 4TO TepBas Kanjisd eXeceKyHRHO OT cBoelt MOBESPXHOCTH pacceu-
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BaeT 8 - 10® snexTpuHo, a Bropas xamis — 9-107 . Ho uro o3Hayaer
paccesTb? A TO, 4TO 3NEKTPUHO NOCNE CTONKHOBHTENLHOIO B3auMoesi-
CTBUSI C MONEKYJIOH BOJbI Ha TIOREPXHOCTH Karuty NpHoOpeTaeT 3Hep-
IMI0, AOCTATOYHYIO AJsS BBIXOAA U3 paguyca AeicTBUA Kariu H OKuaa-
€T ee.

. YcnoBHMIO CTalIUOHAPHOCTH OPOHTHI 3JIEKTPUHO BOKPYT KaIlUIH OTBE-~
4acT ypaBHEHHE '

3 .
2010 iy -w, = 0 (4.98)
rl

rae r, = 2,071418 - 10" M — cpesnMit pagnyc BUXpS BOKPYT KATUTH, i, —
CpenHsst opOUTAILHAA CKOPOCTE INEKTPHHO. QYEBHAHO, RO BCEX CITyYasXx,
OTBEYAIOIIMX YCNORHIO 7; < 7, BOSHHKAET TMHAMH4YecKad OCHOBa 1A pacce-
STHHS 3neKTpHHO. [IpuMmeM, YTO pacceTHMIO NOABEPTAIOTCS TOJILKO TE WIEK-
TPMHO, panuyc KOTOPBIX onycKaetcs jo r,, = d, = 1,1067247 - 107 m,
CYYTAs OT MOBESPXHOCTH ¥ANmu. Toria HMeeT MeCTO YIIpyroe, CUNOBQe
B3aMMOAENCTBHE MEXKAY ABYMs MOJOXUTESIBHLIMU NOJSIMHA (NONIEM 3J1€K-
TPHHO U MOJIOXHUTENBHLIM NofieM Moniekynsl H,0), B pesyasTaTe KoTo-
POTO TIOJIOBUHA HEPTUY B3aUMOREHCTBA NiepeNaeTcs MOJEKYAe BOMbE,
a Bropasi noJioBrHa GOpMHpPYET CHIIY OTTANKHBAHHNA 3JICKTPMHO M CKO-
pOCThb €10 yberaHus U3 TONA JAHHOM KamiM, U, :

3- -313 107%
"y = — Pro  _ —3,1355569 . = 2,0662824-107 M/
- 2m,-d,-w,, 15174871-10
(4.99)

_3Pyo

=-1,5677784-10" nx, (4.100)

TAce £ — 3HESPIHA NepCRaRacMasl Kare KaXxXiabIM pacCCAHHBIM 3ICKTPpH-
HO (3HaK MUHYC O3Ha'aeT HallPaBICHHOCTH HepeJaqyH SHEpriM Kare).
Hcxons u3 3THX NPeATIOChUIOK Mbl MOXEM paccCMOTpPeTh TepMOAMHAMH-
KY HCCNelyeMbIX Kallellb, C MOMEHTAa HX 3apoXAcHHA Yy NOBEPXHOCTH
3eMIH ¥ ICAHATHA IO BBICOTH A= 5 KM. [IpuMeM K pacseTy cTaHOapT-
Hble TEMNepaTypsl y nosepxHocty 3emmm T, = 288,15 K, a Ha BhicoTe
h,= 3,3 xm — T,= 273,15 K. Toraa repMoanHaMuKa Kanau 1 6yzer
XapaKTepH30BaThCA CIEAYIOIMIMMH CBOHCTBAMH:

g, =k T, =1,3068961-107 [Ix — 3meprus Hynesoro Koneba-

Husa Monexynst H,O B coctaBe MOHOKpUCTalUia BOIb, Tlie k)" — 3Hep-
reTHyecKas TIOCTOsAHHasl Hylesoro Kone6anus monekyn H,0 {3, c. 290].

110



fi =w- T, =6,0021062-107 ¢
~— YaCTOTA OCUUANATOPOB BoaAyXa npu 7, ; Takosa u wacToTa HyneBoTO
KonebaHusa Monekyn H,O B cocTase Kannu,

&, = ko - T, =1,2388641- 107 Ix
— 3HepTrHs Hylxesoro kojcbannsa Monekyn H,O B Touke xpucranimsa-
LMK BOABI,

fo=w T, =56896593-10" ¢’
— YacToTa Hy/eBoro Kojaebanusa monexyn H,O B Touke 3aMep3aHus.

AE,=(g, - &,)-n,(m) = 1,1907351-107" Ix

1
— u3bbITOYHASI BHYTPEHHSIS SHEPTHSI KA1y 1, or KoTopoii Kanne Heob-
XOOHMO 0cBOCONHTLECA 1715 (ba30BOIo NepeXona BOKA — Jen

Af = f, - f, = 3,124469-10" ¢
— W3OBITOYHAS YACTOTA MOJICKYJI BOABY HAQ HacTOTON OCIIHIUIATOPOB

BO3AYXa Ha BBICOTE A, , €CNIM Ha NOAbEM KalUle# 3aTpadeHo He bonee 8-
10 myH.

, Ag, = Af -h=2,0703568-102 Jx
— JHEPIus, OTHHM2eMasa OT KaIUIM OAHHM OCHWLUIATOPOM BO3/yXa Ha
BpicoTe A, ,rae T=T,.
, AE, = Ag, - N, = 3,2547592-107" JIx

— ceKyHJHas 3HEpTHS, OTBOAMMAN OT Kannu 1 scemn N ; OCHMANSTOpA-
MH, ODHOMOMEHTHO B3aHMOACHCTBYIOUIUMH C Heil.

T, = AE, -7, | AE, = 3,6584429-10°c

— BpeMsl HeoOXxoaAMMOe T TIONHOTO ocThiBanns Karm 1l or 7,10 7,
npe6pIBasi NOCTOAHHO BONH3YU HYNAEBOH TeMNIepaTypHO JHHUY,

3 -
AE, = 4,1, -% = 4,6867067-10™ J1x

— 3HepPrusi HakKa4ikKH, T.€. SHCPTHs, IIepeaaBacMasl Kalvie BCEMH 3JICKT-
PMHO MPH UX PACCEAHKH OT €€ MOBEPXHOCTH.

Hetpynuo 3amerHTsh, 9TO 3HEprua Hakauku AFE, cocrasaser 39,36%
or H3bLTOYHOH HatanbHOM 2Heprum Kammm AE,, a xonu Tak, oHa
MPENATCTBYET OCTRIBAHMIO KAIIH A0 TOYKH (a30oBoro nepexoga Boga-
nen. bonee Toro, HMeIOTCs AOCTOBEpHbIE  HabmoneHus o060 ycroityu-

BOM KHAKOM COCTOAHMH Kamenb nipn T, = 258,15 K [7, ¢.95] , u3
9ero CACeHyeT, YTO CONPOTHRICHME Kalleab MHOro Gonbie TabMIiHOTro

3HaYeHUS YAESIbHOTO CONPOTHBIEHHUS BOAB Oy - COBEPUICHHO SICHO,
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YTO YCTOMYWBOE XMIKOE COCTOAHME Kamiu | npu ¢t = —15 °C Bo3MOXHO
TOJIBKO B TOM Cay4ac, €CJIM OTBOOUMAs CHUCTEMOMH OCHWINIATOPOB 3HEP-
U KaIUIY LENIHKOM BOCIIOJNHSETCS 3HEPrHeil pacceBaEMbIX AMEKTPHHO
13 NOKATLHOIC TOKAa KAIUIH. DTO JaeT HaM OCHOBAHUE BLIBECTH TOYHOE

3HAYCHHUC YACIBHOIO COITPOTHRICHHN KATIN O i
AE, =h(f, - f,)- N =hy(T, -T,)- Ny (4.101)

— CEeKXYH[Hasi 3Heprus, oTBoAMMas or Kawm 1 npu T, = 258,15 K N/
OCIUIATOPAMH Y MOBEPXHOCTH 3EMIIH;
!

_4d} 410
'dl 107334941077
rae dﬂ = 3,2762012 - 10~* M — nuamMerp IrI00yIbl OCUWILIATOPA BO3AYXA

=3,7266522-10°  (4.102)

Ha ypoBHe Mops, npy T=T, n P = P,. YdcnenHoe 3HaueHue AL,
COCTABHT

AE, =13,847561 - 10%-30-3,7266522 10°=
=1,5481512 107 Ix (4.103)
PaBHasg AE, »Heprusi HAKaYKH ONPEHEIHTCA M3 COOTHOLICHUS

Al 3@y, 7,
AE, = ;10 - (4.104)

[TpupasHsiB npasbie yactu (4.101) u (4.104) u peuiag noaydyeHHoOE

YpaBHEHME OTHOCUTEIBHO HEHU3BECTHOH A HoyuHM:

2hAT - T, ) Ny
qr = L -L) NI _ 9,8748085-10°¢™ (4.105)
! 3 ¢H;O‘reo
Pr _ g
a U3 YpaBHCHUs "j - AiROTzd YCTAHOBUM TOYHOE 3HAYCHHUE YIACIbHO-

i
ro 3JeKTpOCONpPOTURICHNA MNapsAuied Karwiy B obuiem Buae,

82d’hw(l, - T,) R,
P = AR 5 = l"//(] 2)
dgi' 3¢H;0

£, = 1,2084875-107 Om M

TakyiM 06pa3oM CTAHOBHUTCA SICHO, YTO HalW4UEe He3aMep3aloumx
Kanenb BoAsl npu § =—10—15 °C euie He sBnsieTCs NOKA3aTENLCTBOM HX

,OM ' M (4.106)
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NepeoxJIaXAcHUs, A 03HAYaeT, YTO B HAIHUX 3HAHUSX No PuU3nKe obna-
Ka CyUlecTBOBaIM Oonbliiye npobensl.

Ecnu B (4.101) yncno ocHWINSTOPOB, OTBOASIIIMX SHEPTHIO OT KAIUIH,
BLIPa3HTh Yepe3 AMaMeTp KAIUIM, TO NOJYYHM oOLee pelieH e AT Heprun
paccesTHUsI KaIUTH:

4d;
AE, = hy(T; -Tz).d—z, (4.107)

X

a oblee BhIpaKCHUE A 9HEPTHU HAaKauyKy KAl Ag, MMeeT BHI:

Ag. = P 3 Puo

T
2md, - R,

PaccynTaeM 3HEPTUIO HAKAYKM M SHEPTHIO paccesTHUA [Ula uccieay-
eMBIX ABYX Kanenh Ha BhICOTe A = 5 KM.

(4.108)

4.107"

AE, =13847561-107* .25. -5 =
2,5444054-10

=5,4423346-107" Ox (4.109)

3.24-107"°
AE, =13,847561-107** .25. 2 — =
2,5444054-10

= 4,4083085-107" JIx (4.110)

. - 3,7892813-10"
' 2.4476173-107°

=1,548151-107"° JIx (4.111)

_3,7892813-107"
2,2028555-107*

M3 3THX pe3ynbTAaTOB ABCTBYET, YTO Y MaJIOH Karniy HakKayka Iipe-
BAJTHPYET Hajl OTTOKOM SHEPIrUH K OHa NpeGHIBaeT B COCTOSHUM “Tiepe-~
OXJIaXHCHHUsA”, T.¢. COXpaHsAeT XuaKoe cocrosiiue mpu f = —10°C 3a
CYeT 9HEePTHH PacceHBaeMbIX JIeKTPHHO. DBonblliag KaIuig mpu 3THX Xe
YCJIOBHAX HAXOAWUTCS B KPHUCTAVINYECKOM COCTOSIHHH, 00 4715 Hee OTTOK
SHEPTHH CYLIECTBCHHO npesanypyeT (6onee yeM B 250 pa3) Han HaXavuKo#.

=1,7201678-10"" Ox (4.112)

2
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He cocraBnsier Tpyha ycTaHOBUTE, HA ocHoBe (4.107) u (4.108),
AHAMETP KaIUIM, IPH KOTOPOM OHa OyneT KpHUCTaJIU30BaThCd cpa3y
TNIPH AOCTIXCHHH JIMHHH HYJICBOH TEMIIEPATYPHI, Ha BhICOTE = 3,3 KM.
JJist 3Toro cHavalla HeoOXonuMo paccuurarh V. M d Ha JaHHOM BRICO-
Te, THE CpeAHee AaBlcHMe cocTaBuser P = 7,0‘!&)003§4 +10% Na.

V = f‘%& = 53858831-107% 3,

£

oV
d, = J—g =3/102,86279- 107 w3 = 4,6854658 - 10~ m.
/4

3ananuM BpeMEHHOE YCIOBHE NIEPEXO/a KAl B TBEPAOE COCTOSHUE
BpeMeHeM 7 = 60c , T.€. Karii ¢ MOMEHTa BBEIXOJa Ha JTMHHIO HYJNeBOM’
TeMHAEpaTyphl, AOXHA KPUCTALTM30BATRECS 3a OJHY MHUHYTY. 3TOMY
YCJIOBUIO OTBEYAET COOTHOLIEHHMIO MEXY CEKYHAHOM SHEPrueH oTroka
U HaKa4yKH, paBHoe 60:

AE | Ae =60 (4.113)

Ha ocnose (4.113) nonyyaeM ypaBHEHHE C OMHUM HEW3BECTHRIM

(DBaMeTp KalUli, KpHCTAUIH3YIoNEecs TPH ROCTIKEHHH IKHHH Hy/e-
BOH TeMnepaTyphl).

60p, > Puo _ hV’(]; - 7;))4d02
Zﬂdo 'Ro d2 ’ (4114)

4

pelliast KOTOPOE OTHOCHTENILHO d, HalneM:

y :J lSp,,oafonO-d;
Yok hy (-1,

WUrax, coBeplieHHO SICHO, 9TO Napslie KAIUIM, AMaMeTP KOTOPHIX
OTBCYAET YCIOBHIO

6
) =5,2807905-107",, (4.115)

d, <d, <d,(h) (4.116)
OBICTPO NEPEXOASsIT B TBEPAYIO (Pa3y NPH HOCTHXCHHH JIMHUH HYJICBOKH
TeMnepaTtypsl. MeJikne Xe Karuii, oTBe4yaloliue ycIoBUIO

d <1-10°M 4.117)

COXPAHIOTCS B XWIKoH ¢ase BrtoTh o ¢/ = —40 °C, Ha BbIcOTAX 9—10
KM, H HTpaloT BAXHEHIHYI0 poJjib B pOCTE Pa3MepoB KPYNEI M Ipagoot-
pasOBaHHM.

Uccnenyem eme opus sonpoc us duzuky o6naka. Cyrs 3Toro Bon-
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poca BBITEKACT U3 TOTO, 9TC BOASIHOI Nnap, KOHACHCHPYACH B Hapsiiue
KamM, GopMUpYeT KydeBoe 00aKo, MpeAcTaBisionlee coboii KoMnak-
THOE TeJIo, B3BelieHHOe B aTMocdepe. PesoHHO 3afaThCa BONPOCOM: NoYe-
MY BOASHOM NAp nepecTacT NOAYUHHATLCA 3aKOHY AN PY3IAU C TIepexo-
IIOM B KanenbHylo ¢aizy M Xaxas cuia coOMpaeT 3TU KaIUld B KOMIAaXT-
Hoe obnaxo?

[TpuMeM k apanusy Ky4eBoe o0J1aKo, COCTOosLCe U3 OXMHAKOBBIX

Kanens nuametpoM d, = 1-10° M u Maccoii m, = 5235987-107'¢ xr,
pasMelllcHHOE Ha BBICOTe #, = 3,3 kM. Benme (1.51—1.52) Mbr monyauM
OCHOBHBIE CBOHCTBa cynmepocunuisropa ( m, ¥ q, ) — CTPYKTYPHOTO
aneMeHTa BoAH (“Monexymas: Boasi”). JlonycTum HeOO coBepuieHHO Ge-
300ma4HbIM, 2 HMeolMiicsa B arMocdepe BoAsIHOM NMap — HAXONALIMMCS
B npolecce xameobpasosaHusl. Toraa, B KayecTse NPOMEXYTOYHOM CTa-
AUM, OT MOJIEKyN Napa A0 Kaneab obnaka, Mbl MOXEM PacCMOTPETh

I

CYNEPOCHMUTITOPE! BOAEI, COCTOAIUME U3 ¥ = 12537 Monexyn napa

(H,0), . ITycTs cpeanee paccTosHne MeXny HUMM cocTaBnsieT £, =1 M.
YynuTbiBag, IT0 BOKPYT OTPHUATENBHOTO CTATMYECKOTO 3apsia CyNepoc-

unAropa g, = —2,8512608-107'° Ki, obpamaetcs poit anexrpuro,

NOJOXMTEABHEIH NNHAMHYECKHH 3apsii KOTOpPOro paBeH
Z = —q_, Mbl MOXEM ONpELe/IUTh CUITY B3aHMOACHCTBUS MeXIy Napoi
COCEIHHUX CYNEepOCIIIATOpoB F, :

PR AT ~5,9304413-107 It
s 2 - -

2

ged Im
= —59304413- 10" H (4.118)

rae ¥ = 3,6473973-10° Ix - M/ Ki? — 31€KTpoCTaTHYECKAS [IOCTOSIH -
nas [3, c.224]. |

Yepes HEKOTOpoe BpeMs 7 , KOTAA CYNepOCHILISTOPb] JOCTUTHYT
pasMepa d,, M Macchl M, , CHNA B3aHMHOTO NPUTSDKEHHS MEXIy HUMHU
cocraBut £, ;

F, =70 F, = 4,654283-10° . F, = -2,7601952- 10 H (4 119
m’

IIpH 5TOM HavaIbHAsi CKOPOCTE B3aHMHOTO COMIKeHHA MEXAY Kal-
JIAMU COCTABUT V. ‘
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F, 3
Vg = ——4 = -5,2715852-10° M/C 4.120
™ g Vo /e, (4.120)
a KOHeYHas!, NIPY JOCTIDKEHHY CPEOHETO PACCTOSIHUS MEXIY KalUIAMH B
obnake, d, = 7,754 -10-* (4.80), cocraBur ;.
vV, = F, = -6,7985364
1 m-d, v, ’ M/c, (4.121)

CpefHsAsA Xe CKOPOCTh B3aMMHOro conuwkeHus Oyner ¥,

V, ==/ Vo V1 =-0,189312 m/c (4.122)

B xyueBoM ofinake, ¢ y4eTOM KOOpAMHALWOHHOTO 4Yucia k = 12,
NONHasi CMlla NEHCTBYIOWIAsA Ha Kalullo COCTaBMT F, , a HanpsXeHNue
Mexay KamissMu — P

2
F=(- 1)-%%- F, =-50498778-10" H  (4.122)
h

F -50498778-107"
P, =t = 20V I0 4297095 Ta, (4.123)
arl | 7853975-10

k

rae r, =5-10"7 M — pagHyc Kariu.

TaxuM oGpa3oM U3 3THX pe3yabTaTOB OAHO3HAYHO CAENYET, YTO
MeXay NMapsalyMU KaIULIMH CYLISCTBYET JOCTAaTOYHAs CHJIA B3aUMHOIO
NPpHTSIXKECHHUA, OGYC.TIOBJICHHaﬂ HX CTaTHYCCKHUMHU ¥ JHHaAMHYCCKHM 3a-
psiaMy, KoTopas 4 cobupaeT Kamnu B “Kydy”, co3naBas Ky4yeBoe obna-
Ko. Dta xe cuna GopMUpYET JOCTATOUHOES OTPHLIATETBHOE HANPAXeHUE
MeXIy CTPYKTYPHBIMH 3/IeMCHTaMM ofnaka (MeXay KaIUlaiMH), crioco6-
HOe MOANEPXKUBATh LIEJOCTHOCTh CTPYKTYpPbl 06/1aka B OTCYTCTBHE BETpa
WK TypOyI€HTHOIO IOTOKA 4ePe3 HeTo.

B obuieM Bue Ans MeXKanelbHON CHIILI M HanpsXeHUA B o0ake
HMeeM:

o, m 2y-q.-2, 2y(k-1)q,-Z, -m, _
Fo=(r-1)fe D20 205 :
e Zom o 4129
_F - G-1)gq,Z-m
P, Tl wrlod-m , (4.125)

rae m, — Macca cpeiHe# Kamau o6maka, d, — cpellHee pacCTOAHHE
MeXIy KaIUIiMH B o6Nake, r, — paauyc Karuid.
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4.5. Pa3BuTe rpo3OBON siYerKM

4.5.1. KoHeekyus — BaXHe#llee CBOWMCTBO
' obmeHHoro cnos

IIpu HabmoneHUH 3a NoBRepxHocThi0 CoNMHIA Bee HCCNeAOBATEIH
OTMEYAIOT, YTO Hanbosiee XapaKTCPHBIM M 9eTKO QHKCHPYSMBIM €€ CBOH -
CTBOM SBJIIOTCA MONTHBIE KOHEBEKTUBHEIC STYCHKH, UMEHYEMbIE TPaHy-
namMu. COBEPIUCHHO OTYET/IMBO BUIHO KAK MOIIHBINM NOTOK IVIA3MBl, NOA -
HHMAasSCh U3 DIYOHHEI 110 LCHTPY FPAHYIbl, pacTeKaeTcst TOPA3OHTAb-
HO, JOXOAMT A0 ee Kpasl M yXxoauT BrryObr Connua. T.e. kaxzxast rpaHyna
IpeACTaRIIeT cob0il KOHBEKTHBHYIO S9€HKY, IO OCH XKOTOpPOii ropsyas
IUIa3Ma ¢O JHA KOHBEKTUBHOM 30Hb! IIOAHHMACTCS BEPTHKAJIBHO BBEPX,
a OXJIAXACHHANA ¥ MOBEPXHOCTH ONyCKAeTcA BHU3, TIO BCEMY NEpAMETPY
saeiiky. CoBepilieHHO aHAJIOTHYHLIM Npollecc HMeeT MECTO B B TPOIIoC-
depe 3eMiTH, XOTH H HEU3MECPHUMO MalbIX MaciuTaboB M He CTONh 9ETKO
BU3YATH3NPOBaHHKM. EcTecCTBEeHHOH OCHOBOH KOHBEKTHBHOIO 0OMeHa
MEXOy OCHOBAaHHEM H BepXHeH uacTHlo Tponocdephl ABIJETCd HArPEB
nosepxHocTH cyun sHeprued Connua. IIpu 3ToM NoBepxXHOCTL CyIu
HIpaeT poib Hanbojiee aKTHBHOTO HarpeBaTeibHOTO /IEMEHTA A1 NIpH-
3eMHOI0 cJI0d Bo3ayxa. Eciu paccMarpyBaTh Hauaso opMHpPOBAHMS BEp-
THKAJBHOIO TOKa BO3AYXa Yy NMOBEPXHOCTH 3€MIM Ha MONCKYJIAPHOM
YPOBHE, TO Mbl YoenuMcs, ITO BCe HAYMHAETCS ¢ NpUpalIeHUs 3HEPTHM

ocHwUIATOpa Ag:
Ae=k-(T, - T)), (4.126)

rae T, — TeMIepaTypa DOBEpPXHOCTH cyluu riepes socxonom Conuua, 7,
— TeMIIepaTypa Toi Xe MOBEPXHOCTH Yepe3 HeKoTopoe BpeMsl Nocne
Bocxona. flpupalnenne 3HeprHy OCHWUISITOP2 HEMHUHYEMO BEAET K IIPH-

paiieHyIo 4actrorsl Af = ( 1 - f,), MPHPAIIEHHIO AMIUIHTYIH Xosie6a-
uus AA= (A2 “A1) , TpUpalleHHI0 AHaMeTpa IJI06yaH

Ad, = (d‘g2 -d gl) ¥ IIpHpaieHuio obseMa robymt AV, = (ng - Vgl)
M Kax CJIeICTBHE 3THX M3MEHECHHIl YMEHBIIAETCS MAaccoBast IUIOTHOCTD

HArpeToro rasa, r.e. p, < p,:

p _ m _ m
2~ - R 4.127
V,+AV, YV, (4.127)

rae m — Macca MoNeKyZasl Bo3ayxa. ¥ Takve miobyinsl ycTpeMAIoTCS
BEPTHKAJIBHO BBEpX, MoCcTeNeHHO GOopMIPY KOHBEKTUBHYIO A4cHKY.
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Paanocts Temnepatyp (7,—7)) B (4.126) HOCHUT 4€TKO BbIpaXeH-
HEIH WIHPOTHEINA XapaKTep — MAaKCHMallbHa Ha 3KBaTOpe M cnajaeT K
HYIO B BLICOXMX UIHpoTaX. MMeHHO no3ToMy aTMOChEpHBIE SBCHUA
Haubonee aKTHBHBI B TPOITMKAX.

4.5.2. TpozoBana svenka

KyueBoe 061aK0, HKHHKH Kpail KOTOPOTO JIEXHT HIDKE JIMHHUH HY-
JICBOM TEMIEPATyphl, a BEpUIMHA MIPOCTHPAETCH A0 /A = 5 KM, HaYHHaeT
AKTHBRHO BIMATh Ha KOHBEKTHBHBIE MOTOKU. Bo-nepBbix, onyckaloliue-
¢ CBepXy XONOMOHLIE MAacCHl BO3ayXa ofTeKaloT 065ako Mo BceMy Nepu-
METpY. BTH BO3AYLIHEIE MACCH YBIEKAIOT ¢ 060 4acTh BO3AYXa, HAXO0-
AAMIETOCS MEXIY KAIUIAIMH BHYTPH OONaKa — BO3HUKAET CBOCOOPa3HbIN
CTPYHHBIN Hacoc, CO3MAIOMIMIM paspsIXeHHe BHYTpH ofaka. B pesynprare
3TOTO BO3AYLIHBIE MacChl TIo 0OJaKOM HaYMHAlOT BEpTHKAIbHOE JBH-
XeHHe B 00/1aK0, TI0 eT0 reOMEeTPUICCKOMY LIEHTPY. DTO ¥ €CTh HavaJio
copMHpOBaHHA TPo30BO# Tdelik. HlocTeneHHO, B TeUeHHe HECKOMLKHX
MHHYT, B 3aBHCHMOCTH OT CONYTCTBYIOLIMX O6CTOATENLCTB, BEPTHKAND-
Hblii KOHBEKTHBHBIH NOTOK 3aXBaThIBAET BCIO BHICOTY MEXAY 06/IakoM
# TIOBEPXHOCTBIO 3eMIH B A4elika BCTymaeT B NONHOE ACHCTBHE.

Hueiika UMeeT MUHHMANbHBIA paRAHYC Y BXoAa B 061aK0 H MaKCH-
MaJpHBI# — Y moBepxHocTH 3emnu. Hiokuuit paguyc 61130K K panuycy
obnaka, a Bepxumil cocrapmger R = 500 — 700 M. CKOpOCTh BEPTHKAID-
HOro NOTOKa MUHHMaJibHA Y 3eMIH M MaKcHMankHa y Bxofa B oflaxo,
JocTurasg v = 6—8 M/c. CekyHaHbili 00heM NPpHTEKAOWIEH BO3AYIIHOM
Macchl B ofnako cocrasnsgeror V, no V1

V.o = 7RV, =4,71-10° M/e, (4.128)

V.. =#aR}- v, =123088-10" m/c,
B mepecuere Ha Maccy 3TH 0GbeMLI AalyT ceKYHAHOE NPHpallleHye
m, am,.;:

m_ =V _ -p=42861-10° kr/c, (4.129)
m_ . =V_. -p=11201-10"xr/c,

max
U ecnu NpUHATL CoAepXaHHe Napa B BEPTHKAILHOM BO3IYILHOM
notoke paBHbIM 0,684% mo obreMy {7, c. 93] , To ceKyHAHOe mpHpalie-

HHE BOABI B PAa3BHBAIOLICMCS IpO30BOM obnake COCTaBUT OT M jaom,,

CO CpeAHHUM 3HAYCHHCM m,,zo:
m =V __-000684-3321-107 kr/M® = 106,99 kr/c,  (4.130)

m, =V__ -0,00684-3321-107 xr/m® = 279,6 xr/c,

2
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My o = Jmy -m, =173 xr/c, (4.131)

e p =3,321-10 KI/M’ — WIOTHOCTH Napa Ha BbicoTe £, = 3 kM. 3a
nepHo] pasBHTHA 7 = 3() MMH. rpo3oBas sg4e¥Ka BHOCHT B o0iaxo m Kr
napa:
— —_ 5
m=my,-7=31l 14-10° xr, (4.132)
KOTOPBIHM BCTYMAET B KOHAEHCALIMOHHBIN NMPOLECC HA KATUISX M KpPHC-

Tavax obnaxa, HauMHas OT €TO HMKHETO Kpas U A0 seplukHbl. CpeaHee
3HaYeHHe CeKYHAHOTO NnpHpalieHusa obbeMa 0b6aKka 3a CHET IPO3OBO

SIMEMKM COCTaBUT A}, a CpEAHUI 3apsid M TOK, IPUBHOCHMBIE €10 B
obrnako cocTaBsAT AZ M Aj:

AV = \/Vm V. =7,6140953-10° M*/c, (4.133)
AZ =AV-Z, -7 =9,4021713 K, (4.134)

Ai=AV-Z, -t @, =94021713 A, (4.135)
e Z, = 6,86 - 10-1® Ki/M? — HepaccenBaeMblit 06bEMHEBLI MHAMHYEC-
xmit 3apsan (4.46). Ecin Xe B3aTh NOMHBIH AHHAMUYECKHH 3apal, BHO~
cHMEI Yeiikoi B obnaxo, Haiinem Z:

Z=AV-Z] -t=25870123.10" Kn, (4.136)

e Z; = —q, = 1,8875902-10° Kn/m? (4.45)

Bor peanpHas MaTepHANbHAS U CHWIOBAS MOIIb IPO30BOH SYECHKH

(cpenHeli MOLIHOCTH), ¢ KOTOPOi OHA OOPYLIMBAETCH CHU3Y Ha Ky4eBoe
obnaxo, obpainas ero B rpo3oBoe.

4.5.3. 3sonioyns Kyuesoro obnaka B rpososoe

Y106b1 pa3o6paThest B 3TOM CJIOXHOM BOTIPOCE CHaYana HEOOXOAHMO
HCCIeNOBaTk HECKOILKO BaXHBIX BONPOCOB. Bo-MepBoiX, HaM CISAYET
3HATDH KAKHX pa3sMepOoB KATUTH MOTYT TPaHCIIOPTHPOBATHCSI TPO3OBOH sTieH-
KoM ¢ ocHoBauuA obnaxa Jo ero BepinyHbl. C 3TOH LEIbI0 MEl MOXEM
COCTABHTD YpaBHEHMUE /I BEPTHKAJIBHBIX HaNpSDKEHWH KaIUIH:

mig ms ) I/'la)l 'ni
e e (4.137)

H ?

Iae r, — paauyc KaIlsH; ¥,— CKOPOCTb BEPTHKAILHOTO NOTOKa; m, —
Macca 3Toi KalUlH; £ — yCKOpeHue CBOGORHOrO NaieHus; m, — Macca
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cpeHedl Monekyibl Bodayxa (4 = 28,966 a.e.); @, — 4acToTa CTONKHO-

BEHUS KAIUIM € MOJIEKYaMU BEPTHMKANBHOTO NOTOKA; A, — YHUCIO MOJIe-
KyJl BO3AYXa OIHORPEMEHHO aTaKyIOIIHX Karwno cHuay. OueBuaHO, Ne-
Basi 4acTb YpaBHEHUA — 3TO MOJOKUTENLHOE HANPSDKCHUE, CO3MaBAEMOe
rpaBUTALHMOHHEIM MoJleM 3eMIH, 2 NpaBasg — OTPHUATENbHOE HaNpsKe-
HHe, PopMHpYeMOe BEPTUKAIBHBLIM TIOTOKOM SYeiiKH, YUuThIBas, YTO

o =n/d,, (4.138)
= 27”52 = _2_r;_ (4.139)
Mg Ta '’ '

m, = 4—?—3- o, (4.140)

rae p = 1000 xr/mM® — IJIOTHOCTH Karui, d, — auametp rno6yibl

BO3AYXa Ha BricoTe h, , U3 (4.137) HaiiieM cBA3b MeXAY pamHycoM
KaIUlM ¥ CKOPOCTBIO TIOTOKA B AYeiiKe: '

m, - 6m VI m V)
=2 Ve 2 T o , (4.141)
Am;pg  m,-pg V08
a C y4ETOM TOrO, YTO
kT,
Ve =73, (4142

rae 7, u P, — TemmepaTypa M IaBAeHHME Ha BHICOTE /i, , TIONYYUM
OKOHYAaTEIbHO:

_Em) PV m
e T T kpg (4.143)

OveBHAHO, NEPBHIl MHOXUTENL B 3TOM YPAaBHEHUM ecTh QyHKLMS
BBICOTH 4, I CKOPOCTH MOTOKA, 8 BTOPOHl — IMOCTOSIHHAs BEIMYMHa,
€CNIM He YUMTHIBATb H3MEHEHME g OT BBICOTHI A, B Tponocdepe, KakK He
cymiectBeHHoe. U3 (4.143) aBcreyer, 4To BaXHeH MM daKTopoM, on-
pPEACNAIOUINM AHAMETD Kamli d ee Maccy, ABISeTCH CKOPOCTh Ha OCH
rpo30oBOH A4YeiKH. PaccynuraeM gHaMeTp KalUulM M €€ Maccy, KOTOPYIO
MOTOK cpefHeH CKOPOCTH ¥ =8 M/c cMOXeT NOAHATH Ha BEPLIUHY
obnaka, HaxozAwencs Ha BpicoTe A, = 10 XM.
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. 2,65-10°-64 4,810007-107
" 22325 1,35264-107"°

= 7,59686-10* - 3,5560141-1077 =2,701456-10> M (4.144)

3

47,

n -
h3

P =8,258138-107 xr. (4.145)

Yuaursisad, yro, no xnaccudpuxkaunu Femdbpuca, cpeAHHH paguyc B
Han6onee KpYNHOKANeNpHOM JIMBHEBOM MOXAe cocTarusaer r = 1,5-103
M, MBI MOXEM KOHCTATHPOBATh OY€Hb GONBLIYIO ¥ aKIHBHYIO Pojlb TPO-
30BOH A4YeliKH yXe NpH CKOPpOoCTH 8 M/C, XOTS ee CKOPOCTh MOXET
pocturath V=15 — 30 m/c [28].

Bo-BToprIX, HaM TaxKe cleayeT BBISCHHTb KAK MEHSIOTCH 27E€KTpO-
CONMPOTHRICHHE ¥ TOK KAIUTH TIPH POCTE €€ NHaMeTpa 3a CYeT CIHAHUS
HECKOJLKMX KaneNib. YuuThiBast pe3ynbrarthl (4.90 — 4.93) Mb1 B 0611eM
BUAE ANS TOKOB KaIlTH MOXEM 3allKCaTh:

o =—, - @, » (4.146)
if = imax 'ki = _qz‘ 'weo '1_?9_ (4147)

R
rae @,, — eAMHHYHoe ofpallleHMe 3TEKTPMHO BOKPYT Karuly,

q, — cTaTudecKuit 3apsn Xamnyu; R, — NOCTOAHHAA CONPOTUBICHUSA;
R, — comporusnenue / -oit kannu. Beens B (4.147) smecto R ero
3HaYCHHUE Yepe3 YAeIbHOE CONPOTHBICHUE KAIUIM L, U3 COOTHOLIEHHMS

R=p, |m, (4.148)
noAy49uM GHYHKUHOHANBHYIO CBSA3b MEXIY TOKOM KAIUIH 7, M €€ JuaMer-

pom d,:

i :_q:'.weo'RO'ﬂdi
i
P ’
U fanee, YYMTHIBAs CBASh MEXIY ¢, W Maccol xaruiu m, (4.83 — 4.84),
NOAYYHM OKOHYATesIbHble BbIPAXKCHHU!

, q.0,, Ry
j, = - 7400 Rod, (4.150)
ms.pla ’

(4.149)
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— 772‘1;4q;0)¢o : &szo _ mii "D " Pro' 2 Pro 'd:i

o 6m, - p,, - as8mhy(l,-T,)
rae m = 1,1249825-10"2 kr — Macca CYNepOCUHIATOpa BOZRI,
g, =—2,8512608 - 1071 Kn — cTaTnyecKkui 3apsn CynepocunwuisTopa.
Kak cnenyer u3 (4.151) TOK KaIuTM IPONIOPILMOHANIEH @, U 3TO €AUHCTBEH-
Has nepeMeHHast B ypasHeHuH. [1pu 3ToM HampsDKeHME KalllM cOCTaBHT V;

i (4.151)

i ”di'qsa)m 'pH,o'd;'3¢Hzo Ry
Vh’ =y Ro = 48m,h!/1(7§ — ];) s

(4.152)

rie Py, — IWIOTHOCTb BoABL. PaccuuTaem TOK M HanpspKeHHe GonbLIOH
KaruviH, NOAHATON K BeplinHe o6Naka BepTHKAJbHBIM IOTOKOM
(4.144), npunss T,= 275,15 K (h,=2 xu), T, = 223,25 K (h, = 10 xm).
;55649951 1077
© T 38682137-107%

Vis =i,y - Ry = 5,6042559-10B, (4.154)

k
B-TpeTbHX, BaXHO 3HATh KaK U3MeHSEeTCS TOK KAIUIH B pe3ynbTaTe
M pOCTa €€ MacChl, 1 HoAbeMa OT OCHOBAHMA 06/aKa A0 €r0 BepLUMHBI.

=1,4386472-100°4  (4.153)

HomycTuM™, Karisi, JocTHIIAS AUaMeTpa d, = 2r,, = 5,4022912-107° M
B OCHOBAaHHM ofnaka umena napaiuui fuamerp d, =9 - 10 m. Ilpumem
TeMIIEPAaTypPy KaIlli y NMOBEPXHOCTH 3eMIM CTaHIAPTHOM, TO €CTh
T,= 288,15 K, a B ocHoBaHMH obnaka (h,=2 xm) T, = 275,15 K. Torna
HaiimeM i, u V,,:
P 51,228734-107%
96891672107
Vi, =1i,,. R, = 2,0596376 -10-** B (4.156)

k2 k2 *°
H3 cpaBHeHN# TOKa Majioll KaIlii y ocHOoBaHMs o6naka ¢ TokoM

OonbIION KaIuTi, AOCTUrIEH BePLIMHS], CJIeAYyeT, YTO TOK KaIUTH poc
BMECTC C pOCTOM_ AHaMeTpa M MacChl KarlUlun. led 3TOM TOK BBIPOC B 1
pas, a Macca — B 1, pasa:

n =iy, fi,, =2,7209911-10%, (4.157)

=52872174-107" 4,  (4.155)

1

15,766451-107°
7.29-107'
OTOT 3aMeqyaTeIbHbBIH pe3yabTaT CBUAECTECIILCTBYET O TOM, YTO POCT
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MAaccChl Kaluiy onepexacT poCT €€ TOKa B #, pa3a:

n, =n, /n, =7,948392-10° (4.159)

@uspyeckast CyTh 3TOTO YPe3BbIYAWHO BAXXHOTO SIBJIEHHS COCTO-

MT B TOM, 4TO Oonbluas Kalns obpasyeTcs B pe3yiabTaTe CIUAHHUA 1,

oapsaiux Kamneab, a TOK 3TOH KATlJI¥ COCTABJIEH TOKOM TOJBKO nl Ka-

nenb. [Ipn 3ToM Tok (7, — 1)) Xanenb BbDKAT OT Kamesab, OTTOPTHYT OT
HUX W cocTaBIsieT i (TOK TYPOYAeHTHOH Aaueikn). .

. . _ 8 . _ i -9
i ={(n, —m)-i,, =2,1627476-10° -i,, =1,1434916-10° 4  (4.160)
OuesunHo, ecny 6Kl TOKM MaIbIX Kanenb 6e3 noTeph CKIAABIBAJIMCH

B TOK GONIbILION KAIUIM, TO OH JOJLKEeH ObLJI COCTABUTh # ;3 :

Py =0y, = 1,1434931-107° 4 (4.161)
Kak meTpyaHo BuzeTb BhicBOOOXAaeMBlil TOK IIPH pocTe pa3MepOB
Kanens, {,, cocraBnseT 99,99987% oT HayanbHOTO TOKA 7, MAPALUX

Kanesib, B OCHOBaHUM obsnaka. A Tox Gombinoit kamnu , §,, , COCTaBASICT

k32
0,0001258% ot i;, . Bor Ta peanpHas 3jlekTpuyeckas 6aza pasBUBaloliie-
TOCSI TPO3OROTO 06J1aKa, MUTAIOWIAs BCE BB SMEKTPHYNECKHX pa3pAioB!

4.6. CeobofjHoe 3neKTpuvecTBO
rpozoBoro obnaxka

HpyMeM K aHANM3Y TUIIMYHOE Ipo3oBoe 00JAKO ¢ XapaKTCPHBIM
pacrionoXeHueM mno BeicotaM Tpomocdeprl. Ilycts ero cpenuumii
paguyc Oymer R = 4 -10° M, HUXHuIT Kpail HaXONHTCA Ha BBICOTE
h, =2 - 10° M, BepuivHa gocturaer A, = 1 -10* M. Ilepen Havanom
OCHCTBMSA TPO30BOM AYCHKHM TUAMETP KATleJIb OXBAThIBAET AHANASOH OT
d,=1'107Mpa0d,;=9 10" M (AnaMeTpbl NapsMKX Kaneis), 4TO

c’bBepmeHHo peansHo. CesepHblif Kaskas (42—44 °C.111.), Mait — mioHs.

4.6.1. dnexrpruuecreo obnaka fo Havyana rpossl

Paccuyutaem oCHOBHBIE MapaMeTPHl HETPO30BOTo 06/1aKa, KOTOPbIE B
6y11y1ueM MOTIYT CJIIYXUTD 0a30BbIMH CPEAHHMH 3HAYCHHUSAMH BEIIUYHH,

4
V= ?ﬁ.R3 =2,6808234.10" 3 — ofpem obnaxa,

M=V.p=53616468-10° kr — Mmacca Boam B obnake, rae

p=2- 107 xr/M® — obbeMHOE collepXaHHe BoAbl B oOJake.
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d,=\d,, d, =94868329-107 y (4.162)

— cpeoHMi fUaMeTp MapAIlINX Kameilb ofraxa.

m,=md} py,!6=44705643-107° kr (4.163)
— Macca cpefHei Karumu obnaka.
n, = M/m, = 11993221-10* (4.164)
— YUCJIO KaleNlb, 06pa3ylolnx obiaxo
V,= kT, /P, = 275,15k =4,7769761.107% M- (4.165)

7,9501.10°

— obbeM robynsl Bo3Ayxa y ocHoBaHus otnaka, rae T, u P, — Temme-
paTypa u JasleHYe Ha 3To# BeicoTe: £ = 1,3802449 - 102 Ix/K.

6V,
d,, =3—= =91,233522- 107 =4,5017857-10™ » (4.166)
T

— auaMeTp I71o6ynbl Bo3gyxa y OCHOBaHUS obnaxa.

d, = %[:’.‘2 =14/222,07676-107 = 6,055747-107 , (4.167)
3 .

— nuaverp ©I06YIM Bo3AyXa Ha BhicoTe h, = 10 xM, Tae
P,=2,65-10° Tla n T, = 223,25 K.

L 40, Pro 3P -d;, ,
T2 = a8m, hy(T, —T,) =55732161-107 4  (4.168)
s 1 )

— TOX cpellHe#t KaIUIH B OCHOBaHMHM obnaka. T, = 288,15 K — Hadvais-
Hasl TeMIIepaTypa KaIl4 y NoBepXHocTH 3eMiH Ha Boicore 4, = 0.

. md 4,0, .szO'3¢Hzo-d23
W () & =2,5260834.10"°4  (4.169)

— TOX CpeiHeH KaIUIM B BeplLIHHHOM yacTu obnaxa,
Kak BHAMM, KaIUTH OJHOI'O M TOTO Xe€ pa3Mepa HecyT Cylle-
CTBeHHO pasnu4aoliuiics IMHAMMYECKHI 3apsil B OCHOBAHHMH U BEPUIN-

He obrnaka. '
i, = iy iy, =3,7521204-107% 4 (4.170)
— CPCIHECC 3HA4YCHHE TOKa KaIlJIU B HErpoO30BOM obinaxe.
V,=i, R,=146164 10" B, - (4171)

— cpengee 3HAaYCHHUE HaNPsDKeHUs Karuti ais ofaka.
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Io =n, 1= 4,5000009 - 10° A 4.172)
— TIO/IHBIM TOK HEerpo3oBoro obl1aka, JIOKaTH30BAHHLIH Ha TApsSLINX
KATUIIX.

Z,=1, -t =45000009-10° Kn (4.174)
— TIOJTHBIM TMHaMKdecKull 3apsn oGnaxa. :
v,= n, V,=1,7529772-10°B (4.174)
~— CYMMapHoe HanpsXeHUe Beex Karnenb obnaka.
N, = np/ V' =44737079 -10'* M3 (4.175)

— obbeMRasg KOHLEHTPalIWA NapAIlINX Kanenib.

Z,=2[V =i, -7, N, =1678589-10" Kn/w’ (4.176)
— 06BLeMHBIA THHAMHYECKUH 3apsAj HErpo3oBoro obnaka.

V,=V, N, =65389504-10" B/m’ (4.177)
— ofveMHOe HanpsXeHve otaka.
I = Iy /m, = 83929458107 A/xr (4.178)
— yIenbHbIA TOK B HErpo30BoM obnake.
Z, =i, "ﬂa/’”p = 8,3929458-107 Ku/xkr , (4.179)
— YAeTbHEIH AMHAMMYECKUIH 3apsA HETpo30Boro obnaxa.
o Z, =iy 1,, /My, =1,7420963-107" Kn/kr (4.180)
— yAenbHEIH IMHAMHYCCKHH 3aps rpo3opoi stueiiku (Cwm. 4.145 1 4.153)
3
I, =(ZM—Z,)-47;R“ pne, (4.181)

— NONHBIA TOX rpo3oporo obnaka, rae p=2. 1072 xx/M%, n — nons
BoAbI 06naka, Brinaxalomei B Bune ocaakos; R — panuyc obnaxa.

4.6.2. PassutHe rpossi

Jins nanpHe#inero aHannsa NporeccoB B HecaeqyeMoM obnake npu-
MeEM, 9TO Noa HuM chopMHpoBanach oflHa MOILHAS Fpo30Bas sS4YeiKa ¢
wiomaasio cedennss S = 1 km? = 1-10° M? 1 cKOPOCTHIO BXOXAEHHA B
obnaxo v = 8 m/c . Mo uccnegoraumo BopkMana u PefiHonbaca {29]
0611125 IPOACIKUTENIBROCTD FPO3bl COCTARNACT 7 =30 MWH, U3 KOTOPHIX
7, = 17 MHH. 3aTpaYMBacTCA Ha NOATOTOBMTENbHYIO cTaauio. CyTh 3TOH
CTAI¥H COCTONT B BEPTUKANILHOM PA3BHTHM O0N2Ka IO HANlOpOM IPo30Boit
srie¥ikn. Baxaieliinee cBoiicTBO 3TOTO pasBHTHA — HOPMUPOBAHHE BHYT-
PEeHHHX TYPOYNICHTHEIX ST4eeK B o0nake. A s 31010 Tpedyercsl 3SHaYHTe b~
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Hasi MeXaHHYeckas 3HepIus, KOTopylo M NOCTARISET BEPTUKANBHBIA BO3-
OyuiReiii notok. He cocramusier Tpyfa paccyutars 31Ty 3HEpruio £

2
H=VaR -7,-p, (4.182)
— Macca BBOgHMAs B oGIaxo BepTHKAIbHLIM HOTOKOM SYEHKH.

E=uypv,  =pu -ve, v, —pV TiV,,» (4.183)

e R= 564,2 M — panuyc rpo3oBofi sueiiku; p, -— MIOTHOCTHL BO3AYXa
y OCHOBaHUs o6naka; ¢ = V-7, — myTh BXOASIIEr0 NOTOKA BHYTPM

o6naka 3a BpeMsi 7, =17 MuH. = 1020 c. Beens B (4.183) BmecTo U ee
3HavyeHue n3 (4.182) nonyuum B obumeM Buze:

2 4,3 2
E =aRV,-1,,-p,-V., (4.184)
B HCCACRYEMOM HaMH Cy4ac YHCICHHBIC 3HAUYCHHA COCTABIIAIOT!

£ =816 10°mM, (4.185)
p, = 0,909 xr/m’, (4.186)
u=7417440-10°kr, © (4.187)
E =48421048 - 10" Tx. (4.188)

HB 3THX pEe3YAbTATOB CIACAYET, YTO, BO-NICPBBIX, 34 NCPHOA NOAIO-
TOBUTENbLHON CTAJAUU BEPTHKAIBLHBIH CTON6 MOXHHAMAETCS A0 BEPUIHHEI
obnaka. Bo-BTOpPHIX, TP COACPKAKNM BOAAHOIO mapa B Bosnyxe 0,684%
KOTHYECTBO BOJbI IPHBHOCHMOM Tpo30BO# slyeiiko#l B 00/1aKo cocTab-
ngetr = 5,07352 - 107 kr = 9,46% oT cO6CTBEHROM Macchl BOAbI B 00aKe

= 5,36 - 10% xr. B-TpeThHX, OT OCHOBaHUA OONaKa K AO €I0 BepUIURSI,
BEPTUKAIBHBIHA NOTOK PopMUPYET ACCATKH TYPOYICHTHBIX AdeeK, OT
MOYKORBBIBAIOUIMXCA OT HEIC WIH MPOSOIXKAIOUIHX COXPAHATE C HUM OH-
HaMHWYECKYIO CBsI3b. B 3THX siueiikaxX 3a cueT MPHBHOCHMOM BEPTHKAJb-
HEIM MIOTOKOM 3HEpPryH, pa3BUBRIOTCS BHXPEBhIE ITOTOKH, OOyCIOBIU-
BaIOLIHE CTOJKHOBHTEILHOE B3aUMOJEHCTBHE MEXAY KaruiaMy obraxa.
CJ]CZ[CTBHGM 2TOrO ABISICTCH HAYaNnoO CIIMSIHNA AapsalHx Kafneilb ¢ OAHO-
BPeMEHHBIM BBICBOOOXIAECHMEM YAaCTH HX AMHAMHYECKMX 3apsanoB. U TyT
MBI NOAXOANM K 09€Hb BaXHOMY CBOHCTBY Kallelb, 6€3 KOTOpOro rpo-
3b1 HHKOIA GBI HE CONPOBOXIAMHCH 3NEKTPHYECKUMH pa3psiaaMu. CyTs
€ro0 COCTOHT B MOCTOSHCTBE YAENBHOIO CTATHYECCKOTO 3apsla Karenb
ApH ObICTPOM MAZEHUHU YAEJIbHOTO JHHAMHYECKOTO 3apsjia B pouecce
HX YKpPYTIHEHHA.

=q,/ m,=-25344934.10° Kn/xr = Const,
rac g, — ynean bIfi CTATHYECKHUH 3apsi KANC/b BOABI. I/l3 IIOCTOSTHCTBA
q, cnepyet, 4To B TypOYICHTHOU sieiike, B KOTOPOH MPOUCKOXHUT

arrperauus (CAUAHHME Kanenb), HO elje HE HAaYaJoCch BhINaJeHHe ocal-
KOB, CTATHYECKHH 3apaj COXpaHAETCS NOCTOAHHBIM H paBHEIM () :
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4nr}
o, =qm-——3~‘--p

rae r,— paldyc TYpOYNeHTHOMN sueiku, p = 2.107° — obbemHoe BO-
[ocolepXaHue obnaxa.

B cBolo ovepens, Gmaronaps 3ToMy CBONUCTBY, JIOKANIBHEIE TOKH Ka-
Nejb, BHIAABIWBAEMEIE B TIPOLIECCE UX Arrperauny, Nepexojar Ha [o-
BEPXHOCTH TYpOYJICHTHOM A4eliKu M GopMHUpPYIOT Bonblol BuXpeBoi
TOK BOKpYT Hee, [,

I=im =i —LNy, (4.191)

rae n,— 4YUCNO NAapALIMX Kanels B TypbyneutHoM syedike, N, —
o6beMHasg IVIOTHOCTD KaTleJib HA MOMEHT Havasa Xu3HH fueiiky, o
Mepe pocta Kalle/ib B s4eiike U NOAHATHA ee OT OCHOBaHUsA obnaka K ero
CepeaHHe, WIH OT CepelluHbl 5O BEpIIMHEI, Bee 6oblliee KOTHISCTBO
JAUHAMHAYECKOTO 3apsiaa U3 ob0beMa SUeHKH IIepeXOaUT Ha ee NOBEpX-
HocTh. W1 MOCKONLKY npoanBHOH AOXIb C AUAMETPOM Kamnelb
d=2,110 M ¥ rpo3oBsie pa3psiiibl MPaKTHYECKN HAYMHAIOTCH ORHOBpe-~
MEHHO, Bo3Bellasi O 3apeplIeHHH NMepBOy, HOATOTOBHTENbHOM CTAANH
Pa3BUTHA, U Hadyajle BTOPOH, 3peNoli cTaiMH, TO HA 3TOM OCHOBAHHUHU
MOXHO paccYMTaTh NapaMeTphl TYpOyneHTHOM sueiiku. IpuMem, gro pac-
CTOSTHME MeXIY IOBEPXHOCTSIMM TIAphl COCCAHMX TypPOYIICHTHBIX S4eeK Co-
crapaser £ . = | M, MX panuycsl paBHbl, HO OT/IMYAOTCS OHM BPEMEHEM
XW3IHH. Y 1epBoil OHAa paBHa NOJHOMY BPEMEHU IOATOTOBUTCIHLHOIN
cranuy, T, = 17 MHH, a y BTopoli T, = T,/ 2 = 8,5 mMuH. B atoum ciyyae
Pa3HOCTh BANPSIKeHUS MeXny sfdeKaMH JocTUTaeT BEIUMiHbI Ipobosd 1
HMEHHO NMO3TOMY Ha4YX{HAIOTCS! FPO30BbIC Pa3psnbl BHYTPH Ipo3OBOIO

obnaka, KonuvecTBeHHasi CTOPOHA SBJIEHUA OINMCHIBACTCH COOTHOLIE-
HHIMM

AV, =V, -V, (4.192)
Vv, -V
E =~ (4.193)

rae AV, — noresuuan Typﬁynenmsoﬁ.ﬂqeﬁm, £, — HanpsXeHHOCThb
sToro noreHuuana. Ilo nanuwM Hopusaepa u Canxu [30] Ha BbIcoTe
h = 4 xM HanpAXeHHOCTh Mpobos cocTasnseTr E = 2,7 - 10° B/M, xord
npsAMEIe caMONIeTHEIe H3Meperus [anHa {31] noxasanu, yTo B rpo3oBoM
obaKe BCTpeYaloTesl HaNIPSDKEHHOCTH Mepex paspsinom E = 3,4 - 10° B/w.
Mzl He coeplinM G0JIbIHOH OMINOKH, TPHHAB K aHATH3Y E =310°
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B/M, B xadecTBe HanpsDKeHHOCTH Ipo6os B rpo3oBoM ob6nake. Torna, Ha
ocHoBe (4.193) MoXeM 3anucars:

Vn — Vtz
. 0

a YYMThIBast, YTO pa3BUTHE BTOPOIl A4efiKM OTCTAEeT OT NEpBOH B 2
pasa u, ctano 6uire, V, =V, /2, HaillleM:

Ep-L,=Va-Vs)=V,/2, (4.195)

V,=2Ep-£,6=6-10° B (4.196)
Tencpb JICTKO YCTAaHaBJIMBAKTCA n,— YHUCIO Kallejik, NoaABCPrHyB-

mieecd arrperalny B nNepso¥ TypOyNieHTHOM sSYelKe N ee reoMeTpHyec-
Kue napaMeTpui:

Ep= =3-10° B/m, (4.194)

n =V /V,=4104978 - 10%, (4.197)
V,=n,/N,=9,175784 - 10w, (4.198)

d, =3[, 17 =17524456-10° = 5596049 10> M,  (4.199)
r,=d,/2=279,802 m {(4.200)

IIpu aTOM Macca 0callkoB, BRINAAAIOLIAs U3 STOH AUeKK IpH Jab-
HeHeM npolecce, COCTABHT /M,

m =n, m = 1,8351568 - 10° xr; (4.201)
a YACHO KaIlC)ib B NMPOJIMBHOM AOXIAC H3 STMEeHKH RIZ
m1 ml 6m1

n o= —b = = =3,784571.10"
1 m, d’ wd’ - Pro , (4.202)

e d=2,1'10°M — gauaMeTp cpeflHell KallH B TPOIMBHOM
noxne, m, = 4,849048 -107¢ kr — Macca 3To¥ Kawu. Koapdpuuuenr

arrperauyy Kamnejab K MOMEHTY Hayalia 0CaflKOB COCTABHUT ¥ :
Y. = mk/mp =1,0846613 10, (4.203)

a 9acToTa CTOJKHOBHTENbHOrO B3aHMOAeHCTBUA Kamnelb B sdelike, B

pe3yabTaTe KOTOPOIo NMPOHCXOAUT HX aITperalys, COCTaBUT V, !
v,=y/v, =1,0633934 107 ¢, (4.204)

M, HaKOHell, TOK, UHPKYJUPYIOLIUNH BOKPYT TYpOyJIcHTHOR sdyelikmy,

cocTaBuT, I

1,=V, /R,=15402371 10° A, (4.205)
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a ero nojiHasy MOWHocTe — W, :

Wy=1, 9y, =-2,4297368-10° Br, (4.206)

t

N,=1,-7,/3=174898-10" (4.207)

— YUCJIO 3NEKTPHHO, (OPMHUPYIOLEe TOK BOKPYT TYPOYIEeHTHOH A4eiKu.

Hcxons u3 Maccel ¥ panuyca KaluiM NPOJUBHOrO JOXAMA, CONpO-
BOXIAIOLICTO Ipo3y, Ha ocHOBaHWU (4.141) ycTaHaRnuBaeTcA cpeaHss
CKOpPOCTD NMoAbeMa TypOy/IeHTHOM A4eHky BHYTpH obnaKa. He 3na:a Tou-
HO Ha KaKoH BBICOTE HAYMHACTCS BBIIALEHHES 0CAAKOB U3 TYpOYJICHTHOMR
sraeiiKku, NMPUMeEM, YTO 3TC — cepeauHa obnaka. Toraa o6beM rmobynst B
MEePBOM IIPHONTUXCHUH COCTABUT

Vv, = ,/Zz Vs =7,4529361-107° w, (4.208)
4 BCPTUXKANBbHAs CKOpPOCTh T9eHKN onpenennTca U3 COOTHOUICHNA!

d-Vg P08
2m,

= 1595483 M?/c* =399435 m/c  (4.209)

U3 aroro peaynbraTa cieayer, 4To NOJOBHHA IHEPTHHU, NOMYYEH-
HOI TypOy/leHTHOH sT9eKOM OT BEPTHKAILHOTO NMOTOKA, 3aTpaycHa Ha
nonbeM SMEHKHM BBEPX, a BTOpad NOJOBMHA — HA CO3AaHHE BUXPEBLIX
ABUXCHNH BHYTPY STI€HKH.

JdaHHasa KapTHHA PasBUTHA rPo30Boro obnaka NOJHOCTHIO COTNacy-
€TCHA C pe3ynsTaTaMy HaOMIOLeHH ¥ PATHONOKAIIHOHHEBIX HCCASN0BA~
Huit 12 rpo3 BopxMana u PeliHonsnca [29]. W3 3THX JaHHBIX caenyer,
YTO NpK BHICOTE OCHOBaHMA A, = 3,8 KM BBICOTA BepIIMHEI obnaxa (10
Havyana AeWCTBMS Irpo3osodl fueiikn) nocrvraer k, =8,1 kM. Yepes
7 ,= 5 MMH., TIoc/Ie ReiCTBHsA IPo30oBOH s4eiiky, BepluiMHa obiaka noa-
HHUMAaeTCs [0 A, = 9 KM H NOARIACTCSA 04Yar palHOoOTpaXeHHd ¢ BepUIM-

Ho¥ Ha BeIcoTe /1, = 6,7 xm. Emne wepes 7, = 12 MHH. BeplllMHa obraka
AOCTHraeT BLICOTH A, = 10,5 KM, a BepliMHa ovara MHTCHCHBHOTO pocTa
xanelik MOAHMMAETCA 40 A, = 9,5 KM M HaYMHAETCA IPO3a C IPOJIUB-

HBIM HoXaeM u MoxHusMu. Vs pasHoctn Ak =(h{ - h}) = 2800 M u

BpeMeHH 7 ,= 12 MuH. = 720 ¢ cieayeT BepTHKaNbHAA CKOPOCTD TYp-
OyleHTHBLIX sT9eeK B rpOo30BOM obJaKe, BHITCKAOWAA U3 NPAMEIX Ha-
omoaeHmit:

v =Ah/ 1, =389 M/c, (4.120)
KoTopasi TIOYTH NMOJHOCTHIO coBnagaet ¢ (4.209), nojiydeHHOH HaAMM
YNUCTO TCOPETHUCCKH.
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B TeyeHHe ocTaplierocs BpeMeHH, 7 ,= 13 MuH., Habmoaaercst CHM-
XeHHME BEepUIMHbBI AKTUBHON arTperaluuy Karenb 3a c4eT HHTEHCHBHOTO
ocagkoobpaszopaHusi. Yepes 7,5 MUH. 3Ta BEpIIB{HA ONYCKASTCS 4O BbICO-
Tl £=7,7 kM. Tlocne ROCTIDKEHUS MaKCHMaIbHOM BHICOTHI (32 17 MHH.
Pa3BUTHS NMEPBOM CTAAKHU) U TOCJIe HavYaa BHINAACHHS OCAAKOB BEPTH-
KaJbHbI cTONG rpo30Boii TYEHKN MAET HA AMCCUTIALMIO, TIONHOCTLIO
TpaHchopMUPYsCh B TypOyJIeHTHEIE sTyeiiku obnaka.

Taxum 06pa3zoM cOBEPUICHHO OYEBUIHO, YTO AYLIOH H cepaleM
TeJla rPO30ROT0 06MaKa SRIsieTCs TPO30Bast BePTHKANbHAS sguelika. Ecan
€€ HET, HET M TeIUIOBON Ipo3kl B NocAenoAyAeHHbIe yackl. Ecom sHeprus
rpo30oBoi Ayeiixu Gonpule cpeaHen, HanpyuMep, KOraa ¢e CKOpOCTh JIOC-
THraer ¥ >15M/c, To ¥ rpo3a oblagacT NOBHINEHHOH HHTCHCHBHOCTLIO,
Gonee GuicTpoTEdHA, H, KaK NPABWIO, COTIPOBOXAAETCA HHTEHCHBHLIM
BbINancHUeM rpana, ubo npx GonMpuIMX 3HEPTHAX BEPTUKAIBHOE PasBH-
THe ofNaKa JBOCTHUIAET MAKCHMANBHLIX BBICOT M MMHUMAJIBHEBIX TEMIIE-
patyp. IMeHHO 3TH 0OCTOATEBCTBA BEAYT K MAKCHMATBHBIM pa3MepaM
KAIeNb, MX KPHCTAJLIA3AUMM B JIell, ¢ TIOCASAYIOIIKUM POCTOM pa3MepoB
rpagydH M uX MaKCUMATbHBIM NEpeoXTaXICHHEM.

4.7. AnexTpuyecknii paspsig

HTak, u3 BbNIEH3I0KEHHOTO ABCTBYET, YTO Mbl TETIEPh TBEPAO 3HAEM
NMpUpOJY FeOMAardHUTHOTO MO, NpeAcTaRIouero cotoif GoHoBoe 3n1eK-
TPHYECTBO 3eMJIM, 3HaeM 3/1IEKTPoCcTaTHYeCKIi COCTaB aTMocdeph! H ee
JHHaMUYIECKOe 3/IEKTPHYECTBO, 3HaeM HCTOYHHK ¥ AHHAMHUKY 3MeKTpH-
yectha 06J1AKOB 10 I'PO3H! M B rpo3y. Tereps Hallo NMOHATE dUIHYECKYIO
CYTh I'pO30OBLIX Pa3psAAoB. BHellHee npospieHye JTHHEHHONR MOTHHH X0~
POIIO U3YYEHO M JOCTATOYHO OCBellleHO B IuTepatype (cM. o6szop Yan-
Mepca [14, I'n.12,14] u IOMmana [32]).

Y1005 NOHATE CYTh FPOZOBLIX PAa3PAKOB ClieAyeT HAUMHATD H3fane-
Ka, HalpHUMep, OT H3YMEHHS NpHpoIbl HHPPaKpacHOIO H3JIYICHMS.

4.7.1. NlokanbHbiW TOK Monekyn BosAyxa
¥ uHbpakpacHoe uanyyeHue ten

Ha nosepXHOCTH 3eMIH HE CYLIECTBYET TeJ, NHieHHBIX uHdpa-
KPacHOI'O M3NYyYEeHHS U He MOXeT UX GHTh IMOKa CYLIECTBYET Ha Heil
at™Mocdepa. MHorue gyMalor, yto MK H3nydeHHE CBA3aHO ¢ H3GRITOY-
HOM TeMIepaTypo# Tena, HO 3TO cOBCeM He TaK. M31yyaloT KaAMHH H
IepeBbsl B MOPO3HOM Bo3ayxe CHOHpPH, HMEIOLIHE pAaBHOBECHYIO TEM-
neparypy (—50 °C) ¢ auMHuUM BozayxoM CUBHPH U H3NYYaloT 6HOTIO-
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rmyeckHe oObekThl. PasyMeeTcs, YeM Bhillle TEMIISpATypa Tena, TEM HH-
Te”HcuBHee ero MK nanydyenue. PaccMoTpuM QH3UKY siBIIeHMS.
MeXayHsapoXHOM KOMUCCHEH JI0 OCBELIEHHIO NIPHHATO TPH AMana-
sona MK uanysenns or A,= 7,8 107 o 4, = 1-10° M o cTrapoii umika-
ne. TTo nopoit wikane |3, c.185] cpennss dacrora MK nznyyenua cocrag-

nsieT v = fve-vy, =4,5564514-10°¢™, rae v, = 2,076125 -10“ ¢}

v,,= 1'10® ¢ - xpaitnue Jactorsl MK usnydyenus. lns cpeaueit
TeMrtepaTyphl Bo3ayxa (cTauaapTHoii cpenneii), T = 288,15 K, cpennss
4aCTOTa OCHWUIATOPOB COCTaBIAeT f

f =y -T=2,0829897-10'"° - T = 6,002348 .10 ¢!, (4.211)
e ¥ — YacTOTHAsA NOCTOAHHAsA Bo3/yXa. Buine (4.45) Mn ycTaHoBHIM
06BbEeMHBIA CTaTHYECKHH 3apsaf g, ANs BHICOTH £ = 3 KM, OT KOTOPOTO

MOXHO MEPEHTH K 0ObeMHOMY [THMHAMWYECKOMY 3apsay Ha YPOBHE MoOps,
rne P= P = 1,01325-10° Ia

P() 5
Z,(V)=-q, e 2,6367931-10° gy, (4.212)
YYUTBIBAS YTO MIEKTPOOTPUIATCAbLHEIE OCLIJUIATOPH! B atMochepe 3eM-
JIM 3aHAMaloT 76,2% 1o o0beMy, YCTAHOBUM ¥X YHCIO B eSHHALE 00be-
Ma, n
q

n = N, 0,762 = 2,0479255 - 10% M, (4.213)

rae N, — ofbeMHas IIOTHOCTH Bosdyxa npu P = P,

U panee onpenenum AMBAMHYECKHI 3apal CPEAHETO 3NMEKTPOOTPH-
LATeNbHOTO OCUWIATOPA Z, ¥ 9HCIO 3/IeKTPHHO, POPMHUPYIOIEe ero
TOK n.(a):

Z,=Z,(V)/n =12875431 102 Kn, (4.214)
nfa)=Z /3 =6,4776686 10° 3/ocuunnsarop. (4.215)

IMockonbKy cTaTHYECKHH 3apsij] 3JICKTPOOTPHLATENbHBIX Oc WA~
TOPOB HEIPEPHIBHO 3aXBATHIBACT 3MCKTPHHO K3 TEOMARTHHTHOTO fI0TOKA,
ITOTIONHSS PacCenBaEeMYIO YacTh M3 CBOETO posd, TO COBEPIICHHO SCHO,
4YTO JOKaJIbHble TOKM OCUWLIATOPOB HeuccsikaeMbl. CyTh xe uHdpa-
KPacHOIOQ H3Jy4EHHS MOBEPXHOCTAMH Tel COCTOHT B pacCesIHUH JacTH
3eKTPHHO OCIMJUIATOPOB BO3AyXa NpH B3aUMOACHCTBUM UX ¢ OCLHII-
naropaMu creHok. IIpy 3T10M, ecnu 6Bt MIOTHOCTL (00bEMHAsA) OCLIMI-
JASTOpPOB TeN Obina paBHOH 00beMHOM IMJIOTHOCTH BO31yXa, TO HENB3N
o0 OBI CcO3RAaTH NPHOOPLI HOYHOTO BUACHHS, BBHAY PaBHON TUIOTHOC-
TH noroka AK M3ny4eHHs OT BcexX Tesl M Bozayxa. Mcxons u3 cpeiHux
3HAYeHMH gacTtoT AK nay4eHUs ¥ OCUWUIRTOPOB BO3AYXa MOXHO yCTa-
HOBMTD CpefiHee 3HaueHHe Ko3bdKIHeHTa HaKauyKy TBepaoH CTEHKH B:
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B=v/f=7,5913846. (4.216)

KayectBeHHO 3T0T KoaddHIIHEHT OnpenensieTca COOTHOMIEHNEM ce~
YEHUW OCHIWUISATOPA BO3AyXa M OCLHLTATOPOB TBEPIOH CTEHKUA ¥ UMeeT
creayiouini ob1ui Byun;

il d

2z-a!  8-a’ (4.217)

TAC @, — MeXaTOMHOC WIH MCXKMOJEKY/IAPHOC PACCTOSTHHE B TBGPIIOI?I

2 s
ctenke; md;, /4 — nuomans cederus MoGyH B i-M TEPMOAMHAMMYEC~

KOM cocTosHUM. Tax, Ans anoMuHHeBoro nucTta, npy 7 = 288,15 X,
K03 UIUMEHT HAKAYKH COCTABUT f,:

(43694967-10°)" 1909250110
8-(2,5474751-107°)’ ©5,1917034-10°"°

= 36,779764
(4.218)

Ipu atom HK mnyqel-mc aMOMHHMEBOH CTEHKH Gyaer nponcxo-
AUTD € YaCTOTOH v,

v, =B, f=2207649 10" ¢, 4.219)

Obinee pelieHNe 9aCTOTH HATYMeHUsT HHGPPAKPACHOTO CBETA HMEET
BHA: .

v,=B.f = s 5w, (4.220)
; _
rae T, — TeMnepatypa Ha rpauuue BO3AYX — cTeHKa. V3 aToro yparHe-
H#SI, BO-TICPBBIX, CJCAYET, YTO POJIb MEPBOi CKPHIIKHM MIPAeT TeMIlepa-
Typa CTEHKH, BO-BTOPBIX, ypaBHcHHE (4.220) ecTh UCTHHHBIN 3aKOH
M3NYYCHUS! YEPHOTO Tella, KOTOPRIH TAK JOJIN0 M TIIETHO MCKAMH GH3uU-
KH ¢ KOHILa IIpOLWIOTO CTOJIETHS.

TaxuMm obpa3zoM HHGpakpacHOE UITYICHHUE TeJl CBOUM CYLIECTBOBA-
HHEM 0053aHO MHNEepPYaCTOTHOMY KoJIeGaTeIbHOMY ABUKEHHIO OCLIALIS -
TOPOB BO3AYXa, HATHINIO B HUX N30LITOYHOTO OTPHIIATEILHOTO 3apsana,
CNOCODHOTO CONEPXATh BOKPYT ce0a poH 3/1€eKTPpHHO, a TAKXe cnocob-
HOCTY OCLIWLIATOPOB U3/IYYaTh 3TO 3/ICKTPHHO IIPH KPHTHIECKOM COMTH-
XKCHUHM MeXAay coOOM, TYT Xe MOMOHsSA MX HEHOCTATOK U3 reOMarHuT-
HOTO 3JIEKTPMHHOIO TMOTOKA. '

Ilpu aToM cexyHaHas 3Heprus MK uanydeHus CTEHKON, Iola-
Abi0 S, cocTasMT E, 3 WIOTHOCT noToKa £, (IpH yCIOBHH, 4YTO KaX-
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Zoe B3aAUMOAECTBUE CONPOBOXIAETCH HAMYUEHNEM OJHOTO (GOTOHA):

dyTh-S
E=vh N, = -“—%— I, 4.221)
E diyTh
E,=<t= Erwanl USVech (4.222)

i i
rae h =4,1106086-107* xrm?/c — nocrosHuas Tepua; N, — umeno

OCUMWUIATOPOB BO31YXa, B3aMMONEHCTBYIOUIEE CO CTEHKOM; § — YacToT-
Has MOCTOSIHHAA BO3AYXa.

A Teneps NpelcTaBHM cebe, YT0 HMeeM BO3MOXHOCTh HArpeBaTh
CTANIBHOM JUCT, TOCTENMEHHO  TNOAHMMAas e€ro TeMMepaTypy OT
T,=288,15 K po T,= T'na.= 1812 K. [Ipx 3TOM BU3yaabHO MBI He
MoxeM Habnionark HayanbHOoe MK MaMydeHMe NUCTa, Hallle 3pEHHE HE
BOCTIpHHMMaeT ero. Ho no Mepe pocTa TeMTiepaTyphl, pacTeT BaNydacMasi
IHEPIrUsd, U, Ha HaYaJbHON CTaAMM KPACHOTO KaJleHUs, Mbl HAYHHAEM
BHIETH H3NYYeHHE JHUCTA. 3aTeM Mbl €10 BHAVM SIPKO KPacHbIM, OpaH-
XeBbIM, GeNBIM ¥ apKo GenplM B6AM3K TOUKH IaBieHus. CaMoe you-
BHTEJILHOE B 3TOM Npollecce — 3TO TO, YTO BCe ATOMEI CTEHKH LETH U
HEeBPEIHMEI, ML YBE/IMUIOCH pacCTOSHUE MEXIY HUMH, HE pacrniancs
HM OIMH OCIIWIJISTOP BO3AYXa, B3aUMOAEHCTBYS C aTOMaMM CTEHKH, HO
NP 3TOM 3HEPIHA U3NTy4eHHs HenpepsiBHO pocia oT £, no E,. U aro
TOJIBKO TIOTOMY, YTO aTOMBI CTEHKH HITY4aliM 3ACKTPHHO H3 JIOKAJILHO-
TO TOKA OCLWUIATOPOB BO3AyXa, NIpM IMIIEpYacTOTHOM B3aMMONEHCTBUH
¢ H¥MH. T.e. B OCHOBE APKOro CBEYEHHST HAKAIEHHONO JIMCTa JEXHT
paccesHHS NEKTPUIECKOT0 ToKa ocuwuitopaMu creHku! He ananorn-
YeH JIK npolecc APKOTro CBeYeHHs IMHEMHON K wapopoii Monuuii? U
oa, ¥ HeT.

4.7.2. Tok U HanpsXeHue
BHYTpuoGnauxbix paspapos

HauxeM aHam3 ¢ 3KCIIEPUMEHTANBHO ONIPEAENCHHBIX pa3MepoB Typ-
6yneHTHDLIX T4YeeK B pasBMBaoLIeMcs rpo3oBoM obnaxe. Tak, Kuraraga
{1, c.244]) mumer: “Hpodeccop Orasa coobuii, YTO BEMNHUCICHHAA UM
CpenHsAsa CKOPOCTh PA3BUTHSA CTPUMEPOB, CBA3AHHBIX C 3aTSDKHEIMH TO-
KamM#, coctapiaeT 1,6 - 10* m/c . [1o 3Tolt BeAMYMHE B COBOKYTIHOCTH €
Hanbonee yacTo HaGM0OAaeMBIM HHTEPBAIOM 6 MC Mexay M — xomno-
BEHTaAMH ONpeAeieHO, Y4TO JUHEeHHbIe pasMepH obnacTel CKOMIeHMs
3apsana B o6nake papHbt ipuMepHo 100 M. Ota BemymMHa 6m13Ko cOBHA-
JaeT ¢ JMHeHHBIM pa3sMEpOM €INHHYHON KOHBEKTHBHON sI9elKH Mo
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PeitHombacy, onpegeeHHLIM ¢ TIOMOLIBIO HCCASIOBaHHM PaiIHOIX0 OT
Ipo3bl BAY TIyTeM BU3yalbHBIX HabmiogeHHN 3a OalleHKaMM Ky4eBbIX
obnakoB M “monocaMy NafieHust RoXAA”.

B ceoeii MmoHorpaduu [14, c.308] Yanmepc numer: “Tlo oucHke
Taxaru, poTSKEHHOCTb IOKAIBHBIX KOHUEHTPAlMiH 3apajia AOCTUTAeT
npuMepHo 100 M, YTO HAXOAUTCA B COITACHU ¢ NPOTAXKCHHOCTHIO TPO-
30BOM cyOsmelixy wnn SaleHKH”.

Crano 6biTh, JHaMeTp cpefHel TypOyJIeHTHON suedKH o6naka
coctarnser d, = 100 M. PaccumraeM OCHOBHBIE NapaMeTphbl TaKoi TIeRKH:

V, = md? [6 = 5,2359876-10° ?, S (4223)
Z=V, - Z =8789071 Kn, (4.224)
V=V, -V, =3,4237863 10° B, (4.225)

rae Z ¥ V, — nMHaMMYECKUii 3apsil U CO3aBAEMOE MM HanpsKeHHe
TypOyleHTHOW AYelKH obbeMa V| . Buillie MBI YCIOBUAHCDH, YTO NIPH
BLICOKOM 3/IEKTPOCOTIPOTHRICHHM Kancsb, CPEAHee 31CKTPHHO COBEp-
IUaeT JMiLb OJHO ofpalleHHe BOKPYT Hee. DTO XKe YCIOBHE MePEHOCHMO
Ha TypOyNeHTHYIO siueiKy, COCTOAMYIO 3 Kaneas. Toraa Tox a4efiku
COCTaBHT /,:

I.=2 -0, =87890714 (4.226)
ITo usmepennsm npodeccopa Orapsl cpedHas NPOROIKUTENbHOCTD

BHYTpHOG/IayHOTO pa3psiia cocrasusier 7, = 1- 1073 ¢. 3a aTOT OTpE30K

BpeMeHHM B cCpPeiHeM MepeHocHTcs sapsan Z, = 2 Ki npu cuie Toka
i, = 2000 A [I, c. 246]. O1ciona ciieayeT pasnane MeXay TOKOM TypOy-
JCHTHOM s9eiiKH, [, npeacTaBasioero coboii ancaMban 31eXTpHHO,
npeOHBAIOILNIE B CTATHYECKOM 1OJIE STICHKH MOCTOSTHHO, H TOKOM HCTe-
YeHHUSA OT AYeHKH, I, :
i = Z1 / t, - (4.227)
Heo6piyHaa ocoGeHHOCTD TYPOYIeHTHOM AUCHKH COCTOUT B TOM,
yto I nns Hee He SIBAAECTCA KOHEYHOMH BEJIMYMHON 3a BECh IPO30BOA
MEPHOI, a XapaKTepH3yeT JIUIE e¢ 3NeKTPHYECKYIO eMKOCTh Ha ool
TeKYLIH#H MOMEHT, OT Hadasia arTperaiuu Kanejb A0 NTOJHONH AHCCHNA-
LUK TYEHKH. A 3TO 3Ha9MT, YTC FUCHKa BRICTYNIACT B POJIH TeHepaTopa
TOKa B TeUeHME BCei 3penioil CTani pa3BUTUA Tpo3oBoro obnaka, And-

meiica 7, = 10 Mun. IIpu 3TOM, ecny 6H1 OCYIECTBIANCA HEMPEPHIB-

Hbilt OTBOZ TOKa TYpPOYJEHTHOIi S4Y€iKA TO 3a MEpHOA rpo3k! OHa Oh1
BhIpaboTana Tok [ :

I,=117,-0,=2,-7, -0, =52734426-10° 4 (4.228)
DTO BOIMOXHO [TOTOMY, UTO SdeHKa HAXOAUTCSA B 3NeKTPHHHOM
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IOTOKe 3eMJIHN, U3 KOTOPOro HeMpepblBHO M 063 ManeHllelh 3a1epxKy
TTONOHASTCS OTBOAMMEBIM NUHaMUYecKUii 3apan. Kax mia TypOyneHTHOH
s9eliku, TaK ¥ 4719 TPO30BOTC 0OaKa B LeJIOM, He CYLIeCTByeT IpotvieMbl
penakcaudy 3apsina. Tak, npu paauyce TypOyaeHTHONH AuehKH »=350 M
4epe3 Hee NPOXONUT NOTOK 31EKTPUHO TeOMArHUTHOTO 1oNd A

A4, =m? A, =78088428-10"c . (4.229)
a TIOJIHOE HCTEUSHUE OT AYSHKH B BUAE TOKa COCTABHUT
N, =1/3r1, @, =44218085 107¢c',  (4.230)

TakuM o6pa3oy ¢ KOMUYECTBEHHOM CTOPOHOI TOoKA TypOy/IeHTHOM
siueHKd Mbl pazobpanuck. [lonbiTaeMes paccMOTPETh X0, PA3BUTUS pas-
PsiIOB B KOOpAHHATax oGnaka. CoBepIleHHO OYeBHIHO, YTO ¢ MOMEHTA
$hopMHPOBAHHSA BEPTUKATbHOM IpO30BOIl sNelKH, nepbbie TypOyaeHT-
Hbie SYeiiky, obnagasa 60abLION 3Hepruel, o6pas3yIOT PPOHT KOHBEK-
TUBHBIX Macc, MOIHMMAIOLIMXCS OT OCHOBaHMS K BepLluHe obaka. [o-
3TOMY OHY W HOJDKHBI BBI3PEBATh MEPBLIMU U JOJIKHbI 3aHUMATh BepX-
HIOI0 4acTh 06/1aKa K Havyasly rpo3oBbIx pa3panok. Hackonbko cornacy-
I0TCH C 3THMH TEOPETHYECKUMH PACCYXACHUAMH HabMoaaTe/ bHble AaH-
Hble?

Kurarasa [I, c. 246] nuuer: “B 10 Bpems kak npoboi B paspsige
o6nako — 3eMis HauHHacTes B obnacti, boratoil xuakoi daszoi, BHyT-
probJayHbie pa3pAdbl BOSHHKAIOT Ha GONbIIMX BbICOTaX, rae obnako
IPEHMYUIECTBEHHO COCTOHUT M3 JIEAAHBIX YACTHLY M NePEeoXIaXACH HbIX
Karnejb O4eHb MaJIbIX pasMepoB”.

Tpu 3anucsax rposoBbix paspsinos [1upc [33] yctaHosui, uto B 74%
BRYTpHOGIaYHBIX Pa3pAAOB 3apsil [EPEHOCHTCS W3 BEpXHEH YacTH obna-
Ka BHM3. OraBa u Bpyx [34], a rakke Tanaru {35] Hawnu, yto B
GONBIIMHCTBE CIIy4aeB BHYTPHOONAUHBIC pa3paibl HAYMHAIOTCH OT CTpH-~
Mepa, HCXOAAIIeTo M3 BepXHEeH yacTH obnaka.

IIpyn Habnlonenusx baiiepca [34] 6airerxu o6nakos hopMUpyIOTCS
B TeX cAy4asAx, KOIZa BOCXOASUINE NOTOKH NPOHU3BIBAIOT BCIO TOJILY
obnaxa, OT OCHOBaHUs 10 BCPUIHHBL. -

Kak BuayM, HabmoaaTenbHblii MaTepran NOATBEPXKIAET, YTO AMHA-
MH3M pa3BHBAIOLLEIOCA TPO30BOTO 00/IaKa HEOTAEIUM OT IPO30BOH TYEeHKH
H €€ 3HEPIHH.

4.7.3. ®nsanyeckas ocHOBa INEKTPUUECKOro paspsaa

B paMKax cTapoii 371eKTPORMHAMMKY JAHHBIH BOMPOC HE OCBELIEH
coBepliieHHo. EcTh HeMano onucaHuil BHCLIHE XKApTHHB 3JIeKTpRYec-
KUX pa3pAIoB PasHOM MOHIHOCTH B JaOOpPaTOPHBIX YCNOBHAX, TMHEHHbIX
MOJIHMI B aTMocdepe, a TAKXe LAPOBBIX MOJTHMH KAK TIPUPOAHBIX, TaK
M nabopaTopHbiX. CyTh Xe SBICHHS OCTABANACK CKPHITOH B CHAY TOTO,
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4TO BO33PEHUS Ha OPHPOIY 3AEKTPUYECKOIO TOKa BBLIM OMMOOYHBIMH.
Terneps, B paMKax HOBOM 3N1€KTPORXMHAMUKHY, paspsAHbIC ABICHUS MO-
T'YT TIONY4YMTh NIOHOE ONHCAHUE.

[IycTb MBI KMeEM 3JIEKTPOCTaTHYECKHIA reHeparop BaH-ae-paada,
HAKONUTENbLHBIA 3/IEMEHT KOTOPOTO NPENCTARNICH MOJbIM IWAapOM U3 No-
JIMPOBaHHOTO ANIOMMHYSA, BHEIIHMA JUaMeTp KOToporo d, =1 M, a BHYT-
peHnui d, = 0,995 m. Torna, nHTepecylolMe Hac, ero napaMeTphl Gyayr
cneayiolmnMu.

a(d} -d3)
my, = -———g-——wp,“ =211 xr, (4.231)
n=m_/m,=45410225 10%, (4.232)
Q. =nq,=-7,0668259 10"Kn, (4.233)
Z =-Q =17,0668259 107 Kn, (4.234)
N _=Z_ /5=35553417 10%, (4.235)

rae m_ -— Macca luapa; =2,7 -10° xr/M* — NIOTHOCTD ATIOMHHHS,
m Al .

1 — 4KCNO aTOMOB, O0Pa3YIOLIKX CTEHKH Wapa, O — NOJIHbINA CTaTH-
YeCKHMH 3apan wapa; £ - MAKCHMaNbHO BO3MOXHbIM JHHaMUYEC KM
3apan wapa; N . — MaxcHMAaNbHOE HC/IO 3IEKTPHHO, COcTaBsIoLIce
AVHAMMYECKUH 3apsil 1apa.

[pakTyecku Z HEIOCTIKUM B CHIY TOTO, 9TO YacTh 3/ICKTPHHO
OyneT paccedBaThCs OT MOBEPXHOCTH 1Lapa, 061aaloIHEro NEKTPOCOIl-
poTusncHueM R, npyras 4acTb GyleT pacceuBaTbCsl MPH CTOJIKHOBH-
TEJEHOM B3aMMOJCHCTBMM C OCLWUIATOPAaMH OMBIBAIOMIETO BO3AYXA, a
TPEThA 4acTh OYAeT 3aXBaThIBATHCS NNEKTPOOTPULIATEbHBIMH OCTIWLIS-
TOPaMH BO3AYXa U NEPEXOAHTb B UX JIOKAILHBIE TOKM, CO3AaBad YTCIKY
TOKa OT wapa. PeanpHo Halll reHepaTOp MOXET UMETh HAIpPsSIKCHHE
V=110B wurox i:

i, =V, /R, =25670619" 102 A {4.236)

PaccMOTpHM HECKOJIPKO BADUAHTOB COCTOSHHS AMHAMHYECKOTO 3a-
psifia 1Iapa M €ro B3aMMONCHCTBHS C OKPYXaIOLIHMH O0BEKTaM U,

1) Aunamuxa pos 31eKTpHHO. Bhlille Mbl YCTAHOBUIH panuyc new-
CTBHSI CTATUYECKOTO TIOTEHHMANA ANIOMUHHUA £, =1,7402256 M (3.47).
[Tpunse aro paccrosinMe 3a npenenbHoe yaajieHKWe OPOHTH 3€KTPHHO
OT NOBEPXHOCTM IDapa, a 3a MHHHUMAaJibHBIA pallHyc NpPHHAB
af2 = 1,2737375 - 10-¥ M, tie @ — MeXXaTOMHOe paccTOgHHME ATIOMHHMS,
HaiileM paguyc cpelHero 3IJeKTpUHO posi, o6pailalolterocss BOKPYT
wapa r.

r=yJr,-al2=14888218-10" m (4.237)
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Jlanee, 3Hasi CEKTOPHANBHYIO CKOPOCTb 3IEKTPHHO B TIOfE allIOMHU-
HHEBOIO NMPOBOAHUKA, V :(Al) = —4.6943816. 10° M¥/c, onpeaenym op-
6MTANIBHYIO CKOPOCTh CPEIHETO 3JEKTPHHO, U:

u=V, (4l)/r=-31530848-10" m/c (4.238)

[Ipn 370M HacToTa OOpanicHUs NCKTPHHO COCTABHT (@ .

u 16 -1
w=———=~10036431-10"¢
”(dl +r) , (4.239)
a KOJIM4YecTBO 3JeKTpHHO, dopMupyowee poit, N, , onpelenntcs us
YpaBHEHWs HaTIpSDKEHHA TOKa:

N o= Vu 10-10°B

_ > ®,-0  7,7711625-107"
rae ©, = 7,7429542 - 10-° B -c — KXBaHT 3NE€KTPUHHOIO NOTOKA (MarHuT-
HOTO MOTOKa — B CTapoil TepMuHoJoTHM). JMBaAMUYeCKIH 3apan Ha

wape, Z ¥ €ro TOK COCTaBsT:
Zm = N3 3=2,5577439 : 10-1' Kn (4.241)

i, =N, 3w =25670619-10° 4 (4.242)

IIpu cpaBHEHMHM IMHAMIKHU poOs BOKDYT LIapa ¥ BOKPYT KaIUiM BOJBI,
npexae Bcero Gpocaercst B rnasa ToT GakT, YTO KaXHAOe€ SJCKTPHU-
HO BOKpYr luapa coBepiuaer 10! obpameHuni, TOraa XakK BOKpYT
KaIUIH YacToTa paBHa @ ;. CBsi3aHO 3TO ¢ TeM, YTC CONPOTHUBIEHHE
mapa MeHblle CONpPOTHMBAeHHA Kanjau, IO KpaliHe# Mepe, B

=1,2868088:10' (4 240)

n= a)/a)w =1-10" paz. brarogapsa 3ToMy Xe CBOMCTBY, PH QYECHB

MaTOM AMHAMHYECKOM 3apsiie, BOKPYT AIOMHHHEBOIO 111apa CO3Aal0TCH
BBICOKO€ HaIlpsiXKeHUE H O0/Nb1ION 3aMKHYTHIH TOK, MOAYJIb KOTOPOIQ
Ha 14 nopsaxoB 6oablie MOAYAS 3apsga. ¥ Kaiid Xe TOK U 3apan -—
OAHOIO MOZYM.

TlycTs BbICOT Wiapa reHepaTopa Hal MOBEPXHOCTLIO 3eMIH COCTaB-
ngeT A=10 M ¥ BOKpYr GAKXE 3TOro PaCcCTOSHUA HET MEeTAIMYECKHUX
o6pekTOB. CyllecTBYeT 71 ofpeieicHHas OPUEHRTALMSA TUIOCKOCTH opOn-
ThI BUXPA BOKDPYT LUapa WIH HANpaBIiCHUE 3TGH ILTOCKOCTH HETIPEPBIBHO
MeHseTes B npocTpascTee? HT06b OTBETUTS Ha 3TOT BOMPOC, UMEIOUIMit
BaXHOE 3HAYeH1C, PELIUM 3a1a4y TpeX Tel, yKe HaM 3HaKOMYIO.

3¢, -3218354.107% 2
F =214 - = ~18493889. 10 “ &
Ty 1,7402256M (4.243)

Al
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— CHJIa, YASDXNBAIOLIAS CPeAHee /IEKTPHHO HA BHellHel opOuTe
paguyea r,.

3¢, _ -11586291-107"
(Ry +h)  6,371013-10°

Kak BUAMM, 3TH CHIILI 47151 37IeKTPHHO BHELIHEH opbuThl, paauyca
r,, mouTH paBHbl. Ho gaxe ecim B3aTh OpO6UTH, NeXaliue B 30He (7, —
r,/10), oxpaTeBalomci 9/10 op6uTanbHOro NpocTpaHcTBa pos, T0 K
TOTZa CHJIa CTaTH4YecKoro noms 3emnu F, ecTh CylleCTBeHHasA BeIMHMHA,
cocTaBistiowas He MeHee 10% ot F. A U3 3TOTO CIEAYCT, YTO IVIOCKOCTD
OpOUT pos HEMHHYEMO AOJDKHA OPMEHTHPOBATLCA [Iapa/IeIbHO TOBepX-
HocTH 3eMiu. [1pu 3TOM 4YHCIO 3NEeKTPUHO, CTALHOHAPHO OOpalllalo-
LIMxXcsl BAOAb nonycgepsi, obpalieHHON K 3eMie, ROIXKHO COCTABMIATD
Gonee 50%, T.e. poii 3NeKTPHHO BOKPYT 1Uapa NpOCTPAaHCTBEHHO OPHEH-
THPOBaH K AedopMupoBaH. Eciiu B3gTh 3apsil pos B UENOM, TO He TPyA-
HO pacCcHYMTaTh l'IOJ'[}lyIO CHJIY 3€MHOTO TIOTeHLana, ,LICHCTBYIOHIYIO Ha
po#, F;

F=-

= 1,8185947 10_26H (4244)

- Z ¢’e 10
[Ipn y4yeTe Toro, 4TO 3Ta CUNa MPUIOKeHa K HUYTOXHO MAJIol

Macce post, Am=N_-m, =255-10"% xr, cranoBUTCS ROHSTHON 3HA-
YUTECABHOCTh 3TOM CWIBL.

szIi/Am:zl-wwH/Kr (4.246)

Jins cpaBHeHUs pMBENY OTHOLICHHE CHIThI, PA3BUBAeMOH 3/1EKTPOBO30M
BJI 10 npu cxopoctn 47 KM/4ac, K ero Macce (Bec 31eKTpoBo3a 184 T1):

= F/m = 20,58 H/kr

FIonyTHO cKaXy, TG B OCHOBE MEXaHHYECKON MHEPUMH AAd MaK-
poTen NeXHUT UMEHHO 3Ta HM3Kag yhAcAbHad CHaa, B, Haobopor, 6e3u-
HEPIMOKRHOCTb YaCTUL B MHKpPOMHpe o6yclIoB/IeHa MX OYeHb BHICOKOM
YACNBHOMN CUIOHN.

2) OpueHTanus pos npu npubIHXKeHun Broporo wapa. K mapy-sa-
KONMUTENIO 3MEKTPOCTAaTUYECKOr0 TeHeparopa 6yneM NpuoéauxaTek BTO-
pOit TAKOM Xe map Ha U30NMPOBAKHON NOACTABKE, BLICOTOMH /1, HO HE
sapsaxeHHbli. [TpH 3TOM cTaTHYeCKMH NOTeHOUAT BTOPOro wapa dop-
MHMpyeT cuny F, Ans 3/leKTPHHO posi, MOAy/Ib KOTOPOH pacTeT o Mepe
cOnuxenns wapos. 3ahMKCHpyeM BTOPOM luap B NONOXEHHHU, KOraa
paccTOSTHNE MEXAY GMIKafiliIMU TOYKAMH MX NIOBEPXHOCTH AOCTHUTHET

BEJIUYUH D (_’:(Zrd,' + Ar) = 3,49 M, rae Ar= 0,009548 M. Ha stom
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paccTostHUM cTATUYECKOE IMOJie BTOPOro iapa passuBacT cHily IS BHe-
LIHHMX 3JCKTPUHO Posl

3¢, _~3218354-10
(g—rA!) 1,7497744m

2

Fo=- = 1,8392965- 10 ° H  (4.248)

BTa cuna NeprieHAUKYASPHA CUlie MEXAY PoeM M MOTeHIIHAoOM 3eM-
Ju, H bonsine ee no Moxyimio Ha 1,139%. Crano 6niTh, MIOCKOCTH TPa-
EKTOpHii posi TENepb OPMEHTHPYETCA COrNAcHO BTOpoH ciie, — NoBopa-
YUBAETCS HA yros n/2, CTAHOBHUTCA MEPIICHANKYIAPHO K JIUHUMH,
coeAMHAIOIEH OnuKaiiine ToYKy o6oux WAPOB, a caMm poii cmelaeTcs
K noaycdepe, obpalieHHo# KO BropoMy wiapy. Poit rerepaTopa 6au3ok
K nipoSoiHoMYy paspsaiy. Teneps, uto6bl npousolen npodoi gocraToy-
HO aub0 NMOAHATh HANPAXCHHE HA WAPE FCHEPATOPa A0 3HAYEHUSs
TMepeTOJIHEHUS €TI0 EMKOCTH, V"P = 10,5 - 10%, anbo cO6AN3ATH LLAPHI

0 npoOOHHOro paccTosHuUs Bm =0,33 M npH HEH3MEHHOM HampsiKe-
Huu V= 1-10° B.

Taxmm o6pa3oM U3 CKa3aHHOIO cJieayeT BbIBOA: NPOOOMHBIN paspan
— 370 JaBHHHBIA cOpOC TEAOM-HaKonHTeNeM oKoo 4% post 3/eKTPUHO
BTOPOMY T€Ay, O0NMalaIoUicMy OTPHLIATEIIbHBIM CTATHYISCKHM 3apsLIOM.
PaccMOTpUM MEXaHM3M TIEPCTCKAHHS YacTH posi INICKTPUHO OT IeHepa-

TOpa KO BTOPOMY 1Lapy B pesynibTate comixenus ux ao £, . Cymecrtsy-

10T JIB€ pPEATIbHLIE ¥ OYeHb BaXHbIE MPEATOChUIKU K NPaBHABHOMY O-
HUMaHMIO 3TOro ABneHus. Bo-nepsuix, nepen npodoceM, Gruxaiiine ko
BTOPOMY MIRPY 3NEKTPHHO pos obpalialorcs 1o op6sraM ¢ HaHMEHBIUY -
MH pagycaMu, T.e. CAMbIH BHEIIHUH Kpail pos obpalacTcs BOKPYT OCH,
coeaMHsAOWeN Samxaniume rouky oboux Wapos. Ilo Mepe yaarenus or
BHEWIHETO Kpas posi, obpalle HHOro KO BTOPOMY WPy, paiuychbl opouT

BO3PACTAIOT, AOCTHIAA 7, = (Rw + Ar) Ha 3KBaTtope wapa. Bo-BTo-

PBIX, THHUS, COCAUHAKLIAN OAMKalline TOYKW LIApOB €CTh HE TMPOCTo
reoMeTpudecKas JHHUS, a gBIACTCSH OChK) IICKTPOCTATHYECKOIO T1014,
HCXOASLIEro OT CTEHKH BTOPOTO Liapa M HanpaBlAeHHas Ha UEHTpP AKHaA-
MHYECKOIO 3apsaja HaKonuTens. 910 — 6ecnpoBOjHad ANHUS A4 Tipo-
XOX[IEHHA 110 HEMY BUXPEBOFO NOTOKA 3/IEKTPHHO OT LIApa-~-HAKONUTE .
MMeHHO BAOJb TAKOHN 3JEKTPOOTPHUATENBHOM OCH ABILKETCA BUXPEBON
NOTOK 3/ICKTPHHO B JTA3CPHOM JyUc, COBCPLIcHHO aHAJIOTHYHO ABIOKe-
HHUIO BHXPS BAONb METAJUIMYECKOIO TIPOBONHUKA. B-rpeThux, npoboii
NPOUCXOAHT HA TAKOM PACCTOSHUH MCXIY AeKTpogaMyl (B HaweM cay-
Yyae — 3TO WAphl), rAe cMNa F, pa3sBHBAKILAACA MEXAY APOH cMeX-
HBIX JICKTPHHO B pOE, KAK CHAd B3aAUMHOIO OTTAJIKUBAKHA, CTAHOBHT-
Cs1 papHOM cwie F . ylepXuBalOUleH 2IeKTPUHO HA OpBUTE BOKPYT 3/eK-
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Tpona-HAKOMHUTENS. DTOMY YCIOBHIO OTBEYACT YPaBHEHHE!
F+F=0, (4.249)
paCKprBaﬂ KOTOpOC HOJIY'-IPIM B OGIHCM BUAOEC.

3. a 3-3
_¢l.+__:0
r,. >

rae o — IJICKTpoAHHaMHU4YeCcKasi NOCTOAHHAs, €3 ~— PacCTOSAHUC MEXAY

X (4.250)

3NIEKTPUHO B POC Ha YAAICEHNM OPOMTEHI OT HOBEPXHOCTH 3NIEKTPORA 7, @,
— 37eKTpocTaTHYeCKHil MOTEHUMaN /IeKTpoaa — Hakonurens. g uc-
CAeAyeMoOro ciy4das nony4nuM:
¢ =_ Lpra@d - 6,824597-107°
’ @4 -16,191638

Hcxoasa u3 310 BEMMYHMHBI MOXHO TOYHO OTIPEAENUTE KOMI0 pos,
nepexoaslIyio Ha BTOpOii WIap B peaynsTate npobos.

AV, = €3 =74878764- 107 M3, (4.252)
x[(dl +l) —df]

AV = - = (,70823905 M, (4.253)

=4,2148898-107 \  (4.251)

r’-a’s’  29188874-107

AV, =~————= - = 68761443107 5
o —4,2449478-10
(4.254)
V, = JAV,-AV_ =2,26990905-10 m? (4.255)
N( = AV/Z 1 = AV = 1,2373965'1016 (4 256)
V, 4awr,, 81V, wr, ’ .

7= —N—N——Ni = 0,038399

>
tae AV, — nnauBuayanbHbii 06bEM 3NEKTPHHO B POE, HA YAAJICHHH
£ p OT NOBEPXHOCTH HaKOMUTENA; A} — obbeM, 3aHHMaeMblit poeM
Ha ypaneHun £ 0 AY . — MHHUMaAbHbIA WHANBHAYATbHBIA 06bEM

37IEKTPVHO Ha YIANeHWW cpegHero panuyca Buxpa r (4.237); V. — cpel-

2
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Hee 3HaYeHHE MHIMBUAYATBHOTO NPOCTPAHCTBA IMIEKTPUHO; N, — duc-

pj (o] SHCK‘I‘pHHO B paguyce fm, y, OCTAKOLICECH HAa HApc-HAKOMNUTOE,
n — KIL c6poca HaKonuresns.

4.7 .4. lNMpouecce! B KaHane paspsaa

Tlo na6monennamM KOmana [14, c. 298] nuaMmeTp XaHajla AUHEIHHOM
MOJIHHY BapbupyeT OT 2 MM J0 35 mM; no Baruepy u Xunemany {35)
BHYTPH KaHaJa auaMerpa d, =30 M cywlecTByeT y3KM¥i LIEHTPANbHbIH
Karan Iuametpa d, = 2 MM. Ilo dororpadpuyecxum cuumxam Wonnann
{36] onpenenun cpenHee 3HaYeHHE IMaMeTpa KaHana obpaTHoro yaapa
d = 16 cM. [To YanMepcy AMaMeTp CTYNEHYATOrO AMAEPa COCTABAACT
d = 5 M. 3T0 TOT NapaMeTp MOJIHUM, KOTOPLIH NOABIIACTER H3MEPECHUIO.
Ho cyimecTByeT ellie OIMH 31EMEHT KaHalla, KOTOPLI MOXeT OpIThb ycra-
HOBJICH TOJIBKO KOCBEHHBIM ITYTEM M O CYUISCTBOBAHMU KOTOPOIo HUKTO
He JOTaABLlBasicd — 3TO AMaMETP OCEBOIO 3apsda KaHajla, 06pa3soBaHHBIA
MPOTSDKEHHBIM 3JIEKTPOCTATHUECKHM TIONleM MEHee 3apsiKeHHoH Typoy-
NeHTHOM AYefiKu U HanpaBNeHHLIH K LEHTPY AMHAMHYECKOrO 3apsia
Gonee 3apsKeHHoM sueiikn (bonee 3penofi B cBoeM pasputun). MMeHnHo
3TOT OCeBOM IIPOTSLKEHHBIA OTPULIATENBHBIN 3apsii HTPAET MEPBYIO CKPHIT-
Ky B aHcaM6e anexTpuHo, GOPMUPYIOLIENO KRHA pa3psia MOIHUMA H
BCAKOTO HCKPOBOIO pa3psiia. '

M3 apanu3a UMeIOHIUXCA NaHHBIX S MIPHLLET K BbIBOAY, YTO OCEBOH
3aps KAHAMIA COCTOHT M3 CTATHYESCKUX 3apSR0B 1 aTOMOB CTCHKH (B CNydYae
METAUTHYECKUX 3JIEKTPO/IOB) WIH N, CynepoclMUISTOPOB KpaiHei 6rk-
Hel Touku TypOyieHTHOM A4eiiKi WM obnaka. Mexny napoii amomyHue-
BBIX LIAPOB, TIPUHATHIX HAMY K PACCMOTPEHHIO, AHAMETP 3apANOBOH OCH

KaHazia CJenyeT NPHHSTb d, = 2-107°, Torma yucnO aTOMOB CTEHKH,
o6pa3yioLux oceBoii 3apan (; ONpefennTIcs U3 COOTHOIIEHMUS:
_md]  1256637-107"

4a®  25958517-107"

e a = 2,5474751 - 107M — MeXaTOMHOe PACCTOSTHHE alIOMUHHA. 3Has
M3GHITOYHBIA 3apsiA OXHOTO aTOMA ATOMHHMA ¢, = —1,5562191- 107" Kx

=4,8409429-10° (4.258)

 HETPYAHO YCTAHOBUTH oceBoit 3apan (J,; :

md} - q
Qu=n-qq= wg—ayﬁf— =~7,5335678-107" Kn  (4.259)

BoT BaM HawIyyluMil M3 cyLUeCTBYIOLMX B TIPUPOLE 3N€KTPONpoBOI-
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HUKOB, TULICHHBIH Macchl, Kakoi 61 TO HH GbUIO CTPYKTYPHI, @ IIOTOMY
SBBTIOLIMECSA abCOMOTHEIM CBEPXITPOBOIHUKOM, DACKTPOCTATHUSCKHT T10-

TCHLMAN 3TOT0 OOBEANHCHHOIO 3/ICKTPOHHOTO /Y43 COCTARNSACT @Y,

0, =a 0, =-78382795-10°B (4.260)

DTOT pe3ynbTaT CBUACTENBCTBYCT clile 06 OAHOM, palHce HEU3BECT-
HOM, ABJIeHHH MPoBOHHOTO pa3pafa: oceBOH 1y4Y pa3pAaAHOro KaHana
VBEWYHBAET AMHAMHYCCKYIO IHEPTHIO BUXPEBOTO MOTOKA 3J€KTPHHO B
n = 4,48 -10° pas! [TporcxoauT cuIbHEHLIAsA 3HEproHakayKa BUXps 3a
CYET 3JIEKTPOCTATHYECKOTO 3apsAa NPHHUMAKLIETO 1o A/1eKTpoaa.

Utak, cyTs npoBOItHOTO WIM UCKPOROTO paspsiia MEXAY Mapodi siek-
TpoAORB (Napoit TypOyneHTHBIX S4eeK, napoil obnraxos, napoit o6naxo-
3eMmasa uau 3eMag-061aKo) COCTOUT B IIOCACKOBATENbHOM Pa3BUTUH
npoliecca HePEeXoAa YacTH pos 3IEKTPHHO ¢ HAKOMUTENS Ha CBOBOAHBINH
WK MeHee HachILWeHHBIH 3eKTpoa. PasBuTie NPOUCXOAUT B cleaylo-
Lielf nocnefoBaTeNbHOCTH!

1. Ha 3nexkTpone-Hakourtene (popMUpyeTcs JUHAMUYECKUH 3apsi U3
POsl ANEKTPUHO;

2. EMKOCTE HakonuTens Mpub/IbKaeTcs K HachlLUICHHUIO,

3. INosinsieTca BTOPOIt 3/MEKTPOA €O cBOGOAHBIM BJICKTPOCTATHICC-
KHM 3apsIoM OTPHULATENEHOTO 3HAKA;

4. QopMuUpyeTCs 3ACKTPOCTAaTHYSCKUM Nyd Ha Gnuxalimed Touxe
BTOPOTO 3JCKTPOAa, KOTOPHI COeAHHAETCS ¢ NMOOXKUTEABHBIM JUHA~
MHUHYECKUM 3apsiioM HAKONIHTENS;

5. IIpoucxonut nepeopUeHTALUS MJIOCKOCTH 00palleHHA pos mep-~
NMEHOUKYJSAPHO K NMEKTPOCTATHYECKOMY JIYYY BTOPOIo 3MeKTpola;

6. Comrxaroiygecst aMIeKTPObl ZOCTUTAIOT NPOGOHHOIO PacCTOAHMT,

7. Poii 3neKTPUHO ¢ HAKONHKTENS YCTpeMaseTcs K siyuy, dopMupyer
BUXPEBOH NMOTOK BOKPYT HETO ¥, CO CKOPOCTBIO ¥, BAOJb HETO IEPEXO-
OHT Ha BTOPOW 3ACKTPOA. DTO — BHAUMOE H npubopHo PpHKcHpyeMoe
HavaJo paspana;

8. B npoliecce ABIDKEHNS BUXPSA OT HAKONUTEN KO BTOPOMY 3/IEKT-
poly Ha 9 NOpAAKOB BO3pacTaeT HayajlbHas 3Heprus BuUXpsl. B ciaysae
pa3pana o6nako-3eMia aHeprusi BUXpA BodpacTaeT B 3,9 - 106 pas.

9. BuxpeBoii roTok, nepeapasl 4acTh CBOEH 3HEPIVH OCHHIUIATOpaAM
BO3[YXa, CO3AET HPKO CBETAMMUNCA XTIYT, IHAMETP KOTOPOro paBeH
IuaMeTpy notoka. YeM Gosbiiie nepeHOCUMBII 3apal, TeM Oorblie Aua-
METp BHXPS ¥ pacKaJICHHOTO XIyTa rasa, IPUHATOIO HA3bIBATh KRHAJIOM
NHHeHHON MOJHUN.

10. B ocHOBe cBeueHHS KaBaia AeXHT TOT Xe& NPHUHIKN, KOTOPBIA
obycnoBnuBaeT HH$paKpacHoe HATYdeHUE. OTNHYNE COCTOUT TOJILKO B TOM,
YTO 34eCh IIPOHCXOAUT OBICTpEI pasorpeB (3a 5—6 MHUKPOCEKYHI — B
cJiyyae TMHEHHONH MOJTHWH) OCIIWISITOPOB 40 YacTOThl BUAHMMOTO CBETa,
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11. BuxpeBoil NOTOK 3JeKTPHHO co3aacT U30LITOMHOC HAlIpSLKeHHE,

TIPHA B3aUMONEHCTBUH C 3apANOM OCEBOTO TMOAA KaHata (), , cXuMalo-

iiee ras B KaHaie. ITo cBoeii cyTH 31O €CTh 3anupalolileec HanpsLKeHue.,

12. Peskuii ¥ GpICTpHIM CKA4YOK TEMIIEPATyphl Fa3d B 30HE BUXPA
(hopMHpYET HONMOKUTENLHOE H3OBITOYHOC HAMIPAXCHUES B KAHANC pas3ps-
na. Obuiee naBleHNe KaHala €CTh CyMMa HaNpsIKEHHH BUXPA U packa-
JIEHHOTO BO3OYXa.

13. Cxon BMXpsl ¢ OCH XaHana, COBNAAAIOIINI ¢ 3aBEpLICHUEM yIa-
pa, paBHOCMJIEH CHATHIO MPOYHOH 060NI0UKH ¢ KaHajla U [IOITOMY CO-
TPOBOX/AETCS B3PBIBHIM PaCIIHPEHHEM PAacKaIeHHOTO rasa M CO3laHH -
€M YAapHO# 3BYKOBOM BOJIHLI.

A Tenephb, HCXOAA M3 3THX MOJIOXESHHUN, IONE3HO U NOYYUTEILHO
caenaTh MOJMHBIM  pacdeT HCKPOBOIO paspsala MeXAy  Hccleay-

eMbIMM WapamMu npu ¥V, =1-10*B u £ = 0,33 m:
1= 4 /v,=1,1382203 -107¢
— TIPOAOJLKHUTEILHOCTD paspsia (OXMH yIap),
Z=(N, - N,) >=4,94123-10". 5= 9,8215064-10™" Kx

— TepeHOCHMBIH 3apsn,

i=Zv /{5, =8,6288273-10*A
— TOK pa3psaja B KaHaJe,

V=i R, =03361363 B
— HanpsXeHHE TOKA B KaHaJe,
r,=1,0861683 107

— pajuyc KaHalla pa3psia,

V, = £ -m} =12230888-10° »
— o0BeM KaHaJIa,

& =39, = -1,5579868-107" IIx
— DHeprus OAHOTO EKTPHHO BUXPH,

E =(N,-N,)3¢, =-7,6983711-107 Jx

— TONHAas SHEPTUA BUXPA,
W =E /[1=-67635159 107 BT

— MOLIHOCTh paspz,na
3 .
V= —22 = 32725234-10° i/
ma ) veo
— CEXTOPHAJIbHAS CKOPOCTh INICKTPUHO B CTATHYCCKOM II0JIC OCEBOIO

3apsia KaHaja,
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=V, [r, =-2,0922387-10" m/c
— opburansHast CKOPOCTh ANEKTPUHO 110 BHELUHEMY Paguycy KaHala,
=V, Ir, =-22725234.10" wm/c
~— OpOUTANEHA" CKOPOCTD anelcrpm-lo TIO paJuycy OCEBONO Ny4ya KaHajia,

U, V 24
= --—’— = -3,0657326-10 ¢’
27r, 27tr,c

w; =

— 4acroTa oﬁpamenuﬂ 3NEKTPHHO I10 BHCUIHEMY Kpalo BUXPA,

W, = =-3,6168333-10%¢"
w,

— YacTOTa 06pauIeHUA MEKTPHHO IO PAAHYCY OCEBOTO JIyya,

W, = o, o, =3,3299013.10%¢"
— CpenHsAs yacToTa obpalueHHs 3NEKTPUHO I10 KaHaTy paspsiia,
E,=(N,-N,)w,pr,, =7,6983711-107 Ix
— YacTOTHas SHePIHs BUXDs, NepelaBaeMasi OCLILIATOPaM BO3AyXa B
KaHane paspsina,
- n=V,_ N,=3,2871327 10"

-- KOJIMYECTBO OCUWIIATOPOB B 06beMe KaHana, rae N, — obbeMHas
TLIOTHOCTh OCHIWIIATOPOB BO3/1yXa,

£, = E, [n, =2,3419714.107" Ox
— MpUpailleH¥e SHEePruy KaXAbM OCLIMIUIATOPOM OT BHXPS.
P =E |V, =—6,2942045 10*a
— HaBJICHHC¢ BUXDA, HaANIPpaBICHHOC K OCH KaHaJIa,
P,=E,|V, =— 6,2942045 10*IIa
-— NABJICHUE B KaHAIEC, CO3aBacMOEC pasorpeThiM BO3XYXOM,
P =P,— P =1,2588409 10°Ila
— pesynbmpylomee namlenne B KaHaJie pa3psia,
= kT, = 3,9771756 - 10~ ix
— HavaJIbHasg sr{epmﬂ OCUHLIATOp2 B KaHalle niepen HayaloM paspsaa,
rae 7, = 288,15 K, :

i
+ 262633-107%°
T, = fotE 2,262 = 45783K
k 1,3802449-10
— TeMIIepaTypa B kaHaJIe
fo=w T =9,536509 10" c"
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-— Y9acToTa OCUWLIATOPOB B KaHanc,

Ay = Jufv, =3,546-10° m
— HIAT M3/Iy4aeMOTO KaHaJIOM CBETA NpPH paspsile (ATHHA BOMHE — IO
cTapoil TepMuHonoruu), rue 4 = 119,91698 M2/c — nocrosHHas Mui-

nyxeHa, v, = 6 - 10 ¢ — cpeaHAA YaCTOTA M3AYy44CMOTO KaHANOM
cBeTa,

E,=v,h-n,-tv,,=92278577-10° Hx
-— 3HEPrHus H3NY4EeHHOTO CBeTa (MUHMMANBHOE 3HAYCHHE),

N, =v, -7-n, =22448884-10%
— 9Hdcn0 GOTOHOB, UIMYIEHHBIX BCEMM OCLIIUIATOPaMH KaHana,

n, =v,7 =6,8293203-10°
— YHCA0 POTOHOB, U3NYIASMOE KAXKIBIM OCLHHANATOPOM B KaHaAJIe U3
COCTaBa COOCTBEHHOTO JIOKAILHOTO TOKA.

Bor TakoBa 10JIHas Ka4eCTBEHHAN ¥ KOJHIECTBEHHAs KAPTUHA O~
HOTHOTO 1poGoiiHoro padpsana mexay chepaMi B 1aGopaTOPHBIX yeao-
BHAX. JIuHeHHas MOTHHSA HUYeM IPUHLMITMANLHEIM He OT/IMYaeTCs, OHa
UL MacliTabHee: MHOTO GOJbIIe NepeHOCUMBII 3apsn, MHoro Gosbiue
AMAaMeETP H [UIHHA KaHaJla, MHOro OoJbllie 3HSPrHs yaapa, MHOTO BBIUe
TeMIIepaTypa KaHajla U JaBJIcHHE B HEM U T.A4

4.8. NluHeliHas MONHUS

4.8.1. CrieKTp USNy4eHUR NUHEWHOW MONHUK
W Temnepartypa KaHana

B 1960 r. Jleon Cananase nony4un nepeylo ¥ O4eHb yIadHyo GoTo-
rpad U0 THHEHHOM MOTHMM Ha GecleneBoM crieKTporpade, KoTopas
BKJIIOYEHa B COCTAB CTa Haubonee 3aMeyaTebHBIX HAYYHBIX GoTorpa-
duit, nananuuix JIxoroM Jdapuycom {37, c. 113]. 1 nam aHanus sTol
dororpadpuu, BEpHEe AHATU3 MOJIHHH 110 310# PoTorpadpuu, Ha NIPUH-
UMIax TUNePYacTOTHOM MeXaHUKH, pasBuToH B [3, §1, §5].

YeTko BHIAESAAIOTCH BOCEMb CHIBHBIX CITEKTPaNbHBIX JUHUH, War U
YaCTOTa KOTOPBIX COCTAaBNAOT: A, = 3,8 - 1077 M; A, = 3,8672897 - 1077 m;
A, = 3,9570093 - 1077 M; A, = 4,1588784 - 107" m; A, = 4,7196261 - 107" m;
A, = 3,2355139 1077 ; A, = 6,2 - 107 m.

Kak ByuanM, CIEKTP OXBaThIBAET BCIO BUIHMYIO 06/1acTh C 3aX010M B
6avxHuit ynsrpaduonetr. CooTBETCTBYIOUIHE YaCTOTb H3NYIEHHS v, PAB-

Hble YacTOTaM OCUWUIATOPOS f = ,u//lf , paBHBL. v, = 8,3045 - 10" c7;
v =6,9331125 - 10" ¢! v, = 3,1195884 - 10" ¢!, [IpunucsBaTh 3TH
4
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JIMHYM K KaKM-TO MOJIEKY/IaM ¥ HOHAaM COBEPIIEHHO HeCCMEICIIEHO,
160 YacToTa MITYUEH!s i~Of JIMHUH eCTh (DYHKLUMS pacTipeiesieHUsl TeM-
[epaTyphl XaHaja BAoJIb €TO pafuyca. A TeMNepaTypHsIN TPaAEHT, B
CBOI) ouepe/b, ecTh GYHKUUS YAaCTOThl OOpALICHUS SNEKTPUHO B /-0

30HE BHXpS @, , 0OPaTHO MPONIOPLIMOHANBLHON KBAApaTy PacCTOSAHHUS OT

OCH KaHaJna, 7. [Jo3ToMy COBEPIICHHO OHO3HAYHO MOXHO YTBEpXAaTh,
4TO YABTPaUONETOBAsI IMHMA H3NY1YaeTCsl OChIO KaHasa, a KpacHas A,
— €T0 MOBEPXHOCTLIO, [I¢ OCUWINATOPH NOAYYRIOT MUHUMYM 3HEPIHU
OT BHXPeBOIO NOTOKA 31¢KTpHHO. He cocrasnseT Tpyna pocco3maTh TeM-
TIepaTYPHLIA TPARUCHT KaHajla BIOMb €r0 paguyca.

h h
T = % = % =39868,172K (4.261)
— TeMTIepaTypa Ha OCH KaHana, rae k =13802449-102 Ox/K.
h
I, = —kl:“— =14976,492K (4.262)
— TeMiiepaTypa noBerHOCTﬁ KaHana.
T, = JT,- T, =2443533K (4.263)

— cpelHgs TeMueparypa kanana. OaHaxo us pororpadpun cneayer, yro
HHTEHCHBHOCTD K3NydeHUs yeTBepTOil TuHuM A, 6oniee yeM B ABa pasa
MpPEeBBILAET OCTANbHLIE NHHUH U NIO3TOMyY OyaeT TOUHee B3ATh MONTHOE
MHTerpaibHoe 3HaveHue T

T,=41 -5 20, T, - T, T, - T, =31154,645K  (4.264)

W3 dororpadun ordeTNINBO CEAYET, YTO KaXIbli N3THO KaHana
MONHUH 06ycloBneH PUIHYECKUM NPENSATCTBHEM, HA KOTOPOM Habiio-
HaeTcs HHTSHCUBHOE pallalibHOe paccessHue j1ekTpuHo. CoBepuIeHHO
SICHO, YTO BOCEMb JIHHHH H3NY4YEHHSA — ITC BOceMb OPOHT BUXPEBOTO
HaKeTa M 4TO MeXAy BTOPOH M 1ecTod opOHUTaMH NPOUCXOAHUT ZOCTA-
TOYHO MHTCHCHBHEIH 0OMEH 3JICKTPHHO, CBUISTEILCTBYIOMMNA O conpo-
THBIeHUn Cpeabl BPAallieHUIO BUXPS BOKPYT OCH KaHala.

4.8.2. Dusnyeckne CBOACTBa
cpenHero paspsaa obnako-3emns

MouM nepBoHayaIbHbIM HaMEpPEHHEM GBIIO pa3fAeIEHOE PaCCMOTpe-
Hy€ BHYTpHOOJIAYHEIX W MeXo6auHbX paspsigoB. Ho HenosiHoTa Habmo-
JaTeJIbHBIX AAHHLIX He I03BOJMIA caenars 310. [lockoabKy mo cpoeil
¢du3MyecKolt CyTH Bce TPO3OBLIC PA3PAABI €NHHEI, TO ZOCTATOYHO MOA-
poBHOro aHanu3a paspsina 0onako-3eMist.
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Vi3 BHINEN3NOXEHHOTO CHEAYET, YTO HATIpaB/leHHe paspsia He chy-
YayHo, a ONPERENACTCA MECTONIOJIOKEHUEM BTOPOro eKTpona, obnaia-
OLIEro cBOBOAHAIM CTATHUECKIM II0JIeM OTPHMUATCABHOIO 3HaKa. I'paso-
BOE OONaKo, B KOTOPOM HaYHHAaeTCH Mpoliecc BhINAZCHUS OCANnKOB,
CTaHOBUTCH OGBLEKTOM, COBEPHIEHHO AHAJIOTHYHBIM UIAPY~HAKOIMHTEIO
3IEKTPOCTATHYECKOTO renepaTopa. CBs3aHO 3T0 C TEM, YTO TYPOynIeHT-
HbIE SYCHKU e Mepe RRIMAACHUS W3 HHX OCaJKOB ¥ IUCCUTIAliHK, TIepe-
JAI0T CBO¥ IMHAMMYECKHI 3apsifl 1100 HIKHUM (MeHee pa3sBUTBIM) sSuci-
KaM, Jn6o, o LeNH COCCAHKX FOPU3OHTAJILHBIX A4YeeK, MepefaloT Ha
TIOBEPXHOCTL oGiaka. B wrore o6nako cTaHOBUTCH HAKOIMUTEIEM OrpoM-
HOTO IMHAMUYECKOTO 3apsilia, BRICBOGOXNaKolerocs BHYTPH Hero, (10
Mepe pa3BUTHA TYPOYJCHTHBIX sideeK. A JaJiee, N0 Mepe YMEHBbIECH U
Macchl obraka 3a cyeT BLIMAACHHS OCAAKOB, HAPACTaeT CTENeHb HAMOMN-
HEHMs o6NnaKa AHHAMWIECKUM 3apsAAOM — CTATHUECKUIE 3apan obnaka
yObiBaeT NMPONOPLMOHANBHO YMEHBLICHHIO MAcChl, TOTAA KakK ero AnHa-
MHYESCKHH 3apAA HEMPEPHIBHO Bo3pacTaeT. UMEHHO N03TOMY pasBHTOE
rpo3osoe obJIako He MOXET He pa3psiXarbes Nubo Ha coceHde, MeHee
pasBMTbIe OOnaka, 1ubo Ha 3emiio, o6nafaiouleit MOCTOAHHBIM H 04eHb
6ONbIIMM CTAaTHYECCKMM NOTEHLMANOM OTpPHULATEbHOIO 3HaKa,

9, =—58290986-10" B .

Ecnu Xxe BROJIL 3eMHOIT MMOBEPXHOCTH TALIBET 061aK0 THOO Moo~
Joe, mubo elle He HAaChILCHHOe AMHAMUYSCKUM 3apsAioM, TO MacCHB-
HbIC OCTPHUSI, KaK BBICOTHEIC 3MaHUd ¢ UX OOMBIIUMM CTaTHYECKHUMHU
3apsagaMy (3a c4eT METANJIOKOHCTPYKUMIT), PA3PAXKalOT CBOH KHHAMM-
YecKuM 3apsaa Ha obiako. B aToM ciydae Mbl HaGRIOA3EM pas3psll 3eMIIs-~
obnako. 3aMeyaTeNbHAIA CHHMOK TaKOIO paspsiia NoMelleH B KHure Ac-
tanenxo {38, c. 38].

Hcxonnsbie nannble /U1 aHaMU3a CMEIIAHHOTO pa3psia:

Z = 34 Kn — nepeHOCUMbIH 3apsx, | g b
h =3 10°M — BpicOTa 0Onaka, Hanbonee xapaxTepHas 5«

= O
¢ =73.10° M — NPOTSHKEHHOCTh KaHana pa3psaa § —

I1=1B1/™*
— HHTEHCHBHOCTb CIWIBHOIO TpoMa [16, c.183] Ha cpenHeM paccTOSHUH
{okono 5 kM), .
_ T =268,66 K
— cTaHIapTHas TeMIleparypa Ha Bbicote /1 = 3 KM,

P, =7,1016667 10*Ila

— CTAaHIapTHOE JaBJICHUE HA 3TOi BBICOTE,

v=7330 m/c
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-— CKOPOCTb 3ByKa, IPUHATAS K PAacyeTy,
P=410%TI1a
— HaBAGHHE, pa3BUBaeMoe IMOPOXOBbLIMU ra3aMU LpH BbICTpele

COBPEMEHHKOro apTWiNnepuicKoro opyaus KpymnHoro kamubpa [40,
c.33],

P =7,2005215 10%Ila
—~ [aBTeHHe B KaHalle MOJHMH, IIPHHATOE K pacyery,
T, =2443533K

— TeMIepaTypa KaHalla MOJIHUMN,
r.=1 10*mM=15m
— paAMyc KaHajla MOJHHMY MO JUTEPaTYPHBIM HCTOUHUKAM,

=2%2 __16900089-10" \/o

ma veé

Vie

— CCKTOpHaJbHAA CKODPOCTD 3/IEKTPHHO B CTATHYCCKOM I10J1€ 3eMJXP[.

Hrak, nHHeiiHas MOMHHEA — 3TO CTPEMUTEIAbHBIN NepeXol ZUHAMH-
9YeCKOTe 3apsia Z, OT HAKOIMTENA K BOCTIPHHUMaeMoMy o00BeKTy B BHIE
BIXPEBOIO IOTOKA 3JIEKTPHHO. DTOT MOTOK Ha BCEM CBOEM NMYTH Nepena-
€T CBOXO AICKTPOAMHAMHYECKYIO 3HEPTHIO OCIWUIATOPaM BO3AyXa. B pe-
3yJIbTATS BO3AYX B KaHa/le MOJIHMM pa3orpenacTcs A0 Genoro KajicHus, a
ero JaBICHHNE Pe3Ko Bo3pacTaeT B 4—6 Thicav pa3. He ycnesinas pacce-
ATLCS YacTh BHXPS NEPEXOAMT Ha BTOPOH OOBeKT.

[MockonbKy cKOpOCTh pacnpOCTPaHEHHA BUXPS BEIMYNHA TIOCTOSH -

Hast, V, =2 8992629- 10° M/c, TO BHIABIAIOTCA HEKOTOPHIC TOHKOCTH

B ABIKEHHH MOJHHH. Bo-NepBhiX, B TOUKaX NOBOpPOTa KaHaJa (B KoJe-
HSIX) BO3MOXHBI 3aJePXKH ABIDKCHHS HA OYeHb KOPOTKHE WHTEPBAaJIbl

A7 ,[I€ BHXPb TEPAET WIAr U NEPEXOAUT B CTOAYEE COCTOSHME, YTO
noareepxaactca pororpadpueii Canarase. Bo-BTOpbIX, NPONO/IKHTEL-
HOCTh MOJHHMH 7 , NO-BHAUMOMY, HMEET TPH COCTABSIOLIHE:
T=7,+7, +Ar (4.265)
rae 7, = {/V, — BpeMs ABIKCHMS BUXpH, 7, — NPONOIKUTENLHOCTD

MOC/eCBEYECHHS KAHAMA, A7 — CYMMa 3afiepXeK B KOHLE KaXAo# CTYNeHu.

Beimie MBI HalwTH, 4TO NOJHOE NABRNICHHE B KAHAJIC pa3psia claraer-
¢sl U3 OBYX KomnoHeHToB: P, = (P, — P|). Tenepb MbI MOXeM pelinTh
nasneHue P oIHMM ypaBHeHHEM:

ET, _Z¢s 1L, Ix_H
l)k: . = =5
V,-T V.-T. ' wm M

(4.266)
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TlockoabKy B 3TOM YpaBHEHHHM HEU3BEeCTHA TOJNBKO ONHA BEJIMYMHA,
TO OHa JIETKO ONpeenseTca — 3To oObeM KaHana V.

=Zj¢$'7;:
* BT,

(4.267)

rae T, — cpeaHsa TeMnepaTypa BO3AyXa Ha TIyTH MONTHMY (B HaileM

cnydae — 288,15 K). Breas B 3170 ypaBHeHUE YMCIEHHbIE 3HAaYEHHs
BEJIMYKH, HakgeM:

y . 48428221-10"

" 2,0748302-10"

3Has o0beM KaHana cpejHeil MOMHUHM MOXEM YCTaHOBUThH CPERHHMA
pagMyc KaHana 7., pelliuB CHCTeMY M3 ABYX YpaBHEHUH:

=2,3340811-10% \p (4.268)

V,=m} L
v, = 2%l (4.269)
Pk'];

o= 2fet 70 270

U3 (4.270) cnenyet, 4ro deM Oolbllie NEPSHOCHMBIN 3apsl, TeEM
6osblne paguyc KaHAI2, YeM Golblle MPOTSLKEHHOCTh MOJHHUH — TeM
MEHb1IE pajiyc ero KaHana.

MoxeM M MBI pACCYMTHIBATE CpeliHiee pacCTosTHUE MeXay Habmona-
TeleM ¥ MONHMEH, Ha KOTOPOM 3BYKOBasl CHJIa rpoMa cocTapiser 120
aB, a uHTeHCHBHOCTS 3ByKa [ ? Jla, MoxXxeM. Jlns 3Toro onpeaeium

3BYKOBOE JaBJ€HME rPOMa, AP:

AP=1/v=3,030303 10> Ix/m* =Ila (4.271)

Tenepb [Is HEPTHH MOJIHMH MBI MOXEM COCTABUTE CHCTEMY H3

IBYX YPaBHEHH, peliiasi KOTOPYK) OTHOCHTENILHO CpeHero pacCTOAHUS
R, nonyqum:

E =Zp,
g AR -1 4.272)
' v )

3Z¢sV
R =3—"¢ 4.273
TN 4w M (4.273)
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79
_ \/1962,0743 10 = 1/156,13691-10° =5,3847872-10%y (4.274)

12,56637

Kax BunumM, nonyyeHHble pe3y/bTaThl 10 TEOMETPUH KaHajJa MOa-
HUH MOMHOCTDHIO COMMACYIOTCS ¢ HabmodaTeNbHBIMH TaHHbIMU. Jonyc-
THM CpPe[lHSIA MOJHMS (MMeeTcs B BHAY pa3psa obnako-3eMist cO BCeMH
CTYMEeHIMH B 6—7 yaapaMH) He UMEET BETBACHHS ¥ HAYIpaBieHa BEpPTH-
KaJIbHO BHH3 CO CKOPOCTBIO ¥,. Torza ee SHEpreTHIECKasl XapaxTepucTu-
Ka UMeeT BH:

T=1£/v, = 1034745710 c, (4.275)
E=Z ¢ =-19818933-10° [x, (4,276)
W = E/ 1=-1,9153435 - 10" B, (4.277)
i=2/1=3,2858314 10°A (4.278)
V=iR, =12799969 10°B (4.279)

YucneHHbie 3HaYeHNA (4.275—4.279) cyiieCTBEHHO OTIHYAKTCS OT
peaybHBIX BBUAY TOIC, YTO He YYTEHO BpeMs Moc/ecBedeH s H 3alepX-
K¥ B ABIDKCHUH BHMXps. PeainHblc 3Ha4€HHA, COIJIaCOBaHHbIE C H3Mepe-
HUSAMH, paccMoTpuM Huxe (4.288—4.295).

T 273,15 27
n,=V,-No--=V, - No- == =59464496-10"  (450)
1 288,15 :
— KOJHMYECTBO OCHWLIATOPOB B 00beMe KaHala [0 Ha4dajia MPOXOXAe-
HHA 10 HeMy BHXpA, TAe N, — o6beMHasA IWIOTHOCTb OCHWUIATOPOB
BO34yXa B HOPMaNEHBIX yCnosHsXx.

As=E/n, =33329022-10" Jx (4.281)
-~ JHECPIUA NOJYYCHHAS KAXABIM OCUWLIATOPOM OT BHXPA.

7 =5 ;A*’ = 2443533K , (4.282)

e g, = kT,= 3,9771756 - 10! [Ix — HagaNpHas SHEPTHs OCLUIIIATO-
POB nepen YAApoM MOTHMH.

v, = v, vy =50898547.10" ¢ (4.283)

k

— CPEAHAS 4YaCcTOTA M3NMYYCHHS KaHaa.
Ecnu 3a CpEAHION NTPOROIXXHTCADHOCTD CBCUCHHA KaHalla MOJHHH

MPpHBATE 7’ = 20 MceK, TO YMci0 GOTOHOB, U3TyYEHHBIX B Pe3yIbTaTe
KOPOHHOTO CBeYCHMSA BCEMH OCUWLIATOPaMM KaHasa coctasuT N
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N, =v .7'-n =31318197-10" (4.284)

E,=N,-hv_ =12873684-10°1x=6,49 10°%E  (4.285)

— CBETOBas SHEPTUSA MOJIHHMU.
p _Z9s T, _ 48428221-10"
V-7 6,7256546-10"

=7,2005215-10°Ta =

=7,10636-10° 4 (4.286)

CT1onb BBICOKOE JaB/icHUE B KAaHAJIC MOJTHHH NPUBOAHT K TOMY, YTO
BCJIEA, YXOJSLIEMY XBOCTY BHXPsI ABHXETCS] B3DLIBHOES paCHIMPEHHE pac-
KaJICHHOIO BO3AYXa, CONPOBOXAAEMOE MOLIHOM 3BYKOBOM BOJIHOK, HMe-
HYeMOH HaM# IpOMOM.

N, =Z/3=1,7105504-10% (4.287)

— YHCJIO 3JEKTPHHO B BUXPEBOM IIOTOKE MOJHHH.

IIpu aHanu3e cBeTOBOT'O NOTOKa OT MOJIHMM BHIABNAETCA 3aMeya-
TEALHBIN (aKT, yTBepXIaloWHi OTCYTCTBUE NIepUoa pejaKkcauuy st
JIOKATBHOTO TOKA Y OCHWLIATOPOB Bosnyxa. Buiiie (4.46.8) M1 BUACHTH,
9TO peaNbHOE YHCIO 3MEXTPHHO, obpasyolice TOK MoOjekynnl N,

cocTapaser M, =3,70857- 10°. FiMenHO 3TOT TOK INTAET KOPOHHOE

HANTydeHKe OCHHLIATOPOB KaHana, T.€. CBEYEHHUE KAHala ecTh paccesiHHe
OJHOIO 3NEKTPUHO KaXIBIM OCLHMUIATOPOM MPH KaXAOM B3aUMoJei-
CTBHH C OKPYXAIOLIMMH B KOHTHHHYMe. HeTpymHO NORSTH, YTO €C/IH 32
KOPOTKMI MHUT MOJHHHM £, OCUHAAATOPOB HanyIwiu N, ¢oToHOB, TO

Ha KaXIblH M3 HHUX NPHXOAMTCH 1, = N, /n,, =5,2667- 10°, u3 wero

crAeAyeT: KaKObiii OCUWNATOp 332 nepuof, ¢ = 20 MceK niepeaapsexasica
1000 pa3!

A Tenepb BEPHEMCS K PacCMOTPEHHIO BOJILTAMIIEPHOM XapakTepHc-
THKH MOJTHHH, COIVIACOBAHHOM ¢ n3MepeHusiMi. Ilo peaynmsraram Bpioca
u Yonua [41] Tok B obparHoM yaape pocruraet { = 2 - 10* A, npojomxu-
TeJIbHOCTE BblXOJa Ha MUKOBOE HaveHne T, = 5,6 - 107¢ ¢; npoaomku-
TEeNBHOCTH CNajia TOKa Ha '/, ukoBoro 3Havenus 1, = 20 -107¢ ¢. [lox-
HO€ BpeMsl ABMXKEHHUsI BUXPs B OOpAaTHOM ylape COCTaBWT T

T, =7, +27, =456-10"¢ (4.288)

[Ipu 310M NEepeHOCUTCA 3apsin Z,:
Z,=i-7,=0912 Kn (4.289)
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Banaxue peayapTaThl 6buH nonytexsl BarnepoMm, Mak-KeHHOHOM
v Bokkom [42]: i=2 10?A, 7, =6 10°%¢c, 7,= 24" 10¢¢.

r, =1, +27, =54:10%¢, (4.290)

Zy=i-7, =108 Kn (4.291)
CpelHee 3HAYCHHE ITHTENLHOCTH NPOXOXISHUSA BHXPSA 10 KAHAY,
110 pe3y/bTaTaM ABYX IPYIIN U3MepeHHH, cocTarngeT T = 4,98'10° ¢ Ha

onyH yaap. B paccMOTpeHHOM HaMM Bbillie NOTHOKPOBHOM paspsiae otna-
KO-3eMs cpeHee YNCIO YAAPOB COCTABASCT A =7, MO HCCACAOBAHUIO

Kwrarassi [1, ¢.237]. [To3ToMy MBI MOXEM NMPHHSTh 3HAYCHHE T, IS
cpeaHero paspsiia:

T, =n-7=3486-10"¢c (4.292)
Toraa BOBTAMMEDPHYIO XapaKTePHCTHKY COCTABAT BeJMYMHB:
i, = ZJ7, =9,7532989.10° 4, (4.283)
V, = ZR, / 7, = 3,7994014.10" B, (4.294)
W, =Z pg/t, =5685294.10" Br (4.295)

A Janee Mbl MOXEM PacCMOTPETh CTPYKTYPY BHXPsS B KaHase, And
4eTo CHayaNla BbIBEieM CPEAHMHA pajMyc BHXPA ;.

r=Jr-r, =12544727-10% m, (4.296)

rae r, =1-10 M - panryc nepBoil opOUTH! (OT OCH KaHasa) 37€KT-
PHMHO.

V .
®, = —2-=-1,7091757-10" ¢ (4.297)
2nr _
— CpenHAs YacToTa oOpallicHUA BUXPSL.
V,=®, -0, n, (4.298)

— YPaBHEHHEe HAaNpSKEHHs TOKA B HOBO# 3JIeKTPONNHAMMKe, TIe /1, —
4ucio OpbUT B BUXpEBOM makete; O = 7,7429542 - 107% B¢ — KBaHT
3JIEKTPUHHOIO [IOTOKA. '

n, =V, |]®, -0, =2,.8709245-10°; (4.299)

i, =>w,n, -k, (4.300)

Tae kK, — YHCIO 3MCKTPHHO, Hacessiollee ONHY OpGHTY B BUXPEBOM
naKere;

k,=i/3w,-n, =10 (4.301)
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-3aMeuy — Ha dororpaduu MONHHMK, cienaHHok CanaHage, 1, = 8.

h, = V, /o, =1,696293-107" M - (4302)

-- 1Iar BUXps, YTBEPAKAAIOMMH, YTO 32 ofHO obpallicHHe BUXPEeBO#

TIaKeT TiepeMellaeTCA BAOMb OCH XKaHalla Ha paccTosiue A, . [llar sixps B

MOJIHKM B 6 pa3 MeHbllie 1iara B NPOMLILLIEHHOIM 3NeKTpoceTH [3,¢.349],

T.€. BUXpb MONHHHU B 6 pa3 KOMMAKTHEE BHXPS Ha MPOBOAHHKAX IPO-
MBIUINICHHON 3NEKTPOCETH.



FMABA 5
WAPOBAAA MONTHUA

5.1. NpupopHas wapoBas MONHWUSA

1Wapoeas monuua (I1IM) ecTd yacTs MMHEHHON MONHUN, TIepellen -
1120 B ABTOHOMHBIN peXHM cylliecTBoBaHust. O6pasHo roBops, 11apoBble
MOJHUHK — 370 GpBI3TH TUHEHHON MOMHUU.

BrIlie MBI BUAEIH, YTO OCHOBOI JMHERHON MOJHUM ABJISETCA OCE-
BOE€ CTaTHM4eCKOe MoJie MEeXAY Napoil aNeKTPoAOB, BOKDPYT KOTOPOTO
dopMupyeTca Buxpesoli noToK 3nexTpuHo. B HIM Het napbi snexrpo-
OB, TYT TONBKO OAHH 3NEKTPOI C OTPHUATCIBHBIM CTATUYCCKUM 3apsi-
AOM g, BOKPYT KOTOPOTO UMPKY/IMPYET CTOSI4Hi BUXPEBOH NMOTOK 371€K-
TpUHO. UMeHHO B 3TOM 3aKIi04eH0o Bee cBocobpasne M. Ytobn yoe-
AHUTBECA B HCTHHHOCTH TaKOTO YTBEPXICHHUS A Opeanaraio HecaeloBaTh
npupoasse 1IIM, no xoTopriM Bech HaGn0AaTEIbHBII MaTEpUan CKpy-
nysiesHo obobuieH B MoHOrpagpuu Craxanosa [43). Ho maumnaTy Hano ¢
aHaiu3a atMocdhepHOIo Bo3ayxa.

Heno B ToM, uto IIIM HenpeMeHHO I0JIXHA MMETh Ta30BO¢ SO,
PalHyc KOTOPOTC COCTABIAET PMMEPHO !/, TiosiHOTO paauyca. B obneme
anpa V Io/DKeH GBITh COCPeOTOYEH H3OBITOYHBIN CTATHCTUYESCKHMIA 3a-
pSI OTPHLATEALHOTIO 3HAKA ¢, O0YCIOBIMBAKOIINK CTATHYECKHH TTO-
TeHlMan sapa. Het Takoro aapa — set u M. Ilo croeit cytn aapo
IIIM aHanoru4HoO napsmes Karie BoAbl, BOKPYT KOTOPO# CYHIECTBYET
JMOKANBHBIH UUPKYIALMOHHBIA TOK. Ho Beap Boiwe (1.57) Mbl noayun-
JIU pEe3yNBTAT, YTBEpXIAIOMmMUIL, 4T0 arMocdepa 3eMnH B LEIOM 2JEKT-
poNONOXWTe/IbHa, a oObeMHbBIC 3apsiAbl B Tponochepe cOCTABAAIOT

O(V) = -1323726-10° Kn u Z(V) = 3,4959572 - 10° Kn/m® (1.62—

1.65). Ho 3TH BemmaMHBI OTPaXAIOT cpemHee Nno Tponocdepe CooTHOLIe-
HHe 3apdaNoB, 63 yyeTa IMHaMUKM BOAbI, ABJISIOLICHCS €AUHCTBEH HEIM
KOMIIOHEHTOM aTMocdephl ¢ (pa30BBIMU NMEPEXONaMH Nap — XKHIKOCTh
— TBephoe cocrosune. HeTpyoHO paccYMTaTh MPH COZEPXaHHH KAKOro
KONTKYECTBA BOALI, B SAMHWIHOM ofbeMe, BO3AYX CTAaHOBUTCS NIEKTPO-
HEeHTpaTLHBIM.

AZ, =Z( )+ QF)=2,1722312-10°, Kn/ »® (5.1)

rae AZ , — u36GLITOYHEIH NONOXUTENPHBIN 3apsil eAMHHYHOTO obbeMa

BO3AYXa. YIUThIBass  CcpeAHHil 3apial Monekyapl mapa (H,0),,
COCTaBAAIIGMH g, =— 2,2742745 - 10-¥Kn, nerko HaiiTu HeoOxonumoe

Ans HelTpamM3auuy AZ  9MCIO MOMEKys napa
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n,=— AZ [/q.=9,5513149 - 10* M~ (5.2)
pu 7T,=288,15 K ob6beMHasg TNJAOTHOCTD  OCLWIIATOPOB
N =N, T, / T, = 2,5476619 - 10 M?, oT KoTOpoil n, COCTAaBAfET
3 7490511% T.e. yXe IpH JOCTUXEHUH cofepXxaHus rolbl 3,749% Boa-
IYX CTAHOBHMTCSA 3AEKTPO-HEATPaILHEIM, a JaNbHeHIUHI POCT €8 KOH-~
LEHTPALMH HETIPeMeHHO 6yAeT BECTH K HAKOIUICHHMIO U3OLITOYHOTO OT-
puuaTeabHoro 3apaga. CTano ObITh, NPUPOJHBIC WapOBLIE MONIHHHA BO3-
MOXHBI TOJbKO TPH YCIOBHHU, KOTAA KOHLUEHTPAIMS BOALI B BO3AYXE
Gonbuie 3,749% (npu P =P _u T = T,) — aro, Bo-nepshix.
Bo~m'oph1x, HeoﬁxonuMo YCTAHOBHTb BEIHYMHY CTATHYECKOYO 3a-~
pAia M cTaTHYecKoro moteHuuania sapa [IIM. Pemenue stoii sagayun
MOXHO BBIBECTH M3 TOro ¢axra, uyro HIM abcomioTrHo ycroifuusa K
CTATHYECKOMY MOTEBLMANY 3eMaH. DTO 3HAYMT, YTO IHHAMHYECKHH 3a-
psan 1M, npeacTaBneHHEBIE UMPKYIHPYIOIGHM BOKPYT fiApa BUXPEM
37IeKTPUHO, He oTpmBaeTcsd oT sapa LM notenumanrom 3emmu. A pas
TaK, TO BBIMOMHACTCA YCIOBHE:

2Py > 29q (5.3)
| Ry, Ry '
I1puHAB 3HAK PABEHCTBA NONYIHM:
2Py—3¢Ps =0, (5.4)

T.€. IHEPTUs yAepKNBalOWas 3JIEKTPUHO B CTATHYECKOM MONE sAApa
IIM papHa OTpBIBAKOLICH 3HeprNH NOAA 3eMiH, YTO AAET MAHMMAb-

HBIE 3HAYCHHA @, . M ¢, . .
Oy in = Po=—5,8290986 10’ B, (5.5)

D= Prmn ! & =—5,6024934 10¥ Kn (5.6)

W3 mHoroyncnednux HabmoneHuit 1LIM usBecTHO, 4TO OHa abco-
JIOTHO YCTOHYMBA K NOTeHIIMany 3eMJH U paspyllaeTcs B pe3yibTare
B3aMMOJENCTBHUSA C KOHKPETHLIMY TeJJaMH. DTOT HabmogaTenbHbi dakr
MO3BOJISIET AOMYCTUTD, YTO MOTeH1Han cpeaHeii LIIM Gonblie noTeHNM-
ana 3emnm Ha 1-3 nopaaxa. [IpumeM, yro

@y =10-p, =—58290986-10° B (5.7)

Yuursibas cpeaHuit paguyc LM [43,c.55} r = 5,55 1072 M u ee
CpeaHIoo 3Hepruo £ = 2 -10¢Ix Ml MOXeM cae/aTh (IOJHBIA pacyeT
BCEX MIAPAMETPOB 3TOIO BICHMA. Bo-TiepBbIX, YCTAHOBUM TOK LUPKYIs~

uKnH, GopMHPYEeMbIH OOHUM INCKIPHHO, Aj:

_ R
Ai =3w~—R5°- (5.8)
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rae R =389,5504 OM — nocrosHHAas CONPOTHRICHHA; R — conpoTHac-
aue [1IM, m1a KOTOporo MoxeM 3aMUcaTh:
2mr
R=£ d, 5.9
4dm? 2r ol (3-9)
rae p = 3,162 - 10" OmM * M — ynenpHOE CONPOTHRIACHME BO3AYyXa (reo-
MeTpHMYECcKoe cpefHee 3HaveHue n3 10 —10% Om - M). BBeas aro 3Have-
HHue R B (5.8) monyuum:

dw-2r R,

p 3
rae © — yacrora obpalleHus 2JeKTPHHO [10 BHELIHEMY Kpaio BHXpA
M, xoTopas nerko onpenenseTcs:

W = Vs — 3¢N
P
ar ”l3 Vw

ai = (5.10)

(5.11)

rae ¥, = —1,6900089 - 10" M?/c — ceKTOpHaNbHAaA cxopbcrb 3NEKTPHHO
B craTudeckoM none cpenueii IIIM. Beend 31o 3nHadeHne o B (5.10)
TIONTYIUM:
3 V-R,
Al = —5— (5.12)
mw-p
OYeBUIHO NOMHDbIH TOK HMPKYNALUMH Gyier 6oliblile BO CTONBKO pa3
CKONBKO 3IeKTpUHO opMupyeT Buxph IIIM, T.. B N, pas:
2V RN,
=—_i——2=Ai-N, (5.13)
w-p
OHeprus xe [UM ects nponsneneﬂue MOJIHOTO TOKA Ha cTaTHyec-
KUil TIOTeHIHAN ANpa, @,

— 3¢N3 Vs Ro ) rcd
= g (5.14)

Pelasg 370 ypaBHEHHE OTHOCHTENLHO HEH3BECTHOH BETHYMHEI N,
HalineMm:

Ei=i-p,-7,

__mrpkE _110,26423-10"
C ey Vo ReT, 76277606

a Jajlee oTipelenuM TuHaMudeckni 3apsia [1IM Z u crarnyeckuii 3apsn,
AApa g

=1,4455649-10" (5.15)

Z=5-N=2,8732979 10°Kn (5.16)
g, = ~Z =-2,8732977 10~ Kn (5.17)
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ITocnenHAs BeTHYMHA 1O3BOJISIET ONPENeUTh U3BHITOUHOE YHCIIO
MoneKkyn napa B aape UM, AN:

AN = D - ~2,8732977-107°
g, —2,2742745-107"
IIpu panuyce anpa R, = 1,3875-1072, ero 06beM COCTABHT:

v, = 4;’ % =1,1188904 1075 s, (5.19)

=1,2633908-10"° (5 1g)

a NMONHOE YHCJIO OCUWUIATOPOB B HeM nipu 7,=288,15 K coctasut

1,
N, =N, -V, -X =228505544 -10% (5.20)
1
IIpu aToM nonHoe 4ucno Monekyn napa B aape IIM, N, onpeae-
JIATCA U3 COOTHOLISHUS:

N, =n; - N;=1,0686909 10¥=3,7490633% N,

ITepexoas K pacCMOTpPeHUIO TepMOAMHAMHYeCKUX cBajicTe [IIM ne-
06X0ANMO HOAYEPKHYTD TOT HAOMIORATENbHEIN (bakT, 410 MaccoBas IJIOT-
HOCTB €e 0CcTaeTcs PAaBHOM IIOTHOCTH OKPYXAIOLeTo Bo3ayXa, XOTs NpR
3TOM TeMIlepaTypa 3T0H JIOKaJbHOH cHCTEMB AEPXHTCA Ha YpOBHe
1000 K u Gonee. B paMxaxX HOBOJH 3N€KTPOXMHAMMKH B 3TOM COCTOSHUH
HET HUYEro 3arajodHoro, u0o, Kak Mul yGeaQWnnch BhilDe, NPH pac-
CMOTPEHHH NMHEHHON MOJIHNH, BUXPb 3/ICKTPHHO QOPMUpPYET OTpHLA-
TeNIbHOE, 3aNupaollee HanpsakeHHe P, He No3BosioLIee PaCcIIMPATLCA
06BeMy KaHajIa MOJTHMH IIPH POCTE €e 'temnepa'rypm HAmenHo nostoMy
pocT TeMriepatyph! [1IM conpoBoXaaeTcst ONHOBPEMEHHBIM POCTOM €€
3aNMpaoIIero AaBICHUA, HTOFOM YEr0 ABIAETCS HEUZMEHHOCTD IUTOT-
HOCTHM C MOMEHTa BOSHHUKHOBEHMS 40 DNccunanuu. Bonee Toro, uMelor-
¢4 OCHOBAHHA NONYCTHTH NOCTETICHHOE YBEIMYEHHE ee JUIOTHoCcTH. Jleno
B TOM, YTO Npoao/xuTenbHocTsh XU3HM 11IM oyeHb Bemuka no cpasue-
HUIO ¢ TAKOBOH JUHEeHHON MOMHMHU M cocTabageT t = 30 ¢ (cpeanec
aHavyeHue). [l XU3HU OCUMANSTOPOB BO3yXa, coBepuaoux 6 - 101
B3aHMOIEHCTBHI B KaXIyIO CEKYHAY, NPOACILKHTENIbHOCTh Xn3HH 11IM
ABnsgetcs 6onplIMM BpeMEHHEBIM HHTEPBAJIoM. [J03TOMY BO3MOXEH 06-
MeH ocuwnsropamu Mexny 1IIM U oKpyXaiollUM BO3AyXOM — BBICO-
KO3HEPTHYHBIE ocUIIsITopsl noxkuaaloT M, a xonoadbie BXOOAT B
Hee. Tak M 5T0 - MOKAXYT pacdeThl.

Pacnpenenenue ILIM no usery TaKOBO, UTO NEPBOE MECTO TIPUHAL -
JIEXHUT XKEJTOMY LIBETY, a 3eJIeHO-OpaHXeBas o6nacTh B LEJIOM 3aHUMAET
45% u3 6onee uem 1000 HaGmonenwnit. [Toaromy 3a HanGonee xapaxkrep-
Hblit war uanyvednst UM moxso npuHars A = 5,8 - 107M. Torma qacro-
Ta OCUHJUIATOPOB B 06beMe 1M (He BhIneNss AAPO) COCTABUT f:

f=v=pu/ A =3564714.10"¢™ (5.2;;;
1



[TpH Takoii YacToOTe CCHUMNIATOPOR U B OTCYTCTBHE TENJIO-Maccob-
MeHa Mexay [IIM u okpyxaloleii doHoBO cHcTeMOl, TeMniepaTypa B

Hel JOJDKHA COCTAaRIATH 7'

B 2362075-10°
k  13802449.10°%
Y1o6s1 peluiuTs 3TOT BOMNPOC s NpeAaralo cAejaTh pacyeT Mo 3Hep-
reruke HIM, onuncannoit mox Ne 30 B moHorpaduu CraxaHosa {43,
c.79-83]. UcxonHble JaHHBIE TAKOBEL
T=15¢C
— BpeMs BoaaeticTeus 1M Ha okoHHoOe cTekio,
d =3,5 1072 M
— AHaMETP NPOIUTARIEHHOTO OTBEPCTHUS B CTEKNE,
d,=510"m
— AMAMETp KOHTAKTHON MOBEPXHOCTH cTekna ¢ I1IM,

£=2510" M

r

=1,7113448-10*K (5.23)

— TO/MIHHA CTEKIIA,
p =25 10°kr/m’
~~ IUVIOTHOCTh CTEKNa,
Am = 7zd“ - p/4 =6,0132045. 1073k
— Macca pa3MATYEHHOTO ¥ BRINABLIETO AUCKA H3 OKOHHOIO c*rex.ua,
q=0,67 10 Dx/kr ‘K
— yaenbHasg TeTUIOeMKOCTE cTekia [16, ¢.105],
: T ,=873,15K
— TeMITepaTypa paMArdeHHsa OKOHHOTo c¢TeKia [10,c.307]
T,=300K

—_ Temnepa'rypa BO3AYXa K Haqanmaﬂ TeMIIEpaTypa cTexna,

AT'=T"-T, = 1,6813448.-10* K
— HadaJlbHas pa3HoCTh TeMrepatyp Mexay HLIM u ctexnoM,

AT/ =T'-T, =1,6240298-10° K

— KOHEYHasl pa3HOCTb TEMIIEPATYP,

AT’ = \fAT,’- ATZ' =1,6524388-10* K

-~ CpCIHCC SHAUCHHUEC 3a epUuon t = S5c¢

AE, = Am-q-T, =3,51779-10° Ix
— 3HepIUA NOTpeGNeHHAast BHUTABLUIAM IMCKOM AuameTpa d,,
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_A-mdl-T-ATY22257653-10°
44 1-107%m
— JHEPTUs nepelenuiast or maponoﬁ MOJHHUH Ha CTCKJIO 3a IICpH-

on z, rae 2. = 0,7 Bt/ M - K — ymenbHas TelnnonpoBOAHOCTk CTeKIa
[39.c.469].

AE, =2,2257653-10" IIx

n, = AE, | AE, = 6,3271693.

HTtak, Mbl TOAYYUIM ABA PasHBIX 3HAYCHUS AN SHEPTHM, mepe-
weneit Ha crexio or HIM. CosepliieHHO ONEBUAHO, YTO NIPH MPaBWIb-
HOM OlLICHKe BCEX RapaMETPOB AOJXHO ObUIO BHIIOAHSATHES YCIAOBUE!

AE, - AE, =0. Taixe CHO, 4TO NO CTeNEHYU OGBLEKTUBHOCTH NPEANOY-~
TUTeNnsHee TiepBoe 3HaueHUe, HGo ompeaensiomue AF, BenuuMHBI Ha-

ACXHO YCTAHOBJIICHEL. B necxomumocTy AEZ €CTh BC SIBHBIC ITPHYMUHELL

3aBBILEHO B 7, Pa3 3HaYeHMUe 1, U0 3Havenue AT . Tperss, He sABHas
NPHYUHA COCTOHT B TOM, YTO NMPH KAXAOM B3aUMOLEHCTBAM OCLIMILISI-
TOPBI BO3AyXa, 3anepThie B ooveme 1IM, nepeuanyyaior B GOTOHBI He MO
OHOMY 3/ICKTPHHO M3 CBOETO JIOKATLHOTO BUXDS, a 1, dotonos. Jeno B
TOM, YTO MHMPAKPacCHOE HATyYeHe 3eMIM, COOTBESTCTRYIOUIEe TeMIIepaTy-
pe donoBOHA cHCTEMbI, KAKOBOR ABASETCA arMocgepa, ot f, = —40 °C
no t, = 45 °C neXur B AHANA30HE JacTOT OT ¥, = 4,85649 - 102 ¢! no
v,= 6,627032 - 10" ¢™'n nmpu 3TOM KaXxaoe B3aHMOAEHCTRHE OCHHN-
JAATOpa CONMpPOBOXAaeTcs H3nydyeHueM oaHoro doroHa. Ho arto uany-
YeHHe HAXOAUTCA B JMHAMHYECKOM PDABHOBECHH ¢ 3NekTpuHOchepoit
3emnau. A [IIM ecth nokansHslii BHXph B GOHOBOM NOTOKE 3NEKTPU-
Ho MarHuTocdepr! 3eMIH H, CTano ObiTh, CTENEHb 3aPIXKCHHOCTH
OTPHLATENbLHBIX OCHHLIATOPOB B €€ COCTABE AOJIXHA OhITH BhILIE U
OHM MOTYT M3NYYaTh UHTEHCHBHee B n, pas. Torga ucTuHHbLIE 3Ha4e-
HHS1 TCPMOAMHAMHYECKHX BeJIHIHH COCTABSAT:

AT = AT'[n, = 2611,6557 K,
AT, = 2657,3412 K,
AT, = 2566,7557 K,

T= AT, + T, =2957,3412 K

— TeMnepartypa cpeateti LM,

_A-md}-1-AT 35177897
4¢ 1-107 M

AE, =3,5177897-10° [Ix,
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= 3

arr’/3 anr

6-10* Jox 7
- = 2,7929455-10 5.25
2.1482695-10° fla, (3-23)

P= P, — P, = 55858912107 [1a = 551,2846 atm.,  (5.26)
rae T, = 3,854456c — cpeasee Bpems B3aHMOIEHCTBUS SNEKTPHHO
BHXPS C OCLIWIIATOPaMH, BhiTeKalowee u3 (5.24—5.25):
_23¢y ViR, _2m3pyRe7,
= = c

haw,, -rp h,-p
M3 atoro ypaBHenus caenyer, uyto 4eM 6oMblile MoTeHUMAN Aapa u
paauyc LIM, rem Gonpuie v, ¥ NPOJOIXKHTENLHOCTD XH3HH IIIM.

U, HaKoHell, paccMOTPUM BOJILTAMINIEPHYIO XapaKTepUCTUKY Cpef-
Heit IIM ¢ konMiecTBEHHOM CTOPOHHI.

(5.27)

0

V
@ =—iz=-87321898-10"c"' (5.28)
2w
g 3162.10" , 17
=£ =220 - 28486486- 10
2r . 0i1m O ©-2)

;2% RN, 18916172-10
- p $5,5132119.10"

=3431062-10°4  (5.30)

V=iR =13365715 1078, (5.31)
k=R/JR=13674919 10", (5.32)
n=Vi®, o=1976798210°, (5.33)
A=R[Ry -7, =73126573-10"¢" (5.34)

rae A — 4acTOTa CMEHBl TPAacKTOPHM KaXAEIM 3NMEKTPMHO BHXDS;

160



n — yucao opour B puxpesoM makere [IIM; /i u V' — Tok 1 HanipspKeHHE
IIIM; @ M R-— 4acTora oOpalllcHNsT BUXPA U 3716KTPOCOIIPOTHRIEHHE.

Buxpr LIM, Kax v 3nekTpuHocdepa 3ewmH, obnagaer AByMs dop-
MaMH ABMXeHuss: 1 — opOUTANTBEHOC ABUXEHHE 3JISKTPHHO POSl BOXPYT
SAApa ¢ KpYTORO 4acTOTOM w; 2 — WIAroBoe NepeMelicHUue BUXPEBLIX
NaKeTOB €O CKOPOCTHIO V,, B HANPABICHUM HOPMATBHOM K IUIOCKOCTH
op6uTh! makeTa. [Ipy 3TOM BUXPCBOIt NakeT 3a KaXAbli o60poT nepeMe-
HIAETCS HA PacCTOSHUC A

h=v /o =3,3202014" 10" M (5.35)

KoTopoe Gosbiie miara B THHeHHOH MOTHUK B #, = 195,7 pas.

TakxoBbl OCHOBHBIE CBOMCTBA IIPHPOAHOM LIapOBOI MOJIHUM,

5.2. labopaTopHble luapoBbie MONHUK

B cbopruke [2] onyGnukoBaHo 23 OpUTHHANLHBIX CTATCH, OCHOBAH-
HEBIX HA TOHKHX 3KCIICPUMEHTaX, OXBATHIBAIOLUHUX SBICHUEC CO BCEX CTO~
poH. Hayunblii ypoBeHb 314X pabor — Bricouaiiiunii. Ocoboe Mecto cpe-
AN HMX 3aHUMaeT cTaThd ABpaMeHKo, Hukonaepoit n Tlockaveesoii (2,
y,15-56], Heo6GLIYAHO HACHILEHHAs MHOIOYHCIICHHBIMU ¥ OY€HbL LICH-
HBIMH PE3YJIbTAaTaMH U3MEPCHHH, OCYLIECTB/ICHHBIX HAa BLICOKOM IIpoO-
deccuoHanbHOM YpoBHe. B 3TOM naparpade st NonsITaioch AaTh aHAIN3
3THUM pe3y/IbTaTaM B paMKax HOBOH TEOpHH, YTO AODKHO NPUBECTH, BO-
MepBsIX, K IMyOGOKOMY IIOHMMAaHMIO CYTH SIBNCHHMA, a BO-BTOPHIX, K
09beKTUBHOH OLIeHKE HOBOH NTapaANuTMbI, B OCHOBE KOTOPCH JIEXHT Iio-
CTYHPOBAHNE 3JICKTPHHO.

5.2.1. OuepreTuka IO

I1pu aHaTM3e KOMIUIEKCA SIBICHUM, NeXalAX B OCHOBe (popMHpo-
BaHHSA HEPreTMYECKOTO IIazMeHHoro obpasosanus (B3I10), nonyvae-
MoOTo B paboTe ABpaMeHKO C COaBTOPaMH, BBIABHINCH NPOTHBOpeYHs,
CBsi3aHHBIE, KaK OKA3al0Ch, ¢ HEONPEACICHHOCTBIO BEAHYHHE T, —
MPOAO/DKMTEILHOCTH paspsifa. B paboTe ykasaHo, YTO AJIUTENLHOCTD pas-
pana — zo 14 Mc [2,¢.17). [TockonsKy B MOMX pacycTax 3HaYeHUS Beny-
YUH OODKHBI CXOAMTLCA A0 CeIbMOTO 3HAKA Mocie 3angToi, MHE IpH-
HLIOCH IPHHSATH K pacyeTy KOHKPETHOE 3HAYEHHE T, JleXallee B yKa-
3aHHOM aBTOPAMHU WHTEpBasie. DTO — eJIMHCTBCHHAs KOPPEKTUPOBKA,
fIpUHATAT MHOIO. 3HAYCHUS OCTANILHEIX HCXOAHBIX BeTHYHH TAKOBBI:

J=75"10°Alem* = 17,5 107 A/m?
— IUICTHOCTH TOKA B paspsiiHOM KaHaJe,
a'p =110%m
— AWAMeTp paspsUIHOTO KaHana,
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E, = (50 +200) / 2 =125 Jix
— 3HEPTHUs pa3spsiAHOTO TOKA,
E,=571%E = 71,25 Ix

— aHeprus BI10, v
T_‘, =6,5 10°K
— TeMnepatypa rasa B D110,
r,=5107
— cpeguuii paguyc 3110,
£,=04 m

— cpenHas mmmHa DI10.
PacyeThl MPUBOIAT K YCTAHOBJIEHHMIO CEAYIOLINX BETHUKH:

S,=m) =md/4="78539815-10"» (5.36)
— CEeYCHMe pa3pAnHOro KaHaja,
i=J § =58,004861 A (5.37)
— pa3psAOHLIN TOK, ’
Z, =i-t = 5089841 10~ Kn (5.38)
— AMHaMuuecKuy 3apsag OI10,
N, = Z, [>=2,5607146-10” (5.39)
— YHCHO MeKTpuHO, dopMupyellee D10,
@, =—-E,[Z =-13998472-10°B (5.40)

— cTaTudeckMii noreRuMai Ha ocu B[10,
q, =@, /a=-13454283-10"" Kn = 83,97437 ¢ (5.41)
— CTaTHYeCKHH 3apsn ocesoro nois 110,
o290, _ -27824263: 10
* m,-v,, 68557572-10°°
— CEKTOpHaNbHast CKOPOCTb MEXTPHHO B nose DII10,
V |4 ’ 5 -1

=-4,0585251-10" o0 (5.42)

W, =—== : =-2,5837373-10"¢
2w 15707963107 (5-43)
— vacToTa obpamenns snexTpuHO B Buxpe 310,
V,=m} £, =31415926-107 »3 (5.44)
— obwvem BI10 '

162



L

N, =N, 7 =2,4622128-10% (5.45)
1
— KOHLIEHTpAllls OCUWUIATOPOB Bo3ayxa npu 7, = 298,15 K.
N, =N, -V, =7,7352695-10% (5.46)
— 9Hca0 ocuwuisropos B D110
g=E, [N = 92110559-10% JIx (5.47)
— ZHeprus NpUpalleHKs ocUWIsATOopa oT Buxpg 110,
. 8 E
T, =—=—3>—=6673,4938K
3l k N-l . k . (5.48)

— TeMriepaTypa rasa s 9110,

P = Z, ¢, _ TTL25MK -2,267958-10°TIa (5.49)
V, Y,
- 3anupaiollee aasienne 110,
P! =kT,- N, = 2,2089968-10°T1a (5.50)

— onoXuTeasHoe Rarnenue rasa B 310. HecxoauMocTs o Moaysio

P} u P, no3possieT yTOYHUTDh TeMIeparypy rasa B DI10, npubnuxen-
HO€ 3HaueHHe KOTOpoif aBTopH! Halllm paBHBIM 6500 K:

P, |
T, =T =L = 6673,4934K
Y (5.51)

31 3
2
Kak BuauM, 312 BeTHunHA 6M3Xa K TeMnepaTtype cpeaHei 1IIM
(5924,18 K), koropyio mMul nony4unu Buue. Teneps mo mMoayno P,
paBHo P, a nonuoe aarnenue B 3110 cocrasur P

P,=kT N, =2,267958 10°Ila, (5.52)
P /=P — P =4,535916 10°IIa, O (5.53)
E 7125

To = 2 =
* T yw,-N,ov, 27196663 10°

— HNPOXOIXHTCIIbHOCTD B3aUMONEHCTBHUS KaXaoro 3JICKTpHHO BUXPS €
ocLWIATOpaMH raza B BJ10,
ho, N, To-v,  7125Ix

v, 3,1415926°10°

- MonoXuTeabHoe Hanpstkerue BI10, pelnaeMoe YacTOTHO Iepeaasae-

MOM aHeprueit BuXpsa ocUWUIATOpaM Tasa; 163
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P P 006495810 o, (5.56)

2wt 2m,

— anexrpoconporusieuue IO, rae p = 3,162 -10% OM ' M,
~ YAEJAbHOE COMPOTURIEHNE BO3AyXa,

h=v./o = 1 , 1221198 107" m (5.57)
—- War BUXps G)I'IO
u =i R =22946412 10°B (5.58)
— Hanpsixesne Toka B 110,
n=—tr - o = 1,1469903-10" (5 59

O, @, 2,0005759-107

— 9ucio opbur B BuxpesoM nakere BI10,

= N, [n=2,2325512-10" - (5.60)
— YHCJIO BUXPEBBIX MAKETOB, NpoxonAiuHx Yepes DI10O,
h,=t,/n, =17916722:10" M (5.61)

— paccTosiHMe MeXAY MaKeTaMK B BUXpe NPH OTCYTCTBHH LIara, T.€. B
TOM clyuae, eciin 6n1 BUXph D10 6bin croguunM.

[TockonbKy KaToA paspsiiHMKa BBIMOJIHEH U3 rpaduTa, Npencran-
JAoUero coGol NpUPORHbIH YITIepoA, aTOMBI KOTOPOTO 3JICKTPONOJIO-
XUTenbHb (Z, =1,6048096 - 107" Kx), HO oM sBAsIETCH 3MEKTPONpPO-
BOAHMKOM U TOJBKO B CHJIY TOIO, 4TO COACPXUT 3JCKTPOHBI COTIPOBOX~
OEHHA, TO MBI B COCTOIHMH OLIEHUTh KOHUCHTPALHIO 3THX JCKTPOHOB
Ha OCHOBE MONYMEHHOTO Bhllle 3HaYeHHA g, (5.41).

a, = ?\/mc lp, = 3\/8,817]858- 1073 M? = 2,0659033 - 10'°Mm  (5.62)

— MeXaTOMHO¢ paccTOAHME B Ipadure, rae m W p_ - Macca aToMa
rpa¢uTa ¥ €ro MIOTHOCTD,

n, =S, /a =18402206-10" (5.63)
— YHCJIO aTOMOB, 06pa3ylolllee JIOBEPXHOCTD XKATOAA paspsylHOTO KaHala,
Ag=gq In =-773112337" 10! Kn/arom (5.64)
— U3OBITOUYHDIH 3apsia cpeaHero aToMa rpaduTa,
Z(nc) = Zc n = 2,9532036 10° Kn (5.65)

— CYMMApHBI NONOXHUTEIBHBIN 3apsll NOBEPXHOCTHLIX ATOMOB KATOMA.

Ecau npu kaxnoM aToMme yrieposa 6yaeTt onuH 3IIEKTPOH COTIPOBOXKE-
HMS, TO HX CYMMapHbLii 3apsill COCTaBHT ¢ (n_):

g(n)=e n =-2,9483815 10° K. (5.66)

IMockonbKy 3TOTO 3apsAna HENOCTATOYHO AaXe s HeHTpanusaiuu
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NONOXMUTEIBHOIO 3apsifia NOBEPXHOCTHBIX aTOMORB, TO QYEBUIHO CPEa-
HUI{ aTOM YIJIEpOAA COACPXUT DoJiee OAHOTO BIICKTPOHA COMPOBOKACHUS.
DTO NMO3BONAET HAM COCTABUTH YpaBHEHHE 110 3apsiiaM AJisl MOBepXHOCT-
HBIX aTOMOB KATOAA:

Zn)+qn)+tqg=gq, (5.67)
pelnas KOTOpoe OTHOCHTEAbHO HEU3BECTHOM g HalimeM:
gq=q-Z(n)—-q(n)=-4,822100013454 10°Kn, (5.68)

n, = qle = 3,0096944 10' (5.69)
- YHCHO 3NEKTPOHOB, 00pa3yIolnxX 4,
ke =n_/n = 611,43 atom/e. (5.70)

W3 s10r0 pesynbTaTa ceayeT, YTO Ha 2, aTOMOB YIiiepofa B rpadu-
Te cofiepxurca N, = (n, + n) 371€KTPOHOB CONPOBOXIEHMSA U 4TO Ha
Kaxasie 611 aToMOB yriiepolla MMeeTCsl BTOPOi 3€KTPOH colipoBoxXae-
Bud. Taxum o6pa3zomM aToMbl yriiepona B rpaduke 6/1M3KM K HelTpasb-
HOMY COCTOSIRMIO, YTO ¥ OOYC/IOBIMBAET €My O4YCHDb HU3KYI0 XHMHYEC-
KYJIO aKTHBHOCTD M BBICOKYIO CTOMKOCTb B AKTMBHBIX Cpelax.

5.2.3. CnexTp uanyveuus 3AMNO

CopepxaHue pucyHKoB Ne 8, Ne 12—13 B cTaThe ABpaMeHKO U
COaBTOPOER ONHOZHAYHO CBUAETEALCTBYET O ABYX CBOMCTBax: 1 — 3Hep-
U5l MaKcuMaJibHA B Havasne D10 1 MMHUMMAaJIbHa HA €ro KOHUE; 2 —
3Hepryud MaKcuManbHa Ha ocy D110 i MuHUMANIbHA HA BHELWIHEM Kpalo
Ha noboM ymaneHHM oT Hayana. KpoMe Toro u3 puc. 7 ¥ 13 cneayet, uro
MeXAy KepHOM H 060JI0YKO#i CYIleCTRYET y3Kasl 30Ha, B KOTOPOH 3Hep-
I'Ms HEXE YeM Ha “TIOBEePXHOCTH” KepHA U HHXe YeM Ha BHYTpeHHel
“NMOBEPXHOCTH” 060N0YKMN. ec/i Ob1 6bL1a BO3MOXHOCTD H3MEPATH TEM-
nepaTypy rasa B pa3sMMYHEIX TOUKaX BIofb paguyca SI1O, To monyyeH-
HOe pacrnpeleiiecHUe NIOBTOPWIO Obl YKasaHHbiC PHCYHKH MO pacrnpenesic-
HUI 3Hepruu. Ha puc.3 copepuieHHO oTYETIHBO BHAHO, 4TO dopMma
AI10 — 3TO CHABHO BHITSHYTHIA KOHYC, LIMPOKKMII B Hayase ¥ Y3KUil B
koHue (7, / r,=4). Bce a1 cBoiictea 3110 o6bACHMIOTCH BUXPEBOi CTPYK-
Typoil post N, anextpHHo. Ho cHavana st npe/U1oXy pacCMOTPETb CTIEKTD
uanyyeHus DITO. Cpemuuii war ceeTa, H3aNy4aeMoro B Auanasoxe 220—

650 HM cocTaBuT A ;

A, = 4220650 = 3,781534-10" M (5.71)
a CpeaHsasa Jyacrora — v3:
v, = u/A> =83858027-10" ¢ (5.72)

I'[pn 3TOM YTOYHCHHOE CPEAHEC 3IHAUYCH UC 4aCTOTH OCUHUIATOPOB

rasa, 3aneprore B 3110, cocTasnser f:
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jg =y T =1,3900818 10 ¢! (5.73)
Mbi nOAYYIM 09EBNAHOC HECOOTBETCTBUE YACTOTh! OCIIWUISITOPOB
yacToTe M3lysaemoro ceera 3110, U3 9ero oqHoO3HaYHO éJle,uycT, 970
MPH KaXJOM B3aMMOACHCTBAN OCIIWIIATOP H3nydaeT Gonee ogHoro ¢gro-
- TOHa, a HMCHHO, 1,
n.= v /f, = 6,0325965 ¢oron/ocy. (5.79)
Ilpn dopmupoBayiuk aBTOHOMHOTO ILIa3MEHHOTO o0Opa3oBaHus
(AITIO) orpmBactes yacts DO, anunoi 0,15 M, yro cocrasnser 37,5%.
ATIO pacnanaercs 3a nepuos At = 31073 ¢. Uneno ocmuIsATOPOB B
AIlO cocraBut N,:

N,=37,5% N, =2,900726 - 10%, » (5.75)
a YHCJIO BNEKTPHHO B HeM — N :
N, =0,375 N, =9,602679 -10* (5.76)

HurencusHocTh n3nydernst AIIO cocrapnsier BemuuuHy A,:
A =N, n f,=N, v, =2,4324915 - 10” ¢oTon/c ;.77
A MHTEHCHBHOCTD paccessHus 3/1eKTpuHO BUXps B AIIO panna A,
A,=N_/ A= 3,200893 - 107 anexTpuHO/C (5.78)
TIpu 9TOM KaXaBi OCUMIATOP 32 IepHoA cywiecTroBanus AIlIO
usnydaet N, poToHos:

N =v at =2,515-10% ocu. - (5.79)

TOIYIa KAK JOKAJAbHLI! TOK CPeHEro ocHuANgaTopa ¢opmMupyercs 3-10°
anexTpHHO. [To3TOMY coBepUIEHHO SICHO, YTO HAKa4yKa OCHWLISITOPOR B
BI1O u ATIO ODpoucXoaHT Kak 3a cHeT 3JJeKTPUHO N'eOMarHMTHOTO No-
TOKa, TaK M 3a c4eT 31eKTpUuHO Buxpsa DI10. UMenno nosromy D110
HMeeT KOHMYECKYIO popMy, BHXPh, HMEIOIINI MaKCHMAJIbBHLIA panuyc
7, Y BHIXOJA M3 Pa3pAAHOTO KaHaja W MaKCHMMaJbHOe 4Ucno opOuT B
BMXPEBOM MakeTe M;, yMEHBIIAET CBOK pajKyc 00 r, = r,/4 Ha KOHuUe
BI10 u yMeHbIIaeT YNCI0 OPOHT B NaKeTe A0 #, TOIBKO 3a CYeT UHTEH-
CHBHOH HAKAYKH OCHHIIATOPOR pa3pAAHLIM TOKOM. 370 TiepBasi MpH4H-
Ha, obycJornmMBanas KoHuyeckylo dopmy DI10. Bropas cocToHuT B
TOM, 4TO BHXpb B DI1O HMeeT WAaroByio cKopocTh ¥, CUILHO NpeBoc-
XOISIIUYIO CPegHION ckopocThk paseurua DII0, Buxpepoil naker, no Mepe
npoxoxaeHus yepes D10, HHTEHCHBHO OTAAET CBOH IMEKTPHHO OC~
UMJUISTOPAM Fa3a B IOJHOCTBIO UCCAKAET K MOMEHTY HJOCTKCHUSA KOH-
ua II10.

AHanu3 paauajibhoro pacnpeaeneHusa aHeprui B BI10 (Puc.13 6)
MOKa3bIBaeT, MTO OHO HOCHT 3KCIIOHEHUHAJIbHEI XapaKTep H MOJIHOC-
TBK0 KOPpeNUpYyeT C PamHaNbHBIM paclpefelieHMeM YacToThl obpaillcHUs
3JIEKTPUHO, COIIACHO COOTHOLIEHHIO! .
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@, =V [2zr, (5.80)
rae r— pagMyc OpOUTH i-To 37eXTpHHO. B paccMaTpuBaeMoM caydae
obpallieHHe 3JEKTPHHO IO BHEUIHEMY Kpai KepHa (¥, = 1 107 M)

cocTarseT @, = 6,459343-10'¢c™!, Torna Kak mo BHEIIHEMY Kpaio

o6onouky (7, = 5 10 M) # oHa cocraBaser @, = 2,583-10"¢™" yro

2
MeHbllle B 11, = (’} /r,) =25 pa3. DTy Xe BeTUYHHY MOXHO MOMYYMThb

na pnc 13,6, pa3aeauB MaKCHMaJbHYIO NMJOTHOCTh 3HEPTUU
& 150 ,Il)x/cM2 (#a ocy BI10) Ha MMHUMAJIBHYIO IUIOTHOCTb
e, = 6 Ix/cM? y BrewuHero kpas BI10 no peayabraTaM HIMEPEHHH.
HecseTslas 30Ha, oTaeNA0MAasd KepH 0T 060M04KH, o0yciiopaeHa
BCTPEYHBIM BpalleHHEM 3MEKTPHHO B KepHe M 000104Ke, T.€. ECTH B
KEpHEe BHUXPh IPaBOBpAlNAIONINH, To B 060/I04Ke OH JICBOBPALIAOLHAE U
HaoBopoT. B 370l 30He BCTpeuHAs UMPKYISAUMS 37ICKTPUHO IPHBOAMT K
B3aMMHOMY RIIEHUIO WX CKOPOCTH, TTANCHHIO YacTOTH obpalieHus H,
crano GpITh, BALSHUIO NepedaBacMoli IHEPTUM OCIIUIISTOPAM ra3a ¥
KakK CJIACTBHE 3TON0 — K IaJeHHuIo cBeTUMocTH, KcraTu, rosopsa cTpo-
IO, HH WIAPOBYX). MONHUIO, HH ¢ Na6opaTOPHbIE AHATIOTH HEb3S Ha3bl-
BaTh FUIa3MEHHLIMHK 00pasoBaHMAMH, HOO B PaMKaxX eIUHOMN TeopHH IUIas-
Ma — 3TO TepMOAMHaAMUYecKasl clicTeMa, 0Opa3soBaHHas1 BELECTROM /M60
B ra3006pa3HOM, JIM60 B MEIKOIHCIIEPCKOM COCTOSIHMH, B KOTOPOi#i JIeK-
TPOHAMU-TEHEPATOpaMU OCYLIECTRISIETCS (a30Bblil Hepexon BhICLUCTO pOJA.
B IIIM u nabopaTopHbIx 06pa3oBaHUAX 3/IEKTPOHB HE YHaCTBYIOT COBEP-
IICHHO, a CBCUCHHUE TIPOUCXOANT 3a CIET NEPEUIITTYICHHUS IJISKTPHHO
JIOKAJIBHBIX BUXpel OCHWIIATOPOB B (POTOHB CBETa — 3TO KOPOHHOE
CBEUCHHE.

5.2.4. O cuauveckon cytu apyrux ceoicte IO

1. Tipoxoxneune BI10 yepes orpepcTHA H WETH B ANITEKTPHICCKHX
matepuanax. ITockonpky BI10 ecTh 3MEKTPOARHAMHYECKAS CHCTEMA,
o6pa3oBaHHas OCEBBEIM CTATHYECKHM FIOJIEM ¢, N OOpaulalolINMCs BOK-
PYT HETO BUXPEBLIM IIOTOKOM 3JIEKTPHHO, TO OHO IIPOXOAMT Yepe3 OXHO
H3 JBYX OTBEPCTHH KaK enlnHoe M HenéanMoe. [Iponyckas D10 uepes
mens Mbl AedopMupyeM LHWIMHAPHYECKUH, OCCCHMMETPMYHEIN BUXPb B
SJUTMNTHYECKUH, Ipexe BCcero NOTOMY, YTO BHXPb HE IIPOHMKAET H HE
NIPOHM3BIBAET AU3NEKTPHYESCKUN MaTepran B CHIY ero 3/1eKTPOTIONoXH-
TeJBHONo U3GBITOYHOIO 3apsaa. Buxps obrexaer An3TeKTPUK.

2. B3anMoneﬁcmne nasepHOTO Jyya ¢ BI10. B paMKax eAMHOI Teo-
PHMHU NIOHATHE mmepcnaﬂ 3aCeJICHHOCTh YPOBHEH HE MMEET MecTa KaK
BBIMEILIJIEHHOE, peajlbHO HE CyIlecTByIollee. JIazepHbIi Ayd — 3TO BHX-
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peBOM MOTOK 3NCKTPUHO, COREPIICHHO AHANOTUYHLIA TAKOBOMY IO Me-
TAVIHYSCKOMY NPOBOAHMKY, C TOH UL CYUIECTBEHHOH pasHuueH, YyTo
B JIyMe NPOBOMHMKOM CIIYXKHT OCEBOE OTpHIATEbHOE TNiOJIE, JIMIISHHOES
BCAXOTO cONpoTUBIeHHUs. [TosToMy B3auMoaeicTBHMe JIa3ePHOTO Jiy4a
BI10 HeobxoaMMO paccMaTPHBATh KaK B3AaUMOIEUCTBUC JBYX BHXPEBbLIX
CHCTeM, pe3y;IbTAaT KOTOPOTO 3aBMCHT OT HANparICHHs BpalleHust, OT
BETMMUHBI OCEBBIX NOJIeH, OT BENUYUHBI BUXPEBHIX MAKETOR U UX LIAroB
# T.A. Bonpoc TpebyeT crieusankHOrO MccaeaoBaHus.

3. lIpoxoxaenne D110 yepes Tpyoxu. QOGobLIasA pe3yasTaThl CEPHUA
ONBITOB, ABpaMeHKO U coaBTopbl muuyT: “HabnonaeMuie 3¢ pexTs! He -
NpeacTaBageTCs BOSMOXHEIM OOBSICHHTD ¢ MO3HLUUI TpagfUUHOHHOH
(GHIUKHM NIa3MEeHHBIX TTpoueccoB. TaK, CHIbl OBEPXHOCTHONO HATKE-
HHS B JIJIa3M€ Ta30BOTO pa3psia CAWIIKOM Mankl 18 yaepxaunus D110
KAk 6IRHOTO LeNOTO. Pe3ynbnTaThl B3aMMOACHCTBHSA C MaTepHaIoM TPY-
60K CBHAETENLCTBYIOT NMpeXae Bcero o HenokanbHocTH DI10: ero HeBH-
AMMasl BHEIIHSS YacTb UHTCHCHBHO B3aHMOJCHCTBYET C MATEPHAJIOM,
43 KOTOPOTO clie/laHa Tpyba, mepeHocs 3TO B3auMoAeiCTBHe Ha LEHT-
pPanbpHy10 3HEpTroHecyinyio yacte D10 [2,¢.35-36]). Bpaso, xoTs1 Hayu-
Hble NIPOU3BEACHUA U NPUHATO U3narath 6ea3 aMouuit!

Mio10 paHee OBLIO TEOPETHYECKH YCTAHOBACHO, YTO CTPYKTYPHBIC
3/eMeHTH crekna (Si0,) 061araloT MONOXHMTENBHHIM H3GLITOYHEIM 3a-

psiioM, o6ycnoBAMBaIOIUMM MM NOTeHIMAn Qg0 = 3,391793- 10°B

[3,¢.625]). Ha puc.17 npuseneHs: pe3ynbrars npoxoxaceHus DO gepes
CTEKISHHBIC TPYOKHM OIHOM AJIMHBI, HO Pa3HBIX AMaMeTpoB. CoBeplIcH-
HO SICHO BBICTYIIACT 3KCMOHCHUMOHANBbHAY 3aBHCUMOCTE H3YyJacMOIo
napaMeTpa or paguyca Tpyoku. PusnyecKas cyTh ABICHUS COCTOMT B
TOM, YTO TIPH B3ANMOAEHCTBHH NOJOXMTEIHLHOIO AHHAMUIECKOTO 3apsi-
Aa pos NEKTPHHO Z,, C NONOXUTEIbHBIM NIOTEHUAIIOM TPYOKH Y BXO-
Aa popMHUpYyeTCcs MONIOXUTENbHAS CHIA, IPOTUBOACHCTBYIOMIANR BXOXY
910 B TpybKy. Dr1a ciila CO3RAET 3aXEPKKY NEPBOMY BHXPEBOMY HaKe-
TY TOJNbBKO B TOM cliyyae, €CjId ec MOAYAL GoNble CWIbl B3aHMHOTO
OTTANIKMBaHMA MEXIy NAKeTaM¥ BHYTPH Buxps. [IpoBeaeM pacyeT ¢l U
MOCMOTPHM.

3P 50,
F,:——f—-n,-, ' (5.81)
i
a->*
=22,
Y= (5.82)

rae F, — Bctpeunast cuna i-o#t Tpy6xu, F' — cuna B3aMMHOTO OTTal-
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KMBaHMs MEXAY TIaKeTaMM B BuXpe, {, — paccTosiHMe 1o Tpybxu,

n, — 4HCA0 3ACKTPHHO B NaKeTe, paBHoe YMcny Tpackropuil B BIIO,
o — 3MEKTPOAMHAMHYECKass MOCTOSHHAA, 9 — 3apsl 3NEKTPHHO,
h, — HavanbHLIA War BUXpA (10 HAYasa B3aMMORCHCTBHS BUXPA ¢ TO-
TEHUHAJIOM TPYOKH), paBHbIH pacCTOSHKIO MEXIY MAKETaMHU.

3agepXKa MEepeAOBOro NakeTa BO3MOXHA MPH BLIIOJHSHHM YO~
BUSL:

F > F (5.83)
IIpunsiB 3HAK paBEeHCTBA NONYIUM:
@34, =Qgo, N, (5.84)
Psio, h3
(=" 2 (5.85)
a3

H3 3T0TC ypaBHEHHA CNIeRyeT, YTO KPHTHYECKOE PACCTOSHHE RO
ypeaa TpyOkd, Ha KOTOPOM CWIa Hanopa BUXPA paBHA NPOTHBOAEICTBY-
jomeii cuie, NpONOpLUHOHATbHA KAK NOTEHIHAY MaTepHasia, TaK M pac-
CTOAHMIO MEXRY nakeTaMH B Buxpe DI10. [Inga ucenenyemoro ciaysas
FHAYECHHE COCTaRIsIeT.

¢ 38059827 o™
2,0680597-107

K ocranosuBLIEMYCS HEPBOMY HaXEeTy BHXps HPHMBIKAeT BTOPOI,
TpeTHil ¥ T.10. [Ipu 3TOM KaXAHH HOBBIN NAKET YBEHYMBAET NPOAOIIL-
HYIO CWIy BUXPS M COKPAINaeT paccrosBue no ypesa 1pyoxm. Ilpouecc
MAET TU60 O MOMEHT2 COBMENIEH M TIIOCKOCTH NEePBOro NakeTa ¢ Ivloc-
KOCTBIO COeRUHAIOIEH Kpasi TpyOKH, THOO0 10 BTOPOro, KpUTHYECKOTO

paccTosHus £ .- B MOMEHT poxo/ia nakera B pybxy £ _ obpaulaercs B r,
a ypaBHeH#He (5.81) npuoGpeTaeT BUA:

3 Pso, "M,
F =~—§'-r0’—— (5.87)

Orta cwia yxe 11ocTogHHa no Beell AimHe TpyOKH M OHA Xe COKpa-
maet 1iuHy DITO 3a cueT cXaTus BUXPS ¥ COKpALIeHMs MeXTIAKSTHOTO
pacctosHusa B HeM. HeTrpynHo paccynTaTh IIPM HAKOIVIEHMM KAKOTO KO-~
JIMYECTBa NAKETOB Nepel BXOLOM B TPYOKY, D110 npopbiBacTcs BHYTPD
Hee.

=1,840364-107 (5.86)

k, =¢, /h, =1,640078-10° ‘ (5-88)
Beensa oty Benuunny B (5.81—5.82) nonyyum B obineM BHaE:
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_ 29si0, -nk; =2 Psi0, 1
" ¢ h,

H

(5.89)

2
a3 n -k
h ’

]

F'= (5.90)

Teneps MBI OTYETVIMBO BUEHM, YTO NPOJo/AbHAaA CHIa BUXPS M 6aph-
epHasl ciia TPYOKHM BLIDABHMBAIOTCS Ha YRAICHHH OJHOTO MEXTIAKETHO-
ro paccTOSIHMs OT BXOAa B TPYOKY M 4TO X 3TOMYy MOMCHTY Y BXoza
CKaTUIMBaeTCs K, NAKETOB BUXPS:

k.=¢, la> (5.91)

Jnst CTeKnARHBIX TPYSOK Ko = 1,6400779-10°. TlockonsKy rpym-

1A BHXPEBBIX NIAKETOB ¥ BXOAa B TPYOKY HAXONMTCS B CKATOM COCTOSI-
HHMH, TO KaK TONBKO NEPBHIH NMAKET NEPEXOAUT IUIOCKOCTh, COSAHHAIO-
yic Kpas TpYOKH, Bcs Ipylina H3 kK MAaKETOB yCTpeMIsETCA B TPYOKY.
Jnsi BTOoporo npopeiBa onATh HEOOXOAUMO HaKONeHNe X MAKeTOB, HA
4yTo TpeOyeTcd BpeMs At, TO Xe IJ1si TPeThero, 4eTBeproro M T.4. Tak
dopmHpyeTcd NMyNbcalHOHHBIA NMpoliecc, KOTOPHI, 110 H3MEPSHMSIM aB-
TOPOB MPOHCXOAHUT ¢ Yactoroil £ = 1000 c™!. OTciona scHo, 4To A
HAKOTUICHHS K NPOPHIBA K NMAKETOB 3aTpadnBaerca At = 1/f/=1-1073c.

Hrak, Buxpb BI1O B TpyGKy BXOAWT nopuusaMu. PaccunTaem npu
KaKOM COOTHOIIECHHH CHJ 3TO NPOHCXCAMUT ¥ KAKOBA CTENCHDb CXATHSN
BUXps B TpyOKax

(r,=20 MM, 7, = 15 MM, r, = 10 MM, 7, = 5 MM).

_3Qg,'n 7,7326858-107'"

£ = 6891141- 101 H, (5¢

" 1122119810~ (5.92)
a3’ kg, 77326858107

1:0’: h Si0, —— h :6)891141.10“11}1’ (5.93)

3 2

, Qg Mkg,  12682207-107°
Fi= " T 207w

= 6,3411035-10"" H, (5.94)

12,682207-107"
n

Fi =

= 8,4548046- 107°H, (5.95)
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_12,682207-107"
£

F; =12,682207 .10 H, (5.96)

_12,682207-1077
r4

IF4!

=25364414-107° H (5.97)

175151 F1' — F, cBsisasBbl AMHEIHO ¢ panguycoM Tpy6oK, a Ha puc. 17

mexay aauHoi 310 ¥ paanycoM TpyS6KH BHIAB/ICHA 3KCNIOHEHIHAND-
Has 3aBUCHMOCTD. CTano 6bITh, B (5.94—5.97) ecTh He YYHTHIBaCMBIi
dakrop.

IlpoBeReHHBIH aHaNM3 BBISIBAI, YTO HanboJiee BEPOATHBIM yIIyIlue-
HHEM SIRISETCS HEKUIA TCOMETPUYCCKHI NapaMeTp, 06paTHO NpOTopiM-
OHAJIbHBIN paguycy TpyoKu. Ero YucaeHHoe 3HaYeH e MOXHO yCTaHo-
BMTH IO BENMYUHE NEPBRIX NUKOB Puc. 17, conocrasnss ¢ pesynsrara-

mu F/-F,:
k, = 1,0588235; k, = 1,2500057, l'o:3 = 1,5000069, k4 = 1,8750087.

Teneps nmpoTHBOASHCTBYIOWANA CHAA CTEHOK CTEKISHHHBIX TpyOOK
TIony4aeT OKOHYATeNbHOE YHC/IEHHOE pellicHHe, COBTIANAIOLICE C Pe3ylh-
TaTAMM OIIBITOR:

F =6,7141411 107°H; F, = 10,568554  10-" H; F, = 19,023398 10" H;

F,=47,558499 10" H. Oxazaocs, 4To B3aUMONCHCTBUE 3aPAfia BUX-
pPEBBIX MAKETOB ¢ MOTEHIIUATIOM CTEHOK TPpYOXu OYMcHb MHOTOOGpa3Ho H
CIIOXHO, eciiy pa3bHpaTh ARIEHUE AeTATBHO. Y AaI0Ch YCTAHOBHTD, YTO
C 3apANOM BXOAAUICH IPYINGl NAKeTOB B3aUMOAeHCTBYeT HeGonbllas
JacTh CTCHOK Y BXOAa M YeM Oonpile anaMerp TpyOkH, TeM Golbluie
ANMHHa B3aNMOACHCTBYIOWIEN YacTH H TEM MCHBINEC TAHICHC YIJIa, OfIN-
pajoillerocs Ha 9TOT aKTHBHBI#M yyacToK. I1o3ToMy HMeeM TOYHOe aHAIIH-
THYecKoe pelneHue XoadduineHTaM cXaTHs:

Apy  0,42352m ‘
ko =tga; = dll = O =1,0588. (5.98)
_ o, = 46° 38
e AL, = £/3,5417745; ¢= 150 MM — iMHa Beex TPYGOK B OTIkITE.
Ay,  0,375M
R R R (5.99)

o, = 51°20°
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Ag;  03m

b = "o (5.100)
o, = 56°20°
A¢ps  0,187M
k.=t == 2 = 1875
4 ga4 d4 O’IM ? (5-101)
= 61°54°

T.0. NONHOE ARANMUTUYECKOE BhIpAXEeHHe I ONUCAHUSA 3aIHpaio-
mei cunel ~-of CTeKNAHHOW TPYOKHM MMeeT BU:

: 3P k180, Qg n-AL kg,
Fi, = = (5.102)
h n,-d

2

CoBeplIcHHO OYEBHIHO, YTO CTENIeHb MPOJONLHOTO CKATHS BHXDA
(HaGniogaeMoro B Tpybke) onpenesiseTca He Meped BXOAOM B TpyOKy, a
riocne NpPophIBa MM CHWIOBOTO Gaphepa. Buxph nepen BXOZOM aHaNOTHYEeH
cxaToil npyxuHe. Ilocie npopriea cWIOBOro Gapbepa OH pazkKuMaeTcs
KaK H IpyXuHa, HO He A0 TaKOH CTeNeHH KaK B CBOGOZHOM IPOCTPaH-
CTBE, 4 POBHO HACTOJILKO, HACKONBKO TIO3BOJISIET CJIA CTEHOK:

E = 3¢’s:-o‘”'k3foz AL _ ?iio, n- AL, )
' 2r] 2a-1}

H

(5.103)

rie Ot — 9NEeKTPOAMHAMMYECKAS MOCTOSHHAS.

W3 3T0r0 ypaBHEHHA yXKe ¢ OYeBHAHOCTRIO ClleiyeT 3KCIOHEeHIIH -
aNbHAs CBA3b MEXAY CHJIOH COTIPOTHRICHHUA TPYOKH H e paaNyCcoM.

Jlo cHX Hop MbI rOBOPHM O CHJIaX, TOTAA KaK aHAJIH3HpYeM CBA3b
Mexay aarHoi 3110 B TpyOKe u ee paxuycoM. ITo NMOTOMY, YTO IIMHA
BI10 ects byRKuUNA CHIBI CONPOTHRIEHHSA CTEHOK, €CIH MHE YAAJOCh
yGeaUTeNbHO 3TO NOKA3aTh. YUHUTLIBAS, YTO B CBOOOIHOM NPOCTPAHCTBE

nnmHa BI10 cocrasnger £, =180 MM, a MeXTIaKeTHas CH/Ia B BHXpE

cocraBnsier F - F;, MOXHO OT curt niepeiiTi K IymMHaM.

¢, =1, —1=169,9992 ,,
F1

£, = ,F} [F, =107,9995 mm
2, =0, F}[F,=59,9997 mm
¢, =¢,F]/F, =23999886 mm

H nockoneky coxpauente 1nuns 3110 crporo nponoproHanLHO
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COKpAalIcHHIO MEXTIAKETHOTO paccTosdRusA B Buxpe BIIO, To uMeeM:
h =hF!F =10597748-10"m,

h,=hF; [F,=67327277-10"m,
hy = h,F3 [F, =3,7404034.107 m,

h,=hF;[F,=14961604-107°.

HerpyaHo BHAETH, YTO BO BCEX ITHX pElLUISHHAX OTHOUICHHUE CUM

BBICTYNAeT B poiH K0addHNIUHSHTAa CXaTHA, UMCIOLIETO OOIIKH BHA:
s F_ 2w _ &
" F M, r-ga,

B 3TOM ypaBHeHMN (DHBMYECKHIA CMBICH BETHYUHBI I, COCTOHUT B TOM,
910GEI OMBITHO OMPEAEINTL HAaUOOMBIIMA XUaAMETD TPYOKHM M3 Hccaeaye-
MOTO OHAMEKTPHUYCCKOro MaTepHasia, B KOTopoi AnuHa naHHoro D10
yMEHbIaeTCd MHHHMaNbHO, MeHee deM 0,5%. U torma aTor pammyc,
KOTOpBIi Jydllle 0603HayaTh Yepes 7, CTaHOBUTCA 6a30BRIM ANa TPYGOK
MEHBIIMX paiuycoB. B npHHIHNe, Ha ocHOBE W3MepeHuit HHE! D110 B
Tpy6Kax U3 pasHbIX AN3NEKTPHYECKMX MATEpUAJIOB, MOXHO BEHIBOAUTH
3JIEKTPOCTATHYECKUH TOTeHUMATl 3THX MATCPHAJIOB, YTO HMEET BaXHOE
3HaYcCHYE B pPelLIeHHH GUIUIECKON CTPYKTYPhl KPHCTAUTHIECKUX pelle-
TOK, ¥ ¢OCTaBa CTPYKTYPHBIX /IEMEHTOB BCIIECTBA.

Kacasce psanmMoneiicteus D110 ¢ Tpy6kaMM M3 371€KTPOMPOBOLHBIX
MaTepHATIOB A0/DKEH NPH3HATHCH, YTO K pelicHHIO 3TOH 3ala4H He Io-
ToB. He roToB B iy HePEeIIEHHOCTH KPHCTA/UTMYECKOH CTPYKTYPHI AMa-
MaTHETHKOB M NapaMarHeTUKOB, KOTopasi NnpeacTapiseT coboit 60as-
UIYI0, TPYAHYIO M CAMOCTOSITEJIbRYIO 33a1a4y.

4. Tennosoe so3aeitcTeue DI10. Asropsl cratom numyT: “OgHa U3
HeobrHBIX ocobeHHocTel DIIO — ero n3buparenbHBIA Xapakrep Bo3-
ACHCTBUSA Ha MaTepHasbl. DI KTPONIPOBONHbBIC MaTePUAIbI HHTEHCHBHO
paspymaoTcd, TOrAa Kak AM3/IeKTPUKH NOABEPTalOTCsl OTHOCHTEIBHO
cnaboMy TeIUIOBOMY BosAeHCTBHIO” [2, ¢. 36]. Kak yXe siBCTBYyeT U3
BbIMIEHATIOXEHHOIO, CYTh ¢1aboro Ternosoro poaaeicrsng DI10 Ha au-
INEKTPUKH COCTOMT B TOM, YTO NOJNOXHUTEAbHEIN BUXPEBO# ITOTOK 3/1€K~
TPHHO C NEKTPONOIOKUTENLHEIMY MaTepHaiaM#, KOMMH SIBISIOTCS Bee
OHAJNEKTPHKH, B3aMMOACHCTRYIOT YIIPYro, T.¢. AaXe IpH YIJIE¢ aTaku

(5.105)

(5.106)

@ = 7/2 NoToK orMbaeT AMANEKTPUYECKYIO NOBEPXHOCTS, He Npu6IM-
XasAch K Heli 6:1¥Xe KPUTHYECKOTO paccTosTHUSA £, KOTOPOE MpOTOp-

LIHMOHAJIBHO CTATHYECKOMY NOTCELIHAIY MaTepHAIA ), .
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B3sauMopeiicTeBue BHXpH C 3JeKTPOIPOBOAHBIMH MATEPHAIAMY, 06-
JajarenasiMHu OTPUUATEJIBHOTO CTAaTHYECKOTO 3ap$ma, HOCHUT NIPOTHBOIIO~
JIOXHEIN XapakTep. [Ipn 3TOM HMEIOTCSt TPM BapUAHTA 3HEPTONepenayu
oT D10 Kk MuLIEHH.

D? =9,

3neck @y, — notenuuan oceoro noid B0, ¢, — noreHunan

{-I0 3MeKTPONpPOBOAHOTO MaTepHana. Baxueitiium dakropoM, onpeae-
JSTIOLIUM BEJWYUHY NepeaBacMoi SHEPIUH, ABISETCH YHUCNIO SNEKTPU-
HO, JOXOASILEe 10 MOBEPXHOCTH MMILUEHHM H COOTHOIUEHUE NIOTEHIIMA-
NOB:

E =3¢, N =30, N, k, (5.107)

rae N, — 4uCjI0 3MeXTPpUHO, N0oXondlee 10 MMIIEHH; kK, — Ipynno-
BoH Ko3bduumenT, onpenendomui 010 YaCTHI W3 N,, AKTHBHO B3a-
UMOAEHCTBYIOLIYIO C MHIICHBIO.

2) Popo < @,
B aToM citydac ¥ npH k,= | NPOMCXOAUT 3CKATALNA SHEPIVH, Tiepe-
Japaemoii BITO MULIeHH, COTIACHO YPaBHEHHIO:

@,

@10

E, =3 @ N, k;- =3¢, N, -k, (5.108)

3) Pono > @

B stom cayyae KI1JI cucTembl Bcerma MeHbIEe EAHHRLBI, H, CTAIO
6bITH, peXHM ee paldoThl 3KOHOMHYECKH YyOrIToueR. Kak cnenyeT m3
JAHHBIX aBTOpoB [2,¢.39,1261,2] npoBemexHble MMM paboThLl BCE BHINON-
HEHBI B 3TOM, YOBITOYHOM pEXHME.

?;

€)1 (o)

E, =3 @y Nk =3¢, N k; (5.109)

[Ipu uzyuyennu dororpaduu (puc. 24) cienos Bosaeicteug D10
HA 30JI0TOEC MOKPHITHE, COBEPLICHHO SBCTBCHHO BHICTYNACT BERYINAA POb
KEepHa, B KOTOPOM COCPEIOTOUYCHA HauGoliee BLICOKOIHEPTHYHAS YaCTh
suxps. U3 pucyHKa Takke caeayeT, YTo 060J04YHAd YacTh BHXPS JUIA-
€TCA BOSMOXHOCTH [IPSIMOTO B3aUMOAECHCTBHSA ¢ MOBEPXHOCTHIO 3a CYET
3KPaHMPOBAHUSA 3TOH MOBEPXHOCTH PACCTEKAIOUIHM PaXHATILHBIM NIOTO-
KOM 3/IEKTPHHO KepHa. TaK Xe ACHO BLICTYNAIOT MHKPOKANe bKH oI~
JIARISHHOTO 30/10Ta. OTOPOlLIERHBIE MOTOKOM 3JIEKTPHHO, 3a IIPeAcasl
paauyca D110, 4yTo OOAHO3HAYHO CBHACTENbCTBYET B MONL3Y HANHYHSA
KOHeUYHOl Macchl, HMITynbca U CHIBL Y asieKTpHHe. M, HakoHel, BUA-

HO, 4TO KaXioe 3JeKTPUHO, C MOMEHTA NEPBOTro B3aHMOAEHCTBHS ¢
MIOBEPXHOCTHIO MUIIEHH M 10 TIOTHOTO paccessHHs, HMEET MHOTO B3aH-
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MOICHCTBUH C NOBEPXHOCTHBIMH aTOMaMH MHIIeHU. ClOBOM, B3auMO-
nedicreue DI1O ¢ noBepXHOCTHIO 371EKTPONPOBOIHBIX MATEPHATIOB €CTh
Cephe3Hasd M CaMOCTOSTe/IbHAS 3aa4a, ¢ KOTOpPOoi Teneph aBTOPH 3TOM
3aMeYqaTeIbHOW CTaThH JETKO CIIpaBsATCH.

B 3aknoueHue s XO4Uy BBIPa3UTh COMHEHHNE B TOM, YTO IOJNYYSHHBIE
MHOIO pacueTHO AasiicHue ra3a B D10 u ero TeMmepaTypa COOTBETCTBY-
0T UCTHHHBIM 3HAYCHUSAM 3THX BeJIWUYHH. J(aHHbIe IO pacIipeieeHHIO
JaBneHua Baons nnuHsl DIIO B crathe ABpaMEHXO M COABTOPOB
(puc. 26) HEKOPPEKTHLI B TOM CMLIC/E, YTO CHATH TIpH B3auMojaeki-
cTBHN D110 ¢ BLICOKOCKOPOCTHEIM BO3HYIIHEIM IIOTOKOM, CHJIBHO MC-
KaXaJolIHM HCTHHHYIO KapTHHY. Heo6xonmMo H3ydMTh pagquareHoe pac-
npeneneHie papicHus 8 D110 Ha pasHbIX yiadeHHIX OT PaspsIHHKa.
D10 Nerde BLINOMHUATD, YeM H3MEPHUTH PATHANIBHOE PaclipeReICHUE TeM-
nieparypsi rasa b OI10. Jlymaio, yro P, u T, CWIBHO 3aBLIILAIOTCS HAMH,
a YUCNO 3NCKTPHHO, NEPEHITYIAEMBIX KAXALIM OCUMIUIATOPOM B OJHOM
axKTe CWIbHO 3aHMXAKTCS, 3 OTCIOAA — HECOOTBETCTBME YacTOTH KO-
POHHOYIO CBeYeHMs TeMIieparype ra3a. Ho aro emye nonpasuMo.



MpegucnoBue K NPUAOKEHUIO

ITyGankyeMoe 3nech NPUIOXeHHe OLUIO IOATOTOBNICHO K TICYATH B
OJXHOM U3 HAyYHLIX XypHa/ioB Mockspl. OgHAaKO, MO MOCKOBCKHUE KOJI-
JerH, O3HAKOMMBILMCH C CONEPXKAHHEM CTATHY NIPEIIOXIUIM NOBTOPUTH
onelT B 6oJee TIATEIbHOM BapHaHTE M TOJNBKO HOCKE ITOTC Npeaars
Marepuan rnacHocTd. OHM Xe M NOMOIN ero opraHu3opaTe. BTo
B.A. KocMmaues, ¥0.C. Cyxanos u E.b. Kazanckuit, KoToppIM s Bsipa-
XAl CBOK HCKPEHHIOK GaTOAapHOCTh.

DTOT 3KCHEPMMEHT Havascs 24 oxTa6ps 1996 r. u 3aKoHYWUTCa TOML-
KO yepes rog, B okrabpe 1997 r. Io xony paboThi, MpoOBOAHMOM cOBMe-
ctHO ¢ B.A. KocMmadeBbiM, BBIACHWIOCEH CCAYIOHIee:

1. Unayxuns £ <0,2 Tn He npusonuT X 3¢dexry npupaiieHus

Macchl BOAbI B TCYEHHE MECTYHON 3KCTIO3HLIMY.
2. Heo6xoaumo paGoTaTs ¢ nonsaMu 6ojiee BICOKOH HaNPSOKeHHOC-

™, £20,5Tx.

3. Mlpy B= 0,36 Tx1 HaMy 3aPHKCHPOBAHO JOCTOBEPHOE NpHpalle-
HME Macchl BOABI B aMIyJiaX eMKOCTBIO 5 cM!, cocTaBaswollee
A m=0,6-0,7 Mr/amm.

B xone pa6orhi 06HapyXeH oYeHDL BaXHBIH, paHee HEH3BECTHEI

addexr, UMeIOUNR rnobanbHoe 3HaYeHe, YT0 U nobyauno Hac npo-
ONHUTHh ONILIT Ha Ioj.

ABrOp.
20 mapra 1997 r.



Tpunoxenne

Pemarowguit onoumn:
y geAldeCHue Maccut eo&u 8 MAHUMHOM noAC.
basuee . X.

1. BeogHble 3ameyaHun

O630py MHOTOYHCACHHBIX paboT Ho B3aUMOACHCTBYIO BOALI C Mar-
HUTHLIM noeM nocesauiena kuura B.U. Knaccena [1]. DxcnepuMeHTanb-
HO JOKa33HO, YTO OMarHNyYcHHUe BOABI HE PE3KO, HO ROCTOBEPHO H3Me-
HACT BAXHEINe ee CROMCTBA, KOTOPbIe, OJHAKO, NO HucTedyeHuy 1,5 —
24 4acoB BO3BPAMAKTCA K HCXOHHOMY YpoBHIO. PH3MdecKas CyTh ABIC-
HHS 10 CUX TIOP HEe UMEET OOBICHEHMA.

B xuure 6parbes 3ejeNyXMHBIX [2] paccMaTpuBaeTcsl TaK Ha3hIBae-
Mas XuBas BOJ2, NonyyaeMaa N3 BOJONPOBOAHOH AOBEASHHEM A0 K-
NEHWA € NOCIEAYIOLIUM OBICTPLIM OXJIAKNCHAECM 10 KOMHATHOH TeMIle-
paTtyprl. Takas Boaa (Takke HaspIiBacMas “merazMpoBaHHasi BOJa”), Ta-
Jasd BOJla H OMarHUYEHHaA BoJa sINIeTeA SuoNornYecKu Gojiee akTHB-
HbIMH, YeM OOBIMRad BOAR, 4TO AOKa3aHO DONBIIAM YHCIOM OIBITOB C
PAaCTCHHAMY H XKUBOTHBIMH. AKTHBHOCTS TAIOH U AeTa3UPOBAHHON BOJ
ARIACTCH KPATKOCPOUHOM { 0KOoNlo 24 %acoB), KAK H U3MCHCHHUC CBOVWCTB
OMAarHMYeHHOH BOILI, YTO CBUAECTEILCTRBYET B NIONL3Y CAUHCTBA SIRIE-
HHS, JIeXAl[ero B OCHOBE aKTHBAHM ¥ OMATHHYEeHUs! BOJILL.

B.A. Knpeer 611 a6comorHo nipas, Koraa nucan: “VinreHcHBHOE
UCCIeR0BAHUES BHYTPCHHEIO CTPOCHNS M CBOVWCTB BOJbI B HACTOsIIIEE
BpEMsi BBIACHSET HOBBIC 33aBUCHMOCTH H SABACHUA, KOTOpbIEe He BCeraa
MOTYT OBITh 00bACHEHBI HA OCHOBE JOCTUTRYTOrO YPOBHSA 3HauHH ( paspsin-
ka JI.b.) n Tpebyior Ans ¥X NoHUMaHKa AaabHEKIero Gonee mybokoro
usydeHus”. [3, c. 225]. K HacromeMy MOMEHTY JOCTHIHYT HOBbIN ypo-
BEeHb 3HAHMI, KOTOPLIN 1I03BOJNIAET PSIUTHL BCE 3arafku Bonbl. TpeThs
riaBa KHUrd {4] nocesuicHa CTPYKType M T¢PMOAMWHAMMKeE BOABI, U3
KOTOPOH CIEAYET, YTO BOAA COCTOWT U3 CYTle pOCUULIATOpOB, obnanain-
LIHX U3OBITOYHBIM CTATUCTHYECKHM 3apsanoM g =—2,7226189:10-1¢ Kn u
4TO KaXABIA CYNiepocLUaARATOp 0bpasosan y*=1253,7013 MoJeKynaMu
napa, a Mmonekyna napa — 370 ( H,0),. Ilpu atoM yctanoBaeHo, 410
CYNEPOUMHILISTOP — 5TO MHKPOKPHCTAJ IeKCOTOHATLHOM CHHIOHHY ©
napaMeTpaMu a=b=c, y~120°, a=p=90". Okasanocs, YT0 BORa €CTh HaH-
Bosee cNOXHOE BEUIECTBO U3 BCEX, M3BCCTHLIX HayKe.

JanHas pabora NPoBOAMAACEH C LEJIbIO IKCNICPHMEHTANBHO NOKA3aTh
PEATLHOCTL HOBOM, HCTHHHO 3JIEMEHTAPHON YACTHLIBI-JIEKTPHHO, [OCTY-
JIMPOBaHHOM MHOIO B KHure [4] reopetmuecku. UMEHHO 3NIeXTPUHO SIBIS-
€TCs1 HOCUTENEM JIEKTPHYCCKOTO TOKA U MATHUTHOTO NOJIST OMHOBPEMEHHO,
obnanasi IpH 3TOM Macco#t m, =6,8557572-10-% KT ¥ NOJIOXHUTENALHBIM 33~
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panoM 3=1,9876643-10-7 Kn. MarauTHoe Xe Tiofe ecTh NIOTOK AMEKTpHHO. A
KOJIM TaK, IPY B3aMMONeHCTBUHM 3/ICKTPOOTPHIATEIBHON XIUAXOCTH (Ka-
KOii IBJIETCS BOAA) C MATHUTHBLIM [10JIEM Macca M BEC €€ IOJDKHE! BO3pa-
CTaTh 3a CUET 3aXBaTa CYNepOCIMUIATOPAMM YACTH NEKTPUHO U3 TIOTOKA.
- UuniMu cnosamMy, MI3MEHEHHNE PH3UYECKUX CBOUCTB BObI TIPH OMaruude-
HHUH JOJDKHO HETIPEMEHHO COTIPOBOXAATLCS YBENUYeHHeM ee Beca. Kpome
00paTHMOTO NpHpALIEHYs Beca BOIBI TIPH KPATKOBPEMEHHOM B3aNMOACH-
CTBHM ¢ MarHUTHLIM IOJIEM, HOBAS TEOPHS NPEACKA3BIBAET M HEOOPATHMOS
YBEJIMYCHHE BECa MPU JOINOCPOYHOM ACHCTBHH 110714, CONPOBOXAaEMOe Cy-
HIECTBEHHBIMM, HeoGpaTHMbIMKM H3MEHCHUSIMY BAXHEHIIMX CBOMCTB BOABI.

2. MerouKa onbita U pesynbTaTbl U3MEpPeHHit

B xadecTBe 00beKTa HCCIEOOBAHNSA OBUTH B3SATHI NMATH aMITYJ1 CTAH-
JapTHOM MeIUILMHCKOM BOObI ANIT HHBHEKLKH, KaXAas eMKOCTBIO 5 cM’.
HcTOYHMKOM MarHUTHOIO MOJA CAYXWI porootpasHblit NoCTOSHHbLIH
MarHMT ¢ MEXTIO/IOCHBIM PaccTosHUEM ¢ = 7 cM M JTHaMETPOM NOIIOCOB
d 7 cM. Tlone Mexay HOJAIOCAMH DABHOMEPHOE M COCTABJANO
H = 1,9894-10° A/M, a unaykuus B = 40,2673 Tun. Ans s3sselunBanus
amnyn 6ul1K MCIIONB3OBaHkLlI ananuTH4YecKue Bech JJIB-200, nossons-
101Me #3IMEPEHHE € TOUHOCTBIO Az = £0,05 Mrp. MarHuT Haxonuncs B
onHoit M3 nabopaTtopuit duzmueckoro daxynsrera Kabapauno-banxkap-
cKoro rocyHusepcuTera (r. Hansyuk), pykosogurens taboparopuu H.Te-
MyKyeB. a Becsl — Ha XuMmuko-buonormeckom dakynwrere, Ha kaden-
pe dusudeckoit xuMmun. JIocTaBka aMIiyJl OT MaTHUT2 K BecaM ocyule-
cTBIsNoch 3a 10 Mun. BapenmBanne npoussogwm U.Xouyes u P.Kana-
XOKOBA. AMITyJTbT 66U1Y MAPKHPOBAHBI HAHECEHUEM YEPTOYEK Ha HX NOBep-
xHocTh HagdmneM ( Ne 1 — oasa yeprouka, Ne 2 — XBE YEPTOIKM U T.A.).

HaganbHulid Bec aMnyn (Bec 6pyTTo) COCTABHIL:

Ne 1: m, = 10503,45 mrp,

Ne 2: m = 9345,40 mrp,

Ne 3: m, = 8981,10 mrp,

Ne 4: m, = 9305,50 mrp,

Ne 5: my= 9934,10 wmrp.

B HepBOM ceaHce, HauaBwemcH 26 anpeyng 1995 r., amnyian 66110
NOMEHICHE B MCXTIOMIOCHOE MIPOCTPAHCTBO B CBS3KE, B BEPTHKAILHOM
MONOXeHHH. MeXny ceBepHEBIM IIOJIIOCOM MAarHHTA, M3 KOTOPOIO BBIXO-
JMT NOTOK 3JIeKTPHHO, W aMniynoii Ne 1, Ha ofHON TUHANA, HAXOAH-~
nHch ABE aMmyasl (Ne2 u Ne4), T.e. amnyna Ne 1 sxpaHHpoBajach OT
noroka AsyMsi ApyrMMH. Ceadc anunca 7, = 381,5 yaca, mo4TH 16
CYTOK, B TEYEHUC KOTOPOTO 06pa3iibl OCTABANKMCh HENMOABIKHBIMU. [1pH
B3BeIYMBaHHH 12 Mast GbUTH NONYdEeH B! CAeAylomMe pe3yasTaThl (Ta6s. 1):
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Tabauya 1
Bec amMuyn B KOHUE IEPBOTO ceanca

12 Man 1995 r.

NeNe amnysi Bec aMnyn, Mrp Ilpupaienne Beca, MIp
1 10503,45 0,00
2 9345,50 +0,10
3 8981,45 + 0,35
4 9305,85 + 0,35
5 9934,45 + 0,35

[Mocne BaBelIMBaHNs aMITY/IB! Cpa3y Xe ObIiH BOIBRpaMIeHbl B Mar-
HuTHOE moJsie (12 Mas) U ONSThL B CBS3KE, HO TeNeph aMnyAbi Ne 1 n
Ne 2 noMeHsAIM MecTaMH, T.6. 3KPAaHUPOBAJIACH ABYMS IPYTHMH aM1yna
Na 2. Bropoii ceanc znuncs 17 cyTok u B3pemnsanue 29 man 1995 ., ¢
3afilepXKo# Ha 2 yaca mocje CHATUA M3 MarHWTHOTO TONH, NMOKA3aJo
chenyiolye 3HaueHua (1abm. 2).

, Tabruya 2
Bec amnyJ1 B KoRHE BTOPOFO CeaHCA
29 mas 1995 r.
NeNe ammyn Bec amnya, pr [IpupameHue Beca, Mrp
1 10503,60 + 0,15
2 9345,40 0,00
3 8981,30 + 0,20
4 9305,65 +0,15
5 9934,30 + 0,20

Iocne Broporo ceanca 6bUI caeNaH NepephiB — aMITYyALI B TeYCHHE
TpeX CYTOK He NMOMEIAIMCh B MATHUTHOE TI0Jie, CIIEACTBHEM YeT0 SBH-
NOCch NAfieHNe IPUPACHHOTO Beca (Tabn. 3).

- Tabauya 3
Bec aMnyn mociie TpeX CYTOK HepepbiBa
1 mons 1995 r.
NolNe ammryn Bec amnyn, Mrp [pupamieHue Beca, MIp
1 10503,50 + 0,05
2 9345,40 0,00
3 8981,15 + 0,05
4 9305,50 0,00
5 9934,15 + 0,05
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Tperuii ceanc amwics ¢ 11 9. 20 Mun. 2 woHa go 9 4. 40 MuH. 27 MIOHS.
BspenmBanne 6bI10 NPON3BEACHO C 3aepXKoi 110 MuH. nocne CHATUA U3
MarHuTHOrO Nois. B 310M cealce nepBbie TPH aMOYIIL] OLUM TIPWIOXEHBI K
JIOXXHOMY NOJIOCY, 4 YETBEPTAs H NATASE — K ceBepHOMY (Tabi. 4).

. Ta6auya 4
Bec amMnys B KoHlie TPeThero ceanca
27 wons 1995 r.
NeNe ammyn Bec amnys, mMrp IIpupalllcHHBIH Bec, MID
1 10503,65 + 0,20
2 9345,60 + 0,20
3 8981,30 + 0,20
4 9305,70 + 0,20
5 9934,25 + 0,15

YersepThiii ceaHc ammwaca 20 cyrok ( ¢ 27 mions no 17 uions).
Ilepen ero HavanoMm amnyma Ne 5 caygaito pasbunace. JIse aMnysasl
ObINTM NMPUIOXEHH K IVIOCKOCTHA KXHOTO MoJlioca, a [Be Ipyrue — K
CeBepHOMY (Tadn. 5).

Tabauya 5
Bec amnysi B KoHIle YeTBepTOro ceafca
17 wionn 1995
NeNe ammyn Bec amnya, Mrp IpupaiteHHMH Bec, MIp
i 10503,65 + 0,20
2 9345,60 + 0,20
3 8981,35 + 0,25
4 9305,75 + 0,25

310 6LUT OCTCAHMIT CEaHC B OMATHUMEHUM MCCIIEMYEMOi BOMBI, TIOCTIE
KoToporo 651 cienaH NepephlB HA BOCEMb CYTOK C LIENbIO BBDKAATH CTabH-
Ju3alud Beca. PesynbTaTel H3MEpPEHMs NpeJCTARICHB! B Ta6. 6.

Tabauya 6
Koneunbiii Bec amnyn
25 wonn 1995 r.
NeNe ammyn Bec amnyn, mrp INpupameHHbIil Bec, MIp
1 10503,55 + 0,10
2 9345,60 + 0,20
3 8981,25 + 0,15
4 9305,60 + 0,10
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Taxum 06pazoM, METOAHKA ONBITa MPOCTa JOHEAb3A U OH MOXeT
OBITE MOBTOPEH MHOTOKpaTHO B Nio6o# natoparopun. Bo-BTopsix, nipo-
BeICHHOE MCCNeNOBaHHEe HOCWIO NpelBapUTENbHBIA XapaKkTep, HO Te-
Neps IKCTIEPUMEHTATOPH MOTYT BHIMOAHUTh aHANIOTHYHYIO paboTy npe-
AeTIHHO TIIATSBHO M B HECKONBKO BapMaHTOB. B-TpeThHX, 3TOT ONKIT
ONHO3HAYHO CBUACTEILCTBYET B MONB3Y TOro, YTO MATHHUTHOE NTOJNIE —
3TO BecoMast MaTephs.

3. O6cyxaeHne NONyYeHHLIX peayNnbTaTos

Heo6xonuMo cpazy OroBOpPUTEH, YTO TIPUPALIEHHBIH BEC aMIya Ha
25.VII ne cosceM KOppPeKTHO CUYMTaTh HEOOPATUMBIM, AJIsl 3TOTO HYXHO
OBUIO NIpOBECTH ellie OJIHY Napy MOBTOPHAIX R3BCUIMBAHMI ¢ HHTEpBaia-
MH B 5 — 7 cyTok.

Yr1o6sl pazobparscs B GU3HUECKON CYTH yBeJIMYEHHS BeCa BOAH B
MATHUTHOM I10JIe HaM NPMIGETCA ONEPUPOBATh MHOTUMH HOBRIMM IIO-
JIOXEHMSIMH, H3NOXeHHbIMH B [4]), #b0 Kinaccuyeckad Teopus TYT CO-
BepizeHHo 6ecrioMolla. [IpuMeM, 4To oOBEM BOAbl BO BCeX aMITyAax
coctasnan Touno V=15 cm>= 5:10°M® u uro amrysinl roTosunmcs mpy
t = 25°C Korha ILIOTHOCTb AMCTHWIIMPOBAaHHON BOABl COCTABIASET
£ =0,997047-10% kr/m>. Toraa Ha4abHb1i Bec BOAbL B YETHIPEX aMITy-
hax, DOIIEAIMX IO KOHLA OMbITa, COCTABMT M|

M0= 4-V-p = 1,994094-10"2 xr, (1)
a o6muii HavyanbHBIR Bec 3THX Xe aMNya (rec 6PYTTO) COCTABUT M, :
. 4
M} =Y"m, =3813545-107 (2)
1

Ho nockoabKy H3MepseMbiii HaMU BEC aMITy] B KI' [I0 CBOEH CYTH
ecThb CIJa IPaBHTAlIM MeXAy HUMH U 3eMIIeii, TO cOBeplieHHO KOPpeK-
THO MOXEM 3aNHCATh:

Fy =—|M;|=-3813545-10"H , 3)

rae F, — cyMMapHasi CWJIa TPaBUTaLMM YETHIPEX aMIyl ¢ BOAOH 10
Havyana oMarHuueHus. Toraa KoHeunas cyMMapHasi CHIa IPaBHTALMHE 3THX
Xe aMITy/1 B KOHLE ONbITA ONPEAEseTCs U3 UX BecOB B Tabn.6:

4
F ==Y m=-|M{|=-38136-10"H )
}

rae m —~m, — 3HaYeHHUs KOHEYHOTo Beca ammnysn; M| — KOHedHbl#

CyMMapHsIii Bec ueTsipex ammya. IlpumeM, 4to cTexao ammyn, 6y-
AYIH 371€KTPONOJOXUTENLHBIM BEUICCTBOM, HE 3aXBaThIBAET 3JEKT-

PHHO M3 MarHUTHOIO MOTOKA ¥ YTO IPHPAMICHHBIH BeC A M LeJH-
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KOM NPHXOAHTCA Ha Boay.
Am=M{-M{=55-10"xr (5)
Toraa npupailesye cuibl FPaBUTALMH aMITy:1 B PE3yAbTATE OMAarHu-
YeHHSA COCTABHT AF:

AF=~|Am |=-55-107H )
Cpennui pagnyc 3emnn R0= 6,3710037 - 10° M, a cpennee 3HA-
4YeHMe YCKOPeHHs CBOGOAHOIO NAJCHH, [IPHBEASHHOE K CPeHEMY pa-

BHycy 3eMJIH, cocTaBiseT 2:
g =1,/ R = 9,819 2013 m/c?, %))

e {5 =3,985532-10" M*/¢” — rpamTatmonsas noctosHuast 3emm [4, ¢537).
Tenepb He cocTarRIsIeT TPYAA YCTAHOBHTE MacCy BelleCTBa, NPHCoe-

AMHEHHYIO BOAOH U3 MATHUTHOTO TOTOKA, Am(a);
Am(3) = AF/ g=5,6 012702-10" kr (8)

Hanee, B paMKax ¢AuHOH TeOPHY QUIHKHU, Mbl MOXEM YCTAHOBHTD
YHC/IO 3aXBaYCHHLIX JICKTPHHO HAaBEeCKO# BOXBL AByMs criocofamu. U
ecsH oba cnocoba NpHBeAyT K OAHOMY H TOMY X€ 3HA4E¢HHIO, TO Mbl
BIipaBe ZOMYyCKaTh, YTO CYTh ABACHHUA MOHATa BepHo. [lepBuii cnoco6
BLITEKACT U3 TOTO, YTO Mbl 3KCTIEPUMEHTANILHO YCTRHOBIWIU Maccy Apu-
palieHHs Bcel HaBeCKOH BOJM B OMBITC H 3HAEM MACCy 3J1€KTPHHO,
OIHOM CTPYKTYPHO#H eAMHMIIb} MArHUTHOTO TIOTOKA.

N, = Am(3)/m, =8,17017 - 10" 9)
rne N, — noixoe YMCNo 37IEKTPHHO, 3aXBaYEHHEBIX BOJOH H3 MATHHTHO-
TO NOTOKA.

Bropoii cnocoG BHITEXaeT N3 HOBOTO pemeﬂml TpaBUTAaL{¥ B paM-
Kax eAunoi reopun pusuxu [4, I'n. 6).

Qse; 'Azg

2 s
Ry
rae Y= 3,6473979 - 10% Ik - M/Kn® — anekrpocraTiieckas NocTOAHHA;

AF=2}’ (10)

Qo = —1,8065802- 10" Kn — rpasuTaunonnsii 3apas 3eMiH

onHoro snaka; AZ — npupailesye rpaBUTALMOHHOTO 3apsiaa BOAK B

pe3yabTaTe 3axXBaTa K0 3apAROB M3 MarHMTHOTO ioToka. B (10) s1a
BEIHYMHA CAMHCTBCHHAA HCU3BCCTHAS M TIOTOMY OHA JIETKO YCTaHaBIM-
BaeTes.
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_AF-Ry  -22324328-10
® 270 -—13178633-107
TlockoneKy MONHBLA 3apsd/ Teja OMHOTO 3HAKA M FPABUTALIMOHHE bIH
3apAx 3TOrO TeNa CBA3AHB Ko3hdHUHEHTOM kg =1,0448253 - 10777,

TO OT AZs JIETKO TepefTH K MOJHOMY 3apsay AZ, mpupalueHHOMY
HaBECKOH BOOBL:

AZ =1,693979-10 “Kn (1)

AZ=AZ /k =16,213035Kn (12)
A 3Hasi 33X 3IeKTPHHO YCTAHABAIMBAEM YHCTIO NIPHCOEAMHEHHBIX
BOJOM 3NEKTPHHO M3 MarHUTHOIO notoxa N :

N:;=-A—Z-=Azl ..':A'F'}?99
3 3k 270,

W3 cpaBHeHHUs 3TOro peaynarTarta ¢ (9) cnenyer, 410 OTIMYHE MEX-
Ay HHMH cocTariseT nuws 0,163% u, crano 6rits, 06a MeToAA HpUBeE-
K K eAWHOMY pesynsTary. HeGonbiias HeccXofMMOCTD €CTh Pe3yIbTar
HECOTJIACOBAHHOCTU CPeIHMX 3HAaYeHUN pafuyca 3eMJIH M YCKOPEHMUS
CBOBONHOIO NMajgeHus ¢ pealbHEIMU 3HAYCHUAMHU paguyca 3eMId U yc-
KopeHus cBoBogHOro mancHus B I. Hanbunke M MOTOMY HEe HMEET MPHH-
UMNHAILHOIO 3HAYCHUS B HAllleM aBainse.

B paMkax efuHON TEOPHH YCTAHORIEHO, YTO CYNEPOCUILIATOP BOLM
OZHOBPEMEHHO SABIAETCA MUKPOKPHCTAIUIOM i CBEPXBOYKOM CO CPER-
HuM panuycom R = 2,548 -107° M u yraoBol CKOpPOCTLIO BpauieHHS
@=3,824 - 1¢? - ¢'. OH o6pazopan 3761,1 monekynamun H,0, us koro-
PBIX IONOBHHA SRIAIOTCS JEKTPOIIONOXUTEILHBIMY, A APYTas MONOBH-
Ha — 3MEKTPOOTPULATENBbHLIMU. H36BITOTHELT OTPHLATE/IBHBIA 33psl DOC-
NeaHux ofyCNORNEH YETBEPTRIM NIEKTPOHOM CBS3H (Y TIOJIOXUTEMLHBIX MO-
JEKYN HX TORBKO TPH), COSRHHAIOIHM JIEKTPONOJIOKUTEIbHbIE ATOMDL
BOZOPOAA M KHCJIOPOJA B OJHY MOJIEKyAy. TaK BOT, HeoOpaTHMEIA 3axBaT
NOJIOXKTENbHLIX FICKTPUHO W3 MATHHTHOIO TIOTOKA OCYIECTRISACTCS ITH-
MH, YETBEPTHIMHU JICKTPOHAMH CBSI3H 3NEKTPOOTPHUATEIILHEIX MOJIEKY
Bonnl. TeopeTHyecKH Kaxpiii CYNepoCIIUUBITOP MOXET 3aXBaThIBATD AIEK~
TPHHO JIO COCTOSTHMS ANEKTPOHEHTPATLHOCTH, T.€. Ns(s) ANEKTPUHO:

N,(s)=¢/5>=1,371554 - 10" (14)

ITpakTHdeCcKH Xe 370 HaBPAR AR ROCTHXHMO, H60 3J1eKTPOHMI CBA~
3aHbl B CYTIEpOCIIUUIATOPE BBITONHAIOT BAXHYIO CTPYKTYPHYIO pOnb.

KpaTkoBpeMeHHOE yBEIHUYCHME Beca BOAR M M3MeHeHHe ee HU3N-
YECKMX CBOMCTB 00YC/IOBIEHO TeM, YTO BOKPYT cyniepocuwuiaTopa dop-
MHpYETCs JOMONHUTCALHBIA IUPKY/ISLUAORHBIN TOK U3 3/IEKTPHHO Mar-

183

= 8,1568275-10" (13)



HUTHOTI'O MOTOXa. BooOlIe rapops He TONBKO BOKPYT CYNEPOCLIWILIATO-
POB BOALI ¥ MOJICKY Napa, HO M BOKPYT CTPYKTYPHLIX 3JIEMEHTOB BCEX
BEIIECTB, OQMANAIOIMUX OTPHUATENBHBIM CTATHCTUYECKMM 3apSAOM, BCE-
THA CYWECTBYET MOJEKYASAPHLIN TOK, QOPMUPYEMBIN U3 TIOTOKA 371eKT-
PHHO F€OMarHHTHOTO NMOAA. DTO — Bce 3JAEKTPONPOBOAsIIIUE H NONY-
NIPOBOJASALIHE TBEPALIE TEJNa, MOYTH BCE Ta3bl M BOJA BO BCEX COCTOSHMSIX.
BBonsa, HanpuMep, aMnyJy ¢ BOAOM B JOKAJIbHOE MAarHUTHOE IIOJE C
GosibliIeit HATIPSXXCHHOCTRIO YeM reOMATHUTHOE TIOoNe, Mbl CABHTaeM paB-
HOBECHOE 3JICEKTPOAHHAMHICCKOE COCTOSHHNE B CUCTEME CYTICPOCIIMILIS -
TOP-MAarHUTHLIH MOTOK 3eMIIH B CTOPORY YBEJIMYCHUS THHAMHYECKOTO -
3apsAfa CynepocHMuIsTOpa, T.6. B fosiee MIOTHOM JIOTOKE JOKAJILHOTO
O KAXKABIH CyTepociyIiATOp NPMHUMAST B COCTAB COOCTBEHHOND TOKa
JOHONHUTENbHOE YUC0 EeKTPpHHO. bes yyeTa JaHHOrO SIBEHHS HEBO3-
MOXHO INOHSITh NPHPORY AKa-, Napa- U peppoMarHeTU3Ma BeleCTB,
SIBCHMS ICKTPOTNIPOBOAHOCTH H 3JNEKTPOCOIIPOTHRICHHUS, CTPYKTYPY M
CBOHCTBA ra30B, KMAKOCTCH M TBepAbIX TeA. UTOOM He OBITH NOIOCNOB-
HBIM Japaiite obpaTHMcA K aHanmay aMnyasl Ne 2. Bec rogml B Heit

COCTaBISUT m, = V-p=4985235- 1073 kr. [locne neproro ceanca Bec
BOABI BO3pOC Ha BenuuuHy Am =10 107 xr {Tatx. 1), 4T0 paBHOUECH-

HO NPUPAIECHHIO CWIb TPABUTALMY HA Benmauny AF = —-10-10°H. B

TeucHMe BTOPOTO ceanca AaHHas aMnyia Gblia 3KpaHHPOBaHA W NOMHO-
CTHIO NOTEpsiia NPUPAallEHHBIH BeC B NEPBOM CCaHCE OMATHHUYEHHS
(tabn. 2). [onHoe 9vMca0 CYyNMEePOCUWINATOPOB B MCCEAYEMOM aMITyJle

COCTaBIseT A .

o= Mo _ 4985235107

= = =4,5122901-10"%,
T m-g 11048112107 - (15)

roe m_=1,1251539.10"% — Macca cymeppocumwuisiTopa. Yucno anex-
TPUHO, Nepellejiliec B NOKaJbHBIE TOKH BOKDYT 7, CYTIepOCUAILIATO-
POB COCTaBISET 7, :

__AF 1010ty
> m,-g 6731806-10°H

IIpy 3TOM YMcno 37IEKTPHHO, obpalalolieecd BOKPYT KaXIOro cy-

= 1,4854854 - 107 (16)

nepocuuUIsITOpa ¥ hopMHUpyIOLliee €r0 TOK COCTABISAET n:
n, =n, [n_=32920875-10°, a7
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a NIMHAMMYECKHil 3aps/l 3TOTO YHC/A 3NEKTPHHO COCTARISCT Z,:
Z,=n -3=6,5435647-10"Kn (18)
Hpu paguyce op6uTh an€XTpUHO 7, = 2.55- 10~° m , opbuTanbyas
CKOPOCTH €70 BOKPYT CYNepOCLWUIATOPA COCTABNSET U,

_a-3-q, _ —56379216-107
" m,-r,oo,, 1,748218.107%

=-3,2249534-10""m/c (19

rae 0t=1,0404472 - 10*° IIx/Kn? — anekrpoAMHaMHYecKasl NOCTOSH-~
Hasi.
Yacrora obpalneHHas 3I€KTPHHO BOKPYT BOIYKA — CYTepPOCLmLIg~

TOpa COCTABIACT @, :

@, =u [2Rr, = -2,0128145.10" ¢! (20)
Torapa HHPKYASUMOKHBIA TOK CYNIEPOCHUWISITOPA, €r0 JOKAJIbHbIR
TOK, COCTABHUT /.

i, =n 30, =-13,1709824. (21)

3gaxk (-) nepen 3HadyeHUAMH BeJUYMH B (19)-(21) ectb cBume-

TEJBCTBO TOTO, MTO ABMXCHME MPOWCXOAMT B CWIOBOM MOJIEe LUEeHTPasb-
HOTO Tena.

3axBaueHHOE CYNEPOCIISATOPOM KOTUYECTBO SJCKTPHHO i, NOCTe
BLIXOa BOJAB! M3 BHEIUHETO MATHUTHOTO IOJA, NOJXHOCTHIO paccenBaeT-
cs Yepe3 HEeCKOJIBKO YacoB. T.e. KOTga OMarHM4eHHas BOAa B CWIBHOM
10JI¢ BHOBb BO3BPAIIACTCsA B €10 MAaTrHUTHOE T10JI¢, PABHOBECHES B CHCTC-
Me CYIEePOCHWUITOP-MariiTHoOe TI0/Ie CABUIaeTCs B CTOPOHY YMEHbIIES-
HHUSA AUHAMHYECKOTO 3apAia Z, paccesHue MeKTPHHO CYNepOCUMLIs-
TOPOM HpEBATINPYCT HAll 3aXBATOM HMX M3 BHEIIHETo YOI B IMBaMHYec-
KMH 3apsn BO3BpaliaeTcs K HadanbHOM BelMwyMHe Z , paBHOBECHOH B
CHCTEME CYTIepoCIUUIATOp-MarHuTHOe noJe 3emimm. [lapamesuo name-
HEeHHSAM AUHAMHYECKOIO 3apsiaa CYNepoCLUUIATOpa IPOUCXOAUT H3ME-
HeHMe BceX HM3MIeCKHX CBOMCTB BOADI, T.€. AMHAMMYECKHH 3apsy SB-
JiAeTCA EPBONPUTHHON STHX HIMEHEHHH.

B [4, c. 300] noxasaHo, uro 99,6% sHeprun, 3aTpauuBacMoil Ha
JOBESHUE BONBI 10 COCTOSHMS KMIIEHHSA — 3TO TPAHCIIOPTHasi SHep-
THH, T.€. DHEPIWsl KOHBEKTHMBHOM LIMPKY/IAIMHU CYIIepOCIUUIITOPOB MEX-
Iy IHOM cOCYIia H NOBEPXHOCTHIO XUnKocTH. IMeHHO 3TO HHTeHCHBHOE
nepeMelleHUe CYNepOCHHUSITOPOB BOABI B IUIOCKOCTH, HOPMaIbHOM X
MTOTOKY F¢OMATHUTHOTO IOJIS, CO37aeT GNAaroNpysTHEIC YCIOBHS AJIA 3aX-
BaTa MMM 37IEKTPHHO M YREJIUYEHUs CBOEIO I¥MHaMHU4Yeckoro 3apsana. Ilo-
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3TOMY IO cBoeif pH3UUecKoM cyTH “XuBas Boga” — 3TO BOIR, HAYJIEK-
TPH3OBAHHASA OT FT€OMATHUTHOTO TIOJS. DTOT Xe IPOLECC NMPOUCXOAUT
NpU XONOZHOM KMIEHUM BOIABI B BaAKyyMe.

Tanas BoAa 37eKTPH3YETCH JTOKANbHBIM TOKOM, HHPKY/IUPYIOLIUM
BOKPYr AAHHOIO KycKa JbJda, B npolecce (pa3oBOro mepexoa Jeq—
BoAa ¥ PopMUPORAHMA NPUCTEHHOTO CNOst XHUAKOI a3kl Ha eTo NoBep-
xHocTH. T.e. Yepe3 MPUCTEHHLIN CNoi BOAbI IPOXOAST ABA MOTOKA JIeK-
TPUHO-TEOMATHHTHBIN M cOGCTBEHHEIN LUPKYIIUHOHHBIN Nbja.

B ocHose u3BecTHBIX paboT Ymkesckoro AJL. no aneKrpusauuu Bo3-
AyXa JISXHT 3TO X¢ ABIeHUE-YBEIHUYCHUEe AUHAMHKYECKOTO 3apsiia ero
3INEKTPOOTPHLATENLHBIX KOMITOHEHTOB.

W3 paboT YuxeBcoro u 6onee mo3aHux padoT 1o M3yYeHHIO BIus -
HHUS aKTHBHPOBAHHOM M OMArHH4e€HHON BOA Ha XH3HENEATEIbHOCTD
MHKpPOBOB, pacTeHUit U XKUBOTHBIX CTARHOBUTCA SCHBIM, YTO JMHAMH~
YecKul 3apsi, nepeiaBacMbIi OpraHM3MaM ¢ BOJOH H BO3AYXOM MIpaeT
U1 HUX OYEHE BaXHYIO HOJNOXHTEABHYIO POk, (PH3HYECKYIO U OHOXH-
MHYECKYIO CYTb KOTOPOH Teneph NPEeACTOHT IMyOOKO H3Y4UTh. DTa 3ana-
Ya JOJDKHA CTATh OOJBIION caMOCTOATENLHOM 06nacTrio 6MOPHINKH,
BeAylleH K ACHOMY NOHHMAHKIO OCHOB XH3HeAesATeAbHOCTH GHonorn-
YECKMX CUCTEM.

BbIBOIbl, BRITEKAKOLHE H3 BbILIEWIIOKEHHOIO TAKOBBL

1. JlokazaHO yBeIMMEeHHE MAacChl BOAB NPH B3aMMOACHCTBMM C Mar-
HUTHELIM TIOJIEM, HAMIPSAOKEHHOCTDL KOTOPOIO BhILE HANIPSXKEHHOCTH INeo-

MarHuTHOro nons Hg =31831A/mM.

2. loxazaHo, YTO MarHMTHOE NoJe ecTh NOTOK HCTHHHO JIeMeHTap-
HBIX 4acTHil, o0MaJalolIHX NOCTOSHHEIM TIOIOXHTENLHBIM 3apgIoM 3 H

NOCTOAHHOM Maccoit m, .

3. BKcepHMEHTAILHO TIOATBEPXACHA PEalbHOCTh I1EKTPHHO, HO-
CHTENS KBAHTA NOJOXUTENHHOTO 3MNEKTPHYECTBA, YTO BOCCTAHABINBACT
3apsIOBYI0 CHMMETPHIO B CTPYKTYpPE aTOMa M B TEOPHU GH3HKH B Le-
JIOM.
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