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ITOJIYUHEHUE TOHKHNX IIVIEHOK
MEJHO-IIMHKOBbBIX CIIJIABOB
METOAOM oJIEKTPUUECKOI'O B3PbIBA B BARYYME

IIpusedenvl mexHos02uUECKUE PEKUMDBL
NONYUeHUus MOHKUX NJEHOK, ONUCAHUE
MeXHOI02UUECK020 000PYOOBAHUSL U OCHAC-
mKxu 0251 A6MOMAMUIAUUU NPOUECCA 6a-
KYYMHOZ0 HANBLICHUS.

B nacrositiiee BpeMst Bce BaKyyMHbIE METO/IbI TTOJTY-
YeHWS] TOHKUX TIJIEHOK TPYIIHUPYIOTCS B 4eThIpe OC-
HOBHBIX KJIaCCa: TEPMOBAKYYMHbIE, UMITYIbCHBIE, HOH-
HOTO PACTIBIJICHUS W WOHHOTO OCAXKACHWS. KaKabiid
KJIacC BaKyyMHBIX METO/IOB UMEET CBOU TIPEUMYIIIECTBA
1 HEJOCTaTKU, a TaKyKe JOCTAaTOYHO OOJIbIIOE YUCJIO
BO3MOXKHBIX CIOCO00B peanusaruu. [loaTomy BbIGOD
OTITUMAJBHOTO METO/[A BAKYYMHOTO HAITbLJIEHUS B TIOJI-
HOH Mepe oTIpe/ie isieTCsT TOJbKO BCell COBOKYITHOCTBIO
TpeOOBaHUI TEXHUUYECKOTO 3a/laHus. B nanHoit padore
OCHOBHBIMU TPEGOBAHUSIMU SIBJISLIUCD:

— obecrieyeHre BbICOKOW YUCTOTBI ITPOIIeCca Hallbl-
JIEHUS TIIEHOK METAJIJTMYECKUX CIIJIABOB B YCJIOBUSIX
CBEPXBBICOKOTO BaKyyMa;

— BBICOKASI CTENEHb BOCITPOU3BEICHUS CTEXHOMET-
PUYECKOTO COCTaBa ¥ OCHOBHBIX XapPAaKTEPUCTUK TTOJTY-
YaeMbIX TIJIEHOK;

— KAQuecTBEHHAS a/Ire3Msl K IUIJIEKTPUIECKUM TI0/T-
JIOJKKAM;

— MIPOCTOE armapaTHoe UCTIOIHEHNE Ha 6a3e cepuii-
HBIX BaKyyMHBIX YCTaHOBOK.

B kavecTBe MOTOJHUTENbHBIX TPEOOBAHUI CTABH-
JIach 3aJ1aua pa3paboTKH cXeMbl paboueil KaMepbl BaKy-
YMHOHN YCTaHOBKY [IJIST aBTOMATU3AINH TEXHOJIOTAYEC-
KOTO TIPOIecca HaIbIJIEHHUST.

Kaxk mokasas anaians, HanboJiee MOJHO MOCTABJICH-
HBIM TpeOOBAHUSM YIOBJIETBOPSIET 3JTEKTPUUECKUI
B3PBIB B BAKyyMe, KOTOPBII OTHOCHUTCS K UMITYJTbCHBIM
MeTO/IaM HATIBIJICHY.

Wcnapenne mMarepuasa 3JeKTPUYECKUM B3PbHIBOM
MIPOUCXOUT B Pe3yJbTaTe WHTEHCUBHOTO BbIIEJICHUS
TETLTOTHI ITPU TIPOXO0KIEHNN TOKA BBICOKOIT IJIOTHOCTH
yepes o6paser; (puc. 1). ITosToMy JaHHBIM METOOM
HeJIb3sT PACIIbLISITD JNAJIEKTPIIECKIE MATEPUAIIBI, & B3PbI-
BaeMbIil o6pasell He J0JKEH ObITh U3JIHIITHE MAaCCHB-
HbIM. Ha mpakTuke MPUMEHSIIOTCS 0Opasiibl B BHJIE
Gobru, TTPOBOJIOKHU U TIPOBOJISIIIX TJIEHOK, HAaHECEH-
HBIX Ha JU3JIEKTPUUYECKHE TOJJIOKKU. XapaKTepHas
tomuuHa (nam guamerp) o6pasuos cocrasasger 0,01 —
0,1 mm. [l obecrieuennst THTEHCUBHOCTH 00bEMHOTO
nCcTOUHMKA Temia Ha yposhe =102 Br /T mpumensior

Pa3psi/l BBICOKOBOJIBTHON MaJIOMH/IYKTUBHON KOH/IEHCA-
TOPHOIT 6aTapen.

[l oIy 9eHns BOCTTPOU3BOIUMBIX XaPaKTEPUCTUK
TOHKUX IIJIEHOK HEO6XOAUMO TTPOBOJIUTD TIPOIIECC B Pe-
skuMe 6icTporo B3pbiBa (3a Bpems 1078...1077 ¢). Me-
TOJI XapaKTePHU3YeTCs BBICOKOI CKOPOCTBIO POCTA TIJIEHKH
(107 —108) 1M / ¢, MCKTIOYNTETHHOI YMCTOTON TI0JTyYa-
eMBIX TIJIEHOK ¥ GOJBITION sHeprueil KOHAEHCUPYIOIeH-
cst masmbl. TlocsieHee MOKeT MPUBOANTD K 3HAYM-
TEJbHOMY Pa30TPeBY TOJIOKKH BILJIOTD IO PEUcCIape-
HIS KOHJIEHCaTa.

UucroTa TOHKHX TIJIEHOK B JAHHOM MeTozie obecrie-
YUBAETCS IBYMS OOCTOSTETbCTBAMMU:

— BO3MOKHOCTBIO TPOBEIEHUS MTPOIIECCa B YCJIO-
BHSIX CBEPXBBICOKOTO BaKyyMa;

— HUCKJIIOUEHWEM Pa30rpeBa MAaTEPHUAJIOB dJIeMEH-
TOB KOHCTPYKIIMIT C OJTHOBPEMEHHBIM 06ecIieueHeM 1H-
TEHCHBHOTO HArpeBa TOJIbKO MaTepuasa o6pasia.

WMty IbCHBIE METO/IBI XaPAaKTEPUIYIOTCS KOPOTKIM
BPEMEHEM WCHApPEHUs M BBICOKOW WHTEHCHBHOCTBHIO
HOIJIOLIEHUS TeII0BOM sHepruu Bemectsom (1011,
10'3 Bt,/T), B pesyibTaTe 4ero BO3MOKHO HOJy4YeHIe
MIeHOK ToammHoit oT 1072 10 1 MKM OTHOKPATHBIM
UMITYJIbCHBIM FICTTAPEHUEM.
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Puc. 1. Texuamueckass peasnsaiusi MeToO/Ia 3JEKTPIUUECKOTO
B3pblBa:
/ — MCTOYHUK IUTAHMS; 2 — BOJBTMETP; 3 — KJIOY YIPABJIEHHS
3apsi/IKON KOH/IeHCATOpHOU GaTaper; 4 — KOHJeHcaTOpHas GaTa-
pest; 5 — paspsiiHOe yCTPOICTBO; 6 — 3JIeKTPO/Ibl UCTIApUTEJIST; 7 —
ucrapsieMblii MaTepuas; 8 — N30JATOPHBIE MO/JIOKKOAEPIKATEIH;
9 — nomggoxka; 10 — paboyas kamepa
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Yka3zaH#ble BbIe 0COOEHHOCTH TIO3BOJISIIOT C O/TU-
HAKOBBIM YCIIEXOM TOJIy4aTh TOHKUE TIIEHKH KaK Mpo-
CTBIX, TaK W CJOKHBIX BelecTB. Pazimynbie ciocoOb!
peanu3alyy UMIYJIbCHBIX METO/I0B TI03BOJISIOT HCIIa-
PATH JI0ObIE BEIIECTBA BHE 3aBUCHMOCTH OT UX TeMIIe-
paTypbl KUIMEHUs, 2J1eKTPOU3NUECKUX CBOUCTB U JIETY-
4ecTH KOMTIOHEHTOB. [10CKO/IbKY McTTapenme BcexX KOM-
MTOHEHTOB BEIECTBA B MOMEHT HJIEKTPUUYECKOTO B3PbI-
Ba IMMPOUCXOJUT OTHOBPEMEHHO, TO XUMUYECKUI COCTaB
MCXOJIHOM TBEPJIOH, a 3aTeM Ta30BOil 1 KOHJEHCUPOBAH-
HOH a3 uaenTyen. [loaToMy Makpo- 1 MUKPOCTPYK-
TYpa TOJIy4aeMbIX MJIEHOK MAJIO 3aBUCST OT MCXOTHOM
(aspr 1 ycnoBuit ocaxkaeHnss. XapakTep pacipe/ese-
HUA TOHKUX IIJIEHOK T10 TOJINIUHE 3aBUCUT OT T€OMETPU-
4eCcKMX 0COOEHHOCTEN renapsieMoro o6pasiia nim Ucta-
puresisi. [lonydyerne 3a1aHHOI TOMIIUHBI TJIEHKU JOCTH-
raeTcst KOHTPOJIEM MACChl HCXOHOTO UCTIAPSIEMOTO 06-
pastia.

Merto/1 5IEKTPIYECKOTO B3PhIBa peasin30BaH Ha 6a3e
BakyyMHO} yctaHoBku ¥ BH-71-11-3. B kadectse uc-
TOYHUKA ITUTAHUS UCIIOIb30BaH OJIOK MOHHON OUUCTKY,
KOTOPBII TP MOKTIOYEHUH K KOHEHCATOPHOIT 6aTa-
pee paGoTaer B peXUMe UCTOYHUKA HAaNpsiKeHust. Ero
MaKCUMaJIbHOE HANIPSIKEHMe JoCcTHTraeT 3 KB.

Konznencaropuas 6atapest C, (puc. 2) npu 3aMbi-
Kanuy Kaoda K, moaKmo9aercsa K NCTOYHNKY MTATaHNS
E,. Hanpskenue 3apsaaky Ha KOHIEHCATOPHOIT GaTapee
KOHTDPOJIUPYETCST MUJLTNAMIIEPMETPOM, KOTOPBI BKJTIO-
YeH TI0CJIeIOBATETbHO C HATPY30YHBIM COMPOTUBJIEHHU-
eM R,. IIpu gocTnskeHun 3a1aHHOTO HANPSIKEHNUS 3a-
PAIKM Ha KOHJIeHCaTOPHOH Garapee Koy K, pasmbi-
KaeTcs W MUJLIAAMIIEPMETP OTCEKAETCS OT KOHJIEHCa-
TOpHOIT 6atapen. 3ateM, IIPH 3aMbIKaHul KHONKK K,
pasps/1 uepes ynpasJisgiomuii Tupucrop VD, nogaercs
Ha ucnapsiemblii Matepuan R,. Biiok ynpasnenus tupu-
CTOPOM COCTOUT U3 TP, BBHIIPAMIIAIONIETO UOAHOTO
mocta VD —VD, u kHonku K.

Ipu ucnapenun marepuania (ucuesnosenuu R,)
WHOT/Ia IPOUCXOIUT HETIOJTHAS Pa3psi/iKa KOHIEHCATOP-
HOIi 6aTapen, 1 HATIPSKEHNE, OCTAIOIIeecs Ha Hell, 10CTH-
raet Besnunnbl 100 —250 B. [l 6e30macHOCTH HYX-
HO ee pa3psaauTh. [l aToro npeHasHavyeHa Ielb, KO-
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Puc. 2. Cxema ajekTpuyecKkasi MpUHITUTHAIbHAS Pa3psii-
HOTO ycTpolicTBa

Topas cocTout u3 pesucropa R, u xmoua K. Ilpn
samplkanun kmoda K, xommencaropmas Garapes C,
paspsiKaercsa yepes R, ma "semmo”.

[IpoBeieHHbBIE HCCTEAOBAHIS XUMIIECKOTO COCTABA
MCXOJHOTO MEJHO-IIMHKOBOTO CIJIaBa M TOJyYeHHBIX
IIJIEHOK METO/IOM PEHTTeHO(MIyOPECIIeHTHOTO aHAI3a
Ha ycranoBke VRA-20R mokasanmm ux MpakTUYeCcKn
noHOe coBmazenne (¢ TounocTvio 10 0,5%). AHaJo-
THYHBIE TJICHKH, TIOJYYeHHbIE TEPMOBAKYYMHBIM HCIIa-
peHMEM, UMEIOT OTKJIOHEHUS OT 3a/JAaHHOTO CTEXHOMET-
pryeckoro coctasa B pegenax 10— 15%. Kpome Toro,
Ha PEHTreHorpaMMaxX MOSIBJLIOTC [TMKU OTPasKEeHUH,
CBA3aHHBIE C HAJIMYNEM 3aTrPSA3HEHNH OT UCHAPUTEIS 1
ocrarounoit armocepsr. (ITpu HaNbLIEHUN TIEHOK Me-
TOJIOM 3JIEKTPIYECKOTO B3PbIBA BJIUSHIE OCTATOYHOM at-
Mocepbl B BAKYyMHOI KaMepe YMeHbIIaeTcst 6yarogapst
MaJIOMy MHTEpPBAJy BPEMEHU OCasK/IEHUsT MaTepuaJia. )

CxeMa pa3pab0OTaHHOTO BApUAHTA ABTOMATH3UPOBAH-
HOIi yCTAHOBKU IIPE/CTaBJIeHA Ha pUC. 3.
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Puc. 3. CxemMa HOAKOJIIAYHOTO YCTPOWCTBA aBTOMATU3HPO-
BAHHOH BaKyyMHOH YCTaHOBKH [IJI PeajM3aluil MeTo/a
3JIEKTPUYECKOTO B3PbIBA:

a — o6l Bu; 6 — BUJ CBEPXY; 6 — BU COOKY;

1 — xosmak paboueil kamepbl; 2 — Kapycesb; 3 — HOJJIOXKHU; 4 —
IIPUBOJI KapyCeJIn; 5 — TOBIDKHBIE DJIEKTPOJbI; 6 — JJIEKTPOBH-
rateJi IPUBO/IA [IBIJKEHUST DJIEKTPOJIOB; 7 — 3JIEKTPOJBHUIATENb
MPUBO/Ia BO3BPATHO-TIOCTYATEIBHOTO [[BUMKEHUS 3JIEKTPOJIA;
8 — PYJIOH HCTIapsSIEMOTO MaTepuasa
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Puc. 4. Takrbl (1 —4) paGouero nuKjIa aBTOMATU3UPOBAHHON YCTAHOBKH BAKyyMHOIO HAIBLICHUS
METOZIOM “‘2JIEKTPUYECKOTO B3PbIBA”:
1, 2 — pa3aBUIKHBIE TIO/IBUXKHBIE DJIEKTPO/IbI

[Ipn aBTOMaTU3MPOBAHHOM pENIEHUN 3JIEKTPOIBI /101
JKHBI ObITh TIOABIIKHBI U 06J1a/1aTh 3 KIMATIOTIIM JI€efi-
crBueM. OHM cOCTOST M3 ABYX yacTeil. Huxkame n Bep-
XHUE YaCTH 3JIEKTPOJIOB JI0JI’KHBI JIBUTATbCSl BBEPX-BHUS3.
Mexannueckuii TPUBOJI 3JEKTPOIOB OCYIIECTBIISETCS
OT PEBEPCUBHOTO JIBUTATEISI, 06ECTIEYNBAIOIIETO AJIEKT-
poJiaM BO3BpaTHO-IIOCTylaTeJbHOe ABWKenue. VMcrou-
HUK HCIIapsieMOr0 MaTepuajia M3TOTOBJSIETCS B BUJE
PyJIOHA U 3aKpellIgeTcsa Ha OCH, KOTOpasi BpalllaeTcs ¢
HEKOTOPBIM COIPOTUBJICHUEM [IJIs1 HATSKEHUS UcTiapsie-
MOr'0 MaTepuaJa.

Ha puc. 4 npezacraBiensl TakTbl paboyero muKIa
aBTOMATU3WPOBAHHON YCTAaHOBKHM BaKyyMHOTO Hallblile-
HUS METOJ/IOM 3JIEKTPHUYECKOTO B3PbIBA.

Bo BpeMs nepBoTo TakTa MPOUCXOANT HCIIApeHue
MaTepuasa Mesk/1y epBbIM M BTOPBIM dJIeKTpoiaMu. B
MIEPBOM 3JIEKTPOJIE CO CTOPOHBI PYJIOHA (POJIBIH OCTa-
eTcs 3aKaT ucnapsieMblit MaTepuasi. Ha BropoM TakTe
BTOPOI 3JIEKTPOJ Pa3[BUTrAeTCA: BEPXHAS [10JOBUHA
MoJHUMAeTCs, HIDKHAA olyckaeTcd. Ha TperbeM TakTe
9JIEKTPO/Ibl MeHsAIoTcs MecTamu. Ha yerBeprom TaxTe
BTOPOM 3JIEKTPO/L 3aKUMaeT MCIapsieMblil MaTepuaJl Mex-
[ty IByMSI CBOMMH YaCTSIMU, TIPOUCXO/INT 3apSIKa KOH-
JIeHCATOPHOIT 6atapen U BHOBD ITPOUCXO/INUT Pa3PSI MEXK-
Zly 3JIeKTpPOJlaMi — HUCIIapeHue Matepuasa. Y KazaHHble
TAKTbI COCTABJISIOT OJMH PAGOYHIl IIUKJI ABTOMATU3UPO-
BAHHOH YCTAaHOBKH BaKyyMHOTO HAIbLIIEHUSI.

KoHcTpyKIus 3JeKTpoI0B T0KHA 00eCTIeUnTh Ha-
JIeSKHBIN 3aXBatT (DOJIBTH HCTapsieMoro MaTepuana. Kak
OJINH 13 BADUAHTOB MOKHO TIPEJIOKUTH KOHCTPYKITUIO
BEPXHEN YacTH B BU/IE TJIACTUHBI C PSIIOM UTJI M HUXK-
Hell YacTH Pa3ABUKHOTO 3JIEKTPO/IA B BUJIE TIJIACTUHBI C
COOTBETCTBYIONIUME CKBO3HBIMU OTBEPCTUSIMH.

OCHOBHBIE TEXHOJIOTUIECKIE TIaPAMETPBI MPOIIecca
HATIBLJIEHUS] TOHKWX TIJIEHOK METHO-ITMHKOBBIX CIIJIABOB!

— addexruBnoe Bpems paspsaa 0,001 c;

— pa6ouee HaIPsKeHNe KOHIEHCATOPHOU 6aTapen
300...500 B;

— ocratouyHoe Hanpsixenue 30...120 B;

— yaenbHas sueprus pazpsga 800...1000 /Ix /T;

— yZeJbHAs MOIIHOCTb 3JIEKTPUYECKOTO B3PbIBA
190...220 kBt /1.

AJre3MOHHbBIE CBOICTBA MOJTYYEHHBIX TIJIEHOK WUC-
CJIEJOBAHBI C TIOMOIIBIO M3MEPEHWIT YCUJINIT HA OTPBIB
OT MOJIOKKY. [Ipy cpaBHEHNN ¢ M3MEPEHUSIMU TIEHOK,
MOJIYYEHHBIX Ha TOW JKe BaKyyMHOW YCTaHOBKE METO-
JTIOM TePMUYECKOTO UCTIAPEHUS], YCTAHOBJIEHO, YTO CUJIA
CIIETIJIEHNS TIJICHOK, TIOJTY9€HHBIX METO/IOM 3JIeKTpUYEC-
KOTO B3pbIBa, yBEJUUHBAETCS B cpeHeM Ha 25 —30% B
3aBUCUMOCTH OT yTJIa OTPBIBA.

B 3aksiouenne HeO6XOMMO OTMETUTD, YTO OCHOB-
HbIE Pe3yJIbTAThI U TPEIJIOKEHHBIH CTTOCO0 peayn3aIiim
JTAHHOH PaGOTBI MOXKHO MCTIOJIB30BATD JIJISI TOJTYYEeHUS
HE TOJBKO TOHKUX TIJICHOK JIATYHU, HO U IPYTHX METaJ-
JIMYECKUX CILJIABOB.
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