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2420-568651EA/061
SKCIJIYATALIMOHHO-KAPOTAXHEI SBOHT

[0001] HacrTodmas 3afdBKa yCTaHaBJIMBAeT IIPUOPUTET Ha OCHOBe
llpenBapuTesbHOM SagaBku W 61/555,100, nomanHol 3 Hogbpsa 2011
Toma, ¥ IllpemBapuTesibHOM 3agexku N 61/624,080, nomaHHOW 13 amnpess
2012 r1oma, KOTOpHE TeM CaMBM BKJIOUEHH 3IOeCh CCHJIKOM BO BCeU
CBOEM IIOJIHOTE.

OBJIACTE TEXHUKU

[0002] PackprTOe 30echkb u300peTeHMe OTHOCUTCS K IIOMCKOBO-—
pa3BenodyHEM paboTaM Ha HedTr M ras3, M, B 4YacCTHOCTH, K
CKBaXyHHOMY NOpMOOPY OJIA KapoTaxXa DKCIIIyaTallMOHHOM CKBaXWHEH.

YPOBEHE TEXHUKU

[0003] B TIOMCKOBO-pPas3BeNOUHEX paboTax Ha HedTb U Ias3
HeoBxXoOuMMO NpoOYypPMBaTh CKBaXMHY B TOpPHOM mnopone. OlLIeHKY TOPHOMU
IIOPOOEL M OKpyXaolUX IJIaCTOB UYacTO I[IPOMBBOLOAT C MCIOJb30BaHUEM
CJIOXHO YCTpOeHHOTO ofopyIooBaHUA, OIIYCKAaeMOTO B CTBOJ CKBaXWHH.
OLleHKM, WIM CKBaXMHHEM KapoTaX, MOTYT BHIIOJHATLCS B IIpollecce
OypeHnsa (M3MepeHMe B Ipolecce OypeHusa, (MWD wam LWD)), wim
nocjyie OypeHmud, TakKMM 0o0pasoM, KaK OIIyCKaHMe Ha TaJIeBOM KaHaTe.

[0004] MoryT OHTBH MCIOJIBE30BaAHE MHOTOOOpAa3HHE WMHCTPYMEHTH.
VHCTPpYMEHTH, KOTOPHBE OPMEHTMPOBaAHH Ha TeXHOJOI'MM, TaKMue Kak
panraluroHHOe n3MepeHue (reHepUpOBaHUe TraMMa-KBaHTOB n
HEeVTPOHORB) , un  U3MepeHud, BRJIOUAKIME  aKyCTUMUEeCKUM KapoTax,
ceMCMMUEeCKUM KapoTaX, Pe3UCTUBHOCTL, MAaTHUTHHM pPe30HaHC, UYacTo
IPUMEHSITCAd ¢ oTbopoM o00pa3Lok QIOMIOB, M C Pa3HoOOpasHBEMU
OIpYyTMMM  dopMaMM  CIEKTPOCKOIUM. K coxajeHuo, pasHooBpa3HEe
OpuBOpPH ¥  MHCTPYMEHTH, KOTOPHE TIIPUMEHVMHE IJIS CKBaXWMHHOTO
KapoTaxa, KaK I[IpaBWJIO, BKJKUAKRT CJOXHOe ODOpyIOBaHMeEe, KOTOpOe
TpeByeT COeOMHEeHMs C MUCTOYUHMKOM 5SHEePI'OCHaDXeHVs U IOPpYIUM
BCIIOMOT'aTeJIbHEM 000pyIOBaHNEM Ha [IOBEPXHOCTU . [osTOMYy
KapoTaxHoe O00OpyLOoBaHMe WM3BJIeKaKRT W3 CTBOJIa CKBaXMHE Ilepel
HauaJlIoOM €e HBKCIlyaTaluM.

[0005] OODHakKoO WU3BBJIeUeHUEe KapoOTaxHOT'O oDopyooBaHUA U3
CTBOJIa CKBaXyHE CTaBUT OIIepaToOpOB B TakKoe IIOJIOXKeHMe, UTo
HeBO3MOXHO OXapaKTepU30BHBATE BaJjlaHCOBHE 3arace BypoBOM

CKBaXVHEI. CoOOTBEeTCTBEHHO STOMY , OoIlepaTOPErI IIeprnoimdeCKM



OCTaHaBJIMUBAKLT hifele) Y oJis [IPOBEeIeHM S KapoTaxa u OLIeHKMU
TeXHUUYECKOT'O COCTOSHUSA COOTBEeTCTBEHHOM DKCIUIyaTaluMOHHOM
CKBAaXMHEH . KoneuHo, OCTaHOBKa OOOHUM OKas3HBaeT OT'POMHOE
HeTaTUBHOE BJIMAHME Ha DKOHOMUUECKMEe IIoKa3aTeJIM OJId ollepaTopa.

[0006] TaxmMm oBpasoM, TpebywoTCSa CIOCOOH UM YCTPOMCTBA,
IPUTOOHEIE IJIA I[IPpOBeleHMHA CKBaXMHHOTO KapoTaXa B  YCJIOBUAX
DKCIUIyaTalun . Crioco®el M  YCTPOMCTBa INIPEONOUTUTEJIBHO  ITOJIKHEI
obecneurBaTh BLHIIIOJIHEHME aHaJIn30B pasHooBpa3HEX THUIIOB c
MUHMMAJILHEM BJIMSHMEM Ha OOOHUY .

CYIIHOCThL M3OBPETEHNVA

[0007] 3B0HI OJ4 BHIIOJHEHUS M3MepeHUM B CTBOJIE CKBaXMHH BO
BpeMsa DKCIJIyaTalun CKBaXMHE BKJIIOUAET : KOMIIOHEHTEL OJis
Te0dM3UUIECKOTO MCCJIeOOBaHMSA CKBaXMHB, KaHaJl CBA3M, CKBaXMHHOE
SJIEKTPOHHOE YCTPOMCTBO, U CHIIOBOM OJOk. CHJIOBOM OJIOK cHabxaeT
SJIEKTPOSHEePTHUEN BKCIJIyaTallMOHHO-KApPOTaXHEM 30HO. CHMJIOBOM OJIOK
MOXeT BKJIIOUATh T€HepaTop, COeIMHEHMe C MCTOYHUMKOM IIUTaHUS
(TakMM KaK MCTOYHMK IIMTaHMA Ha [IOBEPXHOCTM), IIEepBUUYHYK OaTapen,
u BEHICOKOTEMIIEPATYPHOE rnepeszapaxaeMoe SHEPTOaKKyMyJIMPpyKIlee
YCTPOMCTBO. B  SHeproakkyMyJIMpYRIEeM YCTPOMCTBE  MOTYT OHITH
[IPMMEHEHH CYIIEPKOHIEHCATOPH (MOHMCTOPRH) .

[0008] CorJiacHO [IEPBOMY acIiexkTy n3obpeTeHusd, crioco®
SKCIJIyaTaluM KapOoTaXHOM CHMCTeMH BRJIOUAET CTaauM, B KOTOPHX:
IpPOBOOAT KOMII€HCalMOHHBIM nonzapAan nepe3apsaKaeMoIo
SHEPTOaKKYMYJIMPYIIEeIo YCTPOMCTBa B TeueHMe IIepBOTO IIepuoma
BpeMeHM; U DBKCIUIYaTHUPYIT KapoTaxXHOoe BJIEeKTPOHHOEe YCTPOMCTBO C
VICIIOJIE 30BaHUEM DIIEKTPOBHEPTUN oT nepe3apaXaeMoTo
SHEePTOoaKKyMyJIMPYIRIEero YCTPOMCTBa B TeueHMe BTOPOTO IIepuoma
BpeMeHM, KOTOPHM ABJAeTcda 0oJjlee KOPOTKMM, UYeM IIePBHM [Iepuon
BpEMEeHN .

[0009] CorJjlacHO BTOPOMY ACIIeKTY n300peTeHUd, crioco®
SKCIUIyaTalluM KapoTaXHOM CUMCTeMbl BKJYaeT CTaauM, B KOTOPHX:
IpOBOIOAT KOMIIEHCAalMOHHEM rnonz3ap4an rnepe3apaXaeMoTo
SHEPTOaKKyMyJIMPYKIeT o YCTPOMCTBA KapoTaXHOT'O 30HIA,
pPasMeleHHOTO B CTBOJIE CKBaXWHB; W BKCIUIyaTUPYIRT KapoTaXHOoe
2JIEKTPOHHOE  YCTPOMCTBO KapOoTaXHOTO 30HOA C  MCIOJb30BaHMEM

SJIEKTPOSHEPIT' I oT rnepezapaxaeMoIro SHepPIT'OaKKyMyJIMpyKRmeIro



YCTPOMCTBAa B TeueHMe BHOPAaHHEX IIepUOOOB BpeMeHM.

[0010] CorjacHO TpeTbeMy acIlekKTy M300peTeHMHd, KapoTaxHas
cucTeMa BKJIOUAeT: KapOTaXHHM 30HIO, BRJIKUAKIKUM IIepesapsKaeMoe
SHEepPTroakKyMyJIMpyKlee YCTPOMCTBO, kabeJb n BIJIEKTPOHHOE
YCTPOMCTBO, KOHOUIYPUPOBAHHOE IJIA 3apSXaHud Iepe3apsKaeMoTo
SHEPTOaKKyMyJIMPYyRIe IO YyCTpOMCTBRa oT yIOaJIEHHOTO MCTOUHUKA
IMTaHUg .

[0011] CorJyacHO UeTBEepTOMY aclleKTy Uu300peTeHUsa, KapoTaXHBM

S0HIO BRJIOUaeT : KapoTaXHoOe SJIEKTPOHHOE YCTpOﬁCTBO,
KOH@MPprpOBaHHoe IOJI4d BEITIOJIHEHNM A KapoTaXHEIX paGOT; u
IepezapdaxaeMoe SHepPIT'OaKKyMyJIMpyiee YCTpOﬁCTBO,

KOHQUTYPUPOBAHHOE MOJS IIOJIy4eHMSA KOMIIEHCAIMOHHOTO Ion3apsaia oT
YyIOaJIEeHHOTO MCTOUHMKAa IMIUTaHMA M O CcHabOXeHMA BJeKTpOosHepITuen
KapoTaXxHOTO BJIEKTPOHHOTO YCTPOMCTBA B TeueHNe BHOpPAaHHHIX
[IEPUOIOB BPEMEHMU.

[0012] CoryacHO TIATOMY AacIleKTy u3o0bpeTeHUd, KapoTaXHHM
30HIO BKJIOUAET: KapoTaxHoe DJIEKTPOHHOE YCTPOMCTBO,
KOHQUIT'YPUPOBAHHOE MJIS BHIIOJIHEHMSA KapOoTaxXHBX paboT, M OIOVMH WK
foJjlee OaTUMKOB, BHOPAHHBIX M3 OaTUMKOB TUIIOB, BKJIKUAKIMX TaTUUKU
OaBJIeHMs, TeMIepaTypH, JOKaTop MyQTOBHX COeIMHEeHUM o6camHou
KOJIOHHEL, akKceJlepoMeTp, U3MepUTeJIn [LJIOTHOCTHA aKyCTHUUEeCKOM
SHepIUH, cecMrUecKHre OaTuuKuy, OT'paXIeHHHE n BCTPOEHHEE
pPacxoIOMepH, TBepOOoTeJIbHEE PacxXOOOMEPH, OaTuMKM OJS WM3MepeHUd
eMKOCTHM, MHIYKTUBHOCTM, YIEJLHOTO COIPOTHUBJIIEHUI, Iepelauu u/MUin
npreMa AKYyCTHUUECKOM SHEPITUNU, [IaCCUBHOTO TraMMa-M3JIydeHN s,
AKTUBHOTO TaMMa-M3JIydeHusd, yCcTpoMcTBa IOJia oTdbopa o0OpasloB
GJIOUIOB, oTbopa ofpasLoB rjacra, IIOCTPOEHU S MarHUTHO-
PE30HAHCHOTO n3o0paxeHnsd, perucTpaluumu AOEPHOTO MaTHMTHOTO
pesoHaHca, OaTUMKM  HalpaBJIEHMS  WMJIM  MHepLUMaJIbHHE  JTaTUMKM,
MaTHVTHEE OaTUVKU u TUPOCKOIIH ; u BEHICOKOTEMIIEPATYPHOE
rnepesapsaxaeMoe DHEPTOoaKKyMyJIMpyolee YCTPOMCTBO,
KOHOUTYPUPOBaHHOEe IJIA CHaOXeHUS DJIeKTPORHepTMel KapOoTaXHOTO
2JIEKTPOHHOTO YCTPOMCTBA.

[0013] CormJjlacHO mecToMy ACIIEeKTY n300peTeHUd, crioco®
SKCIUIyaTallM KapOoTaXHOM CUMCTEeMB BKJYaeT CTaauio, B KOTOPOM:

InepeMemarnT KapOTaXHHﬁ SO0HIO BepPTHUKaAJIEHO B CTBOJIE CKBAXMHEI C



noMomeilo kabejd, KOTOpHﬁ MeXaHM4deCKM InogomepxmBaeT KapOTaXHHﬁ

30HID U ofecHneumBaeT Iepelavy MHOOpMaALUMM U/UIM  Oepemauy

SJIEKTPOSHEPIT U, nprnuemM KapOTaXHHﬁ 30HIO BKRJIOUaeT
BHICOKOTEMIIepaTypHOe nepesapsKaeMoe SHEePTOoaKKyMyJIUpYyIIee
YCTPOMCTRBO.

[0014] CorJjlaCcHO CeObMOMy  acCleKTy mu300peTeHUd, crioco®

SKCIUIyaTalluM KapOoTaXHOM CUCTeMbl BKJoUaeT CTaauMM, B KOTOPHX:
IepeMemanT KapoTaxHHM S0HI BePTHMKAJILHO B CTBOJE CKBAaXWMHBL B
TeueHMe I[I0 MeHbIleM Mepe OOHOTO IIeprMola BPEeMeHM C IIOMOIMBLIo
KabeJisi, KOTOPHM MHOIIepXMBaeT KapPOTAaXHEIM BOHO U ofecleurBaeT
nepenauy MHOOPMALUM U/UIM Hepelauy SJIeKTPOSHEPIHM; U YISPXKUBAT
KAapOTaXHEM 30HI B O(QUKCUPOBAHHOM IIOJIOXEHMM B CTBOJI€ CKBaXMVHH B
TedyeHME  BTOpPOTO IIepuolla BpPEeMeHU, opuyeM  KapOTaXHHEM  30HI
BKJIIOUAET BEICOKOTEMIIEPATYPHOE rnepe3apsxaeMoe
SHepToaKKyMyJIMpyolee YCTPOMUCTRBO.

[0015] CormJlacHO BOCBMOMY acCIIeKTy n300peTeHMUd,
pacrnpenejieHHasd KapoTaXHas CUCTeMa  BKJIKOUaeT: MHOT' OUMCJIEHHEE
KapOTaXHBEe 3OHOHE, pPas3MelleHHEe Ha Pas3JIMUHEIX YydYacTKax BHYTPMU
CTBOJIa CKBaXMHH, IIpMUeM I[IO MeHbIleM Mepe OOMH K3 KapOTaXHHX
30HIOB BKJIIOUAET BEICOKOTEMIIEpaTYPHOE epeszapsaxaeMoe
SHEepPTOaKKyMyJIMpyllee YCTPOMCTRO.

[0016] CorJylacHO IOeBATOMY acCIlekKTy u300peTeHMa, KapoTaxHasd

cucTeMa BRJIIOUWaeT : MCTOUHHUK IO BO OMMOM MOIHOCTMV, BKJIIOY A0
IIEePBUYUHYIO 6aTapem, yHaHeHHHﬁ VMCTOUHUK M/MHM T'eHepaTop;,
BEICOKOTEMIIepaTypHOEe IiepesapdaxaeMoe SHepPT'OaKKyMyJIMpyRiee

YCTPOMCTBO; M HATPY3KYy OJ4 IIPUHATHSA DSHEePIUM OT IIepe3apaXxaeMoIo
SHEPTOaKKyMyJIMpYyIeTro YCTPOMCTRA.
KPATKOE OIIMCAHUE UEPTEXEN

[0017] TIIpenmeT oOCyXIeHUS, KOTOPHM paccMaTpuUBaeTCsaS Kak
nz3obpeTeHnUe, TUlaBHBEM o0O0pas3oM IIOKa3aH B ONMCaHMM. BrelleykKasaHHHE
¥ IIpouMe TIIPpM3HAKM W [IperMylmecTBa M300peTeHusS OUEeBUIOHHE U3
HUXeCJIeOyero IIOOPOOHOT'O OIMCaHMA, IIPMBEOEeHHOI'O B COUeTaHuM C
COINIPOBONUTEJIEHEIMM UYepTeXaMy, Ha KOTOPHIX:

[0018] dur.l WJJIOCTPUPYEeT OIOVH IPUMEPHEM BapMaHT
VCIOJIHEeHM A OypPMJILHOM KOJIOHHH, KOTOPpas BKIKUaeT KapOoTaXHB 3BOHI;

[0019] dur.2 WJJIOCTPUPYEeT OIOVH IPUMEPHEM BapMaHT



MCIIOJIHEHM S  CKBaXMHHOI'O KapoTaxa C 3B0HIOOM, pa3MelleHHBEM Ha
TaJIeBOM KaHaTe;

[0020] @mur.3 mu3obpaxaeT OIOMH I[IPUMEPHHIN BapUaHT MCIOJHEHUS
CKBaXMHHOT'O KapoTaxXa C SKCIJIYaTalMOHHO-KapPOTAaXHEM SOHIOM;

[0021] our.4 nszobpaxaeT KOMIIOHEHTEL BSKCIUIyaTalMOHHO—

KapoTaXHOT'O 30HOa u3s dur.3;

[0022] dur.5 nz3obpaxaeT IPVMEPHYIO KOHQUITYPaLMD c
VICIIOJIL 30BaHMEM MHOT OUMCJIEHHEIX SKCIUIYaTAalMOHHO—KAaPO TaXHBIX
30HIOOB;

[0023] dur.6 wm3cbHpaxaerT eme OOVMH BapMaHT  MCIOJIHEHUA

BKCIUIyaTalMIOHHO-KapOTaXHOT'O 3O0HIOAa;

[0024] dur.7 wm3cbpaxaerT eme OOMH BapMaHT  MCIOJIHEHUA
SKCIUIyaTalIOHHO—KapOTaXHOT'O 30HIA;

[0025] dur.8 WJJIOCTPUPYEeT GOPMEL IPUMEPHOT'O
CYIEepKOHIOeHCaTopa;

[0026] Qur.9 wmus3obpaxaeT BapMaHTH MCIOJHEHUS IIePBUUHEIX
CTPYKTYP KaTMOHOB, KOTOPEE MOTI'YyT BXOIMTH B COCTaB IIPUMEPHOTO
CYIEepKOHIOeHCaTopa;

[0027] Qur.l0 m3oOpaxaeT OIOMH BapMaHT MCIOJHEHUS OOOJIOUKU
0JIA [IPMMEPHOTO CyIIepKOHIOeHcaTopa;

[0028] dur.11 WIJIOCTPUPYEeT OOVH BapUaHT VCIIOJIHEHM A
AKKYMYJIATOPHOTO BJIEMeHTa IJIA [IPMMEPHOT'O CYIepKOHIeHCaTopa;

[0029] dmur.l2 uszobpaxaeT Oapbep, pa3MelleHHHM Ha BHYTPEeHHEeM
JacTu kKopllyca OOOJIOUKMU;

[0030] OQumur.l13A m 13B, COBOKYIIHO Ha3HBaeMbe 3IeCh Kak
dur.13, m3obpaxamnT QOPMEl KPHIIKM IJIs OOOJIOUKN;

[0031] Our.l4 msocbpaxaeT cOOPKY CYINepKOHIEHCaATOpa COTIJIACHO
IIPMBEIEeHHEM 3IeChb MHCTPYKLIMAM;

[0032] OQur.l15A m 15B, COBOKYIIHO Ha3HBaeMbe 3IeChk Kak
dur.1l5, NpencTaBJgoT Trpaduku, n300paxanime pabouyn
XapaKTepUCTUKyY CYIIepKOHIeHCaTopa OJS OOHOI'O BapMaHTa MCIIOJIHEHUS
Be3 Oapbkepa, ¥ OIOHOTO MHNONOOHOTO BapMaHTa MCIOJHEHUS, KOTOPHMN
BKJIOUaeT Oapbep, COOTBETCTBEHHO;

[0033] dur.1l6 wmzoO0paxaeT fapbep, Pas3MelleHHE  BOKPYT
AKKYMYyJIATOPHOT'O DJIEMEHTa B BUIOe ODEPTKM;

[0034] dmur.l17A, 17B m 17C, COBOKYIIHO Ha3HBaeMbe 3IeCb Kak



dur.17, m3ocbpaxamwT BapMAaHTH MCIOJHEHUSA KPHIIKM, KOTOpas BKJIKUYaeET
MHOT'OCJIOVHEE MaTepHuaJlibl;

[0035] OQur.l8 rmnpencrapJigeT BUI B paspese BJEeKTPOOHOTO
CcOOPHOTO y3Ja, KOTOPHM BKJIOUAET CTEKJIO-MeTaJIJIMUeCKOe
YILJIOTHEHNE ;

[0036] O@mur.l9 mnpencraBJgeT BMI B pa3pe3e BJIeKTPOOHOTIO
cObopHOTO Yy3Ja comjacHo dur.l18, BCTaBJEHHOTO B KPBIKY COTJIACHO
our.l17B;

[0037] dur.20 ns3obpaxaeT PacIrioJIOXeHMeE AKKYMYJISTOPHOTO
2JIEMEHTa B Ipollecce COOPKU;

[0038] Oomr.21A, 21B m 21C, COBOKYIIHO Hal3HBaeMHe 3IOeCh Kak
dur.21, M300paxanT BapMaHTE VCIIOJIHEHU A COBPAaHHOTO
AKKYMyJISTOPHOTO BJIEMEHTA;

[0039] our.22 wus3obpaxaeT IIpUMeHeHMe [IOJMMEPHOV W30JALUN
[IOBEPX BJIEKTPONHOTO COOPHOTO Yy3Ja;

[0040] Oomr.23A, 23B m 23C, COBOKYIIHO Hal3HBaeMHe 3IOeCh Kak
dur.23, wms30OpaxanT GopMEl WabJioHa OJA elle OOHOT'O BapMuaHTa
VCIIOJIHEHM A KPBIIKM SHEePTOaKKyMyJIMPYKRIero YCTPOWCTRBa;

[0041] OQur.24 npencraBigeT IIepPCIEeKTUMBHHY BUIO SJIEeKTPOIOHOTO
CcOOPHOTO y3Jla, KOTOPHM BKJIOUAET MaTepMall MHoJiychepruecKor GOPMH;

[0042] dur.25 T1npencTaBJgeT IIePCHeKTUBHHY  BMI  KPHIIKHA,
BRJIOU AN BJIEeKTPOOHEIMN COOPHEM y3eJ COTJIaCHO dur.24,
BCTABRJIEHHHM B ma®JioH corJjiacHo our.23C;

[0043] Qour.26 mnpemcTaBJISeT BUIO B paspe3e KpwMkM U3 O0ur.25;

[0044] dur.27 npencraejgeT IPO3PavHyr M30METPUUECKYIO
IPOEeKLINID AKKYMYJISTOPHOTO 2JIEMEHTAa, pPasMemeHHOTO B
UMIVHIPUUECKOV 0O0OJIOUKE;

[0045] Odmur.28 mnpelcCTaBJIAeT M3OMETPUUECKYK IIPOEKIMKD OIHOTO
BapraHTa VICTIOJIHEHU A AKKYMYJISTOPHOTO 2JIEMEeHTa nepen
CBOopauMBaHMeM eT'0 B PYJIOHHHM aKKyMyJISTOPHHEM SJIEeMeHT;

[0046] dur.29 nOpemcTaBIsgeT BUI CBOKY  aKKyMyJIATOPHOTO
2JIEMEHTa, IIOKalHBalMMUM pal3HooOpas3HEe CJIOM  COIJIACHO  OIOHOMY
BapMaHTy MCIIOJIHEHUH ;

[0047] dur.30 npencraejgeT M30MEeTPUUECKYIO IPOEKIINIO
PYJIOHHOT O AKKYMYJIASTOPHOT'O 2JIEMEHTA, KOTOPHM BKJIOUAET

YCTAaHOBOUWHEIE METKNM OJIA PasMelleHMA MHOT'OUMCJIEHHEIX BEIBOIOB/,



[0048] dur.31 opencraejgeT M30MEeTPUUECKYIO IPOEeKIINIO
AKKYMYJIATOPHOTO BJIeMeHTa COTIJIaCHO dur.30 c YCTaHOBOUHBIMN
MeTKaMM Ilepel CBOpauMBaHMEM €TI0 B PYJIOH;

[0049] Omur.32 wmz00paxaeT CBEPHYTHM B PYJOH aKKyMyJIATOPHEIM
BJIEMEHT C MHOTOUMCJIEHHEIMM Pa3MelleHHBEMM BEBOIAMMU ;

[0050] O@mr.33 wuzobpaxaeT Z-00paszHyKL CKJAOKy, IpUIaBaeMyl
VIIOPSAOOUEHHEM BHBOINAM (TO €CThb KJIEMMHBM KOHTAKT), CBS3aHHHX C
AKKYMYJISTOPHEIM 3JIEMEHTOM;

[0051] dur.34-42 npencTapJgnT rpaduku, n3obpaxanimme
ACIIeKTH pabouMx XapaKTepMCTUK IIPMMEPHHX CYIIEPKOHIEHCATOPOB;

[0052] Omr.43 wmzobpaxaeT OIOMH BapMaHT MCIIOJHEHMS MCTOUHMKA
OMTaHMUg, KOTOPHM BKJIOUAET IeHepaTop M CYIepKOoHIeHCaTop:;

[0053] O®ur.44-50 nOpencTaBJISKRT BapMaHTH MCIOJHEHUS CXEM
yhnpaBJIeHVd IJIS MCTOUHMKA IUTaHUA.

INOOPOEHOE OIIMCAHME WM30BPETEHNA

[0054] 3mecs npencTaBJIeHH pasHoobpasHEe KOHOUTYpaL A
DKCIUIyaTalMOHHO—KapOTaXHOT'O 30HIA, npelHa3HadYeHHOT'O oJis
IpUMeHeHusS B Cpele CTBOJIa CKBaXWMHH. OKCILJIyaTalMOHHO-KAapOTaXHEM
30HIO CcoofmaeT IIOJIb30BATEJIAM KapOoTaXHyKw MHOoOpMalLUK BO BpeMs
nofruM n3 OYypoBOM CKBaXMHE. [JIS TI[IpeOCcTaBJIeHMSa KOHTEeKCTa,

Kacawpmerocd 5SKCIUIyaTalMOHHO-KaApOTaXHOT'O 3OHOa M CIOCOBOB ero

[IpMMeHeHU, npueeleHa HekoTopasa tazoBas nHOOPMaL g u
onpenejyieHNUA .
[0055] C npuBJedyeHMeM Ternepr dur.l, [IOKasz3aHBE aCIIeKTH

yCcTpoMcTBa IJig OypeHMs cCcTBoJjla 1 CKBaXMHE (TakKXe Ha3HBaeMOTO
«BYPOBOV CKBaxmuHOM») . IIo Tpamulumu, ITJayOMHa CTBOJIA 1 CKBaXMWHE
OIMCHBaeTCHd BIOOJIb Z-ocu, TOT oA Kak IIornepevyHoe cedueHue
OpencTaBJIeHO B IIJIOCKOCTHM, OIMCHBaeMO¥ X-0Chbl M Y-0OChD.

[0056] B o»TOoM mOpuMepe CTBOJ 1 CKBaXMHHE OpoOypeH B TOpPHOM
nopolle 2 C MWMCHOJb30BaHMeM OypUILHOM KOJIOHHE 11, MNOpUMBOIMMOM B
nercTBre OypoBOM YCTaHOBKOM (He IIoKa3aHa), KoTopas, IIOMMMO
BCero TIIpouero, IIOOBOIOUT D2HepIHM OJ4 BpalleHMS WM Cco3JaeT
HaopaBJIeHHOe BHU3 ycuiame. Kak mpaBuio, CTBOJI 1 CKBaXWHH
IepecekKaeT IOAOINOBEPXHOCTHEE TIIOPOIOH, KOTOpPHE MOTYT BKJIOUATDH
pasHooOpa3HEe IJIacTel 3 (IIoOKasaHHEHE Kak IujlacTe 3A, 3B, 3C).

KRaanudmuiMpOBaHHOMY CIIeUMaJMCTy B DTOoM 00JIacTM TexXHOJIOTUM OymeT



IIOHSATHO, UYTO pPa3HoODOpasHEE TIeoJIoOTHMUEeCKMe TeJjla, KOTOPHE MOTYT
BCTpedaTbCsa B I[OAMNOBEPXHOCTHOM cCpele, MOTYyT OHTB Ha3BaHH
«IJlacTaMu», M 4UTO Cepusd [NOPpOoL BHM3 IO OypOBOM CKBaXMHE (TO eCThb
CTBOJIy CKBaXWMHB) MOXET Ha3HBATLCH (IIONIOBEPXHOCTHEMM IIOPOLaMIM>».
To ecTbp I[JlacTeH 3 COOPMUMPOBAHH M3 IIOOIOBEPXHOCTHEHX IIOPOIX.
COOTBETCTBEHHO ©BTOMy, KakK ©BTO [IpMMeHseTCcd 3IecCh, cienyer
NPpUMHMMATEL BO BHMMaHME, UYTO TEePMUH «IIJIaCT» B OCHOBHOM OTHOCUTCSHA
K TeoJIoTMUeCcKoM ¢GopMaliny, U «IIOANOBEPXHOCTHAad I[Iopoda» BKJIKUaeT
JIoOEe TIOPOHNH, M MOXeT BKJOUATL TakMe MaTepMalJlbl, KakK TBepIHe
IOPOIH, OJIIOMAL, TasH, XUIKOCTHY, M TOMYy IOIOOHEE.

[0057] B o»srToM HOpuMepe OypuibHas KOJIOHHa 11 BrJmodaeT
OTpesku OypUJIBHOM TpyOH 12, KOTOpasd NPUMBOIUT B IeMCTBUe OypoBOEe
nojjoro 14. BypoBoe gpoJjoTo 14 Takxe ofecrneumBaeT IIPOTeKaHUE
BypoBOTO pacTBOopa 4, TakKoro Kak TJIMHUCTHM pacTBOp. bBypoBou
pacTBop 4 YacTO HaTHeTalT B OypoBoe IoJOTO 14 depes OypPUIBHYO
TpyOy 12, TIOe Tekydasd cCpela BHXOOMUT B CTBOJ 1 CKBaXWMHH. 3TO
IPUBOOUT K BOCXOIAMEMYy INOTOKY OypOBOTO pacTBopa 4 BHYTPM CTBOJA
1 cxBaxuHE. Kak NOpaBMJIO, BOCXOIAMMY IIOTOK OXJaxIaeT OypUIIbHYK
KOJIOHHY 11 ¥ €e KOMIIOHEHTH, BHHOCUT HapyXy OOJIOMKM BHOYPEHHOM
[IOPOOEl U3 OYypOBOTO ooJjioTa 14, 17 npenoTBpamaeT [IPOPEHB
HaxoOAWMXCA I[IOI OaBJIeHMEeM YIJIEBONOPOIOB 5.

[0058] BypoBol pacTBop 4 (TakXxe Ha3HBaeMbM «TJIMHUCTHEM
BYPOBEIM  PAaCTBOPOM») , Kak IpaBUJIO, BRJIOUAET CMecCh TaKux
XMOKOCTEeM, KakK Boma, OypoBOV pacTBOpP, I[IPOMEBOUHAS XUIKOCTL,
HedThL, Ta3H, ¥ IJJaCcTOBHEe QJIIOMALE, KOTOPHE MOTYT HaxXOIUTHLCS B
MeCTHOM OKpyXawmel cpene. Xora OypoBoM pacTBop 4  MOXeT
nomaBaThbCHa OJia OYPMIIBHHX pa®oT, HeT HM HYXIOH, HU HeOOXOIMMOCTH
B MCKJIOUEHUM [IPUMMEHEeHMVS WM NPUCYTCTBUSA OYypPOBOTO pacTBopa 4 Impu
paboTax IO CKBaXMHHOMY KapoTaxy. Kak OpaBUIIO, MexXIy HapyXHOMU
IIOBEPXHOCTEID OYPMUJIBHOM KOJOHHH 11 M CTeHKOM CTBOJIa 1 CKBaXWHH
OyoeT CymeCTBOBRATH CJIOV MaTepMaJioB. OTOT CJIOM HaB3HBAETCHa «CJIOeM
CKBaXVHHOTO 3a3opa», U I»OpedyCcMaTpMBaeT TOJIMMHY, Ha3HBaeMyk
«3a30poM, S».

[0059] BypwuibHasa KoOJIOHHa 11 OOBRUYHO BKJKOUaeT OOOpYyHOOBaHMUE
OJIS  BEHIIOJIHEHUSA «UBMEPEeHMsa BO BpeMa OypeHua» (MWD), Takxe

Has3bBaeMOI'O «KapoTaxeM BO BpeMa OypeHua» (LWD) . BrmojgHeHme MWD



i LWD, kak OpaBuJo, TpebyeT »OeMCcTBMA KapoTaxHoTo 30HIma 10,
KOTOPHM BBeIeH B OypWJBHYI KOJOHHY 11 M paccumMTaH Ha padoTy BO
BpeMsa OypeHua. Kak OpaBWJIO, KapoTaxHbelM =3o0HO 10 @OJg BHIIOJHEHUA
MWD cBs3aH C BJEeKTPOHHHEM MOIOYJIEM, KOTOPHEM TakXe ABJISETCH
KOMIIOHEHTOM  OYypPUJILHOM KOJIOHHEL 11, 7 [IORTOMY  Ha3HBaeTCHd
«KCKBaXMHHEIM DIIEKTPOHHEM YCTPOMCTBOM 13». Kak npaBuiio,
CKBaXMHHOE BJIEKTPOHHOE YCTpoMcTBO 13 ofecrneuMBaeT II0 MeHbIIeN
Mepe OIOHO wmu3 cbopa IaHHEX, aHaJM3a JaHHBEX, W OIepaTUMBHOTO
yopaBJIeHMSa, TaKOoTo kKak DJIeKTpoMexaHMueckoe (-kue) cpabaTeBaHue (-
ug), nepenadya MHOOpMALIUM, pacrnpenejieHMe  MOIHOCTH, Y  TOMYy
nomobHoe. 3BauvacTyi KapoTaxHHM 30HI 10 M CKBaXMHHOE BJIEKTPOHHOE
YCTPOMCTBO 13 CBA3aHE c [IOBEPXHOCTHEIM OOOpPYIOOBaHUEM 7.
[ToBEPXHOCTHOE obopyImoBaHMe 7 MOXeT OHITH [IPUBJIEUEHO oJs
OOIIOJIHUTEJNILHEX  Oollepalluit yhopaBJieHMsa, ofecHeuMBasg pPaclMpeHHBe
AHAJMTUUYECKME BO3MOXHOCTM, a TaKXe pPerucTpalui IaHHBX, W TOMY
nomobHoe. Kanaga CBA3U (oBCcyxIaeMbM HIKEe ) MOXeT OHTE
IpenyCMOTPEeH IJIA IIepellaulM OaHHBX Ha IIOBEPXHOCTHOE oOopyloBaHME
7, M MOXeT HOelCTBOBATHL I[IOCPEOCTBOM MMIYJILCOB B OYpPOBOM
pacTBope, yepes NIPOBOOHYI TpyOoy, 2JIEKTPOMAaTHUTHOM (EM)
TeJlIeMeTpMeN, C TIIOMOMBbI BOJIOKOHHOM OITHMKM, UM OPYIMMM crHocobamu,
KaK DTO M3BECTHO B TEeXHOJIOTMU U HABJIAETCA IPaKTUUYeCKM [IPMMeHVMBM
OJIS IaHHOM 3asaBKU.

[0060] Temepb CO CCHJKOM Ha Our.2, I1okKaszsaH IIPUMEPHHN
KapoTaxHe 3o0HO 10 mias kab®eJIbHOTO KapoTaxa CTBOJIa 1 CKBAaXMHEB.
TpaIMIMOHHO TJIyOMHa CTBOJIa 1 CKBaXMHH OIIMCHEHBaeTCH BIOJb 4—O0OCH,
TOTOa Kak IoIepeyHoe cedueHUe npelcTaBJIEHO B IJIOCKOCTH,
ONMCHBaeMoOM X-ocCcblb ¥ Y-ocbkio. Ilepen npoBedeHMeM C IIOMOIMBLIO
KapoTaXHOTO 30HIa 10 CKBaXMHHOTO KapoTaxa, NpofypMBamT CTBOJ 1
CKBaXMHH B TOPHYK I[IOpOnYy 2 C MCIOJIE30BaHMEM TaKoTo OypMIIBHOTO
oBopynoBaHMUsA, KaK IokKa3aHHoe B dumr.l.

[0061] B HeKOTOPEHX BapMaHTax MWCIOJHEHUS CTBOJI 1 CKBaXWHH
OBUI  3aloJIHeH, II0 MeHbIleM Mepe OO HeKOTOPpOM CTeleHu, OYypOBHM
pacTtBopoM 4. BypoBoM pacTBop 4 (TakXe Ha3HBAaEMBM «TJIMHMCTHM
OYPOBHM PAaCTBOPOMY») OOBUHO BKJOUAET CMeChb TaKMxX XMAKOCTEM, Kak
BOoOa, OYpPOBOM PpacTBOpP, IIPOMBBOYHAaSA XMUIKOCTL, HedThL, Ta3H, U

IIJIaCTOBEIE q_)J’IIOI/I,]IE:I, KakMme MOI'YT HaXOIMTBECA B MeCTHOM Opr?KaIOHleﬁ
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cpeme. XoTa OypoBOM pacTBOp 4 MOXeT IMoHaBaThbCAa O OypPMJILHHX
paboT, HET HM HYXOH, HM HeODXOOMMOCTM B MWCKJIOUEHUNM IIPVMEHEHUS
WY TIPUCYTCTBUA OypoBOT'O pacTeopa 4 npu paboTax 10 CKBaAXUHHOMY
KapoTaxy C MCIOJIb30BaHMeM KabeJIbHOT'O KapoTaxa. Kak [npaBuio,
MeXIy HapyXHOM IIOBEPXHOCTBHIO KapoTaxHoTo 3oHma 10 M CcTeHKOM
cTBOJIa 1 CKBaxXuHH OyIOeT CYMecTBOBATL CJIOM MaTepualloB. OTOT CJIOM
Ha3EBaeTCHd «CJIOEeM  CKBaXMHHOTO 3a30pay, u IOpelycMaTpMBaeT
TOJIMMHY, Ha3BBaeMyl «3a30pOM, S».

[0062] ObBcamHasg KOJIOHHa 21 MoxeT OHTL BCTaBJIeHa B CTBOJI 2
CKBaXMHBE OJig oOfOeclieueHUs eTo (U3MUecKoM LeJlocTHoCTM. OBcanHasd
KOJIOHHa MOXeT OHBTb chopMHUPOBaHa B CTBOJIe 1 CKBaXWHBE, BCTaBJIEHa
B HeTro, WJIM WHEM o0O0OpasoM pasMelleHa B CTBOJIe 1 CKBaXMHH.
ObcalHasg KOJIOHHa 21 wMoxeT OHBTE CEeI'MEeHTHOM MJIM CIIJIOmHOM. [JId
leJe ofcyxmaeMoM 3Omechb TeMe, ofcamHasd KOJIOHHa 21, KaK OpaBUJIo,
BKJIIOUAET pasHooOpa3HHEe  YCTPOMCTBAa OJI9  LEeMeHTalMM  CHapyXu
obcamHOM KOJIOHHH 21, a Takxke BHYTPeHHOIL Tpy0y IJa OOOBUM (Takyo
KaK BKCIUIyaTalMOHHYK HAaCOCHO—-KOMIIPECCOPHYK KOJIOHHY) .

[0063] Kak mnpaBUJIO, IpM kabeJIJbHOM KapoTaXe KapOTaXHBEM 30HI
10 onyckaoT B CTBOJ 1 CKBaXMHH C MCIIOJIbE30BaHMEM TaJIeBOI'O KaHaTa
8, mnmomaBaeMOoT'o OYypPOBOM BHIIKOM 6 MJIM HNOOOOHEIM oOOpyIoBaHMeM. Kak
IpaBUJIO, TaJIeBHM KaHaT 8 BKJ0UaeT IIOOBECHOe YCTPOMCTBO, Takoe
Kak HecymuM HaTpys3Ky TpoCc, a TakKxe Ipyroe YyCTpoMcTBOo. [HOpyTroe
YCTPOMCTBO MOXET BKJIOUATEL MCTOUHMK IIMTAHUS, KaHaJl CBA3M (TaKou
Kak IMPOBOOHOV MJIM OITUUECKMUN), U IIpouee Takoe obopyloBaHMe. Kak
IpaBUJIO, TaJIeBHM KaHaT 8 BHIIYCKaeTcda M3 TIpy30Buka 9 ¢

obopymoBaHMeM  OJIS TexXOoOCHIYKUBAHUA  WIKM  OPpyToTo  IIOOOOHOTO

YCTPOMCTRA (Takoro Kak CTaHUMA TexXHUWUYeCKOI'0 OOCIIyXUBaHUI,
OINOPHEM NYyHKT, ¥ T.O., ...). 3adacTyl TaJIeBHM KaHaT 8 CBA3aH C
[IOBEPXHOCTHEIM oObOopynoeaHueM 7. IloBepxXHOCTHOe obOopynooeaHue 7/

MOXeT IMOoNaBaThb BJIEKTPOZHEePTMI Ha KapoTaxHem 30HOD 10, a Takxe
comepXaTh CpencTBa IJId pacueTa U o00paboTkuM wMHOOPpMALMM  TIO
MeHbBIIeV Mepe IJIS OOHOTO M3 ylIpaBJieHMA paboToM M aHajM3a OaHHBX.

[0064] Ilpy HelpepHBHOM KapoTaxXe KapOTaXHEM 30OHI MOXET
lepeMellaTbCad B CTBOJIE CKBaXMHH HECKOJIBKMMU IIyTAMU. B HEKOTOPHIX
BapMaHTax MCIOJIHEHUSA KAapOTaXHEM 30HI SABJIAEeTCH «IIepeMellaeMbM Ha

Tpyfe», UTO O03HavaeT TO, UTO 10 MeHbIleM Mepe YacTb KapoTaXHOI'O
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30HIa 3aKpPeIJIfanT Ha yyacTke SKCILIyaTallMOHHOM HaCOCHO-
KOMIIPECCOPHOM KOJIOHHH IIepel OIIyCKaHMeM B CTBOJI CKBaXMHHE. Korma
TPpyBOOIPOBOIOHY CUCTEMY OIIYyCKalT B CTBOJI CKBaXWHH, KapoTaXHHM
30HT nepeMemaeTrcda BMeCTe C HeM. B HEKOTOPEIX BapMaHTax
VCIIOJIHEHM S KapOTaXHHM SO0HI IIepeMellalnT Ha TaJleBOM KaHaTe, TO
€CThb OIyCKalT B CTBOJI CKBaXMHE IIOLOOOHEIM 00pa3oM, Kak IIpu
KabeJIbHOM KapoTaxe. B HEKOTOPHX BapMaHTax MWCIOJIHEHUS KapOTaXHBM
S0HI MABJISIeTCHI «IlepeMemaeMbM Ha of6camHoM KOJIOHHEe», UTO oO3HauaeT
TO, UYUTO II0 MeHblIleM Mepe UYacTb KapoTaXHOTO 30HIa 3aKpellJIgioT Ha
yuacTKe DSKCIJIyaTalMOHHOM ofcaOHoM KOJIOHHH IIepel OIIyCKaHuMeM B
CTBOJI CKBAaXMHEH. BOBMOXHEl OpyTMe CIHOCOOH TIIepeMelleHud, Kak
MIOKAaXeTCAa LeJIeCcOoO0pasHEM KOHCTPYKTOPY . Kak T[epeMenmeHre Ha
TpydDe, Tak U IIepeMelleHMe Ha TaJlIeBOM KaHaTe I[IpelycMaTpUBawnT
MOOMOMUMPYEMEE KOHCTPYKIMM, ToT'Ia Kak IIepeMelleHMe Ha oOcamHoM
KOJIOHHe OOBUHO TpebyeT, UTOOB KapOTaXHEM 30HO OBJI CMOHTUPOBAH
BO BpeMd 3akaHuuBaHMUA OYPOBOM CKBaXMWHH.

[0065] Kak mnpaBujio, NpUOOP IJSA HEIIPePHBHOI'O KapoTaXa MOXeT
OHITE COeIMHEeH C I[IOCTOSHHEM CKBaXMHHEM kabejyiem (PDC). PDC MoxeT
OBITE OIOHO— WMJIM MHOTOXMJIBHBEM. KaXIel OIPOBOI MOXeT OBTH CIIJIOMHBM
WY  MHOTOIIPOBOJIOUHEIM. [lpoBoma  MOTYT OHITH M30JIMPOBaHHEIMU,
VHKAICYJIMPOBAHHEIMIM, apMUPOBAHHBEIMM, WJIM HEKOTOPHMM KOMOMHAaLMAMA
TaKOBEIX . Kabelb MOXeT OHITE paccumuTaH Ha rnepenauy
DIIEKTPOBHEPTUM, JMOO MOIMHOCTM, JMUOO HMHOoOpMauum, JImMbo obeux; OH
Takxe MOXeT OBTL IIpedHasHaueH MOJIS BHICPXMBAHMSA SHAUUTEJILHOM
MeXaHMUeCcKOV HaTlpPys3KM, HalpuMep, B BapuMaHTax MUCIOJIHeHUS C
[IepeMelleHMeEM Ha TaJIeBOM KaHaTe.

[0066] B HEKOTOPEIX BapMaHTax MCIIOJIHEHU A MOIIHOCTB
nepenaeTcd K BDKCIUIyaTallMOHHO—KAapOTaXHOMY 30HIOY 100 infe)
OIITOBOJIOKOHHOMY KabeJsio. OIDHO MOpMMepHOe YCTPOMCTBO OJA IIepelauu
MOIHOCTM IIO BOJIOKHY TIpeIcTabJjieHO o¢upMo¥r RLH Industries B
OpuHmx, KammubopHMA, U OpolaeTcd kKak «Power Over Fiber System
(PoF) ».

[0067] D2IeKTPOHHOE YCTPOMCTBO 13 MOXeT BKJIOUATL IIO MEHBIEMN
Mepe OIOMH KOMIIOHEeHT U3 IIpeobpasopaTesid MOIHOCTM, KOHTPOJJIepa,
npolieccopa, u TOMY NOOOOHHIX . Kaxk npaBujo, DIJIEKTPOHHOE

YCTPOVCTRBO 13 npenycMaTpyBaeT yIpaBJIeHMeM  paclpelejleHueM
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MOIHOCTM OT CMJIOBOTO OJoka 44 1o MeHbIey Mepe Ha OIMH M3 KaHaja
43 CcBA3M M KOMIIOHeHTOBR 15 obcjiemoBaHMsa CTBOJIa CKBAaXMHH.
SJIeKTPOHHOE YCTPOMCTBO 13 MOXeT MHUIMMPOBATE OEeMCTBUA OJIA
COXpaHeHMs BDHepIMM, TakKMe KakK OTKJUYeHMe 10 MeHBIIEM Mepe OOHOTO
1“3 KaHaJa 43 CBA3M ¥ KOMIIOHeHTOR 15 of6cjaemoBaHMAa CTBOJIA
CKBaXMHE. CoxpaHeHHMe DHEPIUN (Takxe Has3eEBaeMoe KPEXMMOM
OXUOAHUAY WMIN CIAMYMM PEeXMMOM») MOXeT OBThH MHUIMMPOBAHO, KoTIa
MOMHOCTHHM PeXyM (TaKo¥ KakK COCTOSAHMEe 3BapAalKM) B CUJIOBOM OJIOKe
44 He oTBeUaeT XeJlaTeJIbHOMY IIOPOTOBOMY COCTOSHUD.

[0068] B HEKOTOPEIX BapmMaHTax MCIIOJIHEHU A DIJIEKTPOHHOE
YCTPOMCTBO 13 peryaupyeT paspdn C I[IoJaduel B»SJeKTPORHepIuM OoT
SHEPTOaKKYyMyJINPYIMUX YCTPOMCTB 42 MHOT'OUMCJIEHHEIX TUIIOB .
HanpuMmep, 2JeKTPOHHOE YCTPOMCTBO 13 MOXEeT OTBOIOMTL MOMHOCTL IIO
MeHbIle Mepe M3 OIOHOTO CYIepKOoHIeHcaTopa O YIOBJIETBOPEHUMA
HauvaJIbHOM IIYCKOBOM HaTrpy3KM, KoTopas MoOXeT OBTL CBS3aHa C
HEeKOTOPHMM YCTPOMCTBaMM (TakKMMM KaK TUIpaBJIMUECKUM kKaHaJ 43
CBA3M WMIIyJIbCaMM HOaBJIeHMd B OypoOBOM pacTBope). Takum oOpas3oM,
2JIEKTPOHHOE YyCTpoMcTBO 13 MOXeT ofeclHeuuBaTh «IIJIaBHBM IIYCK»,
TeM CaMBM YBeJIMUMBAaSg SKCIJIYAaTalMOHHHM CPOK CJYXOB II0 MeHbIen
Mepe OonOHOM OaTapeM B SHeproaKKyMyJIMpyoleM YCTponcTBe 42.

[0069] DJIeKTPOHHOE YCTPOMCTBO 13 MOXeT HamJjexamyMm o0pasoM
MOIMOUUMPOBATE  MOIHOCTD oT CUJIOBOTO BJioka 44 . Hanpuwmep,
2JIEKTPOHHOE YCTPOMCTBO 13 MOXeT MOIeJIMPOBAaTh MOIMHOCTE,
IPOU3BOOVMMYK MCTOUHMKOM OIIpenOejIeHHOTO TuIlla (HalpuMep, MOXeT
MOOEJIMPOBATEL MONHOCTL, IOOBOIMMYIH OaTapeel, B TO Xe& BpeMd
BHBOIOMMYIO Ha CYIepKOHIeHCATOop); 2JIeKTPOHHOEe YCTPpOoMCcTBO 13 MOXeT
OybepMr30BaTh MOMHOCTEL, I'€HEPMPOBAThH MMIIYJILCH MOMHOCTM, W WHBEM
ofpaszoM B LeJIOM IIOoOaBaThb MOMHOCTL B pPEeXMMe, KOTOPHM CUMTAEeTCH
HaJIexXalllM .

[0070] Kak nOpaBWUJO, KapoTaxHbel 30HO 10 BRJIOUAET YCTPOMCTBO
IJIS BHIIOJIHEHMS WU3MEepeHUM «B 3adoe CKBaXMHB» WMJIM B CTBoJe 1
CKBaXMHBE. Takoe YCTPOMCTBO BKJIOUAeT, HalpuMep, pasHoobOpa3HHEe
KOMITOHEHTH 15 oBcJienoBaHMA CTEBOJIAa CKBaXWHEH . [IpMUMepHEE
KOMIIOHEHTH 15 o0O6cijienoBaHMad CTBOJIa CKBaXMHB MOT'YT BKJIKUATH
OETEKTOPH paIualuu, >KpaHUpOBaHMe, IaTuuku, IIpeobpa3opaTesu, U

MHOTME U3 OPYIMX pPasHoOOpa3HHX KOMIIOHEeHTOB 15 ofcilemoBaHus
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CTBOJIa CKBaXWHB, WM3BECTHEX B TEeXHOJOTIMM. KOMIIOHEHTH 15 MOTyT
Haojexamnm obpasoM coofmaTeCHd co CKBaXMHHEM DJIEKTPOHHEM
ycTpomcTBOM 13. M3MepeHMA M I[IpouMe IIoCJeloBaTeJIbHEE IeCcTBUL,
KOTOPHE MOTYT OHTH [NIPOBeIeHH C MUCIOJBE30BaHMEM KapOTaXHOTO
MHCTpyMeHTa 10, TJlaBHEIM 0O0pasOM BHIIOJHAKTCHA IJIS perucTpaluM U
KBaJIMOUKaALIUM [IPUCYTCTBUA yIJIEBOOOPOIOE 5.

[0071] C obpameHueM Ternepb kK Our.3, IIoKazaH OAOMH IIPUMEPHHM
SKCIUIyaTallMOHHO-KapoTaxHe 30O 100. SKCIIyaTaluMOHHO-KAaPOTaXHLIM
30HO0 100 MoxeT OBTE pa3MelleH BHYTPM CTBOJa 1 CKBaXWHBE, I'Ie eTo
OCTaBJIALT IIOCJIe TOTO, Kak IOpyroe o00OO0pyHOOBaHME M3BJIEUEHO.
OKCIJIyaTalMOHHO-KapOTaxXHu 30HO 100 MoxeT OHTHL pasMemeH B 3aboe
CKBaXMHH C MCIOJB30BaHMEM JIpyroro ofbopyldoBaHMA, TakKor'o Kak
YCTPOMCTBO IJIA TO3UIMOHMPOBAHMA (He IIoKasaHo). B HEeKOTOPHX
BapMaHTax MCIOJHEeHUS DSKCIJIYaTalMOHHO-KapOTaXxHul 30HI 100 MoxeT
BKJIOUATL DJIEMEeHTH YCTPOMCTBa NIJIA [IO3UIMOHMPOBAHMA (TakMe Kak
IOBUTaTeJIb WM TyCeHM4YHas I1elb), TaK, 4YToOH BKCIJIyaTallMOHHO-
KapoTaxHe 30HID 100 ObUI caMOyCTaHAaBJIMBAKIMMCH .

[0072] Kak TOJBbKO HauMHaeTcsda nOoOnhda, OypoBOoM pacTBop 4
YyOaJsanT nu3 cTBOJIa 1 CKBaXMHH . YCcTaHaBJIMBaeTCH TeueHNre
yoJjeBomoponoB 5. Bo BpeMsa Hauajia OOOHUM IIOBepxX CcTeBoJa 1
CKBaXMHBE pasMemalnT o0opyHOoBaHMe YyCTbsa 30 CcTBOJIla CKBaXWHH.
OBopymoBaHUe YCTb A 30 CTBOJIA CKBAaXMHEL oBecrieunBaeT
peryJupoBaHMe TeueHMS M3 CTBOJIa 1 CKBAaXMHE, M IpelyCMaTpMBaeT
OJIMTeJIbHEE I[IeprMOOE M3BJIeUeHMA yIJIeBOoOopomoB 5. Kak [okasaHo
HalpaBJIEHHOM BBEePX CTPEeJIKOM, KOoI'Ida 5BKCILJIyaTalMOHHO-KAaPpOTaXHBIM
BOHT, 100 HaxoOUTCHA Ha CBOEM MecTe, DoOBrYa (M3BJIeUEeHNE
YTJIEBOOOPOOOB 5) MOXeT NpomoJKkaTbcsa 06e3 ociablieHUA.

[0073] Co CCHJIKOM Telepb Ha @®ur.4, Tnokaz3aHH KOMIIOHEHTH
OOHOTO IMPUMEPHOTO 3KCIJIyaTallMOHHO-KapOoTaXHOTo 30HIa 100. B zToMm
opuMepe SKCIIIyaTalMOHHO-KapOTaxXHEM 30HO 100 BKJOUAET KOMIIOHEHTEH
15 obcyenmnoBaHMSa CTBOJIA CKBaXMHE, KaHaJl 43 CBA3M, CKBaXMHHOE
BJIEKTPOHHOE YCTpoMcTBO 13, U cujioBo¥ 6Jokx 44. CujoBou ©OJiok 44
cHabXxaeT BJIeKTPODHEepPTHMEeN DKCIJIyaTalMOHHO-KapoTaxHul 30HO 100.

[0074] Ucrounuk 401 mmTaHMAg, KOTOPHM BKJWUeH B cucTemy 115
SHEePTrOCHabOXeHMA, MOXeT IIpelyCMaTpMBaTh pPa3HOOOpas3HEE MCTOUHUKU

IIOOBOOVMMOM MOIMHOCTNM . VCTOUHUKUA IIOOBOIVMOM MOIMHOCTW, Kakr
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OpaBuJIO, MOTYT OHBTH TNoOpaslesIeHH Ha Tpu KaTeropumu. KaTeropuu
BKJIOUAT IIepBUUHHEe OaTapeu, yIaJlIeHHBEE CUCTEME ¥ I'eHepaTOPH.
[0075] TeHepaTop 41 MOXeT BKJOUATHL I'€eHepaTOop, [IPUBOLOVMEI B
OeliCTBMe IIOTOKOM (TakKoM KakK TeHepaTop, I[IPMBOIOVMEL B IeWCTBHUE
TeueHMeM IIpu n»oOHUe) . Hanpumep, rTeHepaTop 41 MOXeT BKJOUATH
POTOPHHM TeHepaTop, TIeHepaTop, MUCIOJLI3YNUM BsHepIrio Bubpaluu
(TakoM Kak TeHepaTop IedopMalMOHHOTO THUIa), WIM TIeHepaTOPH
MOWHOCTM OPYIUX TUIIOB. YCTPOMCTBA I'eHEePUPOBAHUS DHEPIUM IPYIUX
TUIIOB MOTYT OHTbL MCIOJBL30BAHE IO OTOEJIBHOCTM WMJIM B KOMOMHALIUU
oIpyr C »OpyroM. IlpuMMepHBle TUIE TeHepaTopOoB  BKJIOUAT, ez
oTrpaHuuYeHusd, POTOPHEE TeHepaTOPH, 2JIEKTPOMAaTHUTHEIE

He@OpMaHMOHHHe I'eHepaTOPEH, MaT'HUTOCTPHMKINVMOHHEIE He@OpMaHMOHHHe

I'eHepaTOpPH, IIEE308JIEKTPMUYECKUE ﬂe@opMaHMOHHHe I'eHepaTOPH,
TEPMOSJIEKTPUECKNME I'eHepaTOPEHl, TepMO@OTOPaﬂbBaHquCKMe
I'eHepaTOpPH], 12 MOTWYT BKJIODUYATB COeIMHeHNMA C YIoaJle HHBIMI

TeHepaToOpaMM, TaKue Kak KabellbHOe COelMHEHMEe C TeHepaTOpOoM WM
VCTOUHMKOM [IMUTaHMA, KOTOpOe HaxXOIMTCSA Ha I[IOBEPXHOCTM. Takue
TeHepaTophl XOPOIO M3BECTHH B IIPOMBIJIEHHOCTM. Kak [IpaBUIIO,
BEIXOIHAa A MOIIHOCTb TeHepaTopa 41 peryaupyeTcsa CKBaXVHHEIM
BJIEKTPOHHEIM yCTpoMcTBOM 13. O»OHaKO BEXOIHAas MOIMHOCTB MOXET
PEeETYyIMPOBATLCA BCTPOEHHEIM I'eHepaTopoM 41, TeMm caMeM obOecrieurBas
OpsAMOE CcoeOMHeHMe OT TeHepaTopa 41 C BHePTroakKyMyJIMPYIM
ycrpomcTBoM 42. IIlpMMepHOe BSHepTOakKKyMyJIMpyolee YCTPOMCTBO 42
BKJIOUaeT OaTaper pasHooOpa3HHX (GOpM, CYIEePKOHIOIEHCATOPE M TOMY
nonoOHHE. B HEKOTOPHX BapMaHTax MCIOJHEeHUS SHepToaKKyMyJMpyllee
YCTPOMCTBO 42 (n/wnnm Ipyrue KOMIIOHEHTH SKCIUIYaTalMOHHO -
KapoTaXHOoTo 3o0Hma 100) ABJIATCA SaMeHdeMBEMM, W MOIT'YT OHTH
OTKJIOUEHE B XOIe TeXHMUeCKOTO OOCIyXMBaHMA OYpPOBOM CKBaXWHH,
HaopyMep, C IIOMOmbI KabeJIbHOTO MHCTPYMEeHTa, KOTOPHM IIO3BOJISAET
orlepaTopy MNPOBOIUTE IMCTAHIIMOHHOE YIIPaBJIEHME.

[0076] OmuH HOpMMepHHM KaHaJ 43 CRBRA3M BKJIOUAET KOMIIOHEHTH
IOJIS BHIIOJHEHUSA BJeKTpoMaTHMTHoOM (EM) TejJleMeTpuy, I'Ie CUTHAJEH
MOTYT OHTL IIepeldaHH uYepes o0CalHyl KOJOHHY 21 /MM OKpPYXaWIYo
cpeny C VICIIOJIb 30BaHMEM DIIEKTPUUECKUX, MaTHUTHBEIX VI
2JIEKTPOMATHUTHEIX IoJey. IlomofHeM o0pa30oM, KaHaJl CBSA3M MOXET

OelicTBOBATE uUepes ofcalHyl KOJIOHHY 21 (BoJylee  KOHKPETHO,
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HalpMyMep, UYepes MeTaJJIMUEeCKYK HaCOCHO-KOMIIPECCOPHYK KOJIOHHY,
MM C MCIOJIb30BaHMeM o0CaldHOM KOJIOHHH 21 B KadecTBe BOJIHOBOIA) .
CBA3b MOXeT OHITH opraHM30BaHa [IOCPEeICTBOM  I'MOPaBJIMUECKUX
VMMIIYyJILCOB B TeKyuel cCcpene, uYepe3 OINTUUEeCKMe KaHaJlk, uyepes
[IPOBOOHEIE CHUCTEMH, U IpyI'MMM cCIocofaMu, KaK DTO MOXeT OHTb
M3BECTHO B TeXHOJIOTUM, WM OyIeT pa3paboTaHOo II0O3Xe.

[0077] HexkoTophle BapMaHTHE  MCIIOJIHEHUSA BSKCIUIYaTalMOHHO—
KapoTaXHOTO 30HOma 100 BrJIOYaAKT TaKMe, KOTOPHEE pPa3MemeHs B
000JIoUKe, KOTOPHM MIpedcTaBligeT CcoBOoM KOJLUIeOOPa3HEM ULUMJIMHIP,
TeM CcaMbeM C [IPOBeIeHMeM IIOTOKa uUepe3 DKCIJIYaTalMOHHO-KapPOTaXHLM
300 100. JpyruMe BapMaHTHE MCIOJHEHMS MOTYT BKJKOUATH CILJIOMHYI
UMJIMHIPUUECKYD (opMy C MaJloM ILJIOmAaIbo IIoIepeuHOoTo ceueHUsa (To
ecTb C MaJIBM »OMaMeTpPOoM) . OKCIIyaTalMOHHO-KapOTaXHu 30HAD 100
MOXeT BKJIOUATL pPasIBMXHLHE KPOHITEeMHE MJIM IPpyI'Me KOMIIOHEeHTH (He
IOKasaHH), KOTOPHE COOEMCTBYIOT, HalpuUMep, pPas3MelleHMo M/UJInu
YIEPXUBAHUI B CTBOJIE CKBaXMHE. Kopoue TOBOpPS, BKCILJIyaTalMOHHO-—
KapoTaxHe 30HO 100 B ofmeM MOXeT MMeTh JOyi (usnueckyn (opMy,
XeJjlaTeJIbHYD OJIS KOHCTPYKTOPOB, M3TOTOBUTEJEM, OIepaTOopOB M TOMY
INOOOOHHX .

[0078] B HEKOTOPHX BapMaHTax MCIOJHEHUSA KapOTaXHHM SOHI
IepeMemanT C IIOMOMBLI «HOCUTEJIA» - ClIeluMaljlbHO IIpelHasHaueHHOM
CeKIMM HaCOCHO-KOMIIPECCOPHOM KOJIOHHE, KOTopas HeceT Ha cebe
KapOTaXHEM BOHI, KOI'Ila HACOCHO-KOMIIPECCOPHYI KOJIOHHY OIIyCKalnT B
CTBOJI CKBaxXMuHbBI. HocuUTeJIb IOpencTaBJisgseT cofoM KoJblleoBpa3HuM
UMJIMHIP, KOTOpHM ofbecleurBaeT I[IpOTeKaHMe IIOTOKa uepe3 CBOD
LIEHTPAaJIbHY JacTh . Hocurens MOXeT OHITH paccumTaH Ha
OMKCUpPOBaHME KapOTaXHOT'O 30HOa Tak, UYTOOE OH WMMEJI CILJIOMHY
UMJIMHIPUUECKYD OG(opMy. B ajlbTepHaTMBHOM BapMaHTe, KapoTaXHBIM
30HO MOXeT OBTE CIPOEKTHMPOBaH KakK dYacThk HOCUTeJ . B JmoboMm
Ccllydyae HOCUTEJIb MOXeT OHTH IIpelHa3HaueH IJId o0eclieueHMsd OOCTyIla
KapoTaXHOTO 30HIDa Kak K BHYTPEHHOCTM HaCOCHO-KOMIIPEeCCOPHOM
KOJIOHHE, TaK ¥ K HapyXHOMy 3aTpyOHOMY IIPOCTPaHCTBY. JloCcTyll
yepes CTeHKY HaCOCHO-KOMIIPECCOPHOM KOJIOHHEL MOXeT OBThL IOCTUIHYT
C IIOMOIIBI <«IIpoeMa», I[IPelyCMOTPEeHHOT'O B HOCUTEJIe — MexXaHUUYeCKHU
BHIIOJIHEHHOTO OTBEPCTHUSA WJIM MHBEM 00pa30oM IIaCCHMBHOI'O YydacTKa

HOCUTeEJIA IJIA IMPOITYyCKaHMA paBHooépaBHbe ITlapaMeTpoB, OyIob TO
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DIIEKTPUUECKNME, TEPMUUECKHMEe, MMEKIME OTHOIMEeHMEe K HOaBJIEHUD, WK
npoume.

[0079] Kak OBLJIO YIIOMSAHY TO BHIIE, IIpUMEPHOE
SHEepPToakKKyMyJIMpyllee YCTPOMCTBO 42 BKJKUYAEeT CYIepKOHIeHcaTop. B
HEKOTOPHX BapMaHTax MWCIOJHEHUS BSHepTOoaKKyMyJMpyllee YCTPOMCTBO
42 mpucnoco®yeHo moJsa pab®oTH IIPM BHCOKOM TeMIlepaType (HaopuMmep,
BILJIOTH OO oOkoJio 210 r1mpanycor leJjbcusa). JpyIMe KOMIIOHEHTH,
KOTOPHE MOTYT OHITH VICIIOJIb 30 BAaHEL B SHEPTOoakKKyMyJIMpyKIeM
ycrporcTere 42, BKJIIOUAT, HallpuMep, rnepeszapsaxaeMele 0OaTapeu,
oBpaTMMEE TOIUJIMBHEIE D2JIEMEHTH, M ToMy IHoIoOHEEe. Kopoue ToOBOpPH,
pasHooBbpa3HEe BapMaHTH VICTIOJIHEHU A DHEPTOaKKyMyJIMPYKIeTo
ycrporcTea 42  BrRJIOUALT  OOPMEH, INIPUTOOHEIe 1OJ9 paboTH  IIpuU
IIOBHIMEHHEIX TeMIepaTypax M OPOABJANIME IJUTEJILHEM CPOK CJIYXOH.
OOVH MIPUMEPHHM CYIepKOHIeHCaTOp OoIMcaH 3Oech Oajlee CO CCHIJIKOM
Ha Oour.8.

[0080] B HEKOTOPEIX BapmMaHTax MCIIOJIHEHU A KapoTaxHoe
obopymoBaHue 100 misg »KCIUIyaTalMOHHEX CKBaXWH [IPUCIIOCOOJIEHO IJIA
opuMeHeHUda 0e3 BHepTloaKKyMyJIMpyomero ycTpoucTBa 42 (i  C
HepaboTawnlyM SHEePToakKKyMyJIMPYIIUM YCTPOMCTBOM 42). B HEKOTOPHX
M3 BTUX BapMaHTOB MCIIOJIHEHMSA MOIHOCTE M3 IPYIUX KOMIIOHEHTOB
CUJIOBOTO OJioka 44 VCIIOJIE3YEeTCH oJis OIUTaHUAg CKBaXMHHOTO
RJIEKTPOHHOTO yCTpoMcTBa 13 ¥ IOpyTMxX  KOMIIOHEHTOBR, KOTOPHE
HYXOATCAd B DJIEKTPONIMTaHUN .

[0081] CKBaXUHHHM KapoTaXHHM 30HIO 100 MOXeT OHITEH
MCIIOJIL30BAaH B KaueCcTBe AaBTOHOMHOM CHUCTeMbl, B KOMOMHALUU C
OPYIVMMM CKB&XMHHEM KapOoTaxHeMM 30HDaMu 100 (TakuMM, YUTOOE
oBecneurBaTh JIOKAJIbHHE M3MEPeHMHA, a TakKXe Iepenady OaHHBEX MeXIy
IPYyTUMM CKBaXMHHEIMM KapOTaXHBIMM 3o0HIDamu 100), wim B JodOoU
KOHGUITYpauuu, KoTopasd npencrTaBJigeTCcsd eJjiecoobpa3Hon. B
HEKOTOPHIX BapMaHTax VICTIOJIHEHU A MOXeT OHITH KeJlaTeJlbHBM
VCKJIDUeHVe KaHaJja 43 cB4a3u, VM OJAa yHOPOWEeHUSa  IIPVMMEHEHUS
DKCIUIyaTalMOHHO-KapoTaXHoOTo 30Hma 100 B kayecTBe KapOTaXHOTO
YCTPOMCTBA, KOoTOopoe [IO3Xe M3BJIEKAT . B DTUX BapraHTax
VCIIOJIHEHMA  IOaHHBIE MOTYT OBTB CKaYaHHE M3 BKCIJIyaTalMOHHO-—
KapoTaxHoro 3o0Hma 100, xoIga BSKCILUIyaTallMOHHO-KAapPOTaXHHBIM 30HI

100 okaswplBaeTCHd Ha IIOBEPXHOCTU.
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[0082] Kak mnpaBuJIO, BapMaHTH WCIOJHEHMS BKCIJIyaTalMOHHO—
KapoTaXxHoTo 30HIa 100 mpenycMaTpMBAKRT OCHAalleHMe IJIS permcTpaluu
IO MeHbIIeM Mepe OIHOTO IlapaMeTpa M3 TeMIepaTypH OKpyXaklen
CpeIbl, BeJMUMHE pacxola IIOTOKa, JIOaBJIeHUdI B OKpyXawolel cpele,
YPOBHENM paIlraluy B OKpYXaomel cpele U/WIM MHIYLUVMPOBAHHOM
(HanpuMep, TIaMMa-U3JIydeHMud), YOeJbHOT'O COIPOTUBIIEHMSA, ILJIOTHOCTHU
TeKyuMx cpen, €MKO CTHHX XapaKTepUCTUK TeKyUMx cpen,
OIVRJIEKTPUUECKMX CBOMCTB TeKyuux cpell, " IIOPUCTOCTM OKPYXAMMUX
JJacTtoB 3.

[0083] B HeKOTOPHX BapMaHTax WCIOJIHEeHUS coeIuMHeHMe 45 cC
VCTOUHMKOM IIMTaHMA BKJIKOUAET I[IPOBOIHOE COeIMHeHME C MCTOUHMKOM
SHEePTOCHaOXeHN I Ha [IOBEPXHOCTH . B HEKOTOPHX BapraHTax
WCIIOJIHeHM s OecrnpoBOnHEEe (EM (nJjlekKTpOMal'HMTHEE) ) CHUITHAJBEL (Takue
Kak CUTHaJI C OUeHb HMBKOM YacTOoTOM) MOTYT OBTL MCIOJbL30BAHH OJIA
nepeinaumM MOIMHOCTH, Toe DSKCIJIyaTallMOHHO-KapoTaxHel 30HO 100
BKJIOUAET T[IPMEMHMK IJIS IIOJIYyYeHMS MOMHOCTM. B  HOOMNOJIHUTEJIbHBX
BapMaHTax MCIOJIHEHUA IJIA Ilepemadul MOIMHOCTM MOT'YT OHTB IIPMMEeHEHH
TaJIeBHM KaHaT WM TpyOompoBOon NOJA I[IPOKJaIKM IIpoBoIa. B
HEKOTOPEHIX IOOIOJIHUT &JIbHEIX BapMaHTax VICIIOJIHEHU A MOXHO
PacCuMTEBATL Ha BOJIHOBOI (TakoM Kak obcalHafd KOJIOHHa 21), YTOOH

oBecreunThs lepenady MOIHOCTH.

[0084] C oOpalleHUeM TeIllepb kK our.5, [IoKkasaHa OoJIHa
IIprMMepHada KOHCDMI'ypaLU/IFI C VCIIOJIE30BaHMEM MHOT'OUMCJIEHHEIX
OSKCIIIyaTalVMMOHHO~KapOTaXHEX 30HIOIOB 100. B STOM InpruMepe
MHOT'OUYMCJIEHHEIE SKCIUIyaTalMOHHO~—KapOTaXHEIe 30HIOBL 100
paclipeneJIeHEL BHYTPU CTBOJIa 1 CKBaAXIVHEL. BKCH.J'IyaTaLU/IOHHO—

KapoTaxHut 30HO 100 mnepBoTo THIIa pasMemeH B 3ab0VHOM 30HEe
cTBOJIa 1 CKBaXMHEI. OTOT THUII TPEMMYMEeCTBEHHO MOXeT BKJIOUATH
KOMIIOHEHTE, KOTOPEE HeLeJIeCOOOpa3HO pa3MellaTb B IIPOMeXyTOWHOM
MecTe B CTBOJIe 1 CKBaxXxuHBE. HamnpuMep, »KCILUIyaTalMOHHO-KapOTaXHBN
30HI 100 IOOHHOTO THUIIa MOXeT BKJIOUATH OOTIOJIHUTEJIEHOE
SHepPTOoaKKyMyJIMpyklllee YCTPOMCTBO 42, IONOJIHUTEJIEHEE KOMIIOHEHTH
15 ob6cnenmoBaHMA CTBOJIA CKBaXWHB, W/WIM TeHepaTops 41 1pyrux
TUIIOB, KOTOpPHEe OOBUHO He pas3MelanT Ha IIPOMEXyTOUHOM YydacCTKe
cTBoJla 1 CKBaxXuMHE. [IpMMeHseTCd BKCIUIyaTalMOHHO-KapOTaXHBI 3O0HI

100 BTOpPOTO THUIIA (s ynobCTeBa  Ha3BBAaEMB  «IIPOMEeXYTOUHEM
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TUIIOM», WM OPYTI'MMM [OHOOHHMM TEpPMMHaMM) . B 53ToOM [IpUMepe
DKCIUIyaTalMOHHO-KapOoTaXHEe 3OHIE 100 oBomnx TUIIOB KEeCTKO
3aKpeIllJIeHE BHYTPpM oO0CalHOM KOJIOHHH. OIVMH BapMaHT MCIOJHEHUA
YCTPOMCTBA IJIA pasMelleHMSa SKCIUIyaTallMOHHO-KapoTaXHoTo 30oHIa 100
BHYyTpHM oOCamHOM KOJIOHHHE 12 HOpedycMaTpuBaeT, HalpuMep, LeHTpaTop
69. IpOMEXYyTOUHHM TUII MOXeT OHBTL BHIIOJIHEH MMEMMUM MaJlylo I1JIomanb
[IOIIepeuyHOoT'0 CeUeHMsa, M IIO2TOMY CO3IJallMM MMHMMAJIbHHE COKpalleHMS
OOOBUM MM TedueHUS yIJIEBOOOPOOOB 5.

[0085] IIpoMeXxyTOUHEM DSKCIJIYaTalMOHHO-KapOTaXxHul 3oHm 100
MOXeT OBTBH MCIOJB30BaH IJIA [IPOBeIeHMSA CKBaXMHHOT'O KapoTaxa Ha
ydyacTKax BIOOJIbB OJIMHE CTBOJIa 1 CKBaXMHE. O3TO MOXeT OHTH
[IOJIE3HEIM, I[IOMMMO BCETO IIPOYero, IJIA oOoxXapaKTepM30BaHMUA WU
oOHapyXeHUSI MCTOmeHMSa VYIJIeBOOOPOOOB 5 B OKpyXaomel TOpHOMU
roponme 2. IOTIOJIHUTEJIBEHO, KaXIILIA ns3 [IPOMEXY TOUHEIX
BKCIUIyaTalMOHHO-KapoTaXHBIX 30HIOOB 100 moxeT OHITH OCHallleH
IOIBYCTOPOHHEM CBA3bLI, UTOOHB KaXIbEM COOTBETCTBYIMM IPOMEXYTOUHBIN
SKCIUIyaTallMOHHO-KapoTaxHe 30oHO 100 MOT MOpPONyCKaTb OaHHHE OT
ele OIOHOT'O BKCIUIyaTalMOHHO-KapoTaxXHOoT'o 30HIa 100 BmoJsbe cTBOJIAa 1
CKBaXMHB, ¥ B KOHEUHOM MTOI'e B IIPUEMHUK Ha IIOBEPXHOCTU. 3ITOT
[IOCJIeIHVM BapMaHT MCIIOJHEHMA MOXeT OBTE IIPMMEHEeH, HalpuMep, »IJI4
VIIYUIeHS HaOeXHOCTM CBS3M, IOMalasoHa W/WMIM MUPUHE  [IOJIOCH
IPOIIYyCKaHUAg .

[0086] OmvH HOpMMep 3KCIIyaTallMOHHO-KapoTaxHoT'o 3o0Hma 100
IokasaH 0DoJjiee NOOPOOHO C HOOIOJIHMUTEJILHEIM IIpMBJIedeHUeM Our.o6.

[0087] Temnepr C IpuUBJedeHMeM Takxe O&ur.6, I[okasaH OIUH
BapMaHT MCIOJIHEHMSA BKCIJIyaTallMOHHO-KapoTaXxHoro 3o0oHma 100. B
STOM IIpUMepe DSKCIJIyaTalMOHHO-KapOoTaXHuM 30HD 100 BRJDUaET
MHOTOUMCJIEHHEIe TeHepaTopH 41 (TO eCcTh TEHEPaATOPH POTOPHOTO
TUIIA) . [IoTOK  YTJIEBOIOPOIOB 5 BHYTPMU CTBOJIa 1 CKBaX/HH
HaOpaBJgeTCcad B KOXYyX, KOTOPHM OKpyXaeT JIoNacTu TYpPOUHEL U
0ByCJIOBJIMBAET BHPabOTKY TeHepaTopoM 41 BJeKTpozHepIuM. Illocie
IPpOTEeKaHMA UYepes JoNacTu TYPOMHE IIOTOK BHXOIUT Yepes OOKOBHE
BHIIyCKHEE OTBepCcTUA /1 M MNOpOodoJDKaeT IMIOOHMMATBbCS BIOOJIB CTBOJa 1
CKBaXMHE. B 2TOM BapMaHTe MCIIOJHEHMSA 3KCIJIyaTalMOHHO-KapOTaXHLIM
30HO 100 MoxeT OHTE yHDOOHO UM HaOeXHO pasMelleH II0 LEeHTPpY CTBOJa

1 cxBaxmHB C IIOMOWBK LieHTpaTopa 69 (kak Iokasz3aHO B Our.o).
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[0088] Korma B SKCILJIYaTalMOHHO-KapO TaXHEM 30HI 100
BKJIIOUEHH MHOTOUMCJIEHHHEe TeHepaTops 41 (HEKOTOpPEE  BapMaHTH
VCIIOJIHEHMA TIpeOyCcMaTpMBalT TOJBKO OOMH TeHepaTop 41), IIOTOK
YIJIEBOOOPOOOB 5 MoOxeT OBTH  HallpaBJIeH BOKPYI'  KaXIor'o U3
TeHepaTopoB 41. To ecThb cepusa OOKOBHX BHIIYCKHEIX OTBepcTui 71
MOXeT OBTH BHIIOJHEeHa TakuM o00pasoM, UTOOH OHTH COIJIACOBAHHOM C
KaxIeM M3 T'eHepaTopoB 41. Kaxnas cepus OOKOBEX — BHITYCKHEX
oTBepCcTUM 71 B OCHOBHOM BKJIOUAET 3aCJIOHKY (Takyl KaK IIOBOPOTHASA
3aCJIOHKa, He II0OKa3aHO) IJIA 3aKpHBaHMA COOTBETCTBYKIMUX OOKOBEX
BHIIYCKHHX oOTBepcTui 71. COOTBETCTBEHHO 5STOMY, OIEepaTop MOXeT
n30MpaTesIbHO MIPUBOIUTL B OeMCTBMEe KaxXObol M3 TeHepaTopoB 41 (mwm
SJIEKTPOHHOE YyCTpoMcTBO 13 MoxeT OHTL KOHOUIYPUMPOBAHO  IJIA
ABTOMATUUECKOTO IIepekKJIoUeHra MexOy TeHepaTopaMu 41). Takum
obpasoM, KoOTIa KaxXIeM M3 I'eHepaTopokB 41 pmocTuraeT KOHIIA CBOeTo
Cpoka CJyXOB, eme OoIMH M3 TIeHepaTopoB 41 MoxeT OHBTE BBeIeH B
SKCIUIyaTallMin, TeM caMeM ofeclleuMBasa OJIUTEJIBHHEM CPOK  CJIYXOH
DKCIUIyaTalMOHHO-KapoTaXHOoTo 30Hma 100.

[0089] C oOpameHreM Tellepb K Our.7, Iokas3aH elle OIUH
BapuaHT VICIIOJIHEHU A DKCIUIYaTalMOHHO-KapOTaXHOT'O 30HIOa 100.
Byoyuu pa3MemeHHHM Ha CBOeM MeCcTe, B5BKCILIyaTalMOHHO-KapOoTaXHBM
30HO 100 HauMHaeT TPOBOOMTH KapoTaX M OTCJEXMBATL 3HAUEHUA
pasHoOBpa3HEIX rnapaMeTpoB. B 2TOM BapuaHTe VICIIOJIHEHU A
SKCIUIYaTallMOHHO-KapoTaxHe 30HD 100 BRJOUaeT MOIOYJILHEM KaHaJ 43
CBA3M, KOTOPHM COIEPXUT MHOTOUMCIJIEHHHE OTHeJIbHEE U QUBUUECKU
oTIHeJIgeMele BJIEMEHTH (TOo ecThk MonyJu 81). CBaA3b obecrneunMBaeTcsd C
IeprMoIMvyecKMMMY MHTepBajlaMM, TakuMM, KakK pa3 B Mecsdl, KoTrza
SKCIUIyaTallMOHHO-KapoTaxHey 3o0HO 100 sBanmcHBaeT oObeIMHEHHEBE
IOaHHBHEe B OIMH M3 MHOTOUMCJIEHHEX MoOyJjiel 81. Kaxoelt MoOoyJks 81
MOXeT BKJIIOUATH, HaopuMep, VCTOUHUK IMTAaHUS (Takom Kak

KepaMMUyeCcKuM KOHIeHcaTop), OJIok naMaTu (Takoy Kak MUKpO-SD-—

KapTa, MJIIN SKBUBAJIEHTHHN) , u YCTPOMCTBO OMCTAaHIMOHHOMN
MOSHTUQUK AN (Takoe Kak YCTPOMCTBO pPamroyacTOTHOM
uneHTuourkaumum (RFID, pammoMeTka) (M aHTeHHY) ). Kaxgemr us3

MonmyJier 81 MoxeT OHTBH CBfA3aH C BKCIUIyaTalMOHHO-KapOTaXHBM
soHmoM 100 mocpencTeoM WMHE 82. Kak HOpaBuWjio, MMHa 82 BKJIOUaAET

KOMIIOHEHTEI IJIA paclipeleJIeHMAd MOIMHOCTU U COOO0IeHra C KaXOeM K3
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MonmyJier 81. JJONOJIHMUTEJILHO, mIIMHa 82 BRKJOUAET MHOTOUMCJIeHHEEe
BHICBOOOXIOAKIME YCTPOMCTBA (TakMe KakK BJEKTPOMaIl'HMTHEE WU
2JIEKTPpOMEXaHUUECKHKE CIIYCKOBHE YCTPOMCTBAa) IJA U30UpaTesJILHOTO
BEHICBOOOXIEeHMSI KaXOoro m3 momyJjien 81.

[0090] Korma 3aBepmaeTcd KaXOEM MHTepBaJ, SKCILJIyaTalMOHHO-
KapoTaxHuy 3o0oHOD 100 ofecmeumBaeT TO, UTO IDOoOXomammM Habop
IOaHHHX COXpaHsgeTCcd B BHOpaHHOM OJIOKe [DaMATM, HalpyuMep, OIMH M3
MHOTOUMCJIEHHEIX MonOyJer 81 MoxeT OHTL 3aluMTaH 3apsgaioM  OT
BCTPOEHHOTO MCTOUHMKA IUTaHUA, 3alpolpaMMMpPOBaH OJIOK HaMaTu (To
€CTh IOaHHBEe 3BalMCaHB B IaMATh), UM 3aTeM MOOyJb 81 BHCBOOOXIEH B
[IOTOK YyIUIeEBOOOPOIOOB 5. B3aTeM TI[IOTOK BHHOCUT MOOyJb 81 BIOOJB
cTBoJla 1 CKBaXWHH. Kak TOJIBEKO  BHCBROOOXIOEHHHNM MOIYJIb 81
npubiamxaeTcsa K ycTei 30 CcTBOJIa CKBaXMHH, TI'Ie TIPOM3BOIUTCH
V3BJIeUEHNE YTJIEBOOOPOOOR 5, cpabaTHBaeT YCTPOMCTBO
OVMCTAHIMOHHOW uIOeHTUMKauMM MonyJsa 81. Hanpumep, RFID-meTeKTOp
(He T1IokazaH) OOHapyXMBaeT pPalIMOMETKY (He TIIOoKa3aHa). bBylyudwm
3apermMCcTPUPOBaHHEM, oOHapyXeHHHM CUTHaJl MOXeT OHTL IOoCJaH
omnepaTopy /MM B aBTOMATUSMPOBAHHYID CHUCTeMy (TaKyln KaK KJjalaH
C TIpUBOIOOM OT I»OBUT'aTeJId) IOJA OTBeleHMA MoOyJa 81 B IIYHKT
npuemMa .

[0091] Korma omepaTop M3BJIeKaeT MOIOyJkE 81, OH 3aTeM MOXeT
cKavaThk mOaHHHe. /M3 OYpOoBOM CKBaXMHBE [IPEeMMYMEeCTBEHHO MOTYT OHTH
[IOJIYUYEHE OueHb BEICOKOIIETAaJIM3UPOBAaHHEE IOaHHBe (DaHHBE,
[IOJIYYeHHHe IIpM dYacToM oToope  o00pasloB U/MIM  peTrucTpaluu
MHOTOOOpAa3HEX XapaKTepMCTUK U IIapaMeTpoB). Kpome Toro, IaHHEE
MOTYT OBTEH KOPPEJMPOBAHE C IOPYIMMM OYPOBBMM CKBaXMHaMM, TaKKMU
KakKk IOpyIure OJIM3KO PAaCIOJIOXEeHHEE CKBaXMHH. COOTBETCTBEHHO 3TOMY
TOTOa MOXeT OBTh OXapaKTepu30BaHa OMHaMUKa OOOBUM OJIS BCeTOo
HedTelIpoMEICIa . 370 @HmaeT HedTENPOMBIIJIEHHMKAaM [IOHMMaHue  IIJIA
paszpaboTku IOOTOJIHU T eJIb HEIX CKBaXWH, VMCTOmEHM A CYIMEeCTRYIINX
CKBaXMH, u npoyuue npelncTaBJIEeHUS o) IPOM3BOACTBEHHOM
OedTeJIbHOCTH .

[0092] B HEeKOTOPHX BapMaHTax MCIOJIHEHUA KaHaJ 43 CBA3MU
BKJIIOUAET OIITOBOJIOKOHHHEM D2JIeMeHT (He IIokKasaH). OITOBOJIOKOHHEM
DJIEMEHT MOXET OBITH MCIIOJIB30BaH IOJIA COOOIMEeHMS HEeOCPeOCTBEHHO OT

DKCIUIYaTalMOHHO—KapOTaXHOTO 30HOAa 100 c OIITOBOJIOKOHHEM
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IPMEMHUKOM CHUTHaJla Ha [NOBepxXHOCTM. ONTOBOJIOKOHHEIM DJIEMEHT TakKXe
MOXeT OBTb IpPMMEHeH B KadeCTBe UMHTepbepoMeTpa, 1  Oaer
IIOJIE30BATEJIAM HOIOJIHUTEJIBHYKR MHOOpMalMi, KoTopas MOXeT OHThb
cobpaHa nus HeToO. OnunH IIPUMEPHHMN BapMaHT VCIIOJIHEHU A
OIITOBOJIOKOHHOTO MHTepbepoMeTpa INNpUEBeleH B IlaTeHTHOM 3asBke CIA
M: 12/368,576, oszarjaBiieHHoM «Fiber Optic Sensor System Using
White Light Interferometry» («OITOBOJIOKOHHAasS CeHCOPHas CcUCTeMa
C MCHOOJIb30BaHMeM UHTepbepoMeTpumu  OeJjioro  cBeTa»), KoTopasa
BKJIDUEeHa 3JeChb CCHUIKOM BO BCeM CBOe¥ IOJIHOTEe.

[0093] B kauecTBe o0030pa, uUCTOUHMK 115 nuTaHMda OOBYHO
BKJIDUAET  SHepPTOoaKKyMyJMpyklee  YCTPOMCTBO UM  T'eHepaTop  IJIA
BHPaBOTKU BJIeKTPUUeCKON SHEepPTHUH. SHepToakKKyMyJIMpyllee
YCTPOMCTBO MOXeT BKJIKOUATH JIOOOWM MNPakKTUKYyeMHM B TexXHOJIOTHM THUII.
B  pasHOOOpasHHX BaprMaHTax  MCIHOJIHEHUS SHepPTOoakKKyMyIUpyllee
YCTPOMCTBO BKJIOUAeT IO MeHbIleM Mepe OIMH CYNepKOHIeHCaTop
(KOTOPHI ONMCHBAETCS HIWKe CO CCHJIKOM Ha dur.3). Kak OpaBWUIO, B
KaXIOM IIpMMepe BHepTloakKKyMyJupykllee YCTPOMCTBO IIpelycCMaTpMUBaeT
BricokoTeMIepaTypHOoe IlepesapsaxaeMoe YCTPOWMCTBO IJiS XpaHeHUd
SHepIUun (HTRES) . B HEeKOTOPHX BapraHTax  wucnojgHeHmsa  HTRES
KOHQUI'YPUPOBAHO OJia paboTH NOpM TeMlIlepaType, KoTopas HaxOOUTCSa B
ovaria30He TeMIlepaTyp Mexny okoJo 80 rpanmycamu lesbcusa OO OKOJIO
210 rpanycoB llejabcusg.

[0094] JomoJHUTEJILHEIE BapMAaHTHE MCIOJHeHMa HTRES BKJIOUAT,

tes OT'paHMYeHNnA, XVIMNYeCKNYe 6aTapeM, aJIOMMHMEBEIE
SJIEKTPOIINTHUUEeCKIME KOHIOeHCaTOPEI, TaHTaJIOBEIE KOHIOEHCaTOPH,
KepaMnueCKre u MeTaJlJIOIIJIEeHOUYHEIE KOHOEHCaTOPEH, I‘M@pMJIHI::Ie

KOHIOEHCATOPH MOJIS XPaHEeHMS DSHePIMM MATHMTHOTO IIOJIS, HallpuMep,
KaTyIKA VHIYKTHYBHOCTH c BO3OYIMHEM CepIeyvyHUKOM WJIIN c
BEHICOKOTEMIIEPATYPHEM MATEPMAJIOM CepIedYHMKa. IpyITMe TUIE, KOTOPHE
TAaKXe MOTYT OHBTH HNPMITOOHEMM, BKJIOUAIT, HAIPMUMEpP, YCTPOMCTBa IJIg
XPaHeHUsS MeXaHMUYeCKOM DSHepIMM, TakMe KaK MaxOBUKM, IPYXMUHHEE
CHUCTEMEH, IPYXUMHHO—MAaCCOBHE CUCTEMEL, MaCCOBEHIE CUCTEMEI,
TEPMOEMKOCTHEIE CHMCTEMEl (HAOpMMep, Takue, KOTOPHE OCHOBAHE Ha
XMOKOCTAX WM TBEPOHX MaTepualjaXx C BHCOKOM TeIllJIOEMKOCTLI, WM
Ha MaTepuajax C JeTrKMM I[IepexoIoM M3 OIOHOM ¢as3w B IPYyIyoD),

I'mopaBJIMUEeCRUE MJin ITHEBMATHMUYECKNE CHICTEMEI. OnomH IIprMep
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IpencTaBJIgeT BHICOKOTEeMIIepaTyPHEM TUMOPUOHLIM KOHIIEHCATOp,
OpoM3BOOMMEM dupMoy Evans Capacitor Company, IIpoBuOeHc, Pon-
AMjleHn, CIIA, KaTaJIOXHBI HOMEP HC2D060122 DSCC10004-1¢0,
PacCuMTaHHEM Ha TeMoepaTypy 125 rpanycoB lenbcusa. Eme omoHMM
IpVMepoM ABJISETCS BHCOKOTEMIEepPaTYPHHM TaHTaJIOBHM KOHIOEHCATOP,
NpoM3BOAMMEL upMoM Evans Capacitor Company, IpoBumeHc, Pon-
Amnenn, CIA, xaTaJIOXKHHY HoMep HC2DO050152HT, pacCuMTaHHHEM Ha
TeMmnepatTypy 200 rpanycor lejbcus. Eme oIMH  OOIOJIHUTEJILHLIM
opuMep OpelcTaBJisgeT aJIOMUHMEBEI DJISKTPOJIUTUUECKUM KOHIEeHCaTOP
oT GUPMEL EPCOS, MioHXEeH, T'epmaHmd, KaTaJIOXHBIM HOMEDP
B41691A8107Q7, KOTOPHM paccumMTaH Ha TeMIepaTypy 150 rpanycos
Henbcuga. Eme oOIMH OONOJHUTEJNLHHM IpUMep IIPpeOCTaBJIsgseT MHOYKTOP
oT o¢upMel Panasonic, Tokuo, Anonwns, KaTaJIOXKHEM HoMep ETQ-
P5M470YFM, pacCuMTaHHEM Ha TeMIepaTypy 150 rpanycoB leabcusd.
IOTIOJITHUTEJIBHEE BapWMaHTH MCIIOJIHEHMS HOCTYIIHE OT OupMHE Saft,
BauroJjie, dpaHLMA (kaTaJloXHEL HoOMep Li-ion VL 32600-125),
OeMCTBRYNUY Opu TeMlIepaType no 125 r1panycoB Ieabcua ¢ 30
LM KJIaMA 3apgana-paspdana, a TaKxe Li-mMoHHasA BaTapesd
(oKCHepMMeHTaJlbHasdg), paboTawmasa IOpu TeMllepaType IO Okojio 250
IpanycoB llejabcusd, M HaxonAmascsad B cTamumM  BKCIEPUMEHTOR,
IIPOBOOMMHX COTpyOHMKamu Sadoway, Hu, oéupmer Solid Energy, B
KeMbpumxe, MaccauyceTc.

[0095] B kauecTBe IpeaMeTa pacCMaTpMBaeMOM TeMB, BapMaHTH
VCIIOJIHEHMSS OofOCcyXIaeMOoI'o 3OecCh MCTOUHMKA 115 mnMTaHMsa BKJIOUAT
IIpMMeHeHMe BEICOKOTEMIIEPATYPHOT'O CyIepKOHIeHCaTopa, OIHAaKO D2TO
He OTpPaHMUMBAaETCS TEeXHOJIOTMAMM, KOTOPEE MOTYT OHTEH IIPUBJIEUEHH B
SHEePTOoaKKyMyJIMPpYIIEeM YCTPOMCTBe MCTOUHMKA 115 nuranmsa. Tenepb
IIPUBOOATCSA IPUMEPHHE OQOPME CYINepPKOHIeHCcaTopa, MNOPUIOIHOTO IJIA
IpVIMeHeHM S B KauecTBe BEHICOKOTEMIIEPATYPHOT O
SHEePTOoaKKyMyJIMPpYIIero YCTPOMCTBA.

[0096] Bmechk mnOpencTaBJiIeH KOHIOEHCATOP, KOTOPHM obecrneumMBaeT
IOJIS IIOJIb30BaTeJIeM  VJYUIIeHHBEe TexXHMUeCKMe XapaKTepUCTUKM B
npenejiax MUMPOKOTO nOMalla3oHa TeMIlepaTyp. HalpuMep, KOHIEHCATOP
MOXeT IeMCTBOBATL IIpM TeMIepaTypax, BapbUPYKRIMX OT CTOJIb
HU3KMX, Kak OKoJio MuHYC 40 rpanycob lenlbcHufa, IO TaKUX BHCOKUX,

Kak okojyio 210 rpanycos lenbcusa. B HeKOTOpPHX BapMaHTax
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VCIIOJIHEHU I KOHIOeHCaTop pabdoTrocrnocobeH npu TeMllepaTypax,
BapbUpyKOIMUX OT OKOJIO 80 rpanycob lejlbcMAg IO CTOJIb BEHCOKUX, Kak
okoJio 210 rpanycoB lejnbcusg.

[0097] Kak npaBuio, KOHIEHCaTop BKJIOUAET
SHEPTOAKKYMYyJIMPYIYID Cpeny, KoTopasa IPUCHocoOJieHa OJIA CO3OaHUA
BEICOKOM YyIEJILHOM MOMHOCTM ¥ BHICOKOM IIJIOTHOCTM DHEepIMM, IO
CpaBHEHMIO C TIPOTOTHUIIHHMM YCTPOMCTBaMu. KoHOeHCcaTop BKJUaeT
KOMIIOHEHTE, KOTOPHE KOHOUIYPUPOBAHH IOJa of0ecliedueHuss paboTH B
TeMIlepaTypPHOM HOuallal3oHe, W BKJIoOUYaeT JoObe OOHY WM 0oJiee U3
Pas3HooBpasHEX bopM  BIEeKTpoOJSIMUTAa, KOTOPHE NomoOHEM  OoBpa3oM
paccuMTaHE Ha TeMIepaTypHEM »OIuanaz3oH. KoMOMHalMsa KOHCTPYKLUHM,
SHEePTOaKKyMyJIMpYyIey Ccpelbl M SJeKTPpoJKMTa JaeT B pesyJbTaTe
eMKOCTHM nOJid ofecledeHMs YCTOWUMBOM pab®oTH [OIpY DKCTPEeMaJlbHHX
YCJIIOBUSAX . UTOoOE  ODpMCOBATH HEeKOTOpPHE  I[IEePCIIeKTUBEH, Telnephb
[IpUBEeIEeHE AaCIeKTH ONHOT'O IIPMMEPHOTO BapMaHTa MCIIOJIHEHUA.

[0098] Kak 1mokazaHO B dur.8, wu3o0OpaXeH OOWH IIPUMEPHEMN
BapMaHT MWCIIOJIHEHUSA KOHIOeHcaTopa. B DToM Cjlydae KOHIOEHCaTOop
npencraBjigeT cobon KCYIIEPKOHIEHCATOP 210». [IpVIMepPHEM
cymnepkoHmeHcaTop 210 npezncrarjsgeT cobo¥ KOHOEHCATOP C IBOMHEM
BJekTpudeckuM cjoeM (ELDC). ELDC BxJOU4aeT IO MeHBIIel Mepe ONHY
napy »JaekTtponoe 203 (rme »jaexkTpolbl 203 MOT'YT Ha3HBaATHCHA IIO
OTHEeJILHOCTM KakK OIOMH M3 <«OTpMLAaTeJIbHOTO BJeKTponma 203» wu
KIIOJIOXKUTEJNIEHOTO BJekTpola 203», OOHAKO DTO CIHPpaBeOJIMBO TOJBKO
O0J1a LeJjley YyINOMMHaHMA 3Jech). Byayuu BBeIeHHHM IOpu cOopke B
cyrnepkoHmeHcaTop 210, KaxXOelM M3 2JeKTponoB 203 wuMeeT IBOMHOM
BIIEKTPUUECKUM CJIOM U3 3apAloB Ha IIOBEepPXHOCTM pas3dejyla C
BJIEKTPOJIMTOM. B HEKOTOPEHX BapMaHTax WCIOJIHEeHUS IPUCYTCTBYKT
MHOT'OUMCJIEHHEE BJIeKTponu 203 (HalpMMep, B HEKOTOPHX BapMaHTax
VCIIOJIHEHU A BKJIOUEHH II0 MeHBIIeWM Mepe IOBe IaphH 2JeKTpomokB 203).
Ona ueJyget obcyxOoeHMs, IIoKasaHa TOJILKO OIOHa IIapa »JekTpornoB 203.
IIo TpaauumMy, 30eChb IO MeHbIleV Mepe OJA OIHOTO M3 3JeKTpomor 203
WCIOJIB3YT DHepTroakKyMyJMpyomyk cpeny 201 Ha yTJIepOOHOM OCHOBE
(kak 3Oechk oOCcyXOaeTcd najiee) IJA oOeClleueHUd XPaHEHUSA SHepPIUM.
OnmHako, nOJA Lejey o0OCyXIDeHMSA 3IecChb B of0meM OpeAnojlaraeTcs, UYTo
KaxXxIHM M3 2JIEKTPOIOOB BKJIUAET SHepTloaKKyMyJIupyimykl cpeny 201 Ha

YIJIEPOOHOM OCHOBe. CjledyeT OTMETUTL, UTO B3JIeKTPOJIUTUUECKUNA
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KOHIeHCaTop OTJMYaeTcd OT CYIepPKOHIeHCcaTopa, [IOCKOJIBKY B
BIIEKTPOJIUTUUECKOM KOHIOEHCaTOpe MeTaJllIMdeCKMe BJEeKTPOOE OOBYUHO
3HAUMTEJIbLHO pasjMdalnTcsa (IO MeHbIleV Mepe Ha I[IOPAIOK BeJIMUMHE)
10 IJIoWanu.

[0099] Kaxmwlt M3 »JeKTponok 203 BRIOUYaAeT COOTBETCTRYMUN
TOKOBEIM KOJIJIEKTOP 202 (Tarxe Ha3LBaeMul «3apPAIHEM
KOJIJIEKTOPOM») . B HEKOTOPHX BapMaHTax MCIOJHeHUS BJeKTpons 203
pa3neJieHH cernapaTopoM 205. Kaxk nIpaBuJIo, cemnapaTop 205
npencTaBJsgeT CcoOOM TOHKUM KOHCTPYKUMOHHEM MaTepuall (0OHUHO
JMUCT), MCIOJb3YEMEM OJISI OTIOeJIeHUS OTpHullaTeJIbHOTO »JekTpona 203
OT IIOJIOKUTEJIBHOTO BJiekTpoma 203. CenapaTop 205 Takxe MOXeT
CIYXUTE IOJA pasldelleHrMa Y4YacTKOB B3JeKTponokR 203. Byaoyunm B
COOpaHHOM COCTOSHUM, DJeKTponel 203 wm cenapatop 205 obpasyorT
AKKYMYJIATOPHEM 3JieMeHT 212. CjenoyeT OTMETUTL, UTO B HEKOTOPHX
BapMaHTax VCIOJIHEHU I SHepToakKKyMyJIUpyllla g Ccpena 201 Ha
YTJIEPOOHOM OCHOBe MOXeT OHTb He BKJKUeHa B OIMH MM o0a us3
ajlekTponoe  203. To ecTh B HEKOTOPHX BapMaHTax MCIOJIHEHUMA
COOTBETCTBEHHHM 2JIeKTpod 203 Mo OB COCTOATE TOJBKO M3 TOKOBOIO
KOJIJIEKTOpa 202. MaTepual, VICIIOJIb 3y EMEIN oJis bopMUpOBaHUSA
TOKOBOT'O KoJulekTopa 202, MOT OwH OHTBH CHOeJIaH IepOoXOBaTHM,
AHONOVMPOBAHHEIM WJIM TOMY I[OOOOHEIM, IJIA YyBeJMUeHUA eT0o ILJIomanu
IIOBEPXHOCTK. B »THUX BapMaHTax MCIOJHEHMS TOKOBHM KoJulekTop 202
caMm 1o cebe MOXeT CJYXUTb B KadecTBe »JjekTpoma 203. OnmHako,
MMes BTO B BUOY, KakK IIPUMEHSEeMHM 30eCh, TepMMH «3JekTpon 203» B
11eJIOM MMeeT OTHOIleHMe K COUeTaHMI DSHepTroakKyMyJupyllel Ccpens
201 m TokOBOTO KoOJUJIekTOpa 202 (HO 2TO He HABRJAETCS OI'PaHUUEHHEM,
10 MeHBIIeM Mepe II0 BHIeyKa3aHHEM COOOpaXeHUAM) .

[0100] CyneprkoHzmeHcaTop <210 comepxuT sJjekTposmT 206 110
MeHbBIIe Mepe B OIHOWM dopMe. 3jexTposmT 206 3aloJIHAET I[IOPOBHE
IpOCTPaHCTBa B BJeKkTpolax 203 M MeXOy HMMM UM cernapatopom 205.
Kaxk 1npaBwmio, sJekTposuT 206 nOpencTariasgeT coboM  BemecTBO,
KOTOPEE OUCCOUMMPYEeT Ha  BJEeKTpUUYeCKM  3apsSKeHHEE  MOHH. B
HEeKOTOPHX BapMaHTaxX MWCIIOJIHEeHMA, eCJM YMeCTHO, DJIEKTPOJIUT MOXEeT
comepXaTh pPacTBOPUTEL, B KOTOPOM pPacTBOPEHO BeIleCTBO.
SyexrTposinT 206 NPOBOOUT BJIEKTPUUECKUN TOK B pes3yJibTaTe MOHHOTO

TpaHCcIopTa.
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[0101] Kak mnOpaBWUJO, AaKKyMYJIATOPHHM 2JeMeHT 212 dopMUPpYyT C
OpuoaHvMeM OIOHOWM M3 PYJIOHHOM (QOPMEl WMJIM IPU3MATUUECKOM (QOPMEH,
KOTOPHM 3aTeM IIOMEemalT B LUMJIMHIOPUUECKYID WIM [OIPU3MAaTUUECKYI
oBoJiouky 207. TIlocyie TOoTO, Kak OpJI BBeleH sJjekTposmT 206,
oboJsiouka 207 wMoxXeT OHTH I'e€pPMeTHMUHO 3akpeTa. B pas3HoOOpas3HHX
npuMepax CcOOPHHM y3eJ TepMeTHMUYHO 3akKylopuBainT crnocobamu, B
KOTOPHX MCIOJbL3YIT JlasepHbe, VYIIbTPa3BYKOBHE, W/UIM CBapOUHHE
TeXHOJIOTUM . B @HOMNOJIHEHMEe K CO3IaHMI IIPOYUHOM (QUIUUECKOM 3alMTh
AKKYMYJISTOPHOTO 3JieMeHTa 212, ob6ojyiouka 207 KOHOUI'YPHMPOBaHa MOJAg
HapyXHOT'O KOHTaKTUMPOBaHUA, obecrneurBad BJEKTPUUECKOEe COelVHeHN e
C COOTBEeTCTBYHIMMM BHBOHaMM 208 BHYTpM obojioukm 207. Kaxnoeli mus3
BHBOOOB <208, B CBOK Oouepedb, CO3IaeT BJIEKTPUUECKUM OOCTYII K
SHEepPIMM, COXpaHsgeMOM B SHeploakKKyMyJIupyilmel cpeme 201, kak
IPaBMJIO, UYepe3 BJIEeKTPUUYECKMEe NPOBOIOHMKM, KOTOPHEE IIPUCOEeIVMHEHH K
SHepTroaKKkyMyJIMpyomen cpene 201.

[0102] Kak ob6cyxOaeMell 3IeCh, TepMUMH «TepMeTUUHO» UMeeT
OTHOIMEeHVE K YIUIOTHEHMK, KaudeCTBO KOTOPOIO (TO €&CThb CKOPOCTH
YTEUKN) onpemeyigeTcsa B eIMHUIAX «aTM-CM3/CeKyHIY», KOTOpPHE
03HavalnT OIMH KyOMUeCKMM CaHTMMeTp Trasa (HanopuMmep, reaus (He))
B CeKyHIy TIpM aTMochepHOM HaBJEHUM M TeMIepaType OKpyXaKlen
cpenbl. OTO BSKBUBAJIEHTHO BHpPaXeHUIO B eIMHMUIIaX «CTaHOapTHHY He-
cm3/cexk». KpomMe TOTO, MOHSTHO, UYUTO BeJMuMHa 1 aTM-cMm3/cek paBHa
1,01325 MOap—-JIUTP/CeK. B ofbmeM, npencTaBJlsgeMH 30ecChb
CYIIEPKOHIEeHCaTop 210 crocobeH oBecneurBaTh TepMeTHUUYHOE

YIJIOTHEeHME, KOTOpOe MMeeT CKOPOCTh YyTeukM He 0oJlee, UYeM OKOJIO
5,0x10°% aTM—cM3/Ccek, ¥ MOXET MNPOABJIATL CKOPOCTL YTEUKM He BHIIE,

yeM OKoJIO 5,0x10710 amm-cm3/cex. Takxe IOpennojaraercsd, uYTo o0
20DEKTUBHOCTM YCIIEMHOTO TIePMEeTHMUHOTO YIIJIOTHEHMS IOJDKEeH CYIUTH
[10JIL30BaTEeJIb, KOHCTPYKTOP MWMJIM M3ITOTOBUTEJL, HAaCKOJIBKO  D2TO
YMECTHO, ¥ UYTO <«IepMEeTMUHO» B KOHIIE KOHIOB IIOOpa3yMeBaeT
cTaHmapT, KOTOPEIN OOJDKEH ONpenesIaTLCSI [10JIL30BaTEJIEM,
KOHCTPYKTOPOM WJIM WU3TOTOBMTEJIEM, WM IPYIOM BaMHTEePeCOBAHHOM
CTOPOHOM.

[0103] OfHapyXeHME YTEeUKHU MOXEeT OBITH pealmsoBaHo,

HaliprMep, C HMCIIOJIE3OBaHMEM I‘aBoo@paSHOI‘O MHOMKaTopa. llpuMeHeHUe
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razoobpasHoOTO MHIMKATOPa, TaKoro Kak TIeluMt, O WMCOHTaHMS Ha
YTEeUKY SABJISeTCH [IPeUMMYIeCTBEHHEM, IIOCKOJIEKY OHO MABJISETCSH CYXUM,
OLICTPBEIM, TOUHHM M HepaspyllanlM MeTOIOM. B OIOHOM IIpMMepe 3TOTO
criocoba CYIIepKOHIeHCaTop 210 pasMemanT B Cpene TreJind.
CynepkoHmeHcaTop 210 nomBeprailT BO3IEMCTBUIL CXAaTOT'O TeJud.
3aTeM I[IOMemaKnT CylepkKoHIeHcaTop 210 B BakKyyMHYK KaMepy, KoOTopasd
coelIMHeHa C OeTeKTOPOM, CIOCOOHEM OTCIEXMBATEH IPUCYTCTBME I'eJusd
(Taxkmum Kak aTOMHO—-abCOPBLUMOHHOE YCTPOMCTRBO) . [Tpu 3HaAHUU
IPONOJIKUTEJILHOCTY BO3IOEMCTBMA IIOBHBIIEHHOTO HAaBJIEHUS, BeJIMUMHE
OaBJIeHMS ¥ BHYTPEeHHero o0BbeMa MoOXeT OBTE OIpelejleHa CKOPOCTH
yTeukM cylepkoHIeHcaTopa 210.

[0104] B HeKOTOPHX BapMaHTax MCIOJIHeHUSI II0 MeHbIeM Mepe
OOMH  TIPOBOIHUK (KOTOPHEIL  MOXeT OHITH TakXe  Ha3BaH  3JecCh
KKOHTAKTHEIM CTOJIOMKOM») 3JIEKTPUUECKM COeIMHEeH C COOTBeTCTBYKIVM
OOHVMM M3 TOKOBEX KOJUJIEKTOPOBR 202. MHOT'OUMCIIEHHHE [IPOBOIHUKMU
(COOTBETCTBEHHO IIOJIAPHOCTM CyIllepKoHIeHcaTopa 210) MOT'yT OHTH
CTPYIIIMPOBAHE BMECTE W IIPUCO&IVMHEHH K COOTBETCTBYKIEMY BHBOIY
208. B c¢Bow ouepens, BuBON 208 MOXeT OBTH COEeOMHEH C
DIIEKTPUUECKYM OOCTYIIOM, Ha3HBaeMbM 3IeChb «KOHTAKTOM» (HallpUMEP,
OOVUH KOMIIOHEHT U3 obojiouku 207 M BHEHEeIO D2JIeKTpoma (TakKxe IJid
yoobcTBa Has3HEBaeMOTI'O 30ecChb KIIPOXOMHEIM KOHTaKTOM» VI
«uTekepoMm») . MoxHO OvUIO OB cocjlaTbCcd Ha dur.1l8, 19 m 20. Temnepsb
cilenyeT 06oJiee MNOOpOOHO PACCMOTPETEH DHEePTOoaKKyMYJMPYRIYID cpeny
201.

[0105] B [IPUMEPHOM CYIIEPKOHIOEHCATOpe 210
SHEPTOaAKKYMYJIMPYKRIYIRD Cpely OQOPpMUPYIT M3 YIUIEPOIOHHX HAHOTPYOOK.
SHepTOaKKyMyJINPYRIla g cperna 201 MOXeT comepxaThb opyrue
YIUIEPOOMCTEE MaTepualJikl, BKJIoUalmMe, HaIpuMep, aKTUBUPOBAHHLHM
YTOJb, YTJIEPOOHHE BOJIOKHA, BUCKOB3Y, rpadeH, asporelb,
YTIJIEPOOHYK TKaHb, U YIJIEPOIOHHE HAHOTPYOKM CaMBEIX Pa3HOOOpas3HEX
dbopM. OSJIEeKTPOIH C aKTUBUPOBAHHHM YIJIEM MOTYT OBTE M3TOTOBJIEHEH,
HalpMyMep, B XOIe IIPOM3BOINCTEBa YIJIEPOIHOTO 0a30BOTO MaTepuala, B
KOTOPOM TIPOBOINAT IIEPBYK aKTUMBALMOHHYK 00paboTKy YyIJIEPOIHOTO
MaTepmala, [IOJIYYEHHOT'O OBy TUIMBaHNEM yIJIeponcoepXxamero
COeNVHEHUS, [IOJIy4amT bopMoOBaHHOE usnesme npu nobaBJIeHUN

CBA3yKmeIro MaTepralla K YTUJIEPOOHOMY 0a30BOMY MaTeprally,
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BHIIOJIHAKRT KapOoHM3aluMKw COOPMOBAHHOTO UM3OEUd, u, HaKOHEI,
bopMUPYIOT BJIEKTPOI C AaKTMBUMPOBAHHEIM YIJIEM IIpOBeIeHMeM BTOPOMU
AKTUBALMOHHOMN 00paboTKM KapBOHUBUPOBAHHOTO bopMOBaAHHOTO
U3nejusa. OJeKTPONH C YIJIEPOOHEIM BOJIOKHOM MOITYT OBTEH IIOJIYUYEHH,
HanpuMep, C MCIOJb30BaHMeM OYyMaxHOM WJIM TKaHEeBOM 3aTOTOBKU C
BOJILIION ILJIOMANBbI0 MMOBEPXHOCTHU YIJIEPOOHEIX BOJIOKOH.

[0106] B omHOM IIpMMEepPHOM crnocofe M3ITOTOBJIEHUS YIJIEPOIHBIX
HaHOTPpYDOK YCTaHOBKa IJIA I[IOJIYUYEeHMS arperaTa M3 YIOPAOOUEHHHX
YIUIEPOOHEX HAHOTPYOOK BKJIOUAET YCTPOMCTBO IOJSI CHUHTes3a arperarTa
M3 YIOPAIOOUEeHHEX YIJIEPOIHEIX HaHOTPYOOK Ha OCHOBe MaTepuala,
MMemero KaTaJlM3aTop Ha ero II0BePXHOCTU. YCTPOMCTBO BKJOUAET
BJIoK bOopPMMPOBAHMS, KOTOPHM IMIPOBOOMT CTaauio (QOopMMPOBaHMUI, B
KOTOpOMt co3mamnT cpeny, OKPY XAy KaTaJln3aTop, KOoTOopasd
IperncTaBJIgAEeT cobom cpeny U3 BOCCTaAHOBUTEJIBHOTO rasa, u
HarpeBawoT o MeHbIen Mepe JIMOo KaTajan3aTop, JInoo
BOCCTAHOBUTEJILHEM TI'a3; POCTOBOM OJIOK, B KOTOPOM IMIPOBOOAT CTaIMO
pocTa B IpPOILIeCCEe CHMHTe3a al'perara U3 VYIIOPAOOUEHHEX YIJIEPOIHEBX
HaHOTPYyOOK, mIOJIA UYero COo3manT Cpely, OKpyXawnlyln KaTajlu3aTop,
KOoTopasd IOpelncTaBJgeT coboM cpendy M3 Ta3000pa3HOTO CHPbLEBOTO
MaTepuasya, ¥ HarpeBakT II0 MeHbllel Mepe JubOO KaTajau3aTop, Jmbo
Ta3000pas3Hul CHPLEBOV MaTepualjyl; M IIepelaTOuHHM OJIOK, KOTOPHM
[IEPEHOCUT Ba30BEM MaTepurall 1o MeHbInen Mepe nu3 oJioka
bopMMpPOBaHMS B POCTOBOM  OJIOK. Oia [noJjydyeHMd arperara uUs
YIIOPAOOUEHHEX  YIJIEPOIOHEIX  HAHOTPYDOK  MOTYT OHITH IpVIMeHeHH
MHOT'OOBpas3HHe OPYyIHMe CIOCOOH M YyCTPOMCTBA.

[0107] B HEKOTOPEIX BapmMaHTax MCIIOJIHEHU A MaTepmal,
UCIOJIb3YEME OJI9 (QopMMPOBaHMA DHepTloakKyMyJupyomen cpenw 201,
MOXeT  BKJIOUATL MHOM  MaTepuall, HexeJM UMCTHEM YIJIepon (n
pasHooOpas3HEe (QOpPMBEl YyIJIepola, KOTOphEEe MOT'YT CyMNeCTBOBaTh B
HacTodmee BpeMsa WM OynoyT pas3paboTaHE  IIO3Xe) . To eCcThb
SHEPTOakKKyMyJIMpyKmasa cpela 210 MoOXeT CcoIepXaThk pas3HooOpa3HEe
COCTaBH U3 OPYyI'MX MaTepMaJioB. bBojlee KOHKPETHO, M HE B KaudecTBe
OoTpaHMUMBaKIETO IpYMepa, B BHeproakKKyMyIupyiomel cpeme 201 MoOXeT
OBHITE IIPMMEHeH I[I0 MeHBIIEeM Mepe OIOMH CBA3YKNUM MaTepualJl, OIOHaKoO
nobamBJieHMe OPYIMX MaTepuaJioB (TakMxX KaK CBA3YIMM MaTepuall) He

PeKoOMeHOyeTCA MJIn He TpebyeTc4d. OnmHako, KakK I1paBuJIoO,
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SHepTroakKKkyMyJIupyimas cpema 201 1mo cymecTBy coopMMpoBaHa U3
yToJlepoma, M TIO2TOMYy MOXeT Ha3HBaTbCA 3IeCh «YIJIEPOIMCTHM
MaTepMraJioM», «yIJiepoIcolepXalMM CJoeM», ¥ IPpyTUMMM [IOOOOHBMM
HauMeHOBAaHVAMMA . Kopoue roBOPA, xoTd Oyaoyur CcOOPMUPOBAaHHOM
TJIaBHEM OOpas3oM M3 yIJlepoda, DHeploakKKyMyJMpykmas cpela 1 MoXeT
BKJIOUATL YIUlepon B Jmobor o¢dopMe (a Takxke Jiodbe »DoOaBKU WIIMU
3arpa3HgoIme IpuMecHu, KOTOpPHIE CUMTanTCsa HaOJexammuMm VI
OpueMJIeMBIMM) IJIS  IIOJIYUEHUS XKeJlaTeJIbHOM (QYHKUMOHAJBLHOCTM Kak
SHepToakKkyMyJIMpyome cpenul 201.

[0108] B oOOHOM CepMM BapMaAHTOBR MCHOJHEHUS YIJIEPOOUCTHMN
MaTepraJl BKJUaeT I[I0 MeHbIle Mepe O0OKoJo 60% DJIeMeHTapHOTO
yIJlepoma IO Macce, M B IPYI'MX BapMaHTax MWCIOJHEHMS II0 MeHbleM
Mepe okoJgio 75%, 85%, 90%, 95% wmium 98% 1o Macce BJIEeMeHTapHOTO
ynJepona.

[0109] VrjaepoIMCTHM MaTepHuaJl MOXeT BKJOUATL YyIJIepod B
pasHooBpasHeExX dopMax, B TOM UUCIe caxy, IpaduT, U Opouune.
YTJIepOOMUCTHY MaTeprall MOXeT BKJOYATL UYacTUIHE YIJIlepola, B TOM
uyce HaHOUYaCTHUIIH, Takmue Kak HaHOTPYOKHM, HaAaHOCTEePXHH,
TpadpeHOBEHE JIMCTKM ¥ JMCTOBOM oGopMe u/Miau CchOopMOBAHHEHE B BUIE
KOHyca, cobeps (QyJJIepeHH), M TOMY IIOIOOHEE.

[0110] HexkoToptle BapMaHTH MCIIOJIHEHU I YIJIEPOOUCTOTO
MaTepMrasla B pa3HOoOOpa3HHX OQopMax, MOPUIOOHOTC OJI4 I[IPMMEHEHUS B
SHepTroakkyMyJupyome cpenme 201, NOpuMBeOeHH 30eChb B KauecTBe
IPUMEPOB . Sy BapUaHThH VCIIOJIHEeHU S obecreunBamnT HaexHoe

XpaHeHne SHepI'MM n BeCbMa IIPMIT'OOHEI OJIA VICIIOJIE 30BaHMA B

sJlekTpone 203. ClemyeT OTMETUTH, UYWTO DTU [IPUMEPH ABJSAKOTCH
WJLJIIOC TP a TUBHEIMIA u He OTPaHVUMUBAKT BapMaHTH VCIOJIHEHU I
YIJIepPOOUCTOTO MaTepuana, OIPUTOOHOTO s IPpVMMEeHEeHU A B

SHepToaKKkyMyJIMpyome cpene 201.

[0111] Kak OpaBUJIO, TEepMMH <«BJIEKTPONO» MMeeT OTHOIleHUue K
BIIEKTPUUECKOMY TIPOBOOHUKY, KOTOPHM MCIOJL3YRT IJS CO30aHUA
KOHTaKTa C elle OJHMM MaTepuaJioM, KOTOPHM UYacTO ABJIAETCSH
HeMeTaJlIMYeCKVM, B YCTPOMCTBe, KOTOPOEe MOXeT OHTH BBeIeHO B
BIIEKTPUUECKYD Lelb. B ofmeM M LeJIOM, TepMMH «3JIEKTPOoI», Kak
IIPMMEHSAEME 3I0eCh, YIOMMHAETCsS CO CCHJIKOM Ha TOKOBHM KOJIJIEKTOP

202 ¥ DOOIIOJIHUTEJILHHE KOMIIOHEHTE, KOTOPEE MOI'YT OBITE CBA3aHH C
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TOKOBHM KOJIJIEKTOPpOM 202 (TakMe KaK D»HeproakKyMyJMpyolas cpela
201) OJIA CO3IaHMA XKeJaTeJbHOM  QYHKIMOHAJILHOCTHU (HanpuMep,
SHeproakKyMyJiMpywomas cpena 201, koTopas COIpSsXeHa C TOKOBHM
KoJIekTOpoM 202, uToBB ODecClleuMBaThL XpPaHeHMe DHepIuM U IIepelady
SHepIUn) .

[0112] YTo KacaeTc4d TOKOBOT'O KOJIJIEKTOpAa 202, TO B
HEeKOTOPHX BapMaHTax MUCIOJHEHMSI TOKOBHM KoJIJIekTop 202 uMeer
TOJIIMHY  MeXnoy OKOJIO 0,5 MUKpOMETPa (MKM) oo OKOJIO 25
MUKPOMETPOB (MKM). B HEKOTOPHX BapMaHTax MCIOJHEeHUS TOKOBHM
koJuiekTop 202 MMeeT TOJIMHY MeXnoy okoJio 20 MMKpoMeTpaMM (MKM)
0o okojio 40 MUKPOMETPOBR (MKM). TOKOBHM KoJIIekTop 202 MOXeT

BHIJIAOET:L KakK TOHKUM CJIOM, TakoM Kak CcJIOM, KOTOPHM HaHeceH

METOIOOM XUMUUECKOTO ocaxIeHmnd "3 IapoBOM basu (CVD),
HalbUIeHMEM, OeliCTBUEeM DJIEKTPOHHOTO oyckKa, TepMUYe CKUM
VCIIapeHreM, WJIM »OPYyTUM IIOOXOOAMNUM  CIIOCOOOM. Kak 1mpaBMiIoO,

TOKOBHM KOJIJIeKTOp 202 BHOMpalT IO €TI0 XapaKTepuCTHUKaM, TaKuM
Kak yIOeJibHasg [OIPOBOOMMOCTL, UTOOH OH OBUI SBJIEeKTPOXUMUYUECKU
MHEPTHHEM WM COBMECTHMMEIM C BSHepTlOakKKyMyJIupywmen cpenon 201
(HanpuMep, CNT (yIJlepolHbBle HaHOTPYOKM) ). HeKOTOpHE IIPUMEPHHE
MaTepMraJibl BKJIOUAT aJIlOMMHMM, IIJIaTMHY, 30JIOTO, TaHTaJl, TUTaH, u
MOTYT BKJIOUATH OpyIMe MaTepHuaJitl, a Takke pasHOoOOpas3HEE CILJIaBHL.

[0113] Korma TOKOBHIM KOJIJIEKTOP 202 COeOMHSAIT c
SHepTroakkyMyJupyome cpeno 201  (Hampumep, CNT), ob6pasyercsd
BIIEKTPOOHEM BJeMeHT 215. KaxOell »JeKTPONHEM B»JeMeHT 215 MoxeT
OBITE MCIIOJIBE30BaAH MHIMBUIOYAaJIbHO B KadeCcTBe B»JlekTponma 203, wmiam xe
MOXeT OHTBH CBSA3aH II0 MeHBbIeM Mepe C elle OOHUMM BJIEKTPOIHBM
sJjleMeHTOM 215 ¢ oBpas3oBaHMeM sJjiekTpona 203.

[0114] CemnapaTop 205 MOXeET OHITE M3TOTOBJIEH nu3
pa3HoOoOpasHEIX MaTepuaJioB. B HeKOTOPHIX BapMaHTax MCIOJIHEeHU
cernapaTop 205 npelcTaBJIgeT cobom HeTKaHLM MaTepuaJl n3
CTeKJIOBOJIOKHa. CemnapatTop 205 Takxe MOXeT OHTH M3TOTOBJIEH U3
CTEeKJIOBOJIOKHA, KepaMMUeCKUX MaTepualJioB U OQOTOPIOJIMMEPOB, TaKUX
Kak nosmreTpadropaTuieH (PTFE), o0OHUHO HOpoOaBaeMElM Ha PHHKe Kak
TEFLON™ ¢upmort DuPont Chemicals, YuiaMmuHT'TOH, HDeJjaBsp. Hamnpumep,
npu VCIIOJIb 30BaHUN HETKAaHOTO MaTepuala ns CTEeKJIOBOJIOKHA

cellapaTop 5 MOXeT BRJIIOYATDH OCHOBHEE BOJIOKHa u cBA3yKIne
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BOJIOKHa, M3 KOTOPHX KaxXIoe HuMeeT MeHbIMM IMaMeTp BOJIOKHa, uUeM
oVaMeTp KaXOo'0 M3 OCHOBHEX BOJIOKOH, U oO0eclleuMBaeT CBA3HBaHUE
OCHOBHEIX BOJIOKOH MexIy coOoM.

[0115] IOJIa HOOJITOBEUHOCTM CYIIepKOHIOeHcaTopa 210 wu misa
oBecrneueHrsa pab®oTOCIOCOBHOCTHM IIPM BLHCOKOM TeMIlepaType CelapaTop
205 pmoimkeH MMEeTb IIOHWXKEHHOEe KOJIMUEeCTBO 3aTlpA3HANIMX IpUMecew U,
B UYACTHOCTM, OUeHb OTpaHMUeHHOEe KOJMUEeCTBO CcoIepXalelcsa B HeM
BJlaTrM. B uyacTHOCTM, OBJIO OOHaApPyXeHO, UTO OI'paHMUeHMe BJIaXHOCTU
OO BeJMUMHH OkoJio 200 wmuH! 4gBjgeTcs  XeJjaTeJbHEM, UTOOH
COKpaTUTh XUMUUECKUE peaxkuum u NAINAS 111U CpOK CITYXOH
cynepkoHneHcaTopa 210, ¥ 4UToOH OOEeCHeUMTH XOpOollMe TexXHUUeCKMe
XapaKTepUCTHKYM B BapMaHTaxX BECOKOTEMIIEPATYPHOTO IIPUMMEHEHUS.
HekxoToOpEe BapWMaHTH WMCIOJHEHMS MaTepMralloB MOJS WMCIOJBE30BaHUA B
cenapatTope <205 BKJIOUAKLT I[OJMaMUI, HoJIUTeTpadTop>TMIeH (PTFE),
IPOCTOM  MOJIUBIUP2IOUPKETOH (PEEK) , OKCHULI AJIIOMVHU A (Al203),
CTeKJIOBOJIOKHO, ¥ apMMPOBAHHEIN CTEeKJIOBOJOKHOM ILJlacTuK (GRP) .

[0116] Kak npaswuio, npuMeHsaeMee  OJsa  celapatTopa 205
MaTepMaJikl  BHOMpPAaT CcOoOoDpas3HO CcolepXaHu BJary, [IOPUCTOCTH,
TeMIlepaType JIaBJIEHU A, COOepXaHU 3aTPA3HARINUX npuMecei,
PEe3YIIb TUPYIIVM DIIEKTPUYUECKUM XapakTepucTukram, TOJIIUHE,
CTOMMOCTM, HOOCTYIHOCTM, UM TOMYy IIOIOODOHOMY, B HEKOTOPHX BapuaHTax
WCIIOJIHeHUA celapaTop 205 dopMuUpyT M3 TUOPOYOOHHX MaTepualloB.

[0117] COOTBETCTBEHHO STOMY, MOTYT OBITH [IPUMEHEHEH
opoluenyps, UYTOOB 00eclIeurTh YyCTpaHeHMe M3O0BITOUHOM BJIATU U3
Kaxnoro cenapatopa 205. Cpemr »OpyI'Mx CIOCODOB, MOXeT OHTH
MCIOJIb30BaHa MeTOOMKa BaKyyMHOM CYIKMU.

[0118] CilemnyeT OTMETUTEH, UTO B  HEKOTOPHX BapMaHTax
VCIIOJIHEHU I CYIIEPKOHIOEHCATOP 210 He TpebyeT IPUCYTCTBUSA
cenapatTopa 205 wmiumM He cComepXxuT ero. HanpuMep, B HeKOTOPHX
BapuaHTax VICTIOJIHEHU A, TakKmx, roe drsuueckoe pasnejieHue
3JIeKTponoB 203 HoCTUTaeTCsa TeOoMeTpHMUecKoM OQOopMOM KOHCTPYKIUM,
BSTOTO HOCTATOUHO, UTOOH MeXOy 52JeKTpomaMv 203 HaxXxoOWJICA TOJBKO
aJlekTposUT 206. BoJjlee KOHKPeTHO, M B KadecTBe OIHOT'O IIpUMepa
dMsMUecKOTO pasmelleHMda, OOMH Takol CylepKoHIeHcaTop 210 MOXeT
BKJIOUATE SJIEeKTPpone 203, KOTOPEE pa3MEINeHE BHYTPU OOOJIOUKM Tak,

dTo pasnoesieHne ofecrieunBaeTCHA Ha IIOCTOSHHOM OCHOBe.
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JlabopaTopHEM IpUMeEpP BKJIIOUAJ O CYIIEPKOHIEHCATOpP 210,
pa3MemeHHE B CcTaKaHe.

[0119] CyrnepkKoOHIOeHCaTOop 210 MOXeT OBETH BHIIIOJIHEH B
HEeCKOJIbKMX pas3JIMUHEX QopM—-dpaKTOopax (TO eCTb MMEeThb OolIpeleJIeHHHN
BHemHMM BUIO) . [IpyMepH I[IOTeHUIMAaJIbHO MIPUMMEHUMEX GQOopM—GakKTOpOB
BRJIOUAIT ULUMJIMHOPUUECKUM DJIEMEeHT, KPYyTOBOM WM KOJblleoOpa3HHM
SJIEMEHT, IUJIOCKUM MPUBMATUUECKMUM DJIEeMeHT, WM OaTapern U3 IIJIOCKUX

IIPM3MaTHNUYEe CKUX SJIEMEeHTOB, BKJIOYAIYIO KOpO@T{aTBHZ SJIEMEHT, u

[IJIOCKUM Ipr3MaTruieCKUMI BJIEMEHT, KOTOPEIN chopMOBaH OJIs
COOTBETCTBUSA KOHKPETHOM TeoOMeTPUUYeCKOM bopme, TaKoM KakK
VCKPUBJIEHHOE TIIPOCTPAHCTBO. UMIMHOPHMUYECKMM (OopM—QpakTop MOXEeT

OHITH HauboJiee IPYMe HYMBIM B codueTaHUMn c UMJIVHIPUYE CKMM
VHCTPYMEHTOM WJIM MHCTPYMEHTOM, CMOHTHMPOBAHHEIM B LIMJIMHIPUYUECKOM
bopM—dpakTope. KpyroBoM MIM KOJLLIeOOPAa3HEM (opM-pakKTOp MOXET
OBITE HambdoJiee TIIPUMMEHVMHM B COUeTaHMM C MHCTPYMEHTOM, KOTOPHM
VMeeT KOJblleoOpa3Hy®w OGOopMy WMJIM CMOHTMPOEBAH B KOJbIIeOOpasHOM
bopM—dpakTope. IJIOCKMM IIPUBMATUUECKUM SJeMeHT, COOPMOBAHHEM MOJIA
COOTBETCTBUSL KOHKPETHOM TeoMeTpUueCcKoOM bopme, MOXeT OBITH
[IPVMMEHVMEIM, UTOOH 20beKTUBHO MCIIOJIL30BaTh «KMEpPTBOE
[IPOCTPaHCTBO» (TO ecThp TIPOCTPAHCTBO B MHCTPYMEHTe WJIMU B
oBopyHmOBaHUM, KOTOpPOe MHEM IIYyTeM He 3aHATO, UM MOXeT OHTb B
IPMHLMIIE HeIOCTYIIHO) .

[0120] Bynoyur B oO0OmeM pPacCKpPHTEM 30eCk B BUIEe «pyJeTay,
BapMaHT IpUMeHeHMI (TO eCThb aKKYyMYJIATOPHHM 5SJIeMeHT 212, KOTOPHM
KOHQUT'YPUPOBAH OJIA OBDOJIOUKU 207 HUMJIMHIPUYECKOM bOpMHL) ,
CBEPHYTHM B DPYJIOH aKKyMyJIATOPHEM D2JeMeHT 223 MOXeT IIPUMHYMATL
JIIOOY KeJlaTellbHyn ¢opMy. Hamnpumep, B OTJMUMEe OT CBOpauyMBaHUA
AKKYMYJIATOPHOTO D2JeMeHTa 212 B PYJIOH, AaKKyMyJISTOPHHM SJIeMeHT
212 wMoxeT OBTBH BHIIOJIHEH MHOTOKPaTHO CJOXEeHHBM B CKJaIKM C
oBpa30BaHMEM PYJIOHHOTO aKKyMYyJIATOPHOT'O 3JIeEMeHTa 223. MoryT OHTH
IIpVMMeHeHH »OpyI'Me TuIE CcOOpKM. B KauvecTBe OIOHOTO IIPMMEepPa,
AKKYMYJIATOPHEM 2JIeMeHT 212 MOXeT IIPeOCTaBJATL cobo¥ IIJIOCKUM
2JIEMEHT, Ha 3HBaeMBI 2JIEMEHTOM «TabJIETOUHOT'O TUIIa .
CoOTBETCTBEHHO STOMYy, CBOpauMBaHMe B PYJOH IIpedcTaBJgeT coboun
TOJIBKO OIMH BapMaHT COOPKM PYJIOHHOTO akKKyMyJISTOPHOT'O BSJIEMEHTa

223. IlosTOMy, XOTsS 3IOeChb O0OCyXIaeTcCs BapMaHT B IJlaHe «PYJIOHHOTO
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AKKYMyJISTOPHOTO 2JIEMeHTa 223», OH 3TMM He OI'paHMUMBaeTCcsd. MOXHO
CUMTaTh, UYTO TEepMMH «PYJIOHHEM AaKKyMYJISTOPHHM D2JIeMeHT 223» B
oBlmeM M LeJIOM BKJKUaeT JOOYVIR IIOOXOOANyl GOopMYy VYIIAKOBKU WIIK
COOPHOTO y3Jla aKKyMyJIATOPHOT'O »JieMeHTa 212, 4YToOB OHBTL YCIEIHO
BCTaBJIEHHOM B o0oJiouky 207 maHHOM KOHCTPYKIIUN.

[0121] ©PasHoOOpas3HEHEe OQOPME CyIlepkoHOeHcaTopa 210 MoOTyT
OBITL COeIMHEeHH Mexny cobol. PasHooOpas3Hbe GOpPMEI MOTYT OHTH
COeIMHEHE C MCIIOJIb30BaHMeM M3BECTHEX CIOCOOO0B, TaKMX kKak CcBapka
KOHTAKTOB IOpyI' C OPYyI'OM, C IIpMMeHeHMeM II10 MeHbIleM Mepe OIHOTO
MexXaHMUeCKOTO COeIVMHUTEJIS, pPas3MelleHMeM KOHTaKTHEX BHBOIOB B
DIJIEKTPUUECKOM KOHTaAKTUMPOBaHMM OpyI' C JIpYyIoM, M Tak »$ajiee.
MHOTOUMCIIEHHEE CYIIEepPKOHOeHcaTopH 210 MOTYyT OHTBH D3JIEKTPUUECKU
COeIMHEeHH I[I0 MeHbIel Mepe OOHMM BapMaHTOM M3 HapallJIeJIbHOTO u
[IOCJIeDOBATEJIBHOT O,

[0122] OSjaexTposmuT 206 BKJIOUaeT IIapHOEe COdUYeTaHMe KaTMOHOB
209 m aHMoHOB 211, M MOXeT BKJIKUAThE PACTBOPUTEJIb. SJIEKTPOJIUT
200 wmMoxeT OHTE Has3BaH «MOHHOM XUIKOCTLIO», HaCKOJIBKO  BTO
YMeCTHO. MoryT OHTH IIPMMEHEHEH pPas3HOOOpAas3HEE KOMOMHAalVM KaTMOHOB
209, aHMoHOB 211 M pPacTBOPUTEJA. B IIPUMEPHOM CYIIEpPKOHIEeHCcaTope

210 xaTmoHE 209 MOTYT BKJIOUATHL II0 MEHLIIEM Mepe OOMH M3 KaTHMOHOB

1- (3-umaHONpPONMII) —3-Me TUIMMUIaB0JINA, 1, 2-guMeTmnII—-3—
IPONIMIIMMIAa30JINA, 1, 3-06uc (3-uMaHONIPOIWJI) UMM A30JIN, 1,3-
OB TOKCUMMUIOA3Z0JINSA, 1-6yTuii-1-MeTUJINIUIePUIMHNA, 1-6yTun-2, 3-
OVME TUJIMMU IO Aa30JIM A, 1-0yTHiI-3-MeTUMJIMMMIOa30JIM I, 1-0yTmi-4-

MEeTUIINUPUOVHYA, 1-OYTWJINUPUIVHKA, 1-Oeuuji-3-MeTUJIMMUOa30JImMS, 1-
DTUII-3—MEeTUJIMMUOAS30JINUA, 3-MeTuJI- 1 —~[IPpONUINIUPUIOMHNA, u X
KOMOMHaLWN, a TaKxe npouue SKBMBAJIEHTH, HaCKOJIBKO 2TO
IpencTaBJIAeTCSa MNpUeMIIeMBEM. JOMNOJIHUTEJBEHEE IIPMMEPHEE KaTMOHH 209
BKJIOUAKT KAaTHMOHE MMMIOA30OJMA, OUPA3VHUA, OUIEPUIOVMHUSA, OUPUIVHUA,
OIUPUMUIOVHUA, W [OIUPPOJIUIVMHMA (CTPYKTYPH KOTOPHX WM300paXeHH B
dur.4). B IIpMMepHOM CyIepkoHOeHcarTope 210 aHMoHEl 211 wMOTyT
BKJIOUATH 1o MeHbIen Mepe OOVH n3
OuC (TPUOTOPMETAHCYJIEQOHAT ) MU A,

TpUC (TPUPTOPMETAHCYJIEQOHAT ) METUI A, ouuraHaMM1oa,
TeTpadpTopbopara, rekcadTopdpochdara, TpUdTOPMEeTaHCYJILDOHATE,

Buc (mexnradTopsTaHCYJILOOHAT) MMMIA, TMolMaHaTa,
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TpudTOp (TpudTOopMeTMII) BOpPaTa, ¥ MX KOMOMHaLMNM, a TakKke IOPYyIUX
SKBMBAJIEHTOB, HACKOJIBKO STO IIPEeNCTaBJILEeTCHd IPMeMIIEeMBM.

[0123] PacTBOpUTENIE MOXET BKJKUATH AalleTOHUTPWII, aMUIEH,
OeH30HUTPUII, OYTUPOJIaKTOH, LHUKJINYECKUN IpoCTOM 20MpP,
ooy TuiIkapboHaT, oMsTUIKapdboHarT, OB TUJIOBEIM IpoCTOoM 20UpP,
OMMETOKCUBTAH, oyMeTHUIKapboHarT, oVMe TUIIOopMaMn,
OVIMe TUJICYJIEOOH, OMOKCaH, OMOKCOJIaH, sTuIdOopMHAT,

sTUJIeHKapboHaT, BTUIMEeTMIKapOOHAT, JAaKTOH, JIMHEMHHM [IPOCTOM

20UpP, MeTuIdopMMaT, MeTUJINPOIMOHAT, MeTUJITeTparmaopodypaH,
HUTPWI, HUTPpOoOEeH30JI, HUTPOMETAaH, N-Me TUJINUPPOJIMIOOH,
nponujeHkapboHaT, cyJibdoiaH, CyJb)OH, TeTparunpodypaH,

TeTpaMeTMJ’_[eHCYJIb(]_)OH, TI/IO(]_)eH, STUMIIEeHTJIMKOJIE , IS TVIIEeHTJIMKOJIE,

TPMSTMIIEHTJIMKOJIE , ITOJIMS TUMIIEHTJIMKOJIV , CJIOXHEIM S@Mp KapGOHOBOTZ

KMCJIOTH, Y—-Oy TUPOJIaKTOH, HUTPWI, TpULIMaHOTeKCaH, IOy UX
KoMOMHAIIMIO, WJIN OpyTou (-Tue) MaTepuaJ (—JHl) , KOTOPHM (—pHIe)
IPOABJIAET (—IOT) HaOJeXallMe TeXHOJIOTUUECKME XapaKTEepPUCTUKHA.

[0124] C oOpameHMeM Tenepk k our.9, rnokasaHE pas3HoOoOpa3HEE
OOIIOJIHMTEJIbHEIE BapPMAaHTHE MCIIOJIHEHMA KaTMOHOB 209, NPUI'OOHBEIX IIJIA
IpUMeHeHMSI B MOHHOM XMAOKOCTM IJIA CO3ITaHua 2JjeKTposmTa 206. 9Tu
KaTuoHE 209 MOT'yT OBTH MCIOJB30OBAHE I[I0 OTIOEJIbBHOCTM WJIM B
KoMOMHalMKM JOpyT C IOpyToM, B KkKoMOMHaUMM I[IO MeHbIel Mepe C
HEKOTOPHMM M3 BHIIeyKa3aHHBIX BapMAHTOR MCIIOJHEHMS KaTuoHoB 209,
¥ TakXke MOTYT OBTH IIPMMEHEHHE B KOMOMHALIMM C IPYTMMM KaTHMOHAMM
209, KOTOpHE MNPEnCTaBJSAIRTCS COBMECTHMMBEMM M TMOOXOOAMMMM C TOUKU
3peHusa I0JIb30BAaTeJIsI, KOHCTPYKTOPpa, M3TOTOBUTEJNI WIXM OpYyToM
IOOOOHEM obpasoM 3auHTepeCcOBaHHOMN CTOPOHHI. KaTroHs 209,
nz3obpaxeHHue B @ Our.9, BKJIOUAT, ez OT'paHMUEeHUH, KaTHMOHH
aMMOHM S, VMUIOa30JIMA, OKCa30JIM4, docoonms, NIUIIEPUOVHU A,
IMpa3uHuLg, NMUpas3uHUA, ovpuoasuHUA, IVPUONHNUSA, OVPUMUOVHASA,
NIUPPOJIMOVHNA, CyJILQOHUA, THa30JIMUA, TPUa30JINA, T'YaHUIVHUA,
VM30XVHOJVHNA, OeH30TpMa30JiMad, KaTWMOHE BUOJIOEHHOTO THIa, U
KAaTMOHE QYHKIMOHAJIU3UPOBAHHOTC MMUIA30JINA.

[0125] B cCTpykTypH KaTuoHOB 209, mnoka3aHHEX B Our.9,
BXOOAT pa3HooOpasHee OokorHe TIpynnel (Ri, Rz, R3, ... Ryk). B

ciayuae KaTMOHOB 209, Kaxmnoas HokoBad TpyIina (Ry) MOXEeT
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IpencTaBJIATh cobon ooHY n3 aJIKMJILHOM, TeTepoalIKMIILHOM,
aJIKeHWJILHOM, TeTepoalJIKeHMJIbLHOM, AaJIKMHMJILHOM, TIeTepOoaJIKMHUIILHOM
TPyIIl, aToMa TaJIoTeHa, aMMHOTPYIIH, HUTPOTPYINIH, UIMaHOTPYIIIIH,
TUOPOKCUJILHOM, cyJbdaTHOM, CyJIbQOHATHOM, NI KapOOHUIIBEHOM
TPYNIH, Jobdasg M3 KOTOPHX HeoBsa3aTelIbHO MOXET MMETH 3aMEeCTUTEIN.

[0126] TepmuH KAJIKUII» ABJIAETCA OOBIIeNpU3HaHHEM B
TeXHOJIOTUM, UM MOXET BKJIOUATL HACHIeHHBEe aludaTruuecKMre TPYIIIH, B
TOM UMCJe JIMHEMHOLeNIOUeUHHE AaJIKMJIbHBIE TPYIIIH, aJIKMJIbHEE IPYIIIH
c pa3BeTBIICHHEMU LHernaMmu, LMKJIO AJIKMUJIL HEE (aMUUUKJINYECKUE)
TPYIIH,  aJIKUJI3aMelleHHBle LUKJIOAJKMIILHEE TPYINE, ¥  aJIKUJIbHHEe
TPYTIIE c LMKJIO AJIKWIIb HEIMM 3aMeCTUTeJIIMA . B onpeneJeHHEX
BapMaHTax MCIOJHEHUS aJIKMJI C JIMHeMHOM Lelblo MJIM C Pas3BeTBJIeHHOMU
LIenbio MMeeT OkoJIO 20 MJIM MeHee aTOMOB YyIJIepola B CBOeM ckKejeTe
(HanpuMep, Ci1—Czo s JuHeMHoM uemnmu, Ci1—-Czo IJIS pPas3BeTBJIEHHOMU
Henu) . IHomo®HEM 00pasoM, LIMKJIOAJKMIIE MMET OT OKOJO 3 IO OKOJIO
10 aToMOB ynJiepona B cBOEM LUKJIMUECKON CTPYKTYPE, ",
aJbTepHaTHUBHO, OKOJIO 5, 6 wmiIM 7 aToMOB YyIJlepola B KOJLIEBOM
CTPYKTYyPpe. [IpuMepPH AJIKMJIIb HEIX TPy BKJIOUAKT, HO He
OTpPaHNUMBATCSA TaKOBEMM, MeTWJI, D3TWJ, Oponwi, OyTwui, IMIeHTWU,
TeKCuI, STUITEKCUII, LUMVKJIOIPOINJI, HMKJIOOY TIUII, LMKJIOIIeH T,
LIMKJIOTEeKCWJI, ¥ TOMy IIOIOOHEE.

[0127] TepmuH «T'eTepoalIKMII» ABJIAETCH OOWEeNPUHATEIM B
TeXHOJIOTUM, M ¥VMeeT OTHOMeHMe K aJIKMJIBHEM TI'pPyIlaM, KkKak 3Iechb
ONMCHBAEMEIM, B KOTOPHX OIOMH MM ©OoJiee aTOMOB MNpelcTaBJISnT CcoOom
TeTepoaToM (HaIpuMep, KUcJIopoda, asoTa, Ceph, UM TOMYy IIOOOOHHX) .
HanpuMmep, aJIKOKCHUIpyIna (Hamopumep, -OR) OpencTarjsgeT cobon
TeTepPOaJIKMIIbHYID TPYIINY .

[0128] TepMMHE KaJIKeHWJI» " KAaJIKVHWUII» ABJIAITCHA
OOMENPUHATHMM B TEeXHOJIOTUM, U MMET OTHOmMeHMe K HeHaCHINeHHBEM
anndpaTUUeCKVM TpPyIloaM, aHaJIOTMUHHM 10 OJMHEe M BO3MOXHOM CTelleHU
3aMemeHMsa ONMCAaHHHEM BHINe aJIKuJIaM, HO KOTOPpHEe comepXaT IIo
MeHbIleM Mepe OOHY IBOMHYI MJIM TPOMHYI CBA3bL, COOTBETCTBEHHO.

[0129] «I'eTepoalIkeHUII» n KT eTepOaJIKMHWIT» ABJIAITCA
OOmenpuU3HaHHEMM B TEeXHOJIOTUM, U MMelT OTHOIeHMe K aJIKeHMJILHHEM U
AaJIKMHWUJILHEIM TpPyIlaM, KaK 23IJecChk OIMCAaHHEM, B KOTOPHX OIOMUH WJIK

OoJiee aTOMOB npencraejgeT cobom reTepoaToM (HanpuMep,
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KH1cJjopona, as3oTa, Cepb, M TOMY IIOOODHEX) .

[0130] Kaxk mnpaBwmjo, JoOOOM MOH C OTpHUIATEJBHEM 3apiaaoM
MOXeT OHTHL MCIIOJIbB30BaH B KauecTBe aHMOHa 211. BuOpaHHHBM aHUOH
211 OOBUHO 4BJIAETCA I[IapHBM KPYIHOMY OpITlaHMYeCKOMY KaTMOoHY 209 cC
oBpas3oBaHMeM MOHHOM COJIM C HM3KOM TeMIepaTypoM IJlaBjieHusa. CoJu,
KOTOPHE ILJIaBATCSA IPM KOMHATHOM TeMIepaType (M HMWXe), I[IoJydalTCs
TJIaBHEM 00pasoM C KpPyIOHEMM aHuMoHamu 209 ¢ 3BapgmoM -1. Coiu,
KOTOPHE ILJIaBATCA IJaxe IOpu ©OoJiee HUBKMX TeMIepaTrypax, OOHUHO
[IOJIy4YalnTCA c aHMOHAaMM 211, B KOTOPHX DJIEKTPOHE  JIETKO
OeJIOKaIM3yrnTcsa. 4To OB TO HM OBJIO, UTO OyIOeT IOBHIIATE CPOIOCTBO
MeXxmnoy VMOHaMU (paccrosaHue, neJjiokaan3aumsa 3apsana), Dymer
COOTBETCTBEHHO CHMWXAThL TeMIepaTypy ILJaBJieHMsa. XOTS BOSBMOXHLIM
BHOOP aHVOHOB ABJISETCSH NIpakKkTU4YeCKM OeCKOHEUHEM, TOJIBKO
HeboJsibmlag Tpylna ux OymeT 200eKTMBHOM B HMIKOTeMIepaTyYPHBX
BapMaHTax IpVMeHeHM S VMIOHHEIX XUOKOCTEN . TpuBeneH
HeoTpaHMUMBAaMUNM 0030p BO3MOXHEIX CTPYKTYP AaHMOHOB IJIS MOHHEIX
XUOKOCTEN .

[0131] OOBIUHBEE 3aMelapire  TPYIINH (o), OPUTOOHEE  OJIA
IpUMeHeHuda B aHMoHax 211, npuBeneHHEX B Tabiuue 1, BRJIOUYAKT: -
¥, -C1-, -Br-, -I-, -0OCH3, -CN-, -SCN-, -C2H302-, -ClO-, -ClO2-, -
Cl03~, -Cl04, -NCO, -NCS-, -NCSe, -NCN-, -OCH(CHz)2, -CH20CHs,
-COOH~, -OH", -SOCHsz", -S02CH3", —-SOCH3 , -S02CF37, -S03H", -S03CF37,
-0 (CF3)2C2 (CF3) 20", -CFs3°, -CHF2, -CHzF-, -CHz, -NO3, -NO27, -S037,
-S04%27, =-SFs7, =-CBi1iHiz-, -CBii1HeCie, -CH3CBi11Hi1~, -C2HsCBi1:1Hii~, -A-
P04, -A-S027, A-5037, -A-503H, -A-C0O0O-, -A-CO~ {rme «A»
npencraByageT GeHus (peHMIJIbHas Tpylloa, WIM (eHMJIbHBM  LIUKJI,
OpeIcTaBJIgeT COOOM LIUKIMUECKYK TPYIINYy aToMoB C odopmyJon CeHs),
WM 3aMelleHHBV (eHMJ, aJIKWiI, (pammKaJl, KOTOPHM WMeeT OOy
dopmysry  CnHoni1, 0o0pasoBaHHEM yIaJleHMeM aToMa BOIOpOIa U3
ajikaHa) , VIV 3aMelleHHY aJIKMUJIBHYIO TPYyIny, OTpUIlaTEJIBEHO
3ap SXKeHHEE pPanuKaJIbl aJIKaHOB (aJIkaHEl IpenCcTaBJIbanT cobon
XYUMUUYECKME  COEeIVMHEeHWS, KOTOPHE COCTOHAT TOJBKO W3 aTOMOB
BOOOPOIa ¥ yIUulepola, ¥ MMeRT WCKIIUUTEJILHO OpOMHAPHEE CBA3WU),
TaJIOTeHMPORBAHHEIE aJIKaHBl M IIPOCTHEE 5BOMPH (KOTOPHE IIpeldcTaBJISKoT

coBo¥ KJIaCcC OpTaHUYUEeCKMX COeIMHEeHMM, KOTOpHEe CoIepXaT aToM
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KUCJIOpOona, COeIOMHEHHHY C OBYMSA  aJIKMJIBHEIMM MM  apWUJIbHEMU
TpyliaMmn} .

[0132] Uro kacaeTcd aHMOHOB 211, NPUTOOHEX OJA [IPMMEHEeHMA
B MOHHOWM XMIKOCTM, KoTopasa obpas3yeT 2JjeKTposuT 206, MOTYyT OHTH
MCIIOJIb30BAHH pa3HoOOpas3HHe OopraHndeCcKMe aHMOHH 211. IIpuMepHHE
aHMOHH 211 u ¥uX CTPYKTYpPH IOpubBeOeHs B Tabiuue 1. B [nepBoM

BapuaHTe WuCHOJIHeHMsa, (M 1), npuMmepHbele aHMOHE 211 CocCTaBJIEHH U3

BHIIEYKAa3aHHOT O CIMCKa 3aMenaiox TPYIII (o), WUIIN "x

SKBMBAJIEHTOB. B @OOMNOJIHUTEJIbLHHX BapMaHTax WMCIOoJIHeHus, (NN 2-5),

[IPUMEPHEIE AHMOHEL COCTaBJIEHEL nus3 COOTBETCTRYIEN BasoBOM
CTPYKTypPHE (Y2, Y3, Ys4,... Yn) M COOTBETCTBEHHOI'O UMCJa aHMOHHEX
3aMemapmx Tpynn (oi; o2, o3, ... On), TI'Ie COOTBETCTBEHHOE UMCIIO
AHMOHHEIX 3aMellanimx TPyl (o) MOXeT OBITH BEIOpPAaHO mus
BHIIEYKAa3aHHOTO CIIMICKa 3aMeMamImx TPyl (o), M ux
BSKBMBAaJIeHTOB. CllengyeT OTMETUTH, YTO B HEKOTOPHX BapMaHTax
VICTIOJIHEHMA MHOT'OUMCIIEHHBIE AHMOHHEE 3aMellanmye TPYINne (o) (TO

ecThL IO MeHbMleM Mepe OoIOHa OTJMYaklascs aHMOHHas 3aMemanmas
rpynna (o)) MOTYyT OHTBH MCIIOJIB30BaHH B JIIOOOM BapMaHTe MCIIOJIHEHUS
aHnuoHa 11. Kpome ToOTO, CJeoyeT OTMETUTH, UTO B HEKOTOPHX
BapMaHTax MCIOJHeHusa ©0as3oBas CcTpykTypa (Y) nOpencrTaBiasgeT cobou
OIOVMHOUHBIM aToOM MJIM OOO03HAUEHHYI MOJIeKyJYy (Kak omnmcaHo B Tabiule
1), mam MoxeT OHTHL SKBMBAJIEHTOM.

[0133] BoJjiee KOHKPETHO, M B KauecCTBe IIpMMEpa, B OTHOIEHUU
IIPUMEPHHEX  aHMOHOB, IpuBeleHHHX B Tabauue 1, MOTYT  OHTEH
peaJiM30BaHH OIpelejleHHEEe KoMOMHallMM. B Hopsalke OIOHOTO IIPUMEpPA,
B cJydae N 2, 6aszoBasg CTpykTypa (Y2) BKJIOUAeT eIMHCTBEHHYIO
CTPYKTYyRY (Hamopumep, aToM WJIM MOJIeKyJly), KOoTopad CBsS3aHa C
OIBYMS AaHMOHHHMM 3aMellalmyMKy I'pyinamy (oz) . B To BpeMsa Kak 32TO

IIOKaz3aHO KaK IUMelmee IBe HVMISHTHWMUHEIX aHMOHHEX 3aMellalllMX TIT'PYIIIE

(02), =To He 4gBJjgeTcd obg3aTejbHEM. To ecTh ©0as3o0oBad CTPYKTYpPa

(Y2) MOXeT OBTBb CBSA3aHa C BapbMPpyRIVIMM aHVMOHHEMIM 3aMellallllMK
I'pyllliaMm1 (0(2), TakyMM Kak Jiobad M3 aHMOHHHEX 3aMellanllrx T'PYyIII

(o) , TIepeuMCJIEHHEIX BrIle. [logoOHEM oO0Opa3oM, 0OasoBasd CTPYKTypa

(Y3) BkJM0OUaeT eIMHCTBEHHYID CTPYKTYpY (Hanpumep, aToM), KOTOPHM’
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CBA3aH C TpeMd AaHMOHHBMM 3aMellallyMMY — TpyIIlaMi (az) , Kak
IokasaHo B ciaydae N 3. OmAaTh XKe, Kaxdasd M3 aHMOHHBEX 3aMelailmix
TpyIn (a), BKJIOUEHHBIX B aHVOH, MOXET BapbLUPOBATH VI
OTJIMYaTbCH, M He 0043aTeJIbHO IIOBTOPATLCA (OHTH [NOBTOPAKIMENCH
WM CUMMETPUUYHOM), Kak IokKas3aHo B Tabmauue 1. B ofmeM, B
OTHOmMeHUM o6o3HaueHuM B Tabiuie 1, NOOCTPOUHHM MHOEKC IIPM OOHOM
us Bas30BHX CTPYKTYP os3HavaeT UMCJIO cpaszen, KOTOpPLIE
cooTBeTCTBYKMAas ©0as0oBasg CTPYKTypa MOXeT ¥VMEeTh C aHMOHHBMU
3aMemanmMy  IrpynnaMu - (o) . ToO  eCcThb [NOACTPOUHHM MHIOEKC IpU
COOTBEeTCTBYIIEN BasoBOM CTPYKTYPe (Yn) o3HauaeT UMCJIO

COIIYTCTBYKIMX aHMOHHEX 3aMellallliX IT'PYIIII (0ln) B COOTBETCTBEHHOM

aHMOHe.
Tabmuua 1
[IpuMepHHEe OopTraHMUeCKMe AaHMOHE OJIA MOHHOM XUIKOCTU
e VoH MpaBuJa OJ49 aHMOHHOM CTPYKTYPHEH U [IPUMEPHHX
VIOHHEIX XUOKOCTEN
1 -1 HexoToOpHE M3 BHIIeyKa3aHHHX «O» MOTYT COUeTaThCH
C OpTaHMUeCKMMM KaTHMOHaMM C OOpasOoBaHMEM MOHHOMU
XKUOKOCTM. OOMH HNPMMEePHHM aHMoH: Cl-.
[IlpuMepHasad MOHHAas XMIKOCThL: [BMI*][CLl];
*BMI - OyTujMe TUJIVMALA3O0JIMNA
N
R/Lﬁ cl
N
ki\k)mg
2 —Y o0l Y, MoxeT OHTL JoOoM wu3 cJenyommx: N, 0O, C=0,
S5=0. [TopMepHEIe AHMOHH  BKJIOUAT : B (CF3CO2) 47,
N (SO2CF3) 2.
[lpMepHasa MOHHad XUIKOCTb: [EMI*] [NTF2];
*EMI — 2THUIMETUIMMMKIA3OJIUN
. St ﬁ .
W Fgcks-n?-g-ca
Ll

CH,
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3 -Ysoz | Y3 MoxeT OHTHE JmoOoM mu3 ciuengyonux: Be, C, N, O,

Mg, Ca, Ba, Ra, Au.

[IpuMepHEe aHMOHH BrJmodanT: -C (S02CF3)3™.
[IpuMepHad MOHHaa XMIOKOCTh: [BMI]C(S02CFEF3)3.
fe
‘ F
?H?’ nO:g:O
N . Cli /QF
e F Sy
\ 71 FF 04 FF
M
Ty
4 -Ysou | Y3 MOxeT OHTH JioOOM M3 cjenyommux: B, Al, Ga, Th,
In, P.
[TprMepHEIe AHVOHEL BRJIOUAOT : -BFy7, -AlCl4 .
[IlpuMepHasd MOHHAas XUIOKOCTh: [BMI] [BF4].
i
F
N -
< FB—F
A
N

\’\FCH

5 —YeOle Y4 MOxeT OHTE JodoM M3 clenyiommux: P, S, Sb, As,

3

N, Bi, Nb, Sb.

[lpyMepHEe aHMOHH BrJoUawnT: —-P(CF3)a4F2~, -AsFe .
[IpyMepHas MOHHad XUIOKOCTL: [BMI] [PFe].

CH;

| F r

N Y-
o F-p.
e 7

i

[0134] TepMMHY <«UMaHOTPyIIIa» IpUOanT el'0 OOHUHOE 3HaueHUe
B TeXHOJIOTMM, ¥ OH MMeeT OTHOWleHue K Tpynne CN. TepmuH
«CybdaT» MMeeT CBOe OOHUHOE B TEeXHOJIOTMM 3HauYeHMe UM O3HauaerT
rpynny S0Oz. TepMUH «CYJIBOOHAT» MMeeT CBOe OOBUHOEe B TeXHOJOTUU
3HaAUeHMe WM O3HauvaeT IpyHmny S03X, e «X» MOXeT IIpelCcTaBJIATh
coboM BJIeKTPOHHYID Iapy, aToM BOOOpOoIa, aJIKWJ WM LUKJIOaJKMII.
TepMHH «KAPOOHMII» ABJILeTCd OOWENIPUHATEIM B TEXHOJIOTUM U VMEEeT
OTHOIIeHMe kK TIpylre C=0.

[0135] BaxHbmM ACIIEeKTOM nus CoOoOpaxeHUN KOHCTPY KLU

cyrnepkoHIeHcaTopa 210 saBJsgeTcd TNOoOOepXaHUe XOopolel XUMUUeCKOM
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UMCTOTH. g obecrneueHMsS UMCTOTH KOMIIOHEHTOB B pa3HOOOpasHHX
BapMaHTax MCIOJHEeHMS aKTUMBUPOBAHHHM yTOJb, YIJIEPOIHHEHE BOJIOKHA,
BUCKO3Y, YTJIEPOOHYI  TKaHb, /MM  HaHOTPYOKWU, cocTaBJigKmme
DHEPTOaKKYMYJINPYIIOIYIO cpeny 201 OJisa IOIBYX DIJIEKTPOLOOB 203,
BHICYIMBAIT IIPU IIOBHIEHHOM TeMIepaType B BakyyMUMPOBaHHOM cpeme.
CemapaTop 205 Takxe BHCYIMBAKT IIPKY IIOBHIIEHHOM TeMIepaType B
BakKyYyMUPOBAHHOM cpele. Kakr ToOJbKO 2JekTpomntl 203 m cemnapaTop 205
BEICYIIEHEl B BakyyMe, MX 3akjmodailnT B oboJjiouky 207 ©6e3 KOHEUHOTO
VIJIOTHEHUSS WJIM KPHIIKM B aTMocdhepe C colepxaHMeM BOIOH MeHee 50
yacTelr Ha MWIJIMOH (MJIH 1) . He SaKPHTHNM KPHIIKOM CYINEePKOHIEHCATOP
210 MoxeT OHTL BHCYMeH, HaIpuUMep, B BakyyMe IIPpM TeMIepaTrType B
orarnazoHe oT okoJio 100 rpanycos llenkcma no okoJsio 300 TI'palycob
Henscusg. [Io BaBepmleHMM KOHEUHOT'O  BLHCYNMBAHMA  MOXeT  OHTbH
nobasJjieH sJjekTpoJsmT 206, u  obojouky 207 I'epMeTHU3UPYIT B
OTHOCUTEJILHO cyxomn aTMochepe (Takou, KakK aTMochepa C
comepxaHMeM BJlaTM MeHee, ueM OKoJo 50 wMuu1l). KoHeuHO, MOTYT
OBITE MOPVMMEHEeHH IOpyTMe MeTOoIH COOPKM, ¥ BHIMEM3JIOXKEeHHOEe IIPUBOIUT
TOJILKO HEeMHOTO IMIPMMEPHHX acleKTOB CcOOpPKM CylepkoHOeHcaTopa 210.

[0136] Kak mOpaBWUJIO, COOepXaHMe 3alpa3HANINUX IPpUMeCcel B
sJekTposiMTe 206 HNOOOepXMBalT Ha MMHMMAJLHOM YpPOBHe. Hamnpumep, B
HEeKOTOPHX BapMaHTax MCIOJHEeHMA Oofmyln KOHIUEeHTpaluMui ITaJIOTeHUI—
MOHOB (xJiopuna, Opommupa, ooTopMIa, MOOMIA) TMOOOEPXMBAT HIWXKEe
okoJjio 1000 muu"!. COBOKYIHYK KOHIEHTPAalMIO MeTaJlJIMUeCKMX UYaCTHII
(Hanpumep, Br, Cd, Co, Cr, Cu, Fe, K, Li, Mo, Na, Ni, Pb, Zn, B
TOM UMCJIe II0 MeHblleM Mepe OOHOTO M3 MX CIJIABOB U OKCUIOB)
NogoepXrBalnT Hike okoJjio 1000 wiun-l. KpoMmMe ToTo, 3arpas3Hd0lue
OpuMecKu U3 PacTBOPUTEJIeEM U IIPeKYPCOPOEB, MCIIOJIL30BAHHEX B
npoliecce CHMHTe3a, IIOINIEePXMBAT Ha YPOBHe HMXe okoJio 1000 mui,
M OHM MOTYT BKJOUATLH, HanopuMep, BpoMaTaH, XJIOp®TaH, 1-
OpoMByTaH, 1-xJjopbyTaH, 1-MeTUIMMMIOAa 3071, sTulaleTrar,
MeTUJIeHXJIOPUI, ¥ TakK najee.

[0137] B HEKOTOPHIX BapMaHTax VCIIOJIHEHU A comepxaHue
3arpA3HARIMX OpuMecey B CcylepkoHIeHcaTope 210 wu3MepaaIn C
VCIIOJIL30BAaHMEM MOH-CeJIEKTUBHEX D2JIEKTPOOOB M MEeTOINOM TUTPOBAaHUSA
1o KapJgy dumepy, KOTOPHM NPpUMEH AJIN Ha DIIEKTPOJIUTE 206

cymnepkoHmeHcaTopa <210. BrJIO HaWIeHOo, UYTO of0mee CcoOepXaHUue
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TaJIOTEeHUIOBR B CyllepKoHIeHcaTope 210 coTrjlacHO IMPUBEIOEHHHM 3JeCh
YKas3aHnUAaM OBLJIO ODHaApPYXeHO MEHBIIVM, yeM OKOJIO 200 MJIH ™t
rajijoreHunor (Cl- m F~), M colepXaHMe BOIE MeHee, uyeM okoJjio 100
MITH L.

[0138] BarpazHapmue OpUMecKr  MOTYT OBITE M3MEPEeHHE  C
MCIIOJIb30BaHMEM pPa3HOOOpPAa3HEIX MeTOHNOB, HallpuMep, TakKMx Kak
aTOMHO—-abCcopBLUMOHHAaa clHekTpoMeTpus (AAS), MaCC—CIeKTPOMEeTpUsa C
VMHIOIYKTVBHO-CBS3aHHOM Ijla3moM (ICPMS), MM B YIPOIEHHOM BapuaHTe
coymobuamM3aumen U BJIeKTPOXVMMHUUECKMM NOeTeKTHUPOBaHMEM  CJIeIOBHX
KOJIMUECTRE IOUCIIEPCHEX OKCUIOOB TSXKeJEX MeTaJlJIOB. AAS NpendCcTaBJISET
cofo¥ CHeKTpallbHO-aHaJIMTHUUECKMM MeTono IOJId KadeCTBEHHOTO U
KOJIMYEeCTBEHHOT'O onpenejyieHmnsa XYIMUY e CKUX BJIEMEHTOB C
MCIIOJIb30BaHMeM IIOIJIOWEHWSS MBJIYYEeHMHA B OITMUECKOM Oualla3oHe
(ceeTa) CBOOOOHEIMM aTOMaMM B I'a3000pa3HOM COCTOAHUM. MeTon
IPUMEeHAKT IJIA OlIpelelJleHUS KOHLEHTpalUuM KOHKPEeTHOI'O BSJIeMeHTa
(anasmra) B aHaJu3upyeMoM oO6pasue. Merom AAS MOXeT OHTH
IpUMeHeH IJisa OllpeleJIeHMA CBHIle CEeMUIECATH Pa3JIMUHEIX DJIEMEHTOB B
pacTrope 81 HeIlloCpenCTBEeHHO B TBEPIbIX obpaslax. ICPMS
opeIcTaBJigeT CcOOOM THUII MaCC-CIEeKTPOMETPUM, KOTOPEM SABJISEeTCH
BHICOKOUYBCTBUTEJIELHEM M CIOCOOHBIM  OIPEneJIATh  MMPOKOM  KpyT
MeTaJIJIOBE ¥ HEeKOTOPHX HeMeTaJlJIOB IIPpM KOHIEeHTpalMax HWKe OIOHOM
yactTy B 102 (yacTel Ha TPWIJIMOH). 39TOT MeTOI OCHOBHBAETCS Ha
coueTaHUM IpPpyT C IOPYTOM MHOYKTMBHO-CBSA3aHHOM IJIa3MH Kak MeTomna
[IOJIYUYEHMSA MOHOB (MOHM3alMM) C MaCC—-CIeKTPpOMEeTPOM KakK MeTOILOM
pasnmesieHusa U perucTpauumM MoHOB. MeTonm ICPMS TakXe cCrocobeH
OTCJIeXUBATE MI3OTOIIHOE paclpeneljleHMe IJIA M30pPaHHEX MOHOB.

[0139] IOj1g aHaluM3a 3arpA3HA0IYX IpMMeceV MOTyT  OHTH
[IPUMEHEHE OOIIOJIHUTEJIBHEIE CIIOCOOH. HeKOTOpHEe U3 DTUX CIOCOOOB B
0COBOEHHOCTHM TIOJIE3HH OJIA aHallM3a 3alpA3HARMUX [IPpUMeCcel B TBEPIHX
obpaszuax. MoHHada xpoMaTorpadmusa (IC) wmMoxeT OBTH IIPUMEHEHa IJIAd
OoIpeneJIeHVsa CJEeOOBHX YPOBHEeM 3arpA3HAKINMX IpMMecCel TaJIOTeHOBR B
BIIEKTPOJIUTE 206 (HanpuMep, VMOHHOM XUOKOCTU) . OnHUM
IpeyMyIleCTBOM MOHHOM XpoMaToTrpadumu SABJILSeTCH TO, UTO LieJIeBHE
TaJIoOTeHMOHEe [IPOM3BOIOHEE MOI'YT OBTE M3MepPeHE B eOMHCTBEHHOM
XpoMaToTpadmueckoM aHalMze. OOMH IpuMep Opudopa, KOTOPHEM MOXET

OBITE MCIOJIE30BAaH OJIA KOJMUECTBEHHOTO oliperneJiIeHrMA T'aJIOT'eHMIOB B
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MOHHEIX XUIOKOCTAX, IMIpenNcTaBiigseT Cco0o¥ KoOJOHKa Dionex AS9-HC c
MCIIOJIb30BaHMeM 5BJI0eHTa, cocTrodmero m3 20 MM pacTeopa NaOH m 10%
(06wpeM/00BeM) aleTOHUTPMIIA . Eme OIOHVM MEeTOLOM ABJISAETCSA
PEHTIEeHOBCKAaa QJIyopecCLeHLd.

[0140] IIpuBOPH IOJIS PEeHTIeHOBCKOM dJayopecueHumu (XRF) MoTyT
OBITE IIPMMEHEHE IJIA M3MEPEeHMA COomepXaHMAd TaJIOTeHOB B TBEPIHX
obpasuax. B BToOM MeTOoIe aHaJuU3MupyeMel ofpasell I[IOMemalnT B
yamedky moJg ofbpasla, M 3aTeM dJalledky C of0pa3loM IIOMemalnT B
aHaJln3aTop, roe ee 00JIy4yanT PEHTIT€HOBCKMMU Jy4dyamm co
crnelMaJIbHOV  OJIMHOM BOJIHH. JloOBle aToME TaJIoOTeHOB B o0pasle
IIOTJIOWAKT dYacCThk PEeHTI'E€HOBCKOI'O MBJYYEHMHI UM 3aTeM OoTpaxXawT
W3JIydeHVe C MOJIMHOM BOJIHH, KOTOpasd ABJAETCH XapaKTepuCTUUeCKOU
0JI1 OAaHHOT'O TajJloT'eHa. 3aTeM OeTeKTop B IIpubope KOJUYUEeCTBEHHO
PETUCTPUPYET BEJIMUUHY WM3JIYYeHWs, I[IOCTyllawnmel'o o0paTHO OT aTOMOB
IaJIoOTeHOB, U U3MepsaeT WMHTEeHCHMBHOCTL M3JIydeHMA. 3BHasa IJolanb
IoOBepTraeMomn 00JIYYEeHNID [IOBEPXHOCTH, MOXHO oHnpenejinThb
KOHLeHTpalMKn T'aJloleHOB B oOpaslue. Eme oOOHMM MeTONOM OLIEHKU

3aTPA3HANNMUX IpUMMecel B TBeploM ofpaslle ABJISeTCH IUPOJIU3.

[0141] AncopOumng 3aTPA3HARINX IpUMecCen MOXeT OBITE
30PeKTUBHO n3MepeHa nyTeM [IpUMEeHeHU IMpoJm3a u
MUKPOKYJIOHOMETPOB . MUKPOKYJIOHOME TPEL CIIOCOOHEL TeCTUPOBATh

MaTepuas I[ouTu Jioboro Tuna Ha ofllee colepXaHMe xXJiopa. B
KauecTBe OIHOTO IpMMepa, MaJloe KoJuuecTBO obpasua (MenHee 10
MUJIJIMTPaMMOB)  JiMOO  BIPBICKMBAWLT, JMOO IIOMemalnT B KBapleBYIO
TPpyBOKY @JIS COXXeHMsI, TIIOe TeMlIepaTypa BapbupyeT oT okoJjio 600
IrpanycoB lledbcusa OO OKOJIO 1000 rpanycoB llejgbcusa. Yepes
KBaplleRyln TPYOKY IIPOIYCKAalT UUCTHNM KUCJIOPOH, U JoOHe coIepxalue
XJIOP KOMITIOHEHTEH IIOJIHOCTRIO BHITOpAT . IToJIyueHHEE IIPOOYKTE
CropaHmMsa BHHOCATCS B THUTPAUMOHHYI AUelKy, TIOe XJIOPUI—MOHE
YJIaBJIMBATCHI pPacTBOPOM SJIEKTPOJIUTA . PacTBop BJIEKTPOJINTA
COOEPXUT MOHH cepebpa, KOTOPHEe HeMeOJIeHHO COeOMHSAITCS C JIOBMM
XJIOPUI-MOHaMM U o00pas3yiT oOcaloK, BHIIATAMMM M3 pacTBOpa B BUIE
HepacTBOPUMOTO xJopuna cepebpa. CepebOpaHBEM BJIEKTPOnO B
TUTPALMOHHON SUelKke B»BJEeKTPUUYeCKM 3aMellaeT M3PpacxXOoIOBAaHHBEE MOHEH
cepebpa, IIOKa KOHIEHTpalusa MOHOB cepebpa He BO3BpPaTUTCH OO

YPOBHA, KOTOprZ OBLII rnepen HadaJIOM TUTPOBAHMA . OTcriexuBasa
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KOJIMUECTBO DJIEKTPUUECTBa, HeOoOXoOMMOe IJIA T'E€HEPUPOBAHMUS HYXHOTO
KOoJIM4yecTBa cepebpa, Opubop MOXeT OIpenesiIiThk, CKOJIBKO XJiopa
IPUCYTCTBOBAJIO B MCXOOHOM OO6paz3le. [ejieHUeM OOMEero KOJMUUECTBA
IPUCYTCTBYKIETO XJOpa Ha Bec ofbpasla I[oJydanT (aKTUUeCKY
KOHILeHTpaluul XJiopa B of6pa3le. MoryT OHTb I[IPMMEHEeHH »IOpyITue
METOOH OILleHKM 3aTpPA3HANMUX IpMMecel.

[0142] OxapakTepusOBaHMe IIOBEPXHOCTM M COIOepXaHre BOIH B
RJIeKTpoae 201 MOTYT OHITH VICIIEITaHEL, HalpuMep, MEeTOIOM
MHOPAKPACHOM CIEeKTPOCKOIMM. JVMeonTCs UYeTHpe OCHOBHBIX  IIOJIOCH
norJiomeHmus B objgactm 1130, 1560, 3250 m 2300 cml, xoTopHe
coorTBeTCcTBYIT VC=0, VvC=C B apuie, VvO-H m VvC-N, COOTBETCTBEHHO.
V3MepeHMeM MHTEHCUBHOCTM M IIOJIOXKEHMSA IIOJIOCH MOXHO KOJIMYECTBEHHO
UIOEeHTUOULUPOBATE I[IOBEPXHOCTHHE  3alpA3HAKIME IIPUMMECH  BHYTPU
aiekTpoma 203.

[0143] Eme OIOHMM  MEeTOIOM MIOeHTUQUKALIUA 3aTpPA3HAINX
opuMece B 2JieKkTposiMTe 206 UM CylepKoHIeHcaTope 210 saABjideTcd
PamMaHOBCKasA CIIEKTPOCKOINA . 3ToT CIIeKTPOCKONINUECKUN MeTOTI
OCHOBHBAETCSH Ha HeYyIPYyI'OM pacCesHuM, WM PaMaHOBCKOM pacCesHUM,
MOHOXPOMAaTUUECKOTO CBeTa, OOBRUYHO OT Jasepa, B BUIMMOM, OJMKHEN
VMHOpaKpacHOM WM OJMWKHEM yJbTpaduosieToBOM oOJjlacTu clIekTpa. CBeT
Jlazepa B3aMMOIEMCTBYEeT C MOJEKYIIAPHEIMM KoJiebGaHuaMmy, GOoHOHAaAMU
WY [OpOoUuMMM BO3OYXIEeHHEIMM COCTOAHUAMM B CHUCTeMe, IIPMBOIOA K
TOMYy, UYTO SHeprusa OGOTOHOB Ja3epa CIBUTaeTCd BBepX WMIM BHU3.
Taxkum obpaszoM, 2TOT MeToxm MOXeT OHITH VICIIOJIbL30BaH oJsa
oxapakKTepM30BaHMA aTOMOB M MOJIEKYJI BHYTPM CyIIepKOHIeHcaTopa
210. IpMeHST PSSO BapMaHTOB PaMaHOBCKOM CIIEKTPOCKOIIMM, KOTOPHE
MOTYT oKazaTbCH [1OJI€ 3HEIMM oJs ompelelJleHUSd colepXaHus
KOMIIOHEHTOB B CyllepkKoHIOeHcaTope 210.

[0144] Kakx TOJNBKO cyIepkKoHOeHcaTop 210 WM3TOTOBJIEH, OH
MOXeT OHITH VICIIOJIb30BaH B BapMaHTax BEHICOKOTEMIIEPATYPHOT O
[IpVIMEeHEeHM A npu MaJIOM  WJIM OTCYTCTBYIIEM TOKEe YyTeukru U
He3HauMTeJIbHOM BO3pPacCTaHUM YIOeJILHOTO CONPOTUBIIEeHMS. ONVCHBAEMBIN
30eck CylepkoHIeHcaTop 210 MoxeT 200eKTMBHO paboTaTb IIpU
TeMIlepaTypax oOT OKoJio MuMHyc 40 rmpanycor lUenbcusa po okojgo 210
rpanycoB llegbcusd, IOpM TOKe YTeuKM, HOPMMPOBAHHOM IIO OO0BeMy

yCcTporcTBa, MeHee 1 Amnep Ha Jutp (A/L) obbeMa YyCTpPOMCTBa, B
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npenejiax BCETO OMala330Ha pabouero HaIpSXKeHMS UM TeMIepaTypHOT'O
orariasoHa.

[0145] TlpuM CHMXeHMM COIOepXaHUsa BJIA'M B CYIIEPKOHIeHcaTope
210 (HamnpuMmep, IO ypoBHA MeHee 500 uacTel Ha MWJIJIMOH (MJIH 1) 110
BeCy UM 0O0OBeMy  BJIEeKTpOoJIUTa, u 3aTrpA3HAMMX  [OIpUMecel IO
comepxaHus MeHee 1000 wuHl), cyllepkoHneHcaTop 210 MoOXeT
20PpeKTUBHO HeMCTBOBATL B TeMIepaTypHOM IMalasoHe, IIPU TOoKe
yreukr (I/L) MeHee, ueM okojo 1000 MA Ha JKUTPp, B IIpedejax
TeMIIepaTypPHOT'O IOMalla’oHa M IMallalOHa HalpaXeHWUS.

[0146] B omHOM BapMaHTe MCIOJHeHUd TOK yTeuku (I/L) nOpu
3amaHHOM TeMIIepaType V3MEP AT IoOnepXrBaHueM HaOpsSXeHU S
cyliepkoHImeHcaTopa 210 TIOCTOAHHEM IIPM HOMMHAJIBHOM HalpsSKeHUM (To
eCThb MaKCHMaJIbHOM HOMMHaJILHOM paboueM HalpsSKeHMM) B TeUeHue
CeMUIOECATM IOBYX (72) JyacosB. Ha [OpoTgaxeHMM HSTOTO IIepuona
TeMIlepaTypa OoCTaeTCs OTHOCUTEJIBHO TIIOCTOSHHOM IOIpM  3alaHHOM
3HAUEHMM TeMIlepaTyph. B KOHIle MHTepBalla W3MEPeHUSa OIpelelIisioT
TOK YTEeUKM CyllepKOHOeHcaTopa 210.

[0147] B HEKOTOPEIX BapmUaHTax MCIIOJIHEHU A MaKCHMaJIbLHO
OOIIyCTMMOE HallpSXeHMe CYIepKoHIOeHcaTopa 210 cocTajsgeT okoJio 4
B nOpm KOMHATHOM TeMIlepaType. OmMH THOIOXOI K OO0ecCIleueHND
PafoTOCIOCOOHOCTHU CYIEPKOHIEHCaTOPa 210 npu [IOBHIIEHHBIX
TeMrlepaTypax (HanopuMmep, cBeme 210 rpanycorB lesbcua) COCTOUT B
YMEHbIIeHUN (To ecThb COKpalleHnM ) MaKCHUMaJIbLHO OOIIYy CTUMMOT'O
HalpsKeHU S CyIlepKOoHIeHCcaTopa 210. Hampumep, MaKCHMaJIbHO
OOIIyCTMMOE HalpsSXeHre MOXeT OBThE CKOPPEeKTHMPOBaHO Ha 0OoJee
HM3KOEe B3HaueHMe, IOpuMepHo Ha 0,5 B, uToBH JoCcTUTaTh OoJbllel
IPOHOJIKUTEJILHOCTY padoTH HNpKu DoJiee BHICOKOM TeMllepaType.

[0148] Eme oIMH BapMaHT MUCIOJHeHMI OJsa obecllieueHMS BHEHCOKOM
CTelleHM UYUMCTOTH BKJIOUAET IMIPUMEPHHM CHOCOO0 OUMCTKM SDJIeKTPpOoJIMTa
206. CienmyeT OTMETUTE, UTO, XOTA CIHoOco0 IMpeICcTaBJIEH B ILJIaHe
KOHKPETHEIX IapaMeTpoB (Taxmx KakK KOJIMYEeCTBAa, COCTaBH,
IPOOOJIKUTEJIEHOCTM, W TOMy IOHNOOHHE), DTO IMpPencTaBJieHMe crocoba
OUMCTKU BJIEKTPOJIMTa ABJISETCSH TOJBKO IIPUMEPHHM M MILJIIOCTPATMBHEM,
¥ He OT'paHMUMBaAET ero.

[0149] B neppoM cTamumM crocoBa @ OUMCTKM  BJIEKTPOJIUTa,

DIIEKTPOJIUT 206 (B HEeKOTOPEIX BapraHTax MCIIOJIHEHU A MOHHYIO



44

XUIOKOCTD ) CMeIMBaKnT C HeMMHepaHMSOBaHHOﬁ BOHOﬁ, n 3aTeM

IIOBHIIAT TeMIIepaTypy o YMEPEHHOTI'O SHa4YeHMA B TeUeHN e

HEeKOTOpOoT'o Iepuoba BpPEeMeHHU. IOnsa [OoOTBepXOeHUS  KOHLEINUM,
naregecar (50) MWIIMIUTPOB  (MJI) MOHHOM XUIKOCTM CMellajid C
BOCeMbICTaMA OATUOECATHIO (850) MUJIJIUIIA TP aMA (1)
oeM/HepaJM30BaHHOMT BOIHL. TeMIepaTypy cMecHu [IOBHIIAJIN oo

IIOCTOSHHOM TeMIlepaTyps B mecTbmecarT (60) rpanycoB IleJdbcus B
TedueHMEe OKOJIO IBeHamuaTu (12) dYacoB M I[IOOBeprajM IIOCTOSHHOMY
[IepeMellMBaHun (CO CKOPOCTBK OKOJIO CcTa nBanuatu (120) oOOpPOTOBR B
MUHYTY (06/MUH)) .

[0150] Bo BTOPOM cTaignum CMeChb MOHHOM XMOKOCTHU c
IeM/MHepaJIM30BaHHOM BOIE OCTaBUJIM CTOSATHL OJIS paccJioeHMs. B 3ToM
IpMMepe CMeChb IIepeHeCIM B OeJIMTeJIbHYKD BOPOHKY, WM OCTaBWIIM
CTOATE Ha BpeMs OKOJIO uUeThHpex (4) 4YacoB.

[0151] B TpeThe¥V cCTamiuM OTIEJIAOT MOHHYID XUIKOCTL. B 3ToOM
opuMepe BoaoHasa ¢asa CMecHM HaxXoOujlacb Ha @OHe, C ILJlaBaomen
HaBepxy Ga30¥ MOHHOM XMOKOCTM. dal3y MOHHOM XUIKOCTU IIepeHeCc]JM B
eme OIOMH CTaKaH.

[0152] B 4eTBepTOM CTaIuMM C MOHHOM XMAOKOCTBIO CMEMMBAaJIK
pacTBOpUTEeJIb. B 2TOM OpHMepe C MOHHOM XMAOKOCTBI CMEMMBAaJIU
sTuJIaleTaT oO0BeMOM OKOJIO IOBajlaTy HOATHM (25) MATIIWIMTPOB (MII) .
3Ty CMecCb OINSATb HaTrpeJu OO YMepeHHOM TeMIepaTypH M B TO Xe
BpeMsa IIepeMellBalll.

[0153] XoT4 B KauecTBe pacTBoOpUTEIA VCIIOJIE 30BaJIn
STUJIalleTaT, PaCTBOPUTEJLE MOXeT IMIpelcTaBJIATL CcoOoM IO MeHbIlel
Mepe OIMH M3 MNIPOCTOT0 IOM3TUIIOBOTC 30Mpa, IeHTaHa, LUMKJIIOIeHTaHa,
TreKCcaHa, LMKJIOTeKCcaHa, BeH3z0JIa, TOJIyOJia, 1, 4-omuoxkcaHa,
xJiopodopMa, WM J0OOM Mx KoMOMHAlMM, a Takxe »IpYyIoro (-I'ux)
MaTepuala (-JIoB) , KOTOPHM ( —pHE) IpPOABJILAET (—100T) Hanjexamue
TeXHUUYECKNE XapaKTepPUCTUKN . HexoTopre ns3 KeJlaTeJlbHBIX
TEeXHUUYECKMX  XapaKTEepUCTUK  BKJIOUAKLT TakKue, Kak  HeIllOJISPHEMN
PacTBOPUTEJIE, a TakXe BECOKad CTeleHb JIETYUYeCTH.

[0154] B ngarTon cTagnm K cMecu MOHHOM XKUIOKOCTHU u
pacTROpUTesNId OOOAaBJAKT YIOJBLHEM IOPOMOK. B 2TOM IpuMepe K CMeCcH
nodaBJigjM OKOJIO nOeanuatu (20) BeCOBHX IIPOLEHTOB (% IO BecCy)

yIoJjlepona (C dYacTullaMM OuaMeTpoM okoJio 0,45 MuMKpomMeTpa) .
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[0155] B mecTo¥ cCcTaIuM MOHHYID XMIKOCTL OIIATH IIepeMellMBaloT.
B »5TOM IHOpuMepe CMeChb C YIOJBHHEM I[IOPCIKOM 3aTeM I[IoOBepralii
[IOCTOAHHOMY IIepeMelMBaHMiD (CO ckopocThid 120 006/MMH) B TeUueHME
HOUM IIpM TeMIlepaType OKoJIO ceMumecaTrn (70) rpanycosB lenbcudg.

[0156] B cempMOM cTamumM YyIJIEPOI UM STWjalleTaT OTIOEJIST OT
VOHHOM KUOKOCTHA. B 3TOM npuMepe yIoJepon OTHOeJIANIN C
MCIIOJIb30BaHMeEM OQUIIETPOBaHUA UYepes BOPOHKY BoxHepa CO CTeKJISHHBM
MUKPOBOJIOKOHHEIM  QUJIETPOM. BHIIOJIHAJIM ~ MHOT'OKpaTHEE (TPWKIBL)
dubTpauuM. 3aTeM COOpPaHHYK MOHHYKR XUIKOCTE IIPOIYyCTUIIM UYepes
mnpuileBo OUIBTP C HODopaMM BeJuuuHOM 0,2 MHMKpOMeTpa, UTOOH
yOaJuTe IO CyWeCTBY BCe YTIOJIbHEIE UYacTUUE. B 5TOM [IpUMepe
PACTBOPUTENE 3aTeM IIOCJIeNOoBaTesJIbHO OTOEeNIWMIM OT MOHHOM XUAKOCTU
C MCIIOJIE30BaHMEM POTOPHOI'O MCIapuTelis. BoJjiee KOHKpPeTHO, obpas3el
VMOHHOW XUAOKOCTM IIepeMellMBaliM, B TO Xe BpeMs IIOBHIAS TeMIepaTypy
OT CeMUOeCAaATHU (70) rpanycos ledbcrsa OO BOCBEMUOECATH (80)
Ipanycop lesbcusa, M 3BaBepllM Hal'peBaHMe IIpM TeMilepaType CTO
(100) rpamycor lejsbcuda. BrIlapMBaHMe BHIIOJHAJM B TeudeHMe OKOJIO
naTHanuaty (15) MMHYT HOpM KaXIoM COOTBETCTBEHHOM TeMIlepaType.

[0157] Crioco6 OUNCTKU DIIEKTPOJIUTA okaszaJjicsa BeCbMa
sbbexTMBHEM. g oOpasla MOHHOM XUIOKOCTM COIepXaHue  BOIH
UBMepAaM TUTPOBaAHMEM C IIOMOILI TUTPaTOpa, MIPOMU3BOIOMMOTO GUpMON
Mettler-Toledo Inc., Kosambyc, Orano (MO eJib Nes AQC22) .
ComepxaHVe TaJIOTEHUIOB MAMepaar Ha npudtope ISE (MOH-CeJIeKTUBHHM
2JIEKTPOO) MNpoM3BOIOCTBa OMPMEI Hanna Instruments, ByHcokeT, Pon-
AmyeHn (mMomesib N AQC22). CTaHIapTHEM pacTBOp IJa Opubopa ISE
OBUI I[IOJIydeH OoT oOupMe Hanna, ¥ BrJIoOUaJd cTa”HmapTel HI 4007-03
(XJIOPUIOHEIM CTaHIapTHEMN PacTBOpP 1000 MIIH 1), HIT 4010-03

(bTopMOHLIM CTaHOapTHHEM pacTBop 1000 wum-l), HI 4000-00 (ISA

(pacTBOp OIS KOPPEKTUPOBKM  MOHHOM  CUJIH) 0JIS  T'aJIOTeHUIHEIX
sJjlekTponoe), wm  HI 4010-00 (pacTBOop TISAB (CMecb YKCYCHOM
KMCJIOTE, alleTaTa W LuUTpaTa HaTpud) TOJBKO IJsa OTOPUIHOTO
pJIekTpona) . Ileped BHIOJHEHMEeM M3MepeHUN Opudop ISE xamubpoBaju

[I0 CTaHOapTHHEM pacTBOpaM C MchnoJb30BaHmMeM 0,1, 10, 100 m 1000
yacrTen Ha MUJIJIVIOH (MyH™ 1) CTaHIapTOoEB, CMellaHHBIX C
IoeM/HepaJM30BaHHOM BomoM. ISA-Oydep I»nobaBJaAIM K CTaHOapTy B

cooTHomeHmr 1:50 misa msMepeHMSA MOHOB Cl-. Pe3yJbTaTH I[IOKa3aHH B
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Tabiuue 2.
Tabauua 2

DaHHEE 00 OUMCTKEe DJIeKTPOJIUTA

BarpA3HARmas IIpUMMeCh oo (myH 1) llocye (MuH 1)
Cl- 5300, 90 769
F- 75,61 10,61
H20 1080 20

[0158] Oiis U3MepPeHnd TaJIOTeHUI-MOHOB MCIIOJIE 30BaJIn

YeTHPEeXCTaIuVHEY I[IpollecC. BO-IIEPBEX, MUBMEPUJIM COIepXaHMe MOHOB
Cl- m F B »OeMrHepaJlM30BaHHOM BoOe. 3aTeM npuroroBum 0,01 M
PacTBOpP MOHHOM XMIKOCTM C OeMrHepaJM30BaHHOM BOIOOM. 3aTem
MU3MEePWJIM CcomepXaHre moHOB Cl- m F- B pacTeope. 3aTeM IIPOBEJIU
OLIEHKY COIepXaHusa TaJIOTeHUIOB BHEHUMTAHMEM KOJIMUECTBa MOHOB B
BOIle M3 KOJMUeCTBa MOHOB B pacTBOpE.

[0159] B nopsanke obszopa, opencrTaejied Ccrnocod  cOopku
cymnepkoHmeHcaTopa <210 ¢ UIMAIMHIPUUECKOW  (QopMOM. HaumHaga cC
sJekTponor 203, KaxOelM 2JeKTpol 203 M3ToTaBIAMBAKLT, KaK TOJbLKO
SHeproakKyMyJiMpywomas cpena 201 Orla  obOmeIMHeHa C  TOKOBEIM
kKoJulekTOopoM 202. B3BaTeM K KaxooMy »2JekTpony 203 B HaOJjexalmx
MecTax NIPUCOEOUHAIIT MHOT'OUMCJIE€HHEIE [IPOBOIOHUKMA . 3aTeM
MHOT OUMCJIEHHEE DJIEKTPOLEL 203 OPUEHTUPYIOT n cobuparnT c
HaIJleXallM UMCJIOM cenapaTopokR 205, pasMemaeMeHxX MexXxOy HUMM, C
obpasoBaHUeEM AKKYMYJIATOPHOT'O 3JIeMeHTa 212. AKKYMYJISTOPHBIM
2JIeMeHT 212 3aTeM MOXeT OBTL CBEPHYT B LUMJIMHIPUUECKUM PYJIOH, U
MOXeT OHTB 3akKpelJieH B o00epTke. Kak TIOIpaBUIIO, COOTBETCTBYKIIME
IIPOBOIOHUKM 3aTeM CKpPpy4YMBalT B XI'YT C oOpasoBaHMEM KaXIoT'o U3
BrBOIOB 208.

[0160] Tllepen BBemeHMeM B3JIekKTposiMTa 206 B CyHNepKOHIEHCAaTOop
210 (HampuMep, Iepel COOPKOM aKKyMyJISATOPHOTO BJIeMeHTa 212, uiu
IoCJIe BTOTO) KaXOhM KOMIOHEeHT CylepkoHOeHcaTopa 210 MoxeT OHTH
BHICYMEH IJIA YyIaJleHMd BJjarm. 370 MOXeT OBTb  BHIIOJIHEHO C
HecoOpaHHBEMM KOMIIOHEHTaMM (TO ecTb C IIycTom obojgoukom 207, a
TakXe C KaXOeM M3 BJeKTponok 203 M KaxOeM U3 celapaTopoB 205),
M 3areM C CcOOpaHHBEIMM  KOMIIOHEHTaMM (B TakoM BUIe, Kak

AKKYMYJISTOPHEM BJIeMeHT 212) .
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[0161] BrcymMeaHMe MOXeT OBTEL BHIIOJHEHO, HaIlpUMep, IIpU
IOBHLINEHHOM TeMIlepaType B BaKyyMHOM KaMepe. Kak TOJIBKO
BHICYIIMBaHMe OBJIO 3aBeplleHO, 3aTeM aKKyMyJIATOPHHM 2JieMeHT 212
MOXeT OHTHL yHIakKoBaH B 00oJouky 207 0es3 (MHAJLHOM TepMeTU3alliu
WM  3SaKPHBaHWSA  KPBIIKOM . B HeKOTOpPHX BapMaHTax UCIOJIHEHUSA
YIIakoOBKY BHIIOJIHAKT B aTMocChepe C colepXaHMeM BOIOH MeHee 50
yacTer Ha MWIJIMOH (MJIH 1) . 3aTeM HE3aKPHTHIN CcyllepkoHIeHcaTop 210
MOXeT OHTHL OIATH [IOOBEPTHYT BHICYMIMBAHUIO. HampumMmep,
CYIIEePKOHIOEeHCaTOop 210 MOXeT OHITH BEICYIIEeH B BakKyyMe npu
TeMIIepaType B IManaszoHe oT okoJio 100 rpamycoB lleJIbCMS IO OKOJIO
300 rpanycor lejgbcusa. Kak TOJBKO 3TO KOHEUHOe BEHCYIMBAaHUE
3aBeplmaeTcd, oboJjiouka 207 3aTeM MOXeT OHTE I'epMeTHU3UMpPOBaHa,
HanpuMep, B aTMochepe C comepXxaHreM BJjarm MeHee 50 mum!.

[0162] B HEeKOTOPHX BapMaHTax MCIOJIHEeHU, KaK TOJIBKO
IpolliecCc BHCYMMBaHMA (KOTOPHEM TakXke MOXeT HaslBBATbLCHA IIPOLIECCOM
«OoOXMT'a») OBJI 3aBepleH, OKpyXaKmad KOMIIOHEHTH Ccpella MOXeT OHTHb
3alloJIHEHA WMHEPTHBIM TI'a30M. I[IpUMMepHHEe TI'a3b BKJIOYAKT apl'OH, as30T,
TeJuM, ¥ IpouMe Ta3h, NPOoABRJAKIMEe NoIOOHHBEe CBOMCTBa (a TaKxe UX
KOMOMHaLMM) .

[0163] Kak nopaewmio, B oO6oJjiouke 207 mnpelycMaTpuBaeTCsd
3aJIMBOUYHOE OTBepcTHe (Hepdopalmsa B IIOBepxHOCTH obojioukm 207),
MM MOXeT OHBTBH noOaBJIeHO I[O3X%Xe. KakK TOJIBEKO CcylepkoHmeHcaTop 210
OBJI 3aloJIHEeH 3»JekTpoJmToM 206, 3BaJlMBOUYHOE OTBEPCTHE MOXeT OHTH
3aTeM 3akKpPHTO. 3aKpeBaHME 3aJIMBOYHOTO OTBEPCTUSA MOXeT OHThH
BHIIOJIHEHO, HalpKMep, CBapOYHEM MaTepuaJioM (HalpuMep, MeTaJlJioM,
KOTOPHM COBMeCcTMM C ob6ojioukon 207), BBOIMMBEIM B 3aJIMBOUYHOE
OTBEPCTHE WM I[IOBEepPX Hero. B HEeKOTOPHX BapMaHTax MWMCIOJIHEHNA
3aJIMBOYHOE OTBEPCTHE MOXeT OHITH BpPEMEHHO 3aKpPETO rnepen
3alrloJIHEHMEM, TakK 4YTO CyIlepKoHIOeHcaTop 210 MoxeT OBTH IIepeMeleH
B eme OOHY OKpyXaKnmyn Ccpeny, C TIOCHEenyKIVMM  [TOBTOPHEM
OTKPHEHIBAHMEM, 3alloJIHEHMEM U 3aKpeBaHMeM. OOHaKO, kKak oOCyXIaeTcsd
30eCh, cumTaeTcsHd, yTo CYIIEPKOHIOEHCATOP 210 BHICYIIMBAOT nu
3aloJIHAIT B OIOHOM M TOM Xe OKpyXaKnlel cpele.

[0164] g =3amnojHeHMsS oboJjioukm 207 XejlaTeJIbHBEM KOJIMUeCTBOM
aiekTposMTa 206 MOTYT OBTH IIPMMEHEHB MHOT'OOOpas3Hble CIIOCOOE. Kak

IIpaBMJIO, pelyJIMpoOBaHMe IIpolieCCa 3allOJIHEeHMA MOXeT, IIOMMMO BCeI'O
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npouero, oBeclrieumnThb [IOBHINEHME eMKOCTH, COKpalleHue
SKBUBAJIEHTHOTIO IIOCJIEIOBATEJIELHOTO COIIPOTUBJIIEHU A (ESR) , "
OT'paHMUeHNE OTXOIOOB DIIEKTPOJIUT A 206. Crioco® BaKyyMHOTO

3alloJIHEHUS  [IpUBelIeH B KauecTBe HeoT'paHMuMBawIero  IpuUMepa
crnocoba 3amnoJHeHMsa oboJjiouku 207 M CMauMBaHMA aKKyMyJSTOPHOTO
BJleMeHTa 212 »jerTposmuToM 206,

[0165] OmHako, BO-IIEPBHX, CcJelyeT OTMeTUTH, YUTO MOTYT OHTH
IPUHATH MepH IJIS ofeclleueHMI TOTO, UYTO JOOOM MaTepualJl, KOTOPLIM
[IPOABJIAET BO3MOXHOCTE 3alPA3HEHUS KOMIIOHEHTOB CyIIepKOHIeHcaTopa
210, 4aBJgeTCHd UYUMCTHEM, COBMECTHMMEIM M CYXMM. [0 TpaIMLMK, MOXHO
CUMTaThk, UTO «XOopomas TIHUIMeHa» IIpakKTHUKyeTcsa IJd obecledeHus
TOT'O, UYTO B Ipollecce COOPKM M C KOMIIOHEHTAMM B CYIIepPKOHIEeHCAaTOp
210 He mnonamyT 3arpd3HeHMda. KpoMe TOTo, TPaIuMLUMOHHO, MOXHO
IPUHATL, UTO «3arpAa3HeHMe» MOXeT OHTL oIpenejleHo Kak Jiobon
HexeJlaTeJIbHEM  MaTepual, KOTOPHM, OyIoyds  BBeIeHHEBM, ByneT
OKAa3HBaTh HeTaTHUBHOE BJIMAHVE Ha PatoTOCIOCODOHOCTE
cyliepkoHmeHcaTopa 210. Takxe cJelyeT OTMETHUTL, UYTO 3IeChb B
ofmeM 3arpsa3HEeHMS MOTYT OHTH OLIeHeHH 10 KOHIEeHTpalMM, TaKoM Kak
«yacTer Ha MWIIIMOH» (MIH !). KOHIEeHTpaursa MOXeT OHTL paccuMTaHa
1o Becy, obweMy, Becy o0Opa3sua, MM  JIIOOBM  MHBIM  CIIOCOOOM
BHpaXeHMs, OIpeleJIeHHEIM KakK IPpHeMJIeMEBIN .

[0166] B «BakKyyMHOM MeTOIe» KOHTeMHep [NoMemalnT Ha OO0JIOUKY
207 BOKPYT 3aJIMBOYHOT'O OTBEPCTUA. 3aTeM HopUMbD 3JekTpojmTa 206
[IOMemalnT B KOHTeWVHep B cpele, KoTopad IO CYIeCTBY HEe COOEPXMUT
KMCJopooa M BOOEL (TO eCcTh BJAIrM) . 3aTeM B OKpyXaolel cpelne
co3mainT BaKyyM, TeM CaMbM BHTATMBAaSg JI0OOM BO3IOYX U3 OOOJIOUKU U
TeM CcaMbBM OIHOBPEMEHHO BTAI'MBasA BJeKTposnT 206 B oboJjiouky 207.
B3aTeM, ecIM XeJlaTeJIbHO, OKpyXaKnmad cpela MOXeT OHTb 3alloJIHEHA
VHEPTHHM T'a30M (TakuMM Kak apr'OH, a30T, WIM TOMy I[IOHOOHHE, WM
HEeKOTOpHEe KOMOMHalUWM MHEPTHHX I'a30B). CylepkoHIeHcaTop 210
MOXeT OHTBH IIPOBEPeH, UTOOH YBUIETL, OLBUJIO JIM BBEeIOEHO XejlaTeJIbHOe
KOJIMYeCTBO BJekTposmTa 206, Ilpouecc MOXeT OHTE IIOBTOPEH IIpU
HeOOXOOMMOCTHM, IIOKa XeJlaTeJIbHOEe KOJIMYEeCTBO BJeKTposmuTa 206 He
OyoeT HaxXOOUTbLCA B CyIlepKoHIeHcaTope 210.

[0167] TlocJye 3aloJiHEHMUA BJeKTpoJuToM 206, B HEKOTOPHX

BapMMaHTaX MWMCIIOJIHEHMA B 3aJIMBOWYHOE OTBEPCTHMEe MOXeT OEITE BBeJIEH
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MaTepMralyl IJId 3akyloopuBaHMUA CyIOepKoHOeHcaTopa 210. MaTepwmal
MOXeT MOpedCTaBJIATE CcoOoM, HalpuMep, MeTallJl, KOTOPHMW COBMECTUM C
obojioukon 207 um mjaexkTposuToM 206. B OOHOM IMIpMMepe MaTepuaj C
TYTOM TIIOCaIKOM BBOOAT B 3aJIMBOYHOE OTBepCcTHe, IO CYIEeCTBY
BHIIOJIHAS «XOJIOOHYI CBapkKy» NIpoOKM B 3aJIMBOYHOM OTBEPCTUMA.
KoHeuHO, Tyrad nocazmka MOXeT OBTb OOIOJIHEHA IOPYIMMM ClIocobaMu
CBapKM, Kak ofOcyxmaeTcd 30ecCb IajJiee.

[0168] UTobOH NnokKaszsaThb, KaK IIPOMBBOOMTCHA IIPOLeCC 3alloJIHEHUS
cylnepkoHmeHcaTopa 210, OBJIM BHIIOJIHEHE OBa BapMaHTa WCIOJIHEHUS
cylepkoHOeHcaTopa 210. B omHOM 3amojilHeHMe IpoBoOouim  ©Oes
BaKyyMa, B OIpYyT'OM 3arloJIH AJIN B BaKyyMe. SJIeKTpUYECKHUE
XapaKTepUCTUKM IOBYX BapMaHTOBR MCIIOJIHEHUA NPpUBeleHH B Tabimie 3.
[Ipy HOBTOpPAKRIEMCS NPOBeIeHUM TaKUX MU3MepeHUM ObBJIO OTMeUeHO, UTO
[IOBEIIIEHHEIE TeXHUUECKNUE XapaKTepUCTUKN OOCTUTanTCH npu
3alloJIHEHUM CYIepKoHIOeHcaTopa 210 ¢ NOpuMeHeHMEeEM BaKyyMa. BHIJIO
olnpenejieHO, 4YTO, KaK [IpaBWUJIO, XeJlaTeJIbHO, YTOOH HOaBJIeHMEe BHYTPU
oboJiouky 207 CHMXaJIOCh IO YPOBHA HMXe, uYeM okojio 150 mTopp (20
[la), n OoJilee KOHKPETHO, HMXe, ueM okoJio 40 mTopp (5,3 Ia).

Tabmuua 3

CpaBHUTeJIbHAA 20OEKTUMBHOCTL CIIOCOOOB 3alloJIHEeHUI

[TapameTp BEes rakyymMa C BaKyyMOM PacxoxmeHne
(mpm 0,1 B)
SKBUBAaJIEHTHOE 3,569 OMm 2,568 Om (-28%)

ocjienoBaTeJIbHOE
conpoTueJieHre (ESR)

opu TeMmrepatype 45°0

(7,2°C)
EmMxocTe mpm 12 wmI'n 155,87 MO 182,3 MO (+14,49%)
®aza nmpm 12 Ml 79,19 83 rpanycoB (+4,59%)
TpalyCcoB
[0169] UToOH OLEHUTE SOPeKTUMBHOCTL clocoBa BaKyyMHOIO

3aroJIHeHV s, OBUJIM MUCHBITAHH IBEe Pa3JIMUHBEIX [MaKeTHHX  SUerKU.
[lakeTHHE AYEeMKM BRJOUAJM IBa B2JekTpoma 203, OpuuyeM KaXIb
aiekTpon 203 OBJI OCHOBaH Ha YIJIEPOOMCTOM MaTepuajie. SJEeKTPOIH

203 OwbuM pas3MelleHb KaxXxOHY HalpoTUB IOpyID IOpyra UM oOpalleHHBMU
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opyrr K »Opyry. Mexny HuMM OBJI TIOMemeH cenapaTtop 205 s
IpenoTBpalleHMsa KOPOTKOI'O 3aMblKaHMia, W BCe KOMIIOHEHTH  OBUIM
IPONMTAHE 2JeKTpouToM 206. [IBa BHEMHMX CTOJOMKOBEX BEHBOIAa OBJIU
IpenyCcMOTPEeHEL OJIs YeTHpex TOUueK V3MEepEeHUd. [IpMMeH 9 eMBI
cenapaTop 205 mnpencTaBJya)l coOO¥ TOJUSTUIIEHOBHM cernapaTop 205, u
auelika uMmeJia obmui obwvem okoJo 0,468 MiI. 5T0 MMeJIO pe3yJibTaToM
3HAUMTEJIbHOE CHMWXeHMe HadaJIbHOT'O TOoKa yTeukM, a Takke CHIMKeHHue
TOKAa YyTeuKu Ha IPOT SXeHUNU nocJjienyuomen JacTu MHTepBaja
V3MEPEHUS .

[0170] Tok yTeukM MOXeT OHTH OlIpeleJleH HeCKOJIbLKUMMU IIYTSIMUA .
KauecTBeHHO TOK YTEUKM MOXHO PacCMaTpPMBATL KaK TOK, BHBOIVMMEIM B
YCTPOMCTBO, KOTIOa YCTPOMCTBO OOCTHUIJIO COCTOAHMA paBHOBecusa. Ha
IpaKkTuKe BCerma AN [IoUTH BCeTna HeoBOXOOMMO OLIEeHMBAThH
baxkTUMUeCcKUM TOK YTeuKM KaK COCTOSHMe paBHOBeCcHHa, KOTopoe B
IpUHLNKIIE MOXeT OOCTUTATLCS TOJILKO ACUMIITOTHUUECKH . TakMM
oBpaz3oM, TOK YTEeUKHU B OaHHOM V3MepeHun MOXeT OHITE
alrpoOKCUMMMPOBAH M3MEPEHMEM TOKa, I[IOOBOOMMOI'O B CYIEpPKOHIEHCAaTOopP
210, Torma KaK CyIepKoHOeHcaTop 210 nomgmepXrpBaeTCs II0 CYIECTBY
opu OUMKCHMPOBAHHOM HalpsSXeHMM U IIOIBepraeTcsa BO3OEeMCTBUI IIO
CYIIECTBY OUKCUPOBAHHOM TeMIIepaTypPH OKpyXalley Ccpedbl B TeueHUe
OTHOCUTEJIBHO IJIMTEJILHOTO IIepuola BpeMeHM. B HEeKOTOPHX CUTyaluax
OTHOCUTEJILHO MOIUTEJILHHM I[Ieprol BpeMeHM MOXeT OHTHL olpelelieH
alnpoKCUMMPOBaHMEM (QYHKUUM «TOK-BPEeMa» Kak SKCIOHEeHIMAaJILHOM
dyHKIIMM, Torma obecrneumBas NPOXOXIeHMEe HEeCKOJBbKUMX (HalpuMep, OT
OKOJIO 3 OO0 5) xXapaKTepMCTUMUEeCKMX IIOCTOSHHEIX KOHCTaHT. YacTo
TaKMe »Oralla30HB IPONOJIKMTEJIBHOCTHM BapbMPYRT OT oOKoJio 50 uyacos
0o okxoJio 100 yacoB OJI4 MHOIMX TexXHOJIOIMM CYIepKOHIeHCAaTOPOB. B
aJlbTepHaTHUBHOM BapMaHTe, eCJM TaKoM OJIUTeJILHHM I[IepMOol BPeMeHU
ABJISEeTCHA HeNpaKTUUHHM 10 JIoOOM OpHUUMHe, TOK YTeUKM MOXeT OHTh
IIPOCTO BKCTpAalloJIMPOBaH, OIATH Xe, BO3MOXHO, allpOKCUMUPOBAHUEM
OYHKIMM «TOK-BpeMa» KakK 5SKCIOHeHUMaJLHOM (QYHKLUUM, eCcJIM 9DTO
IpenCcTaBJIsAeTCSa IOOINYyCTUMEIM. A MMEHHO, TOK YTeUKM B 0O0meM OyIeT
3aBMCeTh OT TeMIepaTypH OKpyXaomel cpenbl. TakuMm obpas3oMm, IJ4g
oxXapakKTepus3oBaHMa paboToCHOCOBHOCTM YCTPOMCTBA IIPKM TeMIlepaType
WY B TeMIepaTypHOM IOualia3oHe, KaK I[IpaBWJIO, BaXHO IIOOBepI'aThb

YCTPOMCTBO  BOB3OEeMCTBMIO IIpelcTaBJiglmel  MHTepec  TeMIepaTypH
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OKpyXaKlleyl Cpenr, KoT'Da M3MepslnT TOK YTeuKu’.

[0171] C ofbpameHreM Teleps k Our.1l0, nokasaHE GQOPME
opuMepHor ob6oJjiouku 207. IloMMMO BCero HOpouero, oboJjouka 207
obecrneurBaeT CTPYKTYPY ¥ OQUBMUECKYK 3allUTy CYIepKOHIeHCcaTopa
210. B »ToM mnpumepe obojiouka 207 BKJIOUAET KOJbLeOBpPa3HHM KOPIYC
220 UMIMHOPUYECKOM GQOPMH ¥ COOTBETCTBYHIYID eMy KpeImKYy 224. B
STOM BapMaHTe MUCIOJIHEeHMSA KpemKa 224 BKJWUaeT LeHTPaJbHHM
YUaCTOK, KOTOPHM OBJI yIajleH UM 3alloJIHEeH DJIeKTPUUEeCKMM UM30JISTOPOM
226. IpOXOOHOM KOHTaAKT 219 KPHIIKK IPOXOOUT uUepes DJeKTpUUeCKUM
MBOJIATOP 226 OJa ofeclledeHMs TIOJIB30BATEJI0 IOCTyla K COoxXpaHsaeMou
SHEPIUNU.

[0172] ObmeyroTpebUTeJIbHEE MaTepMraJsl OJd ofoJoukyu 207
BKJIOUAT HepXaBellyl CcTaJjlb, aJlloMUMHMM, TaHTaJl, TWUTaH, HUKeJb,
MeIb, OJIOBO, pasHOoOOpas3HHeEe CIUJIAaBH, MHOTOCJIOMHEE MaTepMaJlel, U
TOMY IOonOoOHEE . IOiisa OBOOJIOUKHU MOTYT OBITE VICIIOJIb 30BaHEL
KOHCTPYKLMOHHEHE MaTepHualJt, TakMe KakK MaTepuaJlel Ha I[IOJMMEPHOM
OCHOBe (KaK IpaBWJIO, B KOMOMHAIMM II0 MeHBIeM Mepe C HeKOTOPHMU
MeTaJIJIMUeCKYMMY KOMIIOHEHTAaMN) .

[0173] XoTd 2TOT IHOpuMep M300paxaeT TOJBKO IIPOXOOHOM
KOHTakT 219 Ha kpwlike 224, OOJDKHO OHTH IIOHATHO, UYTO KOHCTPYKLMA
oboJsioukm 207 He oI'paHMUMBaeTcsa oOOCyXIDaeMbMM 3I0eCh BapMaHTaMu
UCIIOJIHeHU A . HalpuMmep, KpbIKa 224 MOXeT BKJIOUATH MHOT'OUMUCJIEHHEBE
IIPOXOIOHEE KOHTAKTH 219. B HEKOTOPHX BapMaHTax MCIOJIHEHUS KOPIIYC
220 BRJKOYaAET BTOPYH, I[TOODOOHYK KPHIIKY 224 Ha OIPOTMBOIIOJIOXHOM
KOHIle  KOJIbLeOoBpasHOoT'O  UUJIMHIpPA. Kpome  TOTO, OOJDKHO  OHITH
IIOHATHO, uTo oBoJioukKa 207 He OT'paHMUMBaeTCsa  BapMaHTaMu
WCIOJIHEHU A, UMEKMMUMY KOJIbIeoBpasHEM Kophyc 220 IMIMHIPUUECKOU
GOPMEL. Hanpuwmep, oBoJiouka 207 MOXeT VMEeThb CTBOPUATYIO
KOHCTPYKILMI, [IPpU3MaTHUUECKYyK KOHCTPYKUMK, T[IPedCTaBJIATE CcoOoM
nakeT, WM JOOyDL IOpyTyl GOopMy, KOTopas HABJISAETCS NOOXONAMEN JIsd
HyXI KOHCTPYKTOpa, M3TOTOBUTEJSA WM I[IOJIL30BaTEJIA.

[0174] B »TOM IIpMMepe KpPHIKY 224 M3T0TaBJIMBAKRT C HAPYXHBM
oraMeTpOoM, KOTOPHM  pacCuMTaH Ha IIJIOTHYK TIOoCangkKy  BHYTPU
BHYTPEHHEeTI'O OMaMeTpa Koplyca 220. B coOpaHHOM COCTOAHMM KpPHIIKA
224 MoxeT OHTH IIpMBapeHa K Kopllycy 220, TeM caMeM o0eclleduBagd

OJIA TIOJIBE3oBaTeJIA T'epPMeTHMUHOE YIIJIOTHEHNME.
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[0175] Co ccmikoM Tenepb Ha O&ur.ll, nokxaszaH IIPUMEPHHEN
AKKYMYyJIATOPHEM 2JleMeHT 212, B 53TOM TI[IpUMepe aKKyMyJISTOPHLIM
BJIEMeHT 212 OTHOCUTCHA K «PYJIETHOMY» TUIIY DHEepPTlOaKKyMYyJIMPYKRIIeT'O
YCTpPOMCTEA. B DTUX BapuaHTax VCIIOJIHEHU A MaTepuraJit
SHEPTOAKKYyMyJIMPYIEeTo YCTPOMCTEBa HaMOTaHE C 00pa30BaHUeM TyIo
YIIaKOBaAHHOT'O pPYyJIOHa. Kak OpaBUIIO, MHOTOUMCJIEHHBE [IPOBONHUKU
bopMUpyIOT KaX OB KOHIIeBOM BHEOX 208 n obecrneumBamnT
BJIeKTPpUYeCKUM OOCTYII K HaJjiexaleMy CJIOK AKKYMyJISTOPHOT'O
sJleMeHTa 212. B ofmeMm, B coOpaHHOM COCTOSHMM KaXOeM BHBOI 208
BIIEKTPUUECKM CcoeIMHeH C obojoukon 207 (TakuMm oOpa30M, Kak
COOTBETCTBYKIMMYM [MPOXOIHHEM KOHTakKTOM 219, U/WMIM HEeNoCpPeICTBEHHO
Ha ob6oJgouky 207). AKKYMYJATOPHHM 3JeMeHT 212 MOXeT IIpMHUMAThH
pa3HoobpasHule ¢(opMel. Kak OpaBuJIO, MMETCS IO MeHbIleM Mepe IBe
TPYIIIE MHOTOUMCJIEHHEX IIPOBOIHMKOB (HalpuMep, BeBOOmoe 208), 10
OOHOMY IJIS KaXOOoI'0 TOKOBOIO KoJulekTopa 202. IJsa IPpOCTOTH B psale
WIUIOCTPUPYEMEIX 3IeCh BapMaHTOB MCIIOJHEHMA I[I0Ka3aH TOJIBKO OIWH
n3 BEBOIOB 208.

[0176] XeJaTeJIbHO BHCOKOR(QQEKTMBHOEe VYIIJIOTHeHMe OOO0JIOUKU
207. To ecTp HOpelOoTBpalleHMEe [NPOHMKHOBEHUS HapPyXHOM CpeOH (Takou
BO3OYyX, BJlara, M T.O0., ...) CIOCOOCTBYeT I[OOOEPXaHMIO B UMCTOTE
KOMIIOHEHTOR aKKyMyJIATOPHOTO D2JleMeHTa 212. Kpome TOro, 5STUM
NpenoTBpamaeTcsa YyTedka oJjekTposmTra 206 M3  aKKyMyJIATOPHOTIO
sJjleMeHTa 212.

[0177] C obpameHueM Tenepb k dur.l2, obojiouka 207 MoxeT
BKJIOUATH BHYTPEHHUM Dapbep 230. B HEKOTOPEIX BapMaHTax
UCIoJIHeHusa Oapkep 230 npencTaBageT coOoM TMOKpPHTHME. B  53ToM
npuMepe Oapbep 230 coopMmpoBaH M3 HnojurerpadpTopsTUiieHa (PTFE).
MomureTpabTopaTuineH (PTFE) @OpodBJSeT pas3HooOpasHEE CBOMCTRA,
KOTOPHE HOeJjlalkT 3Ty KOMIO3MIUIMI BeCbMa NIpUTOOHOM nJjsa Oapbepa 30.
PTFE wumMmeeT TeMlepaTypy IUJIaBJIeHMSA OKoOJIO 327 TpanycoB Illenbcusd,
obJjlamaeT IIPEeBOCXOOHEIMY  IOIUBJIEKTPUYECKMMU CBOVICTRBaMHA, uMeeT
KonddUIIMeHT TpeHMa Mexny okojo 0,05 m 0,10, KOTOpPHM SABJISETCH
BTpOe O00oJlee HUBKMUM, UeM y JIOOOI0 M3BeCTHOI'O TBepIol'0 MaTepuala,
MMEET BECOKYK KOPPO3MOHHYK CTOMKOCTL, UM I[IpouMe OJaTONpUSITHHE
XapakKTepUCTUkKM. Kak OpaBWUJIO, BHYTPEHHMUM Yy4YacTOK KpbIIku 224

MOXEeT BKJIOUATL pPasMeleHHEM Ha Hey Oapbep 230.
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[0178] s ©OGapekepa 230 wMoTyT OBTBH MCIIOJB30BaHH IpyIHUe
MaTepMaJllH . K DTUM OIPYTVM MaTepuraliaM OTHOCATCH bOpPMEL
KepaMMUYeCKMX MaTepHralloB (KepaMMUecKuM MaTepualJl Joboro Tuia,
KOTOPHEM MOXeT OHTbL OPUIOOHEIM -OJIS HaHeCeHMA U YIOBJEeTBOpPAeT

KpnurTepnmiaMm paGOTOCHOCOGHOCTM), IpyITre TIIOJIVMIMEPEL (Hpeﬂl’lo‘-&[TMTeJ’[bHO

BEHICOKOTEMIIepaTypHEE IIOJIMMEPH), U TOMy IOHOOHHe. IIpuMepHEEe
IpyTuve TIOJIMMEPH  BKJKUAT IepdTopalIKOKCUMJIMPOBAHHEM  (PFA) u
bTOPUPOBAHHEN STWUJIEH-TIPONMIIEHOBHI cornojuMmep (FEP), a Takxe

STUIIEeH-TeTPadTOPSTUJIEHOBHM conoJjuMep (ETFE) .

[0179] Bapwkep 230 MoOXeT BKJIOUATL JoOoW MaTepuasl WU
KOMOMHALN MaTepuralioE, KOTOpPEE obecrneunBamnT YMeHbIIeHMe
BIIEKTPOXUMUUECKUX WM IOPYyTHUX TUIIOB peaKlui MeXOy aKKyMyJISTOPHHM
sJieMeHTOM 212 u ob6ojoukor 207 MIM KOMIIOHeHTaMu oboJjioukm 207. B
HEeKOTOPHX BapMaHTax MCIOJIHEHMA  KOMOMHALUM I[IPOABJIAKTCSA  Kak
OOHOPOIHEE OUCIEPCUM Pa3JIMUHEX MaTepuaJioB B OIOMHOUYHOM CJioe. B
OPYyTUX BapMaHTax VCIIOJIHEHW A KOMOMHAaLUM IPOABJIAKRTC A Kak
pazjnMyanmrecs MaTepMrallbll BHYTPM MHOT'OUMCJIIEHHEX CJIOeB. MOI'yT OHTH
IpUMeHeHE IOpyI're KoMOMHauum. Kopoue r1oBOpA, Oapbep 230 MOXHO
paccMaTpuBaThk KakK I[IO MeHBIIell Mepe OIOHO M3 BJeKTPUUIeCKOTO
M30JIATOPa M XMMMUECKM MHEPTHOTO IIOKPHTUA (TO eCThb I[IPOABJIAKIEIO
HM3KYKD  PeaKLUMOHHYI  CIOCOOHOCTE), M  IIO®TOMYy  IIO CYIIECTBY
IPOTUBOCTOUT MM [PeNaTCTBYyeT IO MeHBIIeM Mepe OOHOMY U3
BJIEKTPUUECKOTO u XYIMUYUECKOTO B3aVMOIeVCTBUN MeXIy
AKKYMYJISTOPHEIM BJIeMeHToM 212 u obojioukom 207. B HEKOTOPHIX
BapMaHTax MCIOJIHEHUSA TePMMHBE «HU3KAaA pPeakKLUVMOHHAad CIOCODHOCTB» U
KHU3BKad XVMMUUeCcKas peakKUVMOHHafd CIIOCODHOCTB» B OCOOEHHOCTM MMEKT
OTHOIEHMEe K CKOPOCTM  XUMMMUECKOTO  B3aMMOIOEMCTBUA, KOoTOpasda
ABJISeTCH HMWXe YPOBHS, CO3IaKMero NpoOJIeME IJIS BaMHTepeCOBaHHOM
CTOPOHH.

[0180] Kaxk mnpaewuio, BHYTPEHHOCTEL ofoJjiouku 207  MOXeT
3aKjoYaTse B cebe Oapbep 320 TakuMMmM o00pa30oM, UYTO IIOKPHTH BCe
[IOBEPXHOCTK OO0oJiouku 207, KOTOPHE OTKPHTE K BHYTPeHHOCTM. IO
MeHBIIEV Mepe OIOMH HeoOpaBOTaHHEM y4dacToOK 231 MOXeT COomepXaTbCs
BHYTPHU Kkoplyca 220 M Ha HapyXHOM IIOBEPXHOCTM 236 KpeIIKKM 224
(cM. Oumr.13A). B HeKOTOPHX BapMaHTax WCIIOJHeHUd HeoOpabOoTaHHEE

yyacTku 231 (cM. Oour.l13B) MOTYyT OHTH I[IPedyCMOTPEHE B pacueTe Ha
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TpeboBaHMA kK  COOpKe, TakMe KakK  yd4YacTKH, KOTOPHEe OyOoyT
TEepPMeTU3UMPORATLCSA MM COeOMHATHCHA (HalpUMep, CBapKoOM) .

[0181] Bappep 230 mMoxeT OBITL HaHeCeH Ha BHYTPEHHME yUdaCTKU
C MCIOJIb30BaHMeM OO0MeyloTpedUTeJIbHEX CclocoOoB. Hampumep, B
ciaydyae PTFE Oapbkep 230 MoOXeT OHTbH HaHeCeH OKpallMBaHMEM WK
HalegleHreM Oapbepa 230 Ha BHYTPEHHIIO I[IOBEPXHOCTb B  BUIE
IOKPHTUA. UYTOOH o0O0ecHeurTh CoOxXpaHeHMe XeJaTeJIbHOM 1eJIOCTHOCTHU
HeoOpaboTaHHEX Y4YacTKOB 231, B KaudecTBe UYacCTM IIpollecca MOXET
OBITE IIPMMEHeHa Macka. Kopoue r1oeop#d, IOJd coslaHua Oapbepa 230
MOTYT OHTE MCIOJIE30BaHH pPas3HOOOpAasHEE CIOCOOH.

[0182] B O-DHOM IIPMMEPHOM BapuaHTe MCIOJIHEHNA Oapbep 230
¥MeeT TOJIIMHY OT OKOJIO 3 MMJI OO OKoJio b M (76,2-127 MKM),
TOTNa Kak MaTepuall, MCIOJbL3yeMel Ijg 0Oapbkepa 230, OpelcTaBJIgeT
coboM MaTepuall Ha OCHOBe PFA. B »TOM MOpMMepe I[IOBEPXHOCTM MJIA
pasMeleHmna MaTepmasa, KOTOPHM COoCTaBJIgeT Daprbep 230,
IIOOTOTAaBJIMBAIT IIe€CKOCTPpYVHOM 00paboTkolM, TaKo¥ Kak obpaboTka
CTpyel oKcuIa aJIoMMHMA. Korma I[IOBEepPXHOCTM OUMIEHH, HaHOCAT
MaTepualsl, CHauajla B BMIe XUIOKOCTM, 3aTeM B (QOpMe IIOpOlKa.
MaTepmals OTBepXIalT B I[Ipollecce TepMUUeCKoM oBpaboTKuU. B
HEKOTOPEIX BapMaHTax VCIIOJIHEHM A IIPOOOJIKUTEJIEHOCTE LUMKJIa
HarpeBaHUA COCTAaBJAeT OT OKoJio 10 MMHYT OO OKOJIO 15 MMHYT, IIpHU
TeMrlepaTypax okoJo 370 rpanycoB ledgbcusa. O5ToO IOIPUMBOOMUT K
IIOJIYUEHMI0O KOHEUHOTO CIUJICmMHOTO Oapbepa 230, KOTOPHM IO CYIEeCTBY
He COHOEPXUT TOUEUHHX OTBEepPCTUM WMIM MeJKUux »nedpekToB. Our.l4
nzobpaxaeT COOPKY B OINHOM BapMaHTe MCIIOJIHEHMA CyIepKOHIeHcaTopa
210 corJyilacHO IIPMBEINEHHEM 3JeChb YyKa3aHMsAM. B 53TOM BapMaHTe
WCIIOJIHEHUA CylepkoHOeHcaTop <210 BrIkdUaeT KkKophyc 220, KOTOPHM
BKJIDUAET pPasMeMeHHEM B HeM Oapbep 230, kpemky 224 C pasMeleHHHM
B Hel OapbepoM 230, U aKKyMyJATOPHEM 3JeMeHT 212. Bo BpewMsa
COOPKM KPHIIKY YCTaHaBJIMBAKLT [OBepx KkKophyca 220. IlepBHM U3
BHBONOEB 208 DSJIEKTPUUECKM COEeOMHAKRT C IIPOXOOHEM KOHTakKToM 219
KPHIIKM, TOT'Da KakK BTOPOM M3 BHEBONOBR 208 2JIeKTpUUECKM COeIMHSIT
c obBoJsioukom 207, OOHUHO B OOHHOM YacTM, Ha OOKOBOM CTOPOHE WM
Ha Kpemmke 224, B HeKOTOPHX BapMaHTax MCIOJHEHUS BTOPOM U3
BHBOIOB 208 CoeOMHEH C elle OOHMM I[IPOXOIOHEIM KOHTakKTOM 219 (Takum

KakK Ha OpoTHUBOJIEXalleV KpHIKe 224) .
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[0183] C O©OapbepoMm 230, pas3MeleHHEM Ha BHYTPEeHHEMN (—HUX)
[IOBEPXHOCTHU (—TAX) oBoJiouku 207, D2IEKTPOXUMMUUECKMEe U »OpyIue
peakuuu  Mexny  oBOJIOUKOM’ 207 n DIIEKTPOJIMTOM  3HAUMTEJIBHO
cokpamamnTcd WM [0 CYWLeCcTBY YCTPaHARTCA. O3TO [ABJAeTCd B
OCODEHHOCTM BaXHEIM IIpM 0Oo0Jiee BHCOKMX TeMIepaTypax, I'Ie CKOPOCThb
XUMHUUECKMX U TIPOUMX peaklmuM, KaK IIpaBMJIO, BO3pacTaeT.

[0184] Co cchUIKOM Tenepb Ha Our.l5, nokaszsaHa OTHOCUTeJIbLHASA
IPOMBBOOUTEJIEHOCTE CyIlepKOHIeHCcaTopa 210 B CpaBHeHUN c
SKBMBAJIEHTHHM B OCTAaJIbHOM CYIIepKOHIOeHcaTopoM. B dur.l15A nokaszsaH
TOK yTeukKu oJs IIPOTOTUIIHOTO BapraHTa VCIIOJIHEHU A
cyliepkoHmeHcaTopa 210. B ®wur.15B mnokaszaH TOK YTeUKM IJIA
SKBUBAJIEHTHOTO CVYIepkKoHOeHcaTopa 210, KOTOPHM BRJIOUaeT Oapbep
230. B OQur.l5B cynepkoHeHcaTop 210 d4BJjdgeTCsa BIEKTPUYECKU
SKBMBAJIEHTHHM CYIIEPKOHIEHCATOpRY, TOK YTEeUKM KOTOPOT'O IIOKa3aH B
dur.15A. B oboux ciayuaax oboJjouka 207 Owbla u3 HepxaBewomewn
cTaju, ¥ INOOBOIOMMOE Ha SUueNKy HalpSXeHMe cocTaBJaajso 1,75 BoJbT,
M BJeKTPOJIUT He OBl ouumeH. TeMIepaTypy NOIOOepXUBaJM IIOCTOSHHOMU
npm 150 rpanmycax lejbcusa. IlpuMedaTeJIbHO, UYTO TOK YTEUKU B
Our.15B mnpodaBiideT CPaBHUTEJILHO 0OoJiee HMBKOe HauvaJlbHOe 3HaueHUe,
M OTCYTCTBME 3HAUMTEJIBHOT'O BO3pacTaHMA CO BpeMeHeM, Torma Kak
TOK YyTeuku B Our.lbLA mokas3bpBaeT CpPaBHUTEJILHO 0oJiee BHCOKOE
HauvaJlbHOE 3HaueHUue, a Takxe CyleCTBEeHHOe yBeJIMYeHMe Cco
BpEeMeHEM.

[0185] Kak mnpaBmyo, Oapbep 230 co3maeT HaOJexalyl TOJIIUHY
Hanjexamero MaTepualla MexOy aKKyMYJIATOPHHM BJieMeHToM 212 u
oboJiouko 207. Bapbep 230 MOXeT BKJOUATL OIHOPOIOHYI CMeCh,
HEOOHOPOIHY CMeChb W/WMJIY IO MeHbIlel Mepe OOVH CJIOM MaTepualioB.
Baprep 230 MOXeT cCO3maBaThb IIOJIHOE IIOKPHTHME (TO eCTh CO3IDaBaThb
IIOKPHTME Ha BCeM IJomany BHYTPeHHeM IIOBepxXHOCTM OOO0JIOUKM, 3a
VICKJIOUEeHVEM 3JIEKTPOIHEX KOHTAKTOB), WJIM YaCTUMUHOE IIOKpHTHME. B
HEKOTOPHIX BapMaHTaxXx  MCIIOJIHEHUSA Bapbep 230 bopMuUpyBRT U3
MHOT OUMCJIEHHEIX KOMIIOHEHTOB . Hanpuwmep, clienyer PacCcMOTPETE
BapMaHT MCIOJIHEHMS, MpeICcTaBJIEHHEM HMXke B dur.l16.

[0186] C NIpUBJIEUEeHUEM dur.lo, rIOKa3aHH ACIIEKTEHL
OOIIOJIHUTEJIbHOT'O BapuaHTa MCIIOJIHEHMSA. B  HEKOTOPHX BapMaHTax

VMCIIOJIHEHNMA aKKYMy.HF[TOpHBIﬁ 2JIeMeHT 212 PasMemanT BHYTPM IIaKeTa
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233. To ecCcThb AaKKyMyJIATOPHHM B5JeMeHT 212 umMmeeT pa3MeleHHHM Ha
HeM ©Oapbep 230 o0OepHYTHM BOKPYI' HeTro, WM MVHBEM 0Opas3oM
HaHeCEeHHBM IJIS OTIOeJIeHMA aKKyMyJISTOPpHOTO 2JeMeHTa 212 oT
oBoJsiouku 207 B coBOpaHHOM CcoOCTOdaHMMU. IlakeT 233 MOXeT OHTH
HaHeCeH 3amoJil’o OO0 YKJaOKM aKKyMyJISTOPHOTO D2JieMeHTa 212 B
oboJiouky 207. IlosToMy IIpUMeHeHMe IakeTa 233 MOXeT CO3O0aBaThb
omnpeleJieHHEEe npeuMyImecTBa, TaxKue Kak oJis U3TOTOBUTEJIEN .
(CjlemyeT OTMETUTL, UTO IJA lLeJjled WIIoCTpaluM IakeT 233 mokasaH
CBOOOIOHO VYJIOXEHHEM IIOBEePX aKKYMyJIATOPHOTO BJieMeHTa 212).

[0187] B HEKOTOPEIX BapmMaHTax MCIIOJIHEHU A rakemT 233
IPMMEHST B COUYETaHUM C TIIOKPHTHEM, IIPUUYEM IIOKPHETHE pPa3MemanT
IIOBepxX II0 MeHbllel Mepe YacTUM BHYTPEeHHUX I[IOoBepxHocTelM. Hampumep,
B OIOIHOM BapraHTe VICTIOJIHEHU A [IOKPHTHE pasMemamnT BHYTPMU
BHYTpeHHOCTM obojoukm 207 TOJBKO Ha ydacTKax, I'Ie TIakeT 233
MOXeT OHTL, IO MeHLIIeM Mepe YaCTUMUHO, I[OBPexIeH (Halpumep, OHTH
npo®mTeM BEBOINOM 208) . COBMECTHO IakKeT 233 M IMOKPHTUE (QOPMUPYIOT
sbbexTUBHEM Oapbep 230.

[0188] COOTBeTCTBEHHO DBTOMYy, BBeleHMe ©Oapbepa 230 MOXeT
oaBaThk CyIepKOHIeHCaTop, KOTOPEM TIMPOABJAET TOK YTEeUKM CO
CPaBHUTEJIbHO HU3KMMM HadaJIbHEIMM 3HaueHMAMU UM C Topasno 0O0oJee
MeIJIEHHEIM BO3pacTaHMeM TOKa YTeUKM CO BpeMeHeM, IIpUHMMasd BO
BHUMaHMUe IIPOTOTUII. BaXHO TO, UTO TOK YTeUKM CYIepKOHIeHcaTopa
OCTaeTcsa Ha OpaKTUUeCcKHM IIpMeMJIeMHX (TO €eCTb XeJlaTeJIbHO HU3KUX)
YPOBHAX, KoT'ma CyYINepKOHIeHCaTop nogBepraeTcs BOBIENCTBUIO
TeMIIepaTyp oKpYyXanmem Cpentl, nopu KOTOPHX [IPOTOTUIIHHE
KOHIOEeHCaTOPH PO ABJIAIIN O HeIOIly CTHUMO BHICOKME HadaJlkHEle
3HaUeHUSI ToKa YTEeUKM U/UJIM HelpueMjIeMO OLBICTPHE BO3pacTaHud TokKa
YTEeUKM CO BPEMEHEM.

[0189] TpaIMUMOHHO TEPMMH «TOK YTEUKM» B OOMEeM OTHOCUTCH K
TOKY, BEBOIMMOMY KOHIEHCATOPOM, KOTOPHM M3MEpPAT IIocJie ITaHHOTO
nepuona BpPEMEHN . 370 U3MepeHne BHIIIOJIHAKT, Korga BEIBOIE
KOHIeHCcaTopa MNOOIepXMBalTCAd I[I0 CYMecTBY IIpU  OUKCUPOBAHHOMU
PasHOCTHU I[IOTEHLMAJIOB (HalpsSKeHMM Ha KJeMMax) . IIpM OlleHKe ToKa
YTEeUKM THUIMUHHM I[Iepuod BpeMeHM COCTaBJISAeT ceMbIecaT naBa (72)
Jaca), XOTHd MOT'YT OBTBH IIPMMEHEHH pPas3JIMuHbBe I[Iepuolbl. OTMEUEHO,

uTo TOK YTEUKNU IJIA KOHOEHCaTOoOpOB COIJIaCHO InpoToTMUITY , KakK
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IpaBUJIO, BO3pacTaeT C YBeJIMUeHMeM obbeMa U IJIomany IIOBEPXHOCTU
SHEePTOaKKyMyJIMPYKRIey Cpelb M COIYyTCTBYKIMM IIOBEIIEHVEM ILJIOWAanN
BHYTPEHHEeV I[OBEepPXHOCTM oB0oJIoukM. Kak NpaBMJIO, BO3pacTaHMe ToKa
YTEUKM pacCMaTpMBaeTCAa KaK IoKaszaTeJlb [IPOTPeCCHMBHO HapacTaklmmx
CKOPOCTEM peaKLUMM BHYTPU CYyIepKoHOeHcaTopa 210. TpeboBaHUA K
pabourM XapaKTepuCTMKaM B OTHOIWEHMM TOoKa YTeUKM B OCHOBHOM
ONpemesidlnTCsa YCJIOBMAMM OKpyXallel cpenb, IpeodiadallyMy IIpHU
KOHKPETHOM IIpMMEeHEeHMM. HanpuMmep, B OTHOUWEHMM CYIepKOHIeHcaTopa
210, wumewnmero obwem 20 M, TOPaKTUUECKUN OpeleJl ToKa YTeUKU
MOXeT IamaTb Hmke 100 MA.

[0190] Umeda B paclOpsXeHMM OIKCHBaeMble 3IeChb BapMaHTH
VCIIOJIHEHMA Oapbkepa 230 M ero pa3HooOpasHHEe (QOPMH, IOJDKHO OHTH
[IOHATHO, 4YTO CylepkoHOeHcaTop 210 MoOXeT cCco3OaBaThk OpyIHe
IpeyMylleCTBa KaK pesyJbTaT I[IOHNAaRBRJIEHMA peaKUUM MexXOy OO0O0JIOUKOM
207 M »HeproakkyMyJupyomeM cpemou 201. Hanopumep, DKBUBAJIEHTHOE
IocjienoBaTeJIbHOE  COIPOTUBJIEHNE (ESR) cylepkoHIOeHcaTopa 210
MOXET IMPOABJIATE CPaBHUTEJILHO 0OoJiee HU3KMEe 3HaueHUs CO BpeMeHeM.
Kpowme TOTO, HexeJlaTeJIbHBle XVMUUEeCKUe peakuuy, KOTOPEHE
IPOMCXOOAT B KOHIOEHCATOope COIJIaCHO IIPOTOTHUIIY, UYacTOo CO30apT
HexeJlaTeJIbHEle 50OeKTH, TaKMe Kak TI'a30BHIEJIEHMEe, WIM B CJydae
TepMeTUYHO BaKPHTOM OO0OJIOUKM pasznyTue oO0oJIoukM. B oBoux ciydasax
2TO BeIeT K HapylleHMD CTPYKTYPHOM LeJIOCTHOCTM OOOJIOUKU WU/WIINU
TEePMETHMUYHOT'O YIIJIOTHEHMSA KOHIeHcaTopa. B KOHEUYHOM MTOTE DTO
MOXET IPUBOINTE K yTeukKe NI KaTacTpodmuuecroMy oTKazy
IPOTOTUIIHOTO KOHIOeHCaTopa. B HEKOTOPHX BapMaHTaxX MCIOJIHEHUS 5TU
bbekTH MOTYT OBTE B 3HAUMTEJBHOM Mepe COKpalleHH WM YCTpPaHeHH
IpUMeHeHMeM IpenCcTaBJIgeMoTo Bapbkepa 230.

[0191] HDOJDKHO  OBITH  TIOHATHO, UTO TEepMUHH «KBOapbep» U
KIIOKPEITHEY» He OI'PaHUUYMBAKRTCSA M3JIOKEHHEM 3IeCh yKaszaHuaMM. To
eCcTb MOXeT OHTBH OIpMMeHeH JIoOoM Ccrnoco® HaHeCeHMs HalJexXxaleIlo
MaTepHuaja Ha BHYTPEHHOCTE oboJjiouku 207, kopnyca 220 wu/um
Kpemiky 224. Hanopumep, B IOPpYI'MX BapMaHTax MCIOJHeHMsA Oapbep 230
baxkTruecku BBOOAT B MaTepMalJl WMJIM Ha MaTepualJl, COCTaBJISOINNA
koprnyc 220 o0O6O0JIOUKM, IIpMYeM 3aTeM MaTepuall obpabaTHBamwT WU
opunanT eMy OGopMy, Kak TpedyeTcsda Ojd QOpMMPOBaHMA Pa3HOOOpPAa3HBEIX

KOMIIOHeHTOB obojiouku 207. IIpu pacCMOTPEeHMM HEeKOTOPHX M3 MHOTUX
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BO3BMOXHEIX CIOCODOB HaHeceHUsa Oapbepa 230, MoxeT OHTH B pPaBHOM
CTEINEeHM I[OOXOOAMMM CcIloco® HaKaTEBaHMSA, HallbJIeHUs, CIeKaHUd,
HaCJIOEHMS, HalledaTaHMUdA, WM MHEM IIYTEeM HaHeCeHUsa MaTepuaja (-
JIOB) . Kopoue roBOpPSH, Baprep 230 MoXeT OBTH HaHeCeH C
VCIIOJIE 30BaHUeM JI0B0T0 criocoba, KOTOPEIM IpencrTaBJigeTCH
MNOOXOOAMMM IJIS M3TOTOBUTEJIS, KOHCTPYKTOpAa ¥/WMIM IIOJIL30BaTeJId.

[0192] NcnojsezyeMele B Oapbepe 230 MaTepuaJE MOTYT OHTH
BHOPAHE CcOo0Opa3HO TakKuM CBOMCTBAaM, Kak peaKIMOHHAad CIIOCOOHOCTL,
IM3JIeKTpMUyeCcKasd I[IOCTOSHHAadA, TeMIepaTypa ILJaBJIeHusa, aare3usa K
MaTepuajgaM oboJouku 207, KODQOULUMEHT TpeHUd, CTOMMOCTL, U
opoure TakMe QakKTopel. 4 CO3OaHMA XKeJaTeJIbHHX CBOMCTB MOTYT
OHTBE TIPMMEHEHH KOMOMHalMM MaTepMralJioB (TakMe KaK HaCJOEHHHE,
CMENaHHEE, WMJIM OOBeIVMHEHHBE MHEM OO0pa3oM) .

[0193] I[IlpuMeHeHMe  yCUJeHHOM  oboJjouku 207, TakKoM Kak
oboJiouka C OapbepoM 230, B HEKOTOPHX BapMaHTax MCIOJIHEHUSA MOXET
OTPaHMUMTE OeTpalaluin 3JeKkTposinTa 206. B TO BpeMa kKak Oapbep
230 mpemcTaBJIgeT OIMH crHoco® cosZaHMa YycuJjeHHoum oboJjioukm 207,
MOTYT OHTB MCIIOJIBE30BaHE IOPYyI'Me CIHOCOO. Hamnpumep, IIpUMEHEHUEe
oboJgiouky 207, BHIIOJHEHHOM M3 aJIoMMHMA, OBJIO OB OJIaTONPUATHEM
Biaronaps DIIEKTPOXUMUYE CKUM XapakTepucTuram AJIIOMUHN I B
IPUCYTCTBUM BJekTposmTa 206. OOHAKO, C YyUeTOM 3aTpyIHEeHUM C
M3TOTORBJIEHMEM M3 aJiloMMHMA, ObJla HEeBO3MOXHOM (OO CHUMX TIIOP)
paspadboTka BapMaHTOB MCIOJHeHuda obojioukm 207, KoTopas muMmeJia O
OOCTOMHCTBA aJIIOMMHMUA .

[0194] JIomoJIHUTEJIbHHE BapMaHTHE UCIOJHeHUda oboJjioukm 207
BKJIOUAKT Takue, B KOTOPHX aJIOMMHUM IIPUCYTCTBYeT Ha BCex
BHYTPEHHMX  I[IOBEPXHOCTAX, KOTOPEE  MOTYT OHITH oBpameHH K
DIIEKTPOJIUTY, B TO Xe BpeMsa OCTaBJIAS II0JIb30BAaTEJIAM BO3MOXHOCTH
[IPOBOINTH CBapKy u TepMEeETUYHOE 3aKyIlIOpPUMBaHMeE ODOJIOUKHN .
YiyumeHHasd paboToCnocoOHOCTE CyIepKoHIOeHcaTopa 210 MoxeT OHTH
OOCTUTHYTa B pesyJbTaTe YMEHBIIEHU A BHYTpeHHeHN KOppOo3UH,
yCTpaHeHNd npobJeMm, CBA3aHHHX C [IPVMMEeHEeHMEM  Pa3HOPOIHHEIX
MeTaJlJIOB B IpOoBOIOAmMEN cpene, u 1o VHEIM  COOOpaXeHM M.
[lpeMymeCTBEHHO B OOOJIOUKEe 7 MCIOJB3YIT CYIECTBYKRIYK TEeXHOJOIU
BBelIeHMSI TaKoro IOOCTYIIHOTO DJIeKTpoLa, KOTOPHM BKJIOUAET CTEKJIO-—

MeTaJlJInMdeCKN1e YIIDIOTHEHNMA (n MOXeT BKJIOUYATB SJIEKTPOOH,
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BLIIIOJIHEHHEIE ns HepXaBeKmen cranu, TaHTaJa W OIPYyTUX
IPeniIouYTUTeJIbHEIX MaTepralioB n KOMIIOHEHTOB) , n IIOBTOMY
M3TOTOBJIEHME IIOJIyYaeTCHd SKOHOMWUHEM.

[0195] XoT4d 30ecCh npencraBJieHE BAapMaHTE  MCIIOJIHEHUA
oboJsioukm 207, KOTOpHEe IMNPUIOHOHE IOJA CyIepKoHIOeHcaTopa 10, 5»Tu
BapMaHTH MCIIOJIHEHUA (KakKk B cJjydae C OapbepoM 230) MOT'YT OHTEH
IIPVMMEHEeHE C BSHepTroakKyMyJUMPYRIMVM YCTPOMCTBOM JiOOTO  TUIla,
KOTOPHEM TIpedcTaBJIgeTcsa liejiecooBpasHBEM, ¥ MOTYT IIpedyCMaTpUBaATH
OPpaKTUKyeMyl TEeXHOJIOTMID Jiodoro Tulla. HanopuMmep, MOI'yT OHTH
WCIIOJIbL30BAHH JIpyTre GOPMEl DHEepPTroakKyMyJMPyKRmMero YCTPOMCTRa,
BRJIOUAKIME DBJEeKTpOXMMUUEeCKMe OaTaper, B YacCTHOCTH, OaTapeu Ha
OCHOBE JIUTUA.

[0196] B HEKOTOPEIX BapmUaHTax MCIIOJIHEHU A MaTepmal,
IPUMMEeHSEeMEM IJIS KOHCTPYMPOBaHMA Kophyca 220, BKJIOUYaeT aJIoMUHUM,
KOTOPEM MOXeT BKJIOUATE JOOOV THUI aJIloMMHUMSA WM  aJIOMMHMEBOTO
criaea, CUMTARMUNAC S OO XO I AMMM 04 KOHCTPYKTOpa VI
M3TOTOBUTEJIA (BCe M3 KOTOPHX B WMPOKOM CMHCJIE HAa3HBaKTCA 3IOeCh
IPOCTO <«aJioMMHMEM») . PasHooOpasHbBe CIIaBh, JaMMHATE, W TOMYy
IOOOOHEIE MOTYT OBTE pPas3MelleHEl [IOBepX (HalpuMep, I[LJIIaKMpOBaHMEeM)
AJIIOMMHKM A ([IpMUueM aJIoMMHMM ofpalleH BO BHYTPEHHOCTL Kophyca 220).
JONOJIHUTEJIbHEE MaTepHralikl (TakMe KaK KOHCTPYKLMOHHEE MaTepMallbl
WM DBJIEKTPUUYECKM M3O0JALUMOHHEIE MaTepHuaJitl, TakMe KaK HeKOTOpHe
MaTepMsaJltl Ha OCHOBe IIOJIMMEPOB) MOI'YT OHTH MCIOJB30BaHH B
OOIOJIHEHME K KOPHIyCcY u/uiam odojiouke 207. MaTepualbl, pPa3MelleHHEe
[IOBEPX aJIIOMMHMK A, MOT'YT OBTH BBEOpPaHH [IOOOOHEM 0O0pas3oM, Kak
IpencraBJIgeTCsa LeJleCoOBpasHEM KOHCTPYKTOPY WM M3TOTOBUTEJIO.

[0197] Kak mopaBMJIO, MaTepmaJ (—-JH), oOpalleHHHM (—-HBHEe) BHYTPb
oboJioukyu 207, NPOABJIANT HaOjeXallMM o0pa3OM HU3KYKD PeaKUVOHHY
CIIOCOOHOCTE B OTHOMEHMM BJekTposmTa 206, M T[IO03TOMY HABJIAKTCSH
TOJIEKO WMJJIOCTPATUBHEIMM B HEKOTOPHEX BapMaHTaxX MCIOJIHEHNWSA, W He
OT'pPaHVNUMBAKIUMY [IPUBENEHHHEE 3IeChb MHCTPYKLUM.

[0198] XoTsa »TOT HOpuMep HM300paxaeT TOJBKO OIMH [IPOXOOHOM
KOHTakT 219 Ha kpwmuke 224, OOJDKHO OHTH IIOHATHO, UYTO KOHCTPYKLMA
oboJioukn 207 He oTI'paHMUMBaeTCd OOCyXIaeMbMM 30eChb BapuaHTaMu
MCIOJIHeHM A . Hamnpumep, Kpbllka 224 MOXeT BKJIOUATH MHOTOUMCJIEHHBIE

I[TPOXOIOHEIE KOHTAKTEI 219. B HEeKOTOPHX BapMaHTaX NVCIIOJIHEHMA KOPIIYC
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220 BRJUaET BTOPYH [IOONOOHYK KpHIIKY 224 Ha I[IPOTHBOIIOJIOXHOM
KOHIle  KOJIbLeOoBpasHOoT'O  LUWUJIMHIPA. Kpome TOTO, OOJDXKHO  OHITH
I[IOHATHO, uTo oBoJIouKa 207 He Or'paHMUMBaeTCda  BapMaHTaMM
VCIIOJIHEHU A, UMemuMM Koplyc 220 KkoJblLeoOpas3HOM LUIMHIPUUECKOMN
bopPMEL. Hanpuwmep, oBoJIouKa 207 MOXET VIMEeTb CTBOPUATYIO
KOHCTPYKLUMID, [IPUM3MATUUECKYK KOHCTPYKIUMI, I[IaKeTHYID, WM JIo0OYyo
IpyTyi bopmMmy, KOoTOpasda ABJIAETCH IoOaxXonAamen OJIs HYXI
KOHCTPYKTOpa, WM3TOTOBUTENA WM I[IOJIL30BATEIA.

[0199] XeJgaTeJIbHO BHCOKOR(POEKTHMBHOE VIIJIOTHeHMe OOO0JIOUKU
207. To ecTh HOpeloTBpalleHMVe MNPOHMKHOBEHMUS HapPyXHOM Cpenb (Takou
BO3OYyX, BJlara, M T.O0., ...) CIOCOOCTBYeT IONOEPXaHUI B UUCTOTE
KOMIIOHEHTOB aKKyMyJIATOPHOI'O BJleMeHTa 212. KpoMmMe TOro, 5BTUM
openoTBpallaeTca yTeuka sJekTposmra 206 M3  aKKyMyJIATOPHOTIO
sJjleMeHTa 212.

[0200] C npuBIeuyeHMeM Teneps Our.l7, T[IOKa3aHE AaCleKTH
BApMaHTOB MCIIOJIHEHMSA 3aroTOoBKM 234 njud Kpemwky 224. B omur.l7A
3aroTOBKa 234 BKJUaAeT MHOTOCJOMHEM MaTepualJ. CJOW IIepBOTO
MaTepuasa 241 nOpencrarjgsgeT Ccobo¥  aJIIOMUHUM. Cjio  BTOPOTO
MaTepuralsa 242 npencrTabBjgeT CcOO0OM HepXaBeKllyld CTajlb. B BapuaHTax
VCIIOJIHEHU A COTJIaCHO Our.1l7 HepXaBeKlaa crTajib cocTaBJideT
IJIaKUpyoIMY  CJIOM Ha aJIloMMHMM, TeM caMeM Cco3OaBas MaTepuad,
KOTOPHM  IPOABJIAET  XeJlaTeJIbHYy - KOMOMHALMIO  MeTaJUlypIUUeCKUX
cBoMcTB. TO eCcTh B TIPUBEIOEHHHX 3IecCh BapMaHTax MCIOJHEeHUS
aJlioMMHMM  ofpalleH BHYTPbL akKKyMyJISTOPHOTO DJIeMeHTa (TO ecCcThb
00O0JIOUKM) , TOoI'Ia Kak HepXaBewllasgd cCcTajlb ofbpalleHa HapyxXy. O9TUM
nyTeM VCIIOJIb 3YITCH BJIaTOIIPUATHEE BIIEKTPUYECKYE CBOMCTBa
aJIOMMHMSA, B TO BpeMfd KaK KOHCTPYKLUMOHHEE XapaKTepUCTUKM (U
MeTaJIypIMdeCcKMe CBOMCTBa, TO €&CThb CBapMBAaeMOCThH) HepXaBeKleu
CTaly COCTaBJSAKT OCHOBY KOHCTPYKUMM. MHOTOCJIOMHEIM MaTepHuaJll
MOXET BKJIOYATH OOIIOJIHUT eJIbHEE cJiou, HaCKOJIBKO BTO
IpencraBiisgeTCcsa LeJleCOODpas3HEM.

[0201] Kak OpUlO YIIOMAHYTO BHIIE, CJIOM IepBOTO MaTepuaJsa 241
ABJIAETCA IUJIaKMPOBAHHEIM (MJIM HaHECEeHHHM Ha HeTrO) CJIOEM BTOPOTO
MaTepuaJsa 242. Kak MCHOJB3YeMee 3IeChb, TEPMUHE (ILJIaKUPOBaHHEILY,
«IJIaKUpOBaHUE», ¥ TOMy IIONOOOHEE, MMEKT OTHOUEHNVE K CBA3HBAHUI

MeXxny pPasHOPOIOHEMM MeTaJlJlaMM. HﬂaKI/IpOBaHT/[e yacTo IIPOVMSBOOAT
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SKCTPYIMPOBaHMEM OIBYX MeTaJlJIOB uepes dueepy, a TaKXe
CIIPEeCCOBHIBaAHMEM WM I[IPOKATKOM JIMCTOB COBMECTHO IIOL BECOKUM
DaBJjieHVMeM. MoryT OBTH I[IpMMEeHEHE »OpyIMe CIOCOOH, Takue Kak
Jla3epHoe IUJIaKMpOBaHMe. Pe3yJbTaToM [ABJIAeTCA JMUCT MaTepuala,
COCTOAmEero M3 MHOTOUMCIIEHHEX CJIOEB, I'Ie MHOTOUMCIIEHHBE CJIOU
MaTepuaJa CBfA3aHH Mexny cofoM Tak, UYTO MaTepuaJl MOXeT OHTh
IOABEPTHYT o0O0padoTke Kak eOVHEM  LUeJILHHEM  JIUCT (Hanpumep,
bopmyeTcsa Tak, Kak ecyau OH QOPMOBaJICA eOMHHNM JMCT OIOHOPOIHOTO
MaTepuala) .

[0202] Co ccohuxoM eme Ha Our.l7A, B OOHOM BapMaHTe
VCIIOJIHEHMS JIMCT IUJIOCKOT'O CHPLEBOTO MaTepMalla (Kak IIoKa3aHO)
WCMOJb3YT MOPpY TMOJYyUYeHMM 3aroTOoBKM 234 1jd cCcos3maHua ILJIOCKOU
Kpeiiky 224. YacTe CJiod BTOpOI'O MaTepuaga 242 MoxeT OHTEH yoaJleHa
(Takasa, Kak IIo OKPYXHOCTM  KpBIIKM 224), yTOOH  ODJIEeruuThb
IpucoenrMHeHne KpHIWKK 224 k kopnycy 220. B dumr.l7B nokaszaH ele
OOVH BapMaHT MUCIIOJHEeHMA 3aroToBKM 234, B »TOM IpuMepe 3al'OTOBKA
234 T1npencTaBJieHa KakK JMCT IJIaKMPOBAHHOTO MaTepuala, KOTOPHM
chopMMpoBaH B BOTHYTOM KoHOUIypaluum. B Our.l7C 3aroTroBka 234
IpeIcTaBJIeHa KaK JMCT IJIaKMPOBAHHOTO MaTepualsa, COOPMUPOBAHHHM
B BHIYKJIOM KOHOUI'ypauum. Kpremka 224, KOTOPYK M3TOTaBJIMBAKLT U3
3aTOTOBKM 234 B pasHOOOpPAa3HHX BapMaHTax MCIOJHEeHMSa (TaKux Kak
IokasaHHEe B O®ur.l7), paccumMTaHa Ha TO, UTOOH of0ecrneumBaThb
BO3BMOXHOCTL IIpMBapMpeaHMUa K Kopnycy 220 obojgouku 207. BoJjee
KOHKPETHO, BapMaHT MUCIOJHeHus corJjiacHo dur.l7B npucrnoco®yieH OJid
BCTaBJIEHMSA BHYTPbL BHYTPEHHEI'O OMaMeTpa Kophyca 220, Torzma Kak
BapMaHT WCIOJIHeHusa cornjiacHo Odur.l17C paccuMTaH Ha HaleBaHUue
[IoBepPX HaApPYyXHOTO oaMeTpa KOopIlyCca 220. B pPasHoOBpa3HEIX
aJIb TepHAaTUBHEX BapMaHTax VCIIOJIHEHW A CJIOn IJIaKMPOBAHHOTO
MaTepuralia BHYTPU JIMCTaA MOI'yT OHTE pas3MelleHbl B OOpaTHOM IIOpSIKe.

[0203] B coOpaHHOM COCTOSHMM Kpblika 224 MOXeT  OHThb

opuBapeHa K koplycy 220, TeM caMeM ofOeclleuMpBas IJIs I[IOJIbE30BaTeJId

TepMETHUYHOE  YILJIOTHEHME. [loMMepHEe  CHOCOOB CBapkKM  BKJIOUAKT
Ja3epHyln CBapKy ¥  apTOHHO-OYTOBYI (TIG) CBapky, M  MOIYT
BKJIOUATH opyrue bopMEL CBapkKu, HaCKOJIBKO IpencTaBJIAeTCH
ejecoofpa3HEM.,

[0204] C ofbpameHueM Tellepb Kk Our.18, T1okazaH BapuaHT
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VICIIOJIHEHU S DJIEKTPOOHOTO CBOOpPHOTO y3Ja 250. D2JeKTpOoOHBM COOPHBIM

y3esq 250 mnpemHa3HaueH [JIA BCTaBJIeHMSA B 3alOTOBKY 234 wu 1OJ4

BJIEKTPUUECKOTO coobmeHMsa SHEPTOaKKyMyJIUPYIIen cpenn c
[oTpedbuTesieM. Kak npaswuio, BJIEeKTPONOHEM  COOpHEM y3es 250
BKJIOUaeT BTyJKy 251. Bryaka 251 oxBaTHBaeT M30JATOp 226,

KOTOPHIM, B CBOI Oouepelb, OKpyXaeT IIPOXOOHOM KOHTakKT 219. B mToM
npuMepe BTyJKa 251 npencraBisseT co®oM KOJbLeOoOpasHHM IUMIMHIP C
OTOTHYTHM B BUIe (QJIaHIla BepPXHMM KpaeM.

[0205] @ng cOopkM KpemKM 224 B 3aroToBke 234 OpoleliHBakT
OTBepPCTME (He IOoKaszaHo). OTBepCTHe MMeeT I'eOMeTpUUYeCKywn OGopMy,
KOoTOopad IO pa3Mepy COOTBEeTCTBYeT BJIeKTPONHOMYy COOPHOMY VY3JIY
250. COOTBETCTBEHHO 5STOMY, BIIEeKTPONOHEM  CcOOpHHM y3es 250
BCTAaBJIAIT B OTBepCTHMEe B 3aroToBke 234, Kak TOJBKO BJIEKTPOIHHM
cOopHHM y3eJ 250 BCcTaBJIeH, B2JeKTPOOHEM CcOOpHEM y3es 250 MoxeT
OBITE I[IPUMKpPEIJIeH K 3alOTOBKe TaKMM CIOocOoO0M, Kak cBapka. CBapka
MOXeT TIpPelCTaBJATE COOOM Jla3epHyK CBapkKy, KoTopas co3daeT
CBapHOM MmMOB IO OKPYXHOCTM OGJuaHLa BTyJdku 251. CO CCHIKOM Ha
dur.29, mnoka3aHH TOUKM 261, TIOe BHIIOJHAKT CBapky. B 3ToMm
BapMaHTe MUCIOJIHEeHMSA TOoukM 261 [OpelcTaBJg0T CcoboM  ydacTKHU,
IPpUTOOHEE OJIA CBapky HepXaBeKllel cCTallM C HepXaBellel CcTajbio,
OTHOCUTEJIEHO IIPOCTOM IHpOoLelypH CcBapku. COOTBETCTBEHHO STOMYy,
IpUBEeIeHHBEe 30eChb MHCTPYKLMM O0eCleuMBalT HaOeXHOe IpMBapMBaHMeE
RJIEKTPOOHOTO CcOOPHOTO y3Ja 250, HnocaXxeHHOTO Ha 3aroTOBKY 234.

[0206] MaTepwmaJ IOJ49 M3TOTOBJEHUS BTYJIKM 251 MOXeT BKJIOUATH
MeTaJIJIEL WM MeTaJlJIMdecKMe CIJIaBE pa3HooOOpas3HEX Turob. Kak
IpaBUJIO, MaTepMalibl OJd BTYyJkM 251 BHOMpawT cooOpas3zHO, HaIpuUMep,
KOHCTPYKTHUBHOM LEeJIOCTHOCTHU u CIIOCOBHOCTH CBASHBATHCHA (c
3aroToBKOM 234) . IlpuMMepHBe MaTepMaJiEl OIS BTyJkM 251 BKIOUAT
HepXaBenllyln cTajib Mapku 304 wiM HepXaBeollyl CcTajJlb Mapku 316.
MaTeprasa OJgd  GOPMMPOBAHMSA  HNPOXOOHOT'O KOHTakKTa 219 MOXeT
BKJIOUATE MeTaJJIEl MM MeTaJlJIMdeCcKMe CIJIaBH pPasHOOOPAa3HEX TUIIOB.
Kak mnpaewmiio, MaTepualbl o8 I[IPOXOOHOT'O KOHTakTa 219 BHOMpaT
COOTBETCTBEHHO, HallpUMep, KOHCTPYKTUBHOM LeJIOCTHOCTH u
BJIEKTPUUECKOM IIPOBOOMMOCTM. IIpMMepHEHEe MaTepMallkl IJS DJeKTpona
BKJIOUAKT HepXaBellyln CcTajlb Mapky 442 wmiam crjas b52.

[0207] Kak NOpaBWJIO, M3OJATOP 226 COEOMHAKT C BTYJIKOM 251 m
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IIPOXOIOHEIM KOHTakKToOM 219 wuM3BeCTHEM crnocofoM (To ecTh B BUIE
CTEKJIO-METAJJIMUECKOTO VYILJIOTHEeHUA) . MaTepuall IJa GOpMUPOBAHUSA
M30JIATOpa MOXeT BKJKUATE, ©0Oe3 OI'PaHUUEHMS, CTEeKJIO pa3HOOOpasHEX
TUIIOB, M3OJIALUMOHHOE BECOKOTEMIIepaTypPHOEe CTEKJIO, KepaMMuecKoe
CTEKJIO WM KepaMuUuecKMre MaTepualibl. Kak [OIpaBuilo, MaTepualibl OJIS
n3oJAaTopa BHIOMpPAT cooBpasHo, HalpuMep, KOHCTPYKTHBHOM
LIEeJIOCTHOCTM " VYIOeJILHOMY 32JIEKTPUUEeCKOMY COIPOTHMBJIIEHUMID (TO eCTb
XapakKTepUCTUKaAM BJIEKTPUUeCKOM M30JISAUUM) .

[0208] IIpuMeHeHMe KOMIIOHEHTOBR (TakMx Kak BblleyKa3aHHHM
BapMaHT MCIOJIHEHUA B3JIEeKTPOIOHOTO cBopHoro Yy3Jja 250), KoTopHEe
OCHOBaHH Ha COeIMHEeHMM CTekJla C MeTaJlJIoM, a TaKXe I[IpMMeHeHUe
Pas3HooBbpasHEX criocofoB CBapkKu, obecrneunBamnT TepMeTUUYHOe
YILJIOTHEHNE DHEPTOaKKyMyJIMPYKIMeT o YCTPOMCTRA . Hos co3nOaHusa
TepMETUYHOTO VYILJIOTHEHMS MOTYT OBTE TaKXe IIPUMEHEHH JIpyITue
KOMITOHEHTHI . Kak VICIIOJIb 3Y MBI 30ecCh, TEepPMUH «KTepMETHUYHOE
YIJIOTHEHME» B OCHOBHOM MMEET OTHOIEHME K YIIJIOTHEHMID, KOTOpOe
[IPOABJISET CKOPOCTE YTeuKM He 00Jiee, UYeM TaKafd, KoTopas 3IecChb
orpelejieHa. OmHakKo npenrojlaraeTcs, uTo bakTHUUecKasd
50PEeKTUBHOCTEL YILJIOTHEHMS MOXeT OBTH IOOCTUTHYTa Jydllel, 4YeM 5TOT
CTaHIOapT.

[0209] IOIoOJIHU T eJIb HEle WJIN npoumne CIIOCOOH CBA3HBaAHUA
RJIEKTPOOHOTO cbopHOTO Yy3Ja 250 ¢ 3aroroBkoM 234 BKJIOUYAKLT
IpMMeHeHMe CBA3yKmero areHTa [on @JaHleM BTYJIKM 251 (Mexdy
dJjlaHlIeM M CJOoeM BTOpOTO MaTepualsa 242), KkKoT'Da TaKue CIOCOOH
CUMTAalTCA IPUEMIIEMBEIMHA .

[0210] Co cchulkO¥M Temnepb Ha Our.20, axkkyMyJISTOPHHBM SJIEeMEeHT
212 pasMemanT BHYTpM Kophnyca 220. IIlpMCOeOIMHAKRT HalJiexXallM
oBpasoM IO MeHbIeW Mepe OIMH BHBOO 208 (TakoM KakK [IPOXOOHOM
KOHTakT 219), w® KpeHUWKy 224 comnpdramT Cc kopllycoM 220 cC
oBpa30oBaHMEM CYyIepKoHIeHcaTopa 210.

[0211] B coOpaHHOM COCTOSAHUM KphlIKa 224 u kopoyc 220 MOTYyT
OHITH 3arepMeTU3MPOBAHE. dur.21 nz3obpaxaeT pPasHooOpasHEe
BapMaHTH MCIOJHEHUS CcOOPaHHOTO SHEePTroakKKyMyJIMPpYKIero YCTPOWCTBAa
(B »TOM cCJydae CyllepkoHIOeHcaTopa 210). B dur.21A g co3IaHUA
[JIOCKOM KPBIMKM 224 MCIOJb3YIT ILJIOCKYK 3aroToBKY 234 (cMOoTpHU

dur.17A). Korma xkpolika 224 vyCTaHOBJIeHa Ha Kkoplnyc 220, KpPBIIKY
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224 u kopnyc 220 cepapuBalT IJSA CO3OaHMA YIUJIOTHeHMA 262. B sToM
cJlydyae, IOCKOJIBKY kopnyc 220 npencrTabJjisgeT Cco00M KOJblLeOoOpa3HHM
UWJIMHIOP, CBapKy BHIIOJHAKT I[I0 OKPYXHOCTM BOKpPYI Koplyca 220 u
KPEIIKM 224 @nJjd coz3haHuga mea 262. BOo BTOPOM BapMaHTe MCIOJIHEHUSA,
IokKkasz3aHHOM B Our.21B, OJIS  CO3OaHMsa BOTHYTOM  KPBINKKM 224
IPUMEHSIT BOTHYTYK 3aloTOBKy 234 (cM. Our.l7B). Korma KphIIKa
224 ycTaHOBJIeHa Ha Kkopnyce 220, kpemky 224 wu xopmnyc 220
CBapMBalT OJIS CO3OaHMAg TIepMeTMUHOI'O VYIIJIOTHEeHMSA 262. B TpeTbeM
BapuaHTe  MUCIIOJIHEeHUSd, nokasaHHoM B Omr.21C, O0JI1  CO3IOaHu4g
BHIIYKJIOM KPHIMKM 224 MCIOJb3VIT BHIOYKIYID 3alOTOBKY 234 (cM.
dur.17C). Korma kpwmmika 224 ycCcTaHOBJIeHa Ha kophnyce 220, KpHIIKa
224 u kopnyc 220 MOI'yT OHTH CBapeHbB OJIS CO30aHUS IepMeTUUYHOI'O
YIUIOTHEeHUS 262

[0212] HacKOJbKO 2TO leJecoobpasHo, ILJIakKUpyIUM MaTepuall

MOXeT OBITE YyIOaJIeH (Hanpyﬂvlep, TakyMM CIIOCODOOM, Kakr CTaHO4YHa4d

obpaboTka WJIM TpaBJIeHMe, ¥ T.O., ...) &IJIg OOHaXeHMSa IOpyIroro
MeTaJlJla B MHOTOCJOMHOM MaTepuaje. COOTBEeTCTBEHHO BTOMY, B
HEKOTOPHIX BapraHTax MCIIOJIHEHU S YIIJIOTHeHMe 02 MOXeT

npenyCcMaTPVMBaATEL CBapkKy aJIloMMHUA C aJlioMMHMeM. CBapKa aJIOMUMHUS C
aJIIOMMHYEM MOXeT OHTHL MOOIOJIHEHA IPYTVMMUM KpPeIlexXHBMM CpedCcTBaMi,
HACKOJIBKO 2TO YMECTHO.

[0213] IOns repMeTuzaumy o6oJoukm 207 MOTYT OHTBH IIPMMEHEHH
oIpyIrue croco®u. Hamnpumep, MOTYT OBTH MCIIOJBL30BAHHE JasepHasd
cBapka, TIG-cBapka, KOHTaKTHas CBapka, VYJIbTpa3ByKoBasd CcBapka, U
opyrue bopMEL MexXaHU4YeCKOM repMeTHU3alnNA . OnmHako cJenyer
OTMETHTL, UYTO TPpaIuMUMOHHEHE (QOPME MEeXaHMUeCKOT'O VIJIOTHEHMS IIO
OTHOeJILHOCTM He MABJIANTCA IOCTAaTOUHBIMM »OJIS ofeclHeueHud IIPOUHOTO
TepMETUUYHOTO YILJIOTHEHMS, IpemjlaraeMoI’'o B CylepkoHIeHcaTope 210.

[0214] B HeKOTOPHX BapMaHTaxX MWMCIOJHEHMA OJS BHYTPEHHUX
KOMIIOHEHTOB VICIIOJIb 3VIOT MHOT'OCJIOVIHEIM MaTepua. Hanpumep,
AJIIOMUHUM MOXeT OHTL ILJIAKMPOBAH HepXaBeomel CcTalJlblo OJS CO3OaHUud
MHOTOCJIOMHOTO MaTepMaJa I[I0 MeHbIeM Mepe Yy OIOHOTO U3 BHBOIOB
208. B HEKOTOPHX M3 52THUX BapMaHTOB MCIOJHEeHMS YacThb aJIlOMUHUA
MOXxeT OHTHL YyIOaJleHa »OJIg ofOHaxeHMd HepXaBeomelr cCcTalu. 3aTeMm
OTKPHTAaS HepXaBeoa s cTalb MOXET OBITE MCIIOJIL30BaHa OJId

[IPpUCOEeONHEHN I BEIBOILIA 208 K [IPOXOIOHOMY KOHTaKTy 219 C
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MCIIOJIb30BaHMeM IIPOCTHX CBaPOUHEX I[IPOLEenyp.

[0215] IlpuMMeHeHMe IUJIaKMPOBAHHOT'O MaTepualyia OJiA BHYTPEHHUX
KOMIIOHEHTOB MOXeT IIOTpefOoBaTh KOHKPETHHX BapMaHTOB MCIIOJIHEHNA
IUIaKMPOBAHHOTO MaTepualsa. Halpumep, MOXeT OBTH OJIaTOIPUATHEM
IIpMMeHeHre IIJIaKMPOBAHHOTO MaTepuaja, KOTOPHM BKJIOUAET aJIOMUHUN
(HWXHWY CJIOM) , HepXaBeolyl CTallb U/WUIXM TaHTaJl ([IPOMEeXyTOUHHI
CJIOM), U aJIOMMHUV (BEepXHUM CJIOM), UYTO TeM CcaMbeM OI'pPaHuuMBaeT
BO3OeNCTBUE BHYTpPEHHeN Cpenrl CYIIEpPKOHIOEHCATOPAa 210 Ha
HepXaBeKllyld CTaJlb. OTM BapMaHTHE MUCIIOJHEHMS MOTYT OBTH YCWUIIEHEH,
HallpyMep, OOIOJIHUTEJIbHEIM I[IOKPEITHMEM W3 I[IOJIMMEPHEX MaTepMualloB,
Takux kak PTFE.

[0216] Kak mpaBuio, cbopka ODOOJOUKM UYaCTO BKJKUYAET CTallM,
B KOTOPHX pa3s3MemanT aKKyMyJATOPHHM 3JIeMeHT 212 BHYTPU KOpIlyca
220 wm 3aloJIHART koplnyc 220 sjaexkTposmuToM 206. MoxeT OHTH
BLHIIIOJIHEH IIpOLleCC BHCYWMBaHUA. [IpMMepHOe BHCYWMBaHME BKJIOUAET
HarpeBaHMe kopnyca 220 Cc aKKyMyJISTOPHHEM 3JIeMeHToM 212 wu

SJIEKTPOJIMTOM 206 B HeM, JacTo Inpnm IIOHMXEeHHOM IJaBJI€eHUN

(HanpuMep, B BakyyMme) . Kormoa OBLJIO IpoBEeOeHO Haojexalee
(Heobg3aTeJIbHOE) BHCYIIMBaHMEe, MOI'YT OHTE BHIIOJIHEHEL KOHEUHEE
cranum  CcOOpPKU. B  KOHEUHEX CTaouax [OIpOM3BOLAT  BHYTPEHHUE

BJIEKTPUUYECKME COeIMHEHMSA, YCTaHaBJMBAKT KPHIIKY 224, ¥ KPHIKY
224 TepMeTUYHO YIIJIOTHSAIT Ha KopIyce 220, HalpuMep,
OpMUBapMBaHMEM KpPHIIKK 224 k kopnycy 220.

[0217] CoOTBEeTCTBEHHO 3TOMY, cosImaHue 0BOJIOUKMU 207,
KoTOpasa obBJyamaeT IpeuMylleCTBaMm MHOT'OCJIOMHOTO MaTepuasia,
IPUBOIUT K DSHEPTOaKKyMYyJIMPYKRIEeMYy YCTPOMCTBY, KOTOpOe IIPOSABJISET
TOK YTEeUKM CO CPaBHUTEJILHO HUBKUMMM HaudaJIbHEMM SHAUEHUSAMM U
3HaAuUMUTEeJbHO  0OoJiee  MeIJIeHHBEIM BO3pacTaHMeM Toka YTeuKM  CO
BpeMeHeM, II0 CpaBHEeHMI0 C IPOTOTUIIOM. BaXHO TO, UTO TOK YTEUKU

SHePToaKKyMyJIMPYOIeTo YCTPOMCTRA ocTaerTcsda Ha npakTUUYeCcKN

IpueMIIeMBIX (To eCTb XeJjlaTeJIbHO HU3KUX) YPOBHAX, Korma
CYIIEPKOHIOIEHCATOP 210 nonBepraeTcsd BO3OEeNCTBUL TeMIIepaTyp
OKpyXaKlen cpeltl, npu KOTOPEIX I[IPOTOTUIIHEE KOHIEHCaTOPH

IIPOABJIIAIIN OBl HEOONIYCTMMO BECOKME HauaJIbHEIE SHAUEeHUA TOKa YTEeUKU
M/MHM HellpreMJIeMO GHCTpHe BO3paCTaHMA TOKa YTeUKM CO BpPpEeEMEHEM.

[0218] B momnoJiHeHMe, cCylepkKoHOneHcaTop 210 MOXeT IIPOABJIIATH
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IpyTre OJaToNpMATHEE CBOMCTBa KaK pesyJbTaT [HOoOaBJIeHMS peaKUuu
Mexny oboJjouko¥ 207 M akKKyMyJSATOPHEM 53JleMeHTOM 212. Hamnpumep,
SKBMBAJIEHTHOE nocJiegoBaTeJIbHOE COIPOTHUBJIIEHNE (ESR)
SHEPTOaKKYMYyJIMPYIRIETO YCTPOMCTBA MOXET IIPOABJATHL CPaBHUTEJBHO
foJlee HUBKMEe 3HaUeHUHA CO BpeMeHeM. KpoMe TOIT'O, HexeJlaTeJIbHHE
XUMUUECKME peaKUuM, KOTOPHEE MIPOUCXOLAT B KOHIeHCaTope COIJIacHO
IPOTOTUITY, UYacTO Co3JalT HexeJaTeJlbHEe 50PekTH, TakKue Kak
Ta30BHIOEJIeHNE, WiIM B CcJydae TepMeTUMUHO  3BaKPHTOM  0BOO0JIOUKU
paznoyTtue ob6oJsiouku 207. B oboux cJaydasx STO BeleT K HapyUeHU’
CTPYKTYPHOM 1eJIOCTHOCTU 0DOJIOUKHA 207 M/ UIn TEePMETUUHOTO
VIJIOTHEHUS SHEePTOoaKKyMyJIMpYIero YCTpoMcTBa. B KOHEUHOM HUTOTe
2TO MOXeT IMIPUMBOIUTE K YTeuKaM MIM KaTacTpoduUuecKOMYy OTKaszy
[IPOTOTUIIHOT'O KOHIOeHCcaToOpa. 3THU 20beKTH MOTYT OBITH B
3HAUUTEJILHOM Mepe COKpallleHE VIV YCTpaHeHH IpVYMeHeHMEM
npencraBJjgeMoTlo Dapbepa.

[0219] CoOTBeTCTBEHHO 2TOMY, IIOJIE30BATEJ M TelNepb MMERT B
pacrnopsxeHur oboJouky 207 2HepToaKKyMyJIMPYyKRIeIro YCTPOWCTBa, TOe
3HauMTEeJbHasd dYacTb BHYTPEHHMX IIOBEepPXHOCTEeM BIJIOTH IO BcexX
TaKOBHX oOOoJiouku 207 cCcocCTaBJIEHH aJIlOMMHMEM (M MOT'YT BKJIOUATH
MHINOGOEepeHTHEM MaTepuaJl, KaK oIuMcaHo Huke). TakuMm obpasoM,
IpenoTBpamainTcsa NpobJjieMsl C BHYTPEHHEeM KOoppos3uel, UM KOHCTPYKTOPH
IIOJIYyYanT BOJIBIIYIO cBobonmy OelCTBUM B BEHIOOpPE HamJexalmsx
MaTepMraJIOBR OJid sJjekTposuTa 206.

[0220] [IpuMeHeHMEeM  MHOTOCJIOMHOTO  MaTepuala (HanpuMep,
[JIaKMPOBAHHOTO MaTepualya), B ob6oJjiouky 207 wMoxeT OHTH BBeIOeHa
HepXaBepmasd CTajlb, M Takue KOMIIOHEHTH MOTYT OBTE MCIIOJIb30BAaHE
CO CTeKJIO-MeTaJJIMUECKVMM YIIJIOTHEHUAMM . KOMIIOHEHTH MOTYT OHTH
[IPMBapeHH K cocToAmen nus3 HepxaBeomen crajm CTOPOHE
[JIaKMPOBAHHOTO MaTepualla C MCIOJb30BaHMeM TaKMX CIOoCcOo00B, Kak
JasepHasd WJIM KOHTaKTHas CBapKa, ToT'lla KaK aJlIloMMHMeBas CTOpPOHAa
IIJIaKMPOBAHHOTO MaTepHKala MOXeT OBITE CBapeHa c OPYIT'VIMM
AJIOMUHMEBEIMY OeTaliaMM (HalpuMep, KoplycoMm 220) .

[0221] B HeKOTOPHX BapMaHTax MCIOJHeHMSa IJISA [IOKPHTUA
yacTen O0BOJIOUKMU 207 MOXeT OBITH VCIIOJIE30BaHa MIOJIMMEPHAa A
MU30JAUMag. OTUMM IIYTeM MOXHO OODecCIleuuTs TO, UYTO KOMIIOHEHTEH

SHepPI'OaKKyMyJIMpyKomeIro YCTpOIZCTBa HaXoIOATCA B KOHTaKTe TOJIBKO C
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MeTajlJlaMM I[IpPpMeMJIEMHIX TUIIOB (TakuMMM KakK aJIoMUHUM) . IIpMMepHHEe
I[IOJIVIMEPEL o4 M30JIA1 U BRJIOUAIT PFA, FEP, TFE
(TeTpadTopP>TUIIEHOBHM conoJiMMep) M PTFE. IIpMTOOHBEE [OOJIMMEPH (MU
opyTre  MaTepMalibl) OT'paHMUeHE  TOJIBKO  HyXODaMM  KOHCTPYKTOpa
CUCTEME VIV MU3TOTOBUTENL, " CBOMICTEBaMM COOTBETCTBYIIMMUX
MaTepuaJioB. MorJjia OB OHTBL CIejlaHa CChEJIKa Ha Oour.22, rOe
HeDOoJIBIIOE KOJIMYECTBO M3OJALUMOHHOTO MaTepualsa 239 OpeldyCMOTPEeHO
O0JI OTpaHMUeHMS BOBIEMCTBUA BJekTporTa 206 Ha HepXaBellyl
cTajlk BTYJKM 251 ¥ OPOXOOHOTO KOHTakTa 219. B 3ToM OpuMepe
BHBOIO 208 cCoOoeIMHSAKT C IMIPOXOOHHM KOHTakToM 219 Takum crnocofoM,
KakK CcBapka, U 3aTeM IIOKPHBAKT M3OJALVMOHHEM MaTepuaJioM 239.

[0222] C npuBJiedeHMeM Telleps dur.23, wn300paXeHH aCIeKTH
COOPKM KpHIMKKM 224 B eme OIOHOM BapMaHTe WMCIOJIHeEHMA. Our.23A
nz3obpaxaeT mMabJIOH (TO eCcTh 3aroToBKY 234), KOTOPYK MCIOJb3YKT
0JIg CO3OaHMsa Koplyca Kpelky 224, [MabJoH B OCHOBHOM MMeET
pasMepH IJis COOTBEeTCTBUA 000JIouke 207 aKKyMyJISTOPHOI'O DJIEeMeHTa
(TaKOT'O KakK CyIlepkoHIOeHcaTop 210) Hamjgexamero Tulla. Kpemka 224
MOXeT OHTb coopMMpOBaHa CIOCO00M, B KOTOPOM CHaudajla CO3IanT
mabJoH ¢ ofOpas3oBaHMEM 3aTlOTOBKM, BKJKUAKIEN KYyIOJOoOOpa3HBM
BHICTYII 237 BHYyTpU wmabJiOHa (mokasaHo B Our.23B), u 3arTeMm
IpOonOeJitBaKnT OTBEPCTHE B KYIIOJIOOBpa3HOM  BEICTYIIE 237 oJis
obpaszopaHMUAg IIpoxona 232 (mokaszaHo B dur.23C) . KoHeuHO,
3aroToBKa 234 (HamopuMep, KpPpYyIJIHM KYCOK CHPLEeBOTO MaTepuala)
MOXET OBITHB cbopMMpoOBaHa IpecCcoBaHNEM W VHBIM obpasoM
M3TOTOBJIEHE, UTOOH OOHOBPEMEHHO obpazoBaThb BHIIEYKa3aHHEE
TeOMeTpUUYEeCKMEe BJIEMEHTH.

[0223] Kaxk npaswuio, u B OTHOWEHNM  STUX  BapMaHTOBR
MCIIOJIHEHM S, KpHIIKa MOXeT OHTE CcOopMMpOBaHa M3 aJIlOMVMHWA WM U3
ero cmaBa. OOHAKO KpPBIIKa MOXeT OBTE BHIIOJHEHa W3 JIIOOOTO
MaTepuralia, KOTOPHM IpencraBiisgseTCcs IPUTOOHEM  U3TOTOBUTEJD,
[I0JIE30BATEJID, KOHCTPYKTOPY, ¥ TOMy IIOHOOHEM. HalpuMmep, KpHIIKa
224 MoxeT OHBTBH M3TOTORBJIEHA M3 CTallM UM IIaCCHMBMpPOBaHa (TO ecCcThb
[IOKPHTa WHEPTHEM IIOKPHTUEM), WM MWHEM IIyTeM IPUIOTORBRJIeHa IJIid
npuMeHeHUda B oBoJjiouke 207.

[0224] Temneph OHNATHL CO CCHJIKOM Ha Omur.24, nokaszsaH elle OIMH

BapMaHT MCIIOJHEHMS BJEeKTPpOoOHOTO cbopHoro vyaJja 250. B  sTHX
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BapMaHTax MCIOJIHEHMSA BJeKTPONHEM COOpHEM y3es 250 BKIOUYAET
IPOXOOHOM  KOHTaKT 219 wu MaTepuas Hojycbepnueckom  GOpMEI,
pasMelle HHE BOKpPYT IIPOXOOHOTO KOHTaKTa 2109. MaTepuadg
noJychepuueckomm QOpPMHE CJOYXMT B KadeCTBe M30JATopa 226, U, Kak
OpaBUJIO, WMeeT OQOpMy IJIA COOTBETCTBUA KYIIOJOOOPas3HOMY BECTYILY
237. ToaycbepuuecKkur U30JATOP 226 MOXeT OHBTH M3TOTORJIEH U3
JO0TOo IIOOXOOAMEeTO MaTepuaia 0JId CO3IOaHu4g TepPMETUYHOT O
YVILJIOTHEHU S, B TO Xe BPeMs BHIOEPXKMBaKIETO XMMUUECKOe BO3IeMCTBUE
BIIEKTPOJIUTA 206. [TprMepHEIe MaTepKraJlibl BKJIOUAT PFA
(mepdropankokcunoauMep), FEP (dToOpMpPOBaHHEM 3TUIIEH-TIPONUIIEHOBHM
connoyimMmep) , PVFE (mommBuHMIGTOPHMHO), TFE (TeTpadTopmzTmieH), CTFE
(XJIOPTPUDTOPZTUIIEH) , PCTFE (MOMMXJIOPTPUGTOP3 TUIIEH) , ETFE
(MOJIUBTUIIEH-TeTPpadTOP2TUIIEHOBEM conojumMmep), ECTFE (O3 TUIIeH-
XJIOPTPUPTOPSTUIIEHOBEM ColoJuMep), PTFE (noauTeTpadTop>TUIIEH),
eme OIMH MaTepMralJl Ha OCHOBe QTOpIOJIMMepa, a Takxe JOOM OpyTron
MaTepuali, KOTOPHMN MOXET IPOABJIATE CXOIOHEE CBOMCTRAa (B
IIepeMeHHOM’ CTeIleHN) u obecrneunBaThb YIOBJIETBOPUTEJILHEE
TeXHUUEeCKMe XapaKTepUCTHKM (HalpuMep, I[IpOABJIAL, I[IOMMMO BCeIO
IIpOYero, BHCOKYKR YCTOMUMBOCTE K PaCcTBOPUTEINAM, KUCJIOTaM U
OCHOBAHMAM IIPpM BHCOKMX TeMllepaTypax, HUBKYID CTOMMOCTL, U TOMY
IomoBHEE) .

[0225] IIpoxomHO¥ KOHTakT 210 MoxeT OHTHL COOPMMPOBAH U3
aJIIOMMHMSA WJIM eTro CcIlaBa. OOHaKO TIIPOXOIHOM KOHTakT 219 MoxeT
OBITL  BHIIOJIHEH M3 J0OOTO MaTepHuaja, KOTOPHM MIpelcTaBJIseTCs
OPUTOOHEIM M3TOTOBUTEJI, IIOJIB30BATENHD, KOHCTPYKTOPY, ¥ TOMY
nomo®HeM, Hanopumep, NPOXOOHOM KOHTaKT 219 MoxeT OHTH M3TOTOBJIEH
U3 CTajJu ¥ [DacCUBMPOBAH (TO eCTb IIOKPHT MHEPTHEM IIOKPHTHEM,
TaKMM KakK KpPeMHUM), WIM MHEM 0O0pa30oM NPUTOTOBJIEH IJIS NPpUMMeHEeHUS
B BJIEKTPOOHOM  COOPHOM  y3Jie 250. OOVH  TIPUMEPHEM  CIOCOD
laccruealuy BKJIOUaeT CTaguM, B KOTOPHX OCaXOalnT I[IOKPHTHE U3
TUOPUPOBAHHOTO aMOPQHOT'O KpPeMHUS Ha I[IOBePXHOCThL IIOLOJIOXKKM U
OYHKUMOHANIM3UPYT I[IOKPHTYKR MNONOJOXKY BO3IeMCTBMEM Ha IIOIJIOXKY
CIMBAKIETO peal'eHTa, MMeKMeIo IO MeHBIIeM Mepe OINHY HeHAaCHIeHHY
YITUIEBOOOPOIHYI Tpynmny, non DaBJIeHVEM " npu [IOBHIIEHHOM
TeMIlepaType B TeueHMe 30OeKTHMBHOIO IIepMrola BpeMeHM. IIOKpHTHUEe U3

TUAPUPOBAHHOTO aMOp®HOTO KpeMHMSA OocaXxmaloT clIocoboM, B KOTOPOM
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INOABEPTART IMOIJIOXKY BO3IOEUCTBMK I'a3000pa3HOTO ITHUIPKIa KPeMHUI
non oaBJIeHVEM U npu IIOBEIIEHHOMU TeMIlepaType B TeueHNre
50PeKTUBHOTO [Iepuola BPEeMeHU.

[0226] TlomychepuuecKoMy M3OJATOPY 226, CPaBHUTEJIBHO C
KYIIOJIOOOpas3HEIM BHCTYIIOM 237, MOTYT OHTH IpMIOaHE TakKue pas3MepH,
uyTOOB OOoCTUIaJlaChk CKOJb34lMad Iocalka (ToO eCTb I'epPMeTHUUHOe
YILJIOTHeHue) npu cBopke B Kpomke 224. IoJychepruecKUm MU30JATOP
226 He o0043aTeJIbHO HOOJIKEH MMETH MIOeaJIbHO CUMMEeTPUUHHE WK
KJIacCcuueckmre IMHoJiycbeprueckue mnponopuumr. To eCcTh HoJycbepuuecKum
M30JIATOP 226 4BJISeTCsS IO CYWeCTBY I[IOJNYyCOepUUYeCKMM, UM MOXET
BKJIOYATE, HallpuMep, He3HauUTeJIbHEHE  KOPPEKTUPOBKM  pPasMepoB,
HebBoJsbmoM dJjaHell (TakoM KakK Yy OCHOBaHMA), UM IOpouMe OCOOeHHOCTH,
HaACKOJIBKO DTO MOpeAdcCTaBJgeTcsa lejecoobpaszHuM. llojlycbepudeckumn
M30JIATOp 226, Kak OpaBuUJIo, O(OPMUPYIRT M3 OIHOPOOHOTO MaTepuala,
OOHAKO ©BTO He  ABJAeTCcd 00A3aTelIbHEM  yCJIOBUEM. Hanpuwmep,
noJiycheprdecknit  M3OJATOP 226  MOXeT  BKJIOUYATH TOPOUNAJIEHYIO
CTPYKTYPY (He IIOKas3aHO), 3alloJIHEHHYID BO3OYXOM WMJIM I'a30M, IJiAd
ofeclieueHUd XeJlaTeJIbHOTO pacllMpeHMsa WMJIM CIOCOOHOCTU K CXaTHo.

[0227] Kak nokazaHo B dur.25, saexkTpoIHuM CcOOpHHEM y3es 250
MOXeT OBTB BCTaBJIeH B mMabJIOH (TO eCcTh B QOPMOBaAHHYI 3al'OTOBKY
234) I0JIS  CO3OaHMsa  KpeIIKKM 224 COIJIaCHO  OIHOMY  BapMaHTy
VCIIOJIHEHM S, KOTOPEM MIpelycMaTpuBaeT HOoJIychepuuecKoe TepMeTUUHOEe
YILJIOTHEHUE .

[0228] Kak mnoka3aHo B OQOur.26, B pa3HOOOpas3HHX BapuaHTax
UCIIOJIHeHMA OQukcaTop 243 MOXeT OHTb COEOMHEH WJIM MHEM oOpa3oM
COINpSAXeH C OHOM KpemkM 224 (TO eCTb Y4YaCcTKOM KpBIIKKM 224,
KOoTOopad obpalleHa K BHYTPeHHOCTM oBoJjioukn 207 wm obpamleHa K
AKKYMyJISTOPHOMY 32JieMeHTy 212). OdukcaTop 243 mMoxeT OHTBH CBS3aH C
KPBHIMKOM 224 C [OOMOWBI pPasHOOOpa3HHX CIOCOO0B, TaKMX KakK CBapka
aJIOMMHMA (Takad KakK JlazepHad, yJbTpas3pyKoBad, M TOMy I[IoHmoOHad) .
Oiia coenuHeHMs MOT'yT OBTEH IIPMMEeHEHE OpyIMe CIOCOOH, BRJIOUAKIUE,
HanpuMep, DITaMIOBaHMe (TO eCTh MeXaHMUeCKOe CRBA3HBaHMe) U Halky
TBepOEM IpulloeM. CoeOMHeHMe MOXeT OBTh BHIIOJIHEHO, HaIpUMEpP,
BIOOJIb epuMeTpa puxcaTopa 243. Kaxk IpaBuUiio, COoeOuHeHue
IPpOM3BOOAT IO MeEeHbIEM Mepe B OIHOM TOUKe CBSAS3HBAHUA OJIA

CO3OaHMA XeJlaTeJIbHOTO VYIUJIOTHeHusa 271. Ilo MeHbIIeM Mepe OIUMH
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bmrcaTop, Tako¥M KakK MHOTOUMCJIEHHHE  3aKJIENKWU, MOXeT  OHTBb
MCIIOJIb30BaH OJid YIUIOTHEHMA M30JIATopa 226 BHYTPM odukcaTopa 243.
[0229] B mnpumMepe coIJjlacHO OuUI'.26 KpHIKa 224 MMeeT BOTHYTYO
KOHCTpykUun (cmoTpu OQur.l17B). OmnHako MOTYT OBTH [IPUMEHEHE
IOIpyIre KOHCTpykUuM. HamnpruMmep, MOXeT OBTH NPeOYyCMOTPEHa BHIIYKJIad
Kppllka 224 (dur.l7C), m TakXe MOXeT OHTH IIpMMeHeHa HaleBaeMas
[IOBepxX Kpellka 224 (BapMaHT BapuaHTa MCIOJIHeHUMs uz3 our.l’/C,
KOTOPHEM KOHOUI'YPUPOBAH IJS MOHTaXa, Kak mu3o0OpaxeHo B dur.21C).
[0230] B HEeKOTOPHX BapMaHTax MCIOJIHeHUS II0 MeHbIel Mepe
ooHa @HeTajJib M3 oboJjiouku 207 M KpeHIWKKM 224 BRJIOUaAeT MaTepMrallH,
KOTOPHE COIepXaT MHOTOUMCIIeHHHEe CJIoM. Hanpumep, TI€PBHM CJOH
MaTepuraja MOXeT BKJIOUATL aJllOMMHUYM, CO BTOPHM CJIOEM MaTepualna,
BHIIOJIHEHHEIM M3 HepXaBeKlel cTaluM. B 3ToOM OpMMepe HepXaBeolas
CTajlb [OpelcTaBJIAeT co00oM MJIakKypyllee TIOKPHTME Ha aJlloMMHUM, TeM
CaMEIM co3maBad MaTepual, KOTOPHM IPOABJIAET XeJlaTeJIbHY
KOMOMHAIIMID MeTaJlIypIMUeCKUX CBOMCTB. TO e€CTh B NPMBOAMMEX 3I0eCh
BapuaHTax VCIIOJIHEHW A AJTIOMUHUT ofOpaleH K BHYTPEHHOCTHU
AKKYMyJIATOPHOT'O BJIEMeHTa (To eCThb 0OO0JIOUKHA) , TOI'Da  Kak
HepXaBeKlasa CcTajib ofpalleHa HapyXy. OTMM IIYyTeM MCIOJb3YITCHI
BHITOOHEE DJIEKTPUUECKMe CBOMCTBa aJIloMMHUSA, B TO BpeMa Kak

KOHCTPYKUMOHHEIE XapaKTepPMCTUKU (1 MeTaJlIJIypImduyeCKM1e CBOﬁCTBa, TO

eCcThb CBapMBaeMOCTh ) HepxaBeomen cranm COCTaBJIAT OCHOBY
KOHCTPYKILVMA . MHOT'OCJIOMHEIM MaTepurall MOXeT BKJIOUATH
OOIIOJIHUTEJIbHElE cJyou, HaCKOJIBKO 3TO opencraBJigeTCs
lejecoofpa3HEM. CLie) OJIaTONPU A THEM obpasoM obecrieunBaeT

BOBMOXHOCTL CBapKM HepXaBeklel cTaJlM C HepXaBelleM cTajbil, UYTOo
ABJISETCHA OTHOCUTEJILHO MIPOCTOM MNPpOolLedypol CBapKM.

[0231] MaTepual, IOIPUMeHSIeMEM OJ4 KPHIIKM, a Takxe OJ4
IPOXOIOHOTO KOHTakTa 219, MoOxXeT OBTL BHOpaH C YUeTOM TeIlJIOBOTO
pacmrpeHrda IMoJiychepuuecKoTro muM3oJgaTopa 226. Kpome Toro, crnocob
M3TOTOBJIEHUA TakKxe MoXxeT OBTL paccCuMTaH ¢ ydeToM TellJIOBOTO
pacumpeHrsa. HamnopuMmep, KoT'a cobupailnT KpPHMKY 224, UW3TOTOBUTEIL
MOXeT MIpujlaraThk IaBJIeHMe K I[oJIycOeprMUueCcKOMY M30JIATOpY 226, TeM
caMBIM IIO MeHbIIeM Mepe B KaKoM-TO Mepe CXuMas IIoJychepruuecKUn
U3OJIATOP 226. 3THMM OyTeM IO MeHbIleM Mepe IIpYM HEKOTOPOM TeIlJIOBOM

pPaclmMmpeHlM KPHITKM 224 7O IIponcCxXxonomT 0es3 OlaCHOCTM BJMAHMSA Ha
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50PEeKTUBHOCTE TEePMETUUHOTO YILJIOTHEHUH.

[0232] B TO BpeMsAa Kak MaTepmall, VCIIOJIb 3y &MBI OJIis
bopMMpoBaHMSa Kophnyca 220, BKJIOUYAET aJIOMUHMUM, OPUTOOEH aJIOMUHUMN
WM aJIIOMMHMEBHM CILJIaB JioOoTro TUlla (BCe M3 KOTOPHX B MUPOKOM
CMBICJIE HAaB3HBalTCA 3IecCh «aJIoMUHMEMY»), KOTOPHM IIpeIacTaBJIsgeTCsd
INOOXOOAMMM KOHCTPYKTOPY WM M3TOTOBUTEJIO. PasHOOOpas3HBEe CIJIaBH,
MHOT'OCJIOMHEIE KOMIIOBUTE, M TOMY IIO0HOOHHE, MOTYT OHTL Pa3MelleHH
noBepx (TO ecTb B BUIE IJIaKMPOBAHMA) aJIlOMMHMSA (IpuUueM aJIoMUHUM
oBpameH BHYTPE Koployca 220). JJONOJIHUTeJIbHHE MaTepMualJkl (Takue
KaK KOHCTPYKLUMOHHEE MaTepMraJhl WIM 32JIeKTPUUeCKM M30JISLMOHHEE
MaTepuaJlel, TakMe KakK HeKOTOPHE MaTepualJll Ha OCHOBe IIOJIMMEPOB)
MOTYT OHTL MCIOJBE30BAHE B HOIOJHEHMEe K KOPIyCcy HW/UiIM O0B0O0JIOUKe
207. MaTepualiel, pasMelleHHBEe TIOBEePX aJIOMMHMSA, MOTYT OBTE BHEHOpPAaHEH
oo OHBIM oBpas3oM, KakK IpenCcTaBJISAeTCH nejiecoodpa3HEM
KOHCTPYKTOPY WMV M3TOTOBUTEJD.

[0233] IlpuMeHeHMe aJIOMMHMSA He [ABJISeTCsa 0043aTeJIbHEM WK
TpebyeMeM. Kopoue TOBOpPS, BHOOP MaTepMalla MOXeET IIpelyCMaTpMBaTh
IpuMeHeHHMe JIoOoT0 MaTepMala, KOTOPHM OpedcTaBJISeTCsa I[IOIXOISMUM
KOHCTPYKTOPY, WU3TOTOBUTEJIO WM IIOJIBE30BATEJIO, U TOMY IIOIOOHEM.
MoryT OHBTEH IPMHATH BO BHMMaHMe pasHOOOpas3Hble (aKTOPEH, HallpUMeDP,
TakKue KaK COKpalleHue DIIEKTPOXUMUUECKOTO B3aMMOIENCTBUA C
sJeKkTposiMToM 206, KOHCTPYKLUMOHHEE XapaKTepUCTHKM, CTOMMOCTL, U
TOMY IIOIOOOHEE.

[0234] Temnepr OyIeT nOpuBemeHO 0OoJiee nolpobHoe o0OCyXIOeHHue
AKKYMYJISTOPHOT'O BJIeMeHTa 212. C NIPUBJIEUEHUEM our.27,
IpencTaBJIEH BUI B paspe3e CyIlepKoHOeHcaTopa 210. B 3ToM HOpuUMepe
AKKYMYJIATOPHEM 2JeMeHT 212 BCcTaBJeH BHYTPL Kopmoyca 220 wu
COIEepXUTCAS B HeM. MHOTOUMCJIEHHEE IPOBOINHMKM OOBEOMHEHH BMECTE B
XKI'YT M COeIMHEeHH KaxIui c oboJjiouko¥ 207 Kak OIHMM M3 BHBOIOB
208. B HEKOTOPEX BapMaHTax WMCIIOJHEHMS MHOTOUMCIIEHHBE IPOBOIHUKMU
COenMHEeHH C OHOM Kophyca 220 (Ha BHYTpPeHHeM CTOPpOHe), TeM CaMHM
opeBpamas kopnoyc 220 B oTpuLAaTeJbHHM KOHTakT 255. TIomo®HBM
oBpa3oM, IpyI'uMe MHOTOUMCIIEHHBEE I[IPOBOOHUKM OOBEIVMHEHEH B XI'YT WU
COeIMHEeHH C MPOXOIOHHM KOHTakToM 219, of6pasysd IIOJIOXUTEJLHHM
KOHTAKT 256. DJJleKTpUUecKasa M30JIALUMA OTPpMLATEJILHOTO KOHTakTa 255

n ITOJIOXMTEJIELHOT'O KOHTaKTa 256 obecrieunMBaeTCcsd SJIEKTPNYECKVM
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M30JIATOPOM 226. Kak npaBuiio, npucoenuHeHUe IIPOBOIHNKOB
BHIIOJIHAIT C IIOMOIBI CBapkKM, TakKOoM Kak IO MeHBIIeM Mepe OIHa U3
JIJA3EPHOM U YJBTPAas3BYKOBOM CBapkM. KOHeUHO, MOTYT OHTL IIPMMEHEHEH
OpyTHre CIOCOOH, HACKOJIBKO BTO NPEeNCTaBJIAETCHA LeJjlIeCOODpPa3HEM.

[0235] IOJDKHO OBIThH IIOHATHO, yTo oJidg obecrieueHmnsda
BHICOKOBDPEKTUBHOTO XpPaHEHMA HSHepIuM TpelOyoTcd HaOeXHEEe CIOCOOEH
cObopkr. COOTBETCTBEHHO D3TOMY, Telepb OOCYXIalnTCsa HEKOTOPHE U3
CIIocofbo0B COOPKU.

[0236] Co cCcCHJKOM Telepb Ha @®UT.28, I[OKa3aHH KOMIIOHEHTH
IpUMepHOTO BJlekTpona 203. B »sToM HOpuMepe zJekTpon 203 Oymer
MCIIOJIbE30BaH B KaueCTBe OTpULATeJIEHOT'O BJekTpoma 203 (oOHako,
5TO ODOO3HAUEHME ABJISAETCH IIPOUBBOJIBEHEM M IIPeOHa3HAWEeHO TOJIBKO
OJIs YIIOMMHAaHMA) .

[0237] Kak MOXHO OTMETHTL M3 WMJJIOCTpalluM, II0 MeHbIel Mepe
B STOM BapMaHTe MCIIOJIHEHMA celapaTop 205, kak OpaBWUIIO, ABJAETCH
foJlee IOJMHHEM ¥ 0oJiee WUPOKMM, UYeM HSHeploaKKyMyJiMpyollas cpena
201 (M TOKOBHEI KOJIJIekTOp 202). [lpy MCHOOJIBE30BaHUM  OoJiee
OOLMPHOTO celapaTopa <205 obecHneumMBaeTCcd 3allMTa OT KOPOTKOTO
3aMEIKaHU A OTPULATEJIEHOT'O BJIEKTPOna 203 C [IOJIOXUT eJIb HEIM
BIIEKTPOLOM 203. Taxxe npenycMaTpmuBpaeTCd [NpMMeHeHN e
OOIIOJIHUTEJIEHOT'O MaTepurala B cenaparTope 205 0JiA Jydmen
BJIEKTPUUECKON BalTH [IPOBOOHMKOB M BHBOIa 208.

[0238] Temneprs C OpuBJedeHueM OuT.29 mnpelcTaBJieH BUI COOKY
OOHOTO BapMaHTa MCIOJHEeHMS aKKyMyJIATOPHOTO 3JieMeHTa 212. B »ToM
opuMepe CJOMCTas CTolla DSHepTloakKkyMyJupyomer cpenn 201 BRJOUYAET
nepBEM cenapaTop 205 m BTOpoM cenapaTop 205 Takum oBpasoM, UTO
syexkTponu 203 2JeKTpUMUeCKM pas3lelleHH, KoTlda aKKyMyJISATOPHHM
sJleMeHT 212 cobupalnT B PYJOHHHM aKKyMyJATOPHBM BJEeMeHT 223.
CllenyeT OTMETUTH, UTO TEPMUH «IIOJOXUTEJILHEMY» U «KOTPpHUllaTeJIbHB»
B OTHOWeHMM BJjekTpona 203 wm cOOpKM CyllepkoHOeHcaTopa 210
ABJIAETCH MUCKJIOUMTEJIBHO I[IPOM3BOJIBHEM, W MMeeT OTHOIEHMEe K
OYHKUMOHAJIBHOCTHM, KOI'Ia CyllepkKoHOeHcaTop 210 cobpaH, ¥ B HeM
coxXpaHsaeTcd 3ap4n. Sra OOTOBOPEHHOCTE, KoTOpad craja
OOWEeNpPUHATOM B  TexXHOJOTUH, He O3HadaeT TOTIO, uTo  3apAan
coxpaHseTcsa OO CcOOpKM, WMIM I[oOpalyMeBaeT JoOOM OPYTOoM acIekKT,

T/IHOﬁ, HexeJlM YKa3aHNre Ha @MSMT{eCKyIO MﬂeHTM@MKaHMIO Pa3JIMYHEX
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DIJIEKTPOIOOB .

[0239] [lepen cMaTHBaAHMEM AaKKYMYJIATOPHOT'O BJIeMeHTa 212
OTpMLATEJIBEHEM  BJekTpon 203 U [OOJOXUTEJBHEM  3JekTpon 203
BHPABHUBAKT OTHOCUTEJIBHO HOpyI' IOpyIT'a. BoHpaBHUBaHME DBJEKTPOILOB
203 obecrneumBaeT Jyullyl I[IPOM3BOIOUTEJIEHOCTE CYIepKOHIeHcaTopa
210, Taxk Kak »OJMHa [OyTM MOHHOT'O TpaHCIoOpTa, KakK [OIpaBUIo,
CBOOMTCA K MUHUMYMY, KOT'ODa H»OOCTUTaeTCd HaMBHCIIas CTeleHb
BHpaBHUBaHMUA. Kpome TOTO, opu  CcoOJIoOeHMM  BBICOKOWM  CTelleHU
BHPaBHUBAHUSA He TpedyeTcs UIOHTOUHENM cenapaTop 205, u B
pe3yJibTaTe He yxXyImaeTcd 30OeKTMBHOCTE CyIlepkKoHIeHcaTopa 210.

[0240] C oOpameHueM Terepb Takxke Kk Omur.30, oxaz3aH OIOUH
BapMaHT MCIIOJIHEHMSA aKKyMyJISTOPHOTO BJeMeHTa <212, B KOTOPOM
BIIEKTPONEL 203 OBLIIN CKaTaHL C oBpa3oBaHUEM PYJIOHHOTO
AKKYMYJISTOPHOTO BJIeMeHTa 212. OnmH nus3 cernapaTopoB 205
IPUCYTCTBYEeT B KadeCTBEe CaMOT'O HapyXHOT'O CJIOSd aKKyMyJSTOPHOTO
2JIeMeHTa 212, ¥ OTIOeJNSeT B3HeploakKkyMyJmMpyomyrn cpeny 201 ot
BHYTPEHHEN HNOBEPXHOCTHU oboJjoukm 201.

[0241] «CorJyiacoBaHMe II0O IIOJAPHOCTM» MOXeT OHTbH BHIIOJIHEHO
OJIS CcoIvlaCcOBaHMA IIOJIAPHOCTM CaMOT'O HapyXHOTI'O BJIeKTpola B
PYJIOHHOM aKKyMYJIATOPHOM BSJIeMeHTe 223 C IOJAPHOCTBI Koplyca 220.
Hanpumep, B HEKOTOPHX BapuMaHTax  MCIOJIHEeHMS  OTPpMULATeJIbHBM
sJyekTpon 203 HaxoOMTCHA Ha CaMOM HapyXHOM CTOPOHe  ILJIOTHO
CKaTaHHOM VYIIaKOBKM, KoTopas obpa’syeT PYJOHHHM aKKyMyJISTOPHLIM
3JIeMeHT 223. B 5»THX BapMaHTax WMCIOJIHeHUus ofecleuMBaeTCd elle
OOHa CTeleHb TapaHTUM IIPOTHMB KOPOTKOTO 3aMeKaHMA. To ecTh IOe
OTpPUllaTeJIbHEM BIJIEKTPON 203 COoeIVHeH c KOPIIy COM 220,
OTPUIIATEJILHEM 2JIeKTpon 203 4BJIAeTCS TakuM, KOTOPHM pasMelleH Kak
CaMBIM HAaPyXHH SJIeKTPOI B PYJOHHOM aKKyMyJISTOPHOM D2JieMeHTe 223.
CoOTBETCTBEHHO 2TOMY, ecm O cernapaTop 205 oKazaJicH
HENPUT'OIHEM, HalprMep, BCIIEICTBUE MexXaHNJeCKOTO M3HOCa,
OBYCJIOBJIEHHOTO BUOpauuen CYIIEPKOHIeHCaTOpa 210 BO BpeM4d
IpVIMEHEHW S, CYIepPKOHIEHCATOP 210 He BHIIOET U3 CTpOd B
pesyJIbTaTe KOPOTKOI'O 3BaMHEHKaHMS MeXIy CaMbEM HapyXHBM 3JIEKTPOIOM
B PYJIOHHOM aKKyMYJIATOPHOM BJIEMEHTe 223 U kopnycom 220.

[0242] oiisa KaXxmooro BapuaHTa MCIIOJIHEHU A PYJIOHHOTO

AKKYMyJIATOPHOTO DJIeMeHTa 223 IO MeHbIleM Mepe Ha cehapaTope 205
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MOXeT OHTEL YCTaHOBOUHAasg MeTKa 272. YCTaHOBOUHasg MeTKa 272 Oymer
VCIIOJIE30BaHa MOJIS yKa3aHMA MeCTOIIOJIOKEHMSA IIPOBOINHMKORBR Ha KaXIoM
ns3 BIJIEKTPOLOOB 203. B HEKOTOPHIX BapMaHTax MCIIOJIHEHU A
MEeCTOIIOJIOXEHVE I[IPOBOIHUKOB 3amdaeTcsd pacueToM. Hamnpumep, eciu
IPMHYMATE BO BHMMaHME BHYTPEHHMM OMAMEeTpP CKaTaHHOT'O pPyJIOHa U
OO0y TOJIIMHY OOBEeOMHEHHHX cellapaTopoB 205 m sjexkTponor 203, ToO
MOXeT OBTEH OIlleHEeHO MEeCTOIIOJIOXeHMEe OJIA pPas3MelleHusa KaXIoT'o U3
IPOBOIOHMKOB. OIOHAKO NpakKTMKa IIoKazaJla, 4YTo 0oJjee pes3yJibTaTUBHEM
n 20PeKTUBHEIM SABJISeTCS IIPMMEHEeHMVe YCTAaHOBOUHOM MeTku 272.
YCcTaHOBOUHaA MeTka 272 MOXeT BKJIKUYATh, HaIpPUMEpP, I[Ipope3b Ha
KpPOMKe cemnapaTopa (-poB) 205.

[0243] Kak MOpaBMUIIO, YCTaHOBOUHYK MeTKY 272 MWCIOJb3YIRT IJA
KaxIoy HOBOMW CIelMOUKALNM aKKyMyJSTOPHOTO »JjieMeHTa 212. To ecThb
KoT'Ia B HOBOM CIelMdUKalUM akKKyMyJIATOPHOTO 2JieMeHTa 212 MoxeT
norpedoBaTLCA MHAg TOJMMHA IIO0 MeHbIle Mepe OIHOTO CJIOS B HeM
(CpaBHUTEJIEHO C IMPEemsOyIMM BapMaHTOM MCIIOJIHEHMSA), I[IPUMMeHeHMe
IPEeXHUX YCTAaHOBOUHEIX METOK MOXeT OHTHL II0 MeHbIlel Mepe HeCKOJBbKO
HEeTOUHHM.

[0244] Kak TIpaBUJIO, YCTaHOBOUHAaSA MeTKa IIPOABJIAEeTCHd Kak
OOMHOUHAaA palualibHasd JMHUA, KOoTopad IepeceKaeT PpPyJIOH OT eTIo
IleHTpa 0o ero nepubepur. COOTBETCTBEHHO STOMY, KOoT'Ia NIPOBOIHUKU
MOHTUPYIOT BIOJIE YCTAHOBOUHOM MeTKM 272, KaXOHl IPOBOOHMK OymeT
BHIPOBHEH B OIOHY JIMHMIO C OCTaJIbHEIMM [IPOBOIHMKAaMM (Kak IIOKa3aHO B
dur.32). O»mHako, KoTI'Ia AaKKyMyJISITOPHHEM DJeMeHT 212 ABJIsSeTCHd
Pa3MOTaHHEM (B BapMaHTaxX MCIOJHEeHUS, TI'Ie aKKyMyJISTOPHHM SJIEeMeHT
212 gaBaseTcsa uiamu OyIOeT CTaAaHOBUTBCHA PYJIOHOM), YCTAHOBOUHYK METKY
272 MOXHO pacCMaTpMBaTh KaK MHOTOUMCJIEHHEE MapKMPOBKM (Kak
nokaszsaHo B Owur.31). Ilo Tpamuuuu, He3aBMUCHMMO OT BapuaHTa
VCIIOJIHEHNU A M BHEMHEeTO BMIa MapKUPOBKU aKKYyMyJISTOPHOTO
2JIEMEeHTa 212, MOSHTUPUKALIMSA MeCTOIIOJIOXEHM S oJIs BBeIEeHUA
IIPOBOIOHMKA paccMaTpuBaeTCsH KakK BKJIOYAKMAa S onpeleJleHNE

«YCTaHOBOUHOM MeTKU 272» MIN «Hadopa YyCTAaHOBOUHHEX MEeTOK 272».

[0245] C npuBJieueHMeM Tenepb dur.31, Kak ToOJbKO OBJIa
BHIIOJIHEHA YCTaHOBOUHasag MeTKa 272 (Takasg, Kak MapKUPOBKOM
PasMOTaHHOT'O AKKYMYJIASTOPHOT'O 3JIeMeHTa 212), onpenejysgeTcs

MeCTOIIOJIOXKEeHME MOHTaXa IHOJIA pasMelleHMAd KaXOoOor'o "3 TIPOBOIOHMKOB
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(TO ecThr OINMCHBaeMOe YCTaHOBOUHOM MeTkoM 272). Korma OBJIO
UOEHTUOULUUPOBAHO  MECTOIIOJIOXEHME  MOHTaXa ojas  JiodoM  OaHHOMU
crneuupmuralumm 1o cOopke AKKYMYJIATOPHOTO PJIeMeHTa 212,
OTHOCUTEJIbLHOE IIOJIOXKEeHMEe  KaXIoT'o MeCcTa MOHTaXa MOXeT  OHTb
IIOBTOPEHO IJIS OOIOJHUTEJBHEX I[IPUMEPOB KOHKPETHOM KOHCTPYKLUMUMU
aKKyMyJISTOPHOT'O BJieMeHTa 212.

[02406] Kak npaBuJio, KaX bl [IPOBOIOHUK COeIMHSAIT c
COOTBETCTBYKIMM TOKOBHM  KoOJIJIeKTopoM 202 B AKKYMYJISTOPHOM
sJleMeHTe 212. B HEeKOTOPHX BapMaHTax MCIOJHeHUS KaK TOKOBHM
koJuiekTop 202, TakKk M OPOBOIHMK M3TOTaBJIMBAKLT M3 aJIoMMHMA. Kak
IpaBMJIO, TPOBOIOHMK COeIMHSKT C TOKOBEM KoOJUJIekTopoM 202 1o
mMpMrHe, W, OIHakKO IMIPOBOOHMK MOXeT OBTbH IIPUMCOEIVMHEH TOJIBKO Ha
y4acTKe MUPMHH, W. CoeOMHeHMe MOXeT OBTE BHIIOJHEHO, HaIpUMEpP, C
IIOMOmMBI0 VJILTPA3BYKOBOM CBapkM OJS KpellJlIeHMsa I[IPOBOIOHMKA K
TOKOBOMY  koJuiekTopy 202. [JId BHIIOJHEHUS TIIPUCOEIMHEHMS  II0
MeHbIlel Mepe HeKoTopasa UYacThk »HSHeploaKKyMyJaupyomen cpensl 201
MOXxeT OHBTb yIaJeHa (HAaCKOJIbKO IlieJlecooBpas3Ho), UYTOOH KaXIh
IIPOBOIOHMK  HamjexamyM ofbpasoM OBJI  I[IPUCOEOMHEH K  TOKOBOMY
KoJlekTOpy 202. MoryT OBTH CHEJIaHE OpyI'Me IIPUTOTOBJIEHUSA WU

Oollepalrli, HACKOJIBKO 32TO IlpeldcCTaBJiAeTCA YMECTHEM, -IJIA BEIIOJIHEHMA

NpucoenHeHu .
[0247] PasyMeeTcsd, MOTYT OHTbH BKJIOUEHHE IIPpOTUBOJIEXAlME
YCTAaHOBOUHEE MeTKM 273. To eCThb TakKuMM XKe  oB0pasoM, Kak

chopMMpPOBaHE YCTaHOBOUHEE MeTKM 272, MOXeT OBTL BHIIOJHeH Habop
IPOTUBROJIEXAMMX YCTaHOBOUHHX MeTOK 273 1IJIA pacueTa MOHTaxa
IPOBOIHVKOB IIPOTUBOIIOJIOXKHOM TIIOJIAPHOCTM. ToO €eCTh YCTAaHOBOUHELE
MeTKM 272 MOTYT OBTE MCIOJB30BaHE OJIS MOHTaXa IIPOBOIHUMKOB K
mepBOoMy 92JekTpony 203, TakoMy KaK OoOTpMLATEeJIbHHEM sJjekTpon 203,
TOT'oa Kak [OIpOTHMBOJIEXallMe YCTAHOBOUHHE MeTKM 273 MOXeT OHTH
VICTIOJIbL30BAHE IJIS MOHTAaXa [IPOBOIHMKOB K IIOJIOXUTEJBEHOMY 3JIEKTPOIY
203. B BapMaHTe MUCIOJIHeHUSd, TIe PYJIOHHEM aKKyMyJSATOPHLM BSJIEMEeHT
212 4dBJgeTCcd UWJIMHIPUUYECKMM, I[IPOTUBOJIEXANME YCTAaHOBOUHBE METKMU
273 pacrnojiaranTcAa Ha IIPOTUBOIIOJIOXHOM CTOPOHE
SHepToaKKyMyJIMpYyomen Ccpensl 201, n CMEIIEHE B MNPOIOOJIBHOM
HalpaBJIeHUNU OTHOCUTEJILEHO YCTAaHOBOUHEIX METOK 2772 (kak

n300paxeHo) .
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[0248] CJjgemyeT OTMETMTL, uYUTo B Odmur.31l Kak YCTaAHOBOUHHE
MeTKM 272, TakK U IIPOTHBOJIEXAllMe YCTaHOBOUHHE METKM 273 IIOKa3aHH
pa3sMelleHHEMM Ha OIOMHOUYHOM BJekTpone 203. To ecTtp Our.31
nzobpaxaeT BapMaHT MCIOJHEHMI, KOTOPHM IpuBeleH TOJBKO IJA
WIJIIOCTPaUUM IPOCTPAaHCTBEHHOTO (TO eCTb JMHEeMHOTO) COOTHOMEHUS
YCTAaHOBOUYHEIX METOK 272 ¥ HNPOTHBOJIeXallMX YCTaHOBOUHHX MeTOK 273.
5TO He O03HauvaeT TOro, UTO  IIOJIOXUTEJILHEM  BJjlekTpon 203 wu
OTPUIlATeJIbLHEIM BJIEKTPON 203 COBMECTHO MCIIOJIb 3YIOT
SHEeproakKyMyIMpykomyn cpeny 201. OmHako cJelyeT OTMEeTUTHL, UTO B
CUTyalurax, roe YCTaHOBOUHHE MeTKMU 272 u IPpOTURBROJIEXale
YCTaHOBOUHHE METKM 273 pasMemanT CBOpauMBaHMEM aKKyMYyJIATOPHOTO
aJjleMeHTa 212 M 3aTeM MapKUpywRT celapaTop 205, »TM yCTaHOBOUHEE
MeTKM 272 ¥ OpOoTHUBOJIeXallMe YyCTaHOBOUHHE MeTKU 273 HeliCTBUTEJIBHO
MOTYT OHTB pas3MelleHH Ha OIOMHOUHOM cenapatope 205. OmHako Ha
INIPpaKTUKE WMCIOJB30BaiM OB TOJBEKO OIMH Habop YyCTAaHOBOUHEX METOK
272 w  OpOoTHUBOJIeXallMX YCTAHOBOUHEIX MeTOK 273 OJjga MOHTaxXa
IIPOBOOHMKOB MJIg JOOOT'O IaHHOTO 3JekTpona 203. To ecThb OOJDKHO
OBITE IIOHATHO, UTO M300paxeHHEM B dur.3]1 BapMaHT MCIOJHEHUS
IOOJDKeH OHTHL IOIOJIHEH eMe OIHMM CJIOEM 3ZHepTlOaKKyMyJIMPYKIel Cpelb
201 IoJig elle OoOoHOTO »JjekTpoma 203, KOTOpEM OyIeT WMMETH
[IPOTURBOIIOJIOXHYI IIOJIAPHOCTE .

[0249] Kak nokas3aHo B dur.32, BHIMEeYKa3aHHHM CIOoco0 cOOpKU
IPUBOIUT K aKKyMYyJISTOPHOMY D2JIeMeHTy 212, KOTOPHIM BKJIOUAET IIO
MeHbIel Mepe OIOMH Habop YIHIOPSIOOUeHHHX MIPOBOOHMKOB. IlepBHM Hadop
YIOPAOOUEHHEX  [IPOBOOHUKOB 291 B OCODEHHOCTHM  TIIOJIE3EH IIpU
COEIMHEHVM aKKyMyJISTOPHOTO 32JieMeHTa 212 B ero ¢opMe pPYJIOHHOTO
AKKYMyJISTOPHOTO 32JIeMeHTa 223 C OIHMM M3 OTPMIATEeJIbHOTO KOHTaKTa
255 u TIOJIOXUTEJIEHOT O KOHTAakKTa 256, TOT'Oa Kak Habop
IPOTUROJIEXAMMX YIOPAIOUEeHHEX I[IPOBONHMKOB 292 mnOpenHa3HayeH IJIA
COeIMHEeHMSa DSHepToakKkyMyJaupyomer cpensl 201 ¢ OIPOTHMBOIIOJIOXHEM
KoHTakTOM (255, 256).

[0250] PyJOHHHM aKKyMyJIATOPHHEM B2JeMeHT 223 MoxeT OHTh
3aKJoUeH B obepTky 293. O0epTka 293 MOoXeT OHTH oOpa3oBaHa B
BUOe JeHTH KAPTON™ (xoTopasa MNpeAcCTaBJsgeT CoOOOM MNOJUMMUIHYIO
IJIeHKY, paszpaboTaHHyl O¢upMoM DuPont, VYuiaMmMHITTOH, [ejlaB2p), WIK

JeHTH M3 PTFE. B sTOoM HOpuMepe JieHTa KAPTON™ oxpBaTHBaeT PYJIOHHBIM
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AKKYMYJIATOPHEM BJIeMeHT 223 U I[OIpuKJIeeHa K HeMy. OBepTka 293
MOXeT OBTBE IIpemyCMOTpeHa ©0e3 KJIeeBOI'O CpencTBa, OyIyuM ILJIOTHO
IIOCaxXeHHOM obepTKOM 293, KOTOPY HaTAHYJIA Ha PYJIOHHEM
AKKYMYJISTOPHEM 2JieMeHT 223. Ob6epTka 293 MOXeT OpelCcTaBJIATH
cobom OoJiee, UeM MeINloUeK, TakoM KaK Melouek, KOTOPHM B OCHOBHOM
OXBaTHBAET PYJOHHHM aKKyMyJIATOPHHEM 2JIeMeHT 223 (HalpuMmep, TaKoM
Kak ofcyXIaeMel BHIIe IakeT 273). B HEKOTOPHX M3 STUX BapUaHTOB
VCIioJIHeHusa  oBepTka 293 MOXeT BKJIOUATH MaTepual, KOTOPHM
nercTBoBaJl OH KaK YCAaIOUHHM YIAaKOBOUHHM MaTepualyl, ¥ TeM CaMbM
oBecneurBalJl OB 30PeKTUMBHOe (QU3NUeCKOe (M B HEKOTOPHX BapMaHTax
VICIIOJIHEHM A, XVMMMUeCKOoe) OTpaXIeHUe PYJOHHOTO aKKyMyJSTOPHOTO

sJjleMeHTa 223. Kak oOpaewjo, o00epTKy 293 dopMMpyT M3 MaTepuala,

KOTOPEM He OpensaTCTBYeT BIIEeKTPOXVIMUYUE CKUM byHKUIMAM
cyliepkoHneHcaTopa 210. Obeprka 293 TakXe MOXeT CO3IaBaTh
YaCTUUHOE IOKPHTUE, ecnu HeoBXOoOuMOo, HalpuMep, UTOOH

CrIocoOCTBOBATE BCTAaBJEHMK PYJIOHHOTO aKKyMyJISTOPHOTO B3JIEMEHTa
223.

[0251] B HEeKOTOPHX BapMaHTax MCIOJIHEHUA OTpUllaTeJIbHEE
[IPOBOIOHUKNA u [IOJIOXUT €JIk HEIE IIPOBOIHUKNA pasMemanT Ha
[IPOTUMBOIIOJIOKHEIX CTOPOHAX PYJIOHHOTO aKKYyMyJIATOPHOT'O BJIeMeHTa 223
(B cJydae PYJIOHHOTO aKKyMyJATOPHOTO BJIeMeHTa 223 TuUulla «pyJeTa»,
IIPOBOIOHUKNU c oTpuLaATeJILEHOM IIOJIAPHOCTRIO n IIPOBOIOHUKNU c
IIOJIOXUTEJILHOM TIOJISPHOCTBLI0 MOTYT OBTL PAaCIOJOXEHH IMaMeTpallbHO) .
Kak npaBmjio, pa3MeleHMe IIPOBOOHUKOB C OTPULATEJILHOM IIOJISPHOCTHLIO
¥ IIPOBOIHMKOB C IIOJIOXUTEJILHOM IIOJIAPHOCTBLIO Ha [IPOTUBOIIOJIOXHEIX
CTOPOHaxX PYJOHHOTO akKKyMyJIATOPHOTO 2JIeMeHTa 212 BHIIOJHAKT OJI4
YIPOMEHUS KOHCTPYKIUM PYJIOHHOTO aKKyMyJISTOPHOTO 3JIeMeHTa 223, a
Takxe IOJS CO3OaHUA YJIYUIEHHOM SJeKTPUUEeCKOW MI3OJIALUM.

[0252] B HeKOTOPHX BapMaHTax MCIOJHeHMsa IIocjile COOpPKU
VIIOPAOOUEHHHX I[IPOBOIOHUKOB 291, 292, KaXOBM M3 MHOTOUMCIIEHHBX
YIOPAIOOUEHHEX IIPOBOOHUMKOBR 291, 292 ckpydyMBawT B XI'YT C IPYITVMU
(B »TOM MecCcTe) TakK, 4YTOOB BOKPYI' MHOTOUMCJIEHHHX YIIOPAIOOYEHHEIX
OpOoBOOHUKOB 291, 292 wMoIuyla OHTH pacloJioOXeHa YycalOouHad obepTKa
(He T1niokazaHa). Kak npaBuio, ycaOouyHyn o00epTKy OQ(OpMMPYRT U3
PTFE, oOIHakKO MOXeT OHTL MCIIOJBE30BaH JIOOOM COBMECTMMEM MaTepuaJl.

[0253] B HeKOTOPHX BapMaHTax MCIOJIHEHMHA, KoT'Jda YCaIOUHHM
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00epPTOUHEM MaTepuraJl OBLIT pasMeleH BOKpPYT YIIOPAOO0YEHHEIX
IPOBOOHUKOB 291, 292, yHOPAOOUYEHHEE NPOBOIOHMKM 291 CkJaOBBaT B
bopmMe, KoTOpas IpenrnojaraeTcsd OJS cOoOpaHHOTO CYIepKOHIeHcaTopa
210. To ecTb CO CCHJIKOM Ha Our.33, MOXHO  BUIETH, UTo
YIIOPAOOUEeHHEEe IIPOBOOHUKM [IPpMHMMAKT OGopMy «Z». llocjie TI[pUIOaHULI
bopMEL «KZ—CRJIaAOKMU» YIIOPAOOUYEHHEM  [IPOBOIHUKAM 291, 292 u
HaHeCeHMsS YyCaIouHOM OBOepTKH, ycamouHasa ofbepTka MOXeT OHThb
HarpeTa WM MHBEM o00pas3oM aKTHMBMPOBaHa Tak, UYTOOE ob0epTka
opeTepreja YCaIKy Ha MecTe BOKPYID YIOPAIOOUYEHHHX IPOBOIOHMKOB
291, 292. COOTBETCTBEHHO 3TOMY, B HEKOTOPEIX BapMaHTax
WCIIOJIHEHUSA  YIIOPAOOUEHHEEe NIPOBOOHUKA 291, 292 MOTYT OBITH
VIIPOUHEeHH U 3allimeHs o0epTkoV. IlpuMeHeHMe OQOPME «Z-CKJAaOKU» B
0CODEeHHOCTM IIOJIe3HO IIPpM OpHMCcOoeIVMHEeHMM  SHepToaKKyMyJMpyllen
cpenel 201 kK NOPOXOOHOMY KOHTaKTy 219, pasMeleHHOMY BHYTPU KPBIIKU
224.

[0254] KoreuHo, MOTYT IIPaKTUKOBATLCHA OpyI'Me BapUaHTEH
VICTIOJIHEHMA  OJIS I[IPUCOEeIMHEHMSA  KaXOoro Habopa  YIHIOPAIOOYeHHEBIX
NIPOBOOHUKOB 291, 292 (TO ecTb KaXxmoro BHIBOIIA 208) K
COOTBETCTRBYKIEeMYy KOHTakKTy 255, 256. HamnpmMmep, B OIOHOM BapMaHTe
VCIIOJIHEHMSA TIPOMEXYTOUHHM I[IPOBOOHMUK I[IPUMCOEOMHAT K OIHOMY M3
IPOXOIOHEX KOHTakToB 210 m x o6osouke 207, dYTOOH YHOPOCTUTH
COeOMHEHVEe C COOTBETCTBEHHEM HabOOpoM YIOPAOOUEHHEX [IPOBOIHUKOB
291, 292.

[0255] [IprMeHgeMEle MaTepKaJlibl MOTYT OBITE BHIOPaHE
COOTBETCTBEHHO TaKMM CBOMCTBaMM, KaK peakKUMOHHAs CIOCOBHOCTL,
IM3JIeKTpUUeCKasd IIPOHMIIAeMOCTE, TeMIepaTypa ILJaBJIeHUd, alres3susa K
IpyTVM MaTepuralaM, CBapMBaeMOCTh, KO2QOUIIMEHT TpeHus5d,
CTOMMOCTEL, W TIpouMe TakKue ©QaKTOopH. IS Cco3IaHMA XeJlaTeJIbHEX
CBOMCTB MOTYT OHTL IMNIPMMEHEeHH KOMOMHAIIMM MaTepralloB (Takue Kak
HaCJIOEHHHE, CMEMaHHBEEe, WM OOBLeOMHEHHBE WMHEM IIYTEM) .

[0256] B  pasHOOOpa3HEX  BapMaHTax  MCIOJHEHMI  IIOJIE3HO
[IpMMEeHEeHME MHOTOUMCIIEHHEX CYIIEPKOHIOeHCATOPOBR 210 COBMECTHO IJIA
Co3IOaHMag MCTOUHMKA OUTaHuA. [Oaa obecrneueHMsa HaIeXHOM padoTH
VHOUBUOYAJIbHEE CYIIEepPKOHIOeHCcaTops 210 MOTyT OHTE 3abJlaTOBPEMEHHO
VICIIEIT @HEL oo [IpMMeHeHN S . s BHIIIOJIHEHM A TeCTUPOBaHUA

PasHOOOpPAa3HHEX THUIIOB KaXOEM M3 CyHNepKOoHOeHcaToposB 210 MoxeT OHTH
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MCIOHTaH Kak OIOMHOUHAad  guerka, B IIOCJIeOOBaTEJIbHOM WM B
napajijleJIJbHOM COeIOMHEeHMM C MHOTOUMCJIEHHEIMM CyIepKOHIeHCaTopaMu
210. IlpMMeHeHVe pPa3JIMUHEIX MeTaJlJIOB, COeOMHEHHHX pa3HoOOpa3HEMU
crnocobamMmu (TakMMM Kak CcBapka), MOXeT CHM3UTL ESR coemmMHeHMsa, a
TakKxe [IOBEICUTE [IPOYHOCTE CoenMHEeHUN . Ternepb NIPUBOOATCHA
HEeKOTOpPHE acCIleKThl COeOMHEHUN MexXOy CcylIepKoHIOeHcaTopamu 210.

[0257] B HeKOTOPHX BapMaHTax WCIOJHEHMS CyNepKOHIeHCaTop
210 BrJIOUaeT »OBa KOHTaKTa. JIBa KOHTAKTa IM[IpeldcTaBJIgnT codou
mrekep (TO eCTb IMIPOXOOHOM KOHTaAKT 219) co cTekJIo-MeTaJlJIMueCKUM
YIJIOTHEHMEM, U BCK OCTaJlbHyK oboJjiouky 207. I[lpM nocienoBaTeJIbHOM
COEeIMHEHUN MHOT OUMCJIEHHEIX CYTIEePKOHIEeHCAaTOPOB 210 JacTo
XKeJlaTeJIbHO IpelyCMaTpMBaTh MEXCOEeOMHEHMEe MexXIy OHOM OOOJIOUKMU
207 (B cJaydae UIMJIMHIpUUEeCKOM opMH oboJjouxku 207), UTOOH
MUHVMM3MPOBATE PACCTOSAHME IO BHYTPEHHMX I[IPOBOIHUKOB, U IIO3TOMY
OOCTUTHYThH MMHVMAaJIBHOT O COTIPOTHUBJIIEHNA . B DTUX BapMaHTax
VCIIOJIHEHM S MIPOTUBOIIOJIOXHEY KOHEll MeXCOeIMHEeHMS OOBUHO COeIMHSIT
CO NMTEKEePOM CTEKJIO-METAJJIMUECKOTO YIJIOTHEHMS.

[0258] Yro KacaeTcd MeXCOoeIMHeHUM, CBapHOEe COeMHEeHME
OBIeyIIoTPedUTEJIBHOTO TUIIa BKJIOUAET [IPpMMeHeHNE CBapOUYHOT O
YCTPOMCTBa C IapalJljIeJIbHEIM HAaKOHEUHMKOM MOJIS KOHTAKTHOM CBapKM.
CBapHOM MOB MOXeT OHTL BHIIOJHEH pasMelleHreM OIHOT'O KOHIa
MeXCOeOMHEeHU A Han LITEeKEepPOM 7 CBapkomn MeXCOeOMHeHM A
HelIOCPeIOCTBEeHHO CO mMTeKepoM. I[IpMMeHeHMe HeCKOJIbKMX CBapPHHX IMBOB
OyoeT IIOBHIMATE I[IPOYHOCTB WM CBA3BBaHME MeXOy MeXCOoeIMHEeHMEeM U
MTEKEPOM. Kak npaBuUJIO, nopu IIPMBapPUBaHUU K mrekepy
KOHQUTYPUPOBaAHME KOHIIa MeXCOeIVMHeHUA OIS JIYUIeT'o CONPSXeHUS CO
mMTekKepoM CJHYXUT OJag obecledueHMsS TOT'O, UYTO II0 CYMEeCTBY HUKAKOM
M3OLHTOUHLEY MaTepMaJl He IepekKphHBaeT ITekep Tak, YTO STO BHE3BAJIO
OBl KOPOTKOE =aMBIKaHMUeE.

[0259] TIpOTMBOIIOJIOXHHY HaKOHEUHMK CBapOYHOT'O YCTPOMCTBA
I0JISI KOHTAKTHOM CBapkKM MOXeT OBTL MCIOJbL30BaAH OJIA [IPMBaApPUBaHUA
MeXCOoeIMHeHMs K ITeKepy, ToI'la KaK YJIbTpa3ByKOBOE CBapO4YHOe
YCTPOMCTBO MOXeT OHTL IPMMEeHeHO JIS [IPpUMBAPUMBaAHMA MeXCOeOMHEeHUSA
K OHY oboJjioukm 207. MoxeT OHTHL MCIIOJIBL30BaH cIoco® namkmM, Korja
[IpMMeHSIEeMEIE MEeTaJlJIbl ABJIAITCS COBMECTHMBIMUA .

[0260] B OTHOIIEeHUN MaTepmaliog, MCIIOJIb 3y EMEIX B
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MeXCOeIMHEeHMAX, MaTepualjloM OOHUHOT'O Tulla, [NIPUMEHSEMOT'O  IJIS
MeXCOeIMHEeHMs, ABJISeTCS HMKeJIb. HMKeJIb MOXeT OBTB MCIIOJIB30BaH
IIOTOMY, UYTO OH XOpOIWlO CBapMBaeTCsa C HepXaBeomeMw cCcTaljblo, U
coszmaeT MNPOYHHM CTHK. BMeCcTO HMKeJS MOTYT OHTH I[IPMMEHEeHH IpyIue
MeTaJlJIEL ¥ CIJIaBbl, HalpuMep, OJS CHWXEeHMSA COIPOTHUBJIIEHUA B
MeXCOeOIMHEeHUN .

[0261] Kak mOpaBMJIO, MaTepMaJl, BHOPAHHBI OJIS MeXCOeOMHeHMUd,
nondbuMparnT IO COBMECTMMOCTM C MaTepuaJjaMM ITekepa, a TakKxe
MaTepuajiaMmu o6oJioukm 207. IlpuMepHHE MaTepMalJbl BRJIOYAT Melb,
HUKEJE, TaHTaJ, AJIIOMUHUAM , ¥ IJIaKUMPOBaHHYK  HUKeJIeM MeIb.
IOTIOJITHUTEJIBHEE MeTaJlJIE, KOTOPHE MOTYT OBTE I[IPMMEHEHH, BKJIOUAKT
cepebpo, 3B0OJIOTO, JIaTyHbL, ILJIATMHY M OJIOBO.

[0262] B HeKOTOPHX BapMaHTax MCIOJIHEHUA, TaKMUxX, IT'Ie MTeKep
(TO ecTb MOPOXOOHOM KOHTaKT 219) MITOTOBJIEH M3 TaHTajla, »OJI4g
MeXCOoeIMHEeHUS MOXeT OBTb MCIOJIL30BaH IIPOMEeXyTOUHEM MeTaJll,
TakoM KakK IIpKM OpMMEeHeHMM CcOoeIMHeHMd IIepeMBuKoM. OOHO IIpMMepHoe
coeIMHeHMe IepeMHUKOM BKJIUaeT IIOJIOCKY M3 TaHTalja, KoTopas Oblla
MOIMOULIMPOBaHa [IpMMeHeHNEM [IPOTUEOIIOJIOXKHOTO HaKOHEUHMKa
CBapoOYHOT'O YCTPOMCTBA MOJIA KOHTAKTHOM CBapKM, UYTOOH IPMBAPUTH
IIOJIOCKY M3 aJIOMVHMA/MeIM/HUKeJId K IIepeMuuke. 3aTeM MCIOJIbL3YT
napaljijieslbHOe KOHTAaKTHOEe CBapouHOoe YCTPOMCTBO IJS IMIPUMBAPUBAHUSA
TAaHTAaJIOBOM IIOJIOCKM K TaHTaJIOBOMY MTeKepy.

[0263] [lepeMBIUKa Takxe MOXeT OBITH MCIIOJIBE30BaHa Ha
KOHTaKTe, KOTOPHM MNpencTarjisgeT cobom obojiouky 207. Hamnpumep, KO
oHy ob6oJjiouky 207 MoOxeT OBTL KOHTAKTHOM CBapKOM IIpMBapeH KyCouekK
HUKEJIA. 3TOoT crioco® nmoMoraeT CHUBUTH CONIPOTHUBJIEHME
MeXCOeIMHEeHUN MexIy sguelkammu. [IpUMMeHeHMe PasJIMUHBIX MeTaJlJIOB IJIA
Kaxgor'o COeIMHEeHMS MOXeT CHUMBUTL ESR  MeXCoeIVMHEeHUM  Mexnoy
IoCJIeIOBATEJILHO COeOMHEHHEMM AYelKaMM.

[0264] NMes B BUIOY OIMCAHHEE TaKuM 00pasoM  acCIeKTH
HaoexHoT'o CYIIEepKOHIeHCaTopa 210, KOTOPEM [IPVYMEHUM o4
BHICOKOTEMIIEepaTyPHEIX YCJIOBUM OKpyXalmey cpelb (TO eCTb OO OKOJO
210 rpanycos Lejabcug), Ternepb IpPMBENEeHH U/UIM  ONpelleJIeHH
HEKOTOPEE NOIIOJIHUTEJIbHEIE AaCIIeKTH .

[0265] B KOHCTpPpYKUMM CylepKoHIOeHcaTopa 210 MOTyT OHTH

VMCIIOJIE SOBAaHEL MHOI‘OO@paBHBIe MaTepHralJlbl. [IeJIOCTHOCTE
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cymnepkoHOmeHcaTopa <210 gABJjgeTcsda CymecTBeHHOM, eCJM OOJIKeH OHTh
VCKJIOUEeH IOCTYIlI KMCJIOpOHma M BJaru, ¥ OOJIKHa OBTE IpemoTBpalleHa
yTeuka 2JekTposmTa 206. [JId BEHIIOJHEHMSA BSTOT0 I'epMeTUIUPYIINME
CBapHHE [IBEL u JI00BIE opyrue TOUKHU YILJIOTHEHU A IOJIKHEL
COOTBETCTBOBATH cTaHIapTaM oJis TepMeETUUYHOCTHU B npenejax
openrnojlaraeMoIro DKCIUIyaTalMOHHOTO TeMIepaTypHOTO ouarasoHa.
KpomMe Toro, BHOpaHHHE MaTepMaJlel OOJDKHE OHTH COBMECTHMMEL C
OIPYTUMM MaTepuajlaMM, TaKMMM KaK MOHHEE XUIOIKOCTM M PacCTBOPUTEJIM,
KOTOPHE MOTYT OHTH [NIPMMEeHeHH B cocTaBe 3JekTposmTa 206.

[0266] B HEKOTOPHX BapMaHTax MWCIOJIHEHMS IIPOXOIOHOM KOHTAKT
219 coopMMpyYIOT M3 TakKoI'0 MeTajlJla, Kak II0 MeHbIleM Mepe OIOMH U3
crtaBoB  KOVAR™  (roproBasg Mapka o¢upMel Carpenter Technology
Corporation, Pemumur, IleHcudbBaHusa, Ioe KOVAR npezncrarjisgeT cobom
BHILJIABJISEMEH B BakKyyMe XKeJIe30-HUKeJIb-KoOaJlbTOBHM CILJIAB C HU3KUM
KO20OUIIMEeHTOM TeIJIOBOTO pPAaCIMPpeHMsI, XUMHUUeCKMM CcOCTaB KOTOPOTO
peryJMpyeTcd B IIpenejylaxXx yYy3KOoT'O OMala3oHa IJia oDecClleueHUS TOUHEBIX
PaBHOMEPHEX XapaKTepUCTUK TeIlJIOBOT'O pacumpeHus), CruaB 252
(KeJIe30HUKEJIeBEM CILJIaB, I[OIPUIOIHEM IJSA TIepMeTUMUHOTO COeIVHEHUH
CTeKJla M KepaMMKM C MeTaJlJIOM), TaHTaJy, MoJgubIeH, HMOOUM,
BOJILQpam, HepXaBewlad cTajJib MapKu 446 (beppuTHaL, He
nogBepraeMas TepMUueckoMm o0paboTke HepxXaBewomas cCcTallb, KoTopas
oBecrieunBaeT XOPOLYIO YCTOMUMBOCTE K BEHICOKOTEMIIepaTypPHOM
KOPPO3UM M OKMUCJIEHMI), UM THUTAaH.

[0267] Kopmnyca CTeKJOo-MeTaJJIMUueCKMUX VYIIJIOTHEeHUM, KOTOpPHe
VMEeKT BHIIeyKas3aHHHE [IpeuMylIlecTBa, MOTYT OBTE M3TOTOBJIEHH U3
HepxaBeomux cTajiey 300 cepuu, TakuMx Kak craeu 304, 304L, 316 u
316L. Kopnyca TakXe MOT'YT OHBTE CHOEJIaHE M3 TakKol'o MeTaJlla, Kak
IO MeHblley Mepe OIMH M3 pasHooBpal3HHX HUKEeJIeBHX CIIJIABOB, TaKUX
Kak Inconel (ceMeMCTBO AaYCTEHMTHEIX JXapOIIPOUHEIX CILJIaBOB Ha
XPOMOHUKEJIEBOM OCHOBE, KOTOPHE MOpelcTaBJIALT cobo¥ YCTOMUMBHE K
OKMCJIEHVK M KOPPO3UM MaTepMralibl, XOPOIOo IIPUIOOHEE IJiA paboTH B
SKCTpeMaJIbHEX YCJIOBUAX OKpYXawmel cpelb, 0OyIyuu I[HOoOBepIaeMbMU
BOBIEVCTBUI OaBJIeHMS M Tellya), ¥ Hastelloy (MeTaJlIMUeCcKUM CILJIaB
C BHCOKOM KOPPO3MOHHOM CTOMKOCTLID, KOTOPHMW BKJIOUaeT HUKEJbL U
IPUCYTCTBYKIME C pa3HOOOpasHBHM IIPOLIEHTHHM COOEepXaHMeM MOJIMOIOEeH,

XPOoM, xkoBaJbT, xeJeso, Menn, MapraHel, TUTAaH, LUVPKOHUM,
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aJIIOMUHYM, YIJIepol ¥ BOJbdpam) .

[0268] MB3OJIAUMOHHHM MaTepMrall MeXOy MIPOXOIHHM KOHTakToM 219
M OKpyXaollMM KOPIIYCOM B CTeKJIO-MeTAaJIJIMUECKOM YIIJIOTHEHUM TUIINUYHO
npencraBjigeT cobomn CTEKJIO, cocTasn KOTOPOTO ABJISAETCSA
COBOCTBEHHOCTLI KaXOoT'0 M3ITOTOBUTEJS YIJIOTHEHUN U SBaBUCUT OT
TOT'O, HaAXOOUTCA JM YIUJIOTHEHMe I[IOO HOaBJIeHMeM WM [ABJISeTCH
IIPUTHAHHEM. B CTEeKJIO-MeTaJIJIMUeCKOM  YIIJIOTHEHMM  MOTYT OHITH
IIpMMeHeHH OpyTIMe M30JIALMOHHEE MaTepualJikl. HanopuMmMep, B YILJIOTHEHUU
MOTYT OHTL MCIOJBL30BAHH pPa3HoOOpasHee IIoJMMepH. Kak TaKoBOM,
TEePMUH «CTeKJIO-MeTaJlJIMUeCcKoe» VYILJIOTHEHMEe H[BJIAETCS MCKINUUTEJIBHO
omnMcaTeJIbHEM oJs TUIIa YILJIOTHEHUSH, u He 0643aTeJIbHO
nIpenyCcMaTpMBaeT TO, UYTO YILJIOTHEHME OOJDKHO BKJIKUYATE CTEKJIO.

[0269] O6oJjouka 207 pnd cynepkoHOeHcaTopa 210 mMoxeT OHTH
BHIIOJIHEHA, HalpUMep, M3 HepXaBeklMx cTajle Mapox 304, 304L, 316
n 316L. OHa Takxe MOXeT OBTE CcOOpMMpPOBaHa, ©0e3 OI'PaHUUYEHUS
TUM, W3 HEKOTOPHX aJIIOMMHMEBHX CILJIaBOB, Takux kak 1100, 3003,
5052, 4043 u 6061. MoTyT OHITH IpMMEeHeHE  pas3HoOOpasHEe
MHOTOCJIOMHEE MaTepMaJibkl, M MOTYT BKJIOUATL, HaIpuUMep, aJlloMMHMEBOE
IJIaKMpOBaHMEe Ha HepxXaBewnmer cTalu. IpyrMe HeoT'paHMUMBAaKIMe
COBMECTHMMEIE METaJlJlbl, KOTOpPHEe MOIT'YT OHTbH IIPUMEHEHE, BKJIOUAKT
IJIaTUHY, 30JIOTO, POIUM, PYTEeHUM U cepebpo.

[0270] KoHKpeTHHE IIPYMEPH CTEeKJIO-MeTaJlJIMueCKUX YIIJIOTHEHUN,
KOTOpPHE OBUIM MCIOJBE30BAHEL B CylepkKoHIeHcaTope 210, BKJIOUYAT
CTekJIO-MeTaJlJIMueckre VIIJIOTHEHMS OBYX Pa3JIMUHBEIX TUIIOB. I[IepBHM
TUII Npou3BOIUTCA ¢upMon SCHOTT, Haxomsamen B CIA, 2aMchopm, mTarT
Heo-Mlopk. B 5TOM BapMaHTe MCIOJIHEHUS MCIHOJIB3YIT MTeKep U3
HepXaBenlely cTall, CTeKJIAHHBM M30JIATOP, M KOPIYC M3 HepxXaBewlel
cTajamu. BTopoe CTeKJIO-MeTaJlJIMUeCKOoe  YILUJIOTHEeHME  IIPOM3BOIOUTCSH
dupmor HERMETIC SEAL TECHNOLOGY, ImuHumHHaTH, Orao. B 5»ToM
BTOPOM BapMaHTe VICTIOJIHEHU A [IPUMEHSIIT TaHTaJIOBHM mrekep,
CTeKJISHHHM M30JIATOPR M KOPIYyC M3 HepXaBewomel cTalv. MoryT OHTH
IpenCcTaBJIEHE  pa3HoOOpasHHE pPa3MEPH B  Pa3JIMUHHX  BapMaHTax
VICTIOJIHEHU A .

[0271] OOMH OOIOJIHMTEJILHEM BapMaHT MCIOJHEeHMS CTeKJIO-—
MeTaJIJIMYECKOTO  YILJIOTHEHMSA BKJIOUAET BapMaHT  MCIIOJIHEHUS, B

KOTOPOM IIPVMMEHAKT aJIOMVMHMEBOE YIIJIOTHEHME U aJIIOMMHM € BHI KOPITyC.
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Eme OOVH OOTIOJIHUTEJIL HHM BapUaHT VCIIOJIHEHU A CTEeKJIO—
MEeTaJNIMUEeCKOTO YIUIOTHEHMA BKJUAET aJlloMMHMEBOE YIUIOTHEHUME C
MCIIOJIb30BaHMeM BIOKCUIOHHX WM IPYIUX M3O0JALMOHHEX MaTepralioB
(TaxkMx KakK KepaMMUeCKMe MaTepMallkl MM KPeMHUM) .

[0272] P4anm acIeKTOB CTeKJO-MeTaJlJIMUeCKOT'O VYIIJIOTHEHMSI MOXeT
OHTE KOHOUI'YpMpPOBaAH Coo0Opa3HO XejlaTeJlbHOM Leju. Hamopumep,
HaIjlexamyM ofpa30M MOTYT OHTE MOOMOUIUIMPOBAHE pa3MepH OOOJIOUKMU U
mTekepa, ¥ MaTepuaJ ITekepa M o00oJouku. IllTekep TakKXe MOXeT
NpeICTaBJIATE coboM TpyOuaThM WM CIJICMHOM mTeKep, a TakKxke
NpeICTaBJIATL MHOTOUMCJIEHHHE MTeKeph B OOHOM KpHIIKe. B TO BpeMs
Kak BOJIBIIMHCTEBO o0ImeyIoTPpeOMUTeJIb HEIX TUIIOB MaTepuralJioB,
WCIOJb3YEMHX NJIS MTeKepa, NPeOCTaBJsalnT CcoO00M CIJIaBH HepXaBeKlel
crajiM, MOTyT OBTBH MCIIOJIE30BaHE OMeJIHeHHasd HepXaBewollasd CcTallb,
MOJIMOIOEH, ILJIaTUHO-UPUOVEBREN cIuias, pa3HoobpasHele
XKeJIe30HUKEJIeBEle CILJIaBH, TaHTalJl M [IpodYMe MeTaJlJlb, HeKOTOpPHE
HeTpalMLMOHHHE MaTepMralkl (TakMe KakK aJlIioMMHUM) . OBOOJIOUKY OOBUHO
bopMmmpyoT M3 HepXaBeomelr CcTajlM, TUTaHa W/ WM pas3HooOpa3HHX
IPYTHUX MaTepMalioB.

[0273] [lpy cOopke cyhepkoHnmeHcaTopa 210 wMoTyT  OHTBH
IPpUMEeHEeHE MHOTOOOpasHEE CIOCOOH  KpellJleHrda. Hamnpumep, U B
OTHOWEHWNM CBapKM, MOIYT OBTBH MCIOJIE30BaHE PasHOOOPA3HEE CIOCOOE
CBapkM. HWXeU3JIOXeHHOe MNpelcTaBJigdeT MJJIOCTPATUBHEM CIMCOK TUIIOB
CBapkM ¥  pasHoODOpa3HHX 1neJsen, 0JId KOTOPEIX  MOXET OBITE
MCIIOJIb30BaHa CBapkKa KaXIoI'o Tulla.

[0274] VYabpTpasByKOBas CBapka, I[IOMMMO BCeTO I[IpOUero, MOXEeT
OBITE IIPMMeHeHa OJIS: I[IPpMBapUBAaHUSA aJIlOMUHUEBRHEX KOHTAKTHHIX BHBOIOB
K TOKOBOMY KOJUJIEKTOPY; I[IPUBAPMBAHMID CTOJIOMKOBEX BEBOIOB K
OOHHOMY IJIakKUpyKRmeMy IIOKPETUR ; IpUBapUBaHn g HaBeCHOTO
COeIVMHUTEJIFHOTO IIpOBOHa (IkaMilepa) K I[IJIaKMpPOBaHHOM IIepeMHEUKe,
COeNMHEHHOV CO ITeKepOM CTeKJIO-MeTallJIMUeCcKOoTO YIIJIOTHEHUA; U
IpUBapMBaHMA KOHTAKTHEIX BHBONOB PYJIOHHOI'C BJIeMeHTa Ipyl' K
opyry. UVMOyJgbCcHad, WIM KOHTaKTHas CckBapka MOXeT OHTbL I[IpUMeHeHa,
[IOMMMO BCeIr'o IIpouelo, IJiA: [IPpUBaApMBaHMA I[IPOBOOHMKOB K IHY
KPHIIKY WMJM K MLTekepy; IpUBapMBaHMA [IPOBOOHUKOB K TOKOBOMY
KOJUJIEKTOPY; [NpMBapMBaHMA mDXaMllepa K ILJIaKMPOBAHHOM IIepeMBUKE;

IpUBapMBaHUA IJIaKMPOBAHHOM IIepeMbuke K BHBONY 208; IpMBapUBaHUA
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IPOBOOHMKOB K IOHHOM KphIlke. JlaszepHasd cCcBapkKa, [IOMMMO BCeTO
opouero, MoOXeT OBTH MCIOJNbE30BaHa MOJid: I[IpUBapMBaHMA KPHEIIKM 3
HepXaBellle CTajlM K CTakKaHy M3 HepXaBellell CcTaju; [IpMBapUBaHUA
IIepeMBUKM M3 HepXaBeKllel CTajlM K BHIIOJJHEHHOMY U3 HepXaBeKlleM
CTajiM WTeKepy CTEeKJIO-MeTallJIMUeCKOTO VYIUJIOTHEHMI; ¥ IIpMBapMBaHMA
NpoBKM K 3aJIMBOUYHOMY OTBepCTMIO. AproHHO-Oyrosas (TIG) ceapka,
IIOMMMO BCETO IIPOYEero, MOXeT OBTbL MCIOJb30BaHa OJd: IepMeTH3aluu
AJIOMMHMEBEIX  KPHIIEK C  aJIOMMHMEBHIM CTakKaHOM; ¥ HaBapMBaHUA
TepMETU3UPYIETO CBaAPHOT'O MBa Ha aJioMMHMM, TI'IOe OH HaxXOOUTCH.
XoJiooHas cCcBapka (CHOpecCOoBHBaHME MeETAaJIJIOB MexIOy cofo¥ c OOoJbIMUM
yCUIMeM) MOXeT OHTHL I[IPMMEHeHa, I[IOMMMO BCEeTrOo IIpodero, IOJid:
YIUIOTHEHMS 3aJIMBOYHOT'O OTBEePCTUSA IIyTeM BIaBJIMBAHMA C HaTAT'OM
AJIOMMHMEBOTO MapMuKa/KHOIKM B 3aJlMBOUHOE OTBEepCTHE.

[0275] Ternepb IOpencTaBJIeHH  (U3MUECKMEe  aCIeKTH OIOHOT'O
IPUMEPHOT'O CyllepkoHOeHcaTopa 210. ClenyeT OTMETUTH, UTO B
HIKeCJIeOylmmux  Tabiaullax  TepMMHOJIOTMSA  «KOHTAaKTHEM  BHBOI» B
OCHOBHOM MMeeT OTHOUEHNE K «IPOBOOHUKY», KaK O0O0CYyXIaJlOCh BHIIE;
T e PMUHEL «IIepeMeuKa» u «HaBECHOM COeIVHUTEJIbHE IPOBOL
(KaMIlep) » TakXe CcchutalTcd Ha QOpMEL NPOBOOHMKA  (HAIIpUMepP,
IepeMbeluka MOXeT OHTb COeOMHEeHa C I[IPOXOIOHEM KOHTAKTOM, WA
«LWTEeKepoM», ToI'la KakK IXaMIep IIPpMMEeHMM OJ4 COeOMHEeHUd IepeMBUKU
Cco KOHTaKTHEMM BHBOAMM, NI IIPOBOOHUKAMA) . [lpuMeHeHMEe
pasHoOOpa3HHX COeOVMHEeHUMV MOXeT yIpomaTk IOpollecc cOOpKM, U
MCIIOJIb30BaTh IperMymeCcTBEa onpenejleHHHX CIIoCOOOB COOPKU.
Hanpumep, mepeMbBUkKa MOXeT OHBTH IIpMBapeHa C IIOMOIBI Jlasepa WiIn
KOHTaKTHOM CBapKoOMu K mrekepy, u VIILTPasByKOBOMU CBapkKoMu
CoeIMHEeHa C IIXaMIIepPOM.

[0276] dur.34-42 npencTaBpJgnT rpaduku, n3obpaxanimue
SKCIUIyaTalMOHHEE XapaKTepUCTUKM I[IPMMEPHEX CYIepPKOHIeHCaTOpOB
210, n WILJIOC TPURYIOT TexXHUYeCKHre XapaKTepUCTUKN
cylepkoHIOeHcaTopa 210 npm HanpskeHuu 1,75 BoJjbTa M TeMilepaType
125 r1pamycoer lesnwscwusa, a TakKXe TexXHUUeCKMe XapaKTepUCTUKU
cynepkoHneHcaTopa 210 npm HanpsaxeHur 1,5 BojbTa M TeMllepaType
150 I'palyCoB Hesbcu4g, n TeXHUUYeCKHUe XapaKTepUCTUKN
cynepkoHneHcaTopa 210 npm HanpaxeHur 0,5 BojgbTa M TeMllepaType

210 TpadyCcoB Henecud. B STUX [IOCJIeTHUX npmuMepax (ripm
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TeMIlepaType 210 TpalyCcoB Hesescud) CYIIEPKOHIEHCATOP 210
IpencTaBJIAl cobomn 3aKPHETYIO AUYenKy (To eCThb ODOJIOUKRY) .
CyIlepKOHIOeHCcCaTop OvUI LUKJIMPpOBaH 10 pas3, C 3apdA0HBM UM pa3pAIHEM
TokoM 100 MA, 3BapsxeH po 0,5 BoJjgbTa, OOOBEPTHYT WM3MEPEHUIO
COIPOTHUBRJIIEHUS, pas3pskxeH nmo 10 MB, ocTaBjeH CcToATh Ha 10 CeKyHIO
M 3aTeM LUKINPOBaH ONIATH.

[0277] Kaxk mnpareuio, cynepkoHOmeHcaTop 210 MoxeT  OHTH
MCIIOJIL30BAH IIPM Pa3HOOOPAaBHHX YCJIOBUAX OKpyXalmel Ccpelbl u
TpeboBaHMAX . Hamnpumep, HalpsSXeHMe Ha BHEBOIAaX MOXeT BapbMPOBATH
or okoyo 100 MB mo 10 B. TeMIepaTypH OKpYXaKmel cpeOs MOTYT
BapbUpPOBaATE OT OKoJOo MuHyC 40 r1panycoB lenbscma po 1moc 210
TrpanycoB leabcusga. TUIMUHBEIE BLHCOKME TeMIepaTypPh OKpyXalmel Cpemnbl
BapbupynT oT mwmwc 60 rpanycos Uesbcua npo mmoc 210 IpaZycos
Hegbcusg.

[0278] C mnpuBIedyeHMeM Telepb Our.43, TIoOKaz3aHH [IPVMMEPHEE
SJIEKTPOHHEIE YCTPOMCTBa B COOOmMEeHMM II0 MeHbllell Mepe C OIHUM
ucrounukomM 401 ® 10 MeHbNeM Mepe OIHMM BECOKOTeMIIepaTypPHBEM
nepesapaKaeMbM SHepTOaKKyMyJMPYKIMM ycTpodcTBoM 402 (HTRES,
KOTOpOe MOXeT IpelCcTaBJIATh cobo¥, HalIpuMep, CYIepKOHIEeHCaTOop
210). B »5TOM HeOoI'paHMUMBAaKIEM IIpUMMepe MCTOUHMK 115 nOuTaHuAa
BKJIOUAET 3apdaOHoe YCTPOMCTBO (IepBas IIOICUCTEeMa) IOJd Bapaaku
HTRES B coofmeHun ¢ wucTouHmkoM M HTRES. BrTopas nomcucreMa B
cooBmeHur ¢ HTRES ¥ Harpy3KoM MOXeT BKJouaTh DC/DC-MCTOUHMK
OMTaHUA (KIIOCTOAHHEM TOK/IOCTOAHHEMN TOKY») u/mim DC/AC-UCTOUHUK
NMTaHug (KIIOCTOAHHEM TOK/IepeMeHHEIM TOK») . B wmcTouHmMk 115
OIMTaHUg MOTYT OBTEB BKJIOUEHE pPas3HoOOOpaszsHEEe MOpeobpasoBaTelM
MOUHOCTHM, ¥ MOI'YT OHTB MCIIOJIbE30BaHH MeXIy MCTOUHMKOM M HTRES, a
Takxe Mexny HTRES M Harpy3KoOM.

[0279] WcTounmk 401 osHepIMM, KOTOPHM BKJOUEH B MCTOUHUK
115 rmmuTaHMsa, MOXeT IIpelyCcMaTpMBaTE pPa3HOOOpasHHE MCTOUHUKU
IIOOBOIMMOM MOIMHOCTH . VCTOUHMKM IO BOIVMOM MOIMHOCTH, Kak
IpaBMJIO, MOTYT OHTH HOIpas3leJIEHH Ha TpM KaTeropuu. KaTeropuwm
BKJIOUAKT I[IE€PBUUHEE OaTapen, yIOaJIEeHHHE CUCTEME M T'€HepaTOpPH.

[0280] B HeKOTOPHX BapMaHTax MWMCIOJHEHMSA WMCTOUHUK IUTAHUS
BKJIOUAET IIEPBUUHYK OaTapen KakK YacTb ucTouHMKa 401 osHepIrum.

[IlpyMepHHe ©OaTapeM BRJOUYAT TakKue, KOTOpPHE MIPUCIOCOOJIeHH K
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paboTe B CYPOBHX YCJIOBUSAX . KoHKpeTHEIE IIPVYMEPH  BKJIUAKT
pasHooOpa3HEe XMMUUeCKkue OaTaper, B TOM uucije OaTapeu C JIMTHUEM.
BoJjilee KOHKpPEeTHHE MIPMMEPH BKJNUYALT JMUTUN-TUOHUIIXJIOPUIOHEEe (Li-
S0OCl.) ©Oarapeu, m OaTapeu, OCHOBAaHHHE Ha IIONOOHEIX TEeXHOJIOTUAX
U/ UV  XUMUUECKMX T[IpMHIUIAax. OOHAKO I[IOHATHO, UYTO HEKOTOPHE U3
TaKMX TEeXHOJOTUM MOTYT O0Ka3aThbCHa HEeNPUIOIHBMY IJIS IOCTWXKEeHUS
XeJlaTeJIbHEIX TeMIepaTYPHHEX IIoKa3aTejlel, M UTO HEeKOTOPHEe U3 DBTUX
TeXHOJIOTUM MOTYT IMIOIINEePXMBATL XPaHeHMe SHepIUMM TOJIBLKO B TeueHUe
KOPOTKOTO Iepuoma BpeMeHM (TO eCcThk XpaHeHMe DHEePIUM MOXeT
npenycMaTpMBaTh, HalpuMep, 2JIEMEHTEHI, KOTOPHE He ABJIAETCSH
nepesapsKaeMbMM, WM KOTOPHE MMET YKOPOUEeHHHM CPOK CJYXOH IIO
CpaBHEeHMK C IOPYITMMM BJIEMEHTaMM) . JIpyTue [IpMMepHEe ©OaTapeu,
KOTOPHE MOTYT OBTE BKJKOUEHH B MCTOUHMK 115 mmMTaHMsa, BKIOUYAT
JINTUN-OPOM-XJIOPUIHEE, a TakKke JUTUN-CYIbOYPUIXJOPUIHEE, U C
PacIJlaBJIEHHOW COJIBD.

[0281] UcTounuk 401 MOXeT OpelyCMaTPMBaATL I[IO MeHbBIIeM Mepe
OOHO COEeIOMHEHUe C YyIOaJIeHHBEIM MCTOUYHMKOM MUTaHusa. TO eCTh BHEPIUA
MOXeT IIOINBOOMTBCS OT BHENHEI'O MCTOUHMKA, HaAIIpUMEpP, I[I0 kabeJo.
[lpyHMMas BO  BHMMAaHUE, UTO  BHEMHWE MCTOUHMKM SHEPIMM  He
OT'paHMUeHH  CKBaXMHHEIM OOOpPYLOOBaHUEM, OCHOBHasa IpobJjieMa B
OTHOMEHUN TIPUHATHSA SHEepPI'MM BKJIOUaAeT CIOCOOH M YyCTpOoMCTBa MJIA
[IONBEeOEeHMA DHEPIMM B CTBOJI CKBAaXMHEL. [IpMMepHBEEe CIOCOOB lIepelauu
SHEePI'MM Ha KapoTaxHbel 30HI 100 mM mMcTouHMK 115 mmMTaHMsa BRJIIOUAT
TpyOy oA MIPOKJIAOKM IIPOBOIOR, TPyYOONPOBOOHYO cucTeMmy C
IpoBOmaMM, TITUOKMEe HaCOCHO—-KOMIIPECCOPHEE TpyOH MaJIoTO IMaMeTpa,
M TIpouMe CIOCOOH, kKakue MOT'YT OBTE M3BECTHH B TEXHOJOTUM.

[0282] Co cCcHJIKOM Tenepb Ha Our.44-50, nokas3aHb AaCIeKTH
DIIEKTPUUECKUX CXeM IpeoOpa30BaHMA BHeprum. Kak I[IOoKa3aHO B
our.44, oOIVH NOPUMEPHEM BapMaHT MCIOJHEHMS [IepPBOM MHOOCHUCTeMH 152
BKJIIOUaEeT rnepBoe rnepekrJyuaKie e YCTPOMCTBO lo1l, u BTOpPOE
Iepekjoyanmee YCTPOMCTBO 162, a Takxe »Opoccesbk OuiabTpa 163.
BHemHUM MCTOUHMK 151 sSHeprMM MOXeT COeIMHATLCS C IIepBOU
nomcuctemonm 152 m ¢ HTRES 402 (HamopuMep, BHCOKOTEeMIepaTypPHHEM
CYIIepKOHOEeHCATOpPOM) . [elCTBMEe IIepBOTO IIepeKJIovuallero YyCTpOoWCcTBa
16l n BTOPOTO [IeperJInUaKnIero YCTPOMCTEAa 162 MOXeT

peryiimpoBaTbCA IJIA OOCTUMXEHMA XapaKTepUMCTHMK OI'PaHMUYEeHMA TOKa U
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KOHIOVMUIMOHUPOBaHUA OaTaper, ONMCAHHHX BhHIle. bBojlee KOHKPETHO,
OTHOCUTEJIbEHOEe OQYHKUMOHMPOBaHME BO BKJIOUEHHOM COCTOSAHUNM IIePBOTO
[IepekrJdanmero YCTPOMCTEA lo6l n BTOPOTO [IeperJdanmero
ycTporcTBa 162 BO B3aMMOINOIOJHAKIIEM peXxuMe (IPOIOJIKUTEJIBHOCTE
BKJIOUEHNSA) MOXET OBITB MCIIOJIB30BAaHO 0JIA KOPPEKTUPOBaHMA
KosddpuLMeHTa IpeobOpas3oBaHMA UM IIPOTeKaHMAa Toka. [IpuMepHad IepBagd
nomcucrTeMa 152, nokasaHHas B Our.44, wMoxeT OHTL IIPMMEeHUMOMN,
KOoT'Ia HalpsSXeHMe  BHEMHeI'0 MCTOYHMKa 151 5sHeprum  ABJSETCH
BOJIBIIMM IO BHaUEeHMIO, 10 CpaBHEeHMI C HalpsSkXeHreM Ha HTRES 402.
OrpaHMUeHMe WM PelyJIMpOBaHMe TOKa MOXeT OHTb HOOCTUIHYTO C
IIOMOMEBID CUCTEMBl YIpaBJIeHMSA C OoOpaTHOM CBA3bKL (He ToKaszaHa) .

[0283] OOoMH TPUMEPHHEM BapMaHT MCIOJHEHMVS BTOPOM MOICUCTEMEH
153 BrJwUaeT npeobpa3oBaTeliM sHepruu, Jmbo DC-DC, mmbo DC-AC, B
3aBUCHMMOCTM OT TpeboBaHMM kK oOOopyIdoBaHMK. HaszsHaueHNe BTOPOU
[IOOCUCTeMEl 153 MOXeT COCTOATE B PelYJMPOBaAHMM HAIpPSKeHUS WU
TOKa, I[IoDaBaeMOTO Ha Harpy3ky (HaopuMep, KapoTaxHwel 3o0oHOD 100
n/ CKBaXMHHOE DJIEKTPOHHOE YCTPOMCTBO 113). Brnaronapsa
eMKOCTHOM npmupone HTRES 402, Korma OHO BCTPOEHO C
CYIIEPKOHIEHCATOPOM, HalpsXKeHVe HTRES 402 MOXeT CHUXATLCH
NpUBIM3UTEJIEHO JIMHEMHO I[IO Mepe BHBeIeHUA 3apsama m3 HTRES 402.
HaszHaueHre BTOpoOM nomcucTemu 153 Torma MoOXeT COCTOSATH B
PETYNMPOBAHUNY HAIPpAKeHUI WIM TOKa, IMIOOBOOMMOIC K KapOTaXHOMY
30HODy 100, HecMOTps Ha BapbupyKllee HalpSXeHMe, IIOoCTaBJIgeMOoe OT
HTRES 402. OrpaHMUeHMe WM pPeTlyJiMpoBaHMe HalpSXeHMs MOXeT OHTH
OOCTUTHYTO C IIOMOIBI CHUCTEMBl YyIIpaBJIeHus C oOpaTHOM CBA3B (He
[IoKasaHa) .

[0284] Kak 1okal3aHo B Our.45, oIOMH TI[IPUMEPHEM BapMaHT
VCIIOJIHEHUSA BTOPOM MNOACHUCTeMH 153 MOXeT BKJIOUATE COOTBETCTBYKIMUE
BapMaHTH MCHOJIHEHMSA I[IePBOTO IIepekjUanmero ycTpoucTBa 161,
BTOPOTO IMepeKJUuanmero YCTPOMCTBa 162, a TakXxe Opocceslb OUIbTpa
163. Harpy3ka MOXeT OHTH CBsS3aHa CO BTOPOM noacucTeMoM 153 m c
HTRES 402. IOelicTBMEM COOTBETCTBYIOMNUX BapMaHTOB VCIIOJIHEHU A
IIepBOTO IIepekKJUaKnmero yYCTpOoMCcTBa 161 BTOPOTO IIepeKJnuanmero
ycTpocTBa 162 MOXHO YHOPAaBJATE IOJS HOCTWKEHMSA XeJlaTeJlbHBIX
XapaKTEepPUCTUK pPelyJMPpOBaHMA TOoKa WM HalOpAXeHWsa,  OIMCaHHEBIX

BHIIE . BoJjiee KOHKPETHO, IMNPOOOJIXNTEJIEHOCTb BRJIIOUEHNMA
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OTHOCUTEJIEHOT'O GYHKUMOHNPOBAHUA BO BKJIIOUEHHOM COCTOSHUU
COOTBETCTRBYKIMX BapMaHTOEB MCIOJHEHMA IIepBOTO IIepeKJIndarnmero
ycTporcTBa 161 M BTOPOTO IepeKJoyaKlelo YyCTpOMCTBa 162 MOXeT
OBITE MCIIOJIb30BaHa 0JI4 KOPPEKTUPOBaHNA KOnbOnLMeHTa
npeoBpasoBaHMA M IIPOTEeKaHUd TOKa, WIM UKMEeKIeloCd HalpAXKeHUA.
[IlpuMepHas BToOpasa IHnorncucrTeMa 153, nokaszaHHas B Our.45, MOXeT
OBITL MNPMMEHMMOM, kKoTma TpefyeMoe HalpsXeHMe ABJSAeTCsa OOJBMIMUM II0
3HaUeHM o, [10 CpaBHeHMI C HalpsxeHueM Ha HTRES 402. OrpaHuUYeHNe
WM pPeTryJIMpOBaHMe HalpAXeHUs MOXeT OBThE IOOCTUTHYTO C IIOMOIBIO
CHUCTeMBl yIpaBJIeHMS C oOpaTHOM CBA3bK (He ToKaszaHa) .

[0285] Kaxk mnokazaHo B O®ur.46, 1meppad OoacucTeMa 152 wu
BTOpasa mnoicucTeMa 153 MoryT OHBTL CBA3aHH Mexny cobor m ¢ HTRES
402, a TakKXe COCTaBJATbL BapMaHT MCIOJHEeHMSA MCTOUHMKa 115
OMTaHMsa. B 2TOM BapMaHTe MCIOJHEeHMSA [IPMMEepHHBM MCTOUHMK 115
INTaHUS MOXeT OHTbE B OCOOEHHOCTM IIOJIE3HEIM, KOI'Ia HallpsSXKeHMe Ha
KJIeMMax BHeWNHeI'0 MCcTouHMka 151 »sHeprum gBjsgeTcda JmMbo 0Oojee
BHICOKMM II0 3HAUYEHMK, JMOO MEeHBIMM I[I0 3BHaAUYeHWI, I[I0 CPaBHEHU C
HallpsXeHMeM Ha BHBOIAxX HaI'pPy3KM, IIOKa HalpsaXeHMe Ha BHBOIAaxX
HTRES 402 gBjigdeTcsda MeHbBIMM IO 3HaueHMi, 4YeM 2Tu oba.

[0286] IlpeoBpaszoBaTellM SHepIMM, KaK IIpaBWUJIO, MOI'YT MMETH
JIOOYI0 TOIIOJIOTHIO. HeorpaHnumpammme [IPUMEPEL BKJIIOUAOT
npeobpasoBaTesmM, OOBUHO Ha3HBaeMbele «buck», «boost», «buck-
boost», «Cuk», «KOMMYTUPYEMHM KOHIOEHCATOP», U M30JMPOBAHHEHE
BapMaHTH HEeM30JMPOBAHHEIX IHpeobpasoBaTesieM (Hanpumep, «flyback»,
«forwardy), a Takxe KacKalHbe CXeMHl JIFOOBIX TaKMx
npeobpasoBaTesien (Hanpumep, buck+boost).

[0287] OovH IOpUMepHHM NOpeobpaszoBaTess 181 1mokaszaH B
dur.47. B »TOM IIpuMepe MOpeobpasoBaTesib 181 nOpencrTaBjsgeT cobon
IByHalpaBJIEHHHY buck-KOoHBepTep. 9TOT BapMaHT MCIOJHEHMVS, IIOMMMO
BCETO Ipouero, IpUIroneH 0JI1s [IpUMeHeHU S B KadecTBe
npeobpasoBaTesid DHepPIUWH, KoI'na TpebyeTcd MeHbllee  BEXOIOHOE
HallpsXeHMe, 4YeM BXOOHOEe HallpsaXeHUe.

[0288] Eme OIMH NIPMMEPHHM KOHBepTep 181 nokazaH B dur.48.
B sTOM HOpuMepe KOHBepTep 181 mnpemcraBjseT CcoOOM OByHalpaBJIeHHEM
boost-xoHBepTep. OOMH OOIOJHUTEJBLHHEN OPMMEPHEM Ipeobpa30BaTellb

181 nokaszaH B dur.49. B sTOM IHpuMepe KOHBepTep 181 mnpencraBJjigeT
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cobor oOBmeIMHEeHHHM IBYyHalpaBJIeHHHM buck-boost-xoHBepTep.

[0289] OoMH TIPMMEPHHEM BapMaHT MCIOJHEHUMS YIIPaBJISKIEeTO
ycTpomcTBa 182 ¢ obpaTHOM CBA3bL HpuBemeH B dur.50. IlokasaHHHE
B HeM KOMIIOHEHTEH MOTYT OBTH BCTPOEHH B aHAaJIOTOBHE WM LUUOPOBHE
OOMEHEl, WJIM B KOMOMHaALMI, Kak OoOlpenejyiseTcsa IIpUeMJIIeMBEIM IJIA
KOHCTPYKTOPAa, U3TOTOBUTEJIA VI [IOJIL30BaTEIA. YIpaBJjgwlee
ycTpomcTBOo 182 ¢ oOpaTHOM CBA3LID MOXET BKJIOUATL SJIEMEHTH IJIA
MOHMTOPMHI A u peryJamMpoBaHMA pasHooBpa3HEX XapaKTepUCTHUK .
HanpuMmep, yhopaBJjdplee YyCTpocTBO 182 ¢ oBpaTHOM CBSA3bI0D MOXET
BKJIIOUATL KOMIIOHEHTH IJISI YaCTOTHOM KOPPeKUUM, MUPOTHO-MUMITYJIbLCHOM
MOIOYJIALWN, BpeMeHM  3ala3OpBaHusa  OJIA cpabaTEBaHMA  BalMUTH],
OTpaHMUeHMd KO3QPMUMeHTa 3alloJIHEHMA, ofeclieueHmusd ILJIaBHOTO ITyCcKa
(TO eCcTb JIMHEeMHOT'O IIOBHINIEHMA HalpAXeHMS), M TOMY IIOOOOHHE.

[0290] BrICOKOTeMIIepaTypHEE DIJIEKTPOHHEE YCTPOMCTBA
NIpMMeHATCa oJa ofecrieuyeHus NpeoOpa30BaHMA CHUI'Halla, TeJIeMeTPpUn
Y CHJIOBOM BJIEKTPOHMKM, M, KakK NpaBWJIO, OPUCIOCOoBJIeHH OJa paboTH
IpM TeMIepaTypax BIUIOTE OO CTOJIb BHCOKMX, Kak okoJo 200
IrpanycoB lleJlbcusa, M B HEKOTOPHX BapMaHTaxX MCIIOJHEHMSA BILJIOTH IO
300 rpanycoB lenbcuda. HeorpaHUUMBaKIMe BapMaHTE MCIIOJIHEHUS
BHICOKOTEMIIEPATYPHEX BJEKTPOHHEX YCTPOMCTE BKJIOUAKT aKTHBHEE
YCTPOMCTBa Ha OCHOBE IUCKPETHHX UM MHTEeTPUPOBAHHEIX CTaHIapTHHX
MUKpPOCXeM C OeCKOPIYyCHBEIMM KPeMHMEeBHMNM KpHUCTaJJlaMiM U CTPYKTYP
TUIIa «KPEeMHMM Ha OUSJIEKTPUKE», a TaKXe aKTHUBHBEE CHIJIOBHE MOIYJIMU
Ha OCHOBe kapbuia KpeMHMA. MoryT OHTBH MCIOJb30BaHH HEeKOTOPHE
VIMeKIMeC s B nponaxe Ha PEIHKE paccumMTaHHHE Ha BEICOKME
TeMIIepaTypPH u HU3KOTEMIIEpaTYPHHE KepaMMuecKue IaCCHUBHEE
KOMIIOHeHTH (COG wmiam NPO IUMBJIEKTPUKM) WM BHCOKOTEMIIepaTypPHHE
MaT'HUTHHE IaCcCHUBHEE KOMIIOHEHTH . B [IPVMEPHEIX BapraHTax
VCIIOJIHEeHM S MaTepMralJl I[IOIJIOXKKM IJIS D2JIEeKTPUUEeCKOM CXeMbel OyIeT
OpencTaBJIATE CoOOM IMOJUMMMI, BHECOKOTEMIIEPaATYPHYID DSIOKCUIHYIO
CMOJIy, WJIM KepaMM4YeCcKMe MaTepuaJlll Ha ocHoBe AIN (HuTpuIa
aJIOMVIHV A ) , KOTOPHE BHIOMpPAKT 3a [IPEBOCXOOHY TEepMUYECKYIO
CTabOUJIBHOCTE ¥ TEIJIONPOBOIOHOCTE. B HEKOTOPHX M3 BTUX BapMaHTOB
VCIIOJIHEHMA MeXCcoeIMHeHMSA B cxeMe OyIyT IOpelcTaBJIAThE cobon
MeXCOeIMHEHMS M3 YCTOMUMBOTO B OKMCJeHMIO Au. B cTpaTermax

MOHTaxa OynoyT MCIOJbB30BATHCHA MeTOIH IIepepepPHyTOI'O KpHucTajllJla,
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WM COeIMHEHMS U3  30JI0TOU (Au) IPOBOJIOKM  IJIS  AaKTUBHBX

KOMIIOHEHTOB Ha OCHOBe GeCKOpHyCHHX KprucTaJlJioB C MWCIIOJIE3OBaHMEM

BEICOKOTEMIIEpaTYyPHOTI'O AUGe—HpMHOH, M/MHM [IOOOBOHEE TWIIEL
CBA3EIBaHMA . OmHakKo IJIA HEeKOTOPEIX BapMaHTOB OCymeCTBIIEHNA
IIpenrioJjiaraeTc4d, gTO CoelMHeHMe AU—HpOBOﬂOKOﬁ OBLIIO OB

InIperMylneCTBEeHHBIM Iiepen MOHTaXoM C IIepeBEPHY TEIM KprCTaJlJIOM
BCJIeOCTBME OOIIOJIHUTEJIBHOT'O MeXaHMYeCKOI'O COOTEBETCTEUA I1pn
HallnmurM TeIllJIOBOT'O pacCllMpeHMAd W @ YIOAapHEIX Hal'Py3OoK M BM@paHMM.
HeMqupHHBaDMMﬁ CIIMCOK TIIOCTAaBIMKOB BCeX TaKMnX BHIIeYKa3aHHBIX

KOMIIOHEHTORB IIpMBeIcH HNMXe B Tabiuiie :
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Tabauiia 5

I[TocTaBIMKA BEICOKOTEMIIEPATYPHEX CXEMHEIX 3JIEMEHTOB

KomMmrioHeHT I[IocTaBUUK
TpaH3UCTOPH C OeCKOopIyCHEMM SiC- |Micross Components, Los
KpHrCTaJljlaMA Angeles, CA

IOuonsl MoTTKM C OeckopnycHeMM SiC- | Micross Components, CA

KpUCTaJIJIaMn

JIMHeMHbe u LUMPPOBHE CXEMEI c | Minco Technology Labs LLC,
feCKOPIIy CHEIMMA Si- " SOI- | Austin, TX
(KKpeMHUM-Ha-U30JIATOpeE») —

KpUCTaJlJIaMn

Kepamnueckue KOHIEeHCaTOPH nisa | Digikey, Minneapolis, MN
IIOBEPXHOCTHOTO MOHTAaXa Ha OCHOBe

COG, NPO-OMBJIIEKTPUKOB

Kepamnueckue PE3UCTOPH nisa | Digikey, Minneapolis, MN

IIOBEPXHOCTHOI'O MOHTaxXa

MarHeTUKMU C BeckopnycHeMM | Minco Technology Labs LLC,

KpUCTaJljlaMu Austin, TX

Kepammueckada neuvaTHad [LjaTa Complete Hermetics, Santa
Ana, CA

KoHTaKTHEE BEIBOIOH, | HCC Ametek Ind., New

KpucTaJJlogepXaTel, Koplyca Bedford, MA

Au-Ge-npuron Hi-Rel Alloys, Ontario CA

[0291] B omHOM BapMaHTe MUCIOJHEHMS 3apaAOHOTO YCTPOoMCcTBa IO
MeHBIIEe Mepe IOJd OIOHOTO CylepkoHOeHcaTopa 10 BJIeKTPOHHHE
YCTPOMCTRBa BKINUAT IBRYXPEXMMHEM Dbuck (MOHMXaKMUi) —~-KOHBEPTEep C
oBpaTHOM CBA3LI, KOTOPHM OTPaHUUMBaAeT CBOM COOCTBEHHHM TOK B
ciydae HU3KOT'O HallpsSXKeHU 1o MeHbIIen Mepe Ha OIOHOM
cynepkoHneHcarope 10, M B OCTaJIbHOM peryJiMpyeT el'0 HallpsXeHUe.
B HEKOTOPHIX BapMaHTax WCIOJHEeHVa yhopabJsgemulr DC/DC-KOHBepTep
MMeeT HaJleXallyld TOIOJIOTMI IJiA I[IPUMeHeHUsI B pPelyJIMpyeMOM
boost (noBHIaKIeM) ~KOHBepTEpPE Cc ofOpaTHOM CBA3BK B MUPOKOM
orarnasoHe BXOIOHOT'O HalpAXeHMs OJA CO30aHMsA MNUMHE CTabUMJIBHOTO
HallpsXeHUd .

[0292] KrpammomumpoBaHHOMY  CIelUuaJiMcTy B sTOM  oBJjlacTH
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TEeXHOJIOTUM OyHOeT IIOHATHO, YTO MCTOUHMK 115 mnmMTaHMsa MOXeT OHTH
MCIIOJIE30BaAH B COUYETaHMM C TeXHOJOIMAMM U O0DOpyIOBaHMEM B
INonmepXaHUM YIOeJIbBHOTO COIPOTUBIIEHMSA, EMKOCTHHX XapaKTepUCTUK,
AOEePHHX MW3MepeHMulM, BKIOUAKIMX MMIYJIbLCHEE HEWTPOHHEE M T'aMMa-—
UBMepeHNrsa, INaCCHBHHX M3MepeHMUM TaMMa-M3JIyUeHMs, a TakKxe IpyTux,
[IOJIYyYEeHMSI KapTMH MaTHMTHOTO pe30HaHca, aAKYyCTUUECKUX  U/UJU
ceMicMMUeCKUX M3MepeHul, U3MepeHum I[IOTOKaA, pasHoobpa3HEX
IIPOTOKOJIOB OTOOpa 00pa3loB, CBA3U, o00pab®oTKM M XpaHeHMS IaHHHX,
padoTe  3adoMHOM CUCTEMEl KOHTPOJIA napaMeTpoB OypeHUsd, u
MHOXeCTBa OpYyTUX TpedoBaHUMN oJs CKBaXMHHOTO norpeBjieHna
SHepIMM. McTouHMK 115 mOMTaHuMsa Takxe MOXeT cHadkaTb sHepruen
foJIbIIOEe  UMCJIO  JOOIOJIHUMTEJIBHEIX  KOMIIOHEHTOB. HeorpaHnumBawmme
[IPVIMEPH BKJIOUYAT aKCceJIepOMEeTPH, MaTHUTOMETPH, OaTuUVKU,
npeobpasoBaTesy, LIMOPOBHE UM/WUIM aHaJIOTOBHE YCTpOMcTBa (B TOM
uncie Takue, KaK IIepPeuMCJIEHHHE HMXe), M TOMY IOIOOHEE.

[0293] TloMMMO BCeTO IIPOYeTro, DKCIIIyaTalMOHHO-KapOTaXHEM
30Hn0 100 1no3BOJISeT NIPMMEeHATH OoOJiee JeleBHe, 0Oo0Jiee TIIPOYHHE,
BoJjiee TOHKMe M 0oJlee MMPOKOIIOJIOCHBEE KabeJu W JIMHUU CBA3U.
Binaromap4, 1o MeHbIIen Mepe YaCTUYHO, CBOMCTBAaM
SHEPTOaKKYyMyJIMPYKRIETo YCTpoMcTBa 42, OpMMeHeHMe TPpalIuLIMOHHOTO
MeIoHOTO KabeJsa 8 wMoxeT  OHTb 3aMeHeHO CTaJIbHEM KabeJeM,
OIITOBOJIOKOHHOM JIMHMEM, U KkabeljlaMu U JIMHUAMKM IOIPYyTHUX THUIOB. B
HEeKOTOPHX BapMaHTax MUCIOJHEHMI SKCIJIYAaTalMOHHO-KAPOTAXHEIM SBOHI
100 pmeMcTBYeT He3aBMCHUMO, HaIpuMep, kKorma o000pyIOOoBaH aBTOHOMHBM
reHepaTopoM 41. IIpMMepHEEe CTajlM BKJOUAT CcTajJu Mapok 304, 3041,
316 m 316L, a Takxe yIUIEPOOMUCTYK CTaJlb. Kak OpaBWJIO, THUII CTaJu
ByoyT BHOMpPaATL IO €& YCTOMUMBOCTM K KOPPO3UM, MexXaHWUeCKOM
IIPOUYHOCTHU U DJIEKTPUUECKOM IMIPOBOIOMMOCTM. HepxaBelmasd CcTajlb MapKU
316 npencraBjgeT cobon  HaumbBoJiee NOOXOOAMMM  BapMaHT  OJIA
HEKOTOPEIX IOOJITOBEUHEIX CKBAXWHHEIX KOMIIOHEHTOB, B TOM UmMCJIie OpPOHMU
Kabemyda.

[0294] TIpu BrJouyeHum HTRES B KapOTaXHBEM 23O0HO CTaHOBATCA
IpaKTUUHBEIMM HOBHEE THUIHE Kabejlel U IIepelanmux cpel. Hamopumep,
HTRES MoOXeT MeOJIeHHO 3apaXaTbCa B pPeXuMe «KOMIIEHCAalMOHHOTO
nonzapgama» Ha I[OPOTSXKeHMM OTHOCUTEJIBHO IJIMTEJIBHOTO  IIepuona

BpeMeHNr, HallpyMMep, B TedeHNMe HeCKOJIBEKMX WaCcobB, M 3aTeM IIoIOaBaTb
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SHepIMI0 Ha OCTaJlbHOM KapoTaXHBM 3O0HO -OJIA HOPMaJlbHOM padoTH B
OTHOCUTEJIBHO KOPOTKMX BCILJIECKax, HallpUMEp, B TeueHMEe HECKOJIbKUX
MMHYT. B »TOM pexume paboTH CONPOTHUBJIIeHMEe KabelJia IJId IIepeladuu
MOIHOCTM MOXeT OHTHb 3HaAUUTEJILHO 0oJiee BHEICOKMM, UYeM B IIPOTOTUIIE.
Hamnpumep, kabejlb MOXeT MCIOJNB30BaATLCHA CO CTaJIbHEIM BHYTPEHHUM
IIPOBOOHMKOM BMECTO IIPOTOTUIIHOTO Kabejyia ¢ MeOHBEM BHYTPEHHUM
IIPOBOIOHUKOM. IlpM HomoepXaHMM QUKCHMPOBAHHOTO IMaMeTpa M BHOOpe
BHYTPEHHETO IIPOBOIHMKA nus3 YIUIEPOOUCTOM cTaau CTOMMOCTB
MaTepMaa BHYTPEHHETO IIPOBOIHUKA BymerT COCTaBJIATH
OpUOIMU3UTEIBEHO 13% OT CTOMMOCTM MeIHOT'O BHYTPEHHEeTIO IPOBOIHMKA.
[lpenmen MIPOYHOCTHU Ha PaspHB BHYTPEHHETO IIPOBOIOHMEKA n3
YTUIepOOnucCToOM cTalm oyoeT COCTaBJIATH NPUOIIN3UTEJIEHO 7000%
BEeJINYVHE oIS BHYTPEHHETO IIPOBOIHUKA n3 Menu. OmHako
COIPOTHBRJIEHME BHYTPEHHEeIO IIPOBOIHMKA M3 YIJIEPOOMCTOM CTalu
fymeT COCTaBJATE NOpUbIM3UTesEHO 8500% CONpOTUBIIEHMS MEOHOTO
BHYTPEHHETO IIPOBOIHMKA .

[0295] IJIs BHYTPEHHETI'O IPOBOIHMKA C CcedueHMeM 22 AWG
(AMEPMKAaHCKHKM COpPTaMeHT IMIPOBONOB) MeIOHHM IIPOBOOHUK IIPOABJIAJ OH
COIPOTHUBJIEeHME MNpUbIMU3uUTessbHO 16,14 Om Ha 1000 dyTom (304,8 M),
TOI'Da KaK BHYTPEHHUM IIPOBOIOHUK M3 YIJIEPOIMCTOM CTaJlM IPOABJIIAJ
OBl CONPOTUBJIIeHUe HOpubiau3uTesbHO 137 OM Ha 1000 dyToB (304,8 M).
TunmMuHadga OypoBasd CKBaXuHa MOXeT I[IoTpeboBaTh I[IpMMeHeHMe Kabejsda
OJIMHOM NPUBIIU3UTEIJIEHO 10000 byTOB (3048 M), oarasd
COOTBETCTEEHHEE BEJIMUMHE CONPOTUBJIeHMA kKabesyd 161 OM m 1370 Om,
COOTBETCTBEHHO. [JId MCTOUHMKA IIMTaHMA C HaopsxeHrMeM 48 B Ha
[IOBEPXHOCTM MaKCUMaJIbHEE MOIMHOCTM, OOCTYIIHEE Ha KOoHIlax kKabejel,
cocraBuagaoT 3,57 Bt m 420 MBT, COOTBeTCTBEHHO. B TO BpeMsa Kak
3,57 BT MOXeT OHTE JOCTATOUYHHM IOJI9 PaOOTH TUIIMYHEX KapOTaXHBEIX
npudoponB, 420 MBT OvUIM OB HeIONYCTHMMO OTpaHMUeHHBMM. C OpyTon
CTOPOHEl, WMMed CB4d3aHHOe ¢ KapoTaxHemMM 30HDoM HTRES, cucreMma
MOXeT MIPOBOIMTEL KOMIEHCAUMOHHHM MHoO3apaAnl C OocTymnHeMM 420 MBT,
[Ioka He OyIOeT HaKOILJIeHa OOoCTaTo4YHasa BHepIMsa, WM 3aTeM [OUTaThb
Harpy3KM B TUIMUYHOM KapOTaXHOM 3OHIe. OJ3TOT aHaJM3 IIpenrnojaraer,
uTO KabeJlb BKJKUAET HaAPYXHYK NPOBOIANYK OPOHIO, KOTOpad CIYXUT B
KauecTBe BTOPOTO IIPOBOIHUKEA, 7 uTo OpOoHSA IpencTaBJIsgeT

Hes3HauMTeJIbEHOEe COIIPOTHRBIIEHNUE 10 CPaBHEHNIO C COIIpOTHMBJIIEHMEM
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BHYTPEHHETO IIPOBOIHUKA.

[0296] Broneyxa3aHHHM [IPpUMED KOHCTPYKLUA MOXeT OHITE
[IOOBEPIHYT I[epeCTaHOBKe JIOOBM UMCJIOM BapMaHTOB. Hamnpuwmep,
kabesqb MOXeT OHTH CIPOEKTUMPOBAH MMEKIMM MEeHBIUM  HapyXHHM
oraMeTp, dYeM KabeJjM COIJIACHO IIPOTOTUILY, OIATH Xe OJjaromapd TOMYy
OOCTOATEJILCTBY, UYTO MeTOI KOMIEHCAUMOHHOTO Ion3apdla IOOIIyCKaeT
foJiee BEICOKOe COIPOTHEBJIeHMe B Kabejie. Hanpumep, kabeJlb MOXeT
OBITE  CIPOEKTHMPOBAH C BHYTPEHHMM IIPOBOOHMKOM M3 IIPOBOJIOKU
pasMepa 22 AWG, TOe BHYTPEeHHUM [IPOBOOHMK M3 MIPOBOJOKM C
ceueHreM 10 AWG TpeboBajcd IJ4 NPOTOTUIIHOM KOHCTPYKIMM. B 3ToM
IpUMepe IOJIyUeHHEM IuaMeTp KabeJid COCTaBJIAET NPpUOIU3UTENBHO 25%
OIPOTOTUIIHOTO kKabejyga. IllpeMMymecTBO MeHBIIeT'O OuaMeTpa kabejd
IPOABJIAETCSA B CHMWXEHUM IIOMeX IJIS TeueHUsa QJIOUIOB.

[0297] B kabeJjile Takxe MOTYT OHTL MCIOJNIL30BaHHE 0OoJiee TOHKME
MeOHBle BHYTPeHHMEe IIPOBOOHUKM. MoxeT OHTL I[IPMMEHEHO MeHbllee
UMCJIO IIPOBOIHMKOB, HAIPMMeEp, B KOTOPHX OIMH IIPOBOOHUK CKOpee
lepelaeT BCKO HeOOXOOUMMYK MOWMHOCTEL OJIS HATPYy30K, HeXeJM lIepelaeT
DHEPIM Yepe3s MHOT'OUMCIJIEHHEE IIPOBOOHUKN .

[0298] B onoHOM BapMaHTe MCIIOJIHEHUSA IIPEeUMYIIeCTBO MeHBIIeT'o
VIPOWEHHOTO Kabejiga MOXeT OBTh PacCllMPeHO IOJUOYHKUIMOHAJIBHOCTHIO
OOHOTO WMJIM HEMHOTMX (IO CPaBHEHMK C IPOTOTUIIHEIMM KOHCTPYKLMSIMN)
IPOBOIOHMKOB. Hampumep, B TO BpeMA KaK B KOHCTPYKLMAX COIJIaCHO
IPOTOTUITY MHOT OUMCJIEHHEIE IPOBOIHVKM MCIIOJIb30BaJIUCh OJId
[IOOBeleHUI BSHepPI'MM OJIS MHOTOUMCJIEHHEX OQOpM paboThH KapOTaXHOTO
npubopa, OOMHOUHEM MIPOBOIHMK MOXeT OHTH IIPMMeHeH OJIA Iepenauu
BCcer TpebyeMOM  MOMHOCTH. B eme oOXOHOM IIpyMepe OIMHOUHEMI
IPOBOIOHUK MOXeT OHTH MCIOJB30BaH IJI4 IIOABEIeHMsS BCeM HYXHOU
MOWHOCTM [IOJIA MHOT'OUMCJIEHHHX KapOTaXHEX [IpUuOOpPOB, TaKMxX Kak
30HIE, pPa3MelleHHHEe B pPa3JIMYHEIX MeCTOIIOJIOKEHMAX BHYTPM CTBOJIA
CKBaXMHE. B TakKoM KOHCTPYKLUUM KaXOBM M3 KapOTaXHHX 3BOHIOB MOXeT
BKJIOYUATEH yIpaBJieH1E CBOUM COOTBEeTCTBEHHEM BJIEKTPOHHEM
YCTPOMCTEBOM 04 BHIIIOJIHEHU A KOMIIEHCAaUMOHHOTO nonszapana
cooTBeTCcTBeHHOTO HTRES, B TO Xe BpeMsa cHabOxasd 5DHepIMEeM OpyITue
npudopsl. Hanpumep, ajilOPMTM KOHTPOJIA MOXeT OI'paHMUMBATL OTOOP
TOKa OT Kabejyia TakuMM o00pasoM, UTO pelyllbTHUPpYKIee HalpaXeHMe Ha

Ipyrux npmubopax ofecrneumMBaeT HalJjlexamMy TOK Ha HuMxX. Takol
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aJITOPUTM  KOHTPOJIA MOXeT MCIOJIBE30BaTh  M3HAYAJIBHO  M3BECTHHE
HOMMHAJIBHEIE 3HAUEHUS CONPOTHBIIeHMA Kabejid, OPUMMEHSeMOTO B BTOU
CUTyaumuu, OJIMHY  YKa3aHHOTO kabeJjisa, COOTBETCTBEHHEE  IJIMHEL
yKazaHHOTO kabeyjd Mexnoy Ipubopamy, n  QUBMUECKUN  IIOPSAILOK
CJIeDOBaHMA COOTBETCTBYKIUX OPUOOPOB BIOOJIB CTBOJIa CKBaXMHE. B
ele OOHOM npuMepe OIMHOYHHMN [IPOBOIHUK MOXeT OBITH
MOHOQYHKLMOHAJIBHEIM OJIA [Iepelauly Kak MOIMHOCTM, TaK M MHbOoOpMalLMUM.
llepenava wuHOOpMaALMM MOXeT OHTHL »OBYHalpaBJIEHHOM, TO eCTh OT
[IOBEPXHOCTM K 3O0HOY M OT 30HIOA K IIOBEPXHOCTM, MM MOXeT OHTH
OHOHOHAallpaBJIeHHOM. K IpuMepy, BSJIeKTPUUECKMI CUTHaJl, HalpuMmep,
CUHYCOMIHHV, MOXeT OBTb HaJIOKeH Ha HOMMHAJIbLHOE HalpsXeHUe
nocrosgHHoro (DC) Toka. VYkazaHHasg HaJIOXKeHHafd CHUHYycOoUIOa MOXET
OBITE  MOIOYJIMPOBaHa [0 aMIUIMTyOe WM dYacToTe IJid Iepeladu
nHbopMallMM Ha nOpubop. Eme omuH crnoco® BRJIOUAET BPEMEHHOE
MyJIb TUIIJIEKCHUPOBaHME MOIMHOCTM M IlepeladM MHOopMaumu. Hamnpumep,
MOWIHOCTE MOXeT IlepelakBaThbCsa B TedeHMe Ileprola BpPeMeHM, IIoCie
KOTOpOTI'0 MHbOOpMaluusa IepelaeTCsa B TedeHMe OTHEJIBHOTO Ilepuona
BpeMeHu. JoOoe UMCIIO IPpYyIMX CIOCOOOB MOXeT OBTH MCIIOJIBE30BaHO
0JI4 KOMOMHMPOBAaHMA Iepenmauy MHOoOpMalLUMM ¥ MOMHOCTM B  OOUH
TPYIIOBOM BJIEKTPUUECKMM CUTHAaJ, WIM IJS MOHOQYHKUIMOHAJIBHOCTU
OIHOTO WMJIM HeCKOJbkMX kabeJjie¥ 1jd Iepelauys uHOOpMAUUU U
MOIIHOCTH .

[0299] IIockOJIBKY CTalJlb, Kak IIpaBuJo, apJjigdeTcsa 0OoJiee
YCTOMUMBOM K KOPPO3UM U MexXaHMUEeCKMM HaOpsSXeHMAM, II0 CpPaBHEHU
c Menwbio, Takxe CTaHOBATCH IpaKTUYHEMA pa3HoobpasHee
KoHOUTYypauumu kKabejssg. Hamnpumep, xabejlb MOXeT MNPeIOCTaBJIATE cCcoboM
IIPOCTEE BUTEHE XUJIEL W3OJIMPOBAHHEIX U CTAJIBHEX I[IPOBOOHUKOE C
VHKAICYyJIMPpOBaHeM MM 0e3 Hero, HO 06e3 OpOoHM, KOoT'Oa CepoBOOOPOI
(H2S) He IpUCYTCTBYEeT B 3HAUUTEJILHEIX KOHILEHTpaluMaXx.

[0300] MoTyT CTaTh OPAKTHUUECKM LeJlecooOpas3HEMU OpyTue
MeTONH IIepelauly MOMHOCTUM M MHOoOpMaluuM. Hanpumep, OITOBOJIOKOHHLIM
KabeJyib MOXeT of0eclleduMBaTh MUHMMAJIBHOE KOJIMUEeCTBO DHEepIUMM U
BHICOKYI CKOPOCTE IlepellauM MHOoOpMalUUM C MCIOJB30BaHMEM JIa3ePHOTO
n3JIydeHrsa. OTHOCUTEJILHO MMHMMAJIBHOE KOJMUECTRO IepelaBaeMou
MOWHOCTM MOXeT OHTb MCIOJBE30BaHO KakK MCTOUHMK [IMTaHUA OJI4

KOMIIeHCalUMOHHOTO Inonszapana HTRES. Hanpuwmep, npeobpasoBaTesiu
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MOWHOCTU WM3JIYUYEHUHA B DJIEKTPUUECKYD DHEepPIMID BRINUART GOTOOMONE U
GOTOTPaHBUCTOPH . BcrpauBaHue TakoIro npeoBbpasoBaTesid B
KapoTaXHBM 30HI, u opucoenuHeHUe YKas3aHHOTO 30HIAa K
OITOBOJIOKOHHOWM JIMHUM, W IIPUCOEIMHEHME YKa3aHHOM OITOBOJIOKOHHOM
JMHVM K MCTOUHMKY CBeTa Ha IIOBEePpXHOCTM, CO3ITalnT CPenCTBO IJiA
mepemauy KaK MOMHOCTM, TaK ¥ KMHOoOpMalUMM MeXOy I[IOBEPXHOCTBI U
30HIOOM. IlIpeMMymeCTBEHHO TO, YTO MaTepMalbl, TUIUYHO IIPUMEHSIEMHE
O0JI M3TOTOBJIEHMS OINTOBOJIOKOHHOM JIMHMM, Kak TI[IpaBUJIO, MeHee
UyBCTBUTEJIBHE K  KOPPO3UM  IIO CpaBHEeHMID C BJIEKTPUYECKYMA
(MeTaJlIMUeCKMMHY ) [POBOIHMKAMM, WM TeM CcaMbeM TpebyloT MeHbIen
3aMUTH OT BO3NEeMCTBUA CKBAXWMHHOM CpemH.

[0301] [MpuMeHeHVe DoJiee TP OUHBIX MaTepmralioB kabesd,
HeCMOTps Ha 0oJiee BEHCOKOE YIeJIbHOe BJIeKTpHUUeCKOe COIIPOTUBJIIEHUE,
TakKxe MOXeT O0O0ecHeuMThb BO3MOXHOCTE OBOMHOTO  MCIOJBb30BaHUSA
kabesia nOJd IOepelauMd DJIEKTPORHEPTMM ¥ OJA MeXaHMUeCKUX LeJled.
Hanpuwmep, OpoH4g, WY  MHKAICYJUpOBaHUEe, WY  MHEM 00pasoM
nobaBJieHHas MexaHuueckad I[IoOIepXKa kabejd IOJd  3allMTE WU
nofGaBJIeHUA I[IPOYHOCTM Ha pacTaXeHMe B pPas3HOOOpPAa3HEX MeToHmax
TPAHCIOPTUPOBAaHMA, MOXeT He IIoTpeboBaTbCd, KOoI'Da BMeCTO MeIOHOTO
BHYTPEHHETO [IPOBOIHMKA I[IPUMEHST CTAaJIbHOM BHYTPEHHUN IPOBOIHUK.
B [OCTO4HHOM CKBaXyHHOM KapoOTaXHOM 3O0HIOe C IIepeMelleHMeM Ha
TpyOe [IOCTO SHHHM CKBaXMHHEIN  KabeJb (PDC) B IIPOTOTUITHEIX
KOHCTPYKUMAX  MOXeT  OHTb OpPOHMPOBAHHEM  IOJIA [IPEeOOTBPAalleHUA
MexXaHVUeCKMX HalpsSXeHUM Ha MeIHOM BHYTPEeHHeM I[POBOIHUKE BO
BpeMsa OIyCKaHMsA B CTBOJI CKBaXWHE, zOaxe eciau PDC wMoxeT He
ofecreuMBaTL CYMECTBEHHOM TMONNEepXKM IPpM pPacTsKeHVM. B ITaHHOM Xe
KOHCTPYKLUMM CTaJJbHOM BHYTPEeHHMM MOIPOBOIOHMK co3maeT 1no 150%
BOJIBIIYI0 TIPOYHOCTL Ha CHOBUTD IO CPaBHEHUI C MeIHHMM [IPOTOTUIIHEMU
KOHCTPYKUUAMHA, yCTpaHAasd NI cokpawmasd HeOoDXOOVMMOCTb B
OOTIOJIHUTEJILHOY 3amuTe. B eme oIHOM HOpuMepe KabeJlb C BHYTPEHHUM
IIPOBOIOHMKOM, CHOeJIaHHEIM M3 CTaJIbHOT'O MaTepualja, MoxXeT OHTHb
MCIIOJIE30BaH B KapOoTaxXHEX paboTax B YCJIOBMAX DBKCIUyaTaluuu, B
KOTOPHX NpUOOp IepeMellaeTCd BepPTHUKAJILHO B CTBOJIe CKBaXMHH. B
STOM IIpuMepe Kabejib obecleuMBaeT 3HAUNTEJBHYK [IOOOEPXKY [IPOTUB
pacTaXeHUA . Takasa cHUcCTeMa MOXeT OBTHL IIpMMeHeHa KakK  OJd

BEPTMKAJIIEHOT'O SOHIMPOBaAHMA, Tar ™ OJIA OHepaLI,T/[ﬁ IIOCTOAHHOTIO
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KapoTaxa, HalpuMep, OHa MOXeT IIepeMellaTbCsd BEPTUKAJIBHO IIyTEM
HaMaTEBaHUA kabejid Ha OapabaH Ha I[IOBEPXHOCTM, M 3aTeM OH MOXeT
OHTE OCTaBJIEH B CTBOJIE CKBaXWHBE B (UKCUMPOBAHHOM IIOJIOXKEHUNM B
TeueHMe JIMTEJIBHOT'O IIepuolla BpPeMeHM, HallpuMep, Ha HEeCKOJIBKO
HeneJlb WJIM MecsdlleB. B HEeKOTOPHX BapMaHTax MCIIOJIHEHMSA B Kabejie
MOTYT OBTHL MCIOJIE30BaHE CTaJIbHEE BHYTPEHHME [IPOBOIOHUKU WIIN
cTaJlbHEIE TIPOBOOHMKM B  IIapaJljleJIbHOM, CKpPYUYeHHOM, MW  MHBIM
oBbpa3zoM CIlapeHHHX KOHQUITYpaLUMaX . Ipyrue MaTepMaJibl oJsa
YKa3aHHOTO MNPOBOIHMKA TaKxXe MOTYT OHTb IIPMMEHEHE, KakK IIOKaXeTCH
llejilecoOB0pasHEM KOHCTPYKTOPY, IJA OOCTWXEHMA KOMIPOMMCCA MeXDOy
MeXaHMUeCKOM MIPOUHOCTLI, KOPPO3MOHHOM CTOMKOCTLI, TeMIIepaTypHOM
CTabuUIBEHOCTRIO, DIIEKTPUUECKUM COIIPOTHUBJIIEHNEM, MeXaHUUeCKOM
[JIOTHOCTBK, WJIM WMHOTO. I[IpMMepH OPYTI'MX I[IOTeHLUMAJIbHO [IPVMMEHVMEIX
MaTepMraJIoOB BKJIOUAT THTaH, aJloMMHMM, HUKeJL, cepebpo, B0JIOTO, U
CILJIaBH.

[0302] B »2HeproakKyMyJMpPYKIEeM YyCTpoMcTBe 42 MOTYT OHTH
VICIIOJIE30BAHE IPYITMEe  BapWMaHTHE MCIOJIHEHUMSA  CYIIEepKOHIeHcaTopa.
KpoMe TOTO, BapMaHTH MCIOJHeHMA OaTaped MOTYT OBTH I[IPMMEHEHH C
CYIIEPKOHIEHCATOPOM MJIM BMECTO HeTO.

[0303] WVmMes B BMIOY OIMCAaHHEE AacCIeKTH BKCIUIyaTalMOHHO-
KapoTaxHoTo 3oHOma 100 ¥ HeKOTOPHX €TI0 CIOCODHOCTElNM, Telephb
OOJDKHO OBITH OUEeBMIOHO, UTO He(TEellPOMBILJIEHHMKM MOTYT MCIOJILE30BaTh

IOJaHHEIEe, CO@paHHBIe 1P SKCIUJIyaTallMMOHHOM KapoTaxe, paBHDo@paBHBIMM

Ty T IMM . Hampumep, MOXeT OBITE peaJrs30BaHO IVHaM/YeCKoe
KapTUPOBaHME  BKCIUIYATUPYEMHX  MeCTOPOXIEeHUN, TIOe  COOTHOCHT
YPOBHU bifeloidiseZi cpenu PaBJIVMUYHEIX CKBaXWH. PasHooBpasHHe

OTCJIeXMBAEMEE W OlLIEHMBAEMHE IIapaMeTpPHE MOTYT OHTH MCIOJb30BAaHEH
oJIs IIPOTHO3VPOBaAHUA 3HAUMMOM VHQOpMalnu, TakKoM Kak
MEeCTOIIOJIOXEeHNSS OyIOymMx  CKBaXWuH, MCTOmMeHMe  CKBaxXwuH, olleHKa
TekyleI'o cTaTyca, M ToMy IHoIoOHHe. TakKMe IOeMCTBUS MOTYT OHTH
BecbMa 3HAUMTEJILHO MIOOKPEIJIeHH [IpMMeHeHEM IpOTPaMMHOTO
oBecrniedyeHrd, MCIOJHAEMOT'O Ha KOMIBITEpe (TO eCTh MCIIOJHAEMBX
MallMHO¥ KOMaHI, COXpaHfAeMBX Ha MallMHOUMTaeMOM HOCUTelle) .

[0304] ITlpMHMMasd BO BHMMaHME OIIMCaHHHE 3IOeChb OlpeleJIeHHEEe
aCIIeKTE MU300peTeHUud, Telepk OyayT OOCyYyXIOeHH IOOIIOJIHUTEJIEHEE

InpernMymecTBa 12 IIPM3SHakKM. HpI/I VMCIIOJIBE 3O0BaAaHUNU IIpeancCcTrTaBJIEHHOT'O
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3O0ecChb DKCIUIyaTallMOHHO—KAapOTaXHOT'O 30HIa IOJIE30BaTEJIN
npruodpeTamnT BO3MOXHOCTE OXapaKTepU30BEBATE u OTCJIEXMBATH
YCJIOBMSA B CTBOJIe CKBaXMHE Ha I[IOCTOSHHOM OCHOBe. M3MepeHuS MOTYT
BEIIIOJIHATHECA B pPeXuMe  peaJIbHOTO BpeMeHH, [IoUuTM B  pPEexXuMe
peaJsibHOTO BpeMeHN, ZNRZN nepronomnuecKy, Kak onpenejsigeTrcd
LejlecooBbpas3HeM, M KaK MHBEM OoDpasOM OIMCAaHO 3I0ecCh.

[0305] B mommepXKy IIPMBEIEHHHM 3IeChb YKas3aHMaM, MOTYT OHTH
IpUMEeHEeHE pa3HooOpasHEe aHaJIuTUUeCcKMe YCTPOoWCcTBa, B TOM UUce
HMbppoBad cuUcTeMa M/UIIM aHaJoroBad cucTeMa. CHUcTeMa (—Mbl) MOXeT (-
TyT) MMETH TakKue KOMIIOHEHTEI, Kak Ipolleccop, HOCUTEJA
MHpoOpMallMM, I[IaMiaThb, BXOI, BHXOI, Pa3HoOOpasHEEe JIMHUM CBA3U
(MpOoBOIHEE, OeCcnpoBOIHEE, nepelaBaeMee 1o Tekyuen cpene
VMIIYJILCE, OINTHMUEeCKMe WIM IpyTue), II0JIb30BaTeJIbCKUM uHTepdelc,
IporpaMMHOEe ofeclieueHre UM BCTPOEHHEE NIPpOoTpaMMEl, OJIOKM o0O0paboTKHu
CUTHaJIOB (LIMOPOBHE WMJIM aHAJIOTOBEE), M I[IPOUMEe TaKue KOMIIOHEHTEH
(TakMe KaK pPe3UCTOPH, KOHIEHCATOPH, MHIYKTOPE, HACOCH, IaTuMKHA,
XpaHuJIMUma TeKydel Ccpens, YCTpoMcTBa mIJia oTbopa o00pas3loB, U
OpyTMe Takue KOMIIOHEHTH), IJa ofecrneueHusda pab®oTH M aHaJus3a
PACKPHTEX 3OeChb YCTPOMCTB M CIOCOOOB B JIOOHX M3 MHOTOUMCJIEHHBIX
[IOOXOOOB, OOWENPUHATEX B TexXHoJoI'uM. IllpennojiaraeTrcd, UTO 9HBTHU
yKazaHMdad MOI'yT ObTb, HO He 0043aTeJIbHO IOOJDKHH OHTL, peaJjiM30BaHE
B CcoueTaHuM C Hab®opoM MCIOJHAEMBEIX MallMHOM KOMAaHI, COXpPaHIeMBX
Ha MallMHOUMTaeMOM HOCHuTeJle, B TOM umMcije B namMsaTu (ROM, RAM), Ha
ONTUUecKkMx mguckax (CD-ROM), WIM MaT'HMTHBEX HOCUTeJISIX (IOuUckax,
KeCTKMX IMCKax), WIM Ha HOCUTeJax JdoTro IOpyTroro THIla, KOTOPHE
IpY MCIHOJIHEHUM TMOOYXOAKT KOMIBITEP MCIOJHATE CIOCODO COIJIaCHO
HaCcTOoAlleMy M300peTeHMK. OTM KOMAaHIHE MOTYT OBTHE OPUMEHTHPOBAHH Ha
patoTy obopyIoBaHMA, VYIpaBJlieHMe, cOOp M aHalM3 OaHHHX, U Ipouune
OYHKLIVM, KOTOPHE IMIPelcTaBJIAeTCsa OTHOCHANMMMCHA K CUCTeMe I

KOHCTPYKTOpPa, BJIageJiklia, II0JIE30BaATEeJIA I IpyIroro TaroI'o

epcoHalna, B OOTIIOJIHEeH e K OYHKLIMAM, OIIMCAaHHBEM B 2TOM
N300pEeTeHun.
[0306] KrammdmumMpoBaHHOMY  CHeluaJiuMcTy B sTOM  oBJglacTH

TeXHOJIOT'MM oymeT IIOHATHO, uTo paBHooépaBHHe KOMIIOHEHTHE WMJIM
TEeXHOJIOT MM MOIT'YyT InpenycMaTpmMBaThb OoIipeneJIeHHEEe HeOoOXOOMMOCTH,

mMJinm BEITTOOHYIO ®YHKHMOHaﬂbHOCTb, MJin I[IPMsHaKM. COOTBETCTBEHHO
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STOMY , STM q_)yHKI_I,I/H/I n IIPM3HaKWM, KOTOPEHE MOIT'YT HOTpG@OBaTbCH B
IIOOOEPXKY IIYHKTOB anﬂaPaeMoﬁ [IaTeHTHOM (]_)OpMyJ'IBI n ee BapI/IaU,MfI,
paccMaTprMBanTCAd KakK I1O CymeCTBY BRJIIOUcHHEIE KakK JacCTb
I[IPMBEeIOEeHHEX 3I0eChb YKaBaHI/Iﬁ M YaCTb PacCKPETOI'O MBO@peTeHMH.
[0307] B To BpeMa Kak mu300peTeHMe OBJIO OIMCAHO CO CCHUJIKOMU
Ha [IPVIMEPHEE BapMaHTEHL OCylleCTBJIEHUS, KBaJUOUUVPOBaHHEM
ClienaJimcTaM B STOM oBJlacTH TeXHOJIOT'N 6yneT IIOHATHO, gTO
paBHooépaBHLIe M3MeHeHVAd MOI'yT OBITH cIheJlaHB, M SKBMBaJI€EHTHE MOI'YT
3aMemlaThb ero  BJIeMEeHTH, Bes BEIXOIA 3a [OpeleJjitl  00JacTu
MSO@peTeHMH. B IOOIIOJIHEHNE, MHOTVIE MO,JII/I(]_)I/IKaLU/H/I 6ynyT IIOHATHEL
KBaJ‘IMCbMLLMpOBaHHBIM ClieliaJIiMiCTaM B 2TOM 00JIaCTM TEeXHOJIOTUMU OJIA
HpMCHOCO@JIeHMFI KOHKPEeTHOTI'O npm@opa, CUuTyaurm WJIM MaTepHrajla K
yKazaHuaM u3o0peTeHMsa ©Oe3 BHXONa 3a peleJlEl er0o CYNeCTBeHHOU
oByjacTu. [TosToMy OpenmnojlaraeTcHd, 4To n3o0bpeTeHNre He
OT'pPaHMUMBaeTCAd KOHKPETHEIM PaCKPETEIM BapMaHTOM OCYIeCTBJIEHMA KakK
JIydliiM BapMaHTOM MCIIOJIHEHMA OJIA peaJiM3aluvM 3STOoI'O MBO@peTeHMH,
HO WTO M306peTeHme GyHeT BRJIOUYATE BCe€ BaAapPMaAHTE OCYyIeCTBJIEHNA,
IIoINaJarmre B InpeneJiel oBJlacTuU ITYHKTOB HpI/IJ'IaI‘aeMOﬁ [IaTeHTHOM

GOPMYJIEL.
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$OPMVYJIA MBOEPETEHNA

1. PacmopemejieHHas KapoTaxHas CHUCTeMa, coIepxXamas:

MHOXECTBO Kapo TaXHBX VMHCTPYMEHTOR, PAaCIIOJIOXEeHHEIX B
PAaBJIMUHEIX MECTOIIOJIOXKEHUAX B CKBaXMHe, IIPUUEM II0 MeHbIIeM Mepe
OIMH M3 KapPOTaXHHX MHCTPYMEHTOB COIESPXUT BHEHCOKOTEMIIEpaTypPHOE
mepeszapaxaeMoe SHepPToaKKyMyJMpyolee YCTPOMCTBO M SJIEKTPOHHOE
YCTPOMCTBO, opu 3TOM BHICOKOTEMIIepaTypHoe epesapaxaeMoe
SHEepPTroakKyMyJMpyKlee YCTPOUCTBO COHEPXMT II0 MeHbIlel Mepe OIOMH

BEHICOKOTEMIIEPATYPHEY Iepe3apSXaeMull CYINepKOHIEeHCAaTOop, VMEIUMA

pabounrt mmanaszoH oT 80°C mo 210°C,

opu 2TOM BHICOKOTEeMIIepaTypHOe nepesapsaxaeMoe
SHepPToaKKyMyJIMpyllee YCTPOMCTBO ABJILAeTCA MNoO3apsSXaeMbM B pPexyuMe
KOMIIeHCAUMOHHOTO IIoO3apdala B TeueHUe IIepBOM IPOOOJIXUTEJILHOCTH
BpeMeHH, opuueM BHICOKOTEMIIepaTypHOe nepesapsaxaeMoe
SHepToaKKyMyJIMpyllee YCTPOMCTBO COOEPXUT

MHOXECTBO D2JIEKTPOIOOB, IIOTPYXKEHHHX B 2JIEKTPOJIUT,

OpuyeM KaxXxIObeM SJeKTPOoOd COOEepPXUT TOKOBHM KOJIJIEKTOP, Ha
KOTOPOM PacIlOJIOXKEeHH YTIJIEPOIOHHE HAaHOTPYOKM, U

kabeJylb, BHIIOJHEHHEM C BO3MOXHOCTBIO 3apdla Ilepe3apsaXaeMoTo
SHEPTOaKKYyMYyJIUPYRIEeTo YCTpPOMCTBA oT YIaJIEHHOTO VCTOUYHMKA
OUTaHUA.

2. PachnpemeJieHHasd KapoTaxHas cuUcTeMa IO II.1l, B KOTOPOM IIO
MeHbIIeM Mepe OIMH M3 MHOXeCTBa KapOoTaXHHX MHCTPYMEHTOB SBJISETCS
I[IOCTOSIHHO YCTAaHOBJIEHHHM B CKBaxXuHe.

3. PachnpenejieHHas KapoTaxHas cCcHcCTeMa IO II.1, B KOTOpPOM
SJIEKTPOHHOE  YCTPOMCTBO  BHIIOJHEHO C  BO3MOXHOCTBLI paboTH B
TeueHMe BHOPAHHBEIX OPOIOJIKUTEJIbLHOCTEM BpeMeHMU.

4., PachnpeneljieHHas KapoTaxHas cHCTeMa IO II.l1, B KOTOpPOM
SJIEKTPOHHOE YCTPOMCTBO BHIIOJIHEHO C BOBMOXHOCTLIO IepelauM OaHHHX
no kabeJwo.

5. PachnpenejieHHas KapoTaxHas cHcCTeMa IO II.l1, B KOTOpOM
SJIEKTPOHHOE  YCTPOMCTBO  BHIIOJHEHO C  BO3BMOXHOCTBI padoTH C
VCIIOJIL30BaHMEM DHEepPIUMM OT BHCOKOTEeMIepaTypPHOTO Iepe3apaXaeMoTo
SHEPTOaKKyMyJIMPYKIeI'o YCTPOMCTBA B TeueHHMe BTOpPOM

IIPOOOJIKMNTEJIBHOCTHM BpPeMEHN, OoJiee KOpOTKOﬁ, ueM InepBad
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IPONOJIKMTEJILHOCTEL BPEMEHMU.
6. PachnpenejieHHasd KapoTaxXHasd CUCTeMa o II.l, B KOTOpoHu
BJIEKTPOHHOE  YCTPOMCTBO npeIcTaBJIAeT coboll  KapoTaxHOoe

2JIEKTPOHHOE YCTPOMCTBO, BHIIOJIHEHHOE C BO3MOXHOCTBI BHIIOJHEHUA

KapOTaXHEIX omnepauun, BEICOKOTEMIIepaTypHOe epes3apsaxaeMoe

SHepToakKyMyJIMpylllee YCTPOMCTEO BBIIIOJIHEHO c BOBMOXHOCTBIO

ofecrieueHrss DHEePTUM Ha KapoTaxHOoe »BJIeKTPOHHOEe YCTPOMCTBO, U
10 MeHblle¥ Mepe OOMH M3 KapOTaXHHX MHCTPYMEHTOB COIEPXUT

KOJIL1LIeBOM KOopnyc, BHITIOJIHEHHEIM c BOBMOXHOCTBIO YCTaHOBKU

KapoTaXHOTO  DSJIEKTPOHHOTO YCTPOMCTBa M BHCOKOTEMIIEPaTyPHOTO

nepesapaKxaeMoIo SHepTlOakKKyMyJIMPYRIeTro YCTPOMCTBAa M BHIIOJHEHHBIM

C BO3MOXHOCTBLIO BMeMeHMI IOTOKa uUepe3 KapoTaXHHM MHCTPYMEHT.

7. PachnpenejieHHas KapoTaxHas cHcCTeMa IO II.6, B KOTOpPOM
KOJIBILIEBOM KOpPIyC OoopMMpyeT VYYaCTOK DBKCIIIyaTallMOHHOM HaCOCHO-—
KOMIIPECCOPHOM KOJIOHHE CKBAaXMHE.

8. PachopeleleHHasd KapoTaXHasd CHUCTeMa, CcoIepxXamas:

MHOXECTBO KapoTaXHBIX VHCTPYMEHTOB, PacIIOJIOXEeHHEIX B
Pa3JIMUHEIX MECTOIIOJIOXEHMAX B CKBaXuHe, IIpMUeM II0 MeHLIIeM Mepe
OOVH M3 KapOTaXHHX MHCTPYMEHTOB COLOEPXUT BHCOKOTEMIepaTypHOoe
lepes3apsskaeMoe DHepTloakKyMyJMpyllee YCTPOMCTBO U BJIEeKTPOHHOE
YCTPOMCTRO, opu 2TOM BEICOKOTEMIIepaTypHOe lepes3apsaxaeMoe
SHEPTOaKKyMyJIMpykllee YCTPOMCTBO COINEPXUT IIO MeHbIlel Mepe OIUH
BHICOKOTEMIIEPATYPHEM IIepesapsaxaeMbl CYIepPKOHIeHCATOop,  MMemMM
pabounit mmamnasodH oT 80°C mo 210°C,

opu 2TOM BHICOKOTEeMIIepaTypHOe nepesapsaxaeMoe
SHEepPTOaKKyMyJIMpylllee YCTPOUCTBO COOEPXUT

MHOXECTBO D2JIEKTPOOOB, IIOTPYXKEHHHX B 2JIEKTPOJIUT,

opuyeM KaxIOblM 92JIeKTPOoOd COOEePXMUT TOKOBHM KOJIJIEKTOP, Ha
KOTOPOM PAaCIIOJIOXEeHH YIJIePOIOHHE HAHOTPYOKM, U

kKabeJlb, BHIIOJHEHHHM C BO3MOXHOCTLI 3apsla Iepe3apsXaeMoTo
PHEePToakKKyMyJIUPYKIeT o YCTPOMCTRA oT yIaJIEeHHOTO VCTOUHMKA
IUTaHuAg.

9. PacrmpenmesieHHasd KapoTaxXHasd CHUCTeMa IO 1.8, B KOTOPOM IIO
MeHbIe Mepe OIOMH M3 MHOXEeCTBa KapOoTaXHHX MHCTPYMEHTOB SBJISEeTCSA

IIOCTOAHHO YCTaHOBJIEHHEIM B CKBaXIMHE.



102

10. PacnpemejleHHasd KapoTaxXHas CHCTeMa II0 1.8, B KOTOpPOMU
BJIEKTPOHHOE YCTPOMCTBO  BHIIOJIJHEHO C  BOBMOXHOCTBILD pab®oOTH B
TeueHMe BHOPAHHHX IPOOOJIKUTEJILHOCTEN BPEMeHU.

11. PacnpepmejleHHasd KapoTaxXHas cCHCTeMa II0 II.8, B KOTOPOMU
BJIEKTPOHHOE YCTPOMCTBO BHIIOJHEHO C BO3MOXHOCTLIO IIepelaul IaHHHX
o kxabeJo.

12. PachnpemejleHHas KapoTaxXHasa cCHCTeMa II0 II1.8, B KOTOpPOMU
BEHICOKOTEMIIEpaTypHOE nepesapaxaeMoe SHepToaKKyMyJIMpYyllee
YCTPOMCTBO ABJAETCA MNOoO3apSXaeMbEM B PeXMMe KOMIEHCAUMOHHOTO
nomsapsdana B TeueHMe I[IePBOM MNPOOOJIXKMTEJILHOCTM BpPeMeHM, I[IPpY BTOM
BJIEKTPOHHOE  YCTPOMCTBO  BHIIOJJHEHO C  BOBMOXHOCTBEI pab®oTH C
VCIOJIb30BaHVEM BSHEePTUM OT BHCOKOTEeMIepaTypPHOTO Iepe3apsaXaeMoTo
DHEPTOaKKyMyJINPYKIET O YCTPOMCTBA B TeueHHUe BTOpPOM
IPOOOJIKUTEJILHOCTHU BpeMeHH, BoJiee KOPOTKOM, yeM nepBasd
IPOOOJIXKUTEJILHOCTL BPEMEHHU.

13. PacnpemejleHHasa KapoTaxXHas cucTeMa II0 1.8, B KOTOpOM

BJIEKTPOHHOE  YCTPOMCTBO npelCcTaBJIAeT cobol  KapoTaxHOoe
BJIEKTPOHHOE YCTPOMCTBO, BHIIOJHEHHOE C BOBMOXHOCTLIO BHIIOJIHEHUS
KapOoTaXHBIX onepauui, BEICOKOTEMIIEpaTypHOe lepes3apsaxaeMoe
SHepToakKKyMyJIMpylllee YCTPOMCTEO BHIIIOJIHEHO c BO3MOXHOCTBI
ofecrieueHMsa SHePIMM Ha KapoTaxXHoe BJIeKTPOHHOe YCTPOMCTBO, U

10 MeHbIeV Mepe OIMH M3 KapOoTaXHEIX MHCTPYMEHTOBR COIEPXUT
KOJIbLIEBOM KOpIycC, BHIIIOJIHEHHEIN c BO3BMOXHOCTEIO YCTaHOBKU
KapoTaXHOTO  SJIeKTPOHHOTO YCTPOMCTBAa ¥  BHCOKOTEMIepaTypPHOTO
nepes3apaXaeMoT0 BHEepToaKKyMyJIUPYRIero YCTPOWMCTBa M BHIIOJIHEHHBM
C BOBMOXHOCTLIO BMENeHMS [IOTOKa uepes KapOoTaXHHM MHCTPYMEHT.

14. PachnpezejieHHas KapoTaxHas CcUCTeMa II0 I.13, B KOTOpOM
KOJIBIIEBOM KOpPIyC OoopMMpPyeT VYYaCcTOK DKCIIyaTallMOHHOM HaCOCHO-—
KOMIIPECCOPHOM KOJIOHHE CKBaXMHH.

15. PachnpenejieHHas KapoTaxHas CcUCTeMa II0 .13, B KOTOpOM
BEHICOKOTEMIIEPATYpPHOE Iepes3apaxaeMoe SHepToaKKyMyJIMpyKlee
YCTPOMCTBO HOOIOJIHUTEJILHO COIEPXUT CellapaTop MexXOy KaXIoW IIapou
BJIEKTPONOB M3 MHOXeCTBa BJIEKTPOIOB.

I[Io DOBepeHHOCTHU
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