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O BAPBEPHOM 3®®EKTE B TBEPADbIX JHIAEKTPUKAX

0. 0. PYMJHUEB, H M. TOPBHH

{TlpescTaBjeHa HaYUHBIM CEMHHAPOM HaYUHO-HCCAELOBATENLCKOTO HHCTHTYTA
BBICOKHX HATIPAZKEHUI)

IToBbiieHHe NMPOOBUBHLEIX HaNpPSKEHHH BO3AYUIHBIX TPOMEXYTKOB HJIA
MUJAKHX JHJIEKTPUKOB TP  HaJUYHH Gapbepa IIHPOKO HCNOJb3yercd B
npakruke. M3BecTHo, 4To npu onpejesenHoy pacrnojoxeniu Gapbepa B He-
OAHOPOAHOM IoJe B Bo3ayxe [1, 3, 5] # B XHAKOM AH3JEKTPUKE [D, 7] IpO-
OHBHOS HaNpPsSDKEHHE NPOMeKYyTKa MOXKHO yneJHunTs Ha b0—200% no ortHo-
LIeHUI0 K npoOuBHOMY HamnpsxkeHnuio 6e3 Gapnepa. Hauboabliee ypesnyeHne
npoOHBHOIO HaNpAxenHs B BO3Ayxe H TpaHchopMaTOpHOM Machae HalI10-
JaeTcs B Pe3KO HeOJLHOPOLIOM 'IMoJe 3JeKTPOAOB JIOCKOCTb»
IPH NOJIOXKUTEJbHOH TOJMSIPHOCTH OCTPHA Ha TIOCTOSHHOM HalpAXKEeHHH,
Koraa Oapbep pacnogaaraercs Ha 10—259% #aaiHBI NPOMEKYTKA OT OCTPHA.
Baprepublil sdderr HabalonaeTcss npH BCeX BIAAX BO3ACHCTBIA HANpsiKe-
HHSI: TTOCTOSIHHOM, TI€PEMEHHOM, HMIOYJALCHOM. YTo Kacaercsl MeXaHH3Ma
Oaprepuoro addexra, TO NPEANOJOKEHHST O HeM BecbMa NPOTHBOPEUHBHI.

BoJomenxo [2] cuutaer, 4To MexauHdm OapbepHOro sdgQekra 3akiio-
yaercs B npeobpasoBaHuM 3J1EKTPHYECKOro noJs oGBeMHBIM 3apsiioM, CKOI-
HeHNTPUPOBAHHOM Ha Oapbepe, u ApodUBHOE HaNPAMKEHUE MNPOMeKYTKA
«OCTpHe — MJOCKOCTby ONpejeasiercss y4yacTKoM Oapbep — MJIOCKOCTh, TAe
noJie HpUOJIHKaeTCs K OAHOPOJHOMY.

KomeaskoB u Jluduwun [3] Takke CculTamT, YTO PEWIANIVIO DPOJb
B OapnepHoM s(pdexrte UrpaeT NOJOXKUTEALHbI O0OBEMHbIH 3apsif, HO NPO-
OUBHOe HalpsiKeHHe OIpe/c/seTcsl y4acTKOM ocTpue-Oapbep.

bparo u Cregoapunkos [4] cudTaroT, 4TO AOCTATOUHBIM YCJIOBHEM 3a-
Bepluelus npodos sBJjsieTcs paspylleHue fapbepa BETBAMH KOPOHbIL, a poJb
o6bemHOro 3apajga B 6apbepuoM sddexTe He3aHaUUTEIbHA.

Hrukonaesckas [6] cBOAUT posb Oapbepa K «MeXaHMUECKOMY TPCHATCT-
BUIO» /s pa3puBatoliuxcs crpumepon. Taxuv oO6pasom, A0CTATOYHO SICHOTO
npeacTapaeHns o (pusnueckod mnpHpoae Oapbepuoro apdexkta B BO3AYXE
H XKUAKHX AU3JTEKTPUKaX TMoKa HeT.

JKCMepHMeHTaAbHble Pe3yJAbTaThl 110 NPOOOK TBEPABbIX [AUZJEKTPUKOB
Ha MMNYJLCHOM HANpsiKeHHH, MHOJyYeHHbie B NOCTeNHee BpeM: [8—107,
[103BOJIUJIH YCTAHOBUTH PAJ  aHAJOTHH B PasBuTHH paspAla B TBepﬂmx
H ra3o00pa3HbIX IH3JEKTPHKAX.

IMogazano [11, 12], uTo moBLIIeHHe NPOOUBHOTO HANPSAKEHUS NMPH HAJH-
yuu Gapbepa vabawaaeTcd ¥ B TBepAbIX nU3/IeKkTpukax. B {11] ykassiraercd,
YTO HA MMIYJbCHOM HaNpsxeHHH Oapbepbl U3 TPUAUETATHOH TJIEHKH W Me-
TaJJHYeCKOH (POJBIH B KaMeHHOH cOJIH yBeJHYHBaioT NPOOHBHOE HaNpaxKe-
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uve Ha 18—209% no oTHOHIEHHIO K NPOOGHBHOMY HANpSKEHHIO 6e3 Gapnepa.
Baprepnl n3 rernnakca u TeKCTouTa B KaGeabHol macce MK-45 u ulctom
napagune yseJlUYUBAIOT NpoOUBHOe HanpsixKenue go 1656—1709% [12].

B naunoii paBore npOBOIHJNCL HCCIEAOBAHHST H3MEHEHMsT NPOOUBHDIX
HANpSXKEHHH PAa3JHUHBLIX TBEPAbIX AMIJEKTPHKOB TPH PACHOJONKEHHH B HHX
TOHKOro Gapbepa M3 BHICOKOMPOUHOTO Martepuasaa. Mcerdenosascsa Gapbep-
bl 3deKT B cTekJMe, KaMEHHOH COJH, LeNyI0HAe, O6yMarkHO-Macasioil
U30JISIIHH.

MerToanka akcnepuMeHTa

O6paansl M3 crekJaa, KaMEHHOH COMHM, LEAJIYJI0HAd COCTABAAMUCE 113
IJIACTHH PA3JUIHOH TOMIHHBEL. Bapeep mnoveimiancsi MeXAY TIaCTHHAMH,
Paccrosinne oT BBICOKOBOJILTHOTO 3J1€KTPOJa 10 Gapbepa H3MeHSJI0Ch C Mo-
MOILbI0 KOMOHHAUHKM PacmojokeHus miactux. Odmas toamuHa obpasna
B Mpoiuecce SKCHePHMEHTa 0CTaBa/Jach HEH3MeHiloH.

[Tpu mccneloBauun BAMAHUS GaPbEPOB HA 3JMEKTPHUECKYHD TPOUHOCTE
OyMa)KHO-MacJAAHON M30JAUHH 06pasibl HAOKHPAJHCH H3 JHCTOB KaOeabHOil
Oymaru toswmnofi 0,12 mau. Bymara nponursizanach TpancdopMaTOpPHBIM
macioM. Jlnersl pasmepom 20320 cu nHakiagbiBaiuch ApYr Ha APyra u 3a-
HUMaIUCh B H30IALHOHHYIO PaMKy. I cHUZKElHST BEPOATHOCTH BO3AYLI-
HBIX BKJIOUEHHH MeXAY JucTaMu cOopra ofpasua npousBoauaach mojJ Mac-
JoM. bapeep momemasics memxay auctaMu. B xauecTse GaphepoB HCNOIb30-
Ba/IMCh IJICHKH OPraHH4YecKHX Martepuatos (Ppropomaact-4, NOMHITHJACIL,
MOJHCTHPO), CJAIOAA, TpHALeTaTHAass ILIeNKa H MeTaasauyeckas (oJbra.
Tosmuna 6apbepoB U3 CMI0JLI, GOJABIH W TPHALETATHOH MJAEHKH COCTABJIS-
Jaa 5—7 MK, TOJNIMHHA OPTaHHYECKHX MJAEHOK — 25—-30 MK,

VeenepoBalins npoBoAIHCh HA NOCTOAHHOM, MEPEMEHIIOM H HMIYJIbC-
HOM HanpsoKenusx. MCTOYHMKOM NMePEeMEHHOr0 H [OCTOSNHOrO HAlpsKeHHH
CJYACUAH MCHBITATENbHBIH Tpancopmatop Ha 150 K8 M BHIPAMHTeAbHAS
VCTaHOBKA, coOpaHHas M0 CXeMe YTPOeHMsT HalpsixKeHHA. MCTOUHHKOM HM-
NyJ1bCHOTO HANpPSIKEHUsT CAYAKWIM TeHepaTophl Hanpsokenuil Ha 100 xe
© €MKocThio B paspsige 11000 ngp n ma 1000 x8 ¢ eMxocTeio B paspaie
22500 ndg.

ITpu npoGoe na umnyabcax npoGoi MPOHCXOLHA Ha (GPOHTE UMMY.IbCA.
Hanpsxenne va o6pasile H3MepsAIOCh ¢ MOMOLLBIO ocuuagorpada OK-19M,
llepekprITeie WAH YaCTHYHO [EPEKPLITBIE 06PAa3lbl OTGPAKOBLIBAIHCD. ITpo-
GOl 06pasiOB NPOM3BOAMICA B TPAHC(HOPMATOPHOM Macjae B Pe3Ko Hepasn-
HOMEDPHOM TOJe 3JeKTPOAOB «OCTPHE-IMIOCKOCTb». OCTpHe CJYKHAC BLICO-
KOBOJIBTHBIM  3JI€KTPOJOM, IWIOCKOCTh 3a3&MJIA/ach.

‘PesyabTaThl 3KcnepumMeHsos

Hekotopbie 3aBHCHMOCTH, MOJYYEeHHBIE NP HCCACLOBANHM  BAHSILHS
Gapbepa Ha UMOYAbCHOE NPOOHBHOE HANPSIAKEHHE CTeKIa (1,2) u xawmemion
corn (3,4), mpusenennt wna puc. . Toammuna o06pasuos d =3 mum n
d==5mnn. Kax Bugno us puc. 1, 6apbepuplii 3PeKT cHUKaeTcH npu yaa-
Jennn Gapbepa oT ocTpusl. MakcuMasibHOe YIDOUHCHHE OKA3LIBAeT Gapbep
H3 Meraannueckoll poasru (4) — no 1,27 U,. B crekie HauGoJbliee MOBbI-
wedne U, HaGmopaercs, npu Gapbepe u3 cawoinl (2) — 1o 1,19 U,, rae
Uy — npoOuBHOe HanpsKeHue 6e3 6apbepa.

Ha puc. 2 u 3 npencraBaens: peoyabTaTei HCCJASA0BAHHS GapbepHOro
ahdexta B neanyaonse. Ha puc. 2 npexacrapieno usMenenue Uy, uesay-
JIOHAa Mpu Oapbepe H3 NOJIUITHICHOBOH IIEHKH B 3aBHCHMOCTH OT pac-
nonoxkenus Gapbepa Ha nocroannom (1,2) u nepemennom (3) Hampsie-
pusx. Toamuna oGpasna d =15 um.
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Prc. 1. Bauanue nosoxedusa Gapbepa Ha npo-

GUBHOE i[AMpsiXKeHUe CTeR/Na M KaMeHHOH COJH.

Bapbep B cTekae: | -— DOAMITHIEHOBAs TWIEH-

ka, 2 — ciwaa, 6apbep B KameuHofl couau:

3 — Tpuanerardasl fJleHKa, 4 — Mmerasidde
ckaa ¢oabra.
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Puc. 2. Bausinue Gapbepa H2 MOJAM3THICHOBOI
NJeHKH Ha npoGHBHOe HanpsKeHHe IemIy-
Jouaa.

1 — nocTosiHHOE HANMpsikKeHHe, OCTpPUE MOJO-
JKHTEAbHON TMoJsipHOCTH, 2 — IOCTOAHHOE Ha-
npsiKenne, OCTpHe OTPHHATENBHON TOJSPHO-
cTH, 3-— nepeMeHHoe H0 2y HanpsKeHHe.
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Kak caenyer M3 puc. 2, MaxkcHMa/JbHOE [OBHIIIEHHe NPOSHBHOTO Ha-
npaxedust (no 1,7 Up) mabaionaercs Ha MNOCTOSHHOM HaNpsiKeHHU NpPH MO-
JIOKHTRIBHOM MOAAPHOCTH OCTpUA. IIpu OTpHIATeNBHON HOJSIPHOCTH OCTPHS
Gapbep He BBI3bIBAET CYILECTBEHHOTO MoBblmenus {,,, a mpu pacrooxe-
HHH Oapbepa BIVIOTHYIO K OCTPHIO Habaofaercss nawe cuuzenue Uy,

Ha puc. 3 npeacrasiena sasucumMocTs Uy, Leddytousa ¢ GapbepoM H3
npenku @ropomsiacrta-4  oT pacnodoxesns Oapbepa. Toamuna o6pasua
d=8 mm. Hanna dpoura wuMnyabca T.,= 10 mrcex. MaxcumanpHoe
yeeanuenne U, (o 1,35 Us) nabuaiofaercs Npu DACHON0OKeHHH Oapbepa
na 0,25 d ot ocTpus M HE 3ABHCHT OT NOJAPHOCTH uMmyJabca. Ciaeayer oT-
METHTb, UTO IPH PACTONOXKEHHH Dapbepa BILIOTHYIO K OCTPHIO MOBBILICHHE
Uyp HaOMORAeTCA NPH MOJOMKHTENbHON MOMSPHOCTH OCTPHA H He HABJIIO-
REercs [IPH OTPHLATENBHON MOJAPHOCTY.

PesyabraTer ucenenopanns Gapbeproro addexra B GyMaKHO-MaCIsHO
H30Jslny TIpeAcTaBaenrl Ha puc. 4 U B Tads. 1. Ha puc. 4 npusenenn 3a-
BHCHMOCTH IoBblenust {;, 06pasuoB H3 Kadelpnoil 6ymMard Oof pacmoJo-
KeHHs Oappepos u3 gproponsnacta-4 wa umnyabcaom (1, 2) u nepemennom (3)
nanpsxennu. Kak BuaHo w3 puc. 4, HauGosibllee yBegnuenne TpOGHB-
HOTO Hanpsaxenua (no 1,24 U, na nepemennom u no 1,14 U, Ha UMOYJbC-
HOM) uabaiogaeTca npu pacnosoxkenud Gapbepa Ha 0,20--040 d or oct-
pust. BapbepHuiii sdexr Bolue na uMnyanbcax OOJbIIEH AJHTETbHOCTH.

Hceaenosanune pansiius 6apbepa Ha U, IpH NOTOMUTENBHLIX M OT-
PHLATENBHLIX HMIYJAbCAX TO3BOJHIO yCTAHOBUTE, YTO [IPH BPeMEHaX MeHee
107° cex maxcuManbpublit Gapbepublii 3(pQexT NpHOIUINTENbHO OAUHAKOB
HpH oGeux MNoJAPHOCTSIX.

Brut ueesenopan Gapoepeifi shpekT B GYMAKHO-MACITHON H30JALHK
npu Gapbepax u3 NOJMCTHPOIA H [OJAM3TWIEHA. XapakTep H3MeHeHus Unp
anaJoruiuen kpusod 2 puc. 4. MaxcumasbHoe nosbinenne {J,, Aas noau-
crupona 1,16 Uy, das nommsruaena — 1,10 U,

PeayipTatel uccaenoBanus BAHAHAS ABYX 0apLepoB Ha U, ofpasios
H3 KaOenbHolt Oymaru mnpupegensl B Tao]. 1.

Ta6auna l

Pacnogaoxenve 6apbepon

Y caoBusg 3KCNIepUMeHTa I 6apbep 9 Gapbep Uﬁ/”Uﬂ

MMnyascsl NOJOMKHTEABHOI MO- 0,1 0,1 1,18
JAPHOCTH ¢ NJIUHOH (pOHTa
10-5 cex 0,1 0,35 1,30
Ykcno anctoB B o6pasue—20 0,35
0,35 1,15

Marepuan 6apbepa—NOJHCTH-
pon 0,35 0,7 1,13,

)

Kax sujino u3 tabJanlibi, MaKCHMaJdbHOe INOBLILEHHE Uy, HaOmopaer-
cst npd pacnodoxennn 6apbepos na 0,1 u 0,35 Tonwmuuel 06pasua OT oct-
pusi. [lpyrue BapuanThl pacrmosoKeHHs OapbepoB RAlT MeHblIee VBe-
angende Uy, .

O6cyxeHHe pe3yabTaToB

IMonyuyennble pe3yabTaTbl NOKa3bIBAIOT, 4TO GapbepHblii addexr ma-
6JIIOJ18€TCH B PAa3JHYHBIX TBEPADLIX AU3JIEKTPDHKAX: CTEKJE, KaMelnnon COJIH,
HeJqnyn0uze, OyMaXKHO-MacJAHOH H30JSLHH,
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Puc. 3. Bausnue Gappepa u3 (GpToponaacToBoi
IIJIeHKH Ha HPOOMBHOE HAMpsIFKEHHE UeJy-
J0uAa.

HMmmyascel ¢ Tgp = 107° cex: | — noJomu-
TeJbHAsl MOJSPHOCTh; 2 — OTpHilaTesbHast I10-
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Puc. 4. Bauanve Gapbepa u3 ¢ropoiacro-
BOH HJeHKd Ha Npob6UBHOe palnpsXKeHHe Ka-
GenbHON GyMar.

MMnyabcel  TOJOXKHTE/NbHOH MOJNAPHOCTH:

L—top =05-10 % cex, 2—7¢p=
=10 % cex, 3-— NepeMeHHOe HAaNpsIKeHHe
50 ey.
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Habaonaercsa nexoropas ananorus B Gapbepuom s3dhdexte B TBEPZOM
JAH3JIEKTPHKE M BO3JAYyXe: MAaKCHMaJbHbIH OapbepHblll 3ddekr Hadaogaercs
npu pacnojoxenun Oapbepa BOaAu3W ocTpust - (puc. 1—4); wnaubosbluee
yBeJIHUeHHe NPOOMBHOIO HANPSKEHHA IPU HaJduuud Oapbepa NPOHCXOMHT
Ha NOCTOSIHHOM HaNpsAYKeHHH IPH ICJA0KHTEJbHOH MOJAPHOCTH OCTPHS, DU
OTPHIATENbHOH IOJIAPHOCTH Oapbep CYIICCTBEHHO HE YBEJUUYHBAET NPOOHB-
Hoe HalpsXKeHHe M Jazxe MOXKET CHH3UTh HOCJeLHee,

[losbimenne Uy, TBePAOro AHJIEKTPUKA 3a CUET Dapbepa MONKHO 00D
SICHHThL T€M, UTO HaJU4He TOHKOTO CJ0s BbICOKOIIPOUHOTO AM3JEKTPHKA M03-
BOJISIET KOHIEHTPHPOBATh Ha HeM O0DbeMHBIH 3apsal, KOTOPBHIH, pacrnpenens-
sick N0 §apbepy, YMeHbllaeT HepaBHOMEDHOCTb MOJSl. DTO MPEepNnojoKeHune
HOATBEPXKAAETCA TeM, 4TO GapbepHbIH 3(h(heKT YMeHbUIAeTCH ¢ yMeHblle-
HHeM BDEMEHU BO3/JeHCTBHSA HalpsamKeHus (puc. 4) U corsacyercss ¢ TeM
(akToM, 4ro aBa Oapbepa, paclmo/OXKeHHble BIJOTHYIO APYr K APYry, OpH-
BOJAT K MeHblieMy mnosbimennio U, yeM Gapbepsl, paciojioKeHHble Ha He-
KOTOPOM PacCTOSIHHM ApYT oT Apyra (rabu. 1).

PeayabraTel, noJyuyeHHble B Hacrosilled paboTe W onyGJIHKOBaiHble
B auTeparype {11, 12], moxaspBaiOT, YTO HCIO/JIb30BaHHEe GapbepoB B TBEP-
JOM JH3/JeKTPUKe MOXKeT HaHTH IIHPOKOoe NpPHMEHEeHHe B H30JAIUH BbICO-
KOBOJILTHBIX anmapatoB u Kadenefl. [loBbimienue 3a cuer Gapbepos mnpo-
OUBHOTO HANPSIKEHUA [O3BOJHT MPU TeX zKe rabapuUTax YBETHUUTh HaJLEXK-
HOCTb pabOTBl O0OPYIAOBAHHA WM [OBBICHTb paouue rpagueHTH H30SIUH.

BuiBoibl

I. ¥Bennyenne NpPoOGHBHBIX HANpsIKEHWH npd HaAuuuwu Oapbepa Hab-
ZIOJAeTCST B PA3JIMYHBIX TBEPABIX AMIJEKTPHKAX Ha BCeX BHAAX HaANpIKe-
mm- MOCTOSIHHOM, [ePEeMEHHOM, HMIYJbCHOM.

MakcumanpHoe ynpounemnue 0apbep OKasbiBaeT an pPACHONOKEHHH
Ba 01 0,4 rtoauiuHbl o6pasma 0T OCTpHS.

3. HautGoapuuit Gapwepublil 3ddexr HabI0naeTcs Ha MNOCTOSHHOM
BANpsKeHHH TPH M0JOXKUTeJbHOH NOJSAPHOCTH OCTPHA.

4. Ilpn Bpemenax Menee 107° cex mMaxkcHMaJbHOE yBedHYeHHE NPOOUB-
HOro HANPAXKEHUA He 3aBHCHT OT HOJSPHOCTH HMIYJbCA.

o. Ilpn Haauuuu ABYX 06apbepOB MAKCHMaJbHBIE OapbepHslit addexT
Ha0JI0aeTcsd IIPH PACNONOXKEeHHH (GapbepoB BOJM3H OCTPHSI Ha DACCTOSIHHH
0,1 n 0,35 tonmuubl obpasua Apyr oT Apyra.

6. Mmeercss anajorus B OapbepHoMm sdderte B TBEPAbIX JTHAJICKTPH-
K£ax M BO3AYyXe.
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