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MeHbIIEHl Mepe OIHHM HarpeBaeMbIM JIEKTPOIPOBOIHEIM
MOKpEITHEM (8), KOTOpOE COEIMHEHO C II0 MEHbIIeH Mepe
IBYyMS IpeayCMOTPEHHBIMU UL INEKTPUIECKOTO
MOAKITIOUEHUST K O0OMM MOJIIOCAM HCTOYHUKA HAIPSDKEHUS
KOJUIEKTOpHBIMH 3iekTposamu (11, 11') Takum oOpa3om, urto
OpH TIPUIOKEHUH IHUTAIOMIETO HANpsDKEHHs TOK Harpesa
npoTekaeT depe3 noiue (12) HarpeBa, 06pa3oBaHHOE MEXIY IO
MeHbIIIell Mepe ABYMsI KOJUICKTOPHBIMH JIEKTPOAMH, IPUYEM
nmosne (12) HarpeBa MMeeT N0 MEHbIIEH Mepe oHO OKHO (14)
CBS3M, HE UMEIONlee HarpeBaeMoro JIEKTPOIPOBOIHOTO
NnoKpbITHs (8), HarpeBaeMoe, JIEKTPOIIPOBOIHOE OKPHITHE (8)
orpaHu4eHo nepudepuitnoii kpomkod (10) moOKpeITHS U
nepudepuifHoil, He UMeIomIeil YIEeKTPOIPOBOIHOTO MOKPHITHS
(8) xpomouHo#i mosocoit (9), KOTOpas NPOCTHpAaeTcs 0
nepudepuiiHoit KpoMkH (5) maHe H, OTINYAIOIIEHCS TeM, YTO
mpo3pauHast manens (1) umeer cHapyxu moius (12) narpesa u ¢
MPOCTPAaHCTBEHHBIM OTJACICHHEM OT HEero KOJUIEKTOPHBIM
anextpoaom (11 mmu 11') Brons nepsoit croponsl (6 i 6')
KpoMKH (5) maHenu HO MeHbIIEHl Mepe OIHO HarpeBaeMoe,
JJIeKTponpoBoaHOe mokpeiTHe (8' mwm 8"), B KoTOpOM B
obnacti obenx BTOpbIX cTopoH (7, 7') kpomku (5) maHenu
pAcIIONOXKEHBl COOTBETCTBEHHO II0 MEHBIICH Mepe nBa
JIONIOJIHUTEINIBHBIX 371eKkTpoja (18, 18'), KoTopsle coeIMHEHBI C
KOJUIEKTOPHBIM  3jeKkTpojoM (11 wmim 11') cOOTBETCTBEHHO
yepe3 1O MeHbHmIeH Mepe oxpHy JsmHHIO (15, 15)
9JIEKTPOIUTAHMS, KOTOPAsi IIPOXOUT BJIOJIE COOTBETCTBYIOIIEH
accouuupoBaHHo KpoMmku (10) HOKpbITUS M BIOJNB 00EHX
BTOpBIX CTOPOH (7, 7') kpoMKku (5) maHeNIH IO MEHbIISH Mepe
Ha y4acTKaX B aCCOLMMPOBAaHHON KpoMouHOHW moisioce (9), Ha
acCOLMMPOBaHHOW dYacTH nepudepuiiHoit kpomku  (10)
MOKPBITHS C DIIEKTPHUYECKOH pa3Bs3koi oT mons (12) Harpesa
MOCPEACTBOM COOTBETCTBEHHO I10 MEHbLIEH Mepe OaHOI
ACCOLIMMPOBAHHON HE MMEIOIIeH MOKpbITUs JuHUM (16 mim
16") w/mmu B, W/HUIN Ha COOTBETCTBEHHO aCCOIUHPOBAHHOM
9JIEKTPOIPOBOAHOM IOKphITHH (8") BHe moius (12) nHarpesa c
3JIEKTPUUYECKON pa3Bsi3Kkoit oT noss (12) HarpeBa MocpecTBOM
COOTBETCTBEHHO II0 MEHBIIEH Mepe OJHOH acCOIMHUPOBAHHOU

MEHBLICH Mepe OIHOMY KOJUIEKTOpHOMY 3iektpony (11 wm
11') cOOTBETCTBEHHO NMPOTHBOIOJIOKHOM IOISIPHOCTH, IPUIEM
JUIs  JJMHBL  TOKONPOBOASAIIMX JOpOXKEK (a; W aytas)
cnpaBemnBo ypaBuenue (I): VH,=mnuna a;: (anuHa a,+az)=ot
0,05 mo 2,5 (I), tme (VH;) o6o3HayaeT MareMaTHYECKOE
OTHOIIEHHE, (a;) 0003HAYaeT TOKONPOBOASAIINE JIOPOXKKU
MEXKIy COOTBETCTBYIOIMMH BEPXHHUMHU JIOTIONHHUTEIHHBIMU
anektpoaamu (18, 18') U COOTBETCTBEHHO OMKaHIIMMHU K
HHMM, aCCOLIMHPOBAHHBIMH C HUMH BEPXHHMH HOJ00JaCTIMHU
BEPTHKAIBHBIX IUIEY BTOPBIX MOAOOIACTEll pa3OeieHHBIX Ha
nBe uactd nportuBodiekTponoB (19), (a;) obo3nHauvaer
TOKOIPOBOMSIIHME  JOPOXKKH MEKIY COOTBETCTBYIOLIMMHU
HWKHUMH  JIOTIOJTHUTENbHBIMU  3nekTposamu (18, 18") u
COOTBETCTBEHHO AaCCOLIMHUPOBAHHBIMH C HHMH BEPXHHMH
nogo0nacTaMi  NEPBBIX  BEPTUKAIBHBIX  IoJ001acTeit
pa3leNeHHbIX Ha JIB€ 4acTH MPOTHBOANEKTponoB (19), u (as)

o0o3HayaeT TOKOIPOBOJSILINE JIOPOIKKHU MEXy
COOTBETCTBYIOIMMH  HIW)KHHUMH  T1OJ00JACTSIMU  TEPBBIX
BEPTUKAJIBHBIX nojo6aacrei COOTBETCTBYIOIIUX
MPOTUBOAIEKTPOAOB (19) U JIOTIOJTHUTEIbHBIMHA

COOTBETCTBEHHO aCCOLMMPOBAHHBIMU C HUMH BEPTHKAIbHBIMU
MoJ00JaCTSIMU  BTOPBIX  IOJ00JACTell  COOTBETCTBYIOILETO
pa3IelIeHHOT0 Ha JIBe YacTH potuBodekrpoa (19).
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2420-540145EA/032
[IPOBPAUHASA TIAHEJIb C 3JIEKTPOHATPEBATEJIBHEM CJIOEM, CIIOCOE EE
MN3T'OTOBJIEHMA M EE I[IPMMEHEHUE
V306peTeHre OTHOCHUTCA kK 00JacTM  TexXHOJIOTUMM IaHeJleM U
KacaeTcs IpOo3pavyHoOn [IaHeJn C BJIEKTPOHATPEBATEJbHEM CJI0OeM,
crmocofa ee M3TOTOBJIEHMSA, a TaKXe ee IIPVMMEHEeHUH.
[lpo3pauHele TIIaHeJM C DJEeKTpOoHarpeBaTeJIbHEM CJIOEM M3BECTHH
KakK TaKOBHE n yXe MHOT'OKPaTHO OIIMCHBAJIMCH B IaTeHTHOM’
JuTepaType. TOJIBKO B KauvuecTBe IIpMMepa MOXHO COCJIaThbCsa  Ha
HeMellKMe BBUJIOXeHHEe 3asaBku DE 102008018147 Al m DE 102008029986
Al. B aBTOTPaHCIOPTHEX CpencTBax OHM YacTO MCIOJb3YITCI B
KauecTBe BeTPOBEX CTeKOJI, IIOCKOJIBKY ILIeHTpaJilbHOe IIoJie ob30pa,
BBUOY IIPaBOBEIX HOPM, He IOOJDKHO MMeTb HMKAKMX CYylleCTBEHHHX
OTpaHUYeHUN BUIOVMOCTH . 3a cuer Teria, BEHpabaTHBaeMOI'O
HarpeBaTeJIbHEM CJIOEM, KOHIOEHCUMPpOBaHHasd BJara, Jel M CHeD MOIyT
OHTE yIaJleHH 3a KOPOTKOe BpeM4dg.
ToK HaTrpeBa OOHUYHO BBOIUTCSA B HaTpeBaTeJIbHHM CJIOM C IIOMOILIO
10 MeHbIeV Mepe OIOHOM IIaph IOJIOCOBHX WJIM JIEHTOUHHX BSJIEKTPOIOB.
OHM DOOJIKHEI B KaueCTBe KOJIJIEKTOPHHX I[IPOBOOHMKOB WMJIM KOJIJIEKTOPHHX
2JIEKTPOOOB BBOIMTHL TOK Har'peBa KaK MOXHO ©OoJiee pPaBHOMEPHO B
HarpeBRaTeJIbHEM cJIon u pacnpenesyiaTh 1o MUPOKOMY dpoHTY .
SJIeKTpUUEeCcKoe yIeJIbHOE MIOBEPXHOCTHOE COMNPOTHUBJIIEHNE
HarpeBaTeJIbHOTO CJIOA SABJIAETCHS OTHOCUTEJIBHO BHCOKMM B MaTepualax,
B HacTodAmee BpeMsa VICIIOJIb 3Y EMHEIX B MTPOMBIIJIEHHOM CEepUMHOM
IIPOM3BOIOCTBE, M MOXET COCTaBJATH Iopdalka HecKoJbkMx OM Ha
eOMHUILY JIomanu . OmHakKo nJis OOCTVKEHU I OOCTAaTOUHOM oJs
IPakKTUUYECKOTO I[IPMMeHeHMSa MOIHOCTM Hal'peBa OMUTawnlee HalpsSKeHN e
OOJDKHO COOTBETCTBEHHO OHITH BEICOKMM, HO, HalprMep, B
ABTOTPAHCIIOPTHEIX CpPelCcTBax CTaHIapTHHM oO0pa30oM [OIpelyCMOTPREeHO
DopTOBOE HalpsxeHre TOJILEKO oT 12 oo 24 B. [TOCKOJIBKY
[IOBEPXHOCTHOE COIPOTUMRIIEHME HaTlpeBaTeJIbHOT'O CJIOS BO3pacTaeT C
YBeJINJYEeHVEM IJIVHEL TOKOIIPOBOIAMMX IOPOXEK TOKa Harpera,
KOJIJIEKTOPHHE I[IPOBOIOHUKM IIPOTUBOIIOJIOXHOM IIOJIAPHOCTY IOJDKHE MMETh
HalVMeHblIee BO3MOXHOE pPacCCTOSHMe IOpyr' oT J1Ipyra. CileloBaTeJIbBHO,
IOJIS OKOH TPAaHCIOPTHEX CPenNCcTB, KOTOPHE, Kak OpaBWUJIO, WMEKT

OOJIBIIVIO IMpMHYy, 4YeM BEICOTa, KOJUJIEKTOPHEE IIPOBOIOHMKM pacIliojiararnT



BOOJIb 00eMx MOJMHHEIX KPOMOK IIaHeJM, TaK UTO TOK HarpeBa MOXeT
IpoTeKkaTh IO O00JlIee KOPOTKOMY IIYyTM BHCOTH IIaHeJIM. OSTOT BapMaHT
BHIIIOJIHEHM A, OIHAKO, IMIPMBOAMT K TOMY, UYTO MECTO OCTaHOBKM WM
30Ha TIOKOA CTEeKJIOOUMCTHUTEeJIeV, NPpelyCMOTPEeHHHX OJIS OUMCTKM CTeKOJI
ABTOTPAHCIIOPTHHX CPEenOcCTB, Kak IIpaBUJIO, HaxoOMUTCS BHe  II0JIA
HarpeBa, TakK UYTO TaM He K¥MeeTCsS OOCTaTOUHOM MOMHOCTM HaTrpeBa U
CTEKJIOOUMCTUTEJIM MOT'YT I[IPMMEP3aTh.

He OBJIO  HeloCTaTKa B IIOIBTKax  PelUTb 2TY  CEePbE3HYD
npobieMy .

Tak, eBpoIenckasa rlaTeHTHasda 3ag9BKa EP 0 524 527 A2
pPacKpeBaeT CHabOXeHHOe BJIEKTPOHarpeBaTeJIbHEM CJIOeM BETPOBOE
CTEKJIO, B KOTOPOM IIpPelyCMOTPEeHH IBe ILJIOCKME Hal'peBaTeJIbHHE
[IOJIOCEL B KaueCTBe Hal'peBaTeJIbHEIX BJIEMEeHTOB B o0JjlacTM MecTa
OCTAaHOBKM CTEeKJIOOUUCTHUTeJIeM. HarpeBaTeJbHBE II0JIOCH DJIeKTPUUEeCKU
coenMHEeHH uUepes PAaclOoJIOXKEHHHY CMeXHO C HMKHEeM KPOMKOWM IaHeJu
HVXHUM KOJIJIEKTOPHHM MIPOBOOHMK C OIHMM IIOJIIOCOM, a uepes IIPOBOO -
c OPYTMM  IIOJIOCOM  MCTOUHMKA  HalpsSKeHUA. HemocTaTKOM  TakoM
KOHCTPYKUUM  SABJISeTCHS TO, UTO HMWXHUM KOJIJIEKTOPHHI IIPOBOIHUK
OOIOJIHUTEJIbHO HarpyXaeTCsd TOKOM IJId of0eMxX HarpeBaTeJIbHBEX II0JIOC.

KpomMe TOTO, HeMellkad IIaTeHTHasa 3agBkKa DE 102007008833 Al u

MeXxIyHapoOHad IIaTeHTHasd 3agdBka WO 2008/104728 A2 pacKpHBaT

BJIeKTPUUYECKH oBoTrpeBaeMoe BEeTpPOBOE CTeKJIO, KOTOpoe MOXeT
OOTOJIHUT &JILHO HarpeBaTbCA B oBJylacTu MecTa OCTaHOBKU
CTEeKJIOOUUCTHUTEJIEN . Ios 3TOTO IpenyCcMOTPEeHE HaTpeBaTeJILHEE

IpoBOLa, KOTOPHE COEOMHEHH C HWKHMM KOJIJIEKTOPHEIM I[IPOBOOHMKOM B
KadeCcTBe BEHBOIa 3as3eMJieHMA. HarpepaTeJlbHHE I[IPOBONA HE3aBUCHMMO OT
HaTpeBa CTekJla B ToJjile o0030pa HarpyXalTcsa IIOTeHIMaJloM. UM B »Tou
KOMIIOHOBKE HIDKHUT KOJIJIEK TOPHEM IIPOBOIOHUK OOIIOJIHUTEJIEHO
HarpyXaeTcCs TOKOM IJii Hal'peBaTeJIbHEX IIPOBOLNOB.

B eBpomnerckoM TnaTeHTe EP 1 454 509 Bl ® aMepMKaHCKOM
nateHTe US 7026577 B2 mnpemJjoxeHa IOpo3pauHas I[DaHeJkb, B KOTOpOMU
Har'pekaeMoe IIoJie 0030pa OKPYyXeHO IOBYMS TOKOIPOBOLANMMY MVHAMA .
Ipy »TOM TNoJile 0030pa OTOeJIEHO OINOHOM M3 OBYX TOKOIPOBONAMUX MUH
M, B YaCTHOCTHM, OOJaCTbl C YIaJIEHHHM CJIOeM OT HOOIOJIHUTEJILHHM]
oBJlacTM HaTpeBa. B IONOJHUTEeJIBHOM 00JlacTM HaTpeBa OPedyCMOTPEHEH

OOIIOJIHMTEJIEHEIE TOKOIIPOBOOANNVE  MMHEI HpOTMBOHOJ’IO?KHOﬁ IIOJIAPHOCTNM,



uyTOOHE HaT'peBaTb IaHeJlb B MAaCKMPOBAHHOM 06JIacTM HWXe II0JIg ob30pa.

B MeXIyHapOoIHOM [IaTeHTHOM 3afgIBKe WO 2011/141487 Al
IpenjoxeHa IIpo3pauHasd I[IaHeJb C IIPO3PauHbM HaTrpeBaeMBM IIOKPHTUEM,
KOTOpoOe IPOXOOMT II0 MeHbIeM Mepe II0 YacTM IOBEepPXHOCTM IlaHeJM, B
YacTHOCTHM, II0 ee noJib ob30pa. HarpeBaemoe IIOKPHTHE pas3mdellIeHO IIOo
MeHbIleM Mepe OIOHOM He KVMeKleM HaTpeBaeMOoT'O IIOKPHTMS 30HOM Ha IIo
MeHbIeM Mepe OOHY IIepBYID 3S0HY HarpeBaeMOoT'o IMIOKPHTUS ¥ BTOPY
30HY HarpeBaeMoTI'o  IIOKPHTUA, npuueM  obe 30HEL HaIrpeBaeMoTIo
IIOKPHTUSA DJIEKTPUUECKM COeIMHEHH COOTBETCTBEHHO C II0 MEeHbIel Mepe
OIBYMSA  KOJIJIEKTOPHHEMM I[POBOOHMKaAMM  TakuM  oOpa3oM, UyTO IIocJe
OPUJIOKEeHUSI TMIUTAalIero HalpSXeHMsa, KOTopoe IMomaeTcd OT MCTOUHMKA
HaOpsSKeHUI, TOK IIpOoTeKaeT COOTBETCTBEHHO Uepe3 II0 MeHBIEM Mepe
OOHO TIIOJIe HaTrperRa, ofpasoBaHHOE IIePBOM BOHOM HaTpeBaeMOI'o
IIOKPHTUA, ¥ II0 MeHbIeM Mepe OIHO IIoJle HaTpeBa, oO0pa30oBaHHOe
BTOPOM 3OHOM HarpeBaeMoT'O IIOKPHTHMA. B He uMeomel I[IOKPHTUSA SBO0He
PACIIOJIOXEeH II0 MeHBbIeM Mepe OIMH HarpeBaTeJIbHHM BJIEMEeHT, KOTOPHM
MMeeT TakKoe OMUUYECKOe COIPOTUMRIIEHMEe, UTO IIaHeJib B o6JacTu
IIOBEPXHOCTHM, COIepXalel He MMeKoIyl HaTlpeBaeMOT'O IIOKPHTHSA 3O0HY,
MOXeT HaTlpeBaTbCsS 3a CUueT IIPUJIOXEHMS OIUTalmelo HalpSXeHUs K
HarpeBaTeJIbHOMY  DJIEMEHTY . I[Ipy »TOM IIO MeHbIeM Mepe  OIMH
HarpeBRaTeJIbHEM BJIEMEHT BHIIIOJIHEH TaKVM obpasowM, yTo Ipu
OPUJIOXKEHUM [OIMTaMeTl'o  HalpsSXeHMSI K HaT'pPeBaTeJIbHOMY  BJIEMEeHTY
maHeJlb MOXeT HaTrpeBaTbCsa B IO MeHbIleM Mepe OIOHOM o6JacTu
[IOBEPXHOCTH, MIpuieTranmel K He UMMelmeM I[IOKPHETUSA 30He, KoTopasd
COOEPXUT IO MEeHbIeM Mepe OOMH M3 KOJIJIEKTOPHHX IPOBOIHUKOB.

He B nocjenHwn ouepelb, B MeXIYHAPOIOHOM IaTeHTHOM 3asaBke WO
2012/110381 Al IpenjioXxeHa npospavHasa maHeJb C
SJIEKTPOHATPeBaTEeJILHEM CJIoeM, KOTOPHM [IpOoCTUMpaeTCcsda I[I0 MeHblen
Mepe II0 YacTu I[IOBEepPXHOCTM IaHeJIuM ¥ C IIOMOUWLI COeIVMHUTEJIbHBIX
CpeICTB MOXeT DJIeKTPUMUECKM COeOMHATLCS C MCTOUHMKOM HalpSXeHMUId.
I[Ipy STOM COEOMHUTEJILHEE CpPeIOcTBa comepXaT IIepByl JEeHTOUHVID MUHY
" BTOPYID JIEHTOUHYI  IHMHY, KOTOpPHE 1o BCEM OJIMHe JIEHTEH
SJIEKTPOIPOBONHO IMOOCOEeIMHEHHE HellOoCPeICTBEeHHO K HaTl'peBaTeJIbHOMY
CJIoK TakKuMM o0pasoM, UTO IIPpM IPMJIOKEHUM OUTallelo HaOpsSKeHMS TOK
HarpeBa IpoTekaeT uepe3 obOpa30BaHHOEe HarpeBaTeJIbHEM CJIOeM IIoJie

Harpera. Ilpy  3TOM IepBad MMHa  HeIoCpeaCTBEHHO coenMHeHa



SJIEKTPOIPOBOOHO C IO MeHbIIeM Mepe OOHMM IIePBHEM IIJIOCKUM JIeHTOUHHM
IPOBOIHMKOM, a BTOpasg MmMHa - C II0 MeHblley Mepe OIHMM BTOPHM
IIJIOCKMM JIEHTOUHEIM [POBOIHMKOM. KpomMe ToOro, TIaHeJb UMeeT IIO
MeHbIleM Mepe OOHY 3O0HY IHaHeau 0e3 I1oJid HarpeBa, B KOTOpOM
PAacCIIoOJIOXEeH TIIO MeHbIleM Mepe OIMH BJIEMeHT B3JIeKTpoHarpeBa 3O0OHH.
3TOoT 2JIEMEHT 3JIeKTpOoHarpeBa 30HE VMeeT Takoe oMHUecKoe
COIPOTHUBRJIEHME, UTO IMIpM [NIPUJIOXEHUM [OIMUTAaIero HalpsKeHMsS 30Ha
naHegu ©es TIOJIA HaT'peBa MOXeT HarpeBaTbCHa, [IpUUYeM DJIEMeHT
2JIEKTPOHATpPEeBa 30HH B DJIEKTPUUECKOM IMIapallJIeJIbHOM COeOVMHEeHUM C
I0JIEM HaT'peBa BJeKTPOIPOBOIHO COeIMHEH HeloCpelOCTBEHHO C IIO
MeHbIIe Mepe OOHMM IIepPBHM ILJIOCKMM JIEHTOUHHEM [OPOBOIHMKOM WM IIO
MeHBIIe Mepe OIOHMM BTOPHM ILJIOCKMM JIEHTOUHEIM IIPOBOIOHMKOM.

XoTsa, B YaCTHOCTM, HaTpeBaeMble IIPO3pPadHBEe I[IaHeJM COTJIaCHO
MeXOYyHapOoHBM [IaTeHTHRM 3agaBkaMm WO 2011/141487 Al u WO
2012/110381 Al mHOpMBHECJHXM WU3BECTHHII [pOoTpecc, BMecTe C TeM,
[IOBHIIEHHEIE TpeBOoBaHUSA PHEIHKA TPedylT naJibHeNmmx
YCOBEPMEeHCTBOBAHUM paHee MB3BECTHHX I1aHeJlel.

Tak, KOHCTPYKLMSA IaHeJXM B COOTBETCTBMM C MeXIyHapOOHOM
IaTeHTHOM sadBkoi WO 2011/141487 Al, wm3-3a TIeoMeTpuM B 00JlacTH
COCTOSHUSA IIOKOS WMJIM IIOJIOXEHMS OCTAHOBKM CTEKJIOOUUCTUTEJIeM, MOoXeT
IPUMEHATLCS JIMIIE B HEMHOTMX MOOeJiax abToMobmiel. Kpome ToroO,
KOHCTPYKUMSA He MABJISEeTCS OOCTATOUHO I'MOKOM B OTHOMEHUN UM3MEHEHUS

IIMTapmero HallpAXeHNA n amallTalVn K PasJIMYHEM OMMY e CKVM

COIPOTUBJIIEHNAM HarpeBaTeJIbHOTO cJjos4, UTOOH OTBEeYaTh BCEM
TpeOOBaAHUAM.
Harpepaemad IpospayvyHad aHeJb COTJIACHO MeXIyHapOIoHOM

[IaTeHTHOM 3agBke WO 2012/110381 Al wmMeeT TOT HEIOCTATOK, UTO
HeoOXOoOMM  IOOIOJHUTEJILHEM  TeXHOJIOTUMUEeCKMM 2Tall [0 HaHeCeHM
HarpeBaTeJIbHEX IIPOBOIOB Ha KJIEMKYIO JIeHKY, HaIlprMep, n3
IOJIUBUHUIIOY TUPAJI L (IIBE) . N3-3a 2TOTO OONOJIHUTEJILHOT'O
TeXHOJIOTHMUECKOTO BTalla HYXHO MaHUIIYJMPOBATHL  KJIEMKOM  IIJIEHKOM
nepen JaMMHMPOBAaHMEM, UYTO OPUBOIOUT kK 0OoJlee BHCOKOM dYacToTe
IedeKTOR, BEBBAHHEX 3alpA3HEHUAMM, W, TeM CaMbM, O0o0Jiee BEHCOKOMY
IpoLueHTy Opaka.

"z EP 1 026 940 Bl M3BECTHO HaTperaeMoe CTEeKJIO,

[peloTBpallaniiee KOHIOeHcalUuMio BOOH. CTEeKJIO COOEpXUT Ha IO MeHbIen
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Mepe OIOHOM M3 CBOMX CTOPOH PEe3UCTUBHEIN CJOV WM HaTpeBaTeJbHHM
CJIOM, KOTOPHM BKJIOUaeT B ceBsS MHOXECTBO IIpopes3el/BHEMOK, TaK UYTo
CTeKJIO nojiydaerT 3adaHHOe xeJjlaTeJIbHOe BIIEKTPUUECKOE
CONPOTHUBRIIeHMEe . I[IpM 2TOM PE3UCTHBHEIM CJIOM MM HaTpeBaTeJIbHEM CJIOU
pa3nejieH npope3aM/ BEeMKaMH/ Ha MHOXeCTBO B3aMMOCB A3aHHHX
oBjlacTeli. Kpome TOTO, IpOopes3su/BHEMKM MOTYT OHTL TakKoTO poma, YTO
OHM 0O0pas3ylnT COOTBETCTRYyKIMEe OOJaCTM pPas3JIMUHOM TeOMeTpUUeCKON
baxkTypr, KOTOPHE, CJI€IOBATEJILHO, MMelRT pas3JjIMUHEe COIPOTUBIIEHUS,
a 3HaAuUMT, U pasjiMuHbee 500eKTH HaTrpeBa. Illpopesu/BHEMKM MOTYT
BHIIOJIHATECHA C IIOMOMBI JIABEPHOM TeXHOJIOTUM WM IyTeM IIMGOoBaHMUA.
TakMe CTekJla B OCHOBHOM MCIOJIB3YITCHA B MOPO3WMJIBHEX KaMepax,
OOBUHO IIPpMMEeHAKIUXCS B 0Oapax, KOHIOUTEPCKMUX WM CylepMapkKeTax.
HemocTaTxkoMm 3IeCh ABJIAETCH TO, uTo PEe3UCTUBHLM W
HaTpeBaTeJILHEM CJIOM IOJIDKEeH OBHTH pPacIoJIOXeH MeXIy 10 MeHBIIEeM Mepe
OByMSA MMHaMVM WMJIM KOJIJIEKTOPHBEIMM SJIeKTpolaMM, Tak UTO 3a [IpenejaMu
OTPaHUUYEHHOTO MMHaAMU PEe3UCTUMBHOT'O WMJIM HarpeBaTeJIbHOT'O CJIOS MOXET
MMETBLCSA TOJIBKO HM3Kafd MOMHOCTL HalpeBa WM ee HeT BooOme. Bompoc
O TOM, IIPUTONHE JIM STU M3BECTHEE HalpeBaeMee CTekJjla IJid HaTpeba
obJjacTu COCTOSAHUSA IIOKOSA WIIn TIOJIOXEHHU A OCTaHOBKU
CTEeKJIOOUUCTUTEJIEM MJIM HeT, He MOXeT OHBTbL pemeH Ha OCHOBEe IaHHOTO
eBpOoIeMcKOoTro IaTeHTa. K »sTomMy cllegyeT no®aBUTh, uYTo U3 oOur. 3
YIIOMAHYTOTO €BPOIEMCKOTO IaTeHTa HEeBO3MOXHO CIejlaTh UYeTKUM BHBOX
OTHOCHUTEJILHO XOHa  TOKOMNPOBOIAMMX  IOPOXEK, IIOTOMYy UTO  IBe
NpOTHBOJIEXANME IJIMHHLHE MMHE TakKke pas3delIeHs Ipope3aMy/BeeMKaMy
Ha IOBe BJIeKTPUUYEeCKM M3O0JIMPOBAaHHEE IpyI' OT OpyIla o0JlacTH.

V3 moxkymeHTOoB WO 2011/141487 Al, WO 03/051088 A2, US
5877473 wm EP 0 524 0537 A2 W3BeCTHH IOpyI'Me BeTPOBHE CTeKJla C
SJIEKTPUUYECKM HaTpeBaeMbMM IIOKPHEHTUAMM UM CIelMaJIbHBEIMM MepaMu OJId
HaTpeBa CeKTopa OUMCTKM CTeKJIOOUUCTUTEJIEN.

B oTamMuMe OT 3TOTO, 3alada HaCTOAMEeIro U300peTeHrS COCTOUT B
TOM, UTOOH TMPEeNlIoUTUTEJIEHEM 00pa30M YCOBEPIEHCTBOBRATL M3BECTHHE
HaTpeBaeMEe IIpO3padHEe I[IaHeJIM C DJIeKTpoHarpeBaTeJIbHEM CJIOEM U

Hal'peBOoOM obnacTu COCTOAHMA IIOKOA MJin ITIOJIOXEHNMA OCTaHOBKM
CTeKJOOUNCTUTEJIeN (majee YIIOMMHaeTCHd KakK "soHa OCTaHOBKM

CTekrJoouuCcTHTe en”) . YCOBEepmMeHCTBOBAHHHE HaTpeBaeMble [IPO3PayvuHHeE



maHeJM IOOJDKHH MMeTh HaTpeB 30HE OCTAaHOBKM CTEeKJIOOUMCTUTEJIEeN,
KOTOPHEM MOXeT OHTL peajiM30BaH C HM3KMMM 3aTpaTaMu, IOPpM STOM eTo
BHIIOJIHEHME JOJDKHO JIETKO alalTUMPOBaTbCAd K Pas3JIMUHBEIM OMWUYECKMM
COIIPOTHUBIIEHMAM BJIEKTPOHATPERATEJIBHOTO CJIOS UM pPa3JIMUHEM YPOBHSAM
NIUTAaKIeTro0 HalpSXeHU.

3TM M IOpyI'Me 3allauyvM B COOTBETCTBUM C IIPeIJIOXEeHUEM IIO0
n300peTEeHNID PellalTCsa HalpeBaeMoM IMIpO3pauHOM [IaHeJlbl C I[IpM3HaKaMu
HE3aBUCHUMOTO IIYHKTa QOpMyJiH M300peTeHUsa. [pyI'Me IPelllOUTUTEeJIbHHE
BapMaHTH OCYIIECTBJIEHMSA HaCTOAMEI0 M300peTeHUd XapaKTepus3yoTCsH
[IpM3HaKaMM 3aBUCHUMHEX I[IYHKTOB (QOPMYJIEL M300peTeHM.

B IpenrnouTUTeJIbHOM BapMraHTe OCYIECTRBJIEHUS aHeJu 1o
n300peTeHMI0 I[IOBEPXHOCTL II€PBOM IIaHeJM, Ha KOTOpOoM pasMelleHO
BIIEKTPUUECKM Hal'peBaeMoe IIOKPHTHE, MecCcTaMM COeIOMHeHa I[IOCPenCTBOM
TEPMOIIJIACTUUHOTO IIPOMEXYTOUHOT'O CJIOS CO BTOPOM IIaHeJbo.

B KauecTBe TIIepPBOM ¥, BO3MOXHO, BTOPOM IaHeJM MNPUITOIHH, B
IIPMHLINIIE, BCe HBJIEKTPOUIOJIUPYyKIMe IIOOJIOXKKM, KOTOPEE  ABJIAITCA
TEepMUUECKN M XUMMUECKM CTOMKMMM, a TaKXe pa3MepHO CTabUJILHEIMU B
YCJIOBUAX UBTOTOBJIEHUA U [IPMMEeHeHUA IIaHeJIM [0 UM300peTeHUD.

[lepBad HaHeJ b MW/WUIM BTOpad IIaHeJb OIPellIoUTUTEJILHO COoIepXaT
CTeKJIO, OCOBOEHHO IPenlouTUTEJIbHO JIMCTOBOEe CTeKJIO, (JoaT—-CTeKJIo,
KBapllepoe CTEeKJIO, BopOoCUIIMKATHOE  CTEKJIO, HaTpUeBO—-KaJIbLIMIEBO—
CUJIMKAaTHOEe CTeKJIO WMJIM [IpOo3padHee ILJIaCTUKMU, NpennouyTUTeJIbHO
XeCTKUE [IpO3pPayvHHE [JIaCTUKMH, B YaCTHOCTHU MOJIM3 TUIIEH,
[IOJIMIIPOTIMIIEH, noJiMmkapboHaT, MIOJIMME TUJIME TAKPUJIaT, [IOJIMCTUPOJI,
OJIMaMMI, CJIOKHEI [OJUBOUP, HNOJIUBUHMIIXJIOPUI W/UJIM UX CMECH.
[lepBad TMaHeJb UW/WIKM BTopasd IaHe b OPellIoUuTUTEJIBHO  SBJISOTCSI
IpO3pPauHEMM, OCOOEHHO IJIS IPMMEHeHMSA I[IaHeJlM B KadeCTBEe BeTpPOBOTO
CTeKJla WM 3adHerlo CcTekJla aBTOTPaHCIOPTHOI'O CpencTBa WM IpyIMX
IpUMeHeHUM, B KOTOPHX XeJlaTeJIbHO BHCOKOEe CBeTOoNpolycKaHue. Ilon
«IOpPO3padvHoOM» B KOHTEKCTe HacToAmeTro U300peTeHMS  INOHMMAaeTCs
maHeJlb, KOTopasd uMeeT KO30OMIMEeHT OPOIyCKaHMS B BUIMMOM 006JacTu
crnnexTpa >70%. Y naHeJel, KOTOPHE He paclojlaralnTcs B BaXHOM IJig
OOPOXHOT'O HIOBVMXEeHMA TIIoJie 0030pa BOOUTEJIH, TaKMX KaK CTeKJIO KpPHIM,
KO2QOMIIMEHT TIPONYyCKaHMSA MOXeT OBTh 3HAUMTEJIbHO HUMXe, HallpUMEepR,
>5%.

ToJimmHa I[IaHeJ M II0 MSO@peTeHMIO MOXeT WM3IMEeHATBECHA B IMPOKHMX



npenejax ", TaKMM obpaz3oM, XOPOIIO npucrnocablnBaTbCA K
TpeOOBaHMUAM KOHKPETHOTO ciy4dasd. MpednouyTuTeJIbHO, maHeJu  CO
CTaHOapTHOM ToJmuHOM oT 1,0 MM mo 25 MM, OpeOnodTuTeslbHO oT 1,4
MM OO 2,5 MM TIPMMEHSAKTCS IJIS CTeKJla aBTOTPAaHCIOPTHOI'O CPeICcTBa,
a TIpellouTUuTeJIbHO oT 4 MM mo 25 MM - 1mJsa wMmebesu, OpubOpOB M
30aHu¥, B YaCTHOCTM, IJSA BDJIEeKTPpUUEeCKMX HaTl'peBaTeJel. PasMmep
[IaHEJIM MOXEeT M3MEeHATHLCH B MUPOKUX IIpenejiax M 3aBUCUT OT pasMepoB
B IIPMMEHEHMM IO Uu300peTeHMO. IlepBasd IIaHeJb M, BO3MOXHO, BTOpasd
aHeJb VMET, HalpuMep, B aBTOMOOMJILHOM  IIPOMBIIIJIEHHOCTU U
apXUTEKTYpHOU chepe oObUHHe [omany orT 200 cM? mo 20 M2,

[TaHeJIE 1[I0 M300pPEeTeHMK MOXeT UMETH JIOYyI TpexXMepHYKn O(opMy.
[lpednouTUTeJIbHO, TpexMepHasa ¢opMa He MMeeT TeHeBHX 30H, TaK 4To
Ha Hee MOXeT HaHOCUTLCHA IIOKPHTME, HalpMMep, MeTOIOM KaTOIOHOI'O
pacneuieHra. [lpelllouTUTEeJIBHO, MNOOJIOKKM  ABJIATCH ILIJIOCKMMM  WJIK
cJjlerKa WM CUJIBHO  MB3OTHYTHMM B OOHOM  HalpaBJIeHUM WJIM B
HECKOJIbKMX HalpaBJIEHUAX B IpOCTpPaHCTBE. B YaCTHOCTH,
MCIIOJIE3YITCA ILJIOCKME INOIJIOXKM. IlaHen MOTYT OBTbH OeCLBEeTHBMM WMJIM
OKpalleHHEIMH .

HecKOJIbLKO TIaHeJle¥ CcOoeIMHAITCS IpyID C IOPpYyI'OM IIO MeHbIlel Mepe
OOHUM IIPOMEXYTOUHEIM CJIoeM. I[[POMeXyTOUHHM CJIOM OIPpellloUuTHUTeJIbLHO

COIOEePXNT I10 MeHbIIeMn Mepe OIVH TepMOHJIaC’I'ML_THI:HZ I1oJIiMMeP,

IpenlouTUTEeJIbHO HNOJIUMBMHMIOYTUpaJk ([IBB), »TuieHBMHMIIalleTaT (OBA)
U/ UM noJausTuiieHTepedTanar (II9TD). TepMOIJIACTUUHHIM IIPOMEXYTOUHBMN
cJon MOXeT TaKxe comepXxarThb, HalpuMep, NoJINypeTaH (1Y) ,
noJsmmnponuiexn  (IIIl), noamMakpwuiaT, noauzTuiieH (I19), nomkapdOoHAaT
(IIK) , mOoIMMeTMJIMETAaKPWMIIAT, [IOJMBUMHUIIXJIOPUI, I[IOoJMalleTaTHYKR CMOJY,
JIUTEEBHE CMOJIHI, bTOopPUPOBAHHEE COIIOJIMMEPEL  BTUJIeHa-I[IPONIuUJIeHa,

MOJIMBUHMIOTOPUI U/MUIM COIOJIVMMEPH STuUJleHa-TeTpadTopsTUIIeHa W/WUiIn
UX  COTIOJIMMEPH WM CMecCH. TepMOIUIACTUYHHY IIPOMEXYTOUHHM  CJIOU
MOXeT OHTL oO0pas30BaH OIHOWM WM HECKOJLKMMM HAJOXKEHHEMM IOIpyT Ha
opyra TEepPMOTLJIaC TUUYHBEMA TIJIeHKaMM, npuyem TOJIMUHA OIIHOM
TEPMOIIJIACTUUHOM TIJIEHKM MNPedlouTUTesIbHO cocTaradeT oT 0,25 MM 1o
1 vMm, oBrwuHo 0,38 MMm mam 0,76 MM.

B MHOTOCJIOMHOM IaHelIM IO U300peTeHu, COCTOAMeN Wu3 IIepBOu
maHejgu, [OPOMEeXyTOUHOTO CJIOd WM BTOPOM IaHejau,  BJIeKTPUUYeCcKU

Har'pepaeMoOe IIOKPETME MOXET HaAHOCHUTECA HEeIIOCPpeICTBEHHO Ha IIepPBY



IaHeJb WMJIM HaHOCUTHLCS Ha HeCymyl IIJIEHKY WJIM Ha CcaM IPOMEXYyTOUHHN
cjor. IlepRrad TMaHeJb U BTOpasd IaHeJlb COOTBETCTBEHHO MMEKT
IIOBEPXHOCTL BHYTPEeHHEM CTOPOHH U TIOBEPXHOCTE BHENHEM CTOPOHH.
[IOBEPXHOCTM BHYTPEHHEM CTOPOHH I[IepPBOM M BTOPOM IaHeJleM oOpalleHH
IpyT K IOPpYyTy ¥ COeOMHEHH JIpyI C IOpyT'OM Uepes TepMOIlJIaCTUUHEIN
IIPOMEXYTOUHEM CJIOM. I[IOBEepPXHOCTM BHEmHEeM CTOPOHH IIepBOM ¥ BTOPOMU
IaHeJiel ofpalleHE B CTOPOHH IOpyI' OT Ipyrla M OT I[IPOMEXYyTOUHOI'O
TEPMOILJIACTUUHOTO CJIOSA. OJIEKTPONPOBOIHOE IIOKPHETMEe HaHeCeHO Ha
IIOBEPXHOCTL BHYTPEHHEM CTOPOHHE [IepBOM MHaHesM. KOHEUHO, TakKXe Ha
IIOBEPXHOCTM BHYTPEHHENM CTOPOHE BTOPOM I[aHeJIM MOXeT OHThL HaHEeCEeHO

OJOIIOJIHMTEJIEHO e SJIEKTPOIIPOBOOHOE ITIOKPEHTHE . HOBerHOCTM BHemHeM
CTOPOHHE naHeJien TaKxe MOTYT MMETb ITIOKPETHMA . TepMMHbI "nepBaH

naHens” u "BTOpas naHesb” BHOpPaHH OJ4 pasjiMueHrs oOerx IaHeJlel B
cilydyae MHOTOCJIOMHOM IaHeJM IO u300peTeHMw. C STUMM TepMMHaMM He
CBSA3aHO HMKaKOM nHbOPMaLMU OTHOCUTEJILHO TEeOMEeTPUUECKOTO
PacIIOJIOXEHN A . Ecin [IaHeJb 1o n300peTeHND, HalpMuMep,
npenycMoTpeHa nOJisgd TOTO, UYTOOH B IIpOoeMe, HalpuMep, TPAaHCIOPTHOTO
CpeIncTBa WJIM 3OaHMg, OTIOEJIAThH BHYTPEeHHee IMIPOCTPAHCTBO OT BHEMHeN’
CpeIb, TO IepBasg I[IaHeJlb MOXeT OBThL obpameHa K BHYTpPeHHeMY
[IPOCTPAHCTBY MJIM BHEMHeM cpele.

[lpo3pauvHas MaHeJb 10 M300peTeHMI CONEPXUT BJIEKTPOIPOBONHOE,
HaTpeBaeMoe, Npo3pauvHoe  IOKPHTHE, KOTOpOe  IMPpOCTUpaeTCs IO
MeHbIlell Mepe [0 S3SHAUMUTEJILHOM UYacTM I[IOBEePXHOCTM IIaHejM, B
YacTHOCTH, no ee nojimw ofszopa. SJIEKTPOIIPOBOIHOE  [OKPHTUE
SJIEKTPUUECKM COeOMHEHO C II0 MeHbllell Mepe MOBYMS, B UYaCTHOCTHU
IBYMS, KOJIJIEK TOPHEMU sJIeKTpomamn, npenHasHaueHHEMNA IS
SJIEKTPUUECKOTO IMOOKJIOUEeHMS K O00O0MM I[OJIoCaM MCTOUHMKA HalpsSXeHUd,
TakKk UTO [OpM [OPWJIOKEHMM [UTanmero  HalpsSkeHMS TOK HaTpeBa
NpoTeKaeT yepes oOpaszoBaHHOE MeXIY IBYMS KOJIJIEK TOPHEIMU
sJleKTpomaMy  IoJile  HaTpeBa. Kak  HOpaBWIO, ofa  KOJIJIEKTOPHEIX
2JIEKTPONAa  BHIIOJIHEHH  COOTBETCTBEHHO B  GopMe I[IOJIOCOBOTO WU
JIEHTOUHOTO SJIeKTpoma WM TOKONPOBONLMEN IMWHB, WM MUHHE — IJIA
BBeIEeHMS ¥ MMPOKOTO pachpenesjleHuMs ToKa B NPOBONAMEM IMIOKPHTUU. C
STOM LeJIb0 OHM TaJlbBAHUUECKUM COEeIMHEHH C HaTpeBaTeJIbHHM CJIOEM.

ITo MeHbIIeM Mepe OIIVIH, B YaCTHOCTHM OIVIH, nus IBYX



KOJIJIEKTOPHHX DJIEKTPOIOB, B YaCTHOCTM BEepxXHUM B CMOHTHMPOBAHHOM
COCTOSHUM MPO3PavyHOM TMaHeJ M KOJUJIEKTOPHEM BJIeKTPOI, MOXeT OHTb
rompasnejleH Ha IO MeHbIeM Mepe IOBe, B UYaCTHOCTM IBe, OTIeJIeHHEE
OpyD OT IOpyTra nomodjacTu.

B  [pelnouyTUTeJJbHOM  BapMaHTe  OCYIeCcTBJIEHMS  KOJIJIEKTOPHHM
BJIEKTPON BHIIOJHEH B BUIEe HalledaTaHHOM U OTOXKEHHOW TIPORBOIAMEN
CTPYKTYPH. HameuaTaHHOM KOJUJIEKTOPHHM BJIEKTPOI HNPedlouTUTeJILHO
COOEepPXUT IO MeHbIIeM Mepe MeTajlJl, MeTaJUIMUeCKUM CIJlaB, COeIMHeHMe
MeTaJula W/WMiIM  yIJIepon, OCOOeHHO MNpenlouTUTeJIbHO OJalOpOIHEM
MeTaJlJl ¥, B UYacCTHOCTHM, cepebpo. IleuaTHasa NacTa MOJISA M3TOTOBJIEHUSA
KOJUJIEKTOPHOTO B3JIEKTPOoLa MNPenlOoUdTUTEJIEHO COOEePXUT YaCTHLE MeTajlla
u/unu  yrjeponm ¥, B UYacCTHOCTM, YaCTHUHE OJATOPOINHHX MeTaJlJIOB,
TakMe Kak YacTHLE cepebpa. OJIeKTPONPOBONHOCTL MIPeNlouTUTEJILEHO
OOCTUTAaeTCsa C I[IOMOmBI DJEeKTPONPOBOOAMMUX YaCTHUll. YacCTUIE MOTYT
HAaXOOUTHLCS B OPTaHUMUECKOM M/WIM HeopTaHWUYeCKOM MaTpulle, TaKou
KaK I[acCTH WM UYepHWUJa, NPeOlOoUTUTEJIbHO B BMIe I[IedaTHOM IacTH CO
CTEeKJISHHOM GpUTTOM.

ToJmmHa cJoAa HalleyaTaHHOTO KOJIJIEKTOPHOTO 3JIeKTpona
NpennouTnuTesIbHO cocTarjgger or 5 MM po 40 MKM, OCOOEHHO
NpennouTnuTesIbHO oT 8 MKM no 20 MM, a Haubojee IIPeIloUTUTEJIbLHO
or 8 MKM mo 12 MxM. HameuaTaHHBE KOJUIEKTOPHBEE SJIEKTPOIE C STUMU
TOJIMMHAMA TeXHUYECKU ITPOCTE B peanrsaumnmn n VIMEIT

IPeOlIoUuTUTEJIbHYD TOKOHECYIIyn CIOCOOHOCTE.
YoeJbHOe COINIPOTHUBJIIEHNE Pa KOJIJIEKTOPHOTO 2JIeKTpOOa
IpennouTuTeJIbHO cocTaBjgsgser oT 0,8 wMxOmcm pgo 7,0 wMxOm-cMm, a

OCOBEHHO NpenrnouTUTEJILEHO oT 1,0 MKOM:CM oo 2,5 MKOM:-CM .
KoJjIekTOopHEIE BJIEKTPOIH, MWMeKmye YIOeJIbHOe COIPOTUMBRIIEHME B D3TOM
oOMalasoHe, TeXHUUECKNU [IPOCTH B peanln3zalunm u VIMEIOT
NIPeOlIouTUTEJIbHYD TOKOHEeCYIIYyKD CIOCOOHOCTE.

B kKauecTBe aJlbTEePHATUBH, KOJJIEKTOPHHM SJIEKTPOI TakKXe MOXeT
OHTH BHIIOJIHEH B BUIe TIIOJIOCH WJIM, B Cllydae pa3OdeJIEHHOT'O Ha
OTHOeJIbHHEe MoHodOJIacTM KOJIJIEKTOPHOTO DJIeKTpoda, B BUIe II0 MeHbIeM
Mepe IBYX, B UYaCTHOCTM HOBYX, IIOJIOC SJIEKTPOIPOBOOHOM IIJIEHKU.
TorDa KOJJIEKTOPHHM S2JIEKTPOI COINEePXUT, HalpuMep, II0 MeHbIlel Mepe

aJIlOMMHMUIM, MeOb, JyXeHYID MeIdb, 30JI0TO, cepedpo, LMHK, BOJbOpaM
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U/ OJIOBO WJM MX CIUIaBH. IloJloCa IMPenlouTUTEJILHO MMeeT TOJIMUHY
or 10 mxM pmo 500 MKM, OCODEHHO NpenlIouTuTeJibHO oT 30 MM no 300
MKM. KOJIJIEKTOpPHEE BJIEKTPONH, W3TOTOBJIEHHEE M3 3JeKTPOIPOBOOHOMN
QONETM C PTHUMM TOJIIMHAMM, TexXHUUeCKM OPOCTH B peajiM3aluM U MMEKT
NPeIlNOUTUTENIEHYI TOKOHEeCYMyl CIOCOOHOCThL. Ilojjoca MOXeT OHTH
BJIEeKTPOIPOBOOHO coenMHeHa c BJIeKTPOIIPOBOOHOMN CTPYKTYpPOH,
HanpuMep, I[IPUIIOeM, BJIEeKTPOIPOBOIOHEM KJIEEM WMJIM HENOCPEeIOCTBEHHEM
HaJIOXKEeHNEM.

DJIIEKTPOIIPOBOOHOE [IOKPHTHE rnaHeJgu IO M300peTeHMIK  MOXeT
nompas3nesiaTbCH Ha rnoJie HaTpeBRa, T.eE. HaTpeBaeMy YacThb
BJIEKTPONPOBONHOTO IOKPHTHUA, KOTOopasd pacloJioXeHa Mexny ofouMu
KOJIJIEKTOPHEIMM BJIeKTpooaMM, TaK YTO MOXeT BBOIUTLCS TOK HaIlpeBa,
1 ofJjlacThk 3a OpenejlaMy YIIOMSAHYTOTO IIOJIA HaTpeBa.

SJIeKTpUUeCKM Hal'peBaeMble IIOKPHTUA WM3BeCTHH M3 DE 20 2008
017 611 Ul, EP 0O 847 965 Bl wmm WO02012/052315 Al. OHM, Kak
IpaBUJIO, comepXaT OYHKUMOHAJILHEI CJIOM WMJIM HECKOJIBEKO, HalpUuMep
oBa, TPM WM UeTHpe  DJIEKTPOIPOBOMOHEIX  QYyHKUMOHAJIBHEX  CJIOA.
OYHKUMOHAJILHEE CJIOM [IPEelONoUYTUTEeJIbHO COoIepXaT I[I0 MeHBIeM Mepe
OIOVH MeTaJlJI, TaKoM Kak cepe®po, 30JI0OTO, Medb, HUKeJL U XPOM, WU
MeTaJlIJInde CKUM CILJIaB. OYHKUMOHAJILHEE cJon 0CcoBeHHO
NPeIlNouTUTEeNIEHO CcomepXaT IO MeHbmel Mepe 90% o Macce MeTallJa, B
YJaCTHOCTH, 1o MeHLIIen Mepe 99, 9% 110 Macce MeTaJla.
OYHKUMOHAJIEHEE  CJIOM MOTYT  OBTBH  BHIIOJIHEHH M3 MeTaJjlJla WK
MeTaJIJIMIEeCKOTO CcrjiaBa. OYHKUMOHAJILHEE cJon 0CcoBeHHO
OIPeINoUTUTENIEHO CcomepXaT cepebpo UIM cepedpocolepXamui CIJIasB.
Taxue bYHKUMOHAJIL HEE CJIOM  MMeRT OCOOeHHO  MOPpeAloUYTUTEJILHY
BJIEeKTPOIPOBONHOCTD B coueTaHUU c BHICOKUM KO20dUIIMeHTOM
OpolycKaHusa B BUAMMOM o06JacTM cCHekTpa. ToJmMHa OQYHKUMOHAJBLHOTO
CJIOS IPenIouTUTeJIbHO cocTaejigseTr oT 5 HM pmo 50 HM, ©OojJee
OpeIlNoUTHUTEeNFHO OT 8 HM 1o 25 HM. B 3TOM »OManasoHe TOJIIMHE
OYHKUMOHAJIEHOTO cJjoda DOCTUTaeTCH OpelnouTUTEeJIBEHO BEICOKUM
KOo20OUIIMEeHT TIIPOINyCKaHMsa B BUIMMOM o0B0JlacTM CHeKTpa ¥ 0CO0eHHO
NpelloUuTHUTeNIbHAd BJISKTPONPOBOIHOCTE .

Kaxk IpaBUIO, COOTBETCTBEHHO MeXIY OBYMS CoCenHUMA
OYHKUMOHAJIEHEMY  CJIOAMM SJIEKTPOIPOBONHOTO IOKPHTHUA pa3MeleH II0

MeHbIIel Mepe OIIVIH ,JII/ISJ'IeKTpI/IT{eCKI/HZ cJion. B IIpeOriouTrTeJIEHOM
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BapMaHTe II0H IIePBHEM M/MJIM HaO I[IOCJeIHUM OQYHKIMOHAJBLHEM CJIOeM
pasMeneH OONOJHUTEJBLHEM OUBJIEKTPUUEeCKUN CJIOM. IUBJIeKTPpUUeCKUN
cJjon BRJIOUAET 1o MeHBIIEV  Mepe OOVH ONVHOYUHHM cJjom U3
OIVRJIEKTPUUECKOTO MaTepuasa, HalpyuMep, HUTPpMUIOa, TaKoTOo KaK HUTPUI
KpeMHMA, WM OKCHIa, TaKoTo KakK OKCUI aJIloMUHMA. [IUBJIeKTPpUUeCKUM
CJIOM TakKXe MOXeT BKJOUATL B cebd MHOXeCTBeHHHEe OTIeJIbHHE CJIOU,
HanopuMep, OTOeJIbHHE cJIou n3 OVBJIEKTPUUIECKOTO MaTepuaiaa,
CcTJlaXuBanmmMe CJOKM, CoImJlacylmue CcJIor, OJIOKMPpYMMUE CJOU W/UIINU
aHTHOTpaxanmme cJou. ToJmMHa IUBJIEKTPUUIEeCKOTO0 CJIOS COCTaBJIAET,
HanpuMep, oT 10 HM pmo 200 HM.

3Ty CJOUCTYK CTPYKTYPY OOHUHO IIOJIyYalT I[IOCJIeOOBATEeJIEHOCTHLIO
IPOLIECCOR OCaXIeHMs, KOTOPHE BHIIOJHAIT BaKYyyMHEM CIOCOOOM, TaKMM
KakK KaTOIOHOE pacIBUIeHMe B MaTHMTHOM IIOJIe.

IpyTrme NoOxXoOAmMe DJIEKTPOINPOBOOHEE IMNOKPHTHUA IPEONOUTUTEJBHO
comepXxaT OKCMI uHAMA-oJioea (ITO), JeTMPOBaHHHM GTOPOM OKCHUI
oJioBa (Sn0,:F) MM JIeTUPOBAHHHM aJIIOMMHMEM OKCHI LIMHKa (ZnO:Al).

SJIEKTPOINPOBONHOE IIOKPHTHUE MOXeT OBHTb, B OPMHLMUIIE, JIIOOBM
[IOKPHETMEM, c KOTOPEM OOJDKEeH OCYIMEeCTBJIATLCS BJIeKTPpUYeCKUN
KOHTAaKT. EcjaM naHeJslb II0 M300peTeHMIO IIpendHasHaueHa oO0ecleuMBaTh
BUIOIMMOCTEL, Kak, HalpuMep, B cJydae IlaHeJlel B OKOHHOM cbepe, TO
SJIEKTPOIIPOBONHOE IIOKPHTUE MNPedloUuTUTEJILHO SMABJISeTCS IIPpO3PayuHbIM.
SJIEKTPOIIPOBOOHOE IIOKPHTUE TPEenOIoUTUTEJSIbEHO ABJISEeTCS IIPO3PauHBM
IOJISS  SJIeKTPOMATHUTHOTO M3JIYUeHMUSdI, OCOOeHHO MNPpellouTUTeJIbHO MJIA
SJIEKTPOMATHUTHOTO M3JIyUeHUS C OJIMHOM BOJIHEL oT 300 mo 1300 uM W,
B YacTHOCTM, OJd BUAOMMOTO CBeTa.

B OpednouTUTeIbHOM BapMaHTe OCYMeCTBJIEHUS DSJIeKTPOIPOBOIHOE
IIOKPHTME TIIpencTaBJigeT coboM CJIOM WM CJIOUCTYI CTPYKTYPY U3
HEeCKOJIbKUX OTOeJILHHX CJIOeB C ofmel TOJMMHOM, MeHbllel WJIM PaBHOMU
2 MKM, OCOOEeHHO MNPedlouTUTEeJIbLHO MeHblleM MJIM paBHOM 1 MKM.

[IpednouTuTeJIbHOe DJIeKTPONPOBOOHOE IMIOKPHTHME UMMeeT YyIeJlbHoe
[MOBEPXHOCTHOe conpoTuBJeHue otT 0,4 Om/l[] mo 10 Om/[]. B ocoBeHHO
OpennouyTUTeJILHOM BapuaHTe OCyMeCTBJIEHU S 2JIEKTPOIIPOBOIHOE
IIOKPHTUE 1o n300peTeHN o MeeT yIeJibHOe IIOBEPXHOCTHOE
conpoTuBJjedue or 0,5 Om/U mo 1 Om/L. TOKPHTHMA C TaKUMM YOeJIbHBEMHI

ITIOBEPXHOCTHEIMNM COIIPOTUBIIEHMAMI OCOBEHHO IIOOXOOAT IOJI4d HaTl'peBa
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CTEeKOJ ABTOTPaHCIIOPTHHX CpencTB opu TUIVNUHBIX BOPTORBRHX
HanpsSxeHMAX oT 12 B nmo 48 B WM B3JEKTPOMOOMIIEM C TUIWMUHEMU
DOPTOBEIMM HallpsxeHuavu no 500 B.

SJIeKTPOIPOBONHOE  IOKPHTHME  MOXeT OPOCTHUPaThCH IO BCeu
IIOBEPXHOCTHU IIepBOMU naHeJ . B KauecTBe aJIb TepHaTURH,
BJIEKTPOIPOBONHOE IIOKPHTHE MOXeT TakKXe I[IPpOCTHUpPpAaThBCA TOJIBKO IIO
YacTM TIOBEepPXHOCTM IIepBOM IIaHeJU. SJIeKTPOIPOBOOHOE  IIOKPHTHE
IPeOlNOUTUTENIEHO [IPOCTUpPaeTCsa II0 MeHbmeM Mepe 1o 50%, ocoBeHHO
IpenlouTUTEeJIbEHO 1o MeHbIIen Mepe 10 70%, a HauboJlee
IPeIlNOUTHUTENIEHO I[I0 MeHbIelr Mepe IO 90% DOBEPXHOCTM BHYTPEeHHeN
CTOPOHEL [IePBOM IIaHeJIN.

B NpedNoUYTUTEJILHOM BapMaHTe OCYMEeCTBJIeHUSA [IPO3PadHOM [IaHe U
mo wmzoBpeTeHUI B KaueCTBe MHOTOCJIOMHOM IIaHeJi, IIOBEPXHOCTH
BHYTPEeHHelM CTOPOHHE IIepBOM IaHeJ M MMeeT IHepudbepuUMHYID KpaeBylo
oBjacTb C mWMpMHOM OT 2 MM 0o 50 MM, OPeAlNoUTUTEJILHO OT 5 MM 1O
20 MM, KOTOpas He CcHabOXeHa BJEKTPOIPOBOIHEIM IIOKPHTMeM. Torza
BJIEKTPONPOBOOHOE IIOKPHTME He MMeeT KOHTakKTa C aTMmMochepon U
BHYTPM IaHeJM C I[IOMOIBK TEePpMOIIJIaCTUYHOTO IIPOMEXYyTOWHOT'O CJIOA
NPeIloUuTHUTEJIbHO 3allMMeHO OT IOBPeXIeHUV U KOPPO3UM.

B mpo3pauHoOM MMaHeIM [0 M300peTeHu II0JIe HaTpeBa COINEepPXMUT II0
MeHBIIe Mepe OIHY He  UMeK Iyl  IIOKPHTUA  BO0HY, B KOTOpOU
OTCYTCTBYET BJIEKTPOIPOBOINHOE IIOKPHTHEe. He wuMenmas IIOKPHTHUSA 30HAa
OTpaHMUYMBaEeTCsa KpaeM 30HH, OO0pas0OBaHHEM, IO MeHBIIeW Mepe Ha
ydacTKax, DJEeKTPONPOBOIHEM IIOKPHTHEM.

B dYacTHOCTHM, He UMeKklas I[IOKPHTUA 30Ha UMeeT IepubepumHbN
Kpan 30HH, KOTOPHM IIOJIHOCTLIO obpas3oBaH BJIeKTPOIPOBOIHEM
TIOKPETHEM.

TeM He MeHee, KpaW 230HH TIIepexOoIUT B HepudepUrHy® KPOMKY
BIIEKTPOIPOBONHOTO TOKPHTHUA, TaK UYTO He UMeKkmlas I[DOKPHTUSA 30Ha
HenoCpeACTBEeHHO CBf3aHa C OKpYyXallel KpPOMKM IIaHeJM, He UMekmen
TIIOKPHTUA KPOMOUHOM IIOJIOCOM TPO3PauHOM MaHeJM IO M300peTeHUD.

He 1wMenmas TIOKPHTMSA 30Ha MOXeT MMEeThL CcaMble pasJIMUHHe
KOHTYpPH. Tak, KOHTYp MOXeT OHBTb KBaOpPaTHHM, [OIPAMOYT'OJIBHEM,
TpalelueBUIHEM, TpeyTOJILHEM, OATUYTOJILHEM, meCTUY T'OJILHEM,
CEMUYTOJILHEIM MJIM BOCBMUYTOJILHEIM CO CKPYTJIEHHBIMY yTUlaMy ¥/Wiau

M3OTHYTEIMM KpPOMKaMM, a TaKXe KPYIT'OBEIM, OBaJIbBHEM, KallJIEBMIOHEM WJIN
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SINUNTUYEeCKMM. KOHTYpPHEE JIMHMM MOTYT OHTH MOPAMBEIMM, BOJIHMCTEIMHA,
3UT3ar000pa3HEMA /NI nMJI000pa3HEIMA . HexoTopte nus TUX
TeOMeTPUUECKUX I[IPU3HAKOBR MOTYT OHTH pealjlM30BaHE B OOHOM UM TOM Xe
He MMeKleM NOKPHTHA 30He.

B YacTHOCTM, He NMeKmasa I[IOKPHTUA 30Ha CJIYXUT B KadecCTBe
OKHa CBfA3M, KOTOpOe HABJISEeTCS IIPO3PauHBM OJI9 3JeKTPOMaTHUTHOTO
U3JIy4YeHuU4d, B YaCTHOCTU MHOpPaKpacHOTO (VIK) U3JIy4YeHu4,
PamMoJIOKALMOHHOTO MBJIYUYeHUsa W/UIM UIJIYyYeHVsS pPaauocBa3u. Kpome
TOTO, B OKHe CBA3M TaKXe MOTYT OHTH pasMelleHHE IaTuMKM, HallpUMep,
DaTUUKY IOXIA.

He wMenmasa TIOKPHTUSA 30Ha MOXeT OBTH IIOJIydeHa, HallpuMep,
IyTeM MacCKMpOBaHMA I[IPUM  HaHECEeHMM  HalpeBaTeJIbHOTO  CJIod  Ha
INOOJIOXKY WM IIyTeM YyIOaJIeHMs HalpeBaTeJILHOT'O CJIog, Halpumep, C
[IOMOIBI0 MEXaHUUeCKOTO U/WMIM XYMUUECKOTO YyOaJleHUS W/ UM yHoaJleHUS
oyTeM  OOJIydeHMsS  DJIEKTPOMaTlHUTHBEIM  M3JIYUYeHUEM, B YacTHOCTH,
O0JIydeHUAa Jla3€pPHEM CBEeTOM, nocJe HaHeCeHUd BJIeKTpUYeCKU
HarpeBaeMoOI'O IIOKPHTHUA.

B OpennouTnuTesIJbHOM BapMaHTe OCYIeCTBJIEHUA IPpelyCMOTPEeHa IIO
MeHbIIe Mepe OoIJHa He uMeklmas I[IOKPHETUSA 30Ha. IlIpedlouTHuTeNIbHO,
IpelyCMOTPEHH IIO MeHbIey Mepe IBe M, B UYaCTHOCTHM, IO MeHbIen
Mepe TpM He UMeKNue IIOKPHTHUSA 3BOHH.

IpeANoUuTUTENIBFHO, YIOMAHYTasd IO MeHbIel Mepe OIHa He MMeklmas
IIOKPHTMA 30HaA WM YIOMAHYTOe IO MeHbIeM Mepe OIHO OKHO CBA3U
pasMeneHa (0) B CMOHTHMPOBAHHOM COCTOSHMM TIIPO3pauvHOM IMaHeJu B ee
BepxHel oBJjlacTH.

KOHTAKT C KOJUJIEKTOPHBIMM DJIEeKTpodaMy W/MiIM WX [10O00JacTaMU
yCTaHaBJIMBAKLT IMOCPEeICTBOM OIHOTO WM 0OoJjlee TIOOBOOAMUX IIPOBOIOB
(JIMHMI) .

MogROOAMMM MNPOBOI MNPEeANOUTUTEJILHO BHIIOJHEH B BuUIe TUOKOTO
IIJIEHOUYHOTO TMPOBOIHMKA WM IIJIOCKOTO TIIPOBOOHMKA WMIM IIJIOCKOTO
JIEHTOYHOTO MPOBOOHMKa. Ilon 3TUMM TI[IoIpasyMeBaeTcsd DJIEKTPUUeCKUN
IPOBOIHUK, MMPMHA KOTOPOTO 3HAUUTEJILHO OOoJiblle, UYeM eTo TOJIIMHA.
TakoM MJIOCKMM TMPOBONOHMK IMpelcTaBJsgeT co00M, HalpuMep, I[I0JIOCY WU
JIeHTY, COIepXallyld MJIM COCTOAMyK M3 MeIM, JYXeHOM Menu, aJIloOMUHUS,
cepebpa, 30JI0Ta WJIM MX CIUJIaBOB. IIJIOCKUM [OPOBOIHUK UMeeT,

HalpyMep, IUMPUMHY OT 2 MM OO 16 MM M ToJmmuHy oT 0,03 mMm mo 0,1



14

MM. I[IJIOCKMII HOPOBOIOHMK MOXET MMEThL M3OJMPYRIY, IPeIlIOoUTHUTEeJILHO
IOJIMMEPHYID O0O0O0JIOUKY, HaIpMMeEp, Ha IIOJUMMUIHOM OCHOBe. I[LJIOCKMe
IPOBOOHMKM, KOTOPHE IIOOXOOAT IJIS KOHTAaKTa C DJIEKTPOIIPOBOIHEMA
IOKPHTUAMM B IIaHeJsIx, UMenT OoOmyln TOJNMHY JMIb, Haopumep, 0,3
MM. TakMe TOHKME IJIOCKME IIPOBOIOHMKM MOI'YT BCTpauMBaTbCca 0e3 TpyIa
MEeXIY OTHOEJIbHEMM IIaHeJIAMM B TePMOIJIACTUYUHOM IIPOMEXYTOUHOM CJIoe.
B IJIOCKOM JIEHTOYHOM IPOBOIHMKE MOTYT HaxXOIUTHLCS  HECKOJLKO
DIIEKTPUUYECKM M3O0JIMPOBAHHEIX MeXIy COoOOM IPOBOISMUX CJIOEB.

B KauecTBe aJIb TePHATUBEH, B KauecTBe DJIEKTPUYECKOTO
IIOOBOOAMETO IIPOBOIA MOTYT OBTBH MCIIOJL30BAHE TOHKME MeTaJlIMueCKUe
npoBoma. MeTaJuIMUuecKMe IIpoBOIa cCcomepxaT, B UYAaCTHOCTM, Melb,
BOJIbdpaM, B0JIOTO, cepedpo WIM aJIIOMMHUNM WJIM CIJIaBH I[10 MeHbLIen
Mepe IOBYX U3 DTHX MeTaJlJIOB. 3TKM CIJIaBH MOTYT TakKXe COoIepXaTb
MoOJIMOOeH, pPeHUuM, OCMMM, UHPUIUM, HajJladui MU IIJIaTUHY .

B npeanouTuTeJIbHOM BapMaHTe OCYmEeCTBJIEHMS IPO3PadHOM IIaHeJ U
10 M300peTeHMI0 KaxXOul M3 YIOMAHYTHX I[I0 MeHbIeV Mepe OBYX, B
YAaCTHOCTM IBa, KOJJIEKTOPHHX DJIEKTPOOOB BJEKTPOIPOBOIOHO COeIMHEHEH
COOTBETCTBYIOIMM [IJIOCKUM IIPOBOOHMKOM c IIOJIICaMM VUCTOUHMKA
Hanp sKeHM S .

B eme OIIHOM NPenlIouTUTeJIbHOM BapraHTe OCYIMeCTBJICHUI
YIIOMSAHYTHE II0 MeHbIIell Mepe IOBe, B YaCTHOCTM OBe, HomoBjacTu
YIIOMSAHYTOTO IIO MeHBIIel Mepe  OOHOTO, B UYACTHOCTM  OIHOTO,
KOJIJIEKTOPHOTO BJIeKTpona BJIEKTPOIPOBOOHO COenOVHEeHE c
COOTBETCTBYIIMM IIJIOCKMM IIPOBOIOHMKOM, IIOIOKJIOUEHHEM K MCTOUHUKY
HanpsSxeHMS . [peOlnouTuTeJIbHO, IJIOCKME IIPOBOOHMKM PACIOJIOXKEHH Ha
yyacTKe I[omoBJlacTel, KOTOPHM PacIoJIoxeH BOJIM3M COOTBETCTBYKIEN
BTOPOM CTOPOHHE KPOMKM IIaHeJM. B 5STOM BapMaHTe OCYMeCTBJIEHUSI
DJIeKTPUUYEeCKad U30JISIUSA IIJIOCKMX IIPOBOOHMKOB oT JIMHUMN
DJIEKTPONNTAHNSA OCymecTBJISeTCS IIOCPenCTBOM IPOCTPAaHCTBEHHOT'O
OTHOeJIeHUS STUX KOMIIOHEHTOB.

B eme OIIHOM IPenIoYTHUTEeJIEHOM BapraHTe OCYyIMeCTBIJICHUI
VIIOMSAHYTHE II0 MeEeHBIIel Mepe »OBe, B YaCTHOCTHM OBe, HomoBjacTu
YVIIOMSAHYTOT'O IIO MeHBIel Mepe  OOHOTO, B YACTHOCTM OIHOTO,
KOJJIEKTOPHOTO  SJIEKTPOoIma DJIEKTPOIPOBONHO COEOMHEHH C  IIJIOCKUM
IPOBOOHMKOM. I[IpedlouTUTeJIbHO, B IaHHOM BapMaHTe OCYIeCTBJIEHUS

[IJIOCKUM IIPOBOIOHMK pasmMelleH I10 LeHTpPpY MeXITy IBYMA
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PO TUB OIIOJIOXHEIMI KOHIIaMM nomoBjacTen. [IpennouyTmuTeJILHO, 2TO
OOCTHUTAaeTCa C IOMOMmMBID OfOmer DSJIEKTPOIPOBONHOM COeOMHUTEJILHOM
YacTM WJIM »OBYX AaCCOLUMMPOBAHHEIX C COOTBETCTBYWIEN TOHOBJIaACTHIO
DJIEKTPOIPOBONHEX COEIMHUTEJILHEX uYacTel. I[JIOCKMM IIPOBOOHUK MOXET
OHITE COeIOMHEH C DJIEKTPOIPOBOOHOM COEIMHMTEJILHOM YaCThi C IIOMOILIO
IIJIOCKOM MeTaJIJIMUeCKOM IIOJIOCH, B YACTHOCTM, MEeIHOM IIOJIOCH.

[Ipy 5TOM IJIOCKMM MIPOBOIHMK ¥ VYIIOMSHYTAas I[IO0 MeHbIleM Mepe
onmHa COeIMHUTEeJILHAag yacThb u, Ipr  HeoBXOoOMMOCTM, Jjiockasa
MeTaJIJIMueckas II1oJioca, B UYaCTHOCTM, MeIHas II0JIoCa, PacIloJOXeHE
DIIEKTPUUECKM MI0JUMPOBAHHEIMM OT YIIOMSHYTHX II0 MeEeHBIIeM Mepe IBYX
JIVHUM BJIEKTPOIMTAaHMU .

B 2TOM  CJy4dae RIIeKTpUUecKas  MB0JALUMSA  MeXOy  IIJIOCKUM
IPOBOOHMKOM M  COEIMHUTEJIBHOM  YacThbio, C OIOHOM  CTOPOHH, u
YIIOMSAHYTEIMM IO MeHbIIeM Mepe »OBYMS JIMHUAMM SJIeKTPONMUTaHusa, C
IPYyTOM CTOPOHE, OCYNECTBJISAETCS IIOCPEICTBOM BSJIEKTPOUBOJIMPYIMEeTO
CJIog, B UYaCTHOCTM IIOCPEINCTBOM IIOJIOCKOBOTO BJEKTPOU3OJUPYIIETO
CJI0A MeXOy IIJIOCKMM IPOBOIHMKOM M COeIMHUTEJILHOM UYacThblo, C OOHOM
CTOPOHH, un YIIOMSHY THIMI 1o MeHbIIen Mepe OBYMS JIMHV IMM
BIIEKTPOIMTAHUSA, C OPYTOM CTOPOHH. JJIEKTPOM3OJMUPYIINWI CJIOM, B
YACTHOCTM  IIOJIOCKOBHIM  BJIEKTPOUIOJIMPYIONMUIN  CJIONM, IIOKPHBAET  IIO
MeHbIIen Mepe TOUKU IepeceyeHms COeIMHUTEeJILHOM yacTu c
YIIOMSAHYTHMM I[I0 MeHBIIeV Mepe IOBYMS JIMHMAMM SJIeKTponMTaHusa. OOHAaKO
OH TakKXe MOXeT IIPUMHKATL K O0eMM IMIPOTHBOJIEXANMM TOPIIEBEHM KPOMKaM
nomoBJjacTei.

[IpeOIOUTHUTEJIBHO, STa KOMIIOHOBKAa MMeeT B LeJIOM CJIOMCTYIO
CTPYKTYPY M3 CJeIVIOIMX HaJIOXKEHHHEX OPYTD Ha IpyTa CJIOeB:

- IaHeJb,

- IIOKPHITHE M3OJALMEN YUYaCTKU JIMHUN SJIeKTPOIMTAaHUSI,

- CMEeXHHE C JIMHMSAMMY DSJIEKTPONMTAaHMA [IoHoOJIaCTM IOKPHTMS BHE
[I0JIsT HaTpeBa, K KpasdM 30H KOTOPHX IIPMMHKALT IPOTUBOJIEXANMEe IPYT
IPYTY KPOMKM SJIEKTPOMIOJIMPYRIEeTO CJOoSg; K TOMYy Xe DSTHU KPOMKU
MOTYT IMNIPMMHEHKATE K I[IPOTUMBOJIEXAIMM OPYTD IPYI'Yy TOPLEBEM KPOMKAM
obemux nomobJjacTel KOJIJIEKTOPHOTO DJIeKTpOomna,

- JIeXaluil Ha D2JIeKTPOMI30JIMPYIIEM CJIOe IIJIOCKMUINM IIPOBOIOHUK,

- nomoBJIacTM KOJIJIEKTOPHOT'O D2JIEKTPpOoHa U

— SJIEKTPUMUECKM COeIVMHEeHHaAd C HUMMM COeIMHMTEeJIEHaAd YacCThb.
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CymecTBeHHOEe IMIpeMMymecCTBO TaKoW KOMIIOHOBKM COCTOUT B TOM,
UTO HeOoOXOOMM TOJILKO ellle OOMH ILJIOCKMM MOPOBOIHMK OJIS NIMTAaHUA IOBYX
nomoBJjacTe KOJJIEKTOPHOTO S2JIeKTpoda, UYTO CYIeCTBEeHHO YIIPOoMaeT
M3TOTOBRJIEHME MPO3PAauHOM MaHeJM 10 M300peTeHMO.

IOi1g T[pos3padHoOW TIMaHeJluM I[I0 M300peTeHMI BaxHO, UYTO OHa BHe
I0JIS HaTpeBa M C IIPOCTPAHCTBEHHHM OTIOeJIeHMeM OT HeTOo II0 MeHbIlen
Mepe OIHMM, B UYaCTHOCTM OIHMM, M3 BHIEONMCAHHHX KOJIJIEKTOPHBIX
2JIEKTPOOOB BOOJB IO MeHbIMEeMW Mepe OIOHOM, B YaCTHOCTM OIHOM,
[IepBOM CTOPOHHE KPOMKM IIaHeJM MMeeT I[I0 MeHbIeM Mepe  OOHO
OOIIOJIHUTEeJIbHOEe, B YaCTHOCTM OIHO, HarpeBaeMoe, BSJIEKTPOIPOBOIHOE
[IOKPHTUE BHINIEONIMCAHHOTO TUIA . [IpeanouyTUTEeJILHO, 2TO
OOIIOJIHUTEeJIbHOE HarpeBaeMoe, DJIEKTPONIPOBOOHOE [IOKPHEITHE B
CMOHTUMPOBAHHOM COCTOSHUM TIaHeJIM IO M300pEeTEeHMIO PAacCIlOJIOXEHO IIOXO
HIDKHYM  KOJIJIEKTOPHBIM SJIEKTPONOM U/UJIM Hall BEPXHUM KOJIJIEKTOPHEM
2JIEKTPONOM B B0HE OCTAHOBKM CTEKJIOOUUCTUTEJIEN.

B 3TOM OOIIOJIHUT EJIEHOM HarpeBaeMOoM, BJIEKTPOIIPOBONHOM
IOKPHTUM B oO0JlacTM 00euxX BTOPHX CTOPOH KPOMKM IIaHeJlM pa3MelleH
COOTBETCTBEHHO IIO MeHbIle Mepe OOMH MOOIOJIHUTEJILHHEM DSJIeKTPOH, B
YacTHOCTHU 1o MeHbIen Mepe oBa IOOIIOJIHUT €JIb HEIX 2JIeKTPOoIa .
[IpennouyTuTeJILHO, STU 1o MeHbIlley  Mepe oBa IOOIIOJIHUT €JIb HEIX
2JIEKTPOOa B CMOHTHMPOBAHHOM COCTOSHMM IaHeJIM TII0 U300peTeHUo
OPMEHTUPOBAHE BepTUKaJbHO. OHM COeIMHEeHH COOTBETCTBEHHO uepes IIO
MeHbIleld Mepe OOHY, B UYaCTHOCTM OIOHY, JIMHMIO DSJIeKTPONIUTaHUS C
KOJIJIEKTOPHEM 2JIEKTPOOOM, KOTOPLI VMeeT IIOJISPHOCTL,

IIPOTHEBOIIOJIOXHYK IIOJIAPHOCTM BJIKanIero KOJIJIEKTOPHOI'O BJIeKTpOooa.

Chje! O3HauaerT, YyTOo KoTIa BEepXHUN KOJIJIEK TOPHLIM BJIEKTPON
BJIeKTPUUECKH coenuHeH C [IOJIOXUTEJIEHO 3apSKEeHHBM [1OJIIOCOM
VCTOUHVKA HanpSXeHWs, TO oBa PacIloJIOXeHHEE Hapm BEpPXHUM

KOJIJIEKTOPHEM SJIEKTPOIOM IOTOIIOJIHM T EJIE HEIe SJIEKTPOOEI UYepes JIMIHVIIL
SJIEKTPOIIMTaHMA SJIEKTPUMUYECKM COeIMHEHE C OTpHMIaTeJIEHO 3apAXeHHEM
HIMXHVIM KOJUJIEKTOPHEIM 3SJIEKTPOIOM. Eciau, HaIlpoTumB, OOIIOJIHMTeJIb HEIe
SJIEKTPOOEI PacCIIOJIOXEHEI B HIMIXHEM JOITIOJIHMTeJIEHOM Hal'peBaeMOM,
SJIEKTPOIIPOBOOIHOM IIOKPEITUI HIIXe, HallprMep, OTpMIaTeJIBEHO
SApPAXEeHHOI'O HMXHEeI'O KOJIJIEKTOPHOI'O JSJIeKTpOda, TO OHM dYepes3s JIMHUMA
SJICEKTPOIIMTaHMA SJIEKTPUMUYECKM COeIMHEHE C IIOJIOXMTEJIEHO 3apAXeHHEM

BEPXHVM KOJIJIEKTOPHEM 3JIEKTPOIOM. CrneliMaJiMCTy DOOJDKHE OHTBH IIOHSTHE
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opyrue KOHOUTYPpaLUK Ha OCHOBe IpenJIoXeHHOTO TEXHUUYECKOTO
pemeHms .

MpennouyTUTeJILHO, IOOIIOJIHUT eJIb HEE 2JIEKTPOOE u JIMHUN
SJIEKTPONMUTaHMA HaMHOTO OoJiblle B OJMHY, UYeM B IMPpMHY. [IJIMHa
3aBUCUT TJIAaBHEM 00pasoM OT pa3Mepa I[aHeJIu. [IpednodTUTeNIbHO,
mMpMrHa cocrapjgeT oT 10 MxM mo 10 MM, B uyacTHocTM, oT 10 MKM IO
1 M. OHM OpeldlouTHUTeJILHO UMMelnT Ty Xe  TOJIIMHY, UyTo U
KOJIJIEKTOPHEIE BJIEKTPOIH .

BoJjlee TMpeOlouTUTENIBHO, JIMHUM DJIEKTPOIMTAaHMSA TIIO BCeM UX
OJIMHE MMelT I[IOCTOSHHYK TOJIVHY U IUPUHY .

JIMHUM BJIEKTPONUTaHU S IIPOXOOAT BIOOJIb COOTBEeTCTBYIIEN
aCCOLUMMPOBAHHOM KPOMKM IIOKPHTMA M BIOJBE 00euxX BTOPEX CTOPOH
KPOMKM IIaHeJIM IO MeHbIeM Mepe Ha ydacTKax

- B acCCOLMMPOBAHHOM KpaeBOM II0JIOCE,

- Ha acCCOlLMMPOBAHHOM YUYacCcTKe IIepUdepUMHOV KPOMKMU IIOKPHTUSA C
BJIEKTPUUECKOM PasBA3KOM oT IOJIA HarpeBa IoCpencTBOM
COOTBETCTBEHHO II0 MeHbIeV Mepe OIHOM acCCOUMMPOBAHHOM He UuMeklmen
IOKPHTUA JIMHUM /WU

- B n/mnim Ha COOTBETCTBEHHO aCCOLUUMPOBAHHOM
SJIEKTPOIIPOBOOHOM IIOKPHTUM BHe IIOJIS HaTpeBa C BJIeKTPUUeCKOM
Pa3BA3KOM OT II0JIA HaTpeBa IIOCPEeOCTBOM COOTBETCTBEHHO II0 MeHbIel
Mepe OIHOM aCCOLUMMPOBAHHOM He UMeklleM IIOKPHTUS JIMHUM.

[pednouyTUTeJILHO, JIMHUU DJIEKTPONIUTAHUS IIPOXOOAT Ha
COOTBETCTBEHHO AaCCOLUMMPOBAHHOM SBJIEKTPOIPOBOIHOM IIOKPHTHM  BHE
[IOJIA HaTrpeBa.

[IpednouTUTEeJIbHO, JIMHUM DSDJIeKTPONIMTaHMsa, I[I0 MeHbllel Mepe Ha
yyacTKax, ABJIAITCA  NPAMOJIMHEeMHBMH, BOJIHMCTEIMH, M3BUJIMCTEMA,
OUJIOOOPAasHEMM M/MJIM  3UT3aroobpasHBMK. IIpeIloUuTUTeJILHO, JIMHUN
SJIEKTPONUTAHUSA NIPOXOOAT IO BCeM CBOeM IJIMHe IPAMOJIMHEMHO.

llaHeJIb 1[I0 M300peTeHMId MMeeT B IIO MeHblle Mepe OIOHOM, B
YacTHOCTM OOHOM, IOIOJHUTEJLHOM HarpeBaeMOM, SJIEKTPOIPOBOIHOM
IIOKPHTUM II0 MeHbIleM Mepe OIMH IIPOTUMBODJIEKTPOH, B UYaCTHOCTU IIO
MeHbIIel Mepe oBa IPOTUBORJIEKTPOIA, aCCOLUUNPOBaHHBIX C
COOTRBETCTBYIIMM IOIIOJIHUT &JIb HEIM 2JIEKTPOOOM, B YaCTHOCTU c
COOTBETCTRBYNVMMY OBYMS OOINOJHUTEJLHEMMY 3JIeKTPpOoIaMM, SJIeKTPUUYeCKU

CBA3aHHLM (e) C aCColMMpOBaHHEM KOJIJIEKTOPHEM SJIEKTPOIOM



18

PO TYBOTIOJIOXHOY TTOJIAPHOCTH .

[[POTMBOBIJIEKTPON pas3lelleH Ha IBe YacTU M COIEPXUT COOCTBEHHO
IPOTVBOBJIEKTPOI, KOTOPHM HEINOCPEeINCTBEHHO COeOMHEH C KOJIJIEKTOPHHM
SJIEKTPONOM M, CJIeOOBaTeJIbHO, MMeeT eTro BJeKTPUUYeCKMM II0TeHUMaJs,
U COEeIVHUTEJILHHM MTPOBOIHWK. COEOUMHUTEJILHHM I[IPOBOIHMK COEIOVHEH He
HEeNnoCPEeOCTBEHHO C KOJIJIEKTOPHHM I[IPOBOOHMKOM ¥ MIPOTMBOBJIEKTPOIIOM,
a BJIEKTPOIIPOBOIHO COeIVMHEH  uUepe:s IPOBOIAMEE [IOKPHITHIE c
COoBCTBEHHO IPOTUBORJIEKTPOIIOM. TepMUH "srIexTpUUeCcKU cBazan”
cJlenyeT MHTEepHpeTHPOBATH COOTBETCTBYHIMM oOpas3oM. COelMHMTEeJIbHBI
IPOBOOHUK ¥ COOCTBEHHO IIPOTUBOSJIEKTPON MOTYT TakKXe YIOMUHATLCSH
KaK IlepBas ¥ BTopas I[0HOOJIaCThb pas3mejIeHHOTO Ha IBe YacTHu
[IPOTUBOBJIEKTPONA .

[IpeANOUTUTEJIEHO, I[IPOTMBOIIOJOXHEE OPYTD IOPYTY IOINOJIHUTEJbHEE
BJIEKTPOIH u PO TUBOIIOJIOXHEE IopyT opyTry IIPOTUBOBJIEKTPOIE
PacIOJIOXEeHH B 3epKaJIbHOM OTPaXeHMM II0 OTHONEeHUI K LeHTpaJlbHOM’
JUMHUM WM OCH 3BepKaJIbHOM CUMMEeTPMM IIaHeJM [0 u300peTeHunn, B
YaCcTHOCTM, IIO OTHOMEHMI K BepTUKAJILHOM LeHTPAaJIbHOM JIMHUM U OCHU
3epKaJIbHOM CUMMETPUM [IPO3PadHOM INaHeJu.

[laHeJb IO U300PEeTeHMI TakXe MMeeT B II0 MeHbIlel Mepe OIHOM,
B UYACTHOCTM OIHOM, MHOOIOJIHUTEJILHOM HaTpeBaeMOM BJEeKTPONIPOBOIHOM
IIOKPHTHM IIO MEeHbIIel Mepe IBe, B UYAaCTHOCTM MOBE, PAaACIOJIOXKEHHHE B
3epKaJIbHOM OTpaXeHuM OpyTD K OPYyT'y CUCTEeMH U3 I[I0 MeEeHbIlel Mepe
YyeTHpEex, I[IPeNlouTUTEeJIbHO IO MeHbllel Mepe MOATM He  UMelMUx
IIOKPHTHUA JIMHWM, KOTOPHE PACIIOJOXEHE TakuM o0pas3oM, UYTO OHUM IIpK
IPUJIIOXEHUU NMTaKIero HaIpXeHU S HanpagBJIAnT TOK HarpeBa,
NpoTeKanmuil OT YIOMAHYTEX I[I0 MEHbIelM Mepe OBYX IOIOJIHUTEJIbHBIX
BJIEKTPONOB (B YACTHOCTM, OT YIOMSAHYTHEHX COOTBETCTBEHHO I10 MeHbLIIen
Mepe MOBYX IOINOJHUTEJLHEX DJIEKTPOIOB), UYepes COOTBETCTBEHHO IIO
MeHbIIeW  Mepe  OIWH, NpearnouTuTeJIbHO 10  MeHbIlel  Mepe  OBa
aCCOUUUPOBAHHEIX COOTBETCTBEHHO C  HYMMM  IIPOTMBODJIEKTPOIA K
YIIOMSHYTOMY II0 MeEHBbIIeV Mepe OIHOMY KOJUIEKTOPHOMY  BJIEKTPONY
COOTBETCTBEHHO IIPOTMBOIIOJIOXHONW IMOJIAPHOCTM, MPUUEM He MVMeomye
MMOKPHTHUA JIMHUM 3a0alT TOKOMNPOBOMAMME IOPOXKM a, ¥ WX IJIUHY .

B COOTBETCTBUM C U300peTeHreM IJS OJIVMHE TOKOIIPOBOIAMMUX

OJOPOXEeK ap CIIpaBelJIMBO YPAaBHEHNMe:
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VHi:%:sz:O§OOLS

n=2

I'oe n - LeJjioe 4ucjio oT 2 no 30, OpellodTUTeJIbHO OT 2 mo 25
¥, B YacTHoCcTu, oT 3 pmo 20, VH; - MaTeMaTHM4YeCKOEe OTHOIeHMEe, M a;
— TOKOIPOBOOAMME NOPOXKM MEXIY COOTBETCTBYKIVMKY IOIIOJIHUTEJbHBEMN
DIIEKTPOIaMMn (18, 18") u OITVKa MM K HMM [OPOTHUBOJIEXAUVMA
ydyacTKaMM acCCOLUMPOBAHHEX C HUMMU IIPOTUBORJIEKTPOnOB (19).

oL YIIOMSHY TEIX 1o MeHbIIeMn Mepe OBYX OOIIOJIHUT €JIbHEIX
2JIEKTPOOOB IMNPOXOOAT II0 MeHBIMEM Mepe IBe TOKOINPOBOOAMME HOOPOXKU
(C OOmHOM CTOPOHEH, ai, C IOPYTOM CTOPOHH, axtas) K COOTBEeTCTBYIIEMY
IIPOTUROBJIEKTPONY . HJg IOJIMHBE TOKOIIPOBOLNANMX LOOPOXEK CIpaBeldJIMBO:

VH.-oJmHa a;: (OJmHa as+as)=or 0,05 mo 2,5 (I)

roe

(VH;) ofBoszHauaeT MaTeMaTHUYeCKOe OTHOIeHUue,

(ay) oBbosHauaeT TOKOIIPOBOIAMME OOPOXKA Mexnoy

COOTBETCTBYIVMY BEPXHVMM IOIOJHUTEJILHEIMM DJleKTpomamu (18, 18') u
COOTBETCTBEHHO BixanmmMMy K HUM, aCCOUMMPOBaHHBEMU C  HYMMU
BepPXHMMU IomoBJacTaMM BEepPTHMKAJILHBEIX IIJIeU pasleJIeHHBIX Ha IBe YacTH
IPOTHUBOBRJIEKTPONnOE (19),

(ay) obo3HauaeT TOKOIIPOBOOAMME OOPOXKU MexIay
COOTBETCTBYOIIMMA HIMXHMMM OOINOJIHUTEJLHEMY SJekTpolaMu (18, 18') wu

COOTBETCTBEHHO acCColMrMpOBaHHEIMA C HVIMI BEePXHVIMIM riogo®JjacTaAMU

COeIMHUTEJILHOTO MIPOBOIHMKA (19') mu

(as) 0003HauvaerT TOKOIIPOBOLIAIME OOPOXKU MexXIy
COOTBETCTBYKIVM/ HWKHUMM [IOJOOJIaCTAMM COEeIMHUTEJIBHOTO MIPOBOIOHMKA
(19" n COOTBETCTEBEHHO aCCoUMMPOBaHHEIMU e HYIMU BTOPEMU
BEPTUKAJILHEIMM IIOHOBJIacTAMM COOTBETCTBYKIMETO pPa3OdeJIEHHOTO Ha IOBe
YacTM MIPpOTHMBORJekTpoma (19).

[IpennouTuTeJIbHO, CcIpaBemiueo VH;-oT 0,1 mo 2, B UYacTHOCTH,
or 0,5 mo 1,5. IlpelnouyTuTeJIbHO, cHOpaBemiauBo VH,-or 0,5 mo 2, B
vyacTHocTH, oT 0,5 mo 1,5.

B ocofeHHO TMPedloUTHUTENIEHOM BapMaHTe OCYMEeCTBJIEHUS CUCTEMH
o wm300peTeHr©, IJI49 T[IPOXONAMMX BEPTUMKAJBHO K TOPU3OHTAJIbHEM
TOKOIMIPOBOOANMM IOPOXKaM a; — a, (B YaCTHOCTHM, a; U a,tas) YyJacTKOB

hy - h, wmmm paccrosguu¥t h; - h, (B UYacTHOCTHM, YUACTKOB WJIHU
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paccTosaHu h; m hyths) TOPM30OHTAJBLHHX, PACIOJOXEHHHEX IapaJlJielIbHO

IpYyT IOpYyTYy, He UMEMUX IIOKPHTUS JMHMI 16", KOTOpHE OTpaHMUMBAaiT
TOPM30OHTAJIEHEIE TOKOIPOBOOAMME JOPOXKM a&; — a, (B YAaCTHOCTH, ai U
atas), CIpPaBeIJIMBO ypaBHEeHMUE:

VH,-h,-1:hy-0r 0,5 mo 2,0, npemnoururesgsHo oT 0,6 mo 1,5, B
vyacTHoCcTH, oT 0,8 mo 1,2,

B YaCTHOCTM:

VH,-h,: (hy+hs)=oT 0,5 mo 2,0, npennoururessHo oT 0,6 mo 1,5,
B yacTHoOCcTHM, oT 0,8 mo 1,2,

roe VH, oBo3HavaeT COOTBETCTBYKIlee MaTeMaTUMUeCKOe OTHOIEHME.

He wuMewnmye MDOKPHTUSA JMHMM OPOXOIOAT, IIO MeHbIley Mepe Ha
yYacTKax, HENPepHBHO W/MIM KaK I[IPEepPHBUCTHE JIMHUMU C OUCKPETHHEMHI
npope3amMu. I[IpedlouTUTeJIbHO, OHM IIPOXOIAT HEeIPepHBHO IO BCeu
CBOeM IJIMHe, TO eCcTb 0e3 IIpopesen.

OnmHa He ¥VMelmMVxX I[IOKPHTHSA JIMHUM MOXEeT BapbMpPOBaTLCA B
MMPOKMX npernejax u, CJIenoBaTeJILHO, amanTupoBaThbCAd
IPeOlIouTUTEeJIbHEM ofOpas3oM K TpeboBaHMAMM KOHKPETHOTO CcJjydad.
[MprHa He MVMEKRMUX IIOKPHTUSA JIMHUNM Topa3no MeHblle, ueM MX OJMHa, U
MOXEeT M3MEHATLCS I1I0 IOJMHe. IIPpeOlouTUTeJIbHO, mMPMHAa II0 BCeM IJIMHEe
[IOCTOSHHAa . IIpednouTuTesIbHO, MIMPpMHAa HaxXOOMTCA B OMamna3oHe oT 10
MKM OO 1 MM.

C TIIoOMOmbI DTOM CUCTEMBl M3 II0 MeHbIIeM Mepe UeTHpex He
VIMEMMX [IOKPHETU A JIMHUMN 3am0ainTCca infe) MeHbIIen Mepe IoIBe
TOKONPOBOOAMME IOPOXKM a, B COOTBETCTBYONMX HIMKHEM U/UJIM BepxHeM,
B YaCTHOCTM HMWXKHEM, IOOINOJIHUTEJILHOM HaIl'peBaeMoM, 3JIEKTPOIPOBOIHOM
IOKPHTUM (X)) . [IpU OPUMJIOXKEHUM OIMUTAalMeTro HalpSIXeHMsS B D2TOM CHUCTeMe
IpoTeKaeT TOK HaTrpeBa OT VYIOMAHYTOI'O IIO0 MeHbIIeM Mepe OIHOTO
OOIIOJIHUTEJILHOTO SJIeKTpOoIoa uepes YIOMAHYTHM I10 MeHblleM Mepe OIOMH
IPOTUBOSJIEKTPOLI IIO TOKOMNPOBOOAMMM OOPOXKaAM K  HIWKHeMY U/WiIn
BEPXHEMY KOJIJIEKTOPHOMY (BHIM) BJIEKTPOIY (aMm) .

[Mpr »ToM ocoBoe MNPeMMYyIIEeCTBO CUCTEME 10 U300PEeTEeHUK COCTOUT

B TOM, UTO 3a cuer 3TOTO HIDKHEE "/ nMim BepxHee
IOOIOJIHUTEJIBHOE (BIe) , HarpeBaeMoe (He) , BJIEKTPOIIPOBONHOE (EIE)
MIOKPHTHE () HarperaeTcd (0TCH) pPaBHOMEPHO, npruyeMm voeJbHasa

MOmMHOCTL HaTlpeBa cocrabjgeT orT 300 mo 900 Br/M?, HOpPennodTUTEJIbLHO
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or 350 mo 800 Br/M?.

IpyToe ocoboe TMOperMymeCTBO KOHOUTYpaLWU W3 OOIMIOJHUTEJLHEX
SJIEKTPONOB, MNPOTUBOBJIEKTPONOB UM CHCTEM He KMENMX NOKPHTUS JIMHUMK
COCTOMT B TOM, UTO BC KOHOUIYpPALMIO MOXHO MIPOCTO amalTUpOBaThL K
TpeBOBaHMAM  KOHKPETHOTO  cJydyasd IIyTeM [POCTHX  IapaJljIelibHEX
CIOBUTOB, HampuMep, TIOTIOJIHU T €JIb HEIX 3JIEKTPOIOB u/mam
IPOTUBOBJIEKTPONA, Ges HeBJIaTOIPUSATHOTO M3MEeHEeHM I yIeJbHOM
MOIMHOCTY HaTpeBa, HaIpWMep, WM3-3a BOSHUKHOBEHMSI TOPSUMX TOUeK
U/MAN  XOJIOOHEIX  Touek. OnTmMasibHas mJIg  KOHKPETHOTO  cJydas
KOHOUTYpaurda MoXeT OBTH JIeTKO OoNpenejieHa C IIOMOMBI OOBUHHX U
M3BECTHHX MNPOTPaMM MOIEJUPOBAHMUSA.

B  1eJoM, KOHOMTYpaumsda  HaHeJu [0  MB00peTeHMid  OUeHb
sbbexTUBHO penoTBpamaeT nprMep3aHue fe3merCcTBYOIMX
CTEeKJIOOUMCTUTEJIEM B 30HE OCTAHOBKU CTEKJOOUMCTHUTEJIeN Iaxe IIpu
0COBEeHHO HMBKMX TeMneparypax <0°C, B uacTHOCTM <-10°C.

B NpennouTUMTEeJIbHOM BapMaHTe OCYIEeCTBJIEHMA IPO3PayvyHONM IaHesu
no wusobpeTeHuMo Te O0OJAaCTM, B KOTOPHX pPa3MelleHb KOJIJIEKTOPHHE
BSJIEKTPOIH, I[1JI0 CKUM IPOBOIHUK W [IJIOCKME [IPOBOIHUKH,
MOTIOJIHUTEJILHEM  3JIEKTPON MM  HOOMNOJIHUTEJIbHEE  SJIEKTPOINH,  JIMHUU
SJIEKTPONUTAHUS M CHUCTeMa He UMEKIUX [IOKPHTUS JIMHUNM, UYaCTUUYHO WU
[IOJIHOCTBLI OINTUUYECKM MAaCKUPOBAHE OOLUHBEIMY ¥ M3BECTHHMU OINTUUESCKU
CKPHBAKIMMY, HeElPO3PAUHEIMY WM HelIPOCBEUUBAKIUMLCS MaCKUPYIOIUMA
[OJIOCaMA . MacKupyome [TOJIOCHL CKPHBAT STU u npyrue
bYyHKUMOHAJIbHEIE SJIEMEeHTH B 5STUX O00JIaCTSX U 3alMmaioT Ux oT Yo-
U3JIyYeHMsd, KOTOopoe MOXeT IIOBPeIUTh O(QYHKIMOHAJIbHEE DJIEMEeHTH. B
YaCcTHOCTH, yepHad MaCKMUpYyIoa g rnoJjioca CONEepPXUT OTNITUUECKU
CKpHBAKIYD, HeIpo3pauHyln [IomobJjlacTh, KOoTopasd Ha CBOeM Kpao
[IepexoauT B OINTUUECKM UYaCTUUHO [IPO3PauHyln [IOIOBJacTb. ONTUUYeCKU
YacTUMUHO Mpo3pauHasg I[IonobjacTh MOpedcTaBjgeT cobol, HalpuMmep,
TOUEUHHI pacTp. IIpellloUuTHUTeNIbHO, MacKuUpyomas II0JIoCa HAaHOCUTCA Ha
BHYTPEHHIOI CTOPOHY BHEmHEeNM I[aHeJM, TO eCTh Ha ee oOpalleHHYon K
BHYTpEeHHEelM I[aHeJu CTOPOHY, IIOCPeICTBOM TpabapeTHONW [eyaTu U
BXUTAaeTCd, IIpexIe uYeM oOe TIaHeJy C IIOMOMBID anle3MBHOTO CJO4
COemMHAITCA IOPYyTD C OPYTOM.

Hpe,HHOT{TMTeJ'H:HO, IIpedmeCTBEeHHVMKNM MaCRKHMPYKRIMX IIOJIOC HaHOCHAT
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MeToOooM TpadapeTHOV IIeuaTM Ha elle He IIOKPHTHEe [IaHeJM, II0CJe UYero
HaHECEHHHE CJIOM BXMI'AKT.

[TaHeM 1O WM300PETEHMI MOTYT W3TOTABJIMBATBHCH OOBUHBIMU WU
M3BECTHEIMM crnocobamMmr. I[IpeldllouTUTEJIBHO, OHUM M3TOTaBIMBAaKTCA C
INOMOIIBI crocoba IO M300peTeHUD.

Crioco® 1o N300peTeHND BKJIIOUAET B ceb4a crenynmre
TEeXHOJIOTMUECKME DBTAIIH:

(A) MBTOTOBJIEHUE DBJIEKTPOIPOBOOHOTO IIOKPHTUA;

(B) M3TOTOBJIEHME I[IO MeHbIley Mepe OIOHOTO He  UMEeKIero
[IOKPHTMA OKHa CBA3M B DJIEKTPOIPOBOINHOM IIOKPHTHM IIOJIS Hal'peBa;

(C) BHIIOJIHEHUE

(cl) 1o MeHBIIEM Mepe OBYX COeIMHEHHEX C Oo0OMMM IIOJICaMU
MCTOUHMKA HalpsSXeHU A KOJIJIEKTOPHBIX DJIEKTPOLOB, KOTOPHE
DIIEKTPUUECKM COeIVMHEHH C 3JIEKTPOIPOBOOHEIM IIOKPHEITMEM, TaK UTO IIPpU
IPUIIOXKEHUM [IUTARIEelo HalpAXeHMSI TOK Hal'peba I[IPpOTeKaeT uepes IIoJie
HarpeBa, HaxoOdlleecd MexXnoy oO0OOMMM KOJJIEKTOPHEIMU BJIeKTpoLaMiy,
u/ M

(c2) 1[0 MeHbIleM Mepe OBYX COeIMHEHHEX ¢ Oo0OMMM IIOJIOCaMMU
MCTOUHMKA HaOopSXeHUs KOJIJIEKTOPHEBIX 2JIEKTPOIOR, KOTOPHE
DIIEKTPUUECKM COeIMHEeHH C BJEeKTPOIPOBOIHEIM IIOKPETHEM, IIPUUYEM IIO
MeHbIlel Mepe OIMH M3 000MX KOJIJIEKTOPHHEX DJIEKTPOIOOB BHIIOJIHEH
pa3nOeJleHHEM Ha II0 MeHbIlel Mepe IBe IIPOCTPaHCTBEHHO OTIOeJIeHHBE
OpyTD OoT OpyTra nomodbjacTu;

(D) m3TOTOBJIEHUE

(d1l) 10 MeHbIleM Mepe IOBYX  OONOJIHUTEJILHHX  DJIEKTPOIOOB,
IPOTUMROJIEXAMX JOPpyTD IOPYTY B 3epKaJIbHOM OTpPpaXeHUM OTHOCUTEJIBHO
BepTUKAaJLHOM  LeHTpaJlbHOWM JIMHUMM U OCHM  3epPKaJIbHOM  CUMMeTPUM
IpOo3pauvHoON HaHeJu;

(d2) no MeHbIleM Mepe IBYX IPOTUBODJIEKTPOINOB, IMIPOTUBOJIEXAIMX
oIpyD IOpyl'y B 3epKaJlbHOM OTpaXeHUM OTHOCUTEJILHO BepTHKAaJIbLHOM
LHeHTpaJIbHOM JIMHUM M OCUM 3epPKaJIbHOWM CUMMETPUM IPO3PpadyHOM MHaHeJIu U
DIIEKTPUYUECKU aCCOLMMPOBaHHBIX C  IOOTIIOJIHUTEJIbHEMU 2JIEKTPpOOaMun,
KOTOPHE MIPpU TPUIIOKEHMM NIUTAKIMEeTC HaNOpSXeHUS BDJIEeKTPUUYECKUM CBSI3aHH
C KOJIJIEKTOPHEIM SJIEKTPOIOOM IIPOTUBOIIOJIOXHOW MNOJAPHOCTHU;

(d3) rio MeHbIIeM Mepe OBYX JIMHUM DIIEKTPONIUTAHUSA,

PAacCIIOJIOXEeHHEX B 3€pPKaJIEHOM OTpaXeHMNM 1OJpyI' K 1Ipyry OTHOCUMTEJIBHO
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BepTUKAaJLHOM  LeHTpallbHOWM JIMHMM WM OCHM  3epPKaJIbHOM  CUMMeTPUM
Ipo3padyHo MaHe M, COeIMHAKIMX COOTBeTCTBEHHO IIO MeHbIley Mepe
OIOVH, B YaCTHOCTM IIO MeHblleV Mepe OBa OOIOJIHMTEJILHEX BJIeKTpola C
COOTBETCTBEHHO IIO MeHbIleM Mepe OIHMM KOJIJIEKTOPHBM D2JIEKTPOOOM WM
COOTBETCTBEHHO IIO MeHbllel Mepe OOHOM M3 ero nomobjacTel, KOTOopHe
BIOOJIb COOTBETCTBEHHO AaCCOLMMPOBAHHOM KPOMKM IIOKPHEITMSA ¥ BIOOJIb
06erux BTOPHX CTOPOH KPOMKM IIaHeJM I[I0 MeHBbIIeM Mepe Ha ydacTKax
IPOXOOAT

- B COOTBETCTBEHHO aCCOLMMPOBAHHOM KPOMOUHOM II0OJIOCE,

- Ha acCCOLMMPOBAHHOM YydUacTKe MHepudepUMHOM KPOMKM IIOKPHITUSA C
BJIEKTPUYUECKOM pa3BA3KOM oT noJisa HaTrpeBa [IOCPelCTBOM
COOTBETCTBEHHO IIO MEHBbIEeW Mepe OIHOM He UMEeKIeM IIOKPHTUSA JIVMHUU
u/ M

- B COOTBETCTBEHHO AaCCOLUMMPOBAHHOM 3JIEKTPUUECKOM [IOKPHTUU
BHE [10J1A HaTrpeRa c BJIEKTPUUECKOM Pa3BA3KOM [IOCPENCTBOM
COOTBETCTBEHHO II0 MeHbIeV Mepe OIHOM acCCOUMMPOBAHHOM He UuMeklmen
TIOKPHETUA JIMHUN ;

(E) BHIIOJIHEHHUE

(el) mo MeHBIEeM Mepe IBYX He MVMemMxX [IOKPHTHS JIMHUI,
IPOXOOANMX BOOJIbL JIMHUM DJIEKTPONMTAHMS Ha CTOPOHEe II0JIg HaTlpeBa, U

(e2) 1o MeHblle Mepe IBYX CHUCTEM M3 COOTBETCTBEHHO IIO
MeHBIIel Mepe UYeTHpex He KVMeIMX I[IOKPHTUS JIMHWM, IPpOTUBOJISXAIMX
oIpyD IOpyl'y B 3epKalJlbHOM OTPpaXeHUM OTHOCUTEJILHO BepTHKAaJIbLHOM
LHeHTpaJIbHOY JIMHMM ¥ OCHUM 3epKaJIbHOM CUMMETPUM IIPO3pauHOM I[IaHeJIH,
KOTOPEE PAacCIOoJIOXeHH TakuM o00pasoM, UYTO OHM OpKY [IPUJIOXEeHUU
IMTAIeT0 HalpSKeHMS HalpabBJIgoT IIPOTEKAMUi OT YIOMSHYTHEX IIO
MeHblel Mepe IBYX OOIOJIHMUTEJILHEX SJIeKTPOINOB TOK HaIpeBa uepes IIo
MeHbIlel Mepe OBe TOKOIPOBOOAMME IOPOXKM ¥ uUepe3 10 MeHbIel Mepe
IBa ACCOLUMMPOBAHHEX COOTBETCTBEHHO C HMMM [IPOTUMBORJIEKTpOoIa K
YIIOMSAHYTOMY IIO MeHbIleM Mepe OOHOMY KOJIJIEKTOPHOMY BJIEeKTPpOoIoy
COOTBETCTBEHHO TIIPOTUBOIIOJIOXHOV IOJAPHOCTM, OpMUeM IJS  OJMHH
TOKONPOBOOAMMUX IOPOXEK CIPpaBeIJIMBO YpaBHeHUEe:

VH,_OgamHa a;: (ojJmHa as+tas)=oT 0,05 mo 2,5

roe

(VH1) obBosBHauvaeT MaTeMaTMUuecKoe OTHOIeHUue,

(a1) obozHauaeT TOKOIIPOBOAMME OOPOXKN MeXnoy
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COOTBETCTBYNIIMMM BEPXHMMM HOOIOJHUTEJLHEMU SJIeKTpomamu (18, 18") wu
COOTBETCTBEHHO BIIVDKaVIIIMI K  HUM, aCCOUMUPOBaHHBEMA C HMMMU
BEepXHMMM IIOoHoBJlacTaAMM  BepTUMKAaJIBLHHX IIJJed BTOPHX  HojobJacTen
pa3mOeJIeHHEX Ha OBe 4YacTy IPpOTHUBORJIEKTponoB (19),

(az) 0003HauaerT TOKOIIPOBOL AN E OOPOXKM MeXxny
COOTBETCTBYOIIMMA HIWXHYMM OOIOJIHUTEJLHEMMY SJekTpomaMu (18, 18') wu
COOTBETCTBEHHO AaCCOLUMMPOBAHHEMM C HMMM BeEPXHMMM [IOJOOJIACTAMU
[IEPBHX BEPTUKAJIbHBIX nomobJjacTer  pa30eJIeHHHX Ha  IOBe JacTu

[IPOTUBOBJIEKTPONOB (19), mu

(as) 0003HauaerT TOKOIIPOBOI AN E OOPOXKM Mexnoy
COOTBETCTRYIIMMHI HVDKHVIMIM nono6JyacTaMu [IEPBHX BepTUKAaJIbHEX
nomobJjacTen COOTBETCTRYIIMUX pa3melIeHHEIX Ha oBe JacTu
IIPOTUBOBJIEKTPONOB (19) u IOOTIOJIHUT &JIb HEIMU COOTBETCTBEHHO

aCCoUMMPOBaHHBMI c HYIMM BEePTUKAJIBHEIMM  [10HOBJIaCT AMU BTOPHX
nonobJjacTen pa3nesieHHEX Ha oBe JacTu COOTBETCTBYIMMX
IPOTUBORJIEKTPOIOB (19).

[IpennouTuTesIbHO, chOpabemaueo VH;-or 0,1 mo 2, B 4YacTHOCTH,
or 0,5 mo 1,5. IlpednodyTuTeJIbHO, cHOpaBemauBo VH,.or 0,5 mo 2, B
yacTHocTtHM, oT 0,5 mo 1,5;

(F) npuueM TexHOJOTIMUYeckre osTane (B) m (E) BHIIOJHALT IOPYyT
3a IpyI'OM WJIM OIOHOBPEMEHHO, WU

(G) mTexHoJIOTMUecKkMe 5Tand (C) m (D) BHIIOJHAOT OITHOBPEMEHHO
WM OpyD 3a IOpyI'OM, a TaKXe IO WM IIOCJe TEXHOJIOTMUECKUX DTalloB
(B) m (E).

B NPEenrouYTUTEJIEHOM  BapuaHTe OCYyWeCTBJIEHUSI criocoBa 1o
n300peTeHMD YIOMSAHYTEE IIO MeHBIIeM Mepe UeTHpe He KVMelmyue
IOKPHTUA JMHUM, a TakXe YIOMAHYTHE II0 MeHBIeM Mepe IOBe CHUCTEMH
M3TOTAaBJIMBAKRT C TIOMOMBI Jla3epHOoM  abisauuy  BJIeKTPONPOBOIOHOTO
IIOKPHTUA BHYTPU M BHe IIOJIA HaIl'peBa.

B 0CO0OeHHO I[IpelllOUTUTEJIEHOM BapMaHTe OCYWEeCTBJIEHUS CUCTEME
10 M300peTeHM, OJ4 [IPOXOOAlMX BepTUKaJIbBHO K TOPU30HTAJIEHEM
TOKOIIPOBOOAMMUM HOOPOXKAaM a; — ap y4JacTKOB h; - h, miam paccrosHum h;
- h, TOpPM3OHTAJIBHHX, PAacCIOJIOXeHHHX llapalJlJleJIbHO »Opyl IOpyly, He
UMEMMX TOKPHTUSA JMHMY 16", KOTOpEHEe OTpaHVUMBAKT TOPM30HTAJLHEE

TOKROIIPOBOOAIIME IOOPOXKM 4aj; — dp, ClIpaBelJIMBO YPAaBHEHNE:!
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VH,-h,-1:hy-0r 0,5 mo 2,0, npemnnouyrurensHo oT 0,6 mo 1,5, B
vyacTHoCcTHM, oT 0,8 mo 1,2,

rne VH,; oBosHadaeT COOTBETCTBYyKIee MaTeMaTUMUeCKOoe OTHOUEHNE.

B uwacTHOCTHM, cHnpaBemmBo VHy-h;: (hp,+ths)=oT 0,5 mo 2,0.

B elme OOHOM IpPenIouYTUTEJIEHOM BapMaHTe OCYWeCTBJIEHUI
TeXHOJIOTMUeCKMe sTans (C) m (D) BHOOJHAT C IIOMOMB TpadapeTHOM
neyatTu.

Bojiee 1nonpo6OHO, HaHeCeHMe DJIEKTPOIPOBOONHOT'O IMOKPHTHA Ha
TeXHOJIOTMUECKOM  BTalle (A) MOXEeT OCYWeCTBJIATECA  M3BECTHEMU
criocobamMy, IIPenlIouTUTEeJIbHO C IIOMOWBK KaTOOHOT'O pPAaCIHBEJIeHUS B
MarHUTHOM IIOJIe. OJTO OCOOEHHO BEIOIHO C TOUKM 3peHUuAa IIpoCTOoTro,
OEICTPOTO, ©SKOHOMMYHOTO ¥ OIHOPOIHOTO IIOKPHTHUSA IIepPBOM I[IaHeJH,
KoTrma IaHeJlb IO U300peTeHMI0 BHIIOJHEeHa B  BUIe MHOTOCJIOMHOM
aHeJn. SJIEKTPONPOBOOHOE, HarpeBaeMOe  IIOKPHETHE MOXEeT  TakKxe
HAHOCUTBLCA, HalpMMep, I[IYTeM HAIbUIeHMI, XUMUUECKOTO OCaXIeHMA U3
razopor ¢asu (CVD), IJIa3MEeHHO-XVMMUUECKOT'O OCaxIeHUsS M3 Ia30BOM
dazel (PECVD) MIM XUOKOCTHHEMM XUMUUECKVMM METOOaMM.

[leppagd NaHeJb IIOCJe TeXHOJIOTMUYEeCKOoIo 5sTala (A) MoOXeT OHTH
IIOABEepPTHYTa TeMIepaTypHou ofbpaboTke. Ilpy 53TOM IIepBYI I[aHeJb C
BJIEKTPOIPOBONHEIM IMOKPETMEM HaTpeBalT IO TeMIepaTypH I[I0 MeHbIen
Mepe 200°C, OpennouTHUTEJSIBHO [0 MeHbmel Mepe 300°C. TemmneparTypHasd
obpaboTka MOXeT CJYXUTb YBeJMUeHUI KOB0OUIMEeHTa [IPOIYyCKaHUMA
u/ Ui YMEHBIIeHUI YIOEeJIEHOTO [IOBEPXHOCTHOT'O COIIPOTUBJIEHNU A
BIIEKTPONPOBONHOTO IMIOKPETUSA .

[lepBasg TIaHeJb IIOCJe TexXHOJIOTMUYecKoro sTamna (A) MoxeT OHTH

U3O0THYTa, KakK OpaBUJIO, HOpu TeMIeparype oT 500°C mo 700°C. Tak kak
TexXHUUEeCKM I[Ipolle HaHOCUTL IIOKPHTHMEe Ha IJIOCKYI IIaHeJlb, TaKou
[IOOXOn ABJAETCH MNPenllouTUTEJIbHEM, eCJIM IIepBasd I[IaHeJlb JOoJDkKHa OBTH
M30THYTa. B KauecTBe aJIbTEpPHATMBH, IIepBas IIaHeJb MOXeT TaKxXe
n3rmMbaThbCAa IIepel TexXHOJOTMYeCKuM sTarnoM (A), HaOpuMep, KoIga
BJIEKTPOIIPOBOIHOE [IOKPHTHE He MIPUTOOHO OJIs TOTO, UTOOH
BHIOEPXUBATL IIpollecc TUOKM ©es MNOBpexXIeHUM.

HaHeceHMe KOJJIEKTOPHHX 3JIEKTPOINOB Ha TEeXHOJOTMUEeCKOM 3Tarlle
(C) " JIMHU DIIEKTPONIUTaHUSA Ha TEeXHOJIOTMUEeCKOM  >Talle (E)

IIpeoliouyTrTEeJIEHO OCYyImeCTBJIART IIyTeM Ire4yaTnm n BXVMI'aHMNA
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BJIEKTPONPOBOOHOM IIacTe B crocobe TpabdapeTHOM NedaTM WM CIoco0e
CTPYMHOM TedaTu. B KaudeCTBe aJIbTEPHATUBE, KOJIJIEKTOPHHE DJIEKTPOIH
u JIVHUU BIIeKTPOIUTaHUA MOTYT HaHOCUTBLCH B BUIIE II0JIOC
B3JIEKTPOIPOBOOHOM ILJIEeHKU Ha 3JIeKTPOIIPOBONHOE IOKPHTUE,
NPeIlNOoUTHUTEeNIEHO HaKJIaOHBATLCS, NOpUIauMBaTLCA MM IPUKIIEMBATHCH.

B cnocobe rTpadapeTHOM IedaTy OCYWeCTBJIADT JaTepalJlbHoOe
bopmMoOBaHUE oyTeM MaCKUPOBaHUSA IIOJIOTHA, yepes KOTOpoOe
OTIedUaTHBAKT IIedaTHYK [IacTy C MeTaJUIMueCKMMM dacTulaMm. C
IIOMOMBI IMOOXOOAmMEeTro (QOPMOBaHMSA MaCKMPOBaHMs, HaIpuMep, MIMPMHA
KOJIJIEKTOPHOT'O  BJIEKTpola MOXeT OCOOeHHO IIPOCTO 3amaBaThbCAa U
MU3MEHATLCH.

He wumenmye T[OKPHTMA 3SOHH M3TOTABJIMBAKT Ha TEeXHOJOIMUECKOM
sTarne (B) IPeOlIOUYTUTEJILHO oyTeM MeXaHUUEeCKOTO yIoaJleHU
IIOJIYUEHHOT'O Ha TeXHOJIOTMUeCKOM 5Tale (A) HarpeBaeMoI'O IIOKPHTHUA.
MexaHu4Ueckoe yHaJleHMe TakKXe MOXeT 3aMeHATbLCH WM OOIOJIHATHECH
00paBboTKOV MOOXOOANMMMY XVMUUECKMMM BemecTBaMy u/Wiu  oOJydeHueM
BIIEKTPOMATHUTHEM M3JIyUeHNEM.

[IpennouTnuTesIbHOE pasBUTHE CIOCOOa IO U300PEeTEeHMIO BKJIUAET B
ceBsa O MeHbIleM Mepe CJelyllMe NOIOJHUTEJILHEE DTAallb:

-  pa3sMelleHUre TEePMOILJIACTUUYHOTO  IIPOMEXYyTOUHOT'O  CJIOS  Ha
IIOKPHTOV MNOBEPXHOCTHM IIepBOM IIaHEeNIM M pa3MelleHVe BTOPOM IIaHeJIM Ha
TEepPMOTIJIACTHUUHOM IIPOMEXYTOUHOM CJIOEe U

- CcoeIMHeHMe TIIepBOM IaHeJM ¥ BTOPOM TIaHeJM IIOCPelCTBOM
TEePMOTIJIACTHUUHOTO MNPOMEXYTOUHOTO CJIOA.

Ha »THUX TexXHOJIOTMUEeCKUX 5STallaxX I[IepByl INaHeJlb pasMemalnT Tak,
yToO Ta M3 ee I[OBepPXHOCTeH, KoTOopas CcHabOXeHa  Hal'peBaeMBM
IIOKPHTHEM, oOfpaleHa K TepMOIJIaCTUUYHOMY IIPOMEXYyTOUHOMY CJIoKn. TeMm
caMblM, TIOBEPXHOCTE CTAHOBUTCS I[OBEPXHOCTBI BHYTPEHHeW CTOPOHH
IepBOM TlaHeJu.

TepMOTIJIACTUUHLM TIPOMEXYTOUHEM CJIOM MOXeT OHTEH BHIIOJHEH U3
OOHO¥ OTHENLHOM WM HOBYX WM 00Jiee TepMOIJIaCTHUYUHHX IIJIeHOK,
KOTOPHE PAacCIOJIOXKEHE IPYTI Hal OPyI'OM IIO ILJIOmMall.

CoellMHeHNE IepBOMU n BTOPOMU maHeJen IPeniloYTUTEJIEHO
OCYIMEeCTBJISAEeTCA IIOO HNeWCTBMEM TeIlJla, BaKyyMa W/WiIM IaBJIeHUA.
TakXxe MOTYT NPMMEHATHCH M3BECTHEE CIOCOOH M3TOTORBRJIEHMS MIaHeU.

MoryT BEIIIOJIHATBECHA, HaliprMep, Tar Ha3bEIBaeMbBIe aBTOKJIaBHEE
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CIIOCOOEL IIpM IIOBHIIEHHOM HaBJIeHUM IIpuMepHO oT 10 ©Gap nmo 15 Gap wu

TeMrnepaTypax oT 130°C nmo 145°C B TeueHMe I[OPMMEpPHO 2 YacoB. CaMmu
no cebe WMBBECTHHE CHOCOOH C BaKyyMHHEHM MEMNKOM WJIM BaKyyMHEM
KOJIBLIOM IEeWCTRYIT, HalpuMep, IIpM HOaBJeHUM okojio 200 wMbap u
TeMnepaType oT 80°C mo 110°C. IlepBasg TIaHejdb, TepPMOILJIaCTUUYHLI
IIPOMEXYTOUHEM CJIOM M BTOpasd IaHeJb TakKXe MOTYT I[IpeCCOBaTbCA B
KajlaHpe MeXOy IIO MEeHBIIEeM Mepe OIHOM IIapo¥ BaJIkOB C oOpa30BaHUEM
naHeIM. YCTaHOBKM TakKOT'O TUlla IJS M3TOTOBJIEHUSA IlaHeJleM M3BECTHH
1, Kak IIpaBWUJO, WMMeRT IO MeHBIIeM Mepe OIOMH HaT'pPeBaTeJIbHHM
TYHHeJIb IIepell IIPeCcCOBHM LiexXOoM. TeMmIepaTypa BO BpeMsa IIpollecca
IpeccoBaHMsa COCTaBJgeT, HanpuMmep, oT 40°C mo 150°C. KoMOuHalLuM
KaJlJaHIPOBOT'O M aBTOKJIABHOT'O CIOCODOB XOPOIO 3apeKOoMeHOoBaJM cebd
Ha IIpakKTuKe. B KauecTBe aJIbTepPHATUBH, MOTYT OHTH MCIIOJb30BaHH
BaKyyMHEEe JlaMMHATOPH. OHM COCTOST M3 OINOHOM WMJIM HEeCKOJIbKUX
HaTrpeBaeMEXx M BaKyyMUPYeMBIX KaMep, B KOTOPHX IlepBas IaHeJb U
BTOpasa IaHeJlb JaMUHUPYITCH, HalpuMep, B TedeHMe OKOJIO 60 MUHYT

OpY IIOHMXEeHHEX IaBJeHuAx oT 0,01 mMBap mo 800 mMbap M TeMIepaTypax

or 80°C mo 170°C.

[IpospauHad OaHeJb II0 M300peTeHui, B YaCTHOCTM M3TOTOBJIEHHAS
crioco®oM IO  M300peTeHMO Ipo3pauyHdHasd IaHeJb, MOXET  YCIICNHO
NPUMEHATLCAS B KadyecTBe  (OYHKLUMOHAJLHOTO M/MJIM  OEeKOPaTUBHOTO
OTHeJILHOTO MpeIMeTa ¥ B KadecTBe COOPOUHOM HeTajM B MebeJsu,
npubopax M 3OaHMAX, a Takke B TPaHCIOPTHHX CpeIncTBax IOJIg
OBMXEeHMda I[IO B3eMie, [0 BO3IYXY WIM I[IO BoOe, B UYacTHOCTM B
ABTOTPAHCIIOPTHHX CpeIOcTBax, HalpuMep, B KauecTBe BeTPOBOIO
cTekJla, 3alHeTro CcTekjla, OOKOBOTO CTeKJya W/WIM CTeKJa KPHIK.
[IpeOIouTUTeJILHO, Opo3pauvHasd I[aHeJb II0 M300peTeHMIO BHIIOJIHEeHa B
BMIEe BETPOBOIO CTeKJla aBTOTPAHCIOPTHOTO CPeIOcTBa WM OOKOBOIO
CTekJIa aBTOTPAHCIOPTHOTO CpedcTBa.

[IOHATHO, UYTO MNPM3HAKM, YIOMAHYTHE BHIIE 1 [IOSCHEHHHE HIXe,
MOTYT WMCIOJBE30BATLECA He TOJIbKO B YKaBSaHHHX KOMOMHALMAX, HO M B
OPYTHMX KOMOMHALMAX WM B OOMHOUKY 0e3 OTKJIOHEHMS OoT ofObheMa
HaCTOAmMEeIo M300peTeHud .

KPATKOE OIIMCAHVE UEPTEXEN

HaJjee n300peTeHne oyneT OBBACHEHO BoJee IOOPOBHO Ha
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IpyMepax BEHIIOJIHEHMSA CO CCHUJIKaAMM Ha I[OIpujlalaeMee YepTexXxu, Ha
KOTOPHX B YIPOmMEeHHOM BuUIe WM He B MacmTabe HOpencTaBJIEHO
crenyouee :

dur. 1A - BUIO CBepxXy B CXeMaTMUHOM IIPeICTaBJIEHUM BETPOBOTIO
crekJjia 1 o mM300peTeHUD;

dur. 2 - BUIO B BepPTUKAJILHOM pa3pese O(parMeHTa BeTPOBOIO
CTekJIa [0 M300peTeHMK CcoIJlacHo o¢our. 1;

dur. 3 - BUO B IIepCIeKTUBe OQpal'MeHTa BEeTPOBOI'O CTeKJa IIO0
n300peTeHurn COoIJIacHO ¢ur. 1;

dur. 4 - BUIO CBepXy IeTaJIbHOTO ¢pal'MeHTa B BeTpOBOI'O CTeKJa
1 mo mszobpeTeHMO coIrJjlacHo our. 1;

dur. 5 - BuUIO CBepxXy HOeTaJIbHOT'O ¢parMeHTa A IIPUMEPHOTO
BapMaHTa BHIIOJIHEHMSA BETPOBOTO CTekJla 1 IO M300peTeHMI COIJIaCHO
dur. 1;

dur. 5, C - BUI CBepxy IOeTaJlbHOTO O¢parMeHTa C OPUMEPHOTO
BapMaHTa BHIIOJIHEHUSA BETPOBOTO CTekJla 1 IO M300peTeHMI COIJIaCHO
dur. 1;

dur. 5, D - BMIO CBepxy IOeTaJlbHOTO ¢parMeHTa D OIPMMEPHOTO
BapMaHTa BHIIOJHEHMS BETPOBOTO CTeKJla 1 1o mu300peTeHMI COTJIaCHO
dur. 5.

[IOOPOBHOE OIIMCAHME UEPTEXEN

dur. 1 B coueranmm c ¢ur. 2, 3 u 4

dur. 1 [IOKa3EBaeT Ipo3pavHoe BETPOBOE CTEKJIO 1
ABTOTPAHCIIOPTHOTO CpeldcTBa IIPM pPacCMaTpPUBAHUM C  BHYTPEeHHeM
CTOPOHEL B  YIPOIMEHHOM IpenCcTaBJIEHUM. BeTpoBOEe CTekKJIO 3IOecChb
BHIIIOJIHEHO,  HalpUMeEp, B BMIEe MHOTOCJIOMHOM IIaHeJH, CTPYKTYpPa
KOTOPOM WJIJIOCTPUPYEeTCS C IIOMOILI BMIa B BepTHMKaJLHOM paspese
bparMeHTa BEeTPOBOI'O CTekJla 1 Ha our. 2 ¥ C I[IOMOmBKD BUIa B
[IEPCIEKTMRe (pparl'MeHTa BETPOBOTO CTekJla 1 Ha our. 3.

CoOTBETCTBEHHO, BETPOBOE CTEeKJIO 1 COIepXuT HOBe XeCTKUX
OTIEeJIbHHX IIaHeJM, a MMEeHHO, BHEMHKK IIaHeJlb 2 M BHYTPEHHKK I1aHelb
3, KOTOpPHE IIPOUYHO CBA3aHHE MexOy Cco0O0M TepMOIJIaCTUMUHEIM aIl'e3MBHBEM
cioeM 4, 3BIechb, HalIpuUMep, IUJIEHKM NDOJUBUHMIOyTHpassa (IIBE), [JIeHKH
STUJIeHBMHMIIalleTaTa (9BA) MM IJIeHKM noJmypeTaHa (IIYV). 00e mnaHem
2, 3 VMEnT IIPMMEPHO OINMHAKOBEE pa3Mep M QOopMy M MOTYT, HaIPUMeEDp,

VIMeTb TpaHeLU/IeBM,HHBHZ I/ISOI‘HyTBIIZ KOHTYP, 4YTO He IIOKasaHO IeTaJIEHO
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Ha dYepTexax. OHM BHIIOJIHEHE, HalpMMep, W3 CTeKJla, HO TaKXe OHU
MOT'YT OHTBH BHIIOJIHEHEL M3 HeCTeKJISHHOT'O MaTepuajla, TaKoI'o Kak
JIacTuk. [Jd IOpyTMX I[OPYMMeHeHMM B KadeCTBe BETPOBHX CTeKOJ OBUIO
OBl TakXe BO3MOXHO M3T0OTaBJIMBATL OO0e OTHOeJIbHEE I[aHeln 2, 3 U3
TUBKOTO MaTepuaja. KOHTYyp BeTPOBOTO CTeKJla 1 olpenejsgeTcs olbmeM
njasa  oBeux OTHeJIbHHIX IaHejlew 2, 3 KPOMKOM b5 maHedu, IIpUUYeM
BeTPOBOe CTekJIO 1 MMeeT CBepXy UM CHM3Y IOBe IIpOTHBOJIEXalle OpyT

IpyTy TIIepBHEe CTOPOHH 6, 6', a Takxe CJeBa ¥ cCIpaBa IBe

IpoTUBOJIEXalMe IPYT OPpYyTy BTOPHE CTOPOHH 7, 7.

Kax noxas3aHo Ha ¢ouI'. 2 M 3, Ha CBABAHHOM C anl'e3MBHEM CJIOEM
4 CTOPOHE BHYTPEHHeN IaHeJn 3 HaHeCeHO Ipo3pavHoe,
BJIEKTPOIIPOBOOHOE IIOKPHITHE 8. [Ipuuem 3TO HaTpeBaeMoe,
BJIEKTPONPOBOOHOE IMOKPHTMe 8 HaHeCeHO, HalpuMep, IO CyMeCTBY IO
BCeM ILJIomalM BHYTPEHHeM IIaHeJM 3, C HEeNOKPHTOM KPOMOUHOM II10JIOCOM
9 co BCexX CTOPOH, TaK 4YTo KpoMKa 10 3JIeKTPONPOBONHOTO IIOKPHTUA 8
II0 OTHOmEHMI K KpoMKe b5 IaHelM COBMHYTa BHYTpb. TakuM oOpas3oM
OCYWECTBJIAETCA DJIeKTpuUeckKasd MU30J4AUUS BJIeKTPOIPOBOIHOTO IIOKPHTUA
8 IO OTHOMEeHMI K BHEMHEeM CTopoHe. KpoMe TOTo, BJIEKTPOIPOBOOHOE
IIOKPHTHME 8 3amMmaeTcd OT KOPPpOo3uM, I[IPOHMKAKIEN OT KPOMKM 5
naHeu.

DJIEKTPOIPOBOAHOE TIIOKPHTHE 8 WM3BECTHHM 00pa3oM COIEPXUT He
IIOKa3aHHY TIIOCJHIeOOoBaTeJILHOCTL CJIOEB C IO MeHbllel Mepe OIHUM
BJIEKTPUUECKM HaT'peBaeMbM MeTaJJIMUeCKVM II0ACJIOeM, IIPeAalloUTUTeJIbLHO
n3 cepebpa, ¥, IpU HEOBXOIMMOCTM, IPYTUMM IIONCJIOAMM, TaKMMU Kak
AHTHMO TP aXanmyi 171 BIIOKMP YoM CJIONM . [MpenanouyTnTeJILHO,
IOCJIENOBATEJBFHOCTE CJIOeR ofJjlaZaeT BHEHCOKOM TepMOCTOMKOCTRI, Tak
YTO OHM MOTYT BHIOEPXMBATL 0e3 T[IOBPeXIeHWM HeoOXOoOWMHE OJIA
cTubaHMa CTeKJISHHHEX IIaHeJleM TeMIepaTypr, OOnuHO ©Oojee 600°C, HO
Takke MOTYT IIpelyCMaTpPMBATLCA IIOCJIEeOOBaTeJIbHOCTU CJIoeB C 0oJiee
HU3KOM  TEepPMOCTOMKOCTLIO. SJIEKTPONPOBOAHOE  ITOKPHTUE 8 MOXeT
HaHOCUTBHCA TakKXke KakK MeTaJUIMdeCKMM OIMHOUHHM CJIoM. Kpome ToTO,
BO3MOXHO HAHOCUTEL DJIEKTPOIIPOBOIHOE TIOKPHTHE 8 He HeloCPeICTBEHHO
Ha BHYTPeHHK IaHeJlb 3, a CHauvaJla HaHeCTM eT'0 Ha HOCUTEJb, TaKou
Kak IJIaCTUMKOBasA ILJIeHKa, KOTOPHM 3aTeM MNpUKJIIeMBaAaeTCs K HapyXHOW U

BHyTpeHHeﬁ ITIaHeJIAM 2, 3. B kauecTBe aJIETEPHaAaTHMBE, HecCyllaAd IIJIeHKa
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MOXeT COeIMHATLCHI C KJIeMKMMM IIJIeHKaMu (Halpumep, I[LJIeHkamu IIBB) wu
B BUIEe TPEexXCJOMHOM CTPYKTYPH [IPUKIEMBATLCA K BHYTPEHHEeW U
BHemMHeM IMaHeJaM 2, 3. HarpeBaeMoe B3JIeKTPONPOBOOHOE IIOKPHTHE 8
IPennouTUTEeJIbEHO HaHOCUTCHA MMOCPelCTBOM HalbJIeHU A W
MaT'HETPOHHOTO KAaTOIOHOTO PAaCIBUJIEHMS Ha BHYTPEHHOKO WJIM BHEIHIOL
naHegu 2, 3.

Kak nokazaHo Ha OuI. 1, BJEKTPOINPOBOIHOE IIOKPHTME 8 pPAIOM C
IIepBHMM CTOpPOHaMM 6, 6', TO eCTb Y BepxXHel U HIWKHeM KPOMKM b5
aHeJu, BIIEKTPOIIPOBOIHO COeIVMHEHO c JIEHTOUHHEM BEPXHUM

KOJIJIEKTOPHEIM BJIEKTPOOOM, WMJIM mWMHOM, 11 ¥ JIeHTOYHHM  HIMKHUM
KOJUJIEKTOPHEIM 5JIeKTpornoM 11'. BepxHMM KOJJIEKTOPHHEM 5JjekTpon 11 wu

HIYDKHUY KOJIJIEKTOPHEIA BJlekTpon 11’ npenHasHaueHH MJIS COEOUHEHUS C

COOTBETCTERYIVM IIOJIIOCOM MCTOUHMKa HallpAXeHNMA (He mnokasaH). O006a

KOJUJIEKTOPHEIX 5JekTpoma 11, 11’ IpPOTUBOIIOJIOXHOM IIOJISPHOCTU CJIyXaT
I0JIS PAaBHOMEPHOTO BBeIeHMS U paclpelellIeHMs TokKa Hal'peBa B
PacIoOJIOXeHHOEe MeXOy HUMM IIoJile 12 HarpeBa Har'peBaeMOT'O IOKPHITHUSA
8. 0OfGa KOJIJIEKTOPHEIX DJlekTpomoB 11, 11', Hanpumep, oTIeyaTaHH Ha
BJIEKTPOIIPOBOIHOM [IOKPHETUN 8 u VIMEIT infe) MeHbIIen Mepe
OPpUBIIU3UTEJILHO IPAMOJIMHEVHYID (OopMY .

Ho KOJIJIEKTOPHEE DIJIEKTPOIH 11, 11’ MOTYT Takxe OBITH
nmompasneJieHsl COOTBETCTBEHHO Ha [OBe IIPOCTPAaHCTBEHHO OTIOeJIeHHBE
OpyD OT IOpyTra nomobjacTu.

BepxHuin B CMOHTHMPOBAHHOM COCTOSHUM BeTPOBOTO cCTekja 1
KOJIJIEKTOPHEM B3JieKTpon 11 oTmeydeT noJjie 12 HarpeBa oOT nonobjacTu
8" BJIeKTPONPOBOOHOTO IMOKPHTUA 8, OPOXOOAmelM BIOJIb BepxHel IepBOn
CTOPOHEL 6 KPOMKM 5 IIaHeJu.

HyxHMi B~ CMOHTHMPOBAHHOM COCTOSHUM  BeTPOBOTO CTekJa 1

KOJUJIEKTOPHEM DJiekTpon 11’ oTmesnger moJjie 12 HarpeBa OT MHOOOBJIACTU

8', mnpoxomAmel BIOOJIL HWXHEN IIepBOM CTOPOHH 6'. D2Ta nomobjgacTts 8’
CITYXUT s HaTpeRa cle)zia OCTaHOBKMU CTEeKJIOOUUCTUTEJIeN .
OOMONMHUTENbHEE HOeTaJlM Pa3JIMUHEIX COOTBETCTBYKINMX  M300peTeHU
BapMaHTOB BHIIOJIHEHUSA CJIeOylT U3 dparMeHTOBR A Ha omur. 1-5.

Huxe BepxHeI'0 KOJUJIEKTOPHOT'O 2JlekTpoma 11 B noJjie 12 Harperka

PasMelleHEL 3 He UMeomMue IIOKPEITMMA OKHa CBA3NU, PacCIIOJIOXEHHEIE TIIO
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LeHTPY B 3epPKaJIbHOM oOTpaXeHuM. ToO eCThb, OHM pas3lelidlnTCcs II0IIoJIaM
BoODpaxaeMomn BepTUKaJIbLHOM eHTpaJIbHOM JIMHVEeN M VI OCBIO
3epKaJIbHOM CUMMETPUMU .

OT o060MX KOHIIOB BEPXHETO KOJUJIEKTOPHOTO B3JeKkTponma 11, B
nomobjacTax 8" MNOKPHTMSA 8 BIOJbE COOTBETCTBYIIMEM acCCOLUUMUPOBAHHOM
nomotjacTu KpoMku 10 TIIOKPHTUA [IPOXOOAT IBEe pPacIOJIOXKEHHBEE B
3epKaJIbHOM OTpaXxeHMM OpyT K IPpYyTy JuHMM 15, 15 sJjekTponoMTaHus K

JexamyM HalpOTUMB IPpYyT IpyTra IONOJHUTEJLHEM 3JiekTpomaM 18, 18" B

nogo6isiactu  8'. JmuHum 15, 15" osjexTponMTaHMS U OOIOJIHUTEJILHEE
BJIEKTPONEl 18, 18" BHIIOJIHEHH M3 TOT'O Xe MaTepuaja, 4YTO WU
KOJUJIEKTOPHEE BJjekTpons 11, 117.

Juamm 15, 15" sjexTponmuTaHMsa UM HOOMNOJHUTEJIbHEE SJIEKTpons 18,
18" oJexkTpuUeCcKM pas3BA3aHH OT IoJig 12 HarpeBa I[IOCPEICTBOM
COOTBEETCTBEHHO AaCCOLUMMPOBAHHEIX C HMMM, OPOXOOAMMX BHOOJL JIMHUML
15, 15 ojnexkTponmMTaHysa Ha CTOPOHe IMoJig 12 HarpeBa, He MMEIUX
IIOKPHTUA JMHMM 16, 16'. He wuMenmye IIOKPHTUS JMHMM 16, 16’ umenT
mmpuHy ~100 MxM. OHM MOTYT OHTbH M3TOTOBRJIEHH IIOCPEICTBOM Jla3epHOM
abmauun.

He wuMenmMe TIOKPBITUS JMHMM 16, 16 OPoxXomaT OO BEPXHETO
KOJIJIEKTOPHOTO BJIEKTPOna 11 ¥ OpOOOJIKaKTCHI BHIIE BEPXHETO
KOJIJIEKTOPHOTO »JeKTpona 11 mo nepubepuiHOM KPOMOUHOM IIOJIOCH 9 u
OTHEeJIAT MNPOXOOAMMEe BIOJIbL BTOPHX CTOpPOH 7, 7' nomobGjactu 8" o
NPOXOOAmelr BIOJb BepxHEM IIepBOM CTOPOHE 6 mnomoBjactu 8.
IoTMIoOJIHUTEeJIbHEE IeTallM CIelylT M3 doparMeHTa B Ha our. 4.

dur. 4 nokxasHBaeT IepecedeHre 17 He ¥Melmel OOKPHTUA JIMHUU
16 C BepXHUM KOJUJIEKTOPHEM 5JlekTponoM 11. IIpedlodTUTEJIEHO, 3TO
nepeceuyeHue 17 co3IaeTcsa TeM, UYUTO BepXHUM KOJJIEKTOPHEM DJIEKTPOnN
11 oTmeyvaTHBalT MeTOOOM TpadapeTHOM MNedyaTH IIOBepX NpedBapUTeJILHO
VM3TOTORJIEHHOM Jla3epHOV abjasauuel JIMHUM 16 6e3 MIOKPHTUA.

our. 4 IOTIOJIHUTEJIEHO TIOKa3LBAaET OpellNouTUTEeNbHY
KOHOUTYpalMK UYepHOW MacCKUPYKRIEM IIOJIOCH 13, KaK OHa I[IpUMeHseTCHd
Takke B 00JIaCTV HMXHETO KOJUIEKTOPHOTO 3JekTpoma 11’ m objacTax
8", 15, 16. Mackupykmasa TIoJioca 13 CKpHBaeT OQyHKIMOHAJEHEE

BJIEMEHTE B DSTUX 0OJIACTAX, a TaKXe 3alMllaeT MX OT YO-UM3JIy4deHUSd,
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KOTOpOe MOXeT IIOBpeXIaTb (]_)yHKLI,T/[OHa.HbHBIe BJIeMeHTH. B uyacTHOCTWH,

yepHas MaCKUpPYyMas IoJjioca 13 COOEPXMT OINTUUYECKM CKPHBALIYIO,
Henpo3pauHyn IomodJjacThb 137, KOoTOpas Ha CBOeM  KpPOMKe 13"
epexoouT B  ONTMYECKM UYaCTUUHO MNpOo3pauHy nonmobjacts 13",
KOoTOopasd cama JOoxXomuT mo  kKpomkm - 1377, OnNTUUYeCcKM  YaCTUUHO

npospauHas nomobiactt 13" mpemcTaBjgeT co®oli, HaNPUMEP, TOUYSUHHI
pacTp. [MpennouTuTesIbHO, MaCKMUpYyKla g roJjioca 13 HaHOCUTCHA
TpadapeTHOM IIeUuaThild Ha BHYTPEHHKI CTOPOHY, TO eCThb Ha obpaleHHOM
K BHYTPEHHEM I[aHeJlM CTOpOHe BHEMHEeM HaHeu 2, U Heped uX CcOOpKoOM
BXMUTaeTCcsa, IOpexge uyeM obe mHaHeau 2 u 3 0OyOoyT COeIMHEHH
anre3MBHEM cJioeM 4.

éur. 5 B coveraHmnm c¢ ¢mur.1l, 5, Cunu 5, D

our. 5 1oka3vBaeT BUIO CBepxy IOeTajIbHOTO ¢dparMeHTa A
IIPUMEPHOTO BapMaHTa BHIIOJIHEHMS BEeTPOBOTO CTekJjla 1 CcoIJlaCHO Our.
1.

dpaTMeHT A BOCIPOM3BOOUT TOJILKO JIEBYH IIOHOOJACTL MHOKPHTHS 8’
B oBJacTy 3OHH OCTAHOBKM CTEeKJIOOUMCTUTEJIeM OO ILeHTpaJbHOM JIMHUU
M ocu M sepKaJIbHOM cHMMeTpumM. IlpaBad momo®JjacTk IIOKPHTUS 8’

opencraBjgeT cobol 3epkaljlbHOEe OoTpakeHMe JeBoM mnomodjacTtu 8, wu
[IO2TOMY HEeT HeOoOXOOMMOCTM B €& BOCIPOM3BEeIeHUM.

dur. 5, C m 5, D nokazHBaLT YyBeJMUeHHHe ¢parMeHTH C U D C
dur. 5.

B »ToM NOpMMEpHOM BapMaHTe BHIIOJHEHMS COIJlacHO ¢ur. 5 He
UMemas IIOKPHTHA JMHMS 16 [epexoouT B cucTeMy 16”7 B ofmen
CJIOXHOCTM U3 UeTHpex He VMEOIUX IIOKPHTUSA TOPM30HTAJILHEX JIMHUM,
OOHOM He UMellel IIOKPHTUSA BePTHKAJLHOM JIMHMM M OIOHOM He KVMeoIen
IIOKPHTUSA HAKJIOHHOM JIMHMM B OPONOJIKEeHMEe He UMekllel IOKPHTUS JIMHUMK

16 ¢ mmpmHOM JmHUM ~100 wMKM. B 2TOM cucTeMmMe 16", B JeBon

nomoBjactu 8 B Tpex Toukax 17" paszsBeTBIEHVS OTBETBJISOTCA TpU
TOPM3OHTAJIbHEE, pas3MelleHHBe IIapallJleJIbHO OpyTr IOpyTy, He UMenIue
MOKPHTMA JMHMM 16”. Kpome TOTo, WMMelTCS IBa I[IPOCTPaHCTBEHHO
CMelleHHEle OTHOCMUTEJIBHO IOpyl' IOpyla, pPacloJIOXeHHHe IOpyD' Han
IOpyIT'oM, I[apalJijleJIbHEE, BepTUKaJIbHEE NOIIOJIHUTEJIbBHEE DSJIEKTPONE 18.

[IpOTUBOBJIIEKTPOL pasnejieH Ha oBe JacTu, npuyeMm VIMEITCSA
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BepTUKAaJbHag IepBad HOOmobJjlacTh (COeOMHUTEJILHEI OPOBOIHMK 19') u

[IPOCTPAHCTBEHHO OTHEeJIeHHasdA OT HeIl'Oo, HO BJeKTPUUYeCKM CBA3aHHad C

HMM BToOpasd nomobjlacTb (COOCTBEHHO NPOTUMBOBJIEeKTponm 19).
[IpoTneOBJekTPOn 19 BrIUaeT B cebsa IIepBOoe BepTHKAJILHOE

IJIe4wo, KOTOpoOe IIpoXoIMT OT HMXHeI'O KOJUJIEKTOPHOI'O SJIeKTponda 11’

BepPTHMRaJIIBEHO BHUS. CoeIMHUTEJILHEM IIPOBOIOHNMK 19’ PrasMeleH
IIapaJlJIeJIEHO STOMY BEPTUKAJIEHOMY IJIedy WM IIPOCTPAaHCTBEHHO OTIHOEJIEH

oT HeTo. Huxe COEeIMHNUTEJIEHOT'O TIPOBOIHMKA 19’ npoxXxonomtT BTOpPaA

nomofJjiacTh TOPMBOHTAJIBHO OO IOPYTOTO BEPTUKAJILHOTO ILjleua.

[locpencTBOM 5STOM cucTeMe 16" M3 mecTM He ¥VMEenmUX ITOKPHTUSI
JVHUM 00pasylnTCcsa TPpM TOKOMNPOBOIANME NOPOXKM a;, a, M as WU IOBe
TOKOIIPOBOOANME HOOPOXKM a; M (atas) .

BepxHUY ¥ HWKHUM KOJUJIEKTOPHHE BJjekTponu 11, 11" coenmHeHH
COOTBETCTBEHHO C OOHMM M3 O000MX IIOJIIOCOB MCTOUHMKA HalpSXeHUD.
JOMOJIHUTEJIbHEE BJIEKTPOoIOEl 18 CcoeOMHEHH C BepXHUM KOJIJIEKTOPHEM

siexkTponoM 11, OpoTUBORJIEeKTpon 19 - ¢  HWKHMM KOJIJIEKTOPHBM

siyexkTponoM 11'. TakuMm oOpas3oM, Mexny IOOIOJHUTEJILHEMY DJIeKTPOoIaMu
18 m mOpoTMBORJEKTpomoM 19 cymecTByeT Pa3HOCTH IIOTEeHIMaJIoB, Ha
KOTOPOM OCHOBAHO IpPpOoTekKaHMe ToKa. Mexny KaxXIbM TOIOJIHUTEJIbLHEM
DJIEKTPOOOM M IIPOTHMBORJIEKTPOOOM IIPOXOIUT TOKOIPOBOOAMAaA IOPOXKaA,
a BHaA4UMT, B CcJydae IBYX OOIOJHUTEJBHEX BJIEKTPOIOB, - IBe
TOKONPOBOOAmMME IOPOXKM ai, az+tas. COeIMHUTEJILHBI OPOBOOHMK 19’
COoeOMHAEeT CeTrMeHTH [IOKPHITU A c OIOMHOUYHEIMA TOKOIIPOBO I AIMMM
OOPOXKaMM as u as, B pesyJbTaTe Jyero obpazyeTcsd oOBma g
TOKOIIPOBOOAMAS HOPOXKa astas.

ToxkomnpoBoOOAmas OOPOXKa ai MIPOXOIONT oT BEPXHETO
OOTIOJIHUTEJILHOTO  BJIeKTpola 18 k  Ojamwkaumel K  HeMy  BepxHen
nomodjacTu BEPTUKAJIEHOTO Jjieuya NPOTURBORJIEKTPOIA 19.
ToxkomnpoBOOAmasa OOPOXKa a, I[IPOXOIMT OT HWKHEeI'O OOMNOJIHUTEJIBHOTO
3JIeKTpoma 18 K BepxHeM NomofJacTM COeIMHUTEJILHOTO NpoBOomHMKa 19'.
ToxkomnpoBoOAmas OOPOXKa as IPOXOIONT oT HIKHEN nono6JgacTu
COeIMHUTEJILHOTO IMIPOBOIHMKa 19 K »OpyTol BepTHUKAJLHOM [IOoHOo6JIacTH
IPOTUEOBJIeKTPpOna 19.

OrHomeHnMe VHi=a;: (axtas) COCTaBJIAET 0,9. pr  [OIPUIIOXKEHUN
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nuUTapmero Halopaxenus 12 B, B cucrtemMe 16" mnpoTexkaeT TOK OT
OOMIOJIHUTEJILHOTO SJIeKTpola 18 uepes COeOMHUTEJILHEM MNIPOBOOHUK 19" u
MPOTVBOBJIEKTPON 19 K HMXHEeMY KOJUIEKTOPHOMY »JekTponmy 11°.

B 0OCOOeHHO IIpelllOUTUTEeJILHOM BapMaHTe OCYWEeCTBJIEHUS CUCTEME
10 M300peTeHU OJd [IPOXOOANMX BEpPTUKAJIBEHO K  TOPU30HTAJbHEM
TOKOIIPOBOOAMNMM HOOPOXKAaM a; M as y4JacTKOB h; m hi mim paccrosHum h;
“ hs TDOPUMBOHTAJIBEHEIX, PAaCIOJIOXKEHHEX IlapaJiJleJIbHO JIpyDl OpyTry, He
UMEMYX TOKPHTUSA JMHMY 16", KOTOpHEe OTpPaHMUMBAKT TOPM30HTAJILHEE
TOKOIIPOBOIAIME LOPOXKU a; — as, CIpaBelJIMBO YpPaBHEHNE:

VH,=h, ;:h,=1.

Ocoboe HOpeuMymecTBO STOM cucTemel 16", 18, 19, 19 no

U300peTeHr COCTOMT B TOM, UTO IIOCPeICTBOM Hee IOKpuTHe 8’
HarpepaeTCHd PaBHOMEPHO, IpudeMm yIoeJibHadg MOIMHOCTDb HarpeBa
cocraBager oT 400 mo 550 Br/M?. Jpyroe ocofoe IIperMyleCTBO
cucTteMel 16", 18, 19, 19 mo m300peTeHMI COCTOUT Takke B TOM, UTO
BCH KOHOUTYpaluuns MOXET anarlTUpOBaTbCH c [IOMOIIBIO IIPOCTHX
napaJujieJIbHEIX I[IepPEeHOCOBR P, HampMMep, OOMNOJHUTEJIBHOTO B3JIeKTpona 18
U/ WM COeIMHUTEJILHOTO IMNpoBOIHMKa 19, k TpeboBaHMSAM KOHKPETHOIO
ciayuas, 0e3 HeBHTOIOHOTO M3MeHeHMI YIeJbLHOM MOIHOCTM HaTrperBa,
HaopuMep, M3-3a BOSHMKHOBEHUS TOPAUMX TOUeK U/WUIM  XOJIOIHEX
TOUEK. OnTuMaJibHasa nJIs KOHKPETHOTO ciayuas KOHOUTYpaLKs
2JIEKTPpOOoB 18, 19 M TOKONPOBOOANMX HOOPOXeK aji ... ap MOXeT OHTH
JIeTKO  olpemejleHa C  I[IOMOHbBID  OOHUHHX M  M3BECTHHX OIpOoTpaMM
MOOEJIMPOBAHUSA .

B wueJiowm, BapMaHT  BHIIOJHEHMS  [Opo3pavHoM IaHeJgu 1 110
n300peTeHn® COIJlaCHO  (ur. 5 oueHb 30PEeKTHMBHO MIpPeOoTBpallaeT
IpuMep3aHMe CTeKJOOUMCTUTEJIeM BeTPOBOTO CTeKJla B 30HEe OCTaHOBKU
CTEeKJIOOUMCTUTEJIEN OaXxe NPpU OCOOEHHO HM3KUX TeMiIepaTypax <0°C.

Ha ¢mur. 1-5 CCHJIOUHEE IO3MLUM MMeT cJelyllee 3HaueHMe:

1 - BeTpPOBOE CTEKJIO

2 — BHemHASA IaHeJlb

3 - BHYTpPEeHHSAdA TaHeJb

4 - aITes3UBHHEI CJIOM

5 - nepudepuiHas KpoMKa IIaHeJIu



35

6 - BepxHAS B CMOHTHMPOBAHHOM COCTOSHUM BeTpPOBOTO CTekja 1
mepBad CTOPOHAa KPOMKM 5 maHesu

6’ - HMXHAS B CMOHTMPOBAHHOM COCTOAHMM BETPOBOTO CTeKJa 1
IepBad CTOPOHAa KPOMKM 5 maHesu

7, 7" - OOKOBHE B CMOHTUPOBAHHOM COCTOSHUM BETPOBOTO CTeKJa
1 BTOpHE CTOPOHH KPOMKM 5 MaHeJu

8 — DJIeKTPONPOBONHOE IIOKPHTHUE

8’ - PacCIlIoJIOXeHHOe B CMOHTMPOBaHHOM COCTOAHUMN BeTpPOBOTI'O

crekyla 1 BHe mnoJs 12 HarpeBa BHOJBb HWKHENM II€pPBOM CTOPOHH 6
KPOMKM 5 IIaHeJM HWXHee DJIEeKTPONPOBONHOE IMIOKPHTHME 8 B 00JlacTH
30HH OCTAHOBKU CTEKJIOOUUCTUTEJIEN

8" - PacCIIOJIOXEeHHEE B CMOHTMPOBaHHOM COCTOAHUMM BeTpPOBOI'O

CTekJjla 1 BHe HoJiga 12 HaTrpeBa BIOOJIb BTOPHX CTOPOH 7 M 7' KpoMmMkm 5

IaHeM Nono6JacTy BJEeKTPOIPOBONHOTO MIOKPHTUA 8

8" - pacnojioxeHHas B CMOHTUPOBAHHOM COCTOSHUM BETPOBOTO
crexjyia 1 BHe nosg 12 HarpeBa BIOJIb BepxXHeM IIepBOM CTOPOHH 6
KPOMKM 5 [aHeJM [NOoHOOJIaCTh DJIEKTPOIPOBOIHOT'O IIOKPHTUA 8

9 - nepubepuiHasg KpOMOUHa g moJioca, He VMea g
BIIEKTPOIPOBONHOTO IOKPHTHA 8

10 - nepubepuriHasd KpoOMKa IIOKPHTUS

11 - BepxHUM B CMOHTHMPOBAHHOM COCTOSHMM BETPOBOTO CTeKJa 1
KOJIJIEKTOPHHM SJIeKTPOL

11" - HWXHMY B CMOHTMPOBAHHOM COCTOSHUM BETPOBOTO CTekJya 1
KOJIJIEKTOPHEM BJIEKTPOL

12 - noJe Harpera

13 - Mackupyomas IoJioca

13’ - ONITUUECKHU CKpHBaKasg, Henpo3payuHasd nonotJjacThb

MacKuUpyolme IoJIOCH 13

13" - kpoMKa OINTHMYECKM CKPHBaIel, HeIpo3pauHoW MnomobjacTu
MacKuUpyome IoJIOCH 13

13" - OonTHMUeCKM YacTHMUHO MOpo3pauHad OOoOoOJIacTh MacCKUPYmeNn
[IOJIOCH 13

13"" - KpoMKa ONTUUYECKM YaCTHUUHO M[IPpO3pauvHoM nomobjacTu

MacKuUpyolme IoJIOCH 13
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14 - OKHO CBfA3M, He MMelee SBJIEKTPOINPOBONHOI'O IIOKPHTUA 8
15, 15 - JvHMKM B2JeKTPONMTAaHMs, [IPOXOoOAmMe OT BEPXHETO

KOJIJIEKTOPHOT'O BJIeKTpOIa 11 BOOJIbE COOTBETCTBYWIEN aCCOLU/H/IpOBaHHOﬁ

KpoMkM 10 HOKPHTHSA B COOTBETCTBYKMIMX aCCOLUUMMPOBAHHHX [IOHOOJACTAX
8" K HOONOJHUTEJILHHM 2JeKTpomam 18, 18’

16, 16" - He wWMeomMe TIOKPHTHUA JIMHWM, I[IPOXOOANME BIOJbL JIMHUN
15, 15 sJjaexTponmMTaHMsda Ha CTOpOHe HoJigd 12 HaTrpeBa

16" - cumcrTeMa M3 IO MeHLIIEeV Mepe UeTHpeX He UMENMX ITOKPBITUA
JMHUY B TIOKPHITMM 8’ B 06JIaCTM 3BOHHE OCTAHOBKM CTEKJIOOUUCTUTEJIEeN

17 - T1nepeceueHMe He ¥MeOmMX I[OKPHTMA JmMHMNM 16, 16" cC
KOJIJIEKTOPHEM 3JjiekTponoM 11

17" - nepeceueHMe He UMeomeM OKPHTUS  JMHMM 16" C

IIPOTUBOBRJIEKTPOIOM 19

17" - Touka pa3BEeTBJIEHUS He MMellel NOKPHTUS JuHuyr 16"
18, 18' - pacroJIoOXeHHEE B HMWXHEM 3JIEKTPOIPOBOINHOM MIOKPHTUM 8’
(30He OCTaHOBKM CTEKJIOOUMCTUTEJIEN)  OOINOJIHUTEJIbHEE BJIeKTPOIEH,

SJIEKTPUUECKM COeIMHeHHHe uepes JuHMM 15, 15 osjexkTponuTaHusg C
KOJIJIEKTOPHHEM 3JiekTpornoM 11

19 - OPOTUMRBOBJIIEKTPOL K IOOIOJHUTEJBHOMY 3JIeKTpony 18

19’ - COeIVHUTeJIbHE IPOBOIHUK, OTHOCHAMUNCH K
IPOTUEBOBJIeKTPOnY 19

20 - KOHeuHas TOuYKa [OOINOJHUTEJBHOTO BJleKkTpona 18 wmim
NPOTUBOBJIEKTPONA 19 Ha He MMeKmelr MOKPHTUA JMHUMU 16"

a; - IJ¥Ha  TOKOIPOBOOAMEM  HOPOXKM OT  HOOMNOJHUTEJIBLHOTO
BJIEKTPOnA 18 oo BIrKanme ro IPOTUBOJIEXAWEeT'O ydyacTka

IPOTUEOBRJIeKTPpOna 19

ds,..., ap — IJMHA TOKOIPOBOIAMEN IOPOXKU
hs, ..., h, - IPOXOOAmye BEPTUKAJIBHO K TOPUBOHTAJIEHEM
TOKOIIPOBOOANMUM  HOOPOXKAM as - a, YydJacTKU W PAaCCTOSHUS

TOPM30OHTAJILHEX, PACHOJIOXKEHHHX IlapallJIeJIbHO OpyT IPpYyTy, He WMEKMUX
TTOKPHTHU A JIVHWNT 16", KOTOPHE OTPaHUUNBAT TOPM30HTAJILHEE
TOKOMNPOBOOAMME HOOPOXKU a, — ap

A - YBeJIWUYEeHHHV QpaTlMeHT BeTPOBOTO CcTekja 1
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B - yBeJIMUeHHBEM QparMeHT BeTpPOBOTO CTekja 1

C - YBeJIMUYeHHHV dparMeHT BeTPOBOTO CcTekja 1

D - YyBeJIMUYeHHHV dparMeHT BeTPOBOTO CcTekja 1

M - BepTMKaJbHasg ILeHTpallbHad JVHMSA ¥ OCb 3epKaJibHOM
CYIMME TPUM

P - mapaJuleJIbHHM COBUT
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$OPMYJIA MBOEPETEHNUA

1. [lposzpauHada naHeJb (1) c IO MeHbIleM  Mepe OIOHUM
HarpeBaeMeM, SJEKTPOIPOBOOHEM IIOKPHTUEM (8), KOTOpOe COeOMHEHO C
10 MeHBIleM Mepe IOBYyMSA [PeOyCMOTPEeHHBIMM OJIS  SJIeKTPUUIeCKOTO
NOOKJIIOUeHUS K O0O0O0OMM I[OJIoCaM MCTOUHMKA HalpSXeHMS KOJIJIEKTOPHEMU
saexkTpomaMu (11, 11") makuMm obGpas3oM, UTO OPU IPUIIOKEHUM NUTAIMETO
HanpsSXeHMSA TOK HaT'peBa I[IpOoTekKaeT dUepe3 oO0pas30BaHHOE  MEXOY
YIIOMSAHYTEIMM II0 MEHBIIEM Mepe IOBYMA KOJIJIEKTOPHBIMM 3JIeKTpoldaMM I10JIe
(12) HarpemBa, IpUUeM

- noJie (12) HarpeBa WMMeeT IIO MeHBIEM Mepe OIOHO OKHO (14)
CBA3M, He MMelllee Hal'peBaeMOI'0, SJIEKTPONPOBONHOIO IIOKPHTUA (8),

- HaTpeBaeMoOe, BJEeKTPOIPOBOOHOE TIIOKPHTHME (8) oI'paHMUeHO
nepubepumHoOM KPOMKOM (10) [IOKPBITUA n He rMenmen
RJIEKTPOIPOBONHOTO IIOKPHTUA (8) IIepudepuMHOV KPOMOUHOM II0JIOCOM
(9), KoTOpasd NpoCTHpaeTCcs OO HepubepuiHOM KpoMkKM (5) naHesu,

OTIMYAKIASACT TeM, dYTO [Ipo3pauHad IaHesb (1)

- KVMeeT CHapyxu nojiga (12) HarpeBa UM C I[IPOCTPaHCTBEHHEM
oTHeJIeHMeM OT Hero KOJUIEKTOPHEM 3JekTpomoM (11 wmiam 11') BOoJb
[IepBOY CTOPOHHE (6 MiaM 6') KpoMkM (5) mNaHeJ M MO MeHbIel Mepe OIHO

HarpeBaeMoe, SJIeKTPOIPOBOOHOEe MHOKpHTMHe (8" mam 8"),

- B KOTOPOM B 00JacTU o0erx BTOPHX cTopoH (7, 7') xpoMmMru (5)
aHeJu COOTBETCTBEHHO PacCIIOJIOXEHEL 1o MeHbIIen Mepe oBa
OOIOJIHUTEeJILHEIX BJIeKkTponma (18, 18'),

- KOTOpHIE COEeIMHEHH C KOJUIEKTOPHEIM 3JekTpomoM (11 wmmm 117)

COOTBETCTBEHHO Uepe3 IO MeHbllel Mepe OIOHY JIMHUIO (15, 15%)
BIIeKTPONIUTaHUA,

- KOoTopad IMOPOXOIMUT BIOOJL COOTBETCTBYHIENM acCOoLUUMMPOBaHHOM
kpoMkM (10) TIOKPHITMS M BIOOJIE OOeMxX BTOPHIX CTOPOH (7, 7') KpoMKM
(5) maHesM IO MeHBIMEMW Mepe Ha ydacTKax

- B aCCOUMMPOBAHHOM KPOMOUHOM IoJoce (9),

- Ha AacCCOUMMPOBAHHOM IIOOyYacCTKe IepudepumHom kpoMmky (10)
IOKPHTUA C  BJIeKTPUUeCKOM pas3BA3KOWM OT  IOJIA (12) Harpeea

IIOCPENCTBOM COOTBETCTBEHHO IO MeHBIIeM Mepe OOHOM acCCOLUMMPOBaHHOM

He MMeomel MNOKPHTUS JuHuMM (16 uiam 16") u/umm
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- B u/ U Ha COOTBETCTBEHHO aCCOLUUUPOBaHHOM
BIIEKTPOIPOBOOHOM  IIOKPHETUU (8") BHe oJig (12) Harpeea C
BIIEKTPUUECKON  pa3BA3KOM  OT [10J14 (12) Harpeea I[IOCPEnNCTBOM

COOTBETCTBEHHO II0 MeHbIeM Mepe OIHOM acCOlUMMPOBAHHOM He MMemen
IOKPHTUA JMHMM (16) man (16'), u

- B DJIEKTPONPOBOONHOM MHOKpuTHM (8" mym 8") comepxmurt

- TI[O0 MeHbIeM Mepe OIOMH DJIEKTPUUECKM aCCOLUMMPOBAHHHM C
COOTBETCTBYOIMMM IOBYMS OOMNOJIHUTEJILHEMM SJIeKTpomamyu (18 wm  18')
NIPOTUBOBJIEKTPOL (19), SJIEKTPUUYECKM CBA3AHHEM C  KOJIJIEKTOPHBM
saexkTponoM (11 wmiam 11') NPOTUBOIIOJIOXHOM IOJAPHOCTH, U

- IO MeHblleM Mepe IBe cucTeMms (16"), npoTuBoJexamue IpPYyT
opyry B 3epKajlIb HOM OTpaXxeHUU OTHOCUTEJILHO BEepTHUKAJILHOM
LHeHTpaJbHOM JMHUM ¥ ocu (M) 3epKajlbHOM CHUMMETPUM I[IPO3pauHON
naHenqu (1), M3 COOTBETCTBEHHO II0 MeHbIIeV Mepe UeTHpex He MMelMUX
IIOKPHTUA  JIMHMM M IO MeHbIlel Mepe OIOHOTO  COeIVMHUTEeJLHOTO
npoBomHMKa (19"), KOTOpHE PAaCIOJIOXEHE TakKuM o0pa3oM, UTO OHU IIpu
IPUIIOXE HUM OUTaKrmero HaopsSKeHU A HanopaBJIAIT IpOoTeKammn oT
YVIIOMSHYTHX I10 MeHbIelM Mepe »OBYX OINOJIHUTEJIBHHX DJIeKTpomoB (18,
18") TOK HaT'peBa COOTBETCTBEHHO UYepes3 II0 MeHbllel Mepe »OBe
TOKONIPOBOIAMME IOPOXKM (a; M astas) M uUepes YIOMSAHYTHE II0 MeHbIeM
Mepe IBa AaCCOLUMMPOBAHHEIX COOTBETCTBEHHO C HMMKM IIPOTHUBO3JIEKTpOIa
(19) m YIOOMAHYTHM IIO MeHbIlel Mepe OIVMH COeIMHUTEJILHHM IPOBOIHUK

(19") K  VIIOMAHYTOMY  IIO MeHblel  Mepe OIOHOMY KOJIJIEKTOPHOMY

siexkTpony (11 miam 11') COOTBETCTBEHHO IIPOTUBOIIOJIOKHOM IIOJSIPHOCTH,

- IOpUUYeM »OJS OJMHE TOKOMNPOBOOANMX HOOpPOXek (ai M aztaz) B
cucTeMe (16") cmopaBemnmMBo ypabBHeHme (I):

VH,-oJmHa a;: (OJamHa a,tasz)=oT 0,05 mo 2,5 (I),

roe

(VH,) ofo3HauvaeT MaTeMaTH4YeCKOe OTHOIEeHUE,

(ay) obo3HauaeT TOKOIIPOBOAMME IOPOXKN MexIOy
COOTBETCTBYNIIMMM BEPXHMMM HOOINOJHUTEJLHEMU 3JIeKTpomamu (18, 18") wu
COOTBETCTBEHHO BavkavmmMMy K HUM, aCCOoUMUPOBaHHBEMA C  HUMMK
BEPXHVMM TOHOBJIacCTAMM BEPTUMKAJIBHEIX ILJIed pPa3OeJIeHHHEX Ha IOBe YacCTU

IpOTUMEROBJIEKTPONOB (19),
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(az) oBosHauaeT TOKOIIPOBOIAMME OOPOXKN MeXnay
COOTBETCTBYOIIMMA HIWXHMMM OOIOJIHUTEJLHEMKY SJekTpolaMu (18, 18') wu
COOTBETCTBEHHO AaCCOLMMPOBAHHEMM C HMMM BeEPXHMMM [HOJOOJIACTAMU
COeIMHUTEJILHOTO MNpoBoIHMKa (19'), u

(as) 0003HauaerT TOKOIIPOBOL AL E OOPOXKM Mexny
COOTBETCTBYKIVMMM HWXHMMM IIOOOOJIAaCTAMM COEIMHUTEJIBHOT'O IIPOBOIOHMKA
(19 " COOTBETCTBEHHO aCCoUMMPOBaHHBIMNI C HYIM BTOPEMU
BEPTUKAJIEHEIMU IIOOOOJIaCTAMM COOTBETCTBYKIETO pPa3OeJIEHHOTO Ha OBe
JacTM IIPpOTHBORJIeKTpoma (19).

2. IlpospauHad naHesgb (1) no n. 1, oTaMUapmascsd TeM, 4To
OOIOJIHUTEJILHEE  BJIEKTPONEL (18, 18"), aCCoOUMMPOBaAHHEE C  HUMU

IPOTUBOBJIEKTPOOE (19), cucTeMa He UMEKNMUX IOKPHTUA JuHui (16") un
TOKOIPOBOOAMME HOPOXKM (a; UM astas) PacCIJIOXEeHH B 3epKaJIbHOM
OTPpaXeHUM IO OTHOWEeHMI K LeHTPaJIbHOM JMHMM U ocu (M) BepKaJibHOM
CYMMEeTPUM IIpo3padHo¥ HaHemu (1).

3. IlpospauHasa naHeas (1) no n. 1 wim 2, oTJMUaKmasgACsa TeM,
uyro VH.= or 0,1 mo 2,0.

4. IlpospauHasa oaHeJgb (1) mo Jmwbomy M3 M. 1-3, oTJMUaKmascsd
TeM, uTOo VH;= or 0,5 mo 1,5.

5. IlpospauHasa naHeJgs (1) mo Jjmwbomy M3 . 1-4, oTjanuanmascsd
TeM, UTO IIO MeHbIleM Mepe OoIOHa M3 He UMEOMUX IIOKPHTUA JuHuM (16,
1¢’, 16") mnpoxoImMT, IO MeHLIlel Mepe Ha ydyacTkax, IPAMOJIMHEMHO, B
BOJIHMCTOM dopMe, B ©dbopMe MeaHOpa, OMUjIooOpasHol dopMe U/UIIU
3ur3aroobpasHon dpopMe.

6. Ilpo3pavHad NHaHeJb (1) no JgoboMy M3 nOmn. 1-5, oTaMuawnmadacd
TeM, UTO IO MeHbIleM Mepe OoOHa M3 He MMEeNUX IIOKPHTUA JuHuM (16,
1¢', 16") mpoxoImT, IO MeHLIIel Mepe Ha ydacTKax, KakK HelpepHBHad
JMHUA ¥/MUIM KaK OPepHBMCTasS JIMHUSA C OUCKPETHEIMU IPOpesaMA.

7. IlpospauHas naHeds (1) mo JjmwbomMy M3 M. 1-6, oTJaMUYaKmascsd
TeM, UTO IIO MeHbIleM Mepe OoOHa M3 He MMeNUX IIOKPHTHUA JuHuM (16,
16, 16") MUB3TOTOBJIEHA Jla3epHOM abnaumnen DJIEKTPOIPOBOOHOTO
MOKPHTHA (8) mnoja (12) HarpeBa U/UIM 3JIEKTPOIPOBOIHOTO IMIOKPHTHUSA
(8" myam 8").

8. IlpospauHasa naHeJb (1) no JgodboMy M3 M. 1-7, OoTJIMYaKmascsd
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TeM, UYTO B CMOHTMPOBAHHOM COCTOSHMM MOpo3pauHoM mnaHeau (1)
3JIeKTPONPOBOOHOE IIOKPHTHe (8') pasMemeHO BOOJIb HUMKHEN I[IepPBOU

CTOPOHEl (6') KpoMkM (5) MaHed M, a DJEeKTPONPOBONHOe MOKpHTHe (8")
pasMelneHo BOOJIb BEPXHeM IIepBOM CTOPOHH (6) KpoMKM (5) oaHenu.

9. IlpospauHas TMaHeJb (1) o n. 8, oTJaM4Yawnmascsa TeM, YTOo
SJIeKTPONPOBOOHOE MNOKpHTHe (8" mam 8"') pasMemeHO B o0OJlACTM HMKHEN
U/UIY BEpPXHEeM BOHB OCTAHOBKM CTEKJIOOUMCTUTEJIEN.

10. [lposzpauHada naHeJb (1) 1o JIodoMy ns3 MII. 1-9,
oTJMUanmascsa TeM, UTO He KMellMe IIOKpHTMA JuHuMM (16, 16', 16”)
MMeT IMpMHY oT 10 MkM mo 1 MM.

11. [lpospauHas  IaHeJb (1) no JwdoMy - U3 I, 1-10,
oTJIMYarlasacg TEM, 4yTo nJisa IPOXOOAMUX BepTUKAaJbHO K
TOPMBOHTAJIBLHEIM TOKOINPOBOOANMM HOPOXKaM (a; M ataiz) Yy4aCcTKOB WU

paccrosaHumr  (h; u  hythi) Mexnmy TOpPMBOHTAJBHBMM, PaCIIOJIOXEeHHBMH

napajijleJIJbHO OpyT IpyTy M He KVMelmUMMM I[IOKPHTUS JuHuaMu (16"),
KOTOPEE OTPaHMUMBAKT IOPM30OHTAJIBHEHE TOKOIPOBOOAMME IOPOXKM (a; U
a,tas), CHpaBeIJIMBO ypaBHeHMe (II):

VH,_h;: (hy+hs)=oT 0,5 mo 2,0 (II),

roe (VH5) oBbosHauaeT COOTBETCTBYKIIEE MaTeMaTUudecKoe
OTHOIIEeHNE .

12. Cnoco® M3TOTORJIEHUS IMIPO3pauHoM IHaHeau (1) o JmoboMy U3
nn. 1-11, BrIouUanmui B cedd clelyolMe TexXHOJIOTMUYeCcKMe STallH:

(A) MBTOTOBJIEHME BJIEKTPONPOBOOHOTO IMOKPHETHUA (8) ;

(B) M3TOTORJIEHME I[I0 MeHbIel Mepe OIHOTO He MMeKIeIo
IIOKPHTMA OKHa (14) cBA3M B BJIEKTPOIPOBOIHOM IIOKPHTUM (8) II0JI4
(12) nHarpeBa;

(C) BHIOJIHEHHUE

(cl) 1o MeHBIEeM Mepe »OBYX COEeIMHEeHHHX C O0O00OuMMM [IOJIICaMU
UCTOUHMKA HaOIpSXKeHMdI KOJIJIEKTOPHHX 3JlekTpomoB (11, 11'), xoTophe
DIIEKTPUUECKM COEINMHEHHE C BJIEKTPOINPOBOIHEIM IIOKPHTMEM (8), TakK UYTO
IpKY TPWIIOXEHMM IMTAaKMer'o HalOpSXeHMSa TOK HaTlpeBa IIpOoTeKaeT uYepes

rnoJe (12) Harpera, Haxondameecsd Mexny o000OMMM  KOJIJIEKTOPHBEMM

sJyekTpomamm (11, 11", u/umm
(c2) 1o MeHbBIEeM Mepe OBYX COeIMHEHHEX C ODOMMM IIOJI0CaMU

MCTOUHMKA HAOpSKeHMS KOJUIEKTOPHHEX »JekTponmoB (11, 11'), xoTopee
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BJIEKTPUUECKM COeIMHEHH C DJEeKTPOIPOBOIHEM IIOKPHETHMEM (8), IpuuyeM

10 MeHbIeM Mepe OIMH M3 000MX KOJJIEKTOPHHX »JekTpomos (11, 117)
BRHIIIOJIHEH Ppas3deJIeHHEM Ha II0 MeHBIleM Mepe OBe IIPOCTPaHCTBEHHO
OTHeJIEHHEEe IOpyD OT IOpyIl'a IomoOJIacTH;

(D) wm3TOTOBJIEHME

(dl) mno wMeHbBIEM Mepe IBYX IOOIOJHUTEJILHEIX B2JIeKTpomoB (18,
18"), IPpOTUBOJIEXKAIIMX IOpyT' K Ipyl'y B  3epKaJIbHOM OTpaXeHUU
OTHOCUTEJIbHO LEeHTPpaJIbHOM JIMHUM U ocKu (M) 3epKajJlbHOM CUMMETPUU
opo3pauyHon naHeau (1)

(d2) 1o MeHBbIIEN Mepe IOBYX NIPOTUBOBJIEKTPONOB (19),
OPOTHUEBOJIEXAMX OPpYyD K IOPYTYy B 3epKaJIbHOM OTPpaXeHMM OTHOCUTEJILHO
BEPTUKAJILHOM LEeHTpaJIbHOM JIMHUM ¥ ocu (M) 3epKajIbHOM CHUMMETPUU
IIpo3pavHoOM IaHeJn (1) " DIIEKTPUUECKU aCCoOLUMUNPOBaHHBIX C
IOTOJIHUTEJILHEMM ~ BJIeKkTpomaMy (18, 18'), KoTophe NOpM HOPUIOXEHUU
oyTaKrmero HallpAXeHU A BIIEKTPUUECKU CBA3aHH C KOJIJIEKTOPHEM
siaekTponoM (11 wmiam 11') HOPOTMBOIIOJIOXHOM IMIOJISPHOCTMN;

(d3) no MeHbmeM Mepe OByX JuHuM (15, 15') osjaexTponuTaHusdg,
PacCIIOJIOXKEHHHX B 3epKaJIbHOM OTpaxXeHUM OpyI K IOpyTl'y OTHOCUTEJBHO
BepTHUKAJBbHOM LEeHTpaJIbHOW JMHMM UM ocu (M) 3epKajJlbHOM CUMMETPUU
opos3pauHol mnaHesgu (1), COEOMHAKINMX COOTBETCTBEHHO IIO MeHbIel
Mepe OBa IOOINOJIHMTEJIbHEX DJlekTpoma (18, 18') cooTBeTCTBEHHO C IIO

MeHBIIE Mepe  OIOHMM  KOJUJIEKTOPHBEIM  BJIEKTPOIOM (11, 11") VI
COOTBETCTBEHHO IO MeHbIIeM Mepe OIOHOM M3 ero MomobjlacTel, KOTOpHE
BOOJIE COOTBETCTBEHHO AaCCOLUMMPOBAHHOM KpoMkM (10) TIOKPHTHUA U
BIOOJIb 00erx BTOPHX cTopoH (7, 7') kxpomky (5) mHaHedM 1O MeHbIENn
Mepe Ha ydYacTKax OpOXOoOaT

- B COOTBETCTBEHHO acCCOLMMPOBAHHOM KPOMOUHOW nojioce (9),

- Ha AaCCoOlUMMPOBAHHOM YuyacCTKe HepubepuriHoM KpoMku  (10)
IOKPHTUA C  BJIeKTPUUeCKOM pas3BA3KOWM OT  IHOJIA (12) HarpeeRa
IIOCPEONCTBOM COOTBETCTBEHHO IIO MeHBIIeV Mepe OOHOM He UMekmen
INOKPHTUA JMHMM (16, 16') u/uim

- B COOTBETCTBEHHO aCCOLUMMPOBAHHOM B3JIEKTPUUECKOM IIOKPHTUU
(8") BHe moJysg (12) HaTpeBa C SJIEKTPUUECKOM pPasBA3KOM HOCPedCTBOM

COOTBETCTBEHHO II0 MeHbIen Mepe OnoHOM aCCOLU/H/IpOBaHHOﬁ He uMeomen
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INOKPHTUA JMHMM (16, 16");

(E) BHIIOJIHeHHUE

(el) mo MeHBINEN Mepe IBYX He UMeKNMX IIOKPHTHUA JMHUM (16,
16"), mnpoxomsammux BOOJL JuHMi (15, 15') 5JeKTponMTaHMsa Ha CTOPOHe
nojda (12) Harpera, a TaKxe

(e2) Mo MeHbIEeM Mepe OBYX cucTeM (16”), OpoTHMBOJIEXAMMX OPYT
K IOpyry B 3epKaJIbHOM  OTpPaXeHUM  OTHOCUTEJIBHO BepTUKaJILHOM
LHeHTpaJlbHOY JMHMM ¥ ocu (M) 3epKaJIbHOM CHUMMETPUM [IPO3padHOMn
navegu (1), COOTBETCTBEHHO M3 IO MEHBbIEeM Mepe UeTHpexX He UMEeMUX
IOKPHTUSA JIMHUIM UM OOHOTO COEeIMHUTEJILHOTO HpoBOomHMKa (19'), KoToOpHe
PacCIIOJIOXKeHE TaKuM o00pa30oM, UTO OHM IIpU [IPUJIIOKEHUM IUTarelo
HanpsKeHM s HaNpaBJISoT IPOTEeKalMMy OT YIOMAHYTHX II0 MeHLIIeV Mepe
IBYX IOINOJHUTEJILHEX 3JieKTponmoB (18, 18') Tok HaTpeBa uepe3 IBe
TOKOIIPOBOOAMME HOOPOXKM (a; M atas) UM uepes YIOMAHYTHE 10 MeHblen
Mepe IBa aCCOLUMMPOBAHHEIX COOTBETCTBEHHO C HUMKM IIPOTUBORJIEKTpOLA
(19) m YIOOMSAHYTHM IIO MeHbIeV Mepe OOMH COeIMHUTEJILHHY TPOBOIHUK
(19') x 1o MeHbIIEV Mepe OIHOMY KOJIJIEKTOPHOMy 3JekTponmy (11, 117)
COOTBETCTBEHHO TIIPOTUBOIIOJIOXHOM  IIOJISPHOCTH, opuueM IJIS  OJIMHEBL
TOKOIMIPOBOOAIMX HOOPOXeK (ai; M astaiz) CHpaBeOJIMBO ypaBHeHue (I):

VH,_-OoJgmHa a;: (ojJmuHa a,+as)=oT 0,05 mo 2,5 (I),

roe

(VHy1) obBosBHauaeT MaTeMaTMUuecKoOe OTHOIeHME,

(a1) obozHauaeT TOKOIIPOBOOAMME OOPOXKU MeXnoy
COOTBETCTBYOIIMMA BEPXHMMM HOOIOJHUTEJLHEMU 5SJIeKTpomamu (18, 18") wu
COOTBETCTBEHHO BikaymmMMy K HUM, aCCOLUUNPOBaHHBMM C  HUMM
BEPXHMMM TIOHOBJacTAMM I[IePBHEHX BEPTUKAJBHEX IIJIeU pa3IdeJIeHHEX Ha
IOIBe YacTM NPpOTMBOBJEeKTpomoB (19),

(az) 0003HauaerT TOKOIIPOBOL AU E OOPOXKN MeXIy
COOTBETCTBYOIIMMA HIWXHMMM OOIOJIHUTEJLHEMMY SJekTpolamMu (18, 18') wu
COOTBETCTBEHHO ACCOLMMPOBAHHHMM C HMMM BeEPXHMMM [IOJOOJIACTAMU
COeIMHUTEJILHOTO MIpoBoIHMKa (19'), u

(as) obo3HauaeT TOKOIIPOBOAMME IOPOXKN MexIOy

COOTBETCTBYRIIMMKY HIMXHMMM [IOOOOJIAaCTAMM COEOVMHUTEJIBHOTO IIPOBOIOHNVEKa

(19" u COOTBETCTBEHHO aCCOoOLMUPOBaHHBEMA c HUMM BTOPBMM
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BEPTUKAJILHEIMMY IIOHOBJIaCTAMM COOTBETCTBYKIUX pas3leJIEHHEX Ha IOBe
YacTM TIPOTUBOBRJIEKTpOonoB (19);

(F) npnueM TexHOJOIMUeCKre sTane (B) m (E) BHIOJIHAOT OPYyT
3a IOPYyI'OM MJIM OIOHOBPEMEHHO, U

(G) TexHoJIOTMUecKMe HTanu (C) m (D) BHIIOJHAOT OTHOBPEMEHHO
WY IOpyI' 3a IOPpYyI'OM, a TaKXe OO WM IIOCJIE TeXHOJIOTMUECKUX DTalloB
(B) m (E).

13. Cmoco6 mno m. 12, oTJaMUaKmUMCS TeM, UYTO IJS IPOXOIAMMX
BEPTUKAJIEHO K TOPUBOHTAJIBHEM TOKOIPOBONOAIMM INOPOXKaM (a; M astas)
YUYaCcTKOB WM PacCTOSHUM (hy m hyths) Mexngy TOpPM3OHTAJEHEMA,
PacCIOJIOKEHHEIMU TlapaJlJieJIbHO Opyl OPpyTl'y UM He UWMEKIVMY IIOKPHETHUSI
JuHuz  (16"), KoTophle OTPaHUMUMBAT TOPMBOHTAJIbLHEIE TOKOMIPOBOMOAMME
OOPOXKM (a; M astas), CIHpaBeOJMBO ypaBHeHMe (II):

VH,-h;: (hy+hs)=oT 0,5 mo 2,0 (II),

roe (VH,) oBoszHauaeT COOTBeTCTBYyKIEeE MaTeMaTUudeCKoe
OTHOIIEHNE .

14. Cnoco® mo m. 13, oTauuanmmmicd TeM, UYTO

- YIOMAHYTHE II0 MeHbIIeM Mepe IOBe He M¥Mellye IIOKPHTUA JIMHUK
(lo, 16¢') w®m yHnoMaHyTHE IO MeHbllell Mepe mOBe cucTemel (16"7)
MB3TOTAaBJIMBAKLT Jla3epHOoM abjiduuer BJIeKTPONPOBOIOHOTO IIOKPHTUA (8)
BHYTPM U CHapyXxu noJig (12) Harpepa, u

- TexHoJoTrmueckme »Tanel (C) m (D) BHIOJHAKLT C IIOMOIBI
TpabapeTHOV NedyaTH.

15. IIpuMeHeHMe IIpo3pauvHoM mnaHesu (1) o JjwoboMy m3 . 1-11
¥ [Opo3padHo¥ NaHesu (1), M3TOTOBJEHHOM CHOCOOOM MO JIOOMYy M3 IIIl.
12-14, B KauecTBe (QYHKLUMOHAJLHOTO U/MIM OEeKOPpaTHMBHOTO IpelMeTa u
B KauecTBe cCcOopouHOM HeTaju B Mebeyu, npudopax, 3IaHUAX U
TPaHCIIOPTHEIX CpeInCcTBax.

IIo DOBEepPeHHOCTHU
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