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Llenb MccnefgoBaHusi Npou3BecTM 0630p CyLLeCTBYIOWMX YCTPOMCTB M METOAOB
AN AMarHOCTMKM M MOHMTOPMHIa COCTOSIHMS BbICOKOBOJbTHOM M3OMSLMM, KOTOpPas
urpaeT BaXKHYIO POJib B KOMTEPMM HafleXKHOCTH 3HeprocucTembl. OfHMM M3 OCHOB-
HbIX METOJ0B AMArHOCTMKM M3OMNIITOPOB SIBNSIETCS BU3yanbHbIM OoCMOTP. Ha faHHbIM
MOMEHT WMPOKOEe pacnpocCTpaHeHHe 3aBOEBaNiM OHNaMH-MeTOfAbl, NOo3BoONgIoWMe
3achMKCHMPOBaTb MPOLLECC paspylUeHHs M30MsLMM NOJA HanpshkeHnem. Hecmotps
Ha CyLLeCTBOBaHME Pa3fnMYHbIX METOJOB M YCTPOMCTB, Npo6GneMa CBOEBPEMEHHOro
OGHapyeHMs YXY[LIEeHMSI COCTOSIHMSI M3OMSILMM B PEXMMe 3KCMyaTalMM Ha AaH-
HbIH MOMEHT He pelueHa. JlaHHas 3afa4a 6bina peleHa ucrnonb3oBaHMeM Ao06Ga-
BOYHOM KOHCTPYKLMM LWiyHTA. MpM fOCTMIKEHMM NOCTAaBNEHHOM 3afa4M NPUMMEHSNCS
MeTof] pacyeTa MPOYHOCTHOrO aHanM3a JO6GABOYHOrO LUYHTA, @ TAKXKE BbINOJIHEHO
MOJAeNnMpPOBaHMe JaHHOro npouecca B nporpamme ANSYS. B pesynbrare mccne-
AOBaHMs C AaHHOM KOHCTPYKLMEN LIYHTA NPOBEAEH PSf, IKCMNEePHMMEHTOB, KOTOPbIe
noaTBepaMnM ero paborocnocobHocTb. bnarogaps HanMuMio LWYHTA yAanoch 3a-
(PMKCMPOBATb TOKM YTE€YKHM MOPSIiKA HECKONbKMX AECATKOB MHMKpoamnep. Takum
o6pasom, aBTOpbI NpeanaraloT AaTyMK TOKa, KOTOPbIM BbINOMHEH B BuAe fo06aBou-
HOTFO PEe3MCTMBHOIO LUYHTA.

KnioyeBble cnoga: M30NATOP, NepeMeHHOEe HANpPpMYXeHMe, TOK YTeUKM, pe3HCTMBHbIﬁ

LIYHT.

BBepenue. M3oad11us, KakK U IPOBOAHMK, SIBASETCS
HEOTHbeMAEMOU YaCThIO BCeX JAEKTPUUECKUX MallnH
U aNnapaToB. B BO3AYIIHBIX AMHHUAX dAEKTPOIEPEeAAYN
(BADII) ecTp ecTecTBeHHasd 4acCThb M3OAAIUU — BO3-
AyX M HCKYyCCTBeHHasg — CTeKAsIHHBIe, (hapdopoBbIe
U TIOAMMEpHBIe H30AATOPHL. Bo BpeMs pabOTHI 3AeK-
TPOYCTAHOBOK IIPOMCXOAUT CTapeHUe usoasanuu [1].
[ToCKOABKY 3alac 3A€KTPUYECKOU IIPOYHOCTH AOBOAB-
HO OOABIIIOM, TO IPOIlECC CTAapeHUs MAET OT 3 A0 He-
CKOABKHX AECSTKOB AeT. M MO’KeT NpOSBAATBCA KakK
BO3HUKHOBEHHe HeOOABIINX TOKOB yTeueK, TaK U IIPO-
0ol ¢ paspyuleHueM [2].

B macrosmiee BpeMsi AN TOBBIIEHUS 3PPEKTHUB-
HOCTH IIepepauy SAEKTPOIHepruu U 06e30IacHOCTH
JKU3HU AIOAEM pa3padaThbiBalOT pa3AMYHbIE AMCTAHIU-
OHHBIE CHICTEMBI MOHUTOPHUHTA M AMAaTHOCTUKY BO3AYIII-
HbIX ADJIT [3—4]. B [5] npeproskeHa cucTeMa OHAAWH-
MOHUTOPUHTA U AMArHOCTUKU COCTOSHUS BO3AYIIHBIX
AMHUM Ha CPEAHMU KAACC HANps>KeHUW C IpUMeHeHU-
eM HMCKYCCTBEHHOTO MHTeAaAeKTa. OHa COCTOUT U3 AM-
HENHBIX AQTYMKOB, KOTOPBIE U3MEPSIOT JIAEKTPUUECKHUEe
mapaMeTpel U IO PAAMOCBA3M B PEKUME PearbHOI'o
BpeMeHU IIepeAalOT AQHHBIE Ha MOACTAHIIUIO AAS AAAB-
Hellelr o6paboTKuU. B [6] ocoboe BHUMaHMe YAEASIOT
NIpoIecCy AMAaTHOCTHUKU COCTOSIHUS AMHUHN 3AeKTpolle-
peAaun C MCIOAB30BaHHEM OEeCIUAOTHBIX AeTaTeABHBIX
annapaTtoB (BITAA). ABTOpBEI cTaThbu [7] IpepArararoT

YCOBEPIIEHCTBOBAHHBEIM aATOPUTM METOAA OOHapysKe-
HUA Ae(PeKTOB U30AATOPOB IIyTeM KaueCTBEHHOU o0pa-
OOTKU IOAYUYEHHBIX N300pa’keHn! (a3poPOTOCHUMKOB)
c BITAA. B [8] onucan meTop oOHapy’>KeHUS AedeKT-
HBIX M30ASITOPOB IO aHAAU3y ONTHUYECKUX M300parke-
Hut. CHavana MACHTUDUIUPYIOT IOBPEXXASHHBIN U30-
ATOP CPeAU BCeX, a IOCAe — OCYIIEeCTBASIIOT IIOMCK
MecTa AeeKTa ¢ IMpUMeHeHHeM CeTrMeHTAlud HCCAe-
AyeMoro o0beKTa M IpeoOpa3oBaHUEM XapaKTepPUCTUK
IIPOCTPAHCTBA BOKPYT Hero. ABTOPHI UCTOUHUKA [9] uc-
CAEAYIOT TIOABECHBIE HM30ASITOPHI IO M3MEepeHUIO TOKa
YTEUYKM M @aHAAM3Yy ero TapMOHHYECKHUX COCTABASIOIIUX
MASL OIIDEAEAeHUS YPOBHS 3arpsi3HEHUN T'HPASHA U30-
agropoB. Takke B mcrounHukax [10, 11] mo mapame-
TpaM: TOK YTe4YKH, KO3(MUINEHT AUINEKTPUUIECKUX
IIOTepb, EeMKOCTb, DAeKTPUUECKUHN 3apsiA AUAarHOCTUDPY-
10T (pappopoBBIE U30AATOPHI HA IPEAMET 3arpsi3HeHUs
U, KaK CAEACTBHUE, OIPEAEATIOT IIPOLeCcC yMeHbIIeHUsS
SAEKTPUYECKOU IMPOYHOCTU M30AATOpa. B crartee [12]
aBTODEI AAST HETIPePBIBHOTO MOHUTODPUHTA MU30AITOPOB
HCIIOAB3YIOT METOA, B OCHOBE KOTOPOT'O A€KUT OIIpeAe-
AeHUe YPOBHSI SA€KTPOMArHUTHOIO M3AYYEHUs C yde-
TOM IIapaMeTpPOB OKpYy’Kalollel CpeAbL.

B pamMKax Iepexojpa 3SHEPreTH4ecKOoro CeKTopa
K 1udpoBU3anuA U aBToMaru3anuu [13] akTyaabHOU
3apauerl gBASIeTCS CO3AaHHe YCTPOWCTB MOHUTOPHHTA
U AMArHOCTUKM BO3AyHIHOU AODII, KOTOpBIe MO3BOAST



CIIPOTHO3MPOBATh NPOOAEMHBIE CUTyallud B AOKaAb-
HOM CerMeHTe AMHMH, 3a0AaroBpeMeHHO, OIePaTUBHO
U TOYHO YCTPaHUTL UX. M3BecTHO [14] aBTOMaTHIECKOE
METEKTOPHOE YCTPOMCTBO AAl KOHTPOAS COCTOSIHUSA
U30ASITOPOB BO3AYIIHOM AWHHMH, KOTOPOe H3MepseT
U aHAAM3UPYET TOK YTeUKU U30AATOPa IO ABYM IIOKa-
3aTeAdaM: KoM UINEeHT rapMOHUK U KOCHHYC pa3HO-
cTu (a3 Me>XXAy CUTHaAaMM HalpsKeHUsl U ToKa yTed-
ku. [Ipubop cOCTOUT U3 IPpHUEMHUKA U IepepaTINKa,
KOTOPBIE AAS CBSI3U MCIOAB3YIOT papuocurtan. Hepo-
CTaTOK A@HHOTO YCTPOMCTBA 3aKAKOUYAETCs B OOABIIOM
KOAMYeCTBe AQHHBIX, KOTOpPble HYy>KHO 00pabaThIBaTh.

B ycTpolicTBe, onucaHHOM B [15], mpeaCTaBAeH oOII-
TOBOAOKOHHBIM AAQTUMK, U3MEepPAIOLIUM YeTbipe Iapa-
MeTpa: TOK YTeUKH, TeMIIepaTypy, BAQKHOCTb U TOUKY
POCHI B Pa3HBIX TPEX MEeCTaX AMHUU dAEKTPOIIepeAaun.
YcTporicTBO nepepaeT MHMOPMAIMIO Ha CepBep O Co-
cTosiHUM n30AATOpoB Ha 500 KB B pekuMe pearbHOTO
BpeMeHHU uepe3 ceTb coTroBol cBa3u (GPRS). Aoctyn
K uMH(MOpManuu MOJKHO IIOAYYUTH II0 UHTepHeTy. He-
AOCTATOK MeTOAAa — OOABIION 00BeM Iepepauud u o0-
paboTKM AQHHBIX.

B apyrom ycrporicTBe [16] mpuBep€H AQTYMK Ha-
NPSKeHUS AAS AUCTAHIJMOHHOTO KOHTPOAS II€AOCTHO-
CTU BBICOKOBOABTHOU m3oasinuu. OH ycTaHaBAUBAETCS
Ha (Pa3sHOM IPOBOAE BO3AYILIHOW AVHUM U HE HUMeeT
SAEKTPUYECKOTO COEAMHEHUsI C 3eMAeM. AQTIMK U3-
MepsieT NaAeHWe HAIPsKeHUsl Ha Ka’KAOM H30AATOpe
TUPASTHABL U TI0 GECIIPOBOAHOM CETH HENPEPHIBHO IIe-
pepaeT MH(MOpMAIUIO O 3HAYeHUU HaIpssKeHus. Tak
KaK yCTPOMCTBO ONTO3AEKTPOHHOE, TO UMeeT PsIA IIpe-
UMYILIECTB: OTCYTCTBYeT HArpy3O4HBbId 3(dEeKT BTO-
PUYHOTO 3aMBIKaHUsI M IIOTEPH; IIOAOCA IIPOIIYCKAHUS
obecnieunBaeT OOaee OBICTPYIO PEAKIIUIO HA BCIAECK
¥ IIepeXOAHBIe TOKY; HAAEKHAasl M30AANMS MEJKAY BBI-
COKHUM HaNpsKeHUWeM M BTOPUYHON U3MepPUTEeAbHOM
nenbio. HepoCcTaTKOM yCTPOMCTBA SIBASIETCS BAUSHUE
MIPOAOABHOTO MarHuToonTrudeckoro apdexrra Gapapes.

Takum 0o0Opa3oM, AMArHOCTHKA W MOHUTOPHUHI CO-
CTOSAHUSA H30AATOPOB IBASIETCS aKTyaAbHOU 3apadyeld
B HACToOdIIlee BpeMs.

ITocranoBka 3apauu. [IpoOGreMa COCTOUT B CBO-
eBpeMeHHOM OIIpeAeAeHUU yMeHBIIeHUs A0 KpPUTHU-
YeCcKOro 3HaueHHs OCTATOYHOTO pecypca H3O0ASIUU B
pe>kuMe IKCIAyaTaluu. AAd pelleHUs 3apaud IIpeAAa-
raeTcs OCAEAOBATEABHO C U30ASTOPOM BKAIOUHUTE CIIe-
[IMaAbHBIM PE3UCTUBHEBIM LIYHT. B A@HHOM cTaThbe OIU-
caHa KOHCTPYKIIUsSI IIyHTQ, NPUBEAEH pacueT Ha €ero
MeXaHNYeCKyl0 IPOYHOCTh, IAeKTPOTeXHUUEeCKUU pac-
yeT. [IpakTuueckass 3HAUUMOCTb PaboOTHl 0OYCAOBAEHA
B IPUMEHEHUU PACCUUTAHHOTO IMTyHTa, KOTOPLIM BXO-
AUT B COCTaB HECAOKHOTO AMArHOCTHYECKOT'O YCTPOM-
CTBa, AT MCTIOAB30BaHUS B DQHEPTETHIECKUX KOMITaHU-
sIX B paMKax IM(POBU3ALUU CeTel U IOACTaHIIUMN.

VcTpoiicTBO M NPUHOHII paboThl IIpeAAaraeMoro
AaTyuKa ToKa. AAST AMAarHOCTUKU M30ASITOPOB aBTOPEI
paHee INPEANOSKUAM AQTUYUK TOKA B BHUAE BBICOKOOM-
Horo myHTa [17, 18]. Baaropapss mocAepAOBATEABHOMY
TIOAKAIOYEHUIO IIYHTA C W30ASITOPOM M IIOACOEAVHUB
MapaAAeABHO K LIYHTY AMArHOCTHYECKOe YCTPOUCTBO,
CAEAUT 3@ TOKOM yTeUKHU MU30AITOpPA IOA HalpsKeHHeM
u 6e3 IPsSMOTO y4acTHs IIepCOHaAA.

B kauecTBe CaMOro IpPOCTOrO AMArHOCTHYECKOTO
YCTPOUCTBA (pUC. 1) MOKeT OBITh U3BMEPUTEABHOE peAe
HanpsoKeHus KV1 (4yBCTBUTEABHEBIN HYAB-OPIaH), ITOA-
KAIOU@aeMoOe IIapaAAeABHO IIYHTy, KOTOpoe cpabaThl-
BaeT IIpU NPEBHIIIeHNH KPUTUUYECKOro 3HaUeHMs TOKa
yreuku [, . IlapeHre HAlpsiKeHWs Ha LIYHTE B 9TOM

YTO IIO3BO-

CAydae mpeBbliiaeT ycraBky KV1 — U,
AUT cpaboTaTb peAe U II0KA3aTh IIOBPEKAAQIOLINNCA

Puc. 1. ITopAKAIOYEeHNE U3MEPUTEABHOTO peAe HanpsikeHus KV1

Puc. 2. MexaHn4yecKne rapaMeTpsbl
y4yacTKa TpyOsI

n30AsATOp. Tak Kak MPOIecC IMOBPERAEHUS U30ASTOPA
TPOUCXOAUT MEAAEHHO, He Bcerpa OBICTPO U AABUHO-
00pa3Ho, TO y IIepcoHara eCTh BPeMsI AASI €eTO 3aMeHEL.
OTO IO3BOASIET CBOEBPEMEHHO WCKAIOYUTH ITOBPEXKAE-
HUS ONOPHOTO MAM IITHIPEBOTO U30ASITOPA C BO3HUK-
HOBeHHeM KOpOoTKoro 3aMblkanug (K3) B cucreme c 3a-
3€MAEHHOU HEWUTPAABIO UAM OAHO(A3HOTO 3aMbIKaHUSI
Ha 3€MAIO B CHUCTeMe C M30AMPOBAHHOU HEUTPAABIO.

Pacuer M mnpoBepKa MeXaHHMYECKOW IPOYHOCTH.
YUToOBI He CHM)KATh HAAEKHOCTL BBEACHHEM AOIIOA-
HUTEABHOTO 3A€MeHTa (IIyHTa) B KOHCTpyKuuio BAOIT
U He OCAAOAATH MeXaHUYeCKyI0 CTOMKOCTBH HITHIPEBBIX
U30ASITOPOB, AdAee IIPEeACTaBAEH pacueT MeXaHU4eCKOn
NIPOYHOCTH BBICOKOOMHOT'O IIIYHTA B COOTBETCTBUU
C HOPMATUBHOU AOKyMeHTalueu (puc. 2).

3Ha4YeHUs AN UCXOAHBIX IIapaMeTpoB (Taba. 1) mo-
Ayuensl u3 'OCT 14249 —89:
np=L'u=280MM, (1)
rae L — AAMHA CcTepyKHS, Ha KOTOPBLIM KPENHuTCs U30-
ASITOD;

W — KO3 (PUIINEHT IPUBEACHHOU AAVHBL.

'16KOCTE OIpeAeAstoT IO (hopMyAe:

2831,
A=——"_=528,
D+(s-c)

TAE Inp — IPUBEACHHAsA pacyeTHas AAUHA TPYyOBI;
D — Hapy’KHBIN AuaMeTp TPyOBRI;
(s—c) — pacueTHas TOAILLMHA CTEHKU TPYOHI.
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Tab6auna

3HavYeHusT NCXOAHBIX napaMeTpoB AASI MEXaHUYECKOro pacyera

HcxopHble AaHHBIE O6o3HaueHust 3HayeHUs. Ea.m3Mm.
1 | MopyAB yIpyTOCTH CTaAR E 199 000 MIla
9 AoryckaeMble HaPSKEHUS (o] 154 MrTa
cTaAu
3 KOE)(I?Q)I/ILH/IGHT 3amaca n 2.4 _
YCTOMYUBOCTHA b4
4 KoadduruenTt npuBepeHHON n 2,0 _
AAUHBL
5 Koaddunuent npounoctu 0 0,65 _
CBapHOI'o NMPOAOABHOTO IIIBa 4
6 | Hapy>KHbIN AnaMeTp TPyObI D 20 MM
7 ToAmMHA CTEHKU TPYOBI S 5,0 MM
8 | PacueTrnasi pauHA TPYOBL L 140 MM
9 OceBoe cXuUMalollee yCUAUe F 350 H
Bespa3mepHbIlT KOO PUITUEHT: AolyckaemMoe  OCeBOoe  CKUMamllee  yCUAUe
10 TPOYHOCTU:
B, = min 10'945~2 __b = 0,095 (3)
! T I00s o)) [Fl, =n-(D+s-c)-(s—c)-[0]=362854H.  (8)

AOHYCK&GMOQ OocCeBOe CoXKuMarollee yCHUAUe U3 yC-

AomnycKaeMoe BHyTpeHHee W30BITOYHOE AABAEHHE . .
AOBHSI MECTHOM YCTOMUYMBOCTH B NPEAEAAX YIIPYTOCTH:

CAEAyeT PaCCUUTHIBATH 110 (POPMYyAE:

[Fl, - 310-10° - E ., _[100~(s—c)T'5
E, —

2-l6]-¢, (s—-c
P b e B VY n, D
D+(s-¢) = 454389764 H. 9)
rAe @, — KO3(PPUIMEHT HPOYHOCTH CBAPHOTO IIPO- JomyckaeMoe oceBoe CKMMalolllee yCHUAHe II0 00-
AOABHOTO IIBQ; el YCTOMYUBOCTU B IIPEAEAAX YIIPYTOCTH:
6 — AOIlyCKaeMoe HalpsiKeHUe CTAAN.
2
AollyckaeMoe Hapy>kKHOe AaBAEHUE U3 YFAOBI/IH [F], = n-(D+s-c)-(s—c)-E (m = 690949 H. (9.1)
TIPOYHOCTHU CAEAYET PACCUUTHIBATEH IO (DOPMYAeE: 2 n, N
ol (s — JonyckaeMoe oceBoe yCHANE IO YCTOMYHMBOCTH:
bl = 2001529 _ 1997 M. (5) 4 4 Y
D+(s—c)
[F]; = min{[F];[F]s,} = 690949 H. (10)

rA“OHYCKaeMOQ Hapy>XHO€ AdBAeHHe U3 YCAOBUA

YCTOMYMBOCTH B IIpepeAaX YIIPYTIOCTH! AonycxaeMoe 0CeBOe yCHUAUE:

106 e 25 __ [Fl,  _
[p], - 208:10°-E 2[100 (s c)} _ 928131 Mua, (6) [F]= —=10__ — 321250 H. (11)
n, - B, 1 D 1+ (=12
[Fle
rAe E — MOAYAB YIPYTOCTU CTaAH;
B, — Gespa3MepHEI KO3((ULHEHT; AonycKaeMbI K3rHOAQIOIIUM MOMEHT IO IIPOYHO-
1 ! .
n, — KO3PPUIIMEHT 3amaca yCTONIUBOCTH. cTH.
KoaddunueHT 3anaca ycTOMYUBOCTH IIPU pacyeTe -
COCYAOB U QIIapaToOB Ha YCTOWYMBOCTL IO HIKHUM Ml = Z'D'(DJrS —¢)-(s=¢)-[0]=907 H-m. (12)
KPUTUYECKUM HAIpPSIKEHUSAM B IIPEAEAaX YIPYTOCTH
CACAYeT IIPUHUMATD: AOIyCKaeMblll U3rUGArOIIUi MOMEHT 110 YCTOWYH-

2,4 — pndg paboumux YCAOBUM;
1,8 — AAF YCAOBHM UCHBITAHUSA U MOHTAKa.
AolnyckaeMoe Hapy>kKHOe M30BITOUHOE AQBAEHUE:

BOCTH B IIpepeAax YIIPpYroCTH:

-6 2.5
(M), = 89-10 -E‘Dz‘[100~(S—C)} 1304538 H- . (13)

(pl, = Lz -1027 Mma, (7 n, b
1+ % AoITycKaeMBIil M3ru0aronInii MOMEHT:
Plg
rAe [pl, — AOIyCKaeMOe HAapy’KHOe AABACHUE [M] = M 907 H - m. (14)
[0 ITPOYHOCTH; 14| Mln
[pl; — AOIyCKaeMOe HAapyXHOE AABAEHHE [M],

II0 YCTOMYUBOCTH.



a)

6)

B)

Puc. 3. MopeAb KOHCTPYKIuH wyHTa B nakere ANSYS: a) o6ujas Aehopmanus MIyHTa,
6) MexaHH4YeCKoe HalpsUKEeHHe B HIYHTE, B) MexaHudecKasi Aedopmarus

AOHYCKaeMOQ IIoIiepedHoe yCcuaure 110 IIpoO4YHOCTU:
[Q], =0,25-7-D-(s—c)-[c]=604%6 H. (15)

AollyckaeMoe IIOIlepedHoe yCHAUE IO YCTOHYMBO-
CTH B IIPEAEAax YIPyTOCTH:

— 2 . —
(@], = 22 E =9 1518 +3'3.M _
n, 1
=9373814 H. (16)
AoTyckaemMoe TOTIepeyHoe yCUAKE:
1= —1___ _ 60474 1. (17)

AASL IDOBEPKU HAa YCTOMYMBOCTBH IIPU COBMECTHOM
MEUCTBUU Ha OOBEKT HAPY’)KHOTO AABAEHUS, OCEBOI'O

CXUMAIOIero yCuausd, I/ISI‘I/I6aIOH_[eI'O MOMEHTa u IIO-
IIepevYHoro yCuaus HeO6XOAI/IMO BBIIIOAHEHNHE YCAOBUA!

F M
+—+—+
(F]1 [M]

Q
(@]

p

)> <10
[p]

(18)

[Tpu pacueTe cymMMapHOro Ko3puimeHTa I10 IIpa-
BOM 4acTU (pOpMyAHI (18) AOTIOAHUTEABHO YUAU BO3AEU-
CTBHUe Tpy3a Maccoi 36 Kr:

0,01<1,0.

Takum 00pa3oM, YCAOBHUE YCTOMUYUBOCTU AQKE C AO-
IIOAHUTEABHBIM TPY30M MAcCOd B 30 KI' BBITOAHSETCS,
CAeAOBATEeABHO, KOHCTPYKIUS IIyHTa COOTBETCTBYET
HOpMaM.

AN TOATBEPIKAEHMST MEXaHUYEeCKOW IIPOYHOCTH M3-
TOTOBAEHHOTO IIYHTA IPU IIOMOIIY IIPOrPaMMHOTO Iia-
kera KOMPAS 3D Onira mocTpoeHa ero coopka. OHa
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BBIIIOAHSING (PYHKIIUIO TeOMeTPUYeCKOM MOAEAU IIpHU
pacueTe MeXaHMKU Ae(OpMHPYyeMOTO TBEPAOrO TeAa
B CTaTMYECKOM IOCTaHOBKe (Static Structural) B mpo-
rpaMMHOM KoMmmaekce ANSYS. TIpu noMoIm KOMaHABL
Mesh MeTOAOM KOHEUHEBIX 9AEMEHTOB ObIra BEICTPOEHA
MOAEeAb TeAd, KOAMYeCTBO 3AeMEeHTOB B CTPYKType CO-
crtaBUAO 26231, rae mar cetku 0,5 mMM. Takyke OBIAU
3aAaHbI TapaMeTPhl MOAEAN: KOHTAKT Ha CTeHKax LIyH-
Ta — BO3AYX Ipu Temmeparype 25 °C. Ha myHT aAel-
crByeT mnapametp: Standard Earth Gravity (craHpapt-
Hast rpaBuranus): 9,8 m-c’. B MopeAn OBIAM 3aAQHBI
napameTrp Fixed Support — >kecTkas 3apeaka (orpa-
HHUUYeHMe BceX cTelleHeld cBOOOABI) u mapamerp Point
mass: 36 Kr. BrIlloAHeHHe pacueTOB HPOU3BOAMAOCH
C y4eTOM PacCTaHOBKM CHA, & TaKKe 3aAaHUsI Harpys-
KM Ha TOYKYy B KOHIle IIyHTa. [IpW MOAEAMpPOBaHUU
OBIAM MICIIOAB30BaHEBI TPU OIlepaIiviu:

Total Deformation — ob6miaa pedopmanusa LIyHTa
(MakcuMaAbHOE 3HaueHuWe COCTaBUAO 11,2 MM, MUHU-
MaAbHOe 3HaueHune 0 MM);

Normal Stress MexaHWu4YecKoe HalpsiKeHue
B IIyHTe (MaKCHMaAbHOe 3HauyeHHe COCTaBHAO
7530,8 MIla, MmuHuMarbHOE 3HaueHre — 6869,6 MIla);

Normal Elastic Strain — mexaHuueckas pedopma-
nusg (MakcuMaAbHOe 3HaueHHe cocTaBuao 0,0166 M,
MHHHUMaAbHOe 3HadeHme — 0,016929 mMM), pesyabra-
Thl KOTOPBIX IIPEACTABACHBEI Ha PUC. 3@, O U B COOT-
BETCTBEHHO. TakuM 00pa3oM, IIPU BO3AEHCTBUU IPy3a
Maccoi 36 Kr pecbopmanusg LUIyHTa He3HAUUTEABHA, CO-
OTBETCTBEHHO, OH AOAKEH e€ BBIAeDKaThb.

[Tocre MoOAeAMpOBaHMA OBIA IIPOBEAEH JKCIIepU-
MEHT C UCIIOAb30BaHUEM CTEeP’KHS B CTeHe, KOHCTPYK-
OUU IIYHTA, M30ASITOPa, KPENAeHUWsS M IPy3a BecoM
36 xr (puc. 4).

DAEKTPOTeXHNYeCKHue 3JKCIepuMeHTaAbHble HC-
caepoBaHusl. B raGopaTtopuu OBIA IIPOBEAEH PsiA dKC-
NepUMEeHTOB C pa3pabOTaHHOM KOHCTPYKIWeMN IIyHTa
U AMaTHOCTUYECKUM yCTPOMUCTBOM.

B cootBeTrcTBHU C [19] compoTUBAEHHE H30ASITOPA
MOAKHO OBITh He MeHbllle 300 MOwM. [Tpu Hanps>keHUU
6 kB, TOK yT€YKU COCTaBALET:

I, = U ___0000 _ 20-107°A. (19)
R,; 300000000
UC — HallpsKeHue ceTy, B;
R,, — CONpPOTUBAEHUE U30AATOPa, OM.

a)

Puc. 4. Cxema 3KCIIepUMEHTaAbHON YCTaHOBKHU
AASI IPOBEPKH
MeXaHUYeCKOM IMPOYHOCTHU

B Takom CAyUYae IIaAeHHe HAIPAXXEeHUS Ha ITyHTe
c conpotuBAeHueM 17,9 kOM cOCTaBUT:

U, =Ry -I,; =17900-20-10° = 0,358 B, (20)

HToOBl MMeTh 3amac IO YyBCTBUTEABHOCTH (kK =
=1,5), HECKOABKO YMEHBIIMM YyCTABKY HAIPSKeHUS
cpabarbiBanus u moroxum U., = 0,24 B.

AAST TIOAQUY TTIePEeMEeHHOT'O HAIPSIKeHUs ITPUMeHSI-
AWM MUCTOYHUK ITlepeMeHHOro Hamnpsikenus AWA-70M.
AKTHUBHOe conpoTuBAeHue myHTa R=179 KOm. Baok-
cxeMa JKCIePUMEHTaAbHOM YCTAaHOBKU IIpeACTaBAeHa

Ha puc. 5. Kpurnueckoe 3Ha4eHUE TOKA YTEUKU:

=U7M_%:13’4.10*6A.

= (21)
R, 17900

IYT.KP

B xope mpoBepeHUS (PU3UYECKOTO SKCIEPUMEHTa
OBIAM MCCAEAOBAHbI Ae(PEKTHBIM M 3A0POBBIN IITHIpE-
Bble M30AATOPHI Mapku IIIM-10T". AedeKT GbIA BBITOA-
HeH B BUAE BEePTUKAABHOTO CKOAA TAA3ypH U30AATOPA,
3alloAHeHHOro rpadguroM. [Ipu mopade HanpsKeHU
10 kB puarsoCTHYeCKO€E YCTPOUCTBO CPA0OTAAO TOABKO
IIPY TIOAKAIOUEHHOM AePeKTHOM H30AsiTope. TOK yred-
KU cocTaBUA 37,4 MKA, CA€AOBATEABHO, ero COIIPOTUB-
AeHUe paccuuTaeM o popMyae:

6)

Puc. 5. DAeKTpoTexHHYeCKasi CXeMa 3KCIepUMEeHTaAbHOTO MCCA€AOBAHMS:
a) 6A0K-cxeMa HCCAepoBaHus; 6) dororpadust 3KCIepIMeHTaABHOTO HCCAEAOBAHUS:
1 — AUA-70M, 2 — mTHIPEBOI U30ASITOP, 3 — BBICOKOOMHBII WIYHT, 4 — AY, 5 — BOABTMETp



U.-U
RVI3.AECD = % =
yr
= w = 267373262 OM. (22)
374-10

Takum oOpa3oM, 3HaueHUe COIPOTUBAEHMS OKa3a-
AOCH MeHBIIIe AOIIYCTUMOTO, UTO IIOATBEPAUAO HaAUUHeE
YXYAILIEHUs] COCTOSTHUSL U30ASAIUU.

MeToaMKa OCYIIIECTBAEHUSI AUCTAHIIMOHHOIO KOH-
TPOASI CTapeHHsI OIIOPHOTO, IITEIPEBOTO H3OASITOPOB
B pe’KUMe JKCIAyaTallul UMeeT CAEAYIOIIYe DTallbl:

1) ompepeneHUe TNapeHUs HANPSDKeHUS Ha ILIyHTe
U, Ip¥ IIOMOIIIA AUATHOCTUYECKOTO YCTPOUCTBA;

2) olleHKa TOKa yTeUYKHU I

3) mpu MNpeBbLIIEHWH MOPOTOBOro 3Havenws [
U CcpabaTbIBAHUU AMATHOCTUYECKOIO YCTPOUCTBA IIPU
3aAQHHOW yCTaBKe ITPOM3BECTH 3aMeHy M30ASITOpaA.

OOcysKAeHHe pe3yAbTaToB. B Ipollecce MopeAm-
poBaHusg KOHCTPYKIUU IIYHTa, IIPU BO3AEHCTBUU Me-
XaHUYEeCKUX CHA, YSI3BUMBIM MeCTOM (BBIAEAE€HA Kpac-
HBIM IIBETOM HA PHUC. 3B) SABASAACH OOAACTH CBAPHOI'O
mBa. [Tpu Bo3pelcTBUM Ipy3a Maccou 36 Kr, COOTBET-
CTBEHHO, cuabl 352,8 H, oTkroHeHme mnpu aAedopma-
uuu coctaBuro 0,0166 MM, 4TO ABASIETCA AOIYCTHUMBIM
AAST HOPMAABHOM pabOTHI ITyHTA. [1pu moABeIIMBaHUU
rpy3a BecoM 36 KI' KOHCTPYKIMS IIyHTa BU3YyaAbHO
He AePOPMUPOBANACE.

[TocrepOBaTEABHO IIOAKAIOUEHHBIM IIYHT C H30-
ASTOPOM TIO3BOAWIA AWAQTHOCTUYECKOMY YCTPOMUCTBY
CHATH NapeHUe HAIpsyKeHWs C IIyHTa U IpU M3BeCT-
HOM aKTHUBHOM COIPOTHUBAE€HHUM PACCUUTaTh TOK yTed-
KU. 3HaUeHUs TOKa yTeUKU OBIAU IMOPsSAKAa HECKOABKUX
MECSITKOB MHKpOAaMIIep, AMarHOCTUYeCKoe yCTPOUCTBO
cpaboTano ¥ MOKa3ar0 O HECOOTBETCTBUU COIIPOTHUBAE-
HUS U30ASITOPA.

TakuMm o00pa3oM, B3KCIepUMEeHTAAbHBIM obpaser]
LIyHTa 0OAAAAeT AOCTATOUHOM MeXaHUYeCKOW NMPOYHO-
CTBIO U 9KCIIEPUMEHTAABHO ITIOATBEPIKAEHA ero paboTo-
CIIOCOOHOCTB IIOA HAIPSKEHUEM.

3akaoueHue. 30AATOPBI  ABASIIOTCSI  OAHUM
U3 Ba’KHEHIINX DAEMEHTOB, KOTOphle 00eCHeYynBaioT
HAAEKHOCTb d9HepreTu4eCKoOU CUCTeME! B IlearoM. OTKa3
U30ASITOPA BBI3LIBAET 3HAUUTEABHBIE MaTepUaAbHBIE
OTepH, KOTOPhle B HECKOABKO pa3 IPEeBBIIMAIOT ero
CTOMMOCTE. [1py BO3HUKHOBEHUM OTKa30B AMHUU JAEK-
TpPOIIepepAadr MOTPeOUTEeAM MOTYT Ha 3HAYWTEABHOe
BpeMsI OCTaThCsT 6e3 DIAEKTPOIHepruu. TakuMm ob6pasomM,
AUArHOCTHKA M30ASITOPOB HMeeT Ba’KHOe 3HauyeHue
B obeclledyeHUN HAAEKHOCTU dAeKTpocHaO>keHus. Cy-
1IeCTBYIOUINEe METOABI AUaTHOCTUKU U30ASITOPOB CAOJK-
HBI, TPeOYIOT HaAWYHMs OILITHOTO IIepcoHara U BO3-
MOJKHOCTU OHAAQUH-U3MepPeHUN.

B paboTe mpeacTaBA€H ITPOCTOM METOA AMATHOCTU-
KM ¥ MOHUTOPUHTA LITHIPEBBIX U OIOPHBIX H30ASATO-
POB 3a CueT M3MepeHUs TOKa yTedku. Koraa m3oasitop
HaXOAUTCS IIOA BBICOKUM HAIpsKEeHUEM, depe3 Hero
poTeKaeT TOK yTeYKU. BeAnwdnHa 5TOro TOKa 3aBHUCHUT
OT COCTOSHUSA H3OASITOPA U YCAOBUU OKPY’Karollel
cpeabl. [Tpy HaAMYUY TOBPEXXKAEHUM UAM 3arpsi3HEeHUMN
TOK YTeYKU HM30ASITOpa B IpoIlecce CTapeHUs yBeAH-
YUBAeTCs, TeM CaMBIM YCKOpsieTCs MPOoIjecc paspylile-
HUS U30AIIUU. [ToCcTOSTHHOE AANTEABHOE BO3AEMCTBHE
TOKa YTeYKHM BBI3BIBAET HArpes, YCKOpsieT IIPOIleCCHI
CTapeHUsl N30ASITOpa M yMEeHBIIaeT ero ANIAeKTpHUe-
CKYIO IIPOYHOCTb. AAS MOHUTOPHHTA AQHHOTO IIapame-
Tpa aBTOpaMHU OBIA pa3pabOTaH BHLICOKOOMHBIM ILIYHT
AT AMATHOCTMKU LITHIPEBBIX U OIMOPHBIX M30ASITOPOB.
IIpousBepeH AAS LIYHTA MeXaHMYeCKUM pacuer. IIpo-
BEAEHBLI OKCIIEPUMEHTAAbHBIE JAEKTPOTEXHHYECKHE

BBICOKOBOABTHBIE HCCAEAOBAHUS, B KOTOPBIX A00aBOU-
HBIM HIYHT NPOIIEA AaOOpaTOpHBbIe UCIBITAHUS.
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