201992454 Al

(19) EBpa3unckoe 2 201992454 13 Al
naTeHTHoOe
Be4OMCTBO
(12) OIIMCAHME M30BPETEHUS K EBPASUIICKOM 3ASIBKE
(43) Dara nyGnukaumn sasisku (51) Int. Cl. B0ID 3/32(2006.01)
2020.03.03
(22) [ata nonaum 3aaBku
2018.04.13
(54) KOJIOHHA BOJIbILION JJIAHBI 1J151 PASJAEJEHUS U30TOITOB U CITOCOB EE
CBOPKHA
(31) 102017000042150 (71)(72) 3asButens n usobperartens:
(32) 2017.04.14 TAJIBUATH KPECTHAHO (IT)
(33) IT )
(86) PCT/IB2018/052581 (74) Zpeﬁige”;”;'n )
(87) WO 2018/189717 2018.10.18 p e
(57) Hacrosmee n3o0peTeHHe OTHOCHTCS K OONACTH MEPETOHKH W30TONOB, MONYYEHHBIX C MOMOIIBIO

MePErOHHBIX KOJIOHH. Llebro HacTosI1Iero n300peTeH s SBISETCS ONMCaHue HHHOBALMOHHOM NeperoHHOM
KOJIOHHBI, KOTOpasi OOECIIeUMBAET CYLICCTBCHHBIC YIYUIIEHUS 1O CPABHCHMIO C MPEANIECCTBYIOIIUM
YPOBHEM TeXHHKHU. B 4acTHOCTH, IeperoHHast KOJIOHHA OyJIeT IPEICTaBIATE COO0H MOIYJIBHYIO KOJOHHY
C MHHOBALIMOHHOM KOHCTPYKIMEH, KOTOpasi MOXKET UMETh JII00YI0 HEOOXOIMMYIO BBICOTY.

IV  vSPT6610¢



KOJIOHHA BOJIBIION JAJINHBI IS PA3JAEJEHHUA H30TOIIOB
N CIIOCOB EE CBOPKHM

OIIUCAHMUE

OBJIACTDHb TEXHUYECKOT'O NIPUMEHEHUA

Hacrositee m3o0pereHne OTHOCHTCS K OOJIACTH CeMapupOBaHUs U30TOIMOB, & HIMEHHO, K Crioco0am,
OCHOBAHHBIM Ha CE€rapupOBaHUU HepeFOHKOI\/'I B O4YE€Hb BBLICOKOU KOJIOHHE, B 4YaCTHOCTU, B
HACTOsILIEM K300pEeTEeHUH ONMCaHA WHHOBALMOHHAS 3aJyMaHHas KOJIOHHA, COCTOsINAs U3
HECKOJIbKUX MOJyJIeH, COEIMHEHHBIX MOCJENOBATEIbHO, YCTAHOBJIEHHBIX BHYTPU pe3epByapa U
AAaNTHPOBAHHBIX TaKHUM o6pa30M, LITO6I:;I NOAACPKUBATBCA HIAXTHBIM CTBOJIOM HWIIN I[perfI

NPUCTIOCOOIEHHOM KOHCTPYKLMEH, IS MOJMYYEHUsI HOBBIX TEXHUUECKUX PE3YJIbTATOB HA MECTax.

NPEJIECTBYIOIIUA YPOBEHb TEXHUKH

H30TONBI XMMHUYECKOrO 3JIEMEHTA PA3JIMYAIOTCs MO KOJIWMYECTBY HEUTPOHOB, COAEPIKALIUXCS B
saape. KonndecTBO NpPOTOHOB, a CIEIOBATEIBHO, M YHUCJIO 3JIEKTPOHOB, OAUHAKOBO, KaK U
XUMHYECKUE CBSI3U M30TOMNOB. M30TOMHOE cenmaprpoOBaHUE AOJKHO OCHOBBIBATHCS HA HEOOJBINOH
pa3HHLE B TexX (PU3NKO-XUMHUYECKUX CBOMCTBAX, HA KOTOPBIE BIMSAET PA3JIMYMe B Macce H30TOIOB
3JIEMEHTA.

Cpenu pa3nu4HBIX METOJOB, UCIOJIb3yEeMbIX IJI pa3feleHHs HU30TOINOB, U3BECTHOM TexHOJOoruen
WU30TOMHOIO pas3feNieHuss aTOMOB M MOJEKYJ JIETKUX 3JIEMEHTOB SIBJISIETCSl HENpepbIBHAs
(dpakuMOHHAs MEPEroHKa, OObIYHO MPOBOAMMAS MPH KPHOTEHHBIX TEMIIEPATypax, MO3ITOMY YacTO
Ha3bIBa€Masi KPUOTE€HHON NEPETOHKOM.

B mpouecce HenmpeprIBHOH (PpakKLIMOHHOW MEPErOHKH ChIpbe (ra3 WIH JKUIKOCTb) IMONAETCS B
MEPErOHHYI0 KOJIOHHY C TOMOULIBI0 pEryjsTopa IMOTOKA; MEPEeroHHas KOJOHHA 3aIlOJHEeHA
JUCTWUISIUOHHBIMY TUIACTUHAMM W/WIM CTPYKTYPHUPOBAaHHBIM HAMOJHUTENEM (C uepenoBaHHUEM,
npU HEOOXOIUMOCTH, € IUITACTMHAMH IepepacrpeneleHusl KUAKOCTH), MpeaHa3HAuYeHHBIMH IS
MAaKCUMH3ALUH IUIOAAN KOHTAKTa MEXAY BOCXOMAIIMM IMOTOKOM Mapa M HUCXOASLIUM MOTOKOM
JKUAKOCTU. B BepxXHEN 4acTH KOJOHHBI KOHIEHCATOP OXJAXAAeT U KOHAEHCUPYET BOCXOASLIUN
MOTOK TMapa, CO37aBas HUCXOMSIUMM MOTOK XKUAKOCTH, KOTOPBIM MajgaeT MOA AEHCTBHEM CHIIbI
TSDKECTU CBEPXY BHHU3; B HIDKHEH 4acTH KOJIOHHBI IMOTOK KMIKOCTU KUMHT B peboiinepe, co3nasas
BOCXOASLIMN MOTOK Mapa, KOTOPBIA T€UET OT HUKHEW K BEPXHEW YaCTH KOJIOHHBI U PETYJIUPYETCA
nepenajgoM JaBJICHHs, CO3J4aBA€MbIM KOHJEHCAlMeW INapa B BepxHEeM KoHaeHcarope. lIpouecc
HeTpepbIBHON (PPaKIIMOHHON MEPEeroHKH MO3BOJSIET Pa3AelisiTh (CernapupoBaTh) BELIECTBA MM HX

KOMITOHEHTBI, HCIIONb3YsI MPEUMYIIECTBAa UX CEJIEKTHBHOTO McnapeHus. Bemecrsa ¢ 6oee HU3KOH



YIPYTOCThIO Tapa KOHLEHTPHUPYIOTCS B HIDKHEH YacTH KOJOHHBI, BEIECTBa C Ooyiee BBICOKOH
YIPYTOCTHIO Mapa KOHIEHTPUPYIOTCS] B BEPXHEM KOHJIEHCATOPE; CKOJIB3ALINE MOTOKH Pa3esieMbIX
BEIECTB MOTYT OBITh M3BJIEYEHBI BO BPEMs IPOLIECCA U3 BEPXHErO0 KOHAEHCATOpPA M W3 HUKHETO
peOoiinepa.

IIpyu ucnonbp30BaHUM AJIS Pa3fesieHust H30TONOB MPOIECC HEMPEepPhIBHON (PpakIMOHHON NeperoHKH
KOHLIGHTPUPYET TsDKEJble H30TOMBL, TO €CTh Te, KOTOPbIE XapaKTepHU3YIOTCS Ooyiee HU3KUM
JaBJIEHUEM Tapa, B HI)KHEH YacTH KOJOHHBI; M JIETKHE M30TOIbl, XapaKTepHU3yIoLecs Oonee
BBICOKHM JIaBJICHHEM MAPOB, B BEPXHEH YaCTH KOJOHHBI.

Haubonee BakHbIM MapaMeTpOM, OIPEHENSIOUIUM CKOPOCTh Pa3elieHHss W30TOINOB M YHUCTOTY,
OOCTHKUMYIO B MEPErOHHON KOJIOHHE, SIBJSETCS OTHOLUCHHWE NaBJIEHUs MapoB 3JeMeHTOB, o (T),
3aBHCALIEe OT Temreparypsl npouecca T. [l pasgeneHus M30TOMOB € MOMOIIBIO TUCTHIUISALIUH
OTHOILIEHHE 0, OOBIYHO OYE€Hb OJIM3KO K €AMHUIEe (YUCITy OJUH), C OYEHb MAJIEHbKOW pasHHULEH OT
enuHuLbL, (0 - 1), 0OBIYHO MOPsAIKAa OT HECKOJNBbKHUX YacTel Ha THICSYY IO HECKOJBKMX 4YacTell Ha
JECATKH ThICSY, U TMPAKTUYECKU MOCTOSIHHO B Ipezenax HeOONbLIOro TEMIIEPATypHOrO AHAna3oHa
paboTHI KOJIOHHBI, OOBIYHO BEIOUPAEMOTO BOJIM3H HOPMAJIbHOM TEMITEPATyPbl KHITEHHS! JKUAKOCTH.
HeGonbmas pasnuna (o - 1) ompenenser MHHUMAJbHOE KOJUYECTBO CTAAWil pPaBHOBECHS,
HeoOXOomUMBIX Ut 3((QEeKTHBHOTO cenmapupoBaHHsl B NEPErOHHON KOJOHHE. Tak HasbpiBaeMoe
«mpaBuiio PEeHCKe» YKa3bIBAET, YTO MUHUMAJIBbHOE YHCIIO CTaANH, HeoOxomumoe aiist 3¢ eKTUBHBIX
MaciTaboB pasaenenus, paBHo 1/ln (o) = 1/ (o - 1): 3TO 0O3HA4YaET, YTO JKEJAEMOE KOJIUIECTBO
cTaguii paBHOBECHUS Ui pa3fe]eHUs] MU30TOIMOB YPE3BBIYAHHO OONBIIOE, OT HECKOJIBKUX COTEH A0
HECKOJIbKUX JAECATKOB THICSY.

Hebonpmas pasauna (o - 1) Takke CHIBHO OTPaHHMYMBAET NMPOM3BOAUTEIBHOCTH M OIpPEAEINseT
SHEPTrHI0, HEOOXOIMMYIO Uil  pasfeNieHus: H30TonoB: Ko3(duumeHT oOpaTHOro MOTOKA,
OTIpeNeNsAeMblii KaK OTHOLIEHHE MAacCOBOTO Pacxoja >KUAKOCTH B KOJIOHHE K MAaCCOBOMY PacXxony
OUCTWIUISATA, T. €. OTHOLIEHHE MAacCOBOIO pacxola IapoB, KOHICHCHUPOBAHHBIX B BEPXHEM
KOHJIEHCATOpEe U OTMPaBJIICHHBIX OOpaTHO B KOJIOHHY, K MAacCOBOMY pacxoay TIapos,
KOHJICHCHPOBAHHBIX B BEPXHEM KOHIEHCATOPE W M3BJIICYCHHBIX B BHIE AHCTHIIMPOBAHHOU
KUIKOCTH, JJIi CHUCTEM C HEKOTOPbIM KOJIMYECTBOM TEOPETHUYECKHMX OTaroB  BOJNU3U
TEOPETHYECKOr0 MUHUMYMa, YCTAHOBJIEHHOTO npaBmiioM PeHcke, Takke umeer nopsaok 1/ In(a) =
1/(o. - 1). D10 O3HauaeT, 4TO AOJA KOHICHCUPOBAHHBIX MAPOB, KOTOPbIE MOTYT OBITh M3BJICYCHBI B
Ka4ecTBe IMOJIE3HOTO MPOAYKTA, MUHHMAJbHA; 3TO TaKXKe MOAPa3yMEBAET, UTO JUIsI KOHACHCAINU
napa Tpedyercst OONbIIOE KOJUYECTBO SHEPTHH Il 00pa30BaHUsI OUYEHb OOJBIIOrO HUCXOMASIIErO
MOTOKA JKUAKOCTH; 3TO TAKXKe MOAPA3yMEBAeT, YTO JUIA KHUITYEHHs KUAKOCTH B HIDKHEH 4acTu
KOJIOHHBI TpeOyeTcst Takoe e OONbLIOe KOJMYECTBO SHEPTHH U CO3JaHHsS O4YeHb OOJBIIOro

BOCXOOAMICTO MOTOKA 11apa.



CrnenoBarenpHO, 11 3 ()EKTHUBHOTO HCIIONB30BAHUSA HEMPEPBIBHOW (DPAKIIMOHHONW KPHUOT€HHOU
MEPErOHKH KEJAaTeNbHO HAINYUE YPE3BbIYANHO BBICOKHUX KOJIOHH BBICOTOH OT HECKOJIBKUX COTEH
70 HECKOJIBKHX ThICSY METPOB, CIIOCOOHBIX BMECTHTh OT HECKOJIBKUX THICSY 10 HECKOJBKUX COTEH
TBICAY CTAIWHi PABHOBECHS, JKENATEJbHO HAJIWYME KOJOHH O4YeHb OONBIIOrO JAHaMeTpa, OT
HECKOJIbKUX JECATKOB CAHTUMETPOB [JIO0 HECKOJIbKHMX METPOB, CIHOCOOHBIX IOIJEPKIBATDH
TpeOyeMblii OueHb OONBIIOW BOCXONSAINUN MOTOK Mapa U HHUCXOMAIIUH MOTOK >KUAKOCTU Oe3
BO3HHKHOBEHHUSI MPOOJEMHOIO COCTOSIHUSI «3aTOIUICHUS» KOJIOHHBI, KOTOPOE IOAABISIET OYEHb
s¢pexTuBHOE paBHOBeCcHE MexAy mapooOpasHOH W kuakoW (Qasamu, TpeOyemoe uis
3¢ pexTUBHOTO pa3aeneHns U30TOMOB.

Cnenyer OTMETHTb, YTO Ha H3BECTHOM YypOBHE TEXHUKM KPHUOTEHHasl IeperoHHas KOJIOHHA
BKJIFOYAJia, MO KpaiHeH Mepe, BHYTPEHHIOK NEPErOHHYI0 KOJIOHHY, CBOOOZHO CTOSIIYIO H
W30JIMPOBAHHYIO MACCHUBHBIM H3OJSILIMOHHBIM MAaTE€pPHAIOM HJIM HAaXOMSAILIYIOCS BHYTPH KPHOCTATa,
TO €CTb CBOOONHO CTOSIIMIA pe3epByap, padoTalImui TOJ BAaKyyMOM, C BHYTpEeHHEH
TEXHOJIOTUYECKOU KOJIOHHOM, 00epHyTOl MHOrocjiohHoi wm3onsuedt (MLI) mist mMuamMH3anum
teruionepenad. HeBO3MOXKHO TMOCTPOUTh CBOOOAHO CTOSIIIUE KOJOHHBI, TPHUTOJHBIE IS
KPUOT€HHON MEPEroHKH 1 JOCTUTAIOIIHE TPeOyeMOH BBICOTHI B HECKOJIBKO COTEH METPOB U Ooutee.
CtpoutenbCcTBo, MyCK U 3KCIUIyaTallsl OU€Hb BBICOKMX KOJIOHH AUAMETPOM JI0 HECKOJIBKUX METPOB
TpeOyeT HCIONb30BAaHUSI TOPOTOCTOSIIIUX MEXaHWYEeCKUX KOHCTPYKLHMH Ui MX TONIEPIKKH,
CTOMMOCTbh KOTOPBIX MacIITaOMPyeTcsi ¢ BBICOTOH ropasno ObICTpee, YeM CTOMMOCTh KOJIOHHBI,
KOTOPYI0 OHM mnojaep:kusaroT. IIo 3Tol mnpuumMHE caMble BBICOKHE HW3BECTHBIE IEPETOHHBIC
KOJIOHHBI UMEIOT BBICOTY He Oonee 60-70 MeTpoB.

Kpome Toro, mpu noctumkeHnu TpeOyeMOH BBICOTBI B HECKOJBKO COTEH METPOB Onaronmaps
WHHOBAIL[MOHHOMY VPOBHIO TEXHHUKH 3TOTO H300PETEHHs, KaK OXXHIOAeTCs, OOJbIINE Mepenaibl
paboueil TemriepaTypbl KPHOTE€HHOH MEPEeroHHOH KOJOHHBI W TEMIIEpPaTypbl B OKPYKAOLIEM
MOMELICHUN MPUBEAYT K YUCTOMY TEIUIOBOMY COKATHEO KOJIOHHBI OT JOJIM METpa 0 HECKOJBKUX
METPOB, B TO BpeMsI KaK OKPY KalOIIUH pe3epByap Mmoasepraercs 0ojiee OrpaHUIeHHOMY TETIJIOBOMY
PACLIMPEHHIO W/UJIH CKATHIO U3-3a OTPAaHMYEHHBIX KOJeOaHWH TEMITEPATyPhl OKPYIKAIOIIEH CPebl.
IIpuMep HM3BECTHOTO YPOBHS TEXHUKH, UMEIOINErO BBIIIEYKA3aHHBbIE MPOOJIEMbI, MOXHO HAHTH B
ornucannu nokymentra GB 525, 575 or 1940 r., B KOTOPOM OmMCaHbl OAIIHH, UCHOJB3yEMBIC B
XUMHYECKHUX TMPOLIECCaX, TAKHE KaK KOHTAKTHBIE OaiHu, nedaerMaTopsl U My3bIpbKOBbIE OallHu, B
KOTOPBIX BeC OaIlIHU YIPYyTro MOANEPKUBAECTCS C PABHBIMH IPOMEXKYTKAMH 10 BCell BbIcoTe. bammHs
COZEP KUT HAJIOKEHHYHK) CEPUI0 My3bIPbKOBBIX MM KOHTAKTHBIX OMOPHBIX 3JIEMEHTOB, HEKOTOPBIE
WA BCE M3 KOTOPBIX MOAAEPKUBAIOTCS MPYKUHAMH C PABHBIMH MHTEpPBAJIAMH IO BBICOTE OaIIHH,
HETIOCPEACTBEHHO MJIM Yepe3 BHEUIHME CEeKIMU Koxyxa. bamHs oOpa3oBaHa M3 OTHOPOIHBIX

cekumid 2 w3 QeppocHIHIUS. OTH CEKIUH HMET (QopMy KOTelKa WIM UWIHHApPA C



KOHYyCOOOpa3HbIMH KOHLIAMH, HECYLIMMH 3a’KUMHBIE KOJIbIIA, 3aKPEIUICHHbIE raiikaMu U OONTamH,
HEKOTOpbIE M3 KOTOPBIX SIBIISIIOTCS PBIM-OONTAaMH U 3aLEIUISIFOTCS KPIOKAMH, 3aKpPEIUICHHBIMH HA
CKMMaeMbIX BUHTOBBIX NPY>KHHAX, ONMHPAIOLIMXCSA HA KPOHIUTEHHBbI Ha BHEIIHEH CTajbHON pame.
JyOnupyromue CeKUUH UMEI0T BHYTPEeHHUE mnepudepuiinbie (aHLbl, 3aleryieHHble BHEIITHIMU
nepudepuiHbpIMU (QIIaHIIAMH Ha My3bIPbKOBBIX 3JIEMEHTaX BHYTPEHHEro KoHTakTopa. Kpome Toro,
Onaromapss HCHOJB30BAHUIO YIPYTUX ONOPHBIX MEXaHM3MOB paclpeneieHne Beca OallHu
CTAaHOBUTCSl HENPEPBIBHBIM B Clydae €€ paclIMpeHUs WU CKaThs H3-3a TeMIepaTypHBIX
KoJIeOaHUH BO BpeMsl HCTIONb30BAHUSI.

Jlnis cienyanucTa B JaHHOH OONACTH TEXHUKU CPa3y CTAHOBHUTCSI OUEBHIHBIM, UYTO TaKasl YCTAHOBKA
OY€Hb JIOPOTa, U €€ BBICOTAa HE MOXKET OBbITh yBEeJMUEHa 10 OECKOHEYHOCTH, TaKask yCTAHOBKA MOXKET
JIOCTUTATh TOJIbKO BEPOSITHOM BBICOTHI B 100 MeTpOB, U, KpOME TOTO, OHA HE TEIJIOM30JIMPOBAHA,
YTO NPOTHUBOPEUYUT OCHOBHOW LENM JAHHOTO HM300PETEHHUsS: HKCIUTyaTallMH KOJIOHHBI B Ka4deCTBE
KPUOT€HHOW TMeperoHHoil KojoHHbBL. Kpome Toro, crmoco® mommep:kKKH KOJOHHBI C TMOMOIIBIO
NPY’KUH HE TMO3BOJsUT Obl KOMIIEHCHPOBATh PACLUIMPEHHE WM CKAaTHE KOJIOHHBI HA HECKOJIbKO
METPOB, 4TO TpeOyeTcs it paboThl B KAU€CTBE KPUOTEHHOM MeperoHHON KOJIOHHBI.

B nmokymente EP 0913655 or 1999 r. ommcan crnoco® co3maHusl YIUIMHEHHOH BHYTpPEHHEH
KOHCTPYKLIUH OONBIIMX Pa3MepOB, OKPY)KEHHOH BHEIIHEH KOHCTPYKLWEH, MpH4YeM yKa3aHHas
BHYTPEHHSIST KOHCTPYKLUS TMPEIACTABISET COOOM KOHCTPYKLHIO, YACPKUBAIOLIYIO KUIKOCTh, IS
¢dbopMupoBaHus, 1O KpaiHeH Mepe, YaCTH YCTAHOBKH MOJAYH JKUAKOCTH, UYTO MPU3HAETCS M CAMUM
3asBuTeeM: «300pereHne OTHOCHUTCS, B YaCTHOCTH, K YCTPOWCTBY KOJIOHH JUISl NMEPETOHKU TPH
aTMOC(EepHOM JaBJICHHH, BBICOTA KOTOPBIX MOXKeT aocturatb 60 MeTpOB, OKPYKEHHBIX HX
ONOPHBIMHM KOHCTPYKLHSIMU», TaK YTO 3TO OTJIMYAETCS OT LENH HACTOSIIEro H300peTeHHus H
SIBIIIETCS €lle OJHHUM MpPUMEPOM BbILIEYNOMSHYTBIX OIpPaHUYEHHUI CyIEeCTBYIOLIEr0 YpPOBHs
TEXHUKH. 3a7aya U300peTeHNsI COCTOUT B TOM, YTOOBI MPEIJIOKHUTh CIOCO0 MOCTPOEHUsT OONBLION
BHYTPEHHEN KOHCTPYKLMUH, OKPYXKEHHOW BHELIHEH KOHCTPYKLMEH, MAAOLIUA BO3MOXHOCTb
ObICTpONi COOpPKM Ha MeCTe C YYETOM BEPTHUKAIBbHON HAMpPSUKEHHOCTH KOJIOHHBL, & TaKXke
NpeAyCMaTPUBAIOIINN TPEABAPUTENbHYI0 COOPKY B LieXe IMepel TPaHCIOPTHPOBKOW HAa MECTO
yCTaHOBKU. B 3Toli npouenype UCMonb3yroTCsl MOYJIH, KaKIAbIH U3 KOTOPBIX BBIMOJHEH U3 CEKLUU
BHYTPEHHEH KOHCTPYKLUH 1, 3aKIFOUEHHON B CEKLMIO BHEINHEH KOHCTPYKLMH 5, coOupaeMble Ha
MECTe€ YCTaHOBKH, YTO TO3BOJSIET CO3/4aTh KOJOHHY HEOOXOAMMOH BBICOTHI. BHyTpeHHss u
BHELIHSS] KOHCTPYKLIMH COENUHSIOTCA Jpyr C JAPYyroM, BCTaBIsIsl KaKAYKD BHYTPEHHIOO
KOHCTPYKLHIO FTOPU30HTAJIbHO BO BHELIHIOIO, HAlpUMep, C UCIONIb30BAHUEM CUCTEMBI posukoB 11
U penbcoB 31, moce 4ero ABe KOHCTPYKLUU COSANHSIOTCS BMeCTe, 00pa3yst MOy JIb.

Ilepen pasmeneHneM 3THX MOAYJEH; AN KaKAOTO MOXYJsl cOOpKa 3aBepluaeTcss pa3MelleHHeM

3aLIUTHON METaJUIMYECKOM IJIACTUHBI Ha COOTBETCTBYIOLIEM Y4acCTKE BHEIIHEH KOHCTPYKLUH, 32



UCKJIIOUEHHEM 10 KpaiiHel Mepe oOyacTeil COCOUHEHHS C IPYTUMH MOAYJSIMU; BHYTPEHHSS
KOHCTPYKIHA — 53TO NEPCTOHHAA KOJIOHHA; BHCIIHAA KOHCTPYKIHA ABJIACTCA JIMIIb OHOpHOfI paMOfI;
MOZIyJIM TOCJIEAOBATENbHO COOUPAIOTCSI OT HHIKHErO K BEPXHEMY MOAYJIO Uil BO3BENCHHS
BHYTPEHHEH KOHCTPYKLUMH Ha Mecre. Crienuanancty B JaHHOW OOJNACTH TEXHUKU OyAeT SICHO, YTO
5TO BCCIrO JIMIIb €II€ OAWH MPUMEP KOHCTPYKIHU NECPErOHHBIX KOJIOHH, I/IMeI'OH_[I/Iﬁ HEOOCTATKU,
OMUCAHHBIC 3AE€CHh PaHEC; B YAaCTHOCTH, TaM HE YIOMHUHACTCA HU O Kakou TEIJIOU30JIALIN, HE
YIOOMHUHACTCA HHU O KaKOM PE3CPBYAPE, TOKPBITOM U3OJALUOHHBIM MaTCPHUAJIOM, HET YIIOMUHAHUSA O
KaKOM-JTHOO MOKPBITOM H3OJISILUEH pe3epByape, MOAXOASIINEM JIJisl SKCIUTyaTallly 0] BAKYyMOM B
Ka4yecTBe KpHOCTaTa, MaKCHMajlbHash BbICOTa cocTaBisieT 60 MeTpoB, M, KpOMe TOro, KOJIOHHA
CTPOHUTCSI B TOPU3OHTAJILHOM HAIPABIEHUH BHYTPH OIOPHOM paMbl, KOTOpas MAOJDKHA ObITh
NnoAHsATa B BEPTHUKAJIBHOC TMOJOXKCHUC IMOCJIC 3aBCPLICHUA CTPOUTECIBCTBA KOJIOHHBI. Bce »tn
XapaKTEePUCTUKU JENAIOT 3TOT CHocod OeCHoje3HbIM JUIsl LeJiell HACTOSIIero H300peTeHus.
dakTudecku, Hacrosimee u3oOpereHue Tpedyer crnocoda KOHCTPYUPOBAHUS, CHIOCOOHOTO
noAACPKUBATh KOHCTPYKIIMIO KOJIOHH I[.]'IPIHHOfI BO MHOTHE COTHH HWJIM TbBICAYHU METPOB; 3TO
Tpe6yeT HaJIM4usA OMOp, YKE YCTAHOBJICHHBIX BAOJIb OKOHYATCIIBHOI'O BEPTUKAJIIBHOI'O HAIMPABJICHUA
NMO3ULUOHUPOBAHNSA KOJIOHHBI, HAIlpUMEp, A 06ecnequI/I$[ BO3MOKHOCTHU CTPOUTEIIbCTBA
KOJIOHHBI YK€ B OKOHYATCIbHOM BEPTUKAJIBHOM HAIIPABJICHHUUW W B KOHCYHOM IMOJIOXKCHUU, B
KOTOpOM OHa OyneT 3amylieHa U SKCIUTyaTHPOBATBhCS, MyTEM MOCIEeIOBATEbHONH YCTaHOBKH
MOI[y.]'IefI KOJIOHHbI Ha YKa3aHHbIX OIIOpax. B HEKOTOPBIX MPECAMNOYUTUTECIbHBIX BapHUaHTax
OCYLIECTBJIEHHs HACTOslllee H300pETeHHe MpPEeACTaBsieT COOOH KPHUOTEHHYK MEePEerOHHYIO
KOJIOHHY, TpeOYIOLIYIO HANMYHUS TeIIOM30JSILMOHHOIO pe3epByapa, padoTaroIIero noj BaKyyMOM B
Ka4yecTBe KpUOCTaTa.

Takum 00Opazom, cenuaIncTy B JAaHHOH 00JacTH TEXHUKU OyIET SICHO, YTO YIOMSIHYThIE BBILIE
JOKYMEHTbl HE€ OTHOCSTCS K OJbKailieMy MpeaiIecTBYIOMEMY YPOBHIO TEXHUKH, TaK Kak
HacTosimee H300pPETeHHE KacaeTcsl HCIOJIb30BAHUS HEMPEPBIBHOW (PPAaKIMOHHOM KPHOT€HHOU
MEepPEeroHKU B KOJIOHHAX BBICOTOH B HECKOJIBKO COT€H METPOB, YTO CTAJ0 BO3MOXKHBIM Ojaromaps
HWHHOBALIUOHHOMY I[HSafIHy H METOAaM, OINUCAHHBIM B JAHHOM JOKYMCHTC. PeSy.]'IbTaTbI,
JOCTUKUMBIC C ITOMOIIIBIO TeXHOJ'IOFPIfI, HOI[pO6HO H3JIOKCHHBIX B HUTUPYCMBIX BBILIC NOKYMCHTAX,

BMECTO 3TOr'0 OrpaHUYCHbBI CTPYKTYPHBIMU TEXHUICCKUMU HpO6HeMaMI/I, OINMHUCAHHBIMU BBIIIIE.

OEJA 1 CYIHHOCTDb H30OBPETEHUA

Lenbro HacTOsAIIEro N300pETEHNsI ABIAETCS IPEOJOJIEHNE HEAOCTATKOB MPEALIECTBYIOMEr0 YPOBHSI
TEXHHUKHU.

B wacTtHOCTH, LeNbIO HACTOSIIErO M300pETEHHs SBJISETCA YCOBEPIIEHCTBOBAHHE BBICOTHI U

AuaMeETpa HepeFOHHOfI KOJIOHHBI CYILICCTBCHHBIM MMPAKTUICCKUM ITyTEM.



Eme omHOM wenpr0 HACTOSIIEro M300pETeHUsl SABISETCS OIMMCAHWE KPHUOTEHHOW NepPerOHHOM
KOJIOHHBL.

Eme opHON 1enpl0 HACTOAIIErO H300pEeTEHHs SBISETCS OINCAHHE HOBOH IPENJIOKEHHOM
MEPErOHHON KOJIOHHBI ISl AUCTWUIALIMM M30TONOB [UJIsl MOJY4YeHUs] HOBBIX PE3YyJbTAaTOB B
CenapupOBaHUU U30TOIOB.

Eme opHON 1enpl0 HACTOAIIErO H300pEeTEHHs SBISETCS OINCAHHE HOBOH IPENJIOKEHHOM
MEPErOHHON KOJIOHHBI, KOTOPasi MO3BOJIAET AOCTUraTh YKa3aHHBIX PE3YyJIbTaTOB MPHU PA3yMHBIX U
JOCTYIIHBIX 3aTpaTax Ha CTPOUTEIBCTBO.

Eme opHON 1enpl0 HACTOAIIErO H300pEeTEHHs SBISETCS OINCAHHE HOBOH IPENJIOKEHHOM
NIEPErOHHON KOJIOHHBI, KOTOPAasi SIBJIIETCS MMPAKTHYHON 1Jis1 COOPKH, MOZYJIH KOTOPOH MOTYT OBITh
coOpaHbl B Liexe U JIETKO JOCTABJIEHBI HA MECTO YCTAHOBKH, TI€ OHU COOUPAIOTCS B OKOHUATEIbHOM
MIOJIOXKEHUH (M TPU HEOOXOAUMOCTH pa3OUparOTCs UII TEXHUYECKOTO OOCITYKHUBAHHS WM APYTHUX
HYX).

Eme opHON 1enpl0 HACTOAIIErO H300pEeTEHHs SBISETCS OINCAHHE HOBOH IPENJIOKEHHOM
NEPEerOHHON KOJIOHHBI, KOTOpas MOKET NpUCIOcadiINBaThCs K COOCTBEHHOMY TEIJIOBOMY
PaCLIMPEHNIO WM CXKATHIO U MOCIEAYIOIIEMY HAMNPSKEHUIO.

Eme opHON 1enpl0 HACTOAIIErO H300pEeTEHHs SBISETCS OINCAHHE HOBOH IPENJIOKEHHOM
MIEPErOHHON KOJIOHHBI, KOTOPYIO MOXKHO MPAKTUYHO PEMOHTHUPOBATH B Clydae MOBPEXKAECHUH, K
KOTOPOH MOXKHO JIETKO MOJYYUTh JOCTYII, U YbH COCTABHBIE 3JIEMEHTBI MOKHO JIETKO 3aMEHUTD.
Emme omHOM 1ienbr0 HACTOAIIEr0 M300PETEHUs ABISETCS YIYUIIEHHE SHEPTeTHIECKUX TOKa3aTenei
MEePErOHKU.

Haxonen, eme ogHON LENbI0 HACTOALIETO N300PETeHNUs ABJISETCS OMICAHIE HOBOI NPEeNJIOKEHHOI
MIEPErOHHON KOJIOHHBI, KOTOpas IMO3BOJUT IOJy4aTb H30TONbl KPHOI€HHOW MEPEroHKON C
MEHBIIUMH 3aTPATAMHU.

OTta u Apyrue Lenu HAacTOSLIero M300peTeHHs OyAyT YCHENIHO Peajn30BaHbl MyTeM CO3AaHUs
MHHOBALIMOHHON KOJIOHHBI AJI1 NEPErOHKM HW30TONOB, KOTOpas CONEPKUT IO KpaiHen Mepe
00JBIIOE KOJIMYECTBO OTENbHBIX MOAYJIEH, MPUYEM YKa3aHHbIE MOIYJIH MOTYT OBITh MEHBLIEH WIIH
OoJpIIeil BBICOTBI; B YaCTHOCTH, HAcTosIee H300peTeHHEe OYeHb WHHOBAILMOHHBIM CIIOCOOOM
OIHCHIBAET NHHOBALIMOHHYIO KPUOTEHHYIO MEPErOHHYIO KOJIOHHY U Croco0 cOOPKHU 3TOH KOJIOHHBI,
BKJIFOYAIOIIEH, MO KpalHed Mepe, HWKHUH peboinep, BEPXHUI KOHOEHCATOP U ILIEHTPAJIbHYIO
CEKILIMIO KOJIOHHBI, IPUYEM YKa3aHHAas LEHTPAJIbHAsl CEKLUsl KOJIOHHBI BKJIKOYAET MO KpalHel Mepe
ONVH WM HECKOJbKO LEHTPAJIBHBIX MOJAYJBHBIX 3JIEMEHTOB, NPHUYEM YIOMSHYTHIE MOIYJbHBIE
3JIEMEHTBI COEIUHEHBI CO CTEHKOU HeCylleld KOHCTPYKLUU MOCPEACTBOM COENUHUTENBHBIX CPEACTB,
IIPU 3TOM VYKa3aHHAs KOJIOHHA XapaKTEpPU3yeTCsi TeM, 4YTO OAWH WIH HECKOJBKO MOIyJeH

BKJIIOYAIOT, MO KpalHed Mepe, eme OOUH Win Oonee CUIb()OH 111 KOMIIEHCALMH TEILIOBOTO



paclIMpeHNUsT WIM C)KAaTHUs YIOMSHYTBIX MOAYJEH KOJOHHBI IMyTEM CXKAaTUsl WIM PaCLIUPEeHUs
CHIIb()OHOB TIO BCEH BBICOTE KOJIOHHBI.

B omnuceiBaeMOM najniee MpeaNnoOYTUTENIBHOM BapUAHTE OCYIUECTBJICHMsI YKA3aHHBIM MOAYJb WU
MOAYJIN OKPY>KEHbI U30JIALIUOHHBIM MaTEPHATIOM.

B omnuceiBaeMOM najniee MpeaNnoOYTUTENIBHOM BapUAHTE OCYIUECTBJICHMsI YKA3aHHBIM MOAYJb WU
MOAYJIHU BKJIOYAIOT, IO KpalHel Mepe, ONUH W30JUPOBAHHBIN 3JIEMEHT pe3epByapa U, MO KpaHen
Mepe, OJWH BHYTPEHHUH MOJYJbHBIA 3JEMEHT KOJIOHHBI, 3aKJIOYEHHBIH BHYTPH YKAa3aHHOIO
sneMeHTa pesepByapa. OObeM MeXOy TEIUIOM3OJSILUOHHBIM pPE3epBYapoM W BHYTPEHHHUM
3JIEMEHTOM KOJIOHHBI JINOO AP KUTCS TIOA BAKYYMOM, a 3JIEMEHT KOJIOHHBI OO€pHYT MHOTOCIIOHHOM
U30JISALHEH, THO0 MOXKeT OBITh 3aMOJHEH H30JIUPYIOLINM MaTEPHATIOM, KOTOPBIH HCIONB3YeTCs IS
paloThI KOJIOHHBI Il KPHOT€HHOW MEPeroHKH, TaK YTO Mepefada Terula MUHUMH3HPYETCs, U
BIMsHUE OOJBLIOr0 M3MEHEHUs TEMIIEPATypbl BHYTPEHHHX MOIYJIBHBIX 3JIEMEHTOB Ha BHELIHHE
3JIEMEHTBI pe3epByapa TakKe CBOAUTCS K MUHIUMYyMy. Takum 00pa3oM, HHHOBaIIMOHHAST MOy JIbHASI
NeperoHHast KOJIOHHA TPH KPHOTEHHON TeMIIepaType MOKeT paboTaTh Kak KpHOT€HHAas! IeperoHHast
KOJIOHHA.

B mpennodruTenbHOM BapHaHTE OCYINECTBJICHHS HACTOALIETO H300pPETEHUs] TAKXKe ONHMH HIIH
HECKOJIBKO M3 YKa3aHHBIX BHEIIHHUX TEIUIOU3OJIUPYIOIINUX 3JIEMEHTOB pPe3epByapa BKJOYAKOT
cib(OHBI, TO €CTh YaCThb pPe3epByapa 3aMEHsAETCS Ha OIUH WIM HECKOJbKO CHIIb(OHOB IUIS
KOMIIEHCALIUM TEIJIOBOTO PACUIMPEHUs] WM C)KAaTHsl, BBI3BAHHOTO WM3MEHEHUEM TeMIepaTyphl
OKpY’KaroIlel  cpenpl, HampuMmep, [UIA  [OAAepKaHus  OOImeld  BBICOTHI  BHELIHETO
TEIUIOM3O0JSILIMOHHOTO pe3epByapa MEXIy ero BepxHel W HWKHeH (PUKCHPOBAaHHBIMH OIOPAMH.
Hannume cunbOHOB BO BHEIIHEM TEIUIOM3OJLSILIMOHHOM pe3epByape Takke o00ecrneunBaeT
nepenady Beca KaKAOro OTAENBHOIO MOAYJl Ha COOTBETCTBYIOUIYIO HHIAWUBHIYAJIBHYIO OMOPY
HeCYIIeH KOHCTPYKLIUH.

B onmcanHOM fajee MpeAroYTUTENbHOM BapUAHTE OCYIIECTBICHUS! HACTOSLIETO N300PETEeHNs, 1Mo
KpaiiHel Mepe OAWH TEIUIOU30JISIUOHHBIN PE3EPBYyap BKJIIOUAET HECKOJIBKO 3JIEMEHTOB NEPErOHHON
KOJIOHHBI, U 3TH KOJIOHHBI Pa0OTaIOT MapauIeIbHO H/HIIH COENUHEHBI TIOCIEA0BATENBHO.

Takum 00pa3oM, B MPEenNoOYTHTEIHPHOM BapHAaHTE OCYIIECTBICHHs YKa3aHHBIA MO KpalHel mepe
ONVH BHYTPEHHHUH 3JIEMEHT KOJIOHHbl KOHCTPYKTHMBHO COEIHWHEH IO KpalHEH Mepe ¢ OIHHUM
BHEIIHUM D3JIEMEHTOM pe3epByapa B OAHOM WM HECKOJNBKHX TOYKAX MOCPENACTBOM
(PUKCUPOBAHHOTO COETUHEHMS, WM K€ TaKO€ COENWHEHHE OTCYTCTBYET, HO YaCTH KOJOHHBI U
pe3epByapa, OTIMYHBIE OT 3TOr0 COEOUHEHHUs, CBOOOAHBI U MOTYT CBOOOAHO CKOJIB3UThH JAPYT MO
OTHOLICHUIO K JIPYTy B OCEBOM HampaBjeHWH. Takum oOpa3oMm, Korha IO KpaiHel mepe OIHH
BHYTPEHHHUI 3JIEMEHT KOJIOHHBI BO BpEMs MPOLECCa MOABEPraeTcsl 3HAUYUTEIBHOMY TEILUIOBOMY

paCclinpeHU0 UK CXKATUIO B BECPTUKAJIIBHOM HallpaBJICHUH, BHEITHUH pe3€pByap HE HUCHBLITHIBACT



MEXaHUYECKOrO HAaNpsDKEHUs] M3-32 3TOrO PACUIMPEHMs] WM C)KATHs BHYTPEHHErO 3JIEMEHTA
KOJIOHHBI.

B uwacTHOCTH, B OAHOM U3 MpPEANOUYTUTENbHBIX BAaPUAHTOB OCYINECTBJIEHUS YIOMSHYTBIH, IO
KpaliHeH Mepe, OAMH BHEINHUN 3JIEMEHT pe3epByapa W YKa3aHHBIM, MO KpaiiHel Mepe, OAuH
5JIEMEHT BHYTPEHHEH KOJIOHHBI COEAWHEHbl B OJHOM WM HECKOJNBKHUX TOYKaX C IMOMOILBIO
HEMOABUKHOIO COCUHEHNUs], WIH K€ TAKO€ COEJUHEHUE OTCYTCTBYET, U B OAHONU WUJIM HECKOJIBKUX
TOYKax C MOMOUIBK CKONB3SAIINUX COSAVUHEHUH, CKOJB3SIINX YCIOKOUTENEH, LEMHbIX COSAUHEHNUN
WUIN JPYIUX CPEACTB, KOTOpPbIE MO3BOJISIIOT OrPAHHUYEHHYD M MHHUMAJIBHYIO PETryJIUPOBKY
MOJIOXKEHUSI BHYTPEHHUX JJIEMEHTOB KOJIOHHBI OTHOCHUTEJIBHO BHEIIHErO 3JIEMEHTAa pe3epByapa B
OCEBBIX HAINPABJICHMSIX, MPU 5TOM YaCTU MO KpaiHEeW Mepe OJHOrO pes3epByapa U BHYTPEHHETrO
3JIEMEHTa KOJIOHHBI HE COCIMHEHBI HETIO/IBIIKHO, T.€. IMEIOT BO3MOKHOCTb CBOOOIHO CKOJB3HUTH B
OCEBOM HAIPABJICHUH UIS JIOKAJIbHOH KOMIEHCALMH TEIUIOBOTO PACIIUPEHUs] WK CHKATHUs JTIFOOOH
13 UX 4aCTeH B Npeesax BbICOThI MOAYJIA.

Uro xacaercsi crmocoba COOpPKHM 3TOM HMHHOBALMOHHOW KPHUOTEHHOH INEPEeroHHOW KOJIOHHBI, B
YaCTHOCTH, B OJHOM TIPENIIOYTHTEIPHOM BapHaHTE OCYIIECTBICHUS, MOAYIH, (popmupyromme
KOJIOHHY, OyAyT YCTaHOBJIEHbI BHYTPU INAXTHOI'O CTBOJIA, YTO SIBJSIETCS TOJIBKO OJIHUM U3
BO3MOJKHBIX BApPUAHTOB OCYIIECTBJIEHHsS HACTOALIEr0 M300peTeHus: i 00beMa HACTOSIIEro
n300peTeHUs] TaKke MOXKHO HCIOJb30BaTh OMNOPHYIO OallHIO WKW APYTYIO aHAJOTHYHYIO
KOHCTPYKLIMIO, MPH YCJIOBUH, YTO OHA MOXKET OBITh JOCTATOYHO BBICOKOW, YTO HE OTPaHUYHBAET
00J1acTh HACTOALIETO N300PETEHUS.

310 M300peTeHne MO3BOJSIET MPOEKTUPOBATh M CTPOUTh KOJOHHBI OECIpPELeeHTHBIX pPa3MepoB,
BBICOTOH OT COTEH JI0 ThICSIY METPOB M JUAMETPOM OT HECKOJBKHMX CAHTHMETPOB 10 HECKOJBKUX
METPOB, YCTAHOBJICHHBIE BHYTPH IIAXTHOI'O CTBOJIA WJIHM TPUCIOCOOJEHHOW KOHCTPYKLHH U
NOJ/IePKUBAEMbIE YKAa3aHHBIM LIAXTHBIM CTBOJIOM HJIHM OAalliHel, MPenroYTHTEIBHO COCTOSIINE U3
HIDKHero  peOoiinepa, BEpXHEro  KOHJAEHCATOpAa U CEKUMM  LEHTPAJbHOW  KOJIOHHBI,
NPEUMYLIECTBEHHO C(OPMUPOBAHHON OJHUM WIIM HECKOJIBKUMH HHHOBALIMOHHBIMH LIEHTPATbHBIMU
MOJyJIIMU.

B ouenp ynoOHOM crioco0e MIaxTHBIH CTBOJ OyIeT CIYKUTh B KA4eCTBE HECYINEH KOHCTPYKLIUH
YKa3aHHOH CTPYKTYpbl, W 3TO HAa CaMOM JeNe sBJSeTCS MNPEANOYTUTENbHBIM BapUAHTOM
OCYIIECTBIIEHUs] HACTOALIET0 M300pPETeHUs, TaK KaK IIAXTHBIA CTBOJ CIY’KUT ONOPHOH paMoi
MEPErOHHON KOJIOHHBI, YTO TMO3BOJIIET, TaKWM O0pa3oM, mn30exkaTb HEOOXOIUMOCTH CTPOUTH
OTPOMHYIO U HEPAa3yMHO JIOPOTYIO CTPYKTYPY HaJ YPOBHEM 3€MIIH; TEM HE MEHee B JIFOOOM cirydae
cienyer oOpaTUTh BHUMAHWE, YTO B JPYIUX BapUAHTAaX OCYINECTBJICHUS U 3aKPEIICHUS U
MOJAEP>KKU MOJYJIbHBIX 3JIEMEHTOB MHHOBALIMOHHOM KOJIOHHBI JUJIsl U30TOIMHOM NEPEeroHKH MOTYT

OBITh HCTOJB30BAHBI APYTHe MOAOOHBIE MONAEPKUBAIOIINE KOHCTPYKIMU B OPYTUX MECTax, MpU



YCIJIOBHH, YTO 3TH CTPYKTYpbl OyAyT MOAXOAHTH JJIsi 00OBEMa HACTOSAIIEr0 M300PETEHHUs, YTO He
OrpaHUYMBAET OOJIACTh HACTOSIIETO H300pETEHHS.

Takum 00pa3oM, B ONMCAHHOM 3/1€Ch NMPEATIOYTHUTENIbHOM BapHAHTE OCYIIECTBIIEHHS] HECKOJIBKO
MOJYJIeH, COCTABISFOIINX WHHOBALMOHHYIO KOJIOHHY, OyIyT NMPUKPEIUIEHbl K CTEHKaM IIaXTHOTO
CTBOJIAa JUISI TIOANEPKKU OTHENbHBIX MOAYJEH, Hampumep, s OOecnedeHHs BO3MOXKHOCTHU
CTPOMTENBCTBA KOJIOHH BBICOTOH /10 HECKOJBKHX TBICSY METPOB M JHAMETPOM 10 HECKOJIBKHX
MeTpoB. B mmeane mpenmnodyTHTENbHO, YTOOBI OTHENBHBIE MOAYJM KOJOHHBI MMENH BBICOTY B
IUana3oHe OT HECKOJIBKUX METPOB 0 HECKOJBKHUX JAECATKOB METPOB, UTOOBI UX MOYKHO OBIIO JIETKO
TPAHCIIOPTHPOBATh CO CTPOUTENbHOW IUIOLIA/KH, TA€ OHM OBUIM HM3TOTOBJIEHBI M HCIBITAHBI, K
IIAXTHOMY CTBOJIY, i€ OHU OYAyT MPOXOANTb OKOHYATENbHYIO COOPKY.

Takum o0pa3oMm, »3Tambl OKOHYATENBHOW COOPKM CBOINATCS K MHHUMYMY H  COCTOSIT,
NPEUMYLIECTBEHHO, B EIWHCTBEHHOM COEIUHEHWH MEXKAY TOCIeIOBATENbHOCTAMU MOJIYJIEH,
yCTaHABIMBAEMbIX JAPYr HAa Jpyra BHYTPU MIAXTHOTO CTBOJIA, NPUYEM COEOUHEHHE yIOOHee
OCYIIECTBIISATh TOJBKO TOCJIE TOTO, KAK MOAYJIHM YCTaHOBJICHbI B UX OKOHYATENBHOM IOJIOKEHHH.
(Eme onmuH crmoco0, KOTOPbIM MOTYT OBITb COOpaHbl MOAyJH, OyAeT OMUCaH 31eCh HIKE CO
CCBUIKOH Ha mOApOOHOE ONMUCaHWE dYepTelkell B OTHOWIEHHM 10 KpaiHel Mepe OIHOro
NPEATIOUYTUTENILHOTO BAPUAHTA OCYIIECTBICHUS HACTOSIIETrO N300pETeHNUs).

CTtpoutenbCTBO HOBOH MOAYJIBHOH KOJIOHHBI OyIeT pe3ysbTaToM MOCIeNoBaTeNbHON CcOOpKU
MOJyJIeH, CHU3Y BBEPX IO IIAXTHOMY CTBOITY.

Crnenyer OTMETHUTB, YTO CO3/IaHUE TIEPETOHHOM KOJIOHHBI JUII U30TOIOB, 3aJyMAaHHON B MOJYJIbHOM
UCTIOJIHEHUH, OYEBHIIHO, HE SIBJIIETCS] IPOCTHIM Pa3eiIieHHEM M3BECTHOW NMEPErOHHON KOJOHHBI Ha
OTAENbHbIE MOIYJIbHbIE 3JIEMEHTHI; TAKHE KOJIOHHBI, KaK OIMCAHO BBIIIE, YK€ H3BECTHHI HA
CYLIECTBYIOIIEM YPOBHE TEXHUKU: B HACTOSIIEM H300peTEeHUH OBbUIO PACCMOTPEHO OOoNbIIoe
KOJINYE€CTBO (PU3HMUECKUX AaCMEKTOB JISI CO3/aHUsl WHHOBAIIMOHHONH MOIYJBHOH KOJIOHHBI, HTO
MO3BOJIUT PELINTh BCE OMHCAHHBIE TEXHUUECKNUE HEAOCTATKH.

Takum oOpaszom, mocie JOCTaBKM Ha MeCTO COOPKH MOAYJIH ONYyCKAKTCS B CTBOJI IHAXTHI C
UCTIOJNB30BAHUEM T€3€HKAa; OHHM MPUBOMATCS B IOJIOKEHHE, HEOOXOmUMOe ISl COEOUHEHUS K
APYTUM MOZAYJISIM, V)K€ KaK YacTh MMPEABAPUTENIBHO OINPEAENIEHHOH MOCIeN0BaTENIbHOCTH; OHU
NPEATIOUYTUTENIbHO TPHKPEIUIEHBI K CTEHAM INaXTHOTO CTBOJA W OKPYXKAIOIIUM TOPOAaM,
Hampumep, OyIOy4yd CHadaja MPUCOCOUHEHHBIMU K IUlaTopMe, KOTOpas, B CBOK OdYepenb,
NPUKPEIUIeHa K KOHCTPYKIMOHHBIM TUTUTaM, MPHUKPEIUIEHHBIM K CTEHKaM OMOPHOW KOJIOHHBI MJIU
IIAXTHOTO CTBOJIA, HEMOCPEACTBEHHO WM 4epe3 JAPYrHe KOHCTPYKTHBHBIE 3JIEMEHTHI, JIMOO ¢
MIOMOIIBIO aHKEPHBIX OONITOB WM APYTOro THUIA COSAMHEHUI CO CTEHKAMH IIAXThl WM C ITOPOIOH,
OKPY’KaIOIIeH CTEHKY LIAXThl, B TOM YHCIIE ¢ TIOMOIIBIO MIMyHTOBBIX COSNUHEHNH, 3aKPETUIEHHBIX B

BBICMKaXx, YTOIIJICHHBIX B CTCHKAX MIAXTbI UJIN Opr}KaI-OH_[eﬁ noponae.



Taxum obpa3om, Bec JH000r0 MOAYIS MEPEHOCHTCS HA CTBOJ IIAXThl U OKPY)KAKOLINE TTOPOIBI,
KOI'Jla YKa3aHHbII MOAYJIb HAXOAUTCSA B CBOEM OKOHYATENbHOM MOJIOKEHUH; U TOJBKO MOCIE 3TOr0
MOJYJIb COEAMHSETCS] CBAPHBIMU MM (PIAHLEBBIMH COCAMHEHUSIMH C YXK€ YCTaHOBJICHHBIMU
MOJyJIIMHU, IIOCJIE0BATEIbHO MIPOAOJIKAsI CTPOUTENBCTBO BHICOKON NEPETOHHOM KOJIOHHBI.

Takum 00pa3oM, mepevyuciiuM HEKOTOpble M3 HMHHOBALMOHHBIX 3JIEMEHTOB, MPEIJIOKEHHBIX B
JAaHHOM H300pETEeHHH: HOBOE NMPUCOEAMHEHUE 3JIEMEHTOB KOJIOHHBI K CTEHKaM IIaXTHOr'O CTBOJIA,
111 00eCTIeYeHNsT CTPYKTYPHOH MOANEPIKKHA KaKIOTO MOAYJIS HETIOCPEACTBEHHO CTEHKAMM INAXThI
U OKPY)KaloIlel MNOpOonoN; HAJIUYHUE B KOPIYCE KKIOTO MOAYJS PaCIIMPSEMbIX/CKUMAEMbIX
CeKI[MI{, MHHOBALIMOHHO PEAJN30BAHHBIX 32 CYET BBEACHUS B KOHCTPYKLIHIO CHIb()OHOB WU
APYTUX PaCIIUPSEMBIX/CKUMAEMBIX 3JIEMEHTOB, CIIOCOOHBIX KOMIIEHCHPOBATh 3HAYUTENIbHOE
BEPTUKAIbHOE TEIUIOBOE PACIIMPEHHE WU CXKaThe, KOTOPOe MOXKET BO3HUKHYThb B KOJIOHHE BO
BpeMsI IIMKJIOB CTPOUTENBCTBA, 3aIyCKa M, B OCOOEHHOCTH, SKCIUTyaTalllu: Ui KOJIOHH BBICOTOH B
COTHM METPOB, KOTOpblE IIOJBEPrarOTCs TEPMUUYECKOMY MEPEeXOoly MexXay TemIepaTypoi
OKpY’KaroIle cpeapl U KpuoreHHOW temneparypoir no 300 rpanycoB KenbBuHa, pacumperue u
CKaThe HepaclIUPSIIOUINXCA/HEC)KUMAIOIINXCSA YYaCTKOB MOJKET AOCTUIAaTh HECKOJIBKUX METPOB,
KOTOpPBIE JOJUKHBI ObITh KOMIIEHCHPOBAHBI MOJICTPAUBAHMEM JJIUHBI PACIIUPSEMBIXK/CKUMAEMBIX
cekiuii. Takum o0pa3oM, 5Ta KOHCTPYKLHsSI CYIIECTBEHHO OTJIMYaeTcss OT omucaHHoil B GB
525,575, roe pacliupeHue WM CKaThe MEePEeroHHON KOJIOHHbI KOMIIEHCHPYETCs CiKaTHeM WIIH
yAJIMHEHUEM TMpPYKHUH, COEAUHEHHBIX C ONOpaMU CaMOil KOJIOHHBL. BmecTo 3TOro B Hacrosiiem
n300pEeTeHNH PacCIlIUPEeHHe WIN CXKATHE TIEPETOHHON KOJIOHHBI KOMIIEHCHPYETCSl COKPALEHUEM WIIH
paciiupeHneM CUIb(OHOB, KOTOPbIE SIBIISIOTCS HEOTHEMJIEMOW 4YacThiO MOIYJieH TeperoHHOM
KOJIOHHBI (M OKpPYKAIOLIEro TEIUIOM3OJILIMOHHOTO pe3epByapa), COXpaHss HEM3MEHHOH OOLIyIO
BEPTUKAIbHYIO JJIMHY KOJOHHBI MEXAY ABYMs KpallHUMH ONOpPaMH BBEPXY U BHU3Y. 3aMETHBIM
NPEUMYIIECTBOM JaHHOTO M300pETEHHs SIBJISIETCS TO, YTO 3TOT CHOCOO CTPOHTENHCTBA MOIXOAHT
IUJIsI CTPOUTENIbCTBA YPE3BbIYAHO BBICOKMX KOJIOHH. Hamportus, meron, onucannsii B GB 525,575,
HE MOJXOMANT UL CTPOUTENLCTBA KOJIOHH BBICOTOH Oosiee 100 MeTpoB, MOTOMY YTO KyMYJISITHBHAS
neopmanysi KOJOHHBI CBEPXy BHH3 MpH (PYHKLUHOHMPOBAHUHM KOJIOHHBI TPU KPUOTEHHBIX
TEMIIEpaTypax MOXKET BbI3BATh C)KATHE KOJIOHHBI MOPsAKAa METpa, KOTOPOE HeLenecooOpasHo
KOMIICHCUPOBAaTh Mpy:XHHAMH. B wacTHOCTH, ciemyer oOpaTUTh BHHMMAHHUE, YTO, YUUTBIBAsS
KOHKPETHOE PacCIOJIoKEHUE TIPYKUH B COOTBETCTBHUH ¢ M300peTeHueM, onrcanubiM B GB 525,575,
5TH TPYKUHBI MPOCTO HCIIONB3YIOTCS (C OrpaHMYEHHMsAMH W TpoOJeMaMH, OIMCAHHBIMH 3/1€Ch
BBIILIE) JJI1 KOMIIEHCALMH TEIUIOBOTO PaCIIMPEHUs IPU MepexoAe OT TeMIepaTypbl OKpyKarollen
cpeabpl K paloueill KPHUOTEHHOW TemrepaTrype, HO OHH HE MOIYT OBITh HCIOJB30OBAHBI IS
KOMIICHCAIINH TETUIOBOTO CKaTHs, YTO, HANPOTUB, SIBJIAETCS OCHOBHOHM MpoOJieMOM, pernaeMoin

HaCTOAIIUM I/1306peTeHI/IeM pu UCIOJIb30OBAHUHN B KaUE€CTBC HepeFOHHOfI KOJIOHHBI U, B YaCTHOCTHU,
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KPUOT€HHOHW TNEPEroOHHOW KOJIOHHBI, KOTOpas OCOOEHHO MOABEPKEHA TEIUIOBOMY CHKATHIO MpU
nepexose OT TEMIIEPaTyPbl OKPYIKAIOLIEeH cpeapl K pabodei Temmeparype.

Takum oOpazom, 3TH W JApyrHe yXKe HW3BECTHbIE MNPOOJEMBbI, ONMHCAHHBIE BBILIE, PEIIAIOTCS C
MOMOIIBIO HACTOSIILETO M300pETeHUs, B YaCTHOCTH, OJaronapss MHHOBALMOHHOMY HCIOJIb30BAHUIO
cHIIb(OHOB, KOTOPOE OYAET AOMOTHUTENBHO ONMICAHO HMKE HA YEPTEKaX.

Kax m3BECTHO, IIaxXTHBIE CTBOJNBI C OOLIEH BEPTHKAJIBLHOW BBICOTOW OT HECKOJBKHUX COTEH M0
HECKOJIBKUX TBICSIY METPOB U AMAMETPOM B HECKOJIBKO METPOB JIETKO AOCTyNHBL. MHHOBaLMOHHAA
3allyMaHHas KOJIOHHa M CIOCOO, ONMHCAHHBIE B HACTOSINEM H300PETEHHH, MO3BOJSIFOT CTPOUTH
NIEPErOHHBIE KOJIOHHBI C OECIpeleqeHTHBIM KOJMYECTBOM CTaauil PaBHOBECHS, MOCIEIOBATEIbHO
coennHsisl OONBIIOE KOJIMYECTBO YIOMSHYTBIX MHHOBALIMOHHBIX 33lyMaHHBIX MONYJIEH, KaKIbIH U3
KOTOPBIX MOAJEPKUBAETC CTEHAMH LIAXTHOIO CTBOJIA U OKPY>KarOIMUMHU nopoaamu. Komndectso
CTanWii PABHOBECUS MPSIMO MPOMOPLIUOHAIBLHO OOINel JOCTYIMHOH BBICOTE, MPHYEM KaKaas
TEOpPEeTHYECKasl CTaAusl 3aHUMAET OT HECKOJIBKUX A0 HECKOJIBKUX AECSITKOB CAHTUMETPOB B BBICOTY.
OOmiee KONMMYECTBO CTaAWH PABHOBECHS, KOTOPOE MOXKET OBITh JOCTUTHYTO C TIOMOLIBIO 3TOH
MOAYJBHON KOJIOHHBI, COCTABJISIET OT HECKOJIBKHUX THICSY A0 HECKOJIBKUX COTEH TBICAY CTAUN, YTO
SIBJISIETCS] IPEUMYLECTBOM JAHHON KOHCTPYKLIMH.

OTa HOBas NpeJIoXKeHHas MOAYJbHAas KOJOHHA TaKXe JAaeT BO3MOXKHOCTb CO3/1aBaTh 3JIEMEHTHI
KOJIOHH C OOJIbIIMMHU AMAMETPaMH, BAPbUPYIOIIUMHUCS OT JECITKOB CAHTUMETPOB 10 HECKOJIBKHX
METPOB, YTO MO3BOJISIET CYLIECTBEHHO YJIYUYIIUTh CKOPOCTD Pa3AEIeHUs U30TONOB U UX YHUCTOTY.

B ogHOM M3 BapHaHTOB OCYLIECTBJICHHUs MEPErOHHAsl KOJOHHA COAEP>KUT IOJIBIA KOpIyC C
BHYTpPEHHE!N LUJIMHAPUYECKON CTEHKOH, 3allOJHEHHbIH AUCTWUIALUOHHBIMYU IJIACTUHAMHU U / Win
CTPYKTYPHUPOBAHHBIM HAMOJHUTEIIEM.

B ogHOM M3 mNpeAanoOYTUTENBHBIX BAapUAHTOB OCYLIECTBJICHUS! MEPErOHHAsl KOJIOHHA OKpPYXKEHa
TETUIONU30JISIIUOHHBIM CJIOEM.

B opHOM BapuaHTe OCYINECTBJICHHs TEIUIOU3OJALMOHHBIA CIOM MOXHO TMOJYYUTb, OKPYXKHUB
MEPErOHHBIE KOJIOHHBI KOHCTPYKTUBHBIM TEIUIOU30JISIIUOHHBIM PE3€PBYapOM.

B onmHoM  BapuaHTe  OCYINECTBJIEHMs  3a30p  MEXAY  BHYTPEHHEH  MOBEPXHOCTBEO
TEIUION30JISIUOHHOIO PE3epByapa M BHEUIHEH MOBEPXHOCTBIO NMEPErOHHON KOJIOHHBI 3aIOJHSAETCS
TEIUION30ISIIUOHHBIM MAaTEPHUAIOM.

B onHOM BapumaHTe OCYLIECTBIEHHUS YKa3aHHBIM TEIUIOU3OJUPYIOIIUN MaTepual, B YaCTHOCTH,
SBJISIETCS  BCITyUYEHHBIM TMEPJIUTOM, KOTOPBIA OONagaeT HCKIIOUUTENbHONH TEeIUIOM30JSIIMOHHON
CIOCOOHOCTBEO M OYE€Hb HHU3KOH TEIUIONPOBOAHOCTBIO, KOTOpas TapaHTUPYETCs NPU BCeX
TeMmIepaTypax Onaromapst ero BBICOKOH OTKPBITOH MOPHUCTOCTH, KOTOpas Takxke oOecrednBaeT
HEOOBIYaliHYIO JIErKOCTh. biaromapsi HU3KOH CTOMMOCTH, TMPOCTOTE MOHTAaXa, HErOPIOYECTH U

YMeHbLHeHHOfI CKJIOHHOCTHU YACPKUBATH BJIary, OH HaXOAWUT OAHO M3 OCHOBHBIX HpI/IMeHeHI/Iﬁ B
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KPUOTEHHOM CEKTOpPE MPOMBIIUIEHHOCTH, TAe TPeOYIOTCS XapaKTePUCTHKU MEePEOXITasKIESHHOTO
rasa, JEMOHCTPHUPYsI CBOM OECUUCIICEHHBbIE MPENMYINEeCTBa KaK B MPOIECCEe CTPOUTENIbCTBA, TAK W
MPU MPAKTUYECKOM UCIONb30BAHUU.

B oaHOM BapuaHTE OCYUIECTBJICHHS Hapy)kKHash MOBEPXHOCTb BHYTPEHHEHN MEPErOHHON KOJIOHHBI
MOKPBITA ~ MHOTOCIIOMHOW — M30JsIMel, a o0BbeM MekIy BHYTPEHHEH  MOBEPXHOCTBHIO
TEIUIOM3OJISIMUOHHOTO  pe3epByapa M BHELIHEW  MOBEPXHOCTBIO  IMEPErOHHOW  KOJIOHHBI
MOAAEPKUBACTCS TOJ BAaKyYyMOM MPU JABJIEHUSX HUXKE 107 MOap aysi paboOThl BHYTpPEHHEH
MEPErOHHOMN KOJIOHHBI BHYTPU KpHOCTATA.

B oaHOM npeanoYTHTENBPHOM BapHaHTE OCYINECTBJAEHHS TEIJIOM3OISLMOHHBIN  pe3epByap
CONIEP’KUT HECKOJBKO 3JIEMEHTOB TIEPErOHHOW KOJIOHHBI, W 3TH KOJIOHHBI MOTYT padoTaThb
napajuIeNIbHO W/WJIK MOTYT OBITh COSMUHEHBI MOCIENOBATEILHO, CBA3BIBAS BEPXHIOK YaCTh OJHOU
KOJIOHHBl C HI)KHEH 4YacThbIO CJEAYIOIIEH KOJOHHBI TEXHOJOTMYECKUMU JIMHUSIMH, KOTOpbBIE
BCTPOEHBI JTUOO BHYTPHU, TUOO CHAPYKH TEIIOU3OJSIIUOHHOTO pe3epByapa, MPUYeM B MOCIETHEM
cliy4ae TpeayCMOTpPEHA He3aBUCHMAs TEIUIOM3OJISLNS;, B MapajlieIbHON KOH(UTYpaIluu KOJOHHBI
MOTYT padoTaTh COBMECTHO HJTH HE3aBUCUMO JPYT OT Jpyra.

B onHOM BapuaHTe OCYIIECTBJAEHUS KOJIOHHA M3HAYAJIbHO COCTOUT M3 MHOXKECTBA BEPTUKAJIBHBIX
MOJYJIbHBIX CEKLUI, KOTOPBIE, B CBOKO OYEpEAb, COCUHEHBI C APYTUMU BEPTUKAIBbHBIMU CEKLIUSMHU
C TIOMOIIBIO (PJTAHLIEB UJIH CBAPHBIX COCIUHEHHI.

B onHOM BapuaHTe OCYIIECTBJIEHHsS MOIYJbHBIA TEIUIOM3OJSALMOHHBIN pe3epByap COCTOUT U3
MHOKE€CTBA BEPTHUKAJbHBIX CEKLHUI, KOTOpPbIE TaKXe, B CBOK O4Y€pellb, COCIUHEHBI C APYTUMHU
BEPTHKATBHBIMU CEKLIUSMU TETUIOM3O0JIILIMOHHOTO Pe3epByapa MocpeacTBOM (IIaHIIeB MU CBAPHBIX
COEIMHEHU.

B onHOM mpennoyYTUTENIbHOM BapUaHTE OCYIIECTBJEHHS KaXAas WIH HECKOJBKO BEPTHKAJbHbBIX
CeKLIUH, COCTABJIAIOIINX BHYTPEHHIOK) KOJIOHHY WJIM KOMOWHALMIO BHYTPEHHEH KOJIOHHBI H
OKpPYKAIOIIEero TEIJIOU3OJSIMOHHOTO — pe3epByapa, CHAOKEHbl OJHUM WJIH  HECKOJbKUMH
cub()OHAMHU, KOTOpBIE MO3BOJISIIOT KOMIIEHCHPOBATh 3HAYUTENBHOE TEIUIOBOE PACIIUPEHHE WU
CXKaTHe€ B BEPTUKAJbHOM HAIPABJICHUHU, HCMBITHIBAEMOE KOJIOHHOW BO BpPEMsi YCTAHOBKU U
0COOEHHO B IPOLIECCE SKCIUTyaTaltH.

Takke UENbI0 HACTOAILIETO M300PETEHUs SIBISIETCS YJIYYIIEHHE SHEPreTHYECKUX XapPaKTEPHCTUK
MEPErOHKN MyTEM HMHHOBALMOHHOTO BBEAEHHsS 3KOHOMHYHOIO KOHTYypa PEKyNepaluyd SHEPTUU;
MOIIHOCTh OXJIAKIACHHS B BEPXHEM KOHJIEHCATOPE W MOIIHOCTh HArpeBa B HIDKHEM peboiiiepe
pacmpenenstoTcs depes3 JABa TEIIOOOMEHHHKA; UMEETCs OOWH 3aMKHYTBIM KOHTYp, COIEpIKaIllHid
TeIJIO0OMEHHYO JKUIKOCTh, KOTOpasi HCIOJIb3YETCsl B TEIUIOOOMEHHUKE BEPXHEro KOHAEHCATOPA B
KayecTBE XJaJareHtra Uil O0eCreueHus] OXJIKAAKMEeH MOIIHOCTH, HEeoOXOIUMOH Ui

KOHACHCALIUNU BOCXOIALICTO IOTOKA ra3a, AOCTHUTaroIICro BEPXHEIO KOHACHCATOPA, B JKUIAKYHO
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dasy; U OHa Takke HCIONB3YeTCsl B TEIUIOOOMEHHUKE HIDKHEro peloiijiepa B KadecTBe
HArpeBaroLIel JKUAKOCTH B HIDKHEM peOolnepe naisi oOecrnedeHuss MOIMHOCTH Harpesa,
HEOOXOIMMOM JUIsl KHIIEHUS HaXOIIIIeHCss B KUAKOH (a3e >KUAKOCTH, TOABEPTaroLIeics
muctwusinun. Ciaenyer oOpaTUTh BHUMaHHE, YTO UCIIONB30BAHUE CIMHCTBEHHOH SKUAKOCTH JUIS
TEIUI000OMEHA TaK)Ke SIBIISIETCS] MHHOBALIMOHHBIM PEIIEHHEM.

B onHOM BapuaHTe OCYIIECTBJEHMsI IEPErOoHKYy IPOBOIAAT IPU KPUOTEHHOH TeMmmeparype, U
JKUJIKOCTb, MCIOJIb3yeMass B KauecTBE JKUAKOIO XJaJareHra B KOHAEHCATOpe U B KadecTBe
HAarpeBarollel KUAKOCTH B pedolepe, mpencraBiseT cOOOH a30T: a30T LUPKYJIUPYET U3
peOoiinepa B KOHIAEHCATOP M M3 KOHAEHCATOpa B pedoiep depe3 3aMKHYTBIH KOHTYp; a30T
NOJAaeTCsl B TEIUIOOOMEHHUK B BEPXHEM KOHIEHCATOpPE B JKHIAKOM BHIE, a MCMAPEHUE SKUAKOTO
a30Ta BHYTPU TEINIOOOMEHHHKA OOECIeYNBAaeT MOIMHOCTh OXJAKACHHUS, HEOOXOOUMYIO IS
KOH/IEHCALlUM Ta30BOr0 IOTOKA HAa BOCXOJSLIEM IOTOKE; PELUPKYJIALUOHHBIA  a30THBIN
KOMIIPECCOP TOBBIIAET MaBJIEHHE TIa3000pa3HOrO a30Ta, BBITYCKAEMOrO TEMIO0OMEHHHKOM
BEPXHEr0 KOHIEHCATOpa, M HAaNpaBlsieT ero B HIDKHWHA pedoiinep; B HwKHeM peboilnepe
razo00pa3HbIil a30T MOCTYIAET B TEIUIOOOMEHHHMK HIDKHETO KOHAEHCATOpa; B HIDKHEM peboiinepe
BBICBOOOXKIICHHE TEIUIOBOH MOIMHOCTH CXAThIM a30TOM CpPa3y BbBI3bIBAET KUIEHHE >KUAKOTO
MPOTUBOTOKA KUJKOCTH, IMOJBEPrarolleiicss TMeperoHke, M BbI3bIBACT OXJAXKIEHUE a30Ta,
UCTIOJIB30BAHHOTO B KA4eCTBE TEIUIOOOMEHHOM KHIKOCTH, KOTOPBIH KOHIEHCHPYETCS B JKHIKYIO
¢dasy; HakoHeW, NI 3aMBIKaHUS KOHTYpa a30T, CKWKEHHBIH B TEIIOOOMEHHHKE HIKHETO
KOH/IEHCAaTopa, IepeKauuBaeTcss KPUOTeHHbIM HACOCOM IO TeIJIOU30JMPOBAHHOM JIMHUU K
TEIUIOOOMEHHUKY BEPXHETr0 KOHIAEHCATOpA.

B opHoM BapuaHTe OCYIIECTBIEHHUs TEIUIOW3OJMPOBaHHAs JIMHUS, HeCyllas >XMIKUM a3oT OT
HIDKHETO K BEPXHEMY TEIIOOOMEHHHKY, HaxXOOUTCs BHYTPH TEIUIOU3OJISILIMOHHOTO pe3epByapa
KOJIOHH. B 0OIHOM BapuaHTe OCYINECTBJICHUS TEIUIOU30JIMPOBAHHAS JIMHUS, HECYIast ra3000pa3HbIi
a30T OT BEPXHEro K HIDKHEMY TEIJIOOOMEHHHKY, HAaXOOUTCS BHYTPH TEIJIOU3OJILHMOHHOTO
pesepByapa kojoHH. Cremyer oOpaTWTh BHHUMAaHHE, YTO HCIIOJb30BAHHE a30Ta B KadeCcTBE
€IMHCTBEHHOH JKUIKOCTH JUIS TETUIO0OMEHA TaKKe SBJISIETCS HHHOBALMOHHBIM.

B npyroMm BapuaHTe OCYyIIECTBJIEHHS KPHOT€HHON IIEPErOHKM B KaydecTBE XJaJareHra asoT
3aMeIlaeTcsl UHEPTHBIM 3JIEMEHTOM, TaKUM KakK aproH, KPUITOH WU KCEHOH, KOTOpPbIE MO3BOJISIIOT
pacUIMpPUTh JAHMANA30H HCIONB3YEMbIX pabOuMX TeMIlepaTyp NPOCTO HCIONb3YSl B TOM JKe
THPAaBINYECKOM KOHTYpE IPYroi 3J€MEeHT, XapaKTepU3yOIIMUNICs IpyriM AUANa30HOM 3aBUCSLINX
OT JaBJEHUS TeMmeparyp ais (asoBOro mepexona yKa3aHHOTO 3JIEMEHTa MEKAY COCTOSHHSIMU
KUOKOCTH M raza. Cremyer oOpaTWTh BHUMAaHHE, YTO HCIIOJNB30BAHHE aproHa, KPHUNTOHA WU
KCEHOHA B KayeCTBE €IWHCTBEHHOW JKUIKOCTH JUIA TEIUIOOOMEHA TaKKe  SIBISETCS

WHHOBALITMOHHBIM.
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YrnoMsiHyThIe 37€Ch paHee OecnpeleneHTHble pasMepbl M BBICOTA HOBOH MPEIJIOKEHHOU
MOAYJBHON KOJIOHHBI NMO3BOJISIIOT JOCTUIAaTh KOJWYECTBA CTAJUN PABHOBECHUs, BAPbUPYIOIIUXCA OT
HECKOJIbKUX TBICSY IO HECKOJIbKMX COTEH THICSY, HEOOXOAMMBIX JUI pa3fesieHHs H30TOIOB aproHa
u KceHoHa. Otnuune oT eauHULbI Ko3pduumueHTa jgerydecTtd (o - 1) Ay U30TONOB aproHa, TaKuX
KakK 36Ar, 38Ar, ¥Aru 4OAr, COCTAaBJIAIECT MOPANKA HECKOJNBKUX THICSYHBIX. 4OAr, 00€enHEeHHDIH B 39Ar,
NPEACTABIsIET OCOOBI MHTEpEeC Kak LeNb ISl KPYIMHBbIX OOBEMOB MPOU3BOACTBA OT HECKOJIBKUX
TOHH JI0 HECKOJbKHX COTEH TOHH, MOCKOJIBKY OH HCIONB3YEeTCsl B JIETEKTOpax AJs IMOHUCKA U
OOHapy’keHHss TEeMHOW MaTepuu. B CBA3M C YIHOMSHYTBIM paHee «mnpaBmwioM DeHcke»
MUHHMAJbHOE KOJUYECTBO CTanuil, HeoOXoammoe I 3(P(EeKTHBHOrO pa3feNeHHs H30TOIOB,
cocrasysieT 1/In(a) = 1/(a - 1). D10 mompasymeBaer, 4To JKeJaeMOe YUCIIO CTaANil PaBHOBECHUS IJIS
paszeneHus U30TONOB YPE3BBIYAWHO BEJIHUKO, OT HECKOJIBKUX COTEH A0 HECKOJBKHX JECATKOB
ThICSY.

Pasnenenue m3oronoB aprona Tpedyer palOThl B KPHOI€HHOM AMAINA30HE TEMIIEPaTyp BOJH3H
HOPMAaJIbHOH TOYKH KUIeHHs aproHa npu 87 rpagycax KenpBrHa u paboThl EperoHHON KOJOHHBI
BHYTPHU KpuocTaTa. MHUHMMAajIbHAas NPOU3BOAUTENBHOCTb, PABHAasi HECKOJBKHM KUJIOTPAMMAaM B
I€Hb W30TOIHO-KOHLEHTPHUPOBAHHBIX H30TOIOB aproHa, TpeOyeT M3-3a MasblX 3HadeHwH (o - 1)
O4YeHb OONBIINX CKOPOCTEH MOTOKA Mapa, MOpsiAKa COTEH CTaHAAPTHBIX KyOWYeCKHX METPOB B Hac,
U OYeHb OOJNBIINX CKOPOCTEH TOKa KUIKOCTH, MOPAIKA HECKOJBKHX KyOHMYECKHX METPOB B Hac.
JKenaemble CKOPOCTH MOTOKA Tapa U KUAKOCTH MOTYT OBITh JOCTHTHYTHI C IMOMOIIBIO KOJIOHH C
MHUHUMAJIBHBIM  AMAMETPOM B HECKOJBKO  JECATKOB  CAHTHUMETPOB,  OCHAIIEHHBIX
CTPYKTYPUPOBAHHBIMH VIUIOTHEHUSIMH, CIIOCOOHBIMH BBbIIEPIKMBATh 3HAYUTEIBHBIE CKOPOCTU
MOTOKA JKUAKOCTM M TMapa NpU OAHOBPEMEHHOM MOAAECPKAHUM INPEBOCXOJHOIO KOHTPOJIA
MOBEPXHOCTEH 0Oe3 CO3MaHusl YCJIOBHM 3aTOIJIEHHUS. JTO MOXKET OBITh JOCTUTHYTO C ITOMOIIBIO
VIUIOTHEHUM, HUMEKLUX MPEeANOYTUTEIbHO BBICOTY, 3KBUBAJIEHTHYIO BBICOTE TEOPETHYECKOU
wiactuasl (BOTII) B 10-15 canTumerpoB u Gojee, 1 MaKCHMAaJIbHYIO CKOPOCTb TOKA JKHIIKOCTH B
HECKONBKO M° / (M° X 4ac). ITH COOGPaKeHHs ONPEENSIOT BbIGOD MHHUMATBHONH BBICOTHI
BHYTPEHHEN KOJIOHHBI B HECKOJBKO COTE€H METPOB U MHUHHMMAJIbHOIO AUAMETPA BHYTPEHHEU
KOJIOHHBI B HECKOJIBKO I€CATKOB CAHTUMETPOB. TerION30sALNOHHBIN pe3epByap, OXBAaThIBAIOIINN
CYNEepU3OJSALIMI0 U HECKOJNBKO TEXHOJOTMYECKUX JIMHUH, MOXET JIETKO JOCTUIaTh AMAMETPA B
HECKOJIBKO JIECATKOB CAHTHUMETPOB.

Hcnonb30BaHue MAXTHOTO CTBOJIA AJIs1 YCTAHOBKM KPUOT€HHOH MOAYJIBHON MEPErOHHONW KOJOHHBI
MO3BOJISIET JAOOWMTBHCS Jake TNMPEBBILICHUS Pa3MepOB, HEOOXOAMMBIX I €€ HCIIONb30BAHUS JUIS
NPOM3BOJCTBA H30TONOB aproHa. MoAayJbHas KPHOTEHHAsl TMEeperoHHas KOJIOHHA MOXKET OBITh
YCTAHOBJIEHA B CYILIECTBYIOLIEM INAXTHOM CTBOJE Ml AOCTHXKEHHUs IHAMETPOB B HECKOJBKO

MECTPOB U BBICOTHI 10 HECKOJIBKHUX ThICAY METPOB: 3TO IO3BOJIUIIO ObI UCITOJIB30BATh KOJIOHHY OaxKe
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IJIs1 pa3fieNieHns] U30TOMOB KCEHOHA, JIsi KOTOPbIX 3HaueHus (o - 1) Ha MOPSAOOK HIDKE, YeM IJIst

o 136
HU30TOIOB aproHa, nopsaaka HECKOJBbKUX HOJIEU Ha ACCATKU TbICAY.

Xe, 0OeTHEHHBIH IPYrUMHU
U30TOMAMH KCEHOHA, TMPEICTaBIseT OCOOBIH HHTEpeC B KAauecTBe MHIIEHH [JisI OYEHb
KPYIMHOMAcIITaOHbIX 3KCIIEPHMEHTOB C LEJIBbI0 €ro MPOU3BOACTBA B 00bEMaxX OT HECKOJBbKHX TOHH
0 HECKOJBbKUX COTEH TOHH MJisI MOHMCKAa KpaiiHe PeIKoro M TOKa ele SKCIEePUMEHTaJbHO He
HabmonaeMoro crocodba siIepHOro pacrnana, W3BECTHOTO Kak «Oe3HEHTPUHHBIA NBOWHOW Oera
pacrmazm».

Hacrosimmee n3o0peTeHne MO3BOJUT OYEHb BBITOJHBIM M €IUHCTBEHHO BO3MOXKHBIM CIIOCOOOM
pa3ennTh U30TOIBI APTOHA M KCEHOHA B OOJBLINX KONMH4decTBaxX (0ojiee HECKONBKIX KUIIOTPAMMOB
B J€HD).

B T0 xe Bpems Hacrosiiiee N300peTeHNe 3HAYUTENBHO YIIYULIHIO Obl BO3MOKHOCTU TOJIYYEHUS U
cnenano Obl ropa3ngo Oosee MOCTYNMHOH CTOMMOCTB JIETKUX H30TOIOB, MPOH3BOICTBO KOTOPBIX
KPUOTEHHOW TIEPEerOHKOH B  3HAYMUTENbHO MEHBUIMX  KOJOHHAX YK€  OXBaTbIBAJIOCH
NPEIIIECTBYIOIINM yPOBHEM TEXHHKH, BKJIOUas, kpome npouero: “C u °C, mnonyueHHbie
CTIOCOGAMI, BKIFOUAOLIIMH, KPOME TIPOUero, KproreHHyko neperonky CO; N u "N, nonyuennsre
criocobamu, BKITIOUAIOIIUMH, KPOME MPOYero, KpUOreHHyro meperoHky N», NO u NHj; %0 u 18O,
MOJIy4€HHBIE CIIOCOOaMH, BKIIIOYAIOIIUMH, , KpOME Mpodero, KpuoreHnyw neperonky H,O, O, u
NO.

Hanpumep, BbicoTa KkoJOHHBI 300 MeTpoB, skBuBasieHTHas 2500 craausiMu paBHOBECHs, C
nuametrpoM 30 cM, MpUBeNeT K CHUXKEHUIO YPOBHSI ¥ Ar B moroke *’Ar B 10 pa3 3a OJUH MPOXOJA CO
CKOPOCTBIO MPOU3BOACTBA OKOJIO 10 KI/A€Hb; aHAJIOTHYHBIM 00pa3oM, Ta JKe camasl KOJIOHHa Oyzer
HETNOCPENCTBEHHO 00OoTaIaTh Be npu u3zotonHou unucrore 0,995 (99,5%) nyrem neperonku CO co
CKOPOCTBIO B HECKOJIBKO JECATHIX KI/IEHb; aHAJIOTMYHBIM 00pa3oM, Ta k€ camas KOJIOHHa Oyaer
HETOCPENICTBEHHO 00oraImarh BN u o npu wu3oronHon uyucrore 0,995 (99,5%) nyrem

aucTuusud NO o CKOPOCTBIO B HECKOJIBKO IECATHIX KI/I€Hb.

KPATKOE OITMCAHME YEPTEXEN

OTH W [Opyrue TpeuMyllecTBa, IOJNyYeHHble Oyaromaps ONMCAHHOW 37€Ch HMHHOBAaLIMOHHOW
KPUOT€HHOW MOIYJIBHOH KOJIOHHE IJISl pa3fesieHHsl W30TOMNOB, OyIyT JOMOJHUTENbHO OMHCAHBI
HIKE CO CCBIJIKON Ha HEOTPAaHWYMBAIOLIHUE IPUMEPBI, KOTOPBIE MPEACTABIEHBI [JIs1 NOSICHUTENBHBIX,
HEOTPaHUYHUBAIOLIMX LieJiell Ha MpUJIaraeMblx yepTekax. JTH YepTeXU WIIIOCTPUPYIOT pasiudyHble
aCTieKThl M BApPUAHTBI OCYLIECTBIEHHS JAHHOTO H300pETeHus, W, Ine 3TO LenecoodpasHo,
KOHCTPYKLIMH, KOMIIOHEHTBI, MaTepPHaIIbl W/UIM aHAJOTHYHBIE 3JE€MEHThl OOO3HAYEHbI HAa Pa3HBIX

¢durypax ogMHaAKOBBIMH HOMEpPaMH.
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Qdurypa 1 nokasblBaeT MNpPeNNOYTUTENbHBIN BapUAaHT OCYLIECTBJICHHUs MOJYJIbHOH NeperoHHON
KOJIOHHBI, YCTAaHOBJIEHHOW BHYTPU INAXTHOIO CTBOJIA WJIM HECyIlel KOHCTPYKLMH, U
NoAepP)KUBaeMO OOKOBBIMH CTEHKAMH MIAXTHOTO CTBOJIA WJIM HECyIled KOHCTPYKIHMHU B
COOTBETCTBUH C HACTOSIIIUM H300pETEHHEM;

Qdurypa 2 nokasblBaeT MPeNNOYTUTENbHBIH BapUAaHT OCYLIECTBJICHHUs MOJYJIbHOH NeperoHHON
KOJIOHHBI C BKJKOUEHHEM 3KOHOMHYHOIO KOHTYypa pPEKylepauuu TeIua B COOTBETCTBHUU C
HACTOSIIIUM H300peTEeHHEM;

Qurypa 3 mnokas3bplBaeT MPEANOUYTUTENbHBI BapUaHT OCYILECTBJIEHUS OTAENbHbIX MOAYyJeH

KOJIOHHBI CO CCBHIIKOH Ha UX COeIUHEHHE N peann3anuro.

HOAPOBHOE OITMCAHUE U3OBPETEHUA

Xotsa u300peTeHue OIMyCKAaeT pasjudHble MOAU(HUKALIMYA W aJbTEPHATUBHBIC KOHCTPYKLIUH,
HEKOTOPBIE€ U3 MPOUJUTIOCTPHUPOBAHHBIX BAPHAHTOB OCYLIECTBIEHHS MOKA3aHbl HA purypax u OyayT
NOIPOOHO OMUCAHBI HIKE.

Onnako crienyeT NMOHUMATh, YTO HET HAMEPEHHUs] OrpaHHYMBATh H300pETEHHE KOHKPETHBIMU
NPOMJUTIOCTPUPOBAHHBIMUA ~ BapUAHTAMH  OCYILIECTBJEHMS, HO, HANPOTHUB, H300peTeHHe
NpeaHa3HaYeHO Ui OXBaTa BCEX MOAM(UKALINK, albTepHATHBHBIX KOHCTPYKLUH M 3KBUBAJIEHTOB,
KOTOpBIE MOMAfar0T B 00beM N300pETeHNs, KaK 3TO ONpeAeseHo B popmye u3o0pereHus..
Ucnonb3oBanne ¢pa3 «Takue Kak», «H T. I.», <«WIH» YyKa3blBaeT HA HEUCKIIIOYUTENIbHbIC
aNbTEePHATUBBI O€3 OrpaHUYEeHUH, €CIIN HE YKA3aHO UHOE.

Hcnonp3oBaHue ClOBa «BKJIIOYAET» MOAPA3YMEBAET «BKJKYAET, HO HE OrPAaHUYUBAET», €CJIU He
yKa3aHO HUHOE.

Ha ¢urype 1 rmokasaH yhOpoOUIEHHBIA NPEANOYTUTENbHBI  BAPUAHT  OCYIIECTBIICHHS
MHHOBALIMOHHOW MOJyJIbHON meperoHHoN kosoHHbI 100, BKJIIOYAIOLIMI OMOPHYIO cUCTEMY 7,
YCTaHOBJIEHHYI0 B IIAXTHOM CTBOJE€ 2, OIPAaHHYEHHOM OKpyKarouumu nopopamu 1. B stom
BapMaHTE 3aBeplleHHAs MeperoHHas MonyJbHas KojoHHa 100 coxepxuT KoHAeHcaTop 3 U
peboiinep 4, a Takke OAWH WM MHOXKECTBO LEHTPaJbHBIX Moaysied Si... S5,. Kaxgeii us
LEHTPAJIbHBIX MOAYJIEH 5 MPeAnodTUTENbHO CHAOXKEH OJHUM MM HECKOJNBbKUMH CHIIb(OHAMU 6
JUIs. KOMITIEHCALUY TEIUIOBOTO PaCUIMPEHHUs UITH C)KaThsl MOAYJIbHON KOJOHHBI 100 B BEpTHKAJIBHOM
HANPABJICHUU W3-32 OONIbIIMX TEePenajoB MeEXIy OKpyKaromeld u pabouell Temmeparypoi
npoiecca.

brnaropapst 3Tolf MHHOBAIMOHHON KOHCTPYKLMH C CHIb(OHAMH, BXOASALIMMH B COCTaB MOIYJIEH,
KOHEYHasl BbICOTA KOJIOHHBI MEXJy BEpXHEeW M HIDKHEH OIopaMM BCerza OCTaeTcss HEM3MEHHOM,
HE3aBUCHMO OT KaKUX-JHOO 3HAUUTENbHBIX MEPEenajioB TEMIepaTypbl MEXKIY OKpYXKaroIueHd u

pabodeii TemmepaTypoill mporecca, MOTOMY YTO KOTJa OJWH WJIH OOJbIliee KOJMYECTBO MOMYJIEH
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KOJIOHHBI PaCIIUPSIOTCSA MPU YBEJIMUYEHUU TEMIIepaTypbl, U3MEHEHHE BbICOTbI KOMIIEHCUPYETCs
C)KaTHEM CHIIB(OHOB, BXOSIIHUX B COCTAB YIIOMSIHYTOrO MOAYJIS (MM TAKXKe U IPYTUX MOXyJei),
U KOrAa MOAYJIM CXKUMAIOTCS TpPU TMOHWXXKEHUM TeMIepaTypbl, H3MEHEHHE [0 BBICOTE
KOMIIEHCUPYETCSl PACIIMPEHUEM CHIIb(OHOB, YTO MO3BOJIIET OUYEHb BBITOAHO IOIJEPKHBATH
OJIMHAKOBYIO BBICOTY KOJIOHHBI U COXPaHSTh €€ ILeJIOCTHOCTh B PA3JIMYHBIX YCIOBMSX
SKCIUIyaTallid, OJHOBPEMEHHO SIBISSICH OUY€Hb MHHOBALMOHHBIM M BBITOAHBIM  CIIOCOOOM,
MO3BOJISIFOIIMM CTPOUTD KOJIOHHBI JIF0O0H He0OXOAUMOI BBICOTHI, ake Beimie 100 MeTpoB.
Hexoropble unn Bce BepTUKaJbHbIE MOAYJIH 5 COEIUHEHBI CO CTEHKAMHU IIAaXTHOro cTBoja. B
OJIHOM BapUaHTe OCYLIECTBJICHHUS, BEPTUKaJIbHble MOAYJHU 5 MPUKPEIUIEHbl K CTEHKaM IIaxTHOIO
CTBOJIA MIPU NMOMOIIM MEXaHUYECKON ONMOPHON CHCTEMBI 7, BKIKYAKOIIEH, HAPUMEp, KPOHIITEHHbI
WIA CTPYKTYPHBIE OIOPHI (TIOKa3aHbl Ha (urype 3), KOTOpBIE, B CBOKO OYEpEnb MPUKPEILICHBI MPpU
MOMOIIM aHKEPHBIX OONTOB 31 WM IPYyroro TUIa COENMHEHHH K CTEHKAM IIaxXThl WM MOPOAE,
OKpY2Karolllel CTeHKU LIaxXThl, B TOM YHUCJIE C IOMOIIBIO IIMYHTOBBIX COEIUHEHNUH, 3aKPEIICHHBIX B
BbIEMKaX, YTOIUIEHHBIX B CTEHKAaX IIAXThl MJIM OKPY Karo1llel nopose.

Cnenyer oOpatuth BHUMaHHE, 4YTO Ha ¢urype 1 TpeacTaBieH YIPOIIEHHBIH BapHaHT
OCYIIECTBIIEHUs] HACTOSIILEr0 H300pETEHUs,, TA€ MOAYJIbHbIE 3JIEMEHThl 5 HEMOCPEACTBEHHO
COEJIMHEHBI CO CTEHKAMHU LIaXTHOI'O CTBOJIA.

B eme ogHOM BapuaHTe OCYIIECTBICHUS BEPTHKAJIbHBIE MOIYJIH 5 YCTAaHOBJIEHBI Ha IuiaTdopmax
29, obecrieynBarOMNX JIOKANIbHBIH JOCTYym K KojonHe 100, KoTopele, B CBOK O4Yepenb,
MPUKPETJIEHBl K CTEHKAaM IIaxTHOTO CTBOJA C MOMOIIBI0 MEXaHMYECKHUX KPOHLITEHHOB, KOTOpBIE,
YK€ B CBOIO OYepelb, MPUKPEIJICHbl K CTEHKAM IIaXTHOTO CTBOJIA C MOMOINBI aHKEPHBIX OOJNTOB
31 wu npyrux cnocoOOB KperieHusl, KaKk OMUCcaHO Bbimie. CTEHKH MIaXThl MOTYT OBITh TOJIBIMU
KaMHSIMH WJHM MOTYT OBbITb TOKPBITBI CJIOEM OeTOHa, KelIe300€TOHa, KUPIHUYa WIA APYTHMHU
MOIXOAALUIMMHU JIJIsl 5TOTO MaTepraiaMu.

B oxgHOM BapuaHTe OCyIIECTBICHUSI KOHASHCATOP W/HIH pedoiiiep Takke MPUKPETUIEHb K CTEHKaM
LIAXTHOTO CTBOJIA C IIOMOLIBK) MEXAHHYEeCKHX KpOHIUTEHHOB, KOTOpbIE, B CBOI OY€pelb,
NPUKPETUIEHB! K CTEHKaM IIaXTHOTO CTBOJIA C MOMOIIBIO aHKEPHBIX OOJITOB WIIM APYTHX CPEACTB.

B onHOM BapmaHTe OCYIIECTBJICHHs] KOHIEHCATOp W/unu peboiiep Takke YCTAaHOBJIEHBI Ha
wiatpopmax, OOECIeYNBAIOIINX JIOKAJbHBI OCTYl K HHM, KOTOpble, B CBOK O4Yepenb,
MPUKPETJIEHBl K CTEHKAaM IIaxTHOTO CTBOJA C MOMOIIBI0 MEXaHMYECKHUX KPOHLITEHHOB, KOTOpBIE,
YK€ B CBOIO OYepelb, MPUKPEIJICHbl K CTEHKAM IIaXTHOTO CTBOJIA C MOMOINBI aHKEPHBIX OOJNTOB
WIN APYTHX CPEACTB. B OJHOM BapuaHTE OCYINECTBJIEHUS KOHACHCATOP W/MiH pedoiiyiep Takxke
BKJIFOYAIOT CEKLUI C OJHMM WM HECKOJbKHMHU CHIbGOHAMHU Ui KOMIICHCALIMH TEIUIOBOTO

pacinpeHus UK CKAaTUA KOJIOHHbI B BEPTHUKAJIbHOM HAIllPAaBJICHUU.
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JlobaBneHne CHCTEMBbl 3KOHOMUYHBIX TEIUIOOOMEHHHUKOB MOXKET CHH3UTh JKCIUTYaTallMOHHBIC
pacxofpl 3a CUET BOCCTAHOBJIEHHS SHTAJIBIINH, U3PACXOAOBAHHON U MOJYYeHHOH B pedoiinepe u B
koHneHcarope. CornacHo ¢urype 2, B OAHOM BapHaHTE OCYIIECTBJICHUS MEPErOHKY MPOBOIST MPU
KPUOT€HHOH TeMIlepaType, U TEIUIOOOMEHHAs! JKUIKOCTh, CIy’XKalash B KaueCTBE OXJAXKIArOIIeH
JKUIKOCTH B KOHAEHCATOPE U HArPeBarOIIeH JKUIKOCTH B pedoliiepe, mpeacTaBisieT coO0H a30T uin
WHEPTHBIN 3JIEMEHT, TAKOH KaK aprOH WJIH KCEHOH.

TennmooOMeHHast JKUAKOCTb TIOAAETCS B BHUAE JKUAKOCTH B BEPXHHH KOHAEHCATOPHBIN
TEIUIOOOMEHHUK  11; MOINHOCTh  OXJNaxnaeHus, Tpedyemas BEpPXHUM  KOHAECHCATOPHBIM
TEIUIOOOMEHHUKOM 11 11 KOH@HCAIMY NIOTOKA Mapa B KUIKOCTh, MOABEPTAIOIIYIOCS Pa3AeICHHIO
nyTeM AUCTWULINUM B TEPErOHHOW KOJIOHHE, ofecneunBaercss (ha3oBBIM  MEPEXOAOM
TEIIOOOMEHHOH JKUAKOCTH B ra3; ra3000pa3Hblil OTOK TETNIOOOMEHHOHN KUIKOCTH, BbIITyCKAaeMbIH
TEIUIOOOMEHHUKOM BEPXHEro KOoHAeHcaTopa 11, cXMMaercss MoA BBICOKHUM JaBJICHHEM Ta30BbIM
KOMITpeccopoM 12 u HampaBJsieTCsl Ha BXOJ TETUIOOOMEHHHKA HIKHETrO pedoiinepa 13; MOLIHOCTD
Harpesa, TpeOyemasi HIJKHUM TEIUIOOOMEHHHUKOM peboiinepa 11 s KUMSYEeHUs KUIKOTO IMOTOKA
YKUIKOCTH, TIOABEPTaroIIeiics pa3aeeHH0 TUCTIIULIIEH B IEPErOHHON KOJIOHHE, 00ecneunBaeTcs
($a3oBBIM TMEPEXONOM TEIUIOOOMEHHOW JKMAKOCTH M3 Tra3a B KUOKOCTh, IOTOK SKHUAKOH
TEIUIOOOMEHHOH JKUAKOCTH, 00pa3yroIuiics: B TEINIOOOMEHHUKE HIDKHEro peborinepa 13, monaercs
Yyepe3 KPHOTeHHBbIH Hacoc 14 B HampaBIeHWH TEIUIOOOMEHHHKa BEPXHEro KOHAEHCATOpa, 4TOOBI
3aMKHYTb KOHTYP.

CornacHo ¢urype 3, B ONHOM BapUaHTE OCYLIECTBJIICHUS OTHEIbHBICE MOAYJIH 5 KOJOHHBI 100
BKJIIOYAIOT, 10 KpaliHel Mepe, OMH BHEIIHUM TeIIOM30JIALIMOHHBIN pe3epByap 22; U, 1Mo KpaliHel
Mepe, OJUH BHYTPEHHMH 3JIEMEHT KOJOHHBI 23, 3aBEpHYTbI B MHOTOCIONHYIO M3OJSLUIO (HE
nokasaHa Ha ¢urype 3), 3a UCKJIIOYEHHEM MOCJIEOHEH CEKLUH, NMpeJHA3HAuYeHHON sl CBApKH C
APYTUMH MOAYJISIMU S (3TOT Yy4aCTOK OyJeT MOKPBIT MHOTOCIOWHON M30JIALIUEH TOCe BBITOJTHEHHE
CBapKH, Kak OMHCAHO HHUXeE); NMPOCTPAHCTBO 27 MEXAY TEIUIOM3OJIALIMOHHBIM pe3epByapoM 22 u
o0peMOM 24 BHYTpEHHEH KOJOHHBI 23 TIOANEP)KUBAETCS TOA BaKyyMOM; HE IIOKa3aHbI
KOHCTPYKTUBHBIE OIOpbI, COEQUHSIOLINE TEIUIOM3OJIALMOHHBIN pe3epByap C BHYTpEHHeH
KOJIOHHOM.

Kaxxapiii 13 yka3aHHBIX MOAYJEH MM MOIYJbHBIX 3JIEMEHTOB 5... 5;, B YaCTHOCTH, BKJIIOUAET IO
KpailHel Mepe OAWH TeIUIOU3OJSILMOHHBIA pe3epByap, BKIKOYAIOLIMN BJEMEHTBhl pe3epByapa
22...22,, OKpy»KarollKe 3J1eMEeHThl BHyTPEeHHEN KOJOHHBI 23...23;,.

Crnenyer obparuTh BHMMaHHE, YTO OAMH TEIUIOM3OJSILHMOHHBIA pe3epByap 22 MOXKET BKJIOYATh
OJIMH WJIM HECKOJIbKO 3JIEMEHTOB BHYTPEHHEH KOJOHHBI 23, 00pa3yoLINX HE3aBHCUMBIE KOJIOHHBI,

KOTOpPBIE MOTYT pa0OTaTh BMECTE MJIM HE3aBUCHUMO APYT OT Ipyra.
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B npenmodtuTenbHOM BapHaHTe OCYINECTBJICHUS] HACTOSIIEro H300peTeHUs] BHYTpeHHUH 00bem 24
BHYTPEHHEH KOJIOHHBI 23 sBisiercss pabouum 0OBEMOM, M OH 3alOJHEH CTPYKTYPUPOBAHHBIM
HATOJHUTENIEM 1/ TUCTHIUBIIMOHHBIMHA TIJIACTUHAMH (Y€PENYIOIUMICS, IPU HEOOXOAUMOCTH, C
IUIACTUHAMHU Ui pacnpeseneHus >kuakocTd). Cekuus TeMIOU30JSLHMOHHOIO pe3epByapa 22
NPEATIOUYTUTENBHO 3aMEHSIETCS OTHUM I HECKOJIBKUMH CHiIb()OHaMU 26, 4TOOBI KOJIOHHA MOTJIa
npUCNocabInBaThCS K TEIJIOBOMY PACIIMPEHUIO WM CXKATHIO; B TAHHOM BapUaHTE OCYIIECTBICHUS
CEeKIUsI BHYTPEHHEH KOJIOHHBI 23 Takke 3aMeHeHa CHIb()OHOM 25 1l KOMIIEHCALUH TEIUIOBOTO
pacurpenust win cxarus. Crnenyer oOpaTUTh BHUMAHUE, YTO CHIB(OHBI 25 UTrPar0T BaKHYIO POJIb
IUIl BHYTPEHHEH LEHTPaJbHOW NMEePEeroHHOH KOJOHHBI 23, KOTOpas IMOIBEPraeTrcs HaHOOJBIINM
nepenanaM TeMIEePaTyprl U, CIEIOBATENbHO, HAMOOIBIINM IUKJIAM PACIIUPEHUS WIN CKATHS, U3-32
OOJNBIION pa3HUIBI MEXIY TEMIIEpaTypold OKpYy)KaKoLIed cpeapl W paloueil Temmeparypoi
npornecca. CunbpoHbl 26 Takke MOTYT JMOO NMPUMEHSATHCS Ha BHEIIHEM TEIUIOM3O0JISLIIOHHOM
pesepByape 22 (Kak MOKa3aHO 371€Chb), TUOO HE MPUMEHSITHCSI.

B sT0i1 cBsI3M cieqyeT OTMETUTh, UTO MPOCTPAHCTBO 27 MEXAY BHEUIHUM TEMJIOU30JALUOHHBIM
pe3epByapoM 22 W BHYTPEHHEW MEPEroHHOW KOJIOHHOH 23 MokeT OBbITh HCHOJB30BAHO IS
NPOKJIAAKN CHYy)XeOHBIX TPyO, TAaKMX Kak [BE JIMHUH, COCTaBISIIOIIHME 3aMKHYTBI KOHTYP
TEIUIOOOMEHHOH JKHIKOCTH, MEPETEeKA0IEel ¢ BepXHEH B HUKHIOIO YacTb KOJIOHHBI, KaK TOKa3aHO
Ha ¢urype 2, a Takxke IJ Pa3MEIICHUS JMHUH MOJAud ChIPbsl AJSI KOJOHHBI M HEOOXOIUMBIX
JaTYUKOB. B  ONHOM MpPEennmoYTHTENBHOM BapHaHTE OCYLIECTBICHHS CHIb(OHBI  TaKXke
UCTIONB3YIOTCST Ha CIyKeOHbIX TpyOOmpoBOAax (37e€Ch HE MOKa3aHbl), KOTOPbIE Pa3MELICHBI B
IpOCTpaHCTBEe 27 MexXJ1y BHYTpPEHHEH KOJOHHOH 23 W BHEUWIHUM TEIUIOM30JALIMOHHBIM
pesepByapoM 22, CHapy>Kd BHYTPEHHEHl KOJOHHBI M BHYTPU BHEIIHETO TEIUIOU3OJISILIMOHHOTO
pesepByapa.

TennousonaunoHHbIN pe3epByap 22 COENUHEH CO CTPYKTYPHBIMH ONOpaMu 28, KOTOpPbIE, B CBOKO
ouepenb, COEAMHEHBbI C IuiaTgopmoi 29, KoTOopas, yke B CBOK OdYepenb, NPUKPEIIeHa K
KOHCTPYKLIMOHHBIM IIMTaM uiu onopaMm 30, NMpUCOEAUMHEHHBbIM K CTEHKaM LIAXTHOTO CTBOJA C
MOMOIIBIO aHKEPHBIX OonTOB 31 MM APYroro THUMAa COEOUHEHUH CO CTEHKAMHU INAXThl MM C
OKpPY’KalOIMMU TBEPAbIMU MOPOJAMH, B TOM YHCJIE C IOMOLIBIO INMYHTOBBIX COEAWMHEHMH,
3aKpEIUICHHBIX B BbIEMKaX, YTOIUIEHHBIX B CTEHKAaX IIAXThI WK OKPY:KaroIlel nopose.

B nppyrom BapuaHTe OCYLIECTBJIE€HUS MOAYJbHBIM B3JEMEHT 5 HENOCPEeICTBEHHO COEIUHEH C
TUTACTHHAMH, IPUKPETUIEHHBIMU K CTBOJIY IIAXThI C TIOMOLIBIO aHKEPHBIX OOJITOB.

Korpga cambiii HUKHUIT MOAYJIBHBIN 3JIEMEHT 5, YK€ YCTaHOBJIEH, MOIYJb S, |, KOTOPbIH MOJIKEH
OBITh PACHONIOKEH PSAIOM C CaMbIM HIDKHHUM MOZYJIEM, Omyckaercss B maxty 21 u pacnojaraercs
TakUM O0pa3oM, YTO CEKLUHUs BHYTPEHHEH KOJIOHHBI 23,.; BEPXHEr0 MOAYISA 5,1 MOXET OBITh

IpUBapeHa K CEeKLUM BHYTPEHHEH KOJIOHHBI 23, CaMOro HWXKHEro MOAYJs S5, CBapHble TOUKU
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o0o3HaueHsl Toukamu 33. (Purypa 3 mokaspiBaeT yIPOIIEHHBIH BAPUAHT OCYINECTBIICHUS, IIO3TOMY
B KaueCTBE MPUMEPOB MOKA3aHbI TOJIBKO MOAYIH Sy, 5).

B 3TOT MOMEHT MHOroCHOWHas W3OJSIIUsl (He TMOKa3aHa Ha (Urypax), HCIONb3yeMas JJis
YMEHBLICHUsI Tepefavd TeIula TMOCPEACTBOM H3Ny4YeHHs, OOOpauMBaeTCsl BOKPYT CEKIUH
BHYTPEHHEN KOJIOHHBI, €ll[€ He HAKPbITON TETION30JIILIMOHHBIM PE3€pBYapoM.

BremHss runbp3a 32 mnpeaBapuUTENbHO paclojiaraeTcsi BOKPYT BHELIHEro AuamMeTpa HUXKHEro
Hapy>kKHOTO TeIUIOM3OJSIUOHHOIO pe3epByapa, a 3aTeM [pUIIOAHUMAeTCs B MO3ULUI0 U
NPUBAPHUBAETCS K HIDKHEMY 22, W OmwkadmmeMy K HIDKHEMY 22,1 3JE€MeHTaM Hapy>KHOTrO
TEIUION3O0JSILIOHHOTO pe3epByapa, YTOOBI 3aKPBITh CEKLIHIO KPHOCTATa C TIOMOLIBIO CBAPHBIX TOYEK
34.

Bce ocranbHble BCTaBICHHbIE WM TIOCJIEAYIOLINE MOAYJbHBIE 3JIEMEHTBI Si... 5,2 OyayT
3aKpeIJIeHbl TeM JK€ WJIM AHAJOTHYHBIM CIIOCOOOM, B OOpaTHOM MoOpsiAKe OT S, 10 55, 7m0
TOCTH)KEHUS JKeaeMoi pabodeil BbICOTBI MOAYJIbHOM KoJMOoHHBI 100.

Cnenyer oOpaTuTh BHUMaHHE, YTO MOAYJH MOTYT OBITb COENWHEHBI BMECTE TakXKe M JIPYTHMMHU
NOIXOMALIUMH CIIOCOOAMH WJIM CPEACTBAMH, YTO SIBJISIETCS JIMIIb HE3HAYMTEIBHBIM H3MEHEHHEM
HACTOAIIETO WM300pETeHHs, B HACTOSIIEM BapUaHTE CBapKa CUHMTAETCs HauOoyiee Oe30MacHBIM
criocoOOM KperieHHsI 3TUX MOIyJer Sy, Sy1, Spo,... 52, 51, 5 BBHIY 3HAYUTEIPHOTO MEXaHUYECKOTO
HANPSDKEHUS, KOTOPOMY, KakK OXKHIAeTCs, OYAYT IMOABEPTHYTHI MOAYJIbHBIE 3JIEMEHTBl KOJOHHBI
100.

B moGom ciydae, cienyer oOpaTuTh BHUMaHHME, YTO KaK OYEHb JIETKO M TPAKTUYHO MOXKHO
COEAMHUTDH BMECTE MOAYJIbHBIE JIEMEHTHI S1... 5, TaK e JIETKO M MPAKTHYHO MOXHO U pa3o0parhb
HEKOTOPbIE MOJIYJIbHBIE 3JIEMEHTHI, €CIIM 3TO HEOOXOIMMO, Uil TEXHHUECKOro OOCIy’KUBaHUS, B
cilyyae TIOBPEKACHUH, U T.1., YTO TAKXKe SBISETCSA MPEHMYIIECTBOM HACTOSINEro H300peTeHus, KaK
U BCE JIpyrue, ONMMCAHHbIE 371€Ch paHee.

Kak yka3aHO, OuYeHb BaKHbIM U HWHHOBAIIMOHHBIM AacCIEeKTOM, OIMCAaHHBIM B HACTOSLIEM
n300pEeTeHNH, KOTOPBIA (PaKTHUECKH NO3BOJSIET MOCTPOHTh M YKPEMUTh KOJOHHY HACTOJIBKO
BBICOKYIO, YTO 3TO IIO3BOJIUT TNOJYYUTb BCE MPEUMYLIECTBA, ONMCAHHbIE BBILIE, SBIAETCS
HCTIONB30BAHUE, IO KpaliHel mepe, MoayJier S... S,, OANH WK HECKOJBKO M3 KOTOPBIX BKJIFOHAIOT
1o KpalHel Mepe ele OOuH CHIIb(OH, KOTOPBIH MOXET KOMIIEHCHPOBATh TEIIOBOE PACLIMPEHHE
WIN CKaTHe MOIYJIEH 3a CHeT CHKaTHsl MITH PaCIIUpPEHHsI CUIb(oHA.

B npennouturensbHOM BapHaHTE OCYILECTBIEHMs, B YaCTHOCTH, YKa3aHHble MOJIYJH BKJHOYAIOT
MOAYJbHBIN pe3epByap 22 U MOAYJbHBbIE 3JIEMEHTHI 23 1O KpailiHeH Mepe OIHON MNeperoHHOM
KOJIOHHBI, NIPUYEM MO KpaiiHeil Mepe OUH U3 YKa3aHHBIX MOJAYJbHBIX 3JIEMEHTOB 23 COAEPKUT

OJUH WJIN HCCKOJIBKO CI/I.]'II:(I)OHOB.
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Y HoMsHYThIN 1O KpaliHell Mepe OMH 3JIEMEHT BHELIHEro pe3epByapa 22 U yKa3aHHbBIN 10 KpaiiHel
Mepe OOWH DBJIEMEHT BHYTPEHHEH KOJIOHHbI 23 COENMHEHbl B OJHOH TOYKE C TIOMOLIBIO
HETOJBWKHOTO COEAMHEHMUS], WIH K€ TaAKOE COCIMHEHNE OTCYTCTBYET, U B OAHON WJIM HECKOJbKHUX
TOYKaX € MOMOILBIO CKOJB3SIIUX COCAUHEHHH, CKOJNB3SIIMNX YCHOKOUTENEH, LEMHbIX COSAUHEHUI
WU JPYTUX CPEACTB, KOTOPbIE MO3BOJSIOT PEryJIMPOBATH PACIOIOKEHHUE 3JIEMEHTOB BHYTPEHHEH
KOJIOHHBI OTHOCUTEJIbHO 3JIEMEHTA BHEIIHErO pe3epByapa B OCEBBIX HAIMPABJICHUSAX, MPU STOM
4acTH, MO KpalHeW Mepe, OJHOTO pe3epByapa 22 W 3JIEMEHTa BHYTPEHHEH KOJIOHHBI 23 He
COeMHEHBI (PUKCHPOBAHHBIMU CPEACTBAMH, TIOSTOMY OHHU MOTYT CBOOOIHO CKOJIb3UTh B OCEBOM
HaIMpaBJICHUU [UIsl JIOKAJIbHOM, B Mpefeiax BbICOTBI MOAYJA S5, KOMIEHCAIMH TEIIOBOTO
pacIIupeHust WK CKaTUs JTI0O0H U3 UX YacTew.

OTU U ApyrHe LeNn HACTOSIIEro M300PETeHUs] TOCTUTAIOTCS C MOMOIIBI0 MOAYJIBHOHN IMEepEerOHHON
KOJIOHHBI, BKJIIOYAIOIIEH NMPHU3HAKU TpuiaraeMoil (GopMyJibl M300peTeHHs], KOTOpast COCTABJISIOT
HEOTBHEMJIEMYIO YaCTh HACTOSILIETO ONUCAHUS.

Takum 00pa3oM, U3MEHEHHST BHICOTHI WM JHAMETPa MOIYJbHBIX 3JIEMEHTOB, CPEICTB KPETUICHHS K
CTEHKaM IIAaXTHOTO CTBOJIA, (PYHKIMOHAJIBHBIX 3JIEMEHTOB MOJYJBHOH MEePeroHHONW KOJOHHBI,
KOJIMYECTBA CPEACTB KPEIUICHMs], TUMA CPEACTB KPEIUJICHUs] MEXIAY MOAYJSMH — BCE 3TO CIEAyeT
CUYHUTATh HE3HAYUTEIbHBIMA MOIU(UKAIMSIMH HEKOTOPBIX BAPUAHTOB OCYINECTBJICHHS HACTOSIIETO
u300peTeHnsT W OHU JOJUKHBI PACCMATPUBATHCS KAaK OXBAThIBAEMblE OOBEKTOM HACTOSIIErO
n300peTeHNs], KaKk OMMCAHO BbIIIE, U Jy4ile OOBICHEHO CO CCBUIKOH Ha NpHiaraeMyro Gpopmyiy

n300peTeHusl.
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POPMYVYIJIA

1. Ileperonnas kononHa (100) st pas;meneHuss W30TOMNOB, BKIIOYANOINAs, MO KpaiHEH Mepe,
HIDKHUHN peOoiinep (4), BepxHMH KOHAEHCATOp (3) M CEKIMIO LEHTPAJbHON KOJOHHBI, MPHYEM
yKa3aHHas CEKLHsl LIEHTPAJIbHOM KOJOHHBI BKJIKOYAET, MO KpalHEH Mepe, OAUH WM HECKOJIBKO
LEHTPAJIbHBIX MOAYJbHBIX 3J€MeHTOB (5..5,), TpUUeM yKa3aHHblE MOIYJbHBIE 3JIEMEHTHI
COCIMHEHBbl CO CTEHKOM HECylled KOHCTPYKLHMH IOCPEACTBOM COEAUHUTENbHBIX CPEICTB,
XapaKTePU3YIOMIAsCsl TEM, YTO OAMH WJIM HECKOJbKO MOAyJeH (5) BKIIIOUAIOT, MO KpalHeH mepe,
OIUH WM HECKOJNBKO CHUIb(OHOB Uil KOMIIEHCAIlMM TEIUIOBOIO PACIIMPEHUs WM COKATHS
yKazaHHbIX Moxyseh (5...5,) u3-3a OONbIINX MEepernagoB MEXAYy TEeMIepaTypol OKpyKaromen
cpeabl U pabodel TeMIiepaTypoil mporecca 3a CUeT CXKaTUsl WM PacIlUpeHUsl CUIIb(QOHOB 1O BCel
BBICOTE KOJIOHHBI, YTOOBI MOAMEPKUBATb HEM3MEHHOM OOINYIO BBICOTY BHYTPEHHEH KOJOHHBI
MEXAY €€ BEpXHEH 4aCTbI0 U HUXKHEM ONOPOM, YTO MO3BOJISIET COXPAHUTDH LIEJIOCTHOCTD KOJIOHH BO
BpeMsl IyCKa M JKCIUTyaTallM{, MPHU 3TOM MOJAYJbHAs KOJIOHHA HMeeT JIIOOYI0 HEeOOXOIUMYIO
BBICOTY.

2. Ileperonnas kosonHa (100) s pasgeneHuss M30TOINOB MO MyHKTY 1, B KOTOPOH yKa3aHHBIH
moayib (Moxyim) (5..5,) BKJIIOYAeT MO KpaliHeW Mepe OOWH 3JIEMEHT TEeTUIOM3OJISILIMOHHOTO
pesepByapa (22..22,) u mo KpalHeill Mepe OIWH BJIEMEHT BHYTPEHHEH MONYJbHOW KOJOHHBI
(23...23,), B3aKJIIOYEHHBI BHYTPH YKAa3aHHOTO »JJIEMEHTA TEIUIOM3OJISILIMOHHOTO pe3epByapa
(22...22,), npuyeM yKa3aHHBIN TETJIOU3OJIILIUOHHBIN pe3epByap sBJISIETCS MOYJIbHBIM, a yKa3aHHasI
KOJIOHHA CIOCOOHA BBIIEPKHBATH OYEHb OOJIBLINE Tepenaapl MEKAY TEMIIEPATYPOl OKpyKaroIe
cpenbl U paboueli TeMmepaTypoii mpoiecca.

3. Ileperonnas xosnonna (100) s pa3meneHust H30TOMOB MO MPENBITYIIUM MYHKTaM, B KOTOPOH
yKa3aHHAsl TEpPEeroHHasi KOJIOHHA MOKeT paboTaTh NpU KPUOTEHHOW TeMIeparype, SBISIChH
KPUOT€HHONW MOAYJIbHOM NEPErOHHON KOJIOHHOM.

4. Tleperonnas kononHa (100) myis pasmeneHuss M30TOMOB MO MYyHKTY |, B KOTOpOH ONMH WU
HECKOJIPKO YKa3aHHBIX 3JIEMEHTOB BHEIIHErO TEeTUIOM3OJIIMOHHOTO pe3epByapa (22) BKIIIOYAIOT
cuiboHbl (20), TO ecThb y4acTOK pe3epByapa (22) 3aMeHSIeTCS OIHUM WJIH HECKOJIbKUMU
cuibpoHaMu (26) [ KOMITEHCAIIMM TEIUIOBOTO PACIIMPEHHUS] WJIM C)KATHsl, BBI3BAHHOIO Ja’Ke
HeOONBIINMY KOJIEOAHUSIMH TEMIIEPATYPbl OKPY KAIOIIEH CPeNIbl.

5. Ileperonnas xononHa (100) nns pasneneHHss U30TOMOB MO MPEAbIAYIINM MyHKTaM, B KOTOPOM
yYKa3aHHBIH, MO KpailHell Mepe, OAWH 3JIEMEHT BHEINHEro pe3epByapa (22) W yKa3aHHBIH, MO
KpaiiHel Mepe, OIMH 3JIEMEHT BHYTPEHHEH KOJIOHHBI (23) COeNUHEHBI B OJHOW TOYKE C TIOMOLIBIO
HEMOABH)XHOIO COCAWHEHUS, WIH K€ TAKOE COEAUHEHUE OTCYTCTBYET, U B OJHOM WJIM HECKOJBKHUX

TOYKaxX C IIOMOIINBIO CKOJIB3AINX COGHHHGHHﬁ, CKOJIB3A1IHUX YCHOKOI/ITGJ'IGI\/'I, LOCIMHBIX COGI[I/IHGHI/II\/'I



WIN JIPYTUX CPEACTB, KOTOpbIE MO3BOJISAIOT PETyJIUPOBAaTh PACHONOKEHNUE 3JIEMEHTOB BHYTpPEHHEN
KOJIOHHbl OTHOCUTEJIbHO 3JIEMEHTAa BHEIIHEro pe3epByapa B OCEBBIX HAINpPAaBJIEHUSX, NMPU 3TOM
4acTH, N0 KpalHell mepe, omHOro pesepByapa (22) u sneMeHTa BHYTpEeHHEH KOJIOHHBI (23) He
COeAMHEHBbI (PMKCHUPOBAHHBIMU CPEACTBAMH, MOITOMY OHHM MOTYT CBOOOIHO CKOJIb3UTH B OCEBOM
HaNpaBJIEHUN JUIs JIOKAJbHOH, B TpeAenax BBICOTBI MOAyJsA (5), KOMIIEHCAlMU TETIOBOTO
paCUIMPEeHHs WIN CXKATHs JIIOOOH U3 MX YacTei.

6. Ileperonnas xononsa (100) ans pasmeneHuss H30TOMOB MO MPENBITYIIUM MYHKTaM, B KOTOPOH
npoCTPaHCTBO (27) MEXOy TEeIUIOM3OJSIMOHHBIM pe3epByapoM (22) M 3J€MEHTOM BHYTPEHHEH
KOJNIOHHBI (23) mubo paboraer B BakyyMe, U TPU STOM 3JIEMEHT KOJOHHBI (23) o0epHyT
MHOTOCJIOHON H30JsMel, Ju0O 3aloNIHEHO CHEeNMAJbHBIM H30JSILIHOHHBIM — MaTEpHaJIoM,
NPUTOAHBIM JIJIs1 Pa0OTHI KOJIOHHBI B KAU€CTBE KPUOTE€HHON MEPEeroHHON KOJIOHHBI, YTOOBI CBECTH K
MUHUMYMy TeIUIONepenady U BIMsAHME HW3MEHEHMs TEeMIIepaTypbl BHYTPEHHHUX MOJYJbHBIX
3J1eMEHTOB (23) Ha 3J1eMeHThI BHELIHETO pe3epByapa (23).

7. Ileperonnas xononHa (100) ans paspeneHust H30TONOB IO MPEABIIYLIUM MYHKTaM, B KOTOPOH
CHIb(OHBI TaKKe WMEIOTCS Ha CIy)XXeOHbIX TPyOONpOBOAAX, KOTOpPbIE pACHOJOXKEHBI B
npoctpancTBe (27) MekAy BHYTPeHHEW KOJOHHOW (23) W BHENIHUM TETUIOM3OJSILIHOHHBIM
pesepByapoM (22), CHapyku BHYTPEHHEH KOJOHHbI U BHYTPU BHELIHErO TEIIONU3OJISLIMOHHOTO
pesepsyapa.

8. Ileperonnas xononHa (100) anst pasnenaeHUss U30TOMOB MO MPEAbIAYIINM MyHKTaM, B KOTOPOM
yKa3aHHasi MOXyJibHasi KojoHHa (1) BKIIIOYAET SKOHOMHYHBIE TEIJIOOOMEHHHMKH Uil CHIKEHHS
CTOMMOCTH  MpOLeccCa  Pa3AeieHHsT H30TONOB 32 CUET BOCCTAHOBJICHHS  DHTAJIBIINH,
U3PACXOMIOBAaHHON U MONy4EHHOM B pedoiiiepe u KOHIEHCAaTOpE.

9. Ileperonnas kojonHa (100) st pasaeneHus: H30TOMOB MO MPEIbIAYIINM MyHKTaM, B KOTOPOI 1O
KpaiiHell Mepe OIWH TEIUIOM3OJISILIMOHHBIA pe3epByap (22) COmepsKUT HECKOJIBKO 3JIEMEHTOB
NEPEeroHHONH KOJOHHBI (23), W OSTH KOJOHHBI COEAMHEHbl JIMOO MapajulesbHO, JIHOO
MOCJIEAOBATENBHO.

10. Ileperonnas kononHa (100) nist pa3aeneHust U30TOMOB MO MPEIbIAYIINM MYHKTaM, B KOTOPOH
MOJyJibHAsI TieperoHHasi kojoHHa (100) uMeer MHUHMMAJbHOE KOJMYECTBO CTAIMi PABHOBECHS B
IMana3oHe OT HECKOJIbKUX ThICSY 10 HECKOJIbKMX COTEH ThICSY, HEOOXOIUMBIX U pPa3lieeHUs
W30TONOB aPTOHA M KCEHOHA, YYUTBIBASL, UYTO JJIs 3(PPEKTUBHOIO pa3fesieHnss MUHUMAJIbHOE YHUCIIO
CTaguil HaxXOAWUTCS B TIOpsiAKe, OOpPaTHOM pa3HHLE MeXAy eAuHULed (Yucio OnxuH) |
K03(pPULIMEHTOM JIETYy4eCTH WHTEPECYIOUINX H30TOMOB, MNPHYEM YKa3aHHOE MHHHMAJbHOE
KOJIMYECTBO CTaJ Uil HAXOAUTCsS B IOPsIKE HECKOJBKO ThICAY JUIsl M30TOIMOB aproHa M MOpsiaka

HECKOJIbKHX OCCATKOB TBICAY OJI U30TOIIOB KCCHOHA.



11. Cnoco® cOOpKH KpUOT€HHOW NEePEeroHHOH KOJIOHHBI MO MPEbIAYIIUM IMYHKTaM, B KOTOPOM
nepBblii MoAyib (5...5;) BKJIIOYAET 3JEMEHThI KOJOHHBI (22..22,) W OKpPY)KAIOLIUE 3JIEMEHTHI
TEIIOU3OJSITUOHHOTO  pe3epByapa (23...23,), BMecTe NpeaBapUTEIbHO COOpaHHBIE B MOIYJIH
(5...5,), mpudeMm ykazaHHbIe MOAYJH (5..5,) UMEIOT WHANBUAYAJIBHYIO BBICOTY B AHMAMa30HE OT
HECKOJIbBKUX METPOB JO HECKOJBKUX JIE€CSITKOB METPOB, YTOOBI HMX MOXHO OBLJIO JIETKO
TPAaHCIIOPTHPOBATH CO CTPOUTENIBHON TUIOLIAIKA, MOAYJIM 3aTE€M ITOCIEN0BATEIbHO COOUPAIOTCS HA
MecTe UX OKOHYATEJbHOH YCTaHOBKH, OyIy4YHd CIIOKEHHBIMH H ITOCJIEOBATEIbHO COCIMHEHHBIMH,
OJIMH HA PYroii BHYTPH IAXTHOT'O CTBOJIA MJIM HECYIEeH KOHCTPYKLIUH.

12. Cnocob cOopku KpuOreHHOH meperoHHoN konoHHBI (100) s pasgeneHUs U30TOMOB IO
NpeabIAYIINM MYHKTaM, B KOTOPOM yKa3aHHbIE MOJYJIbHbBIE 3JIEMEHTBI CHa4aja pa3MeIlatoTCs B UX
OKOHYATEeJIbHOM ITOJIOKEHHH, & 3aTeM COSAUHSIOTCS BMECTE JIMOO MyTeM CBAPKHU MOCIEeIHEN CeKLIUU
Kaxaoro monynst (Sp1) co cruenyroomed cekuuwei (S5,), MO0 MyTeM COEOUHEHHs! ABYX CEKIUi
MOCPENCTBOM (PJIAHIIEB.

13. Crocob cOopku KpUOTEHHOH meperoHHoN kosioHHbI (100) s pasmeneHus: U30TOMOB IO
NpeAbIOYIINM MyHKTaM, B KOTOPOM MOAYJb (5...5,) COenuHsIeTCst CO CTPYKTYPHBIMU onopamu (28),
KOTOpBIE COEAMHSIOTCA ¢ MaThopMoit (29), NpUKperieHHOH K KOHCTPYKUHMOHHBIM miutam (30),
NPUKPEIUIEHHBIM K CTEHKAaM IIaXThl WM IIAXTHOTO CTBOJIA, HEMOCPEACTBEHHO WJIM Yepe3 Apyrue
KOHCTPYKLIMOHHBIE 3JIEMEHTBI, JHOO C TOMOIIBK aHKepHbIX OontoB (31) myum apyroro Ttuma
COEAMHEHUI CO CTEHKaMH IIAXThl WK C TMOPOMAOH, OKPYKAIOIIEH CTEHKY LIAXThI, B TOM YHCJE C
MOMOIIBIO IIMYHTOBBIX COEIWHEHHH, 3aKPEIUICHHbIX B BBIEMKAX, YTOIUIEHHBIX B CTEHKAaX IIAXThI
WJTH OKPY:Karolei nopoae.

14. Cnocob cOopku KpUOTeHHOH meperoHHoN konoHHbI (100) s pasgeneHus: U30TOMOB IO
NpPEABIAYINAM MYHKTaM, B KOTOPOM MOAYJb (5...5n) COeqUHSIETCs CO CTPYKTYPHBIMU onopami (28),
KOTOpBIE COeANHEHbI ¢ TUIATGOpMOIi (29), MPUKPEIUIEHHOH K JIF0OOH BHEITHEH paMme OMopbl, TaKOH
KaK OY€Hb BBICOKAsl OALITHS.

15. Cnocob cOopku KpuOreHHOH meperoHHoN koioHHbI (100) s pasgeneHus: U30TOMOB IO
NPEABIAYINAM TYHKTaM, B KOTOPOM XJIa[JareHT 3aMEHSIETCS] WHEPTHBIM 3JIEMEHTOM, TaKUM Kak

aprOH, KPUIITOH WM KCEHOH, JIJIsl pACIIMPEHUs TUana3oHa paboyux TeMIepaTyp mporecca.
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