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WccnenosaH AncnepcHbIvi CoCTaB HaHOMOPOLLKOB, MOMTYYEHHBIX C MOMOLLbIO S1EKTPUYECKOro B3pbiBa BObGPaMOBbIX MPOBOAHMKOB B
Da3/INYHbIX ra30BbIX CPeAax. YCTaHoBEHbI PaKTOPbI, CTOCOBCTBYIOLIME YBEIMYEHIMIO ANCTIEPCHOCTY MOPOLLKOB: MOHUXKEHHOE aBeHue
ra3oBoy Cpefibl, OKPYXalOLLEN NPOBOAHVK MPY B3PbIBE M UCMONb30BaHME J0OABOK XUMMHYECKM akTVBHbIX ra308. [loka3aHa BO3MOX-
HOCTb MONTyYeHIS HAHOAMCMEPCHBIX MOPOLLKOB BOSb@PaMa, XapakTepu3yoLUMXCs MakCUMyMOM PACTPERENEHMS YacTUL M0 AMameTpam

B 0bnactn meHee 100 Hm.

BBepeHue

[Toporuku Bob(hpama HaAXOAAT LIMPOKOE TPUMEHE-
HUE B KauecTBe J00aBOK MPU M3TOTOBJIEHUHU CIeLalb-
HOW CTaJiM, OCHOBHOTO KOMITOHEHTA CBEPXTBEPABIX U
KapOTIPOYHBIX CILTABOB, MCIIONB3YEMBIX TS TIPOU3BOI-
CTBa PEXYIIEro MHCTPYMEHTA, IITAMIIOB, PabOTAIOIINX
B YCJIOBUSIX BBICOKUX TeMriepaTyp u ap. CyliecTBeHHOe
YIY4ILIEHUE XapaKTePUCTUK KOHCTPYKLIMOHHBIX MaTe-
pUATOB MOXET OBITh TOCTUTHYTO TTPU MCTIONB30BAHUH
TIOPOITKOB HAaHOAMCIIEPCHOTO OuanasoHa. OmHUM M3
MeTo[0B ToayueHHus: HaHomnopoiukos (HIT) meramnoB
SIBJISIETCS 2IEKTPUUECKUI B3pBIB MPoBOTHUKOB (DBIT).

[Ipumenumocts Metoma DBIT mns momyyenus: HIT
BoJIb(ppaMa OblTa MoKazaHa B pabotax [1, 2]. beuto ycra-
HOBJICHO, YTO (Da30BbIii COCTAB AMEKTPOB3PHIBHBIX T0-
POLIKOB BOJib(Ppama BKJIOUAET TMOJUMOPGHbBIE MOIU-
uxaumu o-W u S-W, a MOBEPXHOCTHBIN CNOI BOJIb-
(bpamoBBIX YacTu1l, 00Opa3yrolIniics Mpy MacCUBALMU HA
Boaayxe, coctouT u3 okcuaa W,0. OcobeHHocThio HIT
BoJsibpama, nosydeHHbIx MeTonoM DBII, sBasiercst 06-
pasoBanue [-W. Ota (haza uMeeT MOHUKEHHYIO PEHTIe-
HOBCKYIO TIOTHOCTH (19,1 T/cM’) B cpaBHeHMHN ¢ o-W
(19,3 r/cM’). ITo maHHBIM pabOTHI [3] OKCHAHBIIA CIOi
HauOosiee MeJKOM (hpakiMy TMOpOIIKA TMpeacTaBiseT
€000¥ XOpol110 OKpUCTaJLIM30BaHHbI okcun W,0, a 60-
Jiee KPYITHBIE aCTHUIIBI TIOKPHITBI aMOP(HBIM OKCHUIHBIM
CII0EM, DJIEMEHTHBII cocTaB KoToporo 61u30K K WO,.
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Conepxanue -W B anektpo3pbiBHbIX HIT BoMb-
tdpama gocturaet 30...40 mac. %. [loBbIeHNE yaemb-
HOH BBEAECHHO! B IIPOBOJHUK SHEPTUU BBI3BIBACT POCT
conepxkaHus -W, 4To 00bSICHSIETCS YBETMYEHUEM CKO-
poctu pasiera npomyktoB OBII, u, cnemosatesnbHo,
CKOPOCTEN OXJTaXIEHUS pas3eTaIOIMXCS MPOIYKTOB
B3pbIBa. DTO MPUBOIUT K CTAOMIM3ALIMK BEICOKOTEMITE-
patypHoit Mogudukauuu B-W [2]. B To xe Bpems, B pa-
Oorax [1, 2] HeT YeTKMX CBeJIeHMII O BIMSIHMM Ha XapaK-
TEPUCTUKM BOJIb(PAMOBBIX MOPOLIKOB COCTaBa OKpY-
JKAIOILEW Ta30BOM CPENbl M SHEPTUHU IyTOBOW CTAINH.

Llenbio naHHO#N paboThl SIBSIOCH MCCIEAOBAHUE
BIUSTHUSI SHEPTETHMYECKUX IapaMeTpoB 3JIeKTpHYC-
CKOTO B3pbIBAa — BBEJEHHON B MPOBOIHWUK SHEPTUH U
SHEPIUM AYrOBOW CTAIMM W COCTaBa rasa Ha JUCIIEp-
CHOCTH TIOPOIIKOB, 0Opa3yIOLUIMXCA TPH SJIEKTpHYe-
CKOM B3pBIBE BOJb()PAMOBBIX TIPOBOTHHUKOB.

MaTepwanbl N MeTOANKH 3KCNepuMeHTOoB

HaHomnopoiiki mosiy4aad Ha ONBITHO-TIPOMBI-
uieHHoi ycraHoBke YJIIT-41, anextpuueckast cxema
KOTOpO# Moka3aHa Ha puc. 1. OCHOBHBIMU 3JIeMeHTa-
MU YCTAHOBKU SIBJISUTUCD: TEHEPATOP UMITYJIbCHBIX TO-
KOB, 0JIOK ocIuuIorpauyeckoit perucTpaluu pas-
PSIIHOTO TOKa B KOHTYPE W HAIpsKEHMS Ha B3pbIBae-
MOM TMpOBOJHMKE, pa3psiiHas kamepa. Hakomwutenb
SHEPruM CcocTosl M3 GaTaped KOHJEHCATOPOB
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NK-100-0,25. U3mepeHue Toka B KOHTYpe MPOBOIM-
JIOCh C TIOMOILIbI0 OMUYECKOTO LIYHTA U OcLMIorpada
C8-17. HanpstkeHre Ha B3pbIBAIOIIEMCS ITPOBOIHUKE
U3MEPSIIOCH C MCTIONb30BAHUEM OMHUYECKOTO JIETUTE-
751 HarpspkeHusl. KoMMyTalust HaKomuTe st S3Hepruu 1
B3pbIBa€MbIX TIPOBOAHUKOB MPOBOJAMIACH C MOMOILIbIO
YIpaBJISIEMOT0 MCKPOBOTO pa3psiiHUKA, KOTOPBIN 3a-
MyCKaJICS MOMKUTAIONIMM UMITYJILCOM, TI0NaBaeMOrO C
0J10Ka 3armycka. DeKTpUIeCKUil B3pbIB MPOBOJHUKOB
OCYILLECTBISI B peXUMe «OBbICTPOTO B3PhIBa» C 6ECKO-
HEYHOI T1ay301i TOKa WK C IyTOBOM CTagueil. DHepre-
TUYECKME MapaMeTphbl 3JEKTPUUECKOTO B3pbIBA PETy-
JIMPOBATUCH MYTEM M3MEHEHUSI 3apsIIHOTO HarmpsoKe-
HUS1, BeIMYMHBI 3apsAHOM €eMKOCTU WM TeOMeTpuye-
CKMMM XapaKTepUCTUKaMU B3PbIBAEMOTO IPOBOJAHMKA.
BenuuuHa ynenbHOI BBEAEHHOM B IMPOBOIHUK 3HEP-
run (e) mpuHuMana 3HaueHus ot 0,4 go 1,5e, (e, —
3Heprus cybiMMaluy MaTepuajia TpOBOIHUKA), a
3Hepruu ayroBoi ctanuu (e;) — ot 0,7 no 1,7e,. Iapa-
METPbI 3JEKTPUUECKOTO KOHTYpa YCTAHOBKU: EMKOCTh
Oatapen KoHzpeHcaTopoB (C=2,32 Mx®; HampsKeHue
3apsgaku Hakonutes sHeprun U=15...30 kB; unnyk-
TUBHOCTb pa3psimHoro KoHtypa L=0,58 MxIH.

R3

Briok 3anycka

Puc. 1. Snextpuyeckas cxema ycraHosku YAIM-4I ansa nonydqeHus
HaHoropoLLKos: T = TpaHcgopmatop, R3 — 3apsaHoe co-
npotvsneHue, VD — BinpsamuTests, C ~ eMKOCTHOM Hakomu-
Tes1b 3Heprm, FV — paspagHuik, TLL — Tokosbin LwyHT, R1, R2

~ JeNnTeslb HarpsaxXeHns, BIM- B3prBa€‘MbIV7 MpoBOAHNK

s moyyeHus: HAHOTIOPOLIKOB B3DHIBAIM BOJb-
(dpamoBbie MpoBomHUKM AuaMeTpoM d=0,2 u 0,3 Mm,
amanoit =50...80 mm. CozmepxaHue mpuMeceil MEeTaIoB
B BOJIE(PaMOBOM TIPOBOIHUKE cocTabsiio ~0,4 % mac.

[TonykonuyecTBeHHbIH (Ga30BBI aHAIM3 COCTaBa
MOJYYEHHBIX MOPOLIKOB MPOBOAMICS C MOMOILbIO
penrreHoBckoro mudpakromerpa JPOH-3,0 ¢ uc-
nosnb3oBaHueM CuKo-usnydeHus tpyoku. ducnep-
CHOCTb M (hOpMa YacTHIl OIMpeIeNsiach ¢ MOMOIIbIO
pacTpoBOro 3JEKTPOHHOTO MHKpockoma JSM-840.
Onpenenenne Iomany yaeabHOMi MOBEPXHOCTH (1S,,)
TIOPOIIIKOB OCYIIECTBIISIIOCH C TIOMOIITBIO METOTA HU3-
KOTeMIIepaTypHoii ancopouuu azoTa (Metoq bAT).

PesynbTatbl U 06CyXXAeHNE

Xopomo u3BeCTHO [4, 5], YTO MOBBIIIEHUE SHEP-
TMH, BBEJIEHHOW B MPOBOJHMK, MPUBOIUT K YBEIUYE-
HUIO TUCIEPCHOCTH TMOPOIIKOB, MOJYYaeMbIX METO-
Jom DBII. [lns vcciaemnoBaHusl BIUSIHUSI SHEpreTUYe-
ckux xapakrtepuctuk OBII Ha mucmepcHocts HII
BoJIb(hpaMa IPOBOJIOYKY B3PHIBAJIM B aTMOC(Depe apro-
Ha IIpY JaBIeHMM rasza 1,5 at™M. YcioBus MoaydeHMs
MOPOILIKOB M 3HAUeHMs TJIOLIAAM YACIbHON MOBEpX-
HOCTY MPEICTABIEHHBI B Ta0. 1.

Tabnuuya 1. [l1owane yaensHo MOBEPXHOCTA 371EKTPOB3PHIB-
HbIX MOPOLLUKOB BOJIb(Pama B 3aBUCUMOCTY OT IHep-
reTM4eckmx napameTpos

Ne U, kB [, MM e/e, e)/e. S0, M’/T
1 28 80 0,87 0,76 19
2 28 60 0,81 1,26 1,8
3 28 50 0,64 1,67 1,9
4 23 50 0,68 0,98 17
5 20 50 0,48 0,73 1,6
2
1.9 -
&
S 1.8+
1.7 4
1.6 -
1-5 L) L) L) L)
0.4 0.5 0.6 0.7 0.8 0.9
ele. a)
2
1,9 - ]
NE 1,8
21,7 -
1,6 -
15 T T
0,6 ¥ 1,1 1,6
eyle. 0)

Puc. 2. 3aBucuMOCTb MAIOLYEAN YOEbHON MOBEPXHOCTU 3/1eK-
TPOB3PbIBHBIX MOPOLLKOB BOSIb(hpamMa OT yaenbHON SHep-
rvm: a) BBEZIEHHOW B MPOBOAHMK, 6) [yroBovi craamm

Ha puc. 2 mokaszaHbl 3aBUCHUMOCTHU ILIOIIAAU
VAEJIbHOM IMOBEPXHOCTU IOPOILIKOB OT BBEAECHHOM B
MTPOBOIHUK SHEPTUHU U OT YIETbHON SHEPTUH TYTOBOK
cTaauu paspsiaa. BumHo, 4To K yBeJIMYEHUIO AUCTIep-
CHOCTH TIPUBOJMT KaK TOBBILICHUE YIEIbHOW BBEICH-
HOU B IPOBOIHUK 3HEPTUU, TaK U MOBBIILIEHUE YIEIb-
HOM 3HEPTuu IyroBOM CTaauu.

CrnemyetT OTMETHTD, YTO TIPH OXHOM M TOM Xe Ha-
npsckeHuu 28 kB (1abi. 1, o0pasipl 1—3) yMeHbleHe
JJIMHBI TIPOBOAHMKOB ¢ 80 10 50 MM MPUBOAUT K OTHO-
CUTEJIbHO MeJJIEHHOMY YMEHBIIEHUIO 3IeKTPUIECKOI
SHEPTUH, BBEAECHHOI B TIPOBOIHMK, ¥ K THTCHCUBHOMY
POCTY 3HEPTUH IyroBOro paspsga. I1py 3ToM ITomans
YIETbHON TOBEPXHOCTH TTOPOILIKOB OCTAeTCs TPAKTH-
yecku nocrosiHHo# (1,8...1,9 mM%/r). Tlpu mocrosiHHOM
JUTMHE MPOBOAHUKOB (50 MM) CHUXXEHUE HATPSDKEHMS,
MOIABaeMOT0 Ha B3pHIBa¢MbIE MPOBOTHUKH, C 28 110
20 xB, npuBOIUT K YMEHBIIEHUIO KaK 3HEPIUU, BBE-
JIEHHOIi B TPOBOIHMK, TaK ¥ SHEPTUHU AYTOBOI CTAIMU.
[lnomanp yneabHON MOBEPXHOCTH MOPOIIKOB B 3TOM
cllydae TakxKe yMeHblaetcs ¢ 1,9 no 1,6 M/

ITo maHHBIM 3JEKTPOHHO-MHUKPOCKOMUYECKUX MC-
ClieJIoBaHUii [2] YaCTUIIBI TOPOILKOB BOJIb(pamMa UMe-
10T chepuuecKkyto (OpMy U HEITTafKylo TOBEPXHOCTb.
Hapsiny ¢ yactTuiamMmy MUKpOHHOM (PpaKLIMU B IIOPOII-
Kax uMeeTcst (pakuus YyacTul, TUaMeTp KOTOPBIX Me-
Hee 100 HM. Meskue 4YacTUIbI TTOKPHIBAIOT MOBEPX-
HOCTb YaCTHUIl MUKPOHHBIX TUAMETPOB M 00pa3yIoT OT-
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JeJbHEIe armoMepaThl. HeoOXommMo OTMETHTB, UYTO
BCE YACTUIIBI TIPEACTABISIOT COO0I Cephl, UTO YKa3hl-
BaeT Ha MPOXOXKICHNE UX uepe3 XKUAKopa3Hoe COCTOsI-
HUE U Ha AeiicTBUE CUJT MOBEPXHOCTHOTO HATSKEHUSI.

Jlnst viccienoBaHus BIMSIHUS COCTaBa rasa Ha JIuc-
MepPCHOCTD TTOPOIIKOB BOJIb(pPaMa 3KCIIEPUMEHTHI 10
9NIEKTPUIECKOMY B3PBIBY BOJIb(DPAMOBBIX MPOBOTHMU-
KOB DPa3IMYHbIX AUAMETPOB OBbLIM MPOBEICHBI B Clie-
JYIOIIMX Cpeaax: B aTMocepe aproHa, B aproHe ¢ 10-
0aBkoii 10 00. % a3oTa, B a30Te U B a30Te C JOOABKOIA
506. % H,. YcoBus 3KCepuMeHTOB 1 3HAYEHMSI TLI0-
a1 yAeIbHOM MOBEPXHOCTH MOTYYEHHBIX MOPOIIKOB
npeacTaBieHbl B Tab. 2. [laBneHue ra3a Bo BCex CIly-
yasix coctapisuio 1,5 atM, kpoMe obpasiia 9, KoTopblit
obL1 nostyueH rpu OBII B cpeme azota npu AaBIeHUM
0,3 at™. [I1HA B3pBIBAEMBIX IIPOBOIHUKOB / = 60 MM.

Pesynbratel, mpencrabiaeHHbIe HA puc. 4, TOKa3bl-
BAIOT, YTO COCTAB Ta3a CYLIECTBEHHO BJIMSET Ha JUC-
MePCHOCTh ITOPOMIKOB. Tak, MCIOJIb30BaHME a30Ta B
KauecTBe oKpyxatomeir cpeabl ipu DBIT quamerpom
0,2 MM TI03BOJIMJIO TIOYYUTH TOPOIIKK BOJIb(pama ¢
HauOOJIbIIEl IUIOMIAAbI0 YAEIbHOM ITOBEPXHOCTH.
[Ipu snekTpuueckoM B3pbIBE MPOBOIHUKOB IUAME-
TpoM 0,3 MM B aproHe ¢ 100aBKO# a30Ta TaKXe IMOJy-
YeHBI ITOPOIIKH BBICOKOM IUCIIEPCHOCTH.

[Topouiku BonmbthpamMa HawOOMBIIEH AMCIEPCHO-
CTH yIajoch TOIyYUTh, TIOHU3WB JaBJICHUE a30Ta IO
0,3 arm. [1nomank yneabHO# MOBEPXHOCTH MOPOIIKOB
B 9TOM CJTydyae cocTaBmIa 2,6 M*/T (puc. 3).

Tabnuya 2. [oianb yaenbHOW MOBEPXHOCTU 31EKTPOB3PbIB-
HbIX MOPOLLIKOB BO/Ib(pama B 3aBUCUMOCTU OT CO-
CTaBa rasa BO B3pPbIBHOM Kamepe

Ne |d,mm| U kB | e/e | efe. a3 Sy, M*/T
1 0,2 | 137 (045 | 0,78 Ar 1,5
2 0,2 | 13,7 1050|074 | Ar+1006. % N, 1,8
3 0,2 1137 052]| 0,72 N, 1,9
4 0,2 | 13,7053 071 | Na+506. % H, 1,9
5 03 ]229(035]| 112 Ar 1.9
6 0312291035 1,13 | Ar+1006. % N, 2,4
7 03 ]2291(0,69|0,82 N, 17
8 03 ]229|0,67|0,84 | Ny4506.% H, 17
9 03 ]229(043|0,93 N,, 0,3 atm 2,6
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Puc. 3. 3aBucumocTb nowann yaensHov NoBEPXHOCTU 7eK-
TPOB3PbIBHbIX OPOLIKOB BObPama OT COCTaBa ra3o-
BOUW cpedbl BO B3pbiBHONA kamepe: 1) d=0,3 mwm,
2) d=0,2 mm, 3) nasnerme 0,3 atm

Boree BbIcOKas TUCTIEPCHOCTD HAHOTIOPOIIIKOB MPH
B3pbIBE B a30T¢ MPM MOHWKEHHOM JAaBjieHuu (0bpasel 9,
Ta0/1. 2) B CpaBHEHUM C HAHOIIOPOIIKAaMM, c(popMUpPO-
BaBIIMMUCS B aproHe (00pasiibl 1 u 5, Tabi. 2) U B a30Te
(oOpasupl 3 u 7, Tab. 2), MOXET OOBSICHATBCS BIMSHU-
€M MTOHIDKEHHOTO JIaBieHusI BO B3pbIBHOI Kamepe. [1pu
TOHIKEHHOM JIaBJICHUM TIOTHOCTh MTPOAYKTOB B3phIBA
TP pasfieTe MOHMXKAeTcsl ObICTpee, YeM TpU B3pbIBE B
VCIIOBUSIX TIOBBIIIEHHOTO TABJIEHNS, U BEPOSTHOCTD KO-
arynsiyMu U CIIeKaHWsl YaCTULL yMEHbBIIAETCS.
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