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XapakTepucTnKamm

OgHMM U3 OCHOBHbIX NAapaMeTPOoB C TOYKM 3PEHNA HA[Ee)XHOCT U 6e30NacHOCTU CUJIOBbIX
NoJlynpoBOAHUKOBLIX MOAYNEl ABJISETCA 3J/IEKTPUYECKasa MPOYHOCTb U30AALMMN.

Mpo6oii aneKkTpuveckoi n3onauuM NPUBOANT HE TONbKO K OTKa3y npubopa,

HO M K NOBpeXAeHnio npeobpa3oBartens B LEJIOM, YTO FPO3UT 3HAYUTESIbHbIMU
cthuHaHcoBbIMM noTepamu. B craTtbe ob6cyxaeHa Tekywas cuTyauusa Ha pbiHKe CUIOBbIX
6unonapHbIX MoAyieidl, aKTyanbHOCTb NOBbILWEHUS X U30JIALMOHHBIX CBOWMCTB, a TaKXe
cTabunbHOCTM U30NALVOHHbIX CBOWCTB Ha MPOTSXKEHUN BCEro CpoKa 3aKcnayartayuu.
Komnanueit AO «lMpoToH-3neKkTpoTeKc» NpoBeAeH KOMMIEKC ONbITHO—KOHCTPYKTOPCKUX
pa6oT No NOMCKY KOHCTPYKTMBHO-TEXHOJIOFMYECKUX peLueHuil, o6ecne4vmnBaroLmnx
NoBbILIEHHYIO Npo4HocTb usonauum Ao 7 kB (AC) Ha npoTs)keHMn Bcero cpoka

3KcnnyaTtaluu.

Tekywana cutyaumsa Ha pbiHKe
1 aKTyanbHOCTb Npo6nembl

Cu1oBbIe OJYTIPOBOIHIKOBbIE IIPHOOPHI IPUHA -
JIOKAT K YMCITY OCHOBHBIX 3JIEMEHTOB ITpeobpasoBaresieit
3JIeKTpUYecKoit dHepruu. [Ipuyem Ha prIHKe CHIOBOM
SHCKTPOHHKI/I HpeI[CTaBJIeHbI HpI/I60pr Jinjscs paanquX
IMANa3oHOB MOIITHOCTH B TaOJIETOYHOM, IITHIPEBOM
U MOZYJIbHOM UCIIOJHeHuAX. KaKplil #3 KOHCTPYKTHU-
BOB UMeeT CBOU IIpeuMyIiiecTBa 1 HeftoctaTKu. [llupokoe
IIpUMEeHEHHEe CHJIOBBIX IOJIYIIPOBOJHUKOBBIX MOJYJIEH
C M30JINPOBAHHBIM OCHOBaHUEM 00YCIIOBJIEHO UX BBICO-
KO MOHTaKHO TOTOBHOCTBIO M YTy IIIIEHHBIMU MaCCO-
Fa6apI/ITHI>IMI/I IIOKa3aTeJIsIMH.

[upokoe pacnpocTpaHeHNe HA PBIHKE HAIIUIA CU-
JIOBBIE MOJYJIH C IIUPUHON OCHOBaHUs 60 MM (B HO-
MmeHKITaType AO «IIpoTOH-DIeKTpoTeKc» 9TO MOAYIH
trma A2). Ha ceronHst fist cepuitHbIX MOZYJIEH B JAHHOM
KOHCTPYKTHUBE Ha PhIHKE XapaKTePHO HaIIPsDKEHUE U30-
asuuu Ha yposHe 3-3,6 kB (AC, 50 I'my, 60 ¢).

OpnHaKo Ha PhIHKE TAK)Ke CTAHOBSITCSI BOCTPeOOBaH-
HBIMH 1 MOJLYJIH C 60JIee BBICOKUMU 3HAYEHHSIMU HaIpsi-
sxerns uzossanyu 10 7 kB (AC, 50 T, 60 ¢). MsBectHbIe
Ha PhIHKE CUJIOBOH 3JIEKTPOHUKH KOHCTPYKTHUBBI MOJLY -
JIett, KaK IIPaBIJIO, TAKUX TPeOOBaHUIT He 00eCIIednBaoT.
OCHOBHbIMI/I HpI/I‘{I/IHaMI/I, OFpaHI/I‘{I/IBaIOLL[I/IMI/I JIOHY-
CTUMOE 3HaYeHHE JJIEKTPOIPOYHOCTH, ABJISIOTCA:

1. ITpo6oit n3onsnuu Ha OCHOBaHUe THOO 1U3-3a He-
DOCTATOYHON IIMPHUHBI KEPAMUIECKOTO HU30JIATO-
pa, 1160 M3-3a HATMIUSI HEOTHOPOJHOCTEN H30-
JIAUOHHOTO reas (I/IHOpOI[Hble BKJIIOYEHU S NN

BO3JLYILIHBIE ITY3bIpH), INOO U3-32 HEKOPPEKTHOI

KOHCTPYKI[UH 06JaCTH, OTBEYAIOIIEH 3a H30JIHPO-

BaHUE OCHOBAHMS OT JJIEMEHTOB, HAXOIALITUXCS IIO],

HOTEHITAIOM.

2. ITepexppITHE MEXKY dJIEMEHTAMH MOJYJIs, HAXO -
IIAMHCS TIOf], PA3HBIMHU OTEHI[TANIaMu, TH60 13-3a
HaJMYUS HEOTHOPOJHOCTEH N30JIAIMOHHOTO TesIs
(MHOpORHBIE BKIIOUECHNS MM BO3AYIIHbIE IY3bIPH),
1160 U3-3a IPOHUKHOBEHUS BJIATH, TOKOIIPOBOISI-
I1eil MBITH MUIX NHBIX HOHOTEHHBIX MAaTePHUAJIOB.
CremyeT OTMETHTbH, YTO BaKHA He TOJLKO BBICO-

Kas 3JIeKTPUYECKas IPOYHOCTh CHJIOBOTO MOMYJI,

HO ¥ ee CTaOMIbHOCTD BO BpEMEHH Ha IIPOTSDKEHUH BCe-

TO Iepuopa aKcIutyaranuu. [Iporecc rerpaganum u3o-

JUSIUOHHBIX CBOMCTB MOJYJISL SIBJISIETCSI HEU3OEKHBIM

B XOJIe UX 9KCILTyaTaluu. ECTh HeCKOIBKO paKkToOpoB,

BJIMAIONINX Ha CKOPOCTD JeTPafallii IPOYHOCTU H30-

JISIUH, CPe KOTOPBIX MOKHO BBIJIEJIUT:

e (axTopsl, CBSI3aHHBIE C KOHCTPYKTUBHO-TEXHO-
JIOTHYECKUMH OCOOEHHOCTSIMU U3TOTOBIICHNUS;

o (axTOpBI, CBSI3aHHBIE C MUKPOKIMMATOM CPefbl, B KO-
TOPOI TPOUCXOMUT IKCILTyaTAIIHS.

Cpenu nepBoii rpyIs! GaKTOPOB MOSKHO YIIOMSHYTh
U3MEHEHHeE LeN0YeK IT0IUMEPUIAIN U30JIAIHOHHOTO
TeJIst B IIePUOJL SKCIUTyaTal[} M3-3a HPOTEKAIOINX Te-
IUIOBBIX IIPOIIECCOB U BIMSHUE BOZHUKAIOIINX B N30~
JIALYOHHBIX 3JIEMEHTaX YaCTUYHBIX Pa3psyioB.

Cpenu BTOpOI rpymnsl (pakTOPOB CIeIyeT BbIIEIUTh
IIONalaHue B CUJIOBO MOZYJIb BJIaTY M/MJIM TOKOIIPO-
BOJISIEN TTBLIH.
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O,]IHI/IM 13 BOKHEUIIINX (baKTOpOB, OKa3bIBAIOIINX BJIUAHUE Ha I€Tpa-
Januio SHCKTPI/I‘ICCKOI-/JI TIPOYHOCTU U3OJIALNHU, ABIACTCA BOSHUKHOBEHUE
JACTUYHBIX Pa3pAnOB.

06beKkT nccnenoBaHuii.
Moaxoa K npoBefeHVO UCNbITAHUI

KoMIUIEKC OTIBITHO-KOHCTPYKTOPCKHUX PAbOT 110 HOMCKY KOHCTPYKTHBHO-
TEXHOJIOTMYECKUX PeIIeHNUT, 00eCIeYBAIOIINX IIOBIIIIEHHYIO IIPOYHOCTD
usosustuu 10 7 KB (AC) Ha IPOTSUKEHUH BCEro CpOKa IKCILTYaTaluy, ObLT
[pOBeJeH Ha 0eCroTeHI[MANbHBIX CHIOBBIX MOAYJIsIX Tra MJI3-320-65-
A2.

JI7151 IpOBepKH 3JIEKTPUIECKON MPOYHOCTH HA MOIYJISIX C HOBBIME
KOHCTPYKTHBHO-TEXHOJIOTHYECKIMHU PEIIeHISIMU ObliIa NCIIOJIb30BaHA
YCIIO/KHEHHAsI MeTOINKA UCIIBITAHUH, BKIIOYAIONIAs ST CIeAYIOIINX 110~
CJIelIOBaTeIbHBIX 3TAIOB:

e IIpoBepKa IPOYHOCTU M30JSALUU IPU KOMHATHOU TeMIlepaType

Ha 7 kB (AC, 50 ', 60 c);

e LCIBITAHKS Ha Bo3zeiicTBue crarmdeckoit mpuiu mo TOCT 20.57.406 (mo-

CJIe CIIBITAHMI [IBUTh HE YaJIsIach);
® JICTIBITAHHS Ha YCTOMYINBOCTD K IMOBBIIIEHHOH BIasKHOCTH Bo3yxa [OCT

20.57.406;

e 06paboTKa MOyJIell COISHBIM PaCTBOPOM;
® U3MepeHue MPOYHOCTH H30JISIIHH.

Taxum 06pa3oM, UCIIBITAHUS TPOBOAMINCH B 60JIee JKECTKUX YCIOBHUIX,
YeM YCJIOBHSI, Ha KOTOPbIE PACCIUTaH NPUOOP COTTIACHO YCTaHOBICHHOMY
KkmMaTaeckomy ucronHernio mo OCT 15150, 9To B cBO0 09epess rapaH-
THpPYeT HaIeXKHOCTb IPUOOpPA B PEATBHBIX YCIOBUSIX SKCILTyaTaI[UNL.

YcTaHOBIIEHO, YTO pa3paboTaHHbIe MEPhI He TOJIBKO MOBBIIIAIOT IPOY-
HOCTB M30JISIMH ITOJTYIPOBOJHUKOBOTO MOMIYJIsL, HO ¥ 9 (eKTUBHO IIpeio-
XPaHSIOT €T0 OT IIOBEPXHOCTHBIX Pa3psI0B, INYHTUPYIOIIHX O TOKOIIPO-
BOJISIIIEN TIBUIA.

C pacuinpenueMm jipanasona OJIOKHPYIOMINX HANPSDKEHUH 0COOYI0 BaK-
HOCTb IIPEMICTABIISIeT CTAOUILHOCTD U30JIALIUOHHEIX CBOMCTB MOJYJISl BO Bpe-
MeHH. OIHOI U3 TAKUX XapaKTePUCTUK SABJLAETCS YPOBEHb YaCTUYHBIX Pa3ps-
1oB. Yactiunbiit paspsi (UP) — 310 Buj KCKPOBOTO paspsifia O4eHb MaJIeHb-
KOJT MOIITHOCTH, KOTOPBIIT 00pa3dyeTcsi BHYTPU M30JIAIINOHHBIX MATEPHAJIOB,
B 060PYIOBaHUH CPEIHErO U BBICOKOTO KJIACCOB HANPSDKEHUS [2].

O630p my6IIHKaIHil HOATBEPIKAAET 3HATMMOCTD IIPOOIeMBI 9aCTHIHBIX
PaspsaoB B U30JISIUU BLICOKOBOJIBTHOTO 000PYIOBAHUs, OJHAKO MaTe-
PHAJIOB, CBSI3aHHBIX C OUITOJIAPHBIMU IOy IPOBOIHIKOBBIMU IPHOOPaMH,
Kpaitae Mano. O6BIYHO paspylIeHIe U3O0IALIK OT BoszeicTBust YP mpo-
UCXOJUT B TeYEHNE MHOTUX MECSIIEB, 1 TaKe JieT. B 60IbIIHHCTBE Cl1ydaes
QHAIN3 TIPIIMH TAKAX OTKA30B He IPOBOJUTCS, ¥ TEMa OCTAeTCsI 6e3 TOJIK-
HOTO BHUMAaHUSI.

Jlpyrumu cinoBamu, 4eM HIDKe HaIlpshKeHUe U30JIAIIY, TeM I0JIbIIIe e~
(bexT He MPOSIBUTCS, A IIPU HANIPsDKeHUH uaosnun Hivke 3000 B — YP me
BO3HHKAIOT BOBce. KOJIM4ecTBO CHIOBBIX GUIIOJISIPHBIX MOMYJIei ¢ OI0KU-
PYIOIINM HaIlpsUKeHHeM BBIIIe 3,6 KB Ha peIHKe HEBEINKO, a KOJIMIECTBO
OTKa30B BCJIEACTBUE UHBIX IIPHYUH — LOCTATOYHO GOJIBIIIOE, TOITOMY
OTKa3bl IpUOOPOB, CBSI3AHHBIE C IerPaiallyell H30JISIUY 13-32 BOSHUKHO-
Benus YP, He sBismioTcs npeobnagalomumu. ONHAKO CUTYalUs MEHseT-
CsT, €CIIH Pedb UIET O CHIIOBBIX MOAYIISX ¢ OJIOKUPYIOIIUM HAIPsHKEHHEM
10 6,5 KB, Tak Kak BpeMsI 10 HaCTYIICHHSI KPUTHIECKON Ierpajalliy H30-
JISIIAOHHBIX CBOMCTB M3-3a YP cokparmaercs B pasbl. [ToaTomy mpu mpoex-
THPOBAHIHN 1 MIPON3BOJICTBE CHJIOBBIX MOMIYJIeH C HANIPSDKeHMEeM U30JISIIH
10 7 KB KpafiHe Ba)XHO BeCTU MOHUTOPHHTI XapakTepuctuk IP.

B Hacrosiee BpeMst H3BeCTHO OOJIBIIIOE KOJIIMIECTBO METOOB U3MEPEHUsI
napameTpoB YP, Kk KOTOpBIM OTHOCST:
® 3JIKTPUYECKUIL;
9JIeKTPOMATHUTHBIN, WX TUCTAaHIIMOHHEIH, CBY-MeToxm;
aKyCTUYECKHN;

XUMUWYECKUM;

OITUYECKUN, WIN OIITOIIEKTPOHHBIN;

Tepmudeckuit [1].

AO «ITpoToH-DIEKTPOTEKC» BeleT paboTy 10 U3YUEHHIO XapaKTepu-
cTuk YP, BOSHUKAIOMINUX B CHIIOBBIX MOJYJISAX C IIMPUHON OCHOBAHUS
60 MM ¢ HanpspKeHUEM U30JISIUM 10 7 KB, ¥ BBISBIEHUIO ME€XaHU3MOB
ux o6pasoBaHUsL.

CunoBasa anemeHTHaa 6a3a

Pabouee MecTo, HeobxomuMoe Wit u3meperns UP, cocrour us:
1. Usmepurenpoit cucrembr Omicron MPD 600.
2. BercokoBosbTHOTO TpaHchopmaTopa.
3. CoeIMHUTENBHOTO KOHIEHCATOPA, 00JIa/Ial0IIero MUHUMATbHOU HHAYK-

THBHOCTBIO.

4. Kanmm6paropa Omicron CAL 542 1 — 100 oK.
5. JlJaTunKa TOKA 9aCTUYHBIX Pa3pA/IOB.
6. Cucremsl 00pabOTKH pe3yIbTaTOB U3MEPEHHII.

I[II}I CHUJKEHUA YPOBHSA ITOMEX, BBI3BAHHBIX BHEIIHUMU IJIEK-
TpUYIE€CKUMU IIOJAMU, BCA USMEPUTEJIbHAA CUCTEMA ITOMEIIEHA
B Ki1eTKy Dapanes. Mi3aMepeHHs: BceX ONBITHBIX 00PasIoB IPOBONSIT-
Cs 110 9JeKTPUYIeCcKoMYy MeTony, coorBercTBytomemy TOCT P 55191
(M®OK60270:2000). PyHKIHOHAIbHAS CXeMa CHCTEMBbI IIpe/iCTaBIeHa
Ha puc. 1 [3].

[TporpammHOe obecriedenue, ¢ HOMOIIBI KOTOPOTo 00padaThIBalOTCS
Ppe3yJIbTaThl U3MEPEHHIA, CO3/IaeT OIOIHUTEIbHbIE BO3MOKHOCTH:

e BusyanbHylo ¢ukcanuio (puc. 2) UYP B pesxuMe peaabHOTO BpeMeHHI
C IPUBA3KOI K page UCIBITATEILHOTO BO3MICHCTBUS;

u3MepeHHe 3apAja B TedeHne BpeMeHH;

mojcyeT KoaudecTsa YP, HHTeHCHBHOCTD KOTOPLIX IIPEBBIIIAET 3aJaHHbII
YPOBEHb;

(opmupoBanue nHTErpaIbHOM KapTHHBL UP 3a Bce BpeMst HCIIBITAHUI.
VHTerpanbHast KapTHHA 03BOJIIET UACHTU(DUIUPOBATH He TOIbKO P,
HO U HOBEPXHOCTHYIO YTe4Ky, KODOHHbIE Paspsbl U 1p.

ITporecc B3MepeHUs MOKHO OIIUCATD CIEYIOIINM 00pa3oM:

ITepen Ha4aTOM HCIBITAHHI Ha K&KIOM 06pasiie IPOBOIMIOCH H3Mepe-
HIe CONPOTHUBIIEHNSI N30sInuY py Hanpsbkernn 5 KB (AC, 60 ¢).
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1

Puc. 1. ®yHKUMOHaNbHAs CXeMa M3MepPUTENbHON YCTAHOBKM, Fae:

U — BbICOKOBONbTHOE NTaHWE; Z,,; — BXOAHOE COMPOTVBEHIE N3MEPUTENBHON
cucTembl; CC — coepuHUTENbHbIN kabenb; C, — 1CnbiTbiBaeMbIi 06bEKT;

C, — coepuHuTENbHbIN KoHAEHCaTOP; CD — CoeAnHUTENLHOE YCTPOMCTBO;

MI — nameputensHslit npubop; Z — hnisTp
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Puc. 3. Pexum namepenns xapakrepuctik 4P

o KucnpiryemoMy 06pasity IpUK/IabIBAETCs UCIbITATEIbHOE HALIPSUKEHIE
3580 B (AC) u BbIiep)KUBaeTCs B TeYECHHE 5 C, ITOCTIE Yer0 YMEHbIITAeTCs
no 3navenns 2860 B (AC) u BeimepskuBaercst B Tedenue 30 ¢ [4].

e M3mepenns xapakrepuctuk YP mpousBojsaTcs B KOHIE BTOPOTO UHTEP-
BaJia BpeMeHH (puc. 3).

o Bce pesysIbTaThl A7 KOKIOTO 00pasIia 3aHOCATCS B IPOTOKOJ UCIIBITAHMIA
Jlist kaxoro o6pasia orpe/ensieTcst:

® KOJIMYeCTBEHHAs XapaKTepHCTHKa YP — 3HadeHne «KasKyIerocs sapsiga»
B K mpu U = 2860 B;

® 3HAYeHUe HaNpspKeHus, npu koropom YP orcyrcryer;

3HaYeHHe HAIPsLKeHNUs, TIPH KOTOPOM BO3HHKaeT YP.

JlauHbII pexkuM usMepenuit coorserctsyer crangapty TOCT P MOK

60664.1-2012 «KoopauHarius H30JSIHHY ULt 000PYI0BAHHUSI B HU3KOBOJIBT-

HBIX cucTeMax. JacTs 1».

Pe3\].l'leaTbl uccnepoBaHuin N BbIBOAbI

Pemtenne npo6ieMsl, cBsi3aHHO# ¢ UP, B CHIOBBIX IIOJIYIIPOBOJHUKOBBIX
MOJYJISIX OCJIOKHSETCS PSIOM (PaKTOPOB, BHI3BAHHBIX €T0 KOHCTPYKTHB-
HBIMH 0C06eHHOCTAMH. OUH U3 TakuX GaKTOPOB — HAJIUIHe BHYTPH
pr6opa HeCKOTBKUX MEKIOTEHI[HAIBHBIX 30H, B KOTOPBIX U CIIOCOOHBI
BO3HHKATh YP. DTO B 3HAUUTENILHOM CTEIIEHH YCIOKHSIET PaboTy IO J10-
Kanu3anuu neeKToB Ha HaYaIbHBIX 9TAIlaX HCCIenoBaHus. Tawke 3amada
YCIOKHAETCA U3-3a HAJIMIKA B MOJyJIe Pa3/IMYHbIX BUJOB U30JIALMOHHbBIX
MaTepHaioB C Pa3HBIMU CBOMCTBAMM.

B nmacrosimee Bpems komnanust AO «IIpoTon DiekTpoTekc» mo-
cpencrtBoM nuddepeHIPOBAHHOTO aHANIN3a KOHCTPYKIMH CMOTJIA
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Note however that doing so will make the sensor much
more susceptble to damage from surges and overcurerts.
reference sensor input evel is now ol
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Puc. 4. Buayanusauysa pesynbtaTtos namepenus xapakrepuctuk HP npubopa
6e3 4P

JIOKAJTM30BaTh 30HbI BOSHUKHOBEHUS YACTUYHBIX Pa3psgoB, 4TO M0-
3BOJIsIET IPUHUMATh MEPBI [0 CHUKEHUIO YPOBHS MX WHTEHCHBHOCTH
(puc. 4). B xoMITekce ¢ MepaMH 10 TOBBIIIIEHUIO TIPOTHOCTH H30JISIIUH
10 7 KB BHeIpeHHBIe MepHI YBEININBAIOT 6€30IIaCHOCTD U HaIeKHOCTD
KOHCTPYKIIMK BBICOKOBOJBTHBIX IPUOOPOB ¢ HANIPSDKEHUEM H30JI5I-
uu 10 7 KB (AC) Ha IPOTSDKEHNH BCETO CPOKA IKCILTyaTaI[HIL L |

Jlutepartypa

J—

. AHzpeeB A. M. MeTozbI NCIIBITAHU! TUOIEKTPUKOB. V3Mepenne Xxapax-
TEPUCTUK YACTUYHBIX Pa3psIOB B AJIEKTPUYECKON U30JIAIHNU: yIeOHOe
mocobue AJIs CTYJeHTOB BBICIINX YIeOHBIX 3aBeLeHNUIT, 00y a0 X~
51 10 HAIIPABJICHUIO IIOATOTOBKU MAarUCTPOB «TeXHUYeCKast (PUIUKay.
CII6ITIY, 2014.
2. Pycos B. A. MI3MepeHne 9aCTUYHBIX Pa3psfioB B U30JIAIMN BEICOKOBOJIBT-
Horo o6opynoBanus. Exarepun6ypr, YpI'YIIC, 2011.

3.TOCT P 55191-2012 (MBK 60270:2000) «MeTo/1bl MCIIBITAHU BHICOKAM
HaInpspkeHHeM. VaMepeHus JacTUIHbIX paspsnosy». M.: Crangaptuadop,
2014.

4.TOCT P MOK 60664.1-2012 «KoopauHarust U30JsIuH 1151 060py10-

BaHUS B HU3KOBOJBTHBIX cucremax. HYactsp 1. [IpuHIumne!, Tpe6oBaHus

u ucnprranus». M.: Cranmaprurdopm, 2014.
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