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OOBICHSIOTCS 3(PPEKTH, BOZHUKAIOIINE ITPY CTOJIKHOBEHNH C TBEPIOM MUIIEHBIO ITOTOKA METAJIIM -
yecKMX yacTuil pazMepoM 10—100 MKM, IBMKYIIUXCS cO cKOpocThio 1—3 kMm/c. CaenaHo mpenmnosio-
JKEeHHUE, YTO B MOMEHT yJapa 0 MHUIIIeHb YAaCTHUIIA TePSIeT YacTh 3JICKTPOHOB M B TeUEHHNE HEKOTOPOTO
BpeMeHHU G1arofapst HaIMYUIO OKMCHOI 000JIOUKHU YIEePXKUBAET Ha cebe MOoJI0KUTEebHbIM 3apsia. [1loTok
3JIEKTPOHOB, TIPOXOMSIINHA TI0 MUAIIIEHN B MOMEHT yIapa, TeHepUpyeT UMITYIIbC 3JICKTPOMAarHUTHOTO
nosig. Yactuua, obaanarowas sapsaoM ~10~° Kii, BHeIpuBIIKCH BHYTPb TBEPAON MULIEHU, JaBUT HA
CTeHKY KaHaJa ¢ cuitoi ~500 MIla u nBuzKeTCsI B HeM o IeiCTBUEM CHUI, BBI3BAaHHBIX MOJISIpU3aIIeii
BeliecTBa MuiieHH. KoMOMHAIIMsI BEICOKOTO AaBJICHUSI M CMEILEHUST TPUBOIUT K CYILIECTBEHHOMY CHU -
JKEHUIO CHJIBI TPEHUS YaCTUIIBI O CTeHKY. I1pemnokeHHas TUIIOTe3a B CIydae CBOETO MOMTBEPKICHUS
MOKET TTOMOYb HAWTH CITOCOOBI 3aIUThI SJIEKTPOHHBIX TIPUOOPOB KOCMUYECKHUX aIllapaToB OT yIapOB
IMOTOKOB OBICTPBIX IMBLIEBBIX YACTHII.
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BBEJAEHUNE

B mpOMBIIUIEHHOCTH BaXKHYIO POJIb UTPAIOT TIPO-
1IECChl C MPUMEHEHUEM IITAMITIOBKY METATNYECKUAX
uznenuii. IlITamroBasi ocHacTKa M3HaIIMBAETCs He-
paBHOMEPHO: OCHOBHOI M3HOC HabogaeTcs B obja-
CTSIX, THe MPOUCXOAUT MPOruod U 3aTeKaHe MaTepuaia
3arotroBku. [IpobiieMy M3HOCAa MOXHO PEIIUTh ABYMSI
croco0aMu: U3TOTOBUTH BCIO IITAMITOBYIO OCHACTKY U3
marepuania, ClioCoOHOro paboTaTh B YCIOBUSIX WHTCH-
CHUBHOTO M3HOCA (KaK MPaBWJIO, U1 3TOTO UCITOIb3yeT-
csl HOPOroii cIjiaB Boyb(dpama ¢ KOOaJIbTOM), U3TOTO-
BUTb COOPHYIO LITAMITOBYIO OCHACTKY U3 MaTepHaJioB
pPa3HOi UBHOCOCTOMKOCTU. DTO MO3BOJUT YMEHBIIUTD
Maccy TBepAoro cIviaBa B 3—5 pa3, HO yBEeJIMUMT 3aTpa-
ThI HA MEXaHUYECKYI0 00pabOTKy 1 COOPKY M3IeIIHs.
OpnHako ucciegoBaHus, IpoBeneHHbIe EBporeiickoi
accouuralueil mMopolIKOBO METALIypruu, IoKa3aiu,
YTO BOJIb()paMO-HUKEJIEBbIE€ CIIaBbl SBJSIIOTCS KaH-
LieporeHamMu, U UX MpUMeHeHre ObLIO OrpaHUYEHO.
B cBs13u ¢ 5TUM BO3HUMKJIA ITpoOJeMa MOMCcKa METOIOB
MOBBIIIEHUS U3HOCOCTOMKOCTU OOBIYHBIX MHCTPYMEH-
TaJIbHBIX IITAMIIOBBIX cTajleil. B maHHOM ciyuyae mep-
CHEKTUBEH CMOCO0 JOKAJbHOIO YIIPOUHEHUS CTalb-
HBIX J€Tajei TOTOKOM MOPOIIKOBBIX YaCTHUI] TBEPIO-
ro Marepuaja, pa3orHaHHbBIX 10 OOJIbIIIUX CKOPOCTEM

BHeprueii B3pbiBa. YpOBEeHb U3HOCOCTONKOCTH LITAM-
noBbIX cTajeil B 50—100 pa3 HUXe, 4YeM y TBEPIbIX
CILIaBOB TUIA KapOuI—BodbhpaM—KoOalbT, OMHAKO
yaapHast BI3KOCTb, IIpeneT MTPOYHOCTH Ha U3TUO U TeX-
HOJIOTUYHOCTh U3TOTOBJICHUSI IITAMIIOBOI OCHACTKU Y
HUX 3HAYUTEITHHO BHITIIE.

MHorue rojpl CylecTBoBajio MHEHHUE, UTO He3a-
BUCHMO OT ITapaMeTPOB yAapa NIyOnHa MPOHUKAHUS
OBICTPOIT TOPOIIKOBOI YAaCTHUIIBI B Mperpaay He J0JK-
Ha OBITH OOJIBITIE BEIMUWHBI, PABHOM IIIECTH €€ pa3Me-
pam. B 1974 1. B UHCTUTYTE UMITYJbCHBIX TIPOLIECCOB
(r. MuHCK) OBLIIO OOHAPYXKEHO SIBJICHUE IIPOHUKAHUS
YACTUL, IBVXKYILIUXCS CO CKOPOCThIO 6obiie 500 M/c, B
METaJTTMIECKYIO Mperpaay Ha IITyONHY B JIECITKH U COT-
HU MULIUMETpoB (3¢ dekT Yimepenko) [1]. B muie-
HU MOSIBJISUIUCH IJIMHHOMEPHbIE KaHaJIbHbIe 00pa3o-
BaHUs, IJIOTHOCTh KOTOPBIX focturana 1500 wmt./Mm2,
[Tpy BHeApeHUM B CTalb YaCTUILl KapOuaa KpeMHUs
win 6opuaa HUOOUS MPOMUCXOIUIO pa3MbIBaHUE BBO-
JUMOT0 MaTepuaja no creHke kaHana. [Tocie 3axio-
MbIBaHMWS KaHajla 00pa30BBHIBAJIMCH BOJOKHA, CO-
CTOSIIIIME M3 MAaTPUYHOIO M BBOIMMOIO MaTepuaa.
CranbHas meTaib peBpaliarach B KOMITO3UITMOHHBII
Mmatepual. IIpn o6paboTKe cTajiu MOTOKOM YacCTHII
6opuna TutaHa (TiB,) wim KapOOHUTPUIA TUTaHA C
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Puc. 1. Cxema mipoBefeHUsI OTIBITA TIO UCCIENOBAHUIO Jeii-
CTBUS MOTOKa MUKpodacTull SiC Ha METaJUIMYECKYIO MU-
1IeHb: I — KOpIyc 3apsiaa, 2 — B3pbIBYATOE BEIIECTBO, 3 —
KYMYJISITUBHAsI BODOHKA, 4 — YacCTUIIbI TOPOLIKA, 5 — pery-
JIMpYIOIIasi ornopa, 6 — MOTOK YacCTUI] TOPOIIKA U TJIa3MBbl,
7 — MeTaJuIn4ecKuit oopasell, § — CUJIOBbIC TUHUM IJICKTPU-
YECKOTO TOJIs, 9 — CUJIOBBIC JIMHUW MarHUTHOTO TIOJIST.

HukeseMm (TiCN + Ni) ee U3HOCOCTONKOCTh YBEJINYM-
Bajach B 2 paza [2].

Ha puc. 1 nmokazaHa cxemMa yCTaHOBKM IJISI BHe-
JPEHUS B METAJUTMYECKYIO MATPUILY OBICTPBIX YACTUIL
nopomka [3]. ITopuuio yacTull IIopoika pa3mepa-
mu ot 10 mo 200 Mmxm u Maccoii 20—200 r momeraau
B KaricyJjy, HaXoIUBILYIOCSI BHYTPM 3apsiia B3pbIBUa-
TOTO BemecTBa. [Ipy MHUIIMUpPOBAaHWK B3pHIBa Ya-
CTUIIBI TTOPOIITKA PA3TOHSUIMCh IMPOIYKTaMU B3phIBa
0 CKOpPOCTH 1—3 KM/C M yIapsutuch B IIOBEPXHOCTD
MeTaJUIMIeCKoit TIperpaabl. B MOMEHT ynapa 4acTHIIBI
ee JaBjieHue Ha MulleHb gocturano 15 I'Tla. Pacyer
MmoKasaj, 4To 3armac KMHETUYECKOM dHeprum cde-
PUYECKOM YaCTUIIBI MOT TIO3BOJUTh €ii BHEIPUTHCS
BHYTPb TBEPIOTO Teja Ha IMyOMHY He Gosblie 5—6
3HaueHull ee nuameTrpa. Ha puc. 2a nmokasaHa Takas
gactuna [4], mist monydeHus pororpaduu cranbHast
MMUILIEHb OblJIa pa3pe3aHa BAOJb TPAeKTOPUU YaCTH-
Oel ¥ oTHUIM(oBaHa. MOXHO BUACTD, YTO BHEIPUB-
11asicsl YacTullia OCTaBuJja IIMPOKUi Kparep, a oopa-
30BaBIlIMiics KaHajl 3alloJIHEH 3epHaMU MaTepualia
muieHu. Ha puc. 26 moka3zaHa yacTulia, CyMeBIlas
BHEIPUTHCS B MULIEHb Ha OOJIBIIYIO TIIyOUHY [5, 6].
XopoI110 BUIHO, YTO KAPTUHA PATUKATIBLHO OTIIMYAETCS
OT IT0Ka3aHHOI1 Ha puc. 2a. BHenpuBIasica yacTulia
Ha puc. 20 HaXOOUTCS B KaHaJle, KOTOPBIi 103311 Hee
He 3aroJHEeH MOCTOPOHHUMU BKparIeHUsIMU. DTOT
KaHaJl cy>KaeTcs Mo3aau YacTUIbl U Ha HEKOTOPOM
pacCTOSIHUU OT Hee cxJionbiBaeTcs. [laBiieHue B KaHa-
Jie moBbimaioch 10 12 I'lla, u u3 KkpaTepa BEIOpaChI-
BaJIMCh MUKPOCTPYKTYPHI IUIOTHOH TUIa3MBbI, YTO CO-
MPOBOXIAJIOCh MHTEHCUBHBIM cBeueHueM. [nyOuHa
MIPOHUKHOBEHUS 3aBHCEIa OT pa3Mepa JacTull (puc. 3)
[5—8]. Ha makcuMasnbHy0 TJIyOMHY MTPOHUKAIU YaCTH-
LBl Pa3MePOM OKO0JIO 60 MKM, a 4acCTHUILIbI Pa3MEPOM
MeHbIe 5 MKM M Ooibiine 200 MKM TOPMO3WINCH Ha

(6)

Puc. 2. Yactuma KeJi€3a, BHCAPUBIIAACA B ITIOBEPXHOCTb MUILIECHU U3 KEJIE30-HUKEICBOI'O CIlJlaBa (a); Jactuua, IpoOHUKIIasd B

cTajb Ha OOJIBIIYIO IITYyOUHY (0).
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ITPOLUECC CBEPXTJIYBOKOI'O ITPOHUKAHNA
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Puc. 3. 3aBucumocTb N1youHbI L MPOHUKAHUS OBICTPOIi YacTu -
LIbI OT ee paguyca R.

HeOoJIbIINX MTyOuHax. bblio o6HapyXeHo, 4To 3@-
(hexT cBepXI1y00KOro MpOHMKAHMS YaCTULL IIPOUCXO-
IUT TOJBKO TP CTOJKHOBEHHH C IIPETPamoi CrycTKa
yactull. [Ipy cTOIKHOBEHUU ¢ Mperpaaoil oguHOY-
HBIX YacTUll 3(hdexTa CBepXIIyOOKOro MpOHUKaAHUS
He HaOJmopanoch. Bo BpeMs1 B3auMoneicTBUSI OTO-
Ka mukpoyactull SiC ¢ HMIMHAPUIECKOIT MUILIEHBIO
U3 ctanu-10 Bo3HMKANA UMMYJIbC 3J1€KTPOMarHUTHO-
ro noJjst [3]. MarHuTHOe MoJie U3MEPSLIN ¢ ITOMOIIbIO
TPEXKOOPAMHATHOTO AaTyrKa XoJijIa, pacIolokeHHO-
ro Ha paccTosHuU 15 cMm oT muineHu. Bua cruitoBbix
JIMHU{ MarHUTHOTO MoJjsl (OKPYXXHOCTU C LIEHTPOM
Ha OCcU LIMJMHApA) MoKa3aH Ha puc. 1. Bpems neii-
CTBUS UMITyJIbca MarHUTHOTO Mouis — (5—12) x 10~ ¢,
ero uHaykuus B = (5—80) x 103 Tu. [pu ysennye-
HUM Macchl 3apsifia B3pbiBUaTOTO BellecTBa oT 100 1o
600 r naaykums Beipocia ¢ 20 1o 80 MTi1, oHa OblTa
MaKCUMaJIbHOM IIpU pa3Mepe JyacTuil » = 60 MKM 1
YMEHBIIAJIAch 10 HYJIS TIPA YBEIMYCHUHU pa3Mepa 10
r= 220 MxM.

(a)

813

ITpu npoBeaeHUMU KUCCIEAOBaHUI MOBEPXHOCTh
LUJIMHAPUYECKON MUIIIEHU 000paYrMBaiu PEHTIeHOB-
CKOI1 (DOTOIUIEHKOIi, 3aBEPHYTOI B HECKOJILKO CJIOEB
gepHoit Oymaru. Ilocie nposiBiaeHUSI Ha (hOTOILICHKE
06OHAapyXeHbI JIMHNU (Tpeku) WInHOH (10—15) X 1073 M
n wupuHoii (2—4) X 10-¢ M. Bun Tpekos 6bU1 pas-
HbIN — HaOIOAAIMCh KaK HEMIPepbIBHBIE, TaK U TPEKU
CJIOXHOM (hOPMBI, TTIOXOXXKHME Ha CIIMPAIU WK MEaHIp.
Ha puc. 4 nokazaH Buj TPEKOB MMPU OOJILIIIOM yBEIU-
yeHuu [3]. YacTuiibl, ocTaBUBIINE TPEKU, IBUTAJINCh
napajjelbHO TJIOCKOCTH (DOTOIJIEHKU. DHEPIUs Ya-
CTHLI, OLIEHEHHasI 110 AJIMHe mpobera, Obljla HE MEHBbIIIE
80—100 M»B. Takue ke Tpekn oOHapyKeHbI Ha T10-
BEPXHOCTH TIJIACTUHBI KPEMHMUSI, PACHIOJIOXKEHHOMN psi-
JIOM C UMJIMHAPUYECKOI MUILIEHBIO [3].

3a ronpl, pouIealre mocjae ooHapyxeHus 3¢ hex-
Ta CBEPXIIIYyOOKOTO MPOHUKAHUS YACTUIL, 3TH OIBITHI
MMOBTOPSUTM MHOTUE MccienoBatenn. [loMuMo mom-
TBEPXXACHUS (haKTa MPOHUKAHMS YACTUIL Ha OOJIBIIIYIO
NIyOMHY MOSIBUJIMCH CBeIeHUSI 00 OOHApYy:KeHUU U3-
MEHEHMSI KOHLIEHTpall1ii 3JIeMEHTOB B KaHaJle, OCTaB-
JIECHHOM 4YacTuileii. Tak, Ipyu UCXOMHOM COAepKaHUU
MapraHia B Matepuae mutieru 0.2% ero comepkaHue
B KaHaJie yBeanumnoch 10 40%, anomunus — no 14%,
cBuHLA — 10 18%. Bonee Toro, B BoJIOKHE, 06pa3oBaB-
HIeMcs B KaHaJie, ObUT 0OHApyKeH U30TOoII Xene3a Fe’
¢ mepuoznom nonypacnana T, = 2.7 r. (M3oron Fe>
IyTeM 3axBaTa OpOUTAIBHOTO 3JIEKTPOHA IIpeBpallia-
eTcd B CTa0WIbHBINM n3oron Mn>) [3, 6].

I'maBHOI1 mpobiieMoil co3maHus TEOPUM CBEPXIUIY-
OOKOro NPOHUKAHUS YaCTULL SIBJISIETCSI MIOUCK UCTOY-
HUKa SHEPTUM, HEOOXOOMMMOM IIST OCYIIEeCTBICHMUS
JaHHoro mnpoiiecca. KnuHeruueckas sHeprus obsaka
MUKpPOYACTHI] He TpeBbimaeT 5 X 104 JIxx, Torma Kax
Ha 00pa3oBaHNE KpaTepoB, KAHAIOB (pa3pyIlieHNe X1 -
MHWYECKUX CBS3eM B MaTepralie MUIIICHN), 3aKPHITHE
KaHanoB (0Opa3oBaHME HOBBIX XMMUYECKUX CBSI3EH),
U3MEHEHUE pa3Mepa 3epeH MeTajljla U IBOMHUKOBaHKe

(6)

Puc. 4. Tpeku, odpa3zoBaBimecs: Ha (POTOIICHKE, 00EpHYTOM BOKPYT UMJIMHAPUUYECKOro oOpasiia: a — oOpa3sell U3 aJloMUHUS

(%500), 6 — oOpazen u3 cranu (X600).
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TpeOyeTcs 3Heprus Kak MuHUMyM B 10 pa3 6osbire. B
CBSI3W C 3TUM TIpenrnoiaraetcs [5, 6] cylecTBoBaHMe
HEYYTEeHHOTO MCTOYHWKA HEPTHM, BO3ZHUKAIOIIETO
TOJIbKO B PEKMME CBEPXITTyOOKOTO IMTPOHMKAHYS U He-
3aBHCHMOTO OT BHEITHETO Bo3neicTBusd. [1o MHEHUIO
HCCcliemoBaTeIeil, BO3MOXHBIM UCTOYHUKOM TOITOTHH -
TEJIbHOI 3HEPIUU CIYKUT TIOTHAS IJIa3Ma, KoTopast
o0pasyeTcs Ha TpaHUIIAX pasaena yacTUlla—MMIIEHb.
Ha moBepXxHOCTY TPYIIMXCS YaCTHI] BO3HUKAIOT 3JIeK-
TpUUYECKHE 3apsiabl. 3apssKeHHbIe 00MOapaIupyIoIe
YACTHUIIBI COMMKAIOTCS ¢ XUMWIECKIMU CBSI3SIMU Bellle-
CTBa MUIIIEHW HA PAacCTOSIHUS MOPSIAKA MEXKATOMHBIX.
Yewm OoJpllie 3apsa Ha TTOBEPXHOCTH YaCTHIIBI-yIa-
pHUKA, TeM BBIIIIE BEPOSITHOCTb TOTO, YTO SHEPIHUS
OyneT nepegaHa XMMUYECKON CBSI3U — 3JIEKTPOHAM.
Braromapst aTomy B npenenax TpaHMIlbl pasaesia YacTh-
IIa—MMIIIeHb B KaYeCTBE TICPBUIHBIX IIPOIYKTOB 00pa-
3YIOTCSI MOHBI U 3JIEKTPpOHbI. CMellleHue aTOMOB TIpU
coyaapeHUur Bo30YyXAaeT CBS3U, a KyJJOHOBCKOE BIIUSI-
HUE MOBEPXHOCTHBIX 3apsIIOB YaCTUIIBI BHI3BIBAET pa3-
pYIIEHNEe 3TUX CBA3ei. YIapHO-BOJHOBBIE MPOIIECCH B
MMIIICHU YBEIMYMBAIOT aMILTATYIY KOJIeOaHWI aTOMOB
B y3nax peuieTku. [TpoucxoauT paspbiB CBsi3eiil B Ma-
Tepuaie pemeTku. [TocKoIbKy pacCTosTHUE, IIPOXOIH -
MOE€ JYaCTHIIEH, TIPEBHIIIAET ee pa3Mep, IPenroaraer-
Cs1, 9TO TIOTEPU SHEPTUH KOMIICHCHUPYIOTCST HETIPEPhIB-
HBIM TTOCTYIUIEHUEM ILIa3Mbl B 30HY, 00pa30BaHHYIO
TMOBEPXHOCTSAMMU YacTUllbl U MuUllleHU. OOHOBJIEHE
TUTa3MBI OCYIIIECTBIISIETCS 3a CUET TUCCOIMAIIUN CBSI-
3ei KaXXI0To MOCJIeAYIOIero aTOMHOTO CJIOsl MUILIEHU
M YaCTUYHO — CBsI3eil mMaTtepuana ynapHuka. [Tosis-
JIEHWE DJICKTPOMAarHUTHOTO M3JTydeHUS U CJIel0B Ha
(oTomIeHKAaxX, OCTaBICHHBIX YACTUIIAMHU C SHEPTHEH
10—100 M»B, 00bsICHSIETCSI TUTIOTE301 O MPOTEKAHUU
B KaHaJlax peaklUii TepMosiiepHoro cuHresa. [1o-Bu-
IVMOMY, UICTOYHUKOM IOTIOTHUTEIbHON SHEPTUN MO-
TYT OBITH MHOTOYHMCJIEHHBIE MUKPOB3PHIBHI (TEpMOSI-
IepHBIe MUKPOB3PHIBBEI IO 00BEMY METaJUINIeCKOMN
Mperpanbl) BAOJIb TPEKOB ITOPOIIKOBEIX YacTHII [5, 6].

HpyruM HampaBjJeHUEM Pa3BUTUSI TEOPUN CBEPX-
MIyOOKOTO TIPOHUKAHUS YaCTUIL SIBISETCS MOUCK
MIPUPOIEI CHJI, NeHCTBYIOIINX Ha YaCTHIIBI, U TIPH-
YUH YMEHBILIeHUS CUJIbI TpeHUs yacTtull. [IpennoxeHo
MHoro runote3. CornacHo OAHON M3 HUX CUUTAETCS,
YTO MPU IBMKEHUM YaCTHIIBI BHYTPU TBEPIOTO Teya
repen Hel BBIIEISIETCS SHEPTUS. DTO MOTU(PUIIMPYET
maTepuan MUILLIEeHU, Jejasl ero riacTuyHbiM. Mcrou-
HUKOM JBMXYILEH CUIIBI SIBJISIETCS MTPOLIECC “CXJIONbI-
BaHUs” KaHaa 3a yactuueit. 3-3a oTBoaa Temia ot
KaHaJla B 30He CXJIONBIBAaHMST BO3HUKAET HAIIPSTKEHHE
MeTajla MpU ero OoTBEpAEBaHUU, CO3AA0IIEe CUITY
TUIIA KJIMHAa, naBsiiero Ha yactuuy [7]. B [8] npen-
JIOXKeHa TUIOTe3a 3axBaTa MUKPOYACTUIL (GPOHTOM
yIlapHO# BOJIHBI, UMEIOLLEeH KOHEUHYIO IMpUuHy. B [9]
MPennoaarajoch, YTo y MEJIKUX YaCTUIL Mpeaea TeKy-
YeCTH MHOTO BBIIIIE, YeM Yy CIUIONIHOM cpeanl. Kaxmas
yacTHlla IpoOuBaeT cede Jopory 3a cuyeT KMHEeTUYe-
CKOIi 3Hepruu, U no3aayu Hee Bo3HUKaeT KaHai. [Ipu

HUKHWUTHUH u ap.

€ro CXJIOTIBIBAHUM 00pa3yeTcs KyMYJISITUBHAS CTPYS.
OHa JOTOHSIET YaCTUILy, ITOATATKNBAET €€ 1 BO3Bpa-
IIAeT 3aTpavyeHHYIO SHEPTHIO.

Cornacho [10] npoHuKaHue YacTUILl HA TJIyOMHY
0.2 M MOXET MPOUCXOIUTh U3-32 AHOMAJIbHO HU3KUX
3HAYEHMI BI3KOCTH MeTauta. [1pu 3ToM BSI3KOCTP 13-
MEHSIETCS TOJILKO B TpenesiaXx 30Hbl, OrpaHUYEeHHOMN
MMOBEPXHOCTHIO KOHTAKTa MPEeTrpagbl I MUKPOJACTHII.
TemmiepaTypa MUKPOUYACTHUIL B 00JIaKe KYMYJISITAUBHOTO
BoIcTpesa He npeBbiaet 1200 K, 1.e. B MOMEHT yna-
pa oHa HAMHOTO MEHbIIIe TeMIIepaTypbl IJIaBJIEHUS
MeTasna. [Ipeamnosaraercsi, 4To yacTulia MOXeT 3a-
xBatuTh 10°—10° 351€KTpOHOB MK MOHOB. [1pu 3TOM
KyJIOHOBCKasl 9HEePTrus B3aMOJEHCTBUS YacTull OyaeT
HaMHOTO TMPEBbIIIATh TeMJI0BYIO 3Hepruto. B pesysb-
TaTe yaapa BO3HUKAET yaapHasl BOJIHA CO CKOPOCTBIO
5100 m/c (nnst ctanu). @OHOHBI B3aMMOACHCTBYIOT CO
CBOOOIHBIMU 2JIEKTPOHAMM MeTaJjlja U 3JIeKTPOHAMMU,
00pasyolMMU XMUMUYECKHUE CBSI3U, a TAKXKE C 3apsiaa-
MM Ha MTOBEPXHOCTM MUKpoYacTull. BpeMs neiicTBus
3BYKOBOI BOJIHBI JJ1s YacTull nuameTpoM 20—120 MKm
cocrasiger (2—12) x 1078 ¢. 3BykoBble BOJIHEI OMepe-
KalOT MUKPOYACTUILIBI U B3aUMONEHCTBYIOT C XUMMU-
YeCKU CBSI3aHHBIMU U CBOOOMHBIMU 3JIEKTPOHAMU.
DJIeKTPOHBI NepexoasT Ha 0ojiee BHICOKUII dHEpre-
THYECKU ypoBeHb. [lepexon 21eKTpoHA ¢ YPOBHS
Ha ypoBeHb mutcd 1073—10-"2 ¢, a penakcauus Ba-
JIEHTHBIX 3JIEKTPOHOB TIPH TIepexoie Ha 60yiee HU3KHE
YPOBHM MPOUCXOINT 3a Bpemd 1, = 1075—10~* ¢. To
€CTh CBOOOMHBIC 3JIEKTPOHEI UTPAIOT POJIb TOHOPOB
SHEPTUHU, Pa3pBIXIIIoNIeit XuMudeckne cBsa3u. CBs-
31 JOIOJHUTEJIbHO BO30YXIal0TCsl U PBYTCS, YaCTU-
IIbl HAYMHAIOT IBMKEHME B “IIa3Me TBEpAOro Tema”.
PasHocTh BpeMeH BO30YXIeHUs 1 pejakcaluuu AaeT
MPOMEXYTOK BpEMEHH, B T€YEHHE KOTOPOro CHMXKa-
€TCcsl BSI3KOCTh B KaHajie, OrpaHUYEHHOM MOBEPXHO-
CThIO KOHTaKTa MUKPOUYACTUILIBI U TIperpanbl. Pacuer
MOKa3bIBaeT, YTO BEJIMUYMHA BSI3KOCTU YMEHbIIAECTCS
non =0.005-0.08 H/m.

B [11] mpennoJiaragoch, YT0 MHOPOAHOE BEIIECTBO
JBVXETCS B Mperpaje He B BUIE MaKPOCKOITUYECKUX
YacTHUYEK, a B BUJE TPYMIl Pa3pO3HEHHBIX MOJIEKYII,
nepeMellaluXcsl BHYTPU yaapHBIX (OPOHTOB MO
JIeiCTBEeM rpaJueHTOB JaBJICHUSI, T.€. TIOCPEACTBOM
6aponuddysun. ContacHo [12] ipu IBUKEHUU YaCcTH -
1IbI B BSI3KOW HECXKMMAEeMOM cpefie h3-3a JJOKAJTbHOIO
Harpesa CJ0€B, MPUMBbIKAIONINUX K MJIOCKOCTU CKOJIb-
JKE€HWSI, BOBHUKAET Pa3ynopsaouyeHue Cpeabl U mpo-
WCXOJUT €€ HarpeB J0 TeMIepaTyphl MiasieHus. [1pu
2P/pv? >1 (P — naBienue, p — IJIOTHOCTb TIPETPAbI,
Vv — CKOPOCTb YaCTULIbI) pean3yeTcsl yCIOBUe “mapa-
nokca lamambepa” — Bo3HUKAeT pa3a JaMUHAPHOTO
00TeKaHMs YacTULIbI 0e3 COnpoTuBIeHMs. st cTanb-
HBIX MullieHeit ipu gaBineHusx 1—4 I'Tla ckopocTsb cTa-
LIMOHAPHOTO ABMXXEHUS YacTUlibl cocTanisieT 0.5 km/c.
IIpu ycnoBuu, 4yTo BpeMs CyIlleCTBOBaHUS MoJieit naB-
JeHus paBHo 2 X 075 ¢, yacTULA IPOHUKAET Ha TITy-
ouny 1072 m.
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ITonbITKM OOBACHUTD MPUIYMHBI IOSIBJICHUST Mar-
HHUTHOTO II0JISI U TPEKOB Ha (hOTOIMJICHKAX BCTpeda-
JOTCSI JIMIIb B HECKOJBbKUX paboTax. B [3] BO3HUKHO-
BE€HUE MAarHUTHOIO MOJISI OOBSICHSIETCS ABUXECHUEM
MarHUTHBIX JUITOJIEH B 2JEKTPUUECKOM IIOJIE, KOTO-
poe TIoSIBJISIETCS U3-3a TiepepacipeaeeHUs 3JIeKTpu-
YeCKHUX 3apsIioB B IMTOTOKE YACTHUII, TTIepeMEeIIaHHbBIX C
NpoAyKTaMH1 B3pbIBUATOIO BelllecTBa. Hukakux oie-
HOK ¥ ONMCAHMUS AeTajleil IPOUCXOMSIINX IIPOLIECCOB
He npuBoautcs. Eile 601ee COMHUTENbHO O0BsICHE-
HUe NPUUYUHBI MOSBICHUS TPEKOB Ha (hOTOTJIEHKAX.
IIpenmnomnaraeTcs, 4To B HEKMX “TOPSTYMX TOYKaX” BHY-
TPU MUIIEHU T€HEPUPYIOTCS BEHICOKOIHEPTETUIECKIE
“ragakTudeckue” MOHBI, KOTOPHIC, BBIIAS HAPYXY,
JBUXYTCSI C OOJIBIION CKOPOCTHIO BIOJIb TIOBEPXHOCTU
miaeHKU. HuKakmx KoJMYeCTBEHHBIX OLIEHOK 3TOro
mnpoliecca He IIPUBOIUTCS.

K coxaneHuto, mouTH IoayBeKoBast paboTa o co3-
JAHUIO TEOPUU CBEPXIITYOOKOTO MPOHUKAHUS YaCTULL B
TBEPIYIO Cpedy TaK M He IpuHeca pesyiabTaTta. MHo-
rMe MOJENIN He COIIacyloTcs U, 6ojiee TOro, MpOTUBO-
peuat apyr apyry. Hampumep, yTBepXaaeTcs, 4To TBep-
Jlasl yacTulia JIBUKETCSI B TBepAoii (ha3e 6e3 TpeHusl, HO
MOXKET IPOUYEPTUTh B HE Clie] CBOMM BEILIECTBOM, T.C.
OHa ABMXeTcs ¢ TpeHueM [9]. Bce oObsicHeHUsT onu-
parTcd Ha MPeanojiokKeHNe, YTO Y MEJIKMUX 4aCTUIL
npeaesa TeKydecTu MHOTO BBIIIE, YeM Y CIUIOIIHOM
cpenbl. M3BecTHO, UTO MPU ABUXKEHUU B CIUIOIIHOM
cpele OUCCUITallMs MeXaHMYeCKO SHEepTuu y KpyIi-
HBIX T€Jl OTHOCUTEJIbHO MEHbIIE, YeM Y MEJIKUX Ya-
CTUII, TO3TOMY OHU JIOJIXKHBI MPOHUKATH HA OOJIBIITYIO
myouHy. OJHAKO 3TOT BBIBOMA ITPOTUBOPEYUT SKCIIE-
pumenrtaM. Ectb kpurnueckuii pasmep d, ~ 107 wm,
" 17151 d > d, TpOHNKaHW4 He Habmonaercs. B 607b-
LIMHCTBE MOJeJIell MPOHUKAHUs TIpearnogaraeTcs, 4Yro
Kaxjasi yacTUla poOuBaeT cebe TOpory 3a cueT Ku-
HeTudeckoil sHeprun. [lo3agm Hee MosSBISIeTCS Ka-
Haj. [1pu ero cxJTombIBAHUM BO3HUKAET KyMYJISITUB-
Hasl cTpys. OHa JOTOHSIET YacTUILy, MOATAIIKUBAET €¢
Y BO3BpalllaeT 3aTpadyeHHY10 aHepruio. [1pu aToM He
YUYUTBIBAETCS, UYTO J1000€E pacripeneieHe TaBIeHUs,
nopoxaaeMoe B Iperpajae MOTOKOM YaCTHII, HE SIB-
JISIETCSl CTallMOHApHBIM. 30Ha, B KOTOPOIi CyIlIeCTBYeT
HY>XHO€ pacripenesieHue JaBieHus, J0JIKHA TBUTAThCS
€O CKOPOCTHIO 3BYyKa (4 kMm/c). C TaKoii 3Ke CKOPOCThIO,
YTOOBI HE BBIATU U3 3TOI 30HBI, JOJIKHA JBUTATHCSI U
yactuua. [1pu 3Toii ckopocTu B mperpajae BO3HUKA-
eT ynapHag BojHa ¢ amrumutynoii 200 I'Tla, yto B He-
CKOJIBKO Pa3 IMPEeBOCXOAUT TEOPETUUECKYIO TIPOYHOCTD
o, n1oboro TBepaoro Tena. Hanpumep, nis yactui
Bonbdpama o, ~ E/(2m) = 60 I'Mla (£ — monynb IOHra).
B yactuuax pasmepom 1075—10~* M ecTb IUCIOKALMH.
IIpenen NpoUYHOCTH TaKUX YACTHUI] HA TTOPSIIOK MEHb-
1Ie, TO3TOMY MPU IBUKEHUU OHU paspyiuarcs. OoHa-
PYXEHO, 4TO MPU ABMKEHUU MUKPOYACTUI] KaHAJIBI
cxJionbiBaloTcs. BoOaM3u kaHanoB o0pa3yloTcst 00J1acTr
WHTEHCUBHOTO TJIACTUYECKOTO TEUEHUSI C BHICOKO/IE-
(bexTHOI, YaCTUUHO aMOP(PU3UPOBAHHOM CTPYKTYPOil
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[12, 13], 4TO MPOTUBOPEYNUT KOHUETILIUN YIIPYIOii ae-
(bopMalM 1 XpyMKOro pa3pylieHUsI Cpedbl onepexa-
o1Iel TpemmuHoi 14, 15].

B HacTosinieit pabote npeajiaraeTcst HoBasi TUIIOTeE-
3a O0BSICHEHUSI IIPUYMH IIPOHUKAHNS YaCTHUL] Ha 00JIb-
II1€ TTyOWHBI.

TNITOTE3A DOPEKTA CBEPXTJITYBOKOI'O
IMTPOHUKAHUWA YHACTULL B TBEPAOE TEJIO

HauneMm ¢ 00bsiCHeHMSI TIPUPOALI CTPAHHBIX IIpe-
PBIBUCTEIX CJIEIOB, TTOSBIISIBINMXCS Ha (hOTOIUICHKAX 1
KPEMHUEBbIX IIACTUHKAX B OIBITaX 10 UCCIICIOBAHUIO
s dekTa cBepXIIyOOKOro MpOHMKAHWS YacTull. Takue
K€ HeOOBbIYHBIE CJIeNbl HEOMHOKPATHO OOHAPYKMBAIUChH
MPU JIEKTPUYECKUX paspsaax B Boae [16—25] (puc. 5).
CaMBIMU MHTEPECHBIMU U3 HUX ObUIM CUMMETPUYHBIC
ciennl (“ciaenpi-omm3Hensl”) [19, 24]. B [23—25] no-
Ka3aHo, 4TO HanboJiee IMOIXonsIIInM 00bEeKTOM, CITO-
COOHBIM OCTaBUTh TaKUeE CJSOBI, SBISIOTCS MHOT03a-
pSAHbBIE KJIACTEPhl U3 MOJIEKYN BoAbl. B 3THX Kitacte-
pax HeKWif aHCaMOJIb MOHOB C CYMMapHBIM 3apsiIoM
QO yoep:XuBaeTcs BHYTpHU cheprIeCcKOil 000I0YKU U3
MOJIIPU30BaHHBIX MOJIEKYNT Bombl. KymoHoBcKast crita
pacTaJKUBaHUSI UOHOB, HAXOMSIIIUXCSI HA TIOBEPXHO-
CTU c(pepbl paInyCcoM r, paBHa

— N2
FQ =Q /(83’[807’2). (1)
DTa cujia KOMIEHCUPYETCS JTaBJIeHUEeM Ha MOBEpX-
HOCTb C(epHhI CJI0S MOJISIPU30BAHHBIX MOJIEKY/I BOIbI
TOJILLIMHOMN a:

F,, = (0a4ntR?)grad(Q/4me,R*) = (20aQ)/(¢yR), (2)

rne 0 = 1 Kii/M? — MJI0THOCTD 3apA0B KOHIIOB 1~
roJieit Boabl Ha MOBEPXHOCTU cephl. Paguyc Takoro
Kiaactepa R =r + a.

3apsKeHHBIM KTacTep, MPUOIMKAIOIINIACS K TT0-
BEPXHOCTHU TBEPIOIO TeJia, MOJSIPU3YET ero BellleCTBO
W IPUTATUBaeTC K Heil. OKa3aBIINCh BOIM3HU TTOBEPX-
HOCTHU, OH OTIEJSET OT ce0s YacTh 3apsiia, KOTOPHI,
YIapUBIIKUCH O TOBEPXHOCTH ((hOTOIIEHKY UJIN KPEM-
HUEBOI MJIACTUHLI), OCTaBIsIET HA Hell cien. Knacrep,
MOJIyYMB UMITYJIbC OTAAYM, B3JIETACT HaJl IJICHKOM. 3a-
TOPMAaXXUBasICh U3-3a JEMCTBUS CUIbI TIPUTSKEHUS K
MOBEPXHOCTH, KJIAaCTeP OCTAHABIMBACTCS M HAYMHACT
CHOBa “manmaTh” Ha IUIeHKY [23, 24]. B pe3ynbsraTe Ha
IUIEHKE 00pa3yeTcs Lenb CIEI0B, ITOXOXMX Ha CIICAb,
noka3aHHbIe Ha puc. 4, 5. Camoe HETTOHSITHOE CBOM-
CTBO TaKMX KJIACTEPOB — CIIOCOOHOCTh BHEAPSITHCS B
TBEpIbIE TEJIa U OCTABIISITh B HUX CJIe[bl B BUIE KaHa-
JIoB [22]. Murpupyst BHyTpY TBEpAOTO Tejia, 3TU KJjla-
CTEpbl MHOTIA BLIXOIST HA €r0 MOBEPXHOCTD.

[IpenmmonoxuM, 9TO YaCTUIIBI, OCTABUBIIINE CIICIBI
Ha TUIeHKaX U 3aperucTpUpOBaHHbBIC B OIMbITAX IO UC-
cienoBaHMIO 3 deKTa CBEPXIIyOOKOTO TTPOHNKAHUS,
WICHTUYHBI OMTMCAaHHBIM MHOTO3apSITHBIM KJIacTepaM.
CHavajia pacCMOTPUM: KaK MOTJIX 00pa30BaThCs TaK1e
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HUKHWUTHUH u np.

Puc. 5. Tpeku, o6pa3oBaBiuecs Ha (OTOIIEHKE, PACOJIOKEHHO BOJIU3U 30HBI 3JIEKTPUUECKOTO pa3psijia B BoJe.

yactuupl? B [26] o6cyxnanuch 3hdeKThI, BO3ZHUKAIO-
1IMe TIpU yAape cHapsiia B OpOHIO, U ObLJIO BHICKA3aHO
MPEAIONOXEHHUE, YTO MPU TOPMOXEHUN CHAPsIA YacTh
3JIEKTPOHOB, IBUTASICh 110 MHEPIIMH, TTOKHUIAeT CHA-
psn. B pesynbrare cHapsi CTAaHOBUTCS MOJIOKUATEIBHO
3apsIKeHHBIM.

Bocnonb3yemcst umeeit, mpuBeaeHHON B [26], u
MPEAIONO0XKNM, YTO YACTULIBI METAITMYECKOTO MOPOIII-
Ka, JEeTSII1e CO CKOPOCThio 1—3 KM/C, TIpU CTOJKHO-
BEHUU C TIperpanoil TepsitoT 4acTh 3JICKTPOHOB U MPU-
00peTaloT MOJOXUTENbHBIN 3apsia. [1ycTh ¢ MUILIEHBIO
coymapsieTcst chepuuecKuii mapuk u3 turaHa. Ore-
HUM, KaKoii 3apsii MOXET IPpUOOPECTU TUTAHOBHIH 111a-
pUK paguycoM R = 30 MKM, CTOJIKHYBILMICS CO CTaJb-
HOil Mumenklo. [TnoTHocTs THTAaHa 4.5 X 10° Kr/M>3.
IMpu R=3 x 107> m 06bem V' = 1.13 x 10~ M3, macca
M =35 x 10719 k. Kunernueckasl Heprusl LapuKa, JIETs-
1iero co ckopoctbio 3000 M/c, paHa E, = 2.25 x 1073 [Ix.
PaccMoTpum mipoliecc repexoaa 3JeKTPOHOB € YaCTU-
bl Ha MulieHb. [1py 3ToM OyaeM YYUTHIBaTh, UTO MO
Mepe U3BSATUS YaCTU OTPULIATESIbHOTO 3apsiaa 1apu-
Ka BEJIMUYMHA OCTaBIIETOCS Y HErO MOJIOXUTEIbLHO-
ro 3apsa pacTeT, cliefoBaTelIbHO, paboTa MO OThEMY
clienylolieii mopUuU OTPULIATEILHOTO 3apsijia MOCTO-
SHHO yBenuunBaeTcs. [1ycTh cHavana B MUIIIEHD TIe-
pellia mopuus oTpMlaTelibHOro 3apsaa Ag. Yactu-
11a mproopesa MoJ0XUTEbHBIN 3apsaa Ag. PaboTa mo
pa3BedeHUIO 3apSaa0B OT PacCTOSTHUS R 10 ©© paBHA

AA, = (Aq)*/(47eyR). Tlociie 3TOrO MOJOKUTENbHBII
3apsia yacTullbl ctal 2Ag. Ilpu oTneneHuu OT 3TOM
YacTHUIbl OTPULIATEIbHOTO 3apsia BeJIMYUHOI Ag Oy-
IeT crenaHa pabora A4, = (2Aq)(Aq)/(4meyR). Ilpu
OTHEJEHUHU n-TO 3apsiga Ag OyneT 3aTpayeHa paboTta
AA, = (nAq)(Aq)/(4neyR). Tlonnas paborta pu cosep-
weHnn n waroB A = X(AA,) = (n?/2)(Ag)?/(4ne,R).
[IpupaBHseM ee K KWHETUYECKOI SHEPTUU YacTULBI E.:

(n*)(Aq)* = E, - 8me,R. 3)

[TonoxutenbHbIN 3apsan (0, OCTaBLIMIACS HA YacTUIIE,
paBeH nAg, mo3TOMY

0 =(E, - 8ng,R)'>. 4)
Moacrasus B 31y dopmyay R = 3 x 107> M u
E. =225 x 1073 Ix, Haxonum 3apsia Q, IprobGpeTeH-
HbIA mapukoM: Q = 1.145 x 10~2 Ko (7.16 x 10° ae-
MEHTApHBIX 3apsIIoB).

DJIeKTPOHBI, Mepelleie OT apuKa K [UJIUH-
JIPUYECKOMY CTEPXKHIO, IBUTASICH BIOJb €TI0 OCH, YIUIYT
B 3emo (puc. 1). ITycTb 3apsin, 1ocTaBAeHHBI OMTHUM
mapukoM, paseH Q = 10~ Kui. Macca mapuka paBHa
M =5 x 107" kr. ITycTh nonHasg Macca o61aka YacTuI]
paBHa M, = 10 r. OTclona HaXoOUM KOJIMYECTBO IlIa-
pukoB N, = M,/M =2 X 107 u ux CyMMapHbIii 3apsii
0.= N,0=2 % 1072 Ko [1puHsB TUHEHBII pazmep 06-
Jaka yactui paBHbIM L = 0.1 M 1 cunTasi, 9YT0 CKOPOCTh
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yacTul paBHa v = 3 X 10° M/c, HaXoouM BpeMs Ieii-
CTBUS 00J1aKa Ha MULIEHb: T= L/v = 0.33 X 10~*c. Ta-
K1M 00pa3oM, TOK, TTPOLIEAIINI MO CTEPXKHIO, paBeH
I=0,/t=6x10*A. B [3] u3Meps1ach MarHUTHAsI UH-
IYKITUS BOJIM3U CTAIBHOTO IIWJIMHAPA, B TOPELl KOTOPO-
ro yaapsiercs motok yactuil. Ha paccrostnum R, = 0.15 M
OT OCH HWJIMHIpa e¢ BeJIMIMHA OKa3zajach paBHOMU
B=10"3-10"2 Tin. Hanps>KeHHOCTh MATHUTHOTO TTOJISI
Ha paccTOSIHUM R OT MpPsSIMOTo MPOBOJA, IO KOTOPO-
My TedeT Tok I, papHa H = I/2nR (A/Mm) [27]. Mar-
HUTHOE TI0JIe CBA3aHO ¢ MHAYKIINEH COOTHOIIIEHUEM
H = B/u, = B/4n x 10~7. Orciona HaxXoouMm TOK
I =H X 2nR = B x 2naR/4n x 1077 A. Ilpunsas
B=10"Tnu R, = 0.15 M, monyyaem [ =7.5 x 10> A.
DTO0 61M3KO0 K IOJIYYEeHHOM B HACTOsIIIei paboTe OLieH-
ke. OnpeneauM BeJTMYMHY IaBJeHUs Ha TOBEPXHOCTD
CTaJIbHOM MUIIIEHW TUTAHOBOIO IIapMKa PaguycoM
R =3 x 107> M, o6aanaromiero 3apsaaom Q = 102 Kur.
PaccMoTpuM MOMEHT, KOra IIapuK TOJIbKO YTO KOC-
HyJICs ToBepXHOCTU. CuJjia ero NpUTSKEHUsI K TPOBO-
JsI1Iel MIIOCKOCTU paBHa

= Q%/[4ne,(2R)?] = 2.498 H.

IMnowans ceyeHus wapuka s = R2 = 2.826 X 102 m
JaBieHue lapuKa Ha MOBEPXHOCTb paBHO P = F /s =
= 8.84 x 10® I1a = 884 MIla. IIpenen mpoyHOCTH CTa-
mm-10 pasen P, = 330 MIla. CienoBarenpHo, Mapuk
JIOJIXKEH BHEIPUTHCS BHYTPb MaTepuajia MUILIEHMU.

OKa3aBIIMCh BHYTPU MUIIEHU, 3apsSKeHHBIN TI1a-
pPMK HAaBUT HAa CTeHKHM 0Opa3oBaBIIErocs KaHaja.
OLieHUM BeJIMYMHY 3TOro aaBieHus. OKpyXUM 3apsi
0 = 10~ K1 cepoii pannycom R =3 x 107> m. 3apsn
Oy/eT oka3bIBaTh Ha 3Ty cepy naBjieHUe

= [Q%/(87e,R?)]/(4nR?) = 442 MIla.

(5)

(6)

B MHoOro3apsgaHbIX KjacTepax, COCTOSIIINX U3 T0-
JISPU30BaHHBIX MOJIEKYJ BOAbI, KYJIOHOBCKOE JaBJe-
HY€ MOHOB KOMIIEHCHUPYETCS MPOTUBOITOJIOKHO Ha-
MpaBJICHHBIM JaBJIeHUEeM BOOHOI 00onouku [23—25].
IycTb MOHBI ¢ cyMMapHbIM 3apsaoM Q = 1072 Kir Ha-
XOMSTCS BHYTPU cDEphbl palyCOM ¥ U PACTATUBAIOT €€
¢ cnoit Fy = 0%/(87eyr?). Cdhepa okpyxeHa 06o04-
KO M3 TOJISIPU30BaHHBIX MOJIEKYJT BOJIBI TOJIIVMHON @,
KOTOpasi CKUMaeT TOJOCTb ¢ MOHAMMU C CUJION

F, = (0a - 4nr* - 20)/(4neyr) = (200a) /(). (7)

3neck 6 = 1 Ki/M? — IUIOTHOCTH 3apsiioB KOHLOB
OUTIONIe BOABI Ha TMOBEPXHOCTU CEPHl C MOHAMM.
[Tpupasuss F, k F,, HaxonuM a = Q/16aro. [loncra-
BUB B 3TO BEIpaxkeHUe r = R — a, moy9aeM ypaBHe-
Hue a’> — aR + Q/4nc = 0. [NoncTaBuB B ypaBHEHUE

=3 x 107 M, HaxomuM a = 2.964 X 107> M, yTO
4yTh MeHbIIEe pagnyca R. Takum obpa3zoM, eciu Obl
BOKDYT 3apsiia TATAHOBOTO IIIapyKa ITOSIBIJIACh 000-
JIoUKa U3 TOJSIPU30BaHHBIX TUMOJEH (HallpuMmep, U3
OKCHJIa MeTajlJla) CO CIIOCOOHOCThIO MOISIPU30BATh-
s, KaK MOJIEKYJIBI BOIBI, TO OH MOT OBI CYIIIECTBOBAThH
6¢3 BHelTHero maBieHus. OmHaKoO TOJNIIWHA TUIEHKU
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13 OKCUJA, aICOPOMPOBAHHBIX MOJIEKYJ BOIABL U IIPO-
JOYKTOB B3PBIBYATOIO BELIECTBA BPSL JIU MOXET OBITh
Gosnbie a, = 1077 M. OHa GyzeT okas3bIBaTh TaBICHUE
Ha IIapuK

P, = (60a,)/(2ne,R’) = 66.6 MITa. (8)

[Ipu sTOM maBneHMe MaprKa Ha MaTepHUal MUIIECHU
cHusutes go 375 MIla (¢popmyna (6)), HO Bce paBHO
OHO OCTaHETCS OOJIBILINM.

PaccMoTrpum, Kak Oymet nBUTaThCSI BHYTPU MaTe-
puaja MUILEHU IIapuK, 00JagarolIni MOJOXUTE b-
HBIM 3JIEKTpUYecKUM 3apsinoM Q. [lycTs neHTp 1ma-
pYIKa YIIyOomiIcs BHYTPb MHUIIIEH! Ha pacCTOSTHUE YyTh
Ooublle, yeM paguyc mapuka / =4 X 107 m. [1pu BHe-
JPEHUU 11apyuKa BHYTPb MaTepualia CTajJbHOM MUIIIe-
HM Ha €€ CTeHKaX IOSIBATCS TOJIOKUTEIBHBIC 3apsIIbl
BO3HUKHET CWJia, OTTAJIKUBaOIIasl IIapuK OT 3TUX 3a-
psnoB. Cuia aTa MpMHUMAaeT MaKCUMaJbHOE 3HaUYeHHE
MIpU OTTAIKUBAHUM IIApUKa OT OJMKaWIIeil moBepx-
HocTu MullieHU. [Tpy HaXoXAeHUU LIeHTpa laprKa Ha
paccrosiHuu r;, =4 X 1075 M OT MOBEPXHOCTH MUIIIEHH
Ha Hero Oyner neicTBoBarh cuna F,,, HanpasieHHast
BIJIyOb MUIIIEHMU:

= Q,%/|4mey(2r;,)]. &)

Ecinu 3apsin mapuka Q, octaHercst pasHbiM 1077 K,
F,,= 1.4 H. Ilo mepe nepemeleHust maprka BrIyob
MUIIEHH BETUUNHA F,, 6yner YMCHBH_[aTLCH IIpu

=35 10" 2Mnonyql/IMF = 8.99 x 1077 H, a npu
Haxomeﬂym 1apuka B ToUuKe Ha MOJIOBUHE JTAHBI
mutienu £y, = 0.

OnHako HeT OCHOBaHUI CUUTATh, YTO 3((HEKTHB-
HOE 3HaYeHUEe BeJUUYMHBI 3apsiaa Tena, MOrpykKeHHOro
B [IPOBOJSAIILYIO Cpeny, OyAeT paBHO €ro MCTUHHOM Be-
murHe. Korma 3apsskeHHBIN IapyK OKakeTCsl BHYTPU
TIPOBOJISIIEH cpenbl, BOKPYT HETO COOEPYTCS 37IEKTPO-
HbI, Oca0sI0lIMe AEUCTBUE 2JIEKTPUUECKOTO MO
mapuka (obpasyercs chepudyeckKuit KOHIeHCcaTop).
dakTryeckKu Mpou3oiaeT Kak Obl YMEHbIIIEHUE 3a-
psna mapuka. OgHaKo YMEHbIIIEHNE HAPSIKEHHOCTH
BHEIITHETO 3JCKTPUUYECKOTO MO OYIeT HEIOTHBIM.
biarogapst TerioBoMy IBUXKEHUIO 3JIEKTPOHBI 001a1a-
IOT KUHETUYECKOM SHEPIUeil, U Ha HEKOTOPOM PacCTO-
STHUU OT IIEHTpa 3apsiia HaNPSSKEHHOCTD TI0JIST CTaHEeT
HeoCTaTOYHOI 1151 yaep:KaHus ayeKTpoHa. Onpene-
JIUM, TIPU KaKoil BenmunHe 3apsna O, cpeprnieckoi ya-
cTULBI paguycoM R =3 X 107> M paboTa OTpbIBa DJIEK-
TPOHA OT €€ NMOBEPXHOCTU CTaHET paBHOU W, = kT
(kg — moctoanHag bonbimana). Ilpu 7'= 300 K nomy-
aum W, =4.14 x 1072 1. Cuia IpuTsSIKeHUsI SIEKTPO-
Ha K c¢)epe panuycom R, paBHa F, = (Q,q)/(4meyR, 2).
Pabora 1o ynajieHuio 3ﬂeKTp0Ha c paccTOSTHUS Rb Ha
c0: A= J.quR (0,9)/(4neyR,). IlpupaBHuBag A K W,
nojyyaem

0, = (kgT - 4meyR,)/q, (10)
e g = 1.6 x 10" K — 3apsn snexrpona. Ioncrasniss B
(10) uncneHHsle 3HayeHus, HaxomuM Q = 8.63 x 10~7 K
(540 snemeHTapHBIX 3apSIIOB).

[1pu Takoit BenmmumHe 3apsina HapsDKEHHOCTD OIS
Ha MOBEPXHOCTHU YACTHUIIBLI paBHa Bcero 8.6 X 102 B/m.
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Boamoxno, npeamnonoxenue, uro 1 = 300 K, Hemnpa-
BWJILHO. B Kj1acTepe ¢ 00071049K0ii 13 MOJIEKYJ BOJIbI,
cornacHo Kpurtepuio JlaHxXeBeHa, KpUTUIecKas Ha-
MpsKEeHHOCTD oy pasHa 2 X 10° B/m (B 10° pas
Oonbiie) [24, 25]. TakuMm oOpa3oM IOJIy4aeTcs, YTO
cuia, Tpedyemasl ISl TIOBOpOTa AUTIOJIS, TIOYEMY-TO
JIOJKHA OBITh B MUJIJIMOH pa3 0oJIbllle, YeM IJIs yaep-
>XaHus anekTpoHa. [loxoxe Ha To, YTO JIEKTPOH He
CcB00OMIEH, a JOBOJBHO CWJILHO CBSI3aH C KPUCTAJLIM-
yeckoit penietkoit. Kpome 3T0r0, Bo-T1epBbIX, 3J1eK-
TPOHHAas TeMmIleparypa (a IMEHHO OHa BaXKHa B pac-
CMaTpUBAEMOM CJIy4yae) MOXET ObITh ropa3ao OOoJbllle
MOHHO. Bo-BTOpHIX, B 00pa3ile MPUCYTCTBYIOT yaap-
HbIE BOJIHBI, TPSICYILLIME PELIETKY. DTO SKBUBAJIEHT-
HO HEKOTOpOIi Temmepartype, Kotopas Boile 300 K
Ha 2—3 nopsnka. [lostoMy 3apsig Q, B TedeHHE Bpe-
MEHU COTPSICEHUS] PEIIETKA MOXET ObITh HE MEHbIIIE
10°—10° aeMeHTapHBIX 3apsAn0B. MOXHO MPEANOoNo-
JKUTb, UTO 3apsiKeHHBIN 1IapuK OyaeT nepeMeIaTbest
BHYTPU MUILIEHU CKauKaMM: 3aMUpaTh, KOrIa OHa He
KOJ1e0JIeTCsl, U IBUTaTbCs, KOT/Ia OHA CUJIbHO TPsICeT-
cs1. BeposiTHO, 3TO 00BsICHSIET TOT (haKT, YTO CBEPX-
mTy0oKOe TTpOHUKAHWE ITPOUCXOIUT MPHU yaapax He
OMMHOYHBIX YaCTHII, a ABJIsIeTCs 9D PeKTOM KOJUIeK-
THUBHOTO JEeHCTBUS MHOTHX YacTHIl. B mipemmaraemoit
MOJEIN BpeMsI, B TeUeHUE KOTOPOTO ITPOUCXOTUT IIPO-
HUKaHUE YaCTHUIl, MOXET ObITb HAMHOTO OOJIbIIIE, YeM
JUTMTETLHOCTD yaapa CTyCTKa YacTHUII MU BO3IEMCTBUE
3BYKOBOI1 1100 yaapHoit BojHbl. CoracHo [22] yacTu-
1IbI, TIOSIBJISTIOIIIMECS TIPU DJIEKTPUUYECKUX pa3psiaax B
BoJIe (CBOMCTBa KOTOPBIX MOXKHO CUUTATh OJIM3KUMU K
CBOICTBaM 00CYKIaeMBbIX YACTUIL), MOTYT HAXOAUTHCS
BHYTPH TBEPAOTO Tejla B TeYEHUE BPEMEHU, U3Mepsie-
MOTO CYyTKaMHU.

OOcyauM, KaK CHJIbHO CHAaBJIEHHBIA MeTaJliu-
YeCKUI MapuK MojJ AeHCTBUEM MOBOJBHO Cl1aboit
3JIEKTPUYECKOM CUJIBI MOXKET IEPEMECTUTBLCH B TBEP-
JIOM Tejie Ha OoJiblloe paccTossHue. EqnHCTBEHHBINI
LIaHC CclIeJaTh 3TO — KaK MOXHO 0OJibllle YMEHBIIUTD
CWJIy TPEHMS cpelbl B 30He KOHTakTa. BHenpuBias-
csl yacTMla pU 3TOM JOJKHA 00J1a1aTh CIIOCOOHO-
CTbIO JJIUTEIbHOE BpeMsl yIepKUBaTh MPUOOPETEH-
HbII BJIeKTpUUYecKuit 3apsia. st aToro ee oboaouka
(cocTosiias U3 IU3JEKTpUKa, HalIpUMep OKCUIOB U
BO/IbI) 1OJIKHA OBITH XOPOIIMM U30JISITOPOM.

B TeyeHue Bcell UICTOPUM Pa3BUTHS XUMUU CUUTA-
JIOCh, YTO B TBEPIOM Teje XMMUUYECKUE peaKIIuu He
UAYT U3-3a IPEeHEOPEKMMO HU3KOM CKOpOCTU TndPy-
3un peareHToB. OMHaKO B KOHIIE XX BeKa YYeHBIM U3
HMucturyra xummnueckoit pusuku AH CCCP ynanoch
1oKa3aTh: €CJIU B TBEPAOM Telle, OIBEPTHYTOM BBICO-
KOMY JaBJICHUIO, OCYILECTBUTH AehOopMallnIo CIBUTA,
B HEM HAYMHAIOT MHTEHCUBHO MATU XUMUYECKHE pe-
akiuu [28, 29]. OHu oOHApPYXUIIU, YTO XUMUYECKast
peakuus MpoTeKaeT UMEHHO B MOMEHT JechopMaliuu
TBepaoro Tejaa. B onblTax mo AeMOHCTpallMU 3TOTO
addekTa ucnbIThIBa€MOe BEIeCTBO (HallpuMep, Me-
TaJU1) TOMEIAJIM MeXIy IByMs IucKamu (“HakKoBaslb-
HsaMu bpumxmena” [30]) u moaBepraau CUIbHOMY
cxkaTuto. B MOMeHT npuioxkeHusl CUJIbl OfHA 13 “Ha-
KOBaJIeH” TTIOBOpavYMBajach Ha HEKOTOPBIN YTOJ BO-
KpyT cBoeif ocu. [1pu 3TOM CBSI3M MeXITy aTOMaMU B

HUKHWUTHUH u np.

KPUCTAJITIMUECKON pellleTKe pBaluCh, 1 METAJLI MPU-
obOpeTan OOJBIIYIO IJIACTUIHOCTH. DPPEeKTUBHASL
KOHcTaHTa Auddy3uun B MeTajllie yBeJUuYnBagach Ha
10 mopsimkoB u O6buIa Ha 3—4 TIopsiaKa OoJblIe, YeM B
XuakoMm Metayuie [31].

OTO0 sIBJICHUE UHTEPECHO TeM, YTO B MOMEHT Je-
(bopManiuy CUJIBHO YMEHBILIAETCS BSA3KOCTh METaJLIA.
IToBepXHOCTh METAJIMYECKOTO 1IapuKa, BKIMHUB-
11IeTocsl B MEeTaJl1, caaBiauBaercs 1eopMUpPOBaAHHOMU
KPUCTAJINYECKOIl peleTkoil. B MOMeHT meiicTBus
Ha IIapuK CUJIbI, BbI3bIBAIOIIEH €ro CMellleHue, Me-
JKaTOMHBIE CBSI3U MEXIY MOBEPXHOCTHIO IIapuKa U
MOBEPXHOCTHIO MeTaJJIa MULIeHU pBYTCcA. [Tpu aToM
cuja TpEeHUd MajaeT mpakThyecku ao Hyius. [locie
CMEIIIeHMS 1lIapvKa Ha HEKOTOPOE PACcCTOSTHUE KaHall,
CO3AHHBIMA MM, 3aKPbIBACTCS CUJION HAaBJICHUS KPHU-
CTaJUIMYECKOM pellleTKU MeTajljla MUIlIeHU. JIBuxKeHue
3apsKeHHOTO 1IapyKa BHYTPU MeTajljia OIpeaesisieTcs
IEeWCTBUEM CUJI, BOZHUKAIOIINX W3-3a MOJISIpU3aluN
OauM3Iexalux Kpuctauindyeckux 3epeH. Hekoropoie
3apsiKEHHbBIE 1IAPUKU MOTYT BBIMTH HapyXy M ocTa-
BUTH CJienbl Ha ¢poTorpacuyeckux mieHKax.

Oo6oranieHe 30HB KOHTaKTa MapraHIeM, aJlio-
MUWHUEM U CBUHIIOM, MO-BUAVMOMY, MOIJIO TIPOU30M-
TU M3-3a Pa3HOM CKOpPOCTU MUPPY3UMN pa3TUUIHBIX
BEIIIECTB B 30HE CBEPXHM3KOI BI3KOCTU MaTepuaa.
dakT n3MeHEeHHST N30TOMHOTO COCTaBa 3JIEMEHTOB
(HanpuMep, NOABJIEHWE U30TONA XKeesa Fe’®) kop-
penaupyeT ¢ pe3yJbTaTaMu onbITOB [17]. B aTUX oITbI-
Tax ObLJIO OOHAPYKEHO, YTO MPHU B3pbIBaX IIACTUHOK
TUTAHOBOI1 (POJILIU B Bone conepxkanue nsorona Ti*
YMeHbIIUIOCh Ha 4%. He nckimoueHo, 4To yKa3aHHBIE
MpeBpalleHNsI MOTJIK OBITh KAKUM-TO 00pa3oM CB3a-
HBbI ¢ (h)aKTOM JOJTOro MpeObIBaHUS YacTull, obJaaa-
IOIIKUX OOJIBIINM 3JEKTPUUECKUM 3apsiioM, BHYTPU
TBepaoro teia [25].

ITonnpoOyeM HaliTH OOBSICHEHHUE TOMY, YTO YaCTHU -
bl paguycoM R = 30 MKM cITOCOOHBI IIPOHUKATh Ha
00JIbIIIYIO IIYOMHY, a YaCTULILI paaAuyCOM MEHbIIEe 3
MKM ¥ 0oJbire 120 MKM Takoii cClioCOOHOCTBIO He 00-
nanaT (puc. 3). Boilie yctaHoBneHo (popmyna (2)),
YTO YacTulia paguycoM R MMpu ynape B MUIIEHb MPU-
obpetaet 3apsin Q = (E, - 8ne,R)!/? K. Kunernueckast
sueprust E, = Mv*/2 = (o~ 43'[R3/3)(v2/2) e M — mac-
€a YaCTUIIBI, V — €€ CKOPOCTh, a 0 — IIJIOTHOCTh MaTe-
puaia yacTuibl. Torga 3apsia YacTULIbI

0 =1[(p " 27R*»?- 83‘[8 2/3]1/2—
= K(RYH'/?> = KR (11)

rae
K = [(167%¢,0v?)/3]"/2. (12)

MoncraBus B (12) p=4.5 x 103 kr/M* uv=3 x 10* m/c,
nHaxonuM K = 4.34 Ki/m2. CornacHo (9) cuna F,,, neit-
CTBYIOIIAsl HAa 3apsIKEHHYIO YacTUILy, HAaXOAS1IyOCs
BHYTPU TIPOBOJISIIIIETO TeJia, MPONOpIMOHaIbHA BeIu-
YUHE KBalpara ee 3apsija:

(13)

~ Q¥ = KR,
I[J'[H y,[[O6CTBa aHaJIn3a OTJIOXKHUM I10 TOPU30HTAJIb-
HOM OCHU 3HAYEeHUS R2. B stom cJiyqya€ 3aBUCMMOCTDb

KPUCTAJJIOT PA®U A

ToM69 Ne5 2024



ITPOLUECC CBEPXTJIYBOKOI'O ITPOHUKAHNA

= f(R?) na puc. 6 umeet Buz napadosnsl. [Ipotuso-
TONOKHO CuIe F,, neiictyer cuna Fj, TpeHUsI 4acTu-
LIbI O CTEHKY KaHana B MUIIEHH. DTa cvma MOSIBJISIETCS
W3-3a pOCTa YKCJIa IUCTOKALUI B MaTepralie MUILIEHU
[32]. IIpu HeOOABIIOKM CKOPOCTH OOpa30BaHUS AMUC-
Jlokauuit (M, COOTBETCTBEHHO, NTPU MaJIbIX 3HAYEHU -
SIX paanyca 4YacTUlbl) BEIUUMHY CUJIbI TOPMOXEHUSI
MOXHO CYMTATh MPOMOPLUMOHAIBHOM TIOIIAN 110~
BEPXHOCTH TPYIIEHCS YaCTULIBL: F, ~ ~ R?. OnHako npu
HEKOTOPOM 3HaY€HMUM pannyca R, HJ‘IOTHOCTB o0pa3sy-
IOIIUXCS AMCIOKALIMI TOCTUTaeT MaKCHMATbHOTO 3HA-
YeHUsl U B pe3yJibTaTe pe3Ko YBeJIMUMBAETCSl TBEPAOCTD
MeTauia. [103ToMy MOXHO CYMTaTh, 4TO TIpH R > R,
32KOH TOPMOXEHMsI YaCTHILIbI MEHsIeTCst Ha Fj, ~ an
rae n > 1. Ha puc. 6 nokazaHa sTta 3aBI/ICI/IMOCTb npu
n = 2. MOXHO BUzIeTh, 4T0 B obmactsx 0 < R < R’ u
R’ > R} cuia TpeHus1 GOJIbILe STEeKTPUYESCKOM CHITBI
F, CJlCLlOBaTeJIbHO JIBUXKEHUE YaCTHUIIbl HEBO3MOXHO.
1'[?)1/1 R? = R,? crerieHb NPEBBIILIEHUS CUIIOM F, Benu-
YUHBI CUJIBI Ff MakcuMalibHa, 4TO cnoco6CTByeT npo-
HHMKAHUIO 4acThll ¢ R = R, Ha OoJIbIINE PACCTOSHUSL.

SAKJIIIOYEHUE

IIpennoxeHa HoBas TUNOTE3a OOBSICHEHUSI KOM-
IUIeKCa SIBJICHU, COMPOBOXIAIOIINX MTPOLIECC CBEPX-
TyOOKOTO MPOHUKAHUSI B MUILIEHD OBICTPHIX METAJLIH -
YeCKUX YaCTHUIL: MOSIBJIEHUE TTPEePbIBUCTHIX CEA0B Ha
(boToruieHKax ¥ TeHEPUPOBAHUE UMITYJIbCA MATHUTHO-
ro mons. [To-BUauMoOMy, MAarHUTHOE TI0JIE CO3IAETCs
TMOTOKOM 3JIEKTPOHOB, CPHIBAIOIIUXCSI C YACTULILI TP
TOPMOXEHUHU, B pe3y/ibTaTe yero oHa MpuoodpeTaeT Io-
JIOXKUTEJIbHBIN 3apsia. DTOT 3apsij 3acTaBJsieT YacTHU-
LIy BHEAPUTHCS BHYTPbh MUIIeHU. OKa3aBIIMCh BHYTPU
TBEPAOIO Teja, 3apsKeHHas YacTUIA B TEUCHNE HEKO-
TOpPOTO BpeMeHH, MoKa JUISITCS KojiebaHUs KpUcTa-
JINYECKON pellleTKU, IBUXKETCS B HeM IMoJ AeHCTBUEM
BJIEKTpUYECKUX Toyieii. biaarogaps komOuHauum 3@-
(beXTOB CBEpPXBBICOKOTO JAaBJIEHUS U CABMUIA CXAaTOM
YACTULIBI CYIIECTBEHHO YMEHBIIIAETCSI BSI3KOCTh Me-
Taj1a. YacTh 3apsikKeHHBIX YaCTULL BBIXOAUT HAPYXKY
U3 MaTepuaja MUILIEHU U, B3aUMOJEICTBYSI ¢ TOBEPX-
HOCTBIO (DOTOIUIEHKU WJIM TBEPAOi TJIACTUHBI, OCTaB-
JISeT Ha Hell 1enb cienoB. JlaHHas runore3a TpedyeT
OoJiee TIOJTHOM TTpopaboTKuU. B yacTHOCTU, MpencTout
HalTU KOJIMYECTBEHHOE OOBSICHEHUE MOBEIECHUS 3a-
PSIKEHHBIX KJIaCTepPOB BHYTPU MPOBOAHUKA, TPUUUH
MPEUMYIIECTBEHHOTO TIPOHUKAHUS YAaCTULL CPEIHETO
pa3mepa 1 Ipyrux ToHKux aetaieii [33]. He npenna-
raeMm 37eCbh UJIeu OObSICHEHUSI MEXaHU3MOB U3MEHEHUS
M30TOIMHOTO COCTaBa 3JIEMEHTOB, HO HaJleeMcsl, YTO
BTU MpoLIeCcChl OYAYT U3y4YeHBbI B OyayleM [34].

OTMETHUM, 4TO co3IaHue Teopuu 3ddeKkTa cBepX-
mTyOOKOTO MPOHUKAHUS BaXKHO HE TOJIBKO JIJISI COBEp-
IIEHCTBOBAHMUS IIpollecca JIETMPOBaHUs MaTepUasoB,
HO ¥ JIJ1s1 IOMCKA ITyTeil HeiTpaam3auy 3Toro apgex-
Ta. JIejo B TOM, YTO KOCMUUYECKHUE arrapaThbl TOCTOSH-
HO TTOBEPraroTcst JeMCTBUIO YIAPOB BHICOKOCKOPOCT-
HBIX MUKPOPa3MEPHBIX YaCTHII, KOTOPHIE, TTPOHUKAS
CKBO3b METAJNTMYECKYIO OOO0JIOUKY alllapaToB, BEIBOASAT
W3 CTPOS DJIEKTPOHHBIE TIpHGOpHI |3, 35, 36]. Muoro-
CJI0IHBIE METAJIZIMYECKUE SKPAaHbI HE MOTYT 3al[UTUTh
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..
3JIeKTpOHUKY. B [37] mpoBoguinch ucciaemoBaHus Aeii-
CTBUS TTOTOKOB BEICOKOCKOPOCTHBIX YaCTHII HA MUKPO-
CXeMBI, TIOMEIIIEHHbIE B TePMETUIHBIN aTIOMIHUEBBIA
KoHTeitHep ¢ ToamuHoi creHku 200 mMm. KoHTeliHep
TONBEPTajICs NEUCTBHUIO YIAPOB CTYCTKOB ITBIIEBBIX Ya-
CTULIL, JIeTAIIUX co ckopocTbio 300—3000 m/c. bruio
00HapyXeHO, UTO MPU OMHOKPATHOM ASHCTBUU MTOTOKA
YacTHUILI BHYTPpM KOHTeiHepa moBpexaanoch 10% mu-
KpOcCXeM, TIpU TPeXKpPaTHOM BO3ICHCTBUM TTOBPEXIa-
ek 33%, a nipu natukpatHoM — 85%. Ipu 3ToMm rep-
METUYHOCTbh KOHTEIiHepa He Hapyanachk. Eciau ruro-
Te3a, YTO BHYTPb KOCMUYECKOTO arIapaTta IIpOHUKAIOT
YACTUIBI C TTOJIOKUTETBHBIM 3apsIioM, BEpHa, MOXKHO
MOMNBITATHCS 3aTOPMO3UTH UX IBMXEHUE B 000JIOUKE,
MPUIIOXKUB K HEll UMITYJIbC SJIEKTPUIECKOTO TTOJISL.
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THE PROCESS OF SUPERDEEP PENETRATION
OF HIGH-SPEED METALLIC PARTICLES IN SOLID BODY
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Abstract. An explanation of the effects arising at the collision of a stream of metal particles with a size
of 10—100 microns, moving at a speed of 1-3 km/s, with a solid target is proposed. It is assumed that
at the moment of impact on the target, the particle loses some electrons and for some time, due to the
presence of an oxide shell, retains a positive charge. The flow of electrons passing through the target at
the moment of impact generates an electromagnetic field pulse. A particle with a charge of about 10~° C,
having penetrated into a solid target, presses on the channel wall with a force of about 500 MPa and
moves in it under the action of forces caused by the polarization of the target substance. The combination
of high pressure and displacement leads to a significant reduction in the particle-wall friction force. The
proposed hypothesis, if confirmed, can help find ways to protect electronic devices of spacecraft from

impacts from streams of fast dust particles.
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