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30UIbIICHHS TEMITIB IPOBEJCHHS TIPCBKUX pPOOIT ICTOTHO YCKJIQJHIOE O€3MeYHy y4acTh JIIOAWHH B
TEXHOJIOTIYHOMY IIpoleci ByraeBnao0yTky. [Ipobiema mossirae B po3noaizy BUKOHYBaHHX OIEparliii MiX JIFOJIMHOIO 1
MAIIIMHO0, 0 BHMAara€ 3HAYHOTO IiJNBUIICHHS DPIBHS MIarHOCTUKH Ta IH(OPMATHBHOCTI CHUCTEM YIPABIIHHSA, JC
BUMIPIOBaJIbHI JIAHIIOTH - iX Ba)XXJIMBa ckianosa. [Ipy nboMy BUHHMKAE aKkTyalbHE 3aBIaHHsS OC3MEKH BUKOPHUCTAHHS
BUMIPIOBAJIbHUX JIAHIIOTIB B BYTUIBHHX IMaxTaX. Y 3B'A3KYy 31 3MiHOIO CHTYaIlil MOB'S3aHOi 3 OKYHAII€I0 YaCTHHHU
Jlonbacy HaykoBi opranizamii i mpoBimHi ¢axiBmi YKpaiHH,II0 3aWMalOThCS MHUTAHHAMU OE3MEKH EIEKTPUIHHUX
JIAHITIOTIB JIJISl BYTIIFHUX MIaXT 3aJIMIIUJINCS Ha OKYIOBaHil TepuTopii. B manuii 9ac € BelwKa KiJdbKiCTh JITepaTypH 3
0e3neKkd CHJIOBHX EJEKTPUYHUX KUI, TPOTE TMOBHICTIO BiJCyTHE B HHUX NUTaHHSI OE3MEKH BHUKOPHUCTAHHS
BUMIPIOBAJILHUX KUJI B BYT'UJIbHHX IIaxTaX. A BUMIpIOBaJbHE KOJIO € BAKIMBOIO HEBII'€MHOIO CKJIaIOBOIO JTIarHOCTUKH
Ta iH()OPMATUBHOCTI CHUCTEM YIIPABIIHHSA TipHUYO-IIAXTHOTO YCTATKyBaHHS. Y CTAaTTi HAOYHO IMOKA3aHO PIlllCHHS
3a7a4i Oe3NeKy BUKOPUCTAHHS BUMIPIOBAIbHUX KUI B BYT'UIBHHX IIaXTax. 3alpOIIOHOBAHO MaTeMaTH4YHYy MOJEIb Ta
METONUKY 1i peamizalii A1 BH3HAYCHHS MAKCHMAJBHO JIONYCTHMMHUX MapaMeTpiB iCKpOOe3NeKy BUMipIOBaJIbHUX
JAHIIOTIB JUIsl BYTIJIBHUX IIAaXT 3 JIHIHHUMHU (€IEMEHTapHUMH) €JIeMEHTaMH BHSBIEHO IOITyCTHMI mapameTpH i
3HaAl/IeHI CHIBBIIHOIIGHHS LMX TapaMeTpiB, sKi 3a0e3MeuyroTh ICKpOOE3NEYHICTh BHUMIPIOBUIBHHX  KiJI.
3anpornoHoBaHO Oe3KaMepHa METONMKAa OLIHKM 1CKPOOE3NeKH BHMIpIOBAIBHUX Kil. Po3misHyTo npukiazn
3aCTOCYBaHHS PO3p0O0JIEHOI METOAMKN Ha NMPUKIAAI KOHKpETHOTo naTyuka KoHTpoito tuiy 4201 ICT-10 mobinpHOT
cuctemMu kKoHTpoJo Tuy «MAK-2». TlokazaHo BpoBapKeHHST po3p00IeHOT METOMKH Ha JBOX BYTUILHUX IIaxXTax
VYkpainu Ta anpoOartist Ha T'STH 3apyOiKHUX KOH(DEPEHITisMX.

Kuio4yoBi ciioBa: HU3bKOBOJBTHE BUMIPIOBAIBHE KOJIO, iCKpOoOe3meka, iCKpoOe3neqHeKoI0, JaBad KOHTPOIIO,
JIOTTYCTUMI TTapaMeTpPH.

VYBenuyeHne TEMIIOB MPOBEACHHS TOPHBIX pabOT CYIIECTBEHHO YCIIOKHSET OE30IacHYIO ydacThe YeJoBeKa B
TEXHOJIOTHYECKOM Tporecce yrienoObsrun. IlpoOnema 3akiroyaeTcss B pacHpesesieHHs BBINOIHIEMBIX ONEpanuii
MEXIy YEJOBEKOM M MAalIMHOH, TpeOyeT IOBBIIICHUS YPOBHS JHArHOCTUKM M HMH(MOPMATHBHOCTH CHCTEM
yIpaBlEHUs, IJ€ U3MEpPHUTEIbHbIE LEMHM - UX BakHas cocTaBstomas. [Ipy 3ToM BO3HHKAaeT akTyalbHas 3ajada
0€301acCHOCTH HCIHOJIB30BaHMSl M3MEPUTEIbHBIX LENeld B YroJbHBIX IIaxTax. B CBSI3M ¢ M3MEHEHHEM CHUTYyallUH
CBSI3aHHOH C OKKymnauueit yactu JlonHoacyHayKOBH OpraHU3aLiK U BEAYIINE CIIEHUATUCTl Y KPAaHHbI, 3aHUMAIOLIUXCS
BOIIPOCAMHU 0€30MaCHOCTH AEKTPHUECKUX LEMeH Ul YroJbHBIX IIAXT OCTAINCh HAa OKKYNHPOBAaHHOW Tepputopuu B
HACTOSIIIIEE BPEMSI MMEETCSI OOJNBIIOE KOIMIECTBO JUTEPATYpPhl MO OE30MACHOCTH CHIIOBBIX JJIEKTPHUYECKUX IICTICH,
OJTHAKO TMOJIHOCTBIO OTCYTCTBYET B HHUX BOIPOCH O€30MACHOCTH MCHOIb30BAHUS N3MEPHUTENBHBIX IENEH B yrONBHBIX
maxTax. A U3MEpPHUTENIbHBIC IIEMH BayKHAs HEOThEMIIEMas COCTABIIAIOMAS JUATHOCTHKH M MH()OPMATHBHOCTH CHCTEM
YIPaBICHUs] TOPHO-IIAXTHOTO O00OpyIOBaHWA. B cTaThbe HAIMSAHO IOKA3aHO PEIICHMS 3afadd OE30MacHOCTH
UCTIONb30BaHNS M3MEPUTEIBHBIX LIETIel B YTOMbHBIX IaxTax. [Ipe/ioxkeHa MaTteMaTHdeckass MOJAENb M METOIHKa
e€ penM3alMU U ONpPENAENECHUS MaKCUMAaIbHO JOMYCTUMHUX MapaMeTpOB HCKPO3aXUILEHHOCTH H3MEPUTEIbHBIX
Herned IS YrOJNBHBIX MIAXT C JMHEHHBIMU AJIEMEHTApHBIMHM 3JIE€MEHTaMH. BBIABICHBI JOIMYyCTUMBIE MAapaMEeTPhl U
HaWJIEeHbl COOTHOLICHUS ATHX NapaMeTpoB, KOTOPHIE OOECIEYMBAIOT MCKPOOE30IMaCHOCTh M3MEPUTEIBHBIX IEIICH.
[Ipennoxena OeckamMepHass METOIMKa OLEHKH HCKPOOE30IIaCHOCTH W3MEPUTENBHBIX Ieneil. PaccmoTtpen mpumep
NPUMEHEHHUS pa3paboTaHHON METOMKH Ha MpUMepe KOHKpeTHOro aatduka koHtposst Tuna 4201 JICT-10 moOuinbHOM
cucreMbl KoHTpousi thna «MAK-2». Tloka3ano BHeapeHHe pa3pabOTaHHOW METOJMKM Ha JIBYX YrOJIbHBIX HIaXTax
YkpauHsl 1 anpoOanys Ha TSATH 3apyOeKHBIX KOH(EPESHIIHSIX.

KnaroueBble cji0Ba: HU3KOBOJIBTHAS M3MEPUTENIbHAS LETb, HCKPOOE30IaCHOCTh, HCKPOOE30IacHas Lelb, JaTINK
KOHTPOJISI, JOIyCTUMBIE TApaMETPHL.
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Increasing the pace of mining significantly complicates the safe participation of man in the technological process
of coal mining. The problem is the distribution of operations between man and machine, which requires a significant
increase in the level of diagnostics and informativeness of control systems, where measuring circuits are an important
component. At the same time there is an urgent problem of safety of use of measuring chains in coal mines. In
connection with the change in the situation related to the occupation of Donbass, scientific organizations and leading
specialists of Ukraine dealing with the safety of electrical circuits for coal mines remained in the occupied
territory.Currently, there is a large amount of literature on the safety of power electrical circuits, however, they
completely lack the safety issues of using measuring circuits in coal mines. And measuring circuits are an important
integral part of diagnostics and information content of mining equipment control systems. The article clearly shows
the solution to the problem of the safety of using measuring circuits in coal mines. The mathematical model and
one’s realization methods is presented for the determination of the measuring circuit maximal allowable spark
safety parameters for the coal mine with linear elementary elements. The admissible parameters are revealed and
the relationships of these parameters are found, which ensure the intrinsic safety of the measuring circuits. A tubeless
technique for assessing the intrinsic safety of measuring circuits is proposed. An example of the application of the
developed methodology is considered on the example of a specific control sensor of the 4201 DST-10 type of the
mobile control system of the MAK-2 type. The introduction of the developed methodology at two coal mines in

Ukraine and approbation at five foreign conferences is shown.
Key words: low-voltage measuring circuit, intrinsically safe, intrinsically safe circuit, control sensor, admissible

parameters.

®opMyJI0BaHHA POOIEeMH

3011bLICHHS TEMIIiB TPOBEACHHS TIPCHKHUX
pobIT ICTOTHO YCKJIAamHIOE OE3MeYHy ydacTh
JIFOAVHU B TEXHOJIOTTYHOMY nporeci
ByrneBuaoOyTKy. [Ipobnema momnsrae B po3mominty
BHKOHYBaHHUX OTIepaIliid MiX JIFOAMHOIO 1 MAITHHOIO,
10 BUMara€ 3HA4yHOIO IIJBUIIEHHS  PIiBHSA
JiarHOCTHKM ~ Ta  iH(QOpPMaTHBHOCTI  CHCTEM
VOpaBIiHHS, JI€¢ BUMIPIOBAJbHI JIAHIIOTH - iX
BaYKJINBA CKJIan0Ba. [Ipy IbOMy BUHHKAE aKTyalbHE
3aBJaHHs O€3MeKd BHUKOPHCTaHHS BHUMIipIOBAIBHUX
JAHLIOTIB B BYTUIBHHX MIaxTax. Y 3B'3Ky 3i
3MIHOIO CHTYyaIlil TOB'I3aHO1 3 OKYIIAIi€0 YaCTUHU
HonbacynaykoBi opranizamii i mpoBigHi ¢axiBui
VYkpaiHu,mo 3aliMaloThCS THUTAHHSAMH —Oe3MeKn
CJeKTPUYHHUX JIAHIIOTIB JJISi BYTUIBHUX IHaxT
3UIMIIAINCS Ha OKYITOBaHild Teputopii. Tomy aBTOp
BUDILIYBaB 3aBIaHHA O€3MEKH BHKOPUCTAHHS
BUMIPIOBAJIbHHUX JIAHIIOTIB B BYTUIBHUX IAXTaX B
pamkax I'b71 (Ne. mepxpeectpartii 0118U003599)y
2018-2020 poxkax.

Bukian ocHoBHOro martepiany i pe3yjabTaTn
JOCTiIZKeHHS

Bimoma TtHmoBa cxemMa Ta cmocid s
ICKpOOE3MEeYHOr0 yCTaTKyBaHHS yCTAaHOBKOIO B
PO3pHB CIEKTPUIHOTO KOJIa Oap'epy iCKpO3axHUCTy.
OnHak BKIIOYCHHS B PO3PHB HHU3BKOBOJLTHOTO
BUMIpIOBAJIBHOTO Koyla Oap'epy iCKpO3axuCTy HeE
rapailrye HamidHy poOOTy  HHU3BKOBOJIBTHOI
BUMIPIOBAJIBHOTO KoOJIa 3 OyAb-KUMU THIIAMHA
JlaBaviB KOHTPOO. [TuTaHHS y3ro/KeHHS «1aBayu
KOHTPOJTIO - Gap'ep - HU3HKOBOJIBTHE

BHMIpIOBaJbHE KOJIO» BKpad BaxumBe. Tak sK
OUTBIIICTF NAcHBHUX  Oap'epiB  iCKpO3axXuCTy
MICTHTBh B CO0i CTPYyMOOOMEKYBAILHUNA PE3UCTOP,
BennunHO Onm3bko 1 kOwm. Ileii pesucTop Moxke
BHOCHUTH 3HAYHI 3MiHU B napameTpu
HU3BKOBOJIBTHOI'O BUMIpIOBaBHOTO Kona. [lpu
BKJTFOUCHHI Oap'epy ICKPO3axXUCTy 3
CTPYyMOOOMEXYBalbHI ~ PE3WCTOPU  HOMIHAJIOM
1 kOm MOCITiIOBHO B HU3bKOBOJIbTHE
BUMIPIOBaJIbHE  KOJO  MOXE  TPHBECTH  JI0
HETPaBUILHOI pobotu HU3BbKOBOJIBTHOL
BUMIPIOBaJIbHOTO KOJO Yy BYTIiJBbHIA  MIAXTi.
Hanpukman, g0 TOMWIKOBOIO IYCKY CHCTEMH
aBTOMATUYHOTO  IIOXKEXKOTaCiHHA B  BYTUIBHIH
axTi, M0 HENPUITyCTUMO 32 HOPMATHBHUMHU
JOKYMEHTaMH.

Ilix METOIMKOIO aBTOP PO3yMI€ CYKYIHICTH
peKOMeH Al a00 MPUMHKCIB, BIAMOBIIHO IO SKUX
MMOBUHHE BUPINTYBATUCS 3aBJaHHs Oe3kaMepHoi(0e3
BHUKOPHUCTAHHA  BHOYXOBHX  Kamep)  OIHKHU
ickpoOe3nekn BUMIPIOBATBHUX KiJl ISl BYTUIBHHX
maxTt. Y METONIUIll MOBUHHI OyTH KOHKPETU30BaHI
OCHOBHI IHCTPYMEHTH 1 PO3'ICHCHHSI, SKUM YHHOM
3aCTOCOBYBATH JIaHi IHCTPYMECHTH Ta PEKOMEHIAIII].

Takum  YMHOM,  OIliHKA  iCKpOOE3IEeKH
BUMIPIOBATGHUX KUT I BYTUIBHAX IIMAaxXT 3
JMIHIMHAME €JIEeMEHTaMHd MO)Ke OyTH BUKOHAHa i3
3aCTOCYBaHHAM J0BiaAKOBuUX naHux Ceptudikaty
BIJIMTOBITHOCTI, 3 BUKOPUCTAHHSAM 3HAYeHb €EMHOCTI
Ta IHAYKTHBHOCTI CIOJYYHHMX KaOeiniB 1 ¢igepiB. Y
TOMY BHWIIQJKy, KOJIW 3HA4YCHHS €MHOCTI Ta
IHAYKTUBHOCTI ~ CHONyYyHHX KabemiB  (dimepa)
HEBIJIOMI, MOXXJIUBO, OpPIEHTOBHO 3aCTOCYBaHHS
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Tabauusa 1 — CniBBiqHOIIEHHS, 10 MATBEPAKYIOTh ickpole3neKky BUMIPIOBATBHUX KiJl 1/l BYTiJIbHUX HIAXT 3
JIHIiHMMH eJleMeHTAMH

IckpoOe3neune obmagHaHHS + ‘YMoBa MiATBEPIKCHHS IToB's13aHE KOHTPOTBHE
CTHOJIYYHHUH KaOelb ickpobOe3nekn o0JiaJHaHH BYT1JIbHOT IaXTH
(],' > Uu
I; > I,
P; > P,
Li + Lc S Lo
Gt (. < Co
U,, I, - MakcuManbHi 3HAYCHHS, BiJIOBIIHO, HANPYTH 1 CTPyMY /IS TIOB'S3aHOTO KOHTPOJIHHOTO
o0aJHaHH;
U, I, - MakCUMaJIbHO NTOIYCTHMI 3HAYEHHS, BIANOBIIHO HATPYTH 1 CTPyMY IS iCKpoOE3MEedIHOTO

YCTaTKyBaHHA,

L, - MakKCUMaIbHO JAOMYCTUME 3HAYCHHS 1HIYKTUBHOCTI Y 30BHIIITHBOMYiCKPOOE3IIeYHOMY KOJi;
C, - MaKCUMaJTBHO JOITyCTUME 3HAYCHHS EMHOCTI ¥ 30BHIIITHROMY iCKpOOE3NIETHOMY KOJTi;

L; - 3HaYCHHS BIACHOI IHAYKTUBHOCTI;
C; - 3HaYeHHS BJIACHOI €MHOCTI.

HACTYITHUX THUITOBUX 3HAa4YEHBb IapaMeTpiB KabemiB

13 3araapHOI0 JOBXKMHOWO 1 kM: Lec = 1mIH,
Cc=110HD.

Ickpobe3neka  BUMIPIOBATBHMX  KUT IS
BYTUIBHMX IMaXT 3 JIHIAHUMH (eJIeMEHTapHUMH)
eJIeMEeHTaMH T ITBEPKYETHCS, SIKIIIO
BUKOHYIOTBCSI  CITIBBITHOIICHHS, HaBEICHI B
Tabymmi 1.

3 rtabmuui 1 BUIIMBAE, MO IHAYKTUBHICTH 1
€MHICTh 1CKpOOE3MEYHHX KiJl 3 ypaxyBaHHSIM
€MHOCTI Ta IHIYKTUBHOCTI CIIOJy9HHX KaOemiB
(dimepa), BU3HAYEHHMX 3a JOBIOKOBUMH JaHUMH,
po3paxyHkoM a00 BHMIpIOBaHHSM, HE IOBHHHI
MePEBUIIYBATH MaKCHUMaJIbHUAX 3HAYCHB,
0O0yMOBJICHMX B TEXHIUHIA JOKYMEHTamii Ha IIi
KOJIa.

3 mpoBEACHOro aHali3y OLIHKH iCKpOOEe3NneKH
BHMIPIOBaTHLHUX JIQHITIOT1B 3 JHHIAHAMA
€JIeMEHTAaMU BHJHO, IO HA TPAKTHIll € JIAHIIOTH
3MIHHOTO CTpyMy, [JI¢ Ha KOXHIH ;iJSHIN
mepeBaXka€ TUTBKU OJWH BH CHEPTii, a JBa 1HIIHMX
BHJIIB €HEPTil MaJli, | HUIMHA MOYKHA 3HEXTyBaTH. J{Jis
TaKUX KT JOMYCTHMO BBaXXaTH, IO KOXEH BUJ
SHeprii 30cepemKEeHN Ha OKpeMiil ITisHIl, TOOTO
KOJIO 13 30CEpEeKCHUMH TlapamMeTpaMu, 1 10 HHX
3aCTOCOBHI ~ yMOBM  KBa3iCTal[iOHAapHOCTi.  Ix
HEOOXITHO BIJPI3HATH BiJ] Kil 3 PO3MOAUICHUMH
nmapamMeTpamu, y SKUX Ha Oyab-aKid TiIsHII
eJIEKTpUYHA €HEpris, MarHiTHA €HepTis, a TAKOXK Ta
YaCTHHA €JIIEKTPOMArHITHOT eHeprii, sKa
MIEPETBOPIOETHLCS B TEILJIO, MAIOTh BEITMYUHH OJJHOTO
MOPSNIKY, 1 KOMHUM BHIOM €Heprii Ha Oymb-sKiit

JUISHIN KOJla 3HEXTyBaTH HEe MO’KHA. Jlo mux Kix
HE3aCTOCOBHI YMOBH KBa3zicTarlioHapHOCTi. [lyis mux
KiJT i3 30CepeIKCHUMH rapaMeTpamMu
3aIPOIOHOBAHUM KOe(IIiEHT 1CKPOOE3IeKH, o
nmopiBHIOE 1,5, MOXe OITycKaTHucs 3HAYHO HIDK4e 1,
0 MOXE BBaYKATHCS PIBHO3HAYHUM TPUCYTHOCTI
JoKepena IMiAMMaIioBaHHS, IO HETPHUITYCTUMO 32
HOPMATUBHMMH JIOKyMEHTaMH ISl  BYT1JIBHHX
maxt. Y pa3l KOHTPOJIO y BYTUIbHIA IIaxTi 3
JIAHIFOTOM 3 30CEPELKCHUMHU 1HIYKTUBHOCTSAMU 1
€MHOCTSIMH B 30H1 Kitacy B-I (Zone 0, HeoOXimuuit
piBeHb  BHOyXO03axuCTy -  «ia», OCOOJIUBO
BUOYXOHEOE3NeUHn ), MoTpiOHI CHeIianbHi
3armo01KHI 3aX0/TH.

Maroun Ha yBasi If0 00CTaBHHY, HiMEIIbKi
BunpoOyBanbHi nentpu (PTB, DMT), Hanpuknan,

BBAXAIOTh 32 MOXJIMBE 3HAuyHE 3aHWKEHHS
MaKCHUMaJIbHO AOIyCTHUMHUX 3HaY€Hb 1HIYKTUBHOCTI
(L) 1 emuocti (C,) pmnsd  TOB'SI3aHOTO
€JIeKTPOOOIIaTHAHHSI.

Buxopsiun 3 BUILEBUKIAAECHOTO, IEPEBIpKa
ICKpOOE3MeKH BHUMIPIOBAJbHUX  JIAHIFOTIB IS
BYTUIBHUX IIaXT 3 JIHIHHUMH ~ €JIeMEHTaMHu
BBAKA€THCSI IOBHOIO, SIKIIIO BUKOHYIOTHCS] YMOBHU:

Uo < l][;
[u < Ii:
Po < Pj,
Lo 22 (Ll + Lc);
Co22(C+ C).
I[Ipu  3'egHaHHi  YMHHOTO  MOB'A3aHOTO

KOHTPOJIBHOTO 00JIaJIHAHHS BYTIJILHUX MIAXT B HOBY
KOHQITypaliio eJIeKTPUUHI apaMeTpH, HaBelIeHI B
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CeptudikaTi BiIOBIIHOCTI KOXHOI  OJMHHII
obrmamHaHHA, HE MOXe OyTh Oe3rmocepenHbo
BHKOPHWCTAHI JJIs OINIHKHM 3arajbHOi i1CKpoOe3meKu
KomIiekTy. llimkmioueHe moB's3aHe oONagHAHHS
NOBHHHO PO3IJSIIATHCS €JUHAM  EJIEKTPUYHUM
NPUCTPOEM, JUIS SKOTO PO3PaXOBYIOTHCSI HOBI
TpaHWYHI 3HAYCHHSI CIICKTPUIHUX TTapaMeTpiB.

3anexxHo BiJ BHIY 1 MOPSAKY 3'€qHaHHs abo
MOXXJIMBOTO  aBapifHOTO  pEXHUMY  ITOBHHHI
pO3rIIAmATUCA — TIOCTIOBHE, TapajenpHe  abo
3MillaHe 3'€qHAaHHS, OCOOJMBO MPH aBapidiHOMY
PEeXUMi, IPH SIKOMY MO>KJIMBA 3MiHA EJIEKTPUYHUX 1
KOHCTPYKTHUBHUX TapaMeTpiB  €JIEMEHTIB, IO
BIUIMBAIOTh Ha iCKpoOe3meKy Kij (mociizoBHa abo
napaenbHa cXema 3'€THaHHS).

PiBenb BUOYX03aXHUCTY «ia»
(0coboBMOYXOHEOE3MEUHNI) TTOBUHEH MPUHMATHUCS
Ui 00'€qHAHOTO  KOHTPOJBHOTO  OOJaJHAHHS
BYTUIbHUX TIAaXT, HaBITh SKIO KOXKHA OJMHUISL
yCTaTKyBaHHS BiJIIOBiIa€ piBHIO «ia»
(ocoboBuOyxoHeOe3meunmit). [lomiOHI 00'emHAHI
CJCKTPUYHI  JIAHIIOTM HE  TPUIYCTUMI  JUIs
BHKOPHCTaHHS B 30HI Kitacy B- I (Zone 0).

JonycTuMi 3HA4eHHs HANpPyrd XOJOCTOTO
XOAy 1 cTpyMy KOPOTKOTO 3aMHUKaHHS AJSl Pi3HUX

BUIIB 3'€¢JlHaHb OOYMCIIOIOTBCA 33  PI3HUMH
KPUTEPisMU IJI1 BYTUTBHHX IITaxXT.

[Ipomonyetbes HACTYITHA METOJINKA
BU3HAYCHHS MaKCUMAaJIbHO JIOITy CTUMHX
rmapameTpiB icKpobe3neKn BHUMIpPIOBaTHLHUX

JAHIFOTIB JUIsl BYTUIBHUX IIaxXT 3 JIHIKHUMU
(eleMeHTapHUMM) EIICMECHTaAMHU:

1. TIlpm mapamensHOMy 3'emHanHi U,
BHU3HAYAETHCS 3a HAWOUIBIINM 3HAYCHHSIM OKPEMHUX
HANPyT XOJIOCTOrO XOony, I, - 3a CyMOK 3HAaYCHb

OKpEMHUX  JIOyCTUMHX  CTPYMiB  KOPOTKOTO
3aMUKaHHS.
Uo = max (Uun) ;
1L,=21,=1;+1,..+1,.
2. Ilpm mocmigoBHOoMy 3'emHanHi U,

00YHCITIOETHCS 32 CyMOIO OKPEMUI 3HAYCHb HAIPYT
XOJIOCTOTO X0y, I, - 32 HaHOUIBIIIM 3HAYECHHSIM

OKpEMHUX JOIMYCTUMHX CTp}IMiB KOpPOTKOTr'o
3aMUKaHHA.
Uu =2 Uon = Uo] + Uo2 ot Uon;
1, = max (1,,).

3. Ilpu mocmigoBHO-TIapaJIeILHOMY 3'€THAaHHI
U, abo [, o0YHCTIOETBCS 332 CYMOKO BiJlITOBITHUX
okpemux 3HaueHb U, a00 I,,.
U, = max (U,,) abo U, = 2U,, = U,; + U,,
R o
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,=21,=1,,+1,..+1,.a60l, = max (1,,).

Lo MeToawmky ciiJg 3acTOCOBYBaTH, B
OCHOBHOMY, B  pa3i mpoctux abo  sCHO
CKOMIIOHOBaHUX 3'€lHaHb. MeTonuka mnependavae
IUIaH Jif A7 HaWTipmioro BWIIAAKY 1 TOMY JAa€
BUIy CTYIHb O€3MEKH I BYTUIBHUX IMaXT.
MakcumanpHO gormyctumi 3Hadenss U,, 1,, L, 1 C,
MOYTh OyTH OTpUMaHi 3a rpadikamu 3a1exHOCTeH
MIHIMQJIBHUX 3allalbHUX CTPYMIB 1 Hampyr s
BuOyxoHeOe3meunoi maxtHoi cymimi  (BIIC)
ONTHUMAJILHOTO ckiany, HaBeaeHumu B ['OCT
22782.5-78 «EnextpoobnagHaHHs
BUOYXO3axXHWIlleHE 3 BHJIOM  BHOYX03aXHCTy«
ickpoOe3rneyHe elekTpudyHe Kkono» [l1] abo B
EN50020, Part 7, Electrical Apparatus for
Hazardous Areas Intrinsic Safety "i" [2]. s
BH3HAYCHHS ICKpOOE3IEYHOr0 3HAYCHHS CTPYyMY
(Hampyru) HeoOXigHO ISl 3a4aHUX EIEKTPUYHHX
rapamMeTpiB iCKpoOe3neKd BUMIPIOBTBHHUX KiJT JIJIS
BYTUIBHUX IMaxT 3 JIHIHHAMU (€JIeMEHTapHUMH)
CIEMECHTAMH 3HAWTH 3HAYCHHS MIiHIMAJIBLHOTO
3amanpbHOro  CTpymy  (Hampyrw) s JaHoi
BuOyxoHeOesmeunoi cymim BIIC [3] 1 moTim
po3oimMTH Horo Ha Koe(ilieHT 1CKpOOE3MeKH,
T00T0 Ha 1,5. Ilpm po3paxyHKy Kix 3MiHHOTO
CTPYMy  HEOOXiTHO  TNpHHMaTH  aMILTTYIHI
3HA4YEHHS CTPYMY 1 HAPYyTH.

PosrnsaeMo ickpoOe3nedHe MiAKIIOUeHHS 10
BHMIPIOBAJILHOTO KOJa 3 JIHIHHAMH €JIEMCHTAMH
Ter3omerpudeckoro gaBada 4201 JICT-10 (puc. 1)

T

+0UT
+CPU
+0UT
-OUT

-CPU
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Pucynok 1 — IIpuHIIMTIOBA eIeKTPHYHA CXeMa
napava 4201 JICT - 10

Tak sx maBaui 4201 JICT -10 BCcTaHOBIIOETHCS
Ha TEH30METPUYHI YSPEBUKH ITiAHOMHOI TIOCYIUHH,
TOOTO y BHOYXOHEOE3MEUHI 30Hi, B SKOCTI
PO3MUIOBHX €JIEMEHTIB MiX ICKPOOE3NeUHUMH 1
ICKpOHEOE3MEYHUMU KOJIAMU 3aCTOCOBYEMO OJIOKH
ickpo3axucTty. B maHomy mpukianui 3acTOCOBYEMO
Ookm ickpo3axucty Ha crabimitponax (BIC),
SIK1 cepiiHo BHITYCKaIOThCS KOMITaHi€r0
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Pepperl + Fuchs GmbH (Himeuunna). 4201 JICT-
10 (puc. 1) BuKoOHaHI y BUTJIAMI MOcTa YiHCTOHA 1
KuBIAATECA depe3 BIC tumy Z765, sika 3a0es3neuye
JKUBJICHHS 3 HOMIHAJIBHUM 3HAYeHHSIM Hanpyru 10
B BuUMiproBaqpHOrO MOCTa 3 BHYTPIIIHIM ONOPOM
350 Om. Ha Bxomi pmaBaua 4201 JCT-10
BcTaHOBMIOEThCS BIC Ty Z764. Koo 3B0poTHOTO
3B'13ky uepe3 bBIC tuny Z764 Moxe He
BHKOpPUCTOBYBaTHCS. Ha mpakTuili, BTIiM, HOCUTH
9acTo oTpiOHO 3aCTOCYBaHHS IEOTO
KOJIA3BOPOTHOT'O 3B'S3KY MAJISl JOCSATHEHHS OiibII
BUCOKOT TOYHOCTI BUMiproBaHHs. Buxingnuii curaan
4201 ICT-10 mepenaerncs uepes BIC turry 2964.

VY mnomiOHMX cxemax OLiHKa icKkpoOe3neKu
MOBUHHA  BpPaxOBYBaTH  3'€[JHAHHS  JIEKUIBKOX
JMIIOYMX  TOB'I3aHUX  IPHUCTPOiB, 1  pIBCHb
BUOYX03aXUCTy MOBHHEH OyTH BHOYXOOE3MECYHHM
(«ib»), HaBITH SKIIO BCE TMOB'S3aHE O0JIATHAHHS
XapaKTEPU3y€ETHCS 0Cc000BHOYXOHEOC3TICTHUM
piBHEM («iay).

Ha mepmomy erani 3icTaBisieMO €JIEKTPHYHI
napametpu BIC Z764, Z765, 2964 i natuunka 4201
JACT -10 mo0OinpHOi cuctemu kouTpomo (MCK)
tuny «MAK-2».

Ha napyromy erami Bu3Ha4arOTh TpaHHYHI
3HaYeHHS  EJNEeKTPUYHUX  TapaMeTpiB  CXEeMHU
3'ennands. Hanpuknan, mosxwaa (imepa MCK mo
30 MeTpiB 1 BU3BHAYAETHCA THIIOBUMH MapaMeTpaMu
migdoMHUX mocynuH. lle oOMEeXeHHS H03BOJIIE
CTBOPUTH METOAWKH MO0 BU3HAYEHHIO MaKCHUMAaIIbHO
JIOTTYCTUMOT €MHOCTI 1 IHAYKTUBHOCTI
BUMIpIOBaJIBHMX JIAHIIOTIB BYTiIBHUX IIAXT. IX
00YHNCIICHHS TPYHTYETHCSI HA METOJIHIII, OTTMCAHOI B
momatky A cranmapty EN 60079-14 (Electrical
Apparatus for Use in Explosive Environments) [4].

1. BusHawaroTbcs  HAWOLMBIII  3HAYCHHS
Halpyra 1 CTpyMy B CHCTEMi 3a 3HAYCHHSIMU
napametpis U,, ,.

MakcuManbHa 3 OKPEeMHUX 3HAYCHb HAIIPYTH B
HAIOMY TIPHUKJIaII.

U, = 14,7B.

Cymaphuit
SJICKTPUIHOMY KOJTi

1, = (75+12+12) MA =99,0 MA.

2 IlepeBipseThcsl YMOBA: HAMOIIbIIEe 3HAYCHHS
crpymy  (I,), TIOMHOXX€HE Ha  KOeQIIieHT
ickpoOesreku 1,5, He IIOBHHHO IEPEBHILYBATH
3HAYCHHS CTPyMy, OTPHUMAHOTO i3 3aJIeKHOCTI
MiHIMaJIbHOTO 3alaJIbHOTO CTPYMYy BiJl Hampyrd
JUKEpesia B OMIYHOMY KOJII TP MaKCHMAaJIbHIM
Hanpysi U, = 14,7B.

CTpyM B napaneIbHOMY
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3 rpadikiB momatku A cranmapty EN 60079-
14 (Electrical Apparatus for Use in Explosive
Environments) Bunno, ipu Hanpy3i U, = 14,7B mns
BHIC [3] (MeTaHO-TIOBITpsIHA) MaKCUMallbHE
JOMYyCTUME  3HAYeHHS  CTPyMy  KOPOTKOI'O
3aMUKAHHSL 0 = 997 MA, IO ICTOTHO TIEPEBHIITYE
1,x1,5=148,5 MA.

Otxe, yMOBy icKpoOe3leKkd 3rifHo 3
3JICKHICTIO MiHIMQJIBHOTO 3aITajIbHOTO CTPYMY Bill
HANpPYTH JDKepela JUisi OMIYHOTO KOJa MOXKHA
BB2)KaTH BUKOHAHOIO.

3. MakcuManpHO  JOIyCTUME  3HAYCHHS
IHIYKTUBHOCTI L, BWU3HAYAETHCSA 13 3alCKHOCTI
MaKCHMaJIbHO 3amnaJbLHOTO CTpyMy BiJ[
IHAYKTUBHOCTI BHMIPIOBAJILHOTO KOJIa i HAmpyrd
JDKEperia 3a HaHOUTBITUM 3HAYCHHSAM CTpymy (1,),
MMOMHOKEHOMY Ha Koe(ilieHT ickpoode3neku 1,5.

3 rpa¢ikiB momatku A cranmapty EN 60079-
14 (Electrical Apparatus for Use in Explosive
Environments) Buano, npu 3HadeHui [, x 1,5 =
148,5 MA OTpUMYy€EMO MaKCHUMAaJIBHO JIOIYCTHME
3HaueHHS iHaykTtuBHOCTI L, mis BIIC (Merano-
moBiTpsHA) 5,8 MI H.

4. MakcuManbHO  JIOMyCTHME  3HAYCHHS
eMHOCTI 3  BH3HAYae€ThCAd i3 3aJCIKHOCTI
MiHIMQJIBHOHN 3aiiMUCTO{ HANPYTH BiJl EMHOCTI KOJIa
miss BHIC (MmeraHO-TIOBITpsSIHA) 3a HaWOLTHIIAM
3HaueHHAM Hanpyru U, = 14,7B, noMmHOXkeHOMY Ha
1,5.

3 rpadikiB gomatku A cranmapty EN 60079-
14 (Electrical Apparatus for Use in Explosive
Environments) Bumno, npu 3HaueHHi U, x 1,5 =

22,05B wmakcMMampHO JIONMYyCTHME  3HAYCHHS
eMHOCTI 956 HO.

5. IlepeBipserbcss yMoOBa: MaKCHUMAJIBHO
momyctumi  3HadenHs C, 1 L, TIOBWHHI
3210BOJTBHATH BHMOTaM iCKpoOe3meKn

€JIEKTPUYHOTO KOJIa.

Lli BUMOTH BM3HAYAIOTH YMOBH iCKpOOE3NeKH
€JIEKTPUYHOTO0 KOJIa TIJIbKM OJHOI'O 3 IOB'SI3aHUX
IIPUCTPOIB.

IIpu ouiHmi ickpoOe3MmeKH BPaxOBYETHCS
dinep MCK tuny «MAK-2» nosxkuHowo 30M 3
emuictio ¢imepa C., = 67n1d® 1 IHIYKTUBHICTIO
¢inepa L. = 82 mMk['H.

6. BusHauaerncs rpyma BHOYX03aXHIIIEHOTO
obmamnanas MCK, 3 ypaxyBaHHSM TOTO, JUISI IKOTO
tuny BILIC [3] BuOupanucs 3ajae:KHO MiHIMaIBHUX
3ananaioBaHuX CTPYMIB 1 HANIPYT.

Bce posrmsHyTe B TpHKIami  obJagHaHHS
MCK tuny «MAK-2» oTpuMaHo nans MeTaHoO-
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nositpstHoi BIIC. Ockinbku ickpobesnexka MCK 3
nmaBadeM 4201 JICT -10, migTBepaKeHa BiAIOBIIHO
0 WX TapaMeTpiB, 3aJ0BOJIbHSE BUMOTaM IS
miarpynu BUOYXO3axXHILEHOro OOJagHaHHS PiBHS
«iay.

7. NomatkoBo MOke OyTH BH3HA4YeHa TpyIa
BHIC B 3a/Ie)KHOCTI BiJi BEIUYMHH TEMIICPATypH
camo3aiiMaHHSI. 3anexxHo BiJl BEITUYMHU
TEMIIepaTypyd caMo3aiiMaHHS B 3aJIeXKHOCTI BiJ
3HaYeHHS MaKCHMaIbHOI TeMIIEpaTypu IMOBEpPXHi
MCK  BCTaHOBNIOIOTH  TEMIIEpPaTypHi  KIIACH,
3azHadyeHi B Tabmumi S5 TOCT 22782.081
«Enextpoobnagnands BUOyX03aXHIeHe. 3arajbHi
TEXHIYHI BUMOTH Ta METOJU BHIIPOOYBaHEY.
Makcumansaa —Temmneparypa moBepxHi  MCK
BHU3HAYAETHCSA 33 (OPMYJIOH0:

T=P, % Ry + Top

ne T - MakcuManbHa TemIepaTypa IOBEpXHi
oonaguanns MCK, °C;
P, - MakcuManbHa  TOTYXKHICTb, IO

BUAUISETHCS JDKEpEeNaMH eHeprii 3 JiHIHHUMHU
BOJIbT-aMIIEPHUMHU XapaKTepUCTUKAMH,
BU3HAYAIOTh 31 CIIIBBIHOILCHHSAM:!

P,=1, x U4,

ne Ry, - TtemwtoBuit omip (°C /BT,
SKUHCTIeNUIKYETHCS BHPOOHHKOM
KOMITJICKTYIOUHX BUPOOIB;

T TemIeparypa HaBKOJIMIIHBOT'O

cepenoBuina (3a3pudaii mpuitmaetbes 40°C).
Sk BWIHO, 3ampONOHOBAaHA METOJUKA SIBIISE

co0010 JOKEpesio TOJIOBHUM YUHOM
peKOMeHIaIliHiHOTO Xapaxkrepy, B SIKOMY
HaBOISATHCSA TIEPENTIK 1HCTPYMEHTIB, a TaKOX

3arajibHI peKOMEHIAIil MO0 1X 3aCTOCyBaHHS IS
BYT1IbHUX IIAXT.

BucHoBkH. Po03po0iicHI aBTOPOM METOAMKH
Oe3kamepHoi(0e3 BUKOPUCTaHHSI BUOYXOBHX Kamep)
OIIIHKU 1CKPOOE3MEeKN BHUMIPIOBATBHUX Kil IS
BYTUIBHHX  IIAXT MOpOHIUIM  ampoOallico  Ha
n'sTH3apyOlKHUX KoHGepeHuiax [5-9] i otpumanu
CXBaJICHHS.

Marepiany HayKOBO-IOCHTIIHHUIBKOI poOOTH
[0 MiJABMIICHHIO BHOYXOOE3MEKUIJIA BYIUIbHUX
maxTt po3pobneHoi B pamkax I'b 71 gokropom
texHiyHNX Hayk Jlomariamm B.B. mepemani B 2020
pomi mo akty (puc. 2) ma maxty JII BK
«KpacHomumanchkay y Burisini «Pexomennmariii 3
TEXHIYHOTO OOCIYroBYBaHHsS 1CKpOOE3NEeUYHHMHU
BHMIPIOBAJILHUMH JIAHIIOTAMH JIJISl BYTUTHHHX IIaXT
3 METOI  MiJABUIICHHS  BUKUJOOE3MEYHOCTI
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HaTypHUX TeosoriyHux pobOir nHa maxti TOB
«KpacHommmaHCbKe» 3 METOI0
M1 IBUIICHHABUKHI00€3MIEYHOCTI TPU IPOBEACHHI
HaTYpHUX TEOJOTIYHUX POOIT 3 BHMIipIOBAJIBHOIO
amnaparyporo.

AKT

nepenati «PEKOMEHIALIIA 3 TEXHIYHOT'O OBCITYTOBYBAHHS
ICKPOBE3IEYHUMW BUMIPIOBAJIbHUMM JIAHITIOT AMU JUTS
BYTUIBHUX IHIAXT 3 METOIO IIJIBULLEHH BUKWMAOBE3IIEYHOCTI
HATYPHHMX I'EOJIOI'TYHMX POBIT HA IIAXTI
TOB «KPACHOJIMMAHCBKE»

Mu, mo Hwkde miamucanucs, npeactaBauku [I'TM HAH Vkpainu - crapummii

HAayKoBMH  CTiBpoGITHMK  Bimdimy — ripEmdoi  TepMoaepomMHaMikm i

asrovarnosannx crcrem II'TM HAH Vipaifiu, 10KTOp TexHiumHux Hayk

maxta TOB «K

B.B. Jlonartis, 3 omHOro Goky i mp
B.o. ronosHoro reosiora €.B. Yenkax, 3 iHmoro 60Ky, CK1aiu e akT npo Te, 1o
crinpoGitauxi ['TM HAH Vkpaiiu, B pesyIbTaTi BHKOHAHHS GIOMKETHHX
(yHAAMEHTATBHHX | eKCIIePUMEHTANLHIX I0CTIUKEHh OTPUMATIH Pe3yIbTaTH, 10
JI03BONIAIOTH  PEKOMEH/IyBaTH TexHiuHe

onTHManbHe 06CITyrOBYBaHHS

ickpoGeseunx BimipioBatbiux Januoris s TOB «KpachoIuMachKey 3

MeToI0 i, BUKH,

Ti HAaTypHHX T€OMOTidHHX POGIT Ha

maxT

C.i.c. I'TM HAH VYkpainu,

JIOKTOP TeXH. HayK,

PucyHok 2 — AKT nepegayi Ha maxry
AII BK «KpacHosmmancbska» y 2020 poui

AKT

nepefaui «Pexoyenaaliii 3 TexHiHOro 0GeiyroBysanHs ickpoSesnedinx
OriB TS BYTUTLHIX HIAXT) 3 METOIO [T ABHIIeHHS
BuGyxOGE3NEKH HATYPHIX NiA3EMHNX POGIT Ha

BHMIPIOBANBLHIX

LY im. Cepois Kocwocy NMpAT« JITEK [aprorpazsyrisis »

My, uto Huk4e mianucasues, npererasnuk ITTM HAH Vipaiuu - crapuiuit

waykommit cpyarik Jlonarui B.B. 3 oanoro Goky i npeactapnuk LY im. Iepoin

Kocumocy TpAT iK [Massorpameyrizsas » - 3am, TonosHoro itwkenepa JloTuit
M.O. 3 iHworo Goky cl et akT mpo Te, mo cnispobitimk IFTM HAH
Vipainu nepeias MaTepian HayKoBO-IOCHIAHHULKOI POSOTH 10 [iABKIICHHIO
BHOYXOBE3NEKH (IPH NPOBEIEHH] HATYPHKX 1IA3CMHHX POGIT 3 BUMIPIOBANBHOK
anapatypolo  y  euraal  «PexoMenzauil 3 TexHiumOro  0GCAYrOBYBAHHS
ickpoGesneurnX BUMIPIOBAILHIX JANWOME AT BYriAbHMX WAXTY POIPOGIEHO
AoKTOpOM TexHiuknx Hayk Jlomatinmm B.B. wa Y iv. lepoin Kocviocy TIpAT
ITEK Hannorpassyrisim

Crapumii nayxosuii cTpy s 3aw. Fontosroro imkcHepa

IFTM HAH Yipainn LY im. Tepois Koenocy
TMpAT« ATEK Masnorpaasyrians »
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Pucynok 3 — Akt nepegaui na IITY im. I'epois
Kocmocy IIpAT« ATEK IaBaorpaaByrisis»
y 2021 poui
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B 2021 poui mo akty (puc. 3) Oynu nepenani
«PexoMeHpmariii 3 TEXHIYHOTO OOCIYTOBYBaHHSI
ICKpOOE3MEeYHNX  BHUMIPIOBAJIBHMX KT JUIA
BYTUIBHUX  IIAaXT» 3  METOI0  IiJBUIICHHS
BUOYX00€3MeKH HATYpHUX Mig3eMHHUX pooiT HalllyY
M. I'epois Kocmocy [IpAT« ATEK
ITaBorpagByTULIL.
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