H3BECTHUA

TOMCKOTO OPJEHA TPYOOBOTI'0 KPACHOIO 3HAMEHU NOJIUTEXHUYECKOIO
UHCTUTYTA umenn C. M. KHPOBA

Tom 157 1970 r.

UCCNEJOBAHUE NMPOBOY YBJA)XHEHHBIX I'OPHBIX NMOPON
NPU UMNYJbCHOM BO3JAEHWMCTBUH HANPAKXEHHSA

B. C. MAJTAXOB, H. U. KAJ/IALIKHWH, B. B. KPUBKO

YKpenneHue 3KoHOMHYeCcKON 6a3bl cTpaHbl TpeOyer BHeApPEHHs1 BO BcexX
obnacTax HApPOAHOTO XO3MHCTBA HOBHIX, 60Jee MPOrPecCHBHBIX TEXHOJOIH-
YeCKHX MPOILECCOB, YBEJUUYEHHs TPOU3BOAMUTEJNBHOCTH TPYAA, CHHXKCHHUH
ce6ecTOMMOCTH MNPOAYKIMH. B coBpeMeHHBIX ycJaoBHAX O6osbllioro obbema
TOPHO-TeoJIOTHYecKUX paboT, Hapsily C COBEpLIEHCTBOBAHHEM CYIIECTBYIO-
IUX cnocoGoB pa3pyllieHdsi TOPHBIX NOPOX, pa3pabaThiBalOTC H BHEAPSA-
I0TCA HOBHIe, HamboJsiee 3P ekTHBHbIE crnocoGbl ¢ HCOOJbL30BAHHEM HOBbIX
BUJOB 3HEPrHH (S/JEKTPHUYECKOH, TEIOBOM, 3/71eKTPOMAaruuTHoi u ap. 1,2}
Hcnosb3opanue 3J€KTpHUECKOH 3Hepruu 06€3 TNPOMEKyTOYHBIX nipeobpa-
30BaHHH €e B MeXaHMUYECKyl0 SHEpPTHio paspylleHHd sBasieTcss Haubosee
nepcrnektupHbiM. Co3jaHHe NPHHIHMHAJIBHO HOBBIX YCTAHOBOK /sl pas-
pyLIeHus: TOPHBIX NOPOJ, U OTPabOTKa TEXHOJOTHYECKHX PEXKHMOB Tpely-
10T OOLIHPHLIX 3HAHUH MO 3JeKTPOPHU3UICCKHM XapaKTCPHCTHKAM TOPHBIX
nopof (yAedbHBlEe CONPOTHBJCHHA, AHIJEKTPHUYECKas NPOHHUIAaEMOCTb,
3JIeKTpHUECKasl MPOYHOCTb W fp.). Hapsay c AocTaTouHO GOAbIIAM KOJH-
YeCTBOM [AaHHLIX IO VAEJBHOMY 3JeKTPUIECKOMY COMNPOTHB/JEHHIO H [H-
3JICKTPUYECKOH NPOHHLAEMOCTH TOPHBIX NOpoA [3], cBeleHusi MO HMOYJbe-
HO SJEKTpUYeCKOoil TPOYHOCTH BecbMa orpaHuuesbl [4], a pganneie 10
BJIUSHHIO DA3JHUHBIX (hakTOPOB HA MMNYJbCHYIO  3JEKTPHYECKYI0  IpPOU-
HOCTb FOPHBIX MOPOJ (BJIaXKHOCTb, NOPHUCTOCTb, MHHEPAJIOTHYECKHH COCTaB,
CTPYKTypa ® JpP.) COBEPIIEHHO OTCYTCTBYIOT.

B mnacrosmefi pafore H3JOXKEHBI pPe3yabTaThi  3KCTIePHMEHTAJAbHBIX
HCCAeNOBaHHH HMNYJIbCHOTO 3JIEKTPUUECKOro Mpobosi  HEKOTOPBIX  BHIOB
CYXMX M VBJAXKHEHHBIX TFODHBIX TOPOJA B IUHPOKOM HHTepBajde BPEMCHH
BO3MEHCTBHS HANpPSXKEHHs B pes3ko HeoJAHoponaHoMm mnoJe. IlpuBerensl naH-
Hble MO HCCJAeJ0BAHHIO 3aBHCHUMOCTH MpPOOHBHOrO HANpsKeHHsT TOPHBIX
MOpoJ OT NpPONMUTKM UX M30IUpYIOUIeH KuAAKOoCTbIO. JlaHHble 110 BOMbLTCE-
KyHIHBIM XAPAKTEPHCTHKAM HMIYJBbCHOTO NpPOGOS TOPHBIX MOPOJ, HapsIy
¢ HCNOJBL30BAHHEM HX INPH KOHCTPYUPOBAHHH YCTAHOBOK JJS P&a3pYLICHUA
TOPHEIX NMOPOJ, MOTYT NPeACTaBMTh MHTEpeC /IS pacuera H KOHCTPYyHPOBa-
HHSl 3a3eMJHTeNell B CKajabHBIX rpyHTax {5].

MeToaHKa 2KCIEepHMEHTOB

B ucclefoBaHHAX HCTOYHHKOM OJHOKPATHBIX BBLICOKOBOJbLTHBIX HM-
My/IbCOB CJYKHJ MHOTOCTYNMEHYATHl TeHepaTop HMIYJAbCHLIX HAlpsXKeHHH
(TUH) na 480 xB ¢ emkocThio B paspsaje 6250 ng.
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g peructpanuu UMNYJbCHHX HANpPSTKEHHH TPHMEHSJICS 3JEKTPOH-
Heli ocuuisiorpad OK-19M ¢ eMkoctHbIM AennteneM Hanps:keHus. CoBMe-
CTHas TrpaayupoBka ocuwiiorpada u AeTUTeTs 10 aMIIMTYJIe HampsiKe-
HUSI NPOM3BOAM/IACH C NOMOLIbIO LIAPOBEIX PA3PSIHHKOB Ha CTaHAapTHOH
BoJHe 1,5/40 Mkcek ma uMIyJbpcax TOJOKHTENBHOH HoaspHOCTH. B mccae-
JOBAHHUAX MCIIOIb30BalUCh 0GPaslbl MecuaHHKa CPeAHe3ePHHCTOrO, MarHo-
rpaHHuTa, aJeBPONeNnTa, MPaMopa MeJKO3CPHHCTONO M MpaMopa KpyMnHO3ep-
Hucroro. [lnockomapadasenpHele ofpasubl FOPHHIX — HOPOA € pasMepaMu
50 X 50 X 10 mm Hape3anuch Ha KaMHePE3HOM CTaHKe — IMOJyaBTOMaTe
tuna CACII-1. Cogep:xaunue Bjaru B 06pasliax TrOpHHIX TOPOJ  OLCHHBA-
JIOCb [10 Pa3HOCTH BECOB  OOpaslOB, BbICYIIEHHBIX B TepMocrare IpH
t = 105°C, n yBaaxHeHHbIX 00pasuoB (00pasupi BHAEPKHBANHCH B 06b1y-
HO TeXHHUeCKOH Bojge c conporupienvem p = 0,15:10°2 om/cm B Tede-
Hue 10 cyrtok).

Has ycrpanenust kpaesoro sddexra [6] npu mmnyabcHom mpoGoe Ha
OJHOH M3 IoBepxHocTell 00pasiia TOpHOH MOPOALI BLICBEPJHMBAJACH KOHH-
yecKass JyHKa ¢ yrjioMm Konyca 45°, apyrasi moBepXHOCTb ofpasua NpHULIH-
¢doBEIBaNACE.

Uro6bl HCKAYUTL HepeKpbiTHE 06pasLOB BbIGPAHHbIX pa3Mepos
0 TOBEPXHOCTH, 3KCHECPHUMEHT TNPOBOJAMJCS B TPpaHCHOPMATOPHOM Macie
Cc npoyHOCcThl0 35 K8 B craHAaptHOM npoboiHuke. Toamunaa of6pas3uoB
B MecTe npofosi mpHHHMagach pasHo# 10 mm u usmepsanach npuGopom
M3B1 ¢ tounocteio no 0,01 mm.

HcenenoBanusi BAUSHAS TPOMHTKH TOPHBIX NOPOX TPaHCHOPMATOPHBIM
MacAOM Ha uX NpoOHBHOE HaNpAXKCHHE INIPOBOAMJNCL Ha o06paslax Iec-
YaHHKA M Mpamopa KPYMHO3EPHHCTOro. BOJbTCeKyHAHBIE XapaKTePHCTHKH
YKa3aHHBIX Bblllle TOPHLIX IMOPOA CHUMAJHCh Ha o006pasiiax, MOKPBITHIX
MJeHKOH mapaduHa. ITo yCTPaHAIO NPOHHKHOBEHHe TPaHCPOPMATOPHOTO
Macjaa B MOPHl TOPHON MOPORBI H HE BJHAJO Ha NpOGHBHOE HaNpsKeHHe
nopoa. O6pasubl 6e3 TOKpHITHst MapaduHOM nepex npoboeM BLlZeprKHBA-
JHCb B TpaHC(OPMaTOPHOM Macje B TeueHue 24 4acos.

DJIEKTPOLaMH CAYXMJH NaTyHHble IVIACTHHBI IHaMerpoM 120 Mm u
CTepXeHb [IHAMETPOM 8 MM C BIPECCOBAHHBIM HA KOHIE MOJHUOLEHOBBIM
HaKOHEUHUKOM C YIJoM B Beplimae 45°. OQHOKpATHBIE HMIYJBLCH NOJOMKH-
TEJbHOH TMOJSPHOCTH I[OAABAJHChb HA CTePXEeHb, MJAOCKOCTL 3a3EMJSLIACh.

[Tpo6Goii mposoauncs Ha (poHTe OJMHOUHOIO HMINYJALca. BepoATHOCTbL
npo6oa nmpunuManuce pasuoit W==90%. Kaxpaas Touka BOJbTCEKYHIHBIX
XapaKTePUCTHK MNMOJydYeHa Ha OCHOBaHHMH obpabortku 20 u Gojee OCLHMJIIO-
rpaMm npo6os. MakcHMasnbHOe OTKJIOHEHHE NPOOUBHBIX HAMpPSIAKEHH{l OT
cpenHero 3HaueHus He nupebitago 209%.

Pe3yabTaThl aKCMEPHMEHTOB M MX OGCYXKAEHHE

Ha puc. | mpeacraBieHBl BOJLTCEKYHIHBlE XapaKTEPHCTHKH Mpamopa,
YBAAXKHEHHOTO M CYXOro, MJArHorpaHdTa yBJAAXKHEHHOTO M CyXOro, ajieB-
pomenuTa YBJaXKHEHHOTO M MeCYaHHKa YBJIAaXCHEHHOrO0 mpu Hpofoe HX
B PE3KO HEOJHOPOAHOM TMOJIE C PACCTOSHHEM MeXIy aaexkTpogamu 10 mm.
Jlannpie puc. 1 NOKasbIBalOT, 4TO ¢ yMeHblleHHeM BpeMCHH BO3AeHCTBUSA
HanpsixkeHuss oT 2-107¢ mo 2-10-7 cex mnpobuBHOE HanpsxKeHHe BceX
HCCJAEJOBAHHBIX TFOPHEIX NMOpoJ (HE3aBHCHMO OT BJAroCOAEpXKaHUsA) YBE-
auyuBaercsi B cpegHem Ha 609%. Hampumep, maa naarmorpamara  mnpH
t, = 0,2 mrcex Upp. = 217 k8, a 1pu t, = 2 mkcex U, = 134 k6. ¥Ype-
JUYeHne TPOOUBHOTO HAMPSIKEHHSI C YMEHbIIEHHEM [JHTEeJLHOCTH BO3AeH-
CTBYIOULEIO HANPSXKEHHA CBSI3aHO C SIBJIEHHeM 3amasfibiBaHus paspsafa
N0 aHAJOTHH € HMIYJbCHBIM MpPOGOeM  KHIKHUX M TBePIBbIX [AHIJIEKT-

pukos {7].
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ITpo6uBHOe HamnpsiKCHHE YBJIAXKHEHHBIX TODHBIX IHOPOJA BO BCEM HC-
C/IeIOBAHHOM HHTEpPBaJje BpeMeH BO3AEHCTBYIOIIEro HANMPSAXKEHHS MPeBbi-
maetT npo6HBHOE HaNpfAMKEHHE CYXHX TOpoj mopsaaka Ha 25%.

HssectHo [8], uTo MMIyJbCcHOE NPOOHBHOE HANpPSKEHHE TEXHUUECKOM
BOAbl B HEONHOPOJHOM MOJIe NPH PACCTOSHHAX MeKAy 3Jiekrpopamu 10 mm
H BpeMeHH BO3jeHcTBHs Hanpsikenus or 31077 go 1-107° cex cocras-
asier 20—70 kB, a MUMNYyJbCHAs NPOYHOCTb BO3JyXa sl TeX XKe YCJIOBHH
25—30 xB. 3anosHeHdHe BO3AYIUIHBIX MOp 06pasloB BOAOH M NPHBOLHUT
K YBEJHYEHHIO HMIYJbCHOrO NPOOHBHOrO HANpPSIXKEHHs1 YBJAXKHEHHBIX Trop-
HbX nopof. Caenyer 3ameTHTb, 4TO AJSI TOPHBIX MOPOJ, HMCKOLINX B CBOEM
COCTaBe JIerKO PACTBOPHMBHIEC COJIM, YBJNaKHeHHe MOXET NPMBECTH K CHH-
KEHWI0 HX TPOGHBHOrO HATPSXKEHHWs], TaK Kak 3JeKTpuueckas MpO4HOCThH
pPacTBOPOB coJiefi, KHUCJOT W IIenodell 3HAYNTeNbHO HHIKe NPOYHOCTH TEX-
HHuYeCcKo# Boamni [9].

Ha puc. 2 npuBemeHH  BOJIbTCEKYHIHbIE  XapPaKTCPHCTHKH TOPHBIX
NOpOA, CYXUX M NPONHTAHHEIX TpaHchopmMaTopHeIM MmacaoMm. M3 puc. 2
cjleqyer, 4YTO pa3HHlla B NPOOHBHBIX HampsXKeHHSAX MEXAYy CYXHMH Top-
HEIMM TIOPOAAMH M TIPONMHTAHHBIMH TPaHC(OPMATODHEIM MacjJOM BO BCeM
s#ccihelOBaHHOM AHamnasoHe BpemMeHn ot 1,2-10~7 mo 2-107% cex pocru-
raer mopsiaka 25—35%. Hanpumep, mna Mpamopa Cyxoro IpH
to.= 03 mrcex Uyp.= 68 K6, a nas NPONHTAHHOTO TPaHCcHOPMaTOPHbIM
macaoM npu f, = 0,3 mrxcex U, .= 132 xe. Ypenudenue mnpoOUBHOIO
HanpsUKEHHS NPONHUTAHHEIX 00pasuoB Mpamopa H IecdaHHkKa oOyc/oBJje-
HO TeM, 4TO TpaHCPOpMATOPHOE Macao HMmeer Gosiee BBHICOKOe MPOOHBHOE
HanpsiKeHdue IJs aHaJOTHUHBIX ycnoBuil ombita [8]. B maHHBIX aKcmepH-
MeHTax (pHc, 2) pasHuLa NPOOHBHBIX HANpPSIKEHHH MPONHTAHHBIX M HEIPO-
NHTAHHBIX 00pasuoB J[Jsi TEeCYaHHKa HECKOJIbKO MEHblle, 4YeM [JIs1 Mpa-
MOpa. JTO CBS3aHO C 3aMOJHEHHEM OTKPHITHIX MOP HEKOTOPOTO NOBEPXHOCT-
HOTO cJ0s 06pasHoB nNecuaHdka napaduuaoM (BcaeicTsue ero Gosbluei
NOPHCTOCTH) B IIPOIECCE H3TOTOBJIEHHS 00GPaslloB.

Boisobt

INonyyeHHEle pe3yJbTaThl SKCHEPUMEHTANbHBIX HCCACHOBAHHH Npo6os
TOPHBIX TOPCJ CYXHX, YBJAa:KHeHHbIX H NPONHTAHHLIX TPaHCHOPMATOPHHIM
MAacAOM, Ha HMIYJAbCAaX HOJNOKUTEJNbHOH MOJSPHOCTH HO3BOJAIOT CAEJAThb
CJelyIoNue BBIBOIBI:

1. IlpeBbinieHde NPOGUBHBIX HANPSIKEHHA  YBJAAXKHEHHBIX  TOPHBIX
n0poj HaJg NPOOGHBHBLIMH HAMpSKEHUSMH CYyXMX TOPHBIX NMOPOJ B WHTEpBaJe
Bpemen BosielicTBua HampsikeHHs 2-10-7—2.-10~ ¢ cex cocrasiser He
6osee 25%.

2. TlponuTka TOPHCTBIX TOPHBIX TMOPOJA KHIKOCTHIO C BBICOKOH 3JI€KT-
pHUECKOH NPOYHOCThIO (TpaHcHOpMAaTOpPHOE MacJo0) YBeIHYKHBAaeT HX MHpo-
6uBHOe Hanpskenue Ha 25—35%.

3. B TeXHOJIOTMUYECKHX CXeMaX pPa3pylUeHHsI TOPHLBIX NMOPOJA C HCIOJIb-
30BaHNEM SHEPTHH 3JCKTPHUECKHX Da3psloB [/ Pa3pylIEHHs YBJAXKHEH-
HbIX TOPHBIX TIOPOJ HJIH IIOPOA, HPONHTAHHLIX KUAKOCTbIO C BLICOKOH 3JIEK-
TPHYECKOA INPOYHOCThbIO, HeOOXOOHMMO YBeJHYeHHe AMIUIUTYAH Hampsxe-
HHsA B cpexHeM Ha 259.

JIMTEPATYPA

ILE. ®. 3nmrefin,d. U. Apm, I'. K. Butoprt. HoBoie Merops paspyuienus rop-
Huix nopoa, [ocronrexuszmar, 1960.

2. C. C. CynaxmuH OCHOBM TEODHH Pa3pyLIEHHS] TOPHSLIX NMOPOA H yAAJeHHe TPO-
AYKTOB paspylieHuss W3 ckBaxkuu. M3a. Tomckoro yuueepcutera, 1964.

199



3.B. H Ko6pauosa. ®uanyeckne cBoiicTBa ropEsix mopoj. Iocronrexusaar, 1962.

4. A. U Jlumacos, A. T. Uenukos. [Ipo6ofi AHINEKTPUKOB H MOJYNIPOBOJHHKOB
(c6openk pokaaaos), Msp-po «Dueprua», 1964

5 B. B. Kpusko, A. U. Jlumacos, A. T. Yenukos. HccnefoBanue HMIYJIb-
CHOH 3JEKTPHYECKON IIPOYHOCTH CKafbHBX rpyHToB. (CGOpHHK AokaafoB Beecowsanod KoH-
(epeHOHd MO 3azemynTenaM), Xapbkos, 1966.

6. A. A, BopoGben, I'. A. Bopo6besr, B. I. Kyunu O Meroauke olpexeneHus

NPOGHBHOTO HANpSIZKEHHs TBEPABIX AM3JIEKTPHKOB B Heoguopopnom mose. Hss. TIIH, r. 91,
1956.

7. T. 1. CxanaBu, ®PH3uKka AHINEKTPHKOB, [ocTexusmar, 1949.

8 U. U. Kaasukuii, B. B. KpuBko. [Ipo6oii Iu3JeKTPUKOB ¥ MNOJYIPOBOAHHKOB
(cGoprux poknapoB), H3a-po «Dueprus», 1964.
9

.b. B. Cemrun, A. T. Uenuxkos, A . M. Muponos HumoyascHsit upoboit
SJEKTPOJHTOB IIPH MaJbiX BpeMeHaX Bo3geficTBHsi Hanpsxenus, Mss. TIIH, t. 149, 1966.



