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MACIHITABHPOBAHUE YCTPOMCTBA JJIA KPEKHHT' A TSIKEJIOU HE®TH C
MOMOIIBIO MHOXKECTBA JIEKTPOPA3PSIHBIX MOJIYJIEA

HEPEKPECTHAS CCBIJIIKA HA POACTBEHHYIO 3AABKY
[0001] Hacrosimas 3asiBKa UCTIPALIMBAET MPUOPUTET B OTHOLIECHUU MPEIBAPUTEIbHON 3aIBKU HA
nateHT CIIIA Ne 62/660619, nmon na3zBanuem «HEAVY OIL CRACKING DEVICE SCALEUP
WITH MULTIPLE ELECTRICAL DISCHARGE MODULES», nonansoi#i 20 anpens 2018 r. u

BKJIFOUEHHOH B HaCTOﬂH_II/Iﬁ AOKYMEHT NOCPEACTBOM CCHLIKHU B MMOJIHOM oOBeMeE.

OBJIACTh TEXHUKH
[0002] Hactosimuii crioco0 B LIeJIOM OTHOCUTCSI K TMPOLIECCY KPEKUHra ChIpOil He(pTH U IPyrux
TSDKEJIBIX JKUAKUX YIJIEBOJOPOAHBIX MAaTePHANIOB C HCIIOJIb30BAHHUEM HCKPOBOTO pas3psia U, B
YAaCTHOCTH, OTHOCUTCS K MaCIITaOUPOBAHUIO PEAKTOPOB C MHOKECTBOM UCKPOBBIX Pa3psiTHUKOB,
UCTIONb3YEMbIX TIPU KPEKHHIe TSDKEJIOW He(PTH, C MOMOIIBI) MHOXECTBA 3JIEKTPOPA3PsIHBIX
moayJieil. PackpeIThlil IOAXO AOMOJHUTENBHO NPUMEHUM K MACIITAOMPOBAHUIO IUIA3MEHHBIX
XHUMHUYECKUX PEaKTOPOB, KOTOPBIE CO3MAIOT IUIa3My B JKHIKOCTSIX JUIst 0OpaOOTKHU MIH YTy qLISHUS

MaTepHaIoB.

YPOBEHb TEXHUKH

[0003] HedTsiHyr0 M ra3oByH MPOMBILUIEHHOCTh MOKHO Pa3feluTh Ha TPU XPOHOJOTHYECKUX
cekTopa: HedTerazofnoObda, MPOMEKYTOYHbIH M IOCHienoBareibHas mepepaborka. Cektop
Hedrerazono0bpdr BKIFOYAET B ceOst CEKTOP pa3Benku U o0brdr. OH OXBAThIBAET MOUCK, JOOBIYY
U W3BJCUCHHE CBHIPOH HePTH W/WIM NPUPOJHOTO Ta3a M3 MOA3EMHBIX WM IOJIBOAHBIX
MecTopokaeHnid. OH Takke OXBaThIBAET NpoLecC OYpeHHss M HKCIUTyaTallul CKBAKHMH, C
MIOMOIIBEO KOTOPOTO U3BJIEKAIOT U BBIBOASIT CHIPYIO HE(PTh U ChIPOI ra3 Ha MOBEPXHOCTh. PasBenka
BKJIIFOYaeT B ceOs MNPOBENCHHWE TEOJIOTMYECKHX W TeO(pU3HUECKUX HCCIIeIOBAHUN, TOMCK
MOTEHIMAJIBHBIX MMOI3€MHBIX WJIH MIOABOAHBIX MECTOPOXKIEHUH ChIPOil HeTH 1 MPUPOTHOTO Ta3a,
NOJIy4EHHE TOTOBOPOB apeH/Ibl U pa3pelIeHnii Ha OypeHue, U BECh MpoLecc OypeHus.

[0004] ITpoMeKyTOUHBIA CEKTOp BKIIOYAaeT B ceOs TPAHCIIOPTUPOBKY CBHIPOH HEYTH WM
He(TEerpOAYKTOB, OOBIYHO IOCPEACTBOM TPYyOONPOBOAOB, HE(PTIHBIX TAHKEPOB, OapiK,
IPY30BHKOB WJIM TIO JKeNne3HoW pjopore. KOHEYHbIM TIYHKTOM HAa3HA4YEeHUs SIBIISTFOTCS
HedrenepepadaThIBAOIIHE 3aBO/IbI, KOTOPBIE 3aT€M HAUMHAIOT MTOCIIEIOBATEIbHYIO TepepadoTKy.
IIpoMeKyTOUHBIH CEKTOP TAK)KE BKIIOYAET B ce0sl XpaHEHHE 3THX MPOAYKTOB, a TaKXKe JHOObIe
OINTOBBIE MAPKETHHIOBbIE MEPONPHUATHS. [IpOMEKYTOUHBIH CEKTOP MOKET TaKXe BKIFOYAThb B

ceOs1 anmeMeHThl HedTerazomoObMM W MOCIENOBATENbHON MepepadoTKH BCIIEACTBHE CBOETO



MPOMEXYTOUHOTO NoJsioskeHus. Hanpumep, NpoMeskyTOUHbIN CEKTOP MOKET BKJIFOYaTh 3aBOAbI 110
nepepaboTKe NMPUPOAHOTO Tra3a, KOTOPbIE OUMINAIOT HEOUYHINEHHBIH MPHPOIHBIA Ta3, a TaKkKe
YIAJSIIOT ¥ NIPOU3BOASAT 3JIEMEHTAPHYIO Cepy U CKMKeHHbIH npuponHbii ra3 (CIIN) B kauectse
KOHEUYHBIX MTPOAYKTOB.
[0005] B nocnennee Bpemsi, n3-3a pocTa LIeH Ha ChIPYIO He()Th, YMEHBIIEHUS 3aI1aCOB CPEIHEH U
JIETKON ChIpol He(pTH W OOMJIHSI HETPAIULIMOHHBIX BHIOB ChIpOH HedTH, pa3paboTka 3amacoB
TSDKEJION ChIpoil HepTu M OWTyMa craja 3HAUMUTENbHO Oonee mpennodyTurenbHOR. OnHako
TsDKenasi cblpasi HepTh U OMTYM 00JaJar0T MHOXKECTBOM HEJOCTAaTKOB, KOTOPbIE HEOOXOAMMO
YCTPaHUTh KaK NPU UX HOOBIYE, TaK M MPU TPAHCIOPTUPOBKE Ha HedTenepepadaThIBarOIIUe
3aBoAbl. TpaHCIOPTHPOBKA TSXKENOW ChIpod HedTH Mo TPyOONpoBOAYy 3aTpyAHEHA H3-3a €€
BBICOKOH TUIOTHOCTH U BsizkocTu (> 1000 cIT) u HU3KOM MOABMIKHOCTH MPU TEMIIEpaType IUIacTa.
Kpome Toro, Takue 3arps3HUTENH, KaK OTJIOKEHHs ac(aibTE€HOB, TSDKEJbIE METaJbl, cepa U
MUHEPaJIbHBIA PACTBOP WJIM COJIb, 3aTPYAHSIOT TPAHCIIOPTUPOBKY U OYUCTKY C UCIOJIb30BAHUEM
TPaAULMOHHBIX crocoOoB HeTenepepaboTku. Hamnyne MuHEpasbHOrO pacTBOpa HIIM COJNH B
TSDKENOH He(TH NMPUBOOUT K KOppo3uu TpybompoBozma. B HEKOTOpBIX ciydasix 3TO MOXKET
IPUBECTH K OOpa3OBAaHMIO 3MYJIbCHH, TaKOH Kak CMeCh He(pTH ¢ BOMOH, YTO 3aTpynHSeT
TPAaHCTIOPTHPOBKY. M3-3a OONBIION MONEKYIAPHON MacChl U BBICOKOH BSI3KOCTH TsDKeNoH HedTn
okuaaeTcsi OONBLION Nepenaz aBIeHNs BIOJIb TPYOOIIPOBOAA, YTO CAENIAET €ro JOPOrOCTOSIIUM
u sHeproeMkuM. Kpome Toro, otnoxkenust acanbTeHOB 3a0MBAIOT CTEHKH, YMEHbIIAs MJIOIIAb
MOMIEPEYHOT0 CEYESHMS], MPUTOAHYIO I TOTOKA He(TH.
[0006] CnenoBaTenbHO, UIsl yCTPAHEHUS 3THX HEAOCTATKOB U TPAHCTIOPTUPOBKH TSKEJION ChIPOM
He()TH BBIMOJIHSOTCS TOMOJHUATENbHBIE Tpouecchl. OHU BKITFOYAKOT:
. CHIDKEHHE BS3KOCTH, HAPUMEP MPEBAPUTEIbHbIA HArPEB TSKEJION ChIPOil HEPTH
u OUTyMa W MOCNIEAYIOLUI HarpeB TpyOONpOBOAa, CMEIIUBAHUE U pa3daBiieHHe
JIETKUMH YTJIEBOAOPOJAAMHU HWJIM PacTBOpUTENEeM. BSI3KOCTb CMeIIaHHON cmecH
omnpenenseTcs: 10OaBICHHBIM pa3daBuTesieM 1 ero nponopuueit. s pazbasneHust
Tsokesion HeTu TpebyeTrcst aBa TPyOONpoOBOaa, ONMH Il He(TH, a IPYrou s
pa3baBuTeNel, YTO NOMOJHHUTENBHO YBEJINIUBAET 3aTPATHI.
o SMYJBTUPOBAHHE 32 CUET 00pa3oBaHus HEPTH B BOJE
o CHIKEHHE JIOOOBOTO COTPOTHUBJICHHUS/COPOTUBIICHHUS TPEHUS (HAIIpUMep, CMa3Ka
TpyOOmpoBOZa 3a CYET HCIOJNB30BAHHUS KOJBLEBOTO IIOTOKA, MPUCAIKH,
CHWKAOIIEH COMPOTHBJIEHHUE)
. JacTUYHOEe OOJaropakuBaHue TDKENOH HepTH Ha MecTe il TONy4YeHHs

CHHTETUYECKOH ChIpOH HE(TH € YIIYULIEHHOH BA3KOCTBIO, ITIOTHOCTBIO B Tpanycax



API (American Petroleum Institute, AMepukaHCKUH UHCTUTYT HE(TH) U CBEACHHE

K MUHIMYMY COZIep>KaHUs ac(hajIbTEHOB, CEPhI U TSHKEIIBIX METAJIIOB.
[0007] YacTuuHoe obnaropakiuBaHUE TSHKEIOH HE(TH BKITFOYAET MPeoOpa3oBaHUE TOJBKO YacTH
BAKYYMHOT'O OCTaTKa U mojiydyeHue cunrerndeckoi ceipoit HegTu (CCH), comepskammeit 5-25 %
ocraTtka. X MOXHO pa3paboTaTh 3a MOJOBUHY CTOMMOCTH MOJHOTO 00JIaropaskuBaHusi, HO OHU
HE OCYLIECTBISIFOTCS B IPOMBIIIJIEHHOM MaciuiTabe u3-3a OTCYTCTBUS TEXHOJIOTHI, HEOCTATKOB,
CBSI3aHHBIX CO CTAOMJIBHOCTBIO U 5KOHOMHUYeckuMu napamerpamu CCH. OnHako B TakMX CTpaHax,
kak KaHana, m3-3a OrpOMHBIX 3aracoB TSDKEJIOW ChIpOH HeTH HacTUYHOE OOJaropakuBaHUE
CTaHOBHTCS KOHKYPEHTOCIIOCOOHBIM BAPHAHTOM.
[0008] CekTop mOCIENOBATENBbHON TMepepadOTKH TPEACTaBJsieT COOOM MOCHeNHUN JTam
Hedrerasopoii orpacnu. OH BKiIO4aeT nepepaboTKy chlpoil HedTH, nmepepaboTKy M OYHCTKY
ceIporo npupoaHoro rasa. CObIT U pacnpeneneHne NpOAyKTOB, MOJTYYEHHBIX U3 ChIpOH HepTH U
NPUPOHOTO ras3a, TAKXKE SBISIOTCS YaCThIO 3TOT0 cekTopa. [IponykThl, mocTaBisieMble OOBIYHBIM
noTpeOUTeNsIM, BKIIFOYAIOT Ta30JIMH MM O€H3HMH, KEPOCHH, PEaKTHBHOE TOIUIMBO, IU3EJIbHOE
TOILUIMBO, TOTIOYHBII Ma3yT, Ma3yT, CMa304HbIe MaTepHabl, napapuH, achanbT, TPUPOAHBIH ra3
u cxxkeHHbN HedrsHol ra3 (CHI), a Taxke Maccy He(hTEXUMUYECKUX MPOIAYKTOB.
[0009] B cranmapTHOM mporecce nepepadOTKU He(PTH ChIPY0 HepTh O00ECCOIMBAT U
MOABEPralOT aTMOC(EpPHON TeperoHke, MpH KOTOPOHl OHAa pas3nmensiercss Ha (pakuud B
3aBUCUMOCTH OT Iuara3oHa Touek kurnenus. Temmneparypa orceuku armochepHoro ocratka (AQ)
coctaBnsier npuoOmusuTenabHo 350-360 °C. @pakumu HIKE 3THX 3HAYEHHH HUCTAPSIOTCS U
OTAEJSIFOTCS, TOTAA KaK OCTAaTOK OT aTMOc(hepHOH NeperoHKw, comepskammii 0ojiee TIMHHBbIE
yIJIepoaHble Leny, TpeOyeT AalbHeHInel MeperoHKu MPU MOHMKEHHOM JABJIEHHH U BBICOKOM
Temneparype. B ¢BA3M ¢ 3THM, MPOBOAAT MPOLIECC BAKYYMHOW MEPETOHKH, KOTOPBIA BaXKEH IS
JabHEHIIero o0aropaKMBaHUs CbIPOi He()TH U SKCTPAKLHMOHHBIX Maces. TeMnepaTrypa OTCeuKu
BakyymHoro octatka (BO) cocrapnsier npubnmsurensao 565 °C.
[0010] Onnako, HecmoTpst Ha 0OpadoTku AO u BO, HedTenepepadaThiBaroIIKe 3aBOIbI, KOTOPbIE
nepepabarbiBatoT Ooyiee TsDKENyr0 He(Tb, BCE pPaBHO OyAyT HMETh 3HAYUTENBHYIO [OJIFO
nocTynaromel HeTH B BUAE OCTaTKa (HAapUMep, OCTATOK JIIOHAMUHCTEPCKOH CMECH COCTABIISET
npubmm3uTenbHo S0 % npu 460 °C). CnenoBaTenbHO, Ul KPEKUHTA Tsokeon HedTu Tpedyercs
eI1e HECKOJIbKO IponeccoB. B HacTosIee BpeMsi JOCTYITHO HECKOJIBKO CITOCOO0OB KPEKHHTa ChIPOH
Hepru. M3 HHMX TEepMHUYECKHI KPEKHHI cuuTaercs HauOonee >PPEKTHBHBIM U MIMPOKO
UCTIONIB3YETCS IUIs TpeoOpa30BaHusl TSHKEIBIX YIIIEBOAOPOAOB ¢ Oosiee BBICOKUM MOJIEKYJISIPHBIM
BeCOM B Oonee nerkue Gppakiun ¢ 0osiee HU3KUM MOJIEKYJISIPHBIM BECOM.
[0011] Hanbonee bacTo HCHONB3YEMBIMH CIIOCOOAMM KPEKWHIa SIBJSIFOTCS THIPOKPEKUHT,

KaTaJIUTHYSCKHI KPEKHHI C MICEBAOOKMNKEHHBIM CJIOEM U YCTAHOBKA 3aMCAJICHHOIO KOKCOBAHUS.



XOTsl BCe 3TH MPOLIeCChl KPEKMHTA CBSI3aHbI C HEKOTOPBIMU NIPEUMYIIECTBAMHU, OHU TAK)XX€ HMEIOT
cyliecTBeHHble HepocTaTku. OOmpe mpenMyInecTBa BKIIFOYAIOT BO3MOXKHOCTH INPOU3BOACTBA
Pa3IMYHBbIX BUAOB TOIUIMBA OT JIETKOT'O aBUALMOHHOIO KEPOCHHA JI0 TSKEJIOr0 KMIKOrO TOIJINBA
B OOJIBIINX KOJIMUECTBAX.

[0012] OnHako CyIIEeCTBEHHBIM HENOCTAaTKOM IMPUMEHSIEMBbIX B HACTOSIIEE BpeMsi CIoCcOOOB
cHHTe3a Ooyiee JIETKUX TOIUIMB U3 ChIPOH HE(PTU SIBISAIOTCS BBICOKME (PHMHAHCOBBIE 3aTPATHI,
CBsi3aHHBIE C peanu3auueii crocoba. [[ns 3Tux cnocoOoB OOBIMHO BBICOKH M KallUTAJIbHBIE, U
SKCIUTyaTallMOHHbIe pacxoabl. Kpome TOro, m3-za 5KOHOMHHM OT TMOBBIIIEHHs MaciuTaba
NPOU3BOJICTBA BCsl TepMuUeckas 00padoTka Hanbosee 3¢hhekTUBHA TOIBKO IPU OOIBIIOM 00beMe
U Tuomaau nosepxHocTd. lloxacumTaHo, 4yTO MUHUMAaNbHBIN 3(QekTuBHbIM MacmTad A
HedTenepepadaThIBAIOIIEr0 3aBOAA IMOJIHOTO LHKJIA COCTaBisieT npubausnuteapbHo 200 Thicsa4
Oappeneii B cytku (mille barrels per day, MBD) emkoctu cbipoit HedTH.

[0013] B uyacTHOCTH, CYIIECTBYIOLIMI CIOCOO peaju3yeTcss MPU BBICOKUX TeMIeparypax H
naBieHusIXx padodell cpeabl U MO3TOMY TpeOyeT CHelMaNbHBIX MAaTepUAJIOB Ui M3TOTOBJICHUS
XHUMHYECKUX PEaKTOPOB U JPYroro crenuanbHoro obopynosanus. Hampumep, peakTopsl 0ObIMHO
W3TOTABJIMBAIOT M3 JIETUPOBAHHBIX CTallell CHenuanbHbIX copToB. Eme omHuM ¢akTopom,
YBEJIMUYUBAOLUM OTPOMHBIE 3aTPAThl HA 3THU NMPOLIECCHI, ABJIAETCS BOAOPOJHOE OXPYMUUBAHUE U
KOHTpPOJIb Ka4yecTBa. BomopoaHoe OXpymuuBaHHE NPENCTaBIsieT COOOH mpouecc, MpU KOTOPOM
MeTaJljIbl, OOpa3yoiue THAPHUA, Takhe KaK TUTaH, BaHAIWUN, [UPKOHUN, TaHTAJ W HUOOWIA,
CTAHOBSITCS XPYNKUMH U Pa3pyLIAKOTCS U3-3a BHEAPEHHs U nocienyomeit nuddysun Bonopona
B METaJLI.

[0014] Paboume ycnoBHs Ist OMHOCTYIEHYATOH YCTAHOBKH TMAPOKPEKHHTA COCTABIISIIOT 348-427
°C (660-800 °F) ¢ yBenmuennem Ha npudmmsurensHo 0,05-0,1 °C (0,1-0,2 °F) B neHb, 4ToObI
KOMIIEHCUPOBATh MOTEPK) aKTUBHOCTU KaTaJIU3aTOpa U JaBjieHUE B Auana3zoHe ot 8724 nol13790
kl1a (1200-2000 ¢pyHTOB Ha KB. AFOIM). Y CTAaHOBKA AJIs KOKCOBAaHUS TOIUIMBA paboTaer mpu 487-
500 °C (910-930 °F) ¢ tunmusabiM pasnenueM 103,4 kIla (15 ¢yHTOB Ha KB. mroiim). s
YCTaHOBKM KATaJIUTUYECKOTO KPEKUHIa C ICEBIOOXKIKEHHBIM CIIOEM pPEaKkTOp U pereHeparop
CUMTAIOTCS  OCHOBHBIMU  KOMIIOHEHTAMH  YCTAHOBKHM  KAaTaJUTUYECKOTO  KPEKHMHra C
TNICEBIOOKIKEHHBIM CJIOeM. PeakTop HaxomuTes pH TeMiiepatype npudiausutensHo 535 °C unon
nasyeHneM npuommsureabHo 172,4 kITA (25 ¢pyHTOB Ha KB.A10¥M), B TO BpeMsl KaK pEereHepaTop
IUT Kataju3aropa padoraer npu temnepatype npudmmsutensHo 715 °C (1320 °F) u naBneHuu
npubmusuTensHo 241,3 klla (35 ¢ynTOB Ha kB.IK0IM). [Tognep:kanue Takux padoOYUX YCIOBUH
00XOIUTCST OYeHB TOPOTO.

[0015] Kpome Toro, KanmuTajbHbBIE 3aTpaThl HA YCTAHOBKY PU(OPMHHIA, TAKyH0 KaK yCTAaHOBKA

TMAPOKPEKUHIA, OYCHDb BEJIMKU. HOI[CLII/ITaHO, 4TO YCTAaHOBKA TUAPOKPEKHUHT A Tpe6yeT B IIATH pas



OONBLINX KaMUTAJIBHBIX 3aTpar, 4eM aTMmocdepHas mneperoHka. Hampumep, ecinm ycraHOBKa
MEPEeroHKN ChIpol  HepTH mnpousBonuTeNbHOCTREO 100 000 Oapperneit B JHeHb CTOUT
npubm3nuTeNnsHO 90 MIJUTMOHOB AOJUIAPOB, TO JUIsl YCTAHOBKHU MHIPOKPEKHHTa ¢ K03 hdHuuneHToOM
CJIOKHOCTH 5 moTpedyercst 450 MUIUTHOHOB TOJUTAPOB AJIs TepepaboTKu HePTH TOTo ke oObeMa.
[0016] Kpome Toro, KaTaim3aTophl, HCIOJb3yeMble B MpoLeccax (QIFOHUI-KaTAIUTHIECKOTO
kpekuHra (PKK), BecbMa 4yBCTBUTENBHBI K CONEPKAHHIO PA3JIMYHBIX IPUMeECEH B ChIpoi HeTH.
B uactHOCTH, TpUCYTCTBHE Cepbl B CbIpoW He(pTH NPUBOAUT K OBICTPOH Herpagalyu
KaTaJIMTHYECKUX CBOMCTB Kartanu3aropa. TakuM oOpa3oMm, HeOOXOoAuMma IpeaBapuTesbHas
oOpaboTka (obeccepuBaHUE) CHIPBS, UTO YBEIMIHUBAET BECOMOCTh 3aTpaT. Kpome Toro, HUKeIb,
BaHAJ UM, JKeJIe30, Melb U APYTHE 3arPsI3HUTEIN, IPUCYTCTBYIOLIME B UCXOAHOM chipbe 111 PKK,
OKa3bIBAIOT BPEAHOE BO3EHCTBHE HA AaKTUBHOCTb M MPOAYKTHBHOCTH Katanuzaropa. OcoOeHHO
HeOJaronpuATHbl HHUKeNb U BaHaguil. Kpome TOro, ynaneHue 4acTu LHUPKYJIHPYIOLIETO
KaTaJu3aTopa B Ka4eCcTBe OTPaOOTAHHOTO KAaTaIN3aTopa U 3aMeHa €€ CBEXKHMM KaTalu3aTOpPOM IS
MOJJEPKAHUSA  JKEJIAaeMOro YypoOBHs aKTUBHOCTH i1 TexHonorun @OKK  ysenuuusaer
HKCIUTYyaTaLMOHHBIE PACXO/IbI CrIoco0a.

[0017] ITna3mMoxumm4Yeckne CocoObI UCTIONB3YIOT PA3IMUHbIE THITBI SJIEKTPUYECKUX PaspsaoB
aJIst co3nanus miasmel. Takne criocoObl kpekuHra 1 puopMUHra He)TH ONUCAHBI B PA3JINYHBIX
nateHrax u nyomukanusax. Hanpumep, B myOnukanmu narenra CIITA Ne 2005/0121366 packpsIT
croco0 M ycTpoHCTBO It pudopMUHTa HE(PTH MyTEM MPOMYCKAHUS SJIEKTPUYECKOTO paspsiaa
HETIOCPEACTBEHHO 4Yepe3 JKUAKOCTh. HemocTaTkoM MaHHOTrO crocoda sSIBISETCS Mablii pecype
3JIEKTPOAOB M CBsI3aHHAS C STUM BbBICOKAsl BEPOSTHOCTb HAPYIIEHHUS MCKPbI 32KUTAHUSI MEXKIY
STUMH 3JIeKTpomamu. M3-3a BBICOKOTO 3JIEKTPUYECKOrO COMPOTHBIIEHHUS HEe(TH, paccTosHue
MEKAY 3JEKTPOIaMH JOJDKHO ObITh MUHMMAJIbHBIM. Hampumep, pacCTOsIHUE MOKET COCTaBJIATh
npubm3uTenbHo 1 MM, OJHAKO MEXK3JEKTPOJHOE PACCTOSIHHE OBICTPO YBEIUYHBAETCS U3-32
5PO3UU 3JEKTPOIOB, YTO MPUBOAHUT K MPEKPAINEHHIO paboThl W/IIN MOJIOMKe cucteMbl. Kpome
TOTO, HCIIOJB30BAHUE TAKWX HEOONBIIUX TPOMEKYTKOB MEXKIY SJEKTPONAMH MO3BOJISIET
o0pabaTbIBaTh TOJILKO OYEHb HEOONBIIONW OOBEM HCXOMHOTO Marepuaja B JIFOOOH MOMEHT
BPEMEHHU.

[0018] B nmatente CIIIA Ne 5626726 onucan ¢nocod KpekruHra HepT, B KOTOPOM HCIIOIb3yeTCs
reTeporeHHasl CMech >KUAKUX YIJIEBOAOPOAHBIX MAaTepUasiOB C Pa3IMYHBIMU ra3aMiy, HapuMep
00paboTka mia3Moi AyroBoro paspsiga. ATOT Crocod UMEET Te JKe HeJOCTATKU, YTO U ONTUCAHHBIN
BbILIIE HEOOJBINOW pa3psAHBIA TPOMEXKYTOK, M TpeOyeT CHEeualbHOro yCTPOWCTBA IS
CMELIMBAHUS Ta3a C )KUAKOCTBIO, & TAKXKE MOJy4YaeMOil reTepOoreHHoi cycnensuu. Harpes cmecu
HENPEePbIBHLIM AYTOBBIM Pa3psiioM MPUBOAUT K 3HAUUTEIbHBIM MIOTEPSIM SHEPTUH, TOBBILIEHHOMY

caskeo0pa3OBaHUIO U HU3KOH 3((EeKTUBHOCTH.



[0019] B narente Poccru Ne 2452763 onmcan cioco0, B KOTOPOM UCKPOBOH pas3psiA MPOUCXOIUT
B BOZAE, a BO3ACHCTBHE pa3psla MEpeNaeTcs Ha TEeTEPOreHHYI0 CMeCh Tra3a U JKHIKOTO
yrieBogopoaa wim HeTu depe3 MeMOpaHy. DTO YBEIMYUBAET Pa3PsIIHBIN MPOMEKYTOK MEXITY
3JIEKTPOAAMH, YTO YBEJIMYMBAET CPOK CIYKOBI 3JIEKTpOAa, HO CHIXKaeT 3(P(EeKTHBHOCTD
BO3JICHCTBHSI UCKPOBOTO Paspsiia Ha yIIIEBOAOPOXA WM HEPTh. DTO MPOUCXOAUT MOTOMY, UTO
OobLIeH YaCThIO MPSIMOIM KOHTAKT IJIA3MEHHOT'O pa3psizia C YIIeBOAOPOAHON Cpeoii HCKITIOYEH.
Kpome Toro, m 6e3 TOro ciokHasi KOHCTPYKLHMSI C HCIIOJIb30BAHHEM TIe€HEpaTopa HMMITYJIbCOB
BBICOKOTO HAIPSDKEHHs! JTOMOJHUTENBHO YCIOXKHAETCS W3-32 HUCIMOJB30BAHUS YCTPOWCTBA MAJIS
NPUTOTOBJIEHUSI T€TEPOTeHHON CMECH M YCTPOICTBA ISl OTAeNeHUs] 00padaThIBaeMOI Cpeabl OT
BOJIbI, B KOTOPOH CO3/1al0T UCKPOBOH paspsis.

[0020] B ny6nukamuu natenra CIITA Ne 2010/0108492 u matenta CIIIA Ne 7931785 omnucaHsr
crnocoObl, UMEIOLIHe BBICOKYIO 3(P(eKkTHBHOCTh mpeoOpa3oBaHMs TSDKENOH He(PTH B JIETKUE
yrieBogopoansie ¢ppakunu. B 3Tux cnocobax rereporeHHast Hedrerazopasi cpena MoABEPraeTCs
BO3/IEHCTBHIO 3JIEKTPOHHOTO MyYKa U IMOJHOCTHIO HECAMOIIOAEPKUBAIOIIErOCs SJIEKTPUIECKOTO
paspsima. OpHAaKO TNPAaKTUYECKOE HCIIONb30BAHHE MPEIIOKEHHOro crocoda  sBISIETCS
npoOIeMaTHYHBIM, TaK KaK MOMHMO CJIOKHOW CHCTEMBbI NPHUTOTOBJICHUS ME€TEPOTeHHOW CMECH
TpeOyercsi yCKOPHUTENb 3JIEKTPOHOB C YCTPOMCTBOM BBIBOAA 3JIEKTPOHHOIO Iy4YKa BAKYYMHOH
KaMepbl YCKOPUTEJISI B Ta30KUIKOCTHOM CMECH BBICOKOTO HABJIEHHs. Y CKOPHUTENb 3JIEKTPOHOB
npeacTaBisieT COOO0H CI0KHOE TEXHUYECKOE YCTPOHCTBO, KOTOPOE 3HAYUTENIbHO YBETMYMBAET KaK
KaIUTAJIbHBIE, TAK U SKCIUTyaTallOHHBIE pacxoabl. Kpome Toro, modoe UCIob30BaHUE MyYKa
OBICTPBIX 3JIEKTPOHOB COIMPOBOKIAETCSI TOPMO3HBIM PEHTTEHOBCKMM H3JyueHHEM. Takum
00pa3oMm, Bce yCTPOHCTBO TpeOyeT COOTBETCTBYIOIIEH OUOIOrMUECKOH 3aIUThI, YTO ele OOoJbIIe
YBEJINYUBAET 3aTPAThI.

[0021] ITna3sMOXMMUYECKHE pEAKTOPbl MOTYT ObITh H00aBIEHBI B KA4eCTBE CIOCOOOB
obsaropakuBaHusi Ha HedTemepepadaThIBAIOIEM 3aBOJE IJII BCEX BUIOB ChIpbs. BHenpeHue
TAaKUX PEAKTOPOB B TpoLecc Ha HedrenepepadaThIBAOIIeM 3aBOAE, & HE B IPOLIECC HA
MECTOPOKACHUN TSDKEJIOW He(pTH TNpeajiaraeT NMpOCTOM M MOSTANHBINA IUIaH pa3paboTKH 1O
CPaBHEHHIO C peaM3alieil Ha MECTOPOXKIEHHH. JTO B OCHOBHOM CBSI3aHO C TE€M, 4TO He(Tb,
KOTOpasi JOJDKHA MPOXOOUTh Yepe3 STH PEaKTOphl HAa HedTenepepadaThIBAIOIINX 3aBOJAX, YK
NOJIBEPTajiach PsiAy MpeaBapUTEIbHBIX 00pa0OTOK, TAKMX Kak 00e3BOKMBAHNE, 00ECCONMBAHNUE U
armoc(epHast neperonka. CrienosarenbHo, obmasi o0paboTka OyZeTr 3HAYUTENBHO MPOLIE IO
CPaBHEHHMIO C peannsaneil Ha MmectopoknaeHnd. HedrenepepaOaThIBarOmMil 3aBOA MOXKET
MIOCTABJISATh CETEBOE HAMPSDKEHHE U Ta3bl-HOCHTENU 0€3 IOMOJHUTENBbHOW MOTPEOHOCTH B HX

BKJIFOUEHHUH B Tporecc oOjaropakuBaHus. Kpome TOro, 3TH peakTopsl HE AOJDKHBI OyayT



COOTBETCTBOBATh CTPOTUM TpeOOBaHUSIM K TpyOOMpOBOAaM TIO BSI3KOCTH, IUIOTHOCTH,
CONEPIKaHUI0 OJIe()UHOB U CTA0MIBHOCTH He(PTH, HEOOXOIUMBIM B TIOJIEBBIX YCIOBHSIX.

[0022] C Touku 3peHus HedTenepepadaThIBAOIIETO 3aBOAA, OYAET YBEIUINBATHCS TPOU3BOICTBO
TpeOyeMbIX TPOAYKTOB MEPErOHKH, M CHUKATHhCS HArpy3ka Ha YCTAHOBKY Ui KOKCOBaHUS U

TMAPOKPEKUHT 32 CUET YCTPAHEHHUs Y3KUX MECT B TEXHOJIOTHYECKOHN LIEMOUKE.

PACKPBITHE U3OBPETEHHA
[0023] B ogHOM acmekTe NpemIokeH crocod MaciiTaOUpOBAaHUS OJUHOYHOTO HCKPOBOTO
pa3psiIHUKA B IUIA3MOXUMHUYECKOM peakTope ajisi o0pabotku yrieBomoponos. Crocod mMoxker
BKJIFOUATh B ce0sl onperesnieHne Habopa mapaMeTpoB, BKIIIOYAIOINErO 110 MEHbIIEH Mepe OUH U3
napamMeTpoB MHAMKALMU IMPOAYKTUBHOCTH U TAapamMeTpPOB WHAMKALMU MacluTada, MpU 3TOM
napaMeTpbl IPOAYKTUBHOCTH YKa3bIBAIOT HA B3AUMOJEHCTBUE TUIA3MbI-Ta3a U IIa3Mbl-KUIKOCTH
B MHOro)asHOM peakTope, a mapaMmeTpbl MacmTada MNPeacTaBsIIOT 3(PPEKTUBHOCTD
UCTIONIb30BAHKS TPOCTPAHCTBA peakropa W o0muil pasmep. st ynydineHus mapaMmeTpoB
macimitaba MoxeT ObITh pa3paboTaHa MoOAenb MacIITAOMPOBAHUS C OOHUM Pa3PSITHUKOM.
ITapamerpudeckoe HCCIENOBAHNE MOXKET OBITH NMPOBENEHO IJISI OLIEHKH KOJMYECTBA MCKPOBBIX
paspsiIHUKOB U H(pOpMaLu 00 odiel Macce Al HCKPOBBIX Pa3psSAHUKOB.
[0024] B gpyrom acmekTe NpemoxkeH Crnocod MacmTabupOBaHUs MHOXKECTBA HMCKPOBBIX
Pa3PSAAHUKOB C MOMOIIBIO PEAKTOPHBIX MONYJIEH B IJIA3MOXUMHYECKOM PeaKkTope Uit 00paboTKu
yrieBogoponoB. Cnoco® MokeT BKIIHOYATh B CeOsl MCMOJIb30BAHME MHOXKECTBA PEAKTOPHBIX
MOAyJiel UIsl CO3AaHMsl TpexMepHOW Marpuilpl peakropa. [lonmydeHHOE yCTpONCTBO MOKET
COIEp:KaTh KOJHYECTBO JJIEKTPOPA3PSOHBIX MOAYJeH, BBIOpAaHHOE B 3aBUCHMOCTH OT
NPOM3BOJCTBEHHBIX TPEOOBAHUH.
[0025] B HekOoTOpBIX BapHaHTaX BOIUIOIIEHUS, CIOCOO IOMOJIHUTENBPHO BKJIKOYAaeT B cels
UCTIOJIb30BAHUE TOJIyYEHHOTO YCTpOHCTBa it 0OpaOOTKH yIJIeBOJOPOJOB HAa HEPTSIHOM
MECTOpOXKAeHUH Ui HerernepepadaThIBAIOLIEM 3aBOJIE.
[0026] B HekOTOpBIX BapuUaHTaX BOILIOIIEHUS, Pa3psiAHbIE MOIYJIM MOTYT OBITH COOpaHbl 0e3
BCTPaUBaHUs HA MECTe.
[0027] B HeKOTOpBIX BapUaHTax BOIUIOLIEHUS, pa3psAHbIE MOIYJIH SBISIOTCS CMOHTHPOBAHHBIMU
Ha cajla3kax WJIM NepeHOCHBIMU.
[0028] B HekOTOphIX BapuaHTaxX BOIUIOIIEHUS, TMIOJYYEHHOE YCTPONCTBO HCTIOJIB3YIOT
HE3aBHCHMO B KaU€CTBE peakTopa AJisi 00paboTKu He(hTH WIIH HCIIONB3YIOT B CHCTEMe 00paboTKu

HedTH nocie o0benuHEeHHs ¢ CUCTeMON 00paboTku HedTH.



[0029] B HekOoTOpBIX BapHaHTaX BOIUIOIIEHUs, CIOCOO OMOJHUTENBHO BKIIOYAaEeT B cels
pa3MelIeHne pa3psiAHbIX MOAYJIEH B MaTPHULIE PEAKTOPA, TAK YTO BBIOPAHHBIN CTONOCL HIIH Psift
MOTYT OBITh OTKJIFOYEHBI 0€3 OTKIIFOUEHHUS OCTAIBbHBIX CTOJOLIOB MITH PSIIOB, COOTBETCTBEHHO.
[0030] B HekoTOpBIX BapHaHTaX BOIUIOIIEHUS, CIOCOO OMOJHUTENBHO BKIKOYAET B cels
MOJKJIIOUEHNE MaTPULIbl PEaKTOpa K BHEILIHEH TeKyuel cpefe U 3JIeKTPUYECKUM yCTpOiCcTBaM
NOCPEACTBOM OBICTPOPA3bEMHBIX COETUHEHNH.

[0031] B HexOTOpbIX BapHaHTax BOIUIOLIEHUS, KaXKbIM pa3psIHbII MOAYJIb IEPENAET JaHHbIE OT
JaT4iKa Ha CEepBEp B PEabHOM BPEMEHH, 4TOOBI 00eCHeunTh YAAJIEHHYK) AMArHOCTHKY MU
MOHUTOPHUHT.

[0032] B HEeKOTOpBIX BapuUaHTax BOIUIOLIEHUS, YIPABIEHHE ra3oM M MOTOKOM Ul KaKIAOTO
paspsiAHOrO MOAYJISL OTAEIEHO OT APYTUX Pa3psAHBIX MOAYJIEH.

[0033] B HexoTOpBIX BapHAHTaX BOIUIOLICHHUS, CIOCOO JOMOJHUTENBHO BKIIOUaeT B cels
nobaBleHNe WIN yOAJIeHUE Pa3psiiHOr0 MOAYJISI TPH YMEHBLIEHHBIX YTeUKax ra3a Win IoMexax.
[0034] B HexoTOpbIX BapHaHTaX BOIUIOLIEHHS, YPOBEHb JKHJIKOCTH MOXKHO PEryJupoBaTh B
Pa3psIIHOM MOAYJIE TACCUBHBIM CITIOCOOOM.

[0035] B HexoTOpBIX BapHAHTaX BOIUIOLIEHHUS, CIOCOO JOMOJHUTENBHO BKIIOUaeT B cels
HETIPepBIBHYI0 paboTy peakropa € pasIMYHBIMM CTYHEHSMH WIM CTaAMsSAMHU IIpoLecca,
NPOTEKAOLUMU OAHOBPEMEHHO WM MOCJIEAOBATENbHO, TaK YTO JKUAKUN YrieBOJOPOAHBIN
MaTepuan HENPEepPbIBHO TOAAETCS B paspsSAHBIA peakTop MO Mepe BBIXOAa IOJYYEHHBIX
yIJIEBOAOPOAHBIX (PPAKIUN U3 pEaKTOpa.

[0036] B HexkoTOpbIX BapHaHTaX BOIUIOIICHHS, YIJIEBOAOPOAHBIE MPOAYKTHI COMEPXKAT JIETKHE
(dbpakumuy, KOTOpble HY)KHO OTAEIUTb OT JUCTHJUIATA M TBEPABIX BELIECTB, OOPa3yIOLIMXCS B
Pa3pSAHOM MPOMEXKYTKE, HO KOTOPbIe HEOOXOIUMO YIAIUTh U3 MPOAYKTA.

[0037] B npyroMm acmekTe MpeacTaBjieHa TpeXMepHash MaTpulla peakTopa aisi oOpaboTku
YIJIEBOIOPOAOB Ha HEPTIHOM MECTOPOXKACHNH WK HerenepepadbaTeiatomeM 3aBone. MaTtpuia
peaxkTopa MOXKET COAEPIKATH IO MEHbIIEH MEpe TPU SJIEKTPOPA3PSAHBIX MOIYJIs, PA3MELIEHHBIX B
MAaTpHIE, TaK YTO CTOJOEL WM P Pa3psiiHbIX MOIYJIEH B MaTPHUIE MOTYT ObITh H30UPaTEIbHO
OTKJIFOYEHBbI 0€3 OTKJIFOUEHHs Pa3psiIHbIX MOJIYJIEH, HE BXOISIIUX B BBIOPAHHBIA CTOJOEI] Min
psn.

[0038] B HEKOTOPBIX BapUaHTaX BOILIOMIEHUS, MAaTPUIIA PEAKTOPA BBITIOJIHEHA C BO3MOKHOCTBIO
nepeiayr B peaibHOM BpEMEHH HH(POPMALIUH O pa3psAHBIX MOAYJISIX HAa CEPBEP ISl TUATHOCTUKU
Y MOHHUTOPHUHIA B PEXXHME PEaIbHOTO BPEMEHU.

[0039] B HEeKOTOpBIX BapuaHTAX BOIUIOIICHMS, MATPUIIA PEAKTOpPA MOKET OBITh COCTABIICHA U3

BApUAHTOB PA3HBIX PEAKTOPHBIX MOAYJIEH, TAKUX KaK KOMOWHAIHMA PEaKTOPHOTO MOXyJs ¢ 4



HUCKPOBBIMH pa3psiAHUKaMU, PEAKTOPHOIO MOAYJIA C 8 HCKPOBBIMU Pa3psiAHUKAMH, PEAKTOPHOIO

MOJIyJIsl CO CBaPHBIM KOPITYCOM MJIM IIEHHOTO PEaKTOPHOIO MOAYJISL.

KPATKOE OITHCAHHUE YEPTEXEN
[0040] ®ur. 1 wWUIOCTPUPYET TPUMEP TEXHOJOTHMYECKHX TMyTeH MacITaOHupOBaHHUS
MHOTro(a3HOTO peakTopa.
[0041] ®ur. 2A, 2B u 2C mpenctaBisiioT WUIFOCTPATUBHBIE CXE€MbI MOBEAEHUS My3bIPHKOB B
KUIKOCTAX MEXAY 3JIEKTPOJAaMH LIENTH UCKPOBOTO pa3psaa.
[0042] ®ur. 3 npexncraBusger OapOoTHpOBaHHE MeTaHa B HEPTENPOAYKTE O3 NPHIIOKEHHS
HaNpsDKEHUS B LIeTIH UCKPOBOT'O paspsiza.
[0043] @ur. 4A, 4B u 4C WImOCTpUPYIOT pa3IndyHble MEXaHU3MbI Pa3pyLIE€HUs MY3bIPbKOB B
KHUJKOCTSX.
[0044] @ur. S wUTOCTpUPYET IPUMEP NMapaMEeTPUIECKOH KOHCTPYKLIUH peakTopa it 00padoTku
Hedtu (Oil Treatment Reactor, OTR) ¢ onaum uckposbiM paspsiaaukom (OTR1) ¢ uzmensiemort
IMHOM ycTpoiicTsa (L), cornacHo WILTFOCTPAaTHBHOMY BapUaHTY peaU3aliuu.
[0045] ®ur. 6 nnmocTpupyet npumep napamerpudeckoil koHcTpykuuu OTRI1 ¢ pasnudaHbIMU
auameTtpaMu HeTsiHOM Kamepbl (D), COrTacCHO MILTIOCTPATUBHOMY BapUAHTY PEaTH3ALHH.
[0046] ©ur. 7A-7C WUTIOCTPUPYIOT MpuMep OJIOKAa PEaKTOPHOTO MOAYJS ¢ KaHIOJUPOBAHHBIM
KOPITYCOM, C YeThIPbMsSI MCKPOBBIMH pPa3psiAHMKaMHu Oe3 KOHIEHCAaTopa, B COOTBETCTBHH C
WLTIOCTPATHBHBIM BAPHAHTOM peau3aiyu. BkirodeHsl BUIbI B paspese (dur. 7A), B ©I30METPUU
(dur. 7B) u cboky (dpur. 7C).
[0047] ®ur. 8 mpencrasnsier ¢ororpaduoo WUTFOCTPATHBHOrO Monyisi M = 4 corjiacHo

WUTIOCTPAaTUBHOMY BapUaHTY peain3aliuu.

[0048] ©ur. 9 mpencrasnsier ¢ororpaduoo WUTFOCTpATHBHOrO Monyiass M = 8 corjiacHo
WITIOCTPAaTUBHOMY BapUaHTY peau3aliu.

[0049] ®ur. 10 mpencTaBisieT WUTFOCTPATUBHBIN MOAyJb M = 8 CO BCTPOEHHBIM MOAMOIYJIEM
BBICOKOBOJIFTHOT'O UICTOYHMKA MUTAHHUS, COIJIACHO WILUTFOCTPATUBHOMY BapUaHTy peau3aluu.
[0050] @ur. 11 mpencraiser npuMep OJIOKAa PEAKTOPHOTO MOAYJSI ¢ BOCEMBIO HCKPOBBIMH
pa3psiIHUKAMU U BCTPOCHHBIM KOHI€HCATOPOM, B COOTBETCTBUHU C UJUTIOCTPATUBHBIM BapHAHTOM
peanu3anuu.

[0051] @ur. 12A u 12B npeacTaBisoT WIIOCTPATUBHY KOHCTPYKIMIO CBApPHOTo cocyaa M =7
U3 HEPIKaBEIOLIEH CTau I pabOThI PU BBICOKUX TEMITEpaTypax ¢ BUAoM cOoky (¢ur. 12A) u B
usomerpuu (¢pur. 12B), B COOTBETCTBUU C MIUTIOCTPATUBHBIM BAPUAHTOM PEATU3ALIUH.

[0052] @ur. 13 m3o0paxkaer peanbHO U3rotoBneHHbIN cBapHOi cocyn OTR, co3naHHbIl B

COOTBETCTBHUU C WIIKOCTPATUBHBIM BAPpUAHTOM pCain3allvuu.
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[0053] ®ur. 14 uUFOCTPUPYET MEXAHU3M CKOJIBKEHHUS C UCTIONB30BAHUEM PsAZla PEEK U POJIUKOB
nns BBoza u BeiBoAa cToiiku OTR u3 MaTpuiiel B COOTBETCTBUM C WILTFOCTPATUBHBIM BapHAHTOM
peanu3anum.

[0054] @ur. 15 nnmocTpUpyeT MEXaHU3M CKOJBXKEHUS C HCIIOJIb30BAHUEM TEJIEeCKOMUYECKUX
canazok ans BBoza U BbiBoja croiiku OTR u3 maTpuibl B COOTBETCTBUU C WITKOCTPATUBHBIM
BAapPUAHTOM pealu3aliu.

[0055] @ur. 16 ummoctpupyeTr croiiky OTR, BBINOIHEHHYHO C MEXaHHU3MOM CKOJIbXKEHMS,
pacrpeneNuTeNbHbIM ~ KOJUIEKTOPOM,  BBIABMJKHOM pPYYKOM M JAPYITMMH  HEOOXOAWMBIMU
MPUHAJJIEKHOCTAMM, COTJIACHO WIUTFOCTPAaTUBHOMY BapHAHTY peau3aLiiu.

[0056] @ur. 17 numoctpupyet croiiky OTR, koTopast MoskeT ObITh yBENHYEHA A0 KONIUYeCTB N,
COMIaCHO MJUTIOCTPATUBHOMY BapHaHTy peajnu3alliu.

[0057] @wur. 18 mnmoctpupyet MaccuB OTR, koTopeiii MOXeT ObITh yBeIMUYEH 10 KOMU4ecTB N
x N, cornacHO WITFOCTPAaTUBHOMY BapUaHTy pean3aliu.

[0058] @wur. 19 mnmoctpupyer croiiky OTR, xotopast MoxkeT ObITh yBeNUUEHa 10 KOIN4ecTB N
x N x N, coriacHO WJJTIOCTPATUBHOMY BapHaHTy PeaIM3aLIUU.

[0059] @wur. 20A uzobpaxaet Bua cepxy marpuiibl OTR, moakmroueHHOI K pe3epByapam nmojavyu
Y HAKOIUIEHHS C UCTIOJIb30BAHNEM CUCTEMBI TPYOOIPOBOAOB C MoJauei yepes KOJUIEKTOp KO BCEM
OTR u 13 HUX, COTTIACHO WJUTIIOCTPATUBHOMY BapUAHTY PeaTU3aLUU.

[0060] ®ur. 20B uzobpaskaer Bua cooky marpuiibl OTR, NOIKIFOYEHHON K pe3epByapam mogauu
Y HAKOTUJIEHHSI C UCTIOJIb30BAHUEM CUCTEMBbI TPYOOTIPOBOIOB C MOJA4eH uepe3 KOJIEKTOP KO BCeM
OTR u U3 HUX, COTJIACHO WJLTIOCTPATUBHOMY BapHAHTY PeaM3allUu.

[0061] @wur. 21 uzobpaxkaer Bun B nsomerpun marpuubl OTR ¢ mapkuposkoit matpurel OTR,
NOJKJIIOUEHHOW K pe3epByapaM IMOJaYd M HAKOIUIEHHS C HCIOJb30BAHHUEM CHCTEMBbI
TpyOONpoOBOOB ¢ Tomadel uepe3 koiektop ko BceM OTR w w3 Hux, corjiacHo
WITIOCTPAaTUBHOMY BapUaHTY peau3aliu.

[0062] ®wur. 22 WLTIOCTPUPYET SIEKTPUIECKUN KOJJIEKTOP, KOTOPBIH MOXKET ObITh COEINUHEH B
OTpeesIeHHONM OpUEeHTALUU CO CTOMKOM ans nmopauu Beicokoro HampsbkeHus Ha OTR, cornacHo
WITFOCTPAaTUBHOMY BapUaHTY peanu3aliiu.

[0063] @ur. 23 wmumocTpupyeT (ortorpaguro ra3oBoro KOJUIEKTOPa U Ta30BOH CHUCTEMBI,
oobenuHenHoM ¢ Matpuueil OTR, cornacHO WILTFOCTPATHBHOMY BapHaHTY PeaU3aliiu.

[0064] @wur. 24A 1 24B WIMIOCTPUPYIOT U30JSITOP BBICOKOTO HATIPSKEHUS, C H300paKeHUEM BH/Ia
B uzomerpud (¢pur. 24A) u ceepxy (¢ur. 24B), B COOTBETCTBUH C WILIFOCTPATHBHBIM BApUAHTOM
peanu3anum.

[0065] @ur. 25 mnpencrasnser Qororpaduro HeOONBIIONH 3SKCIEPUMEHTAIBHOW MATPHIIb,

COTJIaCHO UJUIKOCTPATUBHOMY BAPHAHTY pEain3alluu.
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HOJAPOBHOE OIIMCAHHUE

[0066] Hactosimuit  crioco® oTHOcUTCs K 0OOnmacTé mepepaboTKU SKUAKOCTEH, COIep Kalux
MOJIEKYJIbl TSDKENBIX YIJIEBOJOPOIOB, Ha OoJiee Jerkue sKUAKNe WM ra3000pa3Hble (QpaKkiuu.
Hacrosimuii crioco6 MokeT ObITh UCTIONB30BaH Ui KPEKHHTA KUIKOU TsDKeIol HedTH Ha Oonee
JIeTKHE YIJIEeBOAOPOAHbIE (PPAKIUH C HCIOJb30BAHUEM IIOTOKA Ta3a-HOCUTEIS, BBOAMMOIO B
KHUIKYIO TSDKEIyr0 HepTh ans oOpa3oBaHHsl CMECH, C TOCIEAyIoIned HOHM3alued cMecH
JNEKTPUUECKUM pa3psAnoM. JlaHHbBIM crmoco® MoXeT ObITh € YCHeXOM NPUMEHEH JUIs
3¢ dexTUBHOrO MpeoOpa3oBaHus TKENOH HEPTH.

[0067] B omHOM acmiekTe mpemioskeH Crocod KPEeKHHTra KUIKHUX YIIIEBOAOPOIHBIX MaTePHUAJIOB
Ha JIETKHE yIIIeBOAOPOAHbIE (PPAKIIMH C UCHIOIB30BAHUEM UCKPOBOTO paspsa. Criocod BKIrOYaeT
B ce0s TpomycKaHHe >KMIKOTO VYIJIEBOAOPOAHOIO MaTepuajla 4Yepe3 paspsiiHylo KaMmepy B
MEKAJIEKTPOAHBIN TPOMEXYTOK BHYTPH PaspsIHON Kamepbl, B KOTOPOH MeEX3JIEKTPOIHBIN
IPOMEXKYTOK 00pa3OBaH MEXIy Mapoil 3JIEKTPOJOB, PACIOJIOKEHHBIX HA PACCTOSHHU JPYT OT
apyra. Crnoco0 MOMOJHUTENIBHO BKIIOYAET B Ce0s HAarHETAaHWE TIa3a-HOCHTENS B IKHIKHUI
YIJI€BOAOPOAHBIN MaTepHall, O Mepe €ro MOAAYN B MEXIJIEKTPOAHBIN IPOMEKYTOK, B pe3yJIbTaTe
yero o0pasyercsi Ta30’KUAKOCTHAsl YIJIEBOIOPOAHAs cMech. llapa 3JEKTPOROB COAEPIKUT
MOJIOKUTEJIBHBIN 3JIEKTPOA U OTPHULATENbHBIN 3JIEKTPOA, MPUYEM OTPHULATENbHBIN 3JEKTPOJ
MOJKJIOUEH K KoHAeHcatopy. KonaeHcaTop 3apskaercst 10 HAMpsDKEHUs, PaBHOTO HATPSIKEHHIO
npo0osi ra3a-HOCHUTEJNS B MEXKAJIEKTPOIHOM Pa3pPsSIHOM MPOMEXKYTKE, WIH MPEBBIIAIOIIETO ero.
ITo mepe 0Opa3oBaHUsI ra30KUIKOCTHOM YIIIEBOAOPOIHOM CMECH OHA TTOIBEPTaeTCsl BO3AEHCTBUIO
TOKA MEXJAY JJIEKTPOJAMH INPH HANPSDKEHWH, JTOCTATOYHOM JUJIsl BOSHUKHOBEHHSI MCKPOBOTO
paspsna. Crnoco0 Takke BKIOYAET M3BJICYCHHE JIETKUX YIJIEBOAOPOAHBIX  (hpakiuid,
o0pasyroImuxcsi B pe3yJbTaTe BO3ACHCTBUS  UMIYJIbCHOTO HCKPOBOTO  paspsiia Ha
ra30’KUAKOCTHYIO YIJIEBOJOPOIHYIO CMECh.

[0068] CyiecTByeT HECKOJIBKO MPOOJIeM, CBSI3aHHBIX ¢ MacIITabHpoOBaHUEM peakTopos. Llenbio
MacIITAOUPOBAHHS SIBJISIETCS] CO3IaHUE HKCIIEPUMEHTAIBHOTO HJIH MPOMBIIIJIEHHOTO PEaKTOopa,
00JlafaroImero BO3MOXKHOCTBIO BOCIPOU3BEIACHHUS C IMOMOIIBIO CTaHJAPTHOW METONOJIOTHH
pe3yJbTaTOB, TOJY4YEeHHBIX B Jjabopatopuu. OIHUM M3 HEAOCTATKOB SIBJISIETCS OTCYTCTBHE
CTaHIAPTHOTO crocoba BBINOJHEHUs TPOLECCa, KOTOPBIH MOXKET IOMOYb YCTPAHEHHIO
HEJIOCTATKOB W CHWJKEHHIO JIeJIOBBIX pHUCKOB. OOHa W3 NMPUYMH OTCYTCTBHS CTaHAAPTHOTO
MOAXONIa COCTOUT B TOM, YTO KHMHETHYECKHE JaHHBbIE BEChbMa CHEelM(PUUIHBI JJIs1 UCTIBITYeMON
CHCTEMBI, U 3TH JaHHbIE OOBIYHO CITyTAaHBI BCJIEICTBHE MAacCCONEPEHOCAa M THAPOAMHAMUKH.
HesaBucumoe n3yueHne BHYTPEHHEH KWHETHKH W SIBJICHHUS MEpeHOca 3aTpyAHUTENbHO. Kpome
TOTO, OCTAETCS PA3PhIB MEKAY TEXHOJOTUSMHU U 000PYIOBaHUEM MPOMBIILIEHHOrO MaciuTada u

o0opyoBaHHEM, HCIOJIb3yeMbIM B abopartopun. Kpome Toro, mpouecchl mepeHoca, Takue Kak
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NEPEHOC MAaCChl, TeIla M KOJHMYECTBA ABIDKEHHsS, 3aBUCAT OT Maclirada, 4To MOApa3yMeBaeT
pa3IMYHOE MOBeIeHUe JaOOPATOPHBIX MOJENEH 1 MOJHOMACINTAOHBIX YCTAHOBOK.

[0069] M3-3a co’KHOCTH MacIuTaOMpPOBAHUS, YIIOMSHYTOH BBIIIE, MOTYT BOSHUKHYTH PA3JIMYHbIC
BO3MOXKHBIE TpoOneMbl. Hampumep, CymiecTByeT BO3MOXKHOCTb IOTE€PH YIPABJICHUS, €CIIU
peakuus F3K30TepMHUUYECKasi, TIOTOMY YTO U3MEHEHHE IUIOINAAN TEII00OMeHa Ha eIMHULYY 00beMa
3aBHCUT OT Macmraba. Jta mpobiieMa MeHee BBIPAKEHA HIIM OTCYTCTBYET Uil MENJICHHBIX H
sHAOTepMHUUecKuX peakunid. Kpome Toro, Ha npeobpa3oBaHue U CEIEKTUBHOCTb OTPHUIATEIBHO
BJIMSAET yBEJIMYEHNE MacITalda U3-3a pa3iuduil B mepeHoce Maccol Mexay (asamu. bonee Toro, B
pa3HBIX MacuTadax HCIONB3YIOTCS pPa3Hble CHOCOOBI SKCTPAKLMHM U PA3IETIEeHHUs, MOCKOJIbKY
peakuuy Ha Oojee KPYIHOM yCTAHOBKE Ja’ke NMPU OJMHAKOBOM IpeoOpa3oBaHuu OyIyT AaBaTh
3HAYUTENBHO OOJIbIE MPOAYKTOB, M OHU OyIOyT HAKAIUIUBATbCA B CHUCTEME IEpe]] yIAJICHUEM.
Kpome Toro, BO3HMKAIOT MpOOJIEMBI C COBMECTUMOCTBIO CO CTEKJIOM, HEPIKaBEIOIEH CTajbio U
ApyruMu Matepuainamu. JlabopaTopHble peakTopbl YaCTO H3TOTABIMBAIOT U3 CTEKJIA, TOTA KaK B
IPOMBILIIEHHOCTH HHXKEHEPBI 4aCTO MPEATNIOYUTAIOT 3aBOICKOE 000PYIOBAaHHE U3 HEPIKaBEIOIIEH
cranu win Merama. Ecom oOpabareiBaemble MaTepuaibl HECOBMECTHMbI C BBIOpPAaHHBIM
MaTepuasoM peaKkTopa, MOTYT UMETb MECTO KOPPO3Hsl U HEXXeaTeNIbHbIE peakuu. TOUHO Tak ke
MaTepuabl 31EKTPOAOB TAK)KE BAKHBL, IOCKOJIbKY OHU HE TOJIBKO BJIMAIOT HA TIOBEJEHUE Pa3psAa,
HO TaKXe MOT'YT U3MEHSITh CBOHCTBA 0OpadaThiBa€MOM )KUAKOCTH.

[0070] VBenuuenne maciuTaba XUMHYECKOTO PEaKTOpa BKIJIOYAET KOJHYECTBEHHbIC MPABHIIA,
KOTOpBIE OIMHUCBHIBAIOT PabOTy peakTopa B PA3IMYHBIX MacmTadax, padoyuuxX YCIOBHUSIX U C
pPa3MUYHBIME crioco0amu mpoBeneHus: peakiuu. COOTBETCTBYIOLINE MapaMeTpbl MOTYT OBITh
UCCIIEIOBAHBI B JAOOPATOPHBIX SKCIIEPUMEHTAX, BKIIIOYAs XapaKTEPUCTHKU paspsiaa (Hampumep,
€MKOCTb, JABJICHHE pa3psiia U MPOMEXKYTOK, SHEPTUs HAa MMITYJIbC, KOH(PUTYpALHsl KOHTYpA),
YCJIOBHS TOTOKA (HaIpUMep, CKOPOCTh MOTOKA ra3a, MPUBEACHHAs CKOPOCTb rasa, 3a7epikKa rasa,
pasMep My3bIPbKOB 'a3a, INIOTHOCTD, BSI3KOCTb M TOBEPXHOCTHOE HATSKEHUE JKUIKOCTH ), & TAKKE
KOJIM4YE€CTBO HCKPOBBIX Pa3psiAHUKOB. IIOCKONBKY KOJIMYECTBO NMapameTpOB BEIUKO, BBITOAHO
CIUIAHMPOBATH 3KCIEPUMEHT TaKUM 00pa3oM, 4ToObl 3(p(eKThl, BO3HUKAIOIIHNE OT PA3JIMYHBIX
IapamMeTpoB, MOMJIM OBITh HE3aBUCHMO HM3Y4YEHbl HA IOBENEHHH 3TOrO IJIa3MOXHMHYECKOTO
peakropa.

[0071] Kak mpaBmio, 1abopaTopHbIE H3MEPEHUS B Ta30KUAKOCTHOM PEAKTOPE MPOBOMASITCS AJIS
U3y4eHUs] MEXaHU3MOB, HE 3aBUCSLINMX OT pa3Mepa, TAKUX KaK KMHETHKAa U TEPMOAMHAMMKA
peaxkuny. Pusndeckue CBONCTBA, TAKUE KAK IUIOTHOCTB, BS3KOCThb, NOBEPXHOCTHOE HATSIKEHUE,
yAeNbHAsl TEIUIOEMKOCTb, pa3sMep My3bIPbKOB M IUIOIIAAb NOBEPXHOCTH, CIEAYET Ha3bIBaTh
pabounmu ycnoBusiMH. UIX BIMsSHHUE HA XUMHYECKYIO PEAKLUI0, 8 UMEHHO Ha MpeoOpa3oBaHue U

CCJICKTUBHOCTD, CJICAYET U3YYHNTD. KpOMe TOro0, CJICAYET U3YUUTh UBMEHCHUEC MMOBEACHUS T1JIa3MbI
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U3-32 TAKMX MapaMeTpoOB, KAK €MKOCTb, YCIIOBHSI ITOTOKA ra3a U MoBelneHHe My3bIpbkoB. Ocoboe
BHUMaHUe crenyer yneisath. (1) B3aMMOAEWCTBUIO NY3bIPPKOB Ta3a C SKUAKOCTIMHE, (2)
B3aUMOJIEHCTBHIO MEXKAY 0OBEMOM IIIa3Mbl M OOIIMM 0OBEMOM rasa; u (3) MecTy BOSHUKHOBEHUS
npo0osi, UTO B TIEPBYIO OYEPENb ONPENENETCS CBOWCTBOM ra3a->KUIKOCTH (pa3MepOM My3bIPbKOB,
YHCJIOBOM TUIOTHOCTBIO IMYy3BIPHKOB, @ TaKXKe CBOWCTBAMHU JKHAKOCTH) U XapaKTEPUCTHKAMHU
paspsima. Ilapamerpbl Moryt OBbITH OIpeneNeHbl Ui YKa3aHUS YCJIOBHH B3aHMMOJACHCTBUS,
HampuMep, IUomanu Mex(a3Horo KOHTAKTa: IJIOMAAN My3bIPBKOB MO CPABHEHUIO ¢ 00BEMOM
KUIKOCTH U 00BeMa pas3psda MO CpaBHEHMIO ¢ oOmuM oObemoM rasa. OpgHa w3 wLenen
ra30KUAKOCTHOTO PEAKTOPA 3aKJIH0YAETCs B IOBEACHUHU 10 MAKCUMyMa 3TUX 3HaYeHu. [[aHHbIA
IUIA3MOXUMHYECKUH PEaKTOp, UCIIONIB3yEMBbIH 1JIs1 KPEKHUHIA YIJIEBOJOPOIOB, OTJINYAETCs] HU3KOH
CKOPOCTBIO DPEaKLMM, HHU3KUM IPeoOpa3soBaHMEM U BBICOKO HEPABHOBECHOHW XMMHMYECKOH
peakimeii. Kak cnencrtBue, Terionepenada B oObeMe JKHIOKOCTH, IIEPEHOC MacC W
TEPMOAMHAMHUKA, BEPOSITHO, He OyIyT CYIECTBEHHO U3MEHSITHCS MTOCIIe MACIITAOUPOBAHMUSL, & 3TO
O3HAYaeT, YTO Ka4eCTBO MpoLecca MacTabupoOBaHus, B OCHOBHOM, 3aBUCHT OT TOTO, HACKOJIBKO
XOPOLIO ONTUMHM3UPOBAH KOHTAKT ra3a-»KUAKOCTU U KOHTAKT IUIa3MbI-Ta3a.

[0072] AnHanu3 mporecca U SKOHOMHKA TaKke€ MOTYT OBITh OLICHEHbI JaKe Ha O4YeHb PaHHEH
craguu. IToCKONbKY MPEACTABIAIOINAS HHTEPEC SKCIIEPUMEHTANIbHAST 00IaCTh MOYKET CMECTHTHCS
BCJIENICTBHE OE30IaCHOCTH Tpolecca M OKOHOMHYECKHX COOOpaKeHHMH, Takas OLEHKa
NOTEHIMAJIbHO IMOMOTaeT YJYYIIUTh KavecTBO M mporpecc padoThl, momoras uz0Oexarhb
Ype3MEPHBbIX HCCIIEAOBATENbCKUX YCUIMA B HANPABJICHUSIX, KOTOPbIE MEHEE WHTEPECHBI WU
MeHee PUOPUTETHBI.

[0073] DKkCcreprMEHTAIbHYI0 YCTAHOBKY YacTO CO3/AK0T TOCHE TOTO, KaK CIOCO0 U YCTPOMCTBO
TIIATEJIbHO HCCJENOBAaHbI B JIaOOpaTopuu, mepen maciTaOMpoBaHHEM OO MOJTHOMACINTAOHOMN
YCTAHOBKHU. ODKCHNEPUMEHTAJIbHAasi YCTAHOBKA IMpEJHA3HAY€HA HE TOJBKO JUISI TOTO, YTOOBI
J0Ka3aTh, YTO CYLIECTBYOIIAs JaOOpaTOpHAst YCTAHOBKA JAa€T T€ K€ Pe3yJIbTaThl B OOJbIIEM
Macurtade, HO U Uit onpoOoBaHUs crocoda M yCTPOKMCTBA, MCIIONIB3YEMOT0 B MPOMBIIIIEHHBIX
macmradax. Kpome Toro, skcrepuMeHTa bHAs YCTAHOBKA MO3BOJIIET OLIGHUBATh TEXHUYECKHE
XapaKTEPUCTUKU TPOAYKTa W HACTPAMBATh CHCTEMbl ABTOMATH3ALMH W YIPABICHHS IS
NPOMBIIIIJIEHHOTO UCTIOIBb30BAHUS, KOTOPbIE OOBIYHO HE UCIIONB3YIOT B JabopaTtopuu. PackpsiThie
B HACTOSILIEM JOKYMEHTE WJUTFOCTPATHBHBIE BAPUAHTHI BOIUIOIIEHHsS 0OECNEeUnBAIOT T'MOKOCTH
NPOLIECCOB MACIITAOUPOBAHUs. DKCIIEPUMEHTANbHAsE YCTAHOBKA MOXeET OBbIThb CO37JaHa C
UCTIOJIb30BAHMEM MHOTUX pa3psaHbIX Moaysed. KomndecTBo paspsaHbIX MOAyJEH MOKET
3aBHCETH OT JIOJIU MPOAYKTA U IPYTUX TEXHOJOTUYECKUX TpeOOBaHUHA.

[0074] B pamkax o0cCykmaeMoOil TeMbl, OTMETHM, YTO TMPH MacIITaOMPOBAHWU MHHHMAJIBHOM

€IMHULICH SIBJIIETCS 30HA TNIA3MEHHON peaknu, KoTopasi o0pa3oBaHa €AMHCTBEHHBIM Pa3PsIHBIM
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MPOMEXYTKOM U My3bIpbKaMH ra3a B >KMJKOCTH BHYTPU 3TOrO MpoMexyTka. Moaynb peakTopa
COCTOMT W3 MHOXKECTBA 30H IJIa3MEHHON peakiuu N, pa3MeIleHHbIX BHYTPU OJHOIO COCYJa,
KOTOPBII H30JIMpyeT 00padaThIBAEMYIO CPEAy OT OKPYIKArOIIEel Cpenbl U IMEET BXObI U BBIXOABI
IUI KUIOKOCTH, Ta3a U 3JIEKTPO3HEpPruu. JlaHHbIE 30HBI IJIA3MEHHOH pEakIHH MOTYT OBITh
pa3MelIeHbl B BU/IE JINHEHHOTO MAacCHBa, KaK NOKa3aHo Ha ¢ur. 1 nim B BUAe 2-MEPHOI MaTPHUIIbI
BHYTpHU MonyJsd. Moznynu pa3MelaroT psSAaoM B BUle OAHOMEPHOIO TOPU30HTAIBHOTO MaccuBa ¢
MOAYJIsIMA M, KOTOpPBI Ha3bIBAETCsI MOAYJIbHOM CTOMKOH. JlaHHBIE MONYJIbHBIE CTOWKH MOTYT
OBITH pa3MelleHbl BEPTUKAJIBHO B BUAE MaccuBa MonyJieil u3 P croek. MHOXeCTBO MacCHBOB
MOAyJeH MOXXeT ObITb OOBEAMHEHO B TPEXMEPHYIO MOAYJIbHYIO Marpuiy u3 (Q MacCHBOB.
MonynpHble MaTpULbl MOTYT ObITH OOBEIUHEHBI C JOTOJHUTEIbHBIM OOOpPYIOBAHUEM IS
co3nanusi Onoka oOpaborku, kotopeii umeer N * M * P * ( 30H miasMeHHOH peakUuu.
MHo:xecTBO 0JI0K0B 00pabOTKH MOXKET OBITh OOBETUHEHO C AOMOIHUTEIBHBIM BCIIOMOTATEIbHBIM
obopynoBanueM iy 0e3 Hero JJIst yBeIU4eHus o01el MponyCKHON CIOCOOHOCTH CHCTEMBL.
[0075] B kpynHOM MaciuTabe Takue mapaMeTphl, Kak TeIionepenada u pacripeieseHue moToka,
OynyT pasHbBIMH W 3aBHCUMBIMH OT pasmepa. CrenoBaTeNbHO, MPU YBEJIMYEHHHM Macmrada
peakTopa Ba)KHO 3HATbh, YTO PEAKTOP BCE €ll€ MMEET TaKOe XK€ NMOBENCHHE C TOYKU 3PEHus
npeoOpa3oBaHUsl M TEXHUYECKUX XapaKTEePUCTHK MpPOAyKTa. YacTo mOBeneHHe peakTopa
H3MEHSETCS B 3aBUCMOCTH OT €ro pa3Mepa 10 MPUYUHAM, YKa3aHHbBIM Bbille. CeayeT 3aMeTUTh,
YTO HE BCeryaa HeoOXOIMMO CO3/1aBaTh HKCIIEPUMEHTAIBHYIO YCTAHOBKY JJIsl OLEHKU CIIOCOOOB U
ycTpoiicTB. MeHee nmoporocrosiimue U Ooyiee yaoOHbIE SKCIEPUMEHTHI C MAaKETaAMH MOTYT
MOZIEJTUPOBATh KPYIMHOMACIITAOHYK) YCTAHOBKY M TIOMOYb B OLIGHKE MOJHOMACIITAOHBIX
YCTAHOBOK, OCOOEHHO KOT/a 3aBHCALINE OT pa3Mepa MapaMeTphl He SIBISIOTCS JOMUHHUPYIOIUMHE
B mpouecce. MMeroTcs U Apyrue NpUYUHBL, MO KOTOPBIM HE CO3AAI0T SKCIEPUMEHTANBHYIO
YCTAHOBKY, HAalpuMep, BbICOKash cTomMocTb. Ho wuH(pOpMAaIusi OTHOCHTENBHO PEAKIHH |
peakTopa, MoylydyeHHast IpH MaciTade, MPHOIMKEHHOM K ITOJIHOMY pa3Mepy, OObIie Moxoka Ha
TO, 4TO OyJeT MPOUCXOAUTh B PEAKTOPE MPOMBILLIEHHOTO pa3Mepa.

[0076] Korna Oyner nmpoaeMOHCTPUPOBAHO, YTO SKCIIEPUMEHTAIbHAsI YCTAHOBKA OCYIIIECTBUMA U
SKOHOMHYECKH  JKU3HECHOCOOHAa, MOXKHO  CO3/4aBaTh  IIOJHOMACIITA0HYKO  YCTaHOBKY.
ITonHoMaciiTabHAsl YCTAHOBKA MOXKET MPEACTABISTE COOOH TPEXMEPHYIO MATPHILY, COCTOSLIYIO
U3 Pa3psiiHBIX YCTPOMCTB, MOAXOMIIINX Ul MOJTHOMACIITAOHONW MPOM3BOIUTENBHOCTH. TOT ke
Croco0 MOKHO UCTIONB30BaTh, OCTOPOKHO YBEJIHMYUBASI KOJMUECTBO MOIYJIEH pa3HbIX Pa3MEpOB.
ITonHoMaciiTabHasl yCTAHOBKA AOJDKHA BECTH ceOsl TaK JKe, KaK HKCIEPUMEHTaIbHAsl yCTAHOBKA,
3a MCKIFOYEHHEM TOT0, YTO €€ MPOU3BOAUTEIBHOCTD, MOTPEOJICHNE SHEPTUU U CTOMMOCTD, KaK

OXKHNACTCA, 6YI[YT BBIIIC, B 3aBUCHUMOCTHU OT KOJIHUYECTBA MO):[y.]'IeI\/'I. Cne):[yeT 3aME€TUTDb, YTO
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3aTpaThl HA YKa3aHHYIO SKCIEPUMEHTAJIbHYI0 YCTAHOBKY MOTYT YBEJIHMUYHUBATBHCS HEJIHMHEWHO IO
Mepe YBEIMISHHsT KOJIMIECTBA MOAYJICH.

[0077] ®ur. 1 npeacTaBisieT KJIOUYEBbIE 3JI€MEHThI, KOTOPBIE YUYaCTBYIOT B IPUMEPAX MPOLIECCOB
yBenmueHus: mMacimraba. Kak Tonbko B nabopatopuu OyneT HAKOIUIEHO AOCTATOYHO 3HAHUU O
crioco0e W YCTPOWCTBE PEaKTOpa, 3TH 3HAHUS MOTYT ObIThb OOBEOUHEHBbI AJISI TOCTPOCHUS
MareMaTH4eckol mozenu. JlaHHas MONENb JOJDKHA BKJIIOYATH BCE ACMEKThI, KOTOPBIE HIPAIOT
BAXHYIO POJb B TpOLECCe, TaKWe KaK THIPOAMHAMHUKA, Ta30’KUAKOCTHAs IUIa3Ma, KHHETHKA
peakuuy, a Takke TEePMOAMHAMHKA. JTH acCHeKTbl TECHO CBSI3aHBI JPYyr € JPYroM H
B3aMMO3aBHCHUMBI, YTO YCJOXHSET MaclTaOupoBaHHE peakTopoB. Hekoropwle mnapamerpsl
MOJIENIN 3aBUCST OT pa3Mepa, a Apyrue He 3aBUCAT. BaxkHO pacrno3HaTh U pacCMOTPETh U TO, U
apyroe. Ilapamerpsl, MOJyuYeHHBIE HJIM BBIBEJAEHHbIE B J1A0OpPaTOpPUH, MOTYT 3HAYUTEIBHO
U3MEHATbCA B 3aBUCUMOCTH OT pasMepa peaxTopa. Takum oOpasom, anst 3amycka
MaTeMaTHYECKOH MO MOTYT MOTPeOOBATHCS OMOJHUTENbHbIE MHCTPYMEHTBI, TaKue Kak
nporpammupoBaHue/mudposanne. B monenn ¢usnueckuii pasmep, KOJIUUECTBO Pa3psiAHBIX
IPOMEXKYTKOB W/WJIN CKOPOCTh MOTOKA TEKy4eH Cpelbl MOTYT OBbITh U3MEHEHBI JUIsl YBEIUUSHHS
peakTopa. 3aTeM pacCUMTBHIBAIOT UTOTOBBII pa3Mep peakTopa, KOJNYECTBO PEAKTOPHBIX OJIOKOB,
a TaK»ke IPOU3BOIUTEIIBHOCTD.

[0078] OouH WILTFOCTPATHBHBIA CIOCOO, PACKPBITHIN B HACTOSIIIEM JOKYMEHTE, MPUMEHSIETCS K
ONMHOYHOMY HCKPOBOMY pa3psOHUKY. Psn mapaMeTpoB OmNpenenseTcss Kak IMapaMmeTpbl
WHIUKALUK TPOAYKTUBHOCTH W/WIM KaK TapaMmeTpbl WHAMKAaUuMU Mmacmraba. I[lapamerpsl
NPONYKTHUBHOCTH YKa3bIBAIOT HA B3aUMOAEHCTBUE TIA3MbI C Ta30M H IIA3MOH C JKUIKOCTHIO B
mMHorodaszHom peakrope. [TapameTpsl MaciTada nNpencTaBisitOT 3QGEKTUBHOCTh UCTIONB30BAHUS
NPOCTPAHCTBA peakTopa U ero odmwmii pasmep. Jlpyrod mnpumep cmocoda, pacKpbITBI B
HACTOSIIEM JOKYMEHTE, MPUMEHSETCs ISl yBeJIWYeHUs maciradba peakropa it oOpaboOTKu
Heptu (OTR), xoropwiii MoxeT mnepepabaTeiBaTh HepTh C ropa3no Oojiee BBICOKOH
NPOM3BOIUTENBPHOCTEIO. B 3TOM mpumMepe cmoco0a HCIOJNBb30BAHO MHOXKECTBO Pa3psiIHBIX
MOAYJEeH Ui TOCTPOEHHs] TPEXMEPHOW MaTpuipl peaktopa. llodydeHHOe yCTpPOHCTBO C
PA3ITUYHBIM KOJHUYECTBOM 3JIEKTPOPA3PSIAHBIX MOAYJIEH At 00pabOTKU YIIIEBOIOPOAOB MOXKET
OBITh HCTOJB30BAHO HA HE(PTSIHOM MECTOPOKICHHH WM Ha HedTenepepabaThIBAIOLIEM 3aBOJIE.
Monynu MOTyT OBIT JIETKO COOpaHbI il pabOThI JTHOO HE3aBUCHMO B KaueCTBE PEAKTOpa IS
00paboTku HedTH, MO0 It pabOThl B paMKax CYIIECTBYIOIIEH CHCTEMBI IMOC/IEe BKIIOYECHUS B
Hee. KonmuecTBo Moayiei MOXKeT ObITh JIEFKO H3MEHEHO B COOTBETCTBHH C MPOU3BOACTBEHHBIMHU
notpebHocTsiIMHU. [loWck M yCcTpaHEeHHE HEWCIIPABHOCTEH M 3aMeHa TaKUX MOAYJIEH IMpole,

MOCKOJIbKY KZl)KI[beI MOJKET OBITb HE3aBUCHUMBIM OT APYyrux.



16

[0079] Tlo cpaBHEHHIO C NPYTUMH TUIMIAMU PEAKTOPOB i 0OpabOTKu He(TH, PaCKPHIThIE
WUTIOCTPATHBHBIE YCTPOICTBA HMMEIOT pPsA SBHBIX INpeuMyInecTB. Hampumep, KoIM4eCTBO
MOAYJEeH W paspsIHbIX YCTPOHCTB MOXKET THOKO U3MEHSThCSI B 3aBUCHMOCTH  OT
NPOM3BOJACTBEHHbIX U Apyrux tpeboBanmii. ClienoBaTenpbHO, YCTPOHCTBO COTIACOBAHO C
NPOU3BOIUTEIBHOCTBIO, KOTOPAsi MOXKET OTJINYAThCs Oosiee 4eM Ha OIMH Nopsinok. TexHudeckoe
o0CIy>)KUBaHHE YCTPOICTBA M 3aMEHA JeTaliel MpolIe U SKOHOMHYHEE, TIOTOMY YTO YCTPOHCTBO
BBINIOJTHEHO C BO3MOXKHOCTBIO pPaOOThI aHAJIOTWYHO CepBEpaM CYNEPKOMIBIOTEpPA, TaK HYTO
nobaBieHNe U yAaJeHHe MOIYJIeH SBISIFOTCS TPAKTUYECKH MTHOBEHHBIMU 3a/1auaMiu. PackpeiTeie
B HACTOALIEM IOKYMEHTE WIUTFOCTPATHBHBIE YCTPONWCTBA KOMIAKTHBI U MOTYT HUMETh OUY€Hb
NPOYHYI0 KOHCTPYKLMIO. B HEKOTOPBIX BapHaHTax BOIUIOIIEHUS, YCTPOHCTBA MOTYT CIY>KHTb B
Ka4eCcTBE MOOWMJIBHBIX PEAKTOPOB AJsi 00paboTKH He(PTH M TPAaHCIIOPTHUPOBATHCSA Ty, INI€ OHU
HeoOXOAMMBI, Harpumep, BOJH3H MECTOpOXKAeHus HehTH WM Ha HedrenepepadaTbiBArOIEM
3aBozie. YCTAHOBKM KPEKHMHIa TsDKEJIOW He(PTH C MHOXECTBOM 3JIEKTPOPA3PSIIHBIX MOIyJIeH
NPUMEHUMBI Uil 00paOOTKM CbIpo HePTH W JPYrUX HPOMEKYTOYHBIX HPOAYKTOB
He(drenepepaboOTKH, a Takke APYIHX YIJIEBOAOPOAOB. MOryT OBITH ONpEneNeHbl pa3udHbIe
napaMeTpbl MacIITaOMPOBAHMs, YTOOBI BCECTOPOHHE OXapaKTEPU30BATh MPOLECC paspsna ¢
OIMHOYHBIM HCKPOBBIM Pa3psiAHUKOM, & TaKKe MPOAYKTHUBHOCTb YBEJIMYEHHOIO B MaciuTade
peakTopa € HECKOJIbKMMH MOAYJISAMH U 3(PQPEeKTHUBHOCTh HCIOJIb30BAHMS €ro (U3MYECKHUX
pa3Mepos.

[0080] B wmrOCTpaTUBHBIX BapHAHTAX BOILUIOLIEHUS HACTOSIIErO OMUCAHUS, PACKPBIT CHOCOO
YBEJIMYCHUST MacmTada MHOTO(a3HOro IUIA3MOXUMHYECKOTO PEakTopa € HCIOIb30BAHHEM
BBIOpOCA MY3BIPbKOB Ta3a B JKUAKOCTSX il 0OpabOTKH KUAKHX yrieBonoponos. Hekoropsie
BAPUAHTHl BOIUIOLIEHHS] TMPUMEHSIOT K MPOLECCY MacIuTaOMPOBAHUS OIWHOYHOTO HCKPOBOTO
pa3psAOHMKA U €ro XapaKTEePHbIM napaMerpaM. Psii mapaMeTpoB MOKET ObITb ONpeneseH Kak
napameTpbl HHAMKALMH TPOAYKTHBHOCTH WIIH MTAPaMETPbl MHANKALMY MacIITada AJisl TIOTy4YeHUs
XapPaKTEPUCTUK OJMHOYHOTO MCKPOBOTO paspsimHuKa. [TapaMeTpbl MpOIyKTUBHOCTH MOTYT OBITH
UIEHTU(PULMPOBAHBI [Tl YKA3aHUS HA B3AUMOJIEHCTBHE IJIa3Mbl C Fa30M H TUIA3MOMH C JKUAKOCTBIO
B MHorodasHom peakrope. Ilapamerpsl Macmrtaba MOryt ObITh HWACHTU(GULMPOBAHBI IS
npezacrasieHns 3Q(HEKTUBHOCTH HCTIONB30BAHUS IIPOCTPAHCTBA PEAKTOPA U €0 00IIero paMepa.
[0081] Jpyrue BapuaHThl BOIUIOIIEHMsI MPUMEHSIOT K pEaKTOpaM C MHOXXECTBOM HCKPOBBIX
Pa3pSAHUKOB C TIOMOLIBIO MHOJKECTBA PA3PSAHBIX MOAYJIeH 1 nHpopMaruu o pasmepax. B Takux
BAPUAHTAX BOIUIOLIEHUS MOXKET OBITh HCIOJB30BAHO MHOXKECTBO PA3psAHBIX MOAYJEH s
CO3JJaHMsI JIByX- MJIM TPEXMEPHOH MaTpuibl peakropa. Hampumep, Takoi momxon MOXeT OBbITh
UCTIONIb30BaH Ha HE(PTIHOM MECTOPOKIACHWH WIM Ha HedTenepepadaThIBarOIeM 3aBOJE B

KaueCcTBE€ MOOUJIBLHOIO U paCcmnpAEMOro mia3MOXuMHU4ICCKOro peaxkropa. PaSMepr U MOIIHOCTD
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TaKUX YCTPONCTB MOXKET OBITh aJANITUBHO PETYJIUPYEMON B COOTBETCTBHH C IPON3BOICTBEHHBIMHU
TpeOOBaHUSIMU.

[0082] ITpuHuumbl nelicTBus U padoTa WILTFOCTPATUBHBIX MOAYJIBHBIX Pa3PSIHBIX PEAKTOPOB C
HCKPOBBIM Pa3PsAHUKOM, PACKPBITHIX B HACTOSAIIEM TOKYMEHTE, IPEUMYIIECTBEHHO YAOOHBI s
NOJIB30BATENS U MOTYT OBITh JIy4Ile MOHATHI CO CCHUIKOM Ha YEPTEKU M CONPOBOAUTEIIBHOE
OINHCAHUE.

[0083] PesynpTHpyromee yCTPOMCTBO, B PA3NUYHBIX BapHUAHTAX BOIUIOIIEHUs, OOeCreunBaeT
pa3NUYHOE KOJMYECTBO SJEKTPOPA3PsAHbIX Moxysed st oOpaboTKH  yIJIEBOAOPOAOB.
YcTpolicTBO MOXKET paboTaTh IMOO HE3aBUCUMO, KaK PEaKTOp JIsi 00paboTKu HEPTH, THOO MOXKET
ObITb BKJIIOUEHO A1 paboTel B CYLIECTBYIOINYIO cuCTeMy. BcenencrtBue ¢pakraibHOroO
MOJIYJIbHOTO XapakTepa IOPTATUBHBIX OJIOKOB, HX 0OpadarbhIBaroIasi MOIIHOCTb MOKET
NIOCTETICHHO YBEJIMYMBAThCA IO Mepe Hu3MeHeHus: mnotpebHocteil. Tpebyemoe KOJIHUYECTBO
MoayJiell U KOH(UIypalust MaTPUIbl MOXKET OBITh ONpeneieHa WM BbIOpaHa, HampuMep, Ha
OCHOBaHHMHU TpeOyeMOl NMPONU3BOIUTEIBHOCTH U YAEIBHOTO SHEPronoTpedIeHus.

[0084] UnrocTpaTBHBIE MOAYJIM MOTYT ObITH pasMeIleHbl B BHAE MATPHULbI, YTO IO3BOJISIET
HOJIb30BATEIM M30MpATeNIbHO OTKJIIOYATh CTOJOen MM psa. B HEKOTOphIX BapHaHTax
BOIUIOIIEHHUS, TpexMepHas (3D) marpuua ¢ mocienoBaTebHbIMI Pa3psIIHBIMU OJIOKAMH MOJKET
paboTaTh NpH Pa3IUYHBIX ONTHMU3UPOBAHHBIX YCIOBHSX peakropa. B apyrux BapuaHTax
BOILIOLICHUS, ByMepHas (2D) marpuia MoxeT o0ecreyuBaTh OY€Hb BBICOKYIO MPOMYCKHYEO
crocoOHOCTh. MaTpulia peakTopa MOKeT ObITh COEIUHEHA C BHEIIHEH TeKydel cpemor u
ANIEKTPUUECKUMHU YCTPOMCTBAMH TOCPEICTBOM OBICTPOpPa3beMHbIX coenuHeHuil. CoennHeHuUs
MEKIY MOZYJIIMH MOTYT JIOMYCKATh «TOPSYYIO» 3aMeHY (0e3 BBIKJIIOYSHHS SJICKTPOIUTAHUS ), TAK
YTO 3aM€Ha MOAYJsSl He NpPUBENET K OCTaHOBKE cucTeMbl. [opsdas 3aMeHa OTHOCHUTCS K
BO3MOKHOCTH BBITIOJIHSTH OOCITY>KUBAaHHE OTAEIBHOTO MOAYJISI HUTH TPYIIIbI MOAYJIeH B 3-MepHOH
MaTpHIe MOoayJiel 06e3 OTKIIFOYEeHHUS BCEH CHCTEMBbI. TO MOJKHO BBIMIOJHSTH, IIOCKOJIBKY MHOTHE
Moy paboTarT MapauiesibHO OT KoJulekTopa. KojutekTop MokeT umMeTh ObICTpOpasbeMHbIE
COEUHEHUS], KOTOPble MOTYT COEAMHATHCS C MMOJAMHOKECTBOM I'PYIIIBI MOAYJIEH U OTAENbHBIMU
moayssiMu. [Ipy MOAKIIOYEHMH WM OTKJIFOYEHHH MOy TPeOYyeTcsi TOJIbKO JIOKAJbHOE
OTKJIFOUEHHE, O€3 BO3/IEHCTBHS HA BCIO CUCTEMY.

[0085] ObcnyxuBaHMe 1 3aMeHa JIeTayell MOAyJIelH MOTYT OBITh MIPOCTBHIMH, MTOCKOJIBKY Ka Kbl
MOXeT OBITb HE3aBHCUMBIM OT APYTHX. JIHarHOCTHKA 1 MOHUTOPUHT MOTYT OBITh BBIITOJTHEHBI JJIS
KaXXJIOTO MOAYJIL M KaKIOTO UCKPOBOTO pa3psiiHUKA B MOXYJEe. DTO MOXKET ObITh TOCTUTHYTO
nyTeM Iepenadd AaHHbIX AAaTUMKA KaXKJOro MOIYJs Ha yIaJleHHbIM cepep. Moaynu MOryT
o0ecreynBaTh COENWHEHHsI LeTlel BBICOKOTO HAMPSDKEHHS M H3O0JSILUI0, KOTOPbIE MOTYT OBITh

CMOHTHPOBAHbI B HIDKHEW YacTH MOAyJiell B OTCeKax Al Jydmeidl usomsauuud. Moryt ObITh
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BKJIFOUEHBI 3JIEMEHTBI CXeMbl. TakuMm 00pa3oM, cxema i KaKAOro MOXYJS MOXET OBITh
MOJTHOCTBIO MJIM YaCTUYHO HE3aBUCUMOHM OT Apyrux cxeM. Hampumep, cxema, CBsi3aHHas C
KQXIbIM TPOMEXYTKOM, MOXET INpeoOpa3oBbIBATh JIMHEHHOE HANpPSDKEHHE B HMITYJIbCHBIN
MOCTOSIHHBIA TOK BBICOKOTO HAMpPsDKEHMs JUIsl 3TOTO MPOMEXKYTKA, WM CXEMa, CBsI3aHHas C
KaQXJIbIM MTPOMEKYTKOM, MOKET NMpeoOpa3oBbIBATh IMEPEMEHHBIH TOK CPEIHErO HIIM BBICOKOTO
HANPSKEHUS. B UMITYJIbCHBIN MOCTOSIHHBIN TOK BBICOKOTO HANpPsIKEHUs AJI 3TOTO MPOMEXKYTKA C
NOMOIIBIO JINHUHM TpeoOpa3oBaHUsl HANPSDKEHWs B CpPENHEe WM BBICOKOE HAamNpsDKEHHE
NEPEMEHHOr0 TOKa ¢ OOIUM 3JeMeHTOM Lenu. Kaxaplii MOAyib MOKET MMETb COOCTBEHHOE
YCTPOMCTBO AMArHOCTUKM U MOHUTOPHUHIA B peXUMe peasbHOro BpeMeHu. Korpa mpoucxoaur
cOoi1, HenCIpaBHBIA MOZYJIb MOXKET OBITh MAEHTU(UILIMPOBAH U OCTAHOBJIEH AJIsT OOCITY )KUBAHUS
i 3amensl. Hanpumep, B Mmatpuue moayien 10x10x10, B kOTOpO# Kaskablii MOAYJIb COAECPIKUT
10 oTnenbHBIX Pa3psAHUKOB ST 0OpaOOTKM, OTKA3 OTAENBHOIO MOIYJSI COCTAaBJIAET MOPSAIKA
1/1000 oT o61ero AeWCTBUsI CHCTEMBIL, 1 UMEET OU€Hb OTPAHUYEHHOE BIIHSIHUAE Ha cucTeMy. TOYHO
TaK JK€ OJINH PaspsAHUK MOXkeT cocTaisaTh 1/10000 Bceit cuctemsl.

[0086] B pasmuuHbIX BapuaHTaxX BOIUIOIIEHMS, OE30MACHOCTb MOXKET OBbITh TIOBBIIIEHA C
TIOMOIIBIO CUCTEMBbI INATHOCTHUKH ¥ MOHUTOPUHTA B PEXXHUME PEalbHOrO BpEMEHH, obafaromeit
BO3MO’KHOCTBIO IIPEAOCTABJICHHS B PEaIbHOM BpeMeHH HH(pOpMaIMy O KaXXIOM MOAYJIE, a TAKXKe
00 yctpoiictBe B wnesjoM. [Ipu BOSHMKHOBEHHWH HEUCIPABHOCTEH BO3MOXKHO H30HMpaTesbHOe
BBIKJIFOUEHNE MOAYJIEH WK yCTPONCTBA. PerynupoBanue v nogayda ra3a B KakKJblil MOAYJIb MOTYT
ObITh OTAENEeHBI OT npyrux. Korna Moaynu ynassiioT win o0aBISIOT, yTeYKa Ta3a HIIH TOMEXH,
BBI3BAHHBIE TMPOLIECCOM NOOABICHUS WIH YAAJEHHs, MOTYT OBbITb MHUHUMH3HPOBAHBL ITO
OCYILECTBIISIETCS] TOCPEACTBOM HE3aBUCUMOIO KJIAMAHHOTO YIPAaBIEHHS IOTOKOM Tasa u
KUIKOCTH K KOKIOMY MOAYJIIO W/HIN C MOMOLIBIO OBICTPOPa3beMHBIX (PUTUHTOB (TpyOHBIE U
TpyOOnpoBOAHBIE  (PUTUHTHM, KOTOpblE, KOIZa OHHM  PAa3lNeJeHbl, HUMET (YHKIHIO
NePEKPBITHS/ TEPMETU3ALIHH ), KOTOPbIE MOANEPKUBAIOT LEJIOCTHOCTD 3aKPBITHIX CUCTEM. DTOT THIT
pa3beMa MOKET MPUMEHSTECS BO BCEX PA3JIMUHBIX Ta30BbIX, JKUAKOCTHBIX M 3JIEKTPHUUYECKHUX
COEAMHEHUsIX. MeXaHW4YeCKHe COCOUHEHHsT W OIMOphl JJISi MOAYJS TakKe MOTyT OBITh
COEAMHEHUSIMH C 3aIIEIKOH, MpeIHa3HAY€HHBIMU ISl OBICTPOI B3aNMO3aMEHSIEMOCTH MOZYJICH.
Kaxnpiit Monysb 3¢ ¢peKkTHBHO paboTaeT HE3aBUCHMO C COOCTBEHHBIM YIPABJICHUEM MMOTOKOM H
CXEeMOM ynpaBJIeHusl.

[0087] Bcnencreue M3MEHEHHI THAPOCTATHUECKOTO AABJICHHS, KaK MPAaBUJIO CIOXKHO HUMETh
MacCcHB MOJyJiel U OJJUHAKOBBIN yPOBEHb *KUJIKOCTH BO BCEX MOAYJIAX. B HEKOTOPBIX BapHaHTax
BOILJIOLIECHHS, YPOBEHD JKUAKOCTH MOKHO PETYJIHPOBATH B MOYJI€ TACCUBHBIM criocoboM. OnHUM
U3 [IPUMEPOB TOTO SBIISIETCS UCTIOIB30BAHNE CIIMBA, IIITF03a I KOMOMHHPOBAHHOTO YCTPOHUCTBA

IIIJIFO30BOTO/CIIMBHOTO THUIA HA BBIXOJAE M3 MOAYJS U PETYJIMPOBAHUS YPOBHS JKUIKOCTH.
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JIpyruM mpuMepoM SIBIISIETCS MCTIONIb30BAHUE CY)KEHHSI OTBEPCTHsSI HA BXOIE MOAYJSA, TaK YTO
nasieHNe JaBJIeHUs B OTBEPCTHH OoJiee 3HAYMMO, YeM MaJleHHe THAPOCTATHUECKOTO IABJICHUs, U
JaBJIEHUs] B MOAYJIAX OyOyT OTHOCHTEIBHO MOCTOSIHHBIMHU. KoMOMHALNSA 3THX CrTOCOOOB MOXKET
UCTIOJIb30BAThCS YACTUYHO WJIM COBMECTHO, TaK YTO BBICOTA YPOBHS JKUIKOCTH He OyeT 3aBUCETh
OT MaJeHUsI JaBJICHUs (TPEHUs, TOTOKA W/MIIN TUAPOCTATUKH ) B JINHHUH.

[0088] [TockoMbKy B pa3UYHBIX BApHUAHTAX BOIUIOLIEHUS PEAKTOP IOJDKEH JeWCTBOBATH
HETIPEPBIBHO, Pa3IMYHbIE CTYIEHH WU CTAHH ITPOLIECCA MOTYT IMIPOUCXOAUTDH OTHOBPEMEHHO WITH
NOCJIEIOBATENbHO, TaK YTO SKUAKUHI YIJIEBOAOPOAHBIM MaTepuas HENpepbIBHO MOAAETCs B
pa3psAHBIA peakTop MO Mepe TOro, Kak IMOJY4YEeHHbIE YIJIEBONOPOJHBbIE (PPAKLUU BBIXOAAT U3
kamepbl. IlonydeHHble yriaeBOAOPOABI MOTYT COAEpKaTh Jierkue (pakuuu, KOTOpPble HYXKHO
OTAENUTh OT JUCTUJUIATA U TBEPABIX BEIIECTB, OOPA3YIOIIUXCS B Pa3psgHOM IIPOMEXKYTKE, HO
KOTOpbIE HEOOXOAUMO YIAJIUTh U3 IPOAYKTA.

[0089] B koHTEKCTe AAHHOrO NOKYMEHTAa, TEPMHH «MOJYJb» OTHOCUTCS K HE3aBUCUMOMY H
NePEeHOCHOMY OJIOKY, KOTOPBIN COAEPIKUT HECKOJIBKO OTAENbHBIX Pa3psaHbIX OJIOKOB peakTopa.
Kaxpiii 010K peakTopa MOKET COAepkaTb MHOXKECTBO HCKPOBBIX Pa3PsITHUKOB, KOTOPBIE TAKKE
MOryT paboTaTh HE3aBUCHMO WJIM B TPYIIIE, HCIOJb3YIOMIEH OAWH M TOT € Ira3-HOCHTENb U
yIpaBJIeHUE OT HJIEKTPUYECKOr Lenu. Takast MOnyJbHAsS KOHCTPYKIHS HE TpeOyeT BCTpanBaHUsS
Ha Mecte. Hukakue 4acTu 3Toro ycTpoicTBa MM BCIIOMOTaTeJIbHbIE KOMITIOHEHTBI, HEOOX OINMBbIe
1151 pabOThI ATOTO YCTPOICTBA, HE JOJUKHBI BCTPAUBATHCS HA MECTE, TIOTOMY YTO, HalpuMep, STO
YCTPOHCTBO COCTaBJICHO M3 MOIYJEH, W KaXIblii MONYJIb MOXKET ObITb CMOHTHPOBAHHBIM Ha
cajla3kax Win nepeHocHbM. OOmuii pasmep rpymibl MOAYJIEH, KOTOpas CONEPXKHUT pa3psiIHbINA
peaxkTop, MOKeT ObITh N30MpPATETbHO BbIOpPAH it OOJIer4eHus JOCTAaBKH Caa30K CTAaHIAPTHBIM
NPOMBIIIJICHHBIM TPAHCTIOPTOM, TMOAXOMSAIIMM JJIsi JAHHOTO MecTa. Llenp Takoi KOHCTPYKLUHU
MOYKET 3aKJIF0YaTbCsl B OOECIEUEHUHN €€ HCIOJIb30BAHUS B PAa3JIMYHBIX MECTaxX, Halpumep, Ha
He(TSIHOM MECTOPOKACHUH, Ha MOpe WK Ha HedTenepepabaTrpiBaroieM 3aBone. EnuHcTBeHHas
HeoOXOoMMast yCTAaHOBKA MOJKET 3aKJIFOUAThCS B TIOAKIIFOUEHHH 3JIEKTPOIHEPTHH, TTOJJauH rasa, a
TaKXKe BBOJA M BBIBOJA NMUTaHUA. IIpM HOCTaBKe Ha MECTO HEOOXOAMMO OyIeT MOAKIIOYUTH
3JIEKTPOIHEPTHIO, T3, oAUy )KHIKOCTH U IPOIYKTOB. ITO MOXKET OBITh BBIITOJHEHO C ITOMOIIBIO
CTaHIAPTHBIX TPYOOIPOBOAOB, LUIAHTOB U 3JIEKTPHUECKUX COEAMHEHHH, COOTBETCTBYIOIIMX
MecTy/lpuMeHeHn0. Moy He OTpeOyIOT BCTPaMBaHUS HA MECTE, BKIIIOUAsl CBAPKY, COOPKY
KOHCTPYKLUH, OETOHHBIX TUIMT WM APYTHX PabOT, OOBIYHO BBINOJIHIEMBIX NPU CTPOUTENHCTBE
HedrenepepadaTbIBarOIIero 3asoaa. TOYHO Tak k€ CHCTEMBI JIOKAJIHM3ALNH Pa3JIMBOB, CHCTEMBI

0€e30IMacHOCTH JJIA O6Hapy>KeHI/I$I rasa CUCTEMbI TMOXAPOTYLWICHUA W  aAHAJIOTUYHBIC
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BCTIOMOTATEIbHbIE CUCTEMbl MOTYT OBITH WHTETPUPOBAHBI B MOAYJb, U UX HE HYKHO Oyner

YCTaHAaBJIMUBATD MMOCJIC JOCTABKH. MOKHO UCTIOIB30BaTh HECKOJBKO CaJIa30K, KaXbI€ N3 KOTOPBIX
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coziep KaT MHOXKECTBO MOZYJIEH, ISl JOCTHIKEHUS JIFOOOH JKenaeMOoi MPOU3BOAUTEIBHOCTH WITH
obOpabateiBaeMoro odbema.

[0090] IIpeapinymue MOMBITKYA CO3JAHUSI MOAYJIBHON KOHCTPYKIIMU 3HAYUTEIBHO OTJIUYAIUCH.
Hanpumep, TpeboBanocs 3HaUNTETPHOE BCTPAUBAHIE HA MECTE U COOpKA KPYITHBIX KOMITOHEHTOB.
Kpome Toro, muHMManbHbIi Onok oOpaboTku Obul 3HauuTenbHO Oosbine. Hamportus, B
WUTIOCTPATUBHBIX BapHAHTAX BOIUIOLIEHMS HACTOSLIET0 M300pETEHHs, MHHUMAIbHBIM OJIOKOM
00paboTKHU MOXKET OBITh OAMH Pa3psIHBbIA MPOMEXKYTOK, KOTOPBIH MOXKET OBITh pacCUMTaH Ha
obpadotky ot 0,01 mo mpubnusurensHo 0,1 Oapperneii B ners. Hampumep, ¢ moMolpio 601b1110ro
KOJIMYECTBA 3THX OJIOKOB Ha canaskax, comepxkamwux 10, 100, 1000 wmm 10 000 oTmenbHBIX
Pa3psIIHBIX MPOMEKYTKOB, MOKHO AOCTUYb AUana3oHoB oOpadoTku ot 0,01 Oappeneii B neHp 10
1 kunobappeneii B neHb.

[0091] B kOHTekCTe HaHHOTO MAOKYMEHTa, TEPMHH «MacIITaOMPyeMbIii» YKa3bIBAET, YTO
KOJIMYECTBO MOJYJe MOKEeT ObITh paclupeHo 0e3 HeOOXOAMMOCTH B OMOJHUTEIHEHOM
obopynosanun. Hanpumep, ¢ MHOKECTBOM MOJYJIEH MOKHO MCIOJIb30BAaTh OIMH HACOC, HArpeB
WIM KOHACHCALMIO, a JOMOJHUTEIbHBIH MOAYJb MOXET He MoTpedoBaTh a00aBICHUS
JONOJHUTEIBHOTO U3JIUIIHETO 00OPYIOBAHUS B CUCTEMY.

[0092] B KkOHTEKCTE HNAHHOTO JOKYMEHTAa, TEPMHUH «TsDKENble HE(PTH» OTHOCUTCS K TeM
yIJIEBOAOPOAHBIM CMECSIM, KOTOpPbIE HAXOASTCS B JKHUIKOM COCTOSHUM TP aTMOC(epHBIX
ycnoBusix. Tspxenast HehTh COTNIACHO TEXHUYECKOMY OMPENSTICHUI0 UMEET TUIOTHOCTh U B3KOCTh
BBILIIE ONPEIEICHHBIX 3HAYSHUH 1 OOBIYHO UMeeT 0oJiee HU3KYIO PHIHOYHYIO LIEHY MO CPABHEHHIO
¢ nerkori He(ThI0. Tspkenas ceipast HepTh M aTMOC(hEPHBbIE OCTATKHU MPEACTABISIOT COOOH NBa
npuMepa, KOTOpPbIE MOTYT XOPOLIO COOTBETCTBOBATH OINPENENICHHIO. YTJIEBOAOPOIABl MOTYT
BKJIFOYATh, HO HE OTPAHUYHMBAIOTCS UMM, MapadHbl, apOMaTUYECKUE YIIIEBOIOPObI, HA(TEHBI,
LIKJIOAJIKAHBI, AJIKEHBI, TUEHbI U ATKMHbI. OHU MOTYT XapaKTePHU30BaThCsl OOIIMM YHCIIOM aTOMOB
yriepoza u konndectBoM oguHapHbIX (C-C), apoiinbix (C=C) nmm tpoiiHbix (C=C) cBs3eit Mmexay
aroMamu yriepoaa. Mx moxHo 0e3 Tpyaa UCIob30BaTh AJIS MTOJTyYEHUs JTIETKUX (PaKIHiA, TAKHX
Kak OEH3WH U KePOCHH, WK OoJiee TSUKENbIX (PpakLui, TAKMX KaK JU3EJIbHOE TOIUIMBO U Mas3yT.
CoOTHHU pa3IUUHBIX MOJIEKYJI YIIIEBOAOPOIOB B ChIpOi HeTH MpeoOpa3yrTCs C UCMOIb30BAHHEM
PEaKTOPOB M CIIOCOOOB HACTOSIIEH TEXHOJIOTHH B KOMIIOHEHTBI, KOTOPBIE MOTYT UCIIOJIb30BATHCS
B KaUeCTBE TOIUINBA, CMA30YHBIX MAaTEPHAJIOB U B KAUECTBE CHIPbS B APYTUX HEPTEXMMHUUECKHX
npoLeccax.

[0093] B WUIOCTpaTHUBHBIX NpUMepax MAaclITAOMPOBAHHUS C OAMHOYHBIM  HCKPOBBIM
Pa3pSAHUKOM Ba)KHO TOHHMMATh, Kak paboTaeT paspsii ONMHOYHOIO MCKPOBOTO Pa3psiAHHKA B
Ka4eCTBE  IUIA3MOXHMHYECKOTO  PEaKTopa, BKIOYAs  XapaKTePHCTUKU  paspspa |

COOTBETCTBYHOIIUE pPECAKINU, 4TOOBI OMNpEAC/INTh MAapaMETPhIL, BIUAOIINEC HAa NPECACTABIAOIINC
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UHTEpEC pe3ysbTaThl. PacKpbITBI Crtocod MOXET BKIIOYATh B CeOs MOUCK TEX MapaMeTpoB U
MPOLIECCOB, KOTOPBIE M3MEHSIOTCS C Pa3MEPOM, U TE€X, KOTOPble OTHOCHUTEJIBHO HE 3aBUCSIT OT
pasMepa peakTopa. B momomp mpu ompenereHMd W HM3YYEHHH NapaMeTpPOB MOXKET OBITh
pa3paboTaHa MOIEIb.

[0094] B wmnnmroCTpaTHBHBIX MpPHUMEpaX BAPHAHTOB BOIUIOIIEHUS MOTYT OBITh TOJYYEHBI
napameTpnl yBenudeHuss macmurtaba. Ilapamerpsl mMacuTaOMpOBaHHMS MOTYT HE 3aBUCETh OT
pasMepa peakTopa U MO3BOJSIOT HANpsSMYyX) CPaBHUBATh pE3yJbTAaThl MOAECIUPOBAHUS B
pasnuusbIx MacmuTabax. IlepBelii mapamerp ompenensieTcss Kak OTHOLIEHHE OOBeMa ra3oBOrO
paspsina k o0ieMy o0beMy My3bIpbKa ra3a B IPOMEXKYTKE: 71 = 00beM paspaoa / 00vem ny3vipbKa.
OT10 3HaYeHHe NMPUOIU3UTENPHO YKa3biBaeT HA 3()(PEeKTHMBHOCTH MCIONB30BAHUS ra3a U UMeEeT
BO3MOXHBIN Auamna3oH ot 0 1o 1. MneansHbli quana3oH 1Jist 5TOro napaMerpa MOXKeT COCTaBJISTD,
B Pa3MUYHBIX BapuaHTax BomuiouieHus, ot 0,5 no 0,9. OgHako nuana3oHsl 3HadeHui ot 0,1 go
0,99 Bce eme MoryT obecreunBaTh OYeHb XOpOoIIre ycioBus o0padoTku. Takue HU3KKe 3HAYCHUSI
r, kak 10"-3, takxke MoryT obecneynBaTh NpHEMIIEMble NPeoOpPa3OBaHMUS B XUMHYECKHX
peakiusix. ['a3oBble paspsigpl Hajg HMOBEPXHOCTSIMH JKHIKOCTH MOTYT UMeThb 3((eKTHBHOE
3HaveHue r1 Mmenee 10°-3 u, kak nmpaBuio, MeHee 3P (PEeKTHBHBI IPU XUMUUECKOM IPEBPAILEHHH.
Taxoil Auana3oH mapaMeTpOB MAaKCUMHU3HMPYET B3aUMOJEHCTBUE AKTHUBHBIX YACTHUL] rasa U3
paspsza ¢ MOJEKYJIaMU JKUAKUX YIVIEBOAOPOAOB Ha MPAHULIE pa3fieNia My3bIPbKOB C KHUIKOCTBIO.
CauimkoM BBICOKOE 3HAUEHHE 3TOro Mapamerpa MOXKET ObITh HEKeNaTeNIbHbIM, TaK KaK TaKue
3HAYeHHUs] HEU30EKHO MPHUBEAYT K MOCTOSHHBIM TEXHOJIOTMYECKHM MyTSM HarpeBa oObema u
CJIMIIKOM BBICOKMM JIABJIEHUSIM U TEMIIEpaTypaM BO BPEMs IIPOLIECCa 3IEKTPUIECKOTO pas3psiia u,
TaKUM 00pa3oM, K HeOJIaronpusaTHOW KHHeTHKe nporecca. CIMIIKOM HU3KOE 3HAUEHHE TPUBEAET
K 3HAYUTEJIbHOMY OOpa30BaHMI0 XHWMHYECKH AKTHUBHBIX YaCTHI B Ta30BOH (hasze, KOTOpBIE
pearnpyroT TOJIBKO C IPYTHUMH MOJIEKYJIAMH Ta30BOM (a3bl i HE B3AUMOACHCTBYIOT C MOJIEKYJIaMHU
KUIKOH (ha3bl. YKa3aHHBIN NEPBbIA MapaMeTp 3aBUCUT OT XapaKTEPHUCTHK pa3psiaa B IBYX(HasHBIX
TEKY4YUX Cpelax ra3a->kKUuaKOCTH.

[0095] Bropoii omnpenensieMblii mapamMeTp MPEeACTaBisieT coOOH OTHOIIEeHHe o0beMa Ia3oBOM
¢asbl k 001mEeMy 00beMy TEKy4el Cpelbl, TAaKOU Kak 12 = 00vem 2a3080i (haszvl / oduuii 06vem
08yx ¢haz B IPOMEKYTKe. 3HAYSHHE BTOPOTO MapaMeTpa paBHO KO3(PPUIIMEHTY 3aIePKKH ra3a B
NPOMEXYTKE B Ipenenax auamnasoHa. BoszmoxkHble 3HadeHus1 cocTaBisioT oT 0 1o 1. Cnuiukom
BBICOKOE€ 3HAYEHHE YKA3bIBAET HA HAJIMUKE OOJBIIOrO KOJIMYECTBA My3bIPbKOB Ira3a B Pa3psIHOM
npoMexyTke. CIMIIKOM HH3KOE 3HaYSHHE MTPUBOAUT K MPOOOIO B JKUIKOH (ase, a He B ra30BOH,
3TO COOTBETCTBYET OTHOLICHHUIO Il = 1, yTO HekenaTenpbHO. CBsI3aHHBIA U HE MEHEE BaKHBIN
mapamMerp — 3TO OTHOILIEHHE IUIOLIAAM IOBEPXHOCTH IUIA3MEHHOIO paspsiaa K IUIOWAgu

MOBEepXHOCTH HedTH, paBHOE 11"(2/3). TouHO Tak ke CBs3aHa TTyOHMHA B3aMMOICHCTBYS TLIA3MbI
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tp, TEPNEHIUKYJSIPHAS OSTOW TOBEPXHOCTH, M MIIyOWHA B3aWMOJEHCTBUS JKHUAKOCTH, ti,
NEePNEeHANKYJISIPHAS 3TOW MOBepXHOCTH. CBS3aHHBIA MapamMerp, TaKuM 00pa3oM, paBeH I1’ =
n"™(2/3)*tp/tt 1 0ObIMHO MacmTaOupyercs ¢ ri, XOTs KoneOaHusl NaBJIeHUs ra3oBOi (aszel u
IUIOTHOCTH JKUJIKOCTH MOTYT BbI3bIBaTh PACXOXKIEHUS MEXY I1 U I1’. R1 BakeH Kak 11 KauecTBa
npeoOpazoBaHusi He(TH, Tak W Ui OOINEro pa3mMepa cHCTEMBL. R) MOXHO peryimpoBaTh
MOCPEACTBOM Pa3MepOB My3bIpbKa, MOJOKEHUs MYy3bIPbKA, PACCTOSIHHUSI MEXAY IMy3bIpbKamu,
pa3MepoB IIEKTPOAa, GOPMBI IEKTPOIA, MTOJOKEHHUS SJIEKTPOIOB, AABJIEHHS MTy3bIpbKa, CBOWCTB
KUJKOCTH, SHEPTHHU paspsizia, HANPsDKEHUs pa3psiia, CBOMCTB rasa U Apyrux padouux napameTpoB
peakropa.

[0096] Pa3sHuna mMexxay NmepBbIM U BTOPbIM OTHOLIEHHSIMU COCTOUT B TOM, YTO 1 IMPEACTABIISIET
TOJIbKO JIOKAJIbHYIO 3aJIepXKKy rasa B OONacTH paspsiia, TOTAa Kak I2 NPEACTaBisieT coOoi
3a/IepKKy rasa BO Bcell HEPTSIHOI kamepe. DTO UMEET MECTO MIOTOMY, YTO ABYX(a3HbIE pEaKIIH
NPOUCXOIAT TOJbKO HA TPAaHHLE pas3zeia MEXIy Ia3oM U JKHUAKOCThIO. Ry mmeer Oosbiuee
3HAYEHHEe IJIs1 MAaCIITaOMPOBAHMS U ONpENeNeHHs pa3MepoB CUCTeMbI B LieioM. Kpome Toro, 12
OTHOCHUTCS K 00wie 3(h(heKTUBHOCTH MCIOJIBb30BAHHS MAacChl M1 HEOOXOOUMOCTH PELMPKYJISILIAH
rasa B CUCTEME.

[0097] B s dexTuBHO MaciiTabupyeMoM peaktope st 00paboTku He()TH BaJKHO PEryJHpPOBaTh
r2. Rz 3aBUCHUT OT pa3nuuHBIX MapamMeTpoB TeKyuel cpenbl, ra3a u noroka. CpenHuil quamerp
My3bIpbKa ra3a 1 3a/iepkka ra3a B epBYI0 OUepeb 3aBUCST OT CBONCTB KUIKOCTH U IPUBEACHHON

CKOPOCTH rasa, M IiyOuHBI Xunkocty, 7, = f(p,0, 1,0,h), tae p, 4,0 SBIAIOTCS INIOTHOCTBIO

JKUIKOCTH, BSI3KOCTHIO U MOBEPXHOCTHBIM HATSDKEHHEM, COOTBETCTBEHHO, a & U /I SIBJISIOTCSI
MPUBENIEHHOM CKOPOCTHIO T'a3a U BBICOTOM JKUAKOCTU B IPOMEXKYTKE, COOTBETCTBEHHO. Hampumep,
Oosee BBICOKAas BA3KOCTb MOJKET YMEHBIIUTH 3aJE€PIKKy, HO YBEIMYHMBAET CPEAHHHA pa3zMep
Ny3bIpbKOB, a OoJjiee BBICOKAsh MPHUBEIACHHAS CKOPOCTh Ta3a YBEJIMYMBAET 3aJEPIKKy, HO
yMeHbIIAET pa3Mep My3bIPbKOB. DTO yKa3bIBaeT Ha HEIMHEHHOE BIMsSHNE PUBEIEHHON CKOPOCTU
Ha 7. PerynupoBaHue CBOWCTB TEKy4el Cpembl, a TaKKe€ MOJACIHPOBAHHUE TOTOKAa M BHIOOP
SKCIIEPUMEHTANIBHBIX [TapaMeTPOB MOXKHO UCIIOIb30BaTh ISl JOCTHXKEHHUS] COOTBETCTBYIOILETO I?.
[0098] Tpetwnii onpenenseMplii mapaMeTp MPENCTaBIIAET COOOH OTHOIIEHHE 00BEMa TEKYUUX CPeN
B €MHHLIE K O0IIEeMy eIMHUIHOMY OOBEMY KakK 73 = 00mem mekyuux cpeo | eOunuynsiii 06vem.
3TO0 3HAaYECHHE B 3HAYUTEIBHON CTENEHH 3aBUCUT OT OTHOLICHHUS JUIMHBI K JHAMETPy HePTIHOU
kamepsl (Onuna / ouamemp) u konpurypauuu 6moka OTR (Hanpumep, OT TOro, Kak pasMereHbl
€ro 3JEeKTPHIEeCKHe neTanu (KOHIEHCATOp U PE3UCTOpP), a TAKKE BIYCK U BBIMYCK JKUIKOCTH).
Tperbe 3HaueHwe (r3) AODKHO MMETh MeHbIIEe BIMSHHE HA IUIA3MOXHMHUUYECKHH IMporecc,
NOCKOJIbKY 3TO, TO CyTH, (u3n4deckuil mapamerp peakropa. Ho ero BimsiHMe Ha pasmep u

CTOUMOCTDb PECAKTOpPa B LCJIOM SABJIACTCA 3HAYUTCIBbHBIM, ITOCKOJIbKY BbI3BAHHAA MM pa3HHLA
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MoskeT nocturath 5-10 pas. Cnenys Tol ke unee s r;, UETBEPTHIN MapaMeTp, r, ONpPenemstoT
KaK OTHOLIEHHE 00beMa TEKYUNX Cpel K 00beMy EAMHUYHOTO KBaPaTa: /'y = 00BeM MeKyyux cpeo
/ obvem eounuynoeco keaopama. MOXHO TPEONONOXKUTh, YTO OJIOK PeakTopa BBIMJIIUT Kak
TBEPAOE TEJI0 NPSMOYroyibHOW (opmbl, 00BeM kotoporo mpocto L x H x W. Ilareiid
OTIpeNeNIIEMBII TapaMeTp — #'s, MJIM OTHOIIEHHE TUIOIIAIN IOBEPXHOCTH My3bIpbKa rasa K odemy
00BEMY TEKYUHX CPEI: 7's = HI0ujadb NOGEPXHOCHIU NY3bIpbKA | 00wuii 00vem meKyuux cpeo.
3HaueHHe ISITOrO MapaMmerpa UMeeT OONbINOE 3HAYEHHE, TOCKOJBKY PEeaKIHH Ia3a-KHIKOCTH
MPOUCXOASAT TOJNBKO HAa TPAaHMIIE pasfiena, U 3HAaUeHHE YKas3blBaeT, HACKOJbKO XOpOLIO ra3 u
JKUKOCTb KOHTAKTUPYIOT APYT C APYTOM.

[0099] Illectoii onpenensiemMblii MapamMeTp MPEACTABISAET COO0N OTHOCHUTENBHYIO JJIMHY CTOJIOA
Ny3bIPbKOB ra3a B MPOMEKYTKE: s = Liubbles / dgap. ITOT TApaMETp Ba)KEH, MOCKOJbKY OH
onpezesseT MOBEAEHHE Ta30BOrO pas3psia M KOHTAKT rasa C >KUIAKOCTBIO, KOTOPbIE SIBJISIFOTCS
AByMsI HanOoJiee BaXKHBIMU MTapaMeTpaMH [T IIa3MOXUMHUYECKOro peakTopa. Eciu mpomesxyTok
TOCTOSIHHBIN, Lpubbies + Liiquids = dgap. ITOT MapaMeTp 3aBUCUT OT MOAEH ABYX(Pa3HOrO MOTOKA.
[0100] Ha ¢ur. 2 nokasaHsl TPH Pa3jIMYHBIX PEKUMa MOTOKA CJI€BA HAIPABO: MEHEE IUIOTHBIN
MOTOK Iy3bIPbKOB, TUIOTHBINA MOTOK IMY3BIPHKOB U KOJbLEBOH MOTOK. OLIEHOYHbIE 3HAUEHUS T,
MOJIy4eHHbIe U3 HUX, cocTaBisitoT 0,25, 0,85 u 1, coorBeTcTBeHHO. PexxuM A mOTOKa BOZHUKAET
IIPU O4YE€Hb HU3KOHN NMPUBEIEHHON CKOPOCTH rasa, M IMy3bIPbKHU XOPOLIO OTAENsA0TCA. bonbas
YacTh MPOMEKYTKA ObLIa 3aMOJIHEHA YKUAKOCTBIO, TAK YTO HAMpsDKeHHe Mpo0ost ObLIo ObI OYEHDb
BBICOKHMM, UTO HeXenaTelabHO. PexkuM B moroka BO3HHKaeT, KOra MpHUBeNeHHas CKOPOCTh rasa
JOCTaTOYHO BBICOKA, TAK YTO OOJIBIIOE KOJHMYECTBO MY3bIPHKOB XOPOLIO pacCHpeaesieHo, HO BCe
eIe OTJEJIEHO APYT OT APyra. ITO MOXKET ObITh JKeJaTeIbHO ISl TOCTHKEHUSI COOTBETCTBYIOIIIUX
3HaueHuM r1, 11’ U r2. B 3ToM Tune pexxuma moTtoka B HCKPOBOM IMPOMEKYTKE UMEETCS] MHOTO
My3bIPbKOB, a CJION JXUIKOCTH MEXIy IMy3blpbkaMM TOHKHI. B 3TOM ciywae ras u »KUIKOCTb
uMeroT Oonblone TUIomann KoHTakta. HampspkeHne mpoOosi ra3a JIETKO Peryjupyercs U He
CJIMIIKOM BBICOKOE (YTO MPUBOIUT K CJIUIIKOM BBICOKOH SHEPTHH Pa3psiia U CIUIIKOM BBICOKOMY
11). Peskxum C moToka Ha3bIBaeTCs KOJIBLEBBIM TOTOKOM. KOJIbIIeBOI MOTOK B OCHOBHOM BO3HUKAET
NP O4Y€Hb BBICOKOW MPUBEICHHON CKOPOCTH Ta3a, M BCE MY3bIPbKH OOBEIMHSIOTCS B CTOJO
ra3oBoi (ha3bl, KOTOPBIH HAMPSMYIO COeTUHSIET 1Ba dyekTpona. HenocraTtkom peskuma C siBnsieTcst
TO, YTO OH HE OOECIEeYMBAET JOCTATOYHOIO KOHTAKTa MEXKIY XMMHYECKH aKTUBHBIMU ra3aMu
NOCJIEe pa3psAna M SKUAKOCTSMH, JaXke €CJIU 3JIEKTPUUECKOe HAIMpPsDKEHHE MPo0Oos Ui CO3MaHUs
U1a3Mbl MOKET ObITh HIDKe. B ycnoBusax C 3HadeHue 11 CMmkoM Maiio. JKenaTenbHbIM PeXIMOM
IIOTOKA B 3TOM Clly4ae sIBJIsIeTCsl B, B KOTOPOM Ta3oBbIi pa3psii U KOHTAKT ra3a->KuAKOCTH ObUTH
ONTUMU3UPOBaHbL B paznuyHbIX BapuaHTaxX BOIUIOLIEHUS, NapaMeTp Ie JOJKEH HaXOAUTHCS B

nuamna3one ot 6oiee 0,8 mo menee 1,0.
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[0101] Ha ¢wur. 3 mnoka3aHbl ABa pPa3IMYHBIX IOBEAECHUS IY3bIPPKOB B JKHIKOCTAX IIPH
MPONyCKaHWK MeTaHa B OoJee Jierkyro HedTh co ckopocThio 0,03 1/MUH (JIUTPOB B MUHYTY) Uepes
uray 0,5 mm. OCHOBHOE pa3juuue 3aKIH4aeTcs B TOM, UYTO NPU MNPUJIOKEHUH HaMNpPsSKEHUsS
3JIEKTPUYECKOE I0JI€ TIOMOraeT YMEHBLIUTh pa3Mep My3bIPbKOB U YBEIWYHUTbh UX KOJUYECTBO.
DnexTpuuecKoe MoJie 3HAUUTEJIbHO YBEJIWYMBAIO NPUBENEHHYIO CKOPOCTb ra3a. JOTO MOKET
U3MEHHUTb PEKUM IOTOKA C My3BIPHbKOBOrO Ha KOJBLIEBOH, €CIM HMCXOMHBIA pacxox rasa ObLI
CJIMIITKOM BBICOKHM. 3HaUEHHE I B TOM CJIyuae u3MeHsieTcsi oT MeHee ueM 0,5 no 6oee uem 0,95,
[0102] Ceapmoii u BOCHMOI TTapaMeTPbl MOKHO OMPEIENIUTh Kak Oe3pa3sMepHbIe YHCIIa I1 U 2, He
3aBHCALINE OT pasMepa peakropa. Pe3ynpraT yMHOXXEHHS BpeMeHH npeObiBaHMs He(pTH Ha
YacTOTY paspsizia PaBeH 77 = lo; * f, TOraa Kak pe3ysibTaT YMHOXXEHHs BpEMEHU NpeObIBaHUs rasa
Ha YacCTOTY paspsizia paBeH r's = lgas * f. IlapaMeTp 77 HaIpsIMyr0 ONpenenseT SHepreTuIeckoe
BO3JeiiCTBIE Ha HE(TH W TMO3BOJISIET BBIOJHATH JBYMEpPHBIE ONEpaunuu ¢ TpeOyemoi NO30i:
W3MEHEHHe YacTOThl WM U3MeHeHue pacxona HepTu. Ilapamerp 7s ykasbIBaeT, CKOJBKO pa3
ra30BbIil My3bIPEK YYaCTBYET B COOBITUH pa3psiAa A0 TOTO, KaK OH MEPEHOCHUTCS U3 PEAKLMOHHOM
obnactu peakropa. bonbinne 3HaYeHNS I3 HEeXKEJIATENbHBI, TAK KaK ra30BbI€ YACTHIIBI B ITy3bIPbKE
U3MEHSIOTCS € KaXAbIM BO3HUKAIOLIUM Pa3psiAOM, a BICOKUE WJIM HEKOHTPOJIUPYEMbIEC 3HAUEHUS
rs IPUBOJAT K BOSHUKHOBEHHUIO HEKOHTPOJIMPYEMBIX Fa30BbIX CMECEN U MEHBLIEH CEIeKTUBHOCTU
B [IPOAYKTax npouecca. B uneane 3HaueHue rg HaxoauTcs B nuanasoHe ot 0,5 no 1. 3HaueHus rg
MeHee | XOpOLIH, OHU MPOCTO YKA3bIBAKOT HA TO, YTO HECKOJIBKO My3bIPhKOB MPOXO/ST Yepe3 30HY
peakuuu Oe3 paspsina B HUX. OueHb HM3KHE 3HAYCHMS I8, XOTSI OHU HE O0SI3aTENbHO SIBJISIFOTCS
BpPEeIHBIMH JUIsl MPeoOpa3oBaHusl WJIM 3KOHOMUKH CIocoda B 1esioM, Hed(p(EeKTHBHBI C TOYKHU
3peHHs] MCTIOJB30BAHUSI MAcChl ra3a. 3HaueHHs rg Oosiee | HekenaTeNbHbI C TOYKH 3PEHUs
peryJupoBaHusl ra30BOM CMECH U CEJIEKTUBHOCTU NMPOAYKTA. 3HaueHus rg MeHee 10, BEpOsTHO,
HAXOJATCS B MPUEMIIEMOM JTHATNa30HE MapaMeTpoB mpouecca. YacTuirsl ra3oBoii paspl, HaPUMED,
yBEJIMUYEHUE 3TOr0 KOJINYECTBA, OBBICUT BEPOSTHOCTh PEAKLIUI C yUacTHEM rasa.

[0103] Eme omHMM BakKHBIM MapaMeTPOM SIBIISIETCS PEKUM MpoOOs, MPpH KOTOPOM CHavaja
NPOUCXOIUT paspsia. B naeasne paspsig mpOUCXOIUT TOJBKO B ra30Boi (ase, MOCKOIBKY sl TOTO
TpeOyeTcsi MeHbllee HampspkeHHe mpodost (audo B My3bIpbke, JTHOO Ha My3bIpbKe). Taxke
BO3MOYKHO, YTO MPOOOH CHaYasia MPOUCXOAUT MEXKAY My3bIPbKaMH C TOHKUM CJIOEM KUIKOCTH. B
SKCIIEPUMEHTAX M0 H3YYEHHUIO 3TOrO IMapaMerpa ObLIO BBISBJIEHO MHOXKECTBO MEXAHHU3MOB
npobost. [Ipennonaraercs, 4To MepBbI MEXaHU3M MPOOOsI MPOUCXOANT B ra30BOU (a3e TONbKO
TOT/a, KOT/Ia BECh UCKPOBOM MPOMEKYTOK OBLI 3aKJIFOYEH B TA30BBIN My3bIPb, KaK MMOKa3aHO Ha
¢ur. 4A. TIpoOoii cHauaa MPOUCXOANT HA KOHIIAX 3JIEKTPOOB, I/Ie MPUCYTCTBYET OOJiee CHITbHOE
3JNeKTpUUecKoe moje. BTopoll mMexaHusMm paspsiia, mokasaHHeld Ha ¢ur. 4B, uHUIMMpYyeTCs

3arpsA3HUTCIIAIMA B KUAKOCTH. Kor):[a 3arpsA3HCHUA  3apsKarOTCd OT OAHOIO JJICKTpOAa U
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NEPEMEINAIOTCS. B 3JIEKTPUYECKOM IOJIE KO BTOPOMY 3JIEKTPOAY, BO BpEMsl 3TOr0 mpouecca
npoucxonaut npodoit. Tpernii 1 4eTBepTHII MEXaHU3MBI pa3psiaa, NokasanHble Ha ¢ur. 4C, MoryT
OBITH CBsI3aHBI C 3apPsDKEHHBIMHU Ny3bIpbkaMu. Ha 3apsokeHHBIX My3bIpbKax HaOMIOIANCS KOHYC
Teitnopa. Ilocnenyrommii mpoboit ObuT CBs3aH ¢ KOHycoM Teiyiopa, OCKOJIBKY OH H3MEHSIET
3JIEKTPUYECKOE TOJIE MEXKAY ABYMs My3bIPbKAMU WU MY3bIPHKOM U 3JIEKTPOAOM.

[0104] Bocemb nmapamMeTpoB MacIITAOUPOBAHMSI, ONIPENEIIEHHBIX BBIIIE, MOKHO Pa3le/IUTh HA IBE
TPYyINIbI. NapaMmMeTpbl WHAMKALMM MNPOAYKTUBHOCTH, BKIOYass 7y, F2, Fs, U Fs, KOTOpbIE
NpUOIU3UTENBHO YKA3bIBAIOT HAa B3aUMOAEHCTBUE Ta3a U JKUAKOCTH B 3TOM IJIA3MOXUMUYECKOM
peakrope, W mMapaMeTpbl MHAUKALMHM Maciutada, BKJKOYAs 73, Fy4, 7, U Fs, KOTOPblE MOTYT
npeAcTaBiIATh 3P PEKTUBHOCTD UCTIONB30BAHUS IPOCTPAHCTBA PEAKTOPA U €r0 SHEPTrOEMKOCTb.
[0105] YTo kacaercss MOAeNN MaCIITAOUPOBAHUS C OTHUM IPOMEKYTKOM, B IIEJIOM, JKEJIaTeJIbHO
ONTHMHU3UPOBATH WJIK UHBIM 00pa30oM YJIyULIMTh MapaMeTpbl MacITaOupOBaHMUS, ONPEIeTICHHbIE
Beile. Llenp cocTouT B TOM, 4TOOB! YAYYIIUTh KOHTAKT ra3a U XKUAKOCTH O€3 3HAYUTEbHOIO
YBEJIMUYEHUS pa3Mepa U Beca peakTopa B LesioM. BeIOOp KOHCTPYKIIMK 1 MaTepuana Jyis peakropa
takoke mnposommiuck B SolidWorks. UrtoOpl nmpomyunrocTpupoBaTh BBIOOP KOHCTPYKLHH U
Marepuasa il peakTOpPOB, B€ 3-MepHbIe MOAeH COOpKH Mmoka3aHbl Ha ¢ur. 5 u 6. Ha ¢ur. 5
IIOKA3aH MOCTOSIHHBIN TruaMeTp He(TSIHOH KaMepbl ¢ H3MEHsIEMOI BBICOTOI HEe(TSIHOH KaMephl, a
Ha (ur. 6 moKa3aHa MOCTOSTHHAS! BBICOTA HE(PTSIHOIM KaMepbl C U3MEHSEMbIM THAMETPOM He(TSIHOM
KaMepbl. 3HaueHue 1o ymouanuto st L/D cocrasnsier 1,23 [L=5,08 cMm (2 mroiima) u D =4,1275
cM (1,625 nmroiima)]. Bymer oLeHeHO BIMsSHHE O3THUX ABYX KOHCTPYKIHI Ha TMapameTpbl
MacIITaOUPOBAHHSI.

[0106] OcHoBBIBasICH HA ABYX PA3JIMYHBIX KOHLEMIMSIX KOHCTPYKLIMU C BOCEMBIO Pa3IMUHBIMU
KOH(pHrypauusmy, ObLJIO OLEHEHO BIIMSIHHE KOHCTPYKLUH U KOH(UIYpaLUU peakTopa Ha BeC,
o0BeM U Bce MmapameTphbl peakTopa, onpenejeHHbie Bbilie. Moxenb Obuia moctpoera B EES
(Engineering Equation Solver, cuctema pemenns ypaBHEHHI B TEXHUUECKUX pacyérax). Jlo3a mo
YMOJTYaHHIO U IPOU3BOIUTEIBLHOCTh ObLTH BbIOpaHbl paBHbIME 200 kI 'p 1 5000 Oappeneti B 1eHb,
COOTBETCTBEHHO. KpoMe Toro, mpeanonaranock, 9To MIOTHOCTh HehTH coctasiser 900 kr/m’, a
razoBble ny3bIpbku — 0,03 CT. 1/MUH.

[0107] YUToOBl Jdy4ie CpaBHUTH BJHSHUE PA3THMYHBIX KOHCTPYKIHH, OBUIO KOJHYECTBEHHO
NPEANONIOKEHO, YTO 1 = 1 A BCeX KOHCTPYKLUH, YTOOBI MPENCTaBUTh WACATBHBIN CIy4aid, B
KOTOPOM pa3psii MPOUCXOAUT BO BCEX MY3BbIPbKAX MEKAY ABYMs 3JIEKTPOAAMHU, a 2 MPEACTABISAET
co0OH TOJTIO 3a1€PIKKH Ta3a B 00JIACTH pa3psiaa U 3aBHCUT OT CBOMCTB HE(PTH, pACCTOSIHUS MEKAY
3NIEKTPOJAMH M criocoba BOpbICKA rasa. B mMomenn macmTaOUpOBaHHS MPEAIIONArajoch, YTO
CpenHull AuameTp My3blpbKa paBeH BHYTPEHHEMY JuaMeTpy WIJIbl [N BIpbICKa rasa, a

KOJINMYECTBO MMYy3bIPbKOB B MPOMEKYTKE PaBHO PACCTOAHUIO MEKIY SJICKTPOAAMU, ACIICHHOMY Ha
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auaMetp mysbippka. OOBeM mMy3bIppKka ra3a ¥ IUIOMAAb MOBEPXHOCTH My3bIpbKa Taza ObuIH
pe3yJIbTaTOM YMHOXXEHHS KOJHMYECTBAa My3bIPPKOB HA CPEOHHH OObEM M CPENHION IUIOLIANb
MOBEPXHOCTH Iy3bIPbKa, COOTBETCTBEHHO. Ha ocHOBaHMM BbIOpaHHBIX MaTepuasioB B SolidWorks
OBLIN OLIEHEHBI O0BEM M Macca peakTOpHOU ycTaHoBkH. OOimee KOIMUECTBO OJIOKOB, a TaKXKe
o0muii Bec 1 00beM ObUIH OLIEHEHBI B MOJIEIIH.

[0108] Teneps OynyT mpencTaBiieHbl Pe3yIbTATHI I MOAETH MAaCIITAOMPOBAHUS C OJUHOYHBIM
npomexxyTkoM. Kondurypammss peaktopa OTRI1 pasnudHbIX KOHCTPYKLMH, a Takke BCe
napaMeTpsl MaciTabupoBaHusi puBeneHsl B Tabnuie 1. Pa3psaHbiii npomexyTok cocrasisier 10
MM i1 BCEX KOHCTPYKUMWU. BHyTpeHHMI nuamerp BIpbICKa rasa cocrasisger 0,25 MM, ras
BIPBbICKUBAETCs B HePpTh co ckopocThio 0,03 1/MuH. OniHa Uria Ui BIPBICKA ra3a UCIOIb3YETCs
B Ka4€CTBE OTPULIATEIILHOIO 3JIEKTPOA U OHA IUIACTUHA HABEPXY, B KAYECTBE MOJIOKUTEIBHOIO
ANEKTpona. DJEKTpUYECKas CXxeMma BKJIIOYAeT PE3UCTOP M KOHJAEHCATOp, KOTOpble He OyayT
orobOpaxkarbes B coopke SolidWorks. Kak L/D, tak u D/L usmensitorcst co 3Hadenusimu 1, 1,5 u 2.

Tabmuua 1: Koncrpykuus u konpurypaunun OTR1

Komuuec | Komuue | Marepua | Marepua
PazpsnubIif ITapa
ITnasmoxumu4ec Kommuec TBO CTBO 1 1
MIPOMEXKYTO JNMEKTPOAO
KHH peakTop TBO UL KOHJCHC | PE3HCTO | DICKTPOXA | HE(PTSIHOH
K (MM) B
aTopoB poB a KamMepsl
Hepxase
OTR1_wm3mensie
10 1 1 1 1 Fomas Axpun
maa L
cTab
Hepoxase
OTR1 wm3mensie
10 1 1 1 1 FoImas Axpun
MbIH D
cTanb

[0109] B Tabnune 2 mpuBeneHbI pe3yJbTaThl MPOSKTUPOBAHUS U MOIECIUPOBAHHS PEAKTOpA C
u3MeHsieMbIiMH 3HaueHusiMu L/D u D/L, Bkro4asi mapaMeTpbl MaciiTabUpOBaHUsl, BeC U 00beM
peakTopa, KOJMYECTBO OJIOKOB peakTopa, a Takke oOmuid Bec W 00beM IO TOPSAKY, s
obecrieuenust npouspoauTenbHocTH S000 OGappeneil B CyTku. BimsiHMe KOHCTPYKLMH Ha BEC U
00BEM peakTopa MOKHO JIETKO ONPENeNUTh, CPABHUBAS HA I3 H 4.

[0110] Ilo cpaBHeHuto ¢ koHCTpyKIueH ¢ L/D = 1, konctpykuwmst ¢ L/D = 2 umeeT yBeIHMUeHHBIH
Ha 12 % Bec m 00BEM, YTO O3HAYAET YYBCTBUTEIHLHOCTH (PU3NYECKOTO pa3Mepa peakTopa K
3HaueHnto orHomenuss L/D. Eme Oonmee BaXHBIM SBISETCS BIMSHHE KOHCTPYKIMU Ha
NPOAYKTUBHOCTb PEAKTOPa, KOTOPYIO MOXKHO OXapakTepPU3OBaTh MapaMeTpaMH I, Iz, Is U Te.
Crnenyer mMeTh B BUAY, YTO 3TH NAapPaMETPHI 3aBUCAT HE TOJBKO OT KOHQUTYpALIH PEaKTOpa, HO,
IJIaBHBIM 00pa3oM, OT PEeXKUMa TMOTOKA JUI [BYX(a3HOTO MOTOKA U MPHJIOKEHHOTO HANPSIKEHUS

MCXKAY ABYMS JJICKTPOAaMU. I[J'If[ MPpEACTABIICHHbBIX YCJIOBI/Iﬁ MNOTOKAa W HAIIPSAKCHHSA TaKUC
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nmapameTpnl, Kak O0BbeM Iy3bIpbKa M IUIOIA/b TTOBEPXHOCTH Iy3bIPbKA, MJOJDKHBI OBITH
aHasmornuHbeIMU. ITockonbky 00beM HepTH B KamMepe YBEINYMBAJICA C YBEIMYEHHUEM 3HAUYCHUS
L/D, 2 1 rs, COOTBETCTBEHHO, YMEHBLIAUCH.

[0111] Baustaue otHomenust D/L Ha Bec u 0O6beMm peakTopa Oonee 3HaunMo. Bec u oObem Oiioka
YBEJINYUBAIOTCS B 2 pasa, ecnu otHoureHne D/L m3mensiercs ot 1 1o 2. DTo yKa3bIBaeT Ha TO, UTO
¢dusnueckuil pasmMep peakTopa OueHb YyBCTBUTENEH K 3HAUEeHUIO oTHoueHus: D/L. AHanorudnas
TeH/IeHIUsI Oblta OOHapy)KeHa IS I1, T2, Ts U ¢ BCIEACTBHE PA3HON KOHCTPYKUMH. Bce oHH
YMEHBLIAINCh C yBenumueHueM 3HaueHuss D/L. OpgHako pa3HHIA B TOM, YTO 3TU IMapaMeTPhI
U3MEHSIOTCSI OBICTpee ¢ n3MeHeHneM 3HaueHuit D/L.

Tabnuua 2: BnusHue KOHCTPYKLMU Ha BCE ONpEAENICHHbIE MTapaMeTPhl, a TAKXKe BeC U 00beM B

oeJaoM
Macc
Kommriect
a Obmas OB mmit
O6sem BO GIIOKOB
L/D (D=1,625 Is G0k macca 00BeM
I n I3 71 s | @ I8 60K peaxTopa
TEOTIM) (1/m) a (MHIUTHOH (MHITHO
(moiiv’) o | (oummox
(byr (dynT) H JFOHM”) )
BI
T)
1 <1 | 0,000189 0,272 | 0,068 | 0,284 0,670 | 12,384 13,71 2532 20,45
1,23 (o
<1 | 0,000154 0,324 | 0,084 | 0,231 0,689 | 12,779 14,08 261,3 20,45
YMOIHYAHHIO)
1,5 <1 | 0,000126 0,381 | 0,102 | 0,190 0,710 | 13,254 14,52 271,0 20,45
2 <1 | 0,0000948 0,477 | 0,136 | 0,142 0,750 | 14,124 15,34 288,8 20,45
Komuaect
Macc Obmas Obmmit
BO OIOKOB
D/L (L=1,625 Is a O0bem macca o0BeM
I n I3 I Ts 7 I peaxropa
FOHM) (1/m) (byu (moitm®) {MHJUTHOH (MILTHO
(MHIUTHOH
T) bynT) H mroiiv’)
BI)
(mo
<1 | 0,000154 0,324 | 0,084 | 0,231 0,689 | 12,779 14,08 261,3 20,45
YMOTHAHHIO)
0,068
1 <1 | 0,000189 0,272 S 0,284 0,671 | 12,402 13,72 253,6 20,45
0,091
1,5 <1 | 0,000084 0,375 5 0,126 1,184 | 24,232 20,67 413,9 20,45
2 <1 | 0,000047 0,453 | 0,108 | 0,071 1,871 | 40,082 29,14 609,1 20,45

[0112] Tenepr Oynmer ommcaH NpPUMEP PEAKTOPA C MHOYKECTBOM HCKPOBBIX Pa3psIHUKOB C
KOMITAKTHBIMH Pa3psaHbIMH Moay siMd. IIponecc mMaciTaOupoBaHHs OZMHOYHOTO HCKPOBOTO
paspsiAHUKA Ba)KEH, MOCKOJBKY OH ONpENeNsieT XapaKTePUCTUKU JAHHOTO TUIA 3JIEKTPUYECKOTrO
paspsiaa, UCIONIb3yeMOro B MHOTo(a3HbIX peakTopax. [Ipu mpaBuibHOM BEIOOpE apaMeTpoB AJIs
OHOTO pa3psOHOrO TMPOMEXKYTKAa €ro MPOAYKTUBHOCTb MOXKET OBbITh MaKCHMajbHOH. B
Pa3MUYHBIX BAPUAHTAX BOIUIOIIEHHSI, BCE OCTAIBHBIE Pa3PsIHbIE POMEXKYTKHU TOJKHBI paboTaTh
OJIMHAKOBO U C aHAJOTHYHBIM OTKJMKOM. JTO OTKpBIBaeT MyTh K CJENYyIOIIeMy Mpoleccy
MacIITabupOBaHUS C HCHOIb30BAHUEM BTOPOTO CIOCO0A, ONMMCAHHOTO B HACTOSIEM JOKYMEHTE.

Bo BropoM cmoco0e HCHONBb30BAaHO MHOXECTBO pA3pAOHBIX MOAYyJEH Ui IMOCTPOEHUS
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TpeXMEepHOU MaTpuubl peakropa. [lonydyeHHOE YCTPOWCTBO € pa3IMYHBIM KOJUYECTBOM
3NEKTPOPA3PSAOHBIX MOAyJEH st 0O0paOOTKH YrieBOJOPOAOB MOXKET OBITh HCIOJNB30BAHO HA
He(pTIHOM MECTOPOXKIEeHUU WM Ha HedrenepepadarbiBaromeM 3aBoxe. Momysid MOTYT ObITh
JerKo coOpaHbl i paboThI IMOO HE3aBHCUMO B Ka4eCTBE peakTopa At odpadborku HepTH, 11bo
111 paboOThI B paMKax CYIIECTBYIOIIEH CHCTEMBI TTOCHE BKIIFOUEeHUs B Hee. KonnuecTBo Mopyen
MOYKHO OTHOCHTEJIBHO JIETKO M3MEHATh B COOTBETCTBUHU C MPOM3BOJACTBEHHBIMU TPEOOBAHUAMU.
Ilouck u ycTrpaHeHHe HEHCHIPABHOCTEH U 3aMEHA 3THUX MOIYJIEH TaKXe MpPOLIE, MOCKOJBKY
KKl U3 HUX HE 3aBUCUT OT Apyrux. JlJaHHOE yCTPONCTBO COCTaBJIECHO U3 Moayieu. Kaxabiin
MOZyJIb MOKET padOTaTh HE3aBUCHUMO CO CBOMM COOCTBEHHBIM DPETYJISITOPOM IOTOKA TeKydei
cpeabl U OJIOKOM TNUTAaHMs, KPOME TOrO, YCTPOWCTBO M MOAYJb MOTYT UMETh KOJJIEKTOP U
ObICTPOpa3bEMHBIE COEAMHEHUs], KOTOpble 00eCcreunBaroT 100aBIeHNE WIIN YAAJeHUe MOAYJIeH,
HE BbI3bIBasl M3JIMIIHUX HAPYLIEHUN B CUCTEME.

[0113] B pa3snuuHbIX BapuaHTax BOIUIOLIEHMs], NPEACTABIEHHOE YCTPOWCTBO C HECKOJbKUMHU
Pa3psIIHBIMH MOAYJISIMH MOXKET OBbITh BCTPOGHO B CHUCTEMY HENPEPBIBHOTO IOTOKA TSKEINBIX
HedTel, Tak 4TO TsDKenble HeTH MOryT oOpabaThIBaThCS MO Mepe MX NMPOXOXKACHUS depes
paspsinHble Kamepbl. OHO MOXXET OBITh PACIONIOKEHO PSAOM C AOOBIBAIOLIEH CKBAXKMHOW Ha
He(PTSIHOM  MECTOPOXIEHMHM  TepeA  TPAHCIOPTHbBIM  TpyOONpOBOOOM MM Ha
HedrenepepabaTbiBaroiiemM 3aBoae. [1o cyTu, OH MOKeT paboTaTh Kak MOOHMJIbHBIA PEAKTOpP AJIs
00paboTku He(pTH W MOKET TPAHCIIOPTHPOBATLCS B JIIOOOE MECTO, TIAe 3TO HEOOXOAMMO.
ObGnaropoxennble HegTn OyAyT TPAaHCHIOPTUPOBATBCS WM  OTIPYKATbCS, €CIM  OHHU
COOTBETCTBYIOT TEXHHYECKHM TpeOOBaHMsSM K TpyOompoBony. ['a3oBble cMecu MOTyT OBITh
MOJTyY€HBI U3 MOMYTHBIX T'a30B U PELIUPKYJISLIMOHHOIO ra3a U3 peakropa.

[0114] Tenepr Oymer omucaH MpUMeEpP MAcIITAOUPYEMOH MOIENH C Pa3psOHBIMH MOIYJISIMH.
TpexmepHbIil peakTop ¢ MHOKECTBOM HCKPOBBIX pa3psiAHUKOB ObLT paspadoran B SolidWorks u
HarledyataH Ha 3D-mpunaTepe. OH CONEPKUT KAaK MEXaHW3M Moaadn HeTw M rasa, Tak u
MHOKECTBO Pa3psiAHBIX MPOMEXKYTKOB C MOAKJIFOYSHUEM U u3oisinueit snexrponos. Ha ¢ur. 7
NPEACTaBICHbl 3-MepHble H300paKeHHs] OOHOrO U3 PEAaKTOPOB C YETHIPbMsI HCKPOBBIMHU
paspsinHukamu  Oe3 koHnmeHcatopa. Ha ¢ur. 8 mpencraBieHsl 3-mMepHble H300paskeHUs
aHAJIOTHYHOTO peakTopa ¢ KoHxeHcaropoMm. Ha ¢wur. 9 mpeacrasiena marpuma 1x3x3 ¢ 9
pa3psaHBIMHE OJIOKaMHu peakTopa. B HEKOTOpBIX BapHaHTaxX BOIUIOLIEHHs, OHa MOKET paboTarhb
KaK HE3aBHUCHMBIH pa3psiiHbIA MOAyJb peakTopa. Kaxaplii Moaysib MMeeT COOCTBEHHBIN BXOA U
BBIXOJ] Ta3a, BXO/ U BBIXOJ TUTAHUS, a TAKXKE SJIEKTPOIBI U COSAMHEHHUS BBICOKOTO HATPSKEHHUS.
OTti QyHKUNHU NpeHA3HAuEHbI AJISl TOTO, YTOOBI K&Kl MOAYJIb padoTaj HE3aBUCUMO.

[0115] HJanee OynmyT mpeacTaBieHbl Pe3yJibTaThl MACIITAOUPOBAHUS PEAKTOpPA C IMOMOIIBIO

moxayieh. Ilocne Toro, Kak Kaxzabli pa3psiiHbli OJOK ObUI YCTAHOBIEH B OTHOLICHHUH
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KOHCTPYKLIUH U pa3Mepa, MOT ObITb COOpaH peakTop OOJbIIero pasMepa ¢ MHOXKECTBOM MOAYJIECH.
Kaxnaplii Momynb MOXET COAepXKaTb MHOMKECTBO pPa3psAgHBIX OJIOKOB C MHOXECTBOM
npomMexXyTKoB. [IpoM3BOAUTENBPHOCTh M MOLIHOCTh pPEAaKTOpa MO MEHbLIEH Mepe 4YacTHYHO
3aBHCAT OT KOJIMYECTBA MOAYJEeH M OT pAcCTAaHOBKHM pa3psIHbIX OJIOKOB B MOZYJIE.
[IpennournureneH MOAYIb, KOTOPBIHA MOT Obl pabOTaTh HE3AaBUCHMO M OBLT COBMECTUM C APYTUMH
MOAYJISIMH, U CHCTE€MA, KOTOpasi CKOHCTPYHPOBAHA TaKUM 00pa3oM, 4TOOBI, HapuUMep, MOXKHO
Obuto OBICTPO W JIETKO J00aBJIATh WM YyAAJATh MOXYJIb, HE 3aTparuBas CHCTEMY.
Macmrabupyemoe yCTpONCTBO COCTaBiieHO W3 Moayiei. Kaxxaplii mMonysib MokeT paboTaTrhb
HE3aBHCHMO CO CBOMM COOCTBEHHBIM PEryJIATOPOM IOTOKA TeKyuel cpenbl U OJOKOM MUTAaHMS,
KpPOME TOT'0, YCTPOMCTBO U MOAYJIb MOTYT UMETh KOJIJIEKTOP U OBICTPOPa3beMHbIE COCIMHEHUS,
KOTOpble OOecreuuBalOT [00aBIE€HHE WM yJaJeHHe MOJIYJeH, He BbI3bIBas H3IHIIHUX
HapyLIEHU! B CUCTEME.

[0116] MouHOCTb MOJYYEHHOTO PeaKTopa MOXKET 3aBHUCETh OT TpeOyeMOH NMpPOAYKTUBHOCTU U
yIOeNbHOW JHEpPruM, MNOABOAMMONW Kk oOpabatbiBaemoill HedTu. 3atem oOmme paspsiiHbe
NPOMEXKYTKH MOTYT OBITh PacCYMTAaHbI, UCXONS M3 OOLIel MOIIHOCTH M MOILIHOCTH Ka’KHAOTO
MCKPOBOTO Pa3psaHHUKA. ITO MOXKET 00eCHeYnTh OLIEHKY KOJMYECTBA UCKPOBBIX PAa3PSAHUKOB
MoayJiel, HeOOXOAMMBIX Uil O0JaropakuBaHusl HeQTH NMPH ONpPEeSIeHHOW MPOAYKTUBHOCTH C
U3BECTHOHN yAenbHOU motpedisiemMoil sHeprueil. @uandeckuii pasMep MOJYYEHHOTO pPeakTopa
MOYKET 3aBUCETDb OT KOJIMUYECTBA MOAYJIeH 1 KOH(PHUTypaIMi MOAYJISL, KOTOPbIE MOXKHO OLICHUTH Ha
OCHOBE M3BECTHOM HH(POPMAIIUHU O KaXKIOM paspsigHoM Oyioke. B Tabnuiie 3 olleHeHO KOJHYeCTBO
UCKPOBBIX Pa3psIHUKOB U MOAYJIEH C Pa3JIMYHON MPOU3BOAUTENBLHOCTHIO, 10—1000 Gappeneii B
IeHb W TMPHU YCJIOBUH, YTO moTpedisiemast sHeprusi cocrabisieT 200 k/[k/kr. DTH 3HavYeHUs
OCHOBaHbI Ha DajlaHce Macchl U OajaHCe SHEPTUU B YCTOWYHBOW OTKPBITOH cucteme. I1ockonbky
ynebHass notpedisieMast SHEPTHsT 1 MaCCOBBIH PACXOJ M3BECTHBI HA OCHOBE THITHMYHBIX YCIIOBHI
SKOHOMHUYHOTO MpeoOpa3oBaHUs BBOAMMBIX PECYPCOB B TPOAYKTBI, MOXHO pPacCUUTATh
MOIIHOCTb CHUCTEMBI. 3aT€M JAENST MOIIHOCTh Ha MOIIHOCTb Ka)KIOTO HMCKPOBOTO pa3psIHHKA,
9TOOBl pPACCYMTATh KOJUYECTBO HCKPOBBIX DPAa3PSAHHUKOB. 3HAas KOJNUYECTBO HCKPOBBIX
Pa3psIIHUKOB HA MOJYJIb, MOKHO PACCUHUTATh KOJUYECTBO MOJYJIEH.

Tabmmma 3: OuneHka KOJIHYECTBA MCKPOBBIX PA3psIHUKOB W MOAyJEeH Ha OCHOBE

NMPOU3BOAUTCIIBHOCTU U YACJIBHOT'O l'IOTpe6J'IeHI/I$I SHEPruu

Tlotpe6 Komaec
Pazpanan Obmas ITupura Jmusa Bricota
NeHHE TIpom3somm Komirects TBO OB mmit O6mas
KOB HA MOIHO YCTPOMCTB | yCTpoHCT | yCTpoHCT
SHEPrH | TEIbHOCTH 0 Moy Ieit paspama | oOseM Macca
MOy Ib CTb a Ba Ba
H HKOB
q PR
v M [dysr | D_w Dh
[xDK/K [6appems/n GM NM P [B1] NG D_1[dyt]
[moiim™3] | macce] [dyT] [byT]
1] [2:49]
200 10 100 16,56 3312 1656 0,004192 1110 1,29 4,019 1,247
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200 100 100 165,6 33122 16561 0,04192 11404 3,971 4,019 4,052

200 500 100 828,1 165612 82806 0,2096 58825 8,9 4,019 9,039

200 1000 100 1656 331224 165612 0,4192 124275 12,59 4,019 12,78

[0117] IlpeumyiiecTBa pacKpbITBIX HIUTFOCTPATUBHBIX YCTPOICTB C MHOXECTBOM pa3psiAHbBIX
MOJyJIeH BKIIIOUAIOT clienyromee. Bo-nepBpix, Moayiu padoTalOT Kak peakTop st o0paboTku
He(Tu npu aTMOChEepHOM NaBICHUU M BBICOKUX TeMIIepaTypax, AJisi 00JaropaKMBaHuUsI TSKEIIOH
HeTH myTeM mpeoOpa30BaHUs TSDKENBIX YacTHLl B OoJiee JieTKue. ITO MEHee KECTKOe yCIOBHe
obecrnieunBaeT HEOOXOIUMYIO O€30MMaCHOCTh MPOIeCcCa U SKOHOMHT 3HAUYUTEIbHBIE KAITUTAIbHBIE
3aTpaThl, HCMOJIb3YEeMbIe MPU IKCTPEMAJIbHBIX TEMIIEPATypaxX U AAaBJICHUSX. BO-BTOPBIX, KaxIbIid
MoayJib paboTaeT He3aBUCHMO OT APYTHX, MO3TOMY OH OY€Hb SKOHOMHYEH U TpeOyeT MeHbIIe
BpPEMEHH IpU 0OCITy)KUBAHUU PEAKTOpa U 3aMeHe aeTaneil. M, B-TpeThbux, 3T0 MHOTOMOJYJIbHOE
YCTPOMCTBO MOTEHIUATIBHO MOTJIO ObI paboTaTh KaK MOOMIBHBINA PEAKTOP AJIst HOATOTOBKH HE(PTH,
Onaromapst cBoeil KoHCTpykuuu. Kaxk mpaBmiio, OH OY€Hb KOMIIAKTEH, HAaJleXeH U YOOOEH B
TPaHCIIOPTUPOBKE.

[0118] B pa3nuuHbIX BapHaHTaX PAaCKPHITOrO CHOCO0A, MCIONb3YeTCs PA3IMYHOE KOJUYECTBO
pa3psAHBIX MOAYyJeH B KadecTBe peakropa aysi oOpadorku HedTH, Misi 0OpabOTKU TSIKENbIX
Hedreli. B HeTsIx 00pa30BbIBAJICS Ia30BbIi pa3psizl, KOTOPbII BCTYMAET B PEAKIIHIO C MOJIEKYJIaMHU
HepTu. B oriamume oOT 5abOpaTOPHOW 3JIEKTPOPA3PSAHON Kamephl, HCIONb3YeMOH Tpu
prdOpMHHTE YIIEeBOAOPOAOB WIH TOOBIUE Ta3a, B PACKPBITOM MOAXO/E UCTIOIB30BAHO MHOKECTBO
pa3psiIHBIX OJIOKOB, PabOTAOIIMX COBMECTHO KaK peakTop ayisi oopadbotku Hedtu. B mpumepax
BAPUAHTOB BOIUIOILIEHHUS, B YCTPONCTBE HCIIOJIb30BAHO MHOJKECTBO Pa3psOHBIX MOIYJIEH, H
KOJIMYECTBO MOJYJIEH MOKET H3MEHSThCS B 3aBHCUMOCTH OT Crmocoda M MPOM3BOACTBEHHBIX
TpeboBanuii. Kaskaplil pa3psaHbiii OJIOK MOMKET HCIOJIb30BAaTh CMECh METaHa U BOIOpPOAA IS
CO3MaHus pa3psifia B HeTH, U XapaKTEPUCTHKH pa3psiga MOKHO HACTPAMBATH U PEryJHUpPOBATH B
COOTBETCTBHH C TPEOOBAHUSIMH K 00pabOTKe HEPTH.

[0119] Cnenyrormmii criucok 00o3HaueHu oTHOCUTCS K HacTositemy onucanuio. OTR — peakrop
st o0paboTku HedTH, 11 — 00beM paspsiia O CPAaBHEHUIO B OOBEMOM My3bIPbKa; 12 — 00BbeM
razoBoii ¢a3pl / 00mmit 00beM IBYX (Pas3; 13 — 00beM TeKy4el Cpebl 10 CPABHEHHUIO C €AUHIYHBIM
00BEMOM; I3 — 00BEM TEKYyUHX Cpell MO CPABHEHHIO C OOBEMOM EIMHMYHOIO KBaApaTa; rs —
IUTOIIA/1b TIOBEPXHOCTH My3bIPbKa IO CPABHEHHUIO C OOLINM O0BEMOM TEKYUYHX Cpel; s — o0Imas
IUTHHA My3bIPbKa MO CPABHEHUIO C Pa3pPsSAHBIM IPOMEKYTKOM; I7 — CTENEeHb MepepadoTKu HeTH;
I3 — CTeNeHb nepepadoTku raza; L — mmHa 6yoka; H — BeicoTa Omoka; W — macca 6ioka; LPM —
JUTPOB B MUHYTY; t il — BpeMs IpeObIBaHHUS HEPTH B PEAKTOPE; t_gas — BpeMs IpeObIBAHNSA Ta3a B

peakrope; f — yacToTa mocnenoBaTenbHOCTH pa3psnos; L/D — oTHOmEHWe JIMHBI K TUAMETPY,
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D/L - orHomeHue pamameTpa K JUIMHE, ( — YyHOeldbHOe JsHepromoTpeOnenue; PR —
npou3BOIUTENBHOCTE, GM — nmpoMexyTKoB Ha MonyJib; NM — konudecTBo Moayei; P — obmas
MOIIHOCTh peaktopa; NG — KOJIMYECTBO PaspsAHUKOB, V — oOmuii oObeM paspsaHuKoB, M —
o0mas macca pa3psagHukoB, D w — mupuHa yctpoiicTBa peakropa, D 1 — nnmna ycrpoiicTBa
peakropa, u D_h — BbIcoTa ycTpoiicTa peakropa.

[0120] He orpannuuBasicb TeOpuei, B JIOOOM W3 BBIMIEYKA3aHHBIX CIOCOOOB WIJIM BAapPHAHTOB
BOILIOILEHUS, JKUJIKHE YTJIEBOAOPOAHBIE MaTepualibl C BBICOKMM COJEpKaHHUEM YIJIEpoaa
PACIIETUISIIOTCST Ha MOJICKYJIBI ¢ O0Jiee HU3KUM COIeprKaHueM yriepona ¢ obpa3zoBaHueM Oolee
JIETKUX YTJIEBOAOPOAHBIX (pakuuii (C TOYKM 3pEeHUsT KaK MOJEKYJSIPHOW Macchl, TaKk H
TEMIIepaTypbl KUIEHUS) B CPEAHEM, UeM OoJiee TsKeble )KUIKHE YTIeBOAOPOAHbIE MaTepHAIIbI B
celppe. Kpome TOro, He OrpaHM4MBasCb TEOPHUEH, CUMUTAETCS, YTO PACLICTNIEHUE TSKEJIbIX
MOJIEKYJI TPOUCXOIUT 3a c4eT paspriBa cBsizeit C-C. [Iyist 5TUX MOJIeKyJ SHeprusi, HeoOXoauMast
st paspeiBa cBsisu C-C, cocranser mpubmusurtensHo 261,9 k/Dk/Monmb. DTO KOJHMYECTBO
SHEPTruH 3HAYMTENbHO MEHbIle, YeM dHeprus, HeoOxomumas mis paspbBa cBsizu C-H (364,5
kJI>K/MOJTB).

[0121] CBoboaHbIe paaKKalbl YTIEBOAOPOAOB MPUTITHBAIOT aTOMbI BOAOpoAa. Takum oOpaszom,
B MPOLIECCE MOKET ObITh MCIIOJB30BAH ra3-HOCUTENb B KAUeCTBE MCTOYHHMKA aTOMOB BOAOPOJA.
IToaxopsiiue ra3pl-HOCUTENU MOTYT BKJIIOYATh, MOMHMO IPOYEro, ras3bl, COAEpP KaIlNe aTOMbI
Bozopoaa. UmrocTpaTUBHBIE Ta3bl-HOCUTENN MOTYT BKJIIOUaTh, HO HE OTPAHUYUBAIOTCS HUMHU,
BOJIOPOJZ, METaH, NPUPOMAHBIA ra3 W ApPyrue ra3oo0pasHble yrieBomopoasl. B mobom u3
BBILICYNIOMSIHYTBIX BapUAHTOB BOIUIOIIEHHMS] MOXKET OBbITh HCIOJB30BAHA CMECh TaKHX
WITFOCTPATUBHBIX Fa30B-HOCUTENEH.

[0122] ITockonpKy MpOLIECC AOJKEH BBITIOIHATHCS HEMPEPHIBHO, Pa3IMUHbIe CTyIEHH WIN CTAAUN
mpouecca MOTYT TPOMUCXOAUTb OJHOBPEMEHHO WJIM IIOCIENOBaTENbHO, TaK YTO JIErKui
yIJI€BOJOPOAHBIN MaTepuaj HENpPEpPHIBHO MOAAETCS B PaspsiiHYI0 KaMmepy IO Mepe TOro, Kak
NIOJIY4YEHHBIE YTJIEBOOPOIHBIE (PPAKLIIMU BBIXOIST U3 KAMEPHI.

[0123] Kak wu3/I03k€HO BBIIIE, WUTIOCTPATHBHBIA CHOCOO MOMKET BKJIIOYATh B cedsi co3maHue
IUTA3MbI HICKPOBOTO Pa3psiia B CTPYE ra3a B MEKIJIEKTPOAHOM NpoMekyTke. Hanpsipkenue mpobost
raza-Hocuressi OyJdeT MeHbIIe HanpspKeHUs NpoOO0st KUAKOCTH, COOTBETCTBEHHO MOYKHO
UCTIONIb30BaTh CTPYIO Tas3a MPH TOM K€ YPOBHE HANpPsDKEHUs ISl CO3AaHusl Oojee MITMHHOTO
Pa3psIHOTO TPOMEXYTKA. YBEIWYEHHE MEXDJIEKTPOAHOIO paspsiHOrO MPOMEXYTKa IMpHU
OJHOBPEMEHHOM CHMIKEHHH KOPPO3MOHHOTO BO3ACHCTBUS CrOCco0a HA 3JIEKTPOMbI YBEIUIUBAET
IUIOIIA/Ib TPSMOTO KOHTAKTa MEXIYy IUIA3MEHHBIM pPa3psaoM M 00padaThIBAEMBIM KHIKAM
yIJIEBONOPOAHBIM MaTepHuanioM. He skenasi OrpaHUYHMBATBCS KAKOH-JTUOO KOHKPETHOH TEOpHei,

CUUTACTCHA, YTO IPU KOHTAKTEC IUJIa3Mbl pa3psaa € XKUAKUM YrJICBOAOPOAHBIM MAaTCpUaJiOM B
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MEKJIEKTPOAHOM PA3PSAHOM MPOMEKYTKE JKUIKHHA YTIIEBOAOPOAHBIN MaTepHall MOXKET ObICTPO
HarpeBaTbCsl M HCHApsATbCA ¢ obOpasoBanumeM mnapa. Takum 00pa3oM, MOJIEKYJIbI KHIKOTO
YIJIEBOJOPOAHOIO MaTepuasa MOTyT CMEIINBATHCS C MOJIEKYJIaMHU ra3a-HOCUTENs U YaCTULIAMHU
IUIa3Mbl, OOpa3yroINeHCss B HUX. OJEKTPOHBbI IUIA3Mbl MOTYT CTaJKHUBAThCS C MOJIEKYJIAaMHU
yIJIEBOAOPOAOB, TEM CaMbIM pa3dmBas UX Ha Oojee MeNKHe MOJEKYJbl, UMEIOIIHE OIHY
HEHACBILIEHHYIO CBSI3b M SIBJIIIOLIMECS IO CYLIECTBY CBOOONHBIMHU paauKajlaMH, TO €CThb
(dparMeHTaMH MOJIEKYJ, UMEIOLINX CBOOOMHYIO CBs3b. CBOOOAHBIE panuKajbl TAKKE MOTYT
BO3HHMKATh B pe3yJbTaTe NPSMOrO B3aUMOAEWUCTBUS OBICTPO IBMKYLIUXCS 3JIEKTPOHOB CO
CTEHKaMHU >KUAKOCTH, 0Opa30BaHHBIMU BOKPYT IUIA3MEHHOIO KaHAJla, YCTAHOBJIEHHOI'O MEXKAY
3JIEKTPOAAMH.

[0124] Kak oTMe4€eHO BbIIIe, pa3INYHbIE Fa3bI-HOCUTEIIH, U3BECTHBIC B JAHHOW O0JIACTH TEXHUKH,
MOTYT OBbITh UCIOJIB30BAHbI B CIIOCODAX M YCTPOMCTBAX Mo HacTosuied texHonoruu. IIpumepsl
ra3oB-HOCHUTEJIEH BKIFOYAOT, TOMUMO MPOYEro, reJiuii, HEOH, aproH, KceHoH U Bonopox (Hz), Ho
He OTPaHUYMBAIOTCA UMU. B HEKOTOPBIX BapUaHTaX BOIUIOLIEHUS, Ia3-HOCUTENb MPEACTABISAET
co0ol BOIOpOACOaep KA ra3, BKIIOYAOIINN, TIOMHUMO MIPOYEro, BOAY, Map, YUCThIA BOAOPON,
MeTaH, PUPOAHBIN a3 UK APYTrHe ra3oo0pasHele yrieBonopoabsl. CMecu Jro0bIX ABYX miu Ooee
TAKUX BOJOPOICOAEPIKALIUX Tra30B MOTYT OBITh HCIOJB30BAHBI B JIIOOOM W3 OMHCAHHBIX
BAPUAHTOB peanu3zanuu. Kpome Toro, rasel, He copepkallue BOAOPOA, BKIIOYAs, MOMHMO
NPOYEro, rejiuii, HEOH, aprOH M KCEHOH, MOTYT OBITh MCIOJB30BAaHbI JIHOO B Ka4eCTBE ra30B-
pazbaBuTenel 1ist JIF000ro U3 BOJOPOACOAEPIKALIMX ra30B, MO0 OHU MOTYT ObITh HUCTIOJb30BAHBI
C JIETKMMH yTJIEBOIOPOAHBIMH MaTepHaiaMH, TAKUM 00pa3oM, MO3BOJISISE CBOOOJHBIM pagrKaiamM
oOpbIBaTh APYT ApYra, a He aTOM BoAOpoaa u3 raza-Hocutess. C TOUYKH 3peHHs 3aTpaT SHEPTUU
Ha OOpa3oBaHWE OJHOrO CBOOOJHOTO aTOMa BOMOpPOAA, 4YTOOBI BBIOPATh MOIAXOMASINUN Ta3-
HOCUTENIb, MOJKHO CPaBHUTb OJHEPrUI0 JHUCCOLMALMK PA3JUYHBIX TIa30B-HOCUTENEH WU
BOAOPOACOAEPKAUX ra30B. Tak, HampuMep, Ui pa3pbiBa CBSA3M MEXIYy aTOMaMu BOAOPOAA B
mojiekysie H» morpebyercss mpubmusutensHo 432 k/[x/monb. [ BOOSHOrO mapa >HEprus,
HeoOxonuMast Uil BBICBOOOXKIEHHsS aTOMa BOAOPOAA, COCTABIISIET MNPHOMM3UTENBHO 495
kJI>x/MOITb, TOTAA Kak U yOAJIEHUST aTOMa BOIOPOZA M3 MOJIEKYJbI YIIIEBOJOPOa, HAPUMED,
MeTtaHa, Tpedyercst mpubdansutensHo 364,5 kJx/Monb.

[0125] CornacHO HEKOTOPHIM BapHUAaHTaM BOILIOIIEHUS, Ta3-HOCUTENb MPEACTABISET COOOM
MeTtaH. Mcnonp3oBaHue MeTaHa WM MPUPOJHOIO ras3a BBIFOJHO HE TOJBKO C TOYKH 3PEHUs
SHEPrUu, HEOOXOIUMOM JJIsl pa3pbiBa CBSA3EH, HO M U3-3a €r0 OTHOCHUTEIHPHO HU3KOH CTOUMOCTH.
Ucnonp3oBanne Mertana rapantupyer, uro cBsisu C-H paspeBatoTcst ¢ oOpasoBaHueM
BOJIOPOJHOTO paavKalla U METUJIBHOTO PauKaja, KaXKIblH U3 KOTOPBIX MOXKET OOBEIUHATHCS C

0oJjiee KPYIHBIME YTJIEBOJOPOIHBIMH PaTUKaaMU Ha CTaAUK OOphIBa. B HEKOTOPBIX BapHaHTAX
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BOILJIOLICHUS, a3-HOCUTENb MPEACTABIsIET COOOH METaH MM CMECh METaHa C MHEPTHBIM a3oM,
BKJIFOYasl, TAKUM KaK I'€JIMi, aprOH, HEOH UJIN KCEHOH.

[0126] Ansa co3maHusl IUla3Mbl B CTPY€ ra3a MOTYT OBITh HCIIOJNB30BAaHBI PAa3JIUYHBIE THIIBI
3JIEKTPUYECKUX Pa3psAA0B. OTH pa3psbl MOTYT CYLIECTBOBAaTb KaK B HEMPEPBIBHOM, TaK U B
UMITyJIbCHOM pexxnMe. Hampumep, B HEKOTOPBIX BapHUaHTax BOIUIOMIEHHS, 3(PQPEKTHBHBIM
SIBJISIETCS] MCIOJIb30BAHUE HENPEPBIBHBIX Pa3psioB, TAKUX KaK AYTOBOM paspsiy WIN TJICIOIIUN
paspsn. OnHAKO MCMONBb30BAHME 3TOTO THUMA pas3psAfa JUisl KPEKUHTa TSXKENbIX YIJIEBOJOPOIOB
MOXET OBITb OrpaHHUYEHO TeM (PAKTOM, YTO HArpeB ra30BOM CPeAbl MOCTOSHHBIM TOKOM MOXKET
MIPUBECTU K HEXKEJIATEJIbHOMY IOBBILIEHUIO TEMIIEPaTypbl BHYTPU pa3psAHOU kamepel. Takoe
NOBBIIIEHHE TEMIIEPATYPbl MOXKET NMPUBECTH K YBEJIWYEHUIO KOKCOBAHUS U OOpa30BaHMs CAXHU.
Kpowme Toro, npu nCnonb30BaHUU HETIPEPHIBHOTO pa3psizia MPOAYKTHI YIJIEBOAOPOIHON (ppakiium
MOTYT MOCTOSIHHO MOJABEPrarbCsl BO3AEHCTBUIO pas3psna A0 TeX MOp, MOKA OHU HE BBIMAYT U3
wia3mbl. HanpoTus, MCIOIb30BaHIE UMITYJIBCHOTO pa3psina, OCOOEHHO MMITYJIbCHOTO HCKPOBOTO
paspsina, MOXKeET OBITh KeJIATeJIbHBIM AJIsl eI MPOU3BOACTBA (PPAKLIUH JIETKUX YIIIEBOAOPOIOB
u3 Qpakuuii TSOKETOH HepTH, MOCKOJIbKY MHTEPBAT MEXIY HMITYJIBCAMH MOXET O0eCIeunTh
npekparieHrne o0pa3oBaHusi CBOOOAHBIX PAUKAJIOB U AA€T BPEMs JUJI BBIXO/A U3 IIA3MBbI JIETKHX
YIJIEBOJOPOAHBIX MTPOIYKTOB.

[0127] B npyrom acniekTe npeasiokeHo yCTPONCTBO sl MPeBPAIleHUs KUIKON YIJIeBOAOPOIHOM
Cpenbl B IPOAYKT YIIIEBOAOPOAHOMN (ppakuuu. Y CTPOHCTBO MOKET COAEPIKATD Pa3PAIHYIO KAMEPY
IUIE  pasMELICHUs SJIEMEHTOB, OOECHEeuMBAIOLIMX  HCKPOBOW  paspsii,  BbI3bIBAOIIMN
npeoOpazoBanue. PaspsanHas kamepa, a, CJIeI0BaTENbHO, H YCTPOHCTBO, MOXKET CONEPKAaTh BXOJ,
BBITNIOJIHEHHBIN C BO3MOKHOCTBIO TPAHCIIOPTUPOBAHUS KUAKOTO YIVIEBOJOPOJHOIO MaTepuaia B
paspsAHYIO KaMepy, BBIXOJ, BBINOJHEHHBIH C BO3MOKHOCTBK) TPAHCIOPTHUPOBAHMS MPOAYKTa
YTJIEBONOPOAHOMN (PpaKivu U3 pa3psiAHON KaMepbl, OTPULATENIbHBIN 3JIEKTPOT, UMEIOLIU I MEPBBIN
KOHELl ¥ BTOPOI KOHELl, U MOJIOKUTENIbHBIN 3JIEKTPOA, UMEIOIIUI ePBbIN KOHELl U BTOPOU KOHEII.
B paspsaHoil kaMepe mepBbIil KOHEL OTPULATEIBHOIO 3JIEKTPOAA MOXKET OTCTOATH OT MEPBOrO
KOHLIA TOJIOKUTEJIBHOTO 3JIEKTPOJa Ha PACCTOSIHUE, KOTOPOE OIpeAessieT MEK3JEKTPOIHbBIN
pa3psiiHbIN MPoMeKyTOK. UToObl obecnednTh crocod CMEIIMBAHUS KUAKOTO YTIIEBOIOPOIHOTO
MaTepuaa ¢ ra30M-HOCHTEJIEM, KaK OMHUCAHO BBILIE, Pa3psiAHas KaMepa MOXKET TAK:KE COAEPKATh
ra30BYI0 CTPYIO, BBINIOJHEHHYI) C BO3MOJKHOCTBIO BBOJA Ia3a-HOCUTENS BOJH3U Pa3psaHOTrO
npoMesxyTKa. FIHadye rosopsi, ra3-HOCHUTENb MOKET BIPBICKUBATBCS B JKUIAKHUN yIiI€BOAOPOIHBIN
MaTepHua BO BpeMs UJIH HEMOCPEACTBEHHO Mepe BIPBICKOM B pa3psAHbIN NPOMEKyTOK. Bropon
KOHELl OTPULIATENbHOTO 3JIEKTPOJAa U BTOPOH KOHEI MOJOXXHUTEIBHOTO 3JIEKTPOAA MOTYT OBITh
NOAKJIIOUEHBI K KOHACHCATOPY, U MOXKET OBITh MPENyCMOTPEH NCTOYHHUK MTUTAHUS, BBITIOJTHEHHBIN

C BO3MO>KHOCTBIO CO3JJaHUsI UCKPOBOT'O paspsifia B MEXKIJIEKTPOIAHOM Pa3psAHOM MPOMEXKYTKE.
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[0128] B pa3psigHON Kamepe HCKPOBOH pPas3psii MOXKET (OPMHPOBATHCS B MEKIJIEKTPOAHOM
pa3psAHOM TNPOMEXYTKe, Korga HampspkeHue (V), NMPHIOKEHHOE K 3JIEKTPOAaM, PaBHO HIIH
Oonbire, yem HanpsbkeHune mpobost (Vv) B MEX3JIEKTPOJHOM IMpPOMEXYTKe. MICKpoBOH paspsin
MOXET WHULIMHUPOBATBCS CBOOOIHBIMH 3JIEKTPOHAMHU, KOTOpPbIE OOBIMHO TOSBISIOTCS Ha
MOJIOKUTENBHOM 3JIEKTPOAE B PE3yJIbTaTe aBTORJIEKTPOHHON SMHMCCUHM WU IPYTHX MPOLECCOB
3NEeKTPOHHON 3MHccuu. CBOOOAHBIE 3JEKTPOHBI MOTYT YCKOPSITHCS B 3JIEKTPHYECKOM IIOJIE,
OXBAaTbIBAIOLIEM IIPOMEXKYTOK, W, KOTZla ra3 B MPOMEXKYTKE MOHU3UPYETCS, MOKET CO3/1aBaThCs
UCKPOBOH I1a3MeHHbIN kaHal. [Tocne ¢popMupoBaHus KaHaIa HCKPOBOTO paspsifa depes Iia3Mmy
MOXET Teub pa3psiAHbIi Tok. HanpsokeHne BHyTpHU mia3MeHHOro kanana (Vq) MoxKeT ObITb HUKE,
yeM HarpspkeHue mpobost (Vy). JyroBoi paspsii MOXKET BO3HHKATh, €CJIH MOLTHOCTh UCTOYHHKA
MUTaHUs AOCTaTOYHA IJIsl NMPOTEKAHWs TOKa B KaHAaje pas3psia B HENPEPBIBHOM pexume. B
HUCKPOBOM paspsie Takke MOXeT IMPOUCXOAWTh HarpeB IuiasMmbl. OAHAKO peryimpoBaTh
TEMIIEPATyPy MOKHO HE TOJIbKO IyTEM PErYJIMPOBKU CUJIbI TOKA Pa3psia, HO U IIyTEM YIIPaBJICHUs
IJIUTEIBHOCTBIO paspsifia. B HEKOTOPBIX BapuaHTaxX BOIUIOLIEHUS, B pe3yJbTaTe CO3[aHUs
IUIA3MEHHOIO KaHaja B ra3e TeMIepaTrypa rasa MOXET JOCTUraThb HECKOJIBKHUX ThICSY IPaayCcoB
Henbcus.

[0129] B xadecTBe aJbTepHATHUBBI, IJIi CO3AAHMUS HCKPOBOIO paspsiia MOXHO MCIIOJIb30BaTh
APYIYIO CXe€My NuTaHus. B HEKOTOpBIX BapHaHTaX BOIUIOLIEHMs, AJISl 3aKUTAHUS MCKPOBBIX
Pa3psAAOB MOKET OBITh HCIIOJIb30BAHO OOJIBIIOE KOJTMYECTBO PA3JIUUHBIX TEHEPATOPOB HMITYJILCOB.
Hanpumep, MoxkeT ObITh UCHOJNB30BAHA CXEMA, Pa3psUKAKONIAasi HAKOMUTENbHBbIA KOHAEHCATOP
MPEABAPUTENIBHOIO 3apsifia Mo Harpy3Kkoi. IlapaMeTpel MIyJIbCHOTO HANPSKEHUsT HA HArPy3Ke
ONPENENSATCS €MKOCTBIO HAKOIUTEIBPHOTO KOHJEHCATOpa, a TakXke [apaMeTpaMHu BCel
paspsinaoii nenm. Ilotepu sHeprum OyAyT 3aBHCETh OT XapPaKTEPUCTUK Pa3psyAHOW LEMu, B
YaCTHOCTH, OT MOTEPh B NIEPEKIIOUATETIE.

[0130] B HekoTOpBIX BapHaHTaX BOIUIOIIEHUS MPEACTABIEHHOrO Crocoda, B KAYeCTBE HArPy3KU
HETIOCPEACTBEHHO MOXKET OBITh HCIIOJIb30BAH MCKPOBOW BBIKJIIOYATENb, TO €CTh IUIA3MEHHBIN
PEaKTOp, UTO CHHUXKAET MOTEPU SHEPruu B paspsAnHoil uenu. Kpome TOro, HaKOMUTENbHBIN
KOHJIEHCATOP MOXeT OBbITh MOJAKIIYEH MapajyieIbHO HCKPOBOMY pPAa3psiIHUKY B LEMH C
MHUHHMaJIbHON HHIYKTHBHOCTHIO. [Ipo00ii MpoMeKkyTKa MOXKET MPOUCXOANTD, KOTIa HATIPSKEHNE
Ha HAKOIUTEJIBPHOM KOHIEHCATOpE AOCTHraeT HampsDKEHHWsl Mpo0osi, a TOABOA JHEPTrUH B
IUIA3MEHHYI0 HMCKPY MOJKET MPOUCXOAUTh BO BpeMsl paspsaa KoHaeHcaTopa. ClenoBaTenbHO,
MOTEPU SHEPIUH B LIENU HU3KUE.

[0131] CornacHO pa3au4HbIM BapuUaHTaM BOIUIOINEHUS, IOJIOKUTENBHBIM U OTPHULATENbHBIH
3JIEKTPOBI MOTYT UMETh (POPMY TIIOCKUX 3JIEKTPOAOB, TUOO B BUAE JIMCTA, JIE3BUS FITH INIOCKOTO

BbIBOJA, W/WJU DJJIEKTPOABl MOryT wuMeThb (opMmy TpyOku (T. €  KAHIOJIHPOBAHBI).
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KaHOnMpoBaHHbBIM 3JEKTPOA NPEACTaBIsieT COOOW MONBIA 3JEKTPON, 4Yepe3 KOTOPBIA Tras-
HOCHUTENIb MOKET BBOIWUTBCS B JKUAKUN YIJI€BOAOPOAHBIM MaTepUal B MEXKIJICKTPOJHOM
npoMexxyTke. Takum o0pa3om, KaHIOJIMPOBAHHBIN 3JIEKTPOA MOXKET CIIY)KUTh KaHAJIOM /IS ras3a-
Hocurend. Korma oTpuuarenbHbIN 3J€KTPON KAHIOJIMPOBAH, NPOXOHA KAHIOJIH MOXXET HUMEThb
pamuyc KpMBH3HBI B OTBEPCTUH TPYOKH. BricoTa mnm anmmHA paspsgHOro 3J€KTpoAa OOBIMHO
U3MEPSETCs. OT OCHOBAHUs, KOTOPOE SIBJISIETCS] TOUKON KPEIUICHHUs, O BEPIUMHBL. B HEKOTOPBIX
BAPUAHTaX BOIUIOLIECHMs, OTHOLIEHUE PauyCa KPUBHU3HBI K BBICOTE WIM JJIMHE KAaTOAA MOXKET
ObITh OoJbIIE TPUOIM3UTENHHO 10.

[0132] Kak OTMeuU€HO BBbILIE, MEXKAJIEKTPOAHBIN Pa3psiAHBIA MPOMEKYTOK, TO €CTh PACCTOSHUE
MEKY BYMs 3JIEKTPOJaMH, BiuseT Ha 3pPeKkTHBHOCTD crioco0a. MeskaneKTpOaHbIN pa3psaHbIi
IPOMEKYTOK — 3TO XapaKTePUCTHUKA, KOTOpask MOXET OBITh ONTUMHU3HUPOBAaHA, HANPUMEp, Ha
OCHOBAHMHU KOHKPETHOIO YIJIEBOJOPOAHOIO MaTepuasa, MOAAaBaEMOr0 B Pa3psIHYIO Kamepy,
BBEIEHHOT'O a3a-HOCUTENSI U MPUIOKEHHOTO HampspKeHUst W/miu Toka. OQHAako MOryT ObITh
YCTaHOBJIEHBI HEKOTOPBIE AUANA30HbI MEXKAJIEKTPOJHOTO pa3psiAHOro npoMexxyTka. Hanpumep, B
MOOOM U3 BBILIEYKA3aHHBIX BAPUAHTOB BOIUIOIIEHUS], MEXKAJIEKTPOIHBIN pa3psAHbII IPOMEXKYTOK
MOXKET COCTaBIATh npubmmsurenbHo oT 1-3 mo 100 mmmmmumerpos. Croma MOXET BXOAWTH
MEX3JIEKTPOAHBIA Pa3psiAHBIA MPOMEKYTOK NMPUOMU3UTENBHO OT 3 10 20 MWLIMMETPOB, IPH
UCTIONb30BaHUK pabouero Hampsikenus: 30-50 kB onTumanbHas IMHA MPOMEKYTKa Oyaer ot 8
1o 12 mumumerpoB. OTpULIATENbHBIN 3JIEKTPOA U MOJOKUTENBHBIN 3JIEKTPOJ MOTYT BBICTYIIATh
B Pa3psAOHYIO KaMmepy.

[0133] Kak yka3aHO, HAKOTTUTEIbHBIM KOHASHCATOP MOKET 3apsiKaThCsl IO HAMPSDKEHUS, PABHOTO
HANPSDKEHUIO TPOO0sT Ta3a-HOCUTENST HJIH MPEBBIIAIOIIEr0 ero, TaK YTO BO3HHMKAET MCKPOBOH
paspsa. B HEKOTOpbIX BapuaHTAaxX BOIUIOLIEHHUs, PAa3psii BO3HUKAET MEXKIY MOJOKHUTEJIbHBIM
SNIEKTPOJOM M Tra30M-HOCUTENleM BOJIM3M MEPBOrO KOHIA TOJOXKHUTEIBHOTO 3JieKTpona. B
HEKOTOPBIX BapHaHTax BOIUIOLICHUS, pa3psj SBIISIETCS] HENMPEPhIBHBIM. B HEKOTOPBIX BapHaHTax
BOIUIOILEHHUS, pas3psAl SBISETCS WMIYJIbCHBIM. B HEKOTOpBIX BapHaHTaX BOILIOLIEHUS,
WHTEHCUBHOCTb 3JIEKTPUYECKOIO paspsfa peryaupyercs 3HA4eHUEM COINPOTUBICHHs B LENU
3apsiAKU HAKOMUTEJIBHOTO KOHJEHCATOPA.

[0134] UcTOYHHK MHUTaHUS MOKET OBbITh MOAKIIOYEH KO BCEW cucteMe misi obOecredeHus
NOABOIUMON SHEPrUU U BO3OYXKACHHUS pas3psga. B HEKOTOPHIX BapHaHTaxX BOIUIOIICHUS, B
ONMCAHHOM B HACTOSIIIEM JIOKYMEHTE YCTPOHCTBE, MOXKET OBITh UCIIOJIB30BaH UCTOUHUK MUTAHUS
MIOCTOSIHHOT'O TOKa ¢ padounm HanpspkerrneM 15-25 kB. MCTOYHUK MUTaHUS MOXKET 3aBUCETh OT
KOJINYECTBA MPOMEXKYTKOB Al 00pabOTKHU yriaeBOAOPOAHON JKUIKOCTH, OT UX JUIMHBI, YaCTOTHI
CJIeIOBaHMsI MMIIYJbCOB, PAacXOAa >KUAKOCTU 4Yepe3 peakTop, pacxonda rasa 4depe3 KaxAbld

MPOMEXYTOK, U T. I. Hanpumep, ycTpONCTBO MOXKET COAEpPKaTh PEAKTOP, B KOTOPOM HCIOJBb3YIOT
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12 paspsimHBIX TPOMEXYTKOB JUTMHOH 3,5 MM, KOHAeHcatopbl eMkocThio 100 m®, pabouee
HanpspkeHue 18 kB m wacrory cnemoBanust mmmynbcoB S5 I'm. Ilorpebnsiemass MOIIHOCTB
WUCTOYHHUKA MUTAHUS MOXKET COCTaBJIAThE OT 1 10 2 BT, a mia3ma MOeT NMOrIomars MOIHOCTh
npubmusutensHo 0,97 Bt HemocpenctBeHHO B paspsae. OcCTaBIIAsiCsi MOILIHOCTb MOXKET
paccenBaThCs B KOHACHCATOPAX CUCTEMBI 3apsKH.

[0135] HM30onaTOp BBICOKOTO HANPSIKEHUS] MOKET ObITh pa3MeEIleH B HIYKHEH YaCTH, BHIPOBHEHHOM
C PEaKTOPOM, C IMOMOLIBIO MJIACTUKOBBIX BUHTOB. Ero QpyHKIMs 3aKiI0uaeTcs B IPEAOTBPALIEHUN
NPOXOXKIACHUS 3JIEKTPUUECKOrO TOKA MEXIy HIDKHHUMH 3JIEKTPOAAMHU U 00eCreueHUH UCKPbI B
30Hax peakuuu. Tarke AJs MPenoTBPAILEHHUs HEXeNaTeNbHbIX Pa3psaoB MOTYT MOTPeOOBaThCS
JOTIOJHUTENbHBIE YILUIOTHUTEIIBbHBIE KOJbLA WX MPOKJIAAKA MEXAY PEAKTOPOM U HU30JSITOPOM
BBICOKOrO Hanpspkenusi. dur.

[0136] YcTpoiicTBO U crOCcOObI, B IIEJIOM ONUCAHHBIE BbIIIE, OYAYT MOHSTHBI CO CCBUIKOW Ha
CIIeNyIOLINe TNPHUMEpPbl, KOTOpble HHMKOMM O0pa3oM He NpenHa3Ha4YeHbl ISl OrpaHUYCHUsI

YCTPOMCTBA UJIH CMIOCOOOB, OMMCAHHBIX BBIIIE,

INPUMEPBI
[0137] Ha ¢ur. 17 mokazanbl 9 Mozayjeil B MOAYJbHOH CTOWKe, MPUYEM KaKAbIH MOIYJb
COIepKUT 4 30HBI IUIA3MEHHON peakuuu. MopayibHasi CTOHKa pa3MelleHAa BEPTHUKAJIBHO C 2
APYTUMH CTOHKaMH, oOpa3ysi MacCUBbI MoAyJel 3x3. 3 mMaccuBa MOAYJEeH pa3MeIleHbl TAKHM
oOpa3oMm, 4TO 00pas3yrT MOAyJbHYK Matpully 3x3x3. JlaHHas cucreMa uMeeT B oOmiei
CJIOKHOCTH 324 30HBI IUIA3MEHHOM peakuuu, 81 Moayab, 9 MOAYJIBHBIX CTOEK U 3 MaccuBa
MOAYJIEH.
[0138] Ha ¢ur. 11 moka3aH MOIyJib CO BCTPOSHHBIM KOHIEHCATOPOM JIETKUX MpoaykToB. Ha ¢ur.
7 mokaszaH MoAyJib 0€3 KOH/IEHCATOpa MPOAYKTA.
[0139] Huxe na ¢ur. 8 mpencrasneHa ¢ororpadus momyns M = 4. Ha ¢ur. 9 npusenena
¢ororpadus moxynst M = 8, 3aNI0THEHHOTO JKUIAKOCTBIO, My3bIPbKAMH H C aKTUBHOI 00padoTKOMH
paspsimom. Ha 3annem miane monysist M = 8 HaxXoauTes erne oauH Moayib M = 8 (cnenaHHbIi u3
crekyia) Ha 3aaHeM rutaHe. Ha ¢ur. 10 mokaszan monyns M = 8 cO BCTPOGHHBIM MOAMOAYJIEM
BBICOKOBOJIETHOT'O UCTOYHMKA MUTAHUS.
[0140] HU300peTeHre TOMOTHUTEIBFHO OMPEENIeTCs CIeAYIOIUMU BApUAHTAMHE PEaTU3aALINH:
[0141] Bapuant Boruiomenust A. Crioco0 yBenuueHus: Maciirada mia3MOXHMHYECKOTrO peakTopa
i1 00pabOTKH YIIIEBOJOPOIOB C OJUHOYHBIM HCKPOBBIM Pa3psIHUKOM, BKJIOUAOIIHHA B ceOsl:
orpeneneHue HaboOpa MapaMeTpoB, BKIFOYAOLIETO IO MEHbIIEH Mepe OAWH M3 TapaMeTpoB
UHIUKALUN TPOAYKTHMBHOCTH W TMApaMeTpoB HHIOWKALMM MacmTada, MpUYeM IapameTpbl

NPOAYKTUBHOCTH YKa3bIBAKOT Ha BSaHMOHefICTBI/Ie IJ1a3dMbl € Ta30M U ILIa3Mbl C JKUJKOCTBIO B
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MHOTO()a3HOM peakTope, MPU STOM MapaMeTpbl MaciTada TpPeaCcTaBiSIFOT 3(P(HEeKTUBHOCTh
UCTIOJIb30BAHUST IPOCTPAHCTBA peakTopa U obmuil pa3mep; pa3paboTKy MaciTaOHON Moaenu ¢
ONMHOYHBIM  PAa3pSIAHUKOM JJIsl  YIAY4YIISHHWs TapaMeTpoB MacmrTada, W TpPOBEICHHE
MapaMeTPUUECKOro HCCIENOBAHMS JUIsi OLEHKHA KOJMYECTBA HCKPOBBIX pa3pSIOHUKOB U
uH(popMaLmu 00 obIIei Macce IJIsl HCKPOBBIX Pa3psIHUKOB.

[0142] Bapuasnt Boriomenusi B. Crioco6 macimTabupoBaHusi MHOJKECTBA HCKPOBBIX Pa3psiTHUKOB
C TIOMOIIBID PEAKTOPHBIX MOIYJieH IUIa3MOXHMHYECKOTO peakTtopa Juisi  o0paboTku
YIJIEBOIOPOAOB, BKIIFOYAOLINI B Ce0sl MCIOb30BAHHE MHOXKECTBA PEAKTOPHBIX MOAYJICH st
CO3JIaHUsI TPEXMEPHOW MAaTPHULIbI PEAKTOPa, MPU STOM IMOJYUYEHHOE YCTPOWUCTBO CONEPIKUT Psif
SJIEKTPOPA3PAOHbIX  MOAYJEH, BbIOPAHHBIX B COOTBETCTBHH C  IPOU3BOICTBEHHBIMU
TpeOOBaHUSIMU.

[0143] Bapuant Borutomennst C. Criocod coryiacHO BapHaHTy BOIUIOIIEHUs B, MOmoigHHUTENbHO
BKJIFOYAIOLIUI B Ce0s1 UCTIOIb30BAHUE TIOJYUYEHHOTO YCTPOUCTBA 1JIsl 00pabOTKU yIiIeBOAOPOIOB
Ha HE(TIHOM MECTOPOKACHUH WK HedTenepepadaThIBatOIIEM 3aBOE.

[0144] BapuanT Bomomenus D. Crioco6 cornacHo BapuaHTy Boruiouienust B uimu C, B KoTopom
paspsiiHbIe MOZYJIM MOTYT OBITh COOpaHbI O0€3 BCTpanBaHMs HA MECTE.

[0145] BapuanT Borutomenus E. Crioco6 cornacHo moboMy 13 BapraHTOB Boriouenus: B-D, B
KOTOPOM pa3psiiHble MOIYJH pa3rpy3KH SIBISIIOTCS CMOHTHPOBAHHBIMH Ha Caja3Kax WIH
MEPEHOCHBIMHU.

[0146] Bapuant Borutomenusi F. Criocod cornacHo mro00oMy U3 BapuaHTOB BoruiolieHus B-E, B
KOTOPOM MOJY4EHHOE YCTPONUCTBO UCTIONB3YIOT HE3aBUCHMO B KAYECTBE PeakTopa st 00padoTKu
He(TH WK UCTIONB3YIOT B CUCTEME 00pabOTKH HE(PTH Tocie 00beAMHEHHSI C CUCTEMOM 00pabOTKU
HedTH.

[0147] Bapuanr Bomutomenus G. Croco® mo moOomy u3 BapuaHTOB BoruiomieHus B-F,
JOTIOTHATETHHO BKITIOUAIONIUEN B ceOsi pa3MelleHre pa3psIHbIX MOAYJIEH B MAaTPUIE PeaKkTopa,
TaK 4YTO BBIOPAHHBIN CTOJNOEI] WJIK Psii MOTYT OBITh OTKJIFOUEHBI 03 OTKITIOYEHHS] OCTAJbHBIX
CTONOLIOB WJIH PSIIOB, COOTBETCTBEHHO.

[0148] Bapuant Bomomenust H. Crioco0 cornmacHo mroOoMy M3 BapuaHTOB BoOIUIOeHust B-G,
JOTOJHUTENBHO BKIIIOYAIOINUN B ce0sl MONKIFOYCHHE MATPHULBl PEaKTOpa K BHELIHEH TeKyden
Cpelie ¥ DJIEKTPUYECKUM YCTPOUCTBAM MOCPEACTBOM OBICTPOPA3bEMHBIX COSTMHEHUN.

[0149] Bapuant Borutomenus 1. Criocod cornacHo mro0oMy U3 BapuaHTOB BormomeHus B-H, B
KOTOPOM KaKIbIil pa3psyAHbIA MOAYJb MepenaeT MaHHbIe OT JaT4YMKa Ha CepBEpP B PEalbHOM

BPEMCHU, 4TOOBI 00ECIEUYUTD YAQJICHHYO JUAarHOCTUKY U MOHUTOPHHT .
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[0150] Bapuant Bomtomenunst J. Criocob cormacHo o00My U3 BapUaHTOB BOIUIOmeHus: B-1, B
KOTOPOM YIIPaBJIEHUE T'a30M U IMOTOKOM ISl K&KAOTO Pa3psaHOrO MOAYJIS OTAEIEHO OT APYTHX
paspsiAHBIX MOAYJIEH.

[0151] Bapuant Bomtomenus K. Criocod cormacHo qr000My M3 BapHaHTOB BOIUIOMICHHs B-J,
JOTIOJHUTENBHO BKJIIOYAOIIUN B ceOst moOaBiieHHe WM YOAJeHHE DPa3psOHOro MOAYJSA NpU
YMEHBLIEHHON yTEUKe raza Win rmoMexax.

[0152] BapuanT Boruomenus L. Crioco0 cormacHo moboMy u3 BapuaHToB Borwiouenus B-K, B
KOTOPOM YPOBEHb KUIKOCTH MOYKHO PETYJIUPOBATDH B PA3PsIAHOM MOJYJIE TACCUBHBIM CIIOCOOOM.
[0153] Bapuant Bormiomienust M. Criocob coriacHo 000My M3 BapHaHTOB BOILIOLIeHUs B-L,
JOTMOJHUTENBHO BKJIIOYAIOIUNA B ce0s HENpephlBHYIO padoTy peakropa € pPasIudyHbIMU
CTYIEHAMHU UJIH CTAUSIMH IIPOLIECCA, TPOTEKAIOLINMH OJJHOBPEMEHHO HIIH MOCIIEIOBATENbHO, TAK
YTO XXKMIAKUHN YIJI€BOIOPOAHBIM MaTepuas HENPEePhIBHO MOAAETCS B Pa3psAAHBIA PeakTop 1o Mepe
BBIXO/1a TIOJTYYEHHBIX YIIIEBOJOPOAHBIX (ppakiuii U3 peakTopa.

[0154] BapuanT Bomomenus N. Crioco6 coracHo 000My U3 BapHaHTOB BOILIOIIEHUS B-M, B
KOTOPOM YTJIEBOAOPOIHBIE TIPOAYKTHI COAEPIKAT Jierkue Gppakiiy, KOTOPbIE HY>KHO OTAEIUTH OT
IUCTHJUIATA W TBEPABIX BEILIECTB, OOPAa3yIOIIMXCS B Pa3psAHOM IMPOMEXKYTKE, HO KOTOpBIE
HEOOXOAMMO YAAJIUTh U3 MPOAYKTA.

[0155] BapuanT Bortouierust O. Crioco6 cornacHo ar000oMy 13 BapuaHTOB BoruiomeHus B-N, B
KOTOpOM Uil pa3pabOTKH MaTPHLbI HCHOJB3YIOT OOUH WM Oojiee THIIOB PEAKTOPOB ISt
obpabotku Hedtu (OTR).

[0156] Bapuant Bomuomenuss P. TpexmepHas wMaTpuma peaktopa Misi mnepepadoOTKu
yIJIEBOAOPOAOB HAa HEPTIHOM MECTOPOXKIEHUH WM HedrenepepadaThIBarOIIeM 3aBOJE,
cozep:kaliasi o0 MEHbLICH Mepe TPU 3JIEKTPOPAa3PSOHBIX MOAYJS, Pa3MEIIeHHBIX B MAaTpULE
TaKUM O0pa3oM, YTO CTOJOEI WJIM PsAf PaspsAHbIX MOAyJIeH B MaTpULE MOXKET ObITh
U30HMpaTeNbHO BBIKIIOUEH 0€3 OTKJIFOUEHHS Pa3psiIHbIX MOJNYJIEH, He BXOISIINUX B BbIOPAHHBIN
cTonber uam psif.

[0157] Bapuant Bomomenuss Q. Marpuua peakTopa COINIaCHO BapUaHTy BoIUiouieHust P,
BBINTOJTHEHHAST ¢ BO3MOJKHOCTBIO TEPeavd B PEalbHOM BPEMEHH WH(POPMALUU O Pas3psiIHBIX
MOZYJISIX Ha CepBep Ul TUArHOCTUKH U MOHUTOPHHTA B PEXKUME PEATbHOTO BPEMEHH.

[0158] st meneli Hacrosimero W300peTeHHs] W, €CIM HEe YKa3aHO WHOE, HEOMpEeAeNIeHHOE
KOJINYECTBO O3HAYAET KOAHMH WK Ooeey.

[0159] B koHTekcTe HAHHOrO JOKYMEHTa, TEPMUH «IPUOTU3UTENBbHO» OyAeT NOHATEH
CHEeLMAINCTAM B JIAHHOW OOJACTH TEXHUKU M OyAeT M3MEHATbCS O HEKOTOPOH CTENeHH B
3aBHCUMOCTH OT KOHTEKCTa, B KOTOPOM OH HCHONb3yeTcs. ECiIM HMEITCs BapHaHTBI

HUCIIOJIb30OBAHUA TEPMHHA, KOTOPBIC HE SACHbI CHEUaJIMCTaM B I[aHHOfI obnacTtu TCXHUKH,
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YUUTBIBAS KOHTEKCT, B KOTOPOM OH HCHOJB3YETCs, KIPUOTU3UTENHHO» OyIeT O3HaudaTh «I0»
witoc Uiy MuHyc 10% OT 3HaueHUs1 KOHKPETHO! BEJINYUHBI.

[0160] Bce mnybOnmukanwu, 3asBKU Ha TATEHTHI, BBIAAHHBIE MMATEHTHI U JPYTHE IOKYMEHTHI,
YIOMSIHYThI€ B JAHHOM OIHUCAHUH, BKJIIOUEHBI B HACTOALIUHN JOKYMEHT MOCPEACTBOM CChUIKHU, KaK
ecny Obl KaXkiasi OTAeNibHas MyOJHKalys, 3asBKa Ha MATEHT, BBIJAHHBIN MATEHT WK APYroi
JOKYMEHT ObUIM CIIELHUAIbHO M OTAENBHO YKa3aHbl KaK BKJIIOYEHHBIE MMOCPEICTBOM CCHUIKH B
nojHoM oObeme. OmpeneneHus, copepIKalecs B TEKCTE, BKIOYEHHOM IOCPEICTBOM CCHUIKH,
UCKJIFOYAIOTCSl B TOM CTENEHU, B KOTOPOH OHU IPOTHUBOpPEYAT ONPENENICHUSM B HACTOSILIEM
ONUCAaHUU.

[0161] BapuanTtsl peanusanuy, WUIFOCTPATUBHO ONUCAHHBIE B HACTOSILIEM JOKYMEHTE, MOTYT
HNOAXONAIINM 00pa3oM MPUMEHSThCS Ha NMPAKTUKE MPH OTCYTCTBUHU KAKOTO-TMOO 3JIEMEHTa MU
3JIEMEHTOB, OTPAHUYEHUS WM OTPAHUYEHHH, KOHKPETHO HE PACKPBITHIX B HACTOSIIEM TOKYMEHTE.
Takum 0Opazom, HapUMep, TEPMHUHBI KCOAEPIKALIHIT, KBKIOYAIOIIUI, K BKIFOUAIOLIHIA B Ce0s»
U T. II. CJIEAYEeT TOJIKOBATh LIMPOKO U Oe3 orpannyenuii. Kpome Toro, ncnonb3yemble B HACTOSIIEM
JOKYMEHTE TePMMHBI U BBIPAKEHUS, MMEIOT ONUCATENbHbIN, HO HEOrPAaHUYMBAIOIIUN XapaKTep,
U NpPU HUCTONBb30BAHUM TAaKUX TEPMHHOB U BBIPAXKEHUN OTCYTCTBYET HAMEPEHHE HCKIHOYaTh
KaKue-1100 SKBUBAJIEHTHI TOKA3aHHBIX U OMMCAHHBIX IPU3HAKOB WJIM UX YaCTeH, HO IPU3HAETCS,
YTO B paMKax 3asBJICHHOTO Crioco0a BO3MOKHbBI pa3IyuHbIe M3MeHeHHs1. Kpome Toro, BeIpaKeHHe
«COCTOSIIIMA MO CYIIECTBY M3» ClIeyeT MOHMMAaTh, KaK BKIIIOYAIOIUN B Ce0s Te SJEMEHTHI,
KOTOpble KOHKPETHO H3JIOKEHBL, U T€ JIOTOJHUTENIbHBIE 3JIEMEHThI, KOTOPbIE CYI[ECTBEHHO He
BJIMSIFOT HA OCHOBHBIE  HOBBIE XaPaKTEPUCTHKH 3asBJICHHOTO crioco0a. BeipaskeHue «cocTosmui
U3» MCKITIOYAET JII0OO0H HeyKa3aHHbBIN 3JIEMEHT.

[0162] Hacrosimee wu3oOpereHHe HE OTPaHUYEHO KOHKPETHBIMH BapHAHTAMH BOIUIOIIEHHUS,
OMUCAaHHBIMH B IaHHOM 3as1BKe, KOTOPbIE MPeHA3HAYEHbI TOJBKO AJI WJUTFOCTPALIUHU Pa3JINIHBIX
acriekToB. MHorre MoaupuKaiui 1 H3MEHEHHUS] MOTYT OBITh BBITIOJHEHbI O€3 OTKJIOHEHHSI OT €ro
CYIIHOCTH M 00beMma, 4To OyneT OYEeBHIHO CIEeLHAJINCTAM B JaHHOW OOJACTH TEXHUKH.
ODYHKIIMOHAIBHO SKBHBAJICHTHBIE COCTaBBI, YCTPOWCTBA M CIOCOOBL, BXOISIHE B OOBEM
HACTOSIIIETO HM300pETeHHs, B IOIMOJHEHHE K IEePEYUCIEHHBIM B JaHHOM IOKYMEHTe, OyayT
OYEBHIHBI CIIELUAINCTAM B IAHHOH OOJAaCTH TEXHUKH M3 MPEIIIECTBYIOIIErO OIMUCAHMUS.
[Ipennonaraercs, 4To Takue MOAM(UKAIMKA W WU3MEHEHHs MOMAJalT B O0BEM MpUIIAraeMoil
dbopmy bl m3o0perenus. Hacrositiee n3obpeTeHre 10KHO ObITh OMPAHUYEHO TOJIBKO YCIOBUSIMU
npujiaraeMoit opMyJibl U300pPETEHHsI BMECTE C TOJHBIM O0OBbEMOM 3KBUBAJICHTOB, Ha KOTOpBIE
takas popmyna nzobperenus nmeet npaso. J[oKHO OBITh MOHSATHO, YTO HACTOSIIEe H300pEeTEHNE
HE OrPaHMYEHO KOHKPETHBIMH CIIOCOOAaMH, peareHTaMH, COCTAaBaMU COEAMHEHUH WIn

OHOJIOTHYECKUMU CUCTCMAaMU, KOTOPbIE, €CTCCTBCHHO, MOIYT H3MCHATHCA. Tax:ke CIENyeET
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MOHUMATh, YTO MCHOJb3yeMasl B HACTOSILEM JOKYMEHTE TEPMUHOJIOIUS IIPEeIHAa3HAYeHa TOJIbKO
JUTs1 ONTMCAHMsI KOHKPETHBIX BAPUAHTOB BOIUIOLIEHHUs], U HE MIPEIHA3HAYEHA I UX OTPAHUYEHMUS.
[0163] Kpome Toro, eciu mpH3HAKU FIIA aCMEKThl M300pPETEHUs] OMUCAHBI B TEPMHHAX TPYIIII
Mapky1a, CrenuaiiucTbl B JaHHOH 00J1aCTH TEXHUKU IMOHMYT, 4TO H300pEeTEHHE, TAKIM 00pazoMm,
TaKXKe OIHCBIBAETCS B TEPMUHAX JIOOOTrO OTAENBHOrO WiEHA WM MOATPYIIIbI YJIEHOB TIPYIIIbI
Mapxkywa.

[0164] Kak Oyner MOHATHO CIEUANUCTY B AAHHOM 0OJIACTH TEXHUKH, AJIS JIOOBIX M BCeX Oe3
UCKJIFOUEHHUs LIeJIEH, B YACTHOCTH, C TOYKHU 3PEHUs NIPEACTABICHUS] MIUCbMEHHOIO OMUCAHUS, BCE
IMara3oHbl, PACKPBIThIE B JAHHOM JOKYMEHTE, TAK)K€ OXBATBIBAIOT JIFOOBIE U BCE BO3MOKHBIE
NOAAMAMNAa30Hbl U UX KoMOuHaimu. JIroOol mepeuncleHHbI AUamna3oH MOXKET OBbITh BIIOJIHE
OYEBHJIHO KAaK JOCTATOYHO ONUCBIBAIOIIMH 1 MO3BOJISIOIINN pa30UTh OUH U TOT )K€ TUAIAa30H 110
MEHbIIIEeH Mepe Ha paBHbIE MOJOBHUHBI, TPETH, YETBEPTH, IATHIE, ECATHIE U T. 1. B kadyecTse He
UMEIOIIEr0 OrPaHUYUTENBHOTO XapakTepa IMpUMepa KaXAblii ONMCAHHBIM B HACTOALIEM
TOKYMEHTE TUana30H MOXKET ObITh JIETKO pa3OUT Ha HIKHIOKO TPETh, CPEAHIOK TPETh U BEPXHIOKO
TpeTh U T. 1. Kak Taxke OyaeT MOHSITHO CIEeUAICTY B JAHHOW 00JIACTH TEXHUKH, BCE TEPMHHBI,
TaKUe KaK «I0», 10 MeHbLIeH Mepey», «Ooblle, 4eM», «MEHbINe, YeM», 'H T. I, BKIOYAIOT
YKa3aHHOE YHCJIO U OTHOCATCS K JHAna3oHaM, KOTOPbIE BIIOCIEICTBUU MOTYT ObITh pa3OuTHI HA
NO/INANA30Hbl, KaK OmucaHo Bbime. HakoHew, kak OyneT NMOHSTHO CIELHUATIMCTY B JAaHHOM
00JIaCTH TEXHUKH, TUATMIA30H BKIIFOYAET Ka)KbI OTAEJbHBIN SJIEMEHT.

[0165] Hecmotpst Ha TO, YTO OBLIM MPOMJUTIOCTPUPOBAHBI U OMKCAHBI OMPEIEICHHbIE BAPHAHTHI
BOILIOLICHUS, CIEAYET MIOHUMATh, YTO B HUX MOTYT OBITh BHECEHbI H3MEHEHUS U MOIU(UKALIHH,
BBIMOJTHSIEMbIE OOBIYHBIMHU CIELIUAUCTAMH B JIAHHOW OOJIACTHM TEXHUKH, 0€3 OTKIJIOHEHHs OT

crioco0a B ero 0oJiee IUPOKUX aCHEKTaX, OMPEIETICHHbIX B clienyromei Gpopmyie uzodpereHust.
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POPMYJIA U30OBPETEHHUA
1. Cioco0 yBennueHus Macirada mia3MOXUMHUYECKOTO PEaKTopa st 00pabOTKH yIIIeBOIOPOIOB
C OIMHOYHBIM HCKPOBBIM Pa3psITHIUKOM, BKJIFOUAFOIIUIL:
orperneneHne Hadopa mapamMeTpoB, BKIFOYAIOIIET0 MO0 MEHbIIIEH Mepe OJIMH U3 TapaMeTPOB
WHIUKALWUN TPOAYKTUBHOCTH M MapaMeTpOB MHAMKALMK MaciuTada, MpH 3TOM
napaMeTpbl MPOAYKTHBHOCTH YKAa3bIBAIOT HAa B3aMMOJCHCTBUE IUIa3Mbl-ra3a U
IUIA3MBI-KUIKOCTH B MHOTO(pAa3HOM peakTope, a mapaMeTpel Macirada
npencTaBisoT 3PP EeKTHBHOCTh UCIIOJIb30BAHUS ITPOCTPAHCTBA PEAKTOpa M 00U
pasmep;
paspabotky MacmTaOHOW MOAENH C OJMHOYHBIM MPOMEXKYTKOM JJISl  YJIYYIICHHUS
napaMeTpoB Maciirada, u
NPOBEACHUE MAapaMETPUYECKOrO MCCIENOBAHUS Ui OLIGHKH KOJIMYeCTBA HCKPOBBIX
pa3psaHUKOB U HHGOpMaLK 00 o0Iei Macce sl HCKPOBBIX Pa3psIHUKOB.
2. Croco0® macmrabupoBaHHUS MHOXKECTBA MCKPOBBIX Pa3psSAHUKOB C IOMOIIBIO PEAKTOPHBIX
MOyJIeH TIA3MOXUMHUECKOTO peakTopa i 00pabOTKU YIJIEBOJOPOIOB, BKIFOYAOLINI B ceOs
UCIIOJIb30BAHIE MHOMKECTBA PEAKTOPHBIX MOJYJEH MJIsi CO3MaHUS TPEXMEPHOW MAaTPUILIbI
peakTopa, IpU 5TOM IOJYyYEHHOE YCTPOMCTBO COMNEPIKUT PSA BJIEKTPOPA3PSOHBIX MOMIYJIEH,
BBIOPAHHBIX B COOTBETCTBUH C IIPOU3BOCTBEHHBIMH TPEOOBAHUSIMH.
3. Crioco0 1o 1. 2, OTIIMYAOIIHUIACS TeM, YTO JOMOJHUTEIBHO BKJIIOYAET B Ce0sl UCIOIB30BAHUE
MIOJTyYEHHOTO YCTPOMCTBA Uit 00pabOTKH YIIIEBOAOPOIOB Ha HE(PTSIHOM MECTOPOXKIEHUH HITH
HedrenepepadaTbIBarOIEM 3aBOJIE.
4. Criocob mo m. 2, OTIMYAIOIIUICS TE€M, YTO pa3psiAHbIE MOAYJU MOTYT ObIThb cOOpaHbl Oe3
BCTPauWBaHHsI HA MECTE.
5. Crioco0 1o 1. 2, OTIHYAIOLIHIACS TEM, YTO Pa3psiiHbIe MOIYJIU SIBJISTFOTCS CMOHTHPOBAHHBIMU
Ha cajia3KaxX WM MePEeHOCHBIMH.
6. Criocob 1o 1. 2, OTIMYAOIIUNCS TEM, YTO MOJYYSHHOE YCTPONCTBO UCTIONB3YIOT HE3AaBUCHMO
B KauecTBe peakTopa it 00paboTky He(TH WM UCTIONB3YIOT B cCHCTEMe 00padoTku HedTr moce
00BEMHEHHUS C CUCTEMOI 00paboTkn HepTH.
7. Cnocob mo m. 2, OTAMYAKOIIUICS TEM, YTO JOMOJHHUTEbHO BKJKOYAeT B ceOs pasMeleHne
pa3psiIHBIX MOAyJIeH B MaTpHULE PEaKTOpa, TAK YTO BbIOPAHHBIN CTOJOEI WM PSA MOTYT OBITh
OTKJIFOUYEHBI O€3 OTKJIFOYEHHSI OCTAJIbHBIX CTOJIOLIOB MU PSIZIOB, COOTBETCTBEHHO.
8. Crtoco0 mo m. 7, OTJUYAIOIIHICS TEM, YTO OIMOJHUTEIBHO BKJIIOUYAET B CeOsl MOAKIIIOUEHHE
MaTPULBl PEAKTOpPa K BHEIIHEHW TEKy4del Cpele M SJEKTPUYECKHM YCTPOMCTBAM INOCPEACTBOM

OBICTPOPA3BEMHBIX COSTUHEHUN.
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9. Criocol 1o 1. 2, OTIMYAKOLINICS TeM, YTO KaKIBIH Pa3psaHbIA MOAYJb MEPENaeT NaHHbIe OT
JaT4iKa Ha CEepBEp B PEAbHOM BPEMEHH, YTOOBI 00ECHeunTh YAAJIEHHYI) AHArHOCTHKY H
MOHUTOPHUHT.

10. Cnoco® mo m. 2, OTIMYAIOIIMIACA TEM, YTO YIIPABJIEHHE ra3oM M IOTOKOM ISl KakKIOro
Pa3psIIHOTO MOJYJISl OTAENEHO OT APYTUX pa3psiAHbIX MOAYJIEH.

11. Criocob no 1. 2, OTINYAOLIUICS TEM, YTO JOTIOJIHUTENBHO BKIIIOYAET B ce0s1 JoOaBieHne Win
yAaJieHue pa3psaHOro MOAYJIA IPU YMEHBIIEHHBIX yTeUKax ra3a Ui IoMexax.

12. Cnocob mo m. 2, OTIMYAIOLIUICS T€M, YTO YPOBEHb KUAKOCTH MOXKHO PETyJIHpOBaTh B
pa3psAHOM MOAYJIE TACCUBHBIM CIIOCOOOM.

13. Criocob no 1. 2, OTINYaroIUiCs TeM, YTO JOMOJHUTENBHO BKIIOYAET B Ce0sl HEMPEPHIBHYIO
paboTy peakTopa € pa3aM4YHBIMU CTYNEHSAMU WIM CTaAUSMHU IPOIECcca, MPOTEKAIOLINMU
OJTHOBPEMEHHO WU NOCJIE0BATENbHO, TAK YTO KUAKUH YIII€BOJOPOIHBIN MaTepras HeNpepbIBHO
TIO/IaeTCsl B Pa3psAHBIA PEaKTOp MO Mepe BBIXOAA MOJYYEHHBIX YIJIEBOJOPOAHBIX (pakLuil u3
peaxTopa.

14. Crioco® no n. 13, OTIHYAIIUICA TeM, YTO YIJIEBOAOPOAHBIE MPOAYKTHI COAEPIKAT JIETKUE
(dpakuum, KOTOpbIe HY)KHO OTHAENUTHh OT AMCTHUIATA U TBEPAbIX BEINECTB, OOpPa3yIOLIUXCS B
Pa3psIIHOM MPOMEKYTKE, HO KOTOPbIe HEOOXOAUMO YAAIUTD U3 MPOAYKTA.

15. Croco® mo 1. 2, OTINYArOIUICs TeM, YTO AJisl pa3pabOTKH MATPHULbI UCTIOIB3YIOT OJUH WU
Oonee TMNOB peakTopoB aisi o0paboTku Hedru (OTR).

16. TpexmepHass MaTpulla peakTopa IJisi TMepepadOTKH YIJIEBOAOPOIOB Ha HeTsIHOM
MECTOPOKACHUN WIH HedrenepepalaTbiBaroIieM 3aBOJE, COAepIKallas MO MEHbIIeH Mepe TpU
AIEKTPOPA3PAIHBIX MOAYJIS, Pa3MEINEeHHBIX B MaTPHUIE TAKHM OOpa3oM, YTO CTOJOEL WJIH Psif
pa3psAAHBIX MOIYJIEH B MaTpHULe MOXET ObIThb W30UPATENIbHO BBIKJIOYEH 0€3 OTKIIIOYECHHUS
Pa3pSAHBIX MOIYJIEH, HE BXOISIIUX B BHIOPAHHBIA CTOJIOCL] HITH PSIA.

17. Matpuua peakropa rno . 16, oTauyaromascs TeM, YTO BBIIOJHEHA ¢ BO3MOKHOCTBIO MIEpeaaun
B pEIbHOM BpeMEHH HH(OpMAIMU O pa3psIHBIX MOAYJISIX Ha CEepBEp IJISi JTUArHOCTUKH U

MOHUTOPUHIA B PEXKHME PEAIbHOTO BPEMEHU.
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