
SrccneprHoe 3aKJrroqeHr.re

rro r{HBeCTHUHOHHOMy rrpoeKTy

<Hoe a,f, TexHo Jro rt r,rr p aHHero rrp eAyrrp ex{A e:rtkrfl Her,rclp aB Ho crr4
oneKTp o o 6 opy4o Balr4fl, r4 rrox ap o o [acHbrx curyaqufi

Ha o6reKTax focrcopuopaquv pocarou>>

Ilnnquarop pa3pa6orrcn : OOO <TepvoereKrpr4Ka))
3aruro'reHae noAroroBJreHo rlo [peAcraBJreHHbrM MarepkranaM: AoKJraAy,

np e3 eHTarJkrkr, p a3 !'aro rr HhrM Marep r,r€il au, o 6p as q au u:4 enufi .

Ile;ru r 3aAaqu pa6oru
flpone4euue ucnstrarruit (ounrnofi oKcnJryararyuu) H BHeApeHue cr{creMhr

paHHero npeAyrlpexAeHllt Hel4crrpaBHocrr4 sneKTpoo6opy4onannfl H rrolrapoorracHbrx
cnryagnit.

Anrya.nrHocrb reMbr
HeucnpaBHocrb 3JleKTpooSopy4onanrax .rrBJrflercr nropoft ro 3Haqr.rMocrg

npzuzHofi lox{apoB. Tolrro s 2015 ro4y Lrc+a HapyrxeHkrfl. rrpaB2rn oKcnnyararJukr u
MoHraxta eneKrpoo6opy4onaru4fl u sJleKrpoilpz6opon npor43orrno Solee 40 *rcsq
rox{apoB (27,9 Yo or o6qero qucra uoxapon) , o6r4uir Marepz€ilrnufi yqep6 cocraBr4Jr
6onee 6 unpA. py6rcfi., a x{eprBaMr4 rrox{apoB, cB.f,3aHHbrx a Her4crrpaBHocrbK)
sneKrpoo6opy4onaHzx craJrv 6oree 1,8 Tbrcqq qenoBeK. oco6yro olacHocrb
rlpeAcraBJlglor Bo3ropaHzfl, rroxapbr vr aBaptrlz, cBfl3aHHbre c gneKTpoo6opy4onaHr,relu,

Korophle [poucxoAflT Ha oco6o BaxHbIX oSrercrax, K KoropbrM orHocflTcfl o6terru
f ocropno paL\nLr P o carou.

B rIoAaBJUIIoqeM 6onrruuncrne cnyqaeB Bo3ropaHr4e 3neKTpoosopy4onanux
IIpOI4CXOA?IT VI3'3a [eperpeBa oTAenbHbIX 3JTeMeHTOB sneKTpoo6Opy4Onanzx. oco6yro
orracHocTb rrpeAcTaBJlrroT sleKTpr4qecKr4e KoHTaKTbr

cpIJIoBbIX qeuefi. Cle4yer 3aMerkrrb, rrro pa3BHTr4e

lpor{cxoAtrr crroHTaHHo. llpu rrJroxoM KoHTaKTe

v ycTpoacTBa KOMMyTardr4z

TaKr{x Her{clpaBnocrefi He

o6pa:yercx rroBbrrueHHoe
conporLIBJIeHI4e, a) cJle,4oBareJrbHo, kr r{croqHuK rroBbrrrreHnofi revrneparyphr. llp"
-noBTopHo-KparKoBpeMeHHoM pexuMe pa6oru, xapaKTepHoM Anfl 6onrruefi qracru
sneKTpoooopyAoBaHl4t, nporlcxoA.ar perynrpHue r<ole6alanfl TeMneparypbr B Mecrax
KoHTaKToB. Bcne4creue rerraueparypHofi 4esopvraquu Mer€urJra [poucxoAtrr
<<pa^:6alruBaHlle) KoHTaKToe. Kpovre rofo, 9To ycyrylrsercxoKlrcJreHr4eM KoHTaKrsofi
-IIJIOIIIaAKLI, r{To BbI3bIBaer 4alurefiruee yBenuqeHze gneKTpkrqecKofo conporr4B Jre;glkrfl pr

pocr HalpeBa. B clyvae, ecrur pf,AoM c rar<ofi <<ropxuefi roqr<ofi>> HaxoA.flTcr roprcqr4e



Marepx.IaJln (naupuMep, I'I3oJIf,III4t npoBOAoB, Kopryca gneKTpoycraHoBoqHrrx zsnerzfi
u r'n'), To TaKI4e MaTepI4aJIbI MoryT BocIrnaMeHLITbcfl. llo zccleAoBaHlrsM OfEy
BFlkfutrro MtIC Poccun Anf, BocrJIaMeHeHI{r Lr3olrflr\nu ueodxo4zMo Bo3.rleftcrrne
MoulHocrbro or 40.uo 60 Br.

Tarxe cneAyer orMerl4Tb BrTkrflHue nonrrurenuofi TeMleparypbr IIa
SneKTpl4qecKyro npoqHocrb 3neKTpor43OJrrrIr4OHHhrx Marepr{anoB. lIosbIII]eHHaS
TeMrleparypa clocodHa clpoBoqrrpoBarb npo5ofi Lrconflli|/:u_ c 4anruefirurrM pa3Br4rrreM
anapuituoir curya4Luu. frpu eroM raKafl reMrreparyp a 6yger MHoro Hr4xe reMrreparypbr
caMoBocrJIaMeHeHI4.[ LI3OJIf,III,TOHHbTX MarepzanoB K rrpr4Mepy reMneparypa
caMoBo3ropaHkrfl IIBX cocraBnqer oKoJIo 380-390 oC, B ro BpeMr KaK yxyArrreHr4e
AI4eneKrpLIqecKpIX cnoftcrn nBX Har{I,IHaercr y)Ke or 85 oC. llpo6ofi ugonsqvu rrc-3a
norepl4 Al{SneKTpvqecKux ceoficrn BbI3oBer Bo3HHKHoBeHr{e ropa3Ao 6onee MouIHo;o
I4CTOqHI4Ka rerrJra, r{eM nepexoAHoe colporl4BJreHlle IJIOXO|O KOHTaKTa, qro npl4BeAer K
6rrcrpovrypa3Br4Tr4rcayapnitroff craryarJvrkr.

B coBpeMeHHoM MHpe He cyqecrByer HaAe)KH'rx v rrpocrbrx cr{creM
"aBToMarllrrecKoro o6napyNennfl. rleperpeBoB JroKaJrbHbrx yqacrKoB
sJleKTpoo6opy4onauux (rraecr KoHTaKTa, orAeJrbHbrx DJTeMeHToB oneKTpooSopy4on a11u1
I4 sneKTpI4qecKI'IX uaurran). CyrqecrnyloIr1l4e perxeHr4rr cJro)KHbr r{ Aoporrr, qro He
rIo3BoJI-[er rIpI4MeHflTb vrx noBceMecuro. llpu groM KoHTpon[poBarb cpe4neo6beMHy]o
"TeMrleparypy BHyrpI{ sneKTpI4rrecKI,IX o6texros c r{eJrbro pauHero o6napyx e;glvrfl
aeapuitnofi ckrryarlr4vr 6eccurrcreHHo KaK rrpaBr,rJro, JroKzurbHbre nepelpeBbr,
TIpHBOATITIUe K BO3rOpAHkrflM krlrv aBapr4flMl, AO HA'cl?Ura crpeMr4TeJrbHofo pa3Burm'-
anapnfiuoir cvrryarrurur [paKrzqecKr4 He MeHrror cpe4neodbeMHyro reMreparypy.
-fto6rre cyqecrByloull4e craHAaprr43oBaHHbre pe[reHLrr B o6racru noxapnofi
aBToMarr4Kkr HalpaBneHbr Ha o6HapyxeHkre Bo3fopaHzr. laNe ra3oBbre Lr

acnldparJ.voHHble rroxapHhle r{3BeulareJrr4, Koropbre cpa6arrrnaror paHbrxe ApyrAX
cylllecrByloull4x I43Berqarelefi (reulonux rorreqHblx, AbIMoBhIX Jrr4Hefinrrx u orrrr.rKo-
sJreKTpoI{HbIX, In<N@ I8Berlarelefi nrauenz), o6napyxr4Baror MoMeHr, KorAa yx{e
HarIaJICf, rlpoqecc TepMoAecrpyKrlr,rr4 rronr4MepHbrx MarepnanoB, T.e. KOfAa
reMneparypa JroKaJrbHoro yqacrKa npeBbr culta 1 5 0- 1 8 0 . C.

[ttt' paHHero BbLaBJreHI4{ npeAnoxapHbrx u lpeAaBapufinrrx cnryuquirt,
cBt3aHHhIX c noKanbHblM rleperpeBoM sneKTpoo6opy4oBaHvrfl,, aBTopaMr4 npeAno)KeH
npocrofi MexaHI43M, 3aKJlloqarotquitcx B HaHeceH:rrkr HagJreMeHT gneKTpoo6opy4onauux,

crcnonnrrfi K HarpeBy B auapuitwoit cvrryar\uvy cileqi,;raJrbHoro KoMno3r4rlr4oHHoro
ldarepueJra, roroprtfi rpLI HarpeBe BbIIrre onpelenenHofi (:a4anuofi) renrueparypbr
BhIAeJIter czrnalbllbrfi ra3-MapKep, o6HapyxzeaeN{rrfi cnequ€LJrbHbrM AarrruKoM.
Taxzvt o6pa:ovt, o6uapyNeHl4e Her4crrpaBHocrr{ [por{cxoALrr Ha cra1vrvr, KofAa HarpeB
sJIeMeHTa 3neKTpoo6opy4oeanza (npoBoA, gJreKTpr4qecKlrfi ron:rarr, urvrHae gJreMeHT

sneKTpoycraHoBoqHoro uz4etut) rpeBbllxaer Aonycrr4Mbre 3HaqeHLrr (80-130 oC), Ho



etrIe He BhI3bIBaer repMl4qecxofi 4ecrpyKru4r4 Marepr4anoB, crrocodnrrx K Bo3ropa;1vrro) a
TaKXe I4HbIX ueo6paruMblx uocne4crnrzfi v [poqeccoB, Koropbre Moryr du6
o6HapyxeHbl craHAaprHbIMId rexHnqecKr{Mr.r cpeAcrBaMrl [oxapHofi asroiuarr4Kr4.

3naqr.rnaocrb pe3yJrbraroB pa6orrr
llpe4roNeHHaq pa:pa6o*a qBrrercs pe3ynbraroM

accneAoBaHLrfl 14 He r4Meer 6nHsxr4x ana-toron. c oauofi
M e xAr4 c rlr4 rrn r{H apH o f o

cTopoHbl, 3TO flBIrfleTCfl
orIeBkrAHbIM AocrolrHcrBoM pa6orrr, a c Apyrofi - ocno)KHter ee BHeApeHI{e, TaK KaK
orcyrcrByer HopMarkrBHafl 6aza gnx uo405nrrx BT4AOB :aZilertuit.

llo reue [poeKTa aBTopaMLI noAaHo ABe 3a.rrBKu Ha rrareHT ,n oAHa Ha rroJre3Hyro
MoAeJIb' qTo TaK)Ke [oITBepx{AaeT HayqHyrc I4 [paKTr4rlecKylo HoBLr3Hy.

B KOJIJTOKTEB aBTopoB BXoA-sr MonoAhre yqeHbre rro opraHr4rrecrofi H
HeopfaHll'Iecrofi )(LTMLTLT' Su:ure, crrelll4anldcrbr B o6lacrz noxapHofi aeroNaaruKz.

OcnosHa-f, HoBLI3Ha rlpeAnolresnofi pa6oru cocror4T n paspa6orKe cneqkr€urbHoro
MllKponopucrofo KoMIo3I4III4OHHO|O Miltepr4aJra, B nopax Koropofo coAepxr4Tcf
cllelll4anbuufi QropopraHl{qecrzfi ra3-MapKep. CraHre3 rroJrr4Mepa rpor4cxoAr4r raKr,rM
o6pa^:otr't, qrodrr [onyqeHHble rropbr, c o4nofi cropoHhr, 6uru rroJrHocrbro
repMerI4r{HbIMLI vr o6ecne'rzBaJrkr orcyrcrBl4e az$Sy:uz c}Kr4x{eHHoro ra3a qepe3
-creHKrr B TeqeHue Bcefo cpoKa 3Kcrrnyarar\vv. c apyrofi cropoHbr, crpyKTypa
nonl4Mepa AonlKHa o6ecueqrasam nsprrnnofi xapaKTep BcKpbrrr4fl MHKpo[op xpr4
.{ocrllnteHkrv 3an:aldHofi reuueparyphl, .{rodrr pa3oBoe BbrAenegue cr4rHaJrbHoro ra3a
rIpI4Bo.4LIno K co3AaHuto rpe6yevrofi KoHIIeHTparJvru MapKepa H oSeclerrkrBzuro BhrcoKyro
-HaAexHocTb efo AeTeKTr4pOBaHkrr.

Or4elrHo cneryer noAqepKHyrb eu6op aBropaMlr paspa6orxu raphr
<<curHalrnrrfr ra3 AarrII,Ip). Bu6paunrrfi curnalrgrrfi ra3 rBJ'rerct
SropopraHl.qecKlaM coeAI4HeHI{eM, He rrpr4MeHrrercf, B cyqecrByroqr4x cr4creMax
-noxaporylrreHl4fl vr rexHoJIoft4rIecKHX ycraHoBKax, qro rro3BoJr.rrer HcKrroqr4Tb
Bo3MontHocrb JloxHrtx cpa6arrtsanuir. llpe4naraeurrfi ra3 -rrBJrrerc-rr M€uroroKcr4rrHbrM
v orHocI4Tc-t{ K qerBeproMy Knaccy oracHocrr4. 3ro rro3BoJr-f,er r4crroJrb3oBarb
[peAJlafaeMylo rexHoJIofHIO B MeCTaX, [peAycMarpr{Baroqr4x rrocro.rrHHoe upe6uBaHr4e
rlepcoHana (n r.u. B 3aKphITbIX u repMerl4rtmrx o6rexrax). CpalarrtBaHr4e 6olrlror,o
Korl4qecrBa I43Aenuit s ne6olnuoM 3auIIaIrIaeMoM o6teve He cloco6no upunecrLr K
TIOBbIIITeHI4IO KOHIIeHTpaTIAI4 CI4rH€UrbHOfO fa3a Aax{e Ao ypoBHr IIAK B sTOM O6reue.
florraelqeHvls', B Korophlx pacrronox{eHhl 3arrlr4rrlaeMbre o6rexrrr, ocTarorc.rr [oJrHocrbro
6esouacHbrMH.

Cornacno [prrBeAeHHbIM AaHHrIM, rrpeAnafaeuufi KoMrro3r4rlraoHnrrfi Marepr4an
paccquraH Ha MHoroKpaTrue cpa6arbrBaHuflo TaK KaK rropbr B rroJrr,rMepe He cB.f,3aHbr
MelKAy co6oft. B roxe BpeM{ 4nx oSHapyxeHl{-r repelpeBa AocraroqHo BbrAeJreHkrt
JILIITTb ua;lofi AOJILI 3aKrlorreHHofo B KoMno3LIIIIzoHHoM Marepl{aJre cl4rHaJrbHoro ra3a.



-Brrcorca'f, cKopocrb cpa6arue aHufl ycrpoficrea Aocrr4raercfl 3a cqer
HelocpeAcrBeHHOfO KOHTaKTa rIoJII4MepHOfo KoMrro3r4rIr4OHHOfO Marepr4ana c
H arp erhrMr{ o Jr e MeHTaM r4 9 n e Krp o o d opy gonanux.

Texnz'recrz^a pe3ynbraroM rrpeAJroxeHHoro perreH'_fl
-BeporrHocrr4 06napyNeHLrfl rrpeAno)KapHofi avrryarryu
eneKTpoo6opygoea Htrfl. Ha pauHefi cr a1lru.

,flBI-{ETC' IIOBbIIIICHKIE

vrn HerrcnpaBHOCTr{

[panrn.recKaq peaJru3yeMocrb

, flpeAJloxteHHat paspa5orr<a flBrrflerafl ar<ryamuofi Arrfl HpKA o6lexroe
focrcopuoparr4r Pocatonr, [ocKonbKy o6ecne.{zeaer rroBbrrrreHr,re HaAe)KHoc,u4
sKctlJlyara\uu [poI43BOACTBeHHbrx H sHepfofeHepr4pyrorrlkrx o6rexros. Kporr,re ro|o,
I4crIoJIb3oBaHI'Ie lpeAnoxeHsofi cl4creMbl Iro3BoJII4T rrpoBecrr4 MoHr{Topuvr :rraudoJree
y{3BrrMbIX Mecrax B sneKTpoo6opy4oBalvrv\ co6pam crarncrLrKy 14 BrrocJre AcrBnkr
BHecrkI neo6xo4uMhle KoppeKTI4poBKI4 B rrpoeKT HoBoro o6opy4oe a1vrg, a TaKXe B
HOpMaTr'rBHbre AoKyMeHTbr, pefnaMeHTl4pyrcil{Izle TCXHT4qECKOE o0cny)Kr4BaHlre
3neKrpo 06 opy4o nanrax.

flanHrrn'r orJII{tIIreM Lr [peI4MyrIIecrBoM TexHoJIofr4I4 flBlr'ercfl. To, 
".forIpoI{cxoALIT o6napyxeHl4e He yxe npol43orueAruero Bo3ropaH}r-f,, KaK oro AeJra{37

nro6ofi cyu{ecrByrorqrafi roxapHblfi zsnerqareJrb, a rrepBbrx npr43HaKoB npeAaB apnfiuctit
cvryarJvrv (a uueuno JloK€ulbnrrfi neperpeB oneKrpoo6opy4onauux), Koropbre Moryr
npLIBecTlI KaK K Bo3ropaHvIIo V IIoxapy, TaK LI K BhIXo.qy LI3 cTpo.fl o6opy4on aHvrfl,
-anapufinofi ocranoeKe rexnpoqecca 14 T.rr.

K cloNnocr-aM npaKTl4qecxofi peanIr3arlvr4 [poeKTa cneAyer orHecrrr orcyrcrB?re
cylllecrByloll{Hx fOCyAapcrBeHHbIX CTaHAaproB kr HopMarr{BHbrx AOKyMeHTOB, KOTOpbre
ycraHaBJlkrBaIrr4 6u rexuuqecKl4e rpe6onaur4fl Lr MeroAhI r4crrblTaHr4fi x czcreMaM Ha
-ocHoBe rexHoJIorHI4 u pernaMeHTl4poBilrrr{ 6rr [pr4MeHeHr4e Ha pa3n'qHbrx rr.rrrarx
o6reffios, qro cB-g3aHo B rlepBylo oqepeAb c nrrcorcofi cTerreHbro HoBr43Hbr
npe.qnaraeuoft cLrcreMbr.

Brrsonrr
llpe4noNenHufi HHBeCTr4rIUOnHrrfi [poeKT <<HOea.f, TexHoJrofr4rr paHHero

rlpeAynpexAeHl4tr HeI{crIpaBHocrI4 eneKrpooSopy4onaHtrfl u noxapooracHbrx curyaquir
Ha o6lerrax focroplopalll4z PocaroM)) AonlKen 6um rroAAepxaH rro cneryrcr{r4r\4
lpuqr4HaM:

1. llpoerr opI4eHTHpoBaH Ha pelleHr{e aKTyaJrbHbrx 3aAaq [o o6ecne.{eHulo
6esonacHo crtr ua o6reruax f ocropnopar{r4u po carou;

2. llpoexr r{Meer oqeBI4AHoe gKoHoMr4qecKoe oSocnosaHue kr rro3BoJr-rrer
rloBblcarb HaAelI{HOCTb 3KcrrnyararJnvr [por'r3BoAcrBeHHbrx oStexroe r{ yMeHbrrrr{Tb
yqep 6, cB-[3 aHHbIfi c e osHIaKHoBeHze w anapuirHbrx cHTy a;quft z no: ropanzft ;



3. llpoerr rro3BoJrrer npoBecr?r MoHriropr4Hr
sireKTpoo60py40na Hu[. Ha rrpokr3BoAcTBeHHhrx 14 eHepf ofeHepr4pyrorqux

HaIelKHoCTr4

o6rerrax.

rlo pe3yJlbraraM npone4euuofi oKcrreprr43br peKoMeHAyro focropuop ar\Hu
<<Pocarou>> paccMorperb Bo3MOX(HOCrb 3aKnroqeHrrr KoHrpaKra c ooo
<<TepuoeleKTpr.rKa).

-Hay.rHufi pyKoBoArrreJrb
-nepnuft 3aMecrzreJrb
reHep€urbHoro Ar4peKTOpa
|I{II P(D <<|H?II,D(T3OC),
qreH-KoppecrroHAeHr pAH,
-AOKTOp Xr.rMlrqecKr4x HayK, npooeccop Cropoxenrco
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