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IIpedcmagaenvt pezyasmame: uccae008anUl OCAMK08 MUMAH060U (oabeu nocie IMeKmpo-
63pbléa, NPOBEOEHHBIX C NOMOWDIO CKAHRUPYIOWe20 3aeKmponnozo muxpockona DSM-960.
C ucnoasvsoeanuem npucmasxu Muxpocnex-2 6bia nposeder KoausecmeeHHslll AHAIUI XUMU-
ueck02o0 codepycanus ocadka. Obuapyyceno, 4mo 4acmos MUEMAHO6020 0CAOKA npedcmaesinem
coboii nycmomeavte wapuxu. Hccaedoearvt pacnpedenenue Cuamempos uWlapukoe U ux sJie-
MeHmHbll cocmag 6 3asucumocmu om ycaoeui sxcnepumenma. Ilpueedensvt ouenxu dasaenus
2a3a 6 wapuKkax, a makxyce pe3yisimamsl Macc-CNeKmMpoMempuiecKo20 aHaiu3a oCHaniouHo-

20 2asa.

Ilux wuHTEpeca K SKCHEpUMEHTAM II0 3JEKTPO-
B3pBIBY IIPOBOAHUKOB mnpuliencs Ha 60—70-e rompl
npouvtoro Beka [1—3]. Tlocnemoabiliass ¢ KoHUA
70-x romoB Maciutabuast "Tobanmusanus’ GUINKU
[1a3MBI, CBA3AHHASI CO CTPOHMTEABCTBOM OOJIBIINX
YCTAHOBOK, TakuX Kak "Toxomak", "AHrapa-5" u T. I,
TIpUBeJia K €CTeCTBEHHOMY OTTOKY YJIeHBIX OT "Ha-
crojpHoi” dusuky. B pesyabTare WCCIeROBaHUS IO
3JIEKTPOB3PBIBY MTPOBOIHUKOB M3 (GUIMIECKUX J1ab0~
paropuif aKaIeMUYEeCKUX WHCTUTYTOB IIepelllli B
o0JIacTh TaK HA3BIBAEMBIX CYTY0O TPMKIAMHBIX MC-
cnenopaHuit [4] mam B HayuHble JiabopaTopuu YHU-
BepcuteToB |5]. B mocmennue rombl MHTepec K B3pbi-
BAIOIIMMCSI TIPOBOJIOYMKAM OIISITh Bo3poc [6, 7] B cBsI3H
¢ IporpamMMmaM# paboT IO CO3MAHWIO MHTECHCHBHBIX
WCTOYHUKOB MATKOTO PEHTTEHOBCKOTO M3JIYYCHUS.

W3 panHuX paboT 10 3JIEKTPOB3PEIBY [IPOBOJIOYEK
B Boze [8, 9] u3BecTHO, UTO TIPY AOCTATOUHOM SHEP-
FOBKJIANIE [PV Pa3pyIIeHUN IPOBOJIOUYKH 0Opa3yloTcst

TBEpIbIE YacTUlbl cepuiecKoii hopMbl. OnHAKO HU
B O[HOI U3 YITOMSIHYTBHIX paboT He IIPOBOMUIICS dJe-
MEHTHBIN aHaiu3 ocTatkoB GoJibIY HOCE 3JIEKTPO-
B3pbiBa. B HacTosieil paboTe HpuBeneHBI pe3yibTa-
Tl  DJIEMEHTHOIO  aHaJM3a  TBEPABIX  YACTHL,
00pasyoIMXCcsT B pe3yNbTaTe 3JEKTPOB3pLIBA TUTA-
HOBOM ¢onbrn. B xome mccremosaHuii OBUIO yCTa-
HOBJIEHO, YTO 3JIEMEHTHBIM cocTaB oOpa3oBaBIIUXCS
YaCTHI[ 3aMETHO OTIIMYAECTCS OT SMEMEHTHOIO COCTa-
Ba UCXOOHOI (ONBbIU. ABTOPHI HACTOSIILENH pPadOThI
CBA3BIBAIOT 3TOT (aKT C HU3KOIHEPreTHUECKOH
TpaHchopMaluen sagep XMMUYecKHX 31eMeHToB [10].

DKCIepUMEHTAIbHbIE PE3YJIbTATHl M0 HAOMIONE-
HUIO HU3KOSHEPTreTHYecKo# TpaHchopMaluy suep
XUMUYECKUX OJEMEHTOB B  MAaKpPOCKOMUYECKUX
Mmacimrabax (~1019—102° guep) 1pu 27XE€KTPOB3pHIBE
MeTauinyeckoil (hoJbIM B XUAKOCTIX OBIIM OIIyO-
nuxkoBaHel B [11]. B skcrmepuMmeHTax IO 3JeKTPO-
B3pbIBY TUTAHOBOH (DOJBIM HAONIONAETCS TpPaHC-
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dopmanmst Ti*® B wnenbiit "crmekTp" XUMMYECKHX
DJIEMEHTOB, YTO MPUBOAUT K 3aMETHOMY HMCKaXe-
HUW0O (~10 %) H30TOMHOrO cOCTaBa OCTATKOB THTA-
Ha. Pe3ynbTarsl oKasaMCh CTONb HEOXHIAHHBIMH,
yro ToTtpeboBanach IpoBepKa HUIIOKeHHbIX B [l11]
3KcnepuMeHTANbHLIX akToB. I'pynna B. 1. Kysne-
uosa (OMAUN r. JybHa), OCYIIECTBUB ITPOBEPOYHEIE
aKcnepuMeHTH [12], monyyuna pe3ynbTarhl, aHaIO-
ruynble [11]. B nononHeHMe K UCIIONB30BABLUMMCS
B [11] MeromuKam oIpeHeeHus 3JeMEHTHOIo Co-
CTaBa M M30TOMHBIX COOTHOIUEHMH UMY ObLIA TIPpHU-
‘MeHeHa MEeTONUKAa Y-AKTUBA3AIMOHHOIO AaHaIU3a,
YTO TO3BOJMJIO BBISIBUTh psia Dofee TOHKHUX 3aKO-
HOMEpPHOCTEH.

Onucanue IKCNEepUMEHTaNnbHOM YCTaHOBKM
Bn MeToaMnK

B skcnepuMeHTaxX HCIOIL30BAIMCh JIBE KOHACH-
caTopHble GaTapen emxocthio mo C = 1,5103 @
kaxnast. Onna Gatapes 3apsoKaach O HATPSDKEHUS
+4.8 kB, a Bropas — g0 U = —4,8 xB oTHOCHTEIb-
HO ImoreHUMana "seMaun”. B xayecTse KOMMYTATOPOB
OBIIM MCITOJNIB30BAHBI JBA Pa3spsAOHUKA TPUTATPOH-
" Horo Tuma. Pa3bpoc 1o BpemeHnu cpabaThIBaHUS
Pa3pSITHMKOB COCTABJISUI, Kak Ipasuio, He 6olee
+30-10-6 ¢. Kaxnas Garapes cpabaTbiBajia Ha cobCT-
BEHHYIO HArpy3ky (puc. 1), KOTOpoil ciayXuia TUTa-
HoBast (ponpra. Macca TuTaHoBOM dosbru (Harpys-
Ki) B akcrmepumenTtax m = (0,18+0,01 r. Ha puc. 1
CXeMATHYECKM IIPENCTABIEHA OJHA W3 IBYX B3pPLIB-
HBIX Kamep.

Puc. 1. Cxema 3xcnepumMermaibHoll yemanoexu:

1 — KoHaeHcaTopHas Datapesi; 2 — paspsoHuK; 3 — Kabens;
4 — donera; 5 — snexTpos; 6 — MONUATUAEHORAs KPbILIKE;
7 — yrnoTHeHMe, 8 — B3pLIBHas Kamepa; 9 — XMAKOCTb;

10 — Bentnay; 11 — Gannonsr; 12 — Kophyc B3 Hepxaperowieii
crami; 13 — gaTyuK naBieHus

I WCCHEIOBAHUSI CTPYKTYPHI - OCANKOB W MX
XMMUYECKOTo COCTaBa MpPUMEHSUIH LM(ppoBOH pac-
TPOBBI  3NEKTPOHHBIA  MuKpockanr | DSM-960,
OCHAlEHHBIM MpHCTaBKoit MuKpocnek-2, Tpen-
HasHAYeHHOW JUISI MNpOBENeHMST  KOJIUMeCTBEH-
HOTO PEHTTeHOBCKOTO TU(PAKLIMOHHO-IUCIIEPCHOTO
MUKpOaHaTu3a cocTapa o0pasla, HAYWHAas ¢ yIie-
poma ¢ ToyHocTeio £0,01 % M YYBCTBUTEABHOCTHIO
0,001 %. Bce uamepeHUs IPOBOIUIH TIPH OJMHAKO-
BBIX YCIOBMSX, T.. ITPH YCKOPSIOILEM HATPSIKeHUU
20 kB u ymre HakioHa 6 = (° [0 OTHOMIEHHIO K
TIagarolueMy IY4YKY. YBEJIWYEHUE BapbUPOBAIOCH B
uHtepsane x500—2000 pas. ITony4yeHHbIe pe3yibTa-
Thl PACCUMTHIBAIM Ha KOMIIbIOTEpPE IIO IIpOTrpamMMe
Frame Z. A. F. Correction Program Version X1.00
© Copyright Microspec Corporation 1987, 1988.

O6pasiiel Mpob ocankos I MCCIeI0BaAHUSA TOTO-
BWIH ciemayiolmM obpazoM. OcagoK B BOISHOM
pacTBope IIOMEL@IM B  YJIbTPa3ByKOBYIO BaHHY
V3IH-0,25 u obnyyanu yAbTpa3ByKOM B TeUeHUE
15 ¢, mpy 3TOM IPOXOIWUJI MPOLECC pPasMelllMBaHus
ocanxa. Jlamee mpoBoaAWIM MOBTOpPHOE OONydeHHE B
TeyeHue 15 ¢, ¥ B DTO BpeMsl TIUNETKOM OTGUpaIu
Karullo B3BecH IpUMepHO 3—4 MI, KOTOpYIO IToMe-
1AM HA ATIOMUHHEBYIO ITOJIMPOBAHHYIO MIACTHHY,
PACIOJIOXKEHHYIO B 9KCHKATOPE, I1e KAIUIK BBICYILK-
BaJIM IIPM KOMHATHOH Temriepatype. [lomydeHHBIH
TAaKUM o0pa3oM obpasel] MoMelaiyd B KamMepy 21eK-
TPOHHOTO MMKpockora DSM-960, rme npoBoamId
vicclieloBaHus conepkaHus aneMenTos ot Ti go U.

OO6paselr 1apuKa M3 MNpOOBI—O0CanKa BbIOMPATH
TOHKHM TMMHLETOM TII0Z OITUYECKHUM MHKPOCKOIIOM
MBC-2 nipu ysemuueHnu x50. BriOpanHbi 1iapuxk
TIpUKJIEUBAIM K AEPXAaTeNio obpaslioB ¢ TOMOLIBIO
ToKoTpoBoasiiiero Kiuesd Dotite. ObOpaselr MCXOOHOM
ostbru TaKKe MpUKIEHBATU K AEPXKaATENio TOKOIIPO-
BOJISILITUM KJIEEM.

Beumy Toro, uro mpo®bl IS UccieqoBaHUS TU60
MPHKJIEUBATU K AepXaTeato, JHOO MPOCTO IMoMellia-
JIM Ha METAUTHYECKMH AepXarTesib, M3 aHaIU3Upye-
MBIX 2JIEMEHTOB OBLTH MCKIIOYEHBI XHMMHYECKHE
3JIEMEHTBI, BXOHSILUKE B MaTepual TOMIOXKKH MW
Kied, T. €. aTIOMHHUI, cepebpo.

PesynbTartbl uCcCnenoRaHmui

B nHacrosiueli pabGote IpencTaBleHbl pe3yabTaThl
TOJIBKO TEX JKCIEPHMMEHTOB IO BJEKTPOB3PHIBY, B
KOTOPBIX B KAYECTBE 3JMEKTPUYECKONH HAFPY3Ku Cly-
Kuia TATaHoBasi (oJpra, a B KayecTBe HUBJIEKTPU-
YecKO# Ccpeibl WCIOJB30Balicd IUMCTHIUIAT. B pane
9KCIIEPUMEHTOB B AMCTHILIAT aobasnsiock or 0,15
xo 10 % taxenoii Bogsl (D,0). ITpoGootbop u mon-
rOTOBKa ITpoObI ITOC/Ie 3JIEKTPOB3PhiBA OCYILIECTBII-
JTACH IO METOJUKE, OIMCAHHON BBILIE.

[To crpykType WcclienoBaHHble oOpaslpl mpea-

. cTaBsoT coboil cepoe rybyaToe BEILECTRO C BBICO-

KUM cofepxaHueM chepudeckux v HechepryecKux
YaCTUI[ JUAMETPOM OT AoJieit MUKpoHa A0 ~1 MMm.
TunuyHas 3JeKTPOHHO-MHUKPOCKOMHUYecKas oTo-
rpacdus ocagka—npoOsl TpeAcTaBieHa Ha puc. 2.
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[t onuckiBaeMolt CepUU IKCIEPUMEHTOB CTPYKTY-
pa ocankoB BceX Npod NpakTWYecKW OfMHAKOBA.
Ominyne COCTOMT JIMIIIbL B KOJWYECTBE, pa3Mepe U
NPeUMYILIECTBEHHOM (HopMe HACTHII, COMEPKAHIMXCS
B npobe. KonuvecrBo yactuil B npobe, UX pasMep U
¢opma 3aBUCAT OT YCIOBUM 3KCMEpUMEHTA, T. €. OT
Macchl Harpy3kd M BEJIUYMHBI TOKA, IPOLUEILIEro
3a BpeMsl MUMILyJIbCca.

Puc. 2. Tunuuras 31eKmpoHHO-MUKPOCKORUMECKAA omozpadus
ocadxa (yeeanderne x500)

TunuuHoe pacnpefejieHue YacTUIL MO AUAMETPY
npencragicHo Ha puc. 3. IlocrpoeHue rucrorpam-
MBIl KOJIMYECTBA YaCTHI{ B 3aBMCUMOCTH OT WX JiHa-
MeTpa TpPOBOAWIM C MOMOLIBIO U3MEpUTENs U Ou-
HOKYJSIpHOM  Aymel  nipu  yBenmdeHud x10 1o
Gororpadusim, 3acHATHIM IPU YBEJIUYCHUU 3JeK-
TponHoro Mukpockona x1000. Hago orMeruts, yTto
TOYHOCTH TAKUX U3MEPEHUI HEBBICOKA, U IOJyYeH-
Hble TaHHBIE MOTYT CHYXUThb TOJBKO KaK OPUEHTH-
posouHble. M3 puc. 3 BuAHO, YTO OCHOBHasg Macca
YAacTHL] MMEET pasMep MOpsNKa HECKOJBKHX MUK-
poH. OnHako, KaK yxe OTMevaloch Beillle, B rpobax
BCTPEYAOTCS YAacTHLbI pasmepoM =10 MKM U maxe
COTeH MHKPOH.
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Puc. 3. Pacnpedeaenue wacmui no pazmepam

HexoTtopble KpyIlHble 4YacTHULbl WMMEIN CETKY
TPELMH Ha BHEIUHeil moBepxHocTu. [TosTomy ObLia
OCYILECTBJIEHA TIOTMBITKA PAa3pyllUTh OTACIBHbBIE
KpynHble ceprueckre JacTUIlbl MeXaHuuecku. Jlng
3TOr0 OTJEJNbHBIE KPYIHbLIE HIAPUKY [Of OITHYE-

CKHUM MHKpocKornoM rpd ysenauueHuun x200 paspy-
ajJK ITPOCThIM HAXATHUCM CIEIHUANbHO 3aTOYCHHO-
ro [MHLETA HA BHEIUHIOW ITOBREPXHOCTD.

Ha puc. 4 npencrasiieHa 3NeKTPOHHO-MHKPO-
ckomuueckast ¢dororpadus OTACNBHO BATOH chepu-
YECKOM 4yacTUlb! (IIapuKa), U3 KOTOPOH BUIHO, YTO
cepuyeckre 4acTMUbl MMEKOT MOBOJbHO TPaBHIb-
Hyto $opmy, 6Mu3KyI0 K chepe U MOV BHYTPH. |
Cdepuueckyii BUIX OTACIBHBIX HACTUL XapaKTepeH
IUTsl BCEX MCCNIEAOBAHHBIX HAMU OCAgKOB, OTIWYUEM
CAYXKMIAH pasMepsl 3TUX YACTUL U TOJUIMHA CTEHOK.

Caath

Puc. 4. Daexmpouno-mMuxpockonudeckan pomozpagua omoeivno
ezanivii chepuneckoi wacmuust (Mpodba Ne 397 B pexume
oBpaTHOpacCesiHHLIX 3/IEKTPOHOB; yBeMueHue x350)

TomuuHa CTEHKM YaCTHILbI, HPENCTABIEHHON Ha
puc. 4, okono 10 mxMm. Ha BHelutei moBepxHOCTH
cepbl BUIHBI Oojyiee MelKue cheprUyecKue 4acTH-
LbI, KOTOpbIe "TPUKICHIUCL" K OONBLIOH YacTHIlE.
BHYTpeHHSIsI ITIOBEPXHOCTb MO0 YaCTULIBl JOBOIb-
HO IJIajiKasi, HO B Hell WMMeloTcd TpeluMHbI IlTo xa-
paKkTepy u3JioMa CTEHKH 1100# cdepbl MOXKHO CKa-
3aTh, 4YTO pa3pylieHUe OBLIO XpPYTIKAM, T. €.
chepuueckue YacTHIIb LOBOJIBHO XPYIKHE.

Kax rnokasaiu pampHeluIne MCClefOBaHUS pas-
PYIIEHHBIX YACTUIL, OHU MPEACTABISIOT COBOH TOHKO-
CTeHHbIe OO0OAOYKM. TONIMHA CTEHKH O000109KM
umMesna pasmep 1—10 mMxM. B 3asucumocTu oT yerno-
BUI 3KCIEPUMEHTa BHYTPH 3THX oDoiouek Habo-
Jaitu Gonee MeJdKHe YACTHULIBI paBMGPOM oT
1 MKM g0 pasMepa 4yThb MEHBILUEro, YeM pasMmep
OCHOBHOM YACTHLBIL. B I'IepBOM ciaydae Mejgkue 4ac-
TUIBL HAXOLWJIUCH Kak Obl B sueilkax, BO BTOPOM
ciaydae OoJyiee MeJKMe YacTHIBI CTPEMMJIMCH paspy-
IUTL ODOJIOUKY W BBIMTH HApPYXKY, MPU 3TOM OHM
UCKAXANW BHEIUHIOIO TOBEPXHOCTh 00OJOYKH, 06-
pa3ys B3LYTHSI.

VY 3ameTHOro KOJWYEecTBA YAacTHL HAOMIONATUCH
MHOXECTBEHHBIE KPYINbIE OTBEPCTUSI MUAMETPOM 0
HECKOJIBKMX MHKPOH, KOTOpble 0Opa3oBbIBAIHCH
MpK BbIXOJE T430B W3 BHYTpeHHel 00JacTu 4acTuIl
Hapyxy. Ha puc. 5 npencrasieHa yacTulia Helpa-
BUJIBHO#M (pOpMBI, HA MOBEPXHOCTH KOTOPOI OTYET-
JIWBO BUIAHBI OTBEPCTUSI ¥ TPEIUHDI.
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Puc. 5. Fnexmponno-murpockonuqeckan gomozpagus omoeasno
GIAMGH wacmunsl Henpasuasnol ghopmet (npoba No 1147;
yeeauueHue x1000) '

Pe3ynbTaThl MMKPOPEHTreHOCNIeKTPaibHOro
ananumsa

IMpu  MUKPOPEHTTEHOCNEKTPATILHOM — aHalIu3e
nmpo6 G0 OOHAPYKEHO, YTO XMMMWUECKUEH COCTaB
. TIpUMecell B 3HAYMTEIbHONH Mepe HEeOJHOPOoIAEH MU
HAXOAMTCS B 3aBAUCMMOCTH OT (opMbl M pasmepa
yactuil. 1151 onMcaHus 3Toit 3aBUCMMOCTH 4acCTUIBL
npoObl GbUTH YCJIOBHO pAa3fejCHbl Ha Cleoyolne
TPYIIIBL:

L eyﬁtfamaﬂ cocmaeadriaa. MmoYTH OOHOPOOHAH
Mmacca, coiepxauias Meakue (1o 2 MKM) JaCTHIIbI
KaK TPaBUIBHON, TaK W HENPaBUIBHON (hOPMBI;

e YQCIUYbL HENPAGILAbHOU QopMbl,

s YACMUUb RPASUALHOU QOpMbL: HACTHULBI, OK-
pyriaoit ¢opMmbl, OMU3KOH K chepuiecKoii.

Koneuno, momoOHoe JjedeHUe SIBISIETCSl NOCTa-
TOYHO YCJIOBHBIM, OOHAKO CTarUcThyeckass obpabot-
Ka pe3yabTaTOB H3MepeHUH 11okasana oOOCHOBAH-
HOCTh Takoil winaccuduxkauuu. PacnpeneneHue
npuUMeceil 3aBHCEIo He TOJIbKO OT pasMmepoB U ¢op-
Mbl YaCTHII, HO U OT YCIOBHH 3KCIepUMEHTa.
B kauectBe o0OUIMX TEHNEHIIMH MOXHO OOpPaTHThL
BHHUMAHUE Ha CIEAYIONIee:

e B gyfuamoil cocmaeadrouiel! MaKCUMaJIbHOE CO-
aepxaHue jgerkux npumeceit: Na, K, Si, a takke Fe
u Ni, KOTopble SBISIIOTCS OCHOBHBIMM MPUMECSIMH
ucxonHoi Goabru, OTCYTCTBYIOT Au U As, a couep-
xaHue Pb — MuUHMManpHOE;

e B HOABIX HACMUUAX cepudecKkoli opibl MAKCH-
MAabHOE COAepXaHWe THKENBIX npumeceil (Au, As
u Pb);

® B YACIMULAX HENpaeuabhol opruvl 4acTo (QUK-
cupyercsa MakcumaibHoe comepxkaHue Co U MeHblllee
[0 CPAaBHEHMIO C YACTHIAMM I[1paBuibHON (OPMEL
KOJAUYECTBO MPUMECEH TSKENbIX JIEMCHTOB.

B tabn. 1 npuBeleHEl pe3yabTaThl MUKPOPEHTIE-
HOCIEKTPAIILHOIO aHAIN3a OJAHOIO U3 3KCIIEpUMEH-
TOB: 3JeMEHTHBIH cocTaB WCXOOHOWH (OJNIbTU, BbI~
TTOJTHEHHBIH sl 12 XUMUYECKMX DJIEeMEHTOB, COCTAR
YaCTHIIbI, PACTIONIOKEHHOI B cepenune ¢goTorpacdpuu

Ha puc. 6. Crenyer OTMETUTb, YTO I10 [TOBEPXHOCTH
DJIEMEHTHBI COCTaB YacTHL MEHSeTCS He3Hauu-
TenbHO. B nociemHux ABYX KomoHKax Tabm. 1 rpu-
BEIEHbl Pe3yAbTaThl YCPEeOHEHOro 3JIEMEHTHOIO Co-
CTaBa, CHENaHHOTro IS BhIOOPKM M3 HECATKA YaCTULL
chepruyeckoll U 4acTUl HEPaBUIbHOMN OPMBL.

Tabauua 1

Pe3yibTaTsl MEKPOPEHTIeHOCHEKTPAILEOr0 AHANM3A
(mac. %; ommbka +0,01, npenen obuapyxenns 0,001)

DiiemenT | McxonHast |Yactiua u3|  Yactuuss YacTuukr
donpra puc. 6 HenpaBuib- |cdepuucckoi
HO# hopMbl chopMbl
0 39,73 46,653 40,589
Ti 99,2 39,4 524 58.4
v | 0,51 0,45 0,49 0,44 |
Cr 0,017 0,02 0,02 0
Fe 0,164 0,08 0.24 0,18
Co 0,039 0,03 0,001 0,015
Ni 0,027 0.02 0,016 0,03
Cu 0,02 0,04 0,12 - 0,03
As 0,00 0,06 0,04 0,055
Sb 0,00 0,06 0,01 0,005
Au 0,00 0,04 0,006 0,25
Pb 0,00 0,07 0,004 0,006

Puc. 6. Baexmponno-muxpocxonudeckas gomozpadus omoeavno
83AMOE HACHUIBI
(npoba Ne 1202; yeeanuenne x1000)

MOXHO MpenrnoNOXUTb, UYTO €CIH H3MEHEHHE
cocTaBa TpHUMeEceit SIBASIETCS Pe3yJbTaTOM HU3KO-
SHEPreTHYecKoil sinepHoi TpaHchopMaLH, TO 3TOT
npoilecc MPOMCXOAUT MMEHHO B HEKOTOPBIX Kiac-
Tepax, a BHYTPEHHSsl ToJocTh "IapukoB” dopMu-
pyeTcsl B pe3yJbTaTe IMOSIBNISIOLIMXCS Ta30B.

AHanu3 razoer, coAepXalmxcsa B 4acTuuax

M3 puc. 4 u 5 BUOHO, 4YTO oOOpasyrolMecs
"lrapuku”  ABISIIOTCA  BHYTPU NOJBIMH. MoXHO
TIPeITONOXKTh, YTO NMPH OOpPAa3oBaHMM TaKUX lia-
POB MPOUCXONMT UX "pasiyBaHue” rasoM U3HYTPU.
Bo3MOXHBI IBa MEXaHN3Ma Pa3IMyBaHUSL:
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e 2opa4ull, TIPY KOTOPOM [ABJICHUE BHYTPCHHETO
raza KOMIEHCUPYETCSl TIOBEpXHOCTHBIM HATSIKeHUEM
pacruiaBiIeHHOM 000NIOUKH;

e X0400Hb, TIPU KOTOPOM JaBiieHUe
KOMIEHCUPYETCS YIIPYIUMU CIIaMU OOOIOYKH.

HecnoxHo olieHUTH JaBjieHWe rasa BHYTPW Ia-
pUKa ¥ KOJIUYECTBO MOJIEKYJI. 3aMeTHM, YTO JABE MO-
eI paslyBaHNs KadyeCTBEHHO HAIOT OXMHAKOBBIC
3aBUCHMOCTH U3OBITOUHOIO HABACHUSI OT pammyca
urapa.

[nst eopsueeo mipollecca HECHOXKHO 3aIIUCaTh
olieHKy [13]

rasa

o
P = 475 ; (D

roe Py — IapleHUe rasa;
o — Ko3(h(dUHUMEHT I[TOBEPXHOCTHOTO HATI-

SKEHUS;
R — pamuyc mapa.
Jlns TwtaHa TeMIepaTypa miaBieHust 1, = 1881 K;
a (2000 K) = 1,5 Jixx/M2. V3 (1) u ypaBHEHUs cO-
CTOSTHUSI HECJOXHO OLIEHUTH KOJWYECTBO MOJIEKYJ
rasa B LIape

2
Nzl;ana

roe k — nocrosgHHas bonmbiMana,

T — teMneparypa.

Jns mapuka pasMepoM ~100 MKM KOJHYECTBO
aToMoB cocTasisgeT ~1013,

Tt xoa00no20 iporiecca {14]

— Gmax h

P ;
R

2)

THE Opmax [IpeIeJIbHOE HAIpsLKEHWe MaTtepuaia
1apa (penesnl TeKy4ecTH);
A — TONIIMHA CTEHKH IIapa.

JUt TMTaHA Gy ~108 JIx/M3, T. e. qucauTeNb B
(2) nnst mmapuka TojnmHOU 1 MM paseH ~100, yto
Ha TopsiToK Gosbnie, yeM B oreHke (1). Momygaemoe
B 3TOM IIPUOMIKEHUM KOJWYECTBO MOJIEKYN rasa
cocrasnger ~1014—15 moexyi/uacTuity.

IlonyyeHHbIE OLIGHKY TIO3BOJVUIM HANEAThCS Ha
SKCIEPUMEHTAIBHOE H3MEpEeHUe KOJIUYEeCTBEHHOIO
Y KauyeCTBEHHOTO COCTABa ras3a, CONEp:KAIIerocd B
nojgy4yaeMblx yactuuax ("mapukax"). Jist aTol uenu
TIOCNe 3JIEKTPOB3PLIBA OTOOpaHHas Mpoba moMera-
Jlach TOX ONTUYECKMil MUKPOCKOI, C ITOMONIBIO
CIIELIUANTBHOIO CUTEUKA OTOUPAIUCh TE YACTUIIBL,
KOTOpBIe IUIABAIM Ha IOBEPXHOCTH KUIKOCTH, TaK
KaK UMEHHO TaKWe YACTUIIbI U SBJISTIOTCS] ITOJBIMMU.
3aTeM mosydyeHHas Ipoda BBICYIIMBANACH IIPU KOM-
HAaTHOM TeMreparype.

s uccnemoBaHWs COCTaBa rasa Ha Oase KBaf-
PYIIOIBHOTO Ia30BOro Macc-cnekrpometpa [10] GvI-
na cobpana 3KCIIepUMeHTaIbHAsT YCTAHOBKA, CXeMa
KoTop¥ u300paxeHa Ha puc. 7.

Puc. 7. Cxema sxcnepumeHmatbHol YCmano6Ku 04 uccaedoeanus
cocmaea 2asa:
1 — HarpeBatelNb; 2 — TUTENb; 3 — UCCICAYEMbIX MaTepua,
4, 11 — BeHTUNM BaKyyMHOM OTKayKu; 5 — OKHO;
6 — TOKOIONBONb!, 7 — BaKyyMMETP; 8 — MacC-CIIEKTPOMETD;
9 — BeHTW)b NepenyckHoil; 10 — HakoTMTebHBIN 00BeM;
12 — vCTIBITATE IbHBIN 00BeM

YcranoBka o6nagaeT ClAeayoliMy CBOUCTBAMU.

CoOGCTBEHHOE TId30BHIENIEHME WUCIIBITATENHHOTO
obbeMa npeHedpexuMo Mano. OObEM OCHAINEH TO-
KOBBOIAMM, ONTHYECKUM OKHOM [UIsl HUCTAHIIMOH-
HOTO W3MEepeHHMs TEMITepaTypbl 0o0pas3ia, MOHMU3AUM-
OHHBIM BaKYyMHBIM MacCC-CIIEKTPOMETPOM, BaKyyM-
METPHUICCKUMU TIpeoOpa3oBaTessiMu, BEHTWIEM Ba-
KYYMHOI OTKauykH, MPUCOSIMHEHHBIM Yepe3 Iepemny-
CKHOI BEHTWIb HAKONMTEJIbHOTO ob6bheMa ¢ cobCT-
BCHHON CUCTEMOM BaKYYMHOM OTKAYKU.

CrienianibHO JUISE JAHHOTO 3KCTEpUMEHTa cobpa-
HO ycTpoiicTBO Harpesa obpasiia. OHO BKIIOYAET TH-~
Tellb U3 XapOTPOYHOH KepaMUKu, JepXKaTelb U Ha-
rpeBareab. JepxkaTteils U HAarpeBaTelb U3TOTOBJICHBI
3 BoibdpaMoBOll mnpoBosioku auamerpoM 0,7 M.
Harpepatens umMeeT GbopMy LITHHIPUYECKON CITH-
panu u3 10 BuTkoB nuameTpoM 5 1 warom 0,5 Mm.

UccnenyeMbiii  TOPOIIOK — 3aIOJHSAET  TUTENb
IIPUMEPHO HA TPETh, CIUPAIbL MOJHOCTHIO OMyLIeHa
B TUIE€JIb HA PACCTOSIHUE OKOJIO 3 MM OT ITOBEpPXHO-
CTU MOpOILIKA. BepxHsSISI TMOBEPXHOCTb HarpesaTels
(cnypanu) BUOHA B OIITUYECKOE OKHO.

WiaMepeHysl TIpOBOAWIM 1O CHEAYIOIEH rpole-
nype. (DOHOBBIN 3IKCIEepUMEHT ObLI TpegHAa3HAuYeH
ISt A3MepeHus] abCoNIOTHOTO KOJUYECTBA MpHMe-
Celi, comepxaluxcd B BAKYYMHOH cucteMe U caMoM
TUIJIE, & TAKXKE XMMUYECKOro COCTaBA UX MPUMECE.
B ucnpitatenbuniii o6veM (73 ) IMOMEINANCS TUTEIb
6e3 mopowka. O6beM 0Oe3 mpenBapUTEILHOIO MPO-
rpeBa B TeyeHue 15 4 OTKauyuBajics IO AABICHUS
2.10-7 Topp. Orkauka mnepekpbiajach. Wamepss-
nock doHoBoe razospiaesieHue. OHO COCTaBJSLIIO
2.10% 1. Topp/c. Bxurovancs HarpepaTesb. MoLi-
HOCTh Harpesartesst coctanisiia 320 Br, remnepary-
pa cBeweHMs Harpepatens mpesblana 1600 °C.
Hapnenue B TeueHWe 5 MUH BBIPACTAJO JIO BEJIWYU-
Hbl 5-10-3 Topp u cra6uiusuposaiock. Harpes BbI-
KJIIO9aNcsl, NaBIeHUE HE MEHsSUIOCh, TTOCHe 4Yero ras
M3 UCIBITATENIbHOTO 00bheMa MepenycKaicsl B OTKa-
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YEeHHBIA HAaKOIIUTE/JbHBIT 00beM. M CIbiTaTeNbHbIH
00BbEM OTKAYMBAJICSH N0 (POHOBOrO NABJIIEHUSI, U B
HEro JO3MPOBAHHO MEpenycKaacss HAaKOIUIEHHBIN
ra3 Y3 HakoNUTeJbHOTO o0beMa IS Macc-
CIIEXTPOMETPUYECKOTO aHAaAM3a. 3areM st Habopa
CTATUCTUKK OTIepalysi IIOBTOPSUIACh. Pe3yiIbTaThl
Macc-aHaJIM3a 110Ka3aHbl B Ta0II. 2.

1. TTocne 5aeKTPOB3phIBA TUTAHOBOU (HOJABTU B
BOIE B Ocaake OOHApPYXCHBI CpepuvyecKue IIOJIbIE
YaCTUIIB!, 3arnoidHeHHble Hy. B HexkotopeIx wyacruiiax
JIABJICHUE BOAOPOMA CTOJIb BEAMKO, YTO IPUBOIUT K
Pa3pYLIEHUIO [IOCIEAHUX.

2. Obpamaer Ha cebs BHUMaHue (HaKT OTCYTCT-
pus O, (Kucnopona) B IyCTOTEJhIX YACTHIIAX.

Tatamua 2
CocTas rasa, BRINETHBUIETOCS K3 HCXGAHOH (OJBIA M MOPOIKOBOTG OCAAKA
Mokasates Kosumuectso Cocras, %/4actina
mosekyrt Hy/r H; H,O CO CO, Hpyroe
don — — 5 20 20 10
Dosra 1019 23 24 24 26 3
[opoiiiok 5-1020 75 20 5 = -

MamepeHue coctaBa raza, comepXalllerocsi B ITpo-
6e: B THIreTb 3ACHUTANN YacTh MCCIEAYEeMOIo IICPOLLIKA
~0,3 r, mocjie 4ero TUrelb TLIATCJIBHO B3BEIHIWBATYU C
TOYHOCTBIO He Xyxke +0,1 %. Ilocie aToro TUrels Io-
MELUAIN B U3MEPUTENBHBIN OOBEM 1 OYCHDH MELJICHHO
OTKAUYUBAaAH BO M30eXaHHE YIAPHOII BOJHBI U BBIODO-
ca mopouika u3 TUmg. Jlamee ocyllecTBIsUIach Ipo-
uelypa Harpepa, onucaHHas Beile. Ho B ommmume oT
(OHOBBLIX M3MEPEHMI HaBjeHNWe BBIIETUBILIETOCS ra3a

*B HAaKOIWTEJbHOM O0OBEMe CTabWIN3HPOBATOCH HAa
yposte 0,2 Topp, a ero cocTaB ONpenessuIcs] BOTOPO-
JIOM.

IMoce oTKauKu U3MEPUTEIBHOrO 00BEMa TUIEND C
IIOPOLIIKOM HAarpeBaIu BTOpol pas. MoluHocTe Harpe-
Batesust Oplia mmogHsita go 750 Br. Ipu MakcumaibHOM
MOILHOCTH HarpeBarteNs JaBleHue BBIPOCIO [0 Be-
guHsl Beero 5-10-3 Topp. BbuiesieHue Bomopoaa oTcyT-
CTBOBAJIO.

Jlagee TOYHO TaKyio K€ MpOLEAYpY IPOBOHMIU
UL CIICAYIOIIEH ITOPIIMM IMOpOUiKa. Pe3ynbraTel K3-
MEpPEeHHM YCPeIHSTUCh. BhIIeNUBIIEECS] KOTUYIECTBO
ponopona cocraBmio 4,6+£0,9-1020 momexyn H, Ha
rpamMM IOPOIIIKA.

ITo aHanmormyHoli rnpouenype OBUIM HPOBEHEHBI
U3MEPEHHUST TA30COACPXKAHUS HMCXOOHOW TUTAHOBOIA
doneru. JiapieHrue B HAKOIUTENBHOM OOBEME ITOCTE
HarpeBa TUDIA cocTaBwio P ~2,5-1073 Topp, win
4,5.1019 aromos Ha 1 r donsru (cM. Tabm. 2).

Takum 06pa3oM, KOJUYECTBC BOJIOPOMIA, IEPBOHA-
JAIBHO COIEPXKALIerocss B MCXONHOU (oipre, cocTa-
swito 1019 monexyn H, Ha 1 r ¢onbry, uyro B ~50 pas
MEHBIIIE, YeM B HCC/IEMYEMOM ITOPOIIIKE.

AHaIM3 pe3yJbTaTOB M3MEPEHWU KayeCTBEHHOTO
COCTaBa U KOJMMYECTBA I'a30BBIX NIpUMeceil ITO3BOISIET
VTBEPKAATh, YTO BXOISIIIME B COCTAB Ia30BbIICTICHUS
SIBJISIIOTCS. B OCHOBHOM ITOBEPXHOCTHBIMU Y IPHUIIO-
BEPXHOCTHBIMM (HO He OOBEMHBIMH) MPUMECIMU,
a ras, CoACpXKalldiicsi B MICCICAYEMOM ITOPOLIKE, Ha
~95 % cocTouT U3 BOAOPOAA.

Buisoabt

HecMoTpst Ha TO YTO pe3ysbTaThbl, IPEICTABIEH-
HBIe B HACTOAINElH paboTe, HOCAT B OCHOBHOM Kaye-
CTBCHHBIN XapakTep, TeM HE MEHee, Ha Hall B3I,
MOXKHO CIEIaTh OIPENICIEHHbIE BbIBOIbIL.

=

3. 3aperucTpupoBAHO HEOIHOPOTHOE COIEpXKa-
Hyue npuMeceit Ti MO pasiMYHBPIM TOIONOTMYSCKUM
(parMeHTaM TTPOOHIL.

4. B cdepuyueckux UYacTUIIAX OOHAPYXKCHO HATU-
yye Tsokenslx npumeceit (Pb, Au, As, Sb), otcyter-
BOBABIIMX B UCXONHOM (osbre.

5. 3ameueHa 33aBUCUMOCTH NPOLIEHTHOIO COAEp-
SKaHWS TipuMeceil oT (popMbl YaCTHIL.

6. WU3-3a orpannyeHuss oObeMa HACTOSIICH cra-
T B HeW He TMpUBEAEHbl pEe3yabTaTbl Macc-
CrieKTpoMeTprdeckux aHanusos Ti. B paborax [10—
12] noapoOGHO ONMMCAHBI METOOAUKU U3MEPEHUU HU30-
TOITHBIX COOTHOIIEeHU Ti M NpUBEedeHBI Pe3yabTaThl
M3MEPEHUI [JIS OILITOB ¢ aHAJIOTMYHBIMU FIapaMer-
paMu (TOK, Hampspkenuwe, Macca ¢oJjsrn ¥ T. I.). Ha
OCHOBaHUM OOHAPYXEHHBIX M30TOITHBIX UCKAXEHUI
Ti (B cropony obenxenus Ti‘®) MoxHo mpemamono-
XWTh, YTO MOSIBJICHUE TSKEJBIX IPUMECeH CBI3aHO ¢
HY3KOSHepreTuyeckoil TpaHcdopmanmeir suep Tids,

Aemoput évipasicarom b6aazodaprHocms
A. A. Tyaseey, A. II. Tosopyny,
C. B. Ilempywrxo, B. JI. Illesuenxo 3a nomouys
6 nposedenuu sxcnepumenmos, a A. A. Pyxadse
3Q NOCMOSHHOE GHUMAGHUE U NOOOCPHCKY pabomul.
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Research of yields of an electrical explosion
of titanium foils by an electron microscope
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The results of researches of the rests of a titanic foil after the electric explosion, carried
out with the help of scanning electronic microscope DSM-960 are submitted in the paper.
The quantitative analysis of the sediment chemical contents has been has been carried out
with using the attachment Microspec-2. The received qualitative result is: the part of a ti-
tanic sediment represents the hollow balls. Distribution of diameters of balls and their ele-
ment structure is investigated depending on conditions of experiment. Estimations of gas
pressure in balls and results of mass spectrometry analysis of residual gas are given also.



