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AHHOTALUA

Mpenmer mucciaenoBanus. lccrnemoBaHel NpoOIEeMBl HEJOCTATOYHOM IIPOYHOCTH JATYMKAa HHAYKIMOHHOTO Jiara.
IIpoananu3upoBaHa KOHCTPYKUMSI JaTd4MKa WHIYKIMOHHOTO Jiara JUis IJTyOOKOBOAHBIX —amlaparoB, IOCTPOEHA
MaTteMaTH4eckas Mopenb. [IpofeMOHCTPHPOBAHBI KOHCTPYKTOPCKHE M TEXHOJIOTMYECKHE pEIISHHUs, CHOCOOCTBYIOIINE
MOBBILIEHUIO JKCIUTyaTallMOHHBIX XapaKTePUCTUK AAHHOrO THMA Jiara. MerToa ucciaenoBanus. VccnenoBanye BbIIIOIHEHO C
MPUMEHEHHEM METOJla KOHEUHBIX JIEMEHTOB B IakeTe MpHKJIAAHBIX mporpaMM ANSYS. PacueTs! mpoBeneHsl B Mopyie
static structural, B KOTOpOM coO3[JaHa Harpy3Ka, UMHTHPYIONIas BHEIIHEEe THAPOCTaTHYecKoe AaBieHue. (s mpoBepku
CXOAMMOCTH pE3yJIbTaTOB BBINOJIHEH aHalIM3 MOJENIU BCTPOCHHBIMH CpPEACTBAMHU OLIEHKM KadecTBa 3yieMeHTOB. [lpu
pacuerax Bce Marepuaibl IMPUHATH U30TPONHBIMUA. OCHOBHBIE pe3y/bTaThbl. [IpencTaBiieHbl MyTH MOBBIILIEHUS TPOYHOCTH
3a00pPTHBIX CPEICTB M3MEPEHUSI CKOPOCTH CyAHA. MeTo0M KOHEYHO-3JIEMEHTHOTO aHaIN3a ITOJIy4eHbI pe3yIbTaThl pacuera
HaIpsHKEHHO-1e(OPMHUPOBAHHOTO COCTOSIHUSI NPUOOPOB IOJ BO3JEHCTBHEM 3a00PTHOI BOIBI NPH Pa3IMYHBIX TTyOHHAX.
Yka3aHbl TEXHOJIOTMYECKUE OCOOCHHOCTH ITPOM3BOJICTBA NaT4ynKa. [IpUBeeHb! peKOMEHIaluH 110 U3MEHEHUIO KOHCTPYKIMU
JUIs  YBEJIMYEHHMsT €ro  IPOYHOCTH, HOATBEP)KACHHbIE  KOMIIBIOTEPHbIM  MojenupoBaHueM. IIpakTuueckasi
3HAYMMOCTb. YKa3aHHbIC IIyTH MOBBILEHUA NPOYHOCTH MNpuOOpa MO3BOIAIOT PACUIMPHUTH c(hepy €ro HCIOIb30BAHUSL.
[Tony4enHsle pe3ynbTaTbl MOTYT OBITH NMPUMEHEHBI IPU MOJCPHHU3ALUH, MPOCKTUPOBAHUM W KOHCTPYHPOBAHHUHM HOBBIX
JATYNKOB MHAYKLIHOHHBIX JIATOB, PA0OTAIOLINX MIPH HOBBIIICHHBIX JaBJICHUSIX.
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Abstract

Subject of Research. The problems of insufficient strength of the EM log sensor are studied. The EM log sensor design for
deep-sea vehicles is analyzed; a mathematical model of EM log sensor is built. The design and technological solutions that
improve the performance of this type of log are shown. Method. The study was performed using the finite element method in
the ANSYS software. The calculations were performed in the static structural module, in which the load was created in the
way that simulated the external hydrostatic pressure. To check the reproducibility the analysis of model was carried out by
built-in assessment of the quality elements. All materials are taken to be isotropic. Main Results. The ways of increasing the
strength of outboard tools for measuring the ship speed are presented. Calculating results of the stress-strain state of devices
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under the influence of seawater at various depths were obtained by the method of finite element analysis. The technological
features of the sensor production are shown. The recommendations for changing the log construction to increase its strength,
supported by computer modeling, are given. Practical Relevance. The discussed ways of increasing the strength of the
device enable to expand implementation area. The results can be applied in the modernization of the design and construction
of new EM log sensor operating at high pressures.

Keywords
deep-sea research, electromagnetic log, strength

BBenenue

CoBpeMeHHbIE TITyOOKOBOJHbIE HcCiIeoBaHusI MHUPOBOTO OKeaHa HalpaBJIeHbl Ha M3Y4EHHE IT0JIBOJHOM
Cpensl M TOHHOTO pelibeda, BHIMONHEHHE HAYYHOH OKeaHOrpapuuecKo AEATENbHOCTH, ONpeaeTICHHEe BO3MOXK-
HOCTH TIPOBEACHUS ITOJBOJHO-TEXHUYECKAX M aBapHHHO-CIIACATENFHBIX PadOT Ha OONBIIHNX TITyOMHAX. AKTY-
ANBHOCTD TaKMX MCCIIEIOBAHUHN, B TOM YHCIE, 00YCIOBIMBACTCSI HEOOXOAUMOCTEIO OTIpeieNieH s rpanul Poccun
U OCBOCHHMS APKTHKH, YTO IMOATBEPKAAETCS MCTOPUYECKHMH HOTPYKEHHAMHU ammapara «Mwup» Ha TIyOHHY
4300 m B paiione CeBepHoro momroca [l—4]. CoBepmieHCTBOBaHHE TIyOOKOBOIHBIX aIlllapaToOB, TAKHX Kak
«Mup» n «Pycb», M03BOJISET COBEPIIATH NOTPYKEHHUA Ha TIyOnHBI 10 6 kM [5—7]. IIpu Takux rirybruHax 3a60pT-
Has anmnapaTtypa ucnbIThiBaeT nasienue 10 60 MIla. Oto BelaBHraeT TpeOoBaHus obecrieueH s IPOYHOCTH 3a-
OGOPTHBIX CPEACTB MPH IKCILTyaTaLUH.

Hecmotps Ha OypHOE pa3BUTHE BBICOKOTOUHBIX HAaBUTAIIMOHHBIX MPHOOPOB M CHUCTEM, B OCOOCHHOCTH
CIIyTHUKOBBIX, HCIIOJIb30BAaHHE JIara JJIsl H3MEPEHHsI CKOPOCTH CyJHa SIBJIsIeTCsI 00s3aTeNbHBIM, YTO peryiaMeH-
THUPOBAHO BO MHOTHX PYKOBOJSIINX JIOKYMEHTaxX, B TOM 4uciie B POCCHIICKOM MOPCKOM PErucTpe CyH0XOJCTBA
[8].

[To Tumy momydaemoii WHGOPMALIUK JIaTH Pa3JelIOTCs Ha aOCONMIOTHBIE W OTHOCHTENbHEIE. [lon abco-
JIOTHBIMH TTOHUMAIOTCSI JIaTH, U3MEPSIOIINE CKOPOCTh CYAHA OTHOCHUTENHHO TpyHTa. OTHOCHUTEIBHBIC JIard W3-
MEPSAIOT CKOPOCTh OTHOCHTEIHHO BOABI. AOCONIOTHBIE M OTHOCHTEIBHBIC JIATH MOAPA3ACIIIOTCS Ha OTIACIIbHBIC
MOJTHUIIBI B 3aBUCHMOCTH OT NPHUHIIMIIA JACHCTBUS, KOTOPBIH B HUX peanu3oBad [9]. [Toxydaemas uHbopmarus
MOJKET KaK HampsMyIO MepeaBaThCs MOJIb30BATENI0, TAK U UCIIONB30BATHCS ISl TOTIOTHUTEIBFHBIX KOPPEKTHPO-
BOK cucteM Hapuranuu [10-12].

B pabGote paccMOTpeHbI BOMPOCHI MPOYHOCTH KOHCTPYKIMHU JAaTYUKA OTHOCHUTEIHLHOTO WHAYKIIMOHHOTO
Jlara npu 3aJJaHHOM THIPOCTaTHYECKOM JaBJICHUH.

KOHCprKHHﬂ NHAYKIMOHHOTO Jiara

[MpuHIMn paboThl MHAYKIIMOHHOTO JIara OCHOBAH Ha SBJICHUH AJIEKTPOMArHUTHON WHAYKIuH. CoritacHo
3TOMY IPHUHIUITY, [IPU [EPEMEIIEHUN IPOBOIHIKA B MATHUTHOM TI0JIe B MPOBOAHKKE HHAyHpyeTcs DJIC, npo-
MOPIHUOHANIbHAS CKOPOCTH TEPEMEICHUs CyIHa. B CBsI3M ¢ 3TUM 0053aTEIbHBIMU KOHCTPYKTHBHBIMH 3JIEMEH-
TaMH JIaTYMKA SBISIOTCS KATYIIKH WHIYKTUBHOCTH U 3JIEKTPUYECKHE KOHTAKThI, BocnpuHumaromine JJIC ¢ 3a-
OOpTHOI BOJIBI, SIBIISIFOILIEHCS] IPOBOAHUKOM. J[JIsi repMeTH3alny JeKTPOHUKK U KOHTAKTOB B IATYMKE HCIIOJb-
3yeTcs 3aJIMBOYHBIN MaTepual (komnayHa) [13]. O6mas KOHCTPYKIS TaKOTo JaTYHKa MpeacTaBlieHa Ha puc. 1.
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Puc. 1. KoHcTpyKkums gaTymka MHAYKLUMOHHOrO nara.
A — 30Ha obpa3oBaHus TPeLLMH BONM3K Gnoka anekTpoHuKK, b — 30Ha obpasoBaHus TpelumH BONM3M KOHTaKTOB

[TpeacraBneHHBIN JaTYMK MHAYKIMOHHOTO Jlara COJEPKUT OJIOK DIIEKTPOHMKH, OCHOBHOW YacThIO KOTO-
poro sBISeTCs KaTyIllKa, CO3/arolasi HalpaBJIeHHOE MarHUTHOE IOJIe, U JIBa KOHTaKTa, TOBEPXHOCTH KOTOPBIX
COTIPSITAIOTCSI C BOAHOM cpenoil. Bee aneMeHTH! JaT4yrka, KpoMe MOBEPXHOCTEH KOHTAKTOB, T€PMETH3UPOBAHBI
HE3JIEKTPOIPOBOHBIM KOMITayHIOM. Takasi KOHCTpYKIHMsI paboTocriocoOHa NMpU HE3HAYUTENbHON TIyOuHE mHo-
rpyxenus (no 1 MIla), ongHako He mpuroaHa JuUIs TTyOOKOBOJIHBIX MOTPYXEHUH. B mpouecce ucnbITaHUHA 1moj
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JICWCTBHEM BHEIIHErO TUapocTaThdeckoro aasieHus 10 60 MIla B naTtuuke oOHApYKMBAIOTCS HAPYILCHHUS Iie-
JIOCTHOCTH KOMITayH/Ia — TPEeIUHEI B 30HaxX A u b (puc. 1), Biekymue 3a co00l pasrepMeTH3aluIo JaTIuKa o,
KaK CIIE/ICTBHE, BBIXOJ €r0 U3 CTPOSI U3-32 AIEKTPUUECKOT0 3aMbIKaHHsI KOHTAKTOB.

ITyTu noBbIIeHUs] MPOYHOCTH

KitoueBbIM 371€MEHTOM, OTPaHUYMBAOLIUM IIPOYHOCTH AATYMKA JIara MPH THAPOCTATHUECKOM JIaBIECHUH,
SIBJISIETCSI KOMITayH]], 00ECIIeYHBaIOIINIA IEKTPUUECKYI0 M30JSIMI0 U TePMETHYHOCTh Tpubopa B 1enom. s
0€30TKa3HONW KOHCTPYKIMH MHIYKIMOHHOTO JIara IpH 3aJlaHHOM THAPOCTaTHYECKOM JaBJICHHH HaMEUECHHI Clie-
JYIOIH€ ITyTU MOBBIIIEHHS €r0 IPOYHOCTHU:

— BBEJICHUE 3aLUTHOrO KOPIIyCa;

— apMHpPOBaHHE 3IMBOYHOM MOJIOCTH NMPHUOOPA;

—  ONTHUMH3ALMS F€OMETPUIECKOH (POPMBI KOHTAKTOB;
—  ONTUMM3ALMS XapAKTEPUCTUK KOMIIAyHIa;

— TIPUMEHEHHE HOBBIX TEXHOJIOTHH 3aJIUBKH.

Hcnonp30BaHNe 3alIUTHOIO METAJUTMYECKOTO KOPITyca MO3BOJISET CHU3UTh HANPSDKEHUS] B KOMITAYHJIE B
30HE A 10 BHEUIHEH rpaHuie npubopa. BeejeHune pa3auyHbIX apMHUPYIOIIUX 3JIEMEHTOB JUIS MTOBBILICHUS MeXa-
HUYECKUX CBOWCTB MaTEpHAaJOB IIHUPOKO HMCIOJIB3YETCs BO MHOTUX 00NacTsx mpomblnuieHHocTH [14, 15]. s
MOBBIIIIEHHUS IPOYHOCTH JaTYMKa TMpeAaraeTcs UCIoIb30BaTh JOMOJIHUTEIbHBIE apMUPYIOIINE IEMEHTHI B BU-
ne nepdopupoBaHHOil TpyOKH. B crity pasHOMOIyIbHOW MpHpoabl KoMnayHa [16] (qomycTrMBble HanpsKeHUs
IIPU CXKaTUH MTPEBBILIAIOT JIOITYCTHMBIE HAIIPSDKEHUS TP PACTSDKEHUH ) TEOMETPHSI SJIEMEHTOB J0JKHA MUHUMU-
3UpOBATh 30HBI PACTSDKEHMS KOMIIAyHAA MPH ero aedopmanusix moj AaBieHHeM. B mepByro odepens 3To HEOO-
XOANMO B 30HE KOHTAKTOB, B3aMMOJEHCTBYIOIIUX C 3a00PTHON BOAOM M BOCHPHUHHMAIONINX I'MIPOCTATHIECKOE
nmaBienue. KonrakTel Tuna 1 (puc. 2), UCTIONB3yeMble B TaTYUKE Ha pHC. 1, HE 00ECIIeYNBAIOT TEPMETHIHOE CO-
€IMHEHUE (KOHTAKT-KOMIIayH/» MPH MOBBIIICHHBIX AABICHHUAX B CBS3U C OOJIBIION 30HOW PacTSXKEHUs Ha KO-
HYCHOM 4aCTU KOHTAKTa.
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Tum 1 Ty 2 Ty 3

Puc. 2. NameHeHne hopMbl 9NEKTPUYECKNX KOHTAKTOB

Hanuune xaHaBKM Ha KOHTaKTe TUIA 2 MO3BOJSET YBEIMUYUTDH IUIOMAAb CBSI3U KOMIAyHI—KOHTAaKT U IO-
BBICUTD 3aIiac IPOYHOCTH KOMIIayH/1a BOJIM3HM KOHTAKTOB. ['eOMeTpHs KOHTaKTa 1o THIy 3, Giarogapsi OTCyTCT-
BHUIO OCTPBIX KPOMOK M HAJMYHIO 30HBI B, mo3BossieT eme 00ble CHU3UTh MaKCUMAaJIbHBIE HANPSKEHUS] B KOM-
MayHJle, BO3HUKAIONIME BOJIM3H KOHTAKTOB.

ITomumo onTumu3anuy GopMbl KOHTAKTOB, HEOOXOANMO YMEHBIINTH KOHIIEHTPATOPHI HANPSUKCHNH KOM-
nayH/a BOIM3u OJ0Ka 3JEKTPOHHKH, T1€ BO3HUKAIOT MEXaHHUECKHE HAIPSIKEHUSI, IPUBOISIINE K 00pa30BaHHUIO
TpemuH. [yt 3TOro ciaenyeT yCcTpaHUTh OCTPBIE YITIbl U KPOMKH, MAKCUMAIbHO BO3MOXKHO YBEIUUUTD PaIyChl
ckpyrneHus. IloMuMo ycTpaHeHMI KOHIIEHTPATOPOB HANpPsDKCHUS B ACTANSIX U B KOMIAYHIE, 3TO ITOMOXKET
YMEHBILIUTH IIyCTOThI, 00pa3yIoIUecs IPH 3aJIUBKE.

O4eBHIHO, YTO MPOYHOCTh COEIMHEHNS KOMIIAYHA—KOPIyC HAaIIPSIMYIO 3aBUCHUT OT IIJIOIIAIN U KayecTBa
00paboTku compsiraeMbIx noBepxHoctei. [lepen 3amuBkoi KomnayHaa pekomenayercs [16] mKypuTs U necko-
CTPYUTb MOBEPXHOCTH Il YBEIMUYEHHUS IIEPOXOBATOCTH U HEPOBHOCTH, YTO YBEJIMYMBAET IJIOMIAb COMPUKOC-
HOBEHMsI MarepuasioB. BeiencTBue HenzOe:KHOTO oOpa3oBaHMSI IMyCTOT (BO3AYIIHBIX KapMaHOB) 3arlojIHEHHE
KOMITAyH/IOM CJIEIyeT NIPOM3BOANTH B BaKyyMe, OJTHAKO HM3-32 HEaOCONMIOTHON CMayMBaeMOCTH KOPITyca W CHU-
JKEHUSI TEKy4eCTH KOMITayHa PH 3aJIMBKE BO3MOXKHO COXPAHEHHE OTAEIBHBIX HE3aIlOJHEHHBIX 00hEMOB, KOTO-
pbI€ MPEACTABISIOT COO0M 30HBI KOHLCHTPALIMN HANPSKEHHUH.

[Tonydenue yaoBIETBOPUTEIBHOTO CMAaYUBaHMS SIBJISCTCS OZHUM U3 CIIOCOOOB MCKIIFOYEHHS MOSBICHHS
Ie(eKTOB Ha IpaHHULE pasjena, 4TOObl MPOYHOCTH COEJUHEHHUs KOPIyc—KOMIIayHJ OKa3ajach MaKCHMalbHO
OJIM3KOM K TeopeTHIecKou nmpouHocty [17].

YCTaHOBIIEHO MOJIOXKUTEIBHOE BIMSHUE BUOPAIIMK HA KAU€CTBO TEXHOJOIMYECKOTO MpOollecca 3aJIMBKH 1
YBEJIMYEHHE MEXaHWYECKUX XapaKTepUCTHK u3nenuit [18]. Mcnonp3oBaHue Takoil TEXHOJIOTHUH MO3BOJISET yBe-
JIUYUTH IUIOIIAAb «CKJIECHHBIX» MOBEPXHOCTEH M YMEHBUINTh KOJUYECTBO IyCTOT KaK KOHIIEHTPATOPOB Hampsi-
JKEHUH, 9TO YBEJINYNBAET IIPOYHOCTH ITpHUOOpa.
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KOMnmeepnoe MOJCJIMPOBAHUE

Jliist ananu3a gardvka jara B nakete npukiaansix nporpamm ANSYS Workbench moctpoena koHedHo-
aneMeHTHas Mojenb (puc. 3). PacueTsl mpoBoawinchk B Mofylie static structural, B KOTOpOM Ha BCe BHEILIHHE
HOBEPXHOCTH 33/1aBajlach Harpy3Ka, UMUTHPYIOLIAs THAPOCTaTUYECKOE JaBlIeHue 3a00pTHOH Bobl. KomndyecTBo
KOHEYHBIX 3JIEMEHTOB B MOJIENIM COCTaBHJIO puMepHo 1,1 M. BOmu3u kpurnueckux odnacreit Oblia npousBe-
JieHa TpaHc(opMalKs CETKH W ee u3MenbuyeHue. [l yMeHblIeHHs BpEMEHU pacyera 3ajadya perianach B CHM-
METPUYHOI OCTAaHOBKE (CHMMETPHSI BAOJb IPOAOIBHON OCH).

Kommaynn «

7
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\

Biok
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E
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Puc. 3. PacyetHas moaenb npubopa

Vcronp30BaHa rekcaroHajibHasi CETKa C JOIOJHUTENGHBIMU y3JaMH, ¢ IOIYLICHHEM TeTpPadIpu4ecKHX
anemenToB (scoping method — Hex Dominant, element midside nodes — kept, free face mesh type — Quad/Tri).
JIna oleHKM KadecTBa 3JIEMEHTOB HCIIOJIB30BAIINCH BCTPOEHHBIE cpencTBa aHamm3a ANSYS. Kauectso
3JIEMEHTOB CETKH OIpeNesIoch napaMeTpoM K B penenax OT HyJIs 10 €JUHHIBL:
14

rre C — napamerp, 3aBUCSILUIA OT THUIIA JJIEMEHTAPHOTO dJIEeMEHTa (TeTpadAp, NupaMuaa, Kyo, u T.1.), V' — o0bem,
a — JuiiHa CTOpoHHI [19].

CBo/IHasi XapaKTEPUCTHKA KA4eCTBa DIIECMEHTOB CETKU MpeJCTaBlicHa Ha puc. 4. JlanbHeiilee H3Menbye-
HHE CETKH HE BEACT K CYIICCTBCHHOMY YJIYYLICHHIO TOYHOCTH PACYETOB, IPU 3TOM CHIIBHO YBEIHYUBACT PECyp-
COEMKOCTb 3aJIauH.

647500
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Puc. 4. KonnyecTtBo KOHEYHbIX 3NIEMEHTOB B CETKE B 3aBMCUMOCTM OT UX KayecTea.
Tet10, Hex20, Wed15, Pyr13 — Tvnbl KOHEYHBIX 3NIEMEHTOB, UCNOMNb3yeMble Ansys Ang pacyeta

B kadecTBe KpUTEpHUs IPOYHOCTH B pacyeTax MCIIOIb30BAJICS MPEJIEN IPOYHOCTH TP PACTSHKEHUU Mate-
puainoB o,. B xone pacueroB Harpy3ka 3ajaBajach 10 BCEM Hapy)KHBIM IOBEPXHOCTSIM. B jaTunKe OCHOBHBIE
KOHCTPYKTHBHBIE 3JIEMEHTHI BHINOJIHEHB! U3 TUTaHoBoro ciiaBa BT1-0 ¢ 6, = 610 MIla, koHTakThl — U3 cepedpa
Cp999 ¢ o, =200 MIla, a uccnenyemsiii komnayua YII-5-105/1A umeer o, = 80 MIla [16, 20] ®dusuueckue
CBOICTBa MaTepHajoB (MOIYJb YIIPYTOCTH, YAEIbHBIH BEC, IPEIeIbl MPOYHOCTH | TIP.) OBUIN 3aJlaHbl HETIOCpe -
CTBEHHO B TPEXMEPHBIX Mojemsx Aeraneil. [Ipu pacuerax Bce MaTepHaibl IPUHATHI H30TPOITHBIMH. Pe3ynbrarel
MOJIETMPOBAHMSI TIPEJCTABICHBI Ha PHC. 5. 31eCh U Jajiee Ha [IBETOBOW MaINTPE MPEACTAaBICHO paclpe/iesieHne
9KBUBaJICHTHBIX HampsbkeHu (Equivalent (von-Mises) Stress). OkBUBaJIeHTHbIE HAllpsHKEHUS G, Oojee mpea-
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MOYTHTENBHBI JUISl TEKYIIEro aHaln3a, TaK KaK MMEET MECTO CIIOKHOHAIPSHKCHHOE HarpyKeHue (IPOMCXOIHT
00bEeMHOE C)KaTHe KOMIAyH/Ia), U ONPEACNSIOTCS o GopMyJie

o, =\/%[(01 ~0,) +(0, -0, +(0,-0,)' .

rl€ O, G,, G;— INIABHBIC HANPSHKEHUSL.

Hau6omnbmiue HaIlpsKCHUA U z[e(bopMaumI BO3HHUKAKT Ha Hapy)KHOi/‘I MOBEPXHOCTU KOMIIayH/Ia B obactu
KOHTAaKTOB U BOJIU3H 0JI0Ka QJICKTPOHUKH, YTO COOTBETCTBYCT PE3YyJIbTATaM HCIbITAaHNMH.
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_ | N
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I40
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Puc. 5. PacnpegeneHue HanpshkeHU B KOMNayHae

B mporiecce MoaenupoBaHus BBISBJICHO, YTO NPUMEHEHHE KOPIyca U apMHPOBaHHE [TO3BOJISIET Tepepac-
MPECTUTh BOSHUKAIOIINE HAMIPsDKEHHS B ipruOope. YacTh Harpy3Ku CHUMAETCsS ¢ KOMIIayH/1a ¥ BOCIIPHHUMACT-
Csl apMHPYIOLIUM 3JICMEHTOM M KOPITyCOM. B 3TOM cilyuyae MakcHMalbHbIC HAMIPSDKCHHS B KOMIIAYHJIE, OUCBUI-
HO, yMeHbIaTcs. Ha puc. 6 mokasaHo pacrpesiesicHue HanpsHKSHUH B OECKOPITYCHOM (puc. 6, a) U KOPIIYCHOM
(puc. 6, 6) ucromHennu. HaOnromaeTcsl CHIDKCHHE HANpPSHKCHWH BONH3M OJOKAa 3JICKTPOHUKHU, HATIPSIKCHUS
BOJIM3M KOHTaKTOB CHIDKAIOTCS B MCHBIICH CTENCHH, HO BEMYMHA 30HBI IMOBBINICHHBIX HANPSHKCHUH CYIIECT-
BEHHO YMEHBIIIACTCS.

IIpuMeHeHrHe 3aIUTHOTO KOPIyca MOMOIIIO CHU3UTh MAKCHMAIbHBIC HAMPSDKEHHS, BO3HHKAIOUINE B
KoMmnayHze, Ha 16%.

MIla MIla
105,9 88,8
40 40
30 30
20 20
4 10 10
0,03 0,22
a 6

Puc. 6. BnuaHue kopnyca: gatynk 6e3 kopnyca (a); aat4umk ¢ kopnycom (6)

,Kopmyc

Apmupyromuit
JJIEMEHT

-

Puc. 7. ApmupoBaHune gatynka

CxeMaTUYHO KOHCTPYKIUS JaTYHKA C KOPIIYCOM M apMHPYIOLINM 3JIEMEHTOM n300pakeHa Ha puc. 7. Ha
puc. 8 moka3aHbl pacpe/eCHUs] HAMPSDKEHUI B KOMIIAyH/Ie KOPITYCHOTO MCIOJHEHHs JaT4hka 0e3 apMHUpoBa-
Hus (puc. 8, a) U ¢ mpuUMeHeHneM apMmupoBanus (puc. 8, 6). [lomrydeHo, 9TO IpUMEHEHNE apMHUPOBAHUS B KOP-
MIyCHOM HCIIOIHEHHH CHIDKAeT MAaKCHMaJbHbIE HampspkeHus B KommayHiae Ha 10%. OKoHYaTenbHO BBEICHHE
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3aIIUTHOTO KOPITyCa W apMHPYIOIIETO 3JIEMEHTa, IO Pe3yibTaTaM MOJCITHPOBAHUS, CHU3WIO MaKCHMaJbHEIC
HaTpsDKeHUS TpuMepHo Ha 43%.
B Hacrosiee Bpemsi MPOM3BOAUTCS W3TOTOBJICHHE OIBITHOTO 00pasla Iyl Bepu(pHUKALUK PE3yJIbTaTOB

MO/JICJTUPOBAHHS.
MIIa
65,3
50
40
30
120
10
0

a

Puc. 8. BnusaHne apmupoBaHus komnayHaa:
Aartuvk 6e3 apMUpyLoLLLEro afieMeHTa (a); 4aTyYMK C apMUPYIOLLMM 311EMEHTOM (6)

3akiouenue

B cBs3u ¢ pacmmpeHneM HapOIHO-XO3SMMCTBEHHBIX 3a/1a4 W yBEIMYEHHEM 00beMa TITyOOKOBOIHBIX HC-
CJIC/IOBaHU TOBBIIIEHHE TPOYHOCTH 3a00PTHBIX CPEJCTB U3MEPEHHsI CKOPOCTH Cy/IHA HPEICTaBIsIET CO00il ak-
TyaJIbHYIO 33/1ady COBPEMEHHOro mpubdopoctpoeHus. B paboTe npoaHann3upoBaHbl MyTH MOBBIIIEHUS IPOYHO-
CTH JaTYUKa OTHOCUTEIBHOTO MHAYKIIMOHHOTO Jiara ¥ MPOBE/IeHa OIIeHKa HAMEUYEHHBIX PEIIeHUH C UCTIOb30Ba-
HUEM KOMITBIOTEPHOTO MOJEIMPOBAHUS Ha OCHOBE KOHEYHO-DJIEMEHTHOTO aHaiu3a. [IpruMeHeHue BHEUTHETro
3alUTHOTO KOpITyca, apMUPOBAHHE KOMIIAyH/Ia, H3MEHEHHE (DOPMbI KOHTAKTOB, HCIIOJIb30BAHUE COBPEMEHHBIX
KOMIAYHIOB ¥ TEXHOJOTHIA WX 3aJIMBKH MO3BOJISIFOT MOBBICHTH IOKa3aTeNId MPOoYHOCTH Ha 43%. B Onmxkaiimee
BpeMs Pe3yJIbTaThl MOJCITUPOBAHUS OYAYT MIPOBEPEHBI IO PE3yJIbTaTaM HUCIBITAHUH.

Yka3aHHBIC ITyTU MOBBIIICHHS MPOYHOCTH MPHOOPA MO3BOJIIOT PACHIMPHUTE €ro cepy HUCIOIh30BAHUS.
PesynbraThl, MOMyYeHHBIE B XONI€ MCCIIEOBAaHUSA, MOTYT OBITH NMPUMEHEHBI KaK IPH MPOSKTHPOBAHWN HOBBIX
JATIUKOB, TAK U MIPU MOJEPHHU3AINHN yXKE CYIIECTBYIOMIHNX MPHOOPOB.
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