oro
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" MMHMCTEPCTBO BHICHIEIO ¥ CPEJHEIO CIIELIMAJIBH
- OBEPA30OBAHMS PC®CP L
MEPMCKHUMA MOJMTEXHHUYECKHA UHCTUTYT

i

Ha npasax pymnucu

Acoupant A. C. [JanbHOB

HCCJIENOBAHHE NPUMEHUMOCTH H
OBOCHOBAHHE 3JIEKTPOMETPHYECKOTO
METOJA 3¢ PEKTHBHOTI'O CONPOTHUBJIEHHA
nJis NPOrHO3A rorpHbiX YIAAPOB
(Ha npumepe lllypa6ckoro 6ypoyroJibHOro
MECTOPOXKIEHHS )

IIuccepraliusi HameuaraHa Ha PYCCKOM A13bIKE

Cneyuanbrocto M 0,5.31 | [loO3emnan paspaboTka U
IKCNAYATAYUA Y2OAbHLIX, pYOHbLX U HepYOHbLX MecTopoxdenul

JMCCEPTAallHH HA COHCKAHHE yueHOH CTeleHH

AsTtopedepar
| KaHIAMAaTa TeXHHUECKHX HayK
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MHUHHUCTEPCTBO BbLICUIEI'O H CPEOJHEIO CIIELHHAJIBHOI'O
OBPA3OBAHHSA PCPCP

' TIEPMCKHUH TMMOJIUTEXHUYECKHUP UHCTUTYT

Ha npasax pyKonucu

Acnupanr A. C. [lanbHos

- UCCJIEJOBAHHE NMPHUMEHHMOCTH H
"OBOCHOBAHHE 3JIEKTPOMETPHYECKOIO
METOAA 3¢PEKTHBHOI'O CONMPOTHBJIEHHJI
NJiA MPOrCHO3A IOPHbIX YAAPOB
(Ha npumepe [Hypa6ckcid 6ypoyrosibHOro

" MeCTOPOXIAECHHSA) |

JluccepTauus HaneyataHa’ Ha DYCCKOM S$i3blKo

Cneyuanorocte Ne 0,5.311 [odsemnas paspaborka u
3KCNAYATAYUA Y2OAbHOLIX, PYOHLIX i HepyOHbLX MeCTOPONHCOeHU

ABTopedepar AHcCCepTaL¥ Ha COHCKaHHE YYEHOH CTerNeHH
y KaHAHAaTa TeXHHYECKHX Hayk
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.uoﬁam AaBEIBHON yoraEoBEM BHHMH. HccaezoBalocs H3MEHEEUE BIB6K~
TPUYECKOT'O cOnpOTHBICHHEA MACCHBA yIid B 30Pe ONOPDHOI'O0 7aBlie-

HHS ouac:HHx:BHpaﬁoron.

I.

—

YogopmA| XApaKTep W M@XBHESM IDOABICHHA. TODHHX YAApOD He
MODENX GypOYTOABHEWX MAACTAX, sqnerapmUx B cAalHX, OOCBOJHEH-

HNX BMEmMADEMX IODPOJAX, HMEDT cymecTBOHHHE OCOOEHEOCTH H fB-
_apTCs ©Ee HEA0CTATOUHO B3yUeHHOW 0CAACTEHD CTOZHOW MMPOCHEMH

GophCH C I'OPHHMH yaapaMu. |

) K OEJIHHH!EEJILHHH yonopHAM [lypaGCKOro MecTIOPOXRAGHAA OTHO=
cqTCs: HEBHCOKas MPOYHOCTH yI'id (50=75 EI'/CHZ), HaJM4YHe clig-
CHX, 0GEOZHEHKEHX HOPOX B Henocpencmneﬂgom:ﬂpoane B [IoYBe Ouac-
Pa, CpaBHMUTEJBEHO MaJaH rayOHBEa BOBHHEHQBﬁﬂﬂﬁ TOPDHHX JZApoB
(180-250 M), - npbABAEHAe T'OPHHX YAAPOR MDA IpOBEJICHHA MOAr0%R0-
BETeIBENX BHPAaGOTOR MO IE6PBOMY CJOD ‘WIH B poJIMe OIJAacTa BHE

s0Hy BIAFHEA OUACTENX padoT, CPAaBEATENBHO HEOOLbWAA PA3PYmH=
menbHEAA CHIA TODHHX JAAPOB, OTCYTCTEUE NOCIS MPOABIGHIHA T'OpHO-
ro yAapa XapaKTepHOL HONH MEEAY YTAGM M BMEHADMAMY MODOKBMHA.

- QcoGennocTd miacra “B" (Conpmas MOMEOCTE 11-25 M, MOHO-
INTHOCTDH H onaopnnﬁcctb yras, NpocTOe CTPOGHHE H 0TOYTCTBHE AG=
HO BHDAXEHHOr'O RIMBaXa) A XapaKTIEp NpOsABAGHAA TI'OPHHX YARPOE B
3TRX CHenUPMYSCKEX JCIOBRAAX HBHIECH OCHOBHOM NIpDAYAEON MPOBEAE—
s GoXBEOr0 06DeMA HAYIHO-HOCIEZOBATENBCKMX pador, MOBBOMME™
mEx 0GOCHOBATEH ¥ NPHEMEHKTH BIEKTPOMETDHUCGCHHN ueron 3)HeRTABHO
ro CONpOTMBICHMA JIA NPOrHO38 CTeNEHd YZAAPOONacHOCTH y4aCTKOB
nracra "B". acy BT | - |

HeoGXOAMMOCTE 9THX MCCISACBAHMHR OOPEASIAIACEH emeE M TEM,
qT0 METOJH NPOTHO38 CTENEHHM JAADOONACHOCTH, OcHEOBAHENE Ha peTd<
CTpANAE FBNEHAM W NpONECCOB, BO3HEKALNEX NpE OypeHM: CKRBAEAH B
KpaeByDn YacTh NnacTa, M MEPOKO MCHONER3yEoMHE HA DAAS KaMEHHO~
YrOUBAEHX 0aCCORHOB CTDaHH, B yonopeAx llypaGergoro MeCTOpOXACHAA
He NpUMEHMMH M3-38 BHCOKOR BIAEHOCTE Gyporo yras MuacTs "B"
(25-40%). [0 2rOMy OpH CYpeHHE CRBAXEH HE NDOHCXOZUT xapaKTep-

| - 0-
HOI'0 AN8 KaMeHHHWX yrie@d XpYNKOro pa3pymeHHd B OROZOWIyPOBOM D™

=
e — el

Y

CTPAHCTBE C BO3HMKHOBSHMEM COHCOMOAKYCTHUSCRHX HMMIYJIB0OOB, HE
BaONoZlaeTcA M NOBHMEHHHE BHXOZ OypoBoR Menodn (wIHOa).

Bonpoc o Heoﬁxoﬁhﬂomn B LUeNecO06pa3HOCTH HpHBIEY6HAM _
9IEKTPOMETDHIECKEX METOZOB JAlld M3YUEHHA HANPAXGHHOT'0O COCTOA—
HAA YTUONBHHX YZA3pOOMACHHX NA8CTOR OHI BIEDBHE NOCTaBIEH EO
BHUMW, B maGopaTopH4 I'ODHHX YZAApPOB, B I959 r. llepsne 3KcNepH-
MEHTH M HOCAEeAyPIHMPA ONNT H3yYEHHAs HANDPAXEHHOI'O COCTOAHMA Mac-—
CHBA IOPHHX [NODOX 3IEKTPOMOTDUYSBCKHMM MOTOJZIAMH NIOKAa3ald BO3-
MOXHOGCTH MCNOIB30BEBHAA HX JJNA DEemeHHAA OTASABHHX BOMPOCOB MHO-

rorpaHioR OpoOieMn TODPAOI'O A&BA6HHEA M, B YaCTHOCTH, NMPOTHO3a&
T'ODHHX YZ8DPOBe

| B CBA3H C MBICRGHHWM = IMcCepTALmM OWNM MOCTABIGHH ClO-
AyDI@Ae 38784 :

- HCCIEenOoBaTh H OCOCHOBATY, NDAMEGHHMOCTE SJEKTDOMOGTDHYOOKO-
ro Merojsa pPEeKTHBHOI'O OONDPOTHBIGHHA B I'OPHHX BHDPAOOTKaX AR
OLEHKM CTENeHW YAApOONAacHOGCTH OTAEABHHX y4YaCcTKOB nnacra "B
B ycunopuax llypaGcKoro OypOYTOABHOI'O MECTODOXZECHHA;

- NOCHEeZOBATH XApDaKTep BABHCHMOCTH 3(QDEKTUBHOTO COHPOTHBIE-

HEAA Oyporo yraa nuacrta “B" oT AaBXAGHMA B AaCOPATOPHHX H maXT-
HHX YCJIOBUAX;

- OLEHUTH HANDPAKEKHOE COCTOAHMHE OTAEABHHX y4YACTKOP YIONBHHX
"FICTOB C MOMONBN MOZ3CMHHX DLERTDHUECKHX -30HIAMPOBARAN ;

-~ QCYMECTBUTE IPOr'HO3 CTEHEHR YyZAapOOMNaCHOCTH YyYaQTKOB HiacTa
K" B MOATOTOBUTENDBHHX ¥ OYMCTHHX BHPACGOTKAX;

~ OLGHHTH 06NACTh MPEMEHMMOCTH MeToZa afJeKrUBHOTO CONpOo-
TUBIGHAA AN DPerMOHANBHOI'O M 7IOKANBMOIO MDOUHO3a FOPHHX YAApOE
B Pa3sINYHHX TOPHQTEXHEWUGCKHX M Te0NOPMIECKHX JCIOBHAX,

PemeHds NOCTaBIGHHHX 3afa4 OPOBOZMUIOCH HYTOMI
- gHanlnz3a IUTPOPATYDHHX HCTOYHHKKOB,

'~ BRCHEDUMEHTAIBHO-BHAUATAYECKU)Y MCCIEZOBAHMA NMPHMEHEMOCTH

METOZa SPPERTHBEHOI0 CONPOTHBIEHNS B PODHHX BHDACOTKAX AIA 116 -
Jell NpOrH0s8a T'OPHHX YZASPOB;




— 1aGopaTODHHX M WAXTHHX HCCIOZOBAHAR, HaNpaBAEHHHX Ha
BHACHEHNE 38BIHCHMOCTH w3 MEHEHHA "SNeKTPUUECKOT0 COIPOTHBIIGHUA

0y poro yrna 0T ZAAEBJICHNS,

~ W3IXTHHX SKCIEPUMEHTOB MO OTHOGMTENBHOH OLCHKE ﬂanpﬂmeﬂ_
HODO COGTORHWA NAAcT@ OKOJO MOAr0TOBUTENBHHX M BNEpENM OUUC T-
HH X ENpPaO0OTOK MOZ3EMHHMH 97NeK TPUYBGKUMHM 3OHMPOBAHUAMY ([133)
4 COMOCTABJIGHNA MX DE3yIBTATOB C JAHHHMU ADYI'AX METOZAOB

_ Wayyerns pacnpezienchus 3QHEKTHBHOTO CONPOTHBIEHUA B
KpaeBo# 4acTH OYpOYTONBHOTO NAacId WR" znA Ocyulec TBIEHHUS
MDOrHO3a CTEeMeHd YAApOONacHOGTA OTAEHBHHX Y4ACTHOB

1

lpuMeHeRUE BJCKTPOMETDHH 7V OLEHKH Haln pAXeHHOI'0 COCTOoA-
Huf TOPHHX MODOZ OCHOB3HO Ha M3MCHEBHANM 3JIEKTPUUECKOT0 COImpo-
TUBJIEHUA HX OT ZA3BlicHUA U MPOBOAMAOCE C nouomaw MeToZAa 3PPEeK-
TUBHOTO COMPOTHBICHUA.

Ina onpejeleHua M3MEHERUA 3NEKTPHUECKOTO CcONpPOTUBIE HAA
rOpHYX HOPOJ B I'ODHHX BHPAaOOTKAaX NPUMEHAGTCH 4eTHPE XB3INEKTPO A~
Hag ycraHoBka AM NB. SneKTDUUYECKHU TOK 9 BROZMTCA B NOPOTH

yepes NuTapmue 2NeKTPOAH (3asemiauTend) A U B. Mexy 3nenrp0ﬂa—

ud M ¥ N M3MepReTCA Da3HocTh NMoTeHuManos aU . 3ra pas-

HOCTH NOTEHUMANOR NpPOMOpDLUMOHAZBHEA TOKY J H ynennﬂouy NEKT—
pUUECKOMY CONPOTHBAEHHKO @  MNOpPOA, B KOTOPHX pacloJoXeHa ycTa-

HOBKA, YTO AA€T BOBMOXHOCTH N0 AaHHHM uauepenun ol H - J

onpenensts P . EclM MACCHE B MCCIEAyEMOW 30HE MOXHO CU¥TaTh

OZIHOPOZHO-A30TPOMNHEM, TO €r0 MCTUHHOE CONPOTHBIEHHE @ oI-
peZienfeTcs MO M3MEDPEHHOMY HA NMPHEMHOR JANMHMY HaNpAXE HMY all
uou monaw E  COrNacHo @opmynau.

I

- 2l L .
Pk P =K (1)

: . |
rae E ¥ X - xoapfuuuerTs pacoyen yCTAHOBKH.

| B OZHODOZAHO-UBOTPONHOM MaccuBe HanpAzenume ol  HIH
none E He 3aBHcAT 0T ero comporupaeHus. lpuéuHoe HaNpAEGHHC

5

pPaBHO
U = :ﬂ;Ji ’
K (2) ,

a BeJMuMHA NAITApWero TOka (nMp¥ MajioM CONMPOTMBIEHMH NUTADWEro
Radens, MO CPABHEHHAD C COMNDOTHBJIGEMEM 3236MICHNUW)

| .
P " (3).
OTco/la NpHEeMHOE HANpAXEGHWE COCTABUT

&

: _ Nl E
hU:. "E'Etf(—u (4)
M, B YaCTHOCTH, ANA CHMMETDUYHOW YCTAHOBKH

n,an[l = Cl:g (5)

}

r7e -n.=-9€%1 - YMCAO YCTAHOBKM;

2d - paccTOAHME MEANY MpPUEMHHNMYU 3NOKTDOZAMM;
d, — 3KBMBAJIGHTHHR DAZMyC BA3EMIEHUN; . |
€ - manpaxene nuraouen GaTapeM.

B eCTECTBEHHHX YCHOBMAX MCCHEAYyEMHY MACCHB MOYZH BCEIZA
ABIAETCA HEONHODOZAHHM WM AHU3QTPOMHHM, HO M JJA 3THX YCHOBUHA
MOXHO BBECTH B DpacCMoTpeHue NoBATME-30PeXTHBHOE COMPOTUBAEHHUE §
MaccuBa, ONpezenaeMoe QODMYJaMU:

P = K AT - (6);
.Pe T K E (?) .
OueBNAHO, 4YTO MDA nccnenonaﬁnn OZHOPOAHO-¥30 T POMHOI'O Mac-
cuBa B NOOU ero o6nacTH 3TA QOopMYNH MpY MOACTAHOBKE B HUX 3a8-=
uepemENx sl ¥ J  ZONXHH AaBaTh MOCTOAHHYO BEIMIUHY, COOT-
BETCTRYOMYN MCTUHHOMY 3/EKTPUYECKOMY COMDPOTHUBACHMO MacCHEA.

- [Ipn MCCIEAOBAHMM Heonﬂoponﬂoru MacCKBa npm MOCTOAHHHX 3Ha-
qeumax 9 u K wum K npuéusoc nanpaxenne a U (uam E ),
3 CNeJ0BaTENBHO, ? CYAYT WBMEHATBCA OT TOYKM K TOUKE AaKe
3 Tex o6nacTax, r'Jie WCTUHHOE CORDOTHUEJEHME OCTEETCA [OCTOAH-
HHM . ‘ | S




OpSEYECKHER cMHCcI 20feRTHBHOT'O COMPOTHBIIEHHH 3aKMYaerCq
B TOM, UTO 7aHHAs SIEeKTPHYECKAs HEOZHOPOAHOCTE MEBOCHEA MOpOX-
7aeT RHOMAJIBEYD CTPYRTYDY HOTEHIAANBHOrO NOAA; XADAEKTEp H Mo-
BeficEMe STOM GIDYKTYPH M ONHCHBAET MNPOCTPRHCTBEHHO — NEepeMeH-
Hag BeiHuYmEa - 90PEeRTHBHOE CONDOTHABJIGHAE, HOBABHCHMO OT BeJn-
YMEH NKTADOEr0 TOKa. ‘ -

B cHNy HEMpepuBHOCTH NoTeHUMansHOM Pymknmuu a U (umn
7aEe NPepWBHOCTA €€ IpajiMeHTa NpA Nepexofe Yepea KOATAKTH Iop-
gENX OOPOX) aAKTHBHOI'O CTANEOHAPHOTO MOJs, HECHOTPH Naxe’ Ha
CKauK0o00pasEOe H3MEHEHH® HCTHHHOTO CONMpOTHBAGHAA MacCHBa, -
GexTEBAOE COMDOTMBIEHME AEAAETCA BCOrZA MIABHO M3MEHADNEHCH
HelpepHBHOR (QYHKUMER MJIM M3MEHANWEHNCH CKAaYK00OPa3HOo MpH Mepe-
0Ze uepes KOHTAaKTH MOpOZ. MEaue rosops, 5HPeKTUBHOS COMPO-
THBICEKE HE OTPAEKAET TONBKO MOBeZeHUA (7Aaxe B cpeiEeM) MNCTHH-
HOF'O CONPOTEBNGHMA ( MacCHBA, OHO OTDaxaer €ro I'e03IeKTIpH-

YECKYD CTPYKTYDY.

OpuMeReHNe MeTOZE CONPOTMBIEHHA B I'OPHHX BHpPaO0OTKAX CO-
NpAREHO € YUETOM K pAAa cleuupryecKAX §aKTOpOB, BANAWNAX HA M3-
MepaeMyD BeJKuMHY 3HPEeKTMBHOTO CONpOTHBIEHMA o ONHNT OOKAa-
8all, YTO HAPOOABNMEe ACKIKCHUS BEANUMHH 53 MOT'YT GHTL Bbl 8B HH
BIUAEHEM CaMOH BHpaGOTKYM M IDaHMNaMU pasziefia NOpOZ MOUBH M .
 KDOBIH, MO3TOMY Ce3 OUEHKHM HcKaxapmero afdexTa 3THX (aKTOpPOB

HEBO3MOXHO IID3aBHIBHOE HHTBPHPBTHDDB&HHG MOAYyYaeMHX pPEe3YyABTI&TOE
HCCIeZIORAHHARN,

- Ha.pesynpraTh J/AEKTPOMETDUN B M0A3EMHHX -BHpa 60 TKAaX OKAasH-~
BAapT BIXAHAS TarKMe (AKTOPH, KAK [OBEDXRNCTEH 3eMIM HAZ PODHOH
BHPaGOTKOM, TAK B DPA3MEDH CaMOl TOPHOW BHDPAGOTKH.

L ]

lepeufl -akTop OKABHBAET CYWECTBEHHOE BAUAKAE HA BENUUMEY

IHUB: TOI'K3, KOPZA pa3MepH HM3MEepUTEelHHOY YyCTAHOBKM pDABHH KX

Gonhme I'JTyORAH DPAacHONOXEeHUR I'OPHOR BHpPaOOTKM. BupaldoTkm, BCKDH™
Banm¥e yrolrHHE YZAapoONacHNe OnacTH, KAk NMpaB@dio, pacnojoxeBH HA

SHAYHTENBANX I'TyOMHAX, MHOT'OKDATHO NpEBHHNAKNNAX PA3MEDH OpHA-

MCHACMHX MBMEDATENBHHX JCTaHOBOK. ¥ moarouy, BIaMAHUE MOBEPXHOC™

TH 3EMJM OPAaKTHYECKE He OyZEeT CKa3HBATECH HA BOIUUHES H3ME-
PAEMOT0 a@@euraﬂaoro CONDOTHBAGHES .

11

Bropo¥ (§akTop - BiaMSHHe I'ODHOM BHDPAOOTKH — CHSAYOT YyHM—
THBATH OyYeM BEEZGHMS OONpaBouRoro, koddpunuenra G, B pacuer-
HHA KoaddmuEeHT ycTaHOBKH (Trali.l).

Taﬁnuﬁa ¢

L1051 | I,I [I,2 |3 |I4 |15 |56} 5,7 |18
ﬁ 1 1,1 1,15} 1,20| I,25{1I,35| I,45| 1,5 | I,55] I,58

I'Jie ¢ - pacCTOABME OT LEeHTpa NMDUEMENX BJIEKTIPOZOB MN 7Z0
nuTapmero 9AeKTpoja, |
d - namauerp BHpPaGOTKU.

BoJpune MCKAXEHMA IIDH aauepax KaRYIMXCA COMPOTHUBIIGHAHN
cBR3aHH C SKpAaHHHMA 3PheKTaMu y B9NEeXTpOoA0B, €CAR BOAM3M MO-
cleZHEX HAaXOZATCA DPENBCH WAA METaNMUECZHUE TpyOH. WoKameHMA
yEEeAMYMBANTCH, KOTZ3 BIEKTPOIH KACcH)TOR MOTANIKYECKOR Kpelu
¥ CTAHOBATCH HEZONYCTHMO GONBLMMK, SCHMA METANUAYSCKAE IDPEA=
MEeTH MDY STOM UMEHT XODOWHH KOHTART C mopoxofl, Hamnpumsep. NpH
HaJM4Y®EE BOIH MO MCYBE BHPAOOTKH.

Ozﬂaxo, ddnbmoe RONUYECTBO MCCHEZOBAHEA B NMOATOTOBUTC]IE—
HHX BHpaGOTKAaX IOKasalu, 4YTO ABXE B YCJIOBUAX 0OBOZHEHAON BH-
palGoTKH, €CIH BIUSKTPOAH 3a3eMIATH Ha paccTospuu cBhme 0,15 M
om MeTalIM4YeCKMX TpyG, Dennc, A6TaZeR Kpend, TO BIUAHKG [o-
cHeHAX GTAHOBMTCA MOCTOAHHHM H HeGoNBMMM. [IpH faABHEAMEM
yZAaJIeHHNA BNEKTPOZOB OF METATIMUE6CRKHX KOHCTDYKUMHM COMPOTUBIC=
H@e MAj0 MeHgeTCsl, & OTHOCHTCIBHIA omHOKa B 3aMepax { Ba
npeswmaer I0-I5% Opé pasHocax HUTADMAX 9II6KTPOZOB, CPaBHUMHX
C ZAMaMeTpOM BHpaGoTKR, M HE OPEBHUAOT 5% npe pasHocax, B He- .
CKOJNBRO pa3 COIBUAX AMAMEIDA BH pa GO TKHA .

”




OESHUCCRAN CMHCH SPHERTMBEOTO CONDOTHBIGHAA 38KIMYa6%gs s T | | ﬂ

B TOM, 9T0 AAHHAA SIEKTPHIECKAA HEOAHOPOZHOCTH MEOCHBA MODOR- BropoR $aKTOp - BAMAHWe I'ODHOM BHPACOTKE - CUEZYET yIH-
A8eT AHOMANLHY® CTDYKTYDY NOTEHUUANBHOIO MONA; XapaKTEP M Mo~ THEATH NyTeM BBEZGHMs OONMpaBouBOro, Koodpunmenra C, B pacueT-
BeZeHAS STOB CTPYKTYPH ¥ OMMCHBAET NMPOCTDPAHCTBOHHO - NeDEMEH- e HHR KoapdmnmeHT ycraHOBKE (Tadu.l). |

HAA BOHAUMES — DSDHEKTABHOS COMPOTABJIGHAE, HE3ABHCHMO OT BeiH- | | ' | Ta6muna I .

UABH NUATapmeI'o TOKa.

B cuny HBHDEDHBHUGTHlHOTBHﬂHéH?HOH QYHKIUN a U (unu ;%- 0;5 I 1,1 |I,2 {1I,3 {I,4 | 1,5 | I,6 | 1,7 |1,8
1

Jaxe NPEePHBROCTH €€ TpajueHIa DA Nepexoske 4epes KOHTAKTH Iop- 1,1 | 1,151 1,20 I,25 {I,35| I,45| I,5 | I,55 1,58
BHX DODPOZ) AKTHBHOI'O CTALMOHADHOIO MOJfA, HECMOTDA ZaXxe’ Ha ) | .
CKauK00Opa3B0e M3MEHEeHNe HCTHHHOT'O conpomﬁﬁneﬂﬁﬁ Maccusa, af-

PexTHBAOE CONDOTUBIEHME AENASTCA BOOrZA .THIABHO H3MGHADULEHCSH [---_-?i—-r-—--———-——.—————]---—-——-------—---------------—----'---r.--..--.,.-.-.-.-....1
I,9( 2 12,51 3 |3 4 |5 16 | 10

HenpepHEHOD QYEKUEEN MM M3MeHANUencA CKauKooOpa3HO NDU nepe- - q s | €9 3 _
Yoje uepes KOHTAaKTH Nopof. Msaue rozops, sddexTuBHO® COmpo- ' | | '
THBIEHAE HE OTDAaxaeT TONBKO MopefeHns (Zaxe B CpEZHEM) HEIHH— B |CH ekie 1'6511'75,1185 I'9|I'951I'98"2 ; |
HOTO CONPOTHBNGHUS { Maccmpa, OHO OTDAXaeT ero Ie0BleKIph- | . :

YECKYD CTDPYKTYDY. | B o (: ¢ - DAacCTORHMO OT LeHTPA MDUEMEHX 3NEKTIPOZOB MN 70
| IMTapmero B8IeKTPoia, |

d - auameTp BHPaGOTKH.

¥ H

[puMeEeHHe MeTOZA COMPOTHBIEHMA B T'ODHHX BHpaOCTKAX CO-
NpAXEHO ¢ YyueTOM ' pAZa cleundmuecKNX (aKTOpOR, BANANUMAX Ha MU3-

MepgeNyn BeikuMay sddexTasHOTO compoTMBiesmMa . UNHT OOKAa- BoJlEmAe MCKAXeHWA NpM 3aMepax Kaxymuxcs COMpOTUBISHAN

83, UT0 HaMOOIGmKAEe HNCKAZXECHUA BEIWUYMHH jﬁ MOTI'YT OHNTH BHBBAHH . CBA3aHH C BKpAHHEHMH 3PPeKTaMu y BNEeXTPOAOB, €CIM BOAM3H MO-
BIMsiEAEM CaMON BHPaGOTKM M IpaHULaMU pasjfelsia HopoA NOUYBH " CNeHEX HAXOLATCA DENBCK WK METan 7"4eCc=He TpyOH. loKaxeHUn
. KpOBIHA, NO3TOoMy €83 OLEHKM UcKaxawmero 3ffexTa 9THX (QaXTODPOB YEe/NMUABADTCA, KOT'ZA BNEKTDPOJN KACHOTCA METANIUUECKOR Kpelu
HEBO3MORHO NPABHIBHOE ﬂﬂmepnpernponaﬁﬁe-nonyqaamux pe3yiaAbTaTOB ¥ oTAHOBFTCH HEZONYCTUMO CGOMBLMMY, OCAM ueTalIA4YeCKHE MPeA=
ROCTeZ0RaHAN . ' S METH MDY 3TOM UMEIT XOPOWHK KOHTAKT C nopoxo#t, Hampusmep, IpH

~ : AIUIRY BOIH IO NCcuBe BHPACOTKH.
Ha ,pesyNBpTaTH SNEKTPOMETPUY B MOA3EMHHX “BHDAOOTKAX OKASH- . P

BanT BIASHHE TaKde PaKTOpN, KAk [OBEPXANCTH 3eMIM HAZ POPHOR . 0zxEaxo, GONBHOE KOUMYECTBO MCCNEZOBAHER B NOAI'0OTOBATEILb=

BHDaCOTKOM, TaK M pA3MEPH CaMOW I'OPHOW BHPAGOTKH. . ' HEHX BHDaGOTKaX IOKasanvu, 4T0 Jaxe B YJCIOBUAX 00BOAHEHHEOHR BH-
paGOTKHE, €CIM 3JEKTPOZH B8a36MIATH Ha paccrofanud cBHme 0,15 M

or MeTaliInyecKux Tpyl, peAnc, ASTaAeR xpend, IO BIMAHAE IO-
CHOZIHUX CTAHOBMTCA MOCTOAHHHM M HEOOUBIHM. [lpy ZanpHEAmEM
yZaieHui DNEKTPOZOB OT METAMIKIGCKMX KOHCTDYKILMHM COMPOTUBAS=
HEe MANO MEHAeTCA, 8 OTHOCHTeNbHAA OMAOKA B 33aMEPaX P EA
npeswmaer I0-I5% Opé pasHOCaX MUTADMAX 9JIEKTDPOZIOB, CDaBHHUMHX
¢ ZMaMeTpoM BHpaGOTKRE, B HE MPEBHUAET 5% OpE pasHOCAX, B He- .

GKONBRO pad COIBUAX JMaMeTpa BupaCOZEA. _

Hepenl: faKTOD OKA3HBAET CYWECTBEHHOE BAUfHAE HA BEAUIHUEY (
IHUb.TOrA3, KOrAa Da3MeDH M3MepUTelBHOV YCTAHOBKA DABHH KK
Gﬂngme rTyORHEY DACHNONOZXEHAR T'OPHON BHPaOOTKM. BWpaGOoTKH, BCKDH~ .
Bawn¥e yrolbHHe YZA8poONacHNe ONacTH, KaK Npapdno, pacnoZoxeHd HA
SHaUHTEABHNX I'TyOMHAX, MHOI'OKDATHO NpEeBHMAKNUAX DA3SMEDH OpA-
MEHACMHX HA3MEDATBINBHHX YCTAHOBOK. U mosTouy, BAMAHME NOBEPXHOC—

TH 3eunn-npan?ﬂqeczn He OyZieT CKa3HBAaTHCH Ha BOIMYHAHE H3ME-
PEEMOT0 3PEeKTHBHOTO CONDOTHBAOHKA, |

¢
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Buemapnue MOPOAH, ABAAACE Ooace SIEK TPONPOBOAHHME, 4YEM
yroip, OyAYT ORA3HBATH UCKAEApDIES BIHAHAE HA HM3UEDPAEMYD B
PHDAaGOTHAX BEIMYUEYy { . PacTeranMe TOKa B NODOZH HOUBH W
KpOBAM miacTa CyZeT TeM MATEHCHBAGE, UGM DOIHUC OyZieT OTIMUMe
WX N0 CONMDOTMBIEHMD OT IjacTa YriA ¥ YoM Gonpme IJYyOMHA 30H-

ZMPOBAHAN .

PemeHMe 3a7aud O MCKaEapmeM BIHAAMM BMELALMUX IODPOA npu
DAa3NMUHOM NOJIOXEeHMM BHDACOTKA B YIOJNBHOM mjacTe OTHOCHTEJBHO
IpaHnl, pasZena MoKasano, 4T0 AlA yenoeufl maxtH ¥ 8 llypaOcko-
ro GypOyrONBHOTO MECTODORACHMA MAKCHUNMEJBHO BO3MOXHHE HCKaxe-
HUA B BEIWUYHUHE 53 38 GUYeT I'padHl pasfesa NOPOA IOUEBH X

KDORJNH, HA DACCTOAHMA B 25 M OT BHPaGOTKYU, HE NMPEBHUAYT I%.

[Ip MpOReZeEMA DIEKTPOMETPNYECKHX UCCNEZIOEaENN B I'ODHHX
BHPaGOTKaxX KCIONH30BAJACH HM3KOYaCcTOTHAA anmapaTypa THMa
AHU-I # WKC-I, moaponuBuaf NoAyYaTh AOCTATOUHO HEZEEHNE CBE~
eHMs 0 HampAXeHHOM COCTOfHMM MAcCHBa B YCAOBUAX nodex, Co-
37ABAEMHX NMDPOMHIJICHHHMN 3HEProyCTaHOBKAMH.

" PeaynpTaTH 3JEKTPUI6CKEX 30HZUPOBAEUA m306pakapTca I'pa—

OMYECKN E BUZle KDWUBHX 3PQEKTHBHOI'0 CONPOTHUBIOHAM . Kpusne
CTPOATCH B OUIOrapUPMAIECCKROM mMacurade ¢ MOZYZEM 6,2 5 MM,

METepOpeTALAR Pe3yIbTATOR MNOABEMHHX BJNeKTPUUECKHX BOHAU™
DOBAHE@ C IeNsh ONpejelieHus NapaMeTpoB 30E ONOPHOTO AABIGHUA
NPOROZUTCH OO XAapaKTEDHHM TOUKAM HA KDUBHX 3QDEKTUBHOTO COLDPO=
THRICHUA . .

OueHKa TOUHOCTA HaCANAEHUW pe3ynbraTos [O3 ¢ yueToM BO3-
MOXHHX MOTDELHOCTEN KaK CaMol annaparTypH, TaK M METOZMKH H3ME=
DEHER, ITOKA3ana, YTO MAKCHMANBHAA OTHOCHTEJBHAA MOIDPEWHOCTH
BX He npesHumad? I15%. |

.

_ [Ipox0ZKa TODHHX BHPAaGOTOK M 0COGSHHO BeZAeHUe OUYMCTHHX pa-
GoT MO OZHOMY WIM TDYNNe YTOABHHX NNACTOB NPUBOAAT K HapymeHuw

pagee CYyLeCTBOBABUEr0 DAaBHOBOCHA B HaNDAREHHOM COCTOAHAMA MACT
cuBa TOPHHX NopoA. [lepepacnpeZenieHAe MOTEHOUATBHON 2HEPI'HM

BH3HBaeT HM3MeHeHHe (QH3UKO-MeXaHUUECHKHX XapaKTepUCTHMK Macciuaa,
B TOM 4YHCJie U SISKTPHUYECKOI'0 CONPOTUBIICHNA.

PeneHde MOCJNEZHErO BONpOCA — BHACHEHMO GBA3M M3MEHEHUN
9eKTPAYECKOr0 COMPOTHEICHMA C MBMEHSHWEM HANDAXEHHOI'0 COCTOA-
HUA MacCHUBa YI'AA ¥ MOpOXK AHAIWTMUYECKMMU clocoOaMy B HaCTOfAlee
ppeMs He NpeACTABNAETCA BOSMOXHHM. [I0BTOMY B AUCCEPTALUOHHOM
padoTe OHO NPOBOZMTCH SKCOEPHMEHTANBHNMA METOZAaMA C MOMOMED

KOMIJIEKCA Na00paTOPHHX M WAXTHHX MCCAEAOBAHMM.

Ucenenoranue BIMAHUA JABICHHA HA M3MEHEHUE 3IEKTpUYEc—

'KOI'O CONPOTHBIEHHA IODHHX MODOJ DPA3BUBAETCA KaK M3BECTHO,

B TpeX HaNpaBIEHUAX.

[lepeoe HampaplieHHe CBA33HO C pelleHMeM 3aZxay MPOMHCIOCBOHN
reofM3y¥Kn ¥ IIaBHOMW LENB0 HMEET YCTAHOBJIEGHME 3aBUCUMOCTH MEXL)
9JIeKTPUYECKUM CONMDOTHBIEHUOM HOPOA = KONJEKTOPOB ¥ MX MO-
PUCTOCTER «

Bropoe HanpaBiehue - GOnNbUAf TeofUauxa, KOTOpas N3yyaer
M3ME@HEeHUe COMpPOTHENOHUA TOPHHX MOPQA C I'nyOMHOU DU ZaBNEHUAX .
0 HECKOJBKHX JECATKOB M COTEH THCAY aTMOCPep.

Tperbe HalpaBIEHME CBA33HO C M3YYEHMEM JABIEHUA TI'OPHHX NO=
DOZ B WAXTax M ¥WMEET CEOEN UeNbd 00 M3MEHCHUD SNEKTPUYECKOro
COMDPOTHUBIGHUA YIAA WIM MODOA YCTAHOBAUTH XapaKTEp HaNpAKEHHOTO
COCTOAHMA TODHOTO MAaccuBa BONM3M TOPHHX BHDAOOTOK.

AHAIN3 ZAHHHX MCCTIEAOBAHMA NO YKABAHHHM HAMDABJIEHUAM [OKA-
3871, 9TO Pe3YNBTATH PEWEHMs 3afauy NMepBOTC HANDABJICHAR OTPaXanT
0COGEHHOCTH NMODOA KOMIEKTOPOB E OMpEAENEHHHX YCHOBUAX SKCMEPA-
MeHTa M MepeHEeceHAe WX HA NAXTHHE YCHOBUA BATDYAHUTENBHO.

" Bonmsmas saciyra B pa3BMTHMM “TOPOTO HANpPaBIeHUA NDHHAANCKUT

- coBeTcKMM ydenuM M.0.BomapoB4uy, 3.1 .MapxomeHrko, A.T.DOE. ZepeH-

Ko, Y.l.Monceenko, J.C.COKONOBOH, B.E.llcTOMUHY. ABTODAMM BHIIOJ-
HeHN UCCICHOEARWA W3MEHEHUA 2IEKTDUYECKOTO COMPOTUEACHWA TOP=
HNX NMOPOZ B YCHAOBMAX OZAHOCTODPOHHEIO AABJICHUA o 600 HP/CMZ,
BCECTOpORHEro KaBleHus A0 1000 Kr/cM2 @ KE33WBCECTOPOHHErO 70
40 000 Kr/cM2. T MccleAOBaHMA NPeACTABAANT 3HAUMTEIBHYO HLEH™

HOCTH, OAHAKO, .K MNOCTaBIEHHHM B Iuccepranuy 3aAauaM UMET

V.,
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KOCBEHHOE OTHOWEHWS NHUB B YACTH DACKDHTHA OOMEX (QMBNYECREAX
3aKOHOMEDHOCTEY HM3MEHEHWA OJIEKTPUYECEOI0 CONPOTHBICHMA B Ipo-
Uecce HarpyXeHHA IOpPHHX OOpOI.

HccrenoBaHUA MO0 TPETHEMY HEHP&BHBHHH eme He MOJYYHIu
ROJNEHOT'O pA3BHTHA. Po3yNBTATH H3JUCHHA HIMEHEHNA 37NEKTPNYEC—~.
ROT'0 conpomﬁﬁneﬁﬂﬂ yrien (mopoz) noZ 7ieNCTBHEM HAIPAXEHUN
NPUMEHRTEIBHO K 3a8ZauaM POPHOTO ZABJCHWA B JIHTEDATYDE OCBE-
mEeHN Majo. JT0, N0 BUAMMOMY, B KaKOU-TO MEepE€ CBA3aHO KaK C
TDYAHOCTEHY M3rOTOBJICHHAA CAMUX 00pa3loB M3 OOHYHO €Jaloro Tpe-
- EEBOBE TOTO0 K8MEHHOTO 3?33} TaK 4 c upoueccaum CHCTPOI'O0 OKHNC-
ﬁEHHH Oyporo yrnia Ha BO3AYX6.

HccnenOBaHuﬁ Mo E3YyYEHHED MN3LEHEHHA 3SIEeKTPHUYSCKOI'O0 COIpOo-
TUBNeHUs OyDOro YrifA N0ZA Barpy3KOo# BHIOOJNHEHHHE B AUCCEpTaluy
BKIDYAIN S | |

——_

'~ p38palGOTHY OXHOTMIMHOR METOAMKM HAaGHNAGHHR, MO3BONALNEN
COMOCTABAATH PE3YABTATH WAXTHHX X 7aCOpaTOPHHX HCCJIEZOBAHMM,

- Na060paTOpHKA MCNMHTaEMA 00pasuos Oyporo yrias niaacra "B
Mp¥ OZHOOCHOM W COEEMHOM HarpyREeHUM,

‘-

= YCTBHOBNEHHS OCHOBEWX (aKTOPOB, ONpeZelAOmMX M3MEHEHUEe
26K TPAYECKOT0 CONPOTHBIEHHASA 6yporo yras MOZ BO3/EUCTBAGM
NIABIEHIA «

aMepeBus CONPOTHUBIECHHA B YCIOBMAX OZHOOCHOIO CXaTWA IIpo-—
BOAMIKCE B 71a0oparTopuAx waxTH & 8 u BHUMI. [Ipu BHNONHERHM
3KCNEepUMEHTOB OHJA MCHONB30BaHa UOTHPEX3NEKTPOAHAA YCTAHOBKA.

JCIOBHA ONHLTAa ORIM CAEAYDILUE .

MeEZy nAMT, K3TOTOBIAEHBHX W3 OPIra%i4yeCcKor0 CTeKsa U olec-
NedMBaAPMEX HaZEZRYD 3NEKTPOM30IALMO OF TpaBepc Inpecca, MO~

MemaeTcAd 00pasel] B CDeAiHEY YACTH KOTOPOT0 paclojaraeTci WaMe-
paTenpHaAd ycTaroBKa AMN B.

~ BenuuMHE BAEKTPUIECKOTO CONPOTMBJEHAS BO BOGX SKCIIE DH-
MEHTAX H3MeDpAJNIaCh HA3KOYACTOTHOR annaparypol MKC-I. Ing co-
37IAHAA COOTBETCTBYDMEX HANPAREHKN NPUMEHRANNCH TUAPARIAUYOCKHUE
npeccs. OrcyerH H3aMepAEMOW BENMUMHN BENHCH NPH KaEZOM 3HA— . |
YeHMM ZABUGHHS ABAXAH: NMEPBHA -0TCYET — Cpady NOCHE IIOBHIEHHS
Z2RBNOBAA, BTODOM — CNYCTA ZECATH MUHYT.

2 | " 5 Ri i ‘

iameperue O0CeBHX zedopMaluit NPOBOAMNOCH WHAMKATOPAMH
qacoBOr0 TUNA C 3MEPUTENBHOH Gasoft 20 MM W G TOYHOGTBHIO
orcyera 0,001 MM, |

JNfl M3YUEHNUA 3aBUCHMOCTH SICKTPUIGCKOIO CONDPOTHEIIE-
HUA OYpOT'O YyIifg OT ZABIEHUA B yCIOBUAX OOBEMHOT'O Harpyxe-
HUA NPOBOAUANCE IAa00paTOpHHE MCIHTAHUA 00pas3noB B CTAlb-
Holfl Kamepe.LUuIMHzZpUUECKNe 06pa3ly Oyporo Yyrifgd C pa3MepaMu
h = I90 uM, d =I00 MM noMewaxuch B CTAlbHYK Kamepy,uMen-
My®» BHYTPYM BUHMNNACTOBYW o0ofiMy. B cpezBell yacTH BUHMIIAC-
T0B0# 0060#sH Ha paccTOfSHMM 30 MM Zpyr oT Apyra pasMeuanncs
yeTHpPE pa3pe3HHX 3JeKTpoza. Ha Topuy 00pa3lla HAaKIaAHBaIMCH
NOPUCTHE ZAWCKM.[lpuwieranmue K NOPUCTHM AMCKAM CTaJNbHHE WTAM-
Ny oO0OpPYAOBANUCH KOHUEHTPMYECKUM BOAOCOODHHMMN MPOPE3fIMM.
F.aMepa MnoMemanach MEexZY TpaBepcaMmy npecca ¥ Harpyxanachb,.
BepTuKanbhye neQopManiy M3MEPANMCH HHAUKATODAMM yacoBOrO
THNa.

KoHCTpYKUMA KaMeph MO3BONAJNA WUCIHTHBATE 00pasyy Mo
cxeme"CapeHMpOBAHHOr 0" WIN"HECIPEHUPOBAHHOT Q" HATPYKEHMUA.
B nocanepnHeM ciydae MNOPUCTHE JAUCKKM THMMANNCE.

N U3yyeHUs BIMAHUA 7AaBJICHWA HA 3JIEKTPOCONPOTHUB-
JeHUe GYyporo YLJis NP OLHOOCHOM CiaTuy Owjo ucnurTano 80 00-

. pasloB.{axyoh cepuu 00pas3l0B 3azaBajlachk pal3iMulaf UCXOAHEHA

BEC0B3A ENaxHOCTh.
CKopecT: HarpyxeHus 00pa3Lo0B Oyporo yrid BO BCeX CAyuaax

6Nl O/NEAKOBOW ¥ 3HAUWTENBHO IDEBHWANa CKOPOCTL QUABTPA-

MM HYAKOCTH B yrJje. Pe3yJbTaTH W3MEHEHUA 3JIEKTPAYECKOI'O

CONpOTYBIEHUA Oyporo yrafd niaacra "BY ¢ pasiIMYHHM COZLEDXE-

BMEM BIary [pn OXHOCTOPOHHEM AABIECHUA pUBE ICHH B Taﬁn 2
B pesynbTaTe KCNHTAHUY OHIO! 'yCTEHOBIEHO:

-B npouecce yBENUYEHWA AaBIEHM Y BCEX MCCIEAOBak-
HHX 06pasioB Gypore yras nuacra "BY HalmwAanoch yMEHBUE-

HiE SAEeKTPUYECKOT'0 CONpPOTUBIEHM,
- IIpK onﬁoﬁ u Tolf Xe CKODOCTH HarpyseHus Ha MHTEHCHUB-

HOCTD HsMGntHmi oJEKTPHMECKOr0 CONMPOTHBIEHUA 0yporo yras
CYNECTBEHHO BIMA6T CTENEHb BO/OHACHILE HHOCTH
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