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OIIMCAHUE

CIIOCOB M3I'OTOBJIEHHUSI HATPEBATEJILHOI'O 9JIEMEHTA,
HATPEBATEJIbHBIN 3JIEMEHT, H3IOTOBJIEHHBI ITO HACTOSIIEMY
CIHOCOBY, 1 CIIOCOB EI'O ITIPUMEHEHUS

O6nacTh TeXHHKH, K KOTOPOii OTHOCHTCH H300peTeHne
[0001] Hacrosmee wu300pereHre B 1eOM OTHOCHTCS K CIOCOOYy  HM3TOTOBJICHHS
HArpeBaTeIbHOIO 3JIEMEHTA, K HArpeBaTeIbHOMY 3JIEMEHTY, M3TOTOBJICHHOMY IO HACTOSHIEMY
cnoco0y, B K crocoby ero UCnone30BaHusA. 1'0Bops 6oJiee KOHKPETHO, HACTOAICE H300pEeTEHHE
OTHOCHTCS K CHoco0y M3rOTOBJICHHS HAarpeBaTeIbHOTO 3JIEMEHTa, K HarpeBaTeanomy
3JIEMEHTY, H3TOTOBICHHOMY IIO HACTOSMIEMY CIOCO0Y, M K CIOCOOY €ro HCIOJIb30BaHHs, IO
KOTOPOMY HarpeBaTesbHBIN 3IEMEHT CONEPXKHUT MHOXKECTBO CBEPXTOHKHX IPOBOJIOB, HMEIOIIHMX
BBICOKOE 3Ha4YeHHE COIPOTHUBIIEHHSA, KOTOpBIE OOBENUHEHB! B IapaUICIbHYI0 KOHCTPYKIIHIO
TakMM 00pa3oM, YTO HX OOIIMe IUIOINAJH NPHUBOASATCS B KOHTAKT APYT C APYLOM, B pe3yibTaTe
YEero KaKIbli CBEPXTOHKHH IIPOBOJ HMMEET BBICOKOE 3HAYEHHE CONPOTHBIIEHHMSA, TOTAA Kak
CyMMapHOE 3HA4YeHHE CONPOTUBICHHS YMEHBLIAETCH, BCIEACTBHE YEro IIOBBIIACTCS

3¢ ($eKTHBHOCTh T€HEPUPOBAHHUS TeIla.

IIpeanmochIKH cO37aHUA M300peTEHHS

[0002] OneKkTpuUYecKHid HarpeBaTeNbHBIH 3JEMEHT, KOTOPBIH TeHepupyeT ' TeIIo, Korja
JIEKTPHYECKOT0 TOK TEUYET C ONpeIeIeHHBIM 3HAYEHHEM COIIPOTHBIICHHS.

[0003] ConpoTHBieHHE NPENATCTBYET IOTOKY 3JIEKTPHYECKOrO TOKa, IpeobGpasys
3JIEKTPHYECKYIO 3HEPTHIO B TEIIOBYIO 3HEPTHIO, BCIICACTBHE YEr0 reHepupyeTcs TEIo.

[0004] XOTS 3IEKTPUYECKHE HAarpeBaTeIbHBIC 3JIEMEHTHI HCIOJB3YIOTCS Uil GONBIIOro
KOJNHMYECTBA M3ACTHM, HCIONB3YEMBIX B PAa3IMYHBIX OONACTAX TEXHHMKH, OHH, B OCHOBHOM,
HCIONB3YIOTCA JJI HarpeBa Uil Ul IPUTOTOBJICHUS TOPAYCH BOJBL.

[0005] OnHako TpaJUIIMOHHBIE 3JIEKTPHYECKHE HarpeBaTeNbHBIE 3JIEMEHTHI (BKIIIOYAsS
HarpeBaTelbHbIC IPOBOJA) UMEIOT CIIEAYIOIIUE IIPOOIEMBI.

[0006]
[0007] Bo-nepBhIx, 3¢ der

SHOCTH [IPe00pa3’0BaHKs B TEILIOBYIO DHEPTHIO — HH3Kasd, IO
ey
%
CPaBHEHHIO C MOTPEOICHHEM 3NIeKTPOIHEPTHH.
[0008] Takum o06pa3oM, MHOTHE CYLIECTBYIOINWE IJIEKTPHYECKHE WM HarpeBaTelbHEBIE

IIPOBOJAA HE SABIAIOTCA NPEANOUYTHTENBHBIMH, IO CPABHCHHUK) C APYTHMM criocobaMu Harpesa,




IIOCKOJBKY norpe6neHHe JJICKTPOSHEPIUU — CIIMIIKOM BEJIMKO, IIO CPABHCHHIO C TGHJIOTBOpHOﬁ

CIIOCOOHOCTHIO.
[0009]
[0010] Bo-BTOpBIX, CyIECTBYET OYEHb MaJI0 TEXHOJIOTHIL IUIsl MHIMBHIYaIBHOM HACTPOMKH

HArpPeBATENIHHOTO TIEMEHTA, II03TOMY €TI0 HEBO3MOXKHO HCIIONb30BATH YHHUBEPCAIBHO.

[0011] JUi1 IIMPOKOro MCHOJIB30BaHUS BO BCEX OTPACIAX NPOMBIIUIEHHOCTH M C YYETOM
3NIEKTPHYECKOH 0€3011acCHOCTH HEOOXONUMO yMETh H3TOTABIMBATh HArpeBaTeNbHBIM MPOBOJ
(marpeBaTeNbHBI  3J€MEHT) M3  JECATKOB-COTEH ThHICAY BHAOB C  BO3MOXHOCTBIO
HHIUBUIYaILHOM HACTPOMKH TEIUIOTBOPHOH CIOCOOHOCTH MU 3JEKTPUYECKHX XapaKTEPHCTHK
(HanpsHKEHUsI, CHJIBI 3JEKTPHYECKOTO TOKa, IS NEPEMEHHOI'0 TOKA, JUIS IIOCTOSHHOrO TOKA M
T.J.), B 3aBHCUMOCTH OT TpeOOBaHHUH, IPEABABISEMBIX K MECTOPACIOJIOKECHHIO HATPEBATELHOTO
IIPOBOJIA TaM, IJie TpeOyeTCs ero Halu4ue, Wil Ui Moaudukamun. OHaKo B HAacTOAIIEe BpeMs
CYLIECTBYET OYEHBL MaJIO BAPHAHTOB pa3pabOTKH HarpeBaTelIbHOTO NPOBOJA M HArpeBaTEIbHOTO
JJIEMEHTa,  H3TOTOBJCHHBIX II0  TEXHONOTHH, IpEeIyCMaTPHUBAIOIIEH  BO3MOXHOCTH

MHIWBUIYAJIEHOM HAaCTPOMKH.

[0012]
[0013] B-Tperpux, sanexrpudeckas 0€30MacHOCTD SBIAECTCSA OYEHD YI3BHMOM.
[0014] ITockonbKy 3HaYMTENEHOE KOJIMUYECTBO JIEKTPUYECKHX HArpeBaTeNIbHBIX 3JIEMEHTOB

(HarpeBaTeNbHBIX IPOBOAOB), pa3pabOTaHHBIX M PAacCIHPOCTPAHCHHBIX B HACTOAINEE BpeMs, HE
HMEIOT PaBHOMEPHOTO paclpe/eiCHHsS 3HAYCHHUS CONMPOTHBIICHHS, TO CYIIECTBYET OMACHOCTH
BO3TOPaHHs, TOPAXEHUs JICKTPUYECKHM TOKOM, KOPOTKOIO 3aMbIKaHHs, M 3TO HeGe30macHo,
IIOCKOJIBKY CYINECTBYeT apeiid Toka CMEIeHHs Ha d4acTh, ITl€é HMMEETCS HEPABHOMEPHOE
pacnpeeaeHie 3Ha4eHUS] CONPOTUBIICHHS.

[0015] B uactHOCTH, OH OYEHb YS3BHM B IUIaHE 3NEKTPHYECKOW OE30HaCHOCTH IIpH
CMCIIMBAaHUU IIOpPOIIKa IPOBOJAIIETO IojuMepa (yriiepoa M T.A.) B XXHAKOM CBA3YIOIIEM
BEILIECTBE C HEJBIO IIPEBpAIEHUs €ro B IEYATHYIO KPacKy H HAHECEHHS €ro Ha BOJOKHO WM
HaHECEHHs Ha IIOBEPXHOCTh B Pa3lIM4YHBIX KOMOHMHANUSX, TO €CTh, YIJICPOJAHbIC HarpeBaTeIbHbIE
3JIEMEHTHI OYEHb YSA3BHMEI B IUIAHE JICKTPHUECKOM 0€30IMacCHOCTH.

[0016]

[0017] B-4yeTBepThIX, METAUIMYECKHI HarpeBaTeNbHBINA IIPOBOJI HE HMEET BO3MOXHOCTH
HOAEPKHUBATE NIOCTOAHHYIO TEMIIEPATYpPY B CAMOM MarepHalie 6e3 OTAeIBHOr0 TEPMOCTATA.
[0018] Hcnonp3oBaHre METAUIMYECKOTO HAarpeBaTeNbHOTO INPOBOJA, KOTOPHIA He
IIOJNEPXKUBAET IIOCTOSHHYIO TEMIIEpaTypy, MOXET MNpPHBECTH K IOXapy, ecu perysaTop
HCTOYHHKA JIEKTPOIIUTAaHUS WM OTACIBHBIN TepMocTaT He cpaboTaerT.

[0019]




[0020] B-naTthIx, HarpeBaHue B OONBIIOM IIPOCTPAaHCTBE — IPAKTUYECKH HEBO3MOXKHO, H BCE
IIPOCTPAHCTBO HEJIB3s IPOTPETh PABHOMEPHO.

[0021] B TpaguIHOHHOM HarpeBaTeNTbHOM »JIEeMeHTe, IIOCKOJBKY Oonblmas 4acThb
TeHEPHPYEMOro TeIUla HE IpEJICTaBlIseT COOOH TEIUIOBOE H3IY4YEHHE, TO HarpeB OJDKEH
mepeaBaThCs B GopMe TEIIONPOBOIHOCTH MM KOHBEKTUBHOIO TEIlIa, I03TOMY HAarpeBaHUE B
6ONBIIOM IIPOCTPAHCTBE — MPAKTHIECKH HEBO3MOXKHO.

[0022] To ecTh, B IpocTpaHCTBE ¢ OOMBIION IIOIIAABIO HATPEBAETCS TOJIBKO OKpYyXKarolas
C HarpemareleM IUIOLIA]b, a MPOCTPAHCTBO, HAXOMSAIIECECS HAa PAacCTOSHHMM OT Harpesarens —
XOJIOAHOE, ¥ IaXe €CJIH HarpeB OCYMIECTBIIIETCS NPOAYBAHUEM TEIUIOBOM ITYIIKOH, CYIIECTBYET
IIpenen A IPOXYBKH BCEro OOJBIIOro NPOCTPAaHCTBA.

[0023] Kpome Toro, HarpeB — HEOIHOPOAEH BO BCEM IIPOCTPAHCTBE.

[0024] To ecth, HarpeBaeTcs OKpyKarollas ¢ HArpeBaTelIeM IUIOMIAJh, HO hpOCTpaHCTBo,
HaxoJslleecs Ha PACCTOSHUM OT Harpesarels — XOJOAHOE, IPOCTPaHCTBO, kyzla MONnaaaeT
TOPSYHi BO3IyX — ropsyee, HO MPOCTPAHCTBO, Ky1a TOPSYHH BO3AYX HE MOIAAAET — XOJIOAHOE.
[0025] Jlaxxe mpU HATMYMH HArpeBaTeNbHOrO JJIEMEETa (HalpUMep, HafpeBaTenbﬂoro
DJIIEMEHTa, COJEPXKAIIEro Yyriepoj), HCIOYCKalomWero TEeIUIOBOE H3JIyYeHHe, IIOCKOIBbKY
PacCTOSTHHE TEILUIOBOrO H3JIy4eHHs (paccTOSHUE NATHHHUX MHOPaKpacHBIX Jydel) — HEBEJHKO,
[MO3TOMY Harpes B GOJBIIOM MPOCTPAHCTBE MPAKTHYECKH HEBO3MOJXKEH.

[0026]

[0027] B-mecTeix, HarpeBaTeIbHBIH JJIEMEHT (YIJIEPOAHBIE U T.A.), TE€HEPHPYIOIIHMM
HEKOTOPOE TEIUIOBOE M3Iy4CHHUE, He 001a1aeT NEeKTPUUIECKOM CTAOMIBHOCTRIO M HE T€HEPHPYET
TEILIO MpPH BBICOKOM TEMIIEpaType, a PacCTOSHHE NAIBHUX HH(QPAKpacHBIX JIydeH SBIAETCA
KOPOTKHM, [I03TOMY HarpeB B GOJILIIOM MPOCTPAHCTBE MOYTH HEBO3MOJXKEH.

[0028] HarpeBaTenpHBIH 3J1€MEHT, TI€HEPUPYIOIIMH TEILUIOBOE H3JYYEHHE, KOTODKIH
CIIOCO0EH PEelInuTh MATYIO MPOoOJIeMy — TaKXKe OIaceH, MOCKOJBKY OH (PaKTHYECKH HE SBISETCS
JIeKTpuYeckd  cTabminpHbIM. Cpead  TpaJWIMOHHBIX  HarpeBaTelbHBIX  IIPOBOJAOB
HarpeBaTeNbHBIC 3JIEMEHTHl, I'€HepHPYIONINE TEIUIOBOE H3JIydeHHe, Omaromaps COAEPKaHMIO
yriepoaa, OOBIYHO MCHOJB3YIOTCS IIYTEM CMEIIHBAaHUS TNOPOIIKA INPOBOMAIIEro IOJIHMEpa
(yrnepona ¥ T.1.) B XKHIKOM CBS3YIOLIEM BEIIECTBE C LIENBIO IPEBPAILCHHUS €r0 B IEYATHYIO
KpacKy M HaHECEHHS €ro Ha BOJIOKHO WJIH HAHECCHHS Ha IIOBEPXHOCTh B paslHYHBIX
KOMOMHAIUAX, HO OHHM, MO CYLIECTBY, MEHEE OIHOPOAHHI [0 3HAYCHHIO COIIPOTHUBJICHHI, IIO
CPaBHEHHI0O C  METAUIMYECKHMH  HarpeBaTeIbHBIMH  3JIEMEHTaMH  (METalIMYECKHE
HarpeBaTeJbHbIC IPOBOJA), a MO IPOLIECTBUH BPEMEHH ,CHCTBHE IPOBOJAIIErO IIOPOIIKA

OpephIBaeTCS H3-32 pPa3HULIBl B KOJMYECTBE PACIIMPEHHH U CXAaTUH MEXIy IPOBOAALIMM




IIOPOIIKOM ¥ CBSA3YIOIIUM BELIECTBOM, B PE3YJIbTATe€ YEr0 U3MEHEHHE HAarpy3KH (yMEHBIICHHE
TEIJIOTBOPHOH CIOCOOHOCTH) YXYIIIaeTCs.

[0029] Kpome Toro, naxe ecid TeINOBOE H3IyYeHHE NAIbHAX HH(paKpacHBIX Jydei
TEHEPUPYETC B CaMOM Marepuase, TEeMIIepaTypa HarpeBaTelIbHOTO 3JIEMEHTA HE MOXET

MOBBICUTHECA JO BBICOKOM TEMIIEPATYPhl, B PE3YIbTATC YEro pacCTOSSHHC OT TEIUIOBOI'O

U3IY4YEHUs — KOPOTKOE, II03TOMYy HAarpeB B OOJBIIOM IHPOCTPAHCTBE — TPAKTHYECKH
HEBO3MOJXEH.
[0030] Kpome Toro, HarpeBaTeNnbHbIH 3JIEMEHT, KOTOPBIH M3TOTOBJIEH IIYTEM CMEIIMBAHHUSA

IIPOBOJSLIETO IIOPOIIKA C JKHAKUM CBS3YIOIIMM BEIIECTBOM H IIPEBpAICHUS €r0 B MEYATHYIO
KpacKy, ¥ HaHECCHMs €ro Ha Jpyrod TpeTuii o0BeKT, reHepupyeT Teiwio mo npunuumy IITK
(TONMOXHUTENBHBIA  TeMIEpaTypHBIH  KOIDUIHEHT), MO KOTOPOMY MEXMOEKYJISAPHOE
PacCTOSHHE IPOBOMSAILIECTO INOPOIIKA YBEIUYHMBACTCA AJIA TOrO, YTOOBI YBEIHYHMTH 3HAYCHHE
COIIPOTHBJICHUS, BCIEACTBHE 4YEr0 YMEHBINACTCS KOJIHMYECTBO 3IJIEKTPUYECKOTO TOKa IpPH
IIOBBHIIIICHUH TEMIIEPATYPBI, IO3TOMY CYIIECTBYET MPENENI, COIVIACHO KOTOPOMY HENb3sl HarpeTh
HarpeBaTeIbHLIA 3JIEMEHT JO BBICOKOW TEMIIEpaTyphl ¢ MOMOMIBIO GYHKIHH aBTOMATHYECKOTO
MOAIEPKaHUS IIOCTOSHHOM TeMIIepaTyphl.

[0031]

[0032] B-cenpMpIX, HE CYINECTBYeT HarpeBarelIbHOTO JJIeMEeHTa (HarpeBaTelabHOro
IpOBOJIa), KOTOPBIH MOXXET I€HEPHPOBATh TEIUIO, HAPAMYK) MOKIIIOYASCh K 3JIEKTPHYECTBY,
BHIPaOaTHIBAEMOMY COJIHEYHOH SHeprueii, HOCKONIbKY HEBO3MOXHO H3TOTOBHTH HarpeBaTellbHEIH
3NIEMEHT (HarpeBaTeNIbHBIM TIPOBOX), KOTODPHIA BBHIITOJHSET (YHKIHIO HAarpeBa INPH HH3KOM

3HAYCHHUHA HaIIPsOKCHUA, 0CO0OEHHO IIPU HU3KOM 3HAYCHUH HaNpPsOKCHUS IIOCTOAHHOI'O TOKA.

[0033]
[0034] B-BoCBEMBIX, OH — HE 3P PEKTHBEH I KANAICHUS BOIBL.
[0035] He cymecTByeT TEXHONOTHH HarpeBaTENbHBIX 3IEMEHTOB, Onaromaps KOTOpO#M

HarpeBaTeNbHBIA 3JIEMEHT T'€HEPUPYET BBICOKYIO TEMIIEpaTypy B JUIMHHOM HarpeBaTelbHOM
TIPOBOJE NPY HHM3KOM 3HAYEHHMH HANPSDKEHHS, 0COOEHHO NMpH pabodyeM 3HAYECHHHM HANpPsHKCHUS
24 B unu BUXE.

[0036]

[0037] B-1eBATHIX, OH JIETKO BHIXOIOHWT M3 CTPOS H3-3a OTCYTCTBHS T'HOKOCTH H Ci1a0oi
pacTATHBAIOLICH CHJIBI, a TakkKe MMEeT KOPOTKMH CpOK CHyxObl mH3-3a OBICTpO#
OTBEPIKIAEMOCTH, W 3a4acCTyi0 OJHOBPEMEHHO IOBPEXAACTCS H3-3a HHU3KOH CTOHKOCTH H

CHJIBHOT'O OKHUCJICHHUS, KOTOPBIC COCTABJIAIOT ACBATYIO IIpOGJ'ICMy.

PackpbiTHE H300peTeHus




Texan4ueckas npobiema
[0038] CoOTBETCTBEHHO, Hacrosimee wu300peTeHHe OBUIO  CHEIaHO C  YYETOM
BBIICYIIOMSHYTHIX IPOOJIEM, BO3HHUKIINX B IPENIIECTBYIOMIEM YPOBHE TEXHHUKH, U MepBast [ellb
HACTOSAIIEro HM300pETeHHUs 3aKII0YacTcs B TOM, HYTOOBI MPEIUIOKHTH CIOCOO HM3rOTOBICHHS
HarpeBaTeIbHOIO DJJIEMEHTAa, HAarpeBaTENIbHBIA O3JIEMEHT, H3TOTOBJIECHHBIM IIO HACTOSIIEMY
cnocoby, ¥ cnoco® €ro MCIoB30BaHMSA, IO KOTOPOMY MBOXECTBO CBEPXTOHKHMX IIPOBO/IOB,
HMMEIOINMX BBICOKOE 3HAYEHHME COIPOTHBIICHMS OOBEAMHEHHI B MAPAUIEIBHYIO KOHCTPYKIIHIO
TakuM 00pa3oM, 4YTo HMX OOMHe IOBEPXHOCTH HPUBOAATCA B KOHTAaKT APYT C JOPYroM, B
pes3ysbTaTe 4ero KaK[Abli CBEPXTOHKHH INPOBOJ HMEET BHICOKOE 3HAUYCHHE COIPOTHBJICHUS,
TOrga Kak CyMMapHOE 3HA4YCHHME CONPOTHBIICHHS CHIDKEHO, BCIIEACTBHE YEr0 IMOBBIIIAETCS
3 (GeKTUBHOCTh TCHEPHPOBaHHMS TeIIa M O0OECHEeYMBaeTCS CBEPXBBICOKOCKOPDOCTHOE H
CBEPXBBICOKOTEMIIEPAaTypHOE HarpeBaHHUe. |
[0039] KpoMe Toro, BTopas menb HAacTOSIIEr0 H300peTEHHS 3aKIIOYaeTCs B TOM, YTOOBI
IPEAJIOXKHUTE CIOCOO HM3TrOTOBIECHMS HArpeBaTENIFHOIO 3JIEMEHTa, HarpeBaTeIbHEBIM 3IIEMEHT,
H3TOTOBJICHHBIM II0 HACTOAIIEMY CHOoco0y, M CHOCOD €ro MCIOJb30BaHHA, IO KOTOPOMY
XKeJaeMoe 3HAYeHHE COIPOTUBIICHHS IOCTUTAaeTCs IIyTeM H3MEHEHHs OOINero CyMMapHOTO
3Ha4YeHHs COITPOTHBIICHHS MHOXECTBA CBEPXTOHKHX IPOBOJOB, COCTABJISIOLIMX €IMHBINA IYYOK,
B pe3yNbTaTe Yero HarpeBaTeNbHbIA 3JIEMEHT MOXET OBITh HHANBHIYAFHO HACTPOEH, H, TAKHM
06pa3zoM, HarpeBaTebHbIH JJIEMEHT MOXKHO MCIIOJIB30BATH JUIS CAMBIX Pa3HBIX LENEH.
[0040] KpoMe Toro, Tperps 1enp HaCTOSALICTO H300peTeHHs 3aKIHOYaeTCS B TOM, YTOOBI
IIPEUIOKHUTE CIIOCOO H3rOTOBJIEHHS HATPEBATEILHONO JIIEMEHTA, HATPEBATENBHEIA 3IEMEHT,
U3TOTOBJICHHBIH IO HACTOSIIEMY CIOCO0y, M CIOCOO €ro HCIONIb30BaHMS, .II0 KOTOPOMY
JOCTUIaeTCss pPaBHOMEPHOE paclpeicieHHe 3HAYCHHs CONPOTHBICHHA 10, BCeH JIHHE
HAarpeBaTellbHOTO 3JIEMEHTa, B pe3yiIbTaTe Yero MOXHO YIYYIIMTh IJIEKTPHYECKYIO
6e30macHOCTb. |
[0041] KpoMme Toro, yeTBepTas Henb HACTOSIIETO M300pETEHHS 3aKIIOYAETCS B TOM, YTOOBI
OPEANIOKUTH CIOCO0 M3TOTOBJIEHHS HArPEBAaTENFHOTO 3JIEMEHTa, HarpeBaTe/bHBIA 3JIEMEHT,
‘
H3TOTOBJICHHBII IO HAcToAmeMY croco0y, W crmocod ero HCHONb30BaHHS, 10 KOTOPOMY
MHOXECTBO CBEPXTOHKHX INPOBOJAOB, COCTAaBISIOIIMX IYYOK, CTPYNIIHPOBAaHEI B TPYMIBI C
pasnuuYHBIME  (QYHKHUSAMH, IpH 3TOM OJHA Trpymna (QYBEKIHOHHUPYET IS HEMPEPHIBHOIO
TeHePHPOBAHKS TCILIA, KOT/Ia MICKTPHYECKUH TOK TEYeT, a Apyras IPyIIa FeHEPUPYeT MEHbIIE
TEIIa TI0CJIE JOCTHXKEHHUS 3aJaHHOH TeMIepaTyphl H (QYHKIHMOHHPYET TaKHM 06pa3oM, 4TOGHI
JJIEKTPHYECKUH TOK MOT T€4b, BBICTYIIasi CKOpEe B Ka4eCTBE IIPOBOJHUKA 3JEKTPUIECKOTO TOKa,

H OH HC I'CHCPHPYET TCIJIO, IIOCKOJIBKY CTall MPOBOJAHUKOM JJICKTPHYCCKOTO TQKa, U 3THU IBE




IPYNIBl  CBEPXTOHKHX TIIPOBOJIOB OOBEAMHEHHI B IIy4OK, B pe3ydbTare 4YEro MOXKHO
OIeP)XKUBATh NOCTOSIHHYIO TEMIIEpaTypy B CaMOM Martepuarie 6e3 OTIeIbHOrO TepMOoCTaTa.
[0042] KpoMe TOro, msras Ieqp HACTOSIIEr0 HM300pETEHMs 3aKJIOYaeTCs B TOM, YTOOBI
MPEeAJIOKUTh CIOCOO H3TOTOBICHUS HArpeBaTeNIbHOTO 3JIEMEHTA, HArpeBaTelIbHBINA 3JIEMEHT,
H3TOTOBJIEHHBIA II0 HACTOSIEMY CIoco0y, ¥ cmoco® €ro HCIONb30BaHHs, II0 KOTOPOMY
MHOXECTBO CBEPXTOHKHX IMPOBOJOB OOBEAMHEHHI B €IUHYIO CTPYKTYpPY IS (GOpPMHpPOBAHHUSA
OJHOXWJIBHOTO HarpeBaTeJIbHOIO0 HPOBOAA C OJHOXKHIJIBHBIM HarpeBaTelbHBIM IPOBOIOM
(HarpeBaTeNIbHBIM IIPOBOJIOM), B pe3ybTaTe 4ero IpeAoTBpamaeTcs oOpaTHbIH TOK WIH Jpeid
TOKa CMEIICHUS, M, TakuM o0pa3oM, MOXHO TMpPEeJOTEPAaTHTh IIEPETPEB, IOBPEKICHUE
CBEPXTOHKOTI'O IIPOBOJIA HIIH ITOXKap.

[0043] Kpome Toro, miectas meib HaCTOSIIErO H300pETEHMs 3aKJIIOYACTCA, B TOM, YTOOBI
IIPENTIOKUTH CrOcOO H3TOTOBJICHHS HArpeBaTeNbHOTO 3JIEMEHTA, HarpeBaTeNIbHBIHA 3JIEMEHT,
U3rOTOBJICHHBIH MO HACTOAIEMY cHoco0y, W cmoco® €ero HCIONb30BaHHS, o KOTOpPOMY
MHOXECTBO CBEPXTOHKHX IIPOBOJIOB OJHOBPEMEHHO COEIWHEHBl C JIMHHMEH 3JIEKTPONUTaHHUS
(mpoBoZOM), YTOOBI IIPEJAOTBPATHUTH IIPOTEKAHHE IJNEKTPHYECKOrO TOKAa Yepe3 4YacTh
CBEPXTOHKHMX IIPOBOJOB MJIM NpPENOTBPATUTh HEPABHOMEPHOCTH pacIpeleleHHs 3HAYCHHS
CONPOTHUBIEHMS B HUX, YTO IO3BOJISAET IPEAOTBPATHTH JIOKAILHBIC aBAPUH IIPH IEpErpeEBE.
[0044] Kpome Toro, ceapmas 1eIh HACTOSINEr0 H300peTEHUS 3aKII0YacTCsS B TOM, YTOOBI
MPEeJIOKUTh CHOCOO HM3rOTOBJIEHHS HArpeBaTENIbHOIO JJIEMEHTAa, HarpeBaTelbHBIA 3JIEMEHT,
W3rOTOBJIEHHBLIA MO HACTOSIIEMY CHOCO0Y, M croco® ero HCHoyb3oBaHHs, 1o kotopoMy SUS
316, rotoBoe crambHOe BOJIOKHO (NASLON) mm crienuansHeIiA CIUIaB HCIIONB3YETCS B KAaYeCTBE
MaTepHata CBEpXTOHKOrO NMPOBOAA, MO3TOMY CBEPXTOHKHH OPOBOJA MMEET TMOKOCTH, MOITHYIO
pPaCTATHBAIONIYIO CHIIy, B €r0 He JIETKO CJIOMaTh, a TaKXXe OH HMMEET BHICOKYIO CTOHKOCTh H
CTOHMKOCTh K OKHCJICHHIO, M OH HE SBJISETCS JIETKO OTBEPXAAeMBIM WM JIETKO JIOMaeMbIM, B
pe3yNbTare 4Yero MOXHO MPOJUTHTh €r0 CPOK CIY>KOBIL.

[0045] Kpome Toro, BockMasi Iiejib HACTOSIIEro H300peTeHHS 3aKIOYAETCS B TOM, UTOGHI
IPEUIOKHUTh CIIOCOO H3TOTOBJICHUS HAarpeBaTENIbHOTO JJIEMEHTA, HarpeBaTENBHBIA 3JIEMEHT,
HM3TrOTOBJICHHBINH 10 HACTOSIIEMY cIoco0y, H CIoco0 €ro MCIoNb30BaHUs, IO KOTOPOMY IIOCIIEe
U3rOTOBJICHUS HArpeBaTelIbHOrO DJJIEMEHTAa IIyTeM peTryJHMpOBaHUS TeMIepaTypbl CaMoro
HarpeBaTebHOro 3JIEMEHTA 0 TEMIEPAaTypHOro AHWana3oHa, TpeOyeMoro B 00lacTH TEXHHUKH,
HarpeBaTeJbHBIH 3JIEMEHT pa3pe3aroT Ha 33JaHHYIO JUTHHY € HOIYYCHHUEM CeKLHUH, Ipu4eM OJHa
CEKIIMs MPECTARISET CO0OM O/HY [EMb, © MHOXECTBO CEKIIMOHHBIX LENEH HCIONB3YIOT IIyTEM
MapaJUIeIbHOTO COCTUHEHHUS IPYT C APYTroM, B pe3ylibTaTre Yero MOXXHO paBHOMEPHO Harperhb

00JIBIIOE IPOCTPAHCTBO.




[0046] Kpome TOro, neBsiTas Iedb HACTOSIIEr0 M306pETeHHs 3aKTIOYaeTcsi B TOM, YTOOHI
IPENJIOKUTE CIIOCOO M3TOTOBICHHUS HArpeBaTeNbHOIO JJIEMEHTAa, HarpeBaTeNbHBIM JJIEMEHT,
U3rOTOBJIEHHBIA II0 HACTosAmleMy cmoco0y, M cIoco0 €ro HCHONB30BaHMs, MO KOTOPOMY
HarpeBaTeNbHBIA 3JIEMEHT MOXET I€HEPHpPOBATh TEILIO ITOCPEICTBOM BBICOKOH TeMIeparypsl
IIPY HU3KOM 3HAYECHUH HAIPSDKEHUS, YTO HO3BOJSET PACLIIKPHTH IHUATA30H HCIOJIB30BAHHA H

obecnieunTs 3P PeKTUBHOE KUIITICHHE BOIEL

Texnu4yeckoe pemeHue

[0047] JInst ToCTHXXEHHS BBIIEYKa3aHHOH LIeNH, B COOTBETCTBHH C HEKOTOPBIMH aCIEKTAMH
HACTOSIIEr0 H300peTeHHus, Mpeajgaracrcs Croco0 H3rOTOBICHHS HArpeBaTeIBHOTO 3JIEMEHTA,
IIPHYEM CIIOCOO BBINIOJHEH C BO3MOXHOCTBIO, IPEyCMaTPHBAIOMIEH, YTO CBEPXTOHKHH IPOBO/L,
UMECIOIIMHA BBICOKOE 3HAYEHHE CONPOTHBICHUS, (QOPMHPYIOT IIOCPEACTBOM HCIOJIB30BaHHA
MOHOMETA/IA HJIH METALUIMYECKOIO CIJaBa, M 3aTeM MHOXECTBO CBEPXTOHKHMX IIPOBOJIOB,
cOpPMHPOBaHHHIX C HCIOJIb30BAHHEM MOHOMETAILIA HJIH METAJLUIMYECKOTO CILIaBa, OOBEAUHSIIOT
JUIA NIPMBENEHHU HX B KOHTAKT APYT € APyroM, GOpMHpYs, TaKUM 06pa3oM, eIMHBIH ITyYOK, B
pe3ynbpTare 4ero o6pasyercsi OXHOXKWIEHBIA HarpeBaTeIbHBIA TPOBOI.

[0048]

[0049] B COOTBETCTBHM ¢ HEKOTOPHIMH aCHEKTaMH HACTOSLIETO H300pEeTEHHs MpeIaraeTcs
HarpeBaTeIbHBIA 3]IEMEHT, NIPEACTABIIOMMHA COO0H OUH CBA3aHHEBIM B IIyYOK HarpeBaTeIbHBIM
IIPOBOA B BUAE OOBCIUHEHHON NapaUIeNbHOM KOHCTPYKIHH, BBITOJHEHHOM C BO3MOXHOCTBIO,
IIpeyCMaTPHUBAIOIIECH, YTO MHOXXECTBO CBEPXTOHKHUX IIPOBOJIOB, HMEIOIIMX BHICOKOE 3HAUEHHE
COIPOTHBIICHHS, IPHBOIATCA B KOHTAKT APYr ¢ APYTrOM JUIS TOTO, YTOOBI OHU OBUIM COOpaHEI B
IIYYOK.

[0050] |

[0051] B cooTBEeTCTBHH ¢ HEKOTOPHIMH aCIIeKTaMH HACTOSILIEro H300pEeTEH s MpeiaraeTcs
croco®  M3rOTOBJICHHMS HArpeBaTelIbHOTO  3JIEMEHTa, IIpHYeM CIOCOG  BHINOJHEH C
BO3MOXKHOCTBIO, IPEAYCMAaTPHUBAIOLIEH, YTO OJUH KOHEIl HarpeBaTeIbHOIO 3JIEMEHTA BCTABJICH B
COCIMHUTEIBHYIO KJIEMMY MM BTYJKY, a 3a4MIlleHHas 4YacTh IPOBOJIa BCTaBlieHa B
COCIMHHUTEILHYIO KIEMMY HIH BTYJIKY, KOTOpas [OJDKHA TIEPEKPBIBATHC MHOXXECTBOM
CBEPXTOHKHX IIPOBOJIOB, ¥ COCIMHMUTENLHYIO KIEMMY MIIH BTVIIKY IPHXUMAIOT IS COCIHHEHHUS

HarpeBaTcJIbHOr0 3JIECMCHTA € IIPOBOJOM.

IHose3ubIe 3P PeKThI

[0052] B COOTBETCTBHH C BBIIICONHCAHHBEIM TEXHHUYECKHM PpEIICHHEM MOXHO JOCTHYb

crenyromux 3¢p¢heKTos.




[0053] Bo-nepBbIX, HOCKOJIBKY MHOXXECTBO CBEPXTOHKHX IMPOBOJOB, MMEKOIMUX BBICOKOE
3Ha4YE€HHE CONPOTHUBIIEHHS, 0OBETUHEHE] B IApAJUIENbHYIO KOHCTPYKIMIO TaKHM 00pa3oM, UTo HX
o0lIHe MIOIAAX NPUBEAEHBI B KOHTAKT APYT C APYTOM, TO MOXHO YIYYIIHTH 3Q(PEKTHBHOCTE
TCHEPUPOBAHMS Temla M  OOECIEeYMTh  BO3MOXHOCTh  CBEPXBBHICOKOCKODOCTHOTO  H
CBEPXBBICOKOTEMIIEPATYPHOI'O HArPEBaHHS.

[0054] Bo-BTOpBIX, MOCKOJBKY JXEJTaeMOe 3HaYyeHHE COMPOTHBIICHHS JOCTHIaeTCs IyTEM
HU3MEHEHHUs] OOLIEro CyMMapHOTO 3HAUCHHUS CONPOTHBIICHHS MHOXECTBA CBEPXTOHKHX IIPOBOJIOB,
COCTAaBIAIOIIMX €IUHBIA IIy4OK, TO HAarpeBaTENbHBIH 3JEMEHT MOXXHO HHAHBUAYAIBHO
HACTPOHUTB, H, TAKUM 00pa3oM, HarpeBaTeNIbHBIH 3JIEMEHT MOJKHO MCHOIB30BATh IS Pa3IMYHbBIX
nene.

[0055] B-TpeThHX, NOCKOJIBKY paBHOMEPHOE pAacCHpeAEICHHE 3HAYECHHS CONPOTHBIICHUS
AOCTHIaeTCst O BCCH UIMHE HArpeBaTeIbHOIO DJIEMEHTA, TO MOXHO YJTy4IIHTh 3JEKTPHUECKYIO
0€3011acHOCTb. |

[0056] B-4eTBEpTBIX, NOCKOJBKY MHOXECTBO CBEPXTOHKHX IPOBOJOB, COCTABJIAIOIIMX
IYyYO0K, CIPYIIIHMPOBaHbBl B IPYINbl C paslId4HbIMH (QYHKIUSAMM, IPH 5TOM OJHA TpyIma
(GYHKLHOHUPYET Ul HETIPEPHIBHOTO F€HEPHPOBAHHS TEIUIA, KOTIa JJIEKTPHYECKHHA TOK TedeT, a
Jpyras Ipyniia T€HEpHpYeT MEHbIIE TeIlla IOcCie AOCTHIKEHHSA 3aJaHHOW TeMIeparypel u
byHKIHOHUpYeT TakuM 06pa3oM, YTOOBI 3JIEKTPUYECKHMH TOK MOI Tedb, BBICTYIIasi CKOpee B
Ka4eCTBE NPOBOJHHMKA 3JIEKTPUYECKOIO0 TOKA, M OH HE IEHEPHpPYET TEIUIO, MOCKOJBKY CTall
IIPOBOJIHUKOM 3JIEKTPHYECKOTO TOKA, M 3TH ABE I'PYIIBI CBEPXTOHKUX IPOBOAOB OOBEAMHEHHI B
40K, U IIO3TOMY MOXHO IOALCPKHBATH IOCTOSHHYIO TeMilepaTypy B caMoM Marepuaie Ge3
OTHENbHOTO TEPMOCTaTa.

[0057] B-nATHIX, MOCKOJIBKY MHOXECTBO CBEPXTOHKHX JIPOBOJOB OOBEIMHEHBI B €IHHYIO
CTPYKTYpY IJii (OPMHPOBAHHS OJHOXHJIBHOTO HArpeBaTeNBHOIO IMPOBOJA C OJHOXKUIBHBIM
HarpeBaTeIbHBIM IIPOBOJOM (HarpeBaTelIbHBIM IIPOBOAOM), TO MPEAOTBpAIIaeTCss OOpaTHEIM TOK
HnM fpeiid Toka CMEIEeHHus, U, TAKAM 00pa3oM, MOXHO NIPEIOTBPATHTE IEPETPEB, IOBPEKICHHUE
CBEPXTOHKOI'O IIPOBOJIa WJIH MOJXKap.

[0058] B-mecThIX, TOCKONBKY MHOXECTBO CBEPXTOHKHX IIPOBOJOB OJHOBPEMEHHO
COCIMHEHEl C JIMHHEH (IpOBOAOM) O3JIEKTPONMTAHMS UL TOTO, YTOOBI TPEJOTBPATHTH
NPOTEKAHHE JJIEKTPHYECKOr0 TOKA 4Yepe3 4acTh CBEPXTOHKMX IIPOBOIOB HJIM IPENOTBPATHTH
HEPaBHOMEPHOE pacIlpelelCeHUE 3HA4YCHUs CONPOTHUBICHHS B HHUX, TO MOXHO IPEJOTBPATHTH
JIOKAJIbHBIC aBapuH IPHU MEeperpeBe.

[0059] B-cenpmprx, mockoneky SUS 316, roroBoe cranpHoe BonokHO (NASLON) wiam
CIENMANBHEIA CILIAB HCIIOJB3YIOTCS B KAa4eCTBE MaTepHala CBEPXTOHKOTO MPOBOJA, ITO3TOMY

CBerTOHKI/Iﬁ IIpoBOA HMECT FHGKOCTB, MOIIHYIO PpaCcTATHBAIOIIYIO CHIY, H' €r0 HCJICIrKo
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CJIOMAaTh, a TAaKXXe OH HMEET BBICOKYIO CTOHKOCTh M CTOHKOCTEH K OKUCJICHHIO, H OH HE SBJIAECTCA
JIETKO OTBEPXJIACMbBIM HJIH JIETKO JIOMacMBIM, B PE3YJIBTAaTE HYE€r0 BO3MOXXHO IIPOMJIUTH €r0 CPOK
CITyXOBI.

[0060] B-BOCEMBIX, IOCKOJBKY IOCIE TOTO, KaK HarpeBaTeJIbHBIM 3J€MEHT H3TOTOBJIEH
IIyTEM PEryJIMpOBaHUA TEMIIEPAaTyphl CAaMOI0 HArpeBaTENbHOIO 3JIEMEHTAa 10 TEMIIEPATYPHOTO
Juanasona, TpebyemMoro B 001aCTH TEXHHKH, HarpeBaTeIbHbIH 3JIEMEHT pa3pe3atoT Ha 3alaHHYIO
JUIMHY C IIOJYy4YCHHMEM CEKUMH, MpPHYEM OJHA CEKIMs IpelcTaBiIsieT coboi omHy memnb, a
MHOXECTBO CCKUHOHHBIX II€TEH HCIONL3YIOT IIyTEM IapalIeIbHOIO COCAMHEHHS IpYyr C
JPYIOM, B pe3yIbTaTe Y€r0 MOXXHO PABHOMEPHO HarpeTh 60JIbIIOE IPOCTPAHCTRO.

[0061] B-neBATBIX, IIOCKONBKY HarpeBaTeNbHBI  IJEMEHT MOXET  TEeHEpUpOBaTh
BBICOKOTEMIIEPATypHOE TEIIO IIPH HHM3KOM 3HAYEHHH HANpPXKCHHsS, TO MOXXHO DPACIIMPHUTH

JINAITa30H MCITOJIb30BAaHUS B 00eCeYnTs 3(1)(1)CKTI/IBH06 KHIIAYCHUC BOABI.

Onucanne Jeprexei
[0062] Ha ®wurype 1 mnokasaH BuA, H300paXaiomMil BapHAHT OCYIIECTBICHHS

Harpe€BaTC€IbHOIO 3JIEMCHTA II0 HACTOANIEMY I/I306peTeHI/I!O.

IpuHIUN HACTOSIIEr0 H300peTeHNs

[0063] Hmxe Oynmer onmcaH BapHaHT OCYLICCTBICHHASA HACTOSINETO H300pETEHHS B
OTHOIIEHUH ero BHeIIHeH (GopMBI ¥ paboTEL.

[0064] <BapuaHT 1 OCyIIeCTBICHHS HAaCTOAIIETO H300pETEHHUA>

[0065] KoymyecTtBo Temna Q, reHepupyeMoro HarpeBaTeIbHBIM 3JIEMEHTOM, OIpENeIIeTCs
cienyiomuM ypaBHeHHeM: Q =0,24 x [2 x R x T,

[0066] B nacrosimem noxkymenTte | mpencraBisier co60i 3JIEKTpHYECKHI TOK, ITOJaBAaEMBbIH
Ha HarpeBaTeNbHBIM 31eMeHT, R 1npexacraBmser coboif 3HAaYEHHE COMPOTHBIICHHS
HArpeBaTe/IbHOrO 3JIEMEHTa, a T mpencTaBiseT coboif BpeMs MOJaYl 3JEKTPHYECKOro TOKa Ha
HarpeBaTeNbHBIH 3JIEMEHT.

[0067] B ypaBHEHHMM MOXHO BHJETH, YTO TEIUIO, TCHEPHPYEMOE CaMHM HarpeBaTelbHEIM
3JIEMEHTOM, TIPONIOPIMOHAJIBHO 3HA4YeHHIO comnpotuBieHus (R) W BpeMeHH mOJa4M
snekTprdeckoro Toka (T), u mponopnuoHaIBPHO KBaJpaTy KONHYECTBa dnekTpudeckoro Toxa (I).

[0068] CooTBeTCTBEHHO, 4TOOB! HarpeBaTeIbHEINA MPOBOI MOT 3G(EKTHBHO I'€HEPHPOBATH
TEIUIO, OH JOJDKEH IPEACTaBIATE COO0H KOHCTPYKIUIO C BEICOKAM 3HAYEHHEM CONPOTHBIICHHS H
KOHCTPYKIIHIO, I0O3BOJISIOIIYIO IIPOITyCKaTh OOJIBIIE KOIAYECTBO 3JCKTPHIECKOTO TOKa BO BpeMst

AT, u cku-3QdexT pe3ucTopa A0JKeH OBITH YMEHBIIEH.




[0069] Ecnu roBopuTh KOHKpETHEE O CKMH-3(EKTe, TO NPH UCIBITAHHH PE3UCTOP TAKKE
co3gaeTt cKkHH-3deKT, Kak B IPOBOJHUKE IJEKTPHYECKOIO TOKA.

[0070] OTo 03HayYaeT, YTO KOrJa IUIOMANb MONEPEeYHOro CEYEHHs PE3UCTOpa, IO KOTOpOi
TEYET 3JIEKTPUYECKHH TOK, YBENHYMBAETCS, TO IIOBEPXHOCTh PE3UCTOPAa CTAHOBHTCS MEHEE
CTOMKOM K COIIPOTHMBIICHHIO HM3-3a CKHH-3((deKTa M CTAaHOBHTCS YpE3BHIYAMHO IPOBOAALIEH, a
DJICKTPUYECKUH TOK, IIPOTEKAOMIMHA dYepe3 MOBEPXHOCTh, BEIHYXAEH Teub 0e3 paboTel
(HarpeBaHus), YTO NPUBOIUT K MOTEPSM JIEKTPHUECKOTO TOKA.

[0071] CxuH-30dexT 3HAUMTENBHO CHIXACT 3((EKTHBHOCTH T'eHEPHPOBAHHS TEIUIA
PE3UCTOPA, YTO NPUBOIUT K 00pa30BaHUIO 3HAYUTENHFHO MEHBIIEro KOJIMYECTBA TEIIa, YEM II0
3akoHy JKOYJIs, B CPABHEHUH C MOTPeOJICHUEM SHEPTHH.

[0072] Taxum 006pazoM, 4TOOBI MHUHHUMH3HPOBaTh HE3(DEKTHBHYIO KOHCTPYKIHIO H3-3a
CKUH-3¢¢eKTa, II0Naah NOBEPXHOCTH PE3UCTOPA JI0JKHA OBITH MaIOi.

[0073] Hampumep, xoraa HarpeBaTelbHBIH IIPOBOJ HMEET 3HAYeHHE CONMpOTHBIEHHA 1 OM
Ha 1 M, mpenamonaraercs, 4ro IUIOLIaAb MONEPEYHOTO CEeYCHHs, O0eCIEeYHBAIOIas IOTOK
SIEKTPUYECKOr0 TOKA, MMEET, COITIACHO TPeOOBAHUIO, TONIIHHY 1, TO MOXHO YCTPaHHUTH CKHH-
3pdexr HamHOro o>ddeKkTHBHEe, ecnM oauHApHAs Tpydka OydeT H3rOTOBJIEHA IIyTeM
oObeIMHEHUs] MHOXECTBa JeTalel, KOTOpble M3TOTOBIEHBI IIYTEM JeleHHs IUIOIIANM
NONEPEYHOr0 CEYEHHs, IO CPaBHEHHIO C BapHAHTOM, IO KOTOPOMY OAMHAPHYIO TPYOKY
U3rOTABIHBAIOT C HCIIOJB30BAHUEM OJHOH IUIOMIQAH TOICPEYHOro CEUCHHS, B PE3YJbTaTe
nonydaercs 6osee 3¢ pexTHBHAs HarpeBaTeNbHas KOHCTPYKIMSL.

[0074] CoOTBETCTBEHHO, KOHCTPYKIMS HarpeBaTelbHOTO0 MNpoBOJa (HArpeBaTelbHOIO
JJIEMEHTa), HMePLEro 3(QQeKTHBHYI0 HarpeBaTeIbHYIO KOHCTPYKIMIO, BBIIOJHEHA C
BO3MOXHOCTBIO, IPEAIIONArarole, YTO MHOXECTBO CBEPXTOHKHX IIPOBOJIOB, HMEIOIIHX
BHICOKOE 3HAYCHHE CONPOTHBICHHS, OOBEAMHEHbI B IApALIENbHYIO KOHCTPYKIHMIO TaKHM
obpa3zoM, 4TO HX OOIIME IUIOMIAAY NPHBOIATCS B KOHTAKT IPYr C APYIoM, B Pe3yJbTaTe 4Yero
KBl IIPOBOJ MMEET BBICOKOE 3HAYE€HHE CONPOTHBIIECHHS, TOTAa KaK CyMMapHOE 3Ha4eHHe
CONPOTUBJICHHs YMEHBIUAETCSI, ¥ 9EM MEHBINE IUIOMAJh HMOMEPEYHOI'0 CEYEHHsS, TEM JIydile
KOHCTPYKIIHSL.

[0075] Korzma HarpeBaTenbpHBIH IPOBOJ (HarpeBaTENbLHEINA 3JIEMEHT) M3TOTOBJIEH 110 3TOMY
cnocoby, TO Oosbllee KOJNMYECTBO IJIEKTPHYECKOrO TOKA MOXET MIHOBEHHO TEYh II0
CBEPXTOHKMM IIpOBOAaM B cOope, KOTOpble HaXONATCS B MHOTOXHIBHBIX IPOBOJAX,
KOHCTPYKIIMSI HMEET BBICOKOE 3HA4YE€HHE CONPOTHBICHHS, H ONHOBPEMEHHO MOXHO
MHHHMH3HPOBATh CKHH-3)(EKT, B pe3yapTaTe Yero HarpeBaTeIbHEIM IPOBO 3TOM KOHCTPYKIHH

6}’IICT NpCaACTaBIITh coboii KOHCTPYKIIHIO C BBICOKMM 3HAYCHUEM COIIPOTHUBIICHHSA, KOTOpasd, B
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KOHEYHOM HWTOT€, MOXET HOTPeO/IATh Majloe KONMYeCTBO 3Heprum (3dGeKTHBHO) mpu
JOCTH)KEHUU BBICOKOH TEIJIOTBOPHOM CIIOCOOHOCTH.

[0076] CoOTBETCTBEHHO, NPUHIIMIL, IIOCPELNCTBOM KOTOpPOro MIOJy4aroT
BBICOKO3( heKxTHBHEIH (60NbIIOE KOTHYECTBO TeILIa, KOTOPOE JOJDKHO T€HEPUPOBATECS ¢ MAOM
HOTpeOIIeMOM MOINHOCTBIO) HarpeBaTeNbHBIA IPOBOA MM HArpeBaTelbHBIA 3JIEMEHT,
3aKJIIOYAETCS B CIECIYIOLIEM: KOIJJa MHOXKECTBO CBEPXTOHKHX IIPOBOJOB, K&XKIBIM M3 KOTOPHIX
HUMeEeT BBICOKOE 3HAYEHHE CONPOTUBIICHHUS, IEPEKPHIBAIOTCS (OOBEIUHAIOTCS) IS CBI3LIBAHUS B
IY4OK, XOTs (paKTHIECKOE 3HAYEHHE CONMPOTHBIICHHS KAXIOTO CBEPXTOHKOrO IIPOBOIA — BEJTHKO,
MHOXECTBO CBEPXTOHKMX IPOBOJOB OOBENMHSIOTCS B MNapaUICNbHYI0 KOHCTPYKIHMIO, B
pe3ylnbTare 4Yero COBOKYIIHOE 3HAY€HHE CONPOTUBICHWS YMEHBINAETCI, H BO BCEM
HarpeBare/IbHOM MPOBOJIC 3HAYECHHE CONPOTUBIICHUS YMEHBIIACTCS, YTO MPHBOAUT K CO3JAHHIO
KOHCTPYKIIMH, CIOCOOHOH mpomyckaTh OONBINOE KOJHYECTBO OJIEKTPHYECKOTO TOKA IpH
BBICOKOM 3HaYCHUM COIPOTHBIIEHHHM, YTO IIPUBOIUT K BHICOKCO()(EKTHBHOMY HarpeBaHHMIO.
[0077] DaxTHYeCKH, KaxJas TOKOIPOBOISINAS JXHJIa CBEPXTOHKHX IIPOBOHOB MOXET
HOJIEPXXUBATh BHICOKOE 3HAYEHUE CONPOTHUBIIEHHA NPH OOJEIIOM KOJIHYECTBE TOKA, IIOITOMY B
KaXI0H TOKOIPOBOISAINEH >KHJIE€ MIHOBEHHO TIeHEepHpyeTcss OOJbIIOE KOJIMYECTBO TEIUIa
(BBICOKAs TeMIepaTypa), a TaKKe TOKONPOBOJSINAS XKHJA SBIAETCS CIHMIIKOM CBEPXTOHKOIM,
YTOOBI TeHEepHUPOBATH CKUH-dpGEKT, BCIENCTBHE Yero MONyYaeTcs BBICOKOI((EeKTHBHAT
HarpeBaTebHast KOHCTPYKITHS.

[0078] KpomMe Toro, xaaslii 13 MHOXECTBA CBEPXTOHKHX NPOBOJOB MTHOBEHHO COBEPINACT
CBEPXBLICOKOCKOPOCTHOE U CBEPXBBICOKOTEMIIEpATYPHOE HArPEBAaHHUE, K 3HAYEHHsI MITHOBEHHOT'O
HarpeBaHus Iyuka o0BbEeqHHAIOTCHA, 00ecIednBas BHICOKOIG(EKTHBHOE COCTOSHHE HarpeBa, H,
CIIEIOBATENIBHO, YeM B OOIBINEH CTENECHH 3TH KOHCTPYKIHME OYAyT YCHIIEHBL, TeM B GonbIuei
cTeneHH OyAeT HabIooaThCs CBEPX-BBICOKOA((EKTHBHAS IeHepalus TEIUIa.

[0079]

[0080] Cnioco6 m3roTOBIEHUS HarpeBaTeNbHOIO MPOBOAA (HArPEBATENLHOIO 3JIEMEHTA),
IIpEeNYCMAaTPUBAIOIIMK BBICOKOI()(DEKTHBHYIO HAarpeBaTebHYI0 KOHCTPYKIHIO, BBHIOJIHEH C
BO3MOJXKHOCTBIO, IPENYCMATPHBAIOIIEH, HApUMEp, BO-NIEPBBIX, (GOPMHPOBAaHHE MHOXECTBA
CBEPXTOHKHX IIPOBOJIOB (HUTEH) C ONpeNeNIeHHOM JUIMHOM ¢ HCIOJIb30BAHUEM MOHOMETAIIA WK
METaJUTMYECKOTO CIIaBa.

[0081] Korna n3 MoHOMETa/Ia HIIM METAJUTMYECKOTO CIIABa M3TOTABIMBAIOT CBEPXTOHKHE
IIPOBOJIA, TO 3HAYEHHE CONPOTHBICHHSA CBEPXTOHKOrO IPOBOJA YBEIHYHBAETCH €CTECTBEHHBIM

obpazom.
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[0082] 3aTeM MHOXECTBO CBEPXTOHKHMX IIPOBOJOB OOBEAWHSIOT B EOHHBIA IIy4OK, B
pe3ysbTaTe Yero HM3roTAaBIMBAETC HAarpeBaTelbHBI IPCBOX (HArpeBaTENBbHBIA 3JIEMEHT),
UMEIOIIMH ONIPENENEeHHYIO UIMHY, KOTOPBIA HMEET BHI OHOXUILHOM HUTH. |

[0083] IMocne TOro, Kak 3JIEKTPUYECKHH TOK IOJAETCS Ha IIPOTUBOIOJIOKHEIE KOHIIBI
IIpOBOJA,  IPOBOI  MIHOBEHHO  T€HEPHUDYET  CBEpXBBICOKOCKOPOCTHOE H  CBEpX-
BBICOK03(]PeKTHBHOE HarpeBaHHE.

[0084]

[0085] OnHako, IOCKOJBKY HarpeBaTENbHBIA JJIEMEHT, HMMEIOIIHM BHICOKOE 3HAYEHHE
COIPOTHBIICHHSA, MOXKET IIPEOAOJIETH NAJCHHE HANPSDKCHHUS 3a CUET YBEIWYCHUS HAIPSKEHHSA U
JIO3BOJIUTE DJJICKTPHYCCKOMY TOKY TE€4Yb Ha OoJBIoe PacCCTOsAHHUEC, TO IIJ'ISI: TOTrO, YTOOEI
U3rOTOBUTh HArpeBaTEeNbHBIA IPOBOJ OONBINON [UIMHBI, HEOOXONMMO YBEJIHYHTH 3HAYECHHE
HAIPsOKEHMS, U YE€M BBILIEC HAIIPS)KEHHE, TEM BBIIIE PUCK 1A 6€30IMaCHOCTH.

[0086] Taxkum oOpaszoM, CyIlecTByeT TpaAMIMOHHOE TEXHHYECKOE ~OrpPaHHYEHHE,
3aKJIIOYANOIIeeCcs B TOM, YTO JUIMHHBIA HarpeBaTeIbHBIN IIPOBOJ HWIIM JUIHHHBIA HarpeBaTeIbHBIA
BIICMEHT, UMEIOIIUH JTHTETBHOE BHICOKOE 3HaYeHHE COIPOTHBIICHHE IIPH HU3KOM HANPSDKCHHH,
U3rOTOBUTH HEBO3MOXHO.

[0087] Opxnako, B COOTBETCTBHHU C HACTOSIIUM H300pETEHHEM, HCIIONB3YS BHIIICONHCAHHYIO
BBICOKO3(Q(EKTHUBHYIO ~ KOHCTPYKIIMIO, MOXHO  BBIIOJNHSTH CBEPXBBICOKOCKODOCTHOE H
CBEPXBBICOKOTEMIEPATYPHOE  HAarpeBaHWe B JIMHHOM  HarpeBaTeIbHOM  IIPOBOJE
(HarpeBaTeNbHOM BJIEMEHTE) TP HU3KOM HAIPSHKEHHH CO CBEPXBBICOKOH 3 (hEKTHBHOCTHIO.
[0088]

[0089] IlepByro m [neBATylo NpoGJieMbl MPEAUICCTBYIOIIETO YPOBHS TEXHMKH MOXHO

PCIIMTH, B COOTBETCTBHUH C IMEPBBIM BAPHAHTOM OCYIICCTBIICHUS.

[0090]
[0091] <BapHaHT 2 OCyLIECTBICHUS HACTOSILIET0 H300peTeH s>
[0092] BapuaHT 2 oCyIIeCTBIIEHHS HACTOSINET0 H300peTEeH s MPEACTABIIET CO00M cr1ocoo,

II0 KOTOpOMY o0Iliee CyMMapHOE 3HaUY€HHE CONPOTHBIICHHS MHOXECTBA CBEPXTOHKHX IIPOBOJIOB,
COCTAaBISIOIIMX €IMHBIA IIy4OK, H3MEHSeTCS [UIS JOCTHXEHHS OJKEIaeMOro 3HAadeHHs
COIIPOTHBJICHHUA.

[6093] I'oBopst 6oJee KOHKPETHO O BapHaHTe 2 OCYIIECTBICHHS HACTOAIIETO U300pETEHHs,
MOXXHO YTBEPXIAaTh, YTO HAarpeBaTelbHBIH IPOBOX (HAarpeBaTENbHBIA BIEMEHT) I'€HEPHpPYET
TETLIO ITOCPEICTBOM KOJIHMYECTBA 3IEKTPHYECKOTO TOKA, IIPOTEKAIOIIETO Yepe3 HEro, M 3HAYCHUS
COIIPOTUBJICHHs, TO3TOMY JJIi M3TOTOBICHHS HAarpeBaTEJIbHOrO JJIEMEHTAa C 3aJaHHBIM
KOJIMYECTBOM MOIINHOCTH (TEIUIOTBOPHOM CHOCOOHOCTH), MO/DKHO IPOTEKATh KOJIHYECTBO

JJICKTPHICCKOr'o TOKa, TpCGyeMOC AJIL Harp€BaTebHOI0 NpOBOJA, H €CIIH IMPEAIOJIOXKHUTh, YTO
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pabodee HalpsDKEHHE M JJIMHA HArpeBaTeNIbHOTO IPOBOJA MNpENONpENeseHb], TO 3HAYEHHE
COIPOTHBJICHUS HAarpeBaTeNbHOrO TMPOBOJA JOJDKHO COOTBETCTBOBATH 3aJlaHHBIM YCIIOBHSM,
YTOOBI MOXKHO OBLUTO H3rOTOBHTH HAarpeBATEIBHBIH JIEMEHT.
[0094] Hanpumep, ecnu NpeanonoXuTs, YTO KOJWYECTBO MOLIHOCTH (TEIUIOTBOPHOMH
Croco6HOCTH) HarpeBaTesIbHOTO 3eMeHTa coctanisier 100 Br, 3Hagenue paboyero HarpspKkeHHs
cocrapisieT 10 B, a Tpe6yemast qyiiHa HarpeBaTeIbHOTO MIPOBOJIA — 2 M, TO CHJIA 3JIEKTPHYECKOIO
TOKA, KOTOPBII MOXET IIPOTEKATh Yepe3 3TOT 2-METPOBBIA HarpeBaTebHBIN MPOBOJI, COCTABIISET
10 A, a 3HaueHue conpotuBieHus — 1 OM.
[0095] B HacrosmeM JOKyMEHTe, IOCKOJIBKY TpeOyemas: JIMHa HarpeBaTeIbHOIO IPOBOJIa
COCTaBIISIET 2 M, TO 3HAYCHHE CONPOTHUBIICHUS NOIDKHO cocTarnath 0,5 OM Ha 1 M IITMHEL
[0096] Kpome Toro, ecnu npeamnonoxuTh, 4To TpedyeMas JInHa HarpeBaTeIbHOrO MPOBOAa
cocraBigeT 1 M, TO M3MEHHMB YCIIOBHE, HarpeBaTENbHBIH IMPOBOJA JODKEH HMETh 3HAYCHHE
conporusnenus 1 Om Ha 1 M JUTHHEL
[0097] B sTux AByX ciydasx xaxnoe 3HayeHHE COIPOTHBIECHHUS HarpeBaTelIbHOTO MPOBOAA
HEOOXONUMO MHAMBHIYaNbHO HACTPOMTH MJIs MOJydYeHEs TpeGyemoro HafpeBaTenLHoro
3JIeMeHTa B OOJIaCTH TEXHHKH, HO TPANWIHOHHBIMH CIIOCOOAMH TPYIHO IOJIYYHTH 3HAYEHHE
COIIPOTHBIICHHUSA, KOTOPOE MOXXKHO HHANBHIYAIHHO HACTPAUBATh.
[0098] IIpuauHON 5TOrO SBISETCS TO, YTO GOJBIIHHCTBC TPAIUIHOHHBIX CIIOCOGOB IPOCTO
PETYJIHPYIOT 3HAa4YE€HHE CONPOTUBJICHHS, M3MEHAS IUIOMANL IONEPEYHOro  CEYEHHS
|
HarpeBaTeIbHOro INpOBOJAA, H 3TOT crnocod TpebyeTr OGONBHIIOro KoNMMYecTBa OOOPYHOBaHHS,
CIIOXHOTO IIPOHU3BOJCTBCHHOTO IPOLECCa, a TakkKe IO 3TOMy CHocofy IPaKTHYECKH
HEBO3MOXXHO JOCTHYb JECATKOB THICSY BHIOB 3HAYCHWH CONMPOTHBICHUS HM3-32 OrpaHHUYCHFIMA
TEXHOJIOTHH 000pYIOBaHHUS.
[0099]
[00100] OpHako, COTTacHO BapHAHTY 2 OCYINECTBICHHS HACTOSIIETO H300PETEHHMS, MOXKHO
JIETKO MOJIyYUTh ACCATKH THICSY BHJIOB 3HAYCHHUH CONPOTUBIICHHUS, KOTOPHIC HEJb3s MOIYYHTH C
IOMOINBIO TPAIAIHOHHOMH TEXHOJIOTHH.
[00101] To ects, B nyuke (HarpeBaTeIbHOM IIPOBOE, HarpeBaTenLHonf 3JIEMEHTE) B
BapuaHTe | OCYINECTBICHHS HACTOSINEr0 H300pETEHUS HHIMBHAYAIbHO HACTPaHBAEMBIH
HarpeBaTeIbHBIA 3JIEMEHT MOXET OBITh MOJydeH ITyTeM peryJIHpPOBaHUS CyMMAapHOTO 3HAYEHHUS
COINPOTUBJICHUS MHOXKECTBA CBEPXTOHKHX IPOBOOB B ITYUKE.
[00102] Dopmyna g MONYYECHHS CyMMapHOTO 3HA4YEHHS CONPOTHBIICHHS IPEACTABIIACT
coboii cocraBHoe 3HadeHHUe conpoTturieHus = 1 + (1/R1 + 1/R2 + 1/R3 ).

[00103]
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[00104] Kak Opuio omucaHo BeIIE, KoOraa TpedyeMoe 3HaueHHe CONpPOTUBICHUS
HarpeBaTeIBHOTO NMPOBOJIA MIpeACTaBIsIeT coOoi aBa Buaa coapotusieHus, 0,5 OMm u 1 Om Ha 1
M, TO CIIOCOO PEeryJMpOBaHHS CyMMapHOTO 3HAYEHHs CONPOTHUBICHHS BBHINVISIUT CIEXYIOIIUM
oOpaszom:

[00105] Bo-mepBsIX, BapuaHT 2-1 OCyIIECTBACHHS Ha CTOSINEr0 M300peTeH s NPEACTABIACT
c000if crmoco6, Mo KOTOPOMY MHOXECTBO CBEPXTOHKHMX IPOBOJOB H3TOTOBJICHBI U3 OJUHAKOBOTO
MaTepyajia i IMEIOT OJMHAKOBYIO TOJIIMHY (3HAUEHHE COIPOTHBIICHUS KaXKAOTO CBEPXTOHKOIO
IpOBOJAa — OJUHAKOBO), @ KOJNMYECTBO TOKONPOBOISIIMX XU MHOXECTBA CBEPXTOHKHX
IPOBOJIOB H3MEHSETCA.

[00106] Hanpumep, ecnd DpPeANONOXKUTH, YTO 3HAYEHHE CONPOTHBIICHHS OIHOU
TOKONPOBOMAAIIEH JXHJIBI CBEPXTOHKHUX IpoBOAOB cocrapisier 10 OM, To Anf Toro 4roObl
IOJyYHTh CyMMapHOoe 3HayeHue compotuBicHna 1 Owm, HeoOxomumo oébenHHnTB 10

TOKOIIPOBOISIIMX XKIJI CBEPXTOHKHX IPOBOJIOB.

[00107]

[00108] To ectp, 1/R1 = 1/10 Om = 0,1 Om, 1 0,1 % 10 TokompoBoasmMX U1 = 1 OM, U
3ateM 1/1 Om, u, ciexoBaTenbHO, oOlIee CyMMapHOE 3HAYE€HHE COIPOTHUBIICHUS CTAHOBUTCS
paBabM 1 OMm.

[00109] Kpome TOro, mis JOCTHXEHHS CyMMapHOro 3HadeHus comportuBieHus 0,5 Om
Heo0X0aUMO 00BeAMHHATH 20 TOKOIIPOBOSIINX XKHJI CBEPXTOHKUX IPOBOJIOB.

[00110] To ects, 1/R1 = 1/10 Om = 0,1 OmM u 0,1 X 20 ToxompoBoAAmMHUX XUl = 2 OM, U
sateM 1/2 OM, H, cleloBaTeNbHO, 00INee CyMMapHOE 3HAYEHHE COIPOTHBIIEHUS CTAHOBUTCS
paBHBIM 0,5 OmM.

[00111]

[00112] [Hanee, BapuaHT 2-2 OCYIIECTBICHHS HACTOAIIETO H300pETEHUS NIPEICTaBIIET COOOH
crocob, Mo KOTOPOMY MHOXXECTBO CBEPXTOHKHX NPOBOJOB H3TOTOBJICHBI U3 OJUHAKOBOTO
MaTepHaiia, a TOJNIIUHA MHOXXECTBA CBEPXTOHKHX IIPOBOJIOB H3MEHSETCS, M TOJIIMHA MHOXECTBA
CBEPXTOHKHX TIPOBOJOB H3MEHsAETCS ©O€3 H3MEHEHMs KOJHYECTBAa TOKONPOBOAAIUMX KA
CBEPXTOHKHX IIPOBOJOB.

[00113] Hampumep, ecnM MNpeANONOXUTb, YTO OXHA TOKOIPOBOIMAIIAs JKHJA IEPBHIX
CBEPXTOHKHX IPOBOAOB MMeeT Toiamuay 100 MKM, U 3HaYeHHe conpoTuBiieHus — 10 OM, a ogHa
TOKOIPOBOASAINAS JKHJIa BTOPBIX CBEPXTOHKHUX IPOBOJIOB UMeeT TOMNUHY 200 MKM, U 3HaYCHHE
conpoTuBiieHHs — 5 OM, TO )1 TOTrO, YTOOB! HOJYYHTh CYMMapHOE 3HAYCHHE COMPOTHBIICHHUS |
Om, HeoOGxomuMo OO0BeIMHHUTH 10 TOKONPOBOASALIMX JKHJI INEPBBHIX CBEPXTOHKHX IIPOBOJOB

tonmuuoi 100 MKM.
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[00114] To ectp, 1/R1 = 1/10 Om = 0,1 Om u 0,1 x 10 ToxompoBoasumx xmwi = 1 OM, u
3ateM 1/1 Owm, 4, cienoBareNnsHO, O0INee CyMMapHOE 3HAYEHHE COIPOTHBIICHHS CTaHOBHTCS
paBHbIM 1 OMm.

[00115] Kpome Toro, /st JOCTMDKEHHS CYMMapHOro 3HadeHus conporusieHus 0,5 Om
Heo0X0omMOo 00beIMHUTE 10 TOKOIPOBOASIIMX JKUJI BTOPHIX CBEPXTOHKHX IPOBOJOB TOJIIIHHOM
200 mMxM.

[00116] Toecrtp, I/R1=1/50M=0,2 OM u 0,2 x 10 TokompoBoaammx Xui = 2 OM, 4 3aTeM
1/2 Om, u, cnempoBaTensHO, o0IIee CyMMapHOE 3HAYEHUE COMPOTUBICHUS CTAHOBUTCS PAaBHBIM
0,5 Om.

[00117]

[00118] [danee, BapHaHT 2-3 OCYIIECTBICHH HACTOSIEr0 H300pETEHHUS IPEACTaBIACT OO0
Croco0, MO KOTOPOMY MHOXECTBO CBEPXTOHKHX IPOBOJOB HMEIOT OJHHAKOBYIO TOJNIIMHY M
OJIMHAKOBOE KOJMYECTBO TOKOMPOBOMSIIIMX JKWI, a MaTe€pHal MHOXECTBA CBEPXTOHKHX
IIPOBOJIOB 3aMEHSETCS, 0 MEHbIIEH Mepe, AByMsI BHIaMU MaTepHaa.

[00119] Hanmpumep, ecid INpealoNOXKMTB, YTO S5 TOKOIPOBOINSAIIUX MXHUJI CBEPXTOHKHX
IIPOBOJOB BBHINOJIHEHBl M3 Marepuaia A, I[pH 3TOM 3HAUYEHHE CONPOTHUBIEHHS OIHOMH
TOKONIPOBOSAIIEH XMkl cocTaBiser 10 OM, a apyrue 5 TOKONPOBOAAIIUX XHJI CBEPXTOHKHX
IPOBOJOB BBHIIOJHEHBl H3 MaTepHaja B, IpH 3TOM 3HAYeHHWE CONPOTHUBICHHS OIHOM
TOKONIPOBOASAIIEH XXUIBI COCTaBIgeT 5 OM, TO JUIS TOrO, YTOOHI MIOIYYUTH CYMMapHOE 3HAUYECHHE
conporuBieHuss 1 Owm, Heobxomumo oO0beIUHHTH 10 TOKOIPOBOIAIIMX JKUJI CBEPXTOHKHX
IIPOBOJIOB U3 MaTepuaia A.

[00120] To ectp, 1/1 =1/10 OM = 0,1 Om u 0,1 x 10 ToxonpoBoasmux xuwi1 = 1 OM, 1 3aTeM
1/1 Om, u, cegoBaTeNbHO, 00IEe CyMMapHOe 3HAYE€HHE CONPOTHBIIEHUS CTAHOBUTCS PaBHBIM 1
Owm.

[00121] Kpome TOro, yroObl NOJNYYUTH CyMMapHOe 3HadeHHe comporuBieHus 0,5 Owm,
HeoOXx0MMo 00BeIUHUTS 10 TOKOIPOBOASIIMX JKIJI CBEPXTOHKHX IIPOBOIOB U3 Marepuana B.
[00122] To ectp, 1/R1 =1/50OMm =0,2 Om u 0,2 x 10 ToxompoBoasIHX X1 =2 OM, H 3aTeM
172 Om, u, crenoBaTensHO, 00IIee CyMMapHOE 3HAYCHHE COUPOTHUBIICHUS CTAaHOBHTCS PaBHBIM
0,5 Om.

[00123]

[00124]  Harnee, BapuaHT 2-4 OCyIIECTBIIEHUS HACTOSINErO U300peTeHUS npencTaBnaeT coboii
croco0, Mo KOTOPOMY MHOXECTBO CBEPXTOHKHMX IIPOBOJIOB UMEIOT OJIMHAKOBYIO TOJIIIHHY H
OMHAKOBOE KOJMYECTBO TOKOIPOBOISAIINX JKIJI, MaTepHall MHO)XXECTBa CBepxroﬁKHx IIPOBOJIOB

— pa3NUYeH I KaXIOH rpynibl, U OTHOBPEMEHHO 00pa3yIoTCs, 10 MEHbIIEH Mepe, JBe IPYyIIIbI
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C OJHHAKOBHIM MAaTEPHAlOM, M MaTepHall CBEPXTOHKHMX HPOBOAOB I KAXKAOH TIpYIIIBI
H3MEHSETCS.

[00125]  Hampumep, eciii IPEIIONOXHUTE, YTO IEPBBIE 5 TOKOMPOBOSIIMX XKHAJI CBEPXTOHKUX
IPOBOJOB M3IOTOBIEHBl M3 MaTepuana A, IpH 5TOM 3HAYEHHE CONPOTHBIECHHS OJHOM
TOKOIIPOBOAAIIEH XUkl cocTaBisgeT 10 Om, BTOphle 5 TOKOIPOBOASIUMX XHJI CBEPXTOHKHX
IIPOBOJOB BBHINOJHEHB M3 MaTepHala B, Opu 5ToM 3HaYeHHE CONPOTHUBICHHS OIHOM
TOKOOPOBOAAIIEH JKunbl cocTaBiater 10 OM, npyrHe TpeThbH S5 TOKONPOBOIAIINX O KHII
CBEPXTOHKMX IIPOBOJIOB M3TOTOBJIEHBI M3 Marepuana C, mpH 3TOM 3Ha4YeHHE CONPOTHBICHUS
OJHOH TOKOMPOBOAAIIEH XWIBI cocTaBisieT 5 OM, a dYeTBepThie 5 TOKONPOBOISIINX KL
CBEPXTOHKMX IIPOBOJOB BBITONHEHBI M3 MarepHana D, mpd 3TOM 3HaYEHHE COIPOTHBICHHS
OJTHOM TOKOIPOBOJAIIEH >XKHIIBI COCTaBIAET 5 OM, TO AN TOro, 4ToObI TOCTHYH CYyMMapHOro
3HaveHuss conporusieHus 1 OM, CBEpXTOHKHE IIpOROJa JODKHBI (GOpPMHpOBaTh 5
TOKOIIPOBOISIMX W/ IEPBOH TPYNNEI MaTepHana A H 5 TOKOIPOBOASIIMX SKHII BTOPOIt
Ipynnsl Matepuana B, M OHH JOJDKHEI OBITh 0ObEIUHEHEL. |

[00126] To ecrs, B MaTepuane A 1/R1 =1/10 Om = 0,1 Om, u B matepuane B 1/R1 = 1/10 Om
= 0,1 Om, u, TakuM 06pa3oM, B mepBoii rpymme 0,1 x 5 TokompoBoasmux xui1 = 0,5 OM, 4 BO
BTOpOii rpymie 0,1 x 5 toxompoBomsmux xui1 = 0,5 OMm. COOTBETCTBEHHO, KOT/Ja IepBas U
BTOpast TPYIIIBI 06 BbeAMHEHbI, TO CyMMapHOe 3HaYeHHE CONPOTHBNICHHS paBHO 1 OM, 1 3aTeM 1/1
Owm, 1, cnenoBaTenbHo, obInee CyMMapHOe 3HaueH e CONPOTHBIIEHHS CTAHOBUTCS PaBHAIM 1 OM.
[00127] Kpome Toro, i HOCTHXKEHHS CYMMapHOrO 3HaueHus comnpotusieHus 0,5 OM
CBEPXTOHKHE IIPOBOAA JOJKHBEI (OPMHPOBATh 5 TOKONPOBOISALIMX OKHJI IEPBOH TPYIIIIBI
Mmatepuana C ¥ 5 TOKOIPOBOIAIIMX JXHJI BTOPOi IPymnmbl MaTepuaia D, ¥ OHM NOJDKHBEI OBITH
00BeTUHEHBI.

[00128]  To ects, B Marepuane C 1/R1 =1/5 Om = 0,2 Om, 1 B matepuane D 1/R1 =1/5 Om =
0,2 Om, u, TakuM oOpa3oM, B mepBoii rpymnme 0,2 x 5 TokompoBoagmmx xui = 1 OM, U Bo
BTOpO# rpymme 0,2 X 5 Tokonposoasamux X = 1 OM. COOTBETCTBEHHO, KOT/Ia IiepBast ¥ BTopas
rpynnsl OObeTUHEHB], TO CyMMapHO€e 3HaYeHHe CONPOTHBICHUs pasHO 2 OM, 1 3atem 1/2 Om, 1,
ClleIoBaTeIbHO, 00IIee CyMMapHOe 3HAYCHUE COMPOTUBIICHUS CTAHOBUTCS paBHEM 0,5 OM.
[00129]

[00130] [anee, BapuanT 2-5 ocymIeCTBICHHUS HACTOSIIErO M300PETEHHS IIPECTaBIIsLET COOOM
Crmocob, Mo KOTOPOMY MHOXKECTBO CBEPXTOHKHMX IIPOBOJOB HMEIOT OJMHAKOBYIO TOJIIHHY,
MaTepuajl CBEPXTOHKHX IIPOBOJOB — pa3iM¥eH IS KaXJOH TIPYNIEl, H OJHOBPEMEHHO
¢dopMHpYyIOTCsI, 1O MEHbBIIEH Mepe, NBE TIPyNOBl C OJMHAKOBHIM MATEPHATIOM, a TAKXKE

H3MCHACTCA KOJIMYCCTBO TOKONPOBOMAIINX XA CBEPXTOHKHX IIPOBOJIOB IJIA KXo I'PYIIIBL.
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[00131] Hanpumep, ecnd MOpPeaNONOXHUTH, YTO S5 TOKONPOBOMASIIUX XU CBEPXTOHKHX
IIPOBOJIOB H3TOTOBJIEHH M3 Marepuana A, TIpH 3TOM 3HAYEHHE CONPOTUBJICHHS OIHOMN
TOKONpoBoAsIeH >kuibl coctaBnseT 10 OM, a 10 TOKOTIPOBOISMIIMX JXKHUJT CBEPXTOHKHX IPOBOJIOB
BHIIIOJIHEHBI M3 Marepuana E, npy 5TOM 3HaYeHHE COHNPOTHBICHHS OJHOM TOKOMPOBOJSINEH
xuIel coctapisieT 20 OM, TO Ui TOro, YTOOHBI OJyYUTh CyMMapHOE 3HAYCHUE CONPOTHBIICHUS
1 OM, cBepXTOHKHE MPOBOJA AODKHBI GOPMUPOBATH 5 TOKONPOBOIALIMX XKHJI NEPBOM IPYIIIIBI
marepuana A U 10 TOKompoBOASIINX XU BTOPOM rpynnsl Matepuana E, 1 oHH JOJDKHBI OBITH
00beHEHBI.

[00132] Taxum obpa3oM, B MaTepuane A 1/R1 = 1/10 Om = 0,1 Om, a B marepuase E 1/R1 =
1/20 OM = 0,05 Om, u, Takum oGpasoM, B nepeoii rpynne 0,1 x 5 Tokompopoasumx xui1 = 0,5
Owm, a Bo BTOpO# rpynne 0,05 x 10 TokonpoBomsammx xui1 = 0,5 OM. CoOTBETCTBEHHO, KOraa
1iepBasi H BTOpas Ipynmnbl 00beIeHbl, TO CyMMapHOe 3Ha4eHHE CONPOTHBIEHHUS paBHO 1 OM, u
3areM 1/1 OM, u, cnenoBarenbHO, obmiee CyMMapHOE 3HAa4Y€HHE CONPOTHBIIEHHUS CTAHOBUTCS
paBHBEIM 1 OM.

[00133] Kpome Toro, s NOCTHXKEHHS COBOKYIIHOI'O 3HadeHHMs compoTuBieHus 0,5 Om
CBEpXTOHKHME IIPOBOJIa HOJDKHBI (opMupoBars 10 TOKONPOBOASIIMX JXHJI INEPBOM TPYIIIBI
MaTtepuana A u 20 TOKOIPOBOASIIMX >XHJI BTOPOH rpynmbl Matepuana E, ¥ OHH JOJDKHBI OBITH
00beTHHEHEL. |

[00134] To ectb, B matepuane A 1/R1 = 1/10 Om = 0,1 Om, a B matepuane E 1/R 1 = 1/20
Owm = 0,05 Om, u, Takum obpa3om, B iepBoit rpynne 0,1 x 10 ToxonpoBomsmux *mwi = 1 OM, a
Bo BTOpoii rpynne 0,05 % 20 ToxonpoBogsamux xmi = 1 OM. CooTBETCTBEHHO, kor,ua nepBas
BTOpas TPYIIEl O0BEIUHEHBI, TO CYMMapHO€ 3HaYeHHE COIIPOTHBIICHHUS paBHO 2 OM, u 3ateM 1/2
OwM, u, cnenoBaTeNbHO, 00Illee CyMMapHOe 3HAYeHHe CONPOTHRICHHS CTaHOBUTCA paBHBIM 0,5
OmMm.

[00135]

[00136] [asnee, BapuaHT 2-6 OCYIIECTBICHASA HACTOAIIETO H300pETCHUA MPEICTABIAET COOOH
Croco0, 110 KOTOPOMY MaTepHal MHOXECTBAa CBEPXTOHKHX IIPOBOJOB — Pa3iMyYCH IS KaKHOH
IpyNIbl, OJHOBPEMEHHO 0O0pa3yloTcs, MO MEHBIIEH Mepe, OBE TPYNNBl C OJWHAKOBBIM
MaTepHalioM, M Kaxznas rpynma (MaTepydan) WM IIyYOK HMeeT OJWHAKOBOE KOJIHYECTBO
TOKOIIPOBOASIIIX XHJI IIPH HU3MEHEHHUH TOJIIIUHBI KaX/I0H IPYIIIEI (MaTepHaa).

[00137] Hanpumep, ecn¥ [OpeANONOXUTh, YTO B Tpylnme MaTepHalioB A oJHa
TOKONpoBOAsIIas xuia uMeeT TonmuHy 100 MkM u 3HaueHue conpotunieHus 10 OM, B rpymme
MarepuanoB B ogHa TokompoBopsmias ockuna uMmeeT TonmumHy 200 MKM M 3HaueHHe
conpotuBierus 10 Om, B rpynne MarepuaiioB C oJ1Ha TOKOIIPOBOJSINAS JXHJIA HMEET TOJNIIHHY

100 MxM ¥ 3HaueHue conpoTuBieHUs 5 OM, a B rpymnie MatepuanoB D oHa TOKOIPOBOASAINAS
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xwia uMmeeT TommuHy 200 MKM M 3HaueHWe compoTHBiIeHHA 5 OM, TO OIS TOro, YToOkl
HOJIY4YHMTh CYMMapHOE 3HadeHHe conpoTuBieHHS | OM, CBEpPXTOHKHE MpPOBOJA IOJDKHBI
(GOpMHPOBaTh 5 TOKONPOBOASIIMX JKWJI IIEPBOM TPYNNBI MaTepHaia A ¥ 5 TOKONPOBOISIIMX
XU BTOPOM I'PYNIBI MaTepraia B, u oHM TOJDKHEI OBITH O0BCIUHECHEL

[00138]  To ects, B Matepuane A 1/R1 =1/10 Om = 0,1 Om, u B MaTepuaie B 1/R1 =1/10 Om
= 0,1 Om, u, Takum obpa3om, B nepBoit rpynme 0,1 x 5 ToxonpoBoasumx xui1 = 0,5 OM, 1 BO
sTopoii rpymme 0,1 X 5 Tokompopomsmux xui1 = 0,5 OM. CoOTBETCTBEHHO, KOTJa IepBas H
BTOpasi FPYyNIbl 0OBEAUHEHB], TO CyMMapHOE 3Ha4€HNe CONPOTHBIEeHUs paBHO 1 OM, u 3atem 1/1
Owm, u, cneoBarenpbHo, ob1iee CyMMapHOe 3Ha9eHHE CONIPOTUBIICHHS CTAHOBHTCS. paBHBIM 1 OM.
[00139] Kpome TOro, Iuis IOOCTH)KEHHS CyMMAapHOTO 3Ha4yeHHs compoTruBieHus 0,5 Owm
CBEPXTOHKHE IIPOBOJIA JO/DKHBI (GOPMHpPOBaTh 5 TOKOIPOBOISINMX JKAJN IEPBOM TPYMIIBI
MmarepuanoB C B 5 TOKOIPOBOIALIMX XKW BTOPO#M Ipymmsl Marepuana D, H OHH JOJDKHBEI OBITH
00BeTUHEHEL.

[00140]  To ectp, B MaTepuane C 1/R1 = 1/5 Om = 0,2 Om, u B Matepuane D 1/R1 =1/5Om =
0,2 Om, u, TakuM obOpazoM, B mepBoi rpymmne 0,2 x 5 ToxompoBogsmmx xuil = 1 OM, U BO
Bropoi rpynme 0,2 x 5 toxonpoBoasmux kU1 = 1 OM. COOTBETCTBEHHO, KOT/Ia IIepBast ¥ BTOpas
IpyIIsl 06BENUMHEHB], TO CYMMapHOE 3HAYeHHE COMPOTHBIEH s paBHO 2 OM, u 3ateM 1/2 OmMm, H,
CJIeIOBATENIbHO, 00Iee CyMMapHOe 3HaYeHHE COMPOTUBIIEHHMS CTAHOBHTCS paBHEM 0,5 OM.
[00141]

[00142]  [anee, BapuaHT 2-7 OCYLIECTBICHHUS HACTOSIIETO H300PETECHHUS PEACTABIAET COOOM
croco0, 0 KOTOPOMY MaTepHal MHOXECTBAa CBEPXTOHKHX IIPOBOJOB — pa3iIHYeH IS KaXIoH
TPYIIEI, M OJHOBPEMEHHO 0O0pa3yloTcs, IO MeHbIIe#f Mepe, OBE TPYNIL C OJHHAKOBBIM
MaTepUanoM, a TaKXe HM3MCHSETCS TONIIMHA W KOJMYECTBO TOKONPOBOASIIUX KHJI KaXIOM
rpynmsl (MaTepuan).

[00143] M3 BapumaHTa 2-7 OCYIIECTBICHHS HACTOSINETO0 H300peTeHHMss HaumbGolee

3¢ GEeKTHBHBIME BYMs CIIOCOOaMH SBISIOTCS: croco6 (@), mo KOTOpoMy B IepBOH TpyIe
TOJIIIMHA M KOJHMYECTBO TOKOIPOBOISIIMX XKW CBEPXTOHKHX IIPOBOJIOB HM3MEHSIOTCS, a BO
BTOpOH TIpylIe MaTepHal TOKOIPOBOAIINX JXHJI CBEPXTOHKHX IPOBOAOB OTIHYAETCH OT
MaTepyana TOKOIPOBOIIIIMX >XHJI CBEPXTOHKHX INPOBOJOB IEPBOM TPYNIBL, a TONIHHA H
KOJIMIECTBO TOKONPOBOISAIIMX KW CBEPXTOHKHX IIPOBOJIOB — OJMHAKOBHL M crmoco6 &), mo
KOTOPOMY B IIEPBOH TIpynIe TOJNIIMHA M KOJHYECTBO TOKONPOBOIAIIUX JKAJI CBEPXTOHKHMX
IPOBOJOB H3MEHAIOTCS, @ BO BTOPOH IpyIIie MaTepHal TOKOUIPOBOMSINUX JKHJI CBEPXTOHKHX

TIIPOBOAOB OTIIHYACTCA OT MaTr€puajla TOKOIPOBOIAIIUX XXHJI CBEPXTOHKHX IIPOBOLOB nepBoﬁ
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TPYTIIBI, @ TONINUHA TOKOIIPOBOISILMX JKHJI CBEPXTOHKUX MPOBOAOB — OJMHAKOBA, H KOJHYECTBO
TOKOIIPOBOASIIIX JKUAJI CBEPXTOHKHUX IIPOBOJAOB H3MECHSACTCS.
[00144] Yro6bl 0OBsCHHTE cmocoG (@ OCYMECTBIEHHS HACTOSIIETO H300pETEHHS,

IIpEIONIAraeTCs, 4r10, HAalpHMEp, B I'PyNIEe MaTepHAJOB A OJHAa TOKOIPOBOJASAMIAS JXHJIA C
TonmuHod 100 MxM EMeeT 3HaueHue conpoTtuBieHus 10 OM, U OHa TOKOIPOBOIAINAS XKHJIA C
TonmuHoR 50 MKM HMMeeT 3HaueHue compotuBienus 20 OM; B rpymnme marepHaioB B oxna
TOKOIIPOBOAAILAS JKUNA C TOMIUHOA 50 MKM HMeeT 3HayeHue conpoTupieHus 20 Om.

[00145] B stoMm ciydae, B COOTBETCTBUH C IEPBBIM CIIOCOOOM OCYIIECTBICHHS HACTOSIIEO
H300peTeHns AJIs TOro, YTOOKI MOTYYUTh CyMMAapHOE 3HaueHue conpoTuBiIeHns 1 OM, Tommba
IEPBOM IPYIIIBI H3MEHAETCS B IEPBOM CIIOCO0E, KOJHYECTBO TOKONPOBOIALIMX JKHUJI H3MEHSETCS
B IIEPBOM CH0CO0E, a BTOpast FPYIIa OCTAETCs TAKOH e, H S TOKOIPOBOISIIUX XK C TONIMHOHK
100 mMxM mepBo# rpynmbl (Matepuan A) u 10 TOKONPOBOJASIIMX XKHII C Tonu;mnoﬁ 50 MxM
BTOpPOH IpyIsl (Marepuall B) HCHONB3YIOT B 0O0BE AHHSIOT.

[00146] To ecrs, B Matepuane A ¢ tommuaoi 100 mxm 1/R1 = 1/10 Om = 0,1 Om, a B
Mmarepuane B ¢ tomumno# 50 mxM 1/R1 = 1/20 Om = 0,05 Om, u, ciienoBaTensHoO, B MEPBOM
rpynne 0,1 Om X 5 toxompoBomsmux xui = 0,5 Om, a Bo Bropoi rpymne 0,05 Om x 10
TokonpoBonammx xkuia = 0,5 Om. CooTBETCTBEHHO, KOrha mepBas H BTOpasd TPYNIILI
obbeuHEHBl, TO CyMMapHOE 3HadeHHE CONpOTHBICHHs paBHO 1 OM, u 3arem 1/1 Om, m,
ClleI0BaTENbHO, 00IIee CyMMapHOe 3HAYCHHE COLIPOTHUBIICHHS CTAHOBUTCA paBHEIM 1 OM.
[00147] Cornacro BTOpOMY CHOCOOY OCYIIECTBIEHHS HACTOAINETO M300PETEHHs, U TOTO,
4TO6bl MONYYHTh CyMMAapHOE 3HA4YeHHe CONpoTHBIeHHs ] OM, TOJMIMHA IIEPBON TIPYINIBI
U3MEHSETCS 10 BTOPOMY CIIOCO0Y, KOJIMYECTBO TOKOIPOBOJSIIAX JKHII H3MEHSAETCS [I0 BTOPOMY
croco0y, a BTopas IpyIna ocTaeTcs Takoi xe, 10 TOKOMPOBOAAIIMX KK ¢ TOJIMHHON 50 MKM
niepBoM rpynmel (Matepuail A) 1 10 TOKONPOBOASIHX XXHJI C TOJIHHON 50 MKM BTOPO# rpymisl
(Marepuan B) ucnons3yroT H 00he TUHSIOT.

[00148] To ectp, B MaTepuaie A ¢ Tommuaoi 50 Mxkm 1/R1 = 1/20 Om = 0,05 Om, u B
Mmarepuane B ¢ tommunoi 50 mxm 1/R1 = 1/20 Om = 0,05 OwM, u, crenoBarensHo, B IIEPBOM
rpynne 0,05 Om x 10 ToxonpoBoasnmx >xu1 = 0,5 OM, u Bo Bropoii rpynmne 0,05 Om x 10
Ttokonposonamux KWl = 0,5 Om. CooTBeTCTBEeHHO, KOrJa mepBas M BTOpas IPYIIIBI
o0beIMHEHBI, TO CYMMapHOE 3HaYeHHe CONMpOTHBIIeHHs paBHO 1 OM, u 3arem 1/1 Om, H,
CJIEIOBATENBHO, 00Iee CyMMapHOe 3HA4YeHHUE COIIPOTUBIICHHS CTAHOBUTCS paBHbIM 1 OM.
[00149]

[00150] Kpome Toro, cormacHo IepBOMY crioco0y OCYIIECTBIICHHS HACTOSAIIEr0 H300peTeH
IS TOro, YTOOBI IOJYYHTh CyMMapHOe 3HaueHHe compotusieHHs 0,5 OM, ToNINuMHA IEPBOi

TPpYIIIBI U3MECHACTCA B IICPBOM CHOC06C, KOJIMYCCTBO TOKONPOBOOAINMWX XXHJI -U3MCHACTCA B
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NEPBOM CHOCO0€, a BTOpas IpyNIla OCTaeTCs TaKoH ke, H 10 TOKOIPOBOISIIHX JKHJI C TONIIMHOM
100 MxM mepBo#t rpymmsl (Matepuan A) u 20 TOKONPOBOJAIHMX XHJI C TOMIHMHOH S50 MKM
BTOPOH Ipymsl (MaTepual B) HCIOMB3YIOT B 00BETUHSIOT.

[00151] To ects, B Marepuane A ¢ TommuaoN 100 mMxm 1/R1 = 1/10 Om = 0,1 Om, a B
Mmarepuaine B ¢ tommmnon 50 mxm 1/R1 = 1/20 Om = 0,05 Owm, u, cienoBaTelbHO, B HEPBOM
rpynme u3 10 Toxonpopogsamux xui, 0,1 Om x 10 ToxonpoBomsmux xuwi = 1 OM, a Bo BTOpoif
rpynne u3 20 Toxompoomsumx xuin 0,05 Om x 20 TokompoBomamux xui = 1 Owm.
CooTBeTCTBEHHO, KOTAa IepBas M BTOpas IPYNIBl OOBEIWHEHBI, TO CYMMAapHOE 3HAYEHHE
COnpoTHBJIEHUS paBHO 2 OM, u 3ateM 1/2 OMm, u, ciaenoBaTelibHO, O0IIee CyMMapHOE 3HAYEHHE
COIIPOTHUBIICHUS CTAaHOBUTCS paBHBIM 0,5 OMm.

[00152] CornacHo BTOpOMY CIIOCOOYy OCYIIECTBICHHS HACTOSIIEr0 M300peTeHus, A TOrO,
4TOOBI HOJNYyYHMTH CyMMapHOe 3HadeHHe comportuBienus 0,5 OM TojmMHA HEPBOM IPYMIIBI
H3MEHSETCS BO BTOPOM CIOCOOE, KOMHYECTBO TOKOIPOBOMSAIIMX JKHII H3MeHSeTCs BO BTOPOM
crnocobe, a BTOpas IpynIa ocTaeTcst Takoi e, 20 TOKONPOBOISIIMX XKHII C TONIIHHON 50 MKM
HepBOM rpymnmnbl (MaTepuan A) 1 20 TOKOIIPOBOISLIMX XKHJI C TOMIHHONA SO MKM BTOPO# IPYIIIIBI
(Matepuan B) ucrons3yroT H 00be IMHSIOT.

[00153]  To ectp, B MaTepuane A ¢ TommuHoi 50 Mxm 1/R1 = 1/20 Om = 0,05 OM, u B
Marepuane B ¢ rommunoi 50 mxm 1/R1 = 1/20 Om = 0,05 Om, u, crenosarensHO, B MEpBOi
rpymie u3 20 Tokonposomsmux xui 0,05 OM x 20 ToKONpOBOASIHX i1 = 1 OM, H BO BTOPOi
rpynne u3 20 TtoxompoBomsmmx >kun 0,05 Om x 20 Toxomposomsmux Xl = 1 Owm.
COOTBETCTBEHHO, KOTZia TepBas M BTOpas IPYIIBl OOBETHHEHBl, TO CyMMAapHOE 3HAYCHHE
COMpOTUBIIEHMS paBHO 2 OM, u 3ateM 1/2 Owm, u, cnegoBarelibHO, obInee CyMMapHOe 3HaYeHHe
COIIPOTHBJICHMsI CTaHOBHUTCS paBHBEIM 0,5 OM.

[00154]

[00155] Yrobbi o6wsicaute cmoco6 & ocymecTneHms HacTosmiero u300peTeHHS,
IPEAIOoIaraeTCs, 4ro, HApEUMEp, B IPyIIe MaTepHaJOB A OXHA TOKOMPOBOISINAS JXHIA C
tonuHoi 100 MxM uMeeT 3HadeHHe conpotubieHus 10 OM, a 0fHa TOKOIPOBOIAINAS XKHUIIA C
TommuHoR 50 MKM HMeeT 3HaueHHe compotuBieHus 20 Om; B rpynme marepuaioB B onna
TOKOIIPOBOZSAINAS XKWIa C TOMMUHOH 50 MKM MMeeT 3HadeHue compoTtuBienus 20 OM, a oqHa
TOKOTIPOBOSAINAs XKAJIA C TONIIUHOR 25 MKM HMeeT 3HaueHHe conpoTuniaeHus 40 OM.

[00156] B sToM ciyuae Uit TOro, YTOOHI MONYYUTh CyMMAPHOE 3HaYEHHE CONPOTHUBIICHHS 1
Owm, mepBhIif cnoco0 M BTOpPOii cHOCOO OCYINECTBICHHUS HACTOSLIErO H300pPETEHHS OCTAIOTCS

TaKHMH XC, KaK OITHCaHO B crocobe @ OCYHICCTBJICHHS HaCTOAIINCTO I/I306peTCHI/IH.

[00157]

20




[00158] Kpome Toro, cornacHo meppomy cnoco0y OCYINECTBIEHHS HACTOAIIETO H300pETEHHs
JUIsL TOrO, 4TOOBI NMONyYHTh CyMMapHOE 3HadeHue comnportusieHus 0,5 OM, xak U 1o crmocoby
IIOJIyYEeHHs] CyMMapHOIo 3HaueHHus comnpoTuBiieHuss 1 OM (TiepBas rpynma, H3roTOBJIEHHAS W3
OJIMHAKOBOI'0 MaTepHana, a KOJIMYECTBO TOKOIIPOBOASIIMX KA, M UX TOJNIHHA H3MEHIIUCE), B
IEPBOM TpyNIEe HMEETCS OJUHAKOBOE KOJIHYECTBO TOKODPOBOISIINMX XKHI C OJHHAKOBOM
TOJIIIMHOM; H, KaK U II0 CII0cO0y MOIXy4eHHUsS CYMMapHOTO 3HadeHHUs compoTuBieHus 1 OM, Bo
BTOPOH IpyIIie KOJIMYECTBO TOKONPOBOAAIINX KU U3MEHSETCS, HO MX TOJIIHHA HE H3MCHSETCS.
[00159] [pyrumu cioBamH, KaK U IPH MOJYYCHUH CYMMapHOIO 3HAUYCHHS coﬁpomBnean 1
O™ no nepBoMy croco0y, neppast rpynna (Marepuan A) GOpMHPYET 5 TOKOTIPOBOISIIHX JKHII C
TomnuHOoA 100 MKM, B Kak M IIpH NOJYYCHHH CYyMMapHOro 3Ha4eHHs conpoTurieHus 1 OM 1o
nepBoMy crocodby BTopas rpynna (Matepuan B) HMeeT OOMHAKOBYIO TOMIMHHY 50 MKM, a
KOJIMYECTBO TOKOIPOBOIAIIUX XKMJI H3MEHEHO Ha 30 TOKOIPOBOISINUX KU, U 3iu JIB€ TPYMIIBI
00BeTMHEHEL.

[00160] To ects, B MaTepuasie A ¢ tommmuoi 100 mxm 1/R1 = 1/10 Om = 0,1 Om, a B
Mmarepuane B ¢ tommunoit 50 mxm 1/R1 = 1/20 Om = 0,05 Om, u, cregoBatelsHO, B IEPBOM
TpyIIIe U3 5 TOKONPOBOAAIIMX XU ¢ TonmuHoR 100 MkM 0,1 OM X S5 TOKONPOBOIAIINX KU =
0,5 OM, a Bo BTOpO# rpynmne u3 30 TOKOIPOBOIAIIMX XK1 ¢ Toimmuol 50 MM 0,05 OM x 30
TokonmpopoAsgmux xui1 = 1,5 Om. CooTBeTCTBEHHO, Korha IepBas M BTOpas TIPYIIIBI
00BEIUHEHBI, TO CyMMapHOe 3HAYeHHE CONpPOTUBIEHHS paBHO 2 OM, u 3areM 1/2 OM, w,
CJIeZIOBATENBHO, 00IIee CyMMapHOE 3Ha4€HHE COIIPOTHBIICHUS CTAHOBHTCA paBHbEM 0,5 OM.
[00161] CornacHo BTOpoMy CnocO0y OCYMIECTBJIEHHS HACTOSIIEr0 H306peTeH s, I TOTo,
9TOOBI MOJYYHUTh CYMMapHOe 3HaueHHe conpoTusieHus 0,5 OM, Kak ¥ IO cIoco0y MOTyd4eHHs
CYMMAapHOTO 3HAa4Y€HHs conpoTHBiieHHs | OM, mepBas rpylra UMeeT OJUHAKOBOE KOIHUYECTBO
TOKOIIPOBOJAINMX JXHJI C OAMHAKOBOH TONIMHOM, M KaK ¥ MO Crioco0y MOTy4YeHHs] CYMMapHOTro
3Ha4YeHHus CONpoTHBIEHHUA 1 OM KOJIMYECTBO TOKOIPOBOISANINX JKHJI H3MEHSETCS IO BTOPOMY
croco0y, HO UX TONIIMHA HE U3MEHSETCS.

[00162] Jpyrumu cnoBamu, KaK ¥ IpH NOJYIEHHH CYMMapHOTO 3HAYEHHS COMPOTHBICHHS 1
Owm o BTopoMy crioco0y, nepsas rpymmna (Matepran A) popmupyeT 10 TOKONPOBOAAIIMX KK C
TONIKHOA 50 MKM M, KaK ¥ IpH IOJyYeHHH CYMMapHOro 3HadeHHs compoTusieHus 1 OM mo
BTOpOMY cnoco0y, Bropas rpymma (Marepuanl B) WMeeT OOMHAKOBYIO TONMMHY 50 MKM, a
KOJIMYECTBO TOKOIIPOBOJAIIMX JKIJI H3MeHseTCs Ha 30 TOKONPOBOIAIINX XKWL, H 3TH JIBE IPYIIIIHI
00BeOMHEHEI.

[00163] To ecth, B Marepuane A c¢ TommusOMH 50 MkMm 1/R1 = 1/20 Om = 0,05 OM, a B
Matepuane B ¢ tommmuoi 50 mkm 1/R1 = 1/20 Om = 0,05 Owm, u, cieqoBaTeNbHO, B IEPBOi

rpynne u3 10 Tokonpopoasmux >xuil ¢ TommuHo#H 50 MkM 0,05 OM X 10 TOKOIPOBOISLINX HKHIT
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= 0,5 Om, a Bo BTOpO# rpynne u3 10 Toxonpooasmux xui ¢ roammaoi 50 MM 0,05 Om x 30
ToKonmpoBoadmmx Xuia = 1,5 Om. CoOTBETCTBEHHO, KOIrZia IiepBas M BTOpas TPYIIEI
0o0BeIMHEHB], TO CYMMapHOE€ 3HA4YeHHE CONPOTHBICHUS paBHO 2 Om, u 3arteM 1/2 Owm, #,
CIIEIOBATENBHO, 001Iee CyMMapHOe 3HAYCHUE COTIPOTHBIICHHSI CTAHOBUTCS paBHBIM 0,5 Om.
[00164]

[00165] Kpome Toro, cornacHo nepBoMy crocofy, Uil TOro, YTOOBI MONYYHTH CYyMMapHOE
3Hayende conporusienus 0,25 OM, xak ¥ mo crnocoOy IiONyYeHHS CYMMAapHOTO 3HAYEHHUS
conpotuBieHus 1 OM, nepBas rpynna MMeeT Takoe K& KOJMYECTBO TOKOIPOBOISIIMX KHII C
OJMHAKOBOM TONIUMHOM; M, KaKk M 10 cHoco0y MOIydeHHS CyMMapHOrO 3HAa4YEeHHS
conpoTtuBieEus 1 OM Bo BTOpO# Ipynne KOJHYECTBO TOKOIIPOBOISALIMX XU H3MEHIETCS, HO UX
TOJIIIMHA HE U3MEHSETCS.

[00166] Jpyr¥Mu clioBaMH, KaK H IIPH IOJIyYCHHH CyMMapHOTO 3HAYCHHS COIIPOTHBIICHHUS
1 Om no nepsoMy cnocoby, mepBas rpynna (Marepuan A) dopMupyert 5 Toxonpénow{mnx KT
¢ TonmuuHOoH 100 MKM, M KaK ¥ IIpY NOJYYEHHH CyMMapHOTO 3Ha4YeHHs COnpoTHBieHus 1 OM mo
neppoMy crnoco®y Bropas rpymna (Marepuan B) mmeer oxuHakoByio TonmmHy S50 MKM, a
KOJIHYECTBO TOKOIIPOBOIALIMX XXHII H3MEHEHO Ha 70 TOKONPOBOASIIMX XHJI, M 3TH JIBE IPYIIIBI
00BeTHHEHBL.

[00167] To ecrth, B MaTepuasie A ¢ Tommmuaod 100 mxm 1/R1 = 1/10 Om = 0,1 Om, a B
Marepuane B ¢ tommusoil 50 mxm 1/R1 = 1/20 Om = 0,05 Owm, u, cienoBarensHo, B IEPBOM
rpynne u3 5 TOKONPOBOIAIIUX Kl ¢ TommuHoH 100 mxMm 0,1 OM X 5 TOKOIPOBOAAINHX XKHIT =
0,5 OmM, a Bo BTOpO# rpynmne u3 70 TOKOMPOBOASIIUX Xui ¢ ToiamuHoM 50 mxm 0,05 OM x 70
TOKONpOBOAAINUX XHI = 3,5 Om. CoOTBETCTBEHHO, KOrJa IepBas W BTOpas TIPYIIIBI
0o0beOMHEHBl, TO CyMMapHOE 3HAYEHHE CONPOTHBICHHS paBHO 4 OM, u 3areM 1/4 Owm, u,
CJIENOBATENbHO, 00IIee CyMMapHOe 3HaY€HHE COIIPOTHBIICHHUS! CTAHOBHTCS paBHBM 0,25 OM.
[00168] CornacHo BTOpOMy cHOCO0y OCYIIECTBIEHHS HACTOSIIEr0 M300pETEHHs, I TOro,
9T06BI MOIYYHTh CyMMapHOe 3HaueHHe conpoTupiacHus 0,2 OM, Kak H 1o croco0y MOIy4eHHs
CYMMapHOro 3Ha4YeHHs CONPOTHBIeHHs 1 OM, mepBas rpyuna UMeeT TaKoe e KOIHIECTBO
TOKOIPOBOISALIMX XKHJI C OJIMHAKOBOM TOJIIMHOM, a TAKXKe MO CTIOcO6Y IOMyYeHHs CYMMapHOTO
3Ha4YeHHs CONPOTHBICHHA 1 OM KOJIMYECTBO TOKONPOBOIAIIMX JKHJI U3MEHSETCS IO BTOPOMY
cnoco0y, HO UX TOJNIIMHA HE H3MEHSETCS.

[00169] JIpyruMu cioBaMH, Kak U IIpH NOJYyYEHHH CYMMapHOTO 3HAUYCHHUS COIPOTHBIICHHA
1 OM no BTOpOMY cnocoOy, neppas rpynmna (Marepuai A) dopmupyeT 10 TOKONPOBOAAIINX JKHIT
C TOJIMHOHN 50 MKM, H KaK ¥ IIpY IOJIy4EHUH CYMMAapHOIO 3HAYCHHUS compoTunieHus 1 OM mo

BTOpPOMY CHoco0y BTopas rpymna (Marepuan B) ummeer onuHakoBylo TommmHy SO MKM, a
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KOJIMYECTBO TOKONPOBOISINUX KK U3MEHEHO Ha 70 TOKONPOBOISIINX XU, U 3TH JBE T'PYIIIbI
00BEeTMHEHEL

[00170] To ects, B marepuane A ¢ tommuuo#i 50 mxm 1/R1 = 1/20 Om = 0,05 Om, a B
Mmarepuaiie B ¢ Tommunaoi 50 mxm, 1/R1 = 1/20 Om = 0,05 Owm, u, cienoBaTebHO, B MEPBOM
rpynne u3 10 ToxonpoBoasmux ui ¢ TommuuHo# 50 MM 0,05 OM X 10 TOKOIPOBOAAIIMX JKHII
= 0,5 Om, a Bo BTopoii rpymne u3 70 TOKOIPOBOASIIKX KT ¢ TommuHoM 50 Mxm 0,05 OM x 70
TOKONpOBOIAMX Xuil = 3,5 Om. CoOOTBETCTBEHHO, KOrAa IiepBas ¥ BTOpas TIpPYIIBl
0OBEMHEHBI, TO CyMMapHOE 3HA4YE€HHE CONpOTHBICHHS paBHO 4 OM, m 3atem 1/4 Owm, u,
clef0BaTeNbHO, 00I1ee CyMMapHOE 3HAYC€HUE CONIPOTUBICHHUS CTAaHOBHTCS paBHEM 0,25 Om.
[00171]

[00172]  Kpome Toro, BapuaHT 2-8 OCYIIECTBICHHSI HACTOSILIETO U300pETEHHs MPEACTABIIAET
coboif cmocob, 1Mo koTopoMy ofIimee CyMMapHO€ 3HAY€HHE CONPOTHBICHHS H3MEHSIETCH B
crnocobe myTeM OOBEIMHEHUS BCEX BBILICONHMCAHHBIX BapHABTOB OT 2-1 1o 2-7 dcymecmnennx
HACTOSIEro M300pETeHHs WNH IyTeM H30HpaTeNbHOro HX OOBEIMHEHHS, BCJIENCTBHE YETO
JOCTHTaeTCsl 3HAYEHHE CONPOTUBIICHUS C HHAUBUAYAJIBHON HACTPOHKOIA.

[00173]

[00174] Cpemu 3THX pa3NUYHBIX BapHAHTOB OCYLIECTBJIEHHS HACTOAINETO H300pEeTEHHS
AByMs IPaKTHYeCKMMH H 3P ¢EeKTHBHBIMH CIIOCO0aMH SBJISIIOTCA: CIIOCOO @ u crnoco6 ®
BapuaHTa 2-7 OCYIIECTBIICHHS HACTOSIIEro HM300peTeHHs, M Hauboliee MOAXOMAIIMM H3 HHX
ssnsercs cnocod ©.

[00175]

[00176] HarpeBaTenbHBIi 3J€MEHT, MOJYYEHHbIH O CHOCO0Y MHAMBHAYAILHOM HACTPOMKH
XKEIAeMOro  3HAa4YeHHs  CONPOTHBICHHUS IYyTeM  H3MEHEHHS CyMMapHOrO  3HAYEHHUS
CONIPOTUBJIEHHS, KaK OIIMCAHO BhIIIE, OY/IET TeNeph ONACHIBATHCA CIIEAYIOIEM 06pa3oM.

[00177] Ilpeamonaraercs, 4To HEOOXOJUMO CHENATH HArPEBATENIBHEIM JIEMEHT ¢ HEGOIBIION
IJIOIIANBI0, M MMEETCS MeCTO TOJBKO JUIS HarpeBaTreiabHOro IPOBOJA (HafpeBaTenLHoro
3NIeMedTa) UIMHOH 1 M, a Tpebyemoe 3HauyeHHWE CONPOTHBJICHHS Ha 1 M HarpeBaTeIBHOIO
nposoja cocraBisier 1 OMm, 2 OM u 3 OM, TorZla M3roTOBJIEHHE HATPEBATEILHOIO 3JIEMEHTA C
HCIONB30BaHUEM 3THUX 3HAUYEHHUH BBIMISANT CIEAYIOMHM 00pa3oM:

[00178] xax onmcaHO B IEpBOM cHOCO0E,

[00179] (O HarpeBaTenbHEIA 3JEMEHT M3TOTOBIEH C HCIONB30BAHHEM CIIOCOGA MONYydYEHHs
3HAYEHUs CONPOTUBJICHUS UL JUTHHEL, COCTABIIIOLICH, IPUMEpHO, 1 OM Ha 1 M UTHHEI ITy4Ka, H
CBEPXTOHKHE IIPOBOJIAa, H3rOTOBJICHHBIE U3 OIMHAKOBOTO MaTe€pHANA W3 IBYX MAaTCPHANIOB,

HMCIOT OJHMHAKOBYIO TOJUINHY, H CBEPXTOHKUE IPOBO/JIAa U3 OOHOI0 Marcpraia HMCIOT TOJIIOHUHY
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U KOJIMYECTBO TOKOIIPOBOISINUX KU, OTJIMYHBIE OT TOJIIMEBI U KOJIMYECTBA TOKOIPOBOASIINX
XHJI CBEpPXTOHKHX IIPOBOJIOB IPYrOr0 MarepHaa:

[00180] a. Onun MaTepuan W3 OBYX MaTEPHAOB MpPE/ICTABIAeT COBOM HePKABEIONIYIO CTATb
SUS 316 ¢ oaHoOl TOKOIpPOBOISINEH JXKHIOH CBEPXTOHKHX JIPOBOAOB, UMEIOMIEH TONIIHUHY 12
MKM, W KOJHMYECTBO TOKOIPOBOJSIIAX KHJI COCTaBISET 550, a gpyroii Marepuan U3 ABYX
MaTepHanoB IPeACTaBIsIeT COO0H MeNHO-HUKENEeBBIH CIuIaB, coaepxamuii ot 20 % xo 25 % no
Macce HHKeNd, a OCTaBLIAsACH 4aCTh NMPUXOAMTHCSA Ha Menb (0T 75 % 1o 80 % mo macce), npu
STOM OJHa TOKOIIPOBOAIAS JKHJIA CBEPXTOHKUX IPOBOJOB uMeeT Tommuny 100 MxMm (3HaueHHE
COIIPOTHBJICHHSI COCTaBIISET, NMPUMEPHO, 36 OM Ha TOKONPOBOASALIYIO XXHIY), H KOJHYECTBO
TOKOIIPOBOISAIIUX JXKIJI COCTAaBIAET 24, M IBa MaTepHayia OOBEIUHAIOTCS B OJUH IIyYOK TaKHM
00pa3oM, 4TO 3HaYCHHE CONpPOTHBICHUS Ha | M JUIMHBI HarpeBaTeILHOTO IIPOBOJA COCTABJISET,
npuMepHo, 1 OM, B pesynbTaTe 4ero JOCTHIAeTCs PaBHOMEPHOE paclpeleieHHe 3HAYCHHS
COIIPOTHUBJICHHUS 110 BCEH JITIMHE HArpeBaTeIbHOTO 3JIEMEHTA.

[00181]  b. Onun MaTepnan U3 JBYX MaTepHaliOB IPEeICTaBiseT CO00M HEPKABEIOUWIYIO CTANIb
SUS 316 ¢ omHOH TOKONPOBOASINEH XHIOH CBEPXTOHKHX NPOBOAOB, HMEIOUIEH TONIIMHY 8
MKM, ¥ KOJIHYECTBO TOKOIPOBOAAIMX XM coctaBiser 1000, a npyroii MaTepHan M3 ABYX
MaTepHaJIoB IIPEJCTaBIIeT cOO0H MEIHO-HUKENEBBIH CIUIaB, coaepxamuii ot 20 % mo 25 % no
Macce HUKeNs, a OCTaBIIasCsA YacTh IPHUXOMHUTHCS HA MeIb, IPH 3TOM OIHA TokonpOBonﬂmaa
XHJIa CBEPXTOHKHUX IPOBOJOB MMeeT ToMmUHy 100 MKM (3HA4eHHE CONIPOTHBIIEHHS COCTABIISET,
npumepHo, 36 OM Ha TOKONPOBOUINYIO JKHIY), W KOJHYECTBO TOKOIMPOBOASIIMX OKHII
cocTaBiseT 24, ¥ ABa MaTepuata OObEMHSAIOTCS B OJUH MYyYOK TAKHM 0Opa3oM, YTO 3HAYEHHE
COIPOTHBIIEHMS Ha 1 M JJIHHBI HarpeBaTENHHOrO IIPOBOAA COCTaBIAET, mpuMepHo, 1 Om, B
pe3ynbTaTe 4Yero JOCTHracTCsl pABHOMEPHOE paclpe/ie/ieHie 3HAUYeHHsT COIPOTHBIICHHS 110 BCei
JUIMHE HarpeBaTeIbHOIO 3JIEMEHTA.

[00182] c¢. OnuH MaTepHan U3 IBYX MaTE€pPHANIOB IPEACTABIAET COO0M HEPKABEIOMYIO CTAIh
SUS 316 ¢ onHOM TOKOImPOBOILIEH XHJIOH CBEPXTOHKHX DPOBOAOB, UMEIOIIEH TONINIHUHY 6,5
MKM, H KOJIHMYECTBO TOKOIPOBOJAINMX XHJI cocTaBiseT 2 000, a apyroii Marepuan H3 OBYX
MaTepHaoB IIPeJCTaBIsIeT cO00H MEIHO-HUKENEBBIH CIUIaB, coaepxamuii ot 20 % 10 25 % mo
Macce HHKENd, a OCTaBlIasCs 4acTh IMPHXOJUTHCS Ha MeNb, IPH 3TOM OJHA TOKOIPOBOIAINAS
XHJIa CBEPXTOHKHX IIPOBOJOB MMeeT TomuuHy 100 MKM (3Ha4eHHe COMPOTHBIICHHS COCTABIISET,
npuMepHo, 36 OM Ha TOKONPOBOISIIYIO JKHIY), M KOJMYSCTBO TOKONPOBOISINHX MKHII
cocTaBiseT 24, U ABa MaTepHana OOBEAMHAIOTCS B OJMH ITyYOK TaKUM 00pa3oM, 4TO 3HAYEHHE
COIIPOTHBIECHHSA Ha | M JJMHBEI HarpeBaTelIbHOro IPOBOJA COCTaBIseT, mpuMepHo, 1 Om, B
pe3yJIbTaTe Yero NOCTUIacTCs PABHOMEPHOE paclpe/ieieHHe 3HAUYSHHsI CONPOTHBIIEHHS TI0 Beei

JUIMHE HAarpeBaTeIbHOIO 3JIEMEHTA.
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[00183] d. OguH MaTepuan U3 IBYX MaTepHAIOB MPEACTABIAET COOO0M HEPIKABEIOIIYIO CTAIb
SUS 316 ¢ omHOH TOKOIPOBOJSIIEH XHIOH CBEPXTOHKHX NPOBOJOB, MMeromied Tommuuny 100
MKM, M KOJIMYECTBO TOKONPOBOAALIMX XM cocTaBiuser 40, a Apyroil marepuan H3 OBYX
MAaTepHaIoB NpPeACTaBIsSeT COGOM MeIHO-HUKENEBbIH CILIaB, conmepxauuit ot 20 % 1o 25 % no
Macce HHKENs, a OCTaBUIAsACA YacTh IIPUXONUTHCA HA Melb, IIPH 3TOM OJIHA TOKOIPOBOAAINASL
XKHJIa CBEPXTOHKHMX IIpoBOAOB MMeeT TonmwmuHy 100 (3HaueHHE CONPOTHBIICHHS COCTaBJIAET,
npuMepHo, 36 OM Ha TOKOIPOBOISINYIO XKHIY), M KOJHYECTBO TOKOIPOBOMSAIIMUX IKHII
COCTaBISIeT 24, ¥ ABa MaTepuaia OOBETUHSIOTCS B OJUH MYYOK TaKHM 00pa3oM, YTO 3HAYEHHE
CONpPOTHUBJIEHHA Ha 1 M JIMHBI HarpeBaTeIBHOIO IPOBOZA COCTABIET, mpuMepHO, 1 OM, B
pe3ynbTare Yyero AOCTUTaeTCss paBHOMEPHOE pacnpe/iefieHHue 3HAUYEHUs COIPOTHUBRIIEHHS 110 BCEM
JUIMHE HarpeBaTeIbHOIO JIEMEHTA.

[00184]

[00185] @  wHarpeBaTeNbHBIN 3NEMEHT H3rOTOBIEH C I/ICI‘IOJ‘IBSOBaH:I/IeM crocoba
IIOJIyYE€HHS 3HAYEHMs COIIPOTHBICHMS A JJIMHBI, COCTaBJLIIONIeH, mpumepHo, 2 OM Ha 1 M
JUIMHBI Iy4Ka, H CBEPXTOHKME IIPOBOJA, M3TOTOBJICHHBIE M3 OJMHAKOBOrO MaTepuaia M3 IABYX
MaTepHalioB, UMEIOT OJMHAKOBYIO TOJIIMHY, ¥ CBEPXTOHKKE IPOBOJA M3 OJHOrO0 Marepuaia
UMEIOT TONIMHY ¥ KOJHUYECTBO TOKOIPOBOMASIIMX XHJI, OTIMYHBIE OT TOJIIMHBEI M KOJIHYECTBA
TOKOIPOBOASINUX JXKHJI CBEPXTOHKHX MPOBOJOB APYrOro MaTepuaa:

[00186] a. Onuu MaTepuan U3 IBYX MaTEpPHAIOB MPECTABIAET CO00M HEPKABEIOIIYIO CTAlb
SUS 316 ¢ ogHO#M TOKOIPOBOASANICH XXHJIOW CBEPXTOHKHX IIPOBOJIOB, HMEIONIEH TONIIUHY 12
MKM, H KOJMYECTBO TOKOIPOBOIALIMX >XMJI cocTaBisieT 550, a Apyroid marepual H3 ABYX
MaTepHaJoB MPEJCTABNsET COO0H MEAHO-HUKENEBBIH CIUIaB, conepxamuit ot 20 % mo 25 % mo
Macce HHKeJs, a OCTaBIIAsACsA 4acTh NPUXOAUTHCA HAa Melb, IPH 3TOM OJHA TOKONPOBOMASILAS
XHJIa CBEPXTOHKHX NPOBO10B HMeeT TonmuHy 100 MkM (3HadeHHUE CONPOTHBIICHHUSA COCTABIIAET,
npuMepHo, 36 OM Ha TOKONPOBOJSINYIO JXXKWIY), M KOJHYECTBO TOKOIPOBOISAIIMX KK
cocTaBiseT 14, U nBa MaTepuana OOBEIUHAIOTCA B OJUH IyUOK TakKHM 00pa3oM, YTO 3HAYCHHE
COIIPOTHBIICHHA Ha | M JJMHBI HarpeBaTeNbHOrO IMPOBOJA COCTaBJSET, mpuMepHO, 2 OM, B
pe3ynbpTaTe 4ero NOCTHTaeTCsi PaBHOMEPHOE COIPOTHBIIEHHE IO BCEH JUIMHE HarpeBaTEeILHOTO
9JIEMEHTA.

[00187] b. Onun MaTepuan U3 IBYX MaTEpPHAIOB MPECTABISIET COO0M HEPXKABEIONIYIO CTANb
SUS 316 ¢ omgHO# TOKONPOBOISAIIEH JKHJIOW CBEPXTOHKHX MPOBOAOB, MMEIOIIEH TOIIMHY 8
MKM, H KOJIHYECTBO TOKONpoBOIAIuX >uil coctamisger 1 000, a npyroif marepman u3 IOBYX
MaTepHalIoB NpecTaBiseT coboii MeIHO-HUKENEeBBIH cIiaB, cogepxamuit ot 20 % mo 25 % o
Macce HHKENs, a OCTaBHIasCi 4acTh MPUXOMUTHCS Ha Meb, IIPH 5TOM OJHA TOKOMPOBOISAIINAS

JKuJia CBEPXTOHKHUX NMPOBOAOB UMECT TOJIIIHUHY 100 MxMm (3Ha“leHI/IC COIIPOTHUBJICHUA COCTABIIACT,
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npumepHO, 36 OM Ha TOKONPOBOISINYIO >XXHIY), W KOMHYECTBO TOKOIPOBOMNSAIIMX IKHII
cocraBider 14, ¥ n1Ba Marepuaina oObEAUHSIOTCS B OJMH MYYOK TaKUM 00pa3oM, YTO 3HAYECHHE
COIIPOTHBIIEHHS Ha 1 M ANMHBI HarpeBaTEeIBHOTO INPOBOAA COCTABNSET, mpuMepHO, 2 OM, B
pesyabTaTe Yero JOCTUIAETCsl paBHOMEPHOE paclipeliesiecHue 3HAYSHHs CONPOTHBIICHHUS 10 BCeH
JUTMHE HarpeBaTeIbHOTO 3JIEMEHTa.

[00188] c. OnuH MaTepHaln U3 ABYX MaTEpHAIIOB MPEACTABIAET COOOH HEP)KABEIOIIYIO CTAb
SUS 316 ¢ oxHOI TOKOIIPOBOIAIICH JXUIOH CBEPXTOHKUX IPOBOJOB, HMEIOIIECH TONINUHY 6,5
MKM, M KOJIMYECTBO TOKOIPOBOIALMX XHJ coctaBisger 2 000, a npyroii Matepuan u3 IOBYX
MaTepHaJIOB IIpeICTaBIIsseT co00i MeaHO-HUKENEBBIH cIIaB, coaepxanmii ot 20 % mo 25 % mo
Macce HHKeJs, a OCTaBIIascs 4YacTh IPHUXOJHUTHCS Ha MeIb, IPH 3TOM OJHA TOKOIPOBOJSAIIAS
XKHJIa CBEPXTOHKMX IIPOBOJOB MMeeT TomuuHy 100 MkM (3HaueHHE COIPOTHBIIEHHS COCTaBIISET,
npuMmepHo, 36 OM Ha TOKONIPOBOIAINYIO JKHIY), M KOJHYECTBO TOKOIPOBOMAUIMX JKHII
cocraBisieT 14, u 1Ba MaTepuana OObeIMHSIOTCS B OJJMH ITyYOK TaKuM 00pa3oM, YTO 3HAYCHHUE
CONPOTHBJICHHMS Ha 1 M AJWHBI HarpeBaTEeNBHOrO IPOBOJA COCTABISAET, IMpUMEPHO, 2 OM, B
pe3yapTaTe Yero JOCTHUIAeTCsl paBHOMEPHOE paclpeielIcHHE 3HAYCHUS COIIPOTHBIICHHUS 10 BCeH
JUIMHE HarpeBarTelbHOTO 3JIEMEHTA.

[00189] d. Onun marepuan U3 AByX MaTE€pHANIOB IIPEACTABILET COOOM HEPIKABEIOMIYIO CTANIb
SUS 316 ¢ omHoO# TOKOIPOBOJAIIEH XIJIOM CBEPXTOHKHMX IIPOBOJIOB, MMeEIOWIEH TomuHy 100
MKM, M KOJMYECTBO TOKOIPOBOJSIIMX XHI cocTaBiser 40, a Apyroif marepual M3 IBYX
MaTepHaloB NpeACTaBIsieT cO00 MEOHO-HUKENEBBIH CIUIaB, coaepxammuii ot 20 % mo 25 % mo
Macce HHKENs, a OCTaBIIasCs 4acTh NMPHXOJUTHCS Ha MeOb, IIPH 3TOM OJHA TOKOIIPOBOJSINAS
KMJIa CBEPXTOHKHX IIPOBOJOB HMeeT TonmuHy 100 MKM (3Ha'ieHHEe CONIPOTHBIICHHS COCTaBIIACT,
npuMepHo, 36 OM Ha TOKOIPOBOJSIIYIO XHIY), M KO.IHYECTBO Toxonpoéommnx KHIT
coctaBysgeT 14, 1 1Ba Marepuana oObEIUHSIOTCS B OJMH IIYYOK TaKUM 06pa3oM, YTO 3HAYCHHE
COIPOTHBIICHUS Ha 1 M JIMHBI HarpeBaTeIbHOrO NPOBOJAA COCTABIAET, NpHMEpHO, 2 OM, B
pe3yapTaTe 4Yero JOCTUraeTCs paBHOMEPHOE paclpe/iejiCcHHe 3HAUECHUSI CONPOTHBIICHHS IO BCEH
JUIMHE HarpeBaTeIbHOTO 3JICMEHTA.

[00190]

[00191] (@ HarpeBaTeNBHBINH 3JEMEHT H3TOTOBICH ¢ HCIIOIB30BAHHEM CIIOCO0A CO3XAHMS
3HAYCHHS COIIPOTHBIIEHHUS Ha JUIMHY, COCTABJIIOMIYIO, mpuMepHO, 3 OM Ha 1 M JUITHHBI IyYKa, H
CBEpXTOHKHE IIPOBOJA, H3rOTOBJIIEHHBIE M3 OJMHAKOBOIO MaTepHalla W3 JBYX MAaTCpHAJIOB,
HUMEIOT OJMHAKOBYIO TOJIIMHY, B CBEPXTOHKHE NPOBOJA U3 OJHOTO MaTepHasia HMEIOT TOJHIUHY
¥ KOJIMYECTBO TOKOIPOBOJSAINUX KUJ, OTJIMYHBIE OT TOJIIMHBI M KOJHYECTBAa TOKOIIPOBOIAIIHX

JKWJI CBEPXTOHKUX NPOBOJOB APYrOoro Marepuaia,

26

i
;
i
H
i




[00192] a. Onun Marepuan U3 ABYX MaTepHAJIOB IIPEACTABIACT COOOM HEPKABEIOIYIO CTANb
SUS 316 ¢ oxnOM TOKOIpOBOASIIEH >XHJIOH CBEPXTOHKHX JIPOBOAOB, MMeromei TonmuHy 12
MKM, a KOJIMYECTBO TOKOIIPOBOMSLIMX >KHUJ cOCTaBiseT 550, ¥ KOJMYECTBO TOKOIIPOBOISAIIMX
XHJI cocTaBisieT 550, a Apyroii marepuan M3 JBYX MaTE€PHANIOB IIPEACTaBIsAeT coOOM MeaHO-
HHUKEINIeBBIN CIulaB, comepxamuii oT 20 % g0 25 % mo macce HHKeNS, a OCTaBLIASCH YacTh
IPUXOJUTHECS HAa MeJb, IIPH 3TOM OAHA TOKOIIPOBOJSIIAS JKHJIa CBEPXTOHKHX IPOBOJOB HMEET
rommudy 100 MKM (3HaueHHE CONPOTHUBIEHHS COCTaBisAeT, NOpuMepHo, 36 OM Ha
TOKOIPOBOISAILYIO XMIIY), X KOJIHYECTBO TOKONPOBOISIIMX XXHJI COCTAaBISIET 9, ¥ iBa Marepuaa
OOBEAUHSAIOTCS B OJUH IIy4OK TakKUM 00pa3oM, 4TO 3HAYeH#e CONPOTHBICHHS HA 1 M IIHHBI
HarpeBaTejIbHOIO0 IIPOBOJA COCTaBsAeT, IpuMepHo, 3 OM, B pe3yiapTaTe 4ero JAOCTHIaeTCs
PaBHOMEPHOE paclpeAcieHHe 3HAYCHHs CONPOTHBICHHS II0 BCEH JUIMHE HarpeBaTelIbHOIO
JJIEMEHTA.

|
[00193] b. Onun MaTepuan U3 JAByX MaTepHAOB IpeICTaRiseT coboi HepXKaBeIoIyIo CTalb
SUS 316 ¢ onHO#H TOKOIIPOBOAAIICH JXHJIOH CBEPXTOHKHX IIPOBOIOB, MMEIOMIEH TOJIMHY 12
MKM, H KOJMYECTBO TOKONPOBOIAINMX XXM cocraBiger 1 000, a apyro#i Marepman u3 ABYX
MaTepHasoB IIPEACTABIIET COO0H MeIHO-HUKENEeBBIH CILIaB, coaepxamuii ot 20 % mo 25 % mo
Macce HUKeNs, a OCTaBIIasCs 4acTh NPHUXOMUTHCS Ha Melb, NIPH 3TOM OJHA TOKONPOBOISAINAS
XKHJIa CBEPXTOHKHUX NPOBOJOB uMeeT TonmuHy 100 MkM (3HadeHHE CONPOTHBIICHHS COCTABIIAET,
npuMepHo, 36 OM Ha TOKONPOBOISIIYIO JKHIY), H KOTHYECTBO TOKOMPOBOMSIIMX JKHII
COCTaBISIET 9, ¥ IBa MaTepHaia OOBEIMHAIOTCA B OAMH IMYy4OK TakMM OOpa3soM, YTO 3HAYECHHE
CONPOTHBJICHHS Ha 1 M ANMHBI HarpeBaTEeIBHOIO NPOBOAA COCTABIAET, MpuMepHO, 3 OM, B
pe3yJbTaTe 4ero JOCTHraeTCs paBHOMEPHOE paclpeleNeHUe 3Haue€HUs CONPOTUBJICHUS 110 BCEH
JUIMHE HarpeBaTe/IbHOTO 3JIEMEHTAa.
[00194] c. Ogun MaTepran U3 ABYX MaTE€PHAJIOB IPENCTABISET cO00H HEPXKaBEIOIIYIO CTalb
SUS 316 ¢ onHON TOKOIIPOBOASIIEH >KHJIOH CBEPXTOHKHX IIPOBOJOB, HMEKOIIEH TOMIHHY 6,5
MKM, H KOJHYECTBO TOKONIPOBOIIIIMX XM coctaBiseT 2 (000, a gpyroit marepuan U3 ABYX
MaTepHaJIOB NpeCTaBIseT coboit MeTHO-HUKENEeBBIH cIuIaB, coaepxamuit ot 20 % mo 25 % mo
Macce HUKeNs, a OCTaBLIAACSA 4YacTh IMPUXOIMTHCS HAa MEIb, IIPH 3TOM OIHA TOKOIPOBOJSIIAS
XHJIa CBEPXTOHKHX IIPOBOJIOB UMeeT TomnuHy 100 MKM (3Hae€HHE COTPOTHBIICHUS COCTaBJIAET,
npuMepHo, 36 OM Ha TOKONPOBOSIIYIO JXKHITY), H IBa MaTepHalia 00BeTUHSIOTCS B OUH ITy4OK
TakMM 00pa3oM, YTO 3HA4YECHHE CONPOTHBIEHHS Ha | M JUIHHBI HarpeBaTenbﬁoro poBoJa
coCTaBsieT, npuMepHo, 3 OM, B pe3yspTare 4ero JOCTHTaeTCs PaBHOMEPHOE pacIipelciieHHE
3HA4YCHMs] COIPOTUBIICHHS 110 BCeH ITIMHE HArpeBaTEeIFHOTO JJIEMEHTA.
[00195] d. Onun Marepuan u3 AByX MaTepHalOB MPEACTABISET COO0M HEPKABEIOIYIO CTANb

SUS 316 ¢ ogHOM TOKOIPOBOASINEH XHUJIOH CBEPXTOHKHX IPOBOJOB, UMerowIel Tomuay 100
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MKM, M KOJHMYECTBO TOKONPOBOJSIIMX >XWI cocraBisgeT 40, a Opyroi marepuanl H3 ABYX
MaTepHaIOB IIPEACTaBIAET OO0 MEIHO-HUKENeBhIi CIIaB, coaepxaruii ot 20 % xo 25 % 1o
Macce HHKEJNs, a OCTaBINAasACs 4acTh IPUXOJUTHCA HA MeNb, IPH 3TOM OJIHA TOKOIPOBOASAINAS
XKHJIa CBEPXTOHKHX IIPOBOAOB UMeeT TomuHy 100 MkM (3HadeHHe CONPOTHBIICHHS COCTABJISET,
npuMepHo, 36 OM Ha TOKOIPOBOASIIYIO JKHIY), M KOJHUYECTBO TOKOMPOBOISAIIMX SKHII
COCTaBIfgeT 9, M JBa Marepuana 0ObeIUHAIOTCS B OJNWH IyYOK TaKHM 00pa3oM, YTO 3HAYEHHE
COIIPOTHBJICHHS Ha | M JIMHBI HarpeBaTENbHOIO IIPOBOJA COCTaBJIsSeT, MpuUMepHO, 3 OM, B
pe3yIbTaTe Yero JOCTHraeTCs PaBHOMEPHOE paclpeleliCHHe 3HAYSHUST COTIPOTHBIICHHS 110 BCEM
JUIMHE HarpeBaTebHOTO 3JIeMEeHTa.

[00196]

[00197] [Manee, Bo BTOpoM cmocobe ucnonp3yroT NASLON (CTanbHOE BOJIOKHO WM
METAJ/IMYECKOE BOJOKHO) C OJMHAKOBOM TONIUMHOA W  OJMHAKOBBIM KOJIMYECTBOM
TOKONPOBOASAIINX >KHJ, BMECTO M3TOTOBICHHS CBEPXTOHKOIO IIPOBOJA C HCHOJIB30BAHHEM
matepuana SUS 316 B xayecTBe CBEPXTOHKOIO IIPOBOA OJHOTO BHJIA MO EPBOMY CIIOCOOY, IPH
9TOM YXKE€ HMEIOTCS TOTOBHIE H3JeNHs M3 cTanbHBIX BONOKOH (NASLON), mostoMy MOXHO
BBIOPATh OZIMH U3 HUX U 3aMEHUThH UM IPEJUIOKEHHOE B OMHCAHUH U300pETEHH .

[00198]

[00199]  Bropyro mpoGieMy MpemIIECTBYIOMIEr0 YPOBHS TEXHHKM MOXHO PpELIHTb, B
COOTBETCTBHH CO BTOPBHIM BAPUAHTOM OCYINECTBICHAS HACTOAIIETO H300peTeHHS.

[00200]

[00201] <BapuanT 3 oCyImeCTBICHHS HACTOSMIErO H300pETEHH>

[00202] BapuaHT 3 OCylLIeCTBICHHS HACTOSIIETO W300PETEHHS HCIONIL3YET HarpeBaTeJILHLIﬁ
3MEMEHT C PAaBHOMEPHBIM DpaCIpeeTICHHEM 3HA4YeHHS COMPOTHBIICHHS II0 BCEHM €ro UIMHE,
KOTOPO€ JOCTHUIaeTCsl B BAPMAHTAX OCYLIECTBICHHUS HACTOSIIEro H3o6perenus 1 u 2.

[00203]  JIns oGecnieyeHHs TOTO, YTOOBI My4OK (HarpeBaTe IbHBIN 2JIEMEHT) B BapuaHTax 1 u 2
OCYIIECTBJIEHUS HACTOSLIET0 H300peTeHHs HMeN paBHOMEPHOE paclpelelicHHe 3HAYEHMS
COIIPOTHMBIIEHMS IO BCEH CBOEH JUIMHE, M3 BCEr0 MHOXXECTBA CBEPXTOHKHX MPOBOJIOB B IIyYKE
HeoOXOAMMO C caMOro Hayaja HCIONB30BaTh TaKWe CBEPXTOHKHE MPOBOIA, Y KOTOPHIX JJIMHA
Ka)X[IOTO0 CBEPXTOHKOI'O IPOBOAA — OAMHAKOBA, M Y KOTOPHIX CBEPXTOHKHH INPOBOJ HMEET
paBHOMEPHOE pacnpesieliCHHe 3HAYCHHS COTIPOTHBIICHHUS.

[00204] [lna xaxmoro CBEpPXTOHKOrO HpPOBOAA, B KadyecTBE crnocoba H3rOTOBIEHHS €ro
ONMHAKOBBIM II0 BCEH muHe M obecreyeHHs pPaBHOMEDHOTO pacHpeleNiCHHsS 3HAYECHHs
COTIIPOTHBJICHHS, BO-IIEPBBIX, CYIIECTBYET CIOCOO, IO KOTOPOMY B KayeCTBE CBEPXTOHKOIO

IIpoBOAa HCHOJB3YCTCA MHKPOBOJIOKHO M3 METAJUTHYECKOM HHUTH, H3TOTOBJICHHOC H3
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MOHOMETA/UIA MM METAUIMYECKOTO CIUIaBa, MPONYIIEHHOrO0 Yepe3 IpPElu3HOHHBIH
rpadornocTpouTeNh (IIPOBOJIOYHO-BOJIOYHMIIBHEIN CTAHOK),

[00205]  BoO-BTOpHIX, CYIIECTBYET CIOCOO, IO KOTOPOMY B Ka4eCTBE CBEPXTOHKOTO NPOBOJA
IIPOBOJIOKH HCIIONB3YETCS] MHKPOBOJIOKHO M3 METAUIHYECKOH IIPSHKH, HM3TOTOBJIEHHOE M3
MOHOMETAJLIA HIIH METAJIMYECKOTO CILIABa, IPOIYINEHHOTO Hepe3 NPEM3HOHHYIO MPSIMILHYIO
MallnHy, ¥

[00206]  B-TpeThuX, cymecTBYeT cHoco0, IO KOTOpoMy cTalnbHOe BojokHO (NASLON)
HCIIOJIB3YETCs] B KAUECTBE CBEPXTOHKOIO IIPOBOIA.

[00207] B mepBom cmocobe, crioco® HIpoIyCKaHHs MHKPOBOJIOKHA M3 METANIMYECKOH HHTH
Yyepe3 BOJIOYMJIBHBIN CTaHOK (IIPOBOJIOYHO-BOJIOYHJIBHBIN CTaHOK), MOXET OBITH CrHocoboM
BBITSATUBaHUS.

[00208] Ilocme Toro, Kak KaXKIOblii CBEpXTOHKHH [POBOL JOCTHUIAET paBHOMEpHOE
pacnpesieleHHe 3HA4YEHUs CONpPOTHBICHUS II0 BCeH CBOEH JUIHHE C TOMOILIBIO STHX Tpex
Cnoco6oB, M KOTrZa CBEPXTOHKHE IIPOBOJa OOBEHUHSIOTCS B MY4YOK, TOTJAA JOCTHIaeTcs
PaBHOMEPHOE pacIpele/CHHE 3HAYEHHMs CONPOTHBIECHHUS 110 Bcell JUIMHE HarpeBaTelbHOIO
9NIEMEHTa BO BCEX Iy4YKax (HarpeBaTeNbHBIX JIEMEHTaX) BapHaHTOB | W 2 OCYIIECTBICHHS
HACTOSAILEr0 M300pETEHHUS, B Pe3yJIbTaTe MOXKHO YJIYUIIHTE JIEKTPHYECKYIO O€30M1aCHOCTS.
[00209] |

[00210] Tperpro npoGiaeMy IPEANIECTBOBABINETO YPOBHS TEXHHKH MOXHO pEIIHMTH, B
COOTBETCTBHMH C TPETHUM BAPHAHTOM OCYINECTBIIEHUS HACTOSIIETO H300PETEHHS. |

[00211]

[00212] <BapuaHT 4 oCyIIeCTBICHHS HACTOAIIEr0 H300peTeHus™>

[00213] BapuanT 4 ocCymecTBICHHUS HACTOSLIETO H300peTEHHs MPEACTABIIET COOOM Crocos,
M0 KOTOPOMY MHOXECTBO CBEPXTOHKHX IIPOBOJIOB, COCTaB/IfIOIUX ITy4OK (HarpeBaTeIbHBIM
NIPOBOJI, HArpeBaTENbHEIH 3JIEMEHT) B BapHaHTaxX 1-3 ocylecTBICHUS HACTOSIIETO H300peTeHuS,
CTPYNIIHPOBaHbI B IPYIIIBL C Pa3IMYHBIME (QYHKIIUAMH, IIPH TOM OJHA IPYyNIa (yHKIHOHUPYET
IVl HENPEPHIBHOIO I'€HEPUPOBAHHUSA TEIUIA, KOTAA 3NCKTPHYECKHH TOK TEYeT, a Jpyras rpyIa
TeHepUpyeT MEHbBILIE TeIJIa IIOCJie NOCTIDKCHHS 3aJaHHOM TeMIEpaTyphl H Q)anxunonnpyer
TakuM 006pa3oM, YTOOBI 3NEKTPUIECKHH TOK MOT TeUb, BEICTYIIAsS CKOpee B KAUeCTBE MPOBOIHHUKA
JNIEKTPUYECKOr0 TOKA, a He I'€HEPHPOBATH TEIUIO, CTAHOBSCH IPOBOJHHKOM 3JIEKTPHYECKOTO
TOKa, U OTH JBE IPYNNHBl CBEPXTOHKHX IIPOBOJOB OOBEIMHEHHI B IIy4OK B COCTaBE OJIHOM
TOKOTIPOBOJSINEH JKUIIEI.

[00214] EnuHCTBEeHHBIH CHOCOO MONNEPXKUBATh IIOCTOSHHYIO TEMIIEParypy (3aJaHHYIO
TEMIIEPATypy) B CaMOM Marepuaie 6e3 OTAENBHOr0 TEpMOCTara — 3TO HCIOJB30BATh MPHHIIAI

ITTK.
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[00215] Cnoocobom koHTpons Temmeparypsl mno mnputimny IITK sBisercs npuHIEm
IOJUICP)KaHHA TEMIIepaTypbl B OIPENEICHHOM OHala3OHe IyTeM IIOBTOPEHHUS OIlepaluu
aBTOMAaTHYECKOro cbpoca TeMmmepaTyphl, KOTAa HArpeBaTeNbHBIA IIPOBOJ HArpeBacTcd, H
TEMIIEpaTypa IIOBBIINAETCS, TO MHTEPBal IPOBOISINEH MOJIEKYNBl PACIIUPSETCH, M 3HAYEHHE
CONIPOTUBJICHHS YBEJIIMYHBACTCA JUIsI TOTO, 4YTOOBI aBTOMATHYECKH YMEHBUINTH 3HAYCHHE
3JIEKTPUYECKOr0 TOKA, IIPOTEKAIOIIEro Yepe3 HarpeBaTelbHbIH MpoBo. OQHAKO 3TOT MIPHHIIMII
UMeeT TEXHHYECKOE OIpaHUYEHHUE, 3aKIIOYaomeecs B TOM, YTO MO HEMY HeJb3S IMOBHINATE
TEMIIEpaTypy HarpeBa HarpeBaTelIbHOIO IIPOBOJA 10 BBICOKOHW TeMIEpaTyphl TOJBKO 3a CUET
IOJIEPXKaHUs TEMIIEpAaTyphbl HarpeBaTeIbHOTO JJIEMEHTA IPU HU3KOH TeMIlepaType.

[00216] CoOTBETCTBEHHO, OH HE MOJIXOMUT, KOTa TpeOyeTcsl BRICOKas TEMIIEpATypa Harpepa
B CYLIECTBYIOIIEH OOIACTH TEXHWKH, M, B YaCTHOCTH, OH A0COJIOTHO HE MOXET BBHIIOIHATH
GyHKUHIO BApDHAHTA 5 OCYINECTBICHUS HACTOSAINEr0 H300pETEeHH s, OIHCAHHOIO HUXKE.

[00217] Takum o6pazoM, HacTosiee H300peTeHHe mpeyIaraeT Ccroco® - MoMIepKAHUL
IIOCTOSSHHOM TEMIIEpPAaTyphl B CaMOM MaTepHalie HarpeBaTeJIbHOTO NPOBOAA (HArpeBaTebHOTO
sieMeHTa), oTauusbii oT npunnuna IITK, B pe3ynbraTe Yero oH mo3BojseT hozmepxcnaam
DOCTOSIHHYIO ~ TEMIIEpaTypy B  BBICOKOTEMIIEPAaTYpPHBIX H  CBEPXBBICOKOTEMIIEPATYPHBIX
Jyana3soHax TaK K€, KaKk M B  HHU3KOTEMIEpaTypHOM  JHala3oHe, OCTaBasCh
BBICOKO3((PEKTHBHBIM.

[00218] Korma HarpeBaTenbHBIH IPOBOJ] FEHEPHPYET TEILIO, TO IO ypasHermio (Q = 0,24 x 12
x R x T) Tenno reHepupyeTcs HpONOPHHOHAIBHO BPEMEHH HAarpeBa, H T€HEPHPYEMOE TEILIO
IIEpeNacTCa HapyXy (IOTeps TeIJa) O Mepe HarpeBaHus, ¥ TEMIIEpaTypa MEHSIETCS.

[00219] Onmako, ecnu KONMYECTBO TeIlIa, TEHEPHPYEMOTO B HArpeBaTeIbHOM HPOBOJAE —
GoNbIle, YeM KONMYECTBO MOTEPh TEIla, TO TEMIEpaTypa HArpeBATENBHOTO IpoBOJa
HETPEPLIBHO YBEIMYMBACTCS, €CIM KOJIMYECTBO TEIUIa, T€HEPHPYEMOro B HarpeBaTEIbHOM
IIPOBOJIE MEHBINE, YEM KOJIMYECTBO MOTEPh TEILIa, TO TEMIlepaTypa HarpeBaTeIbHOro MPOBOJA
IagaeT, H €CIM KOJIMYECTBO TeIUla, T'€HEPHPYEMOro B HarpeBaTeIbHOM IIPOBOIE pPaBHO
KOJINYECTBY IIOTEPh TeIUIa, TO IMOANCPXKHUBACTCS ITOCTOSHHAS TEMIIEpaTypa HarpeBaTelbHOro
IIPOBOJIA.

[00220] B nHacrosmeM H300pETCHHH Ha OCHOBE 3TOr0 NPHHIMIA B TE€YEHHE KOPOTKOTO
BpeMeHH 3((EKTHBHO BBINONHAETCS PABHOBECHOE COCTOSHHE  KOJIMYECTBa  TEIUIa,
TEeHEPHPYEMOI'0 B HarpeBaTENIbHOM IIPOBOJE, M KOJIMYECTBA TeIlIa HAa NMOTEPH, U 3TO JCHCTBHE
BBIIIOJIHACTCS ABTOMATHYECKH CaMHM MaTEpHaiOM, BCJIENCTBHE YEro IOCTHUIraeTcs LeNb
HOJJIEPXKAHUS TOCTOSIHHOHM TeMIIepaTyphL

[00221] Taxum oGpa3oM, B HacTOsINEM H300PETCHHH HarpeBaTelbHEBIM IPOBOA (POpMHpYET

MHOXCCTBO CBCDXTOHKHAX TIPOBOOOB, IIPH 3TOM MHOXECTBO CBEPXTOHKMX IIPOBOIOB
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CTPYNIHPOBAHEI B IPYIIIBI C Pa3IMYHBIMU OYHKIMAMHE, IPH 3TOM OJHA Ipynna QyHKIHOHUPYET
JUTS. HENPEPBIBHOTO T€HEPUPOBAHHs TEIUIA, KOIJa TeUET INEKTPUYECKHHM TOK, a Apyras rpymmna
TeHEPUPYET MEHBUIE TEIUla JIOCNe JOCTHXKCHHS 3aJaHHOW TeMIeparypbl H (YHKIHOHHPYET
TakuM 06pa3oM, YTOOBI NEKTPHYECKUN TOK MOT Teub, BEICTYIIas CKOPEE B KQUECTBE IIPOBOHUKA
DJIEKTPUYECKOr0 TOKa, H OH HE TCHEPUPYET TEIUI0, HOCKOJIBKY CTal IPOBOXHHKOM
JNIEKTPHYECKOr0 TOKA, M OSTH JBE TIpYyNnbsl OOBEJWHEHBI B IIy4OK B COCTaBE OXHOM
TOKOIIPOBOIALIEH JKHUJIBI.

[00222] Korma snekTpudeckuii TOK IOJAeTCs Ha HAarpeBaTeNBHBIM MPOBOJ, W IEpBasi, U
BTOpas IpYNNbl F€HEPHPYIOT TEIUIO s OBICTPOro HOBBIICHHS TEMIEpaTyphl NPH 3aJaHHOM
TEMIIEpaType, a 3aTeM BTOpas rpyIila OCTaHABIMBAeT FeHEPHPOBAHUE TEIUIA U MIPEBpAIAeTC B
IPOBOJHHUK H IO3BOJIIET 3JIEKTPUYECKOMY TOKY T€Ub B 33JaHHOM TEMIIEPaTypPHOM JHAIa30He.
[00223]  CkopocTh NOBBEIIEHHS TEMIEPATYPhl HArpeBaTeNHFHOrO IMIPOBOJA YMEHBINAETCS C
9TOTO MOMEHTA, W B OIpEIENEeHHOM TeMIEpaTypHOM JMAaria3oHe KOJHYECTBO ‘HATPEBAHHS H
KOJIMYECTBO IIOTEPH TeIJJa HAa OKPYXKAIOLIYI0 Cpedy pPaBHBI JPYr APYry IOpH ITOCTOSHHOM
TeMIIepaType, U ITOCTOSHHAs TeMIlepaTypa (3aJaHHasi TEeMIepaTypa) MOIAEP)KHUBAETCA IO TeX
IIOp, TI0Ka YCJIOBHE OTBOJA KOJIMYECTBA TEIJIa HE H3MEHAETCS.

[00224] Kpome ToOro, ecimd MOXHO cienaTh 3TY (QYHKUHIO HOANEPKAaHHA IOCTOSHHOH
TEeMIEpaTypsl HAacTpauBaeMOW CaMOCTOSTENIbHO B OOJEINEH CTEIEHH, TO €CTh, €CIid
HarpeBaTeNILHBIA IPOBOJ H3TOTABIMBAETCS C BO3ZMOXKHOCTHIC HHAUBUAYATIBHOM HACTPOMKHA s
TOro, YTOOBI OCTaBAaThCS IOCTOSHHLIM B JIFOOOM JKEaeMOM TEeMIIEPaTypHOM [Hala3oHe B
HY>XHOM MECTE, TO HarpeBaTeIbHBIN IIPOBOJ MOXXET ITUPOKO NTPAMEHSETCS.

[00225]

[00226] Cmoco6  HMHAMBUAYaNBHONM  HACTPOMKH  BBIIOJHEH €  BO3MOXHOCTBHIO,
IpeIyCMAaTPUBAMOIIEH, YTO IOCIE MONy4eHHMs IIydyka (HarpeBaTelbHOrO IIPOBOJA,
HArpeBaTeNbHOTO 3JIEMEHTa) C OCHOBHOH (yHKIWeH, NpPOBOIATCS OKCIIEPUMEHTHl IO
YCTaHOBJIEHHIO KOHTPOJBHOIO 3HAUEHMs ITyTEM OIPEJCNICHHsS CaMOro OBICTPO ' JOCTHraeMOTrO
TEIUIOBOTO PAaBHOBECHS B KaXJIOM KOHKPETHOM TEMIIEDaTypHOM MAMamna3oHe (peryiupys
3HAYEHHE JJIEKTPHYECKOIO TOKa, MNPOTEKAIOUIer0 B IIyUKe, TOJNIIMHY IIydka, 3HAYCHHE
CONIPOTHBJICHUS ITY4Ka, Konnqeg%?o CBEPXTOHKHX IPOBOJOB, HCIONB3YEMBIX B IIyYKe, MaTepHal
CBEPXTOHKHX NPOBOJOB H KOJ‘IH‘Ié&I‘BO THIIOB CBEPXTOHKHUX IIPOBOJIOB, M TOMY IOJOOHOE), U HA
OCHOBE 3KCHEPUMEHTAIBHBIX ‘éxé}'iﬂbm MOXXHO HHJMBHAYaJIbHO HACTpaWBaTh, IS KaXIAOro
ClIydYas OTJCIIBLHO, IIYTEM PETYNHpPOBAaHHs, COOTHOLICHHS TOJIIMHBI CBEPXTOHKHX IIPOBOJOB,
MaTepHaja H KOJMYECTBA TOKONPOBOISINMIX KM B HEPBOM IPYIIE H BTOPOH TPYTIIE.

[00227] Hampumep, 3KCHEpUMEHTAJIbHBIE pe3YJbTAaThl MOKA3BIBAIOT, YTO B OIHOM IIydKe

COZEpKaTCs JBE I'PYIIIEl CBEPXTOHKHX IMPOBOJAOB, IIPH 3TOM B OJHOM TPYyIIIE HCIOIL3YIOTCA 3
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TOKONPOBOASAINNE OKHMIBI Marepydana A, M IpeanosaracTcs, YTO CBEPXTOHKHH IIPOBOX
reHepupyer 10° C Temna Ha TOKOIIPOBOISIYIO XKIUTY, KOTJa T€YET NEKTPUIESCKUH TOK ChIoi 1
A B CeKyHIly Ha TOKOIIPOBOSIIYIO KUY, @ B PyTOH IPyIIIe HCIIONB3YIOTCA 7 TOKOMPOBOISIIHX
KHII MaTepHana B, U mpexanonaraercs, 94ro CBEpXTOHKHI IpoBos redepupyer 10° C Temna Ha
TOKOIIPOBOAALIYIO JKWILy, KOIZa TedyeT OJJIEeKTpH4Yeckuid Tox cumoii 1 A B cekyHAy Ha
TOKONPOBOAALIYIO XHILy, focturas teMneparypsl 100° C, u renepupyer Toipko 1° C B cekyHIy
nocsie goctuxenus 100° C.

[00228] Korma osnmexTpuueckuii Tok cmiaoit 10 A B CeKyHAy IOAaeTcs Ha IY4YOK, H,
IIPEIONAraeTCs, 4Yro HEe IPOHCXONUT HNOTeph TEIUIA HapyXy, TO Yepe3 OHHY CEeKyHIY
Temneparypa gocturaet 100° C, nocne yero remneparypa yenuuurcs Ha 37° C B ceKyHAy.
[00229] Opnako mpeanonaraeTCs, 9Yro CYIIECTBYET Cpelld, B KOTOPOH TEIUIO OTBOAMTCS OT
BHemHed cpenpl Ha 37° C B CeKyHIy, M 3TOT HarpeBaTeNbHBIA IIPOBOJ HCIIONB3YETCS B 3TOM
cpene. HarpepaTensHblii mpoBoJ CHayaja IOBbIIaeT HarpeB Ha 63° C B CeKyHIy, M IIOCHE
noctixkenus 100° C, 6vicTpee, YeM 3a 2 CEKyH[bI, YCTAaHABIMBACTCS TEIUIOBOE PaBHOBECHE M
IO JEPXKHUBAETCS NOCTOsAHHAs Temnepatypa 100° C.

[00230]

[00231] Crnoco6 wu3roToBleHHs Iyyka (HAarpeBaTEIBHOIO OJJIEMEHTA) C HHAUBHUAYAIBHO
HACTPAMBAEMBIM 3HAYCHHEM COIPOTHBICHHS SBISETCH TaKUM ke, Kak H B BapHaHTe 2
OCYIIECTBJICHHS HACTOAIIEro H300peTeHus.

[00232] To ecTh, 3HAYEHUE CONMPOTHBIICHHUS IIy4YKa HHIHBHIYAILHO HaCIpaﬁBaeTcx TaKUM
obpa3oM, 4TOOBI IpOTEKaN 3JeKTpUueckuii Tok cuiod 10 A B cexyHay. YUro6Bl HOCTUTHYTS
3TOro, BO-TIEPBBIX, OIpPEAEIIETCS UIMHA HarpeBaTeIbHOrO IpoBoaa, TpeOyemas B JaHHOM
OKpYXXalollleH cpene, U ompejernseTcs 3HaYeHHe pabouyero HANpsOKEHHS, H 3aTEM €ro MOXHO
H3IrOTOBHTh, yKa3aB TpeOyeMoe 3HAYeHHE CONPOTHBICHHA IO CIIOCO0Y HHIAMBHIyaTbHOM
HacCTpOWKH 3HaY€HHS! CONPOTHBIICHHUS.

[00233] B wHacrosimeM JOKyMeHTe cmocolG —ompedeneHHs TpeOyeMoro 3HauyeHHs
CONPOTUBIICHHS — CICAYIOIMHA: HampuMep, HeoOXOoAuMo OOOrpeTh TEIUIMILY, HMEIOIIYIO
OonplIOE  IPOCTPAHCTBO JJIL  KYJNHFTHBHDOBAaHHS  CENbCKOXO3AMCTBEHHBIX = KYIBTYp, H
Ipeanojaraercsa, 4Yro IPOCTPaHCTBO HeoOXoAMMO oO0OorpeTs MyTeM MPOKIAAKH ITyYKa
(HarpeBaTeIbHOIO MPOBOMAA), KOTOpPBIH moanepxuBaeT temiiepatypy 100° C 6Ge3 oraenbHOM
GbYHKIME yIpaBIeHHS JUI KQXI0#H 6G0po3ablL, [UIHHA KOTOPOr® COCTABISAET 22 M, B OKpYKaromas
CpeAa B 3TOH TEIUIMLE IPEICTaBIIeT COOOH OKpYXAIOIIYK) Cpexy, B KOTOPOH MPOHCXOIHUT
IIOTEPS TeIla OT HarpeBaTebHOro npoeoja Ha 37° C B ceKyHIy.

[00234] B nacrosmeM mokyMeHTe conpoTHBJcHHE cocTaBimdeT 220 B ~ 10 A =22 Om, a

JUIHHA TpeOyeMOro HarpeBaTeJIbHOIO IPOBOJA, KOTOPBIH OYJET MCIOIB30BaThC, COCTABIAET 22
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M, IO3TOMY IIy4OK HHIMBHAYalbHO HACTPaHBAlOT B IIyYOK (HArpeBaTeNbHBIA IIPOBOL),
UMEIOLMK 3HaYeHHe conpotusienus 1 OM Ha MeTp no crocoly MHIUBHAYATHHON HACTPOMKH
3HAYEHUs CONPOTHBIICHHS B BapHaHTE 2 OCYIIECTBJICHHS HACTOSIIEro H300pETeHHs, a 3aTeM
Iy4OK pa3pe3aroT Ha JUIMHY 22 M JJ M3TOTOBJCHMS CEKIMH, H MHOTOYHCIICHHBIE CEKIIMH
HCIIONB3YIOT IIyTEM NApaJLICIBHOIO COEAMHEHHS IPYT C IPYTOM B JIAHHOM MECTE.

[00235] 3arem BO Bcex nyukax (HarpeBaTeNbHBIA HPOBOJ, HArpeBaTENbHBIA JJIEMEHT),
YCTaHOBJIEHHBIX B JaHHOM MeCTe, mojgaepxupaercs Temmepatypa 100° C onxHOBpeMeHHO, H
TOJIbKO OJMH HarpeBaTellbHBIH IpOBOJA MNOJNEPXHBAeT IOCTOSHHYIO TeMIeparypy, 0e3
OTJICJIBHOTO BBIACIICHHUS.

[00236]

[00237] IlpumepoM TOro, Kak MHAMBHIYAJIBHO HACTPOUTh (PYHKIHIO ITOCTOSHHOMR
TEMIIEPATYPBI, CIYXHT CIOco0, KOTOpBIA cleqyeT 3a BapuaHTamu 2-4 — 2-8 BapmaHTa 2
OCYILECTBJICHUS HACTOSINIErO N300peTeHuS.

[00238] Kpome TOro, mpuMep HarpeBaTEIBHOIO 3JIEMEHTa, IONYYEHHOrO IO CIIOCODY
HH/MBH/yalbHOH HACTPOHKHM A1 Takod (YHKIMH IOCTOSHHOM TeMIEpaTryphl, CleAyeT 3a
HEPBBIM CIOCOOOM 2 M BTOPHIM CHOCOOOM BapWaHTa 2 OCYINECTBIECHHS HACTOSAIIErO
n3o0peTeHusl.

[00239]

[00240] Yerseprylo mpobieMy NpeNIIECTBYIOLIErO YPOBHS TEXHHKH MOXKHO PELIMThL, B
COOTBETCTBUH C BAPHAHTOM 4 OCYILLECTBIECHHS HACTOSLIETO H300pETCHHUS.

[00241]

[00242] <BapuaHT 5 OCyIIEeCTBICHHS HACTOAIIETO H300peTeHUs>

[00243] BapmasT 5 ocymecTBIEHHs HACTOSINEro M300pETeHHUS NMpeACTaBiIseT co0oi crmocod
00BEeMHEHUsT MHOXECTBA CBEPXTOHKHX IIPOBOJOB B €IUHYIO CTPYKTYPY H CBS3BIBAHHMS HX B
IIy4OK B COCTaB€ OJJHOXXHJIBHOTO HarpeBaTeIbHOrO IIPOBOIa (HarpeBaTeIbHOro MPOBOIA).
[00244] Ecnum MHOXECTBO CBEPXTOHKHX IIPOBOJOB B IIy4Ke, COIJIACHO BapuaHTaM 1-4
OCYILIECTBJICHHSI HACTOSILEro H300peTeHUs, He KOHTaKTHPYIOT JAPYT C NPYIOM Kak eJauHas
CTPYKTYpa, TO IIOCKOIBKY PpacCTOSHHE MEXIY CBEPXTOHKMM IIPOBOAOM MW CBEPXTOHKHM
IIPOBOJOM YBEJIMYMBAETCA, BOSHUKAET PAa3HOCTH AIEKTPHYECKUX MOTCHUHAIOB, ¥ IMPOHCXOIHUT
oOpaTHBIHA TOK MU Apeii] Toka CMENIeHNs, YTO BEI3BIBAET NEPErpeB, KOTOPhIH MOXET NPHBECTH
K IMOBPEX/ICHUIO CBEPXTOHKOI'O IIPOBOJA HMIIH K TTOXKapy.

[00245] CooTBETCTBEHHO, MOCPENCTBOM cIoco0a COSMUHEHHS BMECTE MHOXECTBA
TOKOIIPOBOJSIINX JKHJI CBEPXTOHKHX IIPOBOJIOB (CIIOCO0 CBSI3LIBAHUSA) U3 BCEX TOKOMPOBOISIINX
XHJI JOJKeH OBITh CQOPMHUpPOBaH HarpeBaTeNbHBIA MPOBOJ (HArpeBaTeIbHEIM 3JEMEHT), JIHHA

KOTOpOro umeeT GopMy OTHOXHUIBHON TOKOTIPOBOISINEH JKHMIEL.
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[00246]

[00247] B xagecTBe cnocoba CBS3BIBAHHUS, BO-IIEPBEIX, MHOXECTBO CBEPXTOHKHX IIPOBOLOB
OOBEIUHAIOT, ¥ BBICOKOTEMIIEPATYPHYIO HUThH (BOJIOKHO) OOMATHIBAIOT BOKDPYI CBEPXTOHKHMX
IPOBOZOB TaKMM 00pa3oM, YTO BBICOKOTEMIEpATYpHas HUTE (BOJIOKHO) GOpMHpYeET IOKPHITHE
JUIs 00BEIMHEHHA MHOXECTBA CBEPXTOHKHX NPOBOJIOB M3HYTPH, KOTOPBIE BBITISIAT KaK OZHA
TOKOIIPOBOASIIAS JKHUJIA.

[00248] B mHacrosmieM NOKyMEHTe MaTepHall BBICOKOTEMIEPAaTYpHOTO BOJOKHA MOXET
IIPEICTABIATH cOOOH HUTH M3 apamua, nonuapuiara win sunosa (IT6O-BonokHO).

[00249] Ha @wurype 1 wusobpaxeH BHJ, IIOKa3bIBAIOIIMH HarpeBaTebHBIA IPOBOI
(marpeBaTenpHBIH 3eMeHT) 10, H3TOTOBJICHHBIH IO MEPBOMY CIIOCOOY CBS3BIBAHUSA B IIYYOK, IIPH
3TOM MHOXECTBO CBEPXTOHKMX IIPOBOJOB 12, COCOUHEHHBIX BMecTe, OOMOTaHO
BBICOKOTEMIIEPATYPHBIM BOJOKHOM 14 10 HampaBleHHMIO HMX JUIMHBI C (OpPMHPOBaHHEM
HOKPBITHSL. |

[00250] Bo-BTOpPBIX, MHOXECTBO CBEPXTOHKHX IIPOBOJOB CBS3HIBAIOT B NYYOK B EIHHYIO
CTPYKTYPY, CKpy4YHBas HX NOCPEJCTBOM MAIIUHBI ABOHHOTO KPYJEHHUS.

[00251] B-TperbHX, MHOXECTBO CBEPXTOHKHX IIPOBOJIOB CBS3BIBAIOT B MY4YOK IIyTEM
BOJIOYEHHUS M HAHECEHMs IOKPHITHSA Ha HHUX IIOCJIEC NOMEIIEHHS WX B MAINWHY JUIS HAaHECCHHS
IIOKPBITHH.

[00252] B nHacrosineM AOKYMEHTE MAaTepHATIOM HOKPBHITHS MOXET OBITh Tediion, IIBX wnu
CHJIMKOH.

[00253]  B-ueTBepTHIX, MHOXXECTBO CBEPXTOHKHMX IPOBOJOB CBS3BIBAIOT B IIy4OK IIyTEM
pa3sMelICHUs UX MEXIy BEpXHEHl M HWKHEH IUIACTHHAMH IUIAHApPHOTO MaTepuana, IoMemas B
HUX aIT€3UB ¥ PACIUIABIISS alir€3UB. |

[00254] B HacrosmeM JIOKyMEHTE NJIaHAPHBIA MaTepHall MOXET NpeacTaBiars coboit IIDT-
NJIACTUHY, OOBIYHOE BOJOKHO MK JKECTAHYIO IUTACTHHY. |

[00255] Kpome Toro, aaresmBom Moxer Owith T[IIY-xmaxocts, TIIY-nnactuna,
CHIIMKOHOBAsl XHJKOCTh, CHIIMKOHOBAs IUIACTHHA, TEPMOILIABKAs XUIKOCTh MM TepMOIUIABKas
ITacTHHA.

[00256] Kpome Toro, nnapieHHE aAre3WBa MOXXET BBITOJHATHCA TEPMOKOMIIPECCHEH C
HCIIOJB30BAHMEM TOPSYETO Ipecca TakKuM 00pa3oM, YTO BHYTPEHHHH CBEPXTOHKHH IPOBOJ
IPONHTHIBACTCA U HMMOOMIM3YETCS NPH IUIABJICHUH aAre3MBa, WK IUIABJICHHE a/ir€3MBa MOXET
BBIIIONTHATHCS C IIOMOUIBIO BHICOKOH YaCTOTHI C MCIIOIB30BaHHEM BBICOKOYACTOTHOTO YCTPOMCTBA
HWIM KOMIIpeccopa TaKUM 00pa3oM, YTO BHYTPEHHHH CBEPXTOHKHI NpPOBOJ IPOIHUTHIBAETCS U

I/IMM06I/IJII/I3}’CTCH IIpH IIaBJICHUHA U IPpCCCOBAHHUHU aArc3nBa.
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[00257] B-nATBIX, MHOXECTBO CBEPXTOHKUX IPOBOJIOB COOHpPAIOT B IIYYOK, KOMOHHHPYS
BhbIIIIeyKa3aHHBIE YETHIpe crocoda.

[00258] Hampumep, Imy4ok, HOTYyYEHHBIH 1O NEPBOMY HJIH BTOPOMY CIIOCOOY, IOKPBIBAETCS
6oiee ABYX pa3 (IIOBTOPHOE NOKPHITHE IIy4Ka, TOKPBITOTO OJJHOKPATHO) IO TPEThEMY CII0CO0Yy.
[00259]

[00260] <BapmanT 6 OCyImIECTBICHUS HACTOSILET0 H300peTEHUS>

[00261] BapuaHnTt 6 oCymIECTBIEHUS HACTOSINETO H300pETEHH MPEACTaBIeT coboif crmocoo,
II0 KOTOpOMY IIPOBOJHOE COCIMHEHHE BBIIOJHEHO TAaKuM 00pa3oM, dYTOOBI IIO3BOJIMTH
DIIEKTPUYECKOMY TOKY Te4Yb 4Y€pe3 HarpeBaTeNbHbIM 3JIEMEHT (HarpeBaTelbHBIA IIPOBOJ),
M3TOTOBJICHHBIH B COOTBETCTBUHU C BHIIICONMCAHHBIMU BapHAHTAMHM OCYINECTBIICHHS HACTOSIIETO
n300perenns 1-5. IlockonbKy HarpeBaTeNbHBI 3NEMEHT, B COOTBETCTBHH C BapHAHTAMH
OCYIIECTBJIEHUS] HACTOSIIEI0 H300peTeHUs, JOPMHUPYET MHOXKECTBO CBEPXTOHKUX IPOBOMAOB, H
€CIM HE BCE MHOIOYHCIICHHBIE TOKOIPOBOAAIIME KUl COCIMHEHB C IIPOBOAOM, TO
3NIEKTPHYECKUI TOK HE MOXKET IIPOTEKATh Yepe3 YacTh HECOSIMHEHHOTO CBEPXTOHKOTO IIPOBO/IA,
WM MOXET IPOHM30HTH HEPaBHOMEPHOE paclpeleNeHue 3Ha4YCHHUs conpofnnnennx, 49TO
[IPUBEAET K JIOKATbHOMY IIeperpeBy.

[00262] CoOTBETCTBEHHO, MHOXKECTBO CBEPXTOHKHX IIPOBOIOB IOJDKHBI OBITH COEIHUHEHBI
TaKUM 00pa3zoM, YTOObI MHOXXECTBO CBEPXTOHKHX IPOBOJOB OBLTH OJHOBPEMEHHO COETHHEHBI C
JTHHUEH (TIPOBOJIOM) 3JIEKTPOIMTAHHS.

[00263] Opmur wu3 cnocoboB BapuaHTa 6 OCYIIECTBJEHHS HACTOSAINETO0 H300peTEHH
3aKIJIIOYAETCA B CJIEAYIOIIEM: NIPOTHBOINOJIOKHEIE KOHIIBI ITy4Ka (HarpeBaTeJIbHBIH 3JIEMEHT HIIH
HarpeBaTelbHBIA IPOBOJA) BCTaBISIIOTCS B COCOUHUTENBHYIO KIEMMY HIH BTYIKY, H
OJHOBPEMEHHO 3a4YHINCHHAS YacTh IIPOBOJA BCTABIIETCS BO BTYJIKY TakKuM 00pa3oM, 4TOOBI OHA
MEpPEKphIBAJIaCh MHOXXECTBOM CBEPXTOHKHX IIPOBOJOB, M KOTZNAa COCOWHHUTE]IbHAS KJIEMMa
(BTyNKa) CXXHMMAaeTcs, TO IPOBOJ U MHOXXECTBO CBEPXTOHKHX IIPOBOJOB COEIHHSIOTCS APYT C
IpyroM, GopMHpysl, TAKEM 00pa3oM, KOHCTPYKITHIO, KOTOpasi IIO3BOJISIET JIEKTPUIECKOMY TOKY
OJHOBPEMEHHO IPOXOAUTDH Yepe3 BCE CBEPXTOHKHE IPOBOJIA.

[00264]

[00265] <BapmuaHT 7 ocyniecTBIEHHS HACTOSIIETO H300peTEHUT>

[00266] [lna pemeHus OT HEPBOM 7O BOCHMOH INPOOJEMBI IMPENIIECTBYIOIIErO YPOBHS
TEXHHKH TpeOyeTcs CIeNUaNbHBIA MarepHan, KOTOPBIH JOJDKEH HCHOJB30BAThCS B KaueCTBE
MaTepHaIOB CBEPXTOHKMX IIPOBOAOB BCEX IIyYKOB, B COOTBETCTBHM C BBHIIICOMMCAHHBIMH
BapMAaHTaMH OCYIIECTBJIICHHS HACTOSIIEr0 H300pPETEHHS, X MOXXHO PEIIUTH OIJHOBPEMEHHO
po0seMy JIETKOrO pa3jlaMbIBaHHS H3-3a OTCYTCTBHS THOKOCTH H C1a00i pacTATHBAIOIICH CHIBI

u HpO6JICMy KOPOTKOI'O CpoOKa CJIy)KGBI, CBA3AHHYIO C 6BICTpI:IlVI OTBCPACBAHUEM H JICTKHM
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pasylaMbIBAaHHEM H3-3a CJ1ab0}f IPOYHOCTH M CHIBHOTO OKHMCJIEHHS, KOTOPHIE SBISIOTCS AEBITOM
IpoOIIEMOT.

[00267]

[00268] B BapuanTe 7 OCYIIECTBIECHHS HACTOSAIIETO H300PETEHUS B KAYECTBE CIECIMATBHOTO
MaTepHana i CBEPXTOHKOrO NPOBOJA OOBIYHO IPEANOYTHUTENLHBIME SBIAIOTCS, BO-HEPBBIX,
CIUIABEI M3 HepXKaserolen crany, ocodeHHo SUS 316, koTophli sBusercs caMbiM 3QPeKTHBHBIM
MaTepHaioM, X 4eM MaTepHall TOHbIE, TeM 3¢ ¢eKT Oobie.

[00269] Bo-BrOpsIX, B KayecTBe cTasbHOroO BosjiokHa (NASLON), KOTOPEI BHINONHSET TY XKe
dynximio, yro ¥ SUS 316, MOXXHO HCIIONIB30BaTh TOTOBOE CTAILHOE BOJIOKHO.

[00270] B-TpeThuX, cHENUANBHBIA CIUIAB, BBIIOJTHSIOUIMH BBINIEYKA3aHHYIO (YHKIHIO,
MOJXET HCIOJIB30BATHCS B TOTOBOM BHJE, IIPH 3TOM HCIIONH3YETCS MEIHO-HUKEJICBHIH CILIAB,
KOTOPBIH comepkuT oT 20 % 1o 25 % no macce Hukens 1 oT 75 % no 80 % no Maéce MEIH.
[00271] Kpome Toro, MCHOJB3YIOT CIUIaB Xejie3a, XpoMa, AIIOMHHHSI H MonnGneHa, U
COOTHOUIIEHHE KOMIIOHEHTOB €r0 CMECH COCTaBJIAET OT 65 % 10 75 % mo Macce xenesa, ot 18 %
no 22 % mno Macce XpoMma, oT 5 % mo 6 % mo Macce amOMHHHS, a OCTAaBIIASACS YacTh
TIPUXOJHUTHCS HA MOJIUOJIEH, a TAKXKe MOXHO MCIOJIh30BaTh METAJUIMIECKHUI CIUIaB, ITOJIyYeHHBIH
IyTeM J00aBIeHHS B CIIaB HEOOJIBIIOro KOMHYECTBA CHIIHKOHA, MapraHila H YIiiepoa.

[00272]  B-ueTBepTHIX, MOHO HCIOJIB30BATH CMECH MATEPHANIOB C IIEPBOTO 110 Tpemﬁ.

[00273] Hampumep, CcBepXTOHKHE MpoBoAa, (opMmupyomme IIy4oK (HarpeBaTelIbHEIH
IIPOBOJI, HarpeBaTeNbHBIN 3JICMEHT), H3TOTOBJICHHBIC B BapHaHTax 1-6 oéymecrnneﬂnx
HACTOSIIETO H300peTeHMs, CrpyNIIMPOBaHbl B JBE IPYIIILI, IPH 3TOM MEPBBIA MaTepHal MM
BTOpPOM MaTepual MaTepuaia M3 HEpXKaBelomel CTAId JOJDKHBI MCIIONB30BAaTHCA JJIS ONHOM
Ipynnsl, a TPeTHH Marepual U3 MEIHO-HUKEIEBOro CIUIaBa MOXKHO HCHOJB30BaTh AJIS IPYrou
IpYIIEL

[00274]

[00275]  [JleBaTyro mpobieMy MpeAlIeCTBOBABIIEIO YPOBHS TEXHHKH MOXHO pPELIHTH, B
COOTBETCTBHH C BAPHAHTOM 7 OCYLUECTBJICHHS HACTOAMICTO H300pETEHHUS.

[00276]

[00277] <BapuanT 8 ocymiecTBICHHS HAaCTOSIIETO H300pEeTEHMS™>

[00278] Ilpumepsl HarpeBaTeNbHOI'O 3JIEMEHTA, M3rOTOBJICHHOTO IO BapHaHTam 1-7
OCYIIECTBIEHHUS HACTOSIIETO H300PETEHHS — CIIEAYIOIIHE.

[00279] Korma TpeGyemoe 3Ha4YeHHE CONpPOTHBICHHS Ha 1 M HarpeBaTEelIBHOrO IIPOBOIA
cocrapisieT 1 Om, 2 OMm 1 3 OM B CYIIECTBYIOIIEH OKpyXKaromied cpelie, TO H3TOTOBJICHHE
HarpeBaTejbHOIO 3JIEMEHTa C HCIOJB30BAaHHEM TaKOTO CONpPOTHBIICHHS 3aKIIOYaeTcsi B

CIIEIYIOINEM:
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[00280] xak no nepBoMy criocoby,
[00281] (D marpeBaTeNBHEIN SIEMEHT H3TOTOBIEH C HCIONB30BAHAEM CIIOCO6A TONYdYeHHA

3HAYECHHs] COIIPOTHBIICHHS Ha AJIHHY, COCTaBJLIOLIYIO, IpuMepHO, 1 OM Ha 1 M JUITMHEI IIyUKa, U
CBEPXTOHKHE IIpOBOJA, H3TOTOBJIECHHBIC M3 OJMHAKOBOIO MaTepualla W3 JBYX MaTepHaJIOB,
HUMEIOT OJIMHAKOBYIO TOJIIMHY, U CBEPXTOHKHE IIPOBOJIAa U3 OJHOIO MaTepHalia UMEIOT TOJIIIHHY
U KOJIMYECTBO TOKOIIPOBOISAIIMX XUJI, OTIIMYHBIE OT TOJIIMHBEI U KOJHYECTBA TOKOIPOBOISIIAX
XHJI CBEPXTOHKUX IIPOBOJIOB IPYTOro Marepuana;

[00282] a. OmuH MaTepuan U3 ABYX MaTepHAJIOB IPEACTABIIAET COOO0M HEPIKABEIONIYIO CTANlb
SUS 316 ¢ ogHOH TOKONPOBOASLIEH >XHJIOH CBEPXTOHKHX IIPOBOJOB, MMEIOIICH TONMINHHY 12
MKM, M KOJHMYECTBO TOKOIPOBOISILIMX XHJ cocTaBiser 550, a Ipyroii marepuan U3 IOBYX
MaTEepHAIOB IIPEJICTABIIET COO0M MeIHO-HUKENEBhIH METaTHYeCKHi CIUIaB, COAEpKAIMi OT
20 % no 25 % 1o Macce HUKeENs, a OCTaBIIascs 4acTh NpuXoguTcs Ha Meas (oT 75 % 1o 80 % mo
Macce), IIpH 3TOM OZHA TOKOIIPOBOISAIIAA JKHJIA CBEPXTOHKHX IIPOBOJOB HMeeT TOMmuHY 100
MKM (3Ha4€HHUE CONPOTUBIICHUS COCTABIIIET, IPHMEPHO, 36 OM Ha TOKOIPOBOIAIIYIO JXHIIY), H
KOJIMYECTBO TOKOIIPOBOIAILIMX JXHJI COCTaBIsAeT 24, U JBa Marepuala OOBENUHSIOTCS B OIMH
IIy4OK TakuM 00pa3oM, 4TO 3HAYECHHE CONPOTHBIICHHS HA 1 M JITMHBI HarpeBaTeNbHOI'O IPOBOJIA
COCTaBIsET, MpuMepHO, 1 OM, B pe3yibTaTe Yero JOCTUTacTCs paBHOMEpPHOE paclipelielieHHe
3HAYCHMsI COIPOTUBICHHS 110 BCeH ITTMHE HAarpeBaTeIbHOTO 3;IEMEHTA.

[00283] b. Omun MaTepuan U3 IBYX MaTepHANIOB IPEACTABIIAET COO0M HEPIKABEIOILYIO CTANlb
SUS 316 ¢ ogHOH TOKONPOBOAAILIEH JXKHIOH CBEPXTOHKHMX IIPOBOJIOB, MMEIOIIEH TOJIIMHY 8
MKM, U KOJIMYECTBO TOKONpPOBOIAAIIMX XU coctaBisieT 1 000, a gpyroit mMarepuan u3 ABYX
MaTEpHAIOB NIpEACTaBIsgeT cCOO0H MeHO-HUKENEBbI cIUIaB, cogepxamuit ot 20 % mo 25 % no
Macce HHKENsd, a OCTaBINasCs 4acTh NPUXOTUTHCS HAa MeJb, IIPH 3TOM OJHA TOKOIIPOBOAINAS
XHJIa CBEPXTOHKHMX MPOBOJIOB UMeeT TommuHy 100 MM (3HaYeHHE CONPOTUBIICHHUS COCTABIIAET,
opuMepHo, 36 OM Ha TOKOIIPOBOASUIYIO JXHIIYy), M KOJHYECTBO TOKOMPOBOMSAIIUX IKHII
cocTaBisieT 24, U J1Ba MaTepHaia OOBEIUHSIOTCS B OJMH IyYOK TaKUM 00pa3oM, 9TO 3HAYECHHE
CONIPOTHBJICHHS Ha 1 M JUIMHBI HarpeBaTelIBHOro IMPOBOJA COCTaBiseT, npuMepHo, 1 OM, B
pe3ynbTaTe 4ero JOCTHraeTCs paBHOMEPHOE paclpe/ieliCHHe 3HaYE€HUS COMPOTHBIICHUS TI0 BCCH
JUITMHE HarpeBaTenbHOI'O 3JIEMEHTA.

[00284] c. OnuH MaTepuan U3 ABYX MaTEepHANIOB MPEACTABISAET Co00i HEPXKABEIOMIYIO CTalb
SUS 316 ¢ ogHO# TOKOIIPOBOASIIEH XUIOH CBEPXTOHKHX IPOBOAOB, UMEIOMIEH TONIIMHY 6,5
MKM, H KOJHYECTBO TOKONPOBOAAIMX XM cocraBisieT 2 (000, a mpyroii marepman u3 OBYX
MaTepHAJIOB NPEACTABIICT co00i MeIHO-HUKENEBRIH CIUIaB, coaepxxamuit ot 20 % nmo 25 % no
Macce HHUKENs, a OCTaBINasiCs 4acTh NPHXOAUTHCS Ha Meb, IPH 3TOM OJHA TOKOIPOBOMSAINAS

KHJIa CBEPXTOHKHX IIPOBOAOB UMECT TOJINHHY 100 Mxm (3Ha“{CHI/Ie COIIPOTHUBJICHUA COCTABIISCT,
37




npuMmepHo, 36 OM Ha TOKONPOBOASINYIO JKMIY), W KOIMYECTBO TOKOMPOBOISIIMX KU
cocTapisieT 24, U ABa MaTtepuaia OOBEAUHSIOTCS B OJUH MyYOK TaKUM 00pa3oM, 4TO 3HAUYCHHE
COIIPOTHBJIEHMS Ha 1 M IUIMHBI HarpeBaTelbHOIO IIPOBOJA COCTaBiIsgeT, mpumepHo, 1 OM, B
pe3yJIbTaTe Yero NOCTUraeTcsl paBHOMEPHOE paclpeeicHHE 3HAaYEHUsI CONPOTUBIEHHS 110 BCEH
JUTMHE HarpeBaTelnbHOro 3JIEMEHTA.

[00285] d. Onun MaTepuan U3 ABYX MaTepHAJOB MPEACTaBIseT cOOOH HEPXKaBEIOIIYIO CTalb
SUS 316 ¢ onHOM TOKONPOBOJAIIEH XHUJIOH CBEPXTOHKHX IPOBOJOB, UMeromel tonmuny 100
MKM, U KOJHMYECTBO TOKOIPOBOISINUX XU cocTaBisier 40, a Apyrod martepuan M3 JBYX
MaTEepHaJIOB MpeCTaBlsieT co00i MeIHO-HUKENEBHIH cIuiaB, conepxamuii ot 20 % no 25 % mo
Macce HHKENs, a OCTaBIIasCs 4acTh IPUXOAMTHCS Ha MeIb, IPH 3TOM OIHA TOKOIPOBOISMIIAS
XHJIa CBEPXTOHKUX MPOBOAOB MMeeT TonmuHy 100 MxM (3HaueHHME CONPOTHUBIICHHS COCTABIISET,
npuMmepHo, 36 OM Ha TOKONPOBOISALIYIO JKHIIy), M KO.IMYECTBO TOKOIPOBOMAMIMX IKHII
cocTaBisieT 24, U JiBa MaTepuaia OOBEIUHAIOTCS B OUH MyYOK TaKHM o6p330M,‘ YTO 3HA4YECHHUE
CONPOTHBIEHUA Ha 1 M IIMHBI HarpeBaTeNbHOIO NPOBOJA COCTaBIAET, NpuMmepHO, 1 OM, B
pe3ynbTare 4ero AOCTUIaeTCs PaBHOMEPHOE paclpeleIeHHe 3HauYeHUsl COIIPOTUBIICHHS 110 BCEH
JUTMHE HarpeBaTeIbHOro 3JIEMEHTA.

[00286]

[00287] (@ marpeBaTeNBHBIA JNEMEHT H3TOTOBIEH C HCIIONB30BAHHEM croco6a CO3/1aHUs
3HAYEHUs COIIPOTHRIICHUS Ha JJIHHY, COCTABIISIONILYIO, IpUMEPHO, 2 OM Ha 1 M JUIMHBI IIy4Ka, U
CBEPXTOHKHE IIPOBOJA, M3rOTOBJICHHBIE M3 OJMHAKOBOIO MaTepHala M3 may?( MaTepHaJIoB,
HMEIOT OJTHHAKOBYIO TOJIIIMHY, U CBEPXTOHKHE IMPOBOJA U3 OJHOTO MaTepHalla HMEIOT TOJIIHHY
U KOJIMYECTBO TOKOIIPOBOJSIINX JXKUJI, OTJIMYHBIE OT TOJIIMHBI U KOJHYECTBA TOKOMPOBOISIINX
KHJI CBEPXTOHKHUX IPOBOJIOB APYroro MaTepuasa: ‘

[00288]  a. Omun MaTepuan U3 ABYX MaTepHalOB NPEACTaBILeT COOOH HEpXKABEIOLIYIO CTAlb
SUS 316 ¢ onHO# TOKONPOBOJSIIEH XUIOH CBEPXTOHKHX IIPOBOJOB, HMeomed Tomuuay 12
MKM, H KOJMYECTBO TOKONPOBOIAIIMX JKWJI cocTaBuseT 550, a Apyroift marepual 3 OBYX
MaTepUaIoB IIpeACTaBIsAeT cOO0H MEIHO-HUKENIEBBI CIUIaB, coaepxammii ot 20 % mo 25 % mo
Macce HHKels, a OCTABUIAACA YACTh NPHXOJUTHECS HA MeMb, TIPU 3TOM OJHA TOKOIPOBOASMIAs
KHJIa CBEPXTOHKUX IPOBOJOB HMeeT TonmuHy 100 MxM (3Ha'I€HHE CONPOTUBICHHS COCTABIISET,
npumepHo, 36 OM Ha TOKONPOBOAALUYIO XKHIY), M KOJIHYECTBO Toxonpoﬁo,uﬂmnx KU
coctapnseT 14, u qBa MaTepuaia 0ObEIUHSIOTCS B OJIMH MY4YOK TakuM 00pa3oM, 4TO 3Ha4eHHe
CONPOTHBJIEHUS Ha | M JUIMHBI HarpeBaTeNbHOTO MPOBOJA COCTaBIsSeT, NMpUMepHO, 2 OM, B
pe3ynbTare 4ero JOCTUTaeTCsi paBHOMEPHOE pacipe/ielieHHe 3HaYCHHs] COMPOTUBIICHUS 10 BCEH

AJIMHE HArpE€BaTCIbHOTO 3JICMCHTA.
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[00289] b. OmuH MaTepuan u3 ABYX MaTepHAJIOB MPEACTARIIET COOOH HEP)KABEIONIYIO CTaNb
SUS 316 ¢ oxHOM TOKONPOBOISIIEH >KUIOH CBEPXTOHKHX HPOBOAOB, MMEIOUIEH TONIIMHY 8
MKM, M KOJHYECTBO TOKOHMpOBOIAIMX XuI cocraBisier 1 000, a gpyroif marepuan u3 ABYX
MaTepHaJoB NpeACTaBisieT coO0i MeTHO-HUKENEBBIN CcIuiaB, conepxamuii ot 20 % no 25 % mo
Macce HHKeJs, a OCTaBIIascs YacTh IPUXOOUTHCS HA MeNb, IIPH 3TOM OJHA TOKONIPOBOASIIAS
JKHJIa CBEPXTOHKHX IPOBOAOB MMeeT TomnuHy 100 MKkM (3HaueHUE COPOTUBIICHUS COCTABISET,
npuMepHo, 36 OM Ha TOKONPOBOJSINYIO JXKWIY), H KOJIMYECTBO TOKOMPOBOISIIMX KU
cocraBnger 14, u nBa MaTepuana oObEUHSIOTCS B OJIUH IYYOK TaKHM 00pazoM, YTO 3HAYCHHE
CONPOTUBIICHUS Ha 1 M JJIMHBI HarpeBaTEeNbHOIO IPOBOJA COCTABISAET, IpHUMepHO, 2 OM, B
pe3yibTaTe Yero JOCTUIaeTCsl PABHOMEPHOE pacHpelelieHie 3HaYCHUs CONPOTHBIIEHHS IO BCEi
IUTAHE HarpeBaTeIbHOIO JIEMEHTA.

[00290] c. OnuH MarepHall U3 AByX MaTepHaOB IIpeACTaBIAeT cOO0N HEpXKaBEIOITYIO CTallb
SUS 316 ¢ ogHOl TOKOIIPOBOASINEH >XUIOH CBEPXTOHKHX IPOBOJAOB, mvlefomeﬁ TONUMBY 6,5
MKM, M KOJIMYECTBO TOKOIIPOBOAAIIMX XHJ cocraBisgeT 2 (000, a apyroil mMarepuan H3 ABYX
MaTepHaJIoB IPEICTaBIgeT coO0H MeIHO-HUKENEBbIH cIaB, coaepxammit ot 20 % no 25 % no
Macce HHKeNs, a OCTaBIIAsCA 4acTh IPUXOOUTHECA HAa MeIb, IPH 3TOM OJHA TOKONIPOBOASIIAs
JKUJIa CBEPXTOHKHX NPOBOAOB uMeeT TomnuHy 100 MM (3HaueHue COIPOTUBIICHHUS COCTABJIAET,
npuMepHo, 36 OM Ha TOKONIPOBONALIYIO JKHIY), M KOJHYECTBO TOKOIPOBOISIIMX KHII
cocraBiseT 14, u nBa Marepuana OOBEIUHSIIOTCS B OJUH IYYOK TaKHM 00pa3oM, 4YTO 3HAYCHHE
COTIDOTHBJICHHS Ha 1 M JJIMHBI HarpeBaTENHHOrO IPOBOJA COCTABIISET, anMépHo, 2 Om, B
pe3yabTaTe Yero JOCTHUrAeTCs PaBHOMEPHOE paclpelelieHue 3HAYeHHUs CONPOTUBIICHHUS 10 BCei
JUIMHE HarpeBaTeNbHOro 3JIEMEeHTA.

[00291] d. OmuH Matepuan U3 JBYX MAaTEPHAJIOB NMPEACTABISAET OO0 HEPKABCIOIMYIO CTAThL
SUS 316 ¢ ogHO#M TOKONPOBOASIIEH XHIIOH CBEPXTOHKHUX MPOBOAOB, uMeromel Tommuuy 100
MKM, M KOJHYECTBO TOKOIPOBOIIMX XHI cocTtaBisieT 40, a Apyroil marepual H3 IBYX
MaTepUalIoB NpecTaBisieT coboit MenHO-HUKENEeBBIH cILIaB, comepxaruii ot 20 % mo 25 % no
Macce HHUKENs, a OCTaBOIasCs 4acTh IPUXOJUTHCS HA MENb, IPH 3TOM OJHA TOKOIPOBOISIIAS
’KHJIa CBEPXTOHKHX IIPOBOJOB HMeeT TOMIHHY 100 MKM (3HaueHHe CONPOTHBICHHS COCTABILSET,
npuMepHo, 36 OM Ha TOKONPOBOASIIYIO XXHIY), M KOJUYECTBO TOKONPOBOISIIHX KU
coctaBnsieT 14, u aBa Matepuana OOBEIMHSIOTCS B OJUH IMYYOK TaKUM 00pa3oM, YTO 3HAYCHHE
COIPOTUBJICHHS Ha 1 M JJIMHBI HarpeBaTeNBHOrO IIPOBOJA COCTaBIsSET, HpHMEpHO, 2 OM, B
pe3ynbTaTe Yero JOCTUTaeTCsl paBHOMEPHOE pacIlpe/iesieHHe 3HaUYeHUsT COMPOTUBIICHUS 1O Beel
JUTHHE HarpeBaTeIbHOTO 3JIEMEHTA.

[00292]
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[00293] (@ HarpeBaTenbHBIA SIEMEHT H3TOTOBICH C HCHOJIB30BAHKEM CIOCO6A MOJIYYCHHUS

3HAYEHUS CONPOTHBJICHUS HA JUIMHY, COCTABIAIOILYIO, IPUMEPHO, 3 OM Ha 1 M JUIHHEBI My4Ka, U
CBEPXTOHKHME MPOBOJA, W3IOTOBIEHHHIE M3 OJMHAKOBOTO MaTepHala M3 IBYX MAaTepUaloB,
HMEIOT OZIMHAKOBYIO TOJIIHUHY, H CBEPXTOHKHE IIPOBOJIA M3 OJHOTO MaTepHalia UMEIOT TONIIHHY
¥ KOJIMYECTBO TOKONPOBOIAIIMX JKUJI, OTJIMYHBIE OT TOJNIIMHBEI H KOJMYECTBA TOKOIPOBOIAIINX
XXHJI CBEPXTOHKHX IIPOBOZOB JIPYTOI'0 MaTepHaa:

[00294] a. OmuH MaTepuas W3 JIBYX MaTepHAIOB IPEACTABILET cO6OMH HEPXKaBEIOIIYIO CTaNlb
SUS 316 ¢ onno# TOKONpOBOJAAIIEH KUIOH CBEPXTOHKHX MPOBOJOB, HMEIOLIEH TommuHy 12
MKM, M KOJIMYECTBO TOKONPOBOASIIMX KHJI COCTaBiseT 550, a Ipyroif Marepuan u3 JIBYX
MaTepUasioB MpeacTaBisgeT co00i MeaHO-HUKENEBBIH CIUIaB, coaepxamuii ot 20 % 10 25 % no
Macce HMKeNs, a OCTaBIIASCS YacTh IIPUXOMUTHCS HA MeIb, IIPH 3TOM OJHA TOKOIPOBOISIIAS
XHIa CBEPXTOHKHX IIPOBOJIOB MMeEET ToMUMHY 100 MKM (3Ha4eHHE CONPOTUBIICHUS COCTABIISET,
npumepHo, 36 OM Ha TOKOIPOBOJSANIYIO JKHITY), H ABa MaTepUalia 00BbEAHHAIOTCS B OJUH IIYYOK
TakuM 00pa3soM, 4YTO 3HAYEHHE CONPOTHBICHHS HAa 1 M IMHBI HArpeBaTENBHOTO NPOBOJA
COCTaBIAET, pUMEPHO, 3 OM, B pe3ynbTaTe 4ero NOCTHIACTCS PAaBHOMEDHOE paclpeleeHue
3HAYCHHS COIPOTHUBIICHM 10 BCEH JTIMHE HArPeBaTEIBHOTO 3JIEMEHTA.

[00295] b. Omun mMaTepuan U3 IByX MaTepUaIOB IIPEACTABISET CO60H HEPKABEIOMIYIO CTAIH
SUS 316 ¢ omHo#i TOKONpOBOISMIEH XKHJIOW CBEPXTOHKHX IIPOBOIOB, UMEIOIIEH TOMIUHY 8
MKM, H KOJIMYECTBO TOKONMpOBOAsmHX Xua coctaBnger 1 000, a xpyroii mMarepuan u3 AByX
MaTepHAaloB [PE/ICTaBIAET co60H MeIHO-HUKEEeBbIH CILIaB, coaepxkammii ot 20 % 10 25 % 1o
Macce HHKENs, a OCTAaBINAsCs YacTh IPUXOIUTHCS HAa Melb, P 3TOM OJHA TOKONPOBOISIIAS
XKHJIa CBEPXTOHKHX MPOBOJOB MMeeT ToMuHy 100 MKM (3Ha4€HHE CONPOTHUBIICHUS COCTABIISET,
npuMepHo, 36 OM Ha TOKONPOBOSIIYIO JKHIY), M KOJHMYECTBO TOKONPOBOASIINX KM
cocraBiseT 9, U 1Ba MaTepHana oOBEIUHSIOTCS B OJMH IIYY4OK TaKHM 00pasoM, 9TO 3HAYECHHE
COIIPOTHMBJIEHHS Ha | M JJIMHBI HarpeBaTeJIBHOrO IPOBOJA COCTABIISET, npuMepHo, 3 Owm, B
pe3yJbTaTe Yero JOCTUTaeTCs PAaBHOMEPHOE pacIipe/ie/ieHie 3HAUYEHHs CONPOTHBIICHHS 110 BCel
JUIMHE HarpeBaTelIbHOIO 3JIEMEHTA.

[00296] c. Onun MaTepuan U3 ABYX MaTepHaIOB [PEACTABIAeT COOOM HEPKABEIOUIYIO CTallb
SUS 316 ¢ omHOM TOKONpOBOISMIEH KHUIONH CBEPXTOHKHMX [POBOAOB, MMEIOINEH TOMMMHY 6,5
MKM, H KOJHYECTBO TOKONPOBOJSIIMX >ui coctapiseT 2 000, a apyro#t Marepuan H3 OBYX
MaTepuanoB MPEACTaBIsAeT co60H MeHO-HAKENEBHIH CIUIaB, cogepxamuii ot 20 % 10 25 % 1o
Macce HUKENsd, a OCTaBINAsCsA 4acTh IIPHXOJUTHCS Ha MeIb, IIPH 3TOM OIHA TOKOIPOBOISINAS
XHJIa CBEPXTOHKHX IIPOBOJOB HMeeT ToMMHY 100 MKM (3HaYCHHE COMPOTHBIICHHS COCTABIIIET,
npumepHo, 36 OM Ha TOKONPOBOASAINYIO XHIY), M KOJNHYECTBO TOKOMPOBOMSAIIMX MKHII

COCTaBJIseT 9, ¥ J1Ba MarepHana oOBEAMHSIOTCS B OJMH IMYYOK TaKWM O0pa3oM, YTO 3HAYECHHE
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CONPOTHBJICHHA Ha | M ANUHBI HarpeBaTeNnbHOI'O NPOBOJA COCTaBIsET, ImpumepHo, 3 OMm, B
pe3yJbTaTe Yero JOCTUTaeTCs PAaBHOMEPHOE pacIipeielieHHe 3HaYSHHs COMPOTHBIICHUS IO BCei
JUITMHE HArpeBaTeIbHOTO 3JIEMEHTA.

[00297] d. Onus MaTepuan U3 IBYX MaTEpUAIOB IPEACTABIAET cOOO0M HEPXKABEIOIIYIO CTalb
SUS 316 ¢ oHOM TOKOIPOBOASAIIEH KIJIOH CBEPXTOHKUX IIPOBOAOB, MMerome# Tommury 100
MKM, M KOJMYECTBO TOKONPOBOIMINUX XM cocTapisder 40, a apyroif marepuan U3 ABYX
MaTepHaJIOB NPEACTaBIsAET COOOH MeIHO-HUKENIEBBIM criaB, cogepxamuii ot 20 % g0 25 % mo
Macce HHKeNsd, a OCTaBIIasics 4acTh NPUXOJUTHCA HA Melb, IPH 3TOM OJHA TOKOIPOBOJASILAS
YKHJIa CBEPXTOHKHX NMPOBOJOB uMeeT TommuHy 100 MkM (3HadeHHe CONPOTUBIICHUS COCTABIISIET,
npuMepHo, 36 OM Ha TOKOIPOBOASINYIO JKHIIY), M KOJHYECTBO TOKONPOBOISMIIUX KHJI
cocTaBiIeT 9, U ABa MaTepuana OOBEAUHSIOTCS B OQWH IIyYOK TakuM 0Opa3oM, YTO 3HAYCHHE
COIPOTHBJICHHA Ha | M OJIMHBI HarpeBaTelIFHOrO IPOBOJA COCTaBJSET, MpuMepHO, 3 Om, B
pe3yipTaTte 4ero JOCTUTACTCs paBHOMEPHOE paclipelieIecHHe 3HAYeHHs COIIPOTHBIICHHUS 1O Beeit
JUIMHE HarpeBaTeNIbHOTO JJIEMEHTA.

[00298]

[00299] J[lanee, Bo BTOpoM cmocobe wucrnonb3yroT NASLON (crajibHOEe 'BOJIOKHO HJIH
METALUIMYECKOE BOJOKHO) C OOWHAKOBOM TOJNIIMHOK M OJUHAKOBBIM  KOJHMYECTBOM
TOKONIPOBOJSINUX JKHJI, BMECTO H3TOTOBJICHHS CBEPXTOHKOTO IIPOBOJA C HCIIOJIB30BAHHEM
marepuana SUS 316 B ka4ecTBe CBEPXTOHKOTO MPOBOJA OJHOTO BHA MO MEPBOMY CHOCOOY, PH
3TOM YK€ UMEIOTCS TOTOBEIE cTalbHbIe BOJIOKHA (NASLON), mo3ToMy MOXHO Bbf6paTL OIUH U3
HUX W 3aMEHHUTH UM NPEAJIOKEHHOE B ONMCAHUM M300pETCHHA.

[00300]

[00301] <BapuaHT 9 OCYIIECTBICHHS HACTOSIIETO H300pETeHUS>

[00302] bBeuto OBl Jsryvime, yToOBI OB HArpeBaTENBbHBIA JJIEMEHT MOT HCHOJb30BAaTHCA
IpaKTUYeCKH, YHHBEpCATbHBIM 00pa3oM, C  HCIONB30BaHHEM crocoba  BapHAHTOB
OCYINECTBJICHHS HacTosuero uzobpereHus 1-8, © 9ToOBI 3TOT HAarpeBaTENBHBIH JJIEMEHT MOT
pea30BaTh pa3IMYHbIC PACIIUPEHHBIC (DYHKITHH.

[00303] Hanpumep, pacmupeHHble (YHKIHH, KOTOPhlE MOXET BBHIIOIHATH HarpeBaTENbHEIH
3JIEMEHT — CIEeAyIoIMe: BO-NIEPBBIX, BBICOKOTeMIepaTypHoe Harpepanue Bbine 100° C
MO3BOJIIET H3JIydaTh OOJBINOE KOJNHYECTBO JNaNbHUX HHQpaKpacHBIX Jyded Ha O6oipinoe
paccrosiHie U oborpeBath OOJNIBIIOE MPOCTPAHCTBO. B TO e BpeMs OH MOXET peannz.OBLIBaTL
paclIMpeHHyI0  GYHKUMIO JUIs  DaBHOMEDHOIO HAarpesa BCEr0  [IMPOKOMAcCIITaGHOro
IPOCTPAHCTBA.

[00304] B HacrosmeM [JOKyMeHTe, OCOOCHHO IIpH HCHONB30BaHUU is oOorpeBa B

CENBbCKOXO3IHCTBEHHBIX ITOCTPOHKaX (TEIUIHIIAX ), OH IPOU3BOIUT JaJbHAE HH(paKpacHBIC JIyHH
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IVl CENbCKOXO3AMCTBEHHBIX KYyNIbTYp, YTO IPHUBOJUT K PAa3IMYHBIM IIOJNE3HBIM 3(pdekram
(yBenHueHHe ypoxkas).

[0030S] Bo-BTOpBHIX, OH I'€HEpHpYET TEMJIO C HU3KHAM 3HAUYCHHEM HamnpsoKeHHS (0COOEHHO,
HuXe 24 B) u, B 4aCTHOCTH, OH F€HEPHPYET BEICOKOTEMIIEPATYPHOE TEIUIO C HU3KUM 3HAYCHUEM
HaIPsDKEHHS, IO3TOMY €0 MOKHO HCHOJIB30BATh B BHICOKOTEXHONOTHYHBIX 00JIaCTAX TEXHHUKH.
[00306] B HacTosmEM IOKYMEHTE OH MOXET HCIOJB30BaThCsA U1 BCEX BHAOB 0OOTpeBa,
TaKUX Kak 000rpeB HOMEIUEHHH, 060rPeB BHYTPEHHUX OMEMIEHHH 3/JaHuH, IOJI0TPEB TONOB
T.J., IIpH HHU3KOM 3HAUYCHUM HanpsHkeHus OesomacHbIM obOpazom (6e3  BpeAHBIX
3JIEKTPOMArHUTHBIX BOJH IIPH HCIONB30BAaHUM IOCTOSIHHOTC 3JIEKTPHYECKOrO TOKA), H MOXXHO
oueHb 3P PEeKTHBHO U 6€30M1aCHO KUMSTUTE BOAY IPH HH3KOM 3HAYCHHUH HAIPSKEHHUS.

[00307] On MOXET HCIIONB30BATHCH IJII MHOXECTBA (PYHKIMHA M IPUMEHSATHCS BO MHOTHX
00nacTIX TEXHUKH.

[00308]

[00309] Crnoco6 M3roTOBIECHUS HAarpeBaTEIbHOIO 3JIEMEHTA C PACIHMPEHHBIMH QYHKIHAME H
IIPUMEHEHUSAMH M HarpeBaTeIbHbIA 2JIEMEHT, H3TOTOBICHHBIN 110 HEMY, COCTOST B CIEIYIOIIEM,
[00310] @ Bo-niepBBIX, HarpeBaTeNbHBIA 3JIEMEHT, H3TOTOBJIICHHBIH B COOTBETCTBHH C
BBIIICONMCAHHBIME BapHaHTaMH 1-8 OCYIIECTBICHHS HACTOSINETO W300pPETEHHS, MOXET
HCHOJIB30BAaTHCS TaKUM 00pa3oM, 4TO MOCTE TOro, KaK HarpeBaTebHbBIA 3JIEMEHT H3TOTOBJIEH
IyTeM perylMpOBaHHs TEMIIEPATyphl CaMOrO HarpeBaTENIbHOIO 3JIEMEHTA A0 TEMIIEPaTypHOIO
IMana3oHa, TpedyeMoro B 001acTH TEXHUKH, HarpeBaTENbHEIA 3JIEMEHT pa3pe3aloT Ha 3aJaHHYIO
JUIMHY [JIsi M3TOTOBIICHHS CEKIHH, IPAYEM OJIHA CEKIHS SABIACTCS OXHOM LEMbIO, 3 MHOXKECTBO
CEKUMOHHBIX LETIEH UCTIONB3YIOT MYTEM HX NapaUIeIbHOIO COEAMHEHUS APYT C APYTOM.

[00311] Cpeau 3Tux croco60B NpK WHAMBHIYATHHON HACTPOMKE HarpeBaTEILHOTO dJIEMEHTA
IyTeEM perynupoBaHus TpeOyeMoro TEMIIEpaTYpHOTrO [JHama3oHa CYIIECTBYET CIOCO0
HM3MEHEHHUS 3HA4CHHUS JJICKTPHYECKOro TOKA, MPOTEKAIOIIEr0 B HArpeBaTEILHOM 3JIEMEHTE, IS
perylMpoBaHUs IIEJICBOH TeMmIepaTypbl HarpeBa, M, B YaCTHOCTH, MOXXHO H3TOTOBHTH
HarpeBaTeIbHbIM 3JIEMEHT, KOTOpBIA reHepupyeT Temwio cBeime 100° C, myreM IpomycKaHUs
3JIEKTPUYECKOTO TOKa CUIION 3 A.

[00312]

[00313] (2) Bo-BTOpHIX, HarpeBaTeNbHBIA 3IEMEHT, M3TOTOBICHHBI B COOTBEICTBHH C
BBIIICONIMCAHHBIMH BapUaHTaMU 1-8 OCyINECTBIEHHS HACTOSINEro W300pETeHHsS, MOXET
HCTIONIB30BaThCA TaKUM 00pa3oM, 4TO IOCNE TOro, KaKk HarpeBaTeNbHBIA 37€MEHT H3TOTOBJIEH
IU1s1 paboTh! (CHIDKEHUE 3HAYCHMS! CONMPOTUBIIEHNS) B JKETAEMOM JMana3oHe HU3KOTO 3HAYCHHS
HanpskeHus (HanpuMmep, 50 B unu HIDKE), HarpeBaTeNbHBIH 3JIEMEHT pa3pe3aroT Ha 3a/JaHHYIO

JIUAHY IJIs1 U3TOTOBJICHHUS CGKIIPIﬁ, IIpHYEM OJIHA CCKIHA SABJIACTCA OJHOM’ IIGIIBIOP H MHOXCCTBO
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CEKI[MOHHBIX IlleNell COeQUHSIOT NapaUIeIbHO ApYyr € JPYITOM M HCHONB3YIOT IIyTeM
HOAKIIOYEHHUS K UCTOYHUKY 3JIEKTPONUTaHUsI HU3KOTO 3HAYEHUS HaNIpsDKEHUSI, KOTOPBIN 1MoJaeT
AJIEKTPHYECTBO C HU3KUM YPOBHEM HANPSKEHHUS.

[00314] B HacrosimeMm JOKYMEHTE CIIOCOO peryJMpoBaHHMS JXKEJIaeMOI'o HU3KOrO 3HAUYCHHS
HaIpsOKCHHUS MOXET OBITh peasin30BaH IYTEM PETYJIMpPOBAHHUS 3HAYCHHS CONPOTHBIICHUA Ha
€IUHMIY JUIMHBI HarpeBaTeIbHOTO 3JIEMEHTa, U CIIOCO0 CHUXKEHMS 3HAYCHHS CONPOTHBIICHUS HA
€OUHULY [AJUHBI MOXET OBITh BBIIOJHEH C BO3MOXHOCTBIO, IpEAyCMAaTpUBAIOMIEH, YTO
HarpeBaTeIbHBIA 2IEMEHT UMeeT 3HayeHue conpoTusienus 10 OM Ha 1 M AmUHEL

[00315] Kpome TOro, B KadecTBe HH3KOBOJFTHOTO HCTOYHHKA SJIEKTPOINHUTAHHS MOXKHO
HCIIONB30BaTh HUBKOBOJIBTHBIM TpaHcGoOpMaTop IMEpeMEHHOro TOKa, HU3KOBOJBTHEHIN ajmamrep
IOCTOSSHHOT'O TOKA, aKKyMyJSATOpHYIO Oarapero, cHCTeMy akkymyiaupoBaHus sHeprun (ESS),
GoTodNIEeKTpUYECKHH MOAyNb (1aHeNbh COJIHEYHBIX OJJIEMEHTOB) MM 00OpyJoBaHHE C
¢oTOoranbBaHWYECKHM MOJAyJdeM (TaHenb COJHEYHBIX O3JIEMEHTOB), MOJAKIIOYEHHOE K
aKKyMyJsSTOpHO# 6atapee unu ESS.

[00316] Kpome ToOro, nmama3oHOM HH3KOrO 3HAUCHHS HANPKCHHS MOXET BBICTYHATh
[IEPEMEHHBI TOK CO 3HAYCHHEM HanpspkeHus 24 B wim HMXKE WM INOCTOSHHBIA TOK CO
3HaueHWeM HanpsokeHus 24 B unmm Hioke.

[00317]

[00318] (@ B-TpeThuX, myTeM OOBEAMHEHHS NEPBOTO M BTOPOrO CIIOCOGOB IMONYYAIOT
croco® reHepHpOBaHMs BHICOKOH TemmepaTyphl (1o MeHbmnei mepe, 100° C) Temna ¢ HU3KHM
3Ha4eHueM HanpspxkeHus (50 B wiu Himke).

[00319]

[00320] @ B-uerBepTHIX, HArpeBaTeNbHEIH 3JIEMEHT, M3TOTOBIECHHEI IO IIEPBOMY-

TpeTbeMy CII0co6aM, BCTABIIOT MM 3aKPEIUIIOT B 3aKPEIUIIONIEM IIPHCIOCOOIEHHH IS TOTO,
YTOOBI OH OBLI HEMOABI)KHO 3aKpPEIUIEH.

[00321]

[00322] B-naThIX, HarpeBaTeNbHEIN 3JeMeHT (HarpeBaTell-HbI MPOBOJ), H3rOTOBJICHHBIN 1O
IIEPBOMY-TPETHEMY CIIOCO0aM, MIOKPHIT CIIEHAATEHBIM TOKPHITHEM.

[00323] TIlocnme MOKpHITHS HAarpeBaTe€lbHOTO JJIEMEHTAa HAarpeBaTeIbHBIA S3JIEMEHT C
IIOKPBITHEM MOXET OBITh MOKPHIT SKPAaHUPYIOIIUM LIMTOM, ¥ 3aT€M CHOBA MOXET ObITh MOKPHIT
IDOKPBITHEM.

[00324])

[00325] [lanee, B HacTOAIEM JOKYMEHTE OyAeT IPHBEACHO OIKMCAHME TEXHHUYECKHUX

BapHAHTOB OCYIIECTBJICHHA IISATH cr1oco00B H3TrOTOBJICHHS Harpe€BaT€JIbHOrO0 JJIEMCHTa IIO

43




HACTOSINEMY M300pPETEHHIO, B COOTBETCTBHH C BEINIEONHCAHHBIM BapHAaHTOM 9 OCYIIECTBICHHS
HaCTOSUIETO H300pETEHHUSL.

[00326]

[00327] <Bapmanrt 1 ocyiiecTBICHHS HACTOSIIErO H300pETEHUI>

[00328] Bo-nmepBbIX, COrNIacHO IEPBOMY crocoOy (BapuaHT 1 OCYIIECTBIEHHS HACTOSINETO
H300pETEHH ), MOXKHO PaBHOMEPHO 000rpeBaTh 00IBIIOE IIPOCTPAHCTBRO.

[00329] [Jlns paBHOMEpHOTO oOOrpeBaHusi OOJBIIOTO MPOCTPAHCTBA C HCIOJIB30BAHHUEM
HarpeBaTeNLHOr0 3JIEMEHTA HarpeBaTeNbHbIH 3JIEMEHT JOJDKEH OBITH U3rOTOBJIEH U3 MaTepHaa,
H3JIy4arouiero 00JbIIOe KOJMYECTBO AATHHUX MH(PAKpaCHEBIX JIydei, KOrja MoJaeTcs TEIo, u
OH JODKEH MMETh KOHCTPYKIHIO, IIO3BOJSIONIYI0 IIPOIETaTh TIeHEPHPYEMBIM JaJlbHUM
HH(ppaKpacHBIM JIydaM.

[00330] K marpeBaTenpHOMY 3J€MEHTY IIPUMEHSIOT BBICOKYIO Temmeparypy oT 100° C no 1
000° C npu cBEpXBBICOKOH CKOPOCTH, CT€HEpHPOBAaHHBIE NaJbHHE WHPPAKPACHBIC JIYIH HMEIOT
HENPEPHIBHYIO BBICOKYIO TEMIIEpATypy M HPOJETAIOT Ha OOJNBINOE pPacCTOSHHE (HATHHOCTH
1I0JI€Ta), PABHOMEPHO paclpefensisich B OOJBIIOM INPOCTPAHCTBE M BBI3BIBAS PE30HAHC IS
FeHEpUPOBaHHsl BEICOKOH TeMIepaTypehl.

[00331]

[00332] T'oBops Gonee KOBKPETHO, MPUYMHA, II0YEMY HArpeBaTEIbHBIA 3JIEMEHT HE MOXKET
HCIIONB30BaThCs A1 060rpeBa O0JIBIIOro MPOCTPAHCTBA, M IPHYHMHA, 0 KOTOPOH OH 10 CHX 10D
HE pacmnpefenseT TEIUIO pPAaBHOMEPHO, 3aKUIIOYaeTcs B TOM, YTO CYIIECTBYET Ipeaen
TeIuIonepeadl B 60JBIIOM IIPOCTPAHCTBE, IOCKOIBKY CIIOCO0 TEIIonepead OTONMUTENBHOrO
000pynoBaHMs, TaKOro Kak 00OrpeBaTeNb, TEIUIOBOM BEHTHIIATOP M PaIUaTOp, MPEACTaBISET
co6oi c1toco6 NPOBOAUMOCTH WIIH KOHBEKIIMOHHEIH CII0C00.

[00333] [Jins pemeHus 5Tod npoOeMbl HCTOYHHKOM TeIUIa MOJDKHHI OBITH JajIbHHE
HH(pakpacHbIC Ty4H.

[00334] [lanpHue uH}paKpacHBIE JyYd IEpelaloT TEIUIO B BHAE TEIUIOBOTO H3JIYYEHH,
KOTOpO€ MOXET OJHOBPEMEHHO O0OIpeBaTh BCE IPOCTPAHCTBO M OOECIIEYMBATh pPaBHOMEPHOE
HarpeBaHHe B OOJIBIIOM IPOCTPAHCTBE.

[00335] CoOTBETCTBEHHO, €CJIM HAarpeB BBINOJHACTCS. C HCIOJIB30BAHUEM HaIbHHX
uHGpaKpacHBIX JydeH, To Bce Mpobiembl pemarorcs. OMHAKO GONBIMMHCTBO 3JEKTPHYECKHX
HarpeBaTENbHBIX NPOBOJOB M HAarpeBaTENbHBIX 3JIEMEHTOB, pa3pabOTaHHBIX J0 HACTOSIIErO
BPEMEHH, HE MPEICTABILAIOT CO00H crocol reHepanuy JaTbHEX HHQPaKpaCHBIX JIydeid.

[00336] Kpome Toro, s reHepanuM NATbHUX HHQPPaKpacHBIX JIy4yel BakeH MaTepHal

HarpeBaTeJIbHOTO MPOBO/ia (HarpeBaTeIbHOrO JIEMEHTA).
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[00337] HeBo3MOXHO reHepHpOBaTh NANbHHE HH(paKpacHbIC JIy4YH, HCIIOIB3YS OOBIYHBIE
MeTaJUIBl HITH OOBIYHBIE MOHOMETAJLTHI.

[00338] HarpeBaTenbHbIif MpPOBOJ (HArpeBaTENbHBIH 3J€MEHT) C (QYHKIHEH H3ITyYeHHS
JlabHUX MHOpPaKpacHBIX JIydel, HelaBHO pa3pabOTaHHBIH, H3rOTOBNEH U3 yriepona. OqHako B
3TOM HarpeBaTeIbHOM IpOBOJAE NajbHHE HH(pPaKpacHBIE NYYH HE MOTYT YIIE€TETh, H MOTYT
JIOCTUIaTh TOJIbKO nuana3oHa 30-80 cM, u ux 3¢dekra — oUeHb HEJOCTATOYHO, IO3TOMY OH —
MeHee NIPaKTHYEH, YeM OOBIYHBIH TPOBOJHUKOBBIA MM KOHBEKLIMOHHBIN HarpeBaTellb.

[00339] Kak onucaHo BeIIIE, JUIS TOTO, YTOOB! HajibHUE WHPpPaKpacHBIE Ty4H, HCIyCKaeMbie
9IEKTPUYECKHM HarpeBaTe/IbHBIM IIPOBOJOM, HMENH IIPAKTHYECKOE IPUMEHEHHE, IaJbHUE
HH(paKpacHsle Jy4YH JOJDKHBI JeTaTh Ha O0bIIoe paccTosiHUE (HAIBFHOCTE OJIETa) U JIETaTh Ha
paccTosiHge, NOCTaTOYHOE OO0JbIIOe, YTOObl OHM MOITIM OXBaTHTh OOJNBIIOE IIPOCTPaHCTBO,
IIO3TOMY HEOOXOAMMO IOAJEPKHMBAaTh BBICOKYIO TEMIICpaTrypy, KOTOpas BBIIE 3aJaHHOM
TEMIIEPaTyphl MarepHaia, TeHEPHpYIOLIEro NaibHAe HHpPAKpacHbE Jy4H, KOLJa K HEMY
IIpUMEHsETCS TEIUIO. B HacTodIeM JOKyMeHTe, 4eM TeMIleparypa Belie, TeM oHa 3 eKTUBHEE.
B nononnenue K U3NOXEHHOMY, NabHUE MH(pPAKpaCHBIE TYYH TOJKHBI BLIpaGaﬁmaTLc;I Gonee
s¢dexTHBHO, a 3P dexT HaTbHOCTH HojeTa Ha 6OBIIOe PACCTOSHHE JOCTHTAETCS TOJBKO TOra,
KOrja KOHCTPYKLHS CTaHOBHTCS CIIOCOOHON TIeHepHpoBaTh AajbHHE HH(GpaKpacHBIC JIyYH,
cIIocOoOHBIE JIETATh.

[00340] To ecTh, HAWIYYIIMM CHOCOOOM JOCTHKEHHS PaBHOMEPHOTO o6orpé13a B GoJIBIIOM
IPOCTPAaHCTBE SBJIAETCS HAJeJIeHHE HarpeBaTeNbHOrO MpOBOJa (HArpeBaTENLHOTO 3JIEMEHTa)
CIOCOOHOCTHIO COXPaHATh TeMIIEpaTypy Harpepa, o Mensieii Mepe, ot 100° C mo 1 000° C,
IIyTeEM H3TOTOBJICHHS MaTepHallia, KOTOPBIA I'eHepHupyeT JalbHHEe HH(]ppaKpacHbIe Jy4H, Korja
IIPUMEHSETCS TEIUIO, M YTOOBl HarpeBaTeNbHBIA IIPOBOA HMEJ KOHCTPYKIHIO, CIIOCOOHYIO
TeHEpHpOBaTh  Oonblle  JalbHUX  UHOQpPaKpacHBIX Jiydeil, oOmajmarommx  GoJbImei
3¢ PeKTHBHOCTHIO, IIPH OJHOBPEMEHHOM I'€HEPHPOBAHHH BEICOKOU TEMIIEPATYPHI.

[00341] HarpeBartenbHbf mnpoBOJ (HATPEBATENbHEIA 3JIEMEHT) TEHEPHPYET JAllbHHE
vHbpakpacHsle Jy4d C JAIBHOCTBIO TI0JieTa Ha OOJIbIIOE PAacCTOSHHE TOJBKO TOTAA, KOraa
HarpeBaTelnbHBIA IIpOBOA, (HarpeBaTeNbHBIA D3JEMEHT) C BEHINCYKa3aHHOM KOHCTPYKLHEH
cHabxaeTcsd 3JIEKTPHYECTBOM VI I'€HEpalluH TeIUla, TaKuM oOpa3oM, oOOTrpeB MOMEIIEHHUS W
PaBHOMEPHBIM HarpeB MOTYT BBIIOJIHATHCS TEIUIOBBIM U3ITyYCHHEM.

[00342]

[00343]  KoHkpeTHBIH CmOCO6 HM3rOTOBJIEHHS HarpeBaTelTsHOrO IpOBOAA (HArpeBaTeNHHOTO
3JIEMEHTA), YIOBIETBOPSIOIINIA BCEMY H3TI0XKEHHOMY, 3aKIFOYAETCS B CIIEMYIONIEM:

[00344] Bo-nepBhIX, B KayecTBE IMEPBOro YCJIOBHA MaTepHal JO/DKEH H3IydaTh OOJBINOE

KOJINYCCTBO AdaJIBHUX nncbpaKpacnblx queﬁ IIpH HpI/IMCHeHI/II/I TC1jia, U MaTCpI/IaJII:I JOJIXKHBI
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OBITH CIOCOOHHI BBIICP)KHBATh BBICOKOTEMIIEpaTypHOE Teruio B nuana3one ot 100° C go 1 000°
C B TeyeHHeE JUINTENHHOTO MEPHOa BpeMeHH. B kauecTBe MaTepuana, YAOBJIETBOPSIOIIETO BCEM
3THM YCJOBHMSM, MOXET OBITh HCIOJB30BAaH MaTepual, IpPeJCTaBICHHBHIH B BapuaHTe 7
OCYIIECTBJIEHUS HACTOSIIETO H300PETEHMS.

[00345]

[00346] [lanee, B kayecTBE BTOPOI'O YCIIOBMSI, HAarpeBaTENIbHBIA 31E€MEHT NOJDKCH HMMETh
KOHCTPYKIIMIO, CIIOCOOHYIO TI'€HEepHpOBaTh Oonbllle JaJbHUX HHQPpPAKpacHbIX Jydei,
obnaparomux Oospinedt 3¢ PEKTHBHOCTBIO, IPU OJHOBPEMEHHOM TI'€HEPUPOBAHMHM BBICOKOM
TeMrepaTypsl. HarpeBaTtenbHbIil 3IEMEHT, H3TOTOBJICHHBIH 110 BapHaHTaM -7 OCyIecTBICHUS
HACTOSAINET0 U300peTeHus, 00aaeT KOHCTPYKIUEH, peau3yronei oty ¢yukmuio (3¢ dexr).
[00347] 3r0 cBsi3aHO ¢ TeM, YTO MaTepHall, U3My4arolldii O0JpIoe KOJIUYECTBO AATBHHX
HH(ppakpacHbIX JIydeH, HMEIOMHUX AATLHOCTD MOJETa Ha 6OJLIIOE PACCTOSIHHE IIPH BO3ACHCTBUH
BBICOKOM TeMIlepaTyphl, IpeBpallacTCs B YPE3BHIYAHO TOHKHE CBEPXTOHKHE IPOBOJA, TAKHM
o0Opa3oM, nanbHUE HH(paKpacHble JYYH HCIYCKAIOTCS HW3HYTPH HarpeBaTelIbHOro NpoBOAa B
Cpeny, OKpYXAlOIIyl0 CBEPXTOHKHM IpOBOJ (€CNd IUIOHIanh IONEPEYHOro CEeYeHHs
HarpeBaTeNbHOTO IPOBOJIa — BEJIMKA, TO JaXe ecloM JajbHue HHQpaKpacHble Jydd
TeHEpUpPYIOTCS B HarpeBaTeIbHOM IPOBOAE, BEPOSTHOCTH HX YACPXKHBaHHS B CaMOM
HarpeBaTelb-HOM INPOBOJE yBeluuuBaeTcs). KpoMe TOro, MOCKONBKY JanbHHE HHQPpaKpacHbIe
JYy4d CIIOCOOHBEI JIETKO YIEPXKHUBATh BBICOKYIO TeMIEparypy (HarpeBaTeNnbHBIH 3JIEMEHT IO
HACTOSIIIEMY HU300peTeHuIo, obecreYrBaroLIHi CBEPXBBICOKOCKOPOCTHOE H
CBEPXBBICOKOTEMIIEPATypPHOE HarpeBaHUE), TO B pe3yJibTaTre 3TOT0 YBEIHYHMBAcTCS aMIUIMTyAA
KoneOaHui OBM)KCHHS aTOMOB JI0 TeX HOp, MOKa JajdbHUE HH(QpaKpacHBIEC JIydd MOTYT JieTaTh
JTaJIeKo. ‘

[00348]

[00349] [anee, B  KauecTBe TpPEThErO0  YCJIOBHA,  HarpeBaTeNIbHBIA  3JIEMEHT,
YAOBJIETBOPSIOMKN NEPBOMY YCJIOBHIO M BTOPOMY YCJIOBHIO, JOJDKEH I'€HEPHPOBATH BBEICOKYIO
TeMneparypy Temwia B quanazoHe or 100° C go 1 000° C. [Ins [OCTHIXKEHHS TaKoro
BHICOKOTEMIIEPATYPHOTO ~ HarpeBa  CIIOCOO  HM3rOTOBJIEHWS  HArpeBaTelbHOTO  3IEMEHTA
3aKJII0YAeTCs B CIEAYIOMEM:

[00350] Kakx omucaHo BB, CIOCOO HCIIOJNIB30BAHUS HArpeBaTENBHOTO 3JIEMEHTA,
H3TrOTOBJIEHHOTO B BapHaHTax 1-8 OCyIiecTBIEHUS HACTOSINEro W300pETEHHS, BEIITOIHEH TaKUM
00pa3oM, 4TO IIOCJIE TOrO, KaK HarpeBaTe/IbHBIA 3JEMEHT M3TOTOBJIEH NMYTEM PETyIMPOBaHUS
TeMIIEpaTyphl CaMOI'0 HarpeBaTENILHOTO AIIEMEHTA IO TEMIIEPaTypHOro JHana3oHa, TpedyeMoro

B OONACTH TEXHHWKH, HArpeBAaTENbHBIA DOIEeMEHT pa3pesaloT Ha 3aJaHHYI0 JUIMHY JUIS
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U3TOTOBJICHHS CEKIMH, @OpHYeM OJHA CEKIHs SBISIETCS OJHOM IeNmbio, a MHOXECTBO
CEKLMOHHBIX IeNel COeqUHSIOT IApAJUIENBHO IPYT € APYTOM.

[00351] Cpenu 3THX cO0COGOB NPU HHIAUBHAYAIEHOM HaCTPOMKE HarpeBaTEIbHOTO 3JIEMEHTA
IIyTeM peryjiupoBaHuss TpeOyeMoro TeMIIepaTypHOTO HOMala3oHa CYIECTBYET CIOCOO
U3MEHEHHs 3HAYEHMS 3JIEKTPUYECKOr0 TOKA, IPOTEKAIOIIEro B HarpeBaTeIbHOM 3JIEMEHTE, IS
peryjJupoBaHMs I€JeBOM TeMIepaTypbl HarpeBa, H, B YaCTHOCTH, MOXHO H3TOTOBHTH
HarpeBaTelbHbIA JJIEMEHT, KOTOPBI reHepupyeT Temno ceie 100° C, myrem mpomyckaHus
JIEKTPUYECKOT0O TOKa CHIION 3 A.

[00352]

[00353] T'oBops KOHKpeTHee, €CIM JKENaTeNbHO, YTOOKI TeMIleparypa HarpeBaTeIbHOIO
aneMeHTa cocranisuia 6onee 150° C npu ucnons3yeMoM 3Ha4YeHUH HanpspkeHus, 220 B, To, Bo-
IIEPBBIX, IIOCIIE TOI0, KaK HalpsDKEHHE co 3HadeHueM 220 B noJkimoueHo K HarpeBaTeIbHOMY
JIEMEHTY, M3TOTOBJICHHOMY B BapHaHTaX 1-8 ocymiecTBieBHUS HacTOSINEro n366peTean pu
YJIOBIETBOPEHHH NMEPBOIO YCIOBHS U BTOPOTO YCJIOBHS, MPOIYCKAIOT DJIEKTPHUYECKUH TOK IJist
MU3MEpPEHHUsl TEMIIEPATyphl HarpeBa NpH PEryjIMpoBaHUU 3HAUCHUS] CONPOTHBIICHUS, U 3HAYCHHUE
3JIEKTPHUECKOT0 TOKa M3MEPSIOT BO BpeMsl YCTOHYHUBOro Harpesanus npu 150° C.

[00354] [anee, onpenensioT TpeOyeMyIo JJIMHY HarpeBaTeIbHOIO MPOBOJA B OIPEIEIICHHOM
MecTe.

[00355] [anee, uroOBl BHIICPKUBAaTh HarpeBaTeNbHBINA IfpoBOJa IpH Temmeparype 150° C,
IIOJIy4eHHOH OT cOOCTBEHHOro MarepHaia Ha TpeOyeMoit anuHe HarpeBaTem;Hofo IIPOBOJA, TO
JOJDKEH TeUb DJEKTPUUYECKHI TOK C M3MEPEHHBIM 3HaueHHeM. YToOBI TOCTHYE 3TOro, 3HaUYeHHe
pabouero HanmpspKEHHUS JENST Ha W3MEPEHHOE 3HAYEHHE DJIEKTPHYECKOro TOKA IS BEIYMCIICHHUS
TpeOyeMOoro 3Ha4eHHS COIPOTHBIICHHS, M KaK TOJBKO IOJIY4alOT OKOHYATEJILHOE 3HAYCHHE
COIIPOTHUBJICHHUS, HarpeBaTENIbHbIN 3JIEMEHT 3aKPEIIAIOT ¢ 3TUM 3HAYCHHEM CONpPOTHBIICHHS U
HHIMBUOYAIHHO HACTPaWBaIOT IO BapHaHTY 2 OCYIIECTBICHUS HACTOSINEro H300peTeHHs, a
3aTeM HarpeBaTelbHBIN 3JIEMEHT pa3pe3aroT Ha 3aJaHHYIO JUIMHY U1 U3TOTOBJIEHHS CEKLMH, U
MHOJKECTBO CEKI[HOHHEBIX IIeTIel UCTIONB3YIOT B IapajlIeIbHOM COCIMHEHHUH APYT C APYTOM.
[00356] Hampumep, npocTpaHCTBO TEIUIMIBL, HMEIOHEeH Oonbmoe upoéTpaHCTBo U1
KyJIbTUBUPDOBAaHUS  CEIbCKOXO3SMCTBEHHBIX  KyJIbTYp, JOJDKHO OBITH  oOorpero, H
MIpeNIoiaraeTcsi, 4YTo IPOCTPAHCTBO HEoOXomuMO o0orpeTh nyTeM NIpPOKIaJKH IydKa
(HarpeBaTeNPHOrO IMPOBOAA), KOTOPBIA IOANEpXKUBAacT Temmeparypy 150 ° C g Kaxmoi
60po31pl, [UIMHA KOTOPOTO COCTaBIIIET 55 M, IOTOMY KOIJia HalpspKkeHue co 3HayeHueM 220 B
[I0/IaeTCs C UCHOJIb30BaHHEM HarpeBaTelNbHOTO 3JIEMEHTa, W3TOTOBJIEHHOTO 1O BapuaHTaMm 1-8
OCYLIECTBIICHHs HACTOSIIEro M300pEeTEeHHs JUIL TOro, YTOOBI BEI3BATh IPOTEKAHHE IOTOKA

QJICKTPAYCCKOro TOKa cuio 4 A qepes HanCBaTeJIBHLIﬁ JJIIEMCHT, U KorJa HarpeBaTeJIbHBIﬁ
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3NIEMEHT HENpEPBIBHO Harpesaercs Ipu Temmeparype 150° C, To 3HadeHHE CONPOTHBICHHS
coctaBiseT 220 B +4 A =55 Om.
[00357] B HacrosmeM NOOKyMEHTe, KOrja JIMHA TpeOyeMOoro HarpeBaTelbHOro IPOBOJA
(HarpeBaTeIbHOTO 3JIEMEHTA), KOTOPHIH IPEIIoaracTcs UCIONb30BaThCsA, COCTABIAET 55 M, TO
HarpeBaTeNbHBIA  3NEMEHT HHAWBHAYAIbHO HACTPaMBAKOT TaKUM  o0pa3oM, 4YTOOBI
HarpeBaTelIbHbI JJIEMEHT MMeJl 3HadyeHue conpoTuBieHHs 1| OM Ha MeTp, HOCPEACTBOM
croco6a MHIUBHAYAITbHOW HACTPOWKH 3HAYCHMs CONPOTHBIICHHS B BapHAHTE 2 OCYIECTBIECHHUS
HaCTOSIIEro U300peTeHus, a 3aTeM HarpeBaTeNbHEIN 3JIEMEHT pa3pe3atoT Ha JIUHY 55 M, 9ToOh
IONyYUTh CEKLMH, M OAHA CeKUus OyAeT HpeAcTaBisATh COOOM ONHY IieNb, W ONpPEAENSIOT
CKONBKO CEKIMH TpeOyeTcsl IUIsi KOHKPETHOrO0 MecTa, a 3aTeM, KOrAa HCIOJb3YIOT MHOXECTBO
CeKLUH, KOTOpBIE COECNUHEHBI NapajUle]IbHO JAPYr ¢ JPYrOM, TO BO BCEX HarpeBaTEJbHBIX
IPOBOJAX, YCTAaHOBJIEHHBIX B KOHKPDETHOM MECT€, OJHOBPEMECHHO IMOIAEPKUBACTCA
‘
teMueparypa 100° C.
[00358] CootBeTcTBEHHO, GOJNBIIOE KOJIHYECTBO JANbHHX HHQPAKPACHBIX nﬁeﬁ, HECYIIUX
TEIUIO NIPH BBICOKOH TeMIlepaType, MMEIOT JaJbHOCTh IOJIeTa Ha OOJIbIIOE pPacCTOSHUE, H
TeHEPUPYETCS H3IydeHHe B OOJIBIIOM KOJIHYECTBE, IIO3BOJISIA OOOTPETh BCIO TEIUIMIY JAbHUMHM
HHGpaKpacHBIMH JIydaMH (TEIUIOBBIM H3TydYeHHEM), H B TO X€ BPEMS BO3MOXEH PABHOMEPHBIH
oborpes. '
[00359]
[00360] B pesynpTare SKCIIEpUMEHTHPOBAHHS C HArpeBaTEIbHBIM SJICMCHTON:I B Pa3IMYHBIX
06J1aCTAX TEXHHKH, B COOTBETCTBHH C BAPHAHTOM OCYILECTBJICHHS HACTOSIIErC H300pEeTEHMs,
KOTJa TeIIo reHepupyercsd U noaaepxuaercs npu temneparype 100° C wmu Bemme u 1 000° C
WM HIDKE, TO JaJbHHEe HHQpaKpacHBIE JIyYH, HMEIOIHE BHICOKYIO TEMIIEPaTypy, JETAlOT Ha
OonpHIMe pacCTOSHUSA, M BMECTE C TEM OHH IPOHHKAIOT B J000€ IIHPOKOMACIITaOHOE
IIPOCTPAHCTBO C IIMPOKHM €0 OXBaTOM, H OCYIIECTBILIETCS JTYYHCTHIH HarpeB (pe30HAHC HM3-3a
JanpHMX HH(QpaKpacHBIX Jydeit). bnaromaps sTomMy npuHIMIY, paBHOMEpHOE 0OOTrpeBaHHE B
OOJIBIIOM IIPOCTPAHCTBE BO3MOXKHO.
[00361] CooTBeTCTBEHHO, B YAaCTHOCTH, BAXHO HArpeTh HArpeBaTelbHBIH 3IEMEHT, B
COOTBETCTBHM C BapUaHTOM OCYIIECTBIICHUS HACTOSIIETO H300peTeHHs, , 10 BBICOKOMH
TEMIIEpaTyphl, COCTaBIAIoONmEeH Temmneparypy Beime 100° C, um s NOCTHXKEHHS 3TOro, IO
MEHBIIEH Mepe, JNEKTPUYECKHH TOK CHIOH 3 A JOIDKEH IPOXOAMTH Yepe3 HarpeBaTeIIbHBIA
3JIEMEHT, COIJIACHO BapHAHTY OCYHIECTRIICHUS HACTOSINEr0 H300peTEHHUA.
[00362]
[00363] Cpenu HarpeBaTenbHBIX 3JIEMEHTOB, H3TOTOBJIEHHEIX 110 3TOMY CHOCO0Y, MpUMEPOM

HarpeBaTeIbHOTO JIEMEHTA, IPUTOJHOTO Ul 000rpeBa MpOCTPAHCTBA, IBIETCA CIEAYIOIIee:
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[00364] DBo-nepBbix, YTOOBI MOJYYHTh HArpeBaTENbHBLIA 3JIEMEHT, HM3TOTOBJIICHHBIH I10
BapHaHTy § OCYIIECTBIECHUS HACTOSIIEr0 U300OpPETEHHS, B KAYECTBE HArpeBaTeIbHOTO IPOBOIA
JUis 3HadeHus HanpsbkeHHs 220 B, HarpeBarenbHBIM HPOBOJI CO 3HAYECHHWEM COIIPOTUBICHUS 2
OwMm (Ha 1 M JUIHHBI HarpeBaTENBHOTO IEMEHTA) pa3pe3atoT Ha JUIMHY 31 M Takum o6pa3oM, 4To
Korja IIONAIOT DJJEKTPHYECKMH TOK CO 3HA4YeHHeM HampspkeHus 220 B cunoir 3,1 A,
HarpeBaTeJIbHBIH IPOBOJ HENPEPHIBHO MojanepxuBaetT Ttemneparypy 150° C (u3mepeHHoe
3HaYEHUE B COCTOSHUHM aKKyMYJIMpOBaHHMs Temna), 6iarojgaps yeMy oH oueHb 3G (heKTHBEH IS
oborpeBa 60JBIIOr0 MPOCTPAHCTBA U PABHOMEPHOT0 000rpeBa GOJIBIIOTO MIPOCTPAaHCTRA.

[00365] Bo-BTOphIX, 4YTOOBI IIOJYYHUTh HarpeBaTeNbHBIA 3JEMEHT, M3rOTOBJICHHBIH IO
BapHaHTy 8 OCYIIECTBJICHHS HACTOSIIEr0 M300PETEHMS, B KA4eCTBE HArpeBaTelbHOIO MpOBOJA
IUIs 3HadeHHUs Hanpspbxkeus 220 B, HarpeBaTenbHBIA IPOBOJI CO 3HAYECHHUEM CONPOTUBJICHHS 2
Owm (#a 1 M UIMHBI HarpeBaTEeNILHOTO JIEMEHTA) pa3pe3aloT Ha JUIHHY 23 M TakuM 00pa3oM, 4To
KOrjia IIOJar0T JJIEKTPHYECKMH TOK CO 3HaueHuem HampspxeHueM 220 B cumoii 4,2 A,
HarpeBaTelbHBIA IIPOBOJA HENPEPHIBHO NoAnepxHBaeT Temmneparypy 230° C (u3MmepeHHOE
3Ha4YCHHE B COCTOSHUH aKKyMYJIMpOBAHHUSA TeIlIa), O1arosapa 4eMy oH o4eHb 3Q¢GEKTHBEH IS
oborpesa 60JBIIOro NPOCTPAHCTBA M PABHOMEPHOr0 000rpeBa GONBINOro MPOCTPAHCTRA.

[00366] B-Tperhbux, YTOOBI IONYYHUTh HArpeBAaTEIbHBIA JJIEMEHT, H3TOTOBIEHHBIA I10
BApHAHTY 8 OCYIISCTBICHMS HACTOSIIEro M300pETeHHs, B Ka4eCTBE HAIPEBaTebHOrO IPOBOAa
Uil 3HadeHus HanpspbkeHus 380 B, HarpeBarenbHBIN IPOBO)I CO 3HAYCHHEM CONMPOTHBIICHUA 2
Owm (Ha 1 M IUTHHBI HarpeBaTEeILHOTO 3JIEMEHTa) pa3pe3aroT Ba AIHHY 55 M Tang 00Opa3oM, 4To
KOrJa IIOJAIOT 3JIEKTPUYECKHM TOK cOo 3HaueHHeM HampspkeHus 380 B cumoit 3,1 A,
HarpeBaTeNbHBIM IIPOBOJ HENpPEpPHIBHO nojaiepxuBaeT temmeparypy 150° C (u3mepeHHoe
3Ha4YEHHE B COCTOSHUH aKKyMYJIHMpOBaHHS TeIlia), Oaroaps 4eMy OH OueHb d¢eKTHBeH st
oborpeBa 60IbIIOT0 NPOCTPAHCTBA U PABHOMEPHOTro 060rpeBa 6OJIBIIOro MPOCTPAHCTRA.

[00367] B-uerBepThIX, YTOOBI NOJYyYHTH HArpeBaTCIIBHBLIM 3JICMEHT, H3rof03neHHLII7I o
BapHaHTy 8 OCYIIECTBJICHHS HACTOSAILIEr0 M300PETEHHS, B KAYECTBE HArpeBaTeJIHHOIO MPOBOJA
JUIs 3HadeHus HanpspbkeHus 380 B, HarpeBaTensHBIA MPOBOJ CO 3HAYCHHEM CONPOTHBIICHHS 2
Om (Ha 1 M JUTHHBI HarpeBaTEIFHOTO JIIEMEHTA) pa3pe3atoT Ba 1muHy 40 M TakuM 06pasoM, 9To
KOTZla IOJAIOT JJICKTpPHYECKHMH TOK co 3HaueHueM HanpsokeHus 380 B cumoit 4,2 A,
HarpeBaTeIbHBIM IIPOBOJ, HENpEPHIBHO moanepxuBaeT Ttemmepatypy 230° C (u3MepeHHOe
3HaYEHHE B COCTOSHHH aKKyMYJIMPOBAHHUS TEIUIa), OJlaroqaps 4eMy OH O4YeHb 3(deKTHBeH AJis
oborpesa 60JBIIOT0 IPOCTPAHCTBA U PABHOMEPHOTO 000rpeBa GOJIBIIOro MPOCTPAHCTBA.

[00368]

[00369] Ilaryro m mecTyro IpoOIEeMBI NPEAUIECTBYIOMETC YPOBHSI TEXHUKH MOXKHO PEIIUTH,

B COOTBETCTBHH C BAPHAHTOM | OCYINECTBIIEHUS HACTOSINETO U300pETEHHS.
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[00370]

[00371] <BapwuaHT 2 oCyIIeCTBICHHS HACTOSIIETO H300peTEHH™>

[00372] CormnacHo nepBoMy criocoOy (BapHaHT 2 OCYIIECTBICHHS HACTOSINETO H300pETEHH)
MOXHO IIOJIyYUTh HArpeBaTelIbHBIM D3JE€MEHT, KOTOpBIH paboTaeT Nmpu HU3KOM 3HAYEHHH
HanpsokeHHs. (ocobeHHO, 24 B wmnm HuXKe), YTO paclIupseT AHAIIa30H HCIOJIB30BAHMS
HarpeBaTeIbHOIO 3JIEMEHTA A0 HarpeBa, CBSI3aHHOTO C (POTOIJIEKTPUIECKAM MOIYJIEM.

[00373] B BapuanTe 2 OCYIIECTBICHHS HACTOALIETO H300PETEHHs 3HAYCHHE CONPOTHBIICHHS
Ha 1 M JJMHBEI HarpeBaTeNbHOIO 37eMeHTa yMeHbmaeTes 10 10 OM win HHXe, TaKuM 00pa3oM,
3HAYEHUE HANPSDKCHHS HCIOJIb3YEMOr0 JJIEKTPUYECTBA MOXET HCIIONIB30BATHCH KaK HH3KOE
3HaueHHe HanpsokeHus (ocobenHo, 24 B unu HuXxe).

[00374] To ecTh, BapuaHT 2 OCYIIECTBJICHUS HACTOSILETO H300pETEHHUS NPEACTABISET COO0M
CIIoCO0, IO KOTOPOMY HAarpeBaTeIbHbI 3JIEMEHT, H3TOTOBJICHHBI B COOTBETCTBHH C
BBHIIICOTIMCAaHHBIMI BapHaHTaMH 1-8 OCyIIeCTBIEHHS HACTOAIIEro H3o6pefennx, MO>XXET
UCHONB30BaTbCd TaKUM 00pa3oM, 4YTO IIOCIE€ TOrO, KaK HarpeBaTeNIbHBIM 3JIEMEHT OBbLI
U3rOTOBNECH [UI1 paboThl (CHM)KEHME 3HAYEHHs CONPOTHBIICHHS) B JKENAEMOM HAIa30HE
3HAYEeHHH HM3KOro 3HAYeHHs HampshKeHus (Hanpumep, 50 B wmm Huxe), HarpeBaTeNbHBIH
3NIEMEHT pPaspe3aloT Ha 3aJaHHYIO JIMHY [UIS H3rOTOBJICHHS CEKLIMH, MpPHYEM OJHA CEKIIHS
SBJISETCS OJHOM LEMbIO, 3 MHOXECTBO CEKLHOHHBIX LeNeH COEIUHSIOT MapalieNbHO APYT C
JApYrOM M HCIONB3YIOT IIyTeM INOIKIIOYEHHUS K MCTOYHHUKY 3.1€KTPONHUTAHHS HHU3KOTO 3HAYCHHUS
HaIIpsKEHHs, KOTOPBIN IIOAAET 3JEKTPUYECTBO C HU3KUM 3HAYECHUEM HaIIPSKEHHS.

[00375]

[00376] Mexny TeMm, B qacmocrn, HarpeBaTe/IbHBIA 3JIEMEHT SBIsIeTCs Oonee Ge30macHBIM
11 paboOTHI B yCIOBUSX HA3KOTO 3HAYCHUS HANPSDKCHUS, ¥, B YACTHOCTH, IIPH3HAHHBIM BO BCEM
Mupe 0e30N1aCHBIM 3HAYEHHUEM HAIPSDKEHHS ABJISECTCA 3HAYCHHUE HAIPKeHHS 24 B wiu Huxe,
MOIIIHOCTh IIOCTOSHHOTO TOKa HE TIeHepHpyeT 0co00 OIacHOro MarHuTHOTO ﬁons{ BpEIOHBIX
3NEKTPOMAarHUTHERIX BOJIH.

[00377] Ucxoms u3 3TO0rO, IUIA TOTO, YTOOBI IOJIYYHUTH HarpeBaTenbﬁmﬁ 3JIEMEHT,
paboTaromuii B JHana3oHE 3HAYCHHH HHM3KOrO 3HAYCHHS HANPSHKEHWS, KOTOPBIHA SIBIISETCS
Oe3BpeIHBIM I YEeJIOBEYECKOro OpraHu3Ma (1o MeHbIIeH Mepe, MeHee BPeIHBIM), HEOOX0uMO
UCIIONB30BAaTh HAarpeBaTENbHbIH 3JIEMEHT, M3TOTOBJICHHBIH IMyTEM 3HAYUTEILHOTO YMEHBIIICHHUSA
3HA4YCHMsI CONPOTUBIICHUS HarpeBaTeIbHOro JIEMEHTA.

[00378]

[00379] Taxkum o6pa3oMm, Korma TpeOyeMmblii IOWama3oH HH3KMX 3HAYCHHH HaAIIPSHKEHHS,
KOTOpBIA [OJKEH HCHONB30BAThCs, SBIAETCS HHU3KMM, TO 3HAYEHHE CONPOTHBIEHHS

HAarpe€BaTecJIbHOrO 3JIEMCHTA IOJIKHO OBITH YME€HBHICHO COOTBECTCTBCHHO, TaKAM 06pa30M,
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XKeJaeMbIii 00BEM 3NIEKTPHYECKOTO TOKA MOXET IOJaBaThCs Ha HArpeBaTENIbHEIM DIIEMEHT Jaxe
IIpY HU3KOM 3HA4YCHUH HampspkeHus. Korza snekTpuueckuit TOK B HarpeBaTENbHOM 3JIEMEHTE
TedeT IJIaBHO, TO BBITONHsETCS paboTa 110 Harpesy.

[00380] Kpome Toro, s Toro, 4ToOb CHH3UTH 3HAYCHUE CONMPOTHBIICHHS HArpeBaTEILHOIO
3JIEMEHTa B Crocobe MHAMBHIyaTbHOH HACTPOWKH BapHaHTa 2 OCYIIECTBICHHS HACTOSIIETO
u300peTeHns, CyMMapHOe 3HaYeHHe CONPOTHUBIICHUS CBEPXTOHKOIO IPOBOJA PETYIHPYETC IS

CHFDKEHHS 3HAYEHHS CONPOTHUBIIEHUS HarpeBaTeIbHoro snemenrta 3= H & Cf,

[00381] Hanpumep, ecnu HarpeBaTeIBHBIN 3J€MEHT TpeOyeTcs HCIOJB30BaTh B KAaYeCTBE
MaTepHaiga A1 o0orpeBa IPOCTPaHCTBA BHYTPH 3JaHUM, a HCTOYHHK 3JIEKTPOIHEPTHH
HCIIOB3YETCs U1 HEOCPEICTBEHHOIO NOIKIFOYCHUSA K CONEEIHON HOTOINEKTPHYECKOH TUIaTe,
TO 3JIEKTPHUYECTBO, TI'€HEPUPYEMOE COJHCYHHIMH OaTapesMH, TPOU3BOAMUT IMOCTOSHHBIN
SJIEKTPUYECKHH TOK CO 3HaueHHWeM Hanpspkenuss 1,5 B B onHoit Oatapee — OOBIYHO B
aKKyMYJIATOpHOH Oartapee, W KOrja 3HA4YCHHE HANPSKCHWS H3JYYCHHSA CTOPOHBI BTOPOIO
KOHTypa aKKyMyJIATOpHO# Oatapeu cocraBisieT 24 B, a MOIIHOCTh Harpesa, CBSA3aHHOIO C HEH,
cocrasisier 600 BT, To cuna snekrpuueckoro Toka cocrasisger 600 Br +24 B = QS A, no3romy
JJIEKTPHYECKUH TOK CHIIOH, IO MEHbIIEH Mepe, 25 A IOJMKEH Tedb K HarpeBaTeIbHOMY
JJIEMEHTY, YCTAaHOBJIEHHOMY sl oborpeBa 3aHHs, M HarpeBaHHE BO3MOXXHO C TEIUIOBOM
|
Harpy3ko#t 600 Bt.
[00382] Onnaxko Juls IPOILyCKaHUS 3JEKTPHYECKOTO TOKA CHIIOH 25 A vepes Ha‘.I’pCBaTCJILHBII‘;I
9JIEMEHT NP 3HAa4YeHWM HampspkeHust 24 B, 3HayeHHWe CONPOTHBIICHHS HarpeBaTeIbHOTO
3JIEMEHTA JOJDKHO cocTaBiATh 24 B + 25 A =0,96 Om.
[00383] To ecrp, mocie HWHAMBHIYAIbHOM HACTPOHMKH HAarpeBaTeIbHOTO JJIEMEHTA Ha
3HageHue conpoTtusieHus 0,96 OM Ha 1 M JUTMHBI IO BapHaHTy 2 OCYIIECTBIECHHS HACTOSIIETO
H300pETEHHS, W HarpeBaTeNbHBIH 3JIEMEHT pa3pe3aloT Ha INHHY 1 M s oOpa3zoBaHHs OQHOMH
LEMH.
[00384] Ognsako TpaAHUIMOHHBIE HArpeBaTeNbLHBIC 3JEMEHTHI HE HMEIOT TeXHonornn s
CHIDKEHHUS 3HAYEHHUS CONPOTUBICHUS HArpeBaTeNbHOTO 3JIEMEHTa, IOXTOMY B HHX HENb3s
CHHU3UTH 3Ha4CHHS conpoTuieHus Hmwxe 30 OM npu mmHE 1 M.
[00385] CooTBETCTBEHHO, €CNIM HarpeBaTeNbHBIN DJIEMEHT HMEET 3HAYCHHE CONPOTHBIICHHS
30 OM, 1o a3nekTpHueckuii Tok cmiod 24 B + 30 Om = 0,8 A TedeT K TpPagHLHOHHOMY
HarpeBaTeIbHOMY 3JIEMEHTY, U €CIIH IpeoOpa3oBaTh €ro B BEIMYMHY MONIHOCTH, TO MOIIHOCTD
cocraBuT 24 B x 0,8 A = 19,2 B, 1 MoXeT ObITh JOCTUTHYTA TOJBKO OHA TPETH JKeJIaeMOM
1LIeJIEBOH TennoBoi Harpy3ku — 600 BT, B pe3ynpTaTe 4ero 3aHie HEBO3MOXKHO 000TpETh.
[00386] Ecim HeoOxomuMoO creHepHpoBaTh HarpeB MomHOCTEIO 600 BT, TO TpaauuoHHbIH

HAarpeBaTeNbHbIA 3JIEMEHT, UMEIOmMH 3HadeHue compoTumieHds 30 Om mHa 1 M mIHHEL
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pa3pe3aroT Ha JANUHY 3 ¢M, a ero 31 TOKOIIPOBOASIIHE XKIJILI COETUHEHBI MapajIeNbHO JIPYT C
JIPYTOM.

[00387] BrimosHEHKE BBINECYKA3aHHONW PE3KH 3HAYUTENIFHO CHH)KAET IPAKTHYHOCTD H JIE/IaeT
HEBO3MOXHBIM M3TOTOBJICHHE IIPOYKTA.

[00388]

[00389] CooTBETCTBEHHO,  BHU3KOBOJBTHBI  HAarpeBaTENbHBIA  JJIEMEHT  SIBJISCTCS
KOMMEPYECKH JXM3HECIIOCOOHBIM, TOJBKO €CIIH OH MMEET 3HAa4Y€HHE COMPOTHBIEHHS, IIO
Menpiieli Mepe, 10 OM M HMXe Ha | M JUIMHBI, a IIPH H3TOTOBJIEHHMH HArpeBaTeNbHBIX
3JIEMEHTOB Ul HHM3KOBOJBTHBIX IPUMEHEHHUHM, HEOOXOAUMMO, INpEXAe BCEro, IPOH3BOIUTH
3HAYEHHS COMPOTUBIIEHHS, KOTOPHIE COCTABIISIIOT, 0 MeHbIIeH Mepe, 10 OM mim Huxe Ha 1 M
JUIMHBI.

[00390]

[00391] [anee, nns TOro, YTOOBI HArpeBaTEILHBIN 3JIEMEHT HUMEN 3HAUCHHE donpomBneHns{
10 OM mmu Hmwxe Ans paboThl NpH (GAKTHYECKOM HHU3KOM 3HAYCHUM HAIPSIKCHHUS, BAXKHO
HOJIKIIIOYHTh €r0 K MCTOYHHKY JJEKTPOIMTaHMs, KOTOPBIH MOXET MOJaBaTh HU3KOE 3HAYECHHE
HanpsokeHus. HH3KOBONBTHEIM HMCTOYHMK 3JEKTPOIHMTAaHHS MOXET HCIONb30BAThCA IPH
NOJKIIOYCHHH K HHM3KOBOJIBTHOMY TpaHCcopMaTopy HEpeMEHHOTO TOKA, HH3KOBOJBTHOMY
ajanTepy MOCTOSHHOI'O TOKA, aKKyMYJSITOPHOM Oarapee, CHCTeMe aKKyMYJIMPOBaHHS JHEPTrHH
(ESS), poToanexrpuyeckoMy MOLYIIO (IIaHETb CONHEYHBIX 37IEMEHTOB) WK K 000OPYAOBAHHIO C
doToranpbBaHHYECKUM MoOIyneM (IaHeNlb COJIHEYHBIX HJIEMEHTOB), nonxﬁmquHOMy K
aKKyMyJISITOpHO#M OaTapee wnu ESS.

[00392]

[00393] Kpome TOro, B YaCTHOCTH, HarpeBaTEJIbHbIM JJIEMEHT ABIACTCS 60née Oe30macHbIM
IU1s paboTHI B YCIIOBUSX HU3KOTO 3HAUEHHS HANPSDKEHUS, M, B YaCTHOCTH, IIPH3HAHHEIM BO BCEM
Mupe 6e30MacHbIM HaPSHKEHUEM SBISETCS 3HAYCHHE HaNpsDkeHUus 24 B win Hibke, H MOIIHOCTD
IIOCTOSIHHOTO TOKa HE TeHEpUpyeT o0co00 ONacHOrC MAarHUTHOTO TOJNS  BPEIHBIX
3JIEKTPOMAarHUTHBIX BOJIH.

[00394] Ha ocHoBaHMH 3TOr0 B HACTOSIIEM H300PETEHHH CpEeIM 3HAYCHUH HH3KOTO
3Ha4YeHUs HANPsDKCHHS IIPEANOYTHTEIBHO HCIHOJNIB30BaTh HArpeBaTENbHBIH JJIEMEHT CO
3HayeHHeM HampspkeHus 24 B wim Huke, M OCOOCHHO IIPEONOYTHTEIIHHO HCIIOJB30BaTh
HarpeBaTeIbHBIN 3JIEMEHT I IOCTOSTHHOTO TOKa IpH HanpspkeHuH 24 B wiy Hibke.

[00395] Hanpumep, anis co3aanus HarpeBaTeIbHOTO JIEMEHTa, KaK IS MCTOYHHKA ITHTaHHS
IMEPEMEHHOr0 TOKa, TaK M JJI1 KMCTOYHMKA [HMTAaHUS IIOCTOSHHOIO TOKA TNPH 3HAYCHHH
HanpsokeHUs Hmxke 24 B, HarpeBaTeNbHBIM 3J€MEHT H3rOTABIHBAIOT B COOTBETCTBHH C

BapHaHTaMH 1-8 OCYHICCTBJICHHA HACTOSHICTO H306peTCHH5I, 3HAUCHHUE JJICKTPUYECKOI'O TOKa,
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KOTOPBIA JIOJDKEH HCIIOJIB30BaThCsl Ui JIIOOOTO KOHKPETHOTO JMAla3oHa 3HAavYeHHui
HaIIpSDKEHHs, KOTOpoe HmXe 24 B, paccunThIBaeTCs, W HarpeBaTeNIbHBIM JJIEMEHT C
MHIMBHYalbHO HACTPOCHHBIM 3HAYEHHMEM COIIPOTHBIICHHS H3TOTABJIUBAIOT B COOTBETCTBHH C
BapUAaHTOM 2 OCYINECTBIICHHMsI HAacTOSIIEro HM300pETEeHHs, @ 3aTeM HarpeBaTeIbHBIN 3J€MEHT
paspe3aroT Ha 3aaHHYIO JUIMHY JUI1 U3TOTOBJICHHUS CEKI[MH, M CEKIMH COeNUHEHBI MapajlieIbHO
JIpYT C IPYTOM.

[00396] Yto6Bl OBITH OONEE KOHKPETHBIM, MPEMIOIAraeTcs, YTO JKEJIATSIBHO IONYYHThH
MaTepuas s I0J0rpeBa 1ojIa, 06JaJalomuii ¢ MOIMHOCTHI 192 Br Ha 1 M2, KOTOpBI paboTaeT
Ha IOCTOSHHOM TOKE CO 3HAaueHWeM HanpspkeHus 24 B, u TpeOyercs Temieparypa Harpesa
HarpeBarenapHoro mnposoga 100° C m 150° C, Torma, BO-mEepBBIX, IS HMHIAWBHAYAIHHO
HaCTPaMBacMbIX HarpeBaTelIbHBIX 3JIEMEHTOB C DPa3MHMYHBIMH 3HAYCHUSAMH CONPOTHBIICHHA,
HOJTyYaeMBIMH II0 HACTOAIEMY CrocoOy, u3Mepsior Temmeparypy (° C), resepupyemyo
3JIEKTPUYECKUM TOKOM, KOTOPHIA TedeT K KaXXAOMY HarpeBaTelbHOMY 3neMeHTy, IyTeM
IIPOBEACHHUS PA3IIUYHBIX SKCIIEPUMEHTOB JUIS MTOJyYEHHUS TAHHBIX.

[00397] Hampumep, npeamonaraercs, YTO B HarpeBaTeIbHOM OJJIEMEHTE CO 3HAYEHHEM
conpotupieHdss 1 OM HenpepsIBHBIH HarpeB OCYyLIECTBISETCS Hpu Temmeparype 150° C, u
KOTZja TeYET MNIEKTPUIEeCKUH Tok cuioit 4 A, u nponoinkaercs Harpesanue npu 100° C, roR=V
/1, u, Takum obpazom, 24 B + 4 A = 6 Om, MO3TOMY I PEryJUpPOBKH 3HAYCHHUS 6 Om
HCTIONB3YIOT IIYYOK CO 3HAYCHHEM CONPOTHBICHHS 1 OM IUIHHON 6 M, KOTODBIH 00pe3aroT s
IIOJTy4CHHs OAHOM CEKIIMH, IIPA 5TOM KOJIHYECTBO 3JIEKTPOIHCPIHU OJHOM enu pasHa P =1 x V
0|22 4 Ax24B=96Br.

[00398] Opnako >xenaeMoe KOJHYECTBO MOIMHOCTH IOJOrpeBa moja cocrasusger 192 Br,
nmoatoMmy 192 Bt + 96 Bt = 2, u, Takum o6pa3zoM, JBe IENH COCTUHEHBI MapalIebHO APYT C
JPYrOM H PacIoNOKeHbl B MaTepHae i OoJ0rPeBa oja Iomanso 1 M2,

[00399] Ecmm anuHa HarpeBaTeNbHOro IPOBOAA 6 M CO 3HAYEHHEM CONMpOTHBICHHA 1 OM
Oyner cocTaBiaTs 12 M, a HarpeBaTeNbHBINH MPOBOJ — CIIHLIKOM JUIHHHBIA, TO €0 HEBO3MOXKHO
O6yner pacnosyoxuth. [1o3TOMy, NMpH OJMHAKOBOM KOJIHYECTBe MOMIHOCTH 192 BT, M ecnu
TpedyeTcss YKOPOTHTh HarpeBaTeIbHbIH IIPOBOJ, TO IMYYOK CC 3HAYEeHHEeM COnpoTuBieHus 2 OM
IUIMHOH 3 M pa3pe3aroT, U JBe LENIH COSAUHSIOT NapalIieIbHO APYT ¢ APYTrOM, B pe3yJIbTaTe 4ero
o0Imas AIHHa HarpeBaTeIbHOro IPOBOAa YMEHbIIAETCS Ha 6 M. |

[00400] U naobopoT, ecnu TpedyeTcs YABOUTH UTHHY HAIpeBATEIBHOIO MPOBOAA, TO MOXKHO
HCIONB30BaTh IIyYOK CO 3HaueHneM conpoTtunieHus 0,5 Om.

[00401] Ecmm mMaTepuain Ais noxorpesa moja MpeAcTaBiIseT coO00H MaTepHal il IoJorpeBa
1oJia, paboTaroIMi Ha MOCTOSSHHOM TOKE IIpH HU3KOM 3HAYSHHU HANPSHKCHHS, TO BTOPHYHBINA

HCTOYHHUK JICKTPOIIUTAHUS IIOAKIIIOYAKT K NOCTOSHHOMY TOKY HH3KOI'O 3HAYCHHA HAIPAXKCHHUSA
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(B 4aCTHOCTH, K IIOCTOSHHOMY TOKY CO 3Ha4€HHEM HanpskeHus 24 B Wiam HEXe) ¢ TOMOIIBIO
azanTepa WY BEIIPSIMHUTENS B CHIOBOM YacTH.

[00402] Ecmu Ttpebyercs MNOAKIIOYHTHECS K IEPEMECHHOMY TOKY HHM3KOTO 3HAYECHHS
HaIpsDKEHMS (B YaCTHOCTH, K IEPEMEHHOMY TOKY CO 3Ha4€HHEM HampspkeHus 24 B unm Hinke),
TO HHU3KOBOJIbTOBBIH TpaHCPOPMATOP IMEPEMEHHOTO TOKA MOMIIIIOYAIOT K CHJIOBOM CEKIIHH.
[00403]

[00404] Kpome ToOro, Korzma CHJIOBas 4YacThb COEJAHHEHA C (POTOINEKTPHYECKHM MOIYJIEM
(maHenb CONHEYHBIX 3JIEMEHTOB), TO BCE BJIEKTPHYECTBO, reHEpUpyeMoe B POTOITIEKTPUIECKOM
MOJyJIE, PABHO IIOCTOSSHHOMY TOKY, IIO3TOMY I'€HEpHpYyeMas 3JIeCh JJIEKTPHUECKass MOIIHOCTH
IIOCTOSSHHOTO TOKa YCTAaHABIMBAETCS HAa HHU3KOE 3HAYCHHE HANPsOKCHHS (B YaCTHOCTH,
IIOCTOSIHHBIA TOK CO 3HAYE€HHEM HanpsDKeHUs 24 B MM HHXKE), M JIEKTPHYECTBO OT MOIYJIS
[I0JIaeTCs Ha MaTepyal Ijis HOJorpeBa Iona.

[00405]  OnexTpmuecTBO, reHepUpyeMoe GOTONIEKTPUIECKAM MOIyIeM (TIaHeh COJNHEYHBIX
3JIEMEHTOB), MOXET XpaHHThcI B ESS (cHcTeMa akkyMynMpOBaHMS SHEPrHH), HalpuMmep, B
aKKyMYJIITOPHOH 6aTapee, H €ro MOXHO NOJKIIOYATH K MaTepHaITy, IIOAOTPEBAIOIIEMY IO
[00406]

[00407) Cenpmyro mpobieMy MOXHO pEHIMTh, B COOTBETCTBHHM CO 2 BapHAHTOM
OCYIIECTBJICHUS HACTOSINEro H300peTEeHHS.

[00408]

[00409] <Bapmant 3 ocymeCTBICHHS HACTOSAMIETO H300peTeHUI™>

[00410] CormacHo TperbeMy cmocoOy (BapHaHT 3  OCYIIECTBJIEHHMS  HACTOSAINErO
n300peTeHNts), UCIONb3Ysl HU3Koe 3HaueHue HampspkeHus (smxe 50 B), ocobenHo, HCONb3ys
3HaYyeHHE HAIpSHKEHUs HIXKe 24 B, MOXHO HOJyYHTh HarpeBaTeNbHBIM 3JIEMeHT ¢ emme Gonee
pacIMpeHHBIM JHANa30HOM €ro HCIOJb30BaHUS, 3aCTABHB HArpeBaTCIBHBIM  HJIEMEHT
T€HEpPHPOBATh TEILIO IIPH BBHICOKOH TeMnepaType — cBoimre 100° C.

[00411] Bapuant 3 ocymniecTBICHHS HACTOSIIETO H300peTeHHs MpeACTaBseT coboii crocod
M3rOTOBJIEHHUS HarpeBaTeNILHOIO 3JIEMEHTA, KOTOPHIN TeHEPUAPYET BhICOKOTeMneparypHbii (100°
C unu BBIIE) HArpeB IpH HH3KOM 3HadeHuW Hanpspbkenuw (50 B wim Hmke), myTtem
0o0beIMHEHNS BapHaHTOB 1 M 2 OCYIIECTBICHUS HACTOAIIETO H300pEeTEHHS.

[00412] B o6sraHOM cnocobe pabouee 3HaUCHHE HANPSHKEHUS HArpeBaTEILHOTO NMPOBOJia HE
MOXET OBITh CHHIXXECHO JI0 3HaueHHs HHxe 24 B, xoTopoe sBiseTcss 6e30macHbIM HalpsSHKEHHEM
Ha rnoGanbHOM ypoBHe. IlosToMy, xorna HarpeBaTelBHEIH IpPOBOJ YCTAHOBJEH B BOZE,
H30ISIUsT — TMpobiieMaTHyHa, IIO3TOMY HAarpeBaTebHBIH TPOBOJ HENb3S HCIOJb30BATh

HETOCPEICTBEHHO B Boze. Takum 06pazoM, 3¢ GeKTHBHOCTH CHIDKaeTCs emie Gobire.
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[00413] Opnako, Korma HCHONB3YETCS HarpeBaTeNbHBI IMPOBOA IO  HACTOSAIIEMY
U300pETeHUIO, TO TEMIIepaTypa HarpeBa HarpeBaTelIbHOTO TIPOBOJIa MOXKET OBITH IOBBIIIEHA 1O
1 000° C nOpm cHUXKEHHHM 3HA4YeHHsS HanpspkeHHs 10 24 B, W gmaxe eciom H30JISIUsA
HarpeBaTeNbHOI0 3JIEMEHTA paspyllaeTcs B Boje, pabouee 3HaueHHE HanpshKeHUs — Huxe 24 B,
no3ToMy OHO OezomacHo. IIpHM TIOMENIEHWM HArpeBaTeNbHOrO DIIEMEHTA HEMOCPENCTBEHHO B
BOJY, KOJIMYECTBO I'eHEPUPYEMOro Telna nepeHocurcd noyrd Ha 100% B Bomy, mosToMy BoOy
MOXHO KHIISTUTH C BBICOKOH 3¢ (eKTUBHOCTHIO.

[00414]

[00415] Yrobel ObITh OoOJiee KOHKDETHBIM, BapHaHT 1| OCYIIECTBIIEHHS HACTOSIIETO
M300peTeHHsT NPEACTaBIseT COOOH Crmocob M3TOTOBIEHHS HATPEBATENBHOTO —3JIEMEHTA,
paboTarolllero B Juana3oHe HHU3KHX 3HAYCHHUH HaNpsHKeHHS C BHICOKOH 3 deKTHBHOCTHIO,
HE3aBUCHMO OT MOIJHOCTH IIEPEMEHHOI0 TOKA MJIM MOUIHOCTH ITOCTOSTHHOT'O TOKA.

[00416] CooTBeTcTBEHHO, IpH M3rOTOBICHHH HArpEeBaTEIBHOrO OJJIEMEHTAa CYMMAapHOE
3Ha4YeHHE CONPOTHBIICHHUS HACTPaUBaIOT TAKMM 0Opa3oM, YTOOBI OHO COOTBETCTBOBAJIO HU3KOMY
3HAYEHUIO HampsokeHus 24 B, B COOTBETCTBHM C BapHAaHTOM 2 OCYIIECTBJICHHS HACTOSIIErO
u3zobperenus (He mpepblinas 10 Om), a HarpeBaTeNbHBIH 3JEMEHT pa3pe3ar0T, YTOOBI OH
COOTBETCTBOBAJI IIPEABApPUTENBHO HM3MEPEHHOMY 3HAQUEHUIO JJEKTPHYECKOTO TOKa JJIf
reHepUpOBaHHs TeIllla IPH BHICOKOH TeMmrieparype B amamaszose ot 100° C mo 1 000° C, u
HCIIONIB3YIOT NP NapauIeIbHOM COSAMHEHUH JPYT C APYTrOoM, HIIH €CIIH JUTHHA HarpeBaTeIbHOrO
JJIEMEHTa YCTAaHOBJIEHA 3apaHee, TO 3HAYCHHE CONPOTHBIICHHS HArpeBaTENbHOTO 3jeMeHTa
peryIupyoT 10 pabodero 3HaueHHs HANpsSDKCHHS, B COOTBETCTBHHM C pPabOYMM 3HaYEHHEM
HaIpsSOKCHUS, a 3HAYCHHE CONPOTHBIICHHS — B COOTBETCTBHHM C HCIOJIb3YEeMOH JUIHHOH, H
IIOJIy4EHHBIH IPOAYKT pa3pe3aloT Ha 33/JaHHYIO JUIMHY M HCHOJB3YIOT IPH IAPAJUICIBHOM
COEMHEHHH APYT C APYTrOM.

[00417]

[00418] Hanpumep, koraa TpeGyeTcs KHIITYCHHE BOABI B BOJOHArpeBaTeie npﬁ TIOCTOSTHHOM
TOKE CO 3HaYCHHEM HanpspkeHUs 24 B, mpeamonaraeTcs, 4To BoJOHArpeBaTellb paboTaeT TOJIBKO
IPH HCHOJNB30BAaHHH 3TOr0 IIOCTOSHHOIO TOKAa €O 3HayeHWeM HampsokeHus 24 B, a
HarpeBaTelbHBIN IIPOBOJ HarpepaeTcs npH BeIcoKoH Temmneparype S00° C.

[00419] Bo-nepBbIX, C HHAUBUAYAILHO HACTPAHBAEMBIMH HArpeBaTENLHBIMH 3JIEMEHTAMH C
pa3sIMYHBIMH 3HAUCHHUSIMH COIIPOTHBIICHHS, NOJYYEHHBIMH B BapHaHTax 1-8 ocymecTBieHHs
HacTosmero u3oOpereHus, usMepstor Temnepatypy (° C), reHepupyeMmyro 3JIEKTPHYECKHM
TOKOM, KOTOPBIA T€YET K KKAOMY HarpeBaTebHOMY 3JIEMEHTY, IlyTeM IPOBEICHHS Pa3IHIHbIX

SKCIICPUMECHTOB IJIA IOJIYUYCHHUS JaHHBIX.
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[00420] Hanpumep, xorga syeKTpHYecKHE TOK cuioii 48 A TedyeT K HarpeBaTEILHOMY
JJIEMEHTY CO 3Ha4eHHeM comnpoTuBieHHss | OM, H3rOTOBIEHHOMY IIO BapHaHTy 8
OCYILECTBIECHHS HACTOSIIEr0 H300pETEeHHs, TO, €CNM OBUIO YCTAHOBJIEHO, YTO YCTAHOBHBIIICECS
TEIUIO TeHepupyeTcs B Boae npu Ttemneparype 500° C, mostomy 24 B + 48 A = 0,5 Om, u s
peryiaupoBaHus 3HadeHus conpoTuBieHus 10 0,5 OM HarpeBaTenbHBIA 3JIEMEHT CO 3HAYCHHEM
conpotuBieHus 1 OM, H3rOTOBICHHBIM @O BapHAHTy § OCYIIECTBICHHS HACTOSINETO
u300peTeHHs, pa3pe3aroT Ha AnuHY 0,5 M, YTOOBI MOMYYHTE CEKIHIO B KAYECTBE OJHOM HEIH.
[00421] Kpome Toro, xoraa BEYHCISIOT KOJMYECTBO HArPy3KH (KOJHYECTBO MOTpebIsieMoi
MOILHOCTH) HarpeBaTeIbHOTO 31eMeHTa, OHO cocTapiseT 24 B x 48 A =1,152 Br.

[00422] Ognnako mpenmonaraercs, YTO JKejdaeMmasl IUIMHA HarpeBaTelIbHOro 3JIEMEHTa YXKe
yCTaHOBJIEHA paBHOM 1 M Ha Ienb, TOrJa HarpeBaTeNbHBIA JIIEMEHT €O 3HAYEHHEM
conporuBicHus 1 OM paspesaloT Ha JUIMHY 1 M, M JBE OTpEe3aHHBIC CEKIHH COCIUHSIOT
HapajuIeNIbHO JIPYT C APYTOM.

[00423] DOro CcBA3aHO C TEM, YTO KOJUYECTBO INEKTPHYECKOTO TOKa, IIPOTEKAIOIIero mo 1 M
HarpeBaTenbHOro 3JIEMEHTa o 3HaYeHueM conpoTtuieHns 1 Owm, cocrasnser 24 B + 1 Om = 24
A, 1 oHO nIpeobpazyercs: B KOJIMYECTBO NMOTPEOIIIEMON MOIHOCTH, KOTOPOe cocTapser 24 B x
24 A =576 Br.

[00424] To ecth, 1,152 Bt + 576 Bt = 2, B pe3yibTare 4ero KOJIAYESCTBO horpeGmeMoﬁ
MOIIHOCTH IIPH HCIIOJIb30BaHUHU JIBYX Ieniel 1-MeTpOBOM CEKIIMH HarpeBaTeIbHOrO 3JIEMEHTa CO
3HayeHHeM compoTuBneHuss 1 OM paBHO KOJMYECTBY HOTpeOIseMoit MOITHOCTH npu
HCIOJIB30BaHUH OJHOM 1ienu 0,5-MeTpoBOH CEeKIMH HarpeBaTelbHOIro 3JIEMEHTa CO 3HAYeHHEM
conportuBienus 1 Om.

[00425] B HacTosmeM IOOKYMEHTe, €CJIH TeMIleparypa Harpesa 0,5-M€Tﬁ)0301‘z‘1 CEKIINHU
HarpeBaTeJIbHOIO 3JIEMEHTa CO 3HaveHueM compoTusienuss 1 Om cocrasuser 500° C, To
TeMmiepaTypa HarpeBa JBYX Lienei 1-MeTpoBOW CEeKIMM HarpeBaTeNbHOrO 3JJIEMEHTa CO
3Ha4eHUEM conpoTuBiicHHus 1 OM cocTaBiseT OHY TPETh OT IpexHel Temneparypsl 125° C.
[00426]

[00427] BoceMyro mpobiieMy MOXHO pelMTh, B COOTBETCTBHH C 4 BapHaHTOM
OCYIIECTBJICHHS HaCTOSIIEro H300peTeHus.

[00428]

[00429] <BapuaHT 4 oCyIIECTBIIEHHS HACTOSIIEr0 H300peTeHUs >

[00430] HarpeparenbHBIH 37€MEHT, HM3TOTOBJIEHHBIH II0 BapHaHTaMm 1-8 ocyiecTBICHHS
HaCTOSIIEr0 HM300pETEHHS B YETBEPTOM crocobe (BapHaHT 4), MOXeT OBITh HCHOJIh30BaH
YHHUBEpCAJIbHBIM 00pa3oM, IIyTEM BCTaBJIEHUS €r0 BO BTOPHYHOE 32)XKHMHOE IIPHCIOCOOJICHHE

HJIA 33KPEIJICHUS €TO B HEM.
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[00431] BapuasT 4 ocymeCTBICHHS HACTOSINEro H300peTeHus mpecTaBiIseT coboit crocod
3aKpeIUICHUs HAarpeBaTelbHOIO JJIEMEHTa, IIyTeM BCTAaBJIEHHUS MM 3aKpelieHHs €ro B
3XKMMHOM IIPUCIIOCOOJICHHH.

[00432] Beipaxasce 0Oonee KOHKDETHO, CHayaja Ha HarpeBaTeNbHBI  3JIEMEHT,
M3TOTOBNICHHBIH 1O BapuaHTaM 1-8 ocCyInecTBIeHHS HACTOSIIET0 H300pETeHHS, HAHOCAT
IOKPBITHE (MM HAHOCAT IOKpPHITHE, 110 MEHBHIEH Mepe, /Ba pa3a), a caM HarpeBaTeNbHBIH
3JIEMEHT (HarpeBaTebHBIN IPOBOJ) 3aKPEIUIAIOT B 32)KHMMHOM IIPHCIIOCOOJIEHUH, KOTOpoe OyeT
HCITOJIb30BaThCSL.

[00433] B HacTosIIEM JOKYMEHTE HCIOJB3YyEMBIM MaTEPHAIIOM ITOKPHITHS ABJISETCS TEGIIOH,
IIBX uny CHIMKOH.

[00434] Bo-BTOpbIX, HarpeBaTeNbBBIA J3JIEMEHT, H3TOTOBICHHBIA 10 BapHaHTam 1-8
OCYLUECTBJICHHSI HACTOAIIETO HM300pDETEHHs, PACIONIOKEH MEXAYy BEpXHEH M HIDKHEH
NJAaCTHHAMHU IUIAHAPHOTO MaTepyaia, 3aTeM Ha HEero HAaHOCHUTCS are3uB, a 3atem aire3uB
pachiaBIsIoT.

[00435] B HacTosmeM IOKyMEHTE B KayecTBE ILIaHAPHOI'O MaTepHasia ucnoib3yercs [1I3T-
ITaCTHHA, IIAKOe TPUKOTAXHOE II0JIOTHO HIIH XKECTSHAs MIaCTHHA.

[00436] Kpome Toro, anresuB mnpexacrasiser coboit TIIY-xmaxocts, TIIY-miacTuny,
CHIIMKOHOBYIO  XHIKOCTh, CHJIHMKOHOBYIO IIJaCTUHY, TEPMOILUIABKYIO JKMIKOCTH  HIJIH
TEPMOILUIABKYIO IUIACTHHY.

[00437] Kpome Toro, miaBlieHue aJre3uBa MOXXET OBITH BBIIOJHEHO TEPMOKOMIIPECCHEH C
UCIIONB30BAHUEM TOpSYero Impecca TakuM oOpa3oM, YTO BHYTPCHHHH CBEPXTOHKHI IPOBOJ
IPONUTHIBACTCS ¥ HMMMOOWIM3YeTCs IIpH IUIABJIICHHHM anre3uBa, WIM OHO MOXET OBITh
BBIIIOJIHEHO IIPH BBICOKOM YacTOTE C HCIIOJB30BaHHEM BBICOKOYACTOTHOIO YCTPOMCTBA HITH
KOMIIpeccopa TakkuM o00pa3oM, 4YTO BHYTPEHHHUH CBEPXTOHKHHA IIPOBOA IPOIHUTHIBAETCS H
MMMOOWIIN3YETCS NpH IIIABJICHUH U IPECCOBAHUU aIre3UBA.

[00438] B-TpeThMx, Ha HarpeBaTeNbHBIA 3JIEMEHT, HM3TOTOBJICHHBIH 1O BapWaHTam 1-8
OCYIIECTBJICHUsL HACTOSINETO M300pETEHHS, HAHOCAT MOKPHITHE (WJIM HAHOCAT IOKPBITHE, IO
MEHbIIEH Mepe, OBa pas3a), a caM HarpeBaTeNbHBIA 3JEMEHT (HarpeBaTeni,Hmﬁ MPOBOJ)
3aKpEeTISIOT B 3aXKUMHOM IPUCITOCOOICHHH.

[00439] B HacTosmeM JOKYMEHTE HarpeBaTeNbHBEIH JJIEMEHT MOXET OBITH BCTaBIIEH B
IIPOBOJIOYHYIO CETKY, TaKyI0 KaK CeT4aToe OrpakJieHUe, 3aKpeIieHHOe B paMe, BCTABJIEHHOH B
MIOTOJIOYHYIO COENUHUTENHHYIO paMy, HIIH 3aKpelIEHHOE Ha paMe, Tako# Kak apMaTypHas WA
MeTaJTMYecKas CeTKa.

[00440] Kpome Toro, crmoco® BTOPHYHOTO 3aKpeIUICHHS 3aKIIIOYaeTC B COCIMHEHHH C

COCIIMHUTEIBHBIM IPOBOJOM HIIH B COCJMHEHHH CEKI[MHM HarpeBaTeNIbHOTO JIEMEHTa (OXHOM
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IeNH) MapaIeIbHO C IPSIMOYTOJBHOH TMOKOM NHpOBOJNOYHON CETKOM M 3aKpeIUieHHH ee
COEUHHUTEIBHEIM IPOBOAOM (IIyYKOM) C HIOCHEXYIOIIMM BCTaBJICHHEM TI'HMOKOrO IpoBOjAa B
IIPOBOJIOYHYIO CETKY, TAKyI0 KaK CeT4aToe OrpaKiacHHE.

[00441]

[00442] <BapuaHT 5 OCYIIECTBICHHS HACTOSIIETO H300peTeHUS>

[00443] HarpeBaTennpHbI 3JI€eMEHT, M3TOTOBJICHHBIA IO BapuaHTaMm 1-8 ocCymecTBICHHS
HaCTOSAUIETO U300peTEHHS 110 NATOMY cocoOy (BapuaHT 5), IIOKPBIT CIIEHATBHBIM IIOKPBITHEM,
KOTOpO€ HOJDKHO HUCIOJIh30BATHCS B CHCTEME, TAKOW KaK CHCTEMa CHETOTasHHUSL.

[00444] B xauecTBe BapuaHTa S5 OCYIIECTBICHHS HACTOSUIETO U300pETEHHS IS IOKPHITHS
CHenManbHBIM  TIOKPBHITHEM  HAarpeBaTeIbHOTO  3JIeMEHTa  (HarpeBaTeNbHOro  IMPOBOJA),
M3TOTOBJICHHOTO IO IIEPBOMY-TpPEThEMY cIrocobaM, NHOCHe TOro, Kak Ha HarpeBaTeNbHBIN
3JIEMEHT HAaHOCAT IOKPBITHE M HAKPBIBAIOT €0 SKPAaHMPYIOIIMM INUTOM, HAa HAarpeBaTeJIbHBINA
DJIEMEHT CHOBA HAHOCAT IIOKPBITHE.

[00445]  Hampumep, NOBEpXHOCTH HAarpeBaTeNBHOIO 3JIEMEHTA, M3TOTOBICHHOIO IO
BapHaHTaM 1-8 ocylmecTBIIEHHS HacTosIIEro H300peTeHus, HMOKphiTa TedJIOHOM (OOHH HIH
HECKOJIBKO pa3) M oOepHyTa CTaJbHBIM IPOBOAOM (YHIPOYHEHHBIH IPOBOZ) Ui CO3JaHHS
DKpaHUPYIOUIETo IMUTa, W, HaKoHel, nmokphita [IBX (oAMH HIM HECKONBKO pa3), B pe3yibTare
Yero €ro MOXHO HCIIOJIb30BaTh IS CHErOTasHUS (i1 TasHHS JIbJla U CHEra), BCTABHB €r0 B
pa3iH4YHbIe JOPOXKHBIE ITOKPBITHS, B3JIETHO-IIOCAHOYHBIC NOPOXKKH, MCKYCCTBCHHBIC TpPaBIHBIC

HOKPBITHS, TUTOINAAKHU JJIs UTPHI B rob() (Mau BcTaBisis B 6€TOH Wik acaiibT).
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DOOPMYJIA N30BPETEHMSA

1. Cnoco® H3roToBICHHS Harp€BaTCibHOIO 3JIEMCHTA, CHOCO6, BBIIIOTHEHHBIH C
BO3MOXHOCTBIO, IT03BOJISIOIEH C(l)OpMI/IpOBaTB CBerTOHKI/II\;I IIpOBOX, HMEIOIUN BBICOKOE
3HA4YC€HHUE COIIPDOTHUBJIICHUS, HCIIONB3YSS MOHOMCTAl HIIH METAJIHICCKHI CIUIaB, H 3aTeM
MHOX€ECTBO CBEPXTOHKHX ITPOBOJOOB, C(bOpMHpOBaHHLIX C HCIIOJIB30BAaHHMEM MOHOMETALJIa HJIH
METAJUTHMYCCKOIO CIljiaBa, O6’B€,HI/IH5IIOT AU IPUBEACHUA B KOHTAKT APYTr C OPYI'OM, BCIECACTBHE

gero popMHpyeTcs eAUHBIH IMy40K, 00pa3yroIuii O JHOXHIBHBINA HarpeBaTeIbHEIH IPOBOI.

2. Cpocob6 no mnyHKTy 1, oTnpyarommiics TeM, 4Yro oOIiee CyMMapHOe 3HayeHHe
COIPOTHBJIICHHS MHOXXECTBA CBEPXTOHKUX IIPOBOJOB M3MEHSETCA JJIA TOro, 4YTOOBI

PETYINpoOBaTh 3aJaHHOC 3HAUCHUE COIIPOTHUBIICHUA HA €ANHULY JJIMHBI ITy4Ka.

3. Croco6 mo myHKTy 2, OTIHYAIOIMHCA TEM, YTO H3MEHEHHEe OOIINero CyMMapHOIro
3HAYEHMsl COIIPOTUBIICHHS BBIIONHACTCS, 10 MEHbIIEH Mepe, 0 OJHOMY CIIoco0y, BEIOpaHHOMY
U3 IPYNIEI, COCTOAIEH U3 IEPBOro crnocoba, 1o KOTOPOMY MHOXECTBO CBEPXTOHKHX IIPOBOOB
U3rOTOBJIEHBI U3 OJJMHAKOBOI'O MaTepHalia i HMEIOT OJUHAKOBYIO TOJIIHHY ¥ H3MEHAETCS obmee
KOJIMYECTBO TOKOIIPOBOISIIIMX JKHJI MHOXKECTBA CBEPXTOHKHX IIPOBOJIOB,

II0 BTOPOMY €110c00y, 10 KOTOPOMY MHOXECTBO CBEPXTOHKHX IIPOBOAOB H3rOTOBJIEHEI M3
OJIMHAKOBOI'O0 MaTepHala ¥ UMEIOT OJMHAKOBOE KOJMYECTBO TOKOMPOBOISAIIMX XKHJI, H TOJIIHHA
MHOXXECTBa CBEPXTOHKUX IPOBOJOB H3MEHSIETCH,

0 TPeTheMy CIocoby, MO KOTOPOMY MHOXECTBO CBEDPXTOHKHMX IIPOBOJIOB HMEIOT
OJMHAKOBYIO TOJIIHHY H OJMHAKOBOE KOJIHYECTBO TOKONPOBOMAIIMX JKAJI, M MaTepHal
MHOXECTBA CBEPXTOHKHX IIPOBOJIOB H3MEHAETCH,

IO YEeTBEPTOMY cCIocoly, IO KOTOPOMY MHOXECTBO CBEPXTOHKHX IIPOBOIOB HMEIOT
OJMHAKOBYIO TONIIMHY M OJWHAKOBOE KOJIMYECTBO TOKOIPOBOASIIMX JKWJI, MaTepHal
MHOXECTBa CBEPXTOHKHX IIPOBOJIOB — PA3IMYEH JUIS KaXKIOU I'PYIIIIBL, IPH 3TOM 00pasyroTcs, o
MEHBIIEH Mepe, JIB€ IPYNIHBI ¢ OJJMHAKOBHIM MAaTEpPHAIOM, U MaTepHall CBEPXTOHKUX IPOBOIOB
JUIS KQKAOU rpyIIBI U3MEHSIETCS,

IO IATOMy cmocoby, IO KOTOPOMY MHOXECTBO CBEPXTOHKHX HpPOBOJOB HMEIOT
OJIMHAKOBYIO TOJIIHMHY, MaTepHAl CBEPXTOHKOTO IIPOBOJA — PA3JIM4eH IS KKAOM IPYIIIIEL, IPH
3TOM 00pa3yroTCs, IO MEHBIIEH Mepe, IBe IPYNIIBI C OMUHAKOBBIM MaTEPHAIOM,. H KOJIHYECTBO
TOKOIIPOBOJSIIMX KU CBEPXTOHKHX IIPOBOJIOB IS KOKAOH IPYIIIBI H3MEHSETCS,

IO IMeCToMy crnoco0y, M0 KOTOPOMY MaTepHall MHOXECTBA CBEPXTOHKHMX IMPOBOIOB —

pasnuyeH JUId KaKIOH TIpyNIbl, IpH 3TOM o0pa3yroTcs, IO MEHbBIIEH Mepe, ABE TPYIIBI C
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OJMHAKOBBIM MAaTE€pPHAIOM, M KaXJas Ipynia HIH Iy4OK HMEIOT OJHHAKOBOE KOJHMYECTBO
TOKOIPOBOASAIIMX YHJI, IPH 3TOM TOJIIMHA KaXIOH TPYIITbI H3MEHSETCS, H
IO CeABMOMY CIIOCOOY, IO KOTOpPOMY MarepHall MHOXECTBA CBEPXTOHKHX IMPOBOIOB —
pasnvyeH JUIs KaXIOW TIpyIIbl, IPH 3TOM 00pa3yloTcs, IO MEHbIIeH Mepe, IBe TPYNOEI C
OJMHAKOBHIM MAaTepHAIOM, H TONIIMHA M KOJHYECTBO TOKOIIPOBOASLIMX XKHJI KAXKIOW TPYIIIBI

HU3MCHAXOTCA.

4. Crioco6 mo myHKTY 3, OTVIMYAIOIIMUCS TEM, YTO CeIBMOM CITOCcO0 MpeACTaBiseT co0oi
Cnoco0, BBIIONHEHHBIH C BO3MOXHOCTHIO, IO3BOJISIOLIEH pa3lequTh TPYNNEl C OJMHAKOBBIM
MaTepUajioM Ha IEPBYIO IPYINIy ¥ BTOPYIO I'PYIIIY, H B IEPBOH IPYIITE TOJINMHA U KOJIHYECTBO
TOKOIIPOBOIAIIMX XHJI CBEPXTOHKHMX IIPOBOAOB H3MEHSIOTCS, a BO BTOPOH IpyIIe HX MaTepual
OTNIMYAeTCs OT MaTepHalia epBOi IPyNIbL, ¥ TOJIIHHA U KOJIHMYECTBO €€ ToxonpbBonxmnx KU
— OJHMHAKOBLI, MJIH CIIOCOO BBINOTHEH C BO3MOXHOCTBIO, IO3BOJIIONICH pa3feiuTh IPYIIBI C
OJTMHAKOBLIM MATEPHANIOM Ha NIEPBYIO IPYIIy U BTOPYIO IPYIILYy, ¥ B IEPBO# IpyIIie TONIIHHA H
KOJIMYECTBO TOKOIIPOBOJSIIMX JKMJI CBEPXTOHKHX IMPOBOJOB H3MEHSIOTCS, a BO éTopoﬁ rpynmne
UX Marepual OTIMYaeTCs OT MaTepHala NEepBOH IPYNNbl, U HX TOJNIIMHA — OJMHAKOBA, H

KOJIMYECTBO €€ TOKOIIPOBOIAIIINX XHJI H3MCHSIETCS.

5. Cnoco6 no myHKTy 1, OTIHYAIOIHAMCSA TEM, YTO U3 MHOXECTBAa CBEPXTOHKHX MPOBOIOB
KaXABII CBEPXTOHKMH TIPOBOA HMMeEET OJHHAKOBYIO JUIMHY H OJWHAKOBOE 3HAYCHHE
CONPOTHBIICHUS, TAKAM 00pa3oM, JOCTHIraeTcs PpaBHOMEPHOE paclpeleleHHe 3HAYCHHS

COIIPOTHBJICHHUS IO BCEH JUTHHE IIy4Ka.

6. Cooco6 mo MyHKTY 5, OTIMYArOIIMICS TeM, YTO AJS KaXIOM CBEPXTOHKOIO MPOBOJA
cnoco6 H3rOTOBICHHS BCEH €ro IUIMHBI — OJHWHAKOB, M OOECIEYeHHE pPAaBHOMEPHOIO
pacmpeneneHuss 3HAY€HMs COINPOTHBICHUS SBISETCS OJHMM H3 CIIOCO0OB, II0 KOTOPOMY
MHKPOBOJIOKHO M3 METAUIMYECKOH HUTH, H3rOTOBICHHOE M3 MOHOMeTalla HIH
META/LUIMYECKOr0  CIUIaBa, MPOMNyIIeHHOe  4Yepe3  NpenU3HOHHEIH I‘p&(i)OlIOCTpOHTCJ‘IB
(TPOBOJIOYHO-BOJIOYMNIBHBIH CTAHOK), HCTIONB3YETCS B Ka4ECTBE CBEPXTOHKOTO MPOBOJA,

croco6, 1o KOTOpOMY MHKPOBOJOKHO H3 METANIHYECKOM INPSKH, M3TOTOBIEHHOE U3
MOHOMETAJIIA UIIM METAJIMYECKOTO CIUIABa, IPOMYIIEHHOIO Yepe3 NPEHU3HOHHYIO IPSAUIBHYIO
MAallHHY, UCHONB3YETCA B Ka4eCTBE CBEPXTOHKOIO MPOBOA, H

crocod, mo KoTtopoMy crTansHOe BoJokHO (NASLON) HCIIONB3YeTCs. B KavecTBe

CBEPXTOHKOI'O ITPpOBOAA.
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7. Cnoco6 1o myHKTy 6, OT/IMYAIOIIUICS TEM, YTO CIIOCOO H3TOTOBJICHHS MHKPOBOJOKHA
U3 METAUIMYECKONM HMTH, IIPpONMycKas €ro 4uepe3 BOJCYMIBHBIA CTAaHOK (IIPOBOJIOYHO-

BOJIOYMJIBHEIM CTaHOK) IPEACTaBISIET COO0M CIIOCO0 BHITATHBAHUS.

8. Croco6® no myHKTY 1, OTIHMYarOIMUIACAs T€M, YTO MHOXECTBO CBEPXTOHKHX MPOBOIOB
CTPYINHPOBaHbI B IEPBYIO W BTOPYIO IPYMIIBI C Pa3InYHBIMA (YHKIHIMH,

IpU 3TOM IlepBas Ipynna QyHKIHOHHPYET IS HEIPEPHIBHOTO T'€HEPUPOBAHHUS TeEILIA,
KOTJa TOK TEe4eT, a BTOpas IpyIIla IeHepHpyeT MEHbIIE Telia Mocjie AOCTHKEHHS 3aTaHHOM
TeMIepaTyphl H (YHKIMOHMpPYET TaKuM oOpa3oM, 4ToOB! JNEKTPHYECKMil TOK MOT Teub,
BBICTYTIasi CKOpee B KayeCTBE IIPOBOJHMKA IJIEKTPHUYECKOTO TOKA, H OHA HE FeHEpUpPYET TEILIO,
IIOCKOJIBKY BTOpas Ipyliia cTaja NpoBoAsInel, popmupys, Takum oOpa3oM, €OHHBIN IyYOK H3

IIEPBOM B BTOPOM I'pYIIIL.

9. Crioco6 1o MyHKTY 1, OTJIMYArOMMICS TEM, YTO CBSI3BIBAHHE MHOXKECTBA CBEPXTOHKHX
MPOBOJOB B OJHH IIyYOK BBIIIOJIHSAETCS, [0 MEHBIIEH Mepe, 110 OJHOMY croco0y, BEIOpaHHOMY
M3 TPYIIIBL, COCTOSIIEH M3 IEPBOTO CIOCOOa MOKPHITUS MHOXXECTBA CBEPXTOHKMX HPOBOJOB
BBICOKOTEMIIEPATYPHBIM BOJIOKHOM IIyTeM OOMAaTBIBaHUS HX BbICOKOTCMHCpaTypI!{BIM BOJIOKHOM
10 HANPaBJICHUIO UX JUIMHBI,

II0 BTOPOMY CIIOCOOY CBSI3BIBAHHS B IyYOK MHOXECTBAa CBEPXTOHKHX Hp‘()BOILOB IyTeM
CKPYYMBAaHHS HX B OJHY CTPYKTYPY IOCPEACTBOM MAaIIMHBI JBOMHOIO KPy4€HUs, '

II0 TPETheMY CHOCO0y CBSI3bIBaHHS B IIy4OK MHOXECTBAa CBEPXTOHKHX IPOBOJOB IIyTE€M
BOJIOYCHHs W HaHECCHHMS IOKPBITHS Ha HHX IIOC/IC IOMCIICHHS HX B MAIIMHY NS HaHECEHHs
IIOKPBITHH, 1

II0 YETBEPTOMY CIIOCOOY CBS3BIBaHHS B Iy4OK MHOXECTBA CBEPXTOHKHX MPOBOJIOB ITyTEM
PasMEIIEHUs MX MEXAY BEpXHEH M HMKHEH IUIaCTHHAMH IIIaHApHOI'O MaTepualia, noMernas B

HHX aaArc3uB U pacCruiaBlisagd aare3us.

(v} |
10. Crioco6 o myHKTY 9, OTIHYAIOLIMIACS TEM, YTO MaTEPHAJIOM BBICOKOTEMIIEPATYPHOIO

BOJIOKHA B IIEPBOM criocobe sBnsgeTcs apaMuJ, IIoJIMapuiiaT Uik 3UJIOH.

11. Crioco6 1o myHKTY 9, OTIHYAIOIIHICS TEM, YTO MaTepHaIl IIOKPHITHS, HCITOIL3yEMBIH B

TpeTheM criocobe, npencrannser coboit Tedion, IIBX umu cHIMKOH.
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12. Coco6 mo myHKTY 9, OTIMYAIOIIUICS TEM, YTO IIAHAPHBIA MaTepPUal, MCIIOIb3yeMBbIi
B YETBEPTOM crocobe, mpeacrasnsgeT coboi II9T-macTuHy, 0GbIMHOE BOJIOKHO MM JKECTAHYIO
IUTACTHHY;

anresus npeacrasiusger coboi TIIV-xuaxocts, TITY-nnacTuHy, CHIMKOHOBYIO XHAKOCTS,
CHJIMKOHOBYIO IUIACTHHY, TEPMOILIABKYIO XHIKOCTh HIIM TEPMOIUIABKYIO IUIACTHHY; U

IUIABJICHHE a[le3WBa BHINOIHAETCS TEPMOKOMIIDECCHEH C HCIIOJIB30BAHHEM TOPSYEroO
nmpecca JJiA pacIlIaBlICHHs aAre3uBa MM C [OMOHIBIO BBICOKOM YaCTOTHI C HCIOJIb30BAHHEM

BBICOKOYAaCTOTHOI'O YCTpOﬁCTBa HJIH KOMIIpEccopa.

13. Cooco6 no myHKTy 1, oTiM4Yaromuiics TeM, YTO MaTepHal CBEPXTOHKOTO HpPOBOJA
H3rOTOBJICH, IT0O MEHBLIEH MEpPE, B3 OAHOI0 MaTephala, BRIOPAHHOTO M3 IPYIIBL, COCTOSIIEH U3
SUS 316, Taxoro kak HepkaBeroIlas CTallb, METHO-HUKEJIEBBIH CIUIAaB, copepxauiuii or 20 % 10
25 % mo macce Hukens H oT 75 % no 80 % mo Macce Menu, M MeTAUIMYECKHMH CILIaB,
coznepxammi oT 65 1o 75 % mo macce xenesa, ot 18 1o 22 % mo Macce Xxpoma, oT 5 10 6 % 10

Macce aIOMHHHEA ¥ 0T 3 10 4 % 110 Macce MoJmbIeHa.

14. Crioco6 mo myHKTY 13, OTJIMYAIOLUIMHCS TEM, YTO B METAJUIMYECKHI CIINaB J0OaBIAIOT

CHJIMKOH, MapraHen " yriaepon.

15. Comoco6 mo myHKTy 1, OTIMYArOIIMICS TEM, YTO Marepual CBEPXTOHKOIO IIPOBOAA

TeHEPHPYET NaNbHUe HHPpaKpacHbIe TyYH, KOrfa K HEMY NPEMEHSETCS Harpes.

16. HarpeBaTenbHBIH 37€MEHT TpeNCTaBisieT coGOHM ONMH HATpPeBATEIBHEIA LPOBO,
COCTOSILUMH M3 CBS3aHHBIX B IYyYOK IPOBOAOB, KOTOPHIH IPEACTaBICH B BHAE NapaUieIbHOM
KOMOMHMPOBAaHHOH KOHCTPYKIIMH, BBITOJHEHHOH TakKuM 06pa3oM, 9TO MHOXXECTBO CBEPXTOHKHX
IPOBOJIOB, HMEIOIIMX BEICOKOE 3HAYEHHE CONPOTHUBIICHHUS, IPUBEICHBI B KOHTAKT APYT C APYroM

AJIA CBA3BIBAHHUSA B ITYYOK.

17. HarpeBaTenbHBIH 3l€MEHT IO IYHKTYy 16, OTIMYAOmMiics TeM, YTO MaTepHal
CBEPXTOHKOI'0 IIPOBOJA IIPEACTABILIET COOOH MOHOMETALT, METALUTHYCCKHH CIIJIaB MM CTAIBHOE

BOJIOKHO.

18. HarpeBaTenbHBIH 3JIEMEHT II0 IYHKTY 16, OTIMYAIOUIMHCS TEM, YTO MHOXKECTBO

CBEPXTOHKHX TPOBOJIOB ()OPMHUpYIOT IIEPBYIO TIPYNIy H BTOPYIO TPYINY G Pa3IHYHBIMU




[TepBoHavanbHO MOJaHHAS GopMyia H300peTeHHS
MaTepUalaMd WM GOPMHPYIOT MEPBYIO TPYIITY U BTOPYIO TPYNILY C pa3dHYHBIMU (YHKIUSIMHA

Harpesa.

19. HarpeBaTenbHBI 31€MEHT IO IYHKTYy 16, oTyiM4aloImmuiics TeM, 4YTO MaTepHal
CBEPXTOHKOT'O IIPOBOIA IPEACTaBNSET OO0 1Ba pa3HBIX BHAA MaTepHala, U

CBEPXTOHKHE IIPOBOJIa, M3TOTOBJCHHBIE M3 OIMHAKOBOTO MaTepHada M3 [ABYX BUIOB
MaTepuala, HMEIOT OAMHAKOBYIO TOJIIHHY, ¥ CBEPXTOHKHE IIPOBOJA OJJHOrO MaTepHaa HMEIOT
TOJNIIMHY M KOJHMYECTBO TOKOIPOBOJSAIIMX JKWJI, OTIMYHBIE OT TOJIIHMHBI H KOJMYECTBa
TOKOIIPOBOJSINUX XXUJI CBEPXTOHKHX IIPOBOJOB JPYTroro MaTepuaia,

IIPH 5TOM OJIMH MaTepHal M3 JBYX BHIOB MaTepuaia Ipencrapisier coboit SUS 316 wm
NASLON cranpHO€ BOJIOKHO, Y KOTOPOTO OHAa TOKOIPOBOSINAS XKHJIa CBEPXTOHKHX IPOBOJIOB
HMMeeT TONMLMHY 12 MKM, ¥ KOJIMYECTBO TOKOIMPOBOASAIIMX KU cocTaBieT 550,

JpyTHM MaTepHaJIOM M3 JBYX BHIOB MaTe€pHAJa SBISIECTCS METHO-HHUKEJIEBBIH MOHOMETAILI,
conepxamuit ot 20 % 1o 25 % no macce Hukens u ot 75 % no 80 % mo macce Menu, npuyeM
OJIHa TOKOIIPOBOIALUIAS >KWUJIA CBEPXTOHKHX IpPOBOJAOB mMeeT ToamuHy 100 MKM (3HadyeHHe
conpoTuBneHuss 36 OM Ha TOKONPOBOIAINYIO JKHIY), ¥ KOJHYECTBO TOKOIPOBOJSIOUX KU
cocTaBiseT 24, 1

JBa BHIAa MaTepHalla CBS3bIBAIOT B OJHH IIy9OK TakuM oOpa3oM, 4YTO 3HAYECHHE

COIIPOTHBJICHHUA HA 1 M JUTHHEI Harp€BaT€iabHOI'0 IIPpOBOJA PABHO 1 Om.

20. HarpeBaTenpHbBIM 5JIEMEHT IO MOYHKTY 16, OTIMYAIOINMICA TeM, HMTO MaTepHal
CBEPXTOHKOTO IIPOBOJA MpeICTaBIsAeT coOOM JBa pa3HBIX BHAA MaTepHala, H |

CBEpPXTOHKHE IPOBOJA, H3rOTOBJICHHBIE W3 OJWHAKOBOTO MaTepuaja w3 IIBYX BHJIOB
MarTepuaja, UIMEIOT OJMHAKOBYIO TOJIIMHY, U CBEPXTOHKHE IIPOBOJIa OJHOI'O MaTepHala HMEIOT
TONIUHY M KOJHYECTBO TOKOMNPOBOJAIINX JKWI, OTIHYHBIE OT TOJIIUHBI n KOJIMYECTBA
TOKOMPOBOASIIUX JXHJI CBEPXTOHKHMX IIPOBOJOB APYroro MaTepHala,

TIpY 5TOM OJIMH MaTepHal U3 JBYX BHAOB MaTepHaia Iipenacrasisier coboi SUS 316 wm
NASLON cranbHOe BOJIOKHO, Yy KOTOPOTO OJHa TOKOIIPOBOSIIAst JKHJIA CBEPXTOHKHUX IPOBOJOB
MMeeT TONIMHUHY 8 MKM, M KOJIMYECTBO TOKOMPOBOIAIIMX XuJI cocTaiseT 1 000,

JPYTHM MaTepUalIOM U3 JIBYX BHJIOB MaTepHaa sIBISETCS MeIHO-HUKEIEBHIH MOHOMETAILI,
conepxamuit ot 20 % 1o 25 % no Macce Hukens u ot 75 % no 80 % mo mMacce Menu, npudemM
OlHa TOKONPOBOJSINAS XHJIA CBEPXTOHKHX NPOBOAOB mMmeeT TonmuHy 100 MM (3HaueHHe

COIIPOTHBJICHHUA 36 OM Ha TOKOIIPOBOJAIIYIO )KI/IJI}’), A KOJIHUYECTBO TOKOIIPOBOIAIIUX J>XKHII

COCTaBjdeT 24, H




IepBonavansHO NonaHHas GopMyna H306peTeHUs
JBa BHJA MaTepHala CBA3BIBAIOT B OJWH IIyY4OK TaKUM o00pa3oM, 4YTO 3HAYEHHE

COITPOTHBJICHHUA HA 1 M JUTHHEI HarpeBaTeJIbHOI'O IIPOBOJA PAEHO 1 Om.

21. HarpepaTenbHBIH 3JIE€MEHT 1O HYHKTY 16, OTIHYAIOIMICA TeM, YTO MarepHal
CBEPXTOHKOI'O NPOBOJIa NIPEACTaBIIET COOOH JIBa pa3HBIX BUAA MaTEepHaia, i

CBEPXTOHKHME IIPOBOJA, HM3TOTOBJICHHBIE M3 OIMHAKOBOrO MaTepHalia W3 [BYX BHIOB
MaTepHaa, UMEIOT OJMHAKOBYIO TOJIIMHY, 1 CBEPXTOHKHE IPOBOAA OJHOTO MaTepHajia HMEIOT
TOJIIUHY M KOJMYECTBO TOKONPOBOIAIMX XKHJI, OTJIMYHBIE OT TOJIIMHBI H KOJIHMYECTBA
TOKOIIPOBOASIIHNX HKHJI CBEPXTOHKYX IIPOBOJOB JPYroro MaTepHaa,

NpH 3TOM OJWH MaTepHal U3 JABYX BUIOB Marepuaia npencrariser coboi SUS 316 umu
NASLON cTanbsHO€ BOJOKHO, Y KOTOPOTO OJJHa TOKOIIPOBOASIIAS JKHJIa CBEPXTOHKHX IIPOBOJOB
HMEET TOJIIMHY 6,5 MKM, H KOJIM4E€CTBO TOKOIIPOBOIAIIMX I cocTasiseT 2 000,

JPYTHM MaTe€pHanoM U3 JIByX BUIOB MaTepuaia SBJISETCA MEJHO-HUKEJIEBBI MOHOMETALII,
coaepxaumii oT 20 % no 25 % no mMacce Huxens u ot 75 % mo 80 % mo Macce Meau, npudyeM
OJlHA TOKONPOBOJIAINAs >XMJAa CBEPXTOHKHX IPOBOAOB mMeeT TonmmuHy 100 MkM (3HaueHHe
conporuBieHHs 36 OM Ha TOKONPOBOISLIYIO XHIY), M KOJHYECTBO TOKOIPOBOMSAIIHX >KHI
cocTaBnser 24, u

JIBa BUIA MaTepHajla CBS3BIBAIOT B OIWH Iy4OK TakuM oOpa3oM, 4YTO 3HAYECHHE

CONPOTUBJIEHHS Ha 1 M JUIMHBI HarpeBaTeIbHOTO IpoBoja pasHo 1 Om.

22. HarpeBaTenbHBIi 3MEMEHT O IYHKTY 16, OTIHYalOIIMiCS TeM, YTO MaTepHal
CBEPXTOHKOIO IIPOBOJIA IpEeACTaBIIsIeT coO0 1Ba pa3sHBIX BHIA MaTepHalia, H

CBEPXTOHKHME IPOBOJA, H3rOTOBJICHHBIE M3 OJUHAKOBOrO MaTepHaja H3 IBYX BHJIOB
MaTepuana, MMEIOT OJHHAKOBYIO TOJILIIMHY, ¥ CBEPXTOHKHE IIPOBOJAa OJHOTO MaTepHalla HMEIOT
TOJIIIMHY M KOJHMYECTBO TOKONPOBOJMIIMX JKWJI, OTIMYHBIE OT TONIIHHBI M KOJMYECTBA
TOKOIIPOBOISIIMX KM CBEPXTOHKHX IPOBOJIOB IPYTOr0 MarepHaa,

IIPH 3TOM OJMH MaTepHall M3 JBYX BHAOB MaTepuaina ripeiacraiseT coboit SUS 316 wm
NASLON cransHO€E BOJIOKHO, Y KOTOPOTO OJ{Ha TOKOIPOBOJSIIAS XKUJIa CBEPXTOHKHMX IIPOBOJIOB
uMeeT TonmuHy 100 MKM, B KOJTMYECTBO TOKOIPOBOASLIMX XU cocTaBiseT 40,

JpyTHM MaTepHaJIOM M3 JIByX BUJOB MaTepHalla SBISCTCSA MEIHO-HUKEIEBBIH MOHOMETAIL,
comepxaumii oT 20 % no 25 % nmo macce Hukens H ot 75 % no 80 % nmo Macce Menu, puYEM
OJHA TOKONIPOBOJIAILNAs JXHJIA CBEPXTOHKHX NHpPOBOJOB MMeeT TommmHy 100 MM (3HaueHme
conporusicHHs 36 OM Ha TOKOHPOBOJSINYIO KHIIY), H KOJMYECTBO TOKOMPOBOIAIIMX KHII

cocTaBisaeT 24, u




[TepBonavansHO MoganHas GopMyna H30OpeTeHUS
JIBA BHIA MaTepHalia CBA3BIBAIOT B OJMH IIy4OK TakuM o0Opa3oM, YTO 3HAYEHHE

COIIPOTHBJICHUS Ha 1 M gnrHBI Harp€BarcCJIbHOI0 NpoBoa paBHO 1 Om.

23. HarpeBaTenbHBI 3J€MEHT O HYHKTYy 16, oTiMYaromuiics TeM, YTO MaTepHal
CBEPXTOHKOI'0 IIPOBOJIA IIpeICTaBMNsAeT cOOOM Ba pa3HBIX BUAA MaTepuana, u

CBEPXTOHKHE HpPOBOJA, H3TOTOBICHHBIE M3 OIMHAKOBOTO MaTepHala W3 JABYX BHIOB
MaTepHalia, HMEIOT OJMHAKOBYIO TOJIIMHY, H CBEPXTOHKHE NPOBOAA OJHOrO MaTepHaia HMEIOT
TOJIIMHY W KOJMYECTBO TOKONPOBOISIIMX >XHJI, OTJIMYHBIE OT TOMIUHBI M KOJNMYECTBA
TOKONIPOBOJSIIMX JKUJI CBEPXTOHKHMX IIPOBOJIOB APYTrOro Marepuana,

IpY 3TOM OJMH MaTepHasl U3 JIBYX BHIOB MaTepHaia Iipeacrtapnser coboit SUS 316 wmm
NASLON cranpH0€ BOJIOKHO, Y KOTOPOI'O OJ{Ha TOKOIIPOBOJAIIAS XKHJIa CBEPXTOHKHX IPOBOIOB
HMeeT TOJIIMHY 12 MKM, B KOJIMYeCTBO TOKOIPOBOSINHUX XKHJI cocTaBisieT 550, ‘

JIPYTHM MaTE€pHAIIOM U3 JIBYX BHIOB MaTe€pHANa SBISETCS MEJHO-HUKEIIEBbIH MOHOMETAJLT,
conepxamuii ot 20 % 1o 25 % no macce Hukens U ot 75 % no 80 % mo macce Menu, npu4eM
OllHa TOKOIPOBOJsIIAs JKHUJAa CBEPXTOHKHX IpOBOJOB HMMeeT TommuHy 100 MkM (3HadeHume
compoTuBieHuss 36 OM Ha TOKONIPOBOASIIYIO XHIIIY), ¥ KOJIHYECTBO TOKOIPOBOISIIUX KU
cocraBnsgeT 14, u

JBa BHJA MaTepuala CBA3BIBAIOT B OJMH NY4Y0K TaKUM OO0pa3oM, 4YTO 3HaYCHHE

COTIPOTUBJICHHS Ha | M JUIMHBI HarpeBaTeJIbHOIO IpoBoJa paBHO 2 OM.

24, HarpeBaTenbHBI 3JIE€MEHT IO NOYHKTY 16, OTIWYAIOMHMHCA TEeM, HTO MaTepHal
CBEPXTOHKOI'O IIPOBO/A MPEACTaBIsAET cOOOM 1Ba pasHBIX BHAA MaTepHaia, 1

CBEPXTOHKHE TMPOBOJIA, W3rOTOBIEHHBIE W3 OJUHAKOBOTO MaTepHasa 3 JIBYX BHJIOB
MaTepHalla, IMEIOT OJHHAKOBYIO TOJIIMHY, H CBEPXTOHKHE IPOBOJA ONHOTO MaTEpHala HMEIOT
TONIIMHY M KOJIMYECTBO TOKONPOBOJSAINMX JKWI, OTIMYHBIE OT TOJIIMHEI H KOJIM4eCTBa
TOKOIPOBOISIIHX JXHJI CBEPXTOHKUX ITPOBOJOB JIPYTOro MarepHala,

IpU 5TOM OJWH MaTepHal M3 ABYX BHIOB MaTepuaia Iipeacrapiser coboit SUS 316 mwmm
NASLON crajisHOe BOJOKHO, Y KOTOPOTO OJJHA TOKOTIPOBOJSIIAS XKIJIA CBEPXTOHKHX IIPOBOJIOB
MIMeET TONIIMHY 8 MKM, H KOJIMYECTBO TOKOIPOBOASIIHX XM cocTaBnseT 1 000, -

JpYTHM MaTepHAJIOM U3 JIBYX BHAOB MaTepHalla SBJISETCS MEeIHO-HUKEIEBbI MOHOMETAILT,
coaepxamuit ot 20 % 1o 25 % mno macce HuKenA B oT 75 % mo 80 % mo macce Menu, npuyeM
OJIHA TOKONPOBOJAIIAS XWJIa CBEPXTOHKHMX NpoBOAOB MMeeT TonmuHy 100 MKM (3HadeHue
COIpPOTHBICHKS 36 OM Ha TOKOIIPOBOISINYIO XKHIY), M KOJIHYECTBO TOKOIPOBOISIIMX MKHII

cocrasiser 14, u




ITepBoHauanbHO NoganHas Gopmyna H300peTeHus
IIBa BHAA MarepHaja CBA3BIBAlOT B OAMH IIy4OK TakuM o0Opa3oM, 9YTO 3HAYCHHE

COIIPOTHBJICHUA Ha B Y JJIAHBI HarpeBaTCJIbHOIO IIPpOBOJAA paBHO 2 Om.

25. HarpeBaTenbHbBI 3M€MEHT IO IYHKTY 16, OT/IMYarOIMUics TeM, 4YTO MaTepualn
CBEPXTOHKOI'O IIPOBOJIa NIPEJICTABIAET co00i Ba pa3HbIX BUAA MaTepHala, U

CBEpXTOHKHE IIPOBOJIAa, M3TOTOBJCHHBIE M3 OAMHAKOBOTO MarepHana M3 JBYX BHUIOB
MaTepuana, HIMEIOT OJUHAKOBYIO TOJIIIMHY, M CBEPXTOHKHE IPOBOJIAa OJHOTO MaTepHaja UMEIOT
TOJIIMHY M KOJMYECTBO TOKOMPOBOISINUX KWJ, OTIIMYHBIE OT TOJIIMHBI W KOJHUYECTBA
TOKOIIPOBOISAIIMX HHJI CBEPXTOHKHX IIPOBOJOB APYTroro MaTepHaa,

IIpH 3TOM OAMH MaTepual U3 JBYX BHAOB MarepHaia Ipencrasiser coboir SUS 316 wm
NASLON cranpHO€ BOJIOKHO, Y KOTOPOTO OJJHA TOKOIIPOBOASILAS XKHJIA CBEPXTOHKUX ITPOBOJOB
HMEeT TOJIIHHY 0,5 MKM, ¥ KOJIMYECTBO TOKONIPOBOAAIINX XKuJI cocTaBisieT 2 000,

JIpyTHM MaTepHaJIOM M3 JIBYX BHJ/IOB MaTe€pHala SABIACTCS MeIHO-HUKE/IeBbIi MOHOMETAILI,
cogepxamuit ot 20 % 10 25 % 1o Macce HuKens u oT 75 % 10 80 % no Macce MenH, IpHYEM
OJlHa TOKOIPOBOIALIAsA >KMJa CBEPXTOHKMX INpOBOAOB HMMeeT TommuHy 100 MxM (3HaueHHE
conpoTupneHus 36 OM Ha TOKOIPOBOISIIYIO XXKHIY), U KOJHYECTBO TOKonpoﬁonmex 3701
cocraBnger 14, u

IBa BHIA MaTepHaja CBS3bIBAIOT B OJMH IIy4OK TaKkuM o00pa3oM, YTO 3HAyeHHE

1

COIIPOTUBJICHHS Ha 1 M JUITMHBI HarpeBaTeIbHOrO MpoBoJa paBHO 2 OMm.

26. HarpeBaTenbHbIH DJIEMEHT IO MYHKTY 16, OTIHYArOMMHCA TeM, YTO MaTepHal
CBEPXTOHKOI'0 MPOBOJia NPEACTaBIIsIET COOOM J1Ba pa3HAIX BHJA MaTepHasia, U

CBEDXTOHKHE IIPOBOJA, M3TOTOBJCHHBIC M3 ONMHAKOBOIO MaTepHana W3 IBYX BHJIOB
MarepHaia, HIMCIOT OJUHAKOBYIO TOJNINUHY, U CBEPXTOHKHE IYPOBOJa OJAHOTO MaTeprajia UMEIOT
TOJIIMHY ¥ KOJMYECTBO TOKONPOBOIAIIMX XKW, OTJIMYHBIE OT TOJNIIMHBI M KOJMYECTBA
TOKOIPOBOSIIUX XU CBEPXTOHKHX IIPOBOJIOB IPYTOT0 MaTepHasa,

IIpH 3TOM OJIMH MaTepHall U3 JABYX BHIOB Marepuaia IpeacrtaBiser coboit SUS 316 wm
NASLON cranbHOe BOJOKHO, Y KOTOPOTO OJJHA TOKOIPOBOMSINAS XKHJIA CBEPXTOHKHMX IPOBOJIOB
uMeeT TonmuHy 100 MKM, ¥ KOJIMYECTBO TOKOMPOBOISIINX KU cocTaBmseT 40,

JIPYTHUM MaTepHaJIOM H3 JIBYX BHIOB MaTepHalia SBISETCS MEIHO-HUKEICBBI MOHOMETAILI,
conepxamuit ot 20 % mo 25 % no macce Hukens u ot 75 % no 80 % mo macce mMenu, npuyeM
OlHA TOKOIPOBOISIIAS JKWJIA CBEPXTOHKHX IpoBOAOB mMMeeT TommuHy 100 MxM (3HadyeHHe
conpoTuBieHuss 36 OM Ha TOKONPOBOISUIYIO XHIY), U KOIUYECTBO Toxonpo:Boz[;mmx KU

cocraBiuger 14, u




IlepBonayanbHO nogaHHas GopMya H300peTEHUS
JIBa BHJA MaTepHalla CBS3BIBAlOT B OJUH IIy4OK TakuM oO0pa3oM, 4YTO 3HAUYCHHE

COINIPOTHUBJICHUA Ha 1 M IIHHEL HarpeBaTCJIbHOI'O IPOBOLa PAaBHO 2 OMm.

27. HarpeBaTenpHBbIH 3JIEMEHT MO JHOOOMY M3 IyHKTOB 23-26, OTIMYAIOIMICS TeM, YTO
HarpeBaTelbHEI NPOBOJ, CO 3HA4Ye€HHEM COmpoTHBIeHHS 2 OM Ha 1 M ANHHBI pa3pe3aloT Ha
uiMHYy 31 M TakuMm 00pa3oM, YTO NIpU NPUMEHEHHHM JJIEKTPUUYECKOr0 TOKa CO 3HAYCHHEM
HanpspkeHus 220 B cunoif 3,1 A HarpeBaTenpHBI TIPOBOJA HEMPEPHIBHO hozmepmmaaer

temneparypy 150° C (m3MepeHHOE 3HaYeHHE B COCTOSHUM aKKYMYJIHPOBAHHS TEILIA).

28. HarpeBaTensHblil 3NEMEHT MO JIFOOOMY M3 IYHKTOB 23-26, OTIHYAIOIIHHCI TEM, 94TO

HarpeBaTelbHbIA [IPOBOJ CO 3HAYECHHEM CcONpoTHBiIECHHS 2 OM Ha 1 M JUIMHBI, pa3pe3aioT Ha
|

IUIMHY 23 M, TakuM oOpa3oM, 4YTO IpHU INPHMEHEHHH 3JIEKTPHYECKOrO TOKAa CO 3HAYCHHEM

HanpspkeHus 220 B cunoit 4,2 A, HarpeBaTeNbHBIA IPOBOJ HEMIPEPHIBHO ﬁomepmnsaeT

temneparypy 230 °© C (u3sMepeHHOE 3Ha4Ye€HHE B COCTOSHIM aKKyMYJIMPOBAHHS TEIUIA).

29. HarpeBaTeNnbHBIH 31€MEHT IO HOOOMY M3 IyHKTOB 23-26, OTIIMYAIONIMHCS TeM, YTO
HarpeBaTelbHBIH MPOBOJ CO 3HAYCHHEM conpoTHBiIeHMs 2 OM Ha 1 M UIMHBI pa3pe3aloT Ha
IUIMHY 55 M, TakuM o0pa3oM, YTO NpH NPUMEHEHMH 3JIEKTPUYECKOrO0 TOKA CO 3HAaYEHHEM
Hanpsokeauss 380 B cummoit 3,1 A, HarpeBaTeNnpHBIH NPOBOA HENPEPBIBHO IOJICPKHBAET

Temnepatypy 150 © C (u3MepeHHOe 3Ha4eHHE B COCTOSSHUU aKKyMYJIUPOBaHUS TeIUIa).

30. HarpeBatenbHbIH 3JEMEHT IO JIIOOOMY M3 MYHKTOB 23-26, OTIMYAIOUIMICS TEM, UTO
HarpeBaTeNbHBIA IIPOBOJ CO 3HAYEHHEM CONpOTHBIECHHS 2 OM Ha 1 M UHHBI pa3pe3aroT Ha
ey 40 M, TakuM 00pa3oM, 4YTO IpH IPUMEHEHHH 3JEKTPHYECKOTO TOKa CO 3HAYCHHEM
Hanpsokeaus 380 B cunoit 4,2 A, HarpeBaTeNbHBIM NPOBOL HENPEPHIBHO homepxmsae’r

temnepatypy 230 °© C (M3MepeHHOe 3HaUCHHE B COCTOSIHUH aKKyMYJIHPOBaHUS TEILIA).

31. HarpeBaTenbHbIH 3J€MEHT MO NYHKTY 16, OTIMYaOIWics TeM, YTO MaTepHal
CBEPXTOHKOTIO IIpOBOJA MpECTaBIgeT coboi 1Ba pa3HBIX BUA MaTepHalia, 1

CBEPXTOHKHE IIPOBOJA, HM3TOTOBJICHHBIE H3 OJWHAKOBOIO MaTepHala W3 ABYX BHIOB
MaTepuaia, UMeIOT OIMHAKOBYIO TOJIIIMHY, ¥ CBEPXTOHKHE IIPOBOJiAa OXHOTO MaTepHalla HMEIOT
TOJIIMHY M KOJNHYECTBO TOKOMPOBOISINUX >KWJI, OTJIAYHBIE OT TONINMHBI M KOJMYECTBA

TOKOIPOBOASIIHX XHJI CBEPXTOHKHX HPOBOJIOB IPYTOro MaTepHaa,



IlepBonauanbHO NoAaHHas GopMyna W300peTeHUs

IOpH 5TOM OJHH MaTepual M3 ABYX BHAOB Marepuaia npeacrasisieT codoil SUS 316 wmu
NASLON cTtansHO€ BOJIOKHO, Y KOTOPOTO OJHA TOKOIIPOBOISIIIAS KIJIA CBEPXTOHKHX NMPOBOOB
UMeEET TOJIMHY 12 MKM, B KOJIMYECTBO TOKOIIPOBOISIIMX JKHJI cocTaBiseT 550,

IpyTEM MaTepHajioM U3 ABYX BHJOB MaTepHaia SBISETCS MEIHO-HUKEJICBBIA MOHOMETAIL,
cogepxamuil ot 20 % 1o 25 % no macce Hukens u ot 75 % no 80 % mo macce Menu, Ipu4yeM
OJIHa TOKOIPOBOJSAINAS >XMJIa CBEPXTOHKHUX IMpOBOJAOB mmeeT TommuHy 100 MxM (3HaueHHe
conpoTuBieHUs 36 OM Ha TOKONPOBOISINYIO JXXKHIY), U KOJHYECTBO TOKOIPOBOISIINX HKHJI
COCTaBIET 9, H

JBa BHMJA MaTepuaja CBS3BIBAlOT B OJUH IIyYOK TaKuM o0Opa3oM, YTO 3HA4YECHHE

COIIPOTHBJICHHA Ha 1 M IUIMHBI HarpeBaTeNIbHOrO NPOBOJA PaRHO 3 OM.

32. HarpeBaTenbHBI 27IEMEHT HO NYHKTY 16, OTNHYalOmMiics TeM, YTO Marepuall
CBEPXTOHKOI'O IIPOBOJA IIPEACTaBIsAEeT cOO0M ABa pa3HBIX BHJA MaTepHana, U |

CBEPXTOHKHE IIPOBOJA, HM3TOTOBJICHHBIE W3 OIHMHAKOBOTO MaTrepuUaia W3 JIByX BHIOB
MarepHaila, UIMEIOT OJAMHAKOBYIO TOJIIMHY, H CBEPXTOHKHE I(POBOJIa OJHOIO MaTepHata UMEIOT
TOJNIIMHY M KOJHMYECTBO TOKOIPOBOIAINKX >KHJI, OTIMYBBIE OT TOJIIMHEI M KOJHYECTBA
TOKOIIPOBOISINUX XKHJI CBEPXTOHKHX IIPOBOJIOB JPYroro Marepuaia,

IIpH 3TOM OJIMH MaTepHal U3 AByX BHIOB Marepuana Ipezactasiser co6oit SUS 316 wu
NASLON cranpHOE BOJOKHO, Yy KOTOPOrO OJIHa TOKOIIPOBO/ISIIAS XKIUJIA CBEPXTOHKHX IIPOBOJIOB
MMeeT TONIIMHY 8§ MKM, H KOJHMYECTBO TOKONPOBOASIIMX XK coctasiser 1 000, -

JIPYTUM MaTepUaJIOM K3 JIBYX BHJIOB MaTepuaia SBISCTCS MEIHO-HUKEIEBBIH MOHOMETAILI,
coaepxamuit ot 20 % no 25 % nmo Macce Hukens u ot 75 % mo 80 % mo macce Meau, npudemM
OJlHA TOKOIIPOBOJIAIAs JXHJAa CBEPXTOHKHX NPOBONOB HMeeT ToumuHy 100 MM (3HaueHHe
conpotuBieHus 36 OM Ha TOKOMPOBOASAINYIO XHIIY), H KOJHYECTBO TOKOIPOBOISIIMX KHII
cocTaBisieT 9, u

JBa BHJA MaTepHajia CBSA3BIBAIOT B OJUH IIy4OK TakuM oOpa3oM, UYTO 3HAaYEHHE

CONPOTHBICHHS Ha 1 M INMHBI HarpeBaTeIbHOTO IpOBoJa parHO 3 OM.

33. HarpeBarenbHbI 3J€MEHT MO IYHKTY 16, OTNHYaOmHUiics TeM, YTO MarepHail
CBEPXTOHKOI'O ITIPOBOJIA MPEACTABNAET COOOM /1Ba pa3HBIX BHJIa MaTepHaia, U

CBEPXTOHKHE INPOBOJA, HU3TOTOBICHHBIE W3 OJMHAKOBOTO MaTepHalia M3 JBYX BHJIOB
MarepHaila, IMEIOT OQUHAKOBYIO TONIIUHY, U CBEPXTOHKHE IIPOBOJA OAHOIO MAaTepUala UMEIOT
TOJIIIMHY M KOJMYECTBO TOKOIPOBOIIMX JKWI, OTIMYHBIE OT TOJNIIMHBI M KOJHMYECTBA

TOKONPOBOOAIINX XHJI CBEPXTOHKHX MPOBOJOB APYroro MaT€praia,
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IIpY 3TOM OJYH MarepHal M3 OBYX BHIOB Marepuaia lpeacrapiseT coboi SUS 316 wm
NASLON cTansHOE BOJIOKHO, y KOTOPOT'O OJIHa TOKOIIPOBOSINAS JKAJIA CBEPXTOHKHX TIPOBOIOB
HMeeT TOJIIHHY 6,5 MKM, H KOJTMYEeCTBO TOKOMPOBOIAIIMX XM cocTaisgeT 2 000,

ApYTUM MaTe€pHaiOM U3 OBYX BHJIOB MaTepHaa SBIAETCS MEIHO-HUKEJIEBBIH MOHOMETAIL,
cogepxkamuii ot 20 % 1o 25 % mo macce nHukens u ot 75 % go 80 % mo macce Menu, IpUYeM
OllHa TOKONPOBOZISAINAS >KHJA CBEPXTOHKHX IPOBOAOB mMeeT ToimuHy 100 MKkM (3HaueHHE
conpoTuBieHus: 36 OM Ha TOKOIPOBOISINYIO JKMIY), U KOJNHYECTBO TOKOIPOBOISINHX JKHII
COCTaBJIAET 9, m

JBa BHJAa MaTepuajla CBS3BIBAIOT B OJMH IIy4OK TakuM oOpa3oM, YTO 3HAYEHHE

COIIPOTHUBJICHHS Ha 1 M JUIMHBI HarpeBaTeJIbHOTO MPOBOia parHo 3 OM.

34. HarpeBaTenpHblii 3JIEMEHT IO HIYHKTY 16, OTNHYarOmuifics TeM, YTO MaTepHal
CBEPXTOHKOI'O IIPOBOA IIPEACTABIAET OO0 1Ba pa3HBIX BHJa MaTepHania, u

CBEPXTOHKME IIPOBOJA, HM3IOTOBJICHHBIC W3 OAMHAKOBOIO MaTepHala M3 JIBYX BHIOB
MaTepuaa, AMEIOT OJHHAKOBYIO TOJIIMHY, H CBEPXTOHKHE I(POBOJA OTHOIO Mafepnana HMEIOT
TOJIIIUHY M KOJHYECTBO TOKOIPOBOAALIMX JKHJI, OTJIMYHBIE OT TOJIIMHBI M KOJMYECTBA
TOKOIIPOBOJSIIHX XXMJI CBEPXTOHKHUX IIPOBOJIOB JPYTrOro MaTepHaia, |

B KOTOpPOM OIUH MaTepHall M3 ABYX MaTrepHayioB Ipencrasisger coboit SUS 316 umm
NASLON u3 ctanpHOE BOJOKHO € OJHOH HHUTBIO CBEPXTOHKOIO IPOBOAA, UMEIOUIEH TONIIUHY
100 MxM, B KOoJTHYECTBOM HuTel 40, ‘

ApYrHM MaTepHAIOM 3 ABYX BAIOB MaTepHaia SBJISETCS MEIHO-HAKEEBIH MOHOMETAIL,
cogepxamuil ot 20 % 1o 25 % no Macce Hukenst ¥ ot 75 % no 80 % mo Macce MemH, pHYEM
OJlHa TOKOIIPOBOJSIIAsA >KHJa CBEPXTOHKHX IPOBOAOB HMMeeT TommuHy 100 MM (3HadeHHe
conporuBieHus 36 OM Ha TOKONPOBOISIIYIO JKHIY), ¥ KOJMYECTBO TOKONPOBOIAIINX KHII
COCTaBJHICT 9, H

JBa BHJa MaTepuala CBS3bIBAIOT B OAMH IIy4OK TakuM o0Opa3oM, 4YTO 3HAYCHHE

COIIPOTHBJICHMS Ha | M UIMHEI HarpeBaTeIBHOI0 MIPOBoAa parHO 3 OM.

35. Croco6 HCHONB30BaHUS HATPEBATENILHOTO 3JIeMEHTa IO IYHKTY 16, cmocob
HCIIOJIb30BAaHMS, BBIOJIHEHHBIH C BO3MOXHOCTBIO, NMPEAYCMATPHUBAIOIIEH, YTO OJHH KOHEIl
HarpeBaTeIbHOI'O 3JIEMEHTa BCTABJIEH B COCTHHHUTEIBHYIO KJIEMMY WJIH BTYJIKY, a 3a4HINCHHAS
YacTh IIpOBOJA BCTaBI€HA B COCAMHHUTEIBHYIO KIEMMY MM BTYJIKY, KOoTopas MJOJDKHA
HEPEKPHIBATHECS MHOXKECTBOM CBEPXTOHKHX IPOBOJIOB, H COCIUHHTENBHYIO KIEMMY HIIH BTYIIKY

NPHXHUMAIOT JJI COCTUHECHHUA HAarpCBaTCJIbHOI'O 3JICMCHTA C IIPOBOAOM.
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36. Cnoco® HCHONB30BaHHMS HArpeBaTeNIbHOTO 3JIEMEHTa II0 IYHKTY 16, cmoco0
UCIIO/IL30BAHMUS, BBIOJHEHHBIH C BO3MOXXHOCTBIO, IPEAYyCMAaTPUBAIOIICH, YTO CBEPXTOHKHMA
IpPOBOJ HAarpeBaTeNbHOrO 3JEMEHTA BBHIIOJHEH M3 Marephalia, TeHEPHPYIOLIEro IajbHUE
HH(pakpacHble Jy4H, KOI/la X HeMy HpPHMEHSETCS HarpeB, BCIEIACTBHE YEro YIEpPKHMBAETCS

TeMIlepaTypa HarpeBa B nuanasoHne oT 100° C mo 1 000° C.

37. Cnocob WHCHONB30BaHHUSA HArpeBAaTENIBHOTO JJIeMEHTa II0 HYyHKTYy 16, croco6
HCIIOJB30BAHMs, BBIIOJIHEHHBIH C BO3MOXHOCTBIO, INpPEAyCMAaTpPHBAIOIIEH, YTO IIOCTE
H3rOTOBJICHHS HAarpeBaTeIbHOIO JJIEMEHTa IIyTeM peryJHpOBaHUS TeMIepaTypsl CaMoro
HarpeBaTebHOIO 3JIEMEHTa A0 TEMIEpaTypHOIro JWama3oHa, TpeGyeMoro B O0JAaCTH TEXHMKH,
HarpeBaTeIbHEIA 3JIEMEHT pa3pe3aroT Ha 3aaHHYIO JUIMHY C ITOJIyYeHHEM CEeKIIMH, IIpHYeM OJHa
CEKIHUs IPEJCTABJISIET COOOM ONHY Lielb, i MHOXECTBO CEKIMOHHBIX LieTlell MCIONB3YIOT MyTeM

IapajuIeIbHOTO COCIUHEHHS IPYT C IPYTOM.

38. Cnoco6 uCmongp30BaHUS 10 MYHKTY 37, OTNHYAIOIIHICA TEM, 4YTO 3HAYECHHE
SNICKTPUYECKOr0 TOKa, IPOTEKAlOIEro Yepe3 HarpeBaTENIbHBIA JSJIEMEHT, W3MEHSIOT I

PETyIMPOBKH TEMIIEPATYPHOIO AMana3oHa, TpeOyeMoro B 00J1acTH TEXHHKH.

39. Croco6 HCHONB30BaHUSA MO MYHKTY 38, OTIHYAIOIIMMCA TeM, YTO 3HAYCHHUE
3NIEKTPAYECKOr0 TOKA PaBHO 3 A MM BbIIIE, BCIEJCTBHE YETO TEMIIEpATypy HAarpeBaTeILHOTO

9JIEMEHTa PETYNUPYIOT 10 TemueparypHoro auanazona 100° C wmm Beime.

40. Cnoco6 HCHOH30BAHMS HATPEBATENBHOrO JJIEMEHTa II0 MNyHKTYy 16, cmocoG
HCIOJIB30BaHM, BBIIOJHEHHBIA C BO3MOXHOCTBIO, NPENyCMaTpHBAIOIEH, YTo mOCcie
U3TOTOBJICHUS. HArpeBaTeNbHOrO 3JIEMEHTa i paboTHl B JKETaeMOM JHANa30HE HH3KOIo
3HA4YEHHUs HANpsDKEHMsl, HAarpeBaTENbHBIM JJEMEHT pa3pe3aloT Ha 3aJaHHylO JUIHHY Ui
H3IOTOBJIEHMS] CEKLWH, IpHYEM OIHA CEKIHsS SBJIAETCS OMHOH HENbi0, a MHOMXECTBO
CEKITMOHHBIX INeMeil COCMMHSIOT NApalIeNbHO APYT C JPYTOM H  HCIOMB3YIOT IyTeM
NONKIIOYEHHS! K HCTOUHHKY DJIEKTPOITHTAHHs HU3KOTO 3HAYeHHs HAIPSDKCHHUS, KOTOPBIHA [OAaeT

JJIEKTPHUYICCTBO C HU3KHM 3HAYCHHCM HAIIPSOKCHUS.

41. Cnoco6 wucmonms3oBaHusS 1O NYHKTY 40, OTIHYAIOIIMHCH TEM, 9TO 3HAYECHHE

COIIPOTHMBJIEHHS Ha €IHHHIY JUIMHBI HarpeBaTeILHOIO 3JIEMEHTa YMEHBINAETCA TaKUM o0pa3oM,
I

YTO HarpeBaTeNIbHBIA SJIEMEHT paboTaeT B AMana3oHe HU3KOTro 3Ha4eHHs HanpsokeHus 50 B umu
|

HHXKCE.
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42. Cnoco0 HCHonp30BaHHS MO MYHKTY 41, OTIHYAIOIIHNACA TeM, YTO 3HAYEHMHE

CONPOTHBJICHHS Ha | M JUIMHBI HarpeBaTeJIbHOTO dJleMeHTa yMeHbIuaercs 10 10 OM uin Hinke.

43. Cnoco6 wucnons3oBaHus O NYHKTY 40, OTAMYAIOINUACS TEM, YTO HCTOYHMK
JNEKTPOIIMTAHUsl HHU3KOIO0 3HAYEHHS HaNpsDKEHUS HCIONB3YIOT MNpPH IMOAKIIOYCHHH K
HHU3KOBOJIBTHOMY  TpaHC(OpPMAropy IEpEeMEHHOTO TOKa, HH3KOBOJITHOMY  afanTepy
IIOCTOSIHHOTO TOKa, aKKyMyJATOpDHOH Oarapee, cucreMe axkkymynupoBaHus sHeprum (ESS),
(GOTO3TEKTPHYECKOMY MOIYIIO (TIaHENTh COJHEYHBIX JJIEMEHTOB) HJIH K OOOpPYJOBaHHIO ¢
¢doToranbBaHMYECKUM MOZAyJIeM (TaHETb COJIHEYHBIX HJIEMEHTOB), MOAKIIOYEHHOMY K

aKKyMyJIATOpHOH Oatapee uinu ESS.

44. Cnoco6 HCToNp30BaHMA 110 IMyHKTY 40, OTIHYAIONDIACSA TeM, YTO AUANa30H 3HAYECHH
HHU3KOI'O HalpsDKEHMs cocTaBigeT 24 B mepeMeHHOro Toka WiM Hixe, Wi 24 B mocrosHHOrO

TOKa HMJIM HHXKC.

45. Cpooco0® HCHONB30BaHHS HAarpeBaTeIbHOTO 3JIEMEHTa IO IYHKTY 16, cmocob
HCIIONIb30BaHMS, BBIIOMHEHHBIH C BO3MOXXHOCTBIO, IIPEyCMaTPHBAIOIIEH, UYTO HarpeBaTelbHbIH
9JIEMEHT BCTABJLIOT MM NPHUKPEIUIAIOT K 3aKPEIUIAIOIEMY IPHCIOCOONICHHIO Uil TOTO, YTOOBI

OH OBLI HEIIOABHXKHO 3aKPCIIICH.

46. Cnoco® MCHONB30BaHUS MO MYHKTY 45, OTIIMYAIOMUHCA TEM, YTO IIOCIIE TOTO, Kak
HarpeBaHMs 3J€MEHT HOKPHIT TeduionoM, [IBX unu CHIHKOHOM, HarpeBaTeNbHEIA JJIEMEHT

IIOKPBITHEM IIPUKPEILIAIOT K 3aKPEINIAIOIEMY IIpI/ICIIOCOGJIeHI/HO B XCJIaCMOM MECTE.

47. Cnocob HCIONIB30BaHUS IO IMTYHKTY 45, OTIHYAIONIMHACA TEM, YTO MOCIIE PACIOI0KCHHS
HarpeBaTeIbHOrO 3JIEMEHTa MEXAy BEpXHeH U HH)XKHEH ITaCTHHAaMH IUIaHApHOTO MaTepHalia Ha

HET0 HAHOCAT aAre3UB, B aAIC3UB PACIIJIABJIAIOT JJIA 3aKPCIITICHHA.

48. Cpmocob wmCHONb30BaHHUs N0 IyHKTY 47, OTIMYAIONMNCA TeM, 9TO IUIAHAPHBIH
MaTepHuai Ipeacrasisier coboit ITOT-mracTuHy, 0ORMHOE BONIOKHO HITH XKECTSHYIO TUIACTHHY;
anresus npesacrasiser coboit TIIY-xuakocts, TITY-macTHHY, CHIMKOHOBYIO JKHJKOCTB,

CHJINKOHOBYIO IINTACTUHY, TCPMOIIIABKYIO XKUAKOCTH HIIH TEPMOILIABKYIO l'IJ'IaCTI/IHy; Hu
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IUIABJIEHHE aJre3WBa BBINOJHACTCS TEPMOKOMIIPECCHEH C HCIOJIB30BAHHEM TOPSYETO
npecca JUis pacIUiaBlieHHs ajre3dBa WM C IMOMOIIBIO BHICOKOH YacTOTHI C HCHOJIB30BAaHHEM

BBICOKOYACTOTHOI'O YCTPOHCTBA MM KOMIIpeccopa.

49. Cnocob uCIonp30BaHUA IO MYHKTY 45, oTnMYaromuiics TeM, YTO II0Ce HOKPHITHA
HarpeBaTeNIbHOTO 3JIEMEHTa HArpeBaTe/IbHBIN JJIEMEHT C MOKPHITHEM BCTABIISIOT BO BTOPHYHOE

3AXHMHOE HpI/ICHOCO6HCHI/IC HIIA COCOUHAIOT € COCTUHUTEIBHBIM IPOBOAOM IJIA 3aKPCIICHUA.

50. Cnocob6 wucnosb30BaHMS HArpeBaTeIbHOTO »JIEMEHTa [0 MYHKTY 16, cmocob
MCTIOJTb30BAHHS, BBIIONHEHHBIA C BO3MOXHOCTEIO, NPEyCMAaTPUBAIOIIEH, YTO IOCIIE TOrO, KaK
Ha HarpeBaTEJIbHBIA 3JEMEHT HAHECEHO NOKPHITHE, ¥ OH IOKPBHIT SKPaHHPYIOIIMM IIHTOM, Ha
HarpeBaTeNbHBI 3JIEMEHT CHOBA HAHOCAT IIOKPHITHE, B pe3yjbTare Yero HarpeBaTelbHBIH

JJICMCHT HCIIONB3YCTCA IJI pacTalllIMBaHUA JibJa A CHEra.
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