ANEKTPOYCTAHOBKWU BO B3PbIBOOIMNACHbIX 30HAX
Uckpobe3onacHble 3feKTpUYecKue uenm

3awmTa BMaa «MckpobesonacHan aNeKTpuuecKkan uenb» ABASETCA OAHOM UX CaMbIX CaMOWM
PACNPOCTPAHEHHbIX B MPOMbILW/IEHHbIX KOHTPOANEPaAX.

Perynnpyet npumeHeHme 3Toro snaa 3awmTbl ctaHgapta NOCT P 51330.10-99
«dneKTpoobopyaosaHue 3awmweHHoe. Yactb 11. UcKkpobe3onacHas aneKTprUUYecKan Luenb i».

OcHOBHbIe onpeaeneHna AOKYMeHTa

Uckpobe3onacHOM Ha3bIBAOT 31EKTPUYECKYIO Lienb, B KOTOPOM UCKPEHUE HE Bbi3biBAET
BOCNaMeHeHMe ¢ BepoAaTHocTbio 6onbwen 0,001, a ntoboe TennoBoe BO3AeNCTBME HE CNOCOBHO
BOCM/1IAMEHUTb B3PbIBOOMACHYO CMeCh.

UckpobesonacHoe aneKTpoobopyaoBaHue — 31eKTpoobopyaoBaHME, B KOTOPOM BCe
3NeKTpMYecKkMe uenm nckpobesonacHole.

CBA3aHHOe 3/1eKTPoobopyaoBaHMeE — 3/1eKTPO0OOPYA0BaHNE, KOTOPOE COAEPKNUT KaK
nckpobesonacHble Tak U UCKPOONACHbIE LLenu, NPU 3TOM KOHCTPYKLUMA 31eKTpoobopyaoBaHmA
BbINO/IHEHA TaK, YTO MCKPOOMACHbIE Lenn He MOryT OKasaTb OTPULLATENIbHOIO BAMAHUA Ha
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Uckpobe3onacHble 3feKTpUYecKue uenm

CBA3aHHOe obopyaoBaHme obecneynBaeT nepeaadvy MHGopmaumm mexay B3pbiIBOONACHOMN U
6e3onacHoM 30HaMMU.

MNpumep

MpeobpasoBaTtens nHTepdericos RS-232 n RS-485 copepKnT NCKpoonacHble uenu nHtepderica
RS-232 n nckpobesonacHbie uenun nHTepdenca RS-485, mexay KOTOPbIMU CYLLLECTBYET
HenoBpexkaaemoe (B cmbicne FOCT 51330.10) pa3geneHune, To OH OTHOCUTCA K CBA3AHHOMY
obopyaoe

VckpoonacHsle Lenu MckpobesonacHble Lenm

RS 232 RS 485

TUNUYHBIM NPUMEPOM CBA3AHHOro 060pya0BaHUA ABAAIOTCA Bapbepbl
nckpobesonacHoOCTK.

B mapKupoBsKe cBsAi3aHHOro 060pya0BaHNA NPUCYTCTBYHOT KBagpaTHbIE CKOOKM,
Hanpumep: [Exia] IIC. B mapknpoBKe nckpobesonacHoro ob6opyaoBaHMA UX HET,
Hanpumep: ExiallCT6.
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HopmanbHbIN pexkum paboTbl — 370 ...

MNoBpexaeHue - nospexxaeHne ntoboro anemeHTa, pasgeneHns, U3oNaUnUmM NN coegnHeHuns
MeX Ay 3IeMeHTaMK Npu NPoBeAeHUN UCMbITaHU HA UCKpoHe30nacHOCTb.

YuntbiBaemoe noBpexKaeHue - noppexaeHne ntoboro snemeHTa, pasgenenmsa, U3onaumm nin
COeANHEHUNA MeXKAY 3/IeMeHTaMM B UCKpobe3onacHOM unu cBsi3aHHOM 060pyao0BaHUN,

YAOBNETBOPAOLLIME KOHCTPYKTUBHbIM Tpeb0oBaHMA HAaCTOALLEro CTaHAAPTa.

Mpumep

MoBpexaeHWe pe3ncTopa, eCIM OH HarpyXeH He bonee Yem Ha 2/3 OT HOMWHANLHOIO TOKA U HaMNPAXKEHUA.
Ecnun Harpyska npesbiwaeT 3T0 3HaYeHMe, TO CYHUTAETCA, YTO PE3UCTOP YXKe NOBPEeXKAeH.

HeyuutbiBaemoe noBpexgeHue - nospexgeHune noboro IN1eEMEHTAa, pa3aeneHnda, nsonaumm
Uin coeanHeHnAa mexxay anemMmeHTamm B MCKpO6e3OI'IaCHOM nin CBA3aHHOM O60pyﬂ,OBaHMM, He

YAOBNETBOPAOLLIME KOHCTPYKTUBHbIM TPebOoBaHMA HACTOALLLErO CTaHAAPTA.

Mpumep

MoBpexaeHnA 3a30poB WrpuHon meHee 0,5 mm, T.e. A1A OLEHKM YPOBHA UCKpobe3onacHocTu cneayeT
CYMTaTb, YTO OHM NOBpPEKAEHbI BCerga.

HenoBspeXKaaemblit 31eMeHT UK c60pKa 31eMEHTOB — 3/IEMEHT UK COOPKa 3N1EeMEHTOB,
KOTOpbIE YA0BNETBOPAOT TPeboBaHMAM HACTOALLLEro CTaHAapTa U He noaBepratTca
NOBPEXAEHUAM, YKa3aHHbIM B HAaCTOALLEM CTaHAapTe. BepoATHOCTb TOro, YTO Takne NOBPEXAEHUA
Npou3onAayT B pe3ynbraTe 3KCnayaTauumn Uam XpaHEeHMA CYUTAOTCA HAaCTO/IbKO HU3KUMMU, YTO He
NMPUHMMALOTCA B PACYET.

To ke camoe ana nsonaunm (Henospexkgaemoe pasaeneHue).
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MaKcumanbHoe BbIXOAHOE HanpAXeHUe NOCTOAHHOTO TOKa uau apdpeKTMBHOE 3HaueHue
nepemeHHoro Toka (U,,) — makcnmanbHoe HanpaxKeHne, KOTopoe MOXKeT BbITb NPUNOKEHO K
COeANHUTENbHbIM YCTPOMCTBAM MCKPOONACHbIX LLEenen CBA3aHHOIO 3neKTpoobopyaoBaHms bes
HapyLeHU Nckpobe3onacHOCTH.

MakcumanbHoe BxogHoe HanpsaxkeHue (U,) - makcumanbHoOe HanpAXKeHue, KoTopoe MOXeT
6bITb NPUNOKEHO K COEANHUTENBbHBIM YCTPOMCTBAM UCKpOobHe3onacHbIX Lenen cBsA3aHHOIo
anekTpoobopyaoBaHuA 6e3 HapyLweHU NcKkpobesonacHOCTH



ANEKTPOYCTAHOBKWU BO B3PbIBOOIMNACHbIX 30HAX
Uckpobe3onacHble 3feKTpUYecKue uenm

Ona Toro, YTobbI 3NEKTPMYECKan Lenb bblna nckpobesonacHom, HEOHXOAMMO YA0BAETBOPUTD
MHOXXecTBy TpeboBaHUM

Cmbicn TpeboBaHuii FOCT P 51330.10-99 «dnekTpoobopyaoBaHue 3awmueHHoe. Yactb 11.
Nckpobe3onacHana aneKkTpuyeckas uenb i» CBOAUTCA K OrPaHUYEHUIO SIHEPTUN U MOLLLHOCTU UCKPbI
A0 6e3onacHbIX 3HaYeHUN. BO3MOXHOCTb 3alLUTbI OT B3PbiBa TAKMM CNOCOOOM OCHOBAHa Ha TOM,
4YTO BOCM/IAMEHEHMNE U B3PbIB MPOUCXOAAT TONIbKO NPU YCIOBUU, €C/IU SHEPTUU UCKPbI A0CTAaTOYHA
ANA UHULMANM3aUnM UENHOW peakuusa ropeHuns. BeanunHa sHeprum BocniameHeHus Konebnetca
oT 60 MK Ana BoAOpPOAHO-BO3AYLWHOM cmecu Ao 8...50 mK Ana 3epHOBOM MbINM.

Ons orpaHnUYeHuns sHeprum NcKpbl W HYXKHO OrpaHMYnTb TOK, HanpaXKeHne U
NPOAO/IKUTENIbHOCTb MCKPEHUA, TAaK KaK

W = [u()i(t)dt

rae u(t) — HanpsaXkeHne mexxay UCKPALWMMU NPOBOAHUKAMMU;
i(t) — TOK UCKpbI;
T — NPOAO/IKUTENIbHOCTb UCKPEHMUA.



ANEKTPOYCTAHOBKWU BO B3PbIBOOIMNACHbIX 30HAX
Uckpobe3onacHble 3feKTpUYecKue uenm

KakK aTo caenatb?

OrpaHWYeHMe TOKa BbINMOHAETCA C MOMOLLbIO PE3UCTOPOB, OrPaHUYEHME HaNPAXKEHUA - C
MOMOLLIbIO CTaBUNUTPOHOB, OrpaHNYeHNEe ANUTENIbHOCTU UCKPEHUA - C MOMOLLLbIO NOCTOAHHOM
BpemeHu RC uan L/R.

CtaHaapT BBOAMT TPU YPOBHA HE30NacHOCTM 3/IEKTPUYECKON Uenu: ia, ib, ic.

Uckpobe3onacHasn uenb ypoBHA ia

Mpw npunoxeHnn HanpaxeHnn U, n U; nckpobesonacHble Lienn 3Toro ypoBHA He AO0/IXKHbI
BbI3bIBaTb BOCM/JIaMEHEHUA B3PbIBOONACHOM CMECKU OT TEM/I0BOrO BO3AENCTBUA, @ OT UCKPEHUA C
BEPOATHOCTbIO 6onbliei 1073 B cneayowmx cayyanx:

- npu Hopmaanoﬁ pa60Te U BBedeHNN BCEX HEYHYNTbIBAEMbIX I'IOBpe)Kp,EHMi;I, co34aloWunx
Hanbonee onacHble yc/s10BuUA pa6OTbI;

- npu HOpN\a}'IbHOﬁ pa60Te 1M sBeageHNN oaHOIro y4ynTbiBaemoro n Bcex Hey4mTbiBaemMbliX
nospem,u,eHMﬁ, COo344aloWunx Hanbonee onacHble yCcn10BUA pa6OTbI,'

- npu HOpN\a}'IbHOﬁ pa60Te M BBeaeHNN ABYX YUUTbIBAEMDBIX U BCEX HEYHUTbIBAEMDbIX
nospem,u,eHMﬁ, COo344aloWunx Hanbonee onacHble ycnoBuA pa6OTbI.
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UckpobesonacHas uenb ypoBHA ib

Mpu npunoxeHnn HanpaxeHun U, n U; uckpobesonacHble Lenn 3Toro ypoBHA HE AOKHbI
BbI3bIBAaTb BOCMN/1IAMEHEHWA B3PbIBOOMNACHOM CMECU OT TEMJIOBOrO BO34ENCTBUA, @ OT UCKPEHUA C
BEPOATHOCTbIO bonbliei 1073 B cneayowWwmx cayyanx:

- npu Hopmaanoﬁ pa60Te 1M BBEOEHNUN BCEX HEYHNTbIBAEMDbIX nospem,u,eHMﬁ, cosgarowmnx
Hanbonee onacHble yca10BuUA paGOTbI,'

- npu HOpMaﬂbHOVI pa60Te 1M BBeaeHNN O4HOINo y4mnTblBaemoro n BCexXx Hey4mnTbiBae€MbliX
I'IOBpE)K,EI,GHVIVI, COo344aloWunxX Hanbonee onacHble ycnoBuA pa6OTbl.

Uckpobe3onacHas uenb ypoBHA ic

Mpw npunoxeHnn HanpaxeHnn U, n U; nckpobesonacHble Lenn 3Toro ypoBHA He AO0/IXKHbI
BbI3bIBaTb BOCM/IaMEHEHWNA B3PbIBOONACHOM CMECKU OT TEM/I0BOrO BO3AENCTBUA, @ OT UCKPEHUA C
BEPOATHOCTbIO 6onblien 1073 B cneaytowmx cayyanx:

- npu HOpMa}'IbHOl;i pa60Te 1M BBeAEHNUN BCEX HEYHNTbIBAEMDbIX I'IOBpe)Kﬂ,EHMI‘/JL co34aloWwunx
Hanbonee onacHble ycs10BuUA pa6OTbI.
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[na Toro, 4To6bLI INEKTPUYECKan Lenb bblna nckpobesonacHon, HEO6X0AMMO yA,0BNETBOPUTD
MHOeCTBY TpebOoBaHMIM, KOTOPbIE U3/I0XKEHbI B CTAHAAPTE.

TexHMYeCKKn NoBbIWEHME YPOBHA MCKPOHE30NACHOCTM AOCTUIAETCS Pe3epPBMPOBAHMEM UK
npumeHeHnem Henospexaaembix (B cmbicie FTOCT 51330.10) anemeHTOB.

YcTpoiictBa (KOHTpoAnepbl, MOAYN BBOAA-BbIBOAA, AAaTYMKMU, UCMIONHUTENIbHbIE MEXAHU3MbI),
NPUMEHSieMble Ha B3PbIBOOMACHbIX 06beKTax, A4enaTca Ha Tpu BonblunX Knacca:

— YCTPOWCTBA, ABAAIOWMECA NONHOCTbIO MCKPOobe3onacHbIMU;

— YCTPOWCTBA, OTHOCALWMECA K ''cBA3aHHOMY 000pyA0BaHMIO", KOTOPbIE COAEPKAT KaK

NcKpobe3onacHble, TaK U UCKPOOMACHbIE LLeNu, MPUYEM UCKPOOMACHbIE LLEeNU HE MOTYT BAUATb

Ha MCKpobe3onacHble;

— 0bbIYyHbIE yCTpOl;‘ICTBa, npmmeHaemble COBMECTHO C 6apbepaN\M MCKpO6e3OI'IaCHOCTVI.
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MckpobesonacHbie YCTPONCTBA MOTYT HbITb PACNOJIOXKEHbI Kak BHYTPU B3PbIBOOMNACHOWM 30HbI,
Tak 1 BHe ee.

CBA3aHHOe 0bopyaoBaHME MOXKET pacnonaraTbCs TO/IbKO BHE B3PbIBOOMNACHOM 30HbI, HO €ro

NcKpobesonacHble Lenu MoryT MATU BHYTPb B3PbIBOOMACHOM 30HbI (MCKpobHe3onacHbIMKU ABAAOTCA
uenu nHtepdeirica RS-485 n nutaHua 12 B, 0,9 A).
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MpY NPOEKTUPOBAHUM KOHTPOJI/IEPOB C UCKPOHE30MacHbIMU LENAMU NPUHUMAIOT Mepbl, YTOObI
Ntobble HEUCNPABHOCTU B YCTPOMCTBE HE MOT/IN BbI3BaTb UCKPY MW HArpeB NOBEPXHOCTU A0
onacHou Temnepatypbl. OAHAKO B pe3y/sbTaTe MOHTa)Ka CMCTEMbl aBTOMATU3aLMN NOABAAIOTCA
NONO/THUTE/IbHbIE EMKOCTU U MHAYKTUBHOCTM Kabenen, a TakkKe BXOAHble EMKOCTU U
NHAYKTUBHOCTU APYTrUX YCTPOMCTB, KOTOPbIE, CYMMUPYACb, MOTYT NPEBbLICUTb AOMYCTUMbIE
3HauyeHus. MoaTomy Ha Kopnyce UckpobesonacHoro o6opya0BaHNA YKa3bIiBAlOT HE TOJIbKO ero
CObCTBEHHbIE MapaMeTpbl, HO U A0NYCTUMbIE MapaMeTpPbl NoAgKAtoYaeMbIx uenen. K Takum
MnapameTpam OTHOCATCS cneaytoLime:

— MaKCMMa/IbHOE HaNPSAMKEHNE HA UCKPOOINACHbIX 3aXKMMaX CBA3AHHOI0

aNeKTPoobopyaoBaHUA, KOTOPOE eLle He NPUBOAMUT K HapyLLEeHUIO NCKpobe3onacHoCTy;

— MaKCMMa/IbHOE BXOAHOE HaMpsMKEHUEe Ha KIeMMaXx UCKpobe30nacHbIX uenen, KoTopoe elle

He NPUBOAUT K HApYLUEHUIO UCKpobe3onacHoCTY;

— MaKCMMa/IbHOE BbIXOAHOE HanpsiyKeHNe, KOTOPOE MOMKET MNOSBUTLCA HA 3aXKMMaX

Mckpobe3onacHbIX Lenew B Cly4ae NPUNOKEHUA K HEMY MaKCMManbHbIX 3HaveHnn U, n U;

— MaKCMMa/ibHbI BXOAHOM TOK, KOTOPbIA MOKET NPOTEKaTb B COEAMHUTENBHbIX LENAX MeXKay

NCKpobe3onacHbIMKM YCTponcTBamm 6e3 HapyLeHMs NCKpobe3onacHoCTy;

— MaKCMMa/ibHbI BbIXOAHOM TOK, KOTOPbI MOKET NPOTEKATb B COEAUHUTENbHbIX LLensx

MeXxAay cKkpobesonacHbIMK YCTPONCTBAMM B C/TyHae NPUNOKEHNA MAKCUMA/IbHbIX HAaNPAXeHNN
u.,nwu;
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— MaKCMMa/ibHas BXOAHAs MOLLHOCTb MCKpobe3onacHOM Lenu, KoTopas MOKEeT paccemBaTbhca
B 3/1eKTPO0OOPYAOBaHMN Be3 HapyLLEeHNA ero CKPobe3onacHoCTY;

— MaKCMMa/ibHas 3NeKTPUYEcKan MOLLHOCTb Ha BbIXoAe NCKPoHe3onacHoM Lenu yCTpomncTBa;
— MaKCMMa/ibHOEe 3HAYeHME EMKOCTU, KOTOPOE MOXKET ObiTb NOAKNHOYEHO K KIEMMAM
ycTpoicTBa 6e3 HapyLweHUa ero ckpobesonacHoCTH;

— CYMMapHas 3KBMBANIEHTHAA BHYTPEHHAA EMKOCTb YCTPOMCTBA, KOTOPaA MOXKET OKa3aTbCA
NOAKNIOUYEHHOM K ero Knemmam;

— MaKCMMa/ibHOE 3HaYeHMe UHAYKTUBHOCTU, KOTOPOE MOKET ObITb MOAKAOYEHO K KN1eMMaM
ycTpoicTBa 6e3 HapyLweHUa ero ckpobesonacHoCTH;

— CYMMapHanA 3KBMBAJIEHTHaA BHYTPEHHAA UHAYKTUBHOCTb YCTPOMCTBA, KOTOPaA MOXeT
OKa3aTbCA NOAKMOYEHHOM K €ro Knemmam;

— MaKCMMa/ibHOE OTHOLLUEHNE UHAYKTUBHOCTU K CONPOTUB/IEHUIO BHELLHEN 3/1EKTPUYECKOM
LLenn, KOTOpPoe He HapyLLAeT ero MCKPobe3onacHOCTb;

— MaKCMMa/IbHOE OTHOLLEHNE BHYTPEHHEN MHAYKTUBHOCTU K BHYTPEHHEMY CONMPOTUB/IEHUIO,
KOTOPOE MOMKET UMETb MECTO Ha ero KJiemmax.
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BAOKK UCKpPO3aLUTDbI

Ona obecneyeHna NCKPoHe30MacCHOCTU MOXKHO:

— WCMOo/1Ib30BaTb KOHTPOANEPbI UM MOAYAM BBOAA-BbIBOAA C MCKPOHE30NaCHbIMM LEenamu.

—  MCNONb30BaTb 610KN UCKPO3aLWmTbI (Bapbepbl 6e3onacHoCTH).

BTopoi cnocob ropasao Aopoxe nepBoro, Ho yaobeH tem, 4To bapbepbl 6e3onacHOCTH
ABNAKOTCA YHMBEPCA/IbHbIM CPEACTBOM 3aLUTbl M MO3STOMY NO3BONAIOT CAENATb BbIOOP HYKHOFO
KOHTPOJ1/Iepa U3 OFPOMHOTI0 pPa3Hoobpa3nsa KOHTPOIEPOB, HE MMeRLLMX MCKPobe3onacHbIX
uenemn.

Bapbepbl 6e30nacHOCTU MOTYT HBbITb NACCUBHBIMM N aKTUBHbIMMU. [TaccmBHble Bapbepbl CTPOATCA
Ha Anoaax, CTabuanTpoHax, pe3ncTopax n NnpeaoxpaHnUTensx, NoOMeLLaTca B Hepa3bopHbIi
KOpMycC 1 3a/IMBAOTCA KOMMNAyHAOM A1 UCK/IOYEHUS BO3SMOXKHOCTM UX PEMOHTA.

AKTMBHble Bapbepbl NPeacTaBAAOT cOO0M NOBTOPUTENN CUTHANA, COCTOALLME U3
NCKPOobe30nacHOM N MCKPOOMNACHOM YacTK, KOTopble pa3aeneHbl ONTPOHAMMU U
TpaHchopmaTopamu.

KoHcTpykuma 6apbepoB 6€30nacHOCTM A0NXKHA UCKAOYaTb BO3MOXKHOCTb HEMPABUIbHOIO
MOHTaXKa, Hanpumep, C NOMOLLbIO aCUMMETPUYHON GOPMbI KpenaeHua bapbepa Nau LBETOBOW
MapPKUPOBKM.
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Cxembl NaccnBHbIX 6/10KOB MCKPO3aLlWUnTbI

;

A B C

CTabununtpoH V,; orpaHMYMBaET HanpaxKeHue mexay CBOMMM BbiBogamm (cxema A), nosTomy
TOK W Hanps)KeHne, KOTOpble MOTyT NOABUTCA HA 3a*KMMax MCKpobe3onacHoM uenu, CTporo
OrpaHUYeHbl N He 3aBUCAT OT HAaNPAXKEHUA HA UCKPOOMNACHbIX KIeMMax.

Bapbepbl paccumnTbIBAOTCA B NPEeANONOKEHUN, YTO HA UCKPOOMACHbIX KIEMMax MOXeET
NoABUTLCA ceTeBoe HanpsaxxeHue 220B. nAa Toro, 4Tobbl NOBLICUTbL HAaAEXHOCTb bapbepa,
CTabUANTPOHDBI AYOANPYIOT UM TPOMPYIOT B 3aBUCUMOCTM OT Tpebyemoro ypoBHS
nckpobesonacHocTn. ToK yepes cTabUANTPOH orpaHnyYmMBaeTca pesanctopom R, . YTobbl TOK He
MpeBbICKUA AOMNYCTUMbIE Mpeaesibl, NCNONb3YIOT NpeaoxpaHuTens F; .

Ha nepemeHHOM TOKe NPpUMEHSIOT cxeMy BapbepoB CO BCTPEYHO BKAOYEHHbIMM
cTabunntpoHamu (cxema B).

Ona nepepaun anddepeHuUnanbHOro cMrHana NCnonb3yoT Lienb, NOKa3aHHY Ha cxeme C.
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BNOK MCKPO3aLWMTbl OTHOCUTCA K CBA3AHHOMY 060pyA0BaHUIO, OH YCTaHaB/INBAETCA BHe
B3PbIBOOMNACHOM 30Hbl.

Bapbepbl Ana TepmonpeobpasoBaTenen CONPOTUBIEHUA OTAMYAIOTCA OT bapbepos AnA
TepmMmonap, AUCKPETHbIX CUFHA/IOB UM aHANOTOBbIX CUFHA/OB.

Bapbepbl, BXoAALLIME B COCTAaB M3MEPUTENIbHOIO KaHana, OTHOCATCA K CpeAcTBamM U3SMEPEHWN U
XapaKTepu3yoTCA NOrpPeLHOCTbIO Nepeaaym curHana. B naccmBHbIX bapbepax MCTOYHUKOM
MOrpPeLLIHOCTU ABAAIOTCA YTEYKU CTabUANTPOHA N HEHY/IEBOE CONMPOTMBAEHME PE3UCTOPOB,
KOTOPOE COCTaBNAET AENUTENb HANPAXKEHWUA C BXOAHbIM CONPOTUB/IEHUEM Harpy3Ku.
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Mpumepbl bapbepos



