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CTpYKTYpHPOBAHHBIH KATAJIM3ATOP

OBJIACTH TEXHUKU

CTpyKTYpHpPOBAaHHBIM  KaTajiu3aTOp, pEaKTOpHass CHCTeMa U CHocod
OCYLIECTBJICHHS YHIOTEPMHUYECKON PEaKLUU UCXOIHOTO ras3a, MpU KOTOPOM TEIUIO ISt

SHIIOTEPMHUUECKOH peakunu 00eCeYnBaeTCsl HArPEeBOM CONPOTHBIICHUEM.
YPOBEHb TEXHUKH

IIpon3BoACTBO CHHTE3-Tra3a, KAK MPAaBUIIO, IPOUCXOAUT HA KPYITHBIX X UMUYECKUX
3aBOJAX HM3-32 SHEPrOEMKHX PeakLuil, HEOOXOIUMBIX il 00eCTeYeH s MPOH3BOICTBA.
3TO 3aTPYAHSET MEJIKOCEPUIHOE MPOH3BOACTBO. KpoMe TOro, TOKCHYHOCTh CUHTE3-Ta3a
(ocobOeHHO U3-3a conep kaHust MOHOOKCHIA YTJIepOia) 3aTPYAHSIET XpaHEHUE CHHTE3-Ta3a

" CO3Aa€T 3HAUYUTECJIbHBIC PUCKH.

CymectByer moTpeOHOCTh B TPOU3BOACTBE CHUHTE3-ra3a B HEOOXOOMMBIX

o0beMax Ha MajbIX yCTAHOBKAX.
KPATKOE U3JIOKEHUE CYINHOCTHU U3OBPETEHU A

B nmnepBoMm acmekTe MNpenoCTaBle€H CTPYKTYPUPOBAHHBIN KaTalu3aTop MAJs
KaTaJln3a SHIOTEPMUYECKON peakiMyu UCXOJHOIO ra3a C LeNbl0 ero npeodpa3oBaHus B
ra3000pa3Hblii MPOAYKT, NPH 3TOM YKA3aHHBIH CTPYKTYPUPOBAHHBIN KaTaJIH3aTOP
COJZIEPIKUT, 110 MEHBbLIEH Mepe, OTHY MAKPOCKOIMMUYECKYIO CTPYKTYPY, PACTIONOKEHHYIO B
NPOAOCJIBPHOM HAIPaBJICHUU OT NepeqHell 4acTu K 3ajHell 4acTu, MpuYeM yKa3aHHas
nepenHsiss 4acTb 0oOpa3yeT BXOJHOE OTBEPCTHE B YKA3aHHYK) MAaKpPOCKOIMHYECKYIO
CTPYKTYpPY IUIsl YKAa3aHHOTO HMCXOIOHOTO ras3a, a yKa3aHHasl 3aJHssd 4acTb oOpasyer
BBIXOJTHOE OTBEPCTHE IJISi YKa3aHHOT'O Tra3000pa3HOro MPOAYKTA, MPUYEM YKa3aHHAsS
MaKpOCKOIIUYECKass CTPYKTypa oOpa3yer KaHajibl MOTOKa, obecrneunBasi TEUCHHE
HCXOHOIO ra3a M3 yKa3aHHOM MepefHel 4acTU B YKa3aHHYIO 3a/IHIOI0 YacThb, NpUYEM
ceryarasi CTPYKTypa oOOpa3oBaHa METAJUIMYECKHM MAaTE€PHAJIOM, KOTOPBIA SIBISIETCS
3JIEKTPONPOBOASIMM, H, IO MEHbLIEH Mepe, YaCTUYHO CIYXKUT MOIJIOKKON JJIst
KE€PaMHUECKOI0 MOKPBITHS, IPU 3TOM K€PaMHUYECKOE IMOKPBITHE CIYKUT MOAJIOKKOMN AJis
KaTaJIUTUYECKH AKTUBHOIO MaTepuaja, INpUYeM ceTdaras CTPYKTypa B CEYEHMUH,
MIOTIEPEYHOM TPOJOJBHOMY HAIIPABJICHHIO, IMPENCTABIsAET COOOH (PpaKIMIO CedeHUs

MaKpOCKOIIUYECKOH CTPYKTYpPBL, IPU 3TOM (PpaKLUsl HAXOAUTCS B auanasoHe 4 - 75%, u



IIPUYEM CeT4aTasl CTPYKTypa, MO MEHbLIEH Mepe, B TPEeX Ppa3JIUYHbIX CEYEHUSX B

NPOZIOJIBHOM HAaIlpaBJIEHUH MTPECTABISAET COOOM pa3IndHble (PpaKIHH.

B eme ogHOM acrekTe n300peTeHHs MPeayCMOTpPEeHa PeakTopHas CUCTeMa Ui
OCYILECTBJICHUSI JHIOTEPMHYECKOH peaknuuu HCXOAHOIO rasa, MHpU O3TOM JIaHHAs

pe€akTOpHas CUCTEMA COACPIKUT CIIEAYIOIINEC BJIEMEHTDI:
a) CTPYKTYPUPOBAHHBIN KAaTaJU3aTOP MO MEPBOMY aCMEKTY H300PETEHUS,

b) Kopmyc BBICOKOTO JaBJIEHHS, B KOTOPOM HAXOOHUTCS YKa3aHHbBIN
CTPYKTYPUPOBAHHBIN KATAJIH3aTOP, MMPH STOM yKa3aHHBIA KOPIYC BBICOKOTO JABJIEHUS
COIEPKHUT BXOIHOE OTBEPCTHE ISl TIOAAYH UCXOIHOIO I'a3a U BBIXOIHOE OTBEPCTHE IS
OTBOZIa ra3000pa3HOro MPOAYKTa, MPUYEM YKa3aHHOE BXOJHOE OTBEPCTHE PACIIOIOKEHO
TakuM 00pa3oM, YTO YKa3aHHBbIM HCXOOHBIA ra3 TMOCTyNaeT B MEPETHIOK YacTb
YKa3aHHOT'O CTPYKTYPUPOBAHHOIO KATAIN3aTOPa, a ra3000pa3Hblid MPOAYKT BBIXOIHUT U3

3aHEH 9aCTH YKa3aHHOT'O KaTajin3aropa, u

C) TEIUIOM3OJSIIMOHHBIA CJIOH MEXAY YKa3aHHbIM CTPYKTYPHPOBAHHBIM

KaTajin3aTOpOM U YKa3aHHBIM KOPITYCOM BbICOKOI'O NaBJICHUA,

TepmuH «3HOOTEPMHUUECKAsT PEAKIUS UCXOIHOIO raza» CleAyeT MOHUMATh Kak
CXeMy peakLHH, MPH KOTOPOH mpeoOpa3oBaHHE MCXOMHOTO rasa B ra3000pasHbId

IMPOAYKT Npe€anojiaract HeO6XOJII/IMOCTb nogavu SHEPruum u3 Oprmafomeﬁ Cpenanbl.

B eme ogHOM acmekTe U300peTeHHs INPEAYCMOTPEHO IPHMEHEHHE
CTPYKTYPHUPOBAHHOTO KaTaJIM3aTOpPa B COOTBETCTBUH C NIEPBBIM ACIIEKTOM WIIH PEaKTopa
B COOTBETCTBHHM CO BTOPBIM aCIEKTOM, OTJIHYAIOLIEEeCS TeM, YTO SHAOTEPMHUYECKas
peakuusi BbIOpaHa M3 TPYMIbI, BKIKOYaomeid B ceds mapoBod pUPOPMHUHI METaHa,
o0Opa3zoBaHHe LIMAHUCTOTO BOJOPO/A, KPEKHHT METAHOJIA, KPEKHHI aMMHaKa, OOpaTHYIO

KOHBEPCHUIO BOOAHOTO rada U JCTUAPUPOBAHUE.

I[OHOJ'[HI/ITGJII::HI:;IG ACIICKThI HaCTOﬂLHefI TEXHOJIOT'NH HOI[pO6HO OIIMCaHbI HUKE, a

Takke Ha Purypax u B mpuiaraeMoit popmysie n300peTeHHs.
OITMCAHUE ®UT'VP.

Ha ®urype la noka3aHo cedyeHHe IO BAPUAHTY OCYLIECTBJIEHUS PEAKTOPHOU
CHCTEMBI TIO0 HM300PETEHHI0 CO CTPYKTYPHUPOBAHHBIM KaTaU3aTOPOM, COJEPKAIIUM

MaTpPULy MAKPOCKOIMUYECKUX CTPYKTYP;



Qurypa 1b nnmocTpupyer peakTOpHYIO CHCTeMy, KOTopasi mokaszaHa Ha Purype

la, mpu 5TOM yajieHa 4aCcTh KOPIyCa BBICOKOTO JABJIEHUs U TEIIOU3OJISILITUOHHOTO CJIOS,
Qurypa 2 - yBeJIUYEHHbIN BUJ] YaCTH PEAKTOPHOU CUCTEMBI,

@uryps! 3a-3f WUTIOCTPUPYIOT Pa3IMYHbIE BAPHAHTBI OCYIIECTBJICHUS MPOpe3eit

CeTYaTON CTPYKTYPBI,

Qurypel 4a-4¢ WIMIOCTPUPYIOT PA3JIMUHbIE BAPUAHTBI OCYIECTBIECHUs IPOpe3en

CeTYaTON CTPYKTYpBHI,
Qurypa S5 WUIOCTPUPYET BApPUAHT OCYLIECTBICHUS MAaKpOCKOIMMYECKOU
CTPYKTYPEL,

Qurypa 6a WIIIOCTPUPYET OTHOCUTENIBHOE METAJINYECKOEe CEUYEHUE BapUaHTa

OCYLIECTBJICHUs], TOKa3aHHOro Ha Purype 5,

Qurypa 6b muIOCTpUpPYET OTHOCUTENBHOE METAJUTNUECKOE CeUEHUE Ha €ANHULLY

AJIMHBI BapHUaHTa OCYLICCTBJIICHHS, [TIOKA3aHHOI'O Ha CDI/Ipre 5,

Qurypa 6C WUIIOCTPUPYET OTHOCUTENBHYIO IUIOTHOCTb TOKAa BAapHaHTA

OCYLIECTBJICHUs], TOKa3aHHOro Ha Purype 5,
Qurypa 7 WUIOCTPUPYET BAPUAHT OCYLIECTBICHUS MAaKPOCKOIMYECKOU
CTPYKTYPBIL,

Purypa 8a WUIIOCTPUPYET OTHOCUTENIBHOE METAJUINYECKOE CEeUeHHEe BapHUaHTa

OCYLIECTBJIEHUs], TOKa3aHHOro Ha Purype 7,

@urypa 8b muIOCTPUPYET OTHOCUTENBHOE METAJUTNUECKOE CeUeHNE Ha €ANHULLY

AJIMHBI BapHUaHTa OCYLICCTBIICHH A, ITIOKAa3aHHOI'O Ha CDI/Ipre 7,

Qurypa 8¢ WUIIOCTPUPYET OTHOCUTENBHYIO IUIOTHOCTb TOKAa BAapHUaHTA

OCYLIECTBJIEHUs], TOKa3aHHOro Ha Purype 7,

Qurypa 9 WIUIIOCTpUPYET BAPHAHT OCYIUECTBICHUS MAKPOCKOMUYECKON
CTPYKTYPEL,
Qurypa 10a unmOCTpUPYET OTHOCUTENBHOE METAJUIMYECKOE CEYEHUE BapUaHTa

OCYLIECTBJIEHUs], MOKa3aHHOro Ha Purype 9,

@urypa 10b wurOCTpUpYET OTHOCHTENIBHOE METAIIMYECKOE CEueHHe Ha

CAVMHULY AJIMHBI BapuaHTa OCYHICCTBJICHUS, MOKA3aHHOI'O Ha CDI/Ipre 9,



Qurypa 10c wWIIIOCTPUPYET OTHOCHUTENBHYK) IUIOTHOCTH TOKAa BapUaHTA

OCYLIECTBJICHUS, TOKa3aHHOro Ha Purype 9,

Qurypa 11 wurocTpupyer BapuaHT OCYIIECTBICHUS MaKpPOCKOMUYECKON
CTPYKTYPBL,
Purypa 12a WITIOCTPUPYET OTHOCUTENIBHOE METAJUNINYECKOE CEYeHHE BapuaHTa

OCYLIECTBJIEHUs], MOKa3aHHOro Ha Purype 11;

@durypa 12b WUTOCTpUPYET OTHOCHTEIBHOE METAJIMUECKOE CEUeHHE Ha

€MHULLY JJIMHBI BAPUAHTA OCYLIECTBJICHUS, MTOKa3aHHOro Ha Purype 11,

Qurypa 12¢ WUIIOCTPUPYET OTHOCHUTENBbHYIO IUIOTHOCTh TOKAa BapHUaHTa

OCYLIECTBJIEHUs], NOKa3aHHOro Ha Purype 11;

Qurypa 13 wurOCTpUpPyeT BapUAHT OCYIIECTBICHUS MAaKPOCKOMUYECKON
CTPYKTYPEL,
Qurypa 14a unnroCTpUpyeT OTHOCUTENBHOE METAJUIMYECKOE CEYEHUE BapUaHTa

OCYLIECTBJICHUs], MOKa3aHHOro Ha Purype 13;

@durypa 14b wurOCTpUpYET OTHOCHTENIBHOE METAIIMYECKOE CEeueHHe Ha

€AVHULY JUIMHBI BADUAHTA OCYLIECTBIICHUs, ITOKa3aHHOTO Ha Purype 13;

Qurypa 14c wuUIOCTpUPYET OTHOCUTENBHYK) IUIOTHOCTH TOKA BapUaHTa

OCYILECTBJICHMs], TOKa3aHHOro Ha Purype 13;

@urypa 15 mnpencraBiser coboli rpaduk, WIIFOCTPUPYIOLIUN yBEIUYCHUE
CONPOTUBJIEHUS AJI1 BAPUAHTOB OCYLIECTBJIEHUS, MPOUJUIIOCTPUPOBAHHBIX Ha Purypax

5,7,9,1u 13;

@urypsl 16a 1 16b WILTFOCTPUPYIOT pa3IMYHbIE BUABI BAPUAHTA OCYIIECTBICHUS

CTPYKTYPHUPOBAHHOI'O KaTalu3aTopa;

Qurypa 17 wunmocTpupyeT BapHaHT OCYLIECTBIEHHUs] CTPYKTYPUPOBAHHOTO

KaTajin3aTropa,

Qurypel 18a-18¢ HMIIOCTPUPYIOT pas3IM4YHbIE CEYEHUs] 4Yepe3 BapUaHT

OCYLIECTBJICHUs], TOKa3aHHbIA Ha Purype 17,

@urypa 18d mimoCTpUpPyeT OTHOCHUTENBHOE METAJUINIECKOE CEUeHUE BapHAaHTa

OCYLIECTBJICHUs], MOKa3aHHOro Ha Purype 17;



Qurypa 19a unmroCcTpupyeT BapHaHT OCYLIECTBJIEHUS CTPYKTYPUPOBAHHOIO

KaTajin3aropa,

Qdurypa 19b wumoOCTpupyeT MONepevuHoe  CEeYeHHE  depe3  BapHaHT

OCYLIECTBJIEHUS] CTPYKTYPHUPOBAHHOTO KAaTaJINU3aTopa, oKa3aHHOro Ha @urype 19a.

Qurypa 20 MUIIOCTPUPYET BApPHUAHT OCYLIECTBJICHUS CTPYKTYPUPOBAHHOIO

KaTajinu3aropa,

Qurypa 21 WIMOCTpUPYET BApPUAHT OCYLIECTBJIEHHUS] CTPYKTYPUPOBAHHOTO

KaTajin3aropa,

Qdurypa 22a WLTIOCTPUPYET 1BA BApUAHTA OCYIIECTBICHUS CTPYKTYPUPOBAHHOIO

KaTajin3aropa,

durypa 22b WUIOCTPUPYET TIOMEPEYHOE CEUYCHHWE 4Yepe3  BapUaHThI

OCYLLECTBJICHUSI CTPYKTYPUPOBAHHOTO KaTajau3aTropa, MOKa3aHHOro Ha durype 22a.

Qurypa 23a WUIIOCTPUPYET BAPUAHT OCYLIECTBICHUS] MaKPOCKOIMUYECKOU
CTPYKTYDBIL,
durypa 23b MUTIOCTPUPYET BAPUAHT OCYIIECTBJIEHHS CTPYKTYPHUPOBAHHOTO

KaTajinu3aropa,

Qurypa 24 WUIIOCTPUPYET BAPHUAHT OCYLIECTBJICHUS CTPYKTYPUPOBAHHOIO

KaTaJm3aTopa,

Qurypa 25 WUIIOCTPUPYET BapUAHT OCYIIECTBICHUS MAaKPOCKOMUYECKON

CTPYKTYPBI, U MHOXXECTBO MAaTPUL] MAKPOCKOMUYECKUX CTPYKTYP;

Qurypa 206  WUIIOCTPUPYET  pa3jU4yHble  BAPUAHTbl  OCYLIECTBJIECHUS

CTPYKTYPHUPOBAaHHOT'O KaTaJlu3aTopa;

Qurypa 27 WIMOCTPUPYET BAPUAHT OCYLIECTBJIEHUS] CTPYKTYPUPOBAHHOIO

KaTajin3aropa,

Qurypa 28 WLIIOCTPUPYET PA3IUUYHBIE YACTH JJIs1 BAPUAHTOB OCYILIECTBJICHHUS

MaKpPOCKOIMUYECKON CTPYKTYPBL,

Qurypa 29a WIIOCTPUPYET Pa3IMYHbIE YaCTH U1 BAPUAHTOB OCYIIECTBJICHUS

MaKpPOCKOIMUYECKON CTPYKTYPBL,



durypa 29b WLTIOCTPUPYET Pa3IHUHBbIE YaCTH JJIsI BAPUAHTOB OCYIIECTBIICHHS

MaKpPOCKOIMUYECKON CTPYKTYPBL,

Qurypa 30a WUIIOCTPUPYET 4YacTb JJs  BapuaHTa  OCYLIECTBIEHUS

MaKpOCKOIUYECKONU CTPYKTYPBI, U

@urypa 30b wuFOCTpUpPYeET 4YacThb, Moka3aHHYIO Ha Durype 30a B coOpaHHOM

JJIEMEHTE.
INOAPOBHOE OITMCAHHE

PeaKTOpr C SJICKTPUYCCKUM HArp€BOM ITO3BOJIAIOT CO34aBaATh OY€HDb KOMITIAKTHBIC
XUMHUYECKUE PEAKTOPDI, IMOCKOJIbKY TCIUIO AJIA PEAKIHNU NTOAACTCA HEMOCPEACTBCHHO B

30HY KaTajM3aTtopa.

KoMnakTHbI 3JEKTPUYECKUN PEAKTOpP C HCHONb30BAHUEM MOHOJIUTHOIO
KaTaJIu3aToOpa OTIMYAETCs IPOCTOTOM B SKCIUTYaTALlMM M JIETKOCTBIO 3aIyCKa, MO3BOJISIs
NIOJIy4aTh ra3 Mo HeOOXOOUMOCTH. B pe3ynbrate OH MO3BOJISIET NOJIYYUTh OTHOCUTEIBHO
HEIOPOroi MPOM3BOJACTBEHHbIH OOBEKT, KOTOPBI MOXKET MPOM3BOIUTH a3 TOJBKO B
HEOOXOIUMBIX KOJUYECTBAX U MpEAroiaraeT HeoOXOOUMOCTb XPaHEHUs JIHIIb
HE3HAYUTENbHBIX 00BEMOB Ta3a, JIMOO MOJHOE OTCYTCTBHE MOLTHOCTEH Ui XpaHEeHHs,
OJHOBPEMEHHO C 3THUM 3HAYUTENBbHO COKpallas HeOOXOMUMOCTb AOCTABKU ras3a WU
NOJIHOCTBIO yCTpaHsis ee. IIpocToTa TEXHMYECKOro yCTpOWCTBA PEAKTOpa U PeaTu3alun
TEXHOJIOTUYECKOr0 TPOLECCa IEJaeT IPOU3BOACTBO TIas3a IPUBJIEKATENbHBIM IS
OTHOCHTEJIbHO YHHMBEPCAJIBHBIX IO MECTOIMOJIOKEHUIO MPOM3BOACTBEHHBIX OOBEKTOB,

YTO CHUIKAET PUCKH, CBSI3aHHBIE C MOTPY3KOM-pa3rpy3Koi rasa.

BapuaHT oCyliecTBiIeHHs] KOMITAKTHOTO 3JIEKTPHUYECKOTO PEAKTOpa BKIIFOYAET
CTPYKTYPUPOBAHHBIM KaTaJIM3aTOP, COMAEPKAIIMI MaKPOCKOMHYECKYH) CTPYKTYpY,
COZEPIKALIYI0 TPEXMEPHYIO CETUATYI0 CTPYKTYpy, Ile cerdaras CTPyKTypa obpasyer
MyTH MPOXOKIEHUS MOTOKOB, MO3BOJISIFOIINE UCXOIHOMY ra3y MPOXOIUTh OT MepeaHei
YaCcTU K 3aJJHEH 4aCTU MAaKPOCKOMHMYECKON CTPYKTYpPBhL. 3a cYeT oOecreueHus CeT4yaTon
CTPYKTYPhl ¢ HE(QHUKCHPOBAHHBIM MOMEPEYHBIM CEYEHHEM BJOJb MPOAOJIBHOTO
HATPABJICHUS] MAKPOCKOIMYECKON CTPYKTYPbl MOJKHO PEryJHPOBATH 3JIEKTPUYECKOE
COMPOTUBIIEHUE B TPOAOJHHOM HAIPABJICHUA W ONTHMH3UPOBATH SJIEKTPUYECKOE
COMPOTUBJIEHUE C Yy4eToM cdeppl MNpUMEHEHHs, TakuM oOpa3oM obecreunBas
SKCIUTYaTALHIO TIPU MOBBIIIEHHOW HHTEHCUBHOCTH TEIUIOBOTO IMOTOKA WK 00JIee HU3KOM

3JNIEKTPUUECKOM TOKE. OJTO IO3BOJIAET MAOIMOJHUTENBHO MOBBICUTH 3((eKTUBHOCTD



CMCIINBAHUSA Tra3da MNpU noaa4ve rasa OT nepe):[HeI‘/'I HaCTH K SaI[HefI qacTtu, TCM CaMbIM

yJy4Inas XapakTepUCTUKA MacCOOOMeHa.

Taxum 0Opa3om, npenocTaBieH CTPYKTYPUPOBAHHBIN KaTaIN3aToOp AJIs KaTalu3a
SHIOTEPMUYECKOH pPEeaKIMH MHCXONHOIO ra3a ¢ LeNbl €ero npeoOpa3oBaHUS B
ra3000pa3Hblii TMPOAYKT, NPH 3TOM VYKA3aHHBIH CTPYKTYPUPOBAHHBIN KaTaIH3aTOP
COJIEP>KUT, 110 MEHBLIEH Mepe, OJTHY MAKPOCKOIHUYECKYIO CTPYKTYPY, PACIIONOKEHHYIO B
NPOAOJIBPHOM HAIPaBJICHUU OT MepedHell 4acTu K 3aHeil 4acTu, NMpuYeM yKa3aHHas
nepenHsss 4acTb 0oOpa3yeT BXOOHOE OTBEPCTHE B YKA3aHHYK) MAaKPOCKOITHYECKYIO
CTPYKTYpy [UId YKa3aHHOTO HCXOJHOTO Tras3a, a yKa3aHHas 3agHss 4acTb oOpasyer
BBIXOJJHOE OTBEPCTHE JISI YKAa3aHHOT'O Ia3000pa3HOro MpOAYKTA, MPUYEM YKa3aHHAsS
MaKpPOCKOIINYECKast CTPyKTypa oOpa3yeT KaHaibl IIOTOKa, OOecrednBasi TeueHHe
HCXOHOTO ra3a M3 yKa3aHHOM nepeiHel 4acTU B YKa3aHHYIO 3a/lHIOI0 YacThb, NpUUYEM
cerdaTtasl CTPyKTypa 0OOpa3oBaHa METAIMYECKHM MAaTepHaOM, KOTOPBIH SIBIISETCS
3JIEKTPONPOBOASIUM, H, IO MEHbLIEH Mepe, YaCTUYHO CIYXKUT MOIJIOXKKON JJIs
KE€PaMHUeCKOI0 MOKPBITHsI, IPU 3TOM K€PaMHUYECKOE MOKPBITHE CIYKUT MOAJIOKKOMN AJis
KaTaIUTUYECKH AKTUBHOTO MaTepuaja, INpUYeM ceTdaTas CTPYKTypa B CEUYEHMUH,
MIONEPEYHOM MPOJOIBbHOMY HAMPABJIEHHUIO, MPEACTaBIsAeT COOOH 4acTh MONEPEdHOro
CEUEHUs1 MAKPOCKOMMUYECKOH CTPYKTYPBI, U TaKasi 4aCTh HAXOAUTC B Auanasone 4 - 75%,
IIPU 3TOM ceT4arTas CTPYKTypa B, MO MEHbLIEH Mepe, TPU Pa3JINYHbIX MONEPEUHBIX

CEYEHUSIX B MPOAOJIbHOM HAINPABJIEHHH TPEICTABISIET cOOO0H pasHble ppakiiH.

B nomnepeyHOM ceue€HUN OTHOCHUTENBHO IPOJOJIBHOTO HAIPABJIEHMs CeTdaTras
CTPYKTypa MpeAcTaBisieT COOOH 4acTh CEUEHHs] MAKPOCKOMTUYECKOH CTPYKTYpblL. Takum
o0pasom, ceTyaras CTpyKTypa MpeaCTaBIsieT COOOH OJJHY YacTh CEYEHHsI, B TO BPEMS KaK
OTBEPCTHUSl TPEACTABISIIOT COOOM JPYyryrw d4acTb TOro ke ceueHus. HeoOxommmo
NIOHUMATh, YTO OTBEPCTHE MOXKET OBbITh, IO MEHbINEH Mepe, YaCTUYHO, 3aIOJIHEHO
MaTepuanaoM, KOTOPBbIM OTIHMYaeTcs OT METaJUIMYeCKOro MaTepualia, U3 KOTOpOro

copMHpOBaHa ceTdaTasi CTPyKTypa.

Opakuust coctasisieT 4 - 75%. B paMkax Kakaoro ceueHus B0Jb POJOJIBHOIO
HAIPABJICHUs] MAKPOCKOMUYECKON CTPYKTYpPBI ceTdaTasi CTPYKTypa MOXKET COCTaBJISITh
4 - 75% mnonepevyHoro CEeYeHUs MaKPOCKOMUYECKON CTPYKTYyphl IlpeamouturenpHO

Takas ppakuus coctasisieT 4 - 50%, emme Gonee mpeanoYTUTENBHO 4 - 30%.



MaxkpocKOonu4YeckiHe CTPYKTYpbl 0Opa3oBaHbl TaKHUM OOpa3oM, 4YTO ceTdaras
CTPYKTYypa, 1o MEHbIIIeN MEPE, B TPEX PA3JIMYIHBIX CCUCHUAX B ITPOJOJIbHOM HAITPABJICHUU
npencTaBisieT co0oi pasiuyHble (pakLny, IPU STOM CeT4aTasi CTPyKTypa obpasyer, 1o
MEHbLIeH Mepe, TpPU pasiudHble (PAaKUUK BAOJb MPOJOJBHOIO HANpaBJIEHUS

MaKpPOCKOMUYECKON CTPYKTYPBHIL.

Hanpumep, Makpockomuueckasi CTPYKTypa MOXKET BKJIIOUATh B ce0sl CETYATYIO
CTPYKTYPY, KOTOpasi B OAHOM CE€YEHHUU COCTaBlsieT 5%, B APYTrOM MOMEPEUYHOM CEeUEeHUHU

— 15%, a B TpeTheM ceyeHuu oOpasyer ceueHue pasmepom 25%.

Jlpyrasi MakpOCKOIHMYECKasi CTPYKTypa MOXKET BKIOYAaTh B Ce0sl CeTd4aTyro
CTPYKTYpPY, KOTOpasi B OAHOM CE€YEHUU COCTaBlsAeT 7%, B APYroM NOMEPEYHOM CEeUeHU!U

—30%, a B TpeTbeM cedeHnH oOpa3yer ceueHue pasmepom 48%.

OueBUHO, YTO BBILIEYNOMSHYTbIE MAaKpPOCKOIUYECKHE CTPYKTYPhI SIBJISIFOTCS
MIPUMEPAMH MAKPOCKOMUYECKHUX CTPYKTYP, U UTO APYTHE MAKPOCKOIMUYECKHUE CTPYKTYPBI

MOTYT BKJIFOUATh B Ce0sI CETUATYIO CTPYKTYPY C APYTUM JUATIA30HOM (HPaKIIHi.

Taxke oOueBHMAHO, YTO ceT4aTass CTPYKTypa B HYETBEPTOM CEUEHHU MOXKET
NPEACTaBIATh COOON (pakuuio, paBHYI (paklUM MEPBOrO, BTOPOrO MM TPETHErO
ceueHns. Hampumep, ceruaras CTPyKTypa IIepBOTO YKa3aHHOIO BapHaHTa
OCYILIECTBIIEHUsST M300pETeHUsT MOXKET B YETBEPTOM CEUEHHMM IPEICTABIATh COOOM

¢pakumio B 15%, Kak ¥ BO BTOPOM CEUEHHUH.

Tem He MeHee, B IpyroM BapuaHTe OCYLIECTBJICHHUS CeTYaTasi CTPyKTypa epBOro
YKa3aHHOTO BAapHAHTA OCYINECTBJICHUS MU300PETEHHS] MOXKET B YETBEPTOM CEYCHHH
cocTaBsATh Qpakiuo 28%; T.e. Gppakuro, OTIMUHYIO OT MEPBOTO, BTOPOrO U TPETHErO

CCUCHUA.

B pasnuuHbIX BapuaHTax OCYILIECTBJEHUSI CEUEHUE CETYATOU CTPYKTYPbI MOXKET
COCTaBJIsITh, IO MEHBIIEH Mepe, 4, MPEANOYTUTENBHO 5, OoJiee MPEeanOYTUTENBHO O,
Oosnee mpemmouTuTeNbHO 7, O0Jiee MpeAnouTHTENbHO 8, Oojee MPeAnoYTHTENHHO 9,
6osee npeanouturensHO 10, 6onee npennoyturensHO 11, n Hanboee MPeAnoOYTUTETHHO
12 ¢pakumii B mpoJOIBHOM HampasieHUH. TakuM 00pa3oM, KOJIMUECTBO (PPaKIHil MOXKET
BapbHPOBATHCS OT BAPUAHTA OCYINECTBJICHMUS, IPEAYCMATPUBAIOIIETO TpH (PPaKIUH, IO
BAPMAHTOB OCYIIECTBJICHUS, TMPEIYyCMATPUBAIOLINX HECKOJIbKO (pakmuii, Kak,

Hanpumep, 12 ¢ppakunii wnu naxe Oonblie.



IIpu ymeHblieHNH (Qpakuuu CEYeHHUs DJIEKTPUUECKOE CONMPOTUBJICHHE Ha
enuHULly oObeMa OyIeT BO3pacTaTh, YTO OOECMEYHT BO3MOXKHOCTH pPalOTHI IMPHU
MOBBILIEHHOM TEIJIOBOM MOTOKE WK O0Jiee HU3KOM ToKe. TeruioBoi moTok MOXeT ObITh
IIPUBENIEH B COOTBETCTBHUE C AKTUBHOCTBIO XMMHMUYECKON PEAKLUU MyTEM MOCTOSIHHOIO
YMEHBILEHUsI CEUYEHHUs] MO aHAJIOTUM C IOBBIIIEHUEM TEMIEPaTypbl B CTPYKTYpE W,
COOTBETCTBEHHO, YBEJIMYEHHEM CKOPOCTHU KaTtajausupyemoin peakuuu. Kpome Toro,
JAHHOE KOHIIENTYaJlbHOE PEIICHHE MO3BOJISIET MPOWU3BOAUTH KOMIIAKTHBIE Y3JIbl, TI€
TOBBIIIIEHHOE COMPOTHBJIEHWE O3HAYaeT, 4YTO TEIJIOBOM TMMOTOK MOXET OBbITh
YPABHOBEIIEH OTHOCUTEJIBbHO XHMHYECKON PEeakiuu € Y4EeTOM AOCTYMHOM IJIOIIAau
MOBEPXHOCTH. B 11eIoM 3TO O3Ha4daeT, 4TO OOINMN MUHHMAJIbHBIM PAacXoj MaTepuala
MOKET OBITh TOCTUTHYT JJIsl JAHHON KOHCTPYKIIMK MAaTPUIbI Oe3 prCcKa BO3HUKHOBEHUS

HEXKEIATCJIbHBIX TOPAYUX TOYCK HUJIN HEYIIPABJIIAECMbBIX peaKLIPIfI.

bonee Toro, nsmeHeHne PppakLuy MOKET OBITh HCMOIB30BAHO IS NIPEPBIBAHUS
nepeMeleHNs] ra30BOro MOTOKA M, COOTBETCTBEHHO, /ISl MOBBILEHHS 3()(HEeKTUBHOCTH
nepeMeTNBaHNS [a30BOr0 IMOTOKA U YIIYUIIEHUS MacCOOOMEHa, TIOCKOJIbKY OTBEPCTHUS B
CEeT4aTOl CTPYKType 00eCneunBar0T BO3MOXHOCTb CMEIINBAHUSA Ta3a, MEPEeTEeKAOIEero

U3 NepeaHen 4aCTH MaKpPOCKOIIMYECKOU CTPYKTYPBI B 3aJHIOK) 4aCTb.

Kaxk crneayer U3 BbIIEYyNOMSIHYTBIX BAPUAHTOB OCYLIECTBJIEHUS, YACTH CEYECHMUSI
MOTYT pa3IM4aThCs MO KOJIWYECTBY MU pasMepy, TakuM oOpaszom, obecrednBas
BO3MOKHOCTb JIOKQJIbBHOTO M3MEHEHMsI IIJIOTHOCTU TOKA U, COOTBETCTBEHHO, TEIJIOBOIO
notoka. L{enpro n300peTeHus siBsieTcs] KOHTPOJIUPYeMas peaii3alis U3MEHEHUI C TeM,
yToObl HE CO3[aBaTh HEXEJATeJbHbIE TOpPSYHEe TOYKH B CTPYKTYpe H3-32 PE3KUX

U3MEHEeHUH (ppakiuii.

Makpockonuyeckass CTPYKTypa, BKIIOHAIOIIAasi CETYaTyl0 CTPYKTYpy C
CeUeHMsIMH, OOpa3yIOIIUMH pPa3JIM4Hble (PPaKUMU, IO3BOJSIET oOOecnednTh Oosee
BBICOKOE 3JIEKTPUYECKOE CONMPOTHBIICHHE Ha HEKOTOPBIX Y4acTKaxX, M30eras BBICOKHX
IJIOTHOCTEHN TOKA Ha JIOKAJIM30BaHHBIX yyacTkax. ClenoBaTenbHO, IPOU3BOAUTEIbHOCTD
NIl JAHHOTO O0beMa MAaKPOCKOMUYECKOH CTPYKTYPbI MOXET OBITh YBEJINYeHa
MaKCHUMaJbHO 0Oe3 pucka o0pa3oBaHMS TOPSYUX TOYEK, KOTOPbIE MPHUBOAST K

HeKeJIaTeIbHBIM ITOO0YHBIM p€aKkuAM WU NOTCHIUAJIBHOMY MEXAHUYECKOMY OTKa3y.

B BapmanTe ocyuiecTBiIeHHs U300peTeHns ynpasieHne GpakuusiMyi TPOUCXOTHUT

TaKUM 00pa3oM, 4TOOBI JJIEKTPUIECKOE COMTPOTUBIICHHE, F, COOTBETCTBEHHO, JIOKAJIbHBIIH
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TEIUIOBOM ITOTOK JAOCTUTI'aJIM MaKCHUMaJIbHBIX 3HAYEHUU B CEPEANHE MaKpOCKOHH‘JeCKOﬁ
CTPYKTYPBI B MPOJOJBbHOM HANpaBJIECHUH, U ObUIM HIDKE B TEPEAHEH U 3aaHell 4acTu.
Mosker ObITh HEnecooOpa3HO OOECTeuNTh MEHbINee 3HAYCHHE TEeIUIOBOTO IOTOKAa B
nepefHel 4YacTH, IZie Pearupyroliuii ra3 Jajek OT PAaBHOBECUs, M HeXeJaTeIbHbIE
NOOOYHBIE PEAKIIUU MOTYT MPEACTABIISITh CIIOKHOCTD. TakiKe, 3IEMEHThI JIEKTPHUYECKUX
COenMHEHHH (TaKkue KaK MPOBOa, COEAUHHUTEIH, [IUHBI U T.1I.), KOTOPbIE 4yBCTBUTENIbHbBI
K TEMIIEpATypaM, Mpoie HUCIIOJb30BATH B nepe):[HeI‘/'I CCKIMU MPHU MCHBUIEM 3HAYCHHU
TEIMJIOBOr0 MOTOKA. MokeT ObITh MLeecooOpa3HO O0ecCreYuTh MEHbIee 3HAYeHHE
TEIJIOBOI'0 IIOTOKA B SaﬂHeﬁ JaCTHU, 4YTO MO3BOJIUT B paMKax XUMHUYECKON peakun
MOJIYYUTb YPOBCHL KOHBCPCHHU, 6J'II/13KI/II\/'I K XHMHUYCCKOMY PABHOBECHIO, H, TaKUM
oOpa3om, m30ekaTh HEHYKHOTO MeperpeBa ra3000pa3HOro mponykrta. Takke MOKET
OBITH LIeJIeco00pa3HO O0ECTIeUUTh MEeHbIIEE 3HAUEHUE TETIOBOTO MOTOKA B 3aJHEH YacTh
Mo MPUYMUHE YHPABJICHUA ABUXKECHUEM TOKA U MPEAOTBpPALICHUA YPE3MEPHOI'0 Harpesa

MaTepualia B 4aCTH, II€ TEMIEPATypa yKe JOCTUIIIA BBICOKUX 3HAYEHUN.

Maxkpockonuueckasi CTPyKTypa MOKET UMETb 3JIEKTPUYECKOE CONPOTHUBIICHUE,
kKoTopoe Oosiee ueM Ha 20%, mpeamnoururenbHo Ha 50%, OoJjiee MPEnmOUTUTENBHO Ha
100% u eme Oonee mpeanoututenbHo Ha 300% mpeBhlIaeT AAHHBIA MMOKA3aTeNb AJIs
AHAJIOTHYHON MaKpPOCKOITUYECKOH CTPYKTYpblI O€3 ceTdaToil cTpyKkTypel. B 3aBucumoctu
OT pa3Mepa U pacroyIOKEHUsI MAKPOCKOITUMYECKON CTPYKTYPbI 3HAUYEHUE SJIEKTPUUECKOTO

COMPOTUBJICHUSA MOKET OBITH CIIC BBILIC.

Ceruaras cTpykTypa 00pa3oBaHa METAJUTMUECKIM MaTepuaioM. MeTauindecKuil
MaTepual MOXET IMPEACTaBJIsATh COOOH CIIaB, B COCTaB KOTOPOTO BXOAMT OAHO WU

Oosee BeecTs U3 rpymimbl, BKtovaroeid B ceds Fe, Cr, Al, Co, Ni, Zr, Cu, Ti, Mn u Si.

Ha MakpockOmu4eckyr0 CTPYKTYpy HaHECEH KaTaJIUTHYECKH AKTHBHBIN
Marepuaj, KOTOpPBIH, MO MEHbLIEH Mepe, YaCTUYHO MOXKET OBITh PACIHOJIOKEH Ha

OTKPBITON MOBEPXHOCTU MAKPOCKOMUYECKON CTPYKTYPHI.

H3-3a HemocpencTBEHHOH OJM30CTH MEXKIy KATaJIUTHYECKH AaKTHBHBIM
MaTE€pPHajJOM M MAaKPOCKOIUYECKOH CTPYKTYpOHl BO3MOXKEH OBICTPBI Harpes
KaTaJIUTUYECKH aKTUBHOIO MAaTE€PHaJIa 3a CYET TEMIONPOBOAHOCTH TBEPAOro MaTepHuaa
OT HarpeBaeéMOM CONPOTHUBJIICHUEM  MAaKPOCKONMMYECKOW CTPYKTypbl. Baknon
OCOOEHHOCTBIO IIpOLlecca HarpeBa CONPOTHBICHHUEM SIBJISIETCS TO, YTO TEIUIO

FEHEPUPYETCS BHYTPU CaMOTO O6”beKTa, a HC HArpepacTCsa BHCIIHUM UCTOYHUKOM TEILIa
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NyTeM KOHBEKTHBHOIO WJIM KOHAYKTUBHOIO TEIUIOOOMEHA W/MIN paauarioHHOTO
HarpeBa. Kpome Toro, camasi ropsiuast 4aCcTb peakTOPHOII CUCTEMBI, BKJIFOYAIOINAsi B CeOst
CTPYKTYPUPOBAHHBIN KaTanu3aTop, OyIeT HaxOAUTbCS BHYTPU KOPIIyCa BBICOKOTO
naBiieHus peakTtopa. MICTOYHMK 3J€KTPONUTAHMA U CTPYKTYPUPOBAHHBIN KaTalu3aTop
NPENNOYTUTENIBHO HMMEIOT TaKue pasMepbl, 4YTOOBl, NO MEHbLIeH Mepe, YacThb
CTPYKTYPUPOBAHHOTO KaTajJu3aTopa gocrurana remmneparypsl 850 °C, npeanoYTuTensHo
900 °C, 6onee npennourutenbro 1000 °C u gake 6osee mpeanouyrurensuo 1100 °C.
KonnyecTBo 1 COCTaB KATATUTHYECKU aKTHBHOT'O MaTepHaia MOTYT ObITh MPUBEIEHBI B
COOTBETCTBHE C peakiell MapoBOro pU(GOpPMHHIa NMPH AAHHBIX SKCIUTyaTALMOHHBIX
ycrnoBusix.  Ilnomanb  MOBEPXHOCTH  MAKPOCKONMYECKOH  CTPYKTypbl,  4acTb
MaKpPOCKOIUYECKOW CTPYKTYpbI, IOKPHITOH KepaMHUYEeCKHUM MOKpbITHEM, THUI U
CTPYKTypa KepaMHUeCKOI'0 MOKPBITHSI, a TAK)XKe KOJINYECTBO U COCTaB KaTaJIUTHUECKOIO
MarepHaja MOTYT ObITh IPUBEICHBI B COOTBETCTBHE C YHIOTEPMHUYECKON peakunue mpu
JAHHBIX SKCITyaTAlMOHHBIX ycloBusAX. OQHAKO, ClaelyeT OTMETUTh, YTO MPAKTHUYECKU
BCA IOBEPXHOCTb MAaKpPOCKOIHUYECKOH CTPYKTYpbl IPEUMYILNECTBEHHO HMeEEeT
KE€PAMUYECKOE TIOKPBITUE U MPEANOYTUTENHFHO BCE MM OOJIbIIAs YaCTh KEPAMUIECKOTO
MOKPBITHS BBICTYIIA€T B KAaueCTBE IMOAJOKKHM KAaTAJIMTHUYECKU aKTUBHOIO MaTepHuaa.
IlpennouturenbHO KEepaMHUYECKOE TIOKPBITUE HE HMEKT TOJIBKO T€ 4YacTU

MaKpPOCKOIUYECKOU CTPYKTYPbI, KOTOPbIE COEIMHEHBI C IPOBOAHUKAMMU.

ITo TexcTy HACTOALIErO JOKYMEHTAa TEPMHUH «MAaKPOCKONMUYECKas CTPYKTypay
O3HA4aeT CTPYKTYpy, KOTOpas AOCTATOYHO BEJMKA, YTOOBI €e MOXKHO OBUIO YBHIETH
HEBOOPY>KEHHbIM  TJIa30M  0Oe3  yBeJIMYUTENbHBIX yCcTpoiicTB. Kak  mpaBuio,
MaKpOCKOIUYECKasl CTPYKTypa UMeEET pasMephl B TUANA30HE OT AECATKOB CAHTUMETPOB
WM 10 HECKOJIBKMX METPOB. MaKpOCKONUUYecKasi CTPYKTypa MPEeANOYTUTENBHO UMEET
TAKUe pasMepbl, KOTOPbIE COOTBETCTBYIOT, IO MEHBLIEH Mepe, YaCTUYHO, BHYTPEHHUM
pasMepaM KOpIlyca BBICOKOTO JaBJIEHUs, B KOTOPOM pPa3sMELIEH CTPYKTYpPHUPOBAHHBII
KaTaJIu3aTop, 4YTO MO3BOJIAET COKOHOMHTb MECTO sl TEIIOM3OJSILIUOHHOIO CJIOS U
NPOBOAHHUKOB. J[Be nin Oojiee MaKPOCKOIMUYECKUX CTPYKTYP MOTYT OBITh COEAMHEHBI, B
pe3yJbTaTe 4ero Mmojyvaercss Habop MaKpOCKONMMYECKHX CTPYKTYp, IO MEHbLIEH Mepe,
OJIMH U3 BHEIIHUX Pa3MepPOB KOTOPBIX HAXOAUTCS B METPOBOM JIHAINa30He, HAIPUMEp, MO
MEHbLIEH Mepe, OAMH pa3Mep Takoro Habopa MaKpOCKOIUYECKHUX CTPYKTYP MOXKET
coctaBnsATh 0,5 M, 1 M, 2 M mmut 5 M. Takue nBe mim Oonee MaKPOCKOITMYECKUX CTPYKTYP

HA3bIBAIOTCS «HAOOPOM MaKPOCKOITMYECKHUX CTPYKTYp». B aTOM ciyuae pa3mepsl Habopa
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MaKpPOCKOIMUYECKUX CTPYKTYP IMPEANOYTHUTENBHO COOTBETCTBYIOT, IO MEHBIIEH Mepe,
YaCTUYHO, BHYTPEHHEMY pa3Mepy KOpIyca BBICOKOI'O JaBJIEHHs, B KOTOPOM pa3MeElIeH
CTPYKTYpPUPOBAHHBIN KaTajau3atop (3KOHOMs MECTO ISl TEIUIOM3OJISILMOHHOIO CIIOS).
IIpeanonaraercsi, 4T0 HAOOP MAKPOCKOMUYECKUX CTPYKTYP MOXKET 3aHUMATh 00BEM OT
0,01 o 10 M unu Gonbire. «CTPYKTYpPUPOBAHHBIH KaTaiu3aToOp» MOXKET BKJIHOYaTh B
ce0s1 OJHY MAaKpOCKOITMYECKYIO CTPYKTYpPy WM HAOOp MaKpOCKONHYECKUX CTPYKTYD,
IIPU DTOM HAa MAaKPOCKOIHUYECKUX CTPYKTypax MOXKET HaXOOUTbCA KepaMU4ecKoe
IMOKPBITUEC, KOTOPOE BBICTYIIACT B KAUECTBC IIOAJIOXKKHU KaTAJIUTHYECKU AKTUBHOIO
marepuana.  Ecnmm CTPYKTYpHpOBaHHBIM  KaTajgu3aTop  COAEPKUT  Habop
MaKpPOCKOITUYECKUX CTPYKTYpP, TaKHE€ MAaKPOCKONMUYECKHE CTPYKTYphl MOTYT OBITh
SNIEKTPUUECKH COEAMHEHBI MeXny coOoil. TeM He MeHee, B KaueCTBE aJbTEPHATUBBI
MaKpPOCKOITUYECKHUE CTPYKTYPBI MOTYT OBITh 3JIEKTPUYECKH HE CBS3AHBI IPYT C APYTOM.
Takum 00pa3oM, CTPYKTYpHUPOBAHHBINA KaTaJU3aTOP MOXKET BKJIFOYATH B ceOs BE HIIH
OoJiee MaKpPOCKOIMYECKUX CTPYKTYP, PACMOIOKEHHBIX PSIIOM JIPYT C APYroMm, JHOO J1Ba

i OoJiee HabOpa, PACMONIOKEHHBIX PSIIOM JIPYT C APYTOM.

MaxkpoCKOmU4YeCKHe CTPYKTYPBI MOTYT UMETh JII0ObIe moaxoasamue Gpu3ndeckue
pa3Mepsl, TAKMM 00pa3oM, BBICOTA MOXKET ObITh MEHBIIE MIUPHHBI MAKPOCKOIMHUUECKON

CTPYKTYPbI U HA0OOPOT.

Tepmun «nepenHss 4yacTb MaKpOCKOIUYECKOH CTPYKTYpPhbI» O3HA4YaeT Ty 4acThb
MaKpPOCKOIIUYECKOW CTPYKTYpbI, TJ€ OCYIIECTBISETCS MOJa4a MCXOJHOIO ras3a B
MAaKpOCKONUYECKYI0 CTPYKTYpYy, a TEpMHH «3afHssl YacTb MAaKPOCKOIMMYECKOMN
CTPYKTYPBI» O3Ha4YaeT Ty 4acThb MaKPOCKOIUYECKOW CTPYKTYpPBI, i€ OCYIIECTBISETCS

BBIXOJI ra3a U3 MaKPOCKOMUYECKON CTPYKTYPHI.

Ha yka3aHHOW MakpOCKONIMYECKOW CTPYKTYpP€ MOKET pacrojararbCs
KepaMHU4YECKOEe TMOKPBITHE, NMPHU 3TOM YKA3aHHOE KEPAMHUYECKOE IOKPBITHE MOXET
BBICTYNIaThb B Ka4eCTBE MOJJIOXKKHU KATaJIUTHYECKH AaKTUBHOIO Marepuana. TepMuH
«MaKpPOCKONUYECKasl CTPYKTYPa, UMEIOIIAsl KEPaMUYECKOE TOKPBITUE» O3HAYAET, UTO, [0
MEHBbIIEH Mepe, 4YacTb IOBEPXHOCTH MAKPOCKONUYECKOW CTPYKTYPBl IOKPBITA
KepaMUYeCKUM MaTtepuanioM. Takum oOpa3oMm, JaHHBIH TEPMUH HE O3HAYAET, YTO BCS
MOBEPXHOCTb MAKPOCKOIMUYECKOU CTPYKTYPBI MOKPBITA KEPAMUYECKUM MAaTEPHUAIIOM, B
YaCTHOCTH, IO MEHbIIEH Mepe, T€ YaCTH MAKPOCKOIMHMYECKOW CTPYKTYpBI, KOTOpBIE
3JIEKTPUYECKU COEAUHEHBl C NMPOBOAHUKAMH, HE HMEIOT KEPAMUYECKOrO IMOKPBITHS.

ITokpriTHE MOXKET MPENCTABIIATH COOOH KepaMUIEeCKHI MaTepuas C IopaMu B CTPYKTYPE,
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YTO MO3BOJISIET HAHOCUTh KaTaJIUTUYECKU aKTUBHBIM MaTE€pHasl HAa MOKPBITHE U BHYTPH
Hero. Karaimutuyecku  akTUBHBIAH — MaTepuasl  NPEUMYIUECTBEHHO  CONEPXKUT
KaTaJIMTHYECKH aKTUBHBIE YaCTHUIIbI, UMEIOIIHE Pa3Mep B TUANa30He MPUOIU3UTENBHO OT

5 HM 10 250 HMm.

MakpOCKOMUYECKYIO CTPYKTYPY MIPEUMYLIECTBEHHO TIOJIy4arOT c
ucrnonb3oBanueM 3D-neuatu. Ilponecc mnosnydeHuss MakpOCKONMMYECKOW CTPYKTYpBI
TaKXKe MOXKET BKJIIOUATh B ce0sl CIIEKaHHUE SJIEMEHTOB, MOJYYEHHBIX C UCTIOJIb30BAaHHEM
3D-neuatu. Kepamuyeckoe MNOKPBITHE, KOTOPOE MOKET COAEPKAThb KATAIUTUYECKU
AKTUBHBIM MaTepuall, MOXXHO HAHOCUTb HA MAKPOCKOMHUYECKYIO CTPYKTYpy Iepen
BTOPBIM CIIEKAHHEM B OKHCIUTEIbHON aTMochepe st 00pa30BaHUsI XUMUYECKUX CBSI3EH
MEXAY KEPAMUYECKUM IMOKPBITUEM M MAaKpPOCKOIMYECKON CTPYKTypoH. B kauecTse
aNbTEPHATHUBBIL, KATAJUTHUYECKU AKTUBHBIA MaTepuajl MOXET HAHOCUTbCA Ha
KepaMHU4YEeCKOEe MOKPBITHE MyTeM IPOMMUTKHU MOCJIE BTOpPOro cnekanus. Korma mexny
KE€PAMUYECKUM IMOKPBITHEM U MAKPOCKOITMUECKOH CTPYKTYPOH 00pa3yroTCst XUMHUIECKUE
CBSI3M, MOKET OBITh JOCTUTHYTA BBICOKAsl TEIUIONPOBOIHOCTb MEXKAY 3JIEKTPHUECKH
HarpeBaeMoOu  MAakKpOCKONUYECKOHM CTPYKTYpOM UM  KAaTaJIUTHYECKH  AKTHUBHBIM
MaTepHuajoM, KOTOPBIM PACHOJIOXKEH Ha KEPAMHUYECKOM IOKPBITHH, YTO OOECreunBaeT
TECHbI M TOYTU MNPSMOH KOHTAKT MEXKIAY HCTOUYHMKOM TeIjla U KaTaJIUTHYECKU
AKTUBHBIM MaTepHUaIoM CTPYKTYPHUPOBAHHOTO KaTajau3aTopa. bnaronaps
HETOCPENCTBEHHOM OJIM30CTH UCTOYHUKA TEIlIa M KATAJUTHYECKH aKTHBHOTO MaTepHala
OCYLIECTBIISIETCS s¢dexTrBHAS Teronepeaaya, TaK 4TO HarpeBaHue
CTPYKTYPUPOBAHHOIO  KaTaju3aropa  MOXET  OCYLIECTBJISATBCA  C  BBICOKOM
s¢pexTuBHOCTRIO. TakuM 00pazom, MOKHO JOOUTHCS ONTHUMAIBbHOM 00padOTKH ra3a Ha
enuHNIy 00BeMa PEaKTOPHOW CHCTEMBI, TIO3TOMY PEAaKTOpPHAsl CHCTEMa, COAepKaInas

CTPYKTYPUPOBAHHBIN KaTAJTU3aTOP, MOXKET ObITh KOMITAKTHOM.

ITo TEKCTY HACTOALIETO TOKYMEHTA TEPMUHBI KTEXHOJIOTUH OOBEMHOM MedaTn» U
«3D-neyaTe» 03HAYAIOT TEXHOJIOTUIO IPOU3BOACTBA C UCMOIB30BAHUEM METAIINYECKON
nobasku. Takue TEXHOIOTMH MPOU3BOACTBA C UCTIONB30BAHUEM METAJLTHIECKOH T00aBKH
BKJIFOUAIOT B ce0s1 mpouecchl 3D-neuatn, B paMKax KOTOPBIX O] aBTOMATU3HPOBAHHBIM
YIPAaBJICHUEM NPOUCXOAUT COCIMHEHHE MaTepuaja B OINPEAENICHHYIO CTPYKTypy C
MOJIy4€HHUEM TPEXMEPHOTO 00BEKTa, B KOTOPOM OTBEPIKIEHUE CTPYKTYPbI IIPOUCXOMMT,
HaIpuMep, MyTeM CIIEKaHUs C MOJY4YEHUEM MAKPOCKONIUYECKOH CTPYKTYpeL. Kpome Toro,

TAKHUE€ TEXHOJIOTMKU TMPOU3BOACTBA C HCIOJb30BAHUEM MeTaJUTH4YeCKOM I10621BKI/I



14

BKJIFOUAIOT B ce0st mpouecchl 3D-medatu, KoTOopble HE TPeOYIOT MOCIENYIOIEro
CIEKaHUs, HampuUMep, TEXHOJOTHIO  pacIUIaBjIieHUs MaTepuara B 3apaHee
c(OPMHPOBAHHOM CJIO€ WJIM TEXHOJOTHMIO IOCJIOWHONW 3JEKTPOHHO-TY4YEBOH IUIaBKU
marepuana. IIpumepamMu TakMx TEXHOJIOTHI pacIUIaBJICHUs MaTepuana B 3apaHee
COPMHPOBAHHOM CJIO€ HJIM TOCJONHHON 3JIEKTPOHHO-JIyYEBOW TIIJIABKU SIBJISTFOTCS
NPOLIECCHI TPEXMEPHOI MeYaTH ¢ UCIONb30BAHUEM JIA3EPHOTO JIy4a, 3JIEKTPOHHOTO JTyya

WU 1a3MeHHou 3D-neuaru.

Onextponposonsimuii Marepuan conep:xkut Fe, Ni, Cu, Co, Cr, Al, Si umn ux
criaBbl. Takol CrijiaB MOXKET COZIEPKaTh JOMOJIHUTENbHbBIC JIEMEHTHI, Takue Kak Mn, Y,
Zr, C, Co, Mo unmu ux komOuHanuu. [IpeaAnouTUTebHO 3IeKTPONPOBOISIIUN MaTepua
conep:xkut Fe, Cr, Al unu ux crias. Takoil CrjiaB MOKET COAepKaTh JOMOJHUTETbHBIE
aneMeHThl, Takue kKak Si, Mn, Y, Zr, C, Co, Mo wiu ux komOuHarmu. [IpennoururenbHO
KaTaJIUTHYECKH aKTHUBHBIA MaTepHall MPEACTaBIsieT cOOON YaCTHUIIbI, IMEIOIINE pa3sMep
2 um - 250 Bm. IIpeanoututenpHO, NPOBOJHUKM W 3JIEKTPONPOBOAALIMN MaTepual
W3rOTOBJICHBI U3 PA3JIMYHBIX MaTepuayioB. [IpOBONHUKH MOTYT OBITh H3TOTOBJICHBI,
HampuMep, U3 JKeJie3a, HHKeJs, alllOMUHUS, Menu, cepedpa WM WX CIUIaBOB.
Kepamudeckoe MOKpbITHE MPEACTABIISIET COOOH 3K TPOU3OJSIIMOHHBIN MaTepua 1, Kak

MIpPaBUiIO, UMeeT TONUHY 0KkoJI0 100 MM, Hanpumep, 10 - 500 mxm.

ONexTponpoBOASAIMI  MaTepual  AJdsg  MaKpOCKONMHMYECKONW  CTPYKTYpBI
NPENNOYTUTENIBHO MPEACTaBIsieT COOOH KOTePEeHTHbIH WM BHYTPEHHE LEJIbHBIN
MaTepuas, uYTO IO3BOJsIET  OOECNeYnTh  SJEKTPOIPOBOAHOCTH IO  BCEMY
3JIEKTPOMPOBOASIEMY MaTepHally U, CJI€IOBaTENbHO, TEIUIONPOBOAHOCTh IO BCEMY
CTPYKTYPHUPOBAHHOMY KaTalu3aTopy, B YAaCTHOCTH, [UIsl HarpeBa KaTaJIUTUYECKU
akTUBHOro MaTepuaia. C MOMOIIBIO KOT€PEHTHOTO WIM BHYTPEHHE LIEJIbHOTO MaTepuana
MOXHO O0O€CHeYnTh paBHOMEPHOE paClpenesieHHe TOKa B 3JIEKTPOMPOBOISIIEM

MaTepuaice u COOTBETCTBEHHO, PAaBHOMCPHOC pPaACHIPECACICHUE TCIJIa BHYTPU

>
CTPYKTypUpOBaHHOro karanusaropa. Ilo TekcTy HacToslero AOKyYMEHTa TEpPMHH
«KOTEPEHTHBI» SBJISETCS CHUHOHMMOM TEPMHHA «CBSI3aHHBINY, TaKUM 00pa3oM,
«KOT€PEHTHBIID» OTHOCUTCS K MaTepually, KOTOPbIH sBJIETCS BHYTPEHHE LIEIbHbIM WU
oOmamaer cueruieHueM. M3-3a  TOro, dro CTPYKTYPUPOBAHHBIH  KaTaJH3aToOP
npeAcTaBisieT cCOOOH KOTePEHTHBIHN MM BHYTPEHHE LIeNIbHBIN MaTepuall, 00eCIiednBaeTCs

KOHTPOJIb HaJA 3JIEKTPUYECKON CBSI3HOCTBIO BHYTPU MaTepuaja CTPYKTYPUPOBAHHOIO

KaTajin3aTropa v, TaKUM o6pa30M, obecrneunBaeTcst MPOBOANMOCTD SJICKTPOIIPOBOAALICTO
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marepuana. Crnenyer OTMETUTb, 4YTO JaK€ €CJIHU BBINOJHAKOTCA JajibHeiIne
MOAU(UKALMU 3JEKTPONPOBOIALIET0 MaTepHalia, HalpuMep, Npope3n BHYTPHU HacTei
3JIEKTPONPOBOASIIETO MaTepuasa, 3JIEKTPONPOBOMSIIMN MaTepuan MO-IPEKHEMY

npeacTaBJsieT COOON KOTepEeHTHBIN UM BHYTPEHHE LeJbHbINA MaTepua.

B nenom, korga Makpockonu4eckas CTpyKTypa U3roTOBJIEHa MO TexHoyioruu 3D-
nevaTH, nepenaj AaBJIeHHs OT BXOAA K BBIXOIY U3 PEAKTOPHON CHUCTEMBbI MOXKET OBITh
3HAUYUTEJIBHO CHUKEH IO CPAaBHEHHIO C PEAKTOPOM, B KOTOPOM MaTepuas KaTalau3aropa

HaXO4JUuTCAa B BUJEC OKAaTBIIIEHN.

B anpTepHaTHUBHOM BapUaHTE MAKPOCKOMHYECKas CTPYKTypa(-bl) MOXKET(-T'yT)
ObITh HW3rOTOBNIEHA(-bI) TyTEM T'HOKH, PE3KU W/WIN CBApKU JIMCTOBOTO MeETAUIA.
HeoOxoguMo mNOHMMATh, YTO CTPYKTYPUPOBAHHBIH KaTaJIHU3aTOP MOXKET BKJIOYATh
MaKpOCKOIIUYECKYK0  CTPYKTYpy,  HW3TOTOBIEHHyH0  myreM  3D-mewatu, u
MaKpOCKOIIUYECKYIO CTPYKTYpPY, IOJYYEHHYIO IPYTHMH CIOCOOaMH, TaKHUMH Kak

crubaHue, pe3ka WIn CBapKa.

Maxkpockonuyeckasi CTPYKTypa MOJKET BKJIFOUaTb B CeOsl KONBLEBYIO CTEHKY,
KoTtopasi (opMupyeT BHYTpeHHee MpocTpaHCcTBO. KombieBas cTeHKa MOXeT ObITh
o0pa3oBaHa METAJUTMYECKHM MaTepUaOM, KOTOPbIH 001afaeT 31eKTPONpPOBOJHOCTHIO.
B anprepHaTHBHOM BapHaHTE OCYILIECTBIEHUS KOJbLIEBas CTEHKA MOXET OBbITh
oOpazoBaHa MaTepHUaJIOM, KOTOpPBbIH He 00nazaer 3JIeKTPonpoBOAHOCTBIO. Cerdaras
CTPYKTypa MOJKET PacIoyiaraTbCsi BO BHyTPEHHEM IPOCTPAHCTBE. B mpeanouTuTebHOM
BAPUAHTE OCYINECTBJIEHHS M300peTeHHs MAaKPOCKOMUYEecKast CTPYKTypa HMeeT
NPAKTUYEeCKU KBaZApPaTHYI0 (GOpMYy B TMONEPEYHOM CEUEHUH, MEePIeHIUKYISIPHOM
MPOAOIBPHOMY HampasyieHuto. OIHAKO, cIelyeT MOHUMATh, YTO, IO MEHbINEH Mepe, OJlHa
MaKpOCKOIIUYECKas CTPYKTYpa MOXKET TakKe HMeTb Apyrue (OpMbI MOMEPEYHOrO
CEYeHMs], TAKHE KAK TPEYroybHasi, KPyIJas, OBaJIbHAsA, MATUYTOJbHAs, LIECTUYTOJIbHAS,
(bopMBI IpYyrHX MHOTOYTOJBHHUKOB M T.JI. TakuM oOpa3oM, KOJbLEBas CTEHKA MOXKET
ObITh B 3HAYUTEIBHON CTENEHH KBAAPATHOH, TPEYroJbHOW, KPYyrJodW W T.JA., B

3aBHCHUMOCTH OT BHELTHEN (OPMBI MAKPOCKOITUYECKOH CTPYKTYPBI.

B onHOM BapuaHTe OCyIeCTBJIEHMsI KOJIblieBasl CTEHKa He COJIEP>KUT OTBEPCTUH,
NOTIEPEYHbIX MPONOJBHOMY HAINPABICHHUIO, TEM CaMbIM O0ecrednBasi 3aKpBITYIO
OOKOBYIO CTEHKY, PACIHOJIOKEHHYIO BOKPYT CETUATOH CTPYKTYpPBI. DTO Ienecoo0pasHo
s o0ecriedeHHsT  KOHTPOJHMPYEMBIX — NyTeH  NMpOXOXIAEHWs  rasa  depes

MaKPOCKOMUYECKYIO CTPYKTYPY.
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CedeHue ceTdyaToil CTPYKTYPbl Ha COBOKYIIHOM pPAaCCTOSIHUM MOKET OBITh
HETIPePhIBHO HETIOCTOSIHHBIM, MO MeHblueil Mepe, 10%, npennoururensro 20%, Oonee
npeanoututensHo 30%, 6onee npennouturensHo 40%, Oonee npennoururenbHo S0%,
Oonee npeanoututensHo 60%, Oonee mpeanoytutebHo 70%, Goiee MPENNnOYTHTETHHO
80%, u Hambonee mpennouTuTeabHO 90% MIMHBI MAaKPOCKOMUYECKOW CTPYKTYphI B
NPOJOJIBHOM HampasieHuH. [loj HenpepblBHO HEMOCTOSHHBIM IIOHHUMAETCs, YTO
(bpakums U3MEHSETCs HEeNpPepbIBHO HAa COBOKYITHOM pacCTOsiHUM He MeHee 10%, rme
u3MeHeHne (pakiuu HEMOCTOSIHHO. Mnu npyrumu cioBamu — miepBasi MPOU3BOAHAS
¢pakuuu MO MPOAOIBHOMY HANpPABJICHUIO U €CTb HENOCTOSIHHAs M HENpepbIBHAS
¢ynkuums. [Ton KOMOMHMPOBAHHBIM PACCTOSIHHEM IOHUMAETCSl PACCTOSIHHE, KOTOPOe
MOXET COCTOSITh M3 JABYX WM Oojiee JIHUCKPETHBIX PACCTOSHUH C HENPEepbIBHO
HETIOCTOSIHHON (ppakiuei, KOTopasi MpephIBACTCS MPOMEKYTOYHBIMH PACCTOSTHUSIMU,

NpY 3TOM (PaKLHsI HE SIBJISIETCS] HENMPEPBIBHO HETIOCTOSTHHOM, T.€. MOCTOSTHHOM.

Nsmenenne ¢pakaum moxer Obith MeHee 500% Ha MM B MPOIOJBHOM
HaTNpaBJICHUH, MpennouTuTeibHo MeHee 100% Ha MM, U emne Oosee MpearnoYTUTETHHO
meHee 50% Ha MM. MeHbline H3MEHEHUs NPUBOAST K MEHbLIMM HapyLIEHUSIM
IUIOTHOCTH TOKA B CTPYKTYPE M, COOTBETCTBEHHO, MEHbIIIEH BEPOSITHOCTH 00pa30BaHUS

JIOKAJIbHBIX TOPAYUX TOYCK.

HeoOxonuMo mMOHUMATh, 4YTO CeUeHHe CeT4ATOH CTPYKTYpbl B paMKax
ANbTEPHATHBHBIX ~ WJIM  JONOJHUTENbHbIX  BAapUAHTOB MOXET OBITh  CIUIOIIb
HEMOCTOSTHHBIM Ha COBOKYITHOH MpoTsikeHHOCTH He MeHee 10%, npeanoututensHo 20%,
Oosee npeanourureabHo 30%, Oonee npennouyrutenbHO 40%, Oosee MPEANOYTUTETHHO
50%, Oonee mpenmoututesbHOo ©60%, Oonee mnpenmourureapbHo 70%, Oonee
npeanoututesnsHo 80%, 1 Hanbosee npeanoyTUTeNbHO 90% ITMHBI MAKPOCKOTUYECKON

CTPYKTYPbI B HAIIPABJICHUH, KOTOPOE ABJIACTCA MONCPEIYHBIM MMPOJOJIBHOMY .

IIpenycmoTpeB ceT4aTyro CTPYKTYpy, IO MEHBIIEH Mepe, C TpeMsl Pa3IndHbIMU
CEUEHHMSIMA C PA3UYHBIMU  (DPAaKLHSIMH, MOXKHO JOOWUTBCS TOrO, YTO TPAAHEHT
CONPOTHUBJICHUH, 110 MEHBIIEH Mepe, Ha OJHOM Yy4acCTKe B MPOAOJBHOM HANpPaBJICHUU
OyZeT CyLIeCTBEHHO BBIIIE, YEM CPEAHHMH TPaJUEHT CONPOTUBJICHUH B MPOIOJIBHOM

HarpaBJICHUHA.

ﬂOHOJ'[HI/ITeJ'IbeIMI/I 15007 M 051 AJIBTCPHATUBHBIMU BapHUaHTaMU OCYIICCTBJICHUA

MOXeET OBITh NMPENyCMOTPEHO, YTO T'PAJMEHT CONPOTHUBJIEHHUS, 10 MEHbIIEH Mepe, Ha
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OOHOM YYaCTKE B MMPOAOJbHOM HAIIPaBJICHHUN 6YI[6T CYHMIECTBEHHO HUKE, UEM CpeZ[HI/Iﬁ

rpagucHT CONIPOTUBJICHUS B IIPOJOJbHOM HaIlIPaBJICHUN.

Ceryarast CTPyKTypa MOKET BKJIIOUATh B CeOsl MHOXECTBO MPOpe3el, KOTOphIe
OTJIMYAIOTCS TEM, YTO MPOPE3U MOTYT ObITh 3alOJIHEHbI BBIPE3AHHBIM MAaTEPHAJIOM,
UMeIo KM OoJiee HU3KYIO IPOBOIUMOCTD 110 CPABHEHHIO C METAJUTNYECKIM MaTEPHAJIOM.
IIpopesu wmoryt ObiTh chopmupoBaHbl Ha dTane 3D-meuaTH, KOTOpasi MOXKET

WCIIOJIb30BAThCS JJIsl MOJYYEHUsI CETYATON CTPYKTYPBHI.

B ongHOM BapuaHTe OCYLIECTBJIEHHUS BBIPE3aHHBIM MaTepuanl UMEET MyCTOTHI.
WHbIMU CclOBaMH, TPOPE3H MOTYT OBITh MYCTBIMH, YTO OOECHeYMBAET HAJIUYHE
OTBEPCTHI, Uepe3 KOTOPBIE MOKET MPOXOAUTD a3 MPU NEPEMELICHUH U3 IEPETHEN YaCTH
B 3aHIOK0. Takue mnpope3sn MOryT IOBBICUTb HMHTEHCHMBHOCTb CMEIIMBAHUS Ia3a,

MPOXOJSLIErO Yepe3 MAKPOCKOMUYECKYIO CTPYKTYPY.

B anprepHaTHMBHOM BapuaHTe OCYINECTBJIEHUS BbIpE3aHHBIH MaTepual
npeacTaBisier coOol TBepapli Martepuas. COOTBETCTBEHHO, MPOpPE3H MOTYT OBITh
3aKpBITHI, HE MO3BOJISASA rasy, MepexoidlleMy U3 MepeAHed 4acTH B 3aJHIOK uepes
TaHHBIE POPE3H, MPOXOANTD Yepe3 Hux. Ceryaras CTPYKTypa MOXKET BKJIFOYATh B CeOs
IIPOpE3H, 3allOJIHEHHbIE PA3JIMYHBIMU MaTepHajlaMy, OTJINYAIOIIUECs TeM, UYTO INepBast
IpOpe3b MOXKET OBITh 3aII0JIHEHA MIEPBBIM BBIPE3aHHBIM MaTEPUAJIOM, & BTOPasi — BTOPhIM
BBIPE3aHHBIM MaTepHaJioM. B OAZHOM U3 BapUAHTOB OCYIUIECTBIEHUS TBEPIbIN
BBIPE3aHHBII MaTepual, IO MEHbLIEH Mepe, YacTUYHO CIYyXXUT OCHOBHOW mJis
KE€PaMUYECKOTO TOKPBITUS C KATAJIUTHYECKH AaKTHBHBIM MaTepUaJoM, aHAJOTMYHO
MOKPBITHIO, OCHOBY KOTOPOTO COCTaBJISIET MeTa/lIndeckuii marepuasn. B nmaHHOM
BapUaHTE OCYLIECTBJCHMsI IOBBILIIEHHAs] KaTaJUTU4YeCKas AaKTUBHOCTb JOCTHIAETCs

napajjiCJ;IbHO ¢ KOHTPOJEM COIIPOTUBJIICHHA MaTEpHUalia.

TBepablii BbIpE3aHHBI MaTepual MOKET o00JamaTh TEePMOMEXaHUYECKHMHU
CBOWCTBaMH, KOTOpblE IO CYTH AaHAJOTUYHbBl TEPMOMEXAHHYECKUM CBONCTBAM
METAJNINYECKOTrO Marepuana, o0pasyrorero CeT4aTyIo CTPYKTYpY. K
TEPMOMEXaHHMUYECKUM CBOWMCTBAM MOKET OTHOCHTBCS KO3(PPUIMEHT TEPMUYECKOTO
pacIIupeHusi, KOTOPBIH MO CYTH IMO3BOJISIET OOECHEeUUTh CYIIECTBEHHO PaBHOMEPHOE
paclIMpeHue CeTYaTOW CTPYKTYpPbl W TBEPAOrO  BBIPE3aHHOIO  MaTepHaa,
PacnoJIOXKEHHOTO B MPOPE3sIX B XOAE UCIOJBb30BaHUSA KaTtanu3atopa. [[OnosHUTEIBHO
WIM B Ka4yecTBe AaJbTEPHATHBBI TEPMOMEXAHHMYECKHE CBOWCTBA MOIYT OBITh

npeaAcCTaBJICHbI MIPOYHOCTBIO HAa PA3PbIB.
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Ceruatasi CTPYKTypa B OHOM BapHAHTE OCYINECTBIICHUS] MOKET BKIIFOUATh B CEOsI
onHy ummu Oonee mpopesel ¢ MycTOTaMHM, a TakKe OAHy WiIu Oojee mnpopese,
3aIIOJIHEHHBIX TBEPIBIM BbIpE3aeMbIM MaTepHajoM. Takum oOpa3oM, B OJHOM BapHUaHTE
OCYILECTBJICHUSI CeTYaTasl CTPYKTypa MOKET BKJIOUaTh B Ce0sl MEpBYIO MOATPYIITY
npopesel, MPeACTaBIAIOINX COO0H MNyCTOTHI, a BTOPYI MOATPYHIy Mpopesei,
3aI10JIHEHHBIX TBEP/BIM BbIpe3aeMbIM MaTepuanoM. Cienyer NOHUMATh, YTO NOATPyIIa
MOKET BKJIFOYATh B ce0s1 TOJIbKO OHY Mpope3b. Takxke CleayeT MOHUMATh, YTO MPOPE3N
B COCTaBE€ BTOPOH MOATPYIIIBI MOTYT OBITh 3aIOIHEHB! PA3JIMYHBIMI MaTEPHATAMHU, T.€.
nepBasi Mpope3b 3arOJHEHA MEPBbIM BBIPE3AHHBIM MAaTEpPHAIOM, & BTOpas — BTOPBIM

BBIPE€3aHHBIM MaTEPHUAJTIOM.

ITpopesu MmoryT uMeTh Oosbioe konnecTso popMm. Hanpumep, xotst Obl o1Ha U3
npopeseit umeer Gopmy U3 GUryp CIeqYIOIIeH TPYIIbI Map, AUCK, SJUTUIICOU, KaTuis,

CIUpajib 1 MHOTOTPAHHUK, TAKOW KaK Mapajuie/IeIUIe], MupamMmuaa, pomo.

B onHOM BapuaHTe OCYLIECTBJICHHS BCE MPOPE3N UMEIOT OAMHAKOBYIO (hopmy, B
TO Bpe€Msl Kak, IO MEHbIIEH Mepe, HEKOTOpble W3 IpOope3eil B IPYIruX BapUAHTAX
OCYIUECTBJICHUS HMMEIOT Jpyryio ¢opmy. Hampumep, cerdyatas CTpyKTypa MOXKET
BKJIFOUATh B ce0sl EPBYIO IPYIIy Ipopeseii B (opMe qucKa U BTOPYIO TPYIITy npopeseit
B opme mapa. Takum oOpa3oM, ceTdarasi CTPYKTypa MOKET BKJIIOYATh B ce0sl popesHy,
U3 KOTOpPBIX, MO MEHbLIEH Mepe, [Be MPOpe3n HMMEIOT pPasIu4Hylo (opMy W/uiu

OuepTaHue.

Psan mpopeseli MoxkeT OBITb paCIOJIOKEH HAa PAaBHOM PACCTOSIHUU BJOJIb
IPOJOJBHOIO  HAIpaBJI€HUsT  MAKPOCKONMYECKONW  CTPYKTypbl. B pamxax
AJITEPHATHBHOTO BapUAHTA OCYILIECTBJIICHUS MPOPE3H MOTYT OBITh PACIOJIOKEHBI Ha
Pa3HOM PacCTOSTHUU BIOJIb NPOAOJIBHOIO HanpasieHus. Kpome Toro, cnenyeTr noHuMaTh,
YTO ceTyarasi CTPYKTYpa MOXKET BKIFOYATh B ceOst psii Mpopeseil, pacrosioKeHHbIX Ha
pPaBHOM pACCTOSSHUM BJOJNb MPOAOJIBHOIO HAMpAaBJICHUs, a TakXKe psii Npopesew,
PacnoJIOXKEHHBIX Pa3HOM PACCTOSHUM BAOJIb MPOAOJIBHOIO HampasjeHus. J[Be rpynmnsl
npope3ell MOTYT, Hampumep, OBITh pPACMONOKEHbl B TMPOAOIBHOM HANPABICHUU

napajulesbHO APYT APYTY.

Kpome Toro, psim mpopeseit MOKEeT ObIThb PAcroJIOKEH Ha PABHOM PAaCCTOSHUU

BJOJIb IIPOZIOJIBHOTO HANPABJIEHUS] MAKPOCKOMNYECKONH CTPYKTYPBL



19

B omHOM M3 BapMaHTOB OCYIIECTBJICHUS M300pETeHHs TepBasi rpyIma npopesen
W BTOpAsi IPyIIa npopeseii uepeayoTes B IpoIoIbHOM HanpasieHuu. [Ipopesun nepsoii
¥ BTOPOH TPYIIBI MOTYT OTJIMYATHCS MO pasMepy W/unu Gpopme, W/UIH BBIPE3AHHOMY

MaTepHay, KOTOPBIH MOXKET HCIIOJIb30BAThCS JIs 3AMIOJHEHNUST TPOpe3eH.

B BapmanTe ocymiecTBI€HUs] H300pETeHus], IO MEHbIIEeH Mepe, YacThb CeT4aTo
CTPYKTYpPbI MOKET OBITh MPECTABJICHA B BHIE TPEXMEPHOU CETYATON CTPYKTYpPbI, TEM
CaMbIM IO3BOJISIA MOTOKY ra3a MPOXOAUTh Yepe3 MAKPOCKOMMYECKYHO CTPYKTYpPy OT
nepeaHel YacTy K 3aJHeH MO HAMPaBJICHUIO MOTOKA, KOTOPbIN ABJISETCS HEJIMHEHHBIM,

TO €CTh NIpeanojaract HEJIUHENHOE NEPEMCIICHUE ITIOTOKA Ia3a.

B omHOM BapmaHTe OCYINECTBICHHS M300pPETEHHUs, 1O MEHbLIEH Mepe, YacThb

CETYaTOH CTPYKTYPBI MOXKET OOPa30BBIBATH MHOKECTBO MAPAJUIEIBHBIX KAHAJIOB TIOTOKA.

B onHOM BapuaHTe OCYIIECTBJICHUS M300pETEHMs ceTdaTas CTPYKTypa MOXKET
00pa3oBbIBATE MHOXKECTBO BHYTPEHHHUX CTEHOK, KOTOPBIE MOTYT OBITh PACIIOJIOKEHBI BO
BHYTPEHHEM TIPOCTPAHCTBE, OOpPa30BAHHOM KOJBIEBOH CTEHKOH. MHOXeCTBO
BHYTPEHHUX CTEHOK MOJKET OOpa30OBBIBATH MHOXKECTBO KAHAJIOB JJIsI MPOXOKACHUS
NIOTOKA OT NepeiHeH 4acTu K 3anHeil. Takum oOpas3om, cerdaras CTpyKTypa MOKET UMETh
HECKOJIbKO MapaJuIeNIbHbIX KaHAJIOB, HECKOJIbKO HeMapajulebHbIX KaHAJIOB 1/ uiu Oosee
KAaHAJOB C MEHSIIOIIMMCS HAlpaBiIeHHEM, NPU 3TOM KaHaJlbl OTPAaHUYEHbl CTEHKAMHU.
Takum  00pa3oMm, MOXHO  HCIOJB30BaThb  HECKOJNBKO  PasiH4HbIX  (opm
MAaKpPOCKOIUYECKOW CTPYKTypel [0 TexX MOp, MOKa IUIOWAAb MNOBEPXHOCTU
CTPYKTYPUPOBAHHOTO  KaTajlM3aTopa, Ha KOTOPYK BO3AEHCTBYeT ra3, Oyner
MaKkCHUMaJbHON. B mpenmouTuTenbHOM BapHaHTe OCYIIECTBIIEHUS MaKpPOCKOMUYecKas
CTPYKTypa HMMeeT MapajulesibHble KaHaJbl, MOCKOJbKY Takue mNapajulelibHble KaHajbl
o0ecrneynBaOT OueHb HEOOJBINON TMepenaa HaBjieHUs] B CTPYKTYPHUPOBAHHOM
KaTanusarope. B mpeamodTuTenbHOM BapHaHTE MapaijiesbHble MPOJOJIbHbIE KaHabl
CKOLIEHBI B IPOIOJIbHOM HAIPABICHUH MAKPOCKOITMYECKOH CTPYKTYpbl. Takum 00paszom,
MOJIEKYJIBl Ta3a, IMOCTYMAOLIEr0 4Yepe3 MaKPOCKOIMHMYECKYI CTPYKTypy, OyayT
yIapsThCs O CTEHKU BHYTPH KaHAJIOB, & HE MPOCTO MOCTYIATh MPSIMO 4Yepe3 KaHai 0e3
CONPUKOCHOBEHHUs] CO CTEHKOHW. Pa3Mep KaHanoB IOJKEH OBITH TakuM, YTOOBI
o0ecreYnTh JOCTaTOUYHOE CONPOTUBJIEHHE MAaKPOCKOIMMUYECKOH CTPYKTYpbl. Hanpumep,
KaHaJIbl MOTYT OBITh KBaIPAaTHbIMU (B IONMEPEYHOM CEUEHUH, MEePIEeHANKYISIPHOM
KaHajaM) C JUIMHOH CTOpOHBI | - 3 MM, OIHAaKO TaKkKe BO3MOXKHBI KaHAJbI C

MaKCHMaJIbHOM MPOTAXKEHHOCTBIO B MOMNEPECIHOM CECHCHHUUN HpI/I6J'II/ISI/ITeJ'IbHO o 4 cm.
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TonmuHa CTEHOK MOKET, HarnpuMep, cocTaBisATh 0,2 - 2 MM, HarpuMep, MPUOJIU3UTETHHO
0,5 MM, a TONIIMHA KEPAMUYECKOrO MOKPBITHS, PACIONO0XKEHHOIO HA CTEHKAaX, MOXKET

coctaByATh 10 MxM - 500 mxMm, Hanpumep, S0 MxkMm - 200 mxMm, Hanpumep, 100 Mxm.

Makpockonudeckasi CTPYKTypa MOXET BKJIKOUaTb B ce0s  DJIEMEHTHI,
HAIPABJISIOLME TIOTOK, YTO IO3BOJSIET PACIPEAENATh MOTOK ras3a, MPOXOILIEro OT
nepefHed 4acTH K 3agHei. Takue SJEeMEHTHI, HANpaBJIAIOIUE TOTOK, MOTYT OBITh
HarneyaTtanbl Ha 3D-npuHTEpe U SBIATHCA HEOTHEMIIEMON YaCThE) MAKPOCKOMHYECKOU
CTPYKTYpbL. DJIEMEHTBI, HAMPABJSIOIIUE IOTOK, MOTYT OBITb 4YacTbI CETYATON

CTPYKTYpPBI, a Takke MOTyT ObITh Hare4daTaHbl Ha 3D-mpUHTEpe Kak YacThb CeT4aTou
CTPYKTYPBL

B ongHOM BapuaHTe OCYLIECTBICHUS HM300PETEHUS 3JIEMEHTHI, HAIPABIISIOLINE
NIOTOK, MOTYT OBITh pacmpenesieHbl PaBHOMEPHO BIOJb IPONOJBHOTO HAIPAaBJICHHUS
MaKpOCKOIIUYECKON CTPYKTYpBl, TOTAa KaKk B APYrOM BapHaHTE OHU MOTYT OBITh
pacnpeneneHbl  HepaBHOMepHO. Takke cieayeT NOHMMATb, YTO  3JIEMEHT,
HANpPaBJSIOLUINI MOTOK, MOXKET B OJHOM BapUaHTE OBITH PACIIONOKEH BIOJb YaCTH
MIPOJOJIBHOIO HAINpPaBJIEHUs, a B AJBTEPHATUBHOM BApPUAHTE — BAOJb BCEH [JIMHBI

MaKpPOCKOIMUYECKON CTPYKTYPBI B MPOAOJIBHOM HANpPaBJICHUU.

HanpaBnmomne MOTOK 3JICMEHTBI MOTYT AOIOJIHUTCJIBHO BBICTYIIATh B KA4Y€CTBC
OJCKTPUICCKHUX KJIEMM, KOTOPbIC MOI'YyT MUHUMU3UPOBATH KOHTAKTHOEC CONIPOTUBJIICHUEC

U, TaKUM 00pa3om, obecreunTh O0jiee pABHOMEPHOE pacrpeeieHne TOKa.

CTpyKTYpHpPOBAaHHBIH KaTaJiu3aTOP MOXKET BKJIOYATh JBEe WM Oosee
MaKPOCKOIUYECKUX CTPYKTYp, IIPU 3TOM, MO MEHBbIIEH Mepe, Beé MaKpPOCKOMUYECKHe
CTPYKTYpPbI ~3JIEKTPUYECKH COEIMHEHBI, 00pa3ys, TakuM o0pa3oM, KOMIUIEKC,

BKJTIOYAKOIIH B ce0s1 IBe UK OOJiee MaKPOCKOMUYECKUX CTPYKTYP.

JIBe cocemHHe MAaKpPOCKOIHYECKHE CTPYKTYPbl MOTYT ObITh H3TOTOBJIEHBI C
nomoiblo 3D-medaTH Kak OAHO LEJIoe, YTO MO3BOJISIET MOJYYUTh JJIEKTPUUECKOE
COENMHEHHE MEXKAY IBYMSI MAKPOCKOIHYECKHMMH CTPYKTYpaMH Ha MHHHUMAJIbHO
yOaJeHUH OT TepeaHed WM 3aHed YacTH YKa3aHHBIX MaKpPOCKOIHYECKHX CTPYKTYP.
WHbIMU CTIOBaMU, 3JIEKTPHUYECKOE COEIUHEHHE MOXKET ObITh JINOO B 00JACTH MepenHen

9acTH, MO0 3aJHEH YaCTH MaKPOCKOITUYECKOH CTPYKTYPBI.

B KOHKpeTHOM BapHaHTe CTPYKTYPUPOBAHHOTO KaTaJIU3aTOpa IO U300PETEHUIO

3JIEKTPUYECKOE COENMHEHHE MEXAY TIEepBOM M BTOPOH  MAaKPOCKONMUYECKUMHU
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CTPYKTYpaMU PEAU3YETCS NMPU NOMOIIM MEXaHUYECKOrO0 COEMHEHMS, 3aKUMA, MalKY,

CBApKU WA J000ro coueTaHust YKa3aHHbIX COCAUHCHUS.

B KOHKpETHOM BapuaHTe OCYLUECTBJIEHUs CTPYKTYPUPOBAHHOIO KaTAJIU3aTOPA IO
M300pETeHNI0  DJJIGKTPUYECKOE  COCAMHEHME  MEXAy  NepBOH W BTOPOH
MaKpPOCKONUYECKUMHU CTPYKTYypaMHU PeaIn30BaHO B BUAE COCIMHUTES, BKJIFOYAIOLIErO B
cels1, IO MEHbIIEH Mepe, IBa CPEACTBA 3aLEIJICHHs, KaXKI0€ U3 COSTUHEHO ¢ OJHOU U3
YKa3aHHBIX NEPBOM M BTOPOM MAaKPOCKOMHYECKUX CTPYKTYp, MHPU 3TOM CPEICTBO
3arerieHus: 00JiaaeT BHYTPEHHEW MOBEPXHOCTHIO, (PopMa KOTOPOI COOTBETCTBYET, IO
MEHBbIIEH Mepe, 4YacTH BHEIIHEH T[OBEPXHOCTH YKA3aHHBIX NE€PBOM U BTOPOHU
MAaKpPOCKOMUYECKUX CTPYKTYp, U TpPU 3TOM CPEACTBO 3aLEIUVIEHUs MNPUKPEIJIEHO K
BHEIIHEN MOBEPXHOCTH KOJIbLIEBOM CTEHKH 3a CUET MOCAAKU C HATAroM. B KOHTEkcTe
HACTOSIIETO U300PETEHUS MO KIIOCATKON ¢ HATATOM» (M3BECTHOM TaKKe KaK MPeccoBasi
Wi (QPUKLHUOHHAS TIOCAAKA) CIeAyeT MOHUMATh KPEIUJICHHe MEXAy ABYMs IUIOTHO
MPWIETAIOLUMHA  CONPSTa€MbIMU  A€TAJIAMU JJIsI TOJIYYEHUs] COCIMHEHUs, KOTOpPOe
yAEpPKUBAEeTCsl  BMECT€  3a  CYET  TPEeHUs  IOocjae  TOro, Kak  JAeTaiu
CHBUTAIOTCS/TIPIDKUMAIOTC  Apyr K apyry. CoenwHHTENh M MaKpPOCKOITMYECKAs
CTPYKTypa (CTPYKTYPBI) MOTYT OBITH COEIUHEHBI IMyTeM MPUJIOKEHUS JTUHAMHYECKOTrO
JaBJICHUs, HAIPUMEP, MMPHU HAXKATUW HA OJHY YacTh C LEJIbIO0 HaJeTh/3aBUHYTh €€ Ha/B
Ipyryro. B KOHKpETHOM BapuaHTe COENMHUTENb BBIIOJHEH U3 CIUIABa, COIEP KAILEro
onHO wiH OoJsiee BelecTs U3 rpymbl, BKIouaromei B ceds Fe, Cr, Al, Co, Ni, Zr, Cu,
Ti, Mn u Si.

B xOHKpeTHOM BapHaHTe OCYLIECTBICHUS CTPYKTYPUPOBAHHOTO KaTaIu3aTopa 1o
U300pPETEHHI0  JJIEKTPUYECKOE  COCJUHEHME  MEXIy  TepBOH W BTOPOH
MaKpPOCKOIUYECKUMH  CTPYKTypamMH  BBIOJHEHO B  BHJAE  MEPEMbIUKH U3
3JIEKTPONPOBOASILEr0 MaTepuana, IMpU O3TOM IepeMbldka M IepBas U BTOpas
MaKpOCKOIUYECKHE CTPYKTYPBI BMECTE 00pPa3yrOT KOT€PEHTHYIO CTPYKTYpy. B maHHOM
KOHTEKCTE KKOTEPEHTHBII» O3Ha4aeT 00pa3yIoIui HenpepbIBHYIO (a3y. B KoHKpeTHOM
BapHaHTE OCYIIECTBIIEHUS] N300pETEHUs TIepeMbIuka 00pa3yeTcst 3a c4eT odecreueHus
HaJIW4Msl 3JIEKTPONPOBOAAIINX MATEpUaioB MEepBOH MaKPOCKOMUYECKON CTPYKTYpBI,
BTOPOIH MaKpOCKOIMYECKOH CTPYKTYPBI U IEPEMBIYKH B BUJIE TPEX OTAEIBHBIX OOBEKTOB,
a TaKkKe COENUHEHHs OTAENbHBIX OOBEKTOB BMECTE CIIOCOOOM, COAEpIKAIIUM 3Tarl
CTIEKaHUsl UM OKHUCIHMTENbHYIO 00paboTKy. B KOHKpPETHOM BapuaHTe OCYIIECTBIICHUS

COUETaHUE NEPEMBIYKH U NIEPBOU U BTOPON MAKPOCKOMUYECKUX CTPYKTYP M€YaTaeTCs Ha
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3D-npuHTEpe, MOCHE 4Yero CHeKaeTcs. B KOHKPETHOM BapUaHTE OCYLIECTBICHUS
nepeMblUKa BBITIOJIHEHA U3 CIUIaBa, COEPIKAINEero OJHO UK OoJiee BEIIEeCTB U3 IPYIIIIEL,
Brrovaromeit B cedst Fe, Cr, Al, Co, Ni, Zr, Cu, Ti, Mn u Si. B koHKpeTHOM BapuaHre
OCYILECTBJICHHUs] MPOBOAAILIME MaTepuasabl MEPEeMbIYKM M MEpBOM U  BTOPOH

MaKpPOCKOIMNYECKUX CTPYKTYP ABJIAIOTCA UACHTUYHDBIMU.

CTpykTypHpOBaHHBIH KaTaJU3aTOP MOXKET B OJHOM BapHUaHTE OCYLIECTBJICHUS
BKJIFOYATH B Ce0s1, MO MEHbLIEH Mepe, TIEPBYIO0 U BTOPYIO MAKPOCKOITUYECKHE CTPYKTYPHI,
IpU 3TOM BTOpash MAKPOCKONHYECKas CTPYKTypa MOXKET OBbITh pacloioKeHa, IO
MEHbIIIEH Mepe, YaCTUYHO IO OKPYKHOCTH BOKPYI NEPBONM MaKpPOCKOMHUYECKOMN
CTPYKTYpel. B OZHOM U3 BapuaHTOB OCYILECTBJIICHUS BTOPAasi MaKpPOCKONMUYECKas
CTPYKTypa MOXKET MPEACTABIATh COOOH yIUIMHEHHYIO CTPYKTYPY, MPOCTHPAOIIYIOCS B
NPONOJIbHOM HANpPAaBJICHUH U SBIBIOIIYIOCA TIIOJIOW, TAakUM o0pa3oM, IO3BOJISS
MOJIHOCTBIO OKPYKHUTh MEPBYK) MAaKPOCKOMUYECKYIO CTPYKTYPY, PU 3TOM BHYTPEHHSIS
MOBEPXHOCTh BTOPOM MAaKpOCKONMYECKOW CTPYKTYphl oOOpaineHa K BHENIHEH
MOBEPXHOCTU MNEPBOM MAKPOCKOMHUYECKOH CTPYKTYphL. B ajapTepHATUBHOM BapUaHTE
OCYLIECTBJICHUs] BTOPasi MAKPOCKONHMYECKAsi CTPYKTypa MOKET pacroyiaraTtbCs IO
OKPY’KHOCTH 4YaCTUYHO BOKPYT NEPBOM MaKPOCKOIMYECKOW CTPYKTYpPBI, B pe3yJibTaTe
Yero 4acTb BHyTPEHHEN MOBEPXHOCTH BTOPOIl MAKPOCKOITNYECKOH CTPYKTY pbI OOpalieHa
K 4aCTU BHEULIHEH MOBEPXHOCTHU MEPBON MAaKPOCKONHUYECKOW CTPYKTypbl. B kauecTse
npuMepa OoJjiee MO3IHEr0 BapHaHTa OCYINECTBICHMS IepBas MAaKpOCKOIMHYECKas
CTPYKTypa MOXKET B CEUEHHH, IIONIEPEYHOM MPOIOJIbHOMY HAIPABJICHHIO, 0Opa30BbIBATH
NPEUMYIIECTBEHHO KPYTIyIO (JOpMy, TOTAA KaK BTOPasi MAKPOCKOIIMYECKast CTPYKTYpa B
CEYEeHUH, MONEPEYHOM MPOJOIbHOMY HAIPABJIEHUIO, MOXKET UMETh NPEUMYLIECTBEHHO
C-obpaznyro  opmy, TakuMm 00pa3oM YacTUYHO BMelnass B ceOsl  TMepPBYIO
MaKpPOCKOIUYECKYK) CTPYKTYpy, B CIydasx, KOrAa OHA PAacCMOJOKE€HA YaCTUYHO IO

OKPY>KHOCTH BOKPYT IIEPBOI MaAKPOCKOIUYECKON CTPYKTYPBHI.

Bropass Makpockomuyeckas CTPYKTypa MOXKeT OBbITh pacrlojoXkeHa IO
OKpPY>KHOCTH BOKpYT, N0 MeHblueil mepe, 50%, Hanpumep, no meHbuiel mepe, 60%,
HanpuMmep, 1o MeHbluel mepe, 70%, HanpumMep, Mo MeHblel Mepe, 80%, Hampumep, Mo
MeHbiied  Mepe, 90%, mHampumep, 100% BHemHel NOBEPXHOCTH MEPBOMH
MaKpOCKOIUYECKOW CTPYKTypel. B ciyuasx, korma BTopas MAakKpOCKONHUYECKas
CTPYKTypa pacrojio’KeHa MO OKPY>KHOCTU BOKPYT 50% BHEITIHEH MOBEPXHOCTH MEPBOMU

MaKpOCKOIIMYECKONH  CTPYKTYpbl, IOJIOBUHA BHELIHEW  IMOBEPXHOCTH  MEPBOU
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MaKpPOCKOITUYECKOH CTPYKTYpbI OOpalieHa KO BTOPOH MaKpOCKOIHMYECKOH CTPYKTYpE,
Toraa kak apyrue 50% BHeIIHeH MOBEPXHOCTU NMEePBOM MAKPOCKOMNYECKONH CTPYKTYpPBI

B CTOPOHY BTOPOH MaKpOCKOIUYECKOU CTPYKTYpOH He OOpaIieHbl.

IlepBas u BTOpass MakpOCKONMUYECKHE CTPYKTYPbl MOTYT UMETb JJIEKTPUYECKOE
COCMHEHHE B 3aJHEW YacTu, OTJIMYAIoIleecs TeM, 4TO CTPYKTYPUPOBAHHBIN
KaTajau3aTop MOKeT ObITh pa3paboTaH TakuM 0Opa3oM, dYTOObI HAIpPaBJSATH
3JIEKTPUYECKUHN TOK Uepe3 MePBYI0 MAKPOCKOMUUECKYIO CTPYKTYPY OT NepeaHel YacTH K
yKa3aHHOH 3aJHEeHW 4acTH, a 3aTeM 4Yepe3 BTOPYI0 MaKpPOCKOMHUYECKYIO CTPYKTYypy OT
3a7He YacTU K IepeqHeld, MpuU 3TOM BTOpash MaKpOCKONHUYECKas CTPYKTypa

pacnoyiokeHa o OKPY>KHOCTU BOKPYT NEPBON MAKPOCKOINYECKON CTPYKTYPBL.

[lepBast 1 BTOpasi MAaKPOCKOIMUYECKHUE CTPYKTYPBI MOTYT OBbITh MCIOJHEHBI KaK
OJTHO LIEJIOE, a B AJIbTEPHATHBHOM BapUaHTE OCYIIECTBICHUS MOTYT OBITh HCTIOJTHEHBI KaK
IIBa OTAENIbHBIX 3JIEMEHTA, KOTOPBIE BIIOCIEICTBUU MOTYT OBITh MPUCOENNHEHBI APYT K
APYTY B 3aJHEN 4acTH, TAKUM 00pa3oM 0OecredrBasi 3IeKTPUIECKOe COSTMHEHNE MEXIY

MEePBON U BTOPOH MAaKPOCKOIMUUYECKUMH CTPYKTYPaMHU.

Jlns obecrieueHusi pa3MeIleHus BTOPOH MaKpPOCKONMMYECKOW CTPYKTYphI, IO
MEHBbIIEH Mepe, YaCTUYHO BOKPYI MEPBOM MAaKpPOCKONMUYECKOH CTPYKTYPbl, BHELIHSS
MOBEPXHOCTb MEPBOM MAKPOCKONMUUYECKOU CTPYKTYPBI MOKET COBIAAaThb C BHYTPEHHEU
HIOBEPXHOCTBIO BTOPOI MAKPOCKOMUYECKOH CTPYKTYphL. ClienyeT NOHUMATh, 4TO (hOpMBI
MOTYT COBINAIaTh, a pa3Mepbl OTJINYAThCA MAJISI TOTrO, 4YTOOBI mepBasi U BTOpas
MaKpOCKOIIUYECKHE CTPYKTYpbl HE CONPUKACAJINUCh APYr C JPYrOM IO CBOEMY
IIPOJOJIBHOMY HampasieHuro. IlepBas u BTOpast MaKpOCKOIUYECKUE CTPYKTYpPbl MOTYT
OBITh BJIEKTPUUECKU COSTMHEHBI B 3aIHEH YaCTH, YTO 00ECIEUNBAET MPOXOKIECHUE TOKA

yepes MepBYI0 U BTOPYI0 MAaKPOCKOIIMYECKHE CTPYKTYPBL

Tor ¢akr, uyTO mepBas MaKPOCKONMHMYECKAs CTPYKTYPY HMEET BHELIHIOKO
MOBEPXHOCTb,  KOTOpasi ~ COOTBETCTBYET  BHYTPEHHEH  IOBEPXHOCTH  BTOPOHU
MaKpPOCKOMUYECKON CTPYKTYpPBI, MO3BOJSIET CBECTU K MHUHUMYMY DPACCTOSIHUE MEXKAY

MEePBON U BTOPOH MAaKPOCKOMUYECKUMH CTPYKTYPAMH.

B omHOM BapuaHTe€ OCYILIECTBJEHUS BHEWIHsS IOBEPXHOCTb IEPBOU
MaKpPOCKOIUYECKON CTPYKTYPBI B CEUEHUH, MOMNEPEUHOM MPOJOJIBHOMY HaIPaBJIEHUIO,
MOXeT OBITh NpeuMylnecTBeHHO Kpyrinoil. Ilo MeHblneidl mepe, 4acTb BHEUIHEH

MOBEPXHOCTU BTOPOM MAaKPOCKONHUYECKOM CTPYKTYpbl B CEUYEHHH, IONEPEYHOM
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NPOIOJILHOMY HAINpPABICHHUIO, TaKXXE€ MOXKET OBbITb INPEUMYIIECTBEHHO Kpyrioil. B
aNbTEPHATUBHOM BapHAaHTE OCYLIECTBIEHHUS HAPY)KHAs IOBEPXHOCTb IEPBOH
MaKpOCKOITUYECKOH CTPYKTYPBl B CEUEHHH, MOMEPEYHOM MPOJOIbHOMY HAIPaBJIEHUIO,
MOXKET OBITh MPEHMYIIECTBEHHO OBAJbHOMN, KBaJPATHOM, TPEYrOJIbHOMN, MATHYTOJIBHOM,
IIECTUYTONbHOW MO0 MMeTh (GOopMy Apyroro MHOroyroipHuka. Takum oOpasowm,
BHELIHSAS MOBEPXHOCTb MOXKET MMETh JIIOOYIO MPOHM3BOJBHYI (HOpMy., MO MeHbLIEH
Mepe, 4acTb BHYTPEHHEHN MOBEPXHOCTHU BTOPON MAKPOCKOIHUYECKON CTPYKTYPbI TaKKe
MOXKeT 00pa30BBIBATh JIOOYIO U3 YIOMSHYTBHIX (POPM HIJIM YHaCTOK COOTBETCTBYIOINEH
dopmbl.  TlocnenHee OCOOEHHO BaKHO B BapUAHTAX OCYLIECTBIICHHS, KOTOpBIE
OTJIMYAKOTCS TEM, YTO BTOPas MAaKPOCKONMUYECKast CTPYKTYpa PACIOIOKEHA YaCTUIHO

BOKPYT NIEPBOI MAKPOCKONMUYECKON CTPYKTYPBHI.

IlepBast 1 BTOpass MaKpOCKOITUYECKHE CTPYKTYPbl MOTYT OBITH PaCIIOIOKEHBI

NPEUMYIIECTBEHHO COOCHO.

CnenyeT NOHMMAaTh, 4YTO  CTPYKTYPUPOBAHHBIM  KaTajlu3aTOp  MOXKET
JOTOJHUTENIBHO BKJIOYATh B CeOs TPETHIO MAKPOCKOIHMYECKYK) CTPYKTYpY, KOTOpas
MOXeET OBITh pacCIONOXKEHa, IO MEHbLIeH Mepe, YaCTUYHO BOKPYI BTOPOH
MaKpOCKOIUYECKON CTPYKTYphl. BTOpas u TpeThst MAaKPOCKONIUYECKUE CTPYKTYPbI MOTYT
UMETb COCUHEHHE B MEepeaHel 4acTH, OTJIMYAKoLIeecs TeM, YTO CTPYKTYpPUPOBAHHBIN
KaTajJu3aTop MOXKeT ObITh pa3paboTaH TakuM oOpa3oM, UTOObI HAMpPaBIATH
3JIEKTPUYECKUN TOK Yepe3 MEePBYI0 MAKPOCKONMUYECKYHO CTPYKTYPY OT NEpEaHEeH YacTH K
YKa3aHHOM 3aJHEN 4acTH, a 3aTeM 4Yepe3 BTOPYH MaKPOCKONUYECKYI) CTPYKTYpy OT
3a/lHel 4acTH K IepeqHeil, a 3aTeM uepe3 TPETbI0 MaKPOCKOMUYECKYI0 CTPYKTYpy OT

NepeHeN YacTH K 3a1HeH.

IlepBas, BTOpas W TPETbS MAKPOCKOIIUYECKUE CTPYKTYpbl MOTYT OBITb
pacrosoXKeHbl B 3HAUUTEIIbHON CTeneHH coocHO. CrenyeT MoHNMaTh, YTO PHUBEIEHHbIE
BBILIIE 3aMEUaHMsI KacaTelbHO OTHOCHTENBHOW (OpPMBI U pa3Mepa MEpBOH M BTOPOH
MaKpPOCKOIUYECKUX CTPYKTYpP B PaBHOM CTENEHU OTHOCATCS KO BTOPOH M TPETbEH

MaKPOCKOMUYECKUM CTPYKTYPaM.

Kpowme Toro, cneayer noHUMAaTh, 4TO CTPYKTYPUPOBAHHBIN KAaTaIU3aTOP MOXKET
BKJIFOUATh B ce0s1 emme OoJbIe MaKPOCKOIMMYECKHX CTPYKTYp, HAIPUMEp, YEThIPe, MATh

unm donee.
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JIBe MaKpOCKONMHUYECKHE CTPYKTYPbl MOTYT BKJIIOUaThb B CeOs MapauiesibHbIC
BHEIIHUE CEKIHUH, o0ecrneunBas, TaKUM O0pa3oM, Te€OMETPUYECKOEe COCOUHEHHE B
MPOAOJBHOM HANpPaBJAEHUM WIM B HAINPABJICHUH, MONEPEYHOM MPOAOJIBHOMY
HAIPaBJICHUIO ABYX MAaKPOCKOMUYECKUX CTPyKTyp. Hanpumep, napannenbHble BHELIHNE
CEeKIIH1 MOTYT 0Opa30BbIBATh YaCTh CETUATON CTPYKTYPbI, 4aCTh NMepUPEPURHON CTEHBI
WIA MOTYT OBITb OTHEIbHBIMH JJIEMEHTAMM, MPHUKPEIICHHBIMA K KaKIOW W3
MaKpOCKOMUYECKUX CTPYKTyp. B OZHOM BapuaHTe OCYIIECTBJICHHUS OJHA 4YacThb
napajuIeJIbHOW CTPYKTYPBI MPENCTABIISIET COOOI OTHEIbHBIN 3JIEMEHT, MPUKPETUIEHHBIH
K OJTHOW M3 MaKpOCKOMUYECKHUX CTPYKTYpP, B TO BPEMs KaK Apyras 4acThb NapajuiebHON

CTPYKTYpbI 00pa3yeT 4acTh JPYroil MaKpOCKOIMMYECKOH CTPYKTYPBL

JIBe MaKpOCKONHMYECKHE CTPYKTYPbl MOTYT OBITh CKPEIICEHBI MyTE€M CBAapKH,
NafiKi WJIM MEXaHWYeCKOro mnpeccoBaHus. Ilpm ckaTum cuia TpeHus: oOecrednBaeT

yAEpKaHUE BMECTE IBYX MAKPOCKOMUYECKUX CTPYKTYP.

ITo mMeHbIIEH Mepe, OTHA MAKPOCKOITHYECKAast CTPYKTYpa MOXKET BKJIFOUATh B ce0si
COCIMHHUTENIBHYK) ~ CEKLHUI0, KOTOpass IMO3BOJSIET HENOCPENCTBEHHO 3aKPENUTh
3JIEKTPUUECKOE COCMHEHNE, IPU 3TOM YKa3aHHAsI COCAUHUTENIbHAS CEKLUS [e4YaTaeTCs
Ha 3D-npuHTEpe U SABIAETCA YaCThIO MAaKPOCKOIMUYECKOW CTPYKTYpPbI. DJIEKTPUUECKOE
COeMHEHNE MOXKET ObITh MPEAYCMOTPEHO AJIL TOTO, 4TOOBI 0OECTIeunBaTh MUTAHUE OT

HNCTOYHHKA SJICKTPHUYICCTBA.

TonmmHa KONBIEBOW CTEHKHM B CEYeHHH, O0ECMEeuMBAIOIIEeM 3JIEKTPUYECKOEe
COeMHEHHE CO BTOPOM MAaKPOCKOMHYECKOH CTPYKTYpOH, MoxkeT ObiTb Ha 25%,
npeanouTuTeNbHO Ha 50%, eme Oosee mpenmouturenabHo Ha 100% wu eme Oonee
npennoututensHo Ha 200 % Bellle cpenHel TONILIMHBI KOJBLEBOH CTEHKH, NMPU 3TOM
TOJILIMHA KOJIbLIEBON OMperenseTcss Kak pa3Mep KOJbLIEBOH CTEHKU B HalpaBlIeHUH,

NEPHEHANKYJIIPHOM IPOAOJIBHOMY.

B onHOM BapuaHTe OCYINECTBJICHHs] CTPYKTYPUPOBAHHBIN KaTaJaU3aTOP MOXKET
NPEACTaBISITH COOOM MaTpWily, BKIIOUAIOIIYID B Cce0s TMEepPBYKD H  BTOPYHO

MaKpPOCKOMUYECKUE CTPYKTYPBL, TAE:

a) mepBas M BTOpPas MAKPOCKOMHYECKHE CTPYKTYPbl COAEPKAT TPEXMEPHYIO
CeTYaTyIO CTPYKTYpY,

b) Marpuma comepKHUT, IO MEHbLIeH Mepe, NMepPBbIi M BTOPOW NMPOBOJHHUKH,

3JIEKTPUYECKH COENMHEHHBbIE C YKa3aHHOW IEpPBOM M BTOPOM MAaKpOCKONMMYECKUMHU
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CTPYKTypamu, COOTBETCTBEHHO, U C UCTOYHUKOM 3JIEKTPONUTAHUS, IPUYEM YKAa3aHHBIN
HCTOYHHUK 3JIEKTPOIUTAHUS PACCUYUTAH HA HATPEB, 10 MEHbIIEH Mepe, YaCTH YKAa3aHHBIX
NEPBOM M BTOPOM MAaKPOCKONMUYECKUX CTPYKTYpP IO TEMIIEpaTyphl, IO MEHBIIEH MeEpe,
500°C myTeM nporyckaHusl 3IEKTPUUECKOr0 TOKA Yepe3 YKa3aHHYH) MaKpPOCKOMMYECKYIO
CTPYKTYpPY, U IPHUYEM NPOBOAHUKHU COEAUHEHbI B COOTBETCTBYIOIUMX IIOJOKEHUSAX B

COCTaBe MaTPHIbI OJIIKE K YKa3aHHOM NepeIHel YacTh, YeM K YKa3aHHOM 3aHel YacTH,

C) YKa3aHHbIC TIepBasi U BTOPasi MAKPOCKOMMYECKHE CTPYKTYPbI AJIEKTPHYECKH

COEMHEHBI IEPEMbIUKON U3 3JIEKTPONPOBOIALIETO MaTepuana, u

d) MaTpHLa BRITOJHEHA C BO3MOKHOCTBIO HAITPABIICHHS 3JIEKTPHYECKOTO TOKA OT
NePBOrO TMPOBOJHHMKA Yepe3 TMEPBYID MAaKPOCKOMHMYECKYI) CTPYKTYPY K yKa3aHHOH
3a7Hel 9acTH, IOCIIe Yero 4epe3 MePEeMBIUKY U 3aTeM Yepe3 BTOPYI0 MAKPOCKOIIUIECKYIO

CTPYKTYPY KO BTOPOMY IIPOBOJHHUKY.

Matpuia  Moxker  ObITb  HM3rOTOBJIEHA  nyTeM  3D-mewatu  mepBoi
MaKpPOCKOIMUYECKON CTPYKTYPBI, BTOPOU MAaKPOCKOIMHUYECKON CTPYKTYPBI U MEPEMBIUKH,

KOTOPBIC BCE€ BMECTEC COCTABJIAKOT €AUHOC LEJIOC.

B xadecTBe anpTepHATHBBI MATPHIIA MOXKET ObITh U3rOTOBJIECHA MyTeM 3D-neuatu
NEePBOM MaKpPOCKONMUYECKONH CTPYKTYPbl, BTOPOH MAaKpOCKONMMYECKOW CTPYKTYpbl U
NEepEMBIYKH, a TAK)Ke HEO0O0A3aTeNbHOTO 3JIEKTPUUECKOTO0 COENUHEHMs, KOTOpble BCE

BMECTC COCTABJIAOT €AUHOEC LICJIOC.

B ongHOM BapuaHTe OCYIIECTBJIEHHS BTOPOHW TPOBOAHUK HE HAIPIMYIO

3JIEKTPUYECKU COEIMHEH CO BTOPOM MaKpPOCKOMUYECKON CTPYKTYPOIl.

Martpuiia MOKET IOMOJHUTENIbHO BKJIIOUaTh B ceds (1) omHy wuiam Ooee
pACIONIOKEHHBIX ~BOJMW3WM Jpyr OT Jpyra JONOJHHUTENBHBIX IMPOMEKYTOYHBIX
MaKpOCKOIUYECKUX CTPYKTYp U (ii) OIHY KOHIIEBYEO MaKpPOCKOIHUYECKYIO CTPYKTYPY,
IPU 3TOM KaKJas JOMNOJIHUTENbHAs MPOMEXYTOYHAsi MAaKPOCKONUYECKass CTPYKTypa
COEMHEHA, TI0 MEHBILEH Mepe, C IBYMsI PACIIONOKEHHBIMH BOJIM3H MaKPOCKOTMYECKIMHU
CTPYKTypamu IPHU MOMOIIU NEPEMBIUKH U3 3JIEKTPONPOBOALLErO MaTepuaa, Ipyu 3TOM
KOHLIEBAasi MAaKpOCKONHMYECKasi CTPYKTypa COEAMHEHAa, MO MEHbIIEH Mepe, C OIHOHN
CMEXHON MaKpOCKOIUYECKON CTPYKTYPOMH, a BTOPOH NPOBOAHUK COEANHEH C KOHLIEBOU
MaKpPOCKOIIUYECKOH CTPYKTYpOH Ha KOHLEBOM MAaKPOCKONMMYECKOW CTPYKType B
MOJIOXKEHUH, KOTOPOE HAXOIUTCsI OJIMDKE K YKa3aHHOH MepeaHel 4acTH, YeM K YKa3aHHOU

3aTHEN YaCTH.
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IlepBast u BTOpasi MaKpOCKOMMUYECKHE CTPYKTYPbl MOTYT OBITb COEAMHEHBI MPU

NMOMOIIHU NEPEMBIYKHA B SaHHeﬁ JaCTHu MaTpHULibL.

IIpenycMoTpeHa peakTOpHasi CHUCTeMa JJIsl OCYLIECTBJIEHUS SHAOTEPMHUYECKOM
peaxLuy UCXOQHOTO Ira3a, IPU 5TOM JaHHAsl PEaKTOPHAsk CUCTEMa COAECPIKUT CIEAYIOLINe

SJICMCHTBI!

a) CTPYKTYPUPOBAHHBIM KATaJM3aTOP B COOTBETCTBHUU C MPUBEACHHBIM BBIIIE

OTHCAaHUEM,

b) Kopmyc BBICOKOTO JaBJIEHUS, B KOTOPOM HAXOOHUTCS YKa3aHHbBIN
CTPYKTYPUPOBAHHBIN KATAJIH3aTOP, MMPH 3TOM yKa3aHHBIA KOPIYC BBICOKOTO JaBJIEHUS
COIEP KUT BXOIHOE OTBEPCTHE JUISI TIOAAYH UCXOIHOIO I'a3a U BBIXOIHOE OTBEPCTHE IS
OTBOJa ra3000pa3HOro MPOAYKTa, MPUYEM YKa3aHHOE BXOJHOE OTBEPCTHE PACIIONOKEHO
TakuM 00pa3oM, YTO YKa3aHHBbIM HCXOOHBIA ra3 TMOCTyNaeT B MEPETHIOK YacTb
YKa3aHHOT'O CTPYKTYPHUPOBAHHOIO KaTaIU3aTOpa, a ra3000pa3Hblii MPOAYKT BBIXOIHUT U3

3aHEH 9aCTH YKa3aHHOIr'O KaTtaju3aTopa, U

C) TEIUVIOM3OJSIIMOHHBI CIOH MEXAYy YKa3aHHBIM CTPYKTYPHUPOBAHHBIM

KaTajin3aTOpOM U YKa3aHHBIM KOPITYCOM BBICOKOT'O NaBJICHUA,

CnenyeT moOHMMATh, 4YTO CHEHHATUCTY B JAHHOW oOjactu Oyder Jerko
MOATBEPANTH, YTO JIFOOOH MPHU3HAK, OMUCAHHBIN B COUETAHUU CO CTPYKTYPUPOBAHHBIM
KaTaJIU3aTOPOM, TaKKe MOKeT ObITb OOBEAMHEH C PEeaKTOPHOW CHCTEMOW JJisi

IPOBEACHUSI SHIOTEPMUUECKON PEaKUU UCXOIHOTO ra3a U OOpaTHOM peakiyH.

OnucaHHBI  BbIE  CTPYKTYPUPOBAHHBIM  KAaTaH3aTOp  LEJIecO00pasHO
UCTOJIB30BaTh B PEAKTOPHON CHUCTeME ISl MPOBENEHUs SHAOTEPMUYECKON peakuuu
ChIPbCBOI'O Trasa. B c¢Bs3u ¢ sTHM 3aME€YaHMsA, H3JIOKCHHBIC BBIIIEC B OTHOLICHUU
CTPYKTYPUPOBAHHOIO KaTajJlM3aToOpa, B PABHOHW CTENEHH KacaloTCcsi M PeaKTOPHOMN

CHUCTECMBI.

B cooTBercTBUM C TONOJIOTMEN PEAKTOPHON CHUCTEMBI CoKAThId MCXOAHBIA ra3
MIOZIa€TCs B HEE Yepe3 BXOAHOE OTBEPCTUE U HAMIPABJISIETCS] B KOPITYC BBICOKOTO IABJICHHUS
peakTopHOU cucTeMbl. KoOpHyc BBICOKOTO [AaBJIEHHs HMEET TaKyl) BHYTPEHHIOIO
KOH(UTYpaLHIO TETJION30ISLUOHHBIX CJIOEB M HHEPTHOT'O MaTepraa, YToObl HCXOIHBIN
ra3 HampaBJsICAd uYepe3 KaHajbl CTPYKTYPHUPOBAHHOIO KaTalu3aTopa, rae OH Oynmer

KOHTAKTUPOBATHL € KECPAMHUYCCKHUM IIOKPBITUEM U  KATAJIUTHYECKHU AKTHBHBIM
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MaTepHUAJIOM, KOTOPBIM PACIONIOXKEH Ha MOMJIOKKE M3 KEPAaMUYECKUX MOKPBITUH, MPU
5TOM KaTaJIMTHYECKNU aKTUBHBIM MaTepHral 6YI[6T KaTaJIU3UpOBaTb SHAOTECPMUYICCKYHO
peakiuo. Kpome Toro, HarpeBaHue CTPYKTYPHPOBAHHOTO KaTalu3aropa o0ecreunBaeT
HEOOXOAMMOe TEeIUIO Ul SHAOTEPMHUYECKOW peakimu. I'a3000pasHblii MPOXYKT W3
CTPYKTYPUPOBAHHOIO KaTaJM3aTOpa HAMNpaBsETCsl K BBIXOJHOMY OTBEPCTHIO W3

PEaKTOPHON CUCTEMBI.

Korga xopnyc BBICOKOrO AaBJI€HUS BKJIIOYAET BXOJHOE OTBEPCTHE AJI MOAAYU
MCXOJHOTO ra3a U BBIXOJHOE OTBEPCTHE AJISI OTBOAA I'a3000pa3HOro MPOAYKTA, IPUYeM
YKa3aHHOE BXOJHOE OTBEPCTHE PACIHOJOXKEHO TaKHUM OOpa3oM, 4YTO YKa3aHHBIH
WCXOJHBIN ra3 MOAAETCs B MEPEAHIOI 4YacTh CTPYKTYPHUPOBAHHOIO KaTalu3aTopa, a
ra3000pa3HbIil MPOMYKT BBIXOIUT U3 3aHEH YaCTH CTPYKTYPUPOBAHHOTO KaTalIN3aTopPa,
U KOIZla, IO MEHbIIEH Mepe, Ba MPOBOAHUKA MOACOECAUHEHBI K CTPYKTYPUPOBAHHOMY
KaTaJIu3aTopy B TOYKE HA CTPYKTYPHUPOBAHHOM KaTaJM3aTOPE, KOTOpas PacHoJIOKeHa
Onmmke K mepeqHed 4acTh CTPYKTYPHUPOBAHHOTO KAaTajiM3aTopa, YeM K 3agHel 4YacTu
CTPYKTYPHUPOBAHHOTO KaTaJM3aTOpa, MO MEHbIIEH Mepe, ABa MPOBOIHUKA MOTYT OBITh
pa3MelIeHbl B OTHOCUTENBHO 0OJIee XOJIOIHOW YacTH PeakTOpHOM cucteMsl. [lepenHsis
4acTb CTPYKTYPUPOBAHHOTO KaTajJu3aTopa HMeeT Ooyiee HHU3KYK TeMIIepaTypy, 4eM

3aHss 4aCTh CTPYKTYPUPOBAHHOIO KAaTaIN3aTOpa U3-3a CIEAYIOIHNX (GaKTOPOB:

- UCXOIHBIM ra3, Imojada KOTOPOrO OCYINECTBJIAETCS 4Yepe3 BXOAHOE
OTBEPCTHE, MOXKET OXJIAXXJaThb, 110 MEHBLIEH Mepe, ABa MPOBOAHMKA NEPell HarpeBOM
CTPYKTYpUPOBAHHBIM KaTaJIM3aTOPOM Jajiee IO IIyTH IPOXOXKJIEHHUs raza uepes

CTPYKTYPUPOBAHHBIN KaTaJlIU3aTOp;

- UCXOAHBIH ra3 Ha Iofade B TMEPENHIOI0 YacTb CTPYKTYPHUPOBAHHOIO
KaTanu3aTopa Oyer uMeTh Oosiee HU3KYIO TEMIEPaTypy, YeM ra3o00pa3Hblil MPOIYKT,
BBIXOJSIIIUHN U3 331HEeN 4aCTH CTPYKTYPUPOBAHHOIO KaTalnu3aTopa U3-3a TeIa, KOTopoe

obecreunBaeTCsi 3IEKTPOHATPEBOM CTPYKTYPHUPOBAHHOTO KaTaIu3aTopa;

- SHAOTEPMMUYECKUHN XapaKTep peakLiy MpearnoiaraeT NorjioleHye Temia u3

OKpY>KaroLIen Cpenbl,

- CTPYKTYPUPOBAHHBIA  KAaTAJIM3aTOP HMMEET KOHCTPYKLHMIO, KOTOpas
MO3BOJISIET AJEKTPUUECKOMY TOKY MPOXOIUTH OT OJHOIO MPOBOAHUKA IO CYTH K 3aHEN
YaCTU CTPYKTYPHUPOBAHHOIO KaTAIM3aTOPa U BO3BPALIATHCA KO BTOPOMY IPOBOAHUKY U3,

10 MEHbILEHU Mepe, ABYX MPOBOJHUKOB.
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TemmnepatypHblii npoduiab B CTPYKTYPHPOBAHHOM KaTaJIM3aTOPE MOXKET
COOTBETCTBOBATh IPAKTUYECKH HEMPEPBIBHO BO3PACTAIOLIEH TeMIlepaType IO IMyTH

MIPOXOKAECHUsI UICXOIHOIO ras3a 4epes3 CTPYKTYPUPOBAHHBIN KAaTaINU3aTOP.

ITpyu MCHONBb30BAaHUU PEAKTOPHOIN CHCTEMBI MO M300pPETEHHIO AJIsl OOJerdyeHus
peakiuu mapoBoro pudopMuHra, MO CPaBHEHHIO C TPAAULMOHHO HCIIOJIB3yeMOH
TpyOuaToii pudOPMUHT-YCTAHOBKOW C OFHEM OHAa JEMOHCTPUPYET HEKOTOpbIe
npeumyIectsa. J{Jsi peakTOpHOH CHCTEMBI COTIACHO M300PETeHUIO He TpedyeTcs meub,
Y 5TO 3HAYUTENIbHO YMEHbIIaeT o0Lmii pasmep peakropa. Kpome Toro, npenMymiecTsom
SIBJISIETCS] TO, YTO KOJIMYECTBO MPOAYKTA, MOIYYEHHOIO B PEAKTOPE C OAHUM KOPITyCOM
BBICOKOT'O JTABJICHUS, 3HAYUTENIBHO OOJIbIIE MO CPABHEHUIO C M3BECTHBIMH TPYOUaTBIMU
yCTaHOBKaMH MapoBoro pudopmunra. B craamapTHOM TpyO4aToM peakTope mapoBOTO
pudopMUHTa KOJTHMYECTBO MPOAYKTA, MOJy4aeMOT0O B OTHOH TpyOe TpyOdaToil yCTaHOBKH
napoBoro pu)OpMHHra, cocTaBsieT aocturaer 500 HM>/4. JIjisi cpaBHEHMS], C MOMOLIBIO
PEAKTOPHOM CHUCTEMBI IO U300PETEHHIO0 MOXKET O0ECTIeYMBATHCS MPOU3BOAUTENBHOCTD
110 2000 HM*/4 1 Gonee, Hampumep, 10 10000 HM’/4 1 Gonee B OHOM KOPITYCE BHICOKOTO
nasyienust. [Ipy 5TOM B MCXOIHOM ra3e MOXKeT He TpUcyTcTBoBaTh O, a B MOMy4eHHOM
cuHTe3-raze Moxker ObiTh MeHee 10% wmerana. Korma B ogHOM Kopmyce BBICOKOTO
JABJICHUS pasMeraercs KaTajau3arop, npu KOTOPOM obecrieunBaeTcs
MPOU3BOAUTENLHOCT A0 10000 HM?/4 unu Gosee ra3006pa3HOro MpoAyKTa, NponanaaeT
HEOOXOAMMOCTh B HECKOJIBKUX KOPITyCaX BBICOKOTO AABJICHMS HJIM B YCTPOWCTBAX IS
pacrpeneneHusl UCXOJHOIO ra3a B HECKOJbKO TAKMX OTAENBHBIX KOPIYCOB BBICOKOIO

JaBJICHHA.

Jlpyroe mnpeumyIecTBO AAHHOW PEAKTOPHONH CHUCTEMBI COCTOUT B TOM, 4YTO
BHYTPU PEAKTOPHOW CHUCTEMBI IIOTOK, MNPOXOASALIMN uepe3 CTPYKTYPHUPOBAHHBIN
KaTaJIU3aTOP, MOXKET ObITh HANPABJIEH BBEPX H3-3a TOTrO, YTO CTPYKTYPUPOBAHHBIN
KaTajnu3aTop UMEET MaKPOCKONMUYECKYIO CTPYKTYpy. B kauecTse anpTepHATUBBI OTOK
yepe3 CTPYKTYPUPOBAHHBIN KATAJIU3aTOP MOXKET ObITh HANPaBJICH TOPH30HTAIBHO WIIN
MMeTh JIF000e Ipyroe noaxozsiee HarpasieHne. CUTyalus yCIOXKHAETCS, €CIIH PEaKTOP
COIEP KHUT TPAHYJIbI, TIOCKOJIbKY BO3HHUKAET PUCK (POPMHUPOBAHMS TCEBIOCKIKEHHOTO
CJIOsI, I3MENIbUYCHUS] U BBIAYBAHUS TrpaHyl. Takum oOpa3oMm, MOKHO HE HCIOJIb30BAThH
OoIpIIOE KOIUYECTBO TPYO, a 3TO CHIKAET 3aTPaThl Ha ycTaHOBKY. Kpome Toro, B ciyuae
BOCXOJISIIIEr0 MM TOPU3OHTAJIBHOTO IOTOKA TOBBIIIAETCS THOKOCTh KOH(HTrypauuu

YCTAHOBKHU.
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Kpome Toro, HeoOX0OUMO NMOMHHTB, YTO BBIPAXKEHUE IO MEHBINEH Mepe 1Ba
MIPOBOJHUKA IIOACOEAMHEHBI K CTPYKTYPUPOBAHHOMY KaTaJIU3aTOpPy B TOYKE Ha
CTPYKTYPUPOBAHHOM KaTajn3aTope, KOTOpas pacloioKeHa Onmke K mepeqHel 4acTu
CTPYKTYPUPOBAHHOTO KAaTaJlM3aToOpa, YeM K 3aJHeil YacTH CTPYKTypUPOBAHHOTO
KaTaJIu3aToOpa» O3HAYaeT, 4To 00a MPOBOIHUKA/BCE POBOAHUKH MOACOSTUHEHBI OJIIKE
K TepefHell 4YacTH CTPYKTYPHPOBAHHOTO KaTaju3aropa, 4eM K 3aJHeil 4YacTu., 10
MEHbIIEN MEPE, ABa IPOBOAHUKA MPEANNOYTHUTEIIBHO NOACOCAUHAIOTCA K nepe)lHei?I qacTu
CTPYKTYPUPOBAHHOIO  KaTajiu3aropa WIM B Ipefejiax  YeTBepTU  JIUHBI

MaKPOCKOITUYECKOU CTPYKTYPBI, KOTOpasi OJIFMKe BCETO PACIOJIOKEHa K MePEIHe YacTH.

IIpenycMOTpeHO NpUMEHEHHe CTPYKTYPUPOBAHHOIO KaTaju3aTopa COIJIACHO
OMMCAHUIO BBILIE WM PEAKTOpa COTJACHO OMHCAHMIO BBIIE, OTJIMYAOINEecs TeM, YTO
SHIOTEPMHUECKAs] peaknHs BBIOpaHA W3 TPYMIbL BKIOYAKOMEH B ceOs MapoBoOi
pudopMuHT MeTaHa, 0Opa3oBaHME LIUAHKCTOTO BOAOPOA, KPEKHHI METAHOJIA, KPEKHHT

aMMHaKa, OOpaTHYIO KOHBEPCHIO BOASIHOTO ra3a M JeruapupOBaHHE.
TepmuH «aeruapupoBaHue» O3HAYAET CAEAYIOIYI0 PEAKLHIO:
R1-CH,-CH»-R2 <~ R1-CH=CH-R2 + H,

I'me Ri1 u Rz moryr npencraBnsaTe co0oii JOOYH NOAXONAIIYIO TPYMIy B

MoJIeKyJie yraeBoaopoaa, Takyto kak —H, -CHs, -CH; nmm -CH.

B omgHOM W3 BapuaHTOB  OCYLUECTBJEHUs JHAOTEPMUYECKAs PEaKLIUs
npeAcTaBisier coOOW IeruApUpOBAHME YTIIIEBOAOPONOB. B KadecTBe KaTaJIUTHYECKH
AKTUBHOIO MaTepuajia MOXKET BbICTynarh Pt. MakcumanbHasi TemrepaTypa peakropa

MoskeT cocTaBiisaTh S00 - 700 °C. JlaBneHue UCXOTHOTO ra3a MOXKET COCTaBIISATh 2 - 5 Gap.
TepmuH «KOHBEPCHSI BOISTHOTO ra3a» O3HAYAET CIEAYIOIINE PeaKIUH:
CO +H20 <& COz + H;

B omHOM 13 BapHAaHTOB OCYLIECTBICHHUS H300PETEHNS SHAOTEPMHUUECKAs PEAKLIHS
npeacTasisieT co0oit 00paTHYIO peaki0 KOHBEPCUH BOASIHOTO rasa (oOpaTHast peakuus
KOHBEPCHH BOJISHOTO ra3a). MakCUMasbHas TEMIepaTypa peakTopa MOKET COCTAaBIISATh
600-1300°C. JlaBneHre UCXOIHOTO ra3a MOXKeT COCTaBIsATh 2-80 Hap, MPeAnoYTHTETHHO
10-40 Gap. B omHOM W3 BapHaHTOB OCYLIECTBJIECHUS M300PETEHHS MaKpPOCKOIHYECKas
cTpykrypa cocrout u3 crutasa Fe Cr Al, Ha KOTOpBIN HAHECEHO KEPaMUYECKOE ITOKPHITHE

u3 cmecu ZrO; u Al2Os, a B kadecTBe KaTAIUTHYECKH aKTHBHOT'O MaTepHaja BbICTYIaeT
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Mn. B apyroMm BapuaHTe OCYLIECTBJIEHUS MaKpPOCKOIUYECKass CTPYKTypa COCTOMUT W3
crutaBa Fe Cr Al, Ha kOoTOpBIIl HaHECEHO KepaMu4ecKoe MOKpbiTHe U3 cmecu ZrO:z u

MgAl>Os, a B Ka4ecTBe KaTAIUTUYECKH aKTUBHOTO MaTepuaja BeICTymaeT Ni.
TepMI/IH «KPEKHUHI' METaHOJIa» O3HAYACT CJICAYIOIIUEC PEaKIINN!
CH30H <~ CO + 2H
CH30H + H,0 < CO;z + 3H> (x)

Peaknusi kpekuHra MeTaHOJA, Kak IPAaBUJIO, CONPOBOXKIAETCS peakiueil

KOHBEPCHUHU BOASAHOI'O rasa.

B onHOM 13 BapuaHTOB OCYIIECTBJICHHS U300PETEHUS SHIOTEPMUIECKAs PeaKIus
MPEICTaBIISIET COOOM KPEKHHT MeTaHOIa. MakCcUMaJibHAsI TEMIIEpATypa PeakTopa MOKET
coctaBysite 200 - 300 °C. JlaBneHue UCXOMHOTO rasa MOXeT cocTaBiisiTh 2 - 30 Oap,
MPEINOYTUTENLHO OKOJIO 25 Oap. B onHOM U3 BapHaHTOB OCYIIECTBIICHUS H300PETEHUS
MaKpOCKOIUYecKasi CTPYKTypa cocTouT u3 cmiaBa Fe Cr Al, xoTopslii monaep:kuBaeT
Kkepammuueckoe mokpeitue u3 cmecu ZrO» u Al»Os3, a B KadecTBe KaTaJUTHUECKU
akTUBHOro Mmarepuana npumensiercss CuZn. B apyrom BapuaHTe OCYILIECTBJICHUS
MaKpOCKOIUYeckasi CTpykTypa coctout u3 cruiasa Fe Cr Al, Ha KOTOpbIH HaHECEHO
kepammuueckoe mokpeiTHe 3 cMecu ZrOz m MgAl;Os, a B KauecTBe KaTaJUTHUECKU

AKTUBHOI'O MaT€puajia BbICTYIIaCT Ni.

Kpowme Toro, TepMuH «11apoBoii pugopMUHT» O3HAYAET PEAKLUI0 PU(POPMHHTA IO

OOHOMY WJIN HECKOJIbKUM U3 MPUBCACHHBIX HUKE ypaBHeHHﬁ:
CHs + H,O < CO + 3H;
CH4 + 2H>0 <= COz +4H>
CHy +CO2 & 2CO + 2H»
VKa3aHHbIE peaKiuu 0OOBIYHO COUETAIOTCS C PEaKIIMEN KOHBEPCUH BOISTHOIO ra3a.

B onmHOM u©3 BapuaHTOB OCYLIECTBJIEHUs OHJOTEpPMHUYECKass peakLus
NpEeACTaBJICHA NMApOBBIM PH(GOPMUHIOM YIJIEBOIOPONOB. MakCHMaNbHAs TEMIIEpaTypa
peakTopa MoxkeT coctaBisaTe 850 - 1300 °C. [laBneHue HCXOAHOTO Ta3a MOXKET
coctaBnATh S - 180 Oap, mpeanodTuTeNnbHO OKoJo 25 Gap. B kauecTBe kaTanuTHUECKH
aKTUBHOTO MaTepuaia MoryT ucnonb3oBatbesi Ni, Ru, Rh, Ir mnn ux xomOunauy, B TO

BpEMsI KaK KepaMHUECKOe MOKPbITHE MOKET ObITh npencTaBieHo Al2Os, ZrOz, MgAl» O,
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CaAl>O4 nnm nx KOMOWHALMSIMY, & TAKXKE MOKET CMEIINBATHCS C OKCHIAMH, TAKIMHU KaK
Y, Ti, La wiu Ce. B ogHOM 13 BApUaHTOB OCYIIECTBIICHUS] MAKPOCKOTIMYECKAs CTPYKTYpa
coctouT u3 cruasa Fe Cr Al, koTopblil Ha KOTOPBIN HAHECEHO KEPaMUYECKOE MOKPITHE
u3 cmecu ZrO» m MgADO4, a B KauyecTBe KAaTAIUTHYECKH AKTUBHOIO Marepuana

IIPUMEHSIETCS] HUKEb.
TepMuH «kpeKHHI aMMHAaKa» O3HA4aeT CIECAYIOIINE PEAKLUHU:
2NH3 <> Nz + 3H;

B 01HOM 13 BapHAaHTOB OCYLIECTBICHHUS H300PETEHHS SHAOTEPMHUYECKAs PEAKLIHS
NpeACTaBsieT COOOW KpPEeKMHI aMMHaka. B kadecTBe KaTaJIUTUYECKH AKTUBHOTO
MaTepuasa MOKeT BbICTynaTh Fe unu Ru. MakcumaspHas Temneparypa peakropa MOXeT
coctaBysiTe 400 - 700 °C. JlaBneHue UCXOAHOTO rasa MOXeT cocTaBiisiTh 2 - 30 Oap,

NPEATIOYTUTENBHO OKOJIO 25 Gap.
TepMHH «CHHTE3 IIMAHUCTOTO BOAOPOAA» O3HAUAET CICAYIOIIHE PEaKLINH:
2CHs+2NH;3 +3 O; < 2 HCN + 6 H,O
CH4 + NH; <~ HCN + 3H»

B OAHOM U3 BAPHUAHTOB OCYLICCTBJICHUSA I/1306peTeHI/I$I OHAOTEPMHUYECCKAs pCAKLIUA
IpeNCTaBIsIET COOON CHHTE3 IUAHUCTOTO BOAOPOA WU ITPOLIECC CUHTE3a OPTaHUYECKUX
HUTPHJIOB. B KauecTBe KaTaJIUTHUYECKH aKTUBHOTO Marepuaia Moxer BbicTynarth Pt, Co
win SnCo. MakcumManbHasi TeMIiepaTtypa peakropa Moxer coctasiatb 700 - 1200 °C.

JlaByieHHEe UCXOIHOTO ra3a MOXKET COCTaBJISITh 2 - 30 Oap, MpearnovTUTENIBHO OKOJIO S Oap.

B onHOM W3 BapuMaHTOB OCYIIECTBJICHHS HM300pETEHHUs pPEaKTOpHAs CHCTEMA
JOTIOJIHUTENIBHO ~ COJAEPXKUT  CJIOH  KaTaJUTUYECKOro MaTepuana, Takoro Kak
rpaHyJMPOBAHHBIM KaTajau3aTop, MO XOAYy IIpolecca 10 CTPYKTYPUPOBAHHOIO
KaTaJIu3aTopa BHYTPHU KOPITyCa BBICOKOIO NIaBjieHUsA. B HacTosAIEeM TOKYMEHTE TEPMUH
«T10 X0y Mpolecca J10» paccMaTpUBAeTCs MO HAIPABJICHUIO MOTOKA MCXOAHOIO rasa.
TakuMm 0Opa3oM, B HACTOSIIIEM JOKYMEHTE TEPMHH IO XOAY MpOIecca I0» O3HA4YaeT,
YTO MCXOIHBIN ra3 HAMPaBJSIETCs Yepe3 CION KaTAIUTHUECKOrO MaTepuala 10 MoAayuH B
CTPYKTYPUPOBAHHBIA  KaTaau3aTop. YKAa3aHHbIA  CJIOM  KaTajiu3aropa  MOXKET
HUCIIOJIB30BATHCA AJIA HpeI[BapPITeJIbHOfI IIOATrOTOBKH PICXOI[HOP'I CMECH, HAIIPUMED, MYTEM
annabaTH4eckoll peaknuu B Ipouecce OOeCHeueHHs TEIUIOBOIO PaBHOBECHUS

XUMHUYECKOM peakluy, TaKOM KakK KOHBepCcHs BOASHOro rasa. B pamkax
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TOTMOJTHUTEIBHOT0/aIbTEPHATUBHOIO BAPUAHTA OCYLIECTBICHUS CJIOH KATAJIUTHYECKOTO
MaTepHaja MOXKHO HCIIOJIb30BATh B KAUECTBE 3AIIUThI PACIIONOKEHHOTO HIDKE MO TIOTOKY
CTPYKTYPUPOBAHHOTO KaTaJU3aTopa OT 3arpsi3HEHMs INPUMECSMH, TaKUMH Kak cepa
w/umn xyop. Cioil KaTaIUTHYECKOro marepuania He TpeOyeT CHeLualbHOrO Harpesa,
OJTHAKO MOJKET OCYILECTBJIATHCS HENPSIMON HarpeB CJIOsl KaTaJUTUYECKOrO MaTepuana,
€CIi OH HAaXOOUTCS B HEMOCPEACTBEHHOW OJMU30CTH OT CTPYKTYpPUPOBAHHOTO

KaTaJar3aropa.

B onHOM 13 BapHaHTOB OCYLIECTBIICHUS H300pETEHHsI BHYTPH KOPITYCa BHICOKOTO
JABJICHUS TIOCJE YKAa3aHHOTO CTPYKTYPUPOBAHHOIO KaTaIM3aToOpa pa3MeIaeTcs CJIOU
KaTaJIUTHYECKOr0 MaTepuaja. Takoil KaTaJuTHYEeCKUN MaTephall MOKET ObITh B BHUIE
3€peH, SKCTPYAATOB WJM IpaHyj Karajau3atopa. B pesynbrare mojiydaeM CHUTYalMIO,
KOT'JIa YeTBEPThIA KATATUTHYECKHI MaTepHrall MOKET ObITh UCIIOJIb30BAH ISl CHIDKEHUS
TEMIIEPATypbl TPHOJIKEHUST K PABHOBECHBIM YCJOBUSIM JJIsl Ta3a, MOKUAAIOIIEro
CTPYKTYPUPOBAHHBIM  KaTajiu3aTop, MyTeM CO3JaHHS  ICeBI0AANa0aTHIECKOrO

YPaBHOBCIIUBAHNSA COOTBETCTBYHOLIINX peaKLIPIfI.

Crnenyer mOHMUMATh, YTO CHELMUANUCTY B JAHHOW OONACTH HE COCTABUT TPyAa
NOATBEPANUTD, YTO JIOOOH MPU3HAK, ONMUCAHHBIN B COUETAHUU CO CTPYKTYPUPOBAHHBIM
KaTaJIu3aTOPOM, U PEAKTOPHOM CUCTEMON IJIsl IPOBEAEHUS SHAOTEPMUUECKON peaKkLuu
HCXOJTHOTO Ta3a, MOKET HCIIOJNb30BaThCs B JTAHHON 00jacTu NpuMeHeHus. B cBs3u ¢
5TUM 3aMeyaHusi, TIPUBEACHHbIC BbIIIE B OTHOIIEHUU CTPYKTyPUPOBAHHOIO
KaTaJI3aToOpa U PEaKTOPHON CHUCTEMBI, B PAaBHOW CTENEHU NPUMEHUMBbI K BapuUaHTaM

HCTIONIb30BAHMS IIPEAAMETa HACTOSIIETr0 H300pETeHHUS.
loopobnoe onucanue Queyp

Ha Bcex @urypax OAWHAKOBbIE HOMEpa MO3ULMI O3HAYAKOT OJUHAKOBBIE

QJICMECHTBI.

Ha ®ur. 1 npeacrasneH BUJ B ONEPEYHOM paspese peakTopHo# cuctemel 100 B
COOTBETCTBHUH C OJJHUM BapHUAHTOM OCYLIECTBIECHHs M300peTeHus. PeakTopHas cucrema
100 comepxkuT CTPyKTYypUpPOBaHHbBIN KaTtaiu3aTop 10, BHINOJHEHHBIN B BUAE MaTPULIbI
MaKpOCKONUYECKUX CTPYKTyp 5. Kakmas makpockonuudeckas CTpyKTypa 5 B COCTaBe
MaTpHULbl UMEET KEPAaMUYECKOE MOKPBITHE, MPOMNHUTAHHOE KAaTAJIUTHUYECKH AKTHBHBIM
matepuanioM. Kpome Toro, peakropHas cucrema 100 cogepskut mpoogHuku 40, 40°,

NOJKJIOUEHHbIE K HCTOYHUKY DSJIEKTPONHWTaHUs (He Tmoka3aH Ha Purypax) um K
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CTPYKTYPUPOBaHHOMY KaTanu3zatopy 10, a MMEHHO K MaTpulle MaKpOCKOMHYECKHUX
ctpykTyp. IIpoBonnuku 40, 40’ mpoxoasT uepe3 CTEHKY KOPIyca BBICOKOTIO AaBJIEHUs
20, comepskallero CTPYKTYPHUPOBAHHBIN KaTalnu3aTop, a TaKkKe uepe3 H30JSILMOHHBIN
matepuan 30 Ha BHyTpEeHHEH CTOPOHE KOPITyca BBICOKOTO aBieHus uepe3 ¢urunru 50.
ITpoBoguuky 40’ cCOeAMHEHBI C MAaTPHULIEH MaKPOCKOMUYECKUX CTPYKTYP S TPU MOMOLIH

MPOBOJSALIMX KOHTAKTHBIX LIUH 41.

B 0ofHOM M3 BapHAaHTOB OCYIIECTBJICHUS] N300PETEHHs HCIIOB3YeTCs] HCTOUHUK
sJeKTponuTaHusl ¢ HampspbkeHueM 26 B u tokom 1200 A. B eme omHoM BapuaHTe
OCYLIECTBJICHUS  M300pPETeHUS  UCIONB3YeTCs  WUCTOYHHMK  SJIEKTPONHTAHHS €
HanpspkeHueM S B u Tok 240 A. Tok nopaercst o npoBonaukam 40, 40’ K mpoOBOASIIIUM
KOHTAKTHBIM IIMHAM 41, ¥ TOK IPOXOAUT Yepe3 CTPYKTypHUpPOBaHHbIN kaTanu3atop 10 ot
OIHON MPOBOAALIEH KOHTAKTHOW WIMHBI 41, Hanmpumep, OT NPOBOASALIEH KOHTAKTHOU
HIMHBL, KOoTOpass Ha Purype la nokasana ciesa, 1O APYrod NPOBOASLIEN KOHTAKTHOU
muHel 41, HanpuMep, NPOBOASALLEH KOHTAKTHON IIKWHBL, KOTOpas Ha Purype 1a nokazana
cnpaBa. Tok MokeT ObITh NMEPEMEHHBIM M, HANPUMEpP, MATH IOMEPEMEHHO B 00OHMX

HarpaBJICHUAX, UM MOCTOSAHHBIM U UATHU B OAHOM U3 NBYX HaHpaBHeHHﬁ.

MaxkpoCcKOMUeCKHe CTPYKTYPbl S5 BBINOJHEHBl U3  3JIEKTPONPOBOASILErO
marepuana. OCOOEHHO MNpPENNOYTUTENbHBIM SBISETCA CIUIAB KaHTAJl, COCTOSIIUN U3
aNIOMHHMS, Kene3a U xpoMa. Kepamuueckoe NOKpbITHE, HAPUMED, OKCUA, HAHECEHHOE
Ha CTPYKTYpUPOBAaHHBIM KaTajau3aTop S, MPONUTAHO KATaJIUTUYECKH AaKTHBHBIM
marepuanoM. IIpoBoguuku 40, 40’ BBINOJHEHBI U3 TAaKUX MATEPUANIOB, KaK >eJye3o,

aHIOMHHHﬁ, HHKEJIb, M€b WJIN UX CILJIaBbI.

B nponecce skcnyatanuy HCXOAHBIN ra3 MOCTYINAeT B peakTOpHYIo cuctemy 100
CBepXy, Kak 0003HaueHo cTpesnkoi 11. 'a3000pa3HbIil MPOAYKT BBIXOIUT U3 PEAKTOPHON

CHCTEMBI CHH3Y, KaKk 0003HAYeHO CTpeskoi 12.

Ha ®@urype 16 noka3zana peakropHas cucrema 100 @urypsr 1a co CHATON 4acThIO
KOpIyca BBICOKOro AasieHus 20 U Teronu3OoasauuOoHHbIM ciioeM 30, a Ha @urype 2 -
YBEJIMYEHHBIA BUI 4acTh peakTopHoi cuctemsl 100. Ha ®@urypax 1b u 2 coenuHenus
Meskay MpoBoAHUKaMHU 40’ ¥ IPOBOSIIUMHI KOHTAKTHBIMH IIMHAMU 41 TIoka3aHbl Oosee
NOHATHO, 4eM Ha Purype la. Kpome Toro, BunHO, 4T0 npoBOAHUKH 40 MPOXOAST uepes
CTEHKH KOPITyCa BBICOKOTO JJaBJIEHUS OCpenCcTBOM puTHHTa 50, 1 9TO BHYTPHU KOpITyca

BBICOKOTO JIaBJIEHUsI OMH NMPOBOAHUK 40 pazaensercsa Ha Tpu npoBonHuka 40°. Crnenyer
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OTMECTUTD, YTO MOKET HCIIOJIBb30BATHCA nmoboe NoAXOAAIICE KOJIMYCCTBO MPOBOAHHUKOB

40’, HapuMep, MEHbIIIE TPEX UM OOJbIIE TPEX MPOBOAHUKOB.

B peakropHoli cucteme, nokaszanHoi Ha @urypax la, 1b u 2, nposoguuku 40, 40°
IPOXOAST uepe3 CTeHKy KOpIyca BbICOKOro gasieHus 20, copepskalero
CTPYKTYPHUPOBAHHBIN KaTAJIU3aTOP, U Ye€pe3 U3OSIUOHHBIN MaTepuan 30 Ha BHyTpEeHHEH
CTOpPOHE KOpIryca BBICOKOTO maBieHuss duepes ¢uruaru S50. Mcexomueii ra3 mis
SHIAOTEPMHUUYECKON pEaKkLMM IOAAETCs B peakTopHyro cuctemy 100 yepe3 BIyCKHOE
OTBEPCTHE B BEPXHEHN 4acTU peakTopHOH cuctemsnl 100, kak mokaszaHo ctpenkoi 11, a
ra3000pa3HbIii MPOAYKT BBIXOOWUT W3 peakTopHOH cuctembl 100 dyepes3 BBIMYyCKHOE
OTBEPCTHE B HWXXHEN 4acTu peakTopHON cuctembl 100, kak nmokasaHo crpenkou 12.
bonee Toro, psnom ¢ ¢uruHramu 50 wnm B codeTaHUW ¢ (PUTHHTAaMU MOTYT OBIThH
NPEUMYIIECTBEHHO pPACIONIOKEHbl ONHO WM 0OJiee JIOTIONHUTENBHBIX BXOIHBIX
otBepcTuil (He mokazaHel Ha Purypax la-2). Takue IONMONHUTENbHBIE BXOIHBIC
OTBEPCTHsI MO3BOJSIIOT OXJIAKAAKOIIEMY a3y IPOXOAUTE PSAOM C MPOBOAHUKOM, BOKPYT
MIPOBOJHUKA WJIM BHYTPH, MO MEHBIIEH Mepe, OJHOrO NMPOBOAHMKA BHYTPH KOpIyca
BBICOKOT'O JIABJIEHUsI, UTO TO3BOJIIET YMEHbIIUTh Harpes ¢uTuHra. OXiakaaromuii ras
MOXET, HampuMep, MpPeACTaBIATh COOOM BOAOPOX, a30T, METaH WM HX CMECH.
Temneparypa OXJNaKAArOLIEro ra3a Ha BXOAE B KOPIYC BBICOKOTO IABJIEHUS MOXKET

COCTaBJIsAITh, Hanpumep, okoso 100 °C.

B peakrtopnoii cucreme 100, nokaszannoil Ha @urypax la — 2, Mexay HWKHEN
4aCTbIO CTPYKTYPUPOBAHHOIO Karajnu3aTopa 10 m AHOM KOpmyca BBICOKOTO AABJICHUS
NPEUMYIIEeCTBEHHO MPUCYTCTBYET MHEPTHBIN MaTepual (He mokasaH Ha @urype la-2).
bonee Toro, uHepTHBIN MaTepuas NPEANOYTUTEIbHO MPUCYTCTBYET MEXAY BHEIIHUMU
CTOPOHaMH CTPYKTYPUPOBAHHOIO Karanu3aropa 10 MakpOCKONMMYECKUX CTPYKTYp S5 U
u3oAUOHHBIM MaTepuasiom 30. Takum oOpa3om, oOgHa CTOPOHA H3OJSILIMOHHOTO
matepuana 30 oOpaieHa K BHYTPEHHEW CTOpPOHE KOpIyca BbICOKOro aapyeHust 20, a
Apyrasi CTOPOHa U30JIILMOHHOrO MarepHaia 30 obpameHa K HHEPTHOMY MaTepuany. B
KaueCTBE MHEPTHOIO MaTepuana MOXKET BBICTYNAaTh, HANPHUMEp, KEPaMUYECKHIA
Marepuai, KOTOPbIi MOXeT nMeTh opmy rpanysi. MHepTHBIH MaTtepran cnocoOCTByeT
KOHTPOJIKO Nepenana AaBleHus B peakTopHOU cucteme 100 m KOHTpONIIO MOTOKA rasa
yepe3 peakropHyro cucremy 100, Takum oOpa3om, 4TOOBI MOTOK Tras3a MOCTYMaa IO

MOBEPXHOCTSIM CTPYKTYPUPOBAHHOIO KaTaiausaropa 10.
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Ha ®urypax 3a-3f mokaszaHbl IIeCTh Pa3iM4YHBIX CETYATHIX CTPYKTYp 6, rue
MOKAa3aHa JMIIb YaCTb CETYaTOU CTPYKTYphI 6. Makpockonuyeckas CTpyKTypa COAEPKUT
TPEXMEPHYIO CeTYATYI0 CTPYKTypy 6, rae cerdartas CTpykTypa 6 oOpasyer myTH
IIPOXOXKACHUS TOTOKOB, O3BOJIAIOLINE ChIPEBOMY a3y MIPOXOAUTD OT NEPENHEN YacTu
14 (cm. @urypy 5) k 3anHeit yactu 15 (cM. @urypy 5) MaKpOCKOIMYECKOH CTPYKTYPHI 5.
Ceruaras cTpykTypa 6 00pa3oBaHa METAJUIMUECKHMM MAaTepHasiOM, KOTOPBIH SIBIISIETCS
3JIEKTPONPOBOASAIINM, U KOTOPBIH, MO MEHbLIEH Mepe, YACTUYHO, CIYXKHUT MOIJIOKKON
IUIsl K€PaMUYECKOTO TMOKPBITHUs, IPU 3TOM YKAa3aHHOE KEPAMHYECKOE IOKpPBITHE
BBICTYIIA€T B KAu€CTBE IMOJIOKKHM KaTAJIMTHUYECKH aKTUBHOro marepuana. Kaxnas us
LIECTH PA3JIMYHBIX YaCTeW CETYATON CTPYKTYphl 6 COAEPKUT Pa3N4YHblE BAapUAHTHI

ocyuiecTBiIeHus mpopesu 60 B ceT4aTON CTPYKTYpE.

Pacnpenenenne Toka B 3yeMeHTe omnpeaensercss 3akoHoM Owma, KOTOpBIN s

MPOCTOr0 MPOBOJHUKA C MMOCTOSIHHBIM TOKOM 3BYYHT Kak:
U=R-1I

I'ne U — norenuman [B], R — conporusnenue [{1] u [ — ok [A]. s TpexmMepHbIX

reoMeTpUYecKuX (POPM 3TO MOKHO 3aIHUCATh TAK:

E=pres]

I'ne E — BexTOp 3a€KTpUUeCKOro nost [B/M], pyes ynenpHoe conporusnenue (1 -
m] u J BexTop mmotHocTH Toka [A/m?]. Comporusnenue, R, 1mo cyTH, 3aBUCHT OT
reoMeTpuyeckor (GopMbl, TA€ yAEIbHOE CONPOTHUBJICHHE SIBJISIETCS KOHKPETHBIM

napamMeTpoM mMarc€puaa, roOJIY4CHHbIM U3 CONIPOTUBJICHUA CCUCHUA HAa 3HAUCHUE TJIMHDBI.

A

pres:R'Z

HOTepI/I TEPMUYCCKOT'O COIIPOTUBJICHUSA OTIPCACTIAOTCA KaK MPOU3BEACHNUE TOKA U
CHMKCHHUA MNOTCHLHAJIA IO 3JIEMEHTY, KOTOPOC MOXKET OBITh nepenrcaHo Ha OCHOBE

3akoHa OMa B 3aBUCUMOCTH OT peryavupoBaHus NMOTCHIMAJIA UJIU TOKA.

U2
P=U-I=—=R-1I?
R
Beuny Toro, uro conporusnerne R mpencrasnsier coOol mapameTrp, KOTOPBIHA
3aBHCUT OT TI€OMETPUYECKOH (OpMBI, NMUTAHHE, MMOJABAEMOE HAa Y4YaCTOK, MOKET

peryanpoBaThbCs NyTEM U3MCHCHUS MJIOAAN CCUCHUS.



37

Ha ®urypax 3a-3f mokaszaHbl meCTh Pa3IMYHbIX CIIOCOOOB M3MEHEHHS CEYCHHSI
CeTYaTON CTPYKTYphbl 6 C MOMOLIBIO LWIECTH PAa3JIMYHBIX NPpUMEpPOB npopesei 60. Ha
durype 3a nokaszana npopesb 60 B Bune cdeprl, Ha Purype 3b nokaszana npopesb 60 B
Buze nucka, Ha @urype 3¢ — npopesb 60 B Buae snunconna, Ha Purype 3d — nmpopesb
60 B Bume karum, Ha @urype 3e — npope3b 60 B ¢popme pomOa, a Ha Purype 3f —

pomboBuaHas popesb 60.

ITpopesun 60 MOryT OBITH 3arOJIHEHBI BBIPE3AHHBIM MATEPUATIOM, HMEIOLINM
Oonee HHU3KYI NPOBOJUMOCTb IO CPAaBHEHHMIO C METAJUIMYECKUM MaTepHajoM, U3
KOTOPOH COCTOMT ceryarasi CTpykTrypa 6. BrIpesanHblii MaTepuan MoOXeT ObITb C

NyCTOTaMH (T.€. OBITh MYCTBIM) UJIH TBEPIBIM.

Durypsl 4a-40 WIUTIOCTPUPYIOT Pa3IMUHbIE BAPUAHTBI OCYLIECTBICHUS IPOpe3ei
60 ceruaroii koHcTpykuuu 6. IlokazaHa TONBKO 4acTh ceT4yaTol CTPYKTypbl 6. Ha
durype 4a BumHO, uTOo mpope3b 60 chopMHpOBaHa B OFHOH IUIOCKOCTH CETYATON
CTPYKTYpBI 6, TOrga Kak mpope3b 6, nzoOpakeHHass Ha Purype 4b, mepecekaeT nBe

IUIOCKOCTH, a Tpope3b 6, n3o0pakeHHas Ha Purype 4c¢, nepecekaer TpH IIOCKOCTH.

B ceuennn nomepedHOM NPOAOJBHOMY HAIMPABJICHHUIO CeTdaTas CTPyKTypa O
NpeACTaBisieT COOOM YacTh CEYEeHUS MAKPOCKOMHMUYECKOW CTPYKTypel 5. Dpakuus
HaxonauTcsl B quamnasone 4 - 75%. Certuarast CTpyKTypa COCTOMT, MO MEHbILEH Mepe, U3
TpeX Pa3JIMYHBIX CEYEHUH, KOTOPbIE B MPOAOJILHOM HAIPABICHUH 00Pa3ylOT pa3IMyHbIe

dpakium.

Ha npuBenenHpix Huke @urypax TMOKa3aHbl pas3jIUdHble BapUaHTbI
OCYLIECTBJICHUSI MAaKPOCKOMUYECKOW CTPYKTYypbl S ¢ pa3JIMYHBbIMU CETYATHIMU
cTpykTypamu 5. ['eoMeTpus KakIOro U3 BapUaHTOB IOKAa3aHa Ha OTAENbHON durype;

T.€¢. Ha @urypax 5, 7,9, 11 u 13.

B cedenun, nonepeyHOM NPOAOJIBPHOMY HAIpPABIEHUIO, CeTYaTas CTPYKTypa 6
npeAcTaBisieT coO00 4acTh CEYEHUS MAKPOCKOIMUYECKOW CTPYKTYphI 5. @pakuust aus
Ka)XJIOTO BapHaHTa OCYINECTBJICHHs MMOKa3aHa Ha OTAEIBbHOM rpaduke Ha Purypax 6a,
8a, 10a, 12a u 14a coorercTBerHHO. Ha nanHbIXx Purypax ¢paxmum rmoxkasaHsl B BUIE

OTHOCUTECIJIBHOTO METAJINIMYCCKOT'O CCUCHUS.

JList KaKOoro U3 BApUAHTOB OcyinecTBieHns Ha Purypax 6b, 8b, 10b, 12b u 14b
MOKA3aHO OTHOCHTEJIbHOE HW3MEHEHUEe IUIOMANU CEYCHHsI CeT4aTOW CTPYKTYpbl Ha

€IMHULY JJIUHBI, [IPU 5TOM B JAHHOM CJIy4ae €JUHHLA MPECTaBIseT cOOOH eANHYIo
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MaKpOCKONUYECKyl0 CTpykTypy. CeueHue NpUMEpPHO AaHAJIOTUYHO PpacIpeleseHHIO
IJIOTHOCTH TOKA, ONpeensieMOMy o 3akoHy Oma. JTO Takske MMOKa3aHO Ha OTAENbHbIX
¢durypax aist HEKOTOPBIX CTPYKTYp Ha OCHOBE MOJENHPOBaHUs ¢ ucnojib3osanueM 110

Comsol; cm. ¢urypsr 6¢, 8¢, 10c, 12¢ u 14c.

Qdurypa S5 WUIOCTPUPYET BAPUAHT OCYILIECTBICHUS MaKPOCKONMUYECKOU
CTPYKTYPBI 5, B KOTOPOU ceTuaTtas CTpPYKTypa 6 COAEP;KUT MHOXKECTBO Ipopeseit 60. Bee
npopesu 60 wumeroT chepuueckyro (HOpMy U 3aMOJHEHbI TBEPABIM BbIPE3aHHBIM
mMatepuanoM. IIpopesu 60 nepecekar0T BHYyTpeHHHE CTEHKHU 01 ceTuaToil KOHCTPYKLUU
6. MHOXeCTBO BHYTPEHHUX CTeHOK 61 oOpa3yer MHOXKECTBO KaHajIoB 02 s
NPOXOXKJIEHUs TNOTOKa OT ImepenHell wactu 14 x  3agHenn wactu 15, B
NPOEMOHCTPUPOBAHHOM BapHaHTE OCYIIECTBIEHUS ceTdaras CTPyKTypa oOpasyer
MHOXKE€CTBO TNAapajUleNbHBIX KaHaloB 062. MHOXECTBO BHYTPEHHUX CTEHOK 61
pacroJiaraeTcsi BO BHyTPEHHEM MPOCTPAHCTBE, 00Pa30BaHHOM KOJIBIIEBON CTeHKOM 63. B

IIPOAEMOHCTPUPOBAHHOM BapUaHTE KOJblieBasi CTEHKA HE UMeeT Ipopeseil.

CompoTuBieHre yKa3aHHON MaKpOCKOMHYECKOM KOHCTPYKLHUU S5 COCTaBJISIET
220% 1o CpaBHEHHIO C MAKPOCKONMUYECKONH CTPYKTYpOH € MapajuleIbHbIMH KaHaJlaMU
notoka 0e3 cheprueckux npopeseit 60. Pacyersr mokasamu, uto 51% obmero odbema
MaKpPOCKOIMUYECKON CTPYKTYphI — BbIle 5% CpenHel MIOTHOCTU TOKa, a 32% — Huxe. B

TOYKE C NMHUKOBBIM TOKOM IIJIOTHOCTb TOKa IIPECBBIIIACT 0611166 CpE€AHEEC 3HAUCHUEC Ha

173%.

Ha ®urype 6a moka3aHO OTHOCHUTEJIbHOE METAJUIMYECKOe CEUeHHE BapHaHTa
OCYLIECTBJIEHUS] MaKpPOCKOIMYECKON CTPYKTypbl 5, mokasaHHoro Ha ®urype 5. Kak
nokasaHo Ha urype, ¢pakuus AJd 3TOrO BapHAHTA OCYINECTBJICHUS HAXOOUTCS B
nuanas3one oT 17 1o 30%, oxBaTeiBasi BCe BO3MOKHbIE 3HAUEHHS YKA3aHHOTO JUANa30Ha,
4T0 00YCJIOBJICHO HEMPEPHIBHBIM XapakTePOM KPHBbBIX. [10 MPOTSIKEHHOCTH CTPYKTYPBI
(bpakums 1EMOHCTPUPYET HENPEPHIBHO HETMOCTOSIHHOE MoBeneHue Ha Oonee yem 90%

MMPOAOJBbHOTO HAITPABJICHUS.

Ha ®urype 6b moka3aHO OTHOCHTEIbHOE H3MEHEHHE IUIOLIANN CEUeHHs Ha
€AVHULy IJIUHBI [0 BAPUAHTy OCYILIECTBJICHUs MAaKPOCKOMHUYECKOH CTPYKTYpbI S,
nokaszaHHoMy Ha @urype 5. Kak nokazano Ha @urype, c€UeHHE MOKET U3MEHATBCS 10

80% B npenenax | MM IJIUHBI MAKPOCKOMTUYECKON CTPYKTYPHI 5.
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Ha ®urype 6¢ mokazaHa IUIOTHOCTb TOKa MAaKpPOCKOIHUYECKOW CTPYKTYpPBI S,
cmopenupoBanHas 10 Comsol. Oto nemMoHCTpHpyeT, Kak npope3u 60 crnocoOCTBYIOT
YBEJIMYEHHUIO TUIOTHOCTH TOKA B OCTaBLIEHCS YacTU CETYATON CTPYyKTypel 6. MacmTad
¢uryps! npencrasiser coOol OTHOCHTENbHYIO InKady oT 1 mo O ¢ ucrojbp3oBaHHEM

IMUKOBOT'O TOKA B KAUYE€CTBE 3HAUYCHU HOPMAJIHU3alluH.

Qurypa 7 WUIIOCTPUPYET BapHaHT OCYUIECTBJICHUS MAaKPOCKOMHUYECKON
CTPYKTYpPBI 5, B KOTOPOW ceTdartasi CTpyKTypa 6 COAEPKUT MHOXKECTBO Ipopeseit 60.
IMpopesu 60 mpencraBiasirOT  CcOOOM  OKPYIJIble  KaHANbL,  PACIOJIOKEHHBIE
NEPHEeHANKYJIAPHO MTPOIOIBHOMY HAIPABIEHUIO MAKPOCKOIUYECKOH CTPYKTYphL. B 3TOM
BapUAHTE OCYLIECTBICHHUs H300peTeHusi mpopesn 60 He 3amonHeHBl. Bo Bpems
UCTIONIb30BaHMsI MyCTOTHI 60 (TIyCcThIe ITpope3n) OyyT 3aNOIHATHCS ra30M, POXOASIIIAM
4yepe3 MaKpPOCKOMUYECKYH CTPYKTYpy 5. IIpopesu 60 nepecekaroT BHYTPEHHHUE CTEHKU
61 ceruaToil KOHCTpPYKLUU 6. Psnbl mpopeselt 60 uepeayroTcs ¢ IByMsl KaHAJIaMU U TPEMsI

KaHaJlaMHu COOTBETCTBCHHO.

ConpoTuBieHne yKa3aHHOM MaKpOCKONMUYECKOW KOHCTPYKLMH 7 COCTaBJsET
142% no cpaBHEHHIO C MAaKPOCKOMUYECKOH CTPYKTYpPOH C MapajuieIbHBIMU KaHaJIaMH
notoka 0Oe3 mpopeseii 60. Pacyerer mnoxkasamu, uro 46% obmero oObema
MaKpOCKOIUYECKONW CTPYKTYpbl Hpesblaer 5% cpeaHeil minoTHocTH Toka, a 30% —
HIDKE. B TOuke ¢ MMKOBBIM TOKOM IUIOTHOCTb TOKA ITPEBBIIIAET O0I1ee CpeiHee 3HaUeHNe

Ha 109%.

MHOeCTBO BHYTPEHHUX CTeHOK 601 oOpa3yeT MHOXKECTBO KaHAJOB 62 Iis
MPOXOXKIAEHUsI TMOTOKa OT nepeaHed dyactu 14 k  3agHelt wvactu 15, B
NPOIEMOHCTPUPOBAHHOM BapHaHTE OCYIIECTBIEHUS ceTyaras CTPyKTypa oOpasyer
MHOXXE€CTBO TNApajUleNIbHBIX KaHaloB 0602. MHOXECTBO BHYTPEHHUX CTEHOK 61
pacroJiaraeTcsi BO BHyTPEHHEM MPOCTPAHCTBE, 00Pa30BaHHOM KOJIBIIEBOM CTeHKOMH 63. B
MOKA3aHHOM BApHUAHTE OCYILECTBJICHHsI KOJbLIEBAsl CTEHKA 03 Tak:Ke COAEPKUT MPOPE3U
60, nockoapky kaHanbsl 60 UAYT OT OAHOW CTOPOHBI MAKPOCKOMUYECKON CTPYKTYPHI 5 K

IIPOTUBOIIOJIOKHON CTOPOHE.

Ha ®urype 8a moka3aHO OTHOCHUTEIBHOE METAJUNIMYECKOE CEYECHHE BapHUaHTA
OCYLIECTBJICHUS] MaKPOCKOIMUYECKONW CTPYKTypbl 5, mokasaHHoro Ha ®urype 7. Kak

noka3aHo Ha @urype, ¢pakmusi ajs 3TOr0 BapHaHTa OCYINIECTBJICHUS HAXOIHTCS B
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mranaszoHe ot 17 no 30%. Ilo mpoTsKeHHOCTH CTPYKTYPhI (pakiysi AEMOHCTPUPYET

HETIPePhIBHO HETIOCTOSIHHOE MOBeieHHe Ha Oosee yeM 60% IpOIOIbHOTO HAPaBJICHHUS.

Ha ®urype 8b moka3zaHO OTHOCHTENIbHOE H3MEHEHHE IUIOLIAIU CEUeHHs] Ha
€AMHULy AJUHBl 10 BAapUAHTY OCYLIECTBJIEHUS MAKpPOCKOIMMYECKON CTPYKTYphI 5,
nokazaHHoMmy Ha @urype 7. Kak nokazaHo Ha ®urype, ced4€HUE MOKET U3MEHATHCS 110

60% B mpenenax 1 MM JJIMHBI MAKPOCKOMUYECKON CTPYKTYPHI 5.

Ha ®urype 8c mokazaHa MJIOTHOCTb TOKa MAaKpPOCKOIHUYECKOW CTPYKTYpPBI S,
cmopenuposanHas I10 Comsol. Ito nemoHCcTpHpyeT, Kak npope3u 60 crmocoOCTBYIOT
YBEJIMYEHUIO TUIOTHOCTU TOKA B OCTABLICHCS YaCTH CETYATOH CTPYKTYphl 6. MacmTtab
¢burypsl npencrasisier coOO OTHOCHTENBHYIO IIKany OT 1 1o 0 ¢ MCHoOJb30BaHHUEM

IMUKOBOT'O TOKA B KAYECTBEC 3HAYCHUS HOPpMaAJIU3alluH.

durypa 9 WUIIOCTPUPYET BAapPUAHT OCYLIECTBJICHUS MAaKPOCKOMUYECKON
CTPYKTYpPBI 5, B KOTOPOH CeTdarTasi CTPYKTypa 6 COAEP:KUT MHOXKECTBO npopesein 60.
IIpopesm 60 mpencraBissroT  coOOM  OKPYIUIbIE  KaHAJbl,  PACHOJOXKEHHBIE
NEPHEeHANKYJIIPHO MPOJOJIBHOMY HAIPABIECHUIO MAKPOCKOIIUYECKOH CTPYKTYphL. B 5TOM
BapUaHTE OCYINECTBJICHUS H300peTeHus mnpope3n 60 He 3amoisHeHbl. [lpopesu 60
NEePECEKar0T BHYTPEHHHUE CTEHKH 61 ceTdaTol KOHCTpyKumu 6. BapuaHT OCyLIE€CTBIICHHUS
aHAJIOTUYEH BAPUAHTY OCYIUECTBJICHMS], NTOKAa3aHHOMY Ha Durype 7, 3a UCKIIOYEHUEM
TOT0, 4TO BCe npope3u 60 B JaHHOM BapHaHTE OCYIIECTBICHHS PACIIOIOKEHBI PAAMHU IO

JBa KaHaJia B KaXIOM.

ConpoTuBiieHne yKa3aHHOM MaKpPOCKOMUYECKOW KOHCTPYKLMH 9 COCTaBJsieT
125% 1o cpaBHEHHIO ¢ MaKPOCKOMUYECKOH CTPYKTYPOH C MapajuieIbHbIMU KaHaJaMH
s motoka 0Oe3 mpopesern 60. Pacuerer mokasamm, uyto 63% ob0mero oObema
MaKpOCKOIUYEeCKONW CTPYKTYpbl MpeBbiaer 5% cpeaHeil minoTHocTH Toka, a 23% —
HIDKE. B TOuke ¢ MMKOBBIM TOKOM IUIOTHOCTH TOKA MPEBBIIAET 001ee CpeiHee 3HAUCHNE

Ha 96%.

MHOXECTBO BHYTPEHHHUX CTEHOK 01 00pa3yeT MHOKECTBO KaHAJOB 62 s
MPOXOKIAEHUsT TMOTOKAa OT mnepeaHed dactu 14 k  3agHed dvactu 15, B
NPOIEMOHCTPUPOBAHHOM BapHaHTE OCYIIECTBJIEHHs ceTdaras CTpPyKTypa oOpasyer
MHOXKE€CTBO TNApajUleNIbHBIX KaHaIOB 02. MHOXECTBO BHYTPEHHUX CTEHOK 61
pacroiaraeTcsi BO BHyTPEHHEM MPOCTPAHCTBE, 00pa30BaHHOM KOJIbLIEBOH CTeHKOH 63. B

MOKAa3aHHOM BApHUAHTE OCYLICCTBJICHHUA KOJIbLICBASA CTCHKA 63 Takke COACPIKUT MMPOPE3U
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60, nockoapky kaHaibl 60 UAYT OT OJHOM CTOPOHBI MAKPOCKOIUYECKON CTPYKTYPBHI 5 K

IIPOTUBOIOJIOKHON CTOPOHE.

Ha ®urype 10a nmoka3aHO OTHOCUTEJNBHOE METAJUIMYECKOE CEUECHUE BApHUAHTA
OCYILECTBJICHUs] MAaKPOCKOMMYECKON CTPYKTypbl 5, mokazanHoro Ha Purype 9. Kak
nokaszaHo Ha @urype, Qpakuust A 3TOro BapHaHTa OCYIUECTBJICHUS HAXOAUTCS B

nuanas3one ot 21 no 30%.

Ha ®urype 10b nmoka3aHO OTHOCHUTENBHOE M3MEHEHHE IUIOIAIAN CEYCHHs Ha
€AVHULY [IJUHBI 0 BAPUAHTY OCYLIECTBJIEHUs MAaKPOCKONUYECKON CTPYKTYyphI 5,
nokazaHHoMy Ha @urype 9. Kak nokazano Ha @urype, C€HeHHE MOKET U3MEHATBCS 10

20% B mpenenax 1 MM JJIMHBI MAKPOCKOITMUYECKONU CTPYKTYPHI 5.

Ha ®urype 10c nmoka3zaHa MJIOTHOCTb TOKA MAaKpPOCKOMHYECKON CTPYKTYpBI 3,
cmonenupoBanHas [10 Comsol. 3T1o gemoHcTpupyeT, kak npope3u 60 crocoOCTBYIOT
YBEJIMYEHUIO TUIOTHOCTH TOKA B OCTABLIEHCS 4acTHU CETYaTOH CTPYKTYphbl 6. Macmrtab
¢burypel nmpencrasnsier coOOM OTHOCHTENBHYIO IIKamy OT 1 1o 0 ¢ MCHoJb30BaHUEM

IMUKOBOT'O TOKA B KAQYECTBC 3HAYCHUS HOPpMAJIU3allUU.

Ha ®urype 11 nokasan BapuaHT OCYIIECTBICHUS MAKPOCKOITUYECKOU CTPYKTYPHI

5, B KOTOPOU ceT4aTasi CTpyKTypa O BBIIIOJIHEHA B BUAE SIYEEK CETKH.

ComnpoTuBieHre yKa3aHHON MaKpOCKOMUYECKONW KOHCTpykuuu 11 cocraBisier
304% 1o cpaBHEHUIO ¢ MaKpOCKOMHYECKOH CTPYKTYpO#l ¢ mapasuiebHbIMU KaHaJIaMu
s motoka Oe3 mpopesern 60. Pacdersr mokasamu, uyto 71% obmero oObema
MaKpOCKOIIUYECKON CTPYKTYpbl MpeBblaeT 5% cpeaHeil IUIOTHOCTU Toka, a 24% —
UMEIOT MEeHblllee 3HadeHHe. B Touke ¢ MUKOBBIM TOKOM IUIOTHOCTb TOKA MPEBBILIAET

oOmree cpenHee 3HavyeHue Ha 389%.

Cerka 6 oOpa3yer MHOXKECTBO KaHAJIOB 02 i MPOXOXKIAEHHS] TOTOKa OT
nepenHeil yactu 14 x 3anHedt wactu 15. Cerka 6 pacmojaraercs BO BHYTPEHHEM
MIPOCTPAHCTBE, OOPa30BAHHOM KOJIBLIEBOH CTeHKoU 63. J{s ueneil HarIsiMHOCTH OIHA

4acCTh KOJIBLIEBOW CTEHKHU 63 yaalieHa.

Ha ®urype 12a noka3aHO OTHOCUTENBHOE METAJUIMYECKOE CEUYECHHE BAPHUAHTA
OCYLIECTBJICHUS] MAaKPOCKOIMMYECKONW CTPYKTYpbl 5, mokasaHHoro Ha Purype 11. Kak
nokasaHo Ha Purype, ¢pakuus AJNA 3TOrO BapHAHTA OCYINECTBJICHUS HAXOOUTCS B

nuanazone ot 10,5 no 16%.
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Ha ®urype 12b noka3aHo OTHOCHUTENbHOE H3MEHEHHE IUIOIAAN CEYeHUs Ha
€AVHULYy IJIMHBI [0 BAapUAHTy OCYILIECTBJIEHUS MAaKPOCKOIMUYECKOH CTPYKTYpbI S,
nokaszaHHoMy Ha @urype 11. Kak nokasano Ha @urype, cedeHrne MOKET U3MEHSTHCS 10

25% B mpenenax 1| MM JJIMHBI MAKPOCKOTMYECKOH CTPYKTYPHI S.

Ha ®urype 12¢ nokasaHa IJIOTHOCTb TOKA MAaKPOCKONMHYECKOW CTPYKTYpPHI 3,
cmopenupoBanHas [0 Comsol. 1o neMoHCTpHpyeT, Kak mpope3u 60 crnocoOCTBYIOT
YBEJIMYCHUIO TUIOTHOCTU TOKA B OCTABLICHCS YaCTU CETYATOH CTPYKTyphl 6. MacmTad
¢burypsl npencrasisier coO00OM OTHOCHTENBHYIO IIKany OoT 1 1o 0 ¢ MCHoJb30BaHUEM

IMUKOBOT'O TOKA B KAQYECTBEC 3HAYCHUSA HOpMaAJIU3alluH.

Ha ®urype 13 nokasaH BapuaHT OCYLIECTBIEHUS MAKPOCKOIINYECKON CTPYKTYPBI
5, B KOTOpOIi ceTyaras CTPyKTypa 6 BbINONHEHA B Buae siueek cerku. Cerka 6 oOpasyer
MHO>KE€CTBO KaHAJIOB [JIsl MPOXOKAEHUs NIOTOKA OT Nepeanei yactu 14 k 3agHel 4actu
15. Cerka 6 coennnHeHa ¢ MaHU(OIBIOM 65 B nepenHeit yactu 14 u 3anHeit yactu 15. B
JAHHOM BAapHaHTE OCYLIECTBIEHUS MAaKPOCKOMMYECKass CTPYKTypa 5 HE COAEPKUT

KOJIbLIEBYHO CTCHKY.

CormpoTuBieHHe yKa3aHHON MaKpOCKOMMYECKOW KOHCTPYKIUU 13 cocraBisier
1087% mo CpaBHEHHUIO C MAKPOCKOMMUYECKOMN CTPYKTYPOH ¢ mapayjielbHbIMU KaHaJaMu
s noroka Oe3 mpopesed 60. Pacuerel mokaszamu, uto 36% obmero oObema
MaKpOCKOIIUYECKOH CTPYKTyphl mpeBblmaeT 5% cpenHell mioTHocTH Toka, a 55% —
UMEIOT MEHblee 3HadeHue. B Touke ¢ MUKOBBIM TOKOM IUIOTHOCTb TOKA NPEBBIIIAET

oOuiee cpenHee 3HavyeHue Ha 791%.

Ha ®urype 14a noka3aHO OTHOCUTENBHOE METAJUIMYECKOE CEUECHHUE BApUAHTA
OCYLIECTBJIEHUS] MAaKPOCKOIMMYECKONW CTPYKTYphI 5, nmokasanHoro Ha Purype 13. Kak
nokasaHo Ha @urype, ¢pakuus AJId 3TOrO BapHAHTA OCYINECTBJICHUS HAXOOUTCS B

nuanasoHe ot 4 no 75%.

Ha ®urype 14b moka3aHO OTHOCHTEJBbHOE H3MEHEHHE IUIOIAAN CEYCHUs Ha
€AVHULY IJUHBI [0 BAapUAHTy OCYILIECTBIEHUS MAaKPOCKONMUYECKON CTPYKTYpBI 3,
nokaszaHHoMy Ha @urype 13. Kak nokasano Ha @urype, ce4eHnEe MOKET U3MEHSITHCS 10
50% B mpenenax | MM JJIMHBI STMEUCTON CTPYKTYpbl 6. 3MeHeHne coctasisier Ooee
100%/MM yuacTka MeXIy SYEHCTON ceTKol 6 u MaHudonbaoM 65 B mepenHeit yactu 14

M y4acTKa MEX/y sMEHCTOH ceTKol 6 1 MaHuponbaoMm 65 B 3aaHel yactu 15.
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Ha ®urype 14c moka3aHa IUIOTHOCTb TOKA MAaKpPOCKOMHYECKOH CTPYKTYpBI 3,
cmopenuposanHas [10 Comsol. To neMoHCTpUpYeT, Kak suercTas ceryarasi CTpyKTypa
6 CHOCOOCTBYIOT YBEIMYEHUIO IUIOTHOCTU TOKA B OCTABLIEHCS YacTU CET4aTON
CTPYKTYpbI 6. MacmTad ¢gurypsl npeacTasisier co00it OTHOCHUTENBHYIO IKay oT 1 10 0

C UCIOJIb30BAHUEM ITHMKOBOI'O TOKA B KAUYE€CTBE 3HAUCHUS HOPMaJIU3allnuH.

Ha ®@urype 15 noka3aHo yBelIMYE€HHE OTHOCUTENBHOIO CONPOTHUBIICHMUS
MIPECTABJICHHBIX BAPUAHTOB OCylecTBIeHHs Ha Purypax 5,7, 9, 11 u 13 no cpaBHeHUIO
C MaKpOCKOIIUYECKOH CTPYKTYpPOH ¢ MapajulebHBIME KaHAJIAMH TIOTOKa 0e3 ceTdaToi
CTPYKTYPBI C U3MEHSIOMHUMHUCS PpakuusmMu. O4eBUIHO, YTO UCMIOIB30BAHUHU CIIOCOOOB,
NPEAYCMOTPEHHBIX H300peTeHHeM, TMO3BOJSIET IMOJNYYUTh 0OJee BBICOKHE 3HAYCHUS
conpotuieHuss or +25% no +1000%. MopenupoBaHue 3Hau€HUN COMPOTHUBIIEHUS
BBITMIOJIHSIOCH ¢ ucnonb3oBanueM [10 Comsol. B xoxe MonenupoBaHusi HCTIONB3YETCS

ynenbHOe conpotuBieHne 134 MkOM™cM (COOTBETCTBYET HCIIOIb30BAHUIO KAHTAJA).

Ha ®urypax 16a u 16b nokasaHsl pa3anyHble BB BAPHAHTA OCYLIECTBICHUS
CTPYKTYPUPOBAHHOIO Karanu3aTopa 10, BKIIOUArOImero B ceOs 1Be MaKPOCKOIMMYECKHE
CTPYKTYPBI 5, Kakaasi U3 KOTOPBIX MPEAIONaraeT Hajlu4ue B CBOEM COCTaBE CETYATOU

CTPYKTYPHBI 6, KOTOpasi 00pa3yeT MHOKECTBO BHYTPEHHHUX CTEHOK 61.

MHOXECTBO BHYTPEHHUX CTE€HOK O] 00pa3yeT MHOXECTBO KaHAJOB 62 s
IIPOXOXKACHUSl MOTOKA OT mepeaHeil yactu 14 k 3agneit wactu 15. Ha ®urype 16a
NOKa3aHbl KaHaIbl CBepXy (OT mepenHeil yactu 14), B To Bpems kak Ha Purype 16

MOKa3aHbl KaHAJIbI CHU3Y (OT 3aaHel yactu 15).

B mnoka3zaHHOM BapuaHTe OCYUIECTBJICHUSI MaKpPOCKOMHYECKHUE CTPYKTYpPhI S
COeUHEHBl IPyr C ApPyroM B 3agHedl vactu 15 0e3 HCMONb30BaHUS OTHAEITBHOMN
MEePEMBIYKH [UJI1 COEOUHEHUS JABYX MAaKPOCKOMUYECKUX CTPYKTYpP S, MOCKOJBKY
MaKpPOCKOMUYECKUE CTPYKTYPBI 5 COEAMHEHBI APYT ¢ APyroMm B 3aaHen ydactu 15. Kak
noka3aHo Ha @urype 16b, BHyTpeHHHE CTeHKH 62 TOJIIE B 3aJHEH 4YaCTH, YeM B
nepenHeii. Takue Ooyiee TOJNCTbIE CTEHKH aKTUBHO OXJIAXKIAIOTCSI Ta30BBIM MOTOKOM C

o0enx CTOPOH B KaHaax 62.

Qurypa 17 wunmocTpupyeT BapHaHT OCYLIECTBIEHHUs] CTPYKTYPUPOBAHHOTO
karanu3aropa 10, copep:kamero ABe MakpOCKONHYECKHE CTPYKTYPhI S5, Kaxnaas u3

KOTOPBIX COAEPIKHUT CETYATYIO CTPYKTYPY 6, KoTopast oOpa3yeT MHOKECTBO BHYTPEHHHUX
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cTeHOK 61. MHO)XeCTBO BHYTPEHHUX CTEHOK 61 00pa3yer MHOXKECTBO KaHaJOB 62 auis

MIPOXOKIECHUs MTOTOKA OT NepeaHen yactu 14 k 3agnen yactu 15.

B noka3zaHHOM BapuaHTE MaKpOCKOIIUYECKAsi CTPYKTypa 5 COEUHEHA C APYTUMHU
CTPYKTypamu B 3a7Hel 4acTH 15 ¢ MOMOLIBI0O MHOXKECTBA OTHEJIbHBIX NEpEeMbIYeK 606,
COCUHSIOUINX JIEBYIO CTOPOHY OJHOM MAaKPOCKONMUYECKOW CTPYKTYpbl 5 C NpPaBOH

CTOPOHOMH MPUJIETAIOIINX MAKPOCKOMTUYECKUX CTPYKTYP S.

B noka3zaHHOM BapuaHTe OCYLIECTBICHHUS KaHaJbl 62 MOTOKA MPEUMYLIECTBEHHO
napajulesibHbl HA HEKOTOPBIX yYacCTKax B MPOAOJbHOM HAIPABJICHUH, B TO BpPeMsl Kak
HarpaBJIeHUe W/WIN TUIOLIAb CEYSHHsI, IO MEHbLIEH Mepe, HEKOTOPBIX U3 KaHAJIOB 62
MOTOKA U3MEHSIFOTCS IO MPOAOJIbHOMY HANPAaBJIECHHIO HA APYrux ydacTkax. Kak BuaHO B
BEPXHEN 4aCTU MAaKPOCKOMUYECKUX CTPYKTYpP S, TOJIIHMHA CTEHOK HEKOTOPBIX KAHAJIOB
MOTOKa OOJIbIlIe, YeM TOJIIHMHA CTEHOK APYTrUX KAHAJIOB MOTOKA, B PE3yJIbTaTe Yero
MaKpPOCKOMUYECKUE CTPYKTYPbl S5 HMMEIOT BHYTPEHHHE CTEHKHM C HEPABHOMEPHOM
TOJILIUHON CTeHOK. M3MeHsisl HanpaBJieHHe W/ WJTH IUIOMAb CEYSHHS, IO MEHBIIeH Mepe,
4aCcTU BHYTPEHHEH CTeHKH ©61, MOXHO TaKke HW3MEHATb IUIOUIa[b CEYEHUs
MAaKpPOCKONUYECKON CTPYKTYpPbl B MIPOJOJBbHOM HAIpaBlieHUU. BpicoTa pasinyHbIX

Y4YaCTKOB B MPOAOJIBHOM HaIlPaBJICHUH MOXKET BapbUPOBATHCA aHAJIOTNYHBIM O6p330M.

Ha ®urypax 18a — 18c mnpeacrtaBieHbpl pas3Iv4YHbIE CEUYEHUs BapUaHTa
OCyLIEeCTBJeHUs, nokazaHHoro Ha Purype 17. Ha ®urype 18a mokazaHo cedeHue
CTPYKTYPUPOBAHHOIO KaTalu3aTopa BBEpXy B paiioHe nepenHei uactu 14. bonee
TOJICTbIE CTEHKH 61 TO3BOJISIIOT O0ECTIEUUTh JyUlllee pacipenejeHre ToKa Yepe3 TaHHbIHI
y4aCTOK MAaKpOCKONUYECKOW CTpykTypbl 5. Ha ®@urype 18a mnokasaHo cedeHue
CTPYKTYPHUPOBAHHOIO KaTaJIu3aTopa B cpenHel yactu. PaBHOMepHas TOJIMHA CTEHOK 01
HAa JTAaHHOM Yy4acCTKe TO3BOJIIET OOECIeYHTh PAaBHOMEPHBIH HArPEB AAHHOTO YYaCTKa
MaKpOCKONUYECKONH KOHCTpykumu 5. Ha @urype 18a mnokasaHO cedeHue
CTPYKTYPUPOBAHHOIO KaTajau3aTopa BHU3Y B pailoHe 3anHel yactu 15. bonee ToncTeie
cTeHKH 01 MO3BOJSIOT 00ECIeUnTh JIy4llee PaclpeesieHe TOKA Yepe3 JaHHbIH y4acTOK

MaKpPOCKOIUYECKON CTPYKTYPBI 5.

Ha ®urype 18d moka3aHO OTHOCHUTENbHOE METAJUINYECKOE CEYEHHE BapHaHTa
ocyliecTBIeHHs, npencrasieHHoro Ha @urype 17. Kak nokazano Ha @urype, ¢ppakuus

71 TOTO BapUaHTa OCYLIECTBJIEHUS HAXOAUTCA B Auana3oHe ot 42 no 100%.
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Ha xaxno#i u3 guryp 19a-22b crpykrypupoBanHbiii katanuzarop 10 comepxur
NEPBYK0 MaKPOCKOMUYECKYIO CTPYKTYPY SA U BTOPYH) MAaKPOCKONHUYECKYIO CTPYKTYpPY
5B, kaxkaasi U3 KOTOPbIX IPOXOAUT B IPOAOJIBHOM HAMPABJIECHUU OT NepeaHen yactu 14
K 3amHell wactu 15, roe mepemssisi 4acth 14 oOpasyer BXOA B MaKpPOCKOITUYECKYHO
crpyktypy 10 mns ucxomHoro rasa, a 3amHss d4acTb 15 oOpasyer BbIXOm MAJisi

ra3000pa3HOro MPOAYKTA.

B cocraB mepBoii M BTOpOIl MaKpOCKOMMYECKUX CTpYyKTyp SA, 5B Bxomut
TpexMepHasi ceTdartasi CTpykrypa (cMm. dur. 19a), koTopast OTIMYAETCS TEM, YTO CeTdaTasi
CTpyKTypa 0Opa3yeT MyTH TMOTOKA, IMO3BOJSIOIINE HCXOAHOMY Tra3y MNPOXOOUTb OT
nepenneit yactu 14 x 3axneit yactu 15. Kak nokaszaHo B nieBoii yactu ¢urypser 19a, mo
MEHBIIEH Mepe, YacTb CEeTYaTOH CTPYKTYphl 00pa3yeT MHOXKECTBO MapajuleIbHbBIX
KaHajioB 62 moroka. TeM He MeHee, CleAyeT MOHUMATb, YTO, MO MEHbIIEH Mepe,

HEKOTOPBIE U3 KaHAJIOB MOT'YyT OBITh HEMapaJiCJIbHbIMU.

Kananbl 62 moToka MOKa3aHbl TOJNBKO Ha JieBOH cropoHe ¢urypel 19a. B
OCTaJIbHBIX YacTsAX puryp 19a-33b orBepcTust B ceT4aTOMN CTPYKTYpE, TAKHE KaK KaHAJIbI

IMOTOKaA, NpOopeE3u, WCIU U T. 1., HE TTIOKa3aHBbI.

Bropas Mmakpockonuyeckas CTpykTypa SB pacnososkena rno OKpyKHOCTH BOKPYT
NepBOM MAaKPOCKONMMYECKOH CTPYKTypbl SA, M mepBas U BTOpask MAaKpOCKONMYECKUE
CTPYKTYphI SA, 5B snexrpuuecku coennHeHsl B 3aaHel yactu 15. CTpyKTypUpOBaHHBIH
karamuzatop 10 paspaboraH Takum 00pa3oM, YTOOBI HAMPABIATH HJIEKTPUUECKUH TOK
yepes MepPBYI MAaKPOCKOMUYECKYIO CTPYKTYPY SA OoT nepenHeit yactu 14 x 3agHel yactu
15, a 3arem 4depe3 BTOPYIO MAaKpOCKOIHMYECKYK CTPYKTypy SB oT 3aaneit wactu 15 k
nepenHeli wactu 14, olecreuymBasi 3JIEKTPHUUECKOE COCOUHEHHE TEPBOH U BTOPOH

MaKpOCKOIMUYeCKUX CTPYKTyp SA, 5B B 3anHeil vactu 15.

B noxa3zaHHBIX BapuUaHTax OCYLIECTBJIEHUs BTOpPas MAaKpPOCKONHUYECKas
cTpyktrypa 5B mpencraBnsier coOoil yIITMHEHHYIO CTPYKTYPY, KOTOpas BBITSHyTa B
MPOJOJIBHOM HAmNpaBJIeHUM OT mepenaHell vactu 14 k 3agHel dactu 15. Bropas
MaKpOCKOIUYECKas CTPyKTypa SB sBisieTcst monoi W, TakuM 0Opa3oM, MOJHOCTBHIO
OKpYy»aeT TMepBYI MAaKpPOCKOMMYECKYI0 CTPYKTypy SA, mOpuU 3TOM BHYTPEHHsS
MOBEPXHOCTh BTOPOH MAaKpOCKONMHMYECKOH CTPYKTypsl SB oOpamena k BHelIHed

MOBEPXHOCTH MEPBOI1 MAKPOCKONNYECKOH CTPYKTYpHI SA.
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Cnenyer mOHMMAaTh, YTO B aJbTEPHATUBHOM BAapUAHTE OCYIIECTBJIEHHs (HE
NIOKa3aHO) BTOPAasi MAKPOCKOITMUECKAs CTPYKTYPa MOKET PacroiaraThCsi o OKPY>KHOCTH
YaCTUYHO BOKPYT MEPBOH MAKPOCKONMMYECKOH CTPYKTYphI, B pe3yJbTaTe 4ero 4acTb
BHYTPEHHEI MOBEPXHOCTH BTOPOH MaKPOCKOMUYECKOH CTPYKTYpbl oOpaleHa K 4acTu

BHEIIHEN MOBEPXHOCTU NEPBON MaKPOCKOMUYECKON CTPYKTYPBHI.

ITepBast u BTOpass MaKkpoCKOMU4Yeckue CTpyKTypsl SA, 5B, mo meHbiuel mepe,
YaCTUYHO BBICTYIAIOT B KAYECTBE MOJIOKKH JJIs1 KEPAMUUYECKOTO IMOKPBITHUS, HA KOTOPOE

HaHECEH KaTaJUTUYECKU aKTUBHBIN Marepual.

Ha ®@urype 19a B coctaB CTpyKTypUpOBaHHOrO Karanusatopa 10 Bxoaut nepsas
MaKpOCKOIu4eckasi CTpyKTypa SA U BTOpasi MaKpOCKOIUYeCKas CTpykTypa SB, kaxnast
13 KOTOPBIX POCTUPAETCSI B POJOIBHOM HAIIPaBJIEHUU OT NepeaHen yactu 14 k 3anHei
yactu 15. Kasknast u3 mepBoil 1 BTOPO MakpOCKONTUYECKUX CTPYKTYp SA, SB obpasyer
KPYIJIYIO BHEIIHIOK (OopMy B  CEYEHHH, NEPHNEHOUKYJISIPHOM MPOIOJIBHOMY

HarpaBJICHUIO.

Ha ®urype 19b nokaszaHo nonepeyHoe CeueHre uepe3 BApUaHT OCYILIECTBICHUS
CTPYKTypupoBaHHOro karaiuszaropa 10, xak nokazaHo Ha Purype 19a. Kananbr 62
IIOTOKAa YETKO BUAHBI B JIEBOM 4YacTu cedeHuss. Kpome TOro, cedeHus: 4YeTko
CBUZETEJBLCTBYIOT O TOM, YTO IepBasi U BTOpasi MAKPOCKOMUYeCKue CTPyKTypsl SA, 5B

COENMHEHBI B 3aHel yacTu 15.

Ha ®urype 20 B cocTaB CTpyKTypUpOBaHHOrO Katanusatopa 10 Bxogut nepsas
MaKpOCKOIUYeckasi CTpyKTypa SA U BTOpasi MaKpOCKOIHUecKast CTpykTypa 5B, kaxnas
13 KOTOPBIX MPOCTUPAETCS B IPOJOJIBHOM HAIPaBJIeHUH OT NepeaHen yactu 14 k 3aaHei
yactu 15. Kaxknast u3 nmepBoit 1 BTOPOI MakpOCKOMHUYECKHUX CTPYKTYp SA, SB obpasyer
KBAJPAaTHYK0 BHEINHIOK (OPMYy B CEYEHHH, NEPHEHIUKYJSIPHOM MPOAOIBHOMY
HampasJieHUKO. B cedeHum cmpaBa 4YeTKO BHAHO, 4YTO TIepBasi U BTOpas

MaKpPOCKOMUYECKUE CTPYKTYphI SA, SB coennHeHbI B 3aaHeH yactu 15.

Ha ®urype 21 B cocTaB CTpyKTypUPOBAHHOIO Karanusaropa 10 BxoguT nepsas
MaKpOCKOIu4eckasi CTpyKTypa SA U BTOpas MakpOoCKonu4eckas CTpykTypa SB, kaxnas
13 KOTOPBIX MPOCTUPAETCS B POAOIBHOM HAIPaBJICHUU OT NepeaHel yactu 14 k 3anHein
gactu 15. Kasknast u3 mepBoil 1 BTOPO MakpOCKOMHYECKHUX CTPYKTYp SA, SB obpasyer

OPTaHUYECKYI0 BHELIHIOKO (OPMY B CEUEHUH, MNEPIEeHANKYISPHOM IPOAOIBHOMY
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HampaejleHur. B cedeHum cmpaBa 4YeTKO BHUAHO, 4YTO IiepBasi U BTOpas

MaKpOCKOIMUYECKUE CTPYKTYphI SA, SB coennHeHb! B 3aaHe yactu 15.

Ha  ®urype 22a mnpencrasBieHbl JABa  BapuUaHTa  OCYIUECTBJICHMS
CTPYKTYPUPOBAHHOTO Karanu3aropa 10, kaxIbIM U3 KOTOPBIX NPEAyCMOTPEHO HAIU4YNe
NepBOM MAaKPOCKONUYECKOH CTPYKTYpbl SA U BTOPOH MakpOCKONMUYECKON CTPYKTYpPbI
5B, xaxnast U3 KOTOPBIX IPOCTUPAETCS B MPOIOJIBHOM HAIIPABIEHUHU OT NEPEAHEN YacTu
14 x 3agnent yactu 15. Kaxxnas u3 nepBoil U BTOPOM MaKpOCKOIUYECKUX CTPYKTYP SA,
5B cneBa o0pasyeT meCTHyTroNbHYI BHEUIHIOK (OPMY B CEUEHUH, MEPIIEHAUKYJISIPHOM
NPOJOJIBHOMY HANpPaBJIEHUI), B TO BpeMs KakK Kaxaas M3 IEepBOM U BTOPOHU
MaKpOCKOIUYECKUX CTPYKTYp SA, SB cnpaBa oOpasyer TpeyrojbHyr BHEIIHIOK Gopmy

B C€YEHUU NEPIEHANKYJIIPHO NPOAOIBHOMY HAIPABJICHHUIO.

Ha ®urype 22b mnoka3aHbl CeUeHHs] BapUAHTOB  OCYIIECTBICHHUS
CTPYKTYPUPOBAHHOTO Katanu3atopa 10, orobpaxkennoro Ha @urype 22a. CedeHus 4€TKO
CBUJIETEJILCTBYIOT O TOM, YTO IepBas U BTOpas MaKpOCKOMUYeCcKue CTpyKTypbl SA, 5B

CcOeqUHEHBI B 3aJHel vyacTy 15.

Ha ®urype 23a noka3aH BapHUaHT OCYIIECTBJIECHUS MaKpPOCKOMUYECKOU
CTPYKTYPBI 5, B KOTOPOU ceTyaTasi CTPyKTypa O BBINOJHEHA B BUJE siueek ceTku. CeTka
6 o0Opa3yeT MHOXECTBO KaHAJIOB JJIsl MMPOXOKIAEHHs MOTOKA OT MepenHei dactu 14 x
3anHei yactu 15. Cetka 6 coequneHa ¢ MaHngoapaoM 65 B nepenneii vactu 14 u 3agHei
yacti 15. B gaHHOM BapuaHTe OCYIIECTBJIEHUs MaKpPOCKOMUYECKas CTPYKTypa S5 He
COIEPKUT KOJIbLEBYIO CTeHKy. IlokasaHHBII BapuaHT aHAJIOTMYEH BapHUAHTY,

npuBeneHHoMy Ha @urype 13, ¢ 6osee IOTHOI ceTKoi 6.

Ha ®urype 23b mnoka3aH BapuaHT OCYLIECTBJIEHUS] CTPYKTYPHPOBAHHOTO
kaTanu3aTopa 10, BKIIFOUYaromero B cedst 1B MAKPOCKOMMUECKHE CTPYKTYPBI S, KOTOpBIE
coenMHEHbl B mnepenHeid dactu 14 m obpasyror U-00pasHblil CTPYKTYPUPOBAHHBIN
katanuzatop 10. Ceruatas cTpykTypa 6 KaXAOW U3 MAaKPOCKOMUYECKUX CTPYKTyp S
npeAcTaBieHa B BHAE sueek. Suencras cerka 6 oOpa3yeT MHOXKECTBO KAaHAJIOB MJIS
MPOXOKAEHUsI MOTOKA OT nepenHel yactu 14 k 3anHeit vactu 15. PagnanbHblil U 0ceBOU
pasMepbl CEeT4aTOM CTPYKTYpbl 6 U3MEHSIOTCA B MNPOAOJIBHOM HAIpaBICHUU
CTPYKTypUpOBaHHOro  karaiusaropa 10. B cpegHel dYacTu  Kaxaom w3
MaKpPOCKOIUYECKUX CTPYKTYp S5 sA4eucras cerka 6 aHaJIOrM4Ha CEeTKEe BapHUaHTa

OCYILIECTBIIEHHs, MOKazaHHOro Ha Purype 23a. D¢dexkTuBHOE yNpaBIeHHE TOKOM B
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CETYATBIX CTPYKTypax O OCYIIECTBJISAETCS 3a CUET U3MEHEHHUs CETUYAaTONU CTPYKTYpPHI 6 B

OCCBOM U paJraJIbHOM HAIlPaBJICHUAX.

Qurypa 24 WIUIIOCTPUPYET BAPUAHT OCYLIECTBIEHUS CTPYKTYPUPOBAHHOIO
kaTanuzaropa 10, comepskaiiero Ase MakKpOCKONNYECKUE CTPYKTYPBI 5, COEANHEHHBIE B
3a7Held dYacTu 15 uMHTerpupoBaHHON mepeMblukoi 66. B coctaB kaxaon u3
MaKpOCKOIIUYECKUX CTPYKTYp 5 BXOAMWT ceTdaTasl CTPyKTypa 6, kotopas oOpa3yer
MHOKECTBO BHYTPEHHUX CTE€HOK 61. MHOXECTBO BHYTpPEHHUX CTeHOK 01 oOpasyer
MHO>KE€CTBO CYIIECTBEHHO NapaJIJIeNbHBIX KaHAJIOB 62 M NPOXOXKIAEHUs NMOTOKAa OT
nepenHen yactu 14 x 3agHen uvactu 15. Kananer 62 moToka pacnosiOXE€HBI BO

BHYTPEHHEM IPOCTPAHCTBE, OOPA30BAaHHOM KOJIBIIEBOH CTEHKOH 63.

Konbuesass creHka 63 He AOXOAWT N0 HMXKHEH YaCTH MAKPOCKOMHUYECKUX
CTPYKTYp 5, 9TOOBI, TaKMM 00pa3oM, CBECTU K MHHUMYyMY IJIOTHOCTb TOKa B 3aJHEH
yactd (BHM3y) M OOJerdutb €ro oxjaxneHue. B mepenHeil wactu (cBepxy)
CTPYKTYPUPOBaHHBIN Katamu3atop 10 cogepkuT nsa mpoBoaHuka 40, 00ecreunBaroInx

MOAKIIFOYECHUEC K UCTOYHUKY SJICKTPOIIUTAHUS.

Ha ®urype 25 nokas3an BapuaHT OCYLIECTBICHUS MAKPOCKOITUYECKOU CTPYKTYPHI
5, ¥ MHOKE€CTBO MAaTPULl MAKPOCKOMUYECKUX CTPYKTYP 5. Kaxknas u3 MakpOCKOIMMUYECKUX
CTPYKTYp S5 mnpoxomut oT nepenHerl dactu 14 no 3amnert wactu 15, Kaxknpas wus
MaKpPOCKOIIUYECKUX CTPYKTYP 5 COOEPIKUT CETHATYIO CTPYKTYpy 6, KoTOopas oOpasyer
MHO)KECTBO BHYTPEHHHMX CTeHOK 61. MHOXECTBO BHYTPEHHUX CTeHOK 01 oOpasyer
MHO’KECTBO CYLIECTBEHHO MAapaJljIeNIbHbIX KaHalIOB 62 A NPOXOXKIEHUS MOTOKA OT
nepenHeil yactu 14 x 3agHen uvactu 15. Kananer 62 moToka pacmosiOKEHbI BO

BHYTPEHHEM MPOCTPAHCTBE, OOPA30BAHHOM KOJIBIIEBOI CTEHKOM 63.

B nepBoM BapuaHTe OCYLIECTBJICHUS CJI€Ba MOKa3aHA OHA MAKPOCKOMUYECKAs]
CTpyKTypa 5.

Bo BTOpOM BapuaHTe OCYLIECTBIECHHUS ABE MAKPOCKONMYECKHE CTPYKTYpPBI S5
COEAMHEHBI APYTr C IPYrOM B 3aJHEN 4acTu 15, mpu 3TOM TOK MOKET MPOXOAUTH OT
nepenHen 4actu 14 k 3amHel 4acTu 15 OOHOM M3 MakpOCKONMYECKUX CTPYKTYp 5 U

BIIOCJIEICTBUM OT 3aJHEN 4acTu 15 k mepeaHen 4actu 15 Apyrod MakpOCKONUYECKON

CTPYKTYpHI 5.

B TPETbEM BAPHUAHTE OCYHICCTBJICHUA MaTpuna COACPIKUT YE€ThIPE

MAKpPOCKONIUYECKHE CTPYKTYpbl S5, aHAJOTM4YHbIE JPYTUM MAaKPOCKOMUYECKUM

2
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CTPYKTypam 5, MPeAyCMOTPEHHBbIM NEPBbIM U BTOPBIM BapUaHTaMH OCYILECTBIEHUS U
nokazaHHeIMU Ha @urype 25. Bropas MakpoCkomu4yeckas CTPyKTypa 5 cOenrHeHa C
TPETbEH MAaKPOCKONUYECKONM CTPYKTYpoH 5 B mnepenHed wactu 14, a Tperbs
MaKpOCKONUYECKass CTPYKTypa S CO€OWHEHAa C YEeTBEePTOM MaKpOCKOIMMYECKON

CTPYKTYypoO# 5 B 3anHel yactu 15.

B uerBepTOM BapuaHTe MaTpHULAa COAEPKUT MHOKECTBO MAKPOCKOMUYECKUX
CTPYKTYp 5, pacmojioxkeHHbIX B (opme Osoka. Hexoropble M3 MaKpOCKOMHMYECKHX
CTPYKTYP 5 COEAMHEHBI C COCEAHEN MAKPOCKOIIMUYECKON CTPYKTYPOH 5 B epeHeN YacTu
14, Torga xKak HEKOTOpPbIE MAKPOCKOMUYECKHE CTPYKTYPhl 5 COEAMHEHBI C COCEAHEMN
MaKpOCKOIIUYECKOW CTPYKTypol S5 B 3agHed yactu 15, UYersepTelli BapuaHT
OCYULIECTBJIEHUs] JOMOJHUTEIBHO MPEAyCMaTPUBAET MHOXKECTBO mHpopesed 60 B BuIe

IIeJIeH.

Bo Bcex deTblpex BapHaHTax MOTOK rasa MPONOPLUOHANBHO pachpeneseH OT

nepenHen yactu 14 k 3aaHen vactu 15.

Ha @urype 260 mnokasaHbl pa3ju4Hble BAPUAHTBI  OCYLIECTBJICHHUS
CTpYKTypupoBaHHOro Katanuzatopa 10. CtpykTypupoBaHHbIii katanuzarop 10 cogepxur
MaKpPOCKOIUYECKYI0 CTPYKTYPY 5 B BHUIE€ MHO)KECTBA IIACTUHYATBHIX 3JIEMEHTOB 5,
TaKUM 00pa3oM, o0pasysl ceTdaTyro CTPYKTypy O, koropas (pOpMHPYET MHOKECTBO
BHYTPEHHUX CTEHOK 61. MHOXECTBO BHYTPEHHHMX CTEHOK 61 oOpasyer MHOXKeCTBO

KaHAJIOB 62 1 MPOXOXKAECHUs [TOTOKA OT nepenHel yactu 14 k 3agHel yactu 15.

B BepxHeM BapuaHTe OCYIIECTBIEHUS KaKIbIH U3 MJIACTHHYATHIX 3JIEMEHTOB 5'
COEIMHEH CO CTEPKHEMONOOHBIMU 3JIEKTPOMPOBOSAIIUMHU 3JEMEHTaMH 67, TPU 3TOM
3JIEMEHTBI 67 COEAUHEHBI C 3JIEKTPONPOBOAAILUMU 3JIEMEHTAMH 67, BBICTYMAKOIIUMH U3
BHYTPEHHEr0 TMPOCTPAHCTBA, 4YTO OOeCrme4YrBaeT COSAMHEHHE C  COCEINHUM

CTPYKTYPUPOBAHHBIM KaTaJIU3aTOPOM JIJIsl OOpa30BaAHUS MATPHILIBI.

B nByX HMXHHMX BapHMaHTax OCYILIECTBJIEHUS MaKpOCKONMHMYECKas CTPYKTypa S5
uMmeeT (GOpMy IUIACTMHYATOTO 3JIEMEHTa S5’°, KOTOPbIA H30THYT C 0Opa3oBaHUEM

MHO>K€CTBA BHYTPEHHHX CTEHOK 0O1.

B HmwkHeM 5neBOM BapuaHTE OCYILIECTBJICHUS IUIACTUHYATBIA 3JEMEHT 5’
COEIMHEH C  CTEP)KHENMOAOOHBIMH  3JIEKTPONPOBOMSIIUMH  3JIeMeHTaMu 67,

BBICTYIAIOIIMMH M3 BHYTPEHHEro IPOCTPAHCTBA dYepe3 HU3, 4YTO O0ecrednBaeT

COCMHEHHE CO CTPYKTYPUPOBAHHBIM KaTaJH3aTOPOM JIJisi 0Opa3oBaHHsl MaTpuibl. B
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HIDKHEM TIPaBOM BapHUaHTE OCYILIECTBJIEHMs IJIACTUHYATBIA 3JIEMEHT 5’ COEANHEH C
CTEP)KHENOAOOHBIMH  3JIEKTPONPOBOIAIIMMU 3JIEMEHTaMU 67, BBICTYNAIOIIUMHU U3
BHYTPEHHETO IMPOCTPAHCTBA B HAIPABJIEHUHU, IONEPEYHOM MPOAOJBHOMY, 4YTO
obecrieunBaeT COEOMHEHHE C COCEOHHUM CTPYKTYPUPOBAHHBIM KaTaJIU3aTOPOM A

00pa3oBaHUs MaTPHLIBL

B miacTMHYATBHIX 3JIeMEeHTaX MOTYT ObITh YCTPOEHBI OJHA WU OoJjiee mpopesei,

TAKUX KaK LIEJIU /WM CKBO3HBIE OTBEPCTHSI pa3iuuHOi Gopmbl (cM. @urypy 28).

Ha ®urype 27 npeacraBieH BapUaHT OCYIIECTBJICHUS CTPYKTYPHUPOBAHHOIO
karamuzaropa 10. CTpykTypupoBaHHBIM Katamuzatop 10 aHajJOru4eH BapuUaHTaM
OCYILIECTBIICHHsI, MPEACTaBICHHBIM Ha @Purype 26, KOTOpbIE BKIKOYAOT B ce0s
MaKpOCKOIIUYECKYI0 CTPYKTYpY S5 B BHUJE MHOXKECTBA IJIACTUHYATHIX 3JieMeHTOB 5°. B
TUITACTHMHYATBHIX 3JIEMEHTaX MOTYT OBITh YCTPOEHBI OflHA Win Oosiee mpopeseil B BUE

TUTACTHHYATBIX 3JIEMEHTOB (cM. @urypy 28).

Ha mnpoTHBOMONIOKHBIX KpasiX M30THYTOIO IUIACTUHYATOrO 3JIeMeHTa 5’
NpeAyCMOTpeHbl yruyOneHus 68 1y oOyierdyeHus: MOHTa)Xa CTPYKTYPHUPOBAHHOTO

kataimm3aropa 10 B peakrope (cMm., Hanpumep, @urypy 1a).

Ha ®urype 28 nokasaH Ipyroi NIacTUHYATHIN 3JE€MEHT 5°, KOTOPBIM MOKHO
UCIIOJI30BaTh B KA4eCTBE MAKPOCKONMYECKOW CTPYKTYpel S5 HWIM  4YacTeu
MaKpPOCKOIUYECKONW CTPYKTYpPBI B CTPYKTYPUPOBAHHBIX KaTaJIU3aTOpax B COOTBETCTBUU
C PacKpBITBIM BapHUAHTOM OCYLIECTBIEHHs n300pereHus. [lnmacTuHYaThIe 3JI1eMEeHThI 5’
MOTYT OBbITb PACIOJIOKEHBbI B BHJIE TUIACTHH, MPOCTHPAIOIINUXCS MPEUMYINECTBEHHO OT
nepeHed 4acTH K 3aJHel 4acTH (CM., HapuMep, BEPXHHUIH BapUAHT OCYIIECTBJICHUS,
noka3aHHblii Ha Purype 26). B kadyecTBe aqbTepHATUBBI, MIACTUHYATHIE SJIEMEHTHI 5’
MOTYT OBITb COTHYTHI, NPU OSTOM H3OTHYTBIH SJEMEHT MOXKET MPOXOAHTH
NPEUMYIIECTBEHHO OT TepenHed YacTu K 3aAHed 4acTu (CM., Hampumep, HUKHHE
BAPUAHTBHl OCYIUECTBJICHMs, MpeACTaBieHHble Ha Durype 26, uIM BapHaHT

OCYLIECTBIICHUS, TIOKa3aHHbIH Ha Purype 27).

Kak mokaszaHo, MiacTUHYAaThE 3JEMEHThl 5’ MOTYT MMETh OIHY WM Oojee
npopeseii 60 B BUzE meIel W/uiu CKBO3HBIX OTBEPCTHH pas3nnyuHON (Gopmel. B BepxHUX
BAPUAHTAX OCYIIECTBIEHUs] MPOPE3N BBIMOJHEHBI B BHAE HEOOJBIINX CKBO3HBIX
OTBEPCTHUH, 4TO CHOPMHUPOBATH MEJKYIO CeTKy. Bo BTopoMm BapmaHTe OCYIECTBIICHUS

IMPpOpPE3r BBIMMOJHEHBI B BUAC ABYX PAAOB OAUHAKOBBIX pOM6OBI/II[HbIX CKBO3HBIX
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OTBEpCTHUN. B TpeTbeM BapuaHTE OCYINECTBJICHHUS MPOPE3U BBINOJHEHBI B BUAE LIENEH,
YepeAyLUXCs. OT MPOTUBOIOIOXKHBIX KPaeB IMJIACTUHYATOrO 3JeMEeHTa 5°, rhe LIenu
3aKaHYMBAIOTCSl  KPYIJIbIM  CKBO3HBIM  OTBepcTMeM. B derBepromM  BapuaHTe
OCYILECTBJICHHs] MPOPE3U BBINOJHEHbl B BHUAE IBYX pPSAAOB YIJIMHEHHBIX CKBO3HBIX
OTBEPCTHH, NMPUYEM [JMHA CKBO3HBIX OTBEPCTUHN pPA3IM4AETCs, TaK KaK MEpPBbIA sl
comepKUT Oojiee JUIMHHBIE CKBO3HBIE OTBEPCTHs, 4eM BTOpoH. B msarom BapuanTte
IIPOPE3U BBLINOJHEHb! B BUAE KPYIJIBIX CKBO3HBIX OTBEPCTUH OJUHAKOBOTO pasmepa.
IIpope3u BBIMONHEHBI B 1B MPEUMYLIECTBEHHO MapajlIeNbHbIX Psiia U PaCHOJIOKEHBI

3Ur3aroo0pasHo.

Cnenyer moHHMMaTh, 4TO pa3Mep W (opma mpope3su MOTYyT BapbUPOBATHCS, a
MIPUBEACHHBIE BAPUAHTHI OCYLECTBIICHUs IPUBEAECHBI B Ka4eCTBE NPUMepOB. PaznmuyHeble
pope3y, MPEACTABICHHBIE B ISATH PA3IMYHBIX BapUAHTAX OCYLIECTBJICHUS, MOTYT
OOBEIUHATHCS IS OJMYYEHHUS TUIACTHHYATOrO 3JIEMEeHTa 5’ ¢ Ipope3siMu UHOH (OPMBI,
HanpuMmep, poMOOBUAHAS NPOPE3b MOXKET OOBETUHATHCS CO INESIMA W/WIIA KPYTIIBIMH

IPOPE3SMH.

Kpome Toro, cnenyer mnoHuUMaTh, 4YTO BEPXHUN BapUAHT OCYILUECTBJIEHUS,
NpeICTaBIeHHbI Ha Durype 26, MOXET, HampuMep, BKJIOYATh B Ce0s MHOMXECTBO
OJIMHAKOBBIX TUIACTUHYATBHIX 3JIEMEHTOB 5’ WUJIM MHOKECTBO IUIACTUHYATBHIX 3JIEMEHTOB,

13 KOTOPBIX, IO MEHbLIEH Mepe, J1Ba AJIEMEHTA OTJINYAKOTCS IPYT OT Apyra.

Ha ®urypax 29a u 29b mokasaH Apyroi NmiacTHHYATBHIA 3JIEMEHT 5’, KOTOpBIH
MOKHO HCIIOJIb30BaTh B KA4e€CTBE MAaKPOCKOMMYECKON CTPYKTYpbl 5 WM YacTei
MaKpPOCKOIUYECKONH CTPYKTYPBI B CTPYKTYPUPOBAHHBIX KaTaJIU3aTOpax B COOTBETCTBUU
C PACKPBITHIM BAapHAHTOM OCYIIECTBJIEHUS] M300peTeHus. [InacTuHYAThIA 37eMeHT 5’

MOXKET BKJIFOYATh B ce0s1 MpOope3u, HanmpuMep, okazaHo Ha durype 28.

Ha ®urype 29a nokas3aHO cedyeHUe, MOMEPEeYHOE MPOIOJbHOMY HAIPABJICHUIO
IJIaCTUHYAThIX 3JICMECHTOB 5’, KOTOPBIC CBEPHYTHI B CIIMpPaJIb. IInacTuHYATHIE DIEMEHTHI
5' coeaMHEHBI CO CTEPXKHETMOAOOHBIMH 3JIEKTPONMPOBOISIINMHU 3JIeMEHTaMH 67, 9TO

obecrnieunBaeT COEAUHEHUEC C HCTOUYHUKOM JBJICKTPOIMUTAHUA.

Ha ®urype 29b mnoka3zaHO cedyeHHE, KOTOPOE PACIOJIOKEHO B MPOIOJIbLHOM
HaTPABJICHUH TUIACTHHYATHIX 3JIEMEHTOB 5°, KOTOpBIEe MpuodperarT pudienyo Gopmy.
B BepxHeM BapuaHTe OCYIIECTBICHHsI prIICHbIE SIEMEHTBI UMEIOT OOJIee OCTPbIE YIIIbI,

4Y€M B CpPE€AHEM BapUaHTC OCYLICCTBJICHUA. Huwxuuit BApHUAHT OCYLICCTBJICHUS
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aHAJIOTHYEH CpEeIHEMY BapHUaHTy, HO TIpenyCMaTpuBaeT 100aBJIEHHE IUIOCKOTO

3JIEMEHTA, NPUKPEIUIEHHOTO K PU(IEHOMY 3JIEMEHTY.

Vka3zaHHbple puQeHble 3JeMEHThl 5’ MOIYT HCIOJNb30BAThCS, HAINPUMED, B
BapMaHTaX OCYILECTBJIEHMs, NOKa3aHHBIX Ha Purypax 26 u 27. Kpome toro, creayer
NOHMMAaTbh, YTO CHHpaJIeBHIHbIE 31eMeHThl 5° Ha Purype 29a Takxke MOryT OBITH
pudeHBIME; TO €CTh BAPUAHT OCYILECTBIIEHHS, TOKa3aHHbIH Ha Purype 29a, obpa3oBan
OJTHMM M3 BapUAHTOB OCYILIECTBJICHHS, MMOKa3aHHbIX Ha Purype 29b. 3a cuer pudaeHus
CIHMPAJIEBUTHOTO 3JIEMEHTA 5’ 3JIEKTPOINPOBOISIIMNA MaTepuall MOKET OOpa3OBBbIBATH

OOJIBINYFO TIOIAb CEUEHUSI.

Ha ®urype 30a nokazaHa BHyTpeHHsIsI CTEHKA 61 111 HCIOJIB30BAaHUS B KAUECTBE
4aCTU MAaKPOCKOIUYECKON CTPYKTYphI 5. BHYTpeHHss cTeHka 61 comnepKUT MHOKECTBO
npopeseit 60 B BUAe ueNed, OTXOASLIMX OT NPOTHUBOIOJOXKHBIX KPaeB, a TaKKe
MHO>KECTBO KPYTJIBIX CKBO3HBIX OTBEpCTHUH, MpHu 3ToM mpope3u 60 coctasisoT 4-75%

MJIOLAAN CEUYCHHsI BHYTPEHHEH CTEHKH.

Ha ®@urype 30b npencraBieHbl YeTbIpe BHYTPEHHHUE CTEHKH 61, Kak MOKa3aHO Ha
Qurype 30a, rae BHYTPEHHHE CTEHKM 61 NpPHUKpEIIeHBl K KOJBLEBOM CTEHKe 63.
MHOKeCTBO BHYTPEHHHUX CTEHOK 61 00pa3yeT MHOKECTBO CYIIECTBEHHO MapalIeIbHbIX
KaHaJIOB 62 1T NPOXOKACHU IIOTOKA OT NepeaHei yactu 14 k 3aguel yactu 15. Kananbl
62 TOTOKa PacCHOJIOKEHbI BO BHYTPEHHEM INPOCTPAHCTBE, OOPa3OBAaHHOM KOJbLIEBON
cTteHkol 63. M3 BHYTpeHHUX CTEHOK 61, Mo MeHbleil Mepe, 3 UMEIOT Pa3Hyl IUIOMAlb

CEUeHUsI.
IIpenycmoTpeHs! creayouue NyHKThl ¢ COOTBETCTBYIOLIEN HYMepaLuen:

ITynkt 1. CTpyKTYypUpOBAHHBIN KaTaau3aTop A KaTanau3a dHIOTePMUYECKON
peaKLHy UCXOMHOTO Ta3a ¢ LEJbI0 ero mpeoOpa3oBaHus B Ta3000pa3HbIA MPOAYKT, MPH
5TOM YKa3aHHbIN CTPYKTYPUPOBAHHBIN KaTAIU3ATOP COAEPIKUT, IO MEHBLIEH MEPE, OHY
MaKpPOCKOIUYECKYK) CTPYKTYpPY, PACHOJIOKEHHYIO B MPOAOJBHOM HAINpPAaBJIEHUU OT
nepeiHel YacTy K 3aIHEeH YacTH, MPUYEM YKa3aHHAs MePeIHss 4acTh 00pa3yeT BXOJHOe
OTBEPCTHE B YKA3aHHYK) MAaKpPOCKONHMYECKYIO CTPYKTYPY AJI YKa3aHHOIO HUCXOMHOIO
rasa, a yKa3aHHas 3aJHss1 4acThb OOpa3yeT BBIXOAHOE OTBEPCTHE ISl YKa3aHHOTO
ra3000pa3HOro MPOAYKTA, NMPHYEM yKa3aHHAash MAaKPOCKOMHMUECKasi CTPYKTypa oOpa3yer
KaHAaJIbl [IOTOKA, O0eCTIeYnBast TEUEHHE NCXOIHOTO T'a3a U3 YKa3aHHOM NepeHel 4acTh B

YKa3aHHYIO 3a[HIOI0 4acTb, IPHUEM ceTdaTas CTPYKTypa oOpa3oBaHa METAJUINYECKUM
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MaTepHajoM, KOTOPBIN SIBJISIETCS SJEKTPOIPOBOISIINM, U, IO MEHbLIEH Mepe, YaCTUIHO
CJIY>KUT MOJUIOKKOH JUTsl KEPAMUYECKOTO MMOKPBITHS, IPU 5TOM KEPAMUYECKOE MTOKPHITHE
CIY>KUT TOJJIOXKKOH JUJId KAaTAJINTHYECKH AKTUBHOIO MaTepuaja, NpUYeM CceTdaras
CTPYKTypa B CEYEHHHM, MOMEPEYHOM MPOAOIBHOMY HAIPABJICHUIO, TIPEACTABISIET COOOM
(dpakLuro ceuyeHuss MaKpOCKOIUYECKOW CTPYKTYPbI, IPU 3TOM (Ppaxius HaXOAUTCS B
nuarnasoHe 4 - 75%, pu 5TOM ceTuaTasi CTPyKTypa, 10 MEHbIIIeH Mepe, B TPEX pa3IMYHbIX
TIOTIEPEYHBIX CEYCHHUSIX B MPOJOJHbHOM HANPABJICHUHU MPEACTABIsieT COOOM pa3iMyuHbIe

bpakmu.

ITyskT 2. CTpyKTYypHUPOBaHHBII KaTalIU3aTop MO MyHKTY 1, OTIMYAOLIUICS TeM,
MaKpOCKONUYECKass CTPYKTypa [OOMNOJHUTEIBHO COAEPKUT KOJBLEBYIO CTEHKY,
o0pasyromy0 BHYTPEHHEE NPOCTPAHCTBO, MPU 3TOM KOJbIEBas CTEHKa 00pa3oBaHa
METAJUIMYECKUM MAaTepHAJIOM, KOTOPBIM SBJSETCS 3JIEKTPONPOBOASIIMM, U MNPUYEM

ceryarasi CTpyKTypa pacIojiokeHa BO BHYTPEHHEM IPOCTPAHCTBE.

[TyskTt 3. CTpyKTYypUpPOBaHHBIM KAaTAJIU3aTOP MO MYHKTY 1, OTIUYAOLIUNCS TEM,
MAaKpOCKONUYECKass CTPYKTypa JOIMOJHUTEIbHO COAEPKUT KOJIBLEBYID CTEHKY,
00pasyroIyr0 BHYTPEHHEE MPOCTPAHCTBO, NMPHU 3TOM KOJIbLEBass CTEHKa OOpa3oBaHa
MaTE€pUAJIOM, KOTOPBbIA HE SBJIAETCA BJIEKTPONPOBOIAIIMM, U MPHUYEM CeTdaTas

CTPYKTypa pacoJiO’keHa BO BHYTPEHHEM IIPOCTPAHCTBE.

IMynkr 4. Karanuzatop mno mo0OMy H3 MPEAIIECTBYIOIIUX MyHKTOB,
OTJIMYAIOLIUICS TE€M, YTO CEYEHUE CETYATON CTPYKTYPbI COCTABIISIET, IO MEHbILIEH Mepe,
4, MPEeArnoYTUTEIbHO S, OoJiee MPEANOYTHTENBLHO 6, Oosiee MPeanouTUTENIbHO 7, Ooee
npeanodTuTeNibHO 8, Oonee mpeanmoytutesbHO 9, Gonee mpennouturensHo 10, Gonee
npennoututenibio 11, u Hambonee mpeamoyrurensHo 12 (pakiuii B MpoaosbHOM

HarpaBJICHUHA.

IMyskr 5. Karamuzatop mno mo0oMy H3 TPEAIIECTBYIOIIUX IyHKTOB,
OTJIMYAIOLIUICA TeM, 4YTO Ce4YeHHE CEeTYaTOM CTPYKTYpbl SIBJISETCS HENpPepbIBHO
HENOCTOSIHHBIM ~Ha COBOKYITHOM  pacCTOsiHUMM, Mo MeHbinel Mepe, 10 %,
npennoututensHo 20 %, 6onee npennoururenbHo 30 %, 6onee npennourutensHo 40 %,
6osee npennoututesibHO S0 %, 6onee mpenmoutuTenbHO 60 %o, OoNiee MPEATOYTUTETHHO

70 %, Gonee mpexnnoututenbHo 80 %, u Hambonee mpeanoututesbHO 90 % HMITMHBIL

MaKpPOCKOIMUYECKON CTPYKTYPBI B MPOAOJIBHOM HAIpPaBJICHUH.
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Ilyakr 6. Karamuzatop mno moOoMy U3 NPEAIIECTBYIOIIMX IYyHKTOB,
OTIMYAIOIUICS TEM, YTO CEUeHHE CeT4YaTOH CTPYKTYpPbl SBISIETCS HENPEPbIBHO
HENOCTOSIHHBIM ~ Ha COBOKYIIHOM  pacCTOsSIHUMM, MO MeHblued Mepe, 10 %,
npennouyrutenbHo 20 %, Oosnee npeanoururenbHo 30 %, Gonee npennourutenbHo 40 %,
Oonee npeanouturebHO S0 %, Gonee npeanouTuTensHO 60 %, GoJIee MPENnOUTUTETEHO
70 %, Gonee mpenmoututensHo 80 %, u Hamboaee npenmouTureabHO 90 % IITHMHBI

MaKpPOCKOIUYECKOHN CTPYKTYpPBI B HAPABIEHUH, TONIEPEUHOM IPOAOJIBHOMY.

I[Mysakr 7. Karamuzatop mno o0OMy M3 TNPENLIECTBYIOIIUX IYHKTOB,

OTJIMYAIOLIUICS TEM, YTO CETUaTasi CTPYKTypa COAEPIKUT MHOXKECTBO IIpOpe3eil.

Ilyukt 8. Karanusatop no myHKTy 7, OTIWMYAOLIUICS TE€M, YTO MPOPE3U MOTYT
OBITH 3aMOJTHEHBI BBIPE3aHHBIM MATEPUAJIOM, UMEIOIUM 0oJiee HU3KYIO MTPOBOIUMOCTD

o CPaBHCHHUIO C METAJIJIMYECKUM MATCPUATIOM.

IIynkt 9. KaTanusaTop no nyHKTy 7 Ui 8, OTINYAKOLUICS TEM, YTO BBIPE3aHHbIN

MaTepHai MpencTaBseT coO0i TBEPIbI MaTepHall.

ITynkT 10. CTpyKTypHUpOBaHHBII KaTaau3aTop MO NYHKTY 9, TBEpAbI MaTepua
o0nagaer TEPMOMEXaHHMUECKUMH CBOWCTBAMH, KOTOpPble IO CYTH AaHAJOTHYHBI

TEPMOMEXAHUYECKHM CBOMCTBAM METAJUINYECKOTO MaTepHaa, 00Opa3yroIlero CeT4aTyko
CTPYKTYPY.

ITynxr 11. Karanusatop mo NyHKTYy 7, OTIMYAKOLIMICA TeM, 4YTO IepBas
NOATPYIIa Mpope3el 3amloHeHa BO3AYyXOM, U INpHYeM BTOpas MOATpYINa npopeseit

3aI0JIHEHA TBEPABIM MaTCpUAJIOM.

IMynkr 12. Karanuzatrop mno mo00My U3 MNPEenUIeCTBYIOIUX IYHKTOB,
OTJIMYAIOIIUICS TEM, YTO, N0 MEHbINEH Mepe, YaCTb CETYATOH CTPYKTYphl oOpasyer

MHOKECTBO IMapaJuICJIbHbIX KaHAJIOB ITOTOKA.

[Tyskt 13. CTpyKTYpUpOBaHHBIN KaTAIH3aTOP MO JIFOOOMY U3 MPEIIECTBYOLTIUX
NYHKTOB, OTJIMYAIOINIUNCS TEM, YTO M3MEHEHUe (ppakumuu cocTaBiisieT MeHee yeM 500%
Ha MM B TPOJOJIbHOM HANPAaBICHUU, MPEANOYTUTENBbHO MeHee dyeM 100%/MM, u erme

OoJiee mpennouTUTENbHO MeHee YyeM S0%/MM.

[Tyt 14. CTpyKTYpUpOBaHHBIN KATAIN3ATOP MO JIFOOOMY U3 MPEIECTBYOLITIX
NYHKTOB, OTJIMYAIOLIUICS TEM, YTO MAaKPOCKOIMUYECKYIO(-1€) CTPYKTYPY(-bl) MOIYyHAIOT

C UCIOJIb30BaHueM 3D-neyaTu.
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ITyakr 15. CTpyKTypupOBaHHBIH KaTaau3aTop No JOOOMY W3 MYHKTOB 1 - 3,
OTJIMYAIOIIUICS TEM, YTO MAaKpPOCKOIHUYECKYIO(-1€) CTPYKTYPY(-bI) MONYHYAIOT MyTEM

ruOKH, Pe3KU U/UITH CBAPKH JINCTOBOTO METAJIA.

ITynkt 16. CTPyKTYpUpOBaHHBIA KaTaJu3aTop MO JIOOOMY M3 MyHKTOB 2 - 15,
OTJIMYAIOLIUICS TE€M, YTO KOJbLEBas CTEHKAa HE COAEP’KUT OTBEPCTHH, MONEPEUHBIX

IPOZIOJIBHOMY HalpPaBJIEHHUIO.

[Tynkt 17. CTpyKTypUpOBaHHBIN KaTAIH3ATOP MO JIOOOMY M3 MPEAIIECTBYOLINX
NYHKTOB, COIEp’Kallui aBe MM Oojee MaKpPOCKOMHYECKUX CTPYKTYp, MPHUEM, IO

MEHBIIEH MEPE, A1BE MAKPOCKOIMUICCKUE CTPYKTYPHI SJICKTPHUYCCKHU COCAUHCHDIL.

ITyskt 18. CTpyKTYpHUpOBaHHBIN KaTAIM3aTOP MO JIFOOOMY U3 MPEAIECTBYOLIIX
NYHKTOB, JIB€ COCEIHHE MAaKPOCKOIUYECKHUE CTPYKTYPbI MOTYT OBbITh M3TOTOBJIEHBI C
nomomblo 3D-medatn Kak OJHO LEJOe, YTO IO3BOJSIET OOECIIEYUTH 3JIEKTPUUECKOe
COCIMHEHHE MEXIy [BYMs MAaKpPOCKONUYECKUMH CTPYKTYpaMH Ha MHHUMAJIbHOM

YAAJIECHUH OT NEePEeIHEeN NN 3aJJHEH YaCTH YKA3aHHBIX CTPYKTYP.

ITyakt 19. CTpyKTypupOBaHHBIN KaTajlu3aTop MO JIOOOMY U3 MyHKTOB 17 - 18,
OTJIMYAIOLIUICA TEM, 4YTO BTOpas MAKpPOCKONUYECKas CTPYKTypa PpacloOJOKEHa, IO

MEHBIIEH Mepe, YaCTUYHO II0 OKPYKHOCTM BOKPYI NEPBOM MaKPOCKOMHYECKON
CTPYKTYPBL

ITynkt 20. CTpyKTypUpOBaHHBIN KaTaau3aTop IO MyHKTY 19, ornuuarouuiics
TEM, YTO MepBasi U BTOPask MAKPOCKOMUYECKUE CTPYKTYPbI HJIEKTPUUECKH COSTUHEHBI B

3aIHEN YaCTH.

ITyskT 21. CTPYKTYpUPOBAHHBIN KAaTAIU3ATOP MO JIIOOOMY U3 MyHKTOB 19 - 20,
OTJIMYAKOLIUICS T€M, YTO BHELIHSISI IOBEPXHOCTh NMEPBON MAKPOCKOMUYECKON CTPYKTYPbI

coBmagaer mo (QopmMe C BHYTpPeHHEH MOBEPXHOCTHED BTOPOH MAaKPOCKOIMUYECKOM
CTPYKTYPBL

ITynkt 22. CTpyKTypHUpPOBaHHBIM KaTalu3aTop MO NMyHKTY 21, oTiuyarouiuiics
TE€M, YTO BHEUIHsS MOBEPXHOCTb MEPBOM MAKPOCKOMUYECKON CTPYKTYPBHI B CEYEHUH,

MONnepeIHOM NNPOAOJIIbHOMY HAIIPABJICHUIO, SABJIACTCA IPECUMYILICCTBEHHO pr1"J'IOI>i.

ITyukT 23. CTPYKTYPUPOBAHHBIN KAaTAJIU3aTOP IO JIOOOMY U3 MyHKTOB 19 - 22,
OTVIMYAKOLIUNCSA TEM, YTO TMepBass W BTOpPas MAaKPOCKONUYECKHE CTPYKTYpbI

PacoIOXKeHbl IPEUMYILECTBEHHO COOCHO.
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ITysakr 24. CTpyKTYpUpOBaHHBIN KaTAIH3aTOP MO JIOOOMY M3 MPEAIIECTBY FOIIUX
IIYHKTOB, OTJIUYAIOLIUACSA TEM, 4YTO, O MEHBbIIEH Mepe, OAHA MAaKpPOCKOMHUYECKas
CTPYKTypPa COAEPKUT 3JIEMEHTBI ISl PACIIPEAEIICHHs [IOTOKA, U IPUYEM TaKUE DJIEMEHTHI
HamnpaBJeHUs IOTOKA NevaTaroTest Ha 3D-npuHTepe U SBAAI0TCS HEOTHEMIIEMOM YaCThIO

MaKpPOCKOMUYECKON CTPYKTYPBHIL.

[TynkT 25. CTpyKTYpUpOBaHHBIN KAaTAIH3aTOP MO JIFOOOMY U3 MPEAIECTBYFOLITUX
MYHKTOB, OTJWYAIOLIUICSA TEM, 4YTO, IO MEHbLIEH Mepe, OAHA MAaKPOCKOMUYECKas
CTPYKTypa CONEP>KUT COEAMHUTEIIbHYIO CEKLUI0, KOTOpask MO3BONISIET HEMOCPEACTBEHHO
3aKPENUTh 3JIEKTPUYECKOE COEANHEHHUE, IIPU 5TOM YKa3aHHAsl COCAUHUTENIbHAs CEeKLUs

neyaraercst Ha 3D-npuHTEpE U ABIAETCS YaCThIO MAKPOCKOMUYECKON CTPYKTYPBL

[Tysakt 26. CTpyKTYpUPOBAaHHBIN KaTAIN3aTOP MO JIFOOOMY U3 MPEIIECTBYOLTIX
MYHKTOB, COAEPXKALMH, IO MEHbIIEH Mepe, ABE MAaKpPOCKONMUYECKHE CTPYKTYpBI,
OTJIMYAOLIUEC TEM, YTO MAaKpPOCKONMUYECKHE CTPYKTYpPBbl COAEp:KaT MNapajulebHbIe
BHEIIHHE CEKIHH, OOeCredrBasi, TAaKUM OOpa3oM, I€OMETPUYECKOe COCOUHEHHE B

MMPOAOJbHOM HAIIPaBJICHHUU WUJIN B HAITPABJICHHUH, TIONICPECIHOM MPOAOJIBHOMY.

ITynkt 27. CTpyKTypUpOBaHHBIN KaTalu3aToOp MO MYHKTY 26, OTINYAIOLIUNCS
TE€M, YTO ABE MAKpPOCKONUYECKHE CTPYKTYPbl CKPEIUICHBI IyTEM CBApKH, MAWKU WU

MEXaHUYECKOro NpeCCOBaHMUs.

[Tynkt 28. CTpyKTypUpPOBaHHBIN KaTaIW3aTOP MO JIOOOMY U3 MyHKTOB 7 - 27,
OTJIMYAIOIINICS T€M, UTO, HAaPHMep, XOTs1 Obl OfiHA U3 Ipopeseli nmeeT popmy u3 puryp
CIIENYIOLIeN TPYIIbL map, AUCK, SJUTUIICOU, KarJisl, CIUpaib ¥ MHOTOTPAHHUK, TAKON

KaK mapajuieNienure]], MupaMuaa, pomo.

ITyskT 29. CTPyKTYpUPOBAHHBIN KaTaIU3aTOP MO JIFOOOMY U3 MyHKTOB 7 - 28,
OTJIMYAIOIIUICS TeM, YTO, IO MEHBIIEH Mepe, ABE MPOPe3r UMEIOT Pa3IMYHYI0 Gopmy

W/WJTH OYepTaHuUe.

[Tyakt 30. CTpyKTypHUpOBaHHBIN KaTaJIU3aTOP MO JIOOOMY U3 MyHKTOB 2 - 29,
cozepKallnii, MO MEHbIIEH Mepe, B€ MAKPOCKONMUYECKUE CTPYKTYPBI, OTIMYAOLIUICS
TeM, YTO TOJIIIMHA KOJIBLIEBOH CTEHKM HA y4acTKe, OOECHEeunBAIOLIEM 3JIEKTPUIECKOe
COEIMHEHHE CO BTOPOI MaKpOCKOMUYECKON CTPYKTYpoii, Ha 25%, NpeAnoYTUTENbHO Ha
50%, eme Oonee npenmouturenbHo Ha 100%, u eme Gosnee nmpeanourutensHo Ha 200%

BBILIE CPEAHEN TONIIMHBI KOJIBLEBOU CTCHKH.
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ITysakr 31. CTpyKTYpUpOBaHHBIN KaTAIN3aTOP MO JIFOOOMY U3 MPEIIECTBYOLINX
MYHKTOB, OTJIUYAIOLIUNACST TEeM, YTO METAJUIMUECKH MaTepuaj MPeacTaBisieT coOoM
CILIaB, B COCTaB KOTOPOI'O BXOAUT OAHO MJIH OOJiee BEIECTB U3 IPYIIIbI, BKIOYAIOLIEH B

cebsi Fe, Cr, Al, Co, Ni, Zr, Cu, Ti, Mn u Si.

ITynkt 32. CTpyKTYpHPOBAHHBIH KaTaIH3aTOP MO JIIOOOMY M3 MPEALIECTBYOLINX
NMYHKTOB, OTJIMYAIOLIUICS TeM, YTO KaTajJu3aTop COAEPIKUT OAHY MM Oojiee MaTpHiL,
KaXkgass U3 KOTOPBIX COAEPIKUT IEPBYH0 U BTOPYH0 MAaKPOCKOIMYECKUE CTPYKTYPHI,

OTJIMYAIOIHIACS TEM, UTO:

a) mepBas M BTOpPAs MAKPOCKOMHYECKHE CTPYKTYpPbl COAEPIKAT TPEXMEPHYIO

CETYATYIO CTPYKTYPY;

b) Marpuma comepXKHUT, O MEHbLIEH Mepe, NMEePBbIi M BTOPOH MPOBOJHHUKH,
3JIEKTPUYECKH COENMHEHHBIE C YKa3aHHOW MNEpPBOM M BTOPOM MaKpOCKONMMYECKUMU
CTPYKTypamu, COOTBETCTBEHHO, U C UCTOYHUKOM 3JIEKTPONUTAHUS, IPUYEM YKa3aHHBIN
VCTOYHHUK 3JIEKTPOIUTAHUSI PACCUYMTAH HA HATPEB, 10 MEHbIIEH Mepe, YaCTH YKA3aHHBIX
NEePBOM M BTOPON MAaKPOCKOMUYECKUX CTPYKTYp IO TEMIIEpPaTyphl, IO MEHBIIEH Mepe,
500°C  nmyrem  MpomyCcKaHus  3JEKTPUYECKOrOo  TOKAa  4epe3  YKa3aHHYIo
MaKpOCKOIIUYECKYK)  CTPYKTYpy, W  IpPUYEM  MPOBOJHUKH  COEJUHEHbl B
COOTBETCTBYIOIINX IOJIOKEHUAX B COCTABE MAKPOCKOIHMYECKOW CTPYKTYphl OMmske K

YKa3aHHO! nepeHel YacTH, YeM K YKa3aHHOH 3aHel 4acTH,

C) YKa3aHHbIE IlepBasi U BTOpask MaKPOCKOIMMYECKHE CTPYKTYPbI AJIEKTPUUECKH

COEMHEHBI IEPEMbIUKON U3 3JIEKTPONPOBOIALIETO MaTepuana, u

d) MaTpuLa BEIOJHEHA C BO3MOKHOCTBIO HAMPABIIEHHSI SJIEKTPHYECKOTO TOKA OT
NePBOrO MPOBOJHHUKA Yepe3 TMEePBYHD MAaKPOCKOMMYECKYK CTPYKTYPY K yKa3aHHOH
3a7Hel 9acTH, IOCIIe Yero 4epes MePeMBIUKY U 3aTeM Yepe3 BTOPYI0 MaKPOCKOITUYIECKYIO

CTPYKTYPY KO BTOPOMY IIPOBOJHHUKY.

ITynkTt 33. CTpyKTypHUpPOBaHHBIN KaTanuzaTtop MO MyHKTY 32, OTIMYAKOLIUICS
TE€M, 4YTO BTOPOW NPOBOAHUK HE HANPSIMYK OJIEKTPUYECKH COEIUHEH CO BTOpPOH

MaKpPOCKOMUYECKOU CTPYKTYpOH.

ITynkTt 34. CTpyKTypUpOBaHHBIM KaTalu3aTOp MO MYHKTY 33, OTJIMYarOLIUiiCs
TE€M, YTO MaTpHULa IOMOJHHUTEJIBHO COAEpKUT (1) OnHYy WM OoJjiee PacIOJIOKEHHBIX

BOJIN3U APYT OT APYyTa JOTOJHUTENbHBIX IIPOMEKYTOUHBIX MAKPOCKOITUYECKUX CTPYKTYP



58

u (11) OgHYy KOHIEBYI0 MAaKPOCKOIMYECKYIO CTPYKTYpPY, @pPHU 3TOM Kaxjaas
JOTIOJIHUTENIbHASL TMPOMEXKYTOUHAsE MAaKPOCKONUYECKass CTPYKTypa COEAUHEHa, 10
MEHbLIEH Mepe, € IBYMsI PaCIOJIOKEHHBIMU BOJIN3U MaKPOCKOIUYECKHUMHU CTPYKTYPaMU
IIPU MOMOIIY MEPEMbIYKU W3 3JIEKTPONPOBOASINEIO MaTepuaa, IPU 3TOM KOHLEBas
MaKpOCKOIUYECKass CTPYKTypa COENHMHEHA, MO MEHbLIeH Mepe, C OAHOW CMEKHOMN
MaKpPOCKOIUYECKON CTPYKTypOH, a BTOPOH NPOBOAHUK COEAWHEH C KOHILIEBOH
MaKpPOCKOIUYECKOH CTPYKTYpOH Ha KOHLEBOH MaKpOCKONMMYECKOW CTPYKType B
MIOJIOXKEHUH, KOTOPOE HAXOIUTCSI OJIMKE K YKa3aHHOMW MepeaHel 4acTH, YeM K YKa3aHHOM

3aJIHEN YaCTHU.

[Tysakt 35. CTPyKTypHUpPOBaHHBIN KaTaJIM3aTOp 1O JEOOOMY M3 MyHKTOB 32 - 34,
OTJIMYAIOLIUICSA T€M, YTO [0 MEHbIIEH Mepe, AJIs ABYX COCEAHUX MAKPOCKOMUYECKHI

CTPYKTYP XapaKTEPHO Pa3InNYHOE U3MEHEeHHe (PpaKiuu B MPOJOJLHOM HAIMIPABJICHUU.

Ilynkt 36. PeakTopHas cucrema AJjist OCYIIECTBICHUs SHAOTEPMUYECKON peaKkLiuu

HCXOAHOIO Ia3a, MPU 3TOM YKa3aHHasl pEaKTOpHasi CUCTEMA COAEPIKUT:
a) CTPYKTYPHPOBAHHBINA KaTaJH3aTOP B COOTBETCTBHH C MyHKTamu 1 - 35;

b) Koprmyc BBICOKOTO JaBJIGHWS, B KOTOPOM HAXOAWTCA YKa3aHHBIN
CTPYKTYPUPOBAHHBIN KATAJIU3aTOpP, MPHU STOM yKa3aHHBIA KOPIYC BBICOKOTO JABJIEHUS
COZEP KUT BXOAHOE OTBEPCTHE ISl MOAAYH UCXOAHOTO ra3a U BBIXOJHOE OTBEPCTUE JIJISI
OTBOZA ra3000pa3HOro MPOAYKTA, MPUYEM YKa3aHHOE BXOIHOE OTBEPCTHE PACHIOIOKEHO
TakuM 00pa3oM, YTO YKa3aHHBbIM HCXOAHBIA ra3 TMOCTyNaeT B MEPETHIOK YacTb
YKa3aHHOT'O CTPYKTYPHUPOBAHHOI'O KaTaIU3aTOPa, a ra3000pa3Hblii MPOAYKT BBIXOIAMT U3

3aHEHN YaCTH YKa3aHHOr'O KaTtajiu3aropa, u

C) TEIUIOM3OJSIIMOHHBIA CJIOW MEXIYy YKa3aHHbIM CTPYKTYPUPOBAHHBIM

KaTajin3aTOpOM U YKa3aHHBIM KOPITYCOM BbICOKOT'O JaBJICHUA.

[Tyakr 37. IlpuMeHeHHe CTPYKTYpUPOBAHHOIO KaTajH3aTopa MO JIOOMy H3
MYHKTOB 1 - 35 nim peakTopa 1o NyHKTy 36, OTJIIMYAOIIEeCs: TEM, YTO SHAOTEPMUYECKAs
peakuus BeIOpaHa M3 rPyMIIbl, BKIIOYAIOIIEH MapoBOil puOpMUHT MeTaHa, 0Opa3oBaHNe
LIUAHHUCTOTO BOIOPOJA, KPEKUHI METAHOJA, KPEKUHI aMMHaKka, OOpaTHYK KOHBEPCHIO

BOJASAHOI'O rasda U J€TUApUpPOBaAHUCE.



dopmyJia u3o0peTeHust

1. CTpykTypuUpOBaHHBIN KaTaIU3aTOp Ul KaTajau3a SHAOTEPMHUYECKON peakLuu
HCXOHOIO rasa C LEJbI0 ero npeoOpa3oBaHHs B ra3000pasHbIA NMPOAYKT, NPU 3TOM
YKA3aHHBIN CTPYKTYPHUPOBAHHBIA KaTaJlINU3aTOp COAEPXKUT, MO MEHbIIEH Mepe, OIHY
MaKpPOCKOIUYECKYI) CTPYKTYpPY, PACHOJIOKEHHYIO B MPOAOJBHOM HAIPaBIEHUU OT
nepeHel YacTH K 3a/IHeH YacTH, IPUYEeM YKa3aHHAs MePeIHss 4acTh 00pa3yeT BXOJHOE
OTBEPCTHE B YKA3AHHYK) MAaKpOCKOIMMYECKYIO CTPYKTYPY AJIs YKa3aHHOI'O HUCXOJHOIO
rasa, a ykasaHHas 3aJHsAsi 4YacTb 0Opas3yeT BBIXOAHOE OTBEPCTHE IJISI YKAa3aHHOTO
razoo0pasHOro MpoOAyKTa, MPH 3TOM VKa3aHHAs MAaKpPOCKOIMUYECKash CTPYKTypa
COIEPIKUT TPEXMEPHYIO CETYATYIO CTPYKTYPY, MPHUYEM ceTdaras CTpyKTypa oOpasyer
KaHAJIbI [TOTOKA, O0ECTIeYnBast TEUEHNE UCXOIHOTO T'a3a U3 YKa3aHHOM NepeHel YacTh B
YKa3aHHYIO 33JHIOI0 4acTb, IPHUYEM CeT4aTas CTPYKTypa oOpa3oBaHa METAJUINYECKUM
MaTepuanioM, KOTOPbIH SABJISETCs 3JEKTPOIPOBOASIINM, U, 10 MEHbIIEH Mepe, YaCTUIHO
CJIy>KMT MOJUIOKKOM /sl KepaMU4eCKOIro OKPBITHS, IPU 3TOM KepaMHU4eCKOe MOKPbITHE
CIIyKUT MOJJIOKKOM IJIs1 KaTaJUTUYECKH AaKTUBHOIO MaTepuasa, MpUYeM CeTdaras
CTPYKTypa B CEYEHUH, TIONEPEIHOM IPOJOIbHOMY HAIlPaBJIEHUIO, PEICTABISIET COOOM
bpakuuoo ceuyeHus MAaKPOCKOIMMUYECKOH CTPYKTYPBI, NPHU 3TOM (Ppakuus HaXOJUTCS B
nuanazoHe 4 - 75%, u mpuuem cerdaras CTPYKTypa, IO MeHbIIeld Mepe, B Tpex
Pa3IMYHBIX CEYEHUSIX B MPONOJIBHOM HANPABJIEHHH MPEACTABISET COOOH pa3iM4HbIe

dpaxiym.

2. CTpyKTypUpPOBAHHBIN KaTaiu3aTop IO M. |, OTJIHYAIMIUICA TeM, YTO
MaKpOCKONUYECKasi CTPYKTypa JOMOJHUTEIbHO COAEPKUT KOJBLEBYID CTEHKY,
00pasyroIyr0 BHYTPEHHEE MPOCTPAHCTBO, MPU STOM KOJIbLEBasi CTEHKa OOpa3oBaHa
METAJINYECKUM MAaTEPHAIOM, KOTOPBIA SIBJISETCS 3JEKTPONPOBOASIIUM, U MPUYEM

ceTyarasi CTPYKTypa pacloJioKeHa BO BHYyTPEHHEM IIPOCTPAHCTBE.

3. Karanuzarop mo jqr000My U3 MPEAIIeCTBYIONINX MYHKTOB, OTJIHYAIIIHHCS
TeéM, 4YTO CEYEHHUE CEeT4ATOH CTPYKTYpbl COCTaBJIsAET, IO MeEHbIIEH Mepe, 4,
NPEATOYTUTENBHO S, Ooree mpeanodyTuTenbHo 6, Oosee mpeamodTuTensHO 7, Oonee
npeanouTuTeNnsHO 8, Oonee mpeanodruTenbHO 9, Gomee mpenmouturensHO 10, Oonee
npennoututesibHo 11, m Hambonee mpeamoyrurenvbHo 12 ¢pakiuii B IpOAOIHEHOM

HalpaBJICHUH.



4. Karanuzatop mo jJroOOMy W3 MPEOUIECTBYIOLUIUX MYHKTOB, OTJIHYAIIHICS
TeM, 4YTO CEYEHHE CETHaTOW CTPYKTYpPhl SIBJISIETCS HENPEPbIBHO HEMOCTOSHHBIM Ha
COBOKYITHOM PAacCTOSIHUM, MO MeHblued mepe, 10 %, mpeanoururensHo 20 %, Gonee
npennouyrutenbHo 30 %, 6onee npeanoururensHo 40 %, 6onee npeanouTuTensHO S0 %,
Oonee npeanoututebHO 60 %, Oonee npeanouTutTenbHO 70 %, OoJIee MPEAnOUYTUTETEHO
80 %, u Hambonee mpennoyTuTebHO 90 % IIMHBI MAaKPOCKOMMYECKOH CTPYKTYpPBI B

IMPOOOJBbHOM HaIlPpaBJICHHUH.

5. Karanuzarop no mo0oMy U3 MPEAIIEeCTBYOIINX MYHKTOB, OTJIHMYAKHIACS

TeM, YTO CET4aTasi CTPYKTypa COAEP>KUT MHOXKECTBO MPOpPE3eH.

6. Karanusatop mo n. 5, OTJMYAIOMIMICA TeM, 4YTO IPOPE3U 3aMOJHEHbI
BBIPE3aHHBIM MATEPHAIIOM, UMEIOIIUM OoJiee HU3KYIO IMPOBOJUMOCTD 10 CPABHEHHUIO C

METAJUIMYCCKUM MAaTCPpUAJIOM.

7. Karanu3atop no n. 5 uiu 6, 0TINYAKHICS TeM, YTO BbIPE3aHHbIN MaTepUal

MPEICTaBIIsIET COOOH TBEPABI MaTepHal.

8. Karanmuzarop no mobomMy U3 MPEAeCTBYIOINX MYHKTOB, OTJIHYAIHIACS
TeM, 4YTO, O MEHbIIEeH Mepe, HYacTb CeT4AaTOH CTPYKTYpbl OOpa3yeT MHOXKECTBO

napajjiCJIbHbIX KaHAJIOB.

9. CTpyKTYpHpOBaHHBIH KaTalu3arop MO JOOOMYy M3 MpPEAIIEeCTBYIOLINX
IYHKTOB, OTJIMYAIOIIMIICS TeM, YTO U3MEHEeHUe (ppakLuK cocTaBisieT MeHee yeM S00%
Ha MM B TPOJOJIbHOM HANpPAaBJICHHUHU, MPEANOYTUTENbHO MeHee ueM 100%/MMm, u erme

OoJiee MPennoYTUTEIHLHO MeHee 4eM Ha 50%/MM.

10. CTpykTypupOBaHHBIA KAaTAIU3aTOp MO JHOOOMY W3 MPenUIeCTBYIOIINX
NYHKTOB, OTJIHYAKIIHIICA T€M, YTO MAKPOCKOITMUECKYIO(-1e) CTPYKTYPY(-bl) MOITYyHArOT

C UCIOJIb30BaHueM 3D-neyaTu.

11. CTpyKTYpHpPOBAaHHBIA KaTAIN3aTOP MO JIFOOOMY U3 il | - 9, oTiMyaromucst
TeM, YTO MAaKPOCKOMMYECKYIO(-H€) CTPYKTYPY(-bl) OJIYYAIOT MyTeM T'HMOKH, PE3KU W/ UIH

CBAPKHU JIMCTOBOI'O METAJLIIA.

12.  CTpykTypupOBaHHBIH KaTanu3atop mo jobomy w3 mm 2 - 11,

OTﬂanlOIHHﬁCﬂ TE€M, YTO KOJIbLCBAsA CTCHKA HC COACPIKUT OTBGpCTHfI, MOMEPEIHbIX

IPOIOJILHOMY HalpPaBJICHHUIO.



13. CTpyKTypUpOBaHHBIH KaTaju3aTop MO JHOOOMYy U3 MPEIIECTBYOLINX
NYHKTOB, COIEep’Kalluii ABe MM Oojee MAaKPOCKONMHMYECKUX CTPYKTYp, NPHUYEM, II0

MEHBIIEN MEPE, 1BE€ MAKPOCKOITUUYECKUE CTPYKTYPbI JJIEKTPUUECKU COEAUHEHBI.

14. CTpykTypupOBaHHBII KaTaiu3atop mo M. 13, oTiiMYarommuiics Tem, uTO
BTOpasi MAKPOCKOMHNYECKasi CTPYKTypa PacloJOKeHa, 110 MEHbLIEH Mepe, YaCTUYHO IO

OKPY>KHOCTH BOKPYT NIEPBOI MAKPOCKOMUYECKON CTPYKTYPBL

15. CTpykTypupOBaHHBII KaTanuzatop mo M. 14, oTHYaromuiics TeMm, uTO
nepBasi U BTOPasi MaKPOCKOMUYECKUE CTPYKTYPBI JIEKTPUUECKH COENMHEHBI B 3aHEN

qacTH.

16. CrpykrypupoBaHHBIA KaTajgu3aTop Mo Jodomy wu3 mm 14 - 15,

OTJIMYAIOIIUICS TeM, YTO TMepBass M BTOpas MAaKPOCKONMUYECKHE CTPYKTYpBI

pacnosoXkeHbl IPEUMYIECTBEHHO COOCHO.

17. CTpykTypupOBaHHBIH KaTanu3atop mo obomy w3 mm S - 16,
OTJIMYAKLIHIICA Te€M, UTO, TIO MEHBIIEH Mepe, B MPOPE3N UMEIOT Pa3IndHyo Gopmy

W/WJTH OUepTaHUe.

18. CTpykTypHpOBaHHBIM KaTaqu3aTop MO JIOOOMY H3 MpPenUIeCTBYIOIINX
MYHKTOB, OTJIHYAIOLIHICS TeM, YTO KaTaJu3aTop COAEPKUT OAHY WK OOjiee MaTpHiL,
KaKJasi U3 KOTOPBIX COMAEPKUT MEPBYK) U BTOPYK MAKPOCKOIMYECKHE CTPYKTYPBI,

IpUYEM:

a) mepBas M BTOpPAs MAKPOCKOMHYECKHE CTPYKTYpPbl COAEPIKAT TPEXMEPHYIO

CETYaTYIO CTPYKTYPY;

b) Marpuma COmepKHUT, IO MEHbLIEH Mepe, MEepPBbIi M BTOPOH MPOBOJHHUKH,
3JIEKTPUYECKH COENMHEHHBbIE C YKa3aHHOW NEepBOM M BTOPOM MaKpOCKONMMYECKUMU
CTPYKTypamu, COOTBETCTBEHHO, U C UCTOYHUKOM 3JIEKTPONUTAHUS, IPUYEM YKa3aHHBIN
VCTOYHHUK 3JIEKTPONUTAHUSI PACCUMTAH HA HArPEB, 10 MEHbIIEH Mepe, YaCTH YKAa3aHHBIX
NEepPBOM M BTOPON MaKPOCKOMUYECKUX CTPYKTYp IO TEMIIEpPATyphl, IO MEHBIIEH Mepe,
500°C  nmyrem  MpomMyCcKaHus  3JEKTPUUECKOrOo  TOKa  Yepe3  YKa3aHHYIo
MaKpOCKOIUYECKYK)  CTPYKTYpy, W  IpPUYEeM  MNPOBOJHUKH  COEJUHEHbl B
COOTBETCTBYIOIIHNX MOJIOKEHUAX B COCTABE MAKPOCKOIHMYECKOW CTPYKTYphl ONIKe K

YKa3aHHOU NepeAHeN 4acTH, YeM K YKa3aHHOH 3aIHEH 4acTH,



C) YKa3aHHbIE IepBasi U BTOPas MAKPOCKOIMYECKHE CTPYKTYPbI HJIEKTPHIECKH

COEIMHEHBI EPEMBIUKON U3 3JIEKTPONPOBOIALLIETO MaTepuana, u

d) MaTpuLa BEINOJHEHA C BO3MOKHOCTBIO HANPABIIEHHSI SJIEKTPUUECKOrO TOKA OT
NIepBOr0 MPOBOJHHMKA Yepe3 IMEPBYI0 MAaKPOCKOMUYECKYI CTPYKTYpPYy K YyKa3aHHOMN
3a7Hel 4acTH, TOCJIe Yero 4epe3 NepeMbIUKy U 3aTeM 4epe3 BTOPYI0 MAKPOCKOMUYECKYIO

CTPYKTYPY KO BTOPOMY MPOBOIHHKY.

19. PeaxkTopHas cucremMa Uisi OCYLIECTBJICHHS 3HAOTEPMUYECKON PEAKLIUU

HCXOIHOIO Ta3a, P 3TOM YKa3aHHAs PEaKTOPHAS CUCTEMA CONEPIKHUT:
a) CTPYKTYPHUPOBAHHBIN KaTau3aTop mo jmodomy u3 m. 1 - 18;

b) Kopmyc BBICOKOTO JaBJIEHWS, B KOTOPOM HAXOAWTCS YKa3aHHBIN
CTPYKTYpUPOBAHHBIN KaTaJIU3aTOP, MPH 3TOM yKa3aHHbBINA KOPIYC BBICOKOTO JABJIECHHUS
COIIEPYKUT BXOIHOE OTBEPCTHE JUIsI TIOAaYH UCXOIHOIO I'a3a U BBIXOIHOE OTBEPCTUE IS
OTBOZIa ra3000pa3HOro MPOAYKTA, MPUYEM YKa3aHHOE BXOIHOE OTBEPCTUE PACIOIOKEHO
TakuM 00pa3oM, YTO YKa3aHHBbIM HCXOOHBIM ra3 TMOCTyNaeT B MEPETHIOK YacTb
YKa3aHHOTO CTPYKTYPUPOBAHHOIO KATaIN3aTOpa, a ra3000pa3Hblii MPOAYKT BBIXOIHUT U3

3aHeH 9acTu YKa3aHHOI'O KaTtajusaropa, U

C) TEIUIOM3OJSIMOHHBI CIOW MEXAYy YKa3aHHbIM CTPYKTYPHUPOBAHHBIM

KaTaJIn3aTOpOM U YKa3aHHBbIM KOPITYyCOM BBICOKOI'O HaBJICHUS.

20. IlpumeHeHne CTPYKTYPHPOBAHHOIO KaTaju3aTropa no jrodomy u3 mm. 1 - 18
WK peakTopa 1o 1. 19, oriimyammeecss TeM, YTO SHAOTEPMHUYUECKAs PeaKLus BbIOpaHa
W3 TPYIIBI, BKIKOYAKOMEH MapoBOi pUPOPMHUHT MeTaHa, OOpa3oBaHME IIUAHUCTOTO
BOJIOPOJIA, KPEKUHT METAHOJIA, KPEKUHT aMMHaKa, OOPaTHYI KOHBEPCHIO BOASIHOTO ra3a

" JCTUAPUPOBAHUE.
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