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(57) TlpemnoxeHbl BHYTPUCKBAXUHHBIA COOp dII€K-
TPUYECKON SHEPTHH W OCYIICCTBICHHE CBA3H B CH-
CTeMax, IpeAHa3HauYeHHbIE I CKBA)KUHHBIX YCTaHO-
BOK, MIMEIOIINX METAJUTHICCKYI0 KOHCTPYKITHIO, 00ecC-
MICYUBAIONTYI0 BOSMOXXHOCTH IIPOTEKaHUS B HEl 3J1eK-
TPHUYECKOTO TOKA, HAIPUMEP TOKA KaTOJHOW 3aIUTHI.
B HexoTophIX BapuaHTax nMeeTcs MOmyib (4) coopa,
JIEKTPUYECKU COENMHEHHBIH ¢ METAIUIMYECKON KOH-
CTpyKIuel (2) Ha IepBOM y4acTKe U CO BTOPBIM y4acT-
KOM, OTCTOSIIITAM OT TIEPBOTO y4acTKa, IPU ITOM IIep-
BBIH U BTOPOH y4acTKH BBIOpAHBI TaK, YTOOBI IIPU HC-
MOJIH30BaHUH MEKTY HIMH IIPHCYTCTBOBAJIA Pa3HOCTh
MOTEHIIMATIOB BCJIECTBHE NPOTEKAHHUS B KOHCTPYK-
uH (2) IEKTPHUECKOTO TOKa; MPHU 3TOM MOAYIh (4)
cOopa BBITIOJIHEH C BO3MOKHOCTBIO cOOpa 3JIeKTpHUe-
CKOHM PHEpPTUH OT YKa3aHHOTO SJIEKTPUYECKOTO TOKA.

B nononHeHue Wi B Ka4eCTBE AIBTEPHATUBBI, MOXKET
MIPUCYTCTBOBATh CBS3HOM ammapar (4, 5, 6) misa ocy-
IIECTBIICHHUS CBSI3M OCPEICTBOM MOIYJISILUH YKa3aH-
HOTO TOKa, HallpUMep TOKa KaTOJHOW 3aIlUTHl, B Me-
TaJUTMIEeCKOW KOHCTPYKIHU (2).
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BHYTPUCKBAXWHHbIA CEOP 3HEPIU

Ob6nacTb TEXHUKWU, K KOTOPOW OTHOCUTCH U300OpEeTEHne

Hacrosiee n3obpeTeHne OTHOCUTCS K BHYTPUCKBaXKMHHOMY cOopy 3aHeprun. B
4YacTHOCTW, OHO OTHOCMTCA K cnocobam W cuctemMam nojaynm  MOLLHOCTM
BHYTPUCKBAXXKMHHOMY YCTPOWCTBY B CKBaXKMHHOW YCTaHOBKE, UMEIOLLEN MEeTannu4eckyto
KOHCTPYKLUMIO, OOecneyeHHyto KaToaHOW 3awuton. Hacrosilee u3obpeTeHue Takke
OTHOCUTCS K cnocobam 1 cuctemam, UCNonb3yLWmMM cnocobbl U CUCTEMBbI cOopa aHepruu,

a TaKkKe K annapary anda Mcnonb3oBaHUA B TAKUX cnocobax n cucrtemax.

CeefeHus 0 NpeaLIeCTBYIOLEM YPOBHE TEXHUKM

CywectByer obujee ctpemneHne Kk obecrneyeHno BO3MOXHOCTU U3BMEYEHUS
AaHHbIX N3 HEMTSHbIX WWNKU rasoBbiX CKBAXMH, a TakkKe M3 YCTPOWCTB YMnpaBneHus,
PacrnonoXeHHbIX B HEMTAHbIX W/WMM Ta3oBbiX CKBAXKMHAX, TaKMX Kak kKranaHbl —
Hanpumep, NOA3EMHbIE NPEeAOXPaHUTENbHbIE KnanaHbl.

OpHako  nojaya  MOLWHOCTM  TakMMm  BHYTPUCKB@XKMHHbIM  YCTPOWCTBaM
NPeACTaBnseT ONPeAENneHHblE CNOXHOCTU. B HeKoTOpbIX OBCTOATENBCTBAX MOLLHOCTb
MOXET MnojaBaTbCA HEMOCPEACTBEHHO C MOBEPXHOCTU 4vepe3 kabenb, UM MOLLHOCTb
MOXET NOAaBaTbCsl YCTPOMUCTBAM HEMOCPEACTBEHHO C MOBEPXHOCTW TMAPaBINYECKUM
cnocobom. pn atom B gpyrux obcrToATenbcTBax Takme crnocobbl nogadnm MOLYHOCTU
HENPUMEHUMbI. B HEKOTOPbIX 0BCTOATENLCTBAX PELLUEHMEM MOXKET CTaTb UCMOMb30BaHWe
6artapen. OpgHako Takoe pelwweHne camo no cebe npeacTaBnseT CAOXKHOCTU, B
OCODEHHOCTU BO BHYTPUCKB@XKWHHBLIX YCMOBMSIX, B KOTOPbIX [AOBONbHO BbICOKME

Temnepartypbl UMEIOT TEHAEHLMIO COKpaLLaTb CPOK cnyx0bl HaTapen.

CyLUHOCTb n300peTeHuns

Takum obpa3om, eCTb HEOOXOAMMOCTb B anbTePHATUBHBLIX MCTOYHMKAX MUTaHUS
ANS  BHYTPUCKBAXKUHHbIX  YCTPOWCTB, KOTOpble MOrMM Obl  MCMONb3oBaTbCs B
obcToaTenbCcTBax, Korga mnojgada MOLJHOCTU HEMOCPEACTBEHHO C  MOBEPXHOCTU
nocpeacTBOM kabenst Unu rmgpaBnuyYecky 3aTpygHEHa, HEBO3MOXHA UMW HEXENaTenbHa,
KOTOpble MpU 3TOM npeogonesany Obl OrpaHWYEHMs, C KOTOPbIMW CTankMBarTCA B
cny4yasix, kKorga nonaralTCa Ha nogadvy MowHoctu OaTtapeen. Takke Heobxoaumo
obecneunTb anbTepHaTMBHbIE CNOCOObI CBA3N MEXAY Pas3NMYHbIMK yYacTKaMu BHYTPU
CKBaKWHbI, @ TaKKe C y4acTKamu 4PYrol CKBaXKMHbI WU y4acTkaMmy Ha NOBEPXHOCTMU.

B HacTosiLemM onucaHmne TEPMUH KMOBEPXHOCTb» OTHOCUTCS K MOBEPXHOCTU 3EMIN

B ClNyyae MaTepuKOBOM CKBE@KWHbI, F4e pPacrionoXeHO YCTbe CKBaKWMHbI, MOPCKOMY
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AHY/YPOBHIO AHa B Crny4ae nNoABOAHOW CKB2XXMHbI; M MMOLWAAKe YCTbSl CKB&XXMHbl Ha
nnatgopme. Korga 310 yMECTHO, TEPMUH TaKKe OTHOCUTCH K y4acTKam, pacrnonoXeHHbIM
BbILLUE YKa3aHHbIX Yy4yacTkoB. B uenom, TepMMH «MNOBEPXHOCTb» WCMONb3yeTca Ans
o603HayeHns nboro NoAXOASLEro y4acrtka, K npumepy, Ans nogayn Wunu npuHATUS
MOLLHOCTW/CUrHAnNoB, KOTOPbIA HAaXOAUTCS CHaPYKN CTBOMNA CKBAXKWHbI.

CornacHo nepBOMY  acnekTy  HacTosiero  u3o0peTeHuss  npeanoXxeHa
BHYTPUCKBaXKUHHAA cuctema cbopa dnekTpudeckon aHeprin ans cbopa 3neKkTpuy4eckon
3HEPrM B CKB&XUHHOW YCTAHOBKE, MMEIOLLEN METaNMMYECKYID KOHCTPYKLMIO, HECYLLYHO
3NEKTPUYECKUIA TOK, NPU 3TOM YKasaHHasi CUCTEMa COAEPXKUT:

MOAYNb cOopa, 3NEeKTPUHECKN COEAMHEHHbIN C METaNNMUYECKON KOHCTPYKUMEN Ha
MepPBOM y4acTke WU CO BTOPbIM Y4acTKOM, OTCTOSILLMM OT MEPBOro yyactka, Mpu 3TOM
nepBbIA U BTOPOW y4acTok BbiGpaHbl Takum obpasom, YToBbl Npy UCMONb30OBaHUM MEXAY
HAMM NPUCYTCTBOBana pasHOCTb MOTEHUMAanoB BCMEACTBME 3MEKTPUYECKOrO TOKa,
TEKYLLEro MO KOHCTPYKLUMM, NPy 3TOM MOAyrb cbopa BbIMOMHEH C BO3MOXHOCTbIO cOopa
3NEKTPUYECKON 3HEPTUM OT YKA3AHHOTO 3M1EKTPUYECKOrO TOKa.

CKkBaXKMHHas ycTaHoBka MOXET ObITb YCTaHOBKOW C KaTrOAHOW 3aljuMToWn, Toraa
3NEKTPUYECKUA TOK SIBNSIETCS TOKOM KaTOAHOW 3aljuTbl. XOTA MPEACTaBMEHHblE 34€eChb
PELLEHMS MOTYT UCMONb30BaTbCA B CUCTEME, TA€ ANS NO4AYN MOLLHOCTU TOK CneymanbHo
NOAAETCH K BHYTPUCKBAKMHHOW KOHCTPYKLUMMK, BblNo OBHAPYKEHO, YTO MOLLHOCTb MOXHO
cobupatb 1 OT CUCTEM KaToAHOWN 3awuTbl. [1pn 3TOM COOP MOLLHOCTY OT YXKE NMEIOLLNXCSH
TOKOB SIBNSAETCA OCOOEHHO NPeanoYTUTENbHbLIM.

B obem cnyyae BTOpon y4acTok OyaeT BHYTPUCKBAXKMHHbIM YYaCTKOM.

B HeKOTOpbIX Crnyyasx COeAMHEHMe CO BTOPbIM Y4acTKOM MOXET ObiTb
coeNHEHNEM C NOPOAON MOCPEeACTBOM anekTpoga. bonee TMNuYHbIM cnyyaem, ogHako,
Oyget cnyyam, B KOTOPOM Moaynb cbopa OyaeT COeAUHATBCA C  MeTannmn4yeckomn
KOHCTPYKLMEN Ha NEPBOM U BTOPOM OTCTOSLLMX y4acTKax.

Takue cuctembl M cnocobbl obnagatoT onpefeneHHbIMM NPeMMyLLecTBamMu, Tak
Kak nogaya MOLUHOCTM BHYTPUCKBAXKMHHOMY YCTPOMCTBY MOXET obecneumBaTbCsi B
OTCYTCTBUE HEOOXOAUMOCTU B OTAEMBbHOM WCTOYHMKE nuTaHus. bonee Toro, mogada
MOLLHOCTU MOXET obecneumBaTbCsi, HE Monarascb Ha nokanbHble OaTtapeun, KoTopble
3avactyo 6yayT UMETb OrpaHUYEHHbIN Cpok cryObl. OHa Takke MoxeT obecneunsaTbCa
B OTCYTCTBME HeobXxogMmocTM B kabene, NPOXOASALIEM Yepe3 YCTbe CKBaKMHbI.
AHanorM4HO, NPEANIOKEHHbIE pELUEHMs MOryT ObiTb peann3oBaHbl 6€3 UCMoNb30BaHMS
TOPOVMAOB AN BBEAEHUS W WU3BMNEYEHWUS CUTHANOB. 3TO CHWXKAET CHOXHOCTb W

TeXHUYecKkne npobnemMbl, KOTOpPblE€ MOrYT BO3HUKHYTL NpU peanusaumm CUCTEeMbI.



10

15

20

25

30

35

Moaynb cbopa MOXeT ObITb BbLINOMHEH C BO3MOXHOCTLIO cOopa 3MeKTPUYECKOn
3HEprMm oT NOCTOSIHHBIX TOKOB.

MpegnoytuTenbHO, 4TOObI NPOTEKaHME TOKa Ha OTpeskax MeTannu4yeckomn
KOHCTPYKLUUKN B 0BnacTsx MexAy NepBbIM yY4acTKOM U BTOPbIM Y4aCTKOM MPOUCXOAUNO B
OZLHOM 1 TOM € NPOAOINbHOM HanpasneHUN.

MpennoyTUTenbHO, YTOObI MEXAYy nNepBbIM Y4acTKOM W BTOPbIM  Y4YaCTKOM
obecneymBanacb HenpepbiBHas TPAEKTOPUSA NPOTEKAHUNA TOKa, KOoTopasi Obl NO MEHbLUEN
Mepe 4acTMYHO NPOXoAuna No MeTanIMYEeCKon KOHCTPYKLNM.

B aaHHOM onncaHum npeacTaBneHbl 3NeMeHThI, KoTopble B obLem crnyyae OyayT
MPUCYTCTBOBaTb B YCTAHOBKE, €CNN TOMbKO €€ KOHCTPYKUMS He MoguduuupoBaHa.
MpencraBneHHble 34ecb uaen B obuwem cnyyae He TpebyT mognduyupoBaHus
CTaHAAPTHOW CKBaXKWUHHOW YCTAHOBKWU LIEMIMKOM, TO €CTb OHW OPUEHTUPOBaHbI Ha paboTy
CO CTaHAapPTHOW yCTaHOBKOW.

Moaynb cbopa MoOXeT OblTb 3NEKTPUYECKM COEAVMHEH C MEeTannn4yeckomn
KOHCTPYKLMEN HA BTOPOM y4acTKe.

EAVHCTBEHHOE MNKW KaXKaoe COeAMHEHNE C METANNIMYECKON KOHCTPYKLMEN MOXET
OblTb 0Opa3oBaHO C CeKUunem MEeTannMUYECKNX YAJNIMHEHHbIX 3NEMEHTOB/CEKUMEN
MeTannm4eckom Tpyoeil.

B Heckonbkux BapuaHTax OCyLeCTBNEHUS OTCTOSALLME YHaCTKN MOrYT OTCTOSATb MO
ocu. CoeguHeHus moryT OblTb oOOpas3oBaHbl C oOOLWEn cekunen MeTannmyecknx
YATIMHEHHbIX 3M1EMEHTOB, Hanpumep, obLien cekumen metannuyeckon Tpybbl, koTopas
SABMNSETCH YacTbl0 METaNNMMYecKon KOHCTPyKuun. Cambli BEPXHUA U3 ABYX OTCTOSALLMX
Yy4acTKOB MOXET pacrionaratbCad B  HENOCPEACTBEHHOM 6nm3octn  OT  MecTa
pPacrnonoXeHns MOABECHOrO YCTPOWCTBA XBOCTOBUKA, MPEAYCMOTPEHHOrO B CKBaXKUHE.
3avactyio Takom BapuaHT OyaeT  COOTBETCTBOBaTb Haubonee npakTU4yHOMYy
PacnonoXeHU0 CaMoro BEPXHEro yvyactka. B HEKOTOpbIX crnyyasix BEpXHEe COeaMHEHne
MOXeT ObITb 06pa3oBaHO C pan3epom.

Ob6a coeauHeHus, K npumepy, MoryT ObiTb oBpasoBaHbl C 3KCMnyaTauyWMOHHOW
KONMOHHOW, NPeAYyCMOTPEHHON B CKBaXKMHE, Unun oba coeguHeHns moryT ObiTb 06pa3oBaHbl
C nepBon cekumen obcagHom Tpybbl, OTAENEHHOW OT 3KCMMyaTauWOHHOW KOMOHHbI
nepBbIM 3aTPyBOHbLIM NPOCTPAHCTBOM A, nnn oba coeguHeHns MoryT ObiTe 06pa3oBaHbl CO
BTOpOM cekuymen obcagHon TpyObl, OTAEMNEHHOW OT MEpBOM cekuum obcagHon TpyObl
BTOPbIM 3aTpyOHbIM NPOCTPaHCTBOM B, n 1.4.

B apyrnx cnydasx OTCTOSILME MO OCUM COEAUHEHUS MOryT ObiTb O0Bpa3oBaHbl C
PasHbIMW CEKLMSMN METaNNMYECKMX YANMMHEHHbIX 3NEMEHTOB, HanpUMep, C PasnnyHbIMM

CeKUUsSIMM MeTannuyeckon TpyObl, 4YTo ByheT NPpMBOAUTL K aHanorM4HbiM pesynbTaTtam,
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HO B LUenom 6onee nogxoasmmM peLLUEHNEM SBNSETCS CO34aHNe COeaNHEHNA C OLHON U
TON Xe CeKUMEN METaNNMUYECKUX YANMHEHHbIX 3NEMEHTOB/MEeTannmM4Yeckon Tpybbl B
cnyyae, ecrniv HeT NPUYMH AN UCMONb30BaHNS APYINX PELLEHUN.

Tam, rae oTCTosILME y4acTKM OTCTOSIT NO OCU, N HEOBXOANMO NPUCYTCTBUE MEXAY
HVMMW PasHOCTU MOTEHLMANoB, PacCTOAHME MEXAy y4acTkamy NpeanoyvTUTENbHO LOMKHO
ObITb 3HaYUTENbHBIM — 00bIMHO 100 M 1 Gonee. MpeanoytTuTensHo — ot 300 m go 500
M.

OneKkTpuyeckoe CoejnHEHNE C METaNNMYECKON KOHCTPYKLUMEN HA NEPBOM y4acTke
MOXET ObITb ranbBaHWYECKUM COELNHEHNEM.

OneKTpuyeckoe CoefuHEHNE C MEeTanMYeCcKon KOHCTPYKUMEN Ha BTOPOM y4acTke
MOXET ObITb ranbBaHWYECKUM COELNHEHNEM.

Moaynb c6opa MOXET ObITb PaCNONOXEH B OAHOM W HECKOMbKUX BHELUHMX MO
OTHOLLUEHWUIO K CKBaXKWMHE YATNMHEHHbIX 3MNEMEHTax, BHYTPW 3aTpybHOro npocTpaHcTBa
CKBa>KWHbI, U BHYTPU BHYTPEHHETO CTBOMA CKBAXKMHbI.

CoeavHeHMe NO MEHbLUEW Mepe C O4HMM M3 y4acTKOB, MEPBbIM MMM BTOPbIM,
MOXeT ObiTb obecneyeHo nocpeacTBoM kabens, NPOXOAALlero BAOMb MeETannM4YeCckon
KOHCTPYKLUN.

Ecnn BTOopon oTcTOAWMIN KOHTaKT 0b6pasoBaH No MEHbLUEN Mepe C O4HOWN CEKUMEN
MeTannMYeCckux YANMHEHHbIX 3MIEMEHTOB, NPEANOYTUTENBHO, YTODbLI ANMEKTPUYECKNI TOK,
TEKYLUMA NO yKasaHHOW MO MEHbLUEW MEPE OAHOWN CeKUUM MEeTanmmMyeckux YANTMHEHHbIX
3NEeMEHTOB, Ha KOTopon obpas3oBaH NEPBLIN KOHTAKT, ABUrancsa no ToMy e npogorbHOMY
HanpaBNEeHWIO, YTO M 3MNEKTPUYECKUIA TOK, TEKYLLUMIA NO MEHbLUEN MEPE MO OAHOWN CEKLMM
METanNMMYeCKNX YANMMHEHHbIX 3NIEMEHTOB, Ha KOTOPO 0Opa3oBaH BTOPOWM KOHTAaKT.

Ecnn nepBbll  OTCTOSALUMA  KOHTAKT U BTOPOM OTCTOSALMA KOHTakT, 003,
o6pasoBaHbl C OAHOW U TOW X& CEKUMEN METannUYeCKMX YATMHEHHbIX 3MEMEHTOB,
NPeANOYTUTENBHO, YTODObI yKasaHHas CeKUUsi MEeTannUYeckmx YATMHEHHbIX 3MEMEHTOB
Bblna HenpepbIBHO MPOBOAMMON MEXAY YKasaHHbIMWU NEPBbIM 1 BTOPbIM Y4aCTKOM.

Mo MeHbLEN Mepe OAHO COeAUHEHME MEXAY MO MEHbLUEN Mepe OAHMM U3
3NEKTPUYECKNX KOHTAKTOB U Mogyrem cbopa MOXeT ObiTb 06ecneyeHo U3onmMpoBaHHbIM
kabenem.

Kabenb moxeT ObiTb BbiOpaH MMEKLMM NPOBOAHUMK C OTHOCUTENBHO OOnbLUIOK
nnowaabio nonepedHoro cedenus. pu Boibope kabens uenblo aBnsieTcs BbIGOP
nrowagan nonepeyHoro CeyeHus, koTopas SBNSIETCA JOCTaroyHo Gonbluon Ans TOro,
ytobbl obecneunTb Heobxogumbi ypoBeHb cbopa — Takon, koTopas obecneunt

AOCTaTO4YHO HU3KOE CONpPOoTUBIIEHUE B kabene.
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MpeanoyTUTENBHO, YTOObI N30NUPOBAHHLIA kKabernb MMen NPOBOASLLYIO Niowaib
paBHYyIO Mo MeHbLLen Mepe 10 MM?, MPEANOYTUTENbHO NO MeHbLLeR Mepe 20 Mm?, Gonee
NPeANOYTUTENBHO MO MeHbLLEH Mepe 80 MM?.

Kabenem moxeT ObITb MOMELLEHHbIA B KONIOHHY NPOBOAHMK.

OAHO 13 coeanHeHnn MoXeT ObiTb 06pasoBaHO B OTCYTCTBME BHELUHEro kabens.
OpHO M3 coeguHeHMn MoxeT ObiTb 0OpasoBaHO NOCPEACTBOM MPOBOASALLEro Koprnyca
Moayns coopa (Mnn okpyxatoLero Moagynb coopa).

OO6bIMHO CyLleCTBYET HEKOe OnMTUMarnbHOe 3HayYeHue Ansi PacCTOsiHUS MeXay
coeaguHeHnsmn. Yem 6Gonblue paccTosiHMe, Tem Oonblle M3MEHeHue B noTeHuuane
MeXAY Y4YacTKaMu KOHTaKTOB, HO MpM 3TOM Tem Oonblue conpoTuBneHne kabens.
MpencTaBneHHbI 34€Cb CNocod MOXET COAepXaTb dTan ONpPeAeneHns ONnTUMAanbHOro
PacCTOSIHUS MEXAYy OTCTOSILMMM y4dacTkamu. ITO PacCTOsHUE MOXET OMpenensiTbCs
MOZENNPOBaHNEM 4151 KOHKPETHOW YCTaHOBKN.

PacctosHne mexay ydactkamu MOXKET COCTaBMnsATb NO MeHbLUern mepe 100 m.

B Apyrux BapuaHTax OCYLECTBNEHUSI OTCTOSILUME Y4YacCTKM MOTyT OTCTOSTb
paguanbHo. [lepBoe n3 COeaAVMHEHUN MOXET ObiTb 00pasoBaHO C MEPBOM CEKLMEN
METannM4YeCckux YANMHEHHbIX 3MEMEHTOB, Hanpumep, NepBON CEKUUEN METann4yecKom
TPyObl, KOTOpas SBNSETCA YacTbl0 METannMYeckon KOHCTPYKUMM, a BTOpOE U3
coefuHeHnn moxeT ObiTb oOpasoBaHO CO BTOPOW, APYrOW, CEKUMEN MeTannmyeckux
YATIMHEHHbIX 3NIEMEHTOB, Hanpumep, Co BTOPOW, 4PYron, CEKUMEN MmeTannmyeckon Tpyosi,
KOTOpasi SIBNSETCA YacTblo METaNNMMYeCcKon KOHCTPYKLUUKU. [103TOMYy COeAMHEHUE MOXET
nepecekatb 3aTrpybHOe NPOCTPaHCTBO, 0Opa3oBaHHOE ABYMSI CEKLMAMN METanIM4YecKkomn
TpyObl.

Hanpumep, ogHO coeauvHeHne MOXeT ObiTb 00pasoBaHO C 3KCnnyaTauuoHHON
KONMOHHOW, NMPeAYCMOTPEHHON B CKBaXKMHE, a OAHO — C MepBOW cekumen obcagHou
TpyObl, OTAEMNEHHOW OT 3KCMNyaTaLMOHHOW KONOHHbI NePBbIM 3aTPyOHbIM NPOCTPAHCTBOM
A, nnn ogHO coeguHeHue MOXeET ObiTb 00pasoBaHO ¢ nepBon cekymen obcagHon TpyObl,
NPeayCMOTPEHHOW B CKBaXMHE, a OAHO — CO BTOpPOM cekuymenm obcagHonm TpyObl,
OTAENEHHON BTOPbIM 3aTpyBOHbLIM NPOCTPaHCTBOM B oT nepson cekyum obcagHom Tpybbl,
nT.A.

B HekoTOpbIX Cryyasix OTCTOSILME Yy4acTKM MOTYT OTCTOSTb Kak Mo OCWU, Tak u
paauarnbHo.

CoeguHeHua wmoryT ObiTb obpasoBaHbl C obulen cekynen MeTannmnmyeckux
YANVHEHHbIX 3NTIEMEHTOB, SBMNSOLLENCA YacTbl0 METaNIMYECKON KOHCTPYKLUN.

B HekoTOpbIX BapuaHTax OCYLLECTBIIEHUS NEPBOE N3 COEAMHEHMI 0BpasoBaHo C

NepBON CeKUMEeh MeTannMyYecknx YANUHEHHbIX 3MEeMEHTOB, SIBMSIOWENCS YacTblo
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METanMMYEeCKON KOHCTPYKLUMN, a BTOPOE U3 CoequHeHnn obpasoBaHO CO BTOPOW, APYrow,
ceKkymen MeTannmyeckmx yanmHEeHHbIX 31IEMEHTOB, ABMSIOWENCSA YacTblo METaNINYeCcKom
KOHCTPYKLUN.

Ans 3neKTpu4eckon M3oNAuMM MNEePBOM CEKUMU METannMYeCcKux YANUHEHHbIX
3MEMEHTOB OT BTOPOM CEKUUM METanmnMMuyeckmx YANWHEHHbIX 3MEeMEHTOB B obnactu
coefuHeHN MoryT ObITb NPEAYCMOTPEHbI CPEACTBA N30NALUN.

CpeactBa nsonsaymm MoryT 6biTb NPeayCMOTPEHbI ANSA 3NEKTPUYECKON N30NSALUM
NnepBon CEeKUUN YANMHEHHbIX 3MNEMEHTOB/MeTannmMyeckon TpyObl OT BTOPOW CEKLMU
YATNTMHEHHbIX 3NeMEeHTOB/MeTannmMyeckon Tpybbl B 0611acTn No MeHbLUen Mmepe O4HOro u3
COEANHEHNA. DTO MOXET MOMOYb FrapaHTMPOBaTb MPUCYTCTBUE PA3HOCTU MOTEHLMANoB
MEeXAY CEKUMSIMW YANUHEHHbIX 3NEeMEHTOB/MeTannmMyeckon TpyObl Ha y4yacTkax, rae
obpasoBaHbl coeauHeHNs. 3To obecnevmBaeTca 3a CYET OTNMYAOLUXCS TPAEKTOPUN,
BEAYLUMX K 3EMINE, OT KaXKA0WN CEKUMN 3NEMEHTOB/TPYObI.

Cnepgyetr OTMETUTb, YTO B OMWUCaHHbIX 34EChb PELUEHMSX TOKW, OT KOTOPbIX
npousBogsaT cbop aHeprun, OyayT B LEMNOM TE€Yb B OAHOM M TOM K€ HanpaBfeHUWM Ha
MepPBOM M BTOPOW CEKUMSIX METamnnMYECKUX YAMMHEHHbIX 3MeMeHTOB/TpyObl. MosTomy
nsonAUNs NpeaycMoTpeHa He Ansi obpa3oBaHusa OTAENbHOW TPAEKTOPUM 3amMblkaHus, a
CcKOpee pAnsi W3MEHEHMS1 TPaekTopuM, Beaylen K 3emne, Afs OAHOW U3  Cekuun
OTHOCUTENBHO APYrow.

CpeactBa um3onauum MOryT cogepaTtb W3ONUPYOLWMA CROW UNU  MNOKpbITUE,
NPeayCMOTPEHHbIE MO MEHbLIEN Mepe Ha OAHOW W3  CeKUUW  YANUMHEHHbIX
anemeHToB/meTannuyeckon Tpybbl. Cpeacrea u3onaymm MoryT CoaepKarb N0 MEHbLUEN
MEpe OAVMH U3ONUPYIOLWMA  LEeHTpaTop ANs  yAepXaHUs CeKuMn  yANMHEHHbIX
3neMeHToB/MeTannuyeckon Tpybbl Ha pacCcTosHMKM ApYr OT Apyra.

CpeactBa u3onsymMum MoryT ObiTb NPEAYCMOTPEHbl B LENsX HeaonyLeHus
3NEKTPUYECKOTO KOHTakTa MeXay ABYMS cekymnsamm YANVHEHHbIX
3NeMeHTOB/MeTanMM4yeckon Tpybbl Ha pPacCToOsHUA paBHOM MO MeHblen mepe 100 m,
npegnoytutensHo 300 m.

M0 MeHbLUEW MEpEe OAHO N3 COEAMHEHUN MOXET HaXOAWUTLCA B N3ONMPOBAHHOWM
obnactn. Oba coeanHEHNss MOTyT HaxoAUTLCA B U3oNUpoBaHHOW obnactu. 1o MmeHbLuen
MEpPE OAHO N3 COEAWHEHUA MOXET HaxOAMTbCS OKOMO  LEHTPanbHOM  TOMKM
nsonuposaHHon obnactn. PacnonoxeHue no MeHbLUEN MEpPE OAHOro M3 COeAMHEHUN
MOXET ObITb ONPEeAENEHO MOAEMNMPOBAHNEM KOHKPETHOW YCTAHOBKW ANS ONpPeAEneHus
ONTUMAIbHOMO PaCMONOXKEHUS!, KOTOPOE NOTOM BblOMpaeTcs.

Moaynb cbopa moxeT ObiTb NPefyCMOTPEH B CTBOME LEHTpanbHOW Cekuun

KOMOHHbI, B 3aTPyOHOM NPOCTPaHCTBE UM CHapyxu obcagHon TpyObl — mexgy obcagHou
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Tpybon un nopogon. Tak, Cpeanm nNPoYMX BO3MOMHbLIX PacrnonoXeHun, moaynb cbopa
MOXeT ObITb NpefyCcMOTPeH B 3aTpyOHOM npocTpaHcTee A, 3aTtpybHOM npocTpaHcTee B,
3atpybHom npoctpaHcTee C, 3atpybHom npoctpaHcTee D, unu nobbix Apyrux 3aTpyOHbIX
NpOCTPaHCTBaXx.

3a cuyeT 3TOro NpeaoCTaBnNAETCA BO3MOXHOCTb NOAAYM MOLLHOCTM Ha y4acTku, Ha
KOTOpble OObIYHO HEBO3MOXHO W/UMNN HEXenaTenbHO NPOBOAUTL Kabenn ¢ NOBEPXHOCTMH,
4YTO OCOBGEHHO MOMEe3HO B Cryyae NogBOAHbIX CKBaXWH. Kpome Toro, Takasi BO3MOXHOCTb
NpeaoCTaBnseTcs B OTCYTCTBME HEOOXOAMMOCTM MUCNOMNb3OBaHUS NEPBUYHBLIX BaTtapen,
WU APYrnX NOKanbHbIX UCTOYHWKOB MUTaHWS, a 3HauuT, obecrneunBaeTcs BO3MOXHOCTb
noAaun MOLLHOCTU K TaKUM y4acTKam Ha NPOTSXKEHUN BCEWN «KU3HU» CKBaXKUHbI.

Moaynb cbopa MOXeT cogepXaTb CpeAcTBa MNEPEMEHHOro uMmnegaHca Ans
BapbMpPOBaHNA Harpysku mexgy pABymMsa coefuHeHuamu. Cpeacrsa nNepeEMEHHOro
UMNeAaHca MOryT ynpaBnsTbCs MUKPONPOLIECCOPOM.

Cpeacrtea nepemMeHHoOro MMmneaaHca MoryT UCMomnb3oBaTbCa ANA BapbUPOBaHWUA
Harpysku ¢ Lenbto ontumMmusayum cbopa sHeprmm.

Cpeacrea nepemMeHHOro uMnegaHca MOryT WCMNonb3oBarbCa ANS MOAYNAUUU
Harpysku ¢ Lenblo nepegayu aHHblx oT Mogyns cbopa B HanpaBreHUn NOBEPXHOCTU.

[ns nepegayn gaHHbIX U3 BHYTPEHHErO NPOCTPAHCTBA CKBAXKMHbI B HANpaBneHun
MOBEPXHOCTU MOryT ObiTb NPEAYCMOTPEHbI BHYTPUCKBEXKUHHbIE CPEACTBA CBS3W.
BHYTpPUCKBaXXMHHbIE CpeacTBa CBA3N MOryT Takke ObiTb BbIMNOMHEHbI C BO3MOXHOCTbLIO
NONyYeHns faHHbIX, HAaNpUMep, C NOBEPXHOCTU.

Moaynb cbopa MOXeT coaepKaTb BHYTPUCKBaXKUHHbIE CpeacTBa CBSA3U. B apyrnx
cnyyasix BHYTPUCKB@XWHHbIE CPeacTBa CBS3M MOryT ObiTb PacrnonoXeHbl OTAENbHO.
BHYTPUCKBaXXMHHOE YCTPOWCTBO, NUTaemMoe Moaynem cbopa, MOXeT CoaepXaTb
BHYTPUCKBAXKMHHbIE CPEACTBA CBA3W.

BHYTPUCKBaXWHHbIE CPEACTBA CBSA3M MOIYT COAEpXaTb CPEeACTBA MEPEMEHHOrO
nMneaaxca.

BepxHue cpeactBa cBsi3M MOryT ObITb NMPEAYCMOTPEHBLI HA yYacTke Bbixoga CTBoNa
CKBa&)KWHbI, W BKMOYaTb B cebs AeTekTop ANs ASTEKTUPOBAHUS M3MEHEHUM TOKa,
Hanpumep, TOKa KaTOAHOW 3aluTbl, TEKYLLEro Mno METanM4YeCcKOM KOHCTPYKUWUM, Ans
obecneyeHnss BO3MOXHOCTM W3BMEYEHUS [aHHbIX, 3aKOAMPOBAHHbLIX MOAYMSLMNEN
Harpy3km B Mmoayne cbopa. Hanpumep, peTektop MOXeT OblTb BbIMNOMHEH C
BO3MOXHOCTbIO  AETEKTUPOBAHMS noTeHymana MeTannmM4yeckomn KOHCTPYKLMUN
OTHOCUTENBbHO OMOPHOrO 3HAYEHWs, UMW LETEKTUPOBaHMSA NajeHust NoTeHuuana Ha
KOHCTPYKLUUKN; WM TOKa OT WUCTOYHMKA MWTaHWS, WUCMOMb3yeMoro Ans nojauu

HanoXeHHOro ToKa KaTOAHOWN 3aLMTbl Ha METaNIMYECKYIO KOHCTPYKLMIO.



10

15

20

25

30

35

B ApyrMx BapuaHtax OCYyLECTBNEHMS BMECTO OCYLIECTBMNEHMS CBS3UM C
MOBEPXHOCTLIO 3a CYET MOAYMSALMU HArpy3kn MOryT UCMONMb30BaTLCH APYrne Buabl CBA3M.
Hanpumep, MOXeT Mcnonb3oBaTbCs nojada akyCTUYecKoro Wunm 3neKTPOMarHUTHOro
curHana. Moaynauusa Harpyskm — 3TO OAMH M3 NMPUMEPOB MOAAYN 3NEKTPOMarHUTHOrO
curHana, HO MOryT wucrnonb3oBaTbCa W gpyrne, 6onee npsmble, cnocobbl nogauu
3NEeKTPOMarHUTHOro curHana.

BHYTPUCKBaXWHHbIE CpPeAcTBaA CBA3U MOrYT ObiTb BbINOMHEHbI C BO3MOMXHOCTbIO
nojaun HecyLMx AaHHble aKyCTUMECKMX CUTHaNOB K METannMYeCcKon KOHCTPYKUMM, Mpu
3TOM BEpPXHME CpeacTBa CBSA3N MOryT OblTb BbIMOMHEHbI C BO3MOXHOCTLIO MpUeEMa
HECYLLMX AaHHbIE aKyCTUYECKNX CUTHArOB.

BHYTPUCKBaXKWHHbIE CPEeACTBA CBA3U MOrMYT ObiTb BbINOMHEHbI C BO3MOMXHOCTbIO
NOAauN HECYLUMX AaHHbIE 3NEKTPOMArHUTHbIX CUFHaNoB K METanMYeckon KOHCTPYKLMK,
MNPy 3TOM BEPXHUE CPEACTBA CBSA3M MOryT ObiTb BbINOMHEHbI C BO3MOXHOCTBLIO Mprema
HECYLLMX AaHHbIE 3NEKTPOMAarHUTHbIX CUrHanNoB.

BepxHne cpeactBa cBsi3M MOryT ObiTb BbINMOMHEHbI C BO3MOXHOCTBIO MOAau4U
HECYLUMX AaHHblE aKyCTUYECKUX W/WNN 3NEKTPOMArHUTHbIX CUTHAaNOB K METann4yecKkou
KOHCTPYKLUKN, NPU 3TOM BHYTPUCKBAXKUHHbIE CPEACTBA CBSA3M MOrYT ObiTb BbIMOMHEHbI C
BO3MOXHOCTbIO MpMEMA HECYLMX AaHHbIE aKyCTUHMECKMX W/WMIN  3MNEKTPOMAarHUTHbIX
CUrHanoB.

B HekoTOpbIX Cnyvasx BEpXHUE CpencTBa CBSA3M M BHYTPUCKBEKUHHbIE CPEACTBA
CBS3W MOryT ObiTb BbINOMHEHbI C BO3MOXHOCTBbIO OCYLLECTBMEHUS CBA3N C
NCNONb30BaAHMEM CUrHanoB OBOUX TUMOB: aKyCTUYECKUX N 3NEKTPOMArHUTHbIX CUrHamNoB.
3TO co3faeT NoNe3Hyr M3bbITOMHOCTL, 3aKNIOYaloLLYHOCS B TOM, YTO B Criy4ae Bbixoaa 13
CTPOSsi O4HOrO KaHana CBs3M APYron kaHan cBsasun OygeT npojomkaTb PyHKLUMOHUPOBATD.

Moaynb cbopa MOXeT ObITb pa3meLLeH B 3a4aHHOM MOMOXEHUN BHYTPU CKBaXKWHbI
Anst cbopa MOLLYHOCTW, MpK 3TOM AN Nogayn 3MEKTPUYECKON MOLLHOCTU HMKE, BHYTPb
CKB&)KWHbI, K BHYTPUCKBa)KMHHOMY YCTPOWCTBY MOXET OblTb MpPeaycMOTpeH kabensb.
Mnowjaab NONEepeYHoro cedeHus kabens, UCMonb3yemoro Ansi NoAayn 3NeKTPUHECKON
MOLLHOCTU HWXE, BHYTPb CKBaXMHbl, OObIMHO OyAEeT MEHbLUE MNOMEPEYHOro CEeYEHUs
noboro kabens, ucnonb3yemoro ans cbéopa 3TOM MOLLHOCTM, MPU 3TOM MOLUHOCTb
obbl4HO ByAeT nojaBaTbCA HWKE, BHYTPb CKBAXKMHbI, NPU OOMbLUEM HaMNPSBKEHWUMU, YEM
HanpspKEHWe, COo3jaBaeMoe MeXAYy OTCTOSALMMM KOHTakTaMu TOKOM, TEKyLUM Mo
METannM4YeCckon KOHCTPYKLUN, HAanpUMep, TokaMu KaTogHOW 3aluUThbl.

B HekoTOpbIX BapuaHTax OCYLUECTBMEHUS TOK, TEKYLWMN MO YANMHEHHbIM

AnemMeHTam, nogaetca C NOBEePXHOCTU CKBaXKUHbI.
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B HekoTOpbIX BapmaHTax OCYLIECTBMEHMA TOK, TEKYWMA MO YANUHEHHOMY
3NEeMEHTY, NOAAETCHA OT O4HOMO UM HECKOIbKNX XXEPTBEHHbIX aHOA OB.

B HekoTOpbIX BapmaHTax oOCyL|EeCTBMEHUS TOK, TEKyWMA MO YANMHEHHbIM
anemMeHTam, SIBNseTCa HanoXeHHbIM TOKOM OT BHELLHEro UCTOYHUKA NUTaHus.

B HekoTOpbIX BapmMaHTax OCYLUECTBIIEHUS HanpsiKEeHWe MOBEPXHOCTU CKBaXKWUHbI,
npu UCNOnNb3OBaHUKW, OrpaHnymeBacTca amanasoHom ot —0,7 B o -2 B OTHOCUTENBLHO
ONOPHON aYenkn u3 cepebpa/xnopuaa cepebpa.

MpepnoytuTenbHO, YTOObI PAa3HOCTb MOTEHUMANOB MEXA4y OTCTOALWMMMU
koHTakTamm Obina meHee 1 B, npegnoututensHo meHee 0,5 B, 6onee npeanoytutensHO
wveHee 0,1 B.

OnumoHanbHO, CONPOTUBIEHNE CKBAXKUHHOW KOHCTPYKLMUA MEXAY KOHTaKTamMu He
npesbiwaet 0,1 Om, npegnoytuTenbHO He npesbiwaeT 0,01 Om.

OnTumanbHbIM yyacTok ansa cbopa mowHocTn obblMHO ByaeT pacnonaratbCa
nobnm3ocTn OT y4yacTka, Ha KOTOPOM TOKW, Hanpumep, TOKWM KaTOAHOW 3aluThbl
HaKNaabIBaOTCA HA METaNMNYECKYIO KOHCTPYKLUMIO.

Tam, rge OTCToAME y4acTKU OTCTOSAT MO OCKU, MPEeAnOYTUTENbHbIM SIBIISIETCS
pacrnonoXeHne BEPXHEro y4acTka B HEMOCPEACTBEHHON BNN30CTU K yHaCTKy, HA KOTOPOM
TOKW, HanpuMmep TOKA KaTOAHOW 3alyuTbl, HaKNagbiBalOTCA Ha METanfn4ecKyto
KOHCTpyKUuto. Cneagyetr OTMETUTb, YTO B Criydae nnaTtOpPMEHHON KOHCTPYKUUU TOK,
Hanpumep TOKWM KaToOAHOW 3aluTbl, MOXET NOCTynartb K BHYTPUCKBaXKMHHOW
METanMMYECKON KOHCTPYKLUN Yepe3 ranbBaHUYeCcKoe coefuHeHne ¢ nnatopMEHHOU
KOHCTPYKLUMEN. B HEKOTOPLIX Criyyasix NpeanoXeHHble 34eCb PELIEHNS MOTyT BKIHOYaTh B
cebsa ynpaBneHne pacrnonoXeHnem 3Toro CoeauHeHus.

3avacTtyio onTMmManbHbIA y4acTtok Ans cbopa MOLWHOCTM OyaeT pacnonoXeH
BONMM3M YCTbSA CKBaXXWHbI, rAe Habnogaetca HaubomnbLlas CKOPOCTb W3MEHEHUS
noTeHymana no Mepe nPOABMXKEHUA BHYTPb CkBaXuMHbl. C  Apyron CTOPOHBI,
BHYTPUCKBaXKWUHHOE YCTPOWCTBO, KOTOPOMY MOAAETCS MOLYHOCTb, MOXET pacrnonararbCs
HWKE, BHYTPWU CKBaXMHbl. [103TOMy MOaynb cbopa M BHYTPUCKBAKMHHOE YCTPOWCTBO
MOTYT HAXOAUTBLCS Ha pPasHbIX y4acTKax, B YACTHOCTU, Ha pasHbIX rMyOuHax B CKBaXkKUHeE.

B ppyrux cnyyasix mopynb cbopa U BHYTPUCKBaXKMHHOE YCTPOWUCTBO MOTYT
pacrnonaratbCsl BMECTE. Takasi CUCTEMa MOXET COLEPXAaTb BHYTPUCKBAKMHHBLIM GOK,
BKMOYaroLwmn B cebst moaynb cbopa u BHYTPUCKBAXKUHHOE YCTPOMCTBO.

BepxHUM OTCTOALMIA KOHTAKT MOXET HAXO4UTLCS:

B npegenax 100 M, npegnoyTutensHo B npegenax 50 m, OT NOBEPXHOCTU 3EMIN,

€CNN CKBaXKNHA ABMSIETCA MaTEPUKOBOM CKBaXKMHOW, U
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B npegenax 100 m, npeanoytuTenbHO B Npegenax 50 M, OT YpOBHA AHa, €Cnu
CKBaXXMHa sIBNSAETCA NOABOAHOW CKBaXKUHOMN.

BepxHun OTCTOALMIA KOHTAKT MOXET HaxOA4UTbCHA B HEMOCPELCTBEHHOW 6nM30CTn
K y4yacTKy, COOTBETCTBYIOLLEMY MOTEHUManNy MakCMMarbHOW BEMWYMHbI, BbI3BAHHOMY
3NEKTPUYECKUM TOKOM, TEKYLLIMM NO KOHCTPYKLUW.

Cncrema MOXET TakkKe coaep)aTb BHYTPUCKB&KMHHbIE CpefcTBa CBA3M AN
nepeaayun nvnm npuema gaHHbix.

BHYTp1CKBaXUHHbIE CPeACTBa CBA3NM MOryT ObiTb BbINOMHEHbI C BO3MOXHOCTbIO
nepeaayn aHHbIX 3a CHET BapbUPOBAHNS Harpy3km Mexay COeaNHEHNAMN Ha OTCTOALNX
yyacTkax.

B cooTtBeTcTBUM C ApYrMM acnekToM HacToAawero U3obpeTeHus npeanoxeHa
cuctema ynpasneHns BHYTPUCKBAXKUHHbIM YCTPOUCTBOM, coaepxalyas
BHYTPUCKBXKMHHYIO cuctemy cbopa 3neKkTpUYEeCKOW 3SHEPrun, pPackpbiTyiO BbIe, U
BHYTPUCKBXMHHOE YCTPOWCTBO, MpU 3TOM MOAYMb cbopa 3NeKTpUYECKN COEAUHEH C
BHYTPUCKB@XXMHHbIM YCTPOMCTBOM W BbIMOMHEH C BO3MOMXHOCTBIO MOAAYM MOLLHOCTU
BHYTPUCKBXXNHHOMY YCTPOWUCTBY.

BHYTpUCKBaXMHHOE YCTPOUCTBO MOXET COAEPXKaTb BHYTPUCKBEXXMHHbBIN CEHCOP, K
npuMMepy CeHCop AaBneHus wu/wnn temnepartypbl. CeHCop MOXeT ObiTb YCTaHOBIIEH,
Hanpumep, B 3aTpybHom npoctpaHctee A, B, C nnn D.

CeHcop, pasmelyeHHblr B OAHOM 3aTtpybHOM npPOCTPaHCTBE WnuM CTBOME
CKB@XWHbI, MOXET OblTb BbINOMHEH C BO3MOMXHOCTbIO OCYLLECTBMEHUS MOHUTOPWUHIa
HEKOTOPOro napameTpa B pPacnofioXeHHOM Mnobnm3ocTy 3aTpybHOM MPOCTPaHCTBE UMK
CTBONE CKBAXWHbI MOMWMO OCYLLIECTBIEHUA MOHUTOPWUHra B 3aTpyOHOM NpPOCTPaHCTBE
WNN CTBOMNE CKBAXWHbl, B KOTOPOM OH pPacriofioXeH, WnNM BMECTO TOro 4Ttobbl,
OCYLLECTBNATL MOHUTOPUHI B 3aTpyOHOM MPOCTPaHCTBE WM CTBOME, B KOTOPOM OH
pacnonoxeH. [Ons obecneyeHns  BO3MOXHOCTU  WU3MEPEHMS NapamMeTpoB B
pacnonoXeHHoOM nobnm3ocTn 3aTpyOHOM MPOCTPaHCTBE UMM CTBOME CKBaXKUHbI MOXET
ObITb NPEAYCMOTPEH MNOPT, NPOXOASALLNA YEPE3 CEKUMNIO METaNMNYECKON KOHCTPYKLNN.

CeHcop MOXeT OblTb NpPefycMOTPEeH Ans  AeTEeKTUPOBaHUA nNpoTeYeKk B
3aLeMEHTUPOBAHHOM 3aTpPyOHOM NPOCTPaHCTBE.

CeHcop moxeT BkntovaTh B ceba Habop CeHCopoB.

BHYTPUCKBaXXWHHOE YCTPOWUCTBO MOXET Cofep)XaTb NO MEHbLUEW Mepe OAUH U3
yKa3aHHbIX 31IEMEHTOB:

BHYTPUCKBAXXNHHbIWN CEHCOP;

BHYTPUCKBAXXNHHbIN NCNOMNHUTENbHbBIA MEXaHU3M,;

3aTpybHOe YyCTPOMCTBO repMmeTnsaynmn, HanpumMep nakep Unn nakepHbl SNIEMEHT;
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Knanas;

BHYTPUCKBAKMHHbLIN ~ MOAYMb  CBA3W, Hanpumep npuemonepearymk  unu
NMOBTOPUTENb.

Moaynb CBSI3U MOXET cofepiKaTb BHYTPUCKBAKWHHbBIA CBA3HOW MOBTOPUTENDL. MM
MOXET ObITb MOBTOPUTENDb ANS aKyCTUYECKOW CBA3WN, UMW 3NEKTPOMarHUTHOW CBSA3M, B TOM
yucne ansa 6ecnpoBOAHON 3MEKTPOMArHUTHOW CBSA3M U KabernbHOW 3MeKTPOMarHUTHON
CBA3W, UNn Ans rubpuaHoON cuctembl CBA3W. Hanpumep, NOBTOPUTENE MOXET NPUHUMAaTL
aKyCTUYECKMe CUrHambl C y4acTKOB, PACMONOXKEHHbIX HUXE BHYTPU CKB&XKMHbI, U CUrHamMbI
B HanpaBnEeHUM MNOBEPXHOCTWU, WCMOMb3ys 3MEKTPOMAarHWTHYK CBSA3b, UMM HaobopoT.
AHanormyHbiM obpasom, oba TuMna CBA3W, akyCcTMYecKkas N 3neKTPOMarHUTHas CBS3b,
MOTYT UCNONb30BaTbCS B OAHOM Unu oboux HanpasneHusax. ogava anekTpoMarHUTHbIX
CUrHanoB MOXeT ObiTb OCYLUECTBNIEHa NoAayYen 3NEeKTPUYECKMX CUTHAnNoB BHYTPb
CKB2XXMHbl UMW MOAYNAUMEN Harpy3km B moayne cbopa, kak Obino OnucaHo BbILe.
MNoaaya 3NEeKTPOMAarHUTHbIX CUTHANoOB MOXET OCYLLEeCTBNATLCA MO MEHbLUENn Mepe
YaCTUYHO NOCPeacTBOM kabenen, kak 6bIo ONUCaHO BbILLE.

Ecnn  BHYTPUCKBaXXWHHOE  YCTPOWCTBO  SBMSETCS  MNOBTOPUTENEM  UNU
npuemonepesarymkom, cuctema MoxeT OblTb 3apaHee YCTaHOBMEHA B KOHCTPYKLMIO
CKBa)KMHbI ANS1 CO34aHMS CKBaKWHbI, "roToBOM K 6ecnpoBOgHOMY COeAMHEHMIO" (aHrn.
wireless ready). Tak, cuctema wmoxeT ObiTb ycTaHoBneHa Aans obecneveHus
B6ecnpoBOAHOrO KaHana CBA3W, Aa&Xe €eCNM  BO3MOXHOCTb CBA3M CHayana He
ucnonb3yetcd. 34ecCb, ONATb Xe, TepMUH «BecnpoBOAHOW» O3HAYaET, YTO UMEETCH Mo
MeHbLLEN Mepe oaHa 6ecnpoBoaHas BETBb B KaHane CBSA3W, Apyrue BeTBM MOTyT UATK No
kabento.

B apyrnx cutyauusax ykasaHHas cuctema MoXeT ObITb yCTaHOBMNEHa NoCTakTym.

KnanaH MoOXeT cogepxkatb N0 MEHbLUEN MEPE OAMH U3 CrEAYIOLMX ANIEMEHTOB:

NnoA3eMHbIN NPeAOXPaHUTENbHLIW KNanaH;

KnanaH ynpasneHnsa pacxofoM B CTBONE CKBAXKUHbI,

KnanaH CTBON CKBaXKWHbl — 3aTpybHOE NPOCTPaHCTBO;

knanaH 3aTtpybHoe NpoCcTpaHCTBO — 3aTpybHOE NPOCTPaHCTBO;

KrnanaH CTBON CKBaXWHbI — Kamepa KOMNEHCaUnn SaBneHus;

knanaH 3aTtpybHOe NpPOCTPaHCTBO — Kamepa KOMMNeHcaynn A4aBreHuns;

KnanaH 4Yepes nakep unm B o6xoa nakepa.

CnepyeT OTMETUTb, UTO KaXZoOe YCTPOUCTBO MOXET ObiTb YCTPOMCTBOM,
yrnpaBnaemMbiM AUCTAHUMOHHO, Hanpumep, MOXET ObiTb YCTPOUCTBOM, YNpaBrisieMblM C
nomoLLbio 6eCnpoBOAHON CBA3N. OTO MOXET O3HA4aTb, K NPUMEPY, YTO Npu ynpasneHuu

C NOBEPXHOCTU B KaHane CBA3UM MOXET NpUCyTCTtBOBaTb MO MEHbLLEN mMepe ojHa
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B6ecnpoBogHas BeTBb. [pyrne BETBUM MOryT MATM N0 kabeno, Hanpumep, MeXay
y4aCTKOM, Ha KOTOPOM PaCMONOXEH CEHCOpP, N y4acTKOM, Ha KOTOPOM OCYLLECTBMSETCS
cbop.

MNMojaya aNEeKTPOMAarHUTHbIX CUrHanoB MOXET npejycMaTpuBaTtb MUCMONb3OBaHue
CUrHanoB MOCTOSIHHOrO WM MNEPEMEHHOr0 TOKa, W MOAXOASLMX CXEM MOAYNALUN.
Moaynb cbopa mMoxeT coaepxaTb npeobpasoBatenb noctosHHoro Toka (DC/DC-
npeobpasoBartenb) Ans cbopa MOLHOCTU OT TOKOB KaTOAHOW 3alyuTbl WNU ApYyrux
npucyTcTByOWMX TOKOB. Moaynb cbopa MOXeT coaepkaTb YCTPOWCTBO HaKOMMEHUS
SHEPrUM ANS HaKoMneHus coBpaHHOW MOLLUHOCTU. YCTPOWCTBO HAaKOMMEHUS 3HEPriu
MOXET COAepKaTb YCTPOWCTBO HAaKOMMEHWs1 3apsifa, KOTOpPOe MOXET COoAepaTtb Mo
MEHbLLUEN Mepe OAWH KOHAEHCATOp W/WNWM NO MEHbLUEN Mepe OAHY nepesapsiKacmyio
Batapeto. Tam, rae eCcTb CpeacTBa HaKOMMeHUs 3HepruM, Mogynb cbopa MOXKeT ObiTb
BbIMOMHEH C BO3MOXHOCTbIO BbIOOPOYHOM NOA4AYM MOLLUHOCTU OT YCTPOWCTBA HAKOMMEHUS
WUNU HENOCPEACTBEHHO OT coBpaHHOM 3Heprmn. Takonm BbIBoOp MOXET OblTb OCHOBaH Ha
3apaHee OnpefeneHHbIX YCnoBusiX. B anbTepHaTMBHbIX BapuaHTax B OTCYTCTBUE
YCTPONCTBA HAKOMIEHUST 3Heprum moayrnb cBopa MOXeT ObiTb BbLIMOMHEH C
BO3MOXHOCTbLIO MOCTOSIHHOW Nogayn MOLLHOCTM Mo TpeboBaHmIo.

Ons wn3bupatenbHOro ucCnonb3oBaHna B Mogyne cbopa MOXeT ObiTb Takke
npeaycMmoTpeHa nepeunyHas 6arapes.

MNpeobpasosaTtene noctosHHoro Toka (DC/DC-npeobpasoBarenb) MOXET
cogepxatb MNOMNEBOW TPaH3UCTOP ANs 0Opa3oBaHWs PE3OHAHCHOrO MOBbILLAKOLLErO
ocuyunnaropa. lNpeobpa3osatenb MOCTOSHHOMO TOKA MOXET Takke BKMovaTb B cebs
MOBbILLAIOLLMIA TPAHCOPMATOP M MOXET BKMOYaTb B cebsi KOHAEHCATOP CBA3MW.

Moaynb cbopa MOXeT OblTb BbINOMHEH C BO3MOXHOCTbIO YMNpaBneHus
OTHOLLUEHMEM BWTKOB MOBbILIAKOLWEro TpaHcopmaTopa Ans  MOAMDULMPOBaHUS
Harpyskn, reHepupyemon npeobpasoBaTenem MNOCTOSIHHOro Toka. BropuyHas obmoTka
MOBbILLAIOLEro TpaHcopMaTopa MOXKET COAepKaTb MHOXECTBO OTBETBMEHUNW, W/WNK
MOBbILLAKOWMIA TPaHCHOPMATOP MOXKET CoAepKaTb MHOXECTBO BTOPUYHbIX OOMOTOK, U
Moaynb cbopa MOXET ObiTb BbINOMHEH C BO3MOXHOCTbIO BbiOopa OOMOTOK Wwunu
oTBeTBNeHMn ans obecnevyeHmss HEOOXOAMMOro OTHOWEHMS BUTKOB. [ns Bbibopa
OTBETBMEHUA WUNN OOMOTOK MOXET MCMOMb30BaTbCA MEpeKnoyaTenb, ynpaBnsieMbli
MUKPOMPOLECCOPOM.

CormacHo  gpyromMy  acnekty  HacToswero  m3obpeTeHus  NpeanoXeH
BHYTPUCKBaXKUHHbIN BOK, cogepKawimi moaynb cbopa, packpbITbI BbilLe, 1 MO MEHbLLEN
MEpe OAHO YCTPOWCTBO, BbLINOMIHEHHOE C BO3MOXHOCTBIO MOSyYEHUS] MOLUHOCTM OT

moayns cbopa.
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OAHO UNKN HECKOMNBKO U3 YCTPOWCTB: CEHCOPHbIA MOAYIb, MOAYSb CBSI3W U MOAYIb
cbopa, MOXeT ObITb NPEAYCMOTPEHO B 3aTPyOHOM NMPOCTpaHCTBE, Hanpumep 3aTtpybHom
npoctpaHcTee B unu 3arpybHom npocTtpaHcTee C, unu gpyrom 3aTpybHOM NpOCTPaHCTBe.
CeHcopHbI Moaynb M Moaynb cbopa MoryT ObiTb YacTbio OBLLEro BHYTPUCKBAXKUHHOIO
6noka, ogHako, 6onee TUNNYHLIM BapuaHTOM ByAET BapuaHT, B KOTOPOM OHUW pasjeneHsl,
TaK YTO CEHCOP MOXET pacnonaratbcs rnyoxxe moayns cbopa.

BHYTPUCKBaXKMHHOE YCTPOMCTBO MOXKET ObITb NPEAYCMOTPEHO Ha APYroM yvacTke
B CKB&)XKMHE OTHOCUTENbHO Mogyns coopa.

Moaynb c6opa MOXET ObiTb pasMeLleH Ha 3a4aHHOM y4acTKe BHYTPWU CKBaXKWUHbI
Anst cbopa MOLLYHOCTW, MpX 3TOM AN Nojayn 3MNeKTPUHECKON MOLLHOCTU HMKE, BHYTPb
CKB&)KUHbI, K BHYTPUCKB&X>KMHHOMY YCTPOWCTBY Ha APYrOM Y4YacTKE B CKBaXKMHE, MOXET
ObITb NPeAyCMOTPEH kabens.

Mnowjaab NOMEPEYHOrO CEeYEHMsI MPOBOASLUEN Xunbl, WnK >xun, kabens,
NCMNONb3yEMOro ANns NOAaYM 3NEKTPUYECKON MOLLHOCTU HIDKE, BHYTPb CKBaXKUHbI, MOXET
ObITb MEHbLLE NNOLWAAN NONEPEYHOro CeYeHMs Kabens, NCMONb3yeEMOro Ansi COe4UHEHUS
Moayns cbopa ¢ BHYTPUCKBAXKUHHOW KOHCTPYKUMEN ans c6opa MOLLHOCTW.

CormacHo  gpyromy  acnekty  HacTodawero  M3o0peTeHuss  npeanoxeHa
BHYTPUCKBAXKMHHAA CUCTEMA MOHUTOPUHIa CKBAXKMHbI ANS1 OCYLLECTBINEHUS MOHUTOPUHIa
Mo MeEHbLUEN Mepe OAHOro napameTpa B CKB&XXMHHOW YCTaHOBKE, WMEIOLLEN
METannMYeckyrd KOHCTPYKLMIO, HECYLLYIO 3NEeKTPUYECKMA TOK, MpUYEM YyKasaHHas
cMcCTEMA COAEPXKUT:

cucTtemy cbopa 3neKTPUHECKON 3HEPTMM, PACKPbITYHO BbiLLE;

CEHCOPHbIN MOAYIb ANSA U3MEPEHUS MO MEHbLLEN Mepe O4HOro napameTpa; u

MOZYIb CBSI3N ANS1 OTNPaBKN NOKa3aHUN 3aKOAUPOBaHHbIX AaHHbLIX OT CEHCOPHOro
MOZYINS B HAaNpaBreHMM NOBEPXHOCTY,

npy 3TOM cuctema cbopa dNEKTPUYECKOM SHEPTUM BbINOMHEHA C BO3MOXHOCTbIO
nogaudn 3NEKTPUYECKON MOLLHOCTM MO MEHbLUENA Mepe O4HOMY U3 YCTPONCTB: CEHCOPHOMY
MOZYIO NI MOAYIO CBS3WN.

CormacHo  gpyromy  acnekTy  HacToswero  usobpeTteHns  npegnoxeHa
BHYTPUCKBAXKMHHAsS CUCTEMaA MOHUTOPUHIa CKBaXKMHbI ASS1 OCYLLECTBMNEHUST MOHUTOPUHTa
MO MEHbLUEN Mepe OHOro napameTpa B CKBaXMHHOM YCTaHOBKE, WMEIOLLEN
METannMYECKyr0 KOHCTPYKLMIO, HECYLLYIO 3NEeKTPUYECKMA TOK, MpPUYEM YyKasaHHas
CUCTEMA COAEPXKUT:

CEHCOPHbIN MOAYIb ANSA U3MEPEHUS MO MEHbLLEN MEPEe O4HOro NapameTpa;

MOZYIb CBSI3N ANS1 OTNPABKN NOKa3aHUN 3aKOAUPOBAHHbIX Aa@HHbIX OT CEHCOPHOro

mMoayna B HanpasneHnn NOBEepPXHOCTU; U
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cuctemy cbopa INEeKTPUYECKOM 3JHEprun, cogepkawyto moaynb cbopa,
3NEKTPUYECKN COEAUNHEHHBLIN C METaNNNYECKON KOHCTPYKUMEN Ha NEPBOM y4acTKe U CO
BTOPbIM Yy4acCTKOM, OTCTOSLLMM OT MEPBOro y4acrtka, Npu4emM nepsbii N BTOPOMN Y4acTKu
BbIOpaHbl Tak, 4ToObl NMPW WMCMONb3OBAHUU MEXAY HUMW MNPUCYTCTBOBAaNa pPasHOCTb
NoTEeHUManoB BCMEACTBUE IMEKTPUYECKOrO TOKa, TEKYLLEero no KOHCTPYKUMM, MpUYem
MOAynb cbopa BbIMNOMHEH C BO3MOXHOCTbIO cbOopa INeKTPUYECKOM IHEeprum OoT
3NEKTPUYECKOro ToKa, NMpu 3TOM cuctema cbopa 3NeKTPUYECKON 3HEPrUM BbIMOMHEHA C
BO3MOXHOCTbIO MOAAYN INEKTPUYECKOM MOLUHOCTU MO MEHbLUEW Mepe OHOMY U3
YCTPOWCTB: CEHCOPHOMY MOZYIO UM MOAYIO CBA3M.

YkasaHHas cucTema MOXET CoaepxaTb MO MeEeHblen mepe oauH  kabenb,
UMELNA NEPBYIO ANWHY, ANS COEAMHEHMst Moaynsi cbopa C OJHMM M3 OTCTOSILLMUX
Y4aCTKOB.

YkasaHHas cucTema MOXET CcoaepxaTb MO MEHbLien Mepe oauH kabenb,
UMELNA BTOPYIO ANWHY, ANS MNojaqdM MOLLHOCTM OT Mogyns cbopa Kk CEHCOPHOMY
MOZYIHO.

Mnowaab NONEPEYHOro CeYEHNS NPOBOASLLEN YacTu kabensi, UMEIOLLEro Nepayto
ANVIHY, MOXET MPEeBbIWaTh NNowagb NONEPEYHOro CeUYEHUss NPOBOoASLLEN YacTh kabens,
WUMEIOLLIErO BTOPYIO ANNHY.

Moaynb CBSI3M MOXeET ObiTb BbINOMHEH C BO3MOXHOCTBIO  MOAYNSALMK
3NEKTPUYECKOrO TOKa, TEKYLLero rno MeTannu4yeckoh KOHCTPYKLUKM, Ha yvacTKe Mnoaauu
curHana Ans KOAUPOBKM AaHHbIX ANs o6ecneyeHns BO3MOXHOCTU U3BIEYEHNS YKa3aHHbIX
AaHHbIX Ha y4YacTke NOMNy4YeHus, yaaneHHOM OT yyacTka nojayn curHana, nocpeacTBoM
AETEKTUPOBaHNS adpdpekTa ykasaHHON MOAYNALMN HA 3NEKTPUHECKOM TOKE Ha YKasaHHOM
y4acTke MonyyeHus.

Cnctema  MOHUTOPUHIA  CKBaXKUHbI  MOXET  coaepaTb  AEeTEeKTop  Ans
AETEKTUMPOBaHMSA 3pdekTa MOAYNALMN Ha INEKTPUYECKOM TOKE Ha YKasaHHOM y4qacTke
NOMy4YeHUs ANs U3BNEYEHNS] 3aKOANPOBAHHbIX 4 aHHbIX.

Moaynb CBSi3M MOXET ObITb BbINOMHEH C BO3MOXHOCTLIO YNpPaBNeHUs Harpyskown,
reHepupyemon mogynem cbopa, AN OCYLIECTBMEHMS YyKa3aHHOW  MOZYNsLMU
3NEKTPUYECKOrO TOKa B METANNMYECKON KOHCTPYKLUIN Ha y4acTKe nogayun curHana.

CeHCOpHbIN MOAYNb MOXET COAEPKaTb CEHCOP AaBIEHNS.

CeHcop paBneHus MOXeT ObiTb BbINOMHEH C BO3MOMXHOCTbIO OCYLLECTBNEHUS
MOHMWTOPWHIa NnacToBOro AaBneHus.

CeHcop paBrneHus MOXeT ObiTb BbINOMHEH C BO3MOMHOCTBIO OCYLLECTBNEHUS

MOHUTOPWHra AaBreHnst B 3aTpyOHOM NPOCTPaHCTBE CKBaKWHbI.
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CeHcop paBrneHus MOXeT ObiTb BbINOMHEH C BO3MOMXHOCTbIO OCYLLECTBNEHUS
MOHWTOPWHra 4aBMneHns B 3aKpbITOM 3aTPYOHOM NPOCTPaHCTBE CKBaXKUHbI.

CormacHo  gpyromy  acnekTy  Hacrtoswero  usobperteHns  npepnoxeHa
BHYTPUCKBAXXMHHAA CUCTEMa CBSA3HOrO NOBTOPUTENS ANSA UCMOMb30BAHUS B CKBEXKMHHOM
YCT@HOBKE, WMEIOLEN MEeTanmmMyeckyto KOHCTPYKLMIO, HECYLLYI 3MNEeKTPUYECKUA TOK,
npu4emM ykasaHHasi CUCTEMA COAEPXKUNT:

cuctemy cbopa aneKkTpUYecKkon IHEPrnn, PaCcKPbITYIO BbILLE; U

CBSI3HOW MOBTOPUTENMb, Pa3MeELLEHHbIN BHYTPU CKBaXKWMHbI B YKa3aHHOW CKBaXKUHE U
BbIMOMHEHHbIA C BO3MOXHOCTbIO OCYLLECTBIEHMSI CBSI3W C MEPBbIM YCTPOMCTBOM 3a
npeaenamm ycTbsi CKBaXKMHbl C MOMOLLbIO KaHana CBs3W, siBnsowerocsi 6ecnpoBogHbIM
MO MEHbLUEN Mepe Ha y4acTke, NPOXOASLLEM Yepe3 YCTbe CKBAXKMHbI, U BbIMONHEHHbIV C
BO3MOXHOCTbIO OCYLLIECTBMNEHMSA CBSA3W CO BTOPbIM YCTPOWCTBOM, PaCMONOXEHHbIM B
CKBa&XKUHE, TO €CTb HWKE YCTbSl CKBa&KMHbI, Tak YTO CBSI3HOW MNOBTOPUTENb MOXET
BbICTYNaTb B PONM NMOBTOPUTENS MEXAY NEPBLIM U BTOPLIM YCTPOWCTBaMMW,

npy 3TOM cuctema cbopa 3MEKTPUYECKON SHEPTUM BBINOMHEHA C BO3MOXHOCTbIO
NOAauN 3MEKTPUYECKON MOLLHOCTM CBSAI3HOMY MOBTOPUTENHO.

CormacHo  gpyromy  acnekTy  HacTtoswero  usobpeteHus  npeanoxeHa
BHYTPUCKBAXKMHHAA CUCTEMA CBS3HOrO MOBTOPUTENS ANS UCMOMb30BaHUS B CKBXKMHHOM
YCT@HOBKE, WUMEIOLEN METanfMYeCKyd KOHCTPYKLMIO, HECYLLYI 3MNEKTPUYECKUA TOK,
Npu4eM ykasaHHasi cucTema COAEPXKNT:

CBSI3HOW MOBTOPUTEMNb, pPa3MELLEHHbIN BHYTPU CKBa&)KUHbI B CKBaXWHE, U
BbIMOMHEHHbIN C BO3MOXHOCTBIO OCYLLECTBIIEHUS CBSI3W C MNEPBbIM YCTPOWUCTBOM 3a
npeaenamm ycTbsi CKBaXKMHbl C MOMOLLbIO KaHarna CBA3W, sBnsoLerocs 6ecnpoBogHbIM
MO MEHbLUEN Mepe Ha y4acTke, NPOXOASLLEM Yepes YCTbe CKBAXKMHbI, U BbIMONHEHHbIV C
BO3MOXHOCTbIO OCYLLIECTBMNEHMSA CBS3M CO BTOPbIM YCTPOWCTBOM, PAaCMONOXEHHbIM B
CKBa&)KUHE, TO €CTb HWKE YCTbSl CKBaKMHbI, TaK 4YTO CBSI3HOW MOBTOPUTENb MOXET
BbICTYNaTb B PONM NOBTOPUTENS MEXAY NEPBLIM U BTOPLIM YCTPONCTBAMU; U

cuctemy cbopa InNEKTPUHYECKOM 3JHEPrMM, copepxawlylo moaynb cbopa,
3NEKTPUYECKN COEAUHEHHLIA C METaNNUYECKON KOHCTPYKUMEN HA NMEPBOM ydacTKe U CO
BTOPbIM Y4acTKOM, OTCTOSILLMM OT MEPBOro y4acrtka, Npu4emM nepsbii U BTOPOM Y4acTKu
BbliOpaHbl Tak, 4ToObl MPW WMCMOMb3OBAHUU MEXAY HUMW MNPUCYTCTBOBaNa pPasHOCTb
NOTEHUManoB BCMEACTBME 3MEKTPUYECKOrO TOKa, TEKyWero no MeTanimyeckou
KOHCTPYKLUUK, NPU 3TOM MOAYINb cOopa BbINOMHEH C BO3MOXHOCTBIO cOopa 3neKTpu4eCcKkon
SHEpPrMM OT 3MEKTPUYECKOro TOKa, MPU 3TOM cuctema cbopa 3MEKTPUYECKON 3HEPTUM

BbINOJIHEHA C BO3MOXHOCTbIO Noga4n 3ne|<Tp|/|quK0|7| MOLLHOCTN CBA3HOMY MOBTOPUTENIO.
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CnegyeT noHumarb, YTO YNOMUHaHWE 34EeCb NEPBOro yCTPOWUCTBA 3a npeaenamu
YCTbSl CKB@XWHbl OTHOCUTCS K YCTPOWUCTBY Ha [JPYrOM CTOPOHE YCTbS CKBAXKMHbI
OTHOCUTENBbHO BTOPOro YCTPOWCTBA, KOTOPOE pPacrnofioXEHO B CKBaXKWHE, TO €CTb
NPeANOYTUTENBHON SBMSETCS CBA3b, OCYLECTBMSeMas 4vepe3 yCTbe CKBaXWHbl. [10
CyLLeCTBY, NepBOE YCTPONCTBO MOXET pacrnonararbCs, rae yrogHo, nobnmsoctu K yCTblo
CKBa)KWHbI UM Ha yaaneHun, npu ycrnosmmn obecrnevyeHnss COOTBETCTBYHOLLEN CBA3MN.

CBsA3HON NOBTOPUTENb MOXET ObITb BbINOMHEH C BO3MOXHOCTBIO MOAYNSALMU
3NEKTPUYECKOrO TOKa, TEKYLLero rno MeTannuyeckoh KOHCTPYKLMW, Ha yvacTke nogauu
curHana aAns KOAUPOBKM AaHHbIX AN o6ecneyeHns BO3MOXHOCTU U3BNEYEHUS JaHHbIX Ha
y4acTke nOMyyYeHusi, YyAaneHHOM OT y4acTka nojayM curHana, nocpeacTBOM
AETEKTMPOBaHMSA 3dhpekTa ykazaHHON MOAYNSALMM Ha SMEKTPUYECKOM TOKE Ha YKa3aHHOM
y4acTke MonyyeHus.

Cesa3HOM nosTOopuUTENb WUNM MoAynb cBopa MoxeT OblTb NPefyCMOTPEH B
3aTtpyOHOM NpOCTpaHCcTBE, Hanpumep B 3aTtpybHOM npocTpaHcTee B wnm 3aTtpybOHOM
npoctpaHcTee C, unu gpyrom 3atpybHOM NpoCTpaHCcTBe.

CeasHon nosTOpUTENL M MOAynb cbopa moryT ObiTb 4acTbio obujero
BHYTPUCKBAXKMHHOIO 6noka.

YkasaHHas cuctema MOXET cojepxaTb MO MeHbllen Mepe oauH kabenb,
UMEOLNA NEPBYIO ANWHY, ANSA COeAMHEHMst moaynsi cbopa € OAHMM M3 OTCTOSALLMX
y4aCTKOB.

YKkasaHHas cuctema MOXET coepaTb MO MeHbLIen Mepe oauH kabenb,
UMEoLWNA BTOPYKO AMWHY, ANS Mojayn MOLHOCTM OT Mmoayns cbopa CBA3HOMY
NMOBTOPUTENIO.

Mnowaab NONepeyYHoro ceYeHns NPoBOASLLEN YacTu kabens, UMEIOLLEro nepayto
ANVHY, MOXET MPeBbIaTh NNoLjagb NONEPEeYHOro ceUeHUss NPOoBOASLLEN YacTh kabens,
WUMELIOLLIErO BTOPYIO ANNHY.

BHYTpPUCKBaXKMHHAsA cMCTEMA CBA3HOIO NMOBTOPUTENS MOXET COAEpPXKaTb AETEKTOP
ANSl AEeTEeKTUpOBaHMA 3ddeKkTa ykasaHHOW MOAYNSUMM Ha 3SMNEKTPUYECKOM TOKE Ha
yKa3aHHOM y4yacTke NOMy4YeHus AN U3BMNEYEHNS 3aKOAMPOBaHHbIX AaHHbIX.

CBsA3HON NoOBTOPUTENDb MOXET ObiTb BbINOMHEH C BO3MOXHOCTbIO YNpPaBriEHUS
Harpyskon, reHepupyemon moaynem cbopa, Anst OCYLECTBNEHUSA YKa3aHHOW MOAYNSALMN
3NEKTPUYECKOrO TOKa B METANNMYECKON KOHCTPYKLUIN Ha y4acTKe nojaym curHana.

CornacHo Jpyromy acnekTty HacTofwero M3obpeTeHus npeanoxeHa cucrema
YNpaBreHNsi BHYTPUCKB@KUHHBIM YCTPOMCTBOM ANS YNpaBneHUsi BHYTPUCKBAXKUHHBIM
YCTPOMCTBOM B CKBa)KMHHOW YCT@HOBKE, MWMEIOLEN METanNMUYeCcKkytd KOHCTPYKLMIO,

HECYLLYIO 3MEeKTPUYECKUIA TOK, NPUYEM YKasaHHas CUCTEMa COAEPXKMT:
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BHYTPUCKBAXXMHHOE YCTPOWNCTBO;

cuctemy cbopa INEeKTPUYECKOM 3HEPruM, coaepawlyto  moaynb cbopa,
3NEKTPUYECKN COEAMHEHHBLIN C METanNUYeCKON KOHCTPYKUMEN Ha NEPBOM y4acTKe U CO
BTOPbIM Yy4aCTKOM, OTCTOSILLMM OT MEPBOro y4acrtka, NpuyYemM MnepBbii U BTOPOW Y4YaCTKM
BblIOpaHbl Tak, 4ToObl NPW WUCMOML3OBAHUU MEXAY HUMW MNPUCYTCTBOBAaNa pPasHOCTb
NOTEHUManoB BCreACTBUE 3MEKTPUYECKOro TOKa, TEKYLLEro no KOHCTPYKUWUW, MpU 3TOM
MOAynb cbopa BbIMNOMHEH C BO3MOXHOCTbIO cOOpa 3NEeKTPUYECKOW 3JHEeprum oT
3NEKTPUYECKOro TOKa,

npy 3TOM cuctema cbopa dNEKTPUYECKOM SHEPTUM BbINOMHEHA C BO3MOXHOCTbIO

noAayn 3nNeKTPUYECKON MOLLHOCTM BHYTPUCKBaXKMHHOMY YCTPOWCTBY.

BHYTPUCKBaXKMHHOE YCTPOMCTBO MOXET cofepkaTb MO MEHbLUEN MEpe OAWH U3
CNEAYOLNX 3NEMEHTOB:

BHYTPWUCKBAXWHHbIA CEHCOP;

BHYTPWUCKBAXMHHbIA UCMIONMHUTENbHBIN MEXAHW3M;

3aTpybHOe YyCTPOMCTBO repMeTU3aLum, HanpuMep nakep Unu nakepHbli SNIEMEHT;

Knanaw;

BHYTPUCKBAXXMHHbIA ~ MOAYNb  CBSI3W, Hampumep npuemonepeaarynk  unm
MOBTOPUTENb.

YkasaHHbIA KnanaH MOXEeT cofepaTb MO MEHbLUEW Mepe OAMH U3 CReAyHLmX
3MEMEHTOB:

NOA3EMHbIN NPEAOXPaHUTENbHbIN KnanaH;

KnanaH ynpaBreHusi pacxogoM B CTBOME CKBaXKMHBbI;

KnanaH CTBON CKBaXXMHbl — 3aTpyOHOE NPOCTPaHCTBO;

KnanaH 3aTpybHOe NPOCTPaHCTBO — 3aTpybHOE NPOCTPAHCTBO;

KnanaH CTBOM CKBaXXMHbl — KaMmepa KOMMNeHCaUnn AaBneHus;

KnanaH 3aTpybHOe NPOCTPaHCTBO — kaMepa KOMMNEHCaLUn AaBMNeHUs;

KnanaH 4Yepes nakep unm B o6xoa nakepa.

MoOLWHOCTb MOXET nogaBaTtbCs AN yNpaBneHMs KnanaHom, npyu 3TOM MOLLHOCTb
ANS MEepeMELLeHns KnanaHa nocTynaer oOT APYroro MWCTOYHWKa (Hanpumep, Ot
NOANPYXUHMBAHUS, Pa3HOCTU AaBneHun). B anbTepHaTUBHOM BapuaHTe MOLLHOCTb
MOXET MOAaBaTbCs ANA NEpPEMELLEeHUs KknanaHa, Wnu u Ans ynpasBneHus, u Ans
nepemeLyeHns knanaHa. KnanaH MoxeT cogepkaTb MyCKOBOW MEXaHWusM, Hanpumep,
cepBoKnanaH, ynpasnsieMbi C MOMOLLbH MOLLHOCTM OT CUCTEMbI MOAa4M MOLLHOCTH.

Cuncrema ynpaBneHuss yCTPOUCTBOM MOXET ObITb BbIMNOMHEHA C BO3MOMXHOCTLIO

nojayn BapbMpyembiX YPOBHEW MOLUHOCTW. Tak, nepBbld YPOBEHb MOLLHOCTU MOXET
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nogasaTtbCAd B MOMEHTbI, OTNIMYHbIE OT MOMEHTOB, korga Tpebyetca BTopon, Gonee
BbICOKMI, YPOBEHb MOLUHOCTU. [logaBaemble TOKW, Hanpumep TOKW KaTOAHOW 3alyuThbl,
MoryT ObiTb yBENUUYEHbI, ecrnn Tpebyetca 6onee BbICOKA YPOBEHb MOLLHOCTM, 3a CYET
nepekntoYeHns Ha Bornbluee YnCno aHOAO0B MNK nogaden 6onee BbICOKOTrO HaMNOXEHHOro
TOKa. OTO MOXET COOTBETCTBOBATb YPOBHIO, HEXenaTenbHOMY AnS LOMroCpPOYHbIX
nepuoaoB K3-3a MNOTEHUMANbHO paspyLlalowmx MoCneacTBUA  CAUWLKOM  OOnbLLION
PasHOCTM NOTEHLMANOB BCNEACTBUE TOKOB KaTOAHOM 3aLUMTbl — BOLOPOAHOM XPYNKOCTU —
HO 3TO JOMYCTUMO AN KPATKOCPOYHbIX Nepuogos. MoaTomy cuctema, annapar, cnocob
MOryT ObITb BbINOMHEHbI C BO3MOMXHOCTbIO BPEMEHHOMO YBENMMYEHUSI NOLABAEMOro TOKa,
Hanpumep TOKa KaToOAHOW 3awmTbl. bornee BbLICOKMMA YpPOBEHb MOLLHOCTU MOXET
NCMNONb30BaTbCs, HANPUMEp, ANsi NEPEMELLEHUS KnanaHa N3 O4HOro COCTOSIHUSI B APYroe,
npu 3ToM 6onee HU3KMN YPOBEHb MOXET UCMONb30BaTLCA B 4pYrMe MOMEHTbI, Hanpumep,
MPW OCYLLIECTBNEHMN MOHUTOPUHIA WUNW yNpaBneHns CurHanamu.

BHYTPUCKBaXKMHHOE YCTPOMCTBO MOXET pacrnonaratbCs Ha APYroMm y4yacTke B
CKBa>KWHE OTHOCUTENBHO Moayns coopa.

Mogaynb c6opa MOXET ObITb pasmeLleH Ha BbIOPaHHOM y4acTKe BHYTPU CKBaXKMHbI
ansa cbopa MOLWHOCTM, MpPXM 3TOM MOXET ObiTb NpeaycmoTpeH kabenb Ansi nogayu
3NEKTPUYECKON MOLLHOCTU HMDKE, BHYTPb CKBaXXWHbI, K BHYTPUCKBAXKMHHOMY YCTPOWCTBY,
PacrnonoXeHHOMY Ha APYroM y4acTKe B CKBaXUHE.

Mnowlaab NOMNEPEYHOro CeYeHMs MPOBOASLUEN Xunbl, Wnu >xun, kabens,
NCNONb3yeMOoro ANs NoAayn 3NEKTPUYECKOM MOLLHOCTU HIDKE, BHYTPb CKBaXKUHbI, MOXET
6bITb MEHbLLE NNoLWaan NONepeyHoro ceyeHns kabens, MCnonb3yemoro Ansi COeAUHEHNS
MoAaynsi cbopa C BHYTPUCKBAXKMHHOW KOHCTPYKLUMEN ans cbopa MOLHOCTM.

BHYTPUCKBaXKMHHOMY YCTPOWCTBY MOXET ObiTb AOCTYNEH WU APYrOoM MCTOYHUK
NATaHNA, MNOMUMO  3MEKTPUYECKOMW  MOLLHOCTW, nogaBaemMon moaynem cbopa
3NEKTPUYECKON IHEPIUN.

B kawaom M3 OnmucaHHbIX Bbllle annapaTtoB MOAyrb cbopa MOXET cogepkaTb
cpeacTBa MNEPEMEHHOr0 WMMeAaHca ANs BapbMpPOBaHUS Harpy3kM Mexay AByMs
coeavHeHnsmn.  Cpefctea  NEPEMEHHOr0  UMNejaHca  MOryT  ynpaBnsTbCs
MUKPOMPOLECCOPOM.

CpeacrtBa nepemMeHHoro MMmneaaHca MoryT UCMornb3oBaTbCa ANA BapbUpPOBaHUA
Harpysku Ans ontummsayum coéopa sHeprum.

Cpeacrtea nNepemMeHHOro uMnegaHca MOryT WCMNonb3oBaTbCA ANS  MOAYNAUUU
Harpysku Ans nepegaqm aHHbix OT MoAyns coopa B HanpasreHNM NOBEPXHOCTH.

Moaynsauus wumneaaHca MOXET Takke MWCnonb3oBaTtbCa AnS nepejayn ot

BEPXHEro y4actka B HanpaBneHuu mogyns cbopa Ans MOoAynsuMv nojaBaemoro Toka
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(Hanpumep, Toka kaTogHoW 3awmTbl). OgHUM U3 cnocoboB ABNAETCH BKIIOYEHME aHoAa U
NCKMOYMEHNe ero M3 paboTbl, YTO NMPUBEAET K MOAYNAUMM noTeHuwana, Habniogaemoro
BHYTPU CKBa&XMHbl. Tak, AaHHble MOryT KOAMPOBATLCHA BKMIOYEHMEM aHoja MU
UCKMoYeHnem ero n3 pabotbl. Hanpumep, coeguHeHne mexay aHOAOM U KOHCTPYKLUMEN
MOXET ObITb n3bnparenbHo 06pasoBaHO M HapyLIEHO NOCPEACTBOM YKa3aHHbIX CPeAcCTB
nepekntoyeHuns. Tak, BEPXHUN OMNOK CBS3N MOXET COAepXaTb CPEACTBA NEepeKnioveHus
ANSl BKMIOYMEHUS aHOAA U UCKMOYeHMs ero n3 paboTbl. B cucteme HanoXeHHOro Toka
nogaBaemble curHanbl MOryT ObITb MOAYNUPOBaHbI AN KOAUPOBKM AaHHbIX.

CornacHo [Jpyromy acnekTy HacTosiero usobpeTteHns npeanoxeH cnocob
noAaun MOLLHOCTM BHYTPUCKBAXKUHHOMY YCTPONCTBY B CKBAXKMHHOW YCTaHOBKE, MMEIOLLIEN
METannMYeCKy0 KOHCTPYKLMIO, HECYLLIYIO 3MEKTPUYECKUIA TOK, NPUYEM YKa3aHHbIA Cnocob
COAEPXUT 3Tanbl, HA KOTOPbIX:

OCYLLECTBNSAIOT 3NEKTPUYECKOE coeauHeHne Onoka cbopa ¢ MeTannmyeckon
KOHCTPYKLUMEN Ha MEPBOM Yy4yacTKE M CO BTOPbIM YYaCTKOM, OTCTOSILUMM OT MEPBOro
y4yacTka, npu 3TOM MEPBbIA M BTOPOW Y4aCTKM BbIOMPAOT Tak, 4TOObl MeXay HMMMK
MpUCYTCTBOBana pasHoCTb NOTEHLUMANoB BCNEACTBUE 3MEKTPUYECKOTrO TOKa, TEKYLLErO Mo
KOHCTPYKUMKM, Npy 3TOM 6nok cbopa BbINOMHEH C BO3MOXHOCTbIO cOopa 3neKTpUHeCKon
SHEpPrMM OT 3MEKTPUYECKOro Toka, OyAydun MOAKMIOYEHHBIM MEXAY y4vacTkamum C
NMEIOLLENCS MEXAY HAMW Pa3HOCTBIO NOTEHLMNANOB;

OCYLLECTBNAOT COOP 3NEKTPUYECKON MOLLHOCTU OT 3MEKTPUYECKOro Toka B 6rioke
cbopa; n

NOAAIOT 3MEKTPUYECKYD MOLJHOCTb OT Onoka cbopa BHYTPUCKBXKUHHOMY
YCTPONCTBY.

YkasaHHbIA cnocob MOXET coaepkaTb 3Tanbl, Ha KOTOPbIX: ONPEAENsoT Yy4acToK,
Ha KOTOPOM MOTEHUWMan BCreaCTBME 3MEKTPUYECKOrO TOKa, TEKYLLEro Mo KOHCTPYKLMK,
MakCMMarieH no BENWYMHE, U B 3aBMCMMOCTU OT y4yacTka YyKasaHHOro Makcumyma
BbIOMPAIOT MepBbIA Yy4acTOK, Ha KOTOpom 6nok cbopa COoeaMHSIIOT C MeTannmnyeckou
KOHCTPYKLUMEN.

CormacHo  gpyromy  acnekTy  HacToswero  usobpeTteHns  npegnoxeHa
BHYTPUCKBaXKMHHAA cuctema cbopa INEeKTPUYECKOM SHEPrMM ANSt WUCMONb3OBaHWS B
CKB&>KUHHOW YCTaHOBKE, MMEIOLEN METannMYEeCKylo KOHCTPYKLMIO, COAEepXallyto no
MEHbLLUEN Mepe OAHY CEeKUMIO METanMYeCcKMx YAMMHEHHbIX 3MEMEHTOB, HECYLUX
3NEKTPUYECKMI TOK, MPUYEM cucTEMa cOopa COAEPKUT:

Moaynb cbopa SHeprumn, coaepKaliuni 3NEKTPUHECKMN KOHTYP, MOAKMOYEHHbIN
MeXZy OTCTOSLMMM KOHTakTamun Ans cbopa 3Heprnn OT pasHOCTU MOTEHUMArNoB MeXay

OTCTOSILUMMM KOHTakTamu, MpU4em nepBbll M3 OTCTOSALYMX KOHTaKTOB OOpasoBaH no
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MEHbLLUEN Mepe C OAHOW CEeKUMEN MEeTannuMuecknx YANMMHEHHbIX 3MTEMEHTOB Ha MEPBOM
y4yacTke, a BTOPOW M3 OTCTOSLMX KOHTakToB oOpasoBaH MO MEHbLUEN MeEpe C OLHOW
ceKUnen MeTannMyeckmx YAMNUHEHHbIX 3MEMEHTOB Ha BTOPOM Yy4acTke, Mpu 3TOM
PasHOCTb MOTEHUManoB Bbl3BaHa TOKOM, TEKYLUUM MO YKa3aHHOW MO MEHbLUEW Mepe
OLHON CEKUUWN YATNMHEHHbIX 3MIEMEHTOB, U MO MEHbLUEN MEepe 4acTUYHO MMMNELAHCOM
YKa3aHHOM Mo MeHbLUEN Mepe O4HOWN CEeKUUN YANMHEHHbIX 3IEMEHTOB.

OneKkTpuyeckMn TOK, TEKyWMM MO MEHbLEW Mepe Mo OAHOW  CeKuum
METannMYeckux YANMHEHHbIX 3MEeMEHTOB, Ha KOTOpOoW oOpasoBaH MEPBbIN KOHTAKT,
MOXET TE€4Yb B TOM K& MPOAONbHOM HAMpPaBneHUN, YTO N AMEKTPUYECKUIA TOK, TEKYLLMIA NO
MEHbLLEN Mepe MO OAHON CEKLUMU METaNNMYECKUX YANMHEHHbIX 3NTEMEHTOB, Ha KOTOPOU
o6pa3oBaH BTOPOW KOHTAKT.

MpepnoyTuTenbHO, 4YTOObI MEPBLIA OTCTOSALMW KOHTAKT M BTOPOM OTCTOSILMN
KoHTakT Obinnm oba obpasoBaHbl C TOW e CEeKUMenm MeTannmdeckux YANMHEHHbIX
3MEMEHTOB; MpPU 3TOM 3Ta CEeKUMS METaNNMYECKMX YANUHEHHBIX 3NEMEHTOB SIBMSIETCS
HENPbLIPbLIBHO NPOBOASLLEN MEXAY NEPBLIM 1 BTOPbIM yYacTKamMu.

MpegnoytuTenbHo, 4TOoObl  MeTannuyeckas  KOHCTpykuyust — obecneudmBana
HEMPEPLIBHYIO TPAEKTOPMIO MPOTEKAHWUS TOKA MEXAY NEPBbIM Y4acTKOM U BTOPbIM
y4aCTKOM.

MpeanoyTUTENbHO, YTOObI MPOTEKaAHWE TOoKa MeXZy 4YacTaAMU MeTannu4yeckoun
KOHCTPYKLUUKN B 0BnacTsix MexAy NepBbIM yY4acTKOM U BTOPbIM Y4aCTKOM MPOUCXOAUNO B
OZHOM 1 TOM € NPOAOSNbHOM HanpasneHnu.

MpeanoytTuTenbHO, 4ToObl MOAYNb cOopa Obin BbINOMHEH C BO3MOXHOCTLIO cOopa
3NEKTPUYECKOWN 3HEPTUM OT MOCTOSHHbLIX TOKOB.

OneKkTpuyeckoe CoefnHEHNE C METanNMYECKOM KOHCTPYKLMEN HA NEPBOM y4acTke
MOXET OblITb ranbBaHWYECKUM COELUHEHNEM.

OneKkTpuyeckoe CoefuHEHNEe C MeTanMYeckon KOHCTPYKUMEN Ha BTOPOM y4acTke
MOXET ObITb ranbBaHWYECKUM COELUHEHNEM.

OneKkTpuyeckoe CoefMHEHNE C METAanNNMYECKOM KOHCTPYKLNEN HA NEPBOM y4acTke
MOXeT OblTb 00pa3oBaHO C OZHUM M3 cregyrowmx anemeHTos: obcagHon Tpybow,
XBOCTOBMKOM, KOITOHHOWN, MTMOKOW KONMOHHOW TUNa «KOMNTHOOWHIM», HAGCOCHOW LLTaHIOWN.

OneKTpu4eckoe CoefuHEHNE C METaNNMYEeCKoOn KOHCTPYKLUMEN Ha BTOPOM y4acTke
MOXeT ObiTb 00pa3oBaHO C O4HMM M3 cregyrwmx anemeHTos: obcagHou Tpybon,
XBOCTOBMKOM, KOJTOHHOWN, MTMOKOW KONMOHHOW TUNa «KOMNTHOOWHIM», HAGCOCHOW LLTaHIOWN.

OTcTOoSWME YyHaCTKU MOTYT OTCTOSATb MO OCK.

OTcTosiLMe y4acTKM MOryT OTCTOSTb paguarnbHoO.
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Mo MeHbLen Mepe OAHO COeAUHEHWE MEXAY MO MEHbLUEW MEpPe OAHUM U3
3NEKTPUYECKMX KOHTAKTOB W 3MEKTPUYECKUM KOHTYPOM MOXET ObiTb obecneyeHo
N30NMpPOBaHHbIM kabenem.

MpeanoYTuTeNbHO, YTOObLI N30NNPOBaHHbLIA kabenb MMen NPOBOASLLYIO NMnowaab
PaBHYIO MO MeHbLLel Mmepe 10 MM, NpeanouTUTENBHO Mo MeHbLLEN Mepe 20 MMm?, Gonee
NPEANOYTUTENBHO MO MeHbLLEH Mepe 80 MM?.

Kabenb MoxeT ObITb NOMELLEHHbIM B KONOHY NMPOBOAHMKOM.

PaccTosiHne, Ha KOTOpPOe Y4YacTKU OTCTOSIT, MOXET COCTaBNsATb MO MEHbLUEN Mepe
100 m.

CoeguHeHua wmoryT ObiTb obpasoBaHbl C obuwlen cekynen MeTannmyeckux
YANVHEHHbIX 3NTIEMEHTOB, SABMSOLLENCA YacTbl0 METaNMYECKON KOHCTPYKLUN.

B HekoTOpbIX BapuaHTax OCYLLECTBIEHUS NEPBOE U3 COEAMHEHMI 0OpasoBaHo C
NMepBOM CEKUMEN METaNNMUYECKNX YANMWHEHHbIX 3MEMEHTOB, SIBMSIOWENCA YacTbio
METanNMMYECKON KOHCTPYKUMN, a BTOPOE U3 COeqUHEHNN 06pasoBaHO CO BTOPOW, APYron,
ceKkYmen MeTannmyeckmx yanMHEHHbIX 31IEMEHTOB, SABMAIOLLENCA YacTblo METaNNYECKON
KOHCTPYKLUN.

Ansi 3NeKTpUYEeCcKon M3oNSAUMM MEPBOM CEKUMM METannMYECKUX YANMHEHHbIX
3MEMEHTOB OT BTOPOM CEKUUM METanNMMUYeckux YANMWHEHHbIX 3MEMEHTOB B 0obOnactu
coeanHeHN MoryT BbITb NPEAYCMOTPEHbI CPEACTBa N30MNALUN.

CpeactBa um3onauum MOryT cogepaTtb W3ONUPYOLWMA CROW UNU  MNOKpbITUE,
NpPeayCMOTPEHHbIE MO MEHbLLEN MEPE Ha O4HOW U3 CEKLMA METaNMNUYECKUX YATTMHEHHbIX
3MEMEHTOB.

Cpeactea m3onauum MOryT cogepkatb No MEHbLUEW Mepe OAWH U30NMPYHOLLUIA
LEeHTpaTop AN yAepXaHUs MEeTannuM4eckux YANMHEHHbIX 3MEMEHTOB Ha pPacCTOSIHUM
Apyr OT apyra.

Cpeactsa usonsymm moryT ObiTb NPEAYCMOTPEHbI BO N3bexXaHne 3neKTpuy4ecKoro
KOHTaKTa Mexay ABYMSI CEKUMSIMM METannMYeckmx YANMHEHHbIX 3MNEMEHTOB Ha
paccTosiHuM No MeHbLuen mepe 100 m.

ToK, TEKYLUA NO YANMHEHHbIM 3NEeMEHTaM, MOXET NojaBaTbCsl C MOBEPXHOCTU
CKBa>KUHbI.

ToK, TEKYLYMA NO YANMHEHHOMY 3MEMEHTY, MOXET MOAaBaTbCs OT OLHOro WM
HECKOMNbKMNX XEPTBEHHbIX aHOA0B.

ToK, TEKYLUA MO YANMHEHHbIM 3MIEMEHTaM, MOXET ObITb HANOXEHHBIM TOKOM OT

BHeLUHero UCTO4YHUKa nnMTaHns.
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HanpspkeHne noBEepXHOCTM CKB&XWMHbI, MNPW  UCMOMb30OBaAHUN, MOXET ObliTb
orpaHu4eHo auanasoHom oT -0,7 B a0 -2 B OTHOCMTENLHO OMOPHON SIHEMKN U3
cepebpa/xnopuga cepebpa.

PasHOCTb NOTEHUMAnNoB MeXay OTCTOSALMMM KOHTaKkTamm MOXeT ObiTb MeHbLUue 1
B, npeanoytutensHo meHbLue 0,5 B, 6onee npegnoytutensHo meHbwe 0,1 B.

ConpoTMBNEHNe CKBaXKMHHOW KOHCTPYKLUMM MEXZY KOHTakTaMn MOXeT ObliTb
meHbLue 0,1 Om, npegnouTutensHo meHblue 0,01 Om.

BepxHUM OTCTOALLMIA KOHTAKT MOXET HaXO4UTbCS:

B npeaenax 100 M, npegnoytutensHo B npegenax 50 M, OT NOBEPXHOCTU 3EMIN,
€CNN CKBaKNHA ABMNSAETCA MaTEPUKOBON CKBaXKUHOW; 1

B npegenax 100 m, npeanoyTuTenbHO, B npegenax 50 m, OT ypoBHS AHa, ecnu
CKBaXXMHa siIBNSeTCHA NOABOAHOW CKBaXKUHOMN.

BepxHuM OTCTOSALMIN KOHTAKT MOXET OblTb PacrloOnoOXeH B HEenoCpeaCTBEHHOM
OnnM30CTU OT y4acTka, COOTBETCTBYHOLLErO MOTEHUMany MakCUManbHOW BENWYUHBI,
BbI3BAHHOMY 3M1EKTPUHECKUM TOKOM, TEKYLLUMM MO KOHCTPYKLUUN.

YKkasaHHas CUCTEMA MOXET coep)KaTb BHYTPUCKBAXKWMHHbIE CPEeACcTBa CBA3U ANs
nepegaudvn n/vnu npnema gaHHbix.

BHyTpUCKBaXKMHHbIE CcpeacTBa CBA3M MOryT ObiTb BbIMOMHEHbI C BO3MOXHOCTBIO
nepefadn JAaHHbIX BapbMPOBaHUEM Harpysku MeXAy COEAMHEHUSMU Ha OTCTOSALMX
y4yacTkax.

CornacHo Jpyromy acnekTty HacTofAlero M3obpeTeHus npeanoxeHa cucrema
YyNpaBneHnsi BHYTPUCKBAXXMHHbIM  YCTPOWCTBOM, COAEPXaljas BHYTPUCKBAXKUHHYIO
cuctemy cbopa InMEKTPUYECKOW 3JHEPrnn, PacKpbITYD BbIlE, W BHYTPUCKBAXKUHHOE
YCTPOMCTBO, MpU4EM MOAYNMb cbopa 3NeKTPUYeckn CcoeauHeH C  yKasaHHbIM
BHYTPUCKBaXKUHHBbIM YCTPOWCTBOM U BbIMNONMHEH C BO3MOXHOCTbIO MO4ayM MOLLHOCTU
yKaszaHHOMY BHYTPUCKBAXKUHHOMY YCTPOWCTBY.

YKkaszaHHOE BHYTPUCKBaKMHHOE YCTPONCTBO MOXET COAepaTb MO MEHbLUEN Mepe
OAVH 13 CNeayLmx 3NEMEHTOB:

BHYTPUCKBAXKUHHbIN CEHCOP;

BHYTPUCKBAXKUHHbBIN NCMONTHUTENBHBIN MEXAHU3M;

3atpybHOe YyCTPOMCTBO repMeTnsaunmn, HanpumMep nakep Unu nakepHbli SNIEMEHT;

Knana;

BHYTPUCKBAXKUHHBIN ~ MOAYIb  CBSI3W, Hanpumep MpuemonepesaTtyumk  Unm
NOBTOPUTENb.

YKasaHHbIA KnanaH MOXeT COoAepaTb MO MEHbLUEN MEpPEe OAWH M3 CNeayrLmx

ANEMEHTOB!
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NoA3EeMHbIN NPEAOXPaHUTENBHLIW KNnanaH;

KnanaH ynpasrieHNsi pacXxo40M B CTBOSE CKBAXKMHbI;

KnanaH CTBON CKBaXMWHbl — 3aTPyOHOE NPOCTPaHCTBO;

knanaH 3aTpybHOe NpPOCTPaHCTBO — 3aTpybHOE NPOCTPAHCTBO;

KnanaH CTBOM CKBaXXMHbl — Kamepa KOMNeHcaunn AaBrneHus;

KnanaH 3aTpybHOe NPOCTPaHCTBO — kaMepa KOMNEeHCaUun AaBneHus:;

KnanaH 4Yepes nakep unm B o6xoa nakepa.

BHYTPUCKBaXKMHHOE YCTPONCTBO MOXKET ObITb NPEAYCMOTPEHO Ha APYroM yvacTke
B CKB&)XKMHE OTHOCUTENbHO Mogyns cbopa.

Mogaynb c6opa MOXET ObITb pasmeLleH Ha BbIOPaHHOM yd4acTKe BHYTPU CKBaXKUHbI
Anst cbopa MOLLYHOCTW, MpU 3TOM AN NMoJayn 3MNEKTPUHECKON MOLLHOCTU HUKE, BHYTPb
CKBa>KWHbI, BHYTPUCKBaXKMHHOMY YCTPOWCTBY, PAaCMOMOXEHHOMY Ha APYroM y4vacTke B
CKBaXKMHE, MOXeET ObITb NpeayCMOTPEH Kabenb.

Mnowlaab NOMEPEYHOrO CEYEHMSI MPOBOASALUEN >KUMbl, WNU Xun, kabens,
NCMNONb3yeMOro ANs NOAauYM 3NEKTPUYECKON MOLLHOCTU HIDKE, BHYTPb CKBaXKWUHbI, MOXET
OblTb MeHbLUe, 4YeM nnowaib MOMNEpPeYHOro ceyeHust kabensi, UCNonb3yemoro Ans
coeAUHeHNa moayns cbopa ¢ BHYTPUCKBAKNMHHON CUCTEMON Ans c6opa MOLLHOCTW.

CornacHo [Jpyromy acnekTy HacTosAWero usobpeTreHus npeanoxeH cnocob
NoAa4n MOLLHOCTM BHYTPUCKBEXKUHHOMY YCTPONCTBY B CKBXKMHHOW YCTaHOBKE, MMEOLLEN
METannM4ecKkyro KOHCTPYKLMIO, HECYLLIYIO 3MEKTPUYECKUA TOK, NPUYEM YKasaHHbIA Cnocob
COAEPXNT criegyoLyme aTanbi:

OCYLLECTBNAOT 3NEeKTpUYeckoe coegnHeHne Onoka cbopa ¢ MeTannmyecKkomn
KOHCTPYKLMEN Ha NEPBOM y4acTKe U C METANNUYECKON KOHCTPYKLMEN HA BTOPOM y4acTke,
OTCTOSILUEM OT MEPBOro y4yacTka, Npu 3TOM NEPBbIA U BTOPOWN y4acTKM BbIOMpAIOT Tak,
ytobbl  MeXZy HMMKM  MpuUCyTCTBOBana pasHOCTb  MNOTEeHUManoB  BCRNeAcCTBUE
3NEKTPUYECKOrO TOKA, TEKYLLEro No KOHCTPYKUWUM, Npu 3ToM 6Gnok cbopa BbINOMHEH C
BO3MOXHOCTbIO COOpa 3MEeKTPUYECKOW JSHEPrMM OT 3NEKTPUYECKOro Toka, Oyayuu
NOACOEAVNHEHHBIM MEXAY Y4acTKaMmy C PasHOCTbIO NOTEHLMAMNOB MEXAY HUMM,

cobunpatoT 3NEKTPUHECKYHD MOLLHOCTb OT 3MEKTPUYECKOro Toka B 6rioke cbopa; u

MOAAIOT 3MEKTPUYECKYID MOLJHOCTb OT Onoka cbopa BHYTPUCKBXKUHHOMY
YCTPONCTBY.

YkasaHHbIM Cnocob MOXKET TakkKe cogepkaTb crneayilowme atanbl, Ha KOTOPbIX:
ONpeAensoT y4yacToK, Ha KOTOPOM MOTEHUMan, BbI3BaHHbIA 3IEKTPUYECKMM TOKOM,
TEKYLLMM MO KOHCTPYKLWUW, MaKCUManeH no BEMNWYMHE, N BbIOMPAIOT NEPBbIN y4aCTOK, Ha
koTopom O6nok cbopa COeauHAIT C METaNNMUYECKON KOHCTPYKUMEW, B 3aBUCMMOCTU OT

y4yacTka ykasaHHOro Makcumyma.
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CormacHo  gpyromy  acnekTy  HacTtoswero  usobperteHus  npegnoxeHa
BHYTPUCKBaXXUHHAs cuctema cbopa anekTpudeckon aHeprmm ans cbopa anekTpuyeckon
3HEPrMM B  CKB&KWUHHOW YCTAHOBKE, WMEIOLLEN METannUYeckytd  KOHCTPYKLWIO,
obecneyvyeHHylo KaToaHOW 3aLMTON, MPUYEM YKazaHHas CUCTEMA COAEPXKUT:

MoAynb cOopa, ANEeKTPUHECKN COEAUHEHHbIN C METANNMUYECKON KOHCTPYKLUMEN Ha
NepBOM y4acTKe WU CO BTOPbIM YYacCTKOM, OTCTOSILUMM OT MEPBOro yyactka, npuyem
nepBbid U BTOPOW Yy4acTkM BblOpaHbl Tak, 4YTOObl MPUM MCMNOMBb3OBaHUN MEXZY HUMMU
npucyTCTBOBarna pasHoCTb NMOTEHUManoB BCNeACTBME TOKOB KaTOAHOW 3aLUUTbl, TEKYLLMX
MO KOHCTPYKLMM,

npu 3TOM MOAYNb cOopa BLINOMHEH C BO3MOXHOCTbIO cOopa aneKTpu4ecKomn
3HEeprum OT TOKOB KaTOAHOW 3aLUnTbl.

Moaynb cbopa MoxeT ObiTb BbINOMHEH C BO3MOXHOCTLIO cOOpa anekTpu4eCcKon
3HEPrMM OT NOCTOSIHHBIX TOKOB.

MpoTekaHne Toka MeXgy 4YacTAMU METannMYECKOM KOHCTPYKUUM B obnacTsx
MeXAY NEPBbIM Y4acTKOM U BTOPbIM Y4acTKOM MOXET MPOUCXOAUTb B OLHOM U TOM e
NMPOAONIBHOM HanpaBneHUN.

MoxeT ObiTb obecneyeHa HenmpepbiBHAs TPAEKTOPWUSI MPOTEKAHUS TOKa MeXay
NepPBbIM Y4acTKOM M BTOPbIM Y4aCTKOM, KOTOpasi N0 MEHbLUEN MEpe YaCTUYHO NMPOXOAUT
Mo METaNNYECKON KOHCTPYKLUN.

Moaynb cbopa mMoxeT OblTb 3NeKTPUYECKM COEAWMHEH C MeTannmn4yeckoun
KOHCTPYKLMEN Ha BTOPOM y4acTKe.

OTcTosLWMeE y4acTKn MOryT OTCTOSATb MO OCHU.

OTcTOSAWME YHACTKN MOTYT OTCTOATh pagunanbHo.

Mo MeHbLUEN Mepe OAHO COeAUHEHUE MEXAY MO MEHbLUeN Mepe OAHUM U3
3NEKTPUYECKNX KOHTAKTOB U Mogynem cbopa mMoxeT ObiTb obecneyeHo M3onMpoBaHHbIM
kabenem.

N3onmnpoBaHHbIv kabenb MOXET MMETb NPOBOAALLYIO MMoWasb N0 MEHbLUEN MEpe
10 mMm?, NpeanoYTUTENBHO MO MeHbLien mepe 20 Mm%, Gonee NpPeanoYTUTENBHO MO
MeHbLLIe mepe 80 MM?,

Kabenb MoxeT ObITb NOMELLEHHbLIM B KONOHY NMPOBOAHMKOM.

PaccTosiHne, Ha KOTOpOE yKasaHHble Y4acTKM OTCTOSIT, MOXET COCTaBnsATb MO
MeHbLen mepe 100 m.

CoeguHeHua wmoryT ObiTb obpasoBaHbl C obulen cekynen MeTannmnmyeckux
YANVHEHHbIX 3NTIEMEHTOB, ABMSIOLLENCA YacTbl0 METaNIMYECKON KOHCTPYKLUN.

Mepsoe wu3 coeguHeHMn MOXeT OblTb 00pa3oBaHO C NEPBON  CEKUMEN

MeTannnyecCknx YyanunHeHHbIX 3NeMeHTOB, FIBJ'IFII'OLL{GI?ICFI 4YacTblo  METanIMYeCcKon
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KOHCTPYKLMK, a BTOPOE U3 COEAVHEHUN MOXET ObiTb 06pasoBaHO CO BTOPOW, APYrow,
ceKkunen MeTanM4yeckmx yAIMHEHHbIX 3NIEMEHTOB, ABMAIOWENCA YacTbio METAnNIMYeCKoun
KOHCTPYKLUWN.

Ans 3NeKTpu4eckon Mn3onsuMu MNepBOM CEKUMU METannMYeCcKux YANUHEHHbIX
3MEMEHTOB OT BTOPOM CEKUUM METanmnMMuyeckmx YANWHEHHbIX 3MEeMEHTOB B obnactu
coeanHEeHN MoryT ObiTb NPEAYCMOTPEHBI CPEeACTBA N3ONALUN.

CpeactBa um3onauum MOryT cogepXaTtb W3ONUPYIOLWMIA CNOW UNU  NOKpbITHE,
NPeAYCMOTPEHHOE MO MEHbLLEN MEepe Ha O4HOWN U3 CEeKUMA METannMYeckmx yannHEHHbIX
3MEMEHTOB.

Cpeactea wusonaumm MOryT BKMAYatb B Cebss NO  MeHblIeW Mepe OfuH
N3ONUPYIOLWMIN  LEHTPaTop ANS  YAEPXaHUS CeKUUA MeTannmnyecknx YANMHEHHbIX
3MEMEHTOB Ha PacCTOSHUM 4pYr OT gpyra.

Bo nsbexaHue anekTpnyecKkoro KOHTakTa Mexay ABYMS CEKLMAMM METanNMYeCcknx
YANWUHEHHbIX 3NEeMEHTOB CpeacTBa um3onduum  MmoryT ObiTb  NPefyCMOTPEHbl  Ha
paccTosiHum No MeHbLien mepe 100 m.

ToK, TEKyLUA NO YANMHEHHbIM 3fIEMEHTaM, MOXET NoAaBaTbCA C MOBEPXHOCTU
CKB@XXMHBbI.

ToK, TEKyLMN NO YANMHEHHOMY 3fEMEHTY, MOXET nojasaTbCsi OT OAHOro WNu
HECKOMbKNX XKXEPTBEHHbIX aHO40B.

TOK, TEKYLLUUA NO YANMHEHHbIM 3NEMEHTaM, MOXET ObITb HanOXeHHbIM TOKOM OT
BHELLUHEro UCTOYHMKA NMUTAHUS.

HanpsikeHne noBEPXHOCTM CKBaXWHbI, MNPU  UCMOMb30BaHUW, MOXET ObITb
orpaHu4eHo guanasoHom oT —0,7 B po -2 B OTHOCUTENBHO OMOPHOM SYENKU U3
cepebpa/xnopuga cepebpa.

PasHOCTb NOTEHUManoB Mexay OTCTOSALMMM KOHTaKTaMU MOXET ObiTb MeHbLUE 1
B, npeanouytutensHo meHble 0,5 B, 6onee npegnoytutensHo meHee 0,1 B.

ConpoTUBNEHNE CKBaKUHHOW KOHCTPYKLMM MEXAY KOHTaKTaMu MOXeT ObiTb
meHee 0,1 Owm, npeanoytutensHo meHee 0,01 Om.

BepxHUM OTCTOALLMIA KOHTAKT MOXET HaXO4UTLCS:

B npegenax 100 M, npeanoyTutenesHo B npegenax 50 M, OT NOBEPXHOCTU 3EMIN,
€CInn CKBaXXMHa ABNSAETCA MaTepUKOBOWN; U

B npegenax 100 m, npeanoyTuTenbHO B npegenax 50 M, OT YpOBHA AHa, €Cnu
CKB@XXMHa SIBNSETCA NOABOAHON.

BepxHun OTCTOAWMM KOHTaKT MOXET pacnonaratbCs B HENOCpPeaCTBEHHOM
6nM3ocT OT y4vacTka, COOTBETCTBYIOLLEro MOTEHUuany MakCUManbHOW BEMNUYUHBI,

BbI3BAHHOMY 3MEKTPUYECKMM TOKOM, TEKYLLMM MO KOHCTPYKLUW.
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YkasaHHas cuctema MOXET Takke cofepkaTb BHYTPUCKBaXKUHHbIE CpencTBa
CBSI3U ANSA nepejayn u/unm npuema aaHHbIX.

BHYTpPUCKBaXWHHbIE CpeAcTBaA CBA3U MOryT ObiTb BbINOMHEHbI C BO3MOMXHOCTbIO
nepefayn AaHHbIX BapbMPOBaHUEM Harpy3km Mexay COeAUHEHUSIMA Ha OTCTOSILLUX
yyacTtkax.

CornacHo JpyroMy acrnekTy HacTosiero M3obpeTeHus MNpeanoXeHa cuctema
ynpaBneHnsi BHYTPUCKBEKUHHBbIM YCTPOWCTBOM, MPUYEM YKasaHHasi CUCTEMA COLEPXKUT
BHYTPUCKBAXKMHHYIO cuUCTeMy cbopa 3NeKkTPUYEeCKOM 3SHEepruu, packpbITylO Bbille, U
BHYTPUCKBAXXMHHOE YCTPOWCTBO, MpUYEM MOAYNb cOopa 3NeKTPUYECKU COEAUHEH C
BHYTPUCKBAXKMHHbIM YCTPOMCTBOM W BbINOMHEH C BO3MOXHOCTBK MOAAYM MOLLHOCTM
yKa3aHHOMY BHYTPUCKBaXXMHHOMY YCTPOWCTBY.

BHYTPUCKBaXKMHHOE YCTPOMCTBO MOXET CofepaTb MO MEHbLUEN Mepe OAWH U3
CNEAYOLNX 3NEMEHTOB:

BHYTPWUCKBAXWMHHbIA CEHCOP;

BHYTPWUCKBAXMHHbIA UCMIONMHUTENbHBIN MEXAHW3M;

3atpybHOe yCTPOMCTBO repMeTnsaunmn, HanpumMep nakep Unu nakepHbli SNIEMEHT;

Knanaw;

BHYTPUCKBAXXMHHbIA ~ MOAYNb  CBSI3W, Hampumep npuemonepeaarynk  unm
MOBTOPUTENb.

YKkasaHHbIA KnanaH MOXET cojepaTb MO MEHbLUEW Mepe OAWH U3 CrneayloLmnx
3MEMEHTOB:

NOA3EMHbIN NPEAOXPaHUTENbHbIN KnanaH;

KnanaH ynpaBreHusi pacxogoM B CTBOME CKBaXKMHBbI;

KnanaH CTBON CKBaXXMHbl — 3aTpyOHOE NPOCTPaHCTBO;

KnanaH 3aTpybHOe NPOCTPaHCTBO — 3aTpybHOE NPOCTPAHCTBO;

KnanaH CTBOM CKBaXXMHbl — KaMmepa KOMMNeHCaUnn AaBneHus;

KnanaH 3aTpybHOe NPOCTPaHCTBO — kaMepa KOMMNEHCaLUn AaBMNeHUs;

KnanaH 4Yepes nakep unm B ob6xog, nakepa.

BHYTPUCKBaXKMHHOE YCTPOMCTBO MOXET pacrnonaratbCs Ha APYroM y4yacTke B
CKBa>KWHE OTHOCUTENBHO MoAynsi cbopa.

Mogaynb c6opa MOXET ObITb pasmeLleH Ha BbIOPaHHOM ydacTKe BHYTPU CKBaXKMHbI
Anst cbopa MOLYHOCTW, MpU 3TOM AN MOoJayn 3MEKTPUYECKON MOLLHOCTU HUKE, BHYTPb
CKBa>KWHbI, BHYTPUCKBAXKMHHOMY YCTPOWCTBY Ha APYrOM y4acTKe B CKBAXXMHE MOXET ObITb
npeaycMoTpeH kabens.

Mnowlagb NOMEPEYHOrO CEeYEHMSI MPOBOASALUEN >KUMbl, WNU Xun, kabens,

ncnonb3yemMoro ana nogadvu SJ'IeKTpI/I‘-IeCKOI;I MOLLHOCTU HWXKe, BHYTPb CKBa>XUHbI, MOXXET
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OblTb MeHbLle nnowaam kabens, MCNONb3yeMoro Ans coeauHeHus moaynsa cbopa ¢
BHYTPUCKBAXKMHHOW KOHCTPYKUMen ansa cbopa MOLLHOCTW.

CormacHo  agpyroMy  acnekty  HacToswero  M3obpeTeHuMa  NpeanoXeH
BHYTPUCKBAXXMHHbIA annapaTt nepeaadvn AaHHbiX ANS WUCMOMb30BAHWUA B CKBaXKMHHOM
YCTaHOBKE, UMEIOLLEN METannUYeCcKytd KOHCTPYKLMIO, OCHALLEHHYIO CUCTEMOWN KaTOLHOW
3aLUTbI, TAKOW, YTO UMEET MECTO INEKTPUYECKUA KOHTYP, COAEPXKaLLUn MeTanmn4eckyto
KOHCTPYKLUMIO M 3aMblKaHME Ha 3eMmto, MO KOTOPOMY TeYeT IMEeKTPUYECKUA TOK,
ABNSIOWMIACA NPOAYKTOM CUCTEMblI KaTOAHOW 3alyuTbl, NPUYEM BHYTPUCKBAKUHHbIV
annapar nepeaayun aHHbIX COLEPXKUT:

NepBbIN MOAYNb CBSA3M ANS PaCMnoONOXEHWs Ha MNEePBOM y4vacTke, COAepKalivn
cpeacTBa MOAYNSUMM ANS MOAYNSLMU 3MEKTPUYECKOrO TOKa Ha NEpPBOM yyacTke Ans
KOAVPOBKM AaHHbIX; U

BTOPOM MOAYNb CBSA3WN ANS PacnonoXeHUs Ha BTOPOM y4vacTKe, OTCTOSILEM OT
MepBOro yyacTka, COAEepXKaLMn AETEKTOP ANS AETEKTUPOBaHMSA addekTa MOAYNALUN Ha
3NEKTPUYECKOM TOKE Ha NEPBOM Y4acTKe ANsl U3BNEYEHUS YKa3aHHbIX 4aHHbIX.

CpeactBa mogynayun mMoryT ObiTb BbINOMHEHbI MO MEHbLUEN MEpe C OAHOW U3
cneayLmx BO3MOXHOCTEN:

i) ynpaBneHust ICTOMHMKOM CUrHana CUCTEMbl HANOXEHHOW KaTOAHOW 3aLluUTbl ANS
HENOCPEACTBEHHON  MOAYNSAUMM  TOKa  KarOAHOM  3awuTbl, NOJABaEeMoOro  Ha
METaNNMYECKYI0 KOHCTPYKLMIO, €CN CUCTEMa KaTOA4HOW 3aluTbl npeactaBnsieT cobou
CUCTEMY HaNOXEHHOW KaTO4HOW 3alUnThbl;

i) MOAMMUUMPOBaAHUA COEAUHEHMUS MEXAY MO MEHbLUEW Mepe OAHUM aHOLOM
CUCTEMbI KAaTOAHOWN 3aLUMUTbl U METANNMNYECKOW KOHCTPYKUMEN; 1

iii) ”aMeHeHUst nMnegaHca ANeKTPUYECKOro KOHTYpa.

MepBbI MOAYMNb CBA3WM MOXET OblTb BbINOMHEH C BO3MOMXHOCTbIO PacnonoXeHus
BHYTPW CKBaXKVHbI.

BTopon Mogynb CBSi3M MOXET ObITb BbIMNONHEH C BO3MOXHOCTBIO PacnonoXeHUs
BHYTPW CKBaXKVHbI.

YkasaHHbIA annapart MOXET cofepkaTb CEHCOPHbIA MOAYMb ANS U3MEPEHUS MO
MEHbLLUEN Mepe OAHOro napameTpa, MNpudYeM nepBblid MOAYMb CBS3W BbIMOMHEH C
BO3MOHOCTbIO OTMPaBKN NOKa3aHUA 3aKOAMPOBAHHbIX AAHHbIX OT CEHCOPHOIO MOAYINS KO
BTOPOMY MOZYIO CBSA3W.

CeHCOpHbIN MOAYMb MOXET COAEPKaTb CEHCOP AaBIEHNS.

BTopoi mogynb CBsi3n MOXET ObITb BbINOMHEH C BO3MOXHOCTBIO NPEAOCTaBNeHNs
AaHHbIX BHYTPUCKBAXKUHHOMY YCTPOWCTBY B 3aBMCMMOCTW OT AaHHbIX, NPUHATBIX BTOPbIM

mMoaynem CBA3n OT NepBoro moayna CBA3W.
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BHYTPUCKBaXKMHHOE YCTPONCTBO MOXET coAepaTb MO MEHbLUEN Mepe OAUH U3
CNeAYOLNX 3NEMEHTOB:

BHYTPWUCKBAXWHHbIA CEHCOP;

BHYTPWUCKBAXXMHHbIA UCMIOMHUTENbHBIN MEXAHW3M;

3aTpybHOE YCTPONCTBO repmMeTnsauymm, Hanpumep nakep Unm nakepHbIn SNIEMEHT;

Knanaw;

BHYTPUCKBaXXMHHbIA ~ MOAYNb  CBSI3W, Hamnpumep npuemonepeaarynmk  unm
MOBTOPUTENb.

YKasaHHbIA KnanaH MOXeT coaepaTb MO MEHbLUEN Mepe OAWH U3 CneayroLmnx
3NEMEHTOB:

NoA3EeMHbIN NPEeAOXPAHUTENBHLIW KNanaH;

KnanaH ynpaBreHnsi pacXxo4o0M B CTBOME CKBaXKMHbI;

KnanaH CTBON CKBaXXMHbl — 3aTPyOHOE NPOCTPaHCTBO;

KnanaH 3aTpybHOe NpPOCTPaHCTBO — 3aTpyOHOE NPOCTPAHCTBO;

KnanaH CTBOM CKBaXXMHbl — KaMmepa KOMMNEeHCaUnn AaBneHus;

KnanaH 3aTpybHOe NPOCTPaHCTBO — kaMepa KOMMNEHCaLUN AaBMNEHUS;

KnanaH 4Yepes nakep unm B o6xoa nakepa.

Mo MeHbLUEN MEpe OAMH U3 MOAYNEN CBA3WN, NEPBbIN UM BTOPOW MOAYINb CBA3MN,
MOXET cofepxaTb CBA3HOW MOBTOPUTENb ANS PaCNONOXEHUS BHYTPU CKB&KUHbI B
CKBa&)KWHE, BbINOMHEHHbIN C BO3MOXHOCTbIO OCYLLECTBMNEHMS CBS3W C  MEPBbIM
YCTPOWCTBOM 3a MpeaenamMmn YCTbsi CKBaXKWHbI, UCMOMb3ysl KaHan CBA3W, SABMSOLWUACS
6ecnpoBOAHbIM MO MEHbLUEN MEPEe Ha yyacTKe, NPOXOASALLEM Yepe3 YCTbe CKBAXKMHbI, U
BbIMOMHEHHbIA C BO3MOXHOCTbIO OCYLLECTBMEHUS CBSA3U CO BTOPbIM YCTPOWCTBOM,
PacrnonoXeHHbIM B CKBa&XXWHE, TO €CTb HWXE YCTbS CKBaXKWHbI, Tak YTO CBSI3HOM
MOBTOPUTENb MOXET BbICTYNaTb B POMM MNOBTOPUTENS MEXAY MEpBbIM U BTOPbIM
YCTPONCTBaMM.

YkasaHHblM annapar MOXEeT coaep)aTb BHYTPUCKBAKUHHLIN MOAYNb cbopa
3NEKTPUYECKON  MOLUHOCTW,  BbIMOMHEHHBIN €  BO3MOXHOCTBIO  3MEKTPUYECKOrO
MOAKIMIOYEHNST MEXAY ABYMS OTCTOSLUMW yvyacTKamMn B CKB&KWHHOW YCTaHOBKE U
COAEpPXaLUA  3NEKTPUYECKMA  KOHTYP, BbIMOMHEHHBIA €  BO3MOXHOCTbIO  cbopa
3NEKTPUYECKON 3HEPTUM, MPU  UCMOMb3OBaHWM, OT PasHOCTU MOTEHUMANoOB MEXAY
OTCTOSAILMMM y4acTkamu, UCronb3yemMbix Ansi cbopa, BbICTyNawLlWen B pOnvM BXOAHOrO
HanpspKEHUs, NMPUYEM MOAYIb cOopa BbINOMHEH C BO3MOXHOCTLIO MOAA4YN MOLLHOCTM MO

MEHbLLEN Mepe OAHOMY KOMMOHEHTY yKasaHHOro annapara nepejayu gaHHblX.
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MepBbIi MOAYMb CBA3N MOXET ObiTb BbLINOMHEH C BO3MOXHOCTBIO YNpaBneHUs
Harpyskon, reHepupyemon mogynem cbopa, Ans OCYLWECTBNEHUSA YKa3aHHOW MOAYNSALMK
3NEKTPUYECKOrO TOKa B METANNMYECKON KOHCTPYKLMIN Ha y4acTke nogaymn curHana.

Moaynb cbopa MOXeT ObiTb BbINOMHEH C BO3MOXHOCTbIO cOopa 3NeKTPUYECKON
3HEeprum oT NOCTOSIHHbIX TOKOB.

CormacHo  gpyromMy  acnekTy  HacToswero  usobpeTteHumss  npeanoxeHa
BHYTPUCKBAXKMHHAA CUCTEMa nepejayvn [faHHblX, coaepxawjas BHYTPUCKBaXKUHHbIN
annapat nepefadn [AaHHblX, PacKpbITbi BbIWE, PaCMONOXEHHbIN B  CKBaXKMHHOWN
YCTaHOBKE, UMEIOLLEN METaNMNYECKYIO KOHCTPYKLMID, 00ECNeYeHHYI0 KaTo4HOW 3aLMTON.

CormacHo  gpyromy  acnekTy  HacToswero  usobpeteHnss  npeanoxeHa
BHYTPUCKBAXKMHHAA CUCTEMAa Nepeaayvnm AaHHbiX ANs UCMONMb30BaHUS B CKBAXKMHHOM
YCTaAHOBKE, MMEILLEN METaNMUYECKYH0 KOHCTPYKUMIO, OCHALLEHHYID CUCTEMOW KaTOLHOW
3aWMThl, TaKas, YTO UMEET MECTO 3MEKTPUYECKUA KOHTYP, COAEPMKALLMIN METANNTUYECKYIO
KOHCTPYKLUMIO W 3aMblKaHME Ha 3eMIo, MO KOTOPOMY TEYET JMEKTPUYECKUA TOK,
ABMSIOWMIACA NPOAYKTOM CUCTEMbI KaTOAHOW 3alyuTbl, MPUYEM YyKasaHHas cucTema
COAEPXKUT BHYTPUCKBAXKMHHBIN annapaT nepejayn aHHbIX, KOTOPbIA COAEPXKNT:

nepBbii MOAYIb CBSA3W, PACMOMNOMXEHHbIN Ha MEPBOM Y4acTKe M cogepxalmn
cpeacTBa MOAyNsSUMM ANS MOAYNSLMU 3MEKTPUYECKOrO TOKa Ha MEPBOM yvacTke Ans
KOAVPOBKM AaHHbIX; U

BTOPOM MOAYMb CBS3W, PAaCMOMOXKEHHbLIN Ha BTOPOM Yy4yacTke, OTCTOsILEM OT
NepBOro yyacrtka, U coaepXalyun eTekTop Ans AEeTeKTMpoBaHus addekta Mogynsaymm
Ha 3MNeKTPUYECKOM TOKE Ha NEPBOM y4YacTKe ANSA U3BMNEYEHMNS YKa3aHHbIX JaHHbIX.

YkasaHHbld annapar MOXEeT coaep)aTb BHYTPUCKBaKUHHBLIM MOAYyNnb cbopa
3NEKTPUYECKON 3HEPruM, IMEKTPUYECKU MNOAKMIOUEHHBIN MeXAy ABYMSI OTCTOALMMM
yyacTkamMnm B CKBa&XKWMHHOW YCTAHOBKE W COAEepXaljuh 3NEeKTPUYECKUA  KOHTYP,
BbIMOMHEHHbIN C BO3MOXHOCTLIO cOopa aneKTpu4eCcKkorn 3HEPrnn, NpuU UCNonb3oBaHUN, OT
PasHOCTM MOTEHUManoB MEXAYy OTCTOSLMMM y4vacTkamu, UCronb3yembix anst cbopa,
BbICTYNaOLWEN B PONM BXOLHOTO HanpsbkeHus, npudemM Mogynb cOopa BbIMOMHEH C
BO3MOHOCTbIO MOAa4YM MOLLHOCTU MO MEHbLUEN Mepe OAHOMY KOMMOHEHTY YKa3aHHOro
annapara nepegaqn gaHHbiX.

MpoTekaHne Toka B 4acTsX METanfMYEeCKOM KOHCTPYKUMM B oBnacTax Mexay
OTCTOSILMMM y4acTKamMu, UCMOSb3yeMbIX AN cOopa, MOXKET NPOUCXOAUTb B O4HOM U TOM
K€ NPOAONbHOM HarnpasreHNUN.

Mexay OTCTOAWMMM ydyacTKaMy MOXET MMETb MECTO HenpepbiBHas TPaeKTopus
npoTeKaHus Toka, mcnonb3yemoro Ans cbopa, koTopas MO MEHbLUEN Mepe 4YacTUYHO

NPOXOAUT MO METaNNMYECKON KOHCTPYKLUN.
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MO MEHbLUEN Mepe OAWH U3 MOAYMEN, NepBblA MOAYIb CBS3M U BTOPOW MOAYIb
CBA3U, MOXET ObITb PACNONOXEH B 3aKPbITOM 3aTPYOHOM MPOCTPaHCTBE CKBAXKUHbI.

YkasaHHas cuctema wunu annapar MOXET COAepXaTb CEHCOop AaBneHus,
BbINOMMHEHHbIN C BO3MOXHOCTbIO OCYLLECTBMNEHUS MOHUTOPUHIa MnnacTtoBoOro AaBneHUs
CKB@XXWHBbI.

YkasaHHas cuctema wunu annapar MOXET COAepXaTb CEHCOp AaBneHus,
BbINOSTHEHHbIN C BO3MOXHOCTBIO OCYLLECTBIIEHUSA MOHWUTOPUHIra AaBneHnst B 3aTpybHOM
NPOCTPaHCTBE CKBaXKUHbI.

YkaszaHHas cuctema wunu annapar MOXET COAepXaTb CEHCOp AaBneHus,
BbINOSIHEHHbIN C BO3MOXHOCTbIO OCYLLECTBIIEHUS MOHUTOPVHIa A4aBMEHUA B 3aKPbITOM
3aTpybHOM NPOCTPaHCTBE CKBaKMHbI.

CormacHo  gpyromy  acnekty  Hacrtoswero  um3obpeTteHums  NpeanoXeH
BHYTPUCKBAXKUHHBIN  MOAYNb cOopa  3MEeKTPUYECKOW 3HEPrMW, BBLIMONTHEHHLIM C
BO3MOXHOCTbIO 3MIEKTPUYECKOrO MOAKMIOYEHUS MEXAY ABYMS OTCTOSLUUMWU yyacTKamn B
CKBa)KMHHOW YCTAHOBKE W COAEPXKALUA SNEKTPUYECKUA KOHTYP, BbIMNOMHEHHBIA C
BO3MOXHOCTbIO cOOpa 3MNeKTPU4YECKOW 3HEPruun, Npu UCNOSb3OBaHUW, OT Pa3HOCTU
NoTEHUManNoB MeXay OTCTOAWUMM  Yy4yacTKamu, BbIMOSMHALWEN pPoOfb  BXOAHOMO
Hanps>KeHUs.

Moaynb cbopa MOXeT ObITb BbINOMHEH C BO3MOMHOCTLIO cOopa 3MeKTpUYECKOn
3HEPrumn OT NOCTOAHHbIX TOKOB.

Moaynb cbopa MOXeT coaepxaTb CpeAcTBa yrnpasneHus Ana MoanduumpoBaHus
BXOAHOro MMNejaHca anNeKTpUYecKoro KOHTypa Ans COOTBETCTBUS MMNELAHCY UCTOYHMKA
3MNEKTPUYECKOrO  KOHTYypa Ans  onTumu3auum  3pdekTMBHOCTU  npeobpasoBaHus
MOLLJHOCTMW.

OnNeKTpUYECKM KOHTYP MOXET coaepaTb npeobpasoBarernb NOCTOSAHHOMO TOKa
(DC/DC-npeobpasoBarerb).

MNpeobpasoBaTene MOCTOSAHHOrO TOka MOXET ObITb BbIMNOMHEH C BO3MOXHOCTbIO
paboTbl C BXOAHbIMU HaMNPSPKEHUAMY, NPEBbLILAWUMA  MUHAMANbLHOE MOPOrosoe
3Ha4yeHne, nNpu 3TOM MWHUManNbHOE MnOPOroBoe 3HadyeHne He npesblwaetr 0,5 B,
NpeanoYTUTENBHO MUHMMArbHOE MOPOroBoe 3HayeHne He npesbiwaeTr 0,25 B, a ewe
fonee NpegnoYTUTENBHO MUHUMANbBHOE NOPOroBoe 3HavYeHme He npesbiwaeTt 0,05 B.

MNpeobpasoBaTenb NOCTOAHHOIO TOKa MOXET COAEpXKaTb CpeAcTBa camo3anycka,
KOTOpble MO3BONSIOT 3anyCTuTb cOOp 3Heprum TOraa, Korga [AOCTYMNHOE BXOAHOE
Hanps>KeHNWe MEHbLUE HanpsKEHUs, COOTBETCTBYIOLLEro LUMPUHE MOSynpoOBOAHUKOBOW

3anpeLleHHON 30Hbl KOMMOHEHTOB B NpeobpasoBarernie MOCTOAHHOMO ToKa.
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MNpeobpasoBaTenb NOCTOAHHOrO TOKa MOXET COAepXaTb CpeacTBa camosanycka,
KOTOpble MO3BONAIOT 3anyCTutTb cOOP 3Heprum TOraa, Korga J[OCTYNHOE BXOAHOE
Hanps»keHune Huxe 0,5 B.

MNpeobpasoBatenb MOCTOSHHOrO TOKA MOXET COAepXaTb  MOBbILIAKOLNIA
TpaHcgopmarop.

CpeactBa camo3sanycka MOryT coaepxaTtb nonesown TPaH3ncTop,
CKOMMIIEKTOBAHHbLIN BMECTE C MOBbILWAKWMM TpaHchopmMmaTopoMm Ans obpasoBaHus
PE30HAHCHOrO MOBbILIAKLLEro OCUUnnaTopa.

MNpeobpasosatene noctosiHHoro Toka (DC/DC-npeobpasoBarenb) MOXET
coaepxaTtb H-MOCT U3 TpaH3nCTOPOB, BbINOMHEHHbIM C BO3MOXHOCTbBIO, NO4 YNpaBrneHnem
CPEACTB yrnpasneHus, nogadn BXOAHOrO curHana nosblairoLemy TpaHcdopmaTopy, npu
3TOM CpeacTBa camosanycka MOryT COAepKaTb BCNOMOraTenbHbI UCTOYHUK NUTAHWUS ANS
CPEeACTB ynpasneHua 4na obecneyeHnss BO3MOXHOCTM 3anycka.

Moaynb cbopa MOXeET coaepxaTb CpecTBa YNpaBneHWs, BbINOMHEHHbIE C
BO3MOXHOCTbIO YNPaBrieHUa OTHOLLEHWEM BMTKOB MOBbILLAKOLEro TpaHcopmaropa Ans
MOAUMUKaL MU HarpysKku, reHepupyemon npeobpasosarenem NOCTOAHHOro ToKa.

BropnyHas obmoTka nosbllarowero TpaHcopmMaTopa MOXET COAepXaTb
HECKOMbKO OTBETBNEHUA, W/WNU MOBbILALMA TpaHCHOPMATOP MOXET CcofepXarb
HECKONMbKO BTOPUYHbIX OOMOTOK, NpPW 3TOM CpPeAcTBa YnNpasreHns MoryTt ObITb
BbINOMHEHbI C BO3MOXHOCTbIO BblOopa O0OMOTOK w/vunu OTBETBNEHUA Ansa obecneyeHus
HeoBX0ANMOro OTHOLLUEHUSA BUTKOB.

Moaynb cbopa MOXeT cogepxaTb MO MEHbLUEW Mepe napy TepMuHanos, OT
KOTOPbIX MOTyT ObITb 06pasoBaHbl COEAMHEHNS C 4BYMS OTCTOSALMMW y4acTKamu.

Moaynb cbopa MoXeT nmeTb Bonblle ABYX TEPMUHANOB, MPU 3TOM KaXAblA U3
TepMmmHanos obecneynmBaeT BO3MOXHOCTb COEAMHEHUS C COOTBETCTBYHOLUUM YYaCTKOM,
npy 3TOM MOAYINb cbopa MOXET LOMOMHUTENbHO COAEpXKaTb CPeAcTBa MEPEKIOYEHMs
AN BbIOOPOYHOro 3NEKTPMYECKOro NOAKMOYEHNS ABYX N3 TEPMUHAMNOB C 3NEKTPUHECKNM
KOHTYpOoM, ofecneumBas TeM CaMbiM BO3MOXHOCTb BbiOOpa, MeXay Kakumum U3
COOTBETCTBYHOLUUX YHACTKOB MOAKMOYAETCH 3NEKTPUUECKMIN KOHTYP.

B pesynbTate nony4aeTcs KOHCTPYKUWUS, B MOMEHT YCTaHOBKW KOTOPOW MOryT
ObITb 0B6pa3oBaHbl MHOXECTBEHHbIE KOHTAKTbI C METANNNYECKON KOHCTPYKUMEN, MPU 3TOM
nocrne ycTtaHOBKM AenaeTcs BblOop, kaknme us coeauHeHun mcnonb3osatb. K npumepy,
KOHCTPYKLUMA MOXET BKnovatb B cebs OOHO HWKHEEe COeAUHEHME N ABa BEPXHUX
COeAVHEHNs Ha pasHbiX ydvactkax. [locne ycTaHOBKM MOXET ObITb OnpeferieHo, 4To

fonblwe MOLWHOCTM MOXeT ObiTb COOpaHO, eCcnu MCMONb3yeTCs MNepBOe M3 BEPXHUX
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COEANHEHWN, NMO3TOMY MOXET MCMONb30BaTbCs MEPBOE coeauHeHue. B apyrom cnydyae
BTOPOE BEPXHEE COEANHEHNE MOXET OkasaTbCsl bonee npesnoYTUTENbHbIM.

ANs nNepeknioveHnss Mexay COEAUHEHUSMU MOXET TakkKe WCNonb30BaThCs
nepekntoyarens, UCNonb3yeMbl AUHAMUYECKN BO BPEMS UCMONb30BaHUS.

B apyrom cnyyae moryT 6biTb NPeAYCMOTPEHbI ABA HUKHUX COEAUHEHNS, MOMUMO
U BMECTO ABYX BEPXHUX COEAUHEHUIA, UM MOXKET ObITb NPEAYCMOTPEHO APYroe YMCHo
BEPXHUX W/UINN HUXKHUX COEAMHEHWNIA.

Moaynb cbopa MOXeT cogepxaTb YCTPOWCTBO HAKOMMEHUS 3HEprn Ans
HakonneHnss CObpaHHON 3Heprun. YCTPOMUCTBO HaKOMMNEHWUSI 3HEPTUN MOXET CoaepXaTb
YCTPOWCTBO HaKOMMEHUs1 3apsiia, KOTOpOe MOXKET CoAepKaTb MO MEHbLUEN Mepe OAWH
KOHAEHCcaTop W/unu nepesapsixaemyto 6arapeto.

Moaynb cbopa MOXeT cogepaTb CpPeACTBa MEPEMEHHOrO MMMNejaHca Ans
BapbWPOBaHNS Harpy3ku Mexay ABYMsi COeAUHEHUSIMN.

CpeacTtBa NEPEMEHHOrO MMMNeAaHca MOryT YyNpaBnsaTbCA MUKPOMPOLLECCOPOM.

Moaynb cbopa MOXeT ObITb BbINOMHEH C BO3MOXHOCTBIO MCMONb30BaHNS CPEACTB
MEPEMEHHOrO MMMNejaHca ANS BapbUPOBaHMSA Harpysku Ans ontummsayum cbopa
3Heprum.

Moaynb cbopa MoxeT ObITb BbINOMHEH C BO3MOXHOCTBIO MCMONb30BaHNSI CPEACTB
NEPEMEHHOr0 UMMNeAaHca ANs MOAYNALUUN Harpy3kn ANs nepejadn faHHbIX OT MOAYMS
cbopa.

Moaynb cbopa MOXET coaepxaTb MepBuUYHYO 6GaTapelo, Tak u4YTo npu
NCMNONb30BaHMM MOLUHOCTb MOXET BbIOOPOYHO MOCTynaTb OT MOLYHOCTW, COBpaHHOW
KOHTYPOM, 1 OT nepsu4Hon darapen.

CormacHoO  apyroMy  acnekty  Hacrtosiero  m3obpeTteHums  NpeanoXeH
BHYTPUCKBAXKUHHBIN annapart, cogepxawun moaynb cbopa, pacKkpbiTbid Bbille, WU
BHYTPUCKBaXKMHHOE YCTPOWCTBO ANSI NPMEMa MOLLHOCTU OT moayns cbopa.

BHYTPUCKBaXKMHHbBIVM annapaTt MOXET COAepXKaTb CPEACTBA HaKoMneHus 3apsga u
cpeacTBa yYMNpaBMneHUs MOLUHOCTbIO Afsl  YNPaBNEHUs MOLLHOCTbIO, NOaBaeMOoN
BHYTPWUCKBAXKMHHOMY YCTPOWCTBY, KOrA4a AOCTYMHO AOCTATOYHOE KONMMYECTBO 3HEPTUN A NS
noAaun MOLLHOCTW YKa3aHHOMY YCTPOWCTBY.

BHYTPUCKBaXKMHHbBIV annapaTt MOXET COAEPXKaTb CPEACTBA MOAYNSLMN NMNejaHca
ANsi BApPbUPOBaHUSA BXOAHOMO MMnegaHca mogyns cbopa Ans MOAYNAUMM Harpysku Ans
nepegadn gaHHbIX N0 MEHbLUEN MEPE OT OAHOro anemeHTa: 6noka cbopa aneKkTpU4ECKon

MOLLHOCTW MUN BHYTPUCKBAXKUHHOTO YCTPOWMCTBA.
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BHYTPUCKBaXWMHHBIM annapaT MOXET cojepxaTtb CpeacTBa MOAYNsSuun  Ans
NoAayn MOAYNMPOBAHHOIO HanpsiKEHUS MO OTCTOSALMM COEAMHEHMSIM ANS nepeaayu
AaHHbIX.

BHYTPUCKBaXMHHBIA annapaT MOXET coaepxaTb NepBuYHylo Bartapeto, Tak YTo
MPU UCNOMb30BaHMN MOLLHOCTb MOXET BbIBOPOYHO NOCTynaTh OT COBPAHHON MOLLHOCTU U
OT nepBuYHON GaTapeu.

BHYTPUCKBaXKMHHOE YCTPOMUCTBO MOXET CoAepaTb MO MEHbLUeN Mepe OAUH U3
CNeAyoLNX 3NEMEHTOB:

BHYTPUCKBAXWHHbIA CEHCOP;

BHYTPWUCKBAXMHHbIA UCMIOMHUTENbHBIN MEXaAHWU3M;

3aTpybHOe YyCTPOMCTBO repMeTU3anumn, HanpuMep nakep Unu nakepHbli SNIEMEHT;

Knanaw;

BHYTPUCKBAXXMHHbBIA ~ MOAYNb  CBSI3W, Hampymep nNpueMOonepeaaTynuk  unm
MOBTOPUTENb.

YkasaHHbIM KnanaH MOXET COoAepXaTb MO MEHbLUEW Mepe OAUH U3 CrieayroLmx
3NEMEHTOB:

NoA3EMHbIN NPEAOXPAHUTENBHLIW KNanaH;

KnanaH ynpasrieHNsi pacXxo40M B CTBOSIE CKBaXKMHBbI;

KnanaH CTBON CKBaXMWHbl — 3aTpyOHOE NPOCTPaHCTBO;

KnanaH 3aTpybHoe NpoCTpaHCTBO — 3aTpybHOE NPOCTPAHCTBO;

KnanaH CTBOM CKBaXXMHbl — Kamepa KOMNeHCaunn AaBneHus;

knanaH 3aTpybHOe NpOCTPaHCTBO — kaMepa KOMMNEHCaLUn AaBMNeHUs;

KnanaH 4Yepes nakep unm B o6xoa nakepa.

CormacHo  gpyromy  acnekTy  HacToswero  usobpeTteHumss  npeanoxeHa
BHYTPUCKBAXKUHHAA cuctema cbopa anekTpu4eckon aHeprum ans cbopa 3neKTpuyeckon
3HEPrMM B CKB&KUHHOW YCTAHOBKE, MMEIOLLEN METaNmNMYECKyd KOHCTPYKLMIO, HECYLLYHO
3NEKTPUYECKUN TOK, NPUHEM YKa3aHHas CUCTEMA COLEPKUT:

MOAYNb cOopa, pacKpbITbIN BbILLE, SMEKTPUYECKN COEAMHEHHBIN C METaNNTNYECKON
KOHCTPYKLUMEN Ha MEPBOM Yy4acTKE W CO BTOPbIM YYaCTKOM, OTCTOSILUMM OT MEPBOro
y4yacTka, npuyemM nepBbI U BTOPOWM y4acTkM BblbpaHbl Tak, 4ToObl MpU UCMOMb30BaHUN
MeXAY HUMW NPUCYTCTBOBANa pasHOCTb NOTEHLMANOB BCNEACTBUE 3MEKTPUYECKOTO TOKA,
TEKYLLEro MO KOHCTPYKLUU;

npu 3TOM MOAYnb cOoOpa BLINOMHEH C BO3MOXHOCTLIO cOopa 3neKTpu4eCckomn
3HEprumn OT 3NEKTPUYECKOrO TOKa.

CormacHo  gpyromy  acnekTy  Hactoswero  usobperteHus  npepnoxeHa

BHYTPUCKBaXUHHaA cncrema nogavn MOLLHOCTHU AnA nogayu MOLLHOCTU
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BHYTPUCKBAXKMHHOMY YCTPOWCTBY B CKB@XKMHHOMW YCTaHOBKE, MMEWLLEN METannmM4eckyto
KOHCTPYKLMIO, HECYLLIYIO 3NEKTPUYECKMI TOK, MPUYEM YKa3aHHasi CUCTEMA COAEPKUT:

MOAynb cbopa, pacKpbITbIN BbILLE, 31IEKTPUYECKN COEANHEHHBIN C METaNNIMYECKON
KOHCTPYKLUMEN Ha MEpPBOM Yy4acTKe W CO BTOPbIM YYaCTKOM, OTCTOSILUMM OT MEPBOro
yyacTka, npu4em nepBbii U BTOPOW y4yacTku BblOpaHbl Tak, 4ToObl MeXAay HUMW, Npu
NCNONb30BaHUK, MPUCYTCTBOBAaNa PasHOCTb MOTEHUWanoB BCMNEACTBUE INEKTPUYECKOrO
TOKa, TEKYLLEro no KOHCTPYKLMU,

npu 3TOM MOAYNb cOoOpa BLINOMHEH C BO3MOXHOCTbIO cOopa 3aneKTpu4ecKomn
MOLLHOCTU OT 3MEKTPUYECKOro TOKa M MOoAaqn 3NEKTPUYECKOM MOLLHOCTU YKa3aHHOMY
BHYTPUCKBAXKMHHOMY YCTPOWCTBY.

Mpn 3TOM COrMacHoO APYroMy acrnekTy HacTosILero U3obpeTeHus npeanoxeHa
BHYTPUCKBAXKMHHAs ~ cuCTeMa  MOAa4M  MOLHOCTM  Ansi  MNojayM  MOLLHOCTM
BHYTPUCKBAXKMHHOMY YCTPOWCTBY B CKBaXKMHHOW YCTaHOBKE, MMELLEN METannmMYeckyto
KOHCTPYKUMIO, OOECneYEeHHYI0 KaTOAHOW 3awmTon, Npu 3TOM YKasaHHas cuctema
COLEPXKNT:

MOAynb cbopa, pacKpbITbIN BbILLE, SMEKTPUYECKN COEANHEHHBIN C METANNTNYECKON
KOHCTPYKLUMEN Ha ABYX OTCTOALWMX YydacTkax, KOTopble BbiOpaHbl Tak, 4TOObI, Mpw
MCMONb30BaHUKN, MEXAY HMMM MPUCYTCTBOBanNa pasHOCTb MOTEHUWAanNoB BCneacTBME
TOKOB KaTOA4HOWN 3aLUUTbI, TEKYLLMX MO KOHCTPYKLUM;

npu 3TOM MOAYNb cOopa BLINOMHEH C BO3MOXHOCTbIO cOopa anekTpu4ecKomn
MOLLHOCTM OT TOKOB KaTOAHOW 3aluTbl W NOJAYM  3NEKTPUYECKOW MOLLHOCTM
BHYTPWUCKBAXKMHHOMY YCTPOWCTBY.

Mpn 3TOM COrnmacHo ApPYyromy acnekTy HacTosilero M3obpeTeHus npeanoXeH
cnoco® nepepgaynm [AaHHbIX B CKB&KMHHOW YCTAHOBKE, WMENOLWEen MeTannmnyeckyto
KOHCTPYKLMIO, OCHALLEHHYIO CUCTEMOW KaTOAHOW 3alyuTbl, TAKOW, YTO WUMEET MECTO
3NEKTPUYECKUA KOHTYP, CoAepKaljui METannnyeckytd KOHCTPYKUMIO U 3amblkaHue Ha
3eMNI0, MO KOTOPOMY TEYET IMEKTPUYECKUA TOK, SIBMSIOWMNCA MPOAYKTOM CUCTEMbI
KaTO4HOWN 3aLUMThI, NPW 3TOM YKa3aHHbIA CNOcob COAEPXKUT 3Tarnbl, HA KOTOPbIX:

OCYLLIECTBINSAOT MOZYNSAUMIO 3NEKTPUYECKOTO TOKa Ha NEepBOM yyacTke Ans
KOAVPOBKM AaHHbIX; U

Ha BTOPOM Yy4acTke, OTCTOSILLLEM OT MEPBOr0 yvactka, OCYyLECTBNSIOT
AETeKTMpoBaHMe addpekTa ykasaHHOW MOAYNALUUN Ha 3MEKTPUYECKOM TOKE Ha NEpPBOM
yyacTke ANS U3BMNEYEHUS YKa3aHHbIX AaHHbIX.

OavH 13 y4yacTKOB MOXET ObiTb YYacTKOM, HaxOASLMMCSi CHapyXu CTBona
CKBa>KWHbI, Hanpumep, yKasaHHbIN y4acToK MOXET ObiTb NOBEPXHOCTLIO, @ APYron y4acTok

MOXKEeT HaxoaunTbCA BHYTPU CKBa*XUHbI.
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Jtan  OCyL|eCTBNEeHWs  MOAynauum  ToKa  MOXET,  Cpean  NpouYero,
npeaycmarpusarb, a cpeactsa Moaynauum moryTt ObiTb, Cpean NpoYero, BbINOSMHEHbI C
BO3MOXHOCTbIO:

i) ynpaBneHus UICTOMHMKOM CUrHana CUCTEMbl HANOXEHHOW KaTOAHOW 3aLlyuTbl ANS
HENOCPEeACTBEHHON MOAYMNSALMU  CUrHanoB KaTOAHOW  3aluTbl, MOJABaeMbiX Ha
MEeTannnYeckytd KOHCTPYKLUMIO, €CNU CUCTEMA KaTOAHOW 3aluTbl SABMSETCA CUCTEMOW
HanNOXXeHHOW KaToAHOW 3aLUUTbI;

i) mMoaynauum CcoeguHEeHUs Mexay NO MEeHbLIEn Mepe OAHUM aHOoAOM W
METanNMM4YeCKON KOHCTPYKLUMERN, TO €CTb NO MEHbLUEN MEPEe OAUNH aHO4 MOXET, K MPpUMepY,
ObITb MOAKMIOYEH K COEAMHEHWUID WNN OTKMOYEH OT COEAUHEHUS C MeTannn4eckoun
KOHCTPYKUMEN ANs MOAYNAUUN 3NEKTPUYECKMX CUTHAMNOB, UNN MOXET OblTb U3MEHEH
UMNefaHC MeXAY YKka3aHHbIM aHO4OM U KOHCTPYKLUMEN; unu

iii) N3SMEHEeHNs NMNegaHca 3MNEKTPUYECKOrO KOHTYPA, K NPUMEPY, 3TO MOXET ObiTb
AOCTUIHYTO C TMOMOLUBIO CPEACTB MNEPEMEHHOro UMNefaHca, WnuM  MNOAKIIOYEHUSN
KOMMOHEHTOB K COE4UHEHUIO UM OTKIMOYEHNS OT COEAUHEHMNS C KOHTYPOM.

>KenatenbHo, 4Tobbl CNocobbl i) u i) Obinn LOCTYMNHBI TONBKO HA BEPXHEM Y4YacTKe,
B TO BpeMsi kak crnocob iii) moxeT ObiTb AOCTYNEH U BHYTPU CKBAXKWHbI, U1 HA BEPXHEM
yyacTke.

CBA3b, UCNONb3YIOLWAA ONUCAHHbIW BbILE NPUHLMI, MOXET UCMONb30BaTbCA ANA
OfHOHanpaBneHHOW CBA3WN, HANPUMepP CBA3N NOBEPXHOCTU C BHYTPEHHUM NPOCTPAHCTBOM
CKB2XWHbI; OAHOHAaNpaBneHHOW CBA3W, HanpuMep CBSA3M BHYTPEHHEro npoCTpaHCTBa
CKBa>KWHbI C MOBEPXHOCTbLIO, U ABYHANPaBNEHHOW CBA3M.

YkasaHHble cnocobbl AenaroT BO3MOXHOW CBA3b, SBMAIOLLYIOCA YacTbio rmOpugHom
CUCTEMbl CBSI3N — KOTr4a HEKOTOpble 4acTu CUrHanbHOro kaHana obecneuymBaroTcs
MOAYNSUMEN CUrHaNoB KaTOAHOW 3alUuTbl, @ HEKOTopble — oOBecnevmBaloTCa ApYyrumm
cnocobamun, Hanpumep 6ecnpoBoaHbIMM cnocobammn, B TOM YAUCIE 3NEKTPOMArHUTHLIMU
cnocobamm 1 akyCTU4eCKMMmn cnocobamm.

B nobom u3 onucaHHbIX Bbile CrydaeB KaTtoAaHas 3awjuta, Npyu ee Hanmuuw,
MOXeT obecneunBaTbCsl Kak MACCUMBHON CUCTEMON KaTOAHOW 3aLUMThl, KOT4a KEPTBEHHLIE
aHOAbl COEAMHSIOTCA C METannMyeckon KOHCTPYKUMENW CKBaKUHHOW YCTAHOBKW, TakK W
CUCTEMOM HAanOXEHHOW KaTOAHOM 3alyuThbl, KOrga 3alWuTHbIA TOK MNOJAaETCs Ha
MEeTanNYeCKyo KOHCTPYKLMIO CKBaXKUHHOW YCTaHOBKMW.

B npeacraeneHHbix 3aecb cnocobax n cuctemax Lenbto SBNAETCH UCMOorb30BaHne
UMEIOLMNXCA CUCTEM KaTOAHOW 3awmTtbl (MNW APYrUX MWCTOYMHWKOB TOKA, €CrM OHMU
AOCTYMHbI), B 4YaCTHOCTW, WCMOMb3OBAHWE WMEIOLNXCA aHOAOB, MNPU WX Hanmmyuw,

Hanpumep, B NOABOAHbLIX YCTAHOBKaX, B OTCYTCTBME HEOOXOAMMOCTU MX MOAMcMKaLun.
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Tak, aHogbl, NPW UX HaNM4YMKM, oBbIYHO pacnonaratTCs CHapy»u, TO €CTb CBEPXY, CTBONA
CKBa&>XKWHbI, B Bojae. bonee Toro, aHogbl OObIMHO pacrnonaralTCd Ha HEKOTOPOM
PacCTOSiHUM OT y4yacTka, Ha KOTOpPOM Heobxogmmo obecneuntb nogavy MOLLHOCTU W/nnu
curHana.

Tak, nobas 13 OnNMCaHHbIX BbILLE CUCTEM MOXET BKMoYaTb B cebs OAMH mnu
HECKONbKO M3 CMNeAyoLmnx 3NeMEHTOB: MO MEHbLLUEN Mepe OAMH UMELMACS aHoh; Mo
MEHbLLUEN MEepe OAWH aHOA, PacroNioXKEeHHbI B BOAE, Hanpumep, B TOMWE BOAbI, B
KOTOPOW pacrnonoXeHa NoABOAHAs CKBKMHHAS YCTAHOBKA;, MO MEHbLUEN Mepe OAWH
aHOA, PacnoNOXEHHbIA HA HEKOTOPOM PacCTOsIHMM OT y4acTka, Ha KOTOPOM HEeoBX0aMMO
obecneuntb nogavy MOLYHOCTM W/MNU CcuUrHana, WCnonb3ys TOK, TeHepupyeMbin
yKasaHHbIM aHOZ,0M.

Bonee Toro, niobasi U3 ONUCAHHbIX BbILE CUCTEM MOXET ObiTb MpeaHasHavyeHa
Anst obecneyeHnst BO3MOXHOCTU Mepejayn MOLLHOCTM OT y4yacTka, Ha KOTOPOM Ha
KOHCTPYKLUMIO NOAaETCa TOK, Hanpumep, ToK katogHon 3awmtbl (K3), Ha yyacTtok cbopa
nvnn nogadn curHana. 3TO OTHOCUTCHA KaK K TOKY, SBNSAOLEMYCA TOKOM MacCUBHOW
KaToO4HOM 3alyuTbl, TOKY HaNOXEHHOW KaTOAHOW 3alyuTbl, UM APYroMy NojaBaemMoMy
TOKY. TUNNYHBLIM SIBMSIETCS BAPWAHT, KOrAa UCTOYHUK TOKa KaTOAHOW 3aLyuTbl UM 4PYroro
TOKa HaxXO4WTCSA Ha HEKOTOPOM PacCTOsIHUM OT yvacTka cbopa Wunu nogaym curHana.

Bonee Toro, metannuyeckas KOHCTPYKUUS MOXET ObITb HENPEPLIBHOM B obnacTu
Mo MEHbLLEN Mepe O4HOro aHoga wunm obnactmn moayns cbopa.

Koraa B onucaHum BbiLE YNOMWHAETCS ONTUMMU3aLMA MOLENMPOBaHUS, HaNpumep,
B OTHOLLUEHWUMN PACCTOSIHUS, HA KOTOPOE OTCTOAT COEAUHEHUS, MCMOMNb30BaHNS N30MnALnK,
BbiOOpa TOMbKO pagManbHOro WnM akCuanbHOro PacCTOSIHWUS, Ha KOTOpPOEe OTCTOAT
coeauHeHnsa, n Bblbopa 3agaHHOW Harpyskm cbopa, TO B TakOW MOAENN MOXET
NCMNONb30BaTbCH MO MEHbLUEN MEPEe OAMH U3 CNEeAYIOLWNX NapameTPOB:

1. CkopoCTb 3aTyxaHusi HaBepxy CKBaKWHbI, BbIBEAEHHAA W3 pasmMepos
o6cagHbIx TPYO 1 pasmepos Tpyb4aTbiX 3IEMEHTOB, BECa, U TUNa Mmatepuana (yaenbHoro
COMPOTUBIEHNS), W YAENbHOrO COMPOTUBIIEHWS MOKPbIBAKOLWEA Tonwm (cpeabl,

OKpY>KatoLLEN CKBaXKMHY).

2. PacnonoxeHune BepxHero coegmHeHns.
3. PacnonoxeHne HuXHEro coegmMHeHns.
4. Mnowaab nOMepeyHoro cedeHnsas WM TN Mmatepuana (yaenbHoe

CONPOTMBIIEHNE) BEPXHErO Kabens, NCrnonb3yemoro Ha BXxoaax k cobuparento.
5. Yucno, pacnonoxeHne, martepuan (3nekTponoTeHunan) un nnowagb

NOBEPXHOCTU aHO40B YCTbA CKBaXXWUHbI.
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6. [encreytollee ConNpoTnBEHNE CKBaXXWHbI HA YPOBHE MOPCKOro AHa/yCTbe
CKB@XWHbI, Takke BblBEEHHble M3 pa3mepoB obcagHbIXx TpyO u pasmepoB Tpybuyarbix
3NemMeHTOB, Beca, W Tuna wmatepuana (yAernbHOro COMPOTUBMEHUSA) W  YAEINbHOro
CONPOTMBIIEHNS MOKPbIBAIOLLEN TONWM (CPeAbl, OKPYXaloLEN CKBaXKMHY), HO B 3TOT pas
ANsi BCEW KOHCTPYKLMM CKBEXKUHbI.

B kaxaom cnyyae OnucaHHble Bbille CUCTEMbI MOIYT COAepXaTb MNEPBUUHYIO
fartapeto ans nogadn MOLLHOCTM HE3aBUCUMO OT COOpaHHOM MOLLHOCTWU. [MepBUYHYIO
BaTtapelo MOXeT coaepxatb Moaynb cbopa. Tam, rae npefycMoTpeHa nepBuYHas
BaTapesi, ee ncnonb3oBaHNe MOXET ObITb NPEANOYTUTENBHbBIM, NOKa B HEN €CTb 3HEPTrUs.
Hanpumep, oHa MOXeT ncnonb3oBaTtbCa Ans obecnevyeHmns BO3MOXHOCTM UCMONb30BaHNA
fonee BbICOKOW NPOU3BOAUTENBHOCTN HA NEPBOHAYanNbHOW CTagun, NP 3TOM OHa MOXET
npekpawjatb paboTartb, Korga 4OCTynHa TONbKO cobpaHHas MOLLHOCTb.

CornacHo gpyromy acnekTy HacTosiero nsobpeTeHns nNpeanoXeHa CKBaXKUHHAS
YyCTaHOBKa, CoAepKaLlas METanIMYeCcKyto KOHCTPYKLMIO, HECYLLYIO 3MEKTPUYECKUIA TOK, U
nobyo 13 ONUCaHHbIX BbILLE CUCTEM WW annapaTtoB, Hanpumep, BHYTPUCKBaKMHHbIV
annapat unu cuctemy cbopa aneKkTpudeckon aHeprum; annapart Unn cUcTemy ynpasneHus
BHYTPUCKB@XXMHHbIM YCTPOWUCTBOM; BHYTPUCKBEXKMHHbIA annapar unM CUCTEMY CBSA3HOMO
NOBTOPUTENS, annapar Wnu CUCTEMY MOAa4YM MOLUHOCTW, unn mMoaynb cbopa; unu
BHYTPUCKB2XXMHHBIW  annapat  unu  CUCTeMY  MOHUTOPUHIa  CKBa>XKWUHbI, UMK
BHYTPUCKB2XXMHHbIW annapart unn cuctemy nepeaadn gaHHblX, packpbiTble Bbilwe. Takas
YyCTaHOBKA MOXET TaKke cojepxartb CUCTEeMY KaTOAHOW 3awuTbl ANS  3aWuThbl
MeTannmM4YeCckon KOHCTPYKLUN.

CneapyeT OTMETUTb, YTO B OOLLEM Crnyyae Kaxkable 13 OnuyMOHanbHbIX NPU3HaKOB,
cneaylowme 3a KaablM U3 acnektoB M300peTeHMst Bbile, SABMSITCA O4MHAKOBO
NMPMMEHMMbIMU  OMUWOHArNbHbIMU NPU3Hakamn B OTHOLLEHWM noboro Apyroro acnekra
HacTosLero n3obpeteHns n Moryt ObiTb NPUBEAEHBI MOCME KaXAO0ro acnekra ¢ nodbiMu
HeOoOXOANUMBbIMA  U3MEHEHMAMU  (POPMYNUPOBOK. He Bce M3 Takux OnuyMOHanbHbIX
MPWU3HaKOB MpPOMUCaHbl MOCMNE KaKAOro acnekra WUCKMIOYUTENbHO B LENSX COXPaHEHWS
KPaTKOCTU N3NOXEHWS.

K npumepy, crneayeTt noHuMmarb, 4to nobas ns cuctem, cnocobos, annaparos u
YyCTaHOBOK, YTOMWHaEMbIX BbILLIE, MOXET UCNONb30BaTb MOAYNb cbopa, nmerowmmn nodyro
KOMBMHaLMIO NN YacTUYHYIO KOMOUHALMIO PacKpbITbIX BbILE MPU3HAKOB, U T.4.

CkBaknHa, ynoMmvHaemas B noOOM M3 ONUCaHHbIX Bbie CnocoboB, cUCTeMax,

annapartax, Unm yCTaHoBKax, MOXET ObITb NO4BOAHON CKBAXKNUHOWN.

[lepeyeHb uryp




10

15

20

25

30

35

38

NckniountenbHO B LENsaX MpUBEAEHUS NpUMepa HWKE OMnuUCaHbl HEKOTOopble
BapuaHTbl  OCYLLECTBMNEHUS  HacTodAwero  M300peTeHus  Co  CCbilkamMyu  Ha
COMNPOBOAUTESNbHbIE YEPTEXN.

Ha ®durype 1 cxematnyeckn npefcraBneHa CKBaXXMHHas yctaHoBKa, BKIovaroLlas
B cebsa annapat MOHUTOPWMHra CKBaXKMHbI, BKNIOYaOWMN B ce6A BHYTPUCKBAKUHHYIO
CMCTEMY NOAA4N MOLLHOCTM;

Ha durype 2A cxemaTuveckm npeacTtaBneH Moaynb cbopa cucTembl nogayun
MOLLUHOCTW, MOKasaHHbiM Ha durype 1; npu 3TomM Ha Durype 2B npeacrasneH
anbTepPHaTUBHbIA BHYTPUCKBAXKUHHbIN BOK,;

Ha durype 2C npeacrasneHa npuHyMnuanbHas 3nekTpudeckas Cxema KOHTypa
npeobpasosatena noctosHHoro Toka (DC/DC-npeobpasosarens)), KOTOPbIA MOXET
ncnonb3oBarbcsa B Mogyne cbopa;

Ha durype 2D npepcrtasBneHa npuvHUUNUanbHas 3aneKkTpudeckas CXema KOHTypa
npeobpasosarena noctosHHoro Toka (DC/DC-npeobpasoBarens)), KOTOPbIA MOXET
ncnonb3oBarbCcsa B Mogyne cbopa;

Ha durype 3 cxematmnyecku npeacrabBneHa CKBaXKMHHaa yCTaHOBKa, BKNoYaroLwas
B cebs  BHYTPUCKBaXKMHHbIA  annapar  nepegavn  AaHHbIX, copepaLyni
BHYTPUCKB@XXMHHbIW CBSAI3HOW MOBTOPUTENb W BHYTPUCKBEXKMHHYIO CUCTEMY Mojauu
MOLLHOCTW ANS NOAa4YY MOLHOCTU BHYTPUCKBAKMHHOMY CBA3HOMY MOBTOPUTENIO;

Ha durype 4 cxematnyeckun npecrabBneHa CKBaXKMHHaa yCTaHOBKa, BKoYaroLwas
B cebs annapart ynpasneHusl KrnanaHoMm, CoAepKawun BHYTPUCKBAXKUHHbBIA KnanaH ¢
AUCTAHUMOHHBIM YNpPaBneHNneM U CUCTEMY MOAAYN MOLLUHOCTM ANA MNOAAYN MOLLYHOCTU
BHYTPUCKBAXXMHHOMY KnanaHy ¢ ANCTaHLMOHHbIM YNpaBneHnem;

Ha ®durype 5 cxematnyeckm npeacrabBneHa CKBaXKMHHasa yCTaHOBKa, BKovaroLwas
B cebs  anbTepHaTMBHYIO CUCTEMY  MOHUTOPWUHra  CKBaXWHbI,  COAEPMKaLLYHO
BHYTPUCKB@XXMHHBbIN JATYNK WU BHYTPUCKBEKMHHYIO CUCTEMY MOAAYM MOLLYHOCTM AnNS
noAayn MOLLHOCTW BHYTPUCKBAXKMHHOMY AaT4MKY;

Ha ®urype 6 cxemaTuyeckm npeacTaBrieHa anbTepHaTUBHas CKBaXKUMHHas
yCTaHOBKa;

Ha durype 7 ons KOHCTPYKUUKM, aHANoOrM4yHO TOW, YTO nokasaHa Ha durype 1,
npeacTaBneH rpaduk onTUManbHON COBUPaEMON MOLLHOCTU B 3aBUCUMOCTU OT rNyOuHbI
HWXKHEro COeANHEHNS;

Ha ®urype 8 npeacrasneHa 6nok-cxema ontummsayumn cbopa aHeprum;

Ha ®urype 9 npeacraBneHa Onok-CXxema ynpaBNEHUS BHYTPUCKBEXKMHHbLIM

Onokowm; n
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Ha durype 10 cxemaTtmndeckn nsobparkeHa CKBabKMHHAas yCTaHOBKa, BKMO4YaroLlas

B cebsa nnatdopmy.

CBegeHud, noaTeepKaatoLLme BO3SMOXHOCTb OCYLLIECTBNEHNS U300peTeHus

Ha ®urype 1 npeacraBneHa CKBaXKWHHas YCTaHOBKA HEMTSHOW W/Unn rasoBow
CKBaXXWMHbI. [JOMKHO ObiTb NMOHATHO, YTO Takas HeddTAHAS W/ ra3oBasi CKBaXKMHA MOXET
OblTb MarepuMKOBOW CKBAXKUHOW MMM NOABOAHON CKB&XXMHOW (TO €CTb CKBaXMHA MOXET
HaxoAUTbCS MOA HEKOTOPOW TOMLEN BOAbI), NP 3TOM YCTbE CKBaXXMHbl HAXOAUTCS MOA
BOAOW Ha AHE MOpS, PeKku, o3epa M T.4., WM Ha nnatdopme. 3a4acTyro CKBaKUHHbIE
YCTaQHOBKM OCHaLLalTCA CUCTEMOWN KaTtogHou 3awmtbl (K3). B cnyvyae maTepuKkoBbIX
CKB2XXVMH OHa 4Yalye BCEro UMeeT BUi CUCTEMbl KATOAHOW 3aLUTbl C HANOXEHHbIM TOKOM,
npyv 3TOM 3aWUTHLIN TOK MOAAETCA Ha METAaNNMYECKY0 KOHCTPYKUMIO CKBadKUHbI. C
APYrov CTOPOHbI, ANA NOABOAHbIX CKBE&XKWUH KaTo4HAsA 3awyuTa valle BCEro npeacrasnser
CUCTEMY MacCUBHOW KaTOAHOW 3alUUTbl, B KOTOPON MHOXECTBO aHOAOB N3 OTHOCUTENBHO
XUMUYECKN aKTUBHOIO MaTepuana, Takoro Kak MarHWeBbI Cnnas, COeAUHEHbl C
METaNMMYECKON KOHCTPYKUMEN, MPU 3TOM OHUM MNOABEP)KEHbl BO3AEWCTBUIO BOAbI, B
KOTOPOW pacnonoX)eHa CKBaXXMHHasa yCTaHoBKa.

Cnepyetr OTMETUTb, YTO OMUCAHHbIE 3AECb PELLEHUS TakkKe peneBaHTHbl U And
HarHeTaTenbHbIX CKBaXWH — CKBAXWH, UCMOMNb3yeMblX ANA BBOAA BOAblI B Mnact Ans
COAENCTBUSA HEPTE- W/UNK rasooThaun APYrMX CKBaXKMH Ha MeECTopoXaeHuu. [Moatomy
«CKBa&KMHHAs YCTaHOBKa» B HAaCTOALWEM OMuMCaHuu MOXET ObITb HarHeTaTenbHOW
CKBaXKUMHOW. Takas ckBakuHa OyAeT WMETb KOHCTPYKLUMIO, MOXOXYK Ha KOHCTPYKLMIO
YCTaHOBOK, AeTanbHO OMMCaHHbIX B HACTOSALWEN 3asBke. AHaNOrM4yHoO, NpPeACTaBneHHble
3[4€Cb peLleHMs MOryT WUCNoNnb3oBaTbCA kak BO Bpemsi OypeHus, Tak U BO BPeEMS
aKcnnyarayum, 1 nocneayoowero nokugaHmsa odvekra. [1oaTomy CKkBaXXMHHas yCTaHOBKa
MOXET NpeacTaBnsATb COO0M YaCTUYHO NOMHYI0 YCTAHOBKY TOrAa, KOraa OCyLeCTBNSAETCS
BypeHue. B LUMPOKOM CMbICNE NPeACTaBNEHHbIE 34€Ch PELLUEHNS MOTYT MCMNOMNb30BaThLCS
B NOBON Nepuog KM3HEHHOTO LKA CKBXKMHHOWN YCTAHOBKM.

Bonee ToOro, B 70 BpemMsa Kak HacTosLw|ee onucaHue NPUBEAEHO B OTHOLLUEHUM
YCT@HOBOK, B  KOTOPbIX MNPUCYTCTBYET  KartogHas  3awmra, 4YTO  SBNAETCS
NPeAnOYTUTENBHLIM CryYaemM, MHOrMe U3 NPeACTaBfEHHbIX 34eCb CUCTEM U PEeLUEHUN
Take paboTalT M B APYrMX CUTyauusX, B KOTOPbIX 3MEKTPUYECKMA TOK TeyeT Mo
METaNNMMYECKON KOHCTPYKLUMN N OT HEFO MOXET BbITb OCyLLEeCTBNEH COOP MOLLHOCTI.

CkBaXKMHHas ycTaHoBka, wu3obpadkeHHas Ha durype 1, coaepxut ycrtbe 1
CKB2XXWMHbl U BHYTPUCKBAKUHHYIO METAamNMYECKY0 KOHCTPYKUMIO 2, BeAyLUyl0 BHU3, B

CTBOI CKB&XMHbI OT noBepxHocTu 1. CkBaXnHHasa yctaHoBka ocHalleHa cuctemon 3A, 3B
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KatogHoW 3awmTbl. Kak ynomuHanocb Bbiwe, cuctema nubo sensietcss cuctemon 3A
KarogHOW 3aWuTbl C HanOXeEHHbIM TOKOM, nnbO nacCUMBHOW KaTOAHOW 3aLiMTOMN,
cojepalen MHOXeCTBO aHofoB 3B, CO€AMHEHHbLIX C METanfMYeCcKon KOHCTPYKUMEN
CKBa&>KWHHOW YCTAHOBKW, TO €CTb C YCTbEM CKBa&XMHbl WUNN APYTUMU METanmyeckmmm
KOMMOHEHTaMW, COEAUHEHHBIMU C HUM.

BHyTpUCKBaXUHHAs MeTannuyeckasi KOHCTPYKUMS 2 COAEPKUT MEPBYHD CEKLMIO
MeTannuyeckon Tpybbl 21, ABNAOLWENCA 3KCnyaTalMOHHOW KONOHHOW, UAYLLEN BHU3, B
CTBON CKBaXKWHbI. Bokpyr Hee pacnonoxeHa nepsas obcagHas Tpyba 22. CHapy»xu 3Toro
cnosa pacnonoxeHa BTopas obcagHas Tpyba 23, a 3atem TpeTtba obcagHas Tpyba 24.
[OomkHO BObITb MOHATHO, YTO MEXAY KaKAOW CeKuuen MmeTannmyeckon Tpybbl nmeetcs
COOTBETCTBYIOLLEEe 3arpybHOe npoCTpaHCTBO. Tak, nepsoe 3aTtpybHOe npoCTPaHCTBO
MEXAY 3KCMMyaTauuoHHOW KOMoHHOW 21 mn nepson obcagHon Tpybom 22 OObIYHO B
HedpbTerasoBoM WHAYCTPUM Ha3sbiBalOT 3aTpybHbIM npocTpaHcTBOM A 1 0603HavaroT
nosnynen A Ha uveptexax. Mexay nepson obcagHon Tpybonm 22 n BTOpOM OBGCagHOW
Tpybon 23 umeetca BTopoe 3aTpybHOE MPOCTPaHCTBO, OOLIMHO HasbiBaEMOE 3aTpPyOHbIM
NpoCTpaHCTBOM B 1 Tak ke obo3Hauyaemoe Ha vepTexax, a mexay BTopon obcagHow
Tpybon 23 n TpeTtben obcagHon Tpybon 24 nmeetca TpeTbe 3aTpybHOe MPOCTPaHCTBO,
0bblYHO HasbiBaemoe 3aTpybHbiM npocTtpaHctBoM C M Tak e obos3Hadyaemoe Ha
yepTexax. CkBaXuHbl 0ObI4YHO MOTYT UMETb 1 cneayowee, D, 3aTpybHOe NpoCTPaHCTBO,
a uHorga n 6énbLuee uncno 3aTpyOHbIX NMPOCTPaHCTB.

B Apyrux cnyyaax meTannuyeckasi KOHCTPYKUMS MOXET COAepXaTb Apyrue
YANUHEHHbIE 3MEMEHTbI, B YAaCTHOCTWU, OAUH UMW HECKOMNbKO U3 CreayoLmx 3MEMEHTOB:
o6caHyto Tpydy, XBOCTOBUK, KOMOHHY, MMOKYID KOMOHHY TWMNa «KONMTHOOMHIM», HACOCHYIO
LUTaHry.

Annapat MOHUTOPWHra, NPeAyCMOTPEHHbIA B CKBAXXMHHOW YCTaHOBKE, COAEPXUT
Moaynb 4 cbopa 3NeKTPUYECKOM MOLUHOCTW, PAacrONOXEHHbIN B AAaHHOM BapuaHTe
ocyLlecTBneHus B 3atpybHom npoctpaHcTee A. Mogynb 4 cbopa anekTpudeckn CoeanHeEH
nocpeacTsom kabenen 41 ¢ napon oTcTosAWmMx ydactkoB 41a, 41b Ha akcnnyaTauMoHHON
KONoHHe 21. B anbTepHaTMBHOM BapuaHTe mMoayrb 4 cbopa MOXET ObiTb 3MEKTPUHECKU
COEAVHEH C OAHUM M3 Y4aCTKOB NOCPeCTBOM kabens, Nnpyn 3TOM MOXET ObITb COEAMHEH C
apyrmm yvactkom 6e3 kabens. C ogHMM M3 yyacTkoB mMoaynb 4 cbopa moxeT ObiTb
3MNEKTPUYECKN COEAUHEH NOCPEACTBOM MNPOBOASLLEro kopnyca mogyns cbopa (unu
oKpyxatowero moaynb cbopa). [o3aTomMy NULb OANH Takon kabernb MOXET HYXX4aTbCs B
BbIBOAE M3 YKa3aHHOro kopnyca.

Cnegyer oOTMETUTb, 4TO Mexay wmoaynem 4 cbopa wn MeTanIM4yeckoun

KOHCTpyKUumen 21 Ha otcrodAwmx ydactkax 41a, 41b umeer MecTo ranbBaHU4eckoe
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coeavHeHne. B yacTHOCTK, ranbBaHN4YeCckoe COeaMHEHNE UMEET MECTO C METarMYeCKou
KOHCTpyKUuuen 21, BMECTO, Hanpumep, WHAYKTUBHOMO COEAWHEHMs. OTO ynpoLjaeT
KOHCTPYKUMIO ”  un3baBnsgeT OT WHXEHEPHbIX CroxHocten. B pgaHHOM crniyyae
ranbBaHNW4YeCKoe COEeAUHEHME WUMEEeT MEeCTO Ha BCEM Yy4yacTke OT MeTannyeckou
KOHCTPYKLMK K BXOZaM KOHTYpa, BXOASLLEro B coctas moaynsa cbopa ana céopa aHeprum.

Bonee TOro, cnegyet OTMETUTb, YTO Ha YKa3aHHYIO METaNNMMYECKyr0 KOHCTPYKLMIO
CKB@XXMHbI YCTAHOBKA TaKOM CUCTEMbI, B LIEMOM, HE OKa3bIBAET HUKaKOro BNnsHUSA. Hu Ha
OAHY M3 CeKUMn MeTannuyeckon Tpyobl He Bbinu 4oBaBneHbl U30NMPYIOLLME BCTaBKN ANS
obecneveHnsa 3PPEKTUBHOCTU CUCTEMbI, U HOPMAnbHOE MNPOTEKAHWE TOKa KaTOAHOW
3aWnTbl B KOHCTPYKUMM He ObiNOo U3MEHEHO — 3a WCKIHOYEHMEM, €ECTECTBEHHO,
npovcxogawiero npouecca cbopa. K npumepy, Mexay OTCTOALWMUMU y4acTKamn CeKums
METanMMYECKON KOHCTPYKLUK, C KOTOPOW o6pa3oBaHbl COEAMHEHUS, ABNSIETCA CMMOLLUHON,
B Oonee WMPOKOM CMbICe — BCE CeKUMM METannmM4YecKon KOHCTPYKLUMM SABMSIOTCS
CNNOWHbIMM BO BCeX obnactax. OTO HECyLWEeCTBEHHO AnA paboTbl, HO 3TO BO3MOXHO U
ABNASTCH NpeBanupyoLlen cuTyaymen B CKBaXKMHHOW YCTAHOBKE — TO €CTb CTaHAapTHas
MeTannuyeckasa KOHCTPYKUUSA YCTaHOBKM HEe MeHsieTCs. AHanornyHbim obpasom B
MEeTannnM4YeCckon KOHCTPYKLUN TOK MOXET T€Yb, N TEYET, B O4HOM U TOM XE HanpasneHuu
B obnactm coeguvHeHMn n Mexay coeauHeHnamn. Onatbe XKe, 3T0  SBnsSieTCs
npeBanMpyloLLeEN CUTyaLMEN B CKBAXKMHHOW YCTaHOBKE — BHECEHME Mogudukaumn B
CKB2XXMHHYIO yCTaHoBKY wu3beraetcsd. TOK MOXET npoTekatb Ha OAHOW CeKyuu
METanMM4YeCKon KOHCTPYKLUK, C KOTOPOK 0OpasoBaHbl COEANHEHNS, UNU NEPECKaKNBAaTL C
OLHOM CEKUMM Ha APYrYIO, N TeYb NapannenbHO B HECKOMNbKUX CEKLUSIX — rNaBHOE, YTO
ANA  YHKUMOHMPOBAHMS  CUCTEMbI He  TpebyeTrca  co3gaHue  MCKYCCTBEHHOW
KOHoUrypaumm meTanm4yeckon KOHCTPYKUMN B CKBaXXMHE, yKasaHHas MeTannuyeckas
KOHCTPYKUMA obecneunBaeT HENPEPbLIBHYIO TPAEKTOPUIO NPOTEKAHNS TOKa, U NpoTeKaHue
TOKa NO METaNNMMYECKON KOHCTPYKUUU MNPOUCXOAUT B TOM K& CamMOM MNpPOAOSNbHOM
HanpasneHuu.

Cnegyer OTMETUTb, 4TO JOCTyn K 3arpybHOMy npocTpaHCcTBy A 3ayacTyro
obecneunBaeTcs MNOCPEeACTBOM kabens, npoxoaswiero 4epes ycrtbe 1 CKBaKMHbI.
HecmoTps Ha 3TO, McCnonb3oBaHWE MPEACTaBNEHHbIX 34eCb KOHUrypauum aensieTcs
BbIUMPbILUHBIM, TaK Kak OHW MWHUMU3UPYIOT YUCNO MEHETPaToOpPOB B YCTbE CKBAXKMHbI,
CHWKasa PUCK 1 MCNonb3ys u/unu ocsoboxgas neHeTparop AnNs ApYrux Lenen.

Annapat MOHUTOPUHra TakKe COAESPKUT BHYTPUCKBEKWMHHBIA  JaTtuuk 5,
pacrnonoXeHHbIN rnybxe B CKBadKMHE, YemM mogynb 4 cbopa, U COEAUHEHHBIA C HUM
nocpeactsom kabenss 42. B paHHOM BapuaHTe OCYLECTBIEHMSI BHYTPUCKBAXKUHHbIN

Jatumk 5 pacnonoxeH HenocpeacTBeHHO Hag nakepom [1P. O6bivHO kabenn 41,
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coeguHsowme moaynb 4 cbopa ¢ akcnnyatauynoHHeim 6riokom 21, npeacrasnsioT cobon
NMOMELLEHHbIE B KONMOHHY NPOoBOAHMKN (aHrn. tubing encased conductor — TEC), o6bl4HO
Ncnomnb3yemble B HEPTErasoBom NPOMbILLNEHHOCTU, NPWU 3TOM Kabenb 42, CoeaNHAIOLWNNA
mMoaynb 4 cbopa C BHYTPUCKBaXKWHHbIM AaTynkoM 5, Takke npeacraBnsetr cobou
MOMELUEHHbIM B KOMOHHY npoBogHMK. OO6bMHO nMnowagb MOMNEPEeYHOro CeyeHus
npoBoAHMKa No AnunHe kabens 41, coeguHsaowero moaynbe 4 cbopa ¢ akcnnyaTauuoHHON
KONoHHoW 21, 6yaeT 6onbLue nnowaan nonepeyHoro ceveHus kabens 42, coegunHaoLero
MOAYIb 4 c6opa C BHYTPUCKBAXKNUHHBIM AATUYNKOM 5.

Ecnn B CKBaXXMHHOW YCTaHOBKE NpefyCMOTPEHa katogHas 3awmra, noTeHuyman
MEeTanM4YeCKkon KOHCTPYKLMN CKB&KMHbI BbIOMPAaIOT 4OCTaTOMHO OTpUUATENbHbIM B TOYKE
BBOAA, K NPUMeEpPY, B YCTbe 1 CKBaKUHbI, YTOObI NO4ABUTL KOPPO3UKO B YCTbE CKBAXKMHbI U
APYTMX TOYKax BAOSMb BHYTPUCKBAKUHHOW METanNNMYECKON KOHCTPYKUMM 2 MO Mepe ee
cnycka B ckBakvHy. OfHako BENUYMHa 3TOro oTpmUaTtenbHOro noTeHymMana yMeHbLIaeTCs
Nno Mepe NpPoABMKEHUA BrNyOb CKBaXKUHbI M3-3a NOTEPb B cucTteme. [1oaTomy noTeHyuwan
METanMMYEeCKON KOHCTPYKUUKM 2 BONM3KN yCTbsi CkBaXknHbl OyaeTt Gonee oTpuuaTtenbHbiM,
yem Ha Bonee rnybokMX yyacTkax B CKBaxkMHe. [103TOMy, Korga TOKM KaTO4HOW 3aLyUThbl
TEKYT MO CKBaKMHHOW YCTaHOBKE, MeXay ydacTkom 41a, rae nepsbi 13 kabenen 41 ot
Moayns cbopa coeguHsIETCs C 3KCMIyaTaumoHHOM KOMoHHom 21, un ydactkom 41b, rae
apyron ns kabenen 41 ot mogyns 4 cbopa coegmMHSIETCA C 3KCNNyaTauyMoOHHON KOFTOHHOW
21, 6ypet npucyTCTBOBaThL PasHOCTb NoTeHuuanos. Noatomy B moayne 4 cbopa Oyaer
MPUCYTCTBOBATb PAa3HOCTb MNOTEHUMAaroB, U OH CMOXET W3BMeYb 3HEPruio OT TOKOB
KaTo4HOW 3aLyMTbl.

Cnepyer OTMETUTb, YTO, HECMOTPS Ha TO, YTO M3BNEYEHWe 3Heprum OyaeT
NCNONb30BaTb MOLLYHOCTb OT CMUCTEMbl KaTOAHOW 3aluTbl, BIUSHME Ha 3PEKTUBHOCTb
CUCTEMbl KaTOAHOW 3aluTbl UMW YCKOPEHME KOPPO3UM aHoAOB OyAeT HUUTOXHbIM.
OObI4YHO TOKM KaToaHOW 3awmThl ByayT nopsaka 10 A, B TO BPEMS Kak NpeACTaBrieHHbIE
3pecb cuctembl Oyayt usBnekatb, K npumepy, 10-100 MA. TO eCTb KONMMYECTBO
M3BMEYEHHOro TOKa nonajaeT B AOMNYCTUMbIA AManasoH, OOblYHO 3aknajblBaeMbi B
KOHCTPYKLUMIO CUCTEM KaTogHOW 3awuTbl. Mpn HeobxoaumocTn MoxXeT obecneumBaTbes
MOBbILLUEHHbBIA YPOBEHb HAMNOXEHHOrO TOKa UMW YMCMO NMPEeAYCMOTPEHHbIX aHO40B MOXET
npeBbIWaTh UX HOPMarbHOE YMCMO. ITO NPUBEAET K YBENNYEHUIO TOKa KaTOAHOMW 3aLyUThbl
N NO3TOMY yny4wmT coop.

OnekTpuyeckas  MOLWHOCTb MOXeT ObiTb cobpaHa C  cuctembl Ha
BHYTPUCKB2XXMHHOM Yy4yacTke moayns 4 cbopa, u 3ta cobpaHHas MOLIHOCTb MOXET

MCNonb30BaTbCA ANS APYrvX Lenen.
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B BapuaHTe ocywectBrneHusi, nokasaHHom Ha durype 1, 3ta cobpaHHas
MOLLHOCTb WCMOMb3yeTCA AN MOAaYN MOLLUHOCTM BHYTPUCKBKMHHOMY AaTuMKy 5 U
AenaeT BO3MOXHbIM M3BNEYEHUE M3 HEero nokasaHun u nepepady 3TUX MOKa3aHuh Ha
NnoBepxHOCTb [1.

B HacToswem BapraHTe OCyLEeCTBNEHMSA ANA OCYLLECTBNEHUS CBA3N C MOAYyNeM 4
cbopa 1 BHYTPUCKBAKMHHBIM 4aTYMKOM MCMOMNb3yeTcs BepxXHUN 6ok 6 cBs3n. B gaHHOM
crny4ae BepxHUn 6nok 6 cBA3N NPeayCMOTPEH Ha NOBEPXHOCTU 1 — B JaHHOM cryyae Ha
MOBEPXHOCTU 3EeMIN.

HOmKHO BbITb MOHSATHO, YTO KOHQUrypauum, Kak Te, 4TO NpenCcTaBfeHbl 34ECh,
MOFYT WCMOMb30BaTbCA BMECTO TPAAULMOHHOINO CTaLUUOHAPHOIO BHYTPUCKBAXKUHHOMO
aaruuka (anrn. permanent downhole gauge — PDG) ¢ TeM nNpenmywleCTBOM, YTO OHMU
nomorarT wusbexatb UCNONb3OBaHWE MNEHETpaTopa, MNPOXOAALIEro u4epes YyCTbe
CKB@XXMHbI, Aenas npyv 3TOM BO3MOXHbIM, BO MHOTMX CRy4yasX, NOCTOAHHbIN MOHUTOPWHT
CKB2XXMHbI. MOHUTOPUHI MOXET OblTb MOHUTOPUHIOM NNacTOBOrO AaBMEHWs, B Crnyvae
Takoh HeOBXOAMMOCTU, WNU aHanormyHbiM OOpasOM — MOHUTOPUMHIOM JaBMNEHUS B
3aKpbITOM 3aTpybOHOM MpPOCTPaHCTBE, Hanpumep, ANA AETEKTUPOBaHWUA YTEYKU WU
npo6nembl, N1 NONOMKN B cucteme. B aTom criyuae ceHcop 1 moaynb cbopa moryT BbiTb
pacnonoXeHbl B 3aKpbITOM 3aTpyOHOM NpOCTpaHCTBeE.

Bce wu3 nepeuyncrnieHHbIX BapuaHTOB BO3MOXHbI, K MpUMepy, B MOABOAHOW
CKBa)>KMHHOW YCTaHOBKe, TaMm, rae obblyHO OyaeT MMETbCS FOTOBbIN MCTOYHUMK TOKa A5
cbopa — T.e. TOK KaTOAHOW 3almTbl, OObIYHO FEHEPUPYEMbBIN XKEPTBEHHLIMW aHOAaMwu,
HaxoAALWMMNCA B BOAE, B KOTOPOW pacrnonoxeHa NoABOAHas YCTaHOBKA, W rae apyrue
BapuaHTbl Noga4m MOLHOCTU N CUrHana sBMNsSTCS CNOXHO OCYLLECTBUMbIMM.

B ckBaxkmHe ¢ NOABOAHBIM YCTbEM CKB&KMHbI OObIYHO HEBO3MOXHO (MPaKTUYECKn
WM C TOYKM 3PEHUS 3KOHOMMYECKON 3OPEKTUBHOCTM) 0BECNEUUTb MNAPaBNYECKYO UMK
SMNEKTPUYECKYID CBSA3b C HapyXHbIM 3aTpybHbiM npoctpaHcteom (B, C, n 1.4.). B
4YacTHOCTW, KOraa 3TW 3aTpybOHble NPOCTPaHCTBa FrEPMETMYHO 3ajenaHbl B OCHOBAHWW,
UMEET CMbICN OCYLLECTBIIEHNE MOHUTOPWHIa U, ONUMOHanNbHO, PErynnMpoBaHne AaBneHuns
B Takux 3aTpyOHbIX MPOCTPAHCTBAX, K NPUMEPY, AN CHUXKEHUSA PUCKA BbICOKMX AaBMNEHUN,
NPMBOASALMX K PaspyLLUEHUO KOHCTpyKuumn obcagHon Tpybbl. B yacTHoCTW, ABWXKEHME
noToka unun 6ypeHne CKBaXXMHbI MOXET NOBbICUTL TEMMEPATYPy repMETUYHO 334ENAHHOIO
Hapy>XHOro 3aTtpybHOro npocTpaHCcTBa, W NO3TOMY MOBbLICUTE B HEM JaBrfieHue.
BO3MOXHOCTb OCyLLECTBNEHUS MOHUTOPVMHIra B TakoM Crnyyae, M OnuUOHarnbHO
PErynupoBaHna 4aBneHnsa B TakOM criydae (Hanpumep, C MOMOLLbIO APEHaXKHOrO KnanaHa
Mexay 3aTtpybHbIMW MNPOCTPAHCTBaAMK, Kak Te, YTO OnuCaHbl BbIWE) SABMNAETCS

npeanoYTUTENbHbIM. B yacTtHoCTH, ocyLjectenieHne MOHUTOPUHIa AaBlieHUA B 3aKPbITOM
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3aTpybHOM MPOCTPaHCTBE MOXET MO3BONUTb OCYLLECTBNATL J00bI4y npu 6onee BbICOKMX
CKOPOCTSIX, YEM T€, KOTOPbIE MOXHO AOCTMYb, €CMNN UCNONb3YETCH NULLL MOAENMPOBaHWE
OXWAAEMOro MOBbILLEHUA AaBNEHUs, TaK Kak MCNONb3OBaHWE MOAENMPYEMOro AaBneHns
Oypetr TpeboBaTb npuHATUE OOonblUMX AOMYCKOB ©6€30MacHOCTW, U MNOTEeHUWanbHO
NPUBOAUTL K COOTBETCTBYIOLLEMY CHIDKEHWMIO CKOPOCTU A,00b14n. JOmKHO ObiTb MOHATHO,
YTO MpPEACTaBMEHHblE 34EeCb PELUEHUS MOryT MNOMOYb B OCYLLECTBIIEHUM Takoro
MOHUTOPUWHIa Wnnm perynmpoBaHus.

[pyron KOHKPETHbIN BapuaHT OCYLLECTBMNEHUS NPeLCTaBNEHHOro 34eCb PELLeHNs
Oyget Bkntovatb B cebsA CEHCOPHbIA MOAYINb, PACMOMOXEHHbIA TaMm e, rae OBbIYHO
pacnonoXeH oObIYHbIA, TPALAULMOHHBIA CTALWUOHAPHBLIA BHYTPUCKBAXKUHHBIA AaTUYMK, MPU
3TOM OH NpPeayCMOTPEH Ans TOW e Uenn, Y4TO U TPagUUUOHHBIA CTalUOHAaPHbIN
BHYTPUCKBXXMHHbIN AATYUK.

Taknm 06pasomM, CEHCOPHbIA MOAYMNb MOXeT ObiTb pasMelleH B 3aTpyOHOM
npocTpaHcTBe A U NpeaHasHayeH JANA OCYLECTBNEHUA MOHWUTOPWMHIra nnacToBoro
AaBMNEHUA MOCPEeACTBOM M3MEPEHUS AaBNEHWs B KOMOHHE 4epe3 nopT nepejayu
AaBMNEHUNA, NPOXOAALLUA CKBO3b KOMOHHY, Aenas TEM CamMblM BO3MOXHbIM OnpeaeneHune
NnNacTtoBoOro AaBNEHUss Ha OCHOBE MONYYEHHOro MOCPEACTBOM U3MEPEHUS AaBIEHUSA C
YyYeTOM CTaTtuyecKkoro AasBneHus U BnusHWS notoka. Kak u B criyyae € TpaguMuUoOHHO
NCNONb3yeMbIMU CTaLMOHAPHbIMU BHYTPUCKBaXXUHHbIMKU AaTtynkamu (PDG), nnacrtosoe
JaBneHue Jawe OonpeaensiT TakuM CrnocoboMm, YemM U3MEepPSAT HanpsMmyl -—
pasMeLLeHne ceHcopa HEenocpeacTBEHHO B Mnacte, B LEnoMm, ABMNSAETCA NPakTU4eCKu
HEOCYLLECTBUMbIM (NPY 3TOM JOMKHO ObITb MOHATHO, YTO «OCYLLECTBNEHNE MOHUTOPUHTA
NNacToBOro AasBneHnsa» 3ameLlaeT UCNoNb3OBaHNE TaKNX N3MEPEHUN).

Moaynb cbopa moxeT ObiTb TaKke MNPeayCMOTPEH Ha Yy4acTKe CEHCOPHOro
MoAayns.

[na n3BnevyeHns [aHHbIX M3 BHYTPUCKBAXKMHHOIO Jartymka 5 B HanpasneHuu
MOBEPXHOCTN MOTYT UCNONb30BaTLCA PasnnyHbI€ Crnocobbl.

B Hactoswem BapuaHTe ocyujectsrneHna moaynb 4 cbopa BbINONHEH C
BO3MOXHOCTbIO MNpMeMa curHana oOT BHYTPUCKBEXKMHHOIMO AaTuyvka, YKasbiBaOLLEro
3Ha4YeHMe Uu3MEepaemMoro napameTpa, Hanpumep, AasneHus Wunu Temnepatypbl, U
nepeaayun 3TUX AaHHbIX B HaNpaBneHUN MOBEPXHOCTU MOAYMAUMEN Harpysku, KOTOPYHO
MOAYIb 4 cbopa OCyLLECTBNSET MEXAY OTCTOSAWMUMM coeauHeHnamm 41a n 41b. B oteet
YKa3aHHOE W3MEHEHME Harpy3km W3MEHWT KOMNMYecTBO Toka, 3abvpaemoro OT TOKOB
KaToAHOW 3aluTbl, NOAABAEMbIX K CUCTEME. 3TO, B CBOK oyepefb, ASTEeKTUPYETCS Ha
MOBEPXHOCTU UMM Ha APYroM MNOAXOASALLEM yvacTke 3a CYET M3MEHEHUs noTeHuyuana

MeTannmM4Yeckon KOHCTPYKLMM Ha NOBEPXHOCTM UMW Ha A PYroM MOAXOASALLEM yyacTke. ITO
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MOXET ObITb [AETEKTUPOBAHO, Hanpumep MNOCPEeACTBOM AETEKTUPOBAHUS W3MEHEHUS
noTeHymana B ycTbe 1 CKB&XMHbI UMW NOCPEACTBOM AETEKTUPOBAHUA HANPSXKEHUS, UMK
HabnogaemMoro Toka B UCTOYHUKE MUTaHUA, UCNOMNb3yeMoro B cucteme 3A HanoOXeHHOW
kaTtogHOM 3awuTtbl. B HacTosiem BapuaHTe ocyllecTBneHus adeKkT OT MoAynsaumu
AETEKTUPYIOT BEPXHUM BrOKOM 6 CBSA3M, OCYLLUECTBMSS MOHWTOPWHI MOTeHuuana ycrbs
CKBaXXMHbl OTHOCUTENbHO OMOPHOrO YPOBHSA 3€MNN, ANS U3BMNEYEHNS AaHHBIX U3MEPEHUS
AaBNEeHUNA Wnnn Temneparypbl.

MpeanoYTuTEnbHO, YTOOLI PACCTOSIHUE MEXAy OTCTOALUMM coeguHeHnsmn 41a,
41b coctaBnsano no MeHbwen mepe 100 m, nnu OGonee BEPOATHO HaxXOAUMOCH B
ananasoHe 300-500 m. OnTMManeHOE paccTosiHMe ANA OTCTOAWMX coeauHeHun 41a, 41b
MOXET OblTb OMpPeaeneHo MOoAENUPOBaHUEM KOHKPETHOW ycTaHoBku. [lo  mepe
YBEMUYEHNS PaCCTOSHUA MEXAY 3TUMM COEAMHEHMAMMU €CTb TEHAEHUUS YBENUYEHUS
PasHOCTM MOTEHUMANOB MEXAY YKa3aHHbIMN COSAMHEHUAMM (XOTA CKOPOCTb YBENMYEHMWSA
PasHOCTM MOTEHUMAnoB CHMWXAETCad NO Mepe yBenudeHus rnybuHbl  HWXKHEro
coeavHeHns). C gpyro CTOPOHbI, NO MEpe yBENUYEHUA paccToaHus obljas anvHa, a
nosTomy u conpotmerneHne kabenen 41, ysenunumsaetcs. [loaTtomy B OOMbLUMHCTBE
cuctem ByaeT UMeTb MECTO HEKOTOPOE ONTUManbHOE PacCTOsHUE.

Ha durype 2A 6onee getanbHO nokasaH Mogynb 4 cbopa annapara, NokasaHHOro
Ha durype 1. B 3tom BapuaHTe ocyuwlecteBneHma moaynb 4 cbopa umeeT napy
TepMmuHanos 43a, 43b, C KOTOPbIMU COEAMHAIOTCA COOTBETCTBYIOWME kabenn 41. Mexay
METanNMMYeCKON KOHCTPYKUMEN N TepMUHanamn 43a, 43b nmeetr MecTo ranbBaHN4eckoe
coeavHeHne. Mexay aTummn TepmmHanamn 43a, 43b ana cbopa anekTpuy4ecKon 3HEpPrmm
TaMm, rae nPUCYTCTBYET pPasHOCTb NOTEHUWanoB wmexay TepmuHanamn 43a, 43b,
NoACOEANHSETCA HU3KOBOMbTHbIM npeobpasoBarenb noctosHHoro Toka (DC/DC-
npeobpasoBartenb). Npeobpasosatenb 44 NOCTOAHHOrO TOKa COEAMHEH CO CpeacTBaMU
45 HakonneHus 3apsga, Bknovarowmumm B cebs N0 MEHbLUEN Mepe OAMH KOHAEHCAaTop C
HU3KOM YTEYKOW, OH TakkKe COeAMHEH C U ynpaBnseTcs UeHTpanbHbiM 6nokom 46,
ynpasnaembiM Mukponpoueccopom. Cpeacrsa 45 HakonneHus 3apsiga U UeHTpanbHbIv
Onok 46 TaKke COeAWHEHbl 4Yepe3 COOTBETCTBYWOLWMA TepmuHan 43c ¢ kabenem 42,
BeAYLUMM K BHYTPUCKBaXKMHHOMY AdaTtyuky 5. B kavecTtBe anbTepHatmBbl cpeactsa 45
HakonneHns 3apsga MoryT ObiTb ynyweHbl — TO €CTb MO HeobXOAUMOCTM MOXET
cobupartbcs JOCTAaTOYHO MOLLUHOCTU, AEMNAtOLLEN BO3MOXHON NOCTOAHHYIO paboTy.

Bo Bpemsi paboTbl LeHTpanbHbeii 6nok 46 ynpasnsaet paboTton npeobpasosarens
44 NOCTOSIHHOrO TOKa ANS ONTUMMU3ALUN Harpy3kn, KOTOPYIO OH JaeT TOKY, noryyaemMomy
moaynem 4 cbopa OT TOKOB KaTOAHOW 3aLUTbl, C LENbIO MakCUMM3aLmm 3Heprumn, KoTopas

MOXeT ObITb cobpaHa M Mcnonb3oBaHa, WK HakonneHa B cpeactBax 45 HakonneHus
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3apaga. Cnepgyet OTMETUTb, YTO UeHTpanbHbld Onok MOXeT ObiTb BbINOMHEH C
BO3MOXHOCTbIO BbIOOPOYHOrO MPSIMOro  UCNOMb30OBAHUA WU OTNpaBkn COBpaHHOW
3Heprun, korga aTo TpebyeTcHA, WU HaKOMMEHUA 3HEPrun U U3BMNEYEHUS HAKOMMEHHOW
3Heprum, koraa 310 TpedyeTcs.

CnepyeTr OTMETUTb, YTO B anbTEPHATUBHOM BapuaHTe LeHTpanbHbii 6nok 46,
yNpaBnseMbI  MUKPOMPOLIECCOPOM,  MOXeT  OblTb  3aMeHeH  anbTepHaTUBHOWN
3NEKTPOHUNKOW, BKMoYatowen B cedsa, K Npumepy, aHanoroBbil KOHTYp obpaTHOW CBA3W,
UNn T.H. MalUMHY cocTosiHMA (aHrn. state machine), nnu gaxe OUKCUPOBAHHYIO Harpy3sKky
cbopa, OCHOBaHHYIO Ha MOAENUPOBaHUN, BbINONMHEHHOM AN KOHKPETHOW YCTAHOBKMN.

Mpn Ncnonb3oBaHMM HAKOMITEHHOW 3HEPINN MOLLHOCTL OT CPEACTB 45 HakonneHus
3apsiga nogaetca vyepes kabenb 42 BHYTPUCKBAXKMHHOMY JaTuuky 5, n yepes kabenb 42
LUeHTpanbHbli Onok 46 nonydYaer nokasaHMa OT BHYTPUCKBAKWHHOIMO Aardmka 5.
LleHTpanbHbi 6nok 46 Tarke ynpasnsietr paboton npeobpasosatens 44 NOCTOSIHHOMO
TOKa AN MOAYNALUMM Harpy3sku, BBOAUMON MeXay TepmMmuHanamu 43a n 43b gns otTnpaBku
cUrHanoB oB6paTHO K MOBEPXHOCTU, HECYLLMX NOKA3aHWUS OT BHYTPUCKBEXXMHHOMO Jaryunka
5, Kak onmMcaHo BbILLE.

Cnegyer OTMETUTb, 4TO B  ONWCAHHOM  BapwaHTe  OCYLLECTBIEHUS
npeobpasoBartenb 44 NOCTOSIHHOIO TOKA M LeHTpanbHbid 6nok 46 BMECTE BbIMOMHSAOT
ponb CPeACTB MNEPEMEHHOro MMNeaaHca 3a CYET ynpasreHusa LeHTpanbHbiM 6riokom 46
paboTon npeobpasosatens 44 NOCTOSHHOrO TOKa A4S BBOAA MEPEMEHHOrO MMMNegaHca
Mexay TepmmnHanamm 43a n 43b.

Cnegyet OTMETUTb, 4YTO BMECTO pPacCrofOXEHUS CEHCopa B OTAEIMbHOM
BHYTPUCKBAXXMHHOM Aatymke 5, nogxoasawmm ceHcop MOXeT ObiTb NPeayCMOTPEH Ha TOM
Xe yyacTke, 4To n moaynb 4 cbopa.

B uactHoCcTW, MOXET ObiTb nNpPeayCMOTPEH BHYTPUCKBaXKMHHbIN Onok  4a,
nokasaHHbIn Ha durype 2B, coaepxawimi kak mogynb 4 cbopa, Tak U No MEeHbLUEN Mepe
OAHO BHYTPUCKBAXKUHHOE YCTPOWUCTBO, KOTOPOMY HeobxoaMMO nojaTtb MOLHOCTb. B
TaKoOM Cny4yae BHYTPUCKBaXKUHHLIA BroOK 4a COaepXnUT U ceHcop 47 pasneHus, n 6nok 48
CBA3N.

B Takom cnyvyae BTOpUYHLIN kabenb 42, BeaylumMi OT BHYTPUCKBaXKMHHOIO Gnoka
4a, moxeT otcytctBoBatb. C APYrod CTOPOHbI, B HEKOTOPbIX APYrUX Cryyasx
BHYTPUCKB2XXMHHBbIN ONOK 4a MOXET MO-NPEeXHEMY MWCMNONb30BaTbCA ANS nojayu
MOLLIHOCTW BHELUHEMY YCTPOWCTBY, AaXE NPU Hanm4inm ceoero coBCTBEHHOro ceHcopa 47
n/unn 6noka 48 cBs3M, 1 NO3TOMY BTOPUYHBIA kabenb 42 MOXET NPUCYTCTBOBATD.

B anbTepHaTuBHbIX BapuvaHTax BMECTO OCYLLECTBMEHMS CBS3W B HanpasneHUn

MOBEPXHOCTWU,  WCMOMb3ysi  CMoco®  MOAYMAUMM  HarpyskW, PackpbITbiA  Bbille,
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BHYTPUCKBaXUHHbIN 60K 4a MOXKET UCNONb30BaTb CBON cOOCTBEHHbIN B6nok 48 cBA3n Ans
obpaTHOM CBSA3WM B HanpaBfiE€HUM MNOBEPXHOCTU. Takaa cBs3b MOXeT ObiTb B BMAE
CUrHanoB 3MEeKTPOMAarHUTHOW CBA3KW, KOTOpble MOryT Mojasatbcs obOpatHO K
BHYTPUCKBAXXMHHOW METanNNM4Yeckon KOHCTpYKUmn 21 nocpenctsom kabenen 41. B gpyrux
cnyydasx 6nok 48 cBs3M, NPeayCMOTPEHHbLIN BO BHYTPUCKBaXXMHHOM Onoke 4a, MOXeT
ObITb GNIOKOM aKyCTUYECKOW CBSA3WN ANS NOAAYN aKYCTUYECKUX CUrHanoB MeTannm4eckoun
KOHCTPYKUUKM 21 ansa obpaTHOM nepeaayn B HanpaBneHun NoBepxHOCTU. B Takom cnyyae
BEpXHMM Onok cBA3M OyfeT BbINOMHEH C BO3MOXHOCTBIO MOMYYEHUS aKyCTUYECKUX
curHanos. CrneayeT noHMmaTtb, YTO MOXET ObiTb NpeaycMOTpeHa JAByHanpasneHHas
CBA3b, Takasi, koTopasa Tpebyercsa n korga Tpebyetcsi, no nobbiM MM BCEM 4acTam
kaHanoB cBaA3n. bonee TOro, napannenbHO MOryT MCNONb30BaTbCA ABa cnocoba
OCYLLIECTBMNEHNS CBA3M Ha nobOOW BETBU KaHANoOB CBA3W, MOITOMY 3NEKTPOMAarHUTHbIE
CUrHanbl N akyCTUYECKME CUrHanbl MOMYT UCMOMb30BaTbCA NapannenbHo.

B Apyrux anbTepHaTMBHbBIX BapuaHTax mMoaynb 4 cbopa nnm BHYTPUCKBAKUHHBIN
6nok 4a MOryT cogepxatb MO MEHbLUEW Mepe OauH npeobpasoBaTenb MOLWHOCTU AnS
yrpaBneHns HanpsbkeHNeEM, Npu KOTOPOM ocyLlecTBnaeTcs cbop MOLHOCTU ANSA nojaun
cpeactsam 45 HakonneHua 3apsaa Wunu 4pyrum KOMMOHEHTaMm, TakuM Kak LeHTparnbHbI
6rnok 46. MoxeTr ObiTb nNPEeANnOMTUTENbHBIM HAaKOMMEHNE SHEePrun npu  4Pyrom
Hanps>KeHUN, YeM TO, NMPU KOTOPOM OCYLLIECTBNAETCA ee cOop Wunu npu 4pyrom, 4em To,
NPy KOTOPOM OHa UCMOMb3yeTCAa LieHTpanbHbiM 6riokom 46 unu 4pyrummn KOMMOHEHTaMM.
Hanpumep, MoxeT ObiTb NpeanoyvYTUTENbHbIM HakannueaHue MOLJHOCTM npu 6ornee
BbICOKOM HanpsbkeHun, 4em TO, NpM KOTOpOM ocyulecTBnsietcs ee cbop wunu
notpebneHne. 310 MOXeT ObiTb MOME3HbIM, HanpuMmep, €Cnn UMEET MeCTO GOonbLUOK
3ab0op HAKOMMEHHOW MOLLHOCTW, Hanpumep, BO BPEMS Nepegayn.

Bo3MOXHbIM BaprMaHTOM OCyLEeCTBNeHus npeobpasoBarenst NOCTOSHHOrO ToKa
ABNSAETCA  UCMOMb30BaHWE  KOMMEPYECKM  LOCTYMHOW  WUHTErpanbHOM  CXEMb.
AnbTEepHaTMBON SBNAETCSH CO3J4aHME [MOXOXKEW CXEeMbl, WCMNONb3ys OTAEmNbHblE
KOMMNOHeHTbl. [Onsa  addektuBHoOM paboTbl  npegnodTuTeneH npeobpasoBartenb
noctosiHHoro Toka (DC/DC-npeobpasoBaTenb), KOTOPbIA MOXET CNPaBnAaTbCA C HU3KMMU
BXOAHbIMM  HanpskeHmamu. OgHuMm  n3  cnocoboB JOCTMKEHMS 3TOrO0  SABMSIETCA
MCronNb3oBaHWe NoNeBoro TPaH3NCToPa, Takoro kak nepekntovarens JFET, ang cosgaHuna
PE30HAHCHOrO MOBbILLAIOLLErO OCUUNNATOPA, UCMOMb3ySa MOBbLILAKLWUA TpaHchopMaTop
N KOHAEeHcaTop CBA3W. [na ynydlweHusa onTuMmmsaymm cbopa 3Heprmm OTHOLLEHWE BUTKOB
Ha TpaHcdopmaTope MOXET BblOUpaTbCs, NPEANOYTUTENBHO AUHaMUYECKN BblIBupaTbes,

BO Bpemsi pabotel. Ha BTOpmyHOM 0OMOTKE TpaHchopmaropa MOXeT ObiTb
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NPeAyCMOTPEHO MHOXECTBO OTBETBIIEHWUN, KOTOPbIE MOryT BbIGOPOYHO UCMONb30BATLCS
Ana obecneyeHns COOTBETCTBYIOLLErO OTHOLLEHUSA BUTKOB.

MNpoueccop, K npumepy, UeHTpanbHoro ©Onoka, MOXeT OblTb BbINOMHEH C
BO3MOXHOCTbIO  YMNpasreHnsa  rnepeknovyarenem Ang  AvHamMu4eckoro  Bblibopa
COOTBETCTBYIOLUMX OTBETBMEHMW W  ynpaBneHuss Takum obpasom  Harpyskowu,
reHepupyemomn npeobpasoBaTenem nocToAHHOro Toka.

Ha ®ur. 2C unsobpaxeHa npuHUMnManbHas 3neKkTpuyeckas cxema KOHTypa Ans
BO3MOXHOro OCyLLECTBIEHUS PE30HaHCHOro MoOBbILLAOLLErO ocymnnsTopa,
aHanorMyHoMy TOMY, YTO onucaH Bbiwe. [JoCTynHas BXOAHasi pasHOCTb MOTEHUMarnos
MOXET COE€AMHATLCA C BXOAHbIMKM TepMuHanamm (obosHavyeHa kak Vin), a BbIXOAHOW
curHan Vout nokasaH Ha BbIXOAHbIX TepMUHanax. KoHTyp coaep>xut noneson TPaH3ncTop
201, nosbiwatowmin TpaHchopmarop 202, BbiCTynarowme BMECTE B PONX OCLMNNSATOPA, U
BbINPAMNSAOLYIO BbIXOAHYIO KOHCTpykumio 203, coaepxawyio napy napannenbHbIX
anonos 204, BKMOYEHHbIX C MPOTUBOMOMOXHOW MOMASPHOCTBIO (T.H. CKPELLEHHbIE ANOAbI,
OT aHrn. crossed diodes), n coorBeTcTBYOWME KOHAEHcaTopbl 205 ceasn. epBuyHas
obmoTka 202a TpaHcdopmatopa 202 nocnepoBaTenbHO COEAMHEHA C  MOMEBbLIM
TpaHauctopom 201, M Ha HWUX nojaetca BxogHou curHan Vin. 3atBop nonesoro
TpaHsnuctopa 201 coeauHeH ¢ BTopudHOM obmoTtkon 202b TpaHcdopmartopa 202.
BbixogHon curHan Vout nokasaH Ha koHgeHcatopax 205 cBA3W, Kaxabl N3 KOTOPbIX
COEeLUHEH CO BTOpUYHOM 0BmoTkom 202b yepes cooTBeTCTBYOWME Anoabl 204,

BropuuHas obmotka 202b TpaHcdopmatopa 202 COAEPKUT MHOXECTBO
orBeTBneHnn 202¢, KOTOpble MOryT ObITb BbIOpaHbl ¢ NOMOLLBIO nepekntovarens 206, 4to
JenaeT BO3MOXHbIM PEryrMpoBKY OTHOLWLIEHW BUTKOB. [lepeknioyaTtens 206 MOXeT
ynpaBnATbCS MUKPONPOLECCOPOM, B AAHHOM Crnyyae LeHTpanbHbiM 6r10kom 4b.

Takon TUn npeobpasoBaTtensd MOCTOSHHOrO TOKa MOXeT paboTaTtb gake npu
HU3KOM Pa3sHOCTM MOTEHUMANoOB Ha TepMuHanax (BxogHoe HanpspkeHue), T.€. 0,5 B unu
HWKke. Ha npakTtuke BxogHOE HanpsikeHne MOXET ObiTb Hke 0,25 B, a BO3MOXHO gaxe
Hmke 0,05 B. Tak kak 3TU 3HAYEHUSI HAMHOIO MEHbLUE HamnpsKEHUW, COOTBETCTBYHOLLMX
NonynpoBOAHUKOBOW 3arnpeLlyeHHon 30He (k npumepy, 0,7 B), mHorve npeobpasosatenu
MOCTOSIHHOrO TOoKa He ByayT paboTtaTb Ha cOOp 3SHEPrM NpU TakUX HU3KMX BXOAHbIX
HanpsbkeHusx. OpHako npeobpasoBarenu MNOCTOAHHOrO TOKa, nonaralwuecs Ha
BbILLEONUCaHHbIX NPUHUMNax, Moryt pabotarb AaXe NpWU Takmx HU3KUX HanpsXKEHUsX.
Takon npeobpasosatenb nocrtosHHoro Toka (DC/DC-npeobpasoBarenb) MOXET
npeaycMmaTpuBaTtb BKIIOMEHME B HEro CpPeACTB 3anycka, npefHasHadeHHbIX Ans
obecnevyeHna BO3MOXHOCTM paboThbl Kak B Cnyyae, ecrniv BXogHoe HanpsbkeHue pasHo 0,5

B unu Huxe, Tak 1 B criyyae 6onee BbICOKMX HaNpPsi>KEHWUIA.
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AnbTEepHaTMBHbBIA NOAXOA MNPEAYyCMaTPUBAET KOHTYP C OTAENbHbIM WUCTOYHUKOM
MUTaHUA, KOTOPbLIV BbICTYNAET B PONU YacTu cpeacTs 3anycka. K npumepy, MoxeT ObITb
npeaycMoTpeHa nepsuyHaa barapea AN 3anycka CUCTEMbl Mocne yctaHosku. bornee
TOro, AN MOBTOPHOrO 3anycka CUCTEMbl MOXET OblTb WCNOMb3OBaHa HaKomnneHHas
3HEeprvsa B HaKoONUTEne 3Heprum, ecnv cbop 3HepPrnm BPEMEHHO NpekpaLLaeTcs.

Ha ®durype 2D nsobpaxeHa npuHUMnManbHasa anekTpudeckas cxema KoHTypa aAns
BO3MOXHOIO OCYLLECTBIEeHNs npeobpasoBaTtens MNOCTOSAHHOro Toka, pabortarowero no
Takomy npuHuuny. [Npeobpasosarenb, nocrosHHoro Toka (DC/DC-npeobpasoBaTtens),
nsobpaxkeHHbIn Ha durype 2D, cogepxnt H-moct 207 TpaHauctopos 207a, kK KOTOPOMY
NoaCOeAUHEHO BXOAHOE HanpsbkeHue. 3aTtBopbl TpaHsmcTtopoB 207a COefuHEHbl C
6nokom 208 ynpaeneHus, BbINOMTHEHHBIM C BO3MOXHOCTbLIO YNPaBneHns NepeknioYeHnem
TpaH3uctopos 207a ANS rEeHEPUPOBAHUS BbLIXOAHOrO CuUrHana nepemMeHHOoro Toka.
BbixogHown curHan nepemeHHoro Toka H-mocta 207 nopcoeanHeH K NepBMYHON 0OMOTKE
202a nosbiwarowero TpaHcgopmaropa 202. BropnuHas obmoTka 202b TpaHchopmartopa
202 nopcoeauHeHa k BoinpamuTento 209. OauH Bbixog BbinpsamuTenst 209 coegnHeH
yepes auog 204 c¢ sxogom 6noka 210 nuTaHudA, a APYron BbIXO4 3a3eMneH. Takke
COeNHEHa C yKasaHHbIM Bxoaom Onoka 210 nutaHuns depes gpyron auog 204 6atapes
211.

Bnok 210 nuTaHus BbLINOMHEH C BO3MOXHOCTBIO nogayn MowHoctn Gnoky 208
ynpasneHus. [insa 3anycka pabotbl 6nok 210 nnTaHns MOXET MCNOMb30BaTh MOLHOCTb OT
batapen 211. Korga npeobBpasoBaTenem MNOCTOAHHOrO TOka ocylecTtensercs cbop
aHeprun, 6nok 210 nuUTaHUS MOXET WCNONb30BaTb MOLUHOCTb, MOMYYEHHYK OT
BbinpsimuTens 209 — T.e. COBPaHHYHO MOLLHOCTb.

B TO Bpems kak B HacTosWeEM nNpUMepe MOLUHOCTb  MCMOMb3yeTcs
HENOCPEeACTBEHHO Npu cOope, B anbTepHaTMBHbIX BapuaHTax cobpaHHasa 3HEPrust MOXET
Takke HakannmMeBaTbCs B CPEACTBaxX HAaKOMMEHUS W MCMONMb30BaTbCS W3 YKa3aHHbIX
CPEACTB HakonneHusa. Kak onucaHo B APYron 4acTu 3asBKM B TaKOM Crnydae CpeacTsa
HaKOMMeHNss MOryT, K NpuMepy, BkNioyath B cebs OaMH KOHLEHCATOP C HM3KOW YTEYKOW
W/nNn NoO MEeHbLUEN Mepe OAUH NepesapskaemMbld 3NeMeHT. HakonneHue aHeprum, korga
OHO OCYLLECTBIISIETCH, MO3BOMSAET MEXaHW3My MOBTOPHO 3anyckaTtb CUCTEMY B Cry4vae
npekpaLleHmst cbopa B HEKOTOPbIN MOMEHT BPEMEHM Nocne paspsaakn 6atapen 211.

Batapes 211 moxeT 6bITb NEpBUYHON (O0gHOPa3oBoWN) BaTapeen, Nnn MoXeT BbiTb
nepesapsbkaemon Garapeen, npu YCrNOBUKM, YTO OHa SBMSETCA 3apPSHKEHHOW Npw
yctaHoBke. Korpa Oartapes saBndetca nepesapsbkaemon 6atapeen, B HEKOTOPbIX
BapuaHTax ocyljectsneHnsa 6nok 210 nutaHns MOXET ObITb BbINOMHEH C BO3MOXHOCTbIO

HakonneHnAa B HEeM 3Heprun, Korga oHa AOoCTynHa, U1 B anbTepHaTUBHOM BapuaHTe
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MOXET ObiTb yAOOHbIM HanMuuue OTAENbHbIX CPEACTB HAaKOMMEHMS 3Heprumn (KoTopble
MOTyT nNpeaycmMaTpuBaTh nepesapsbkaemyto 6arapeto).

Cnepyet OTMETUTb, YTO B APYroM anbTepPHATMBHOM BapuaHTe npeobpasoBaTternb
MOCTOSIHHOTO TOKa, M300pakeHHbIn Ha Purype 2D, moxeT OblTb npeaHasHayeH Ans
obecnevyeHns BO3MOXHOCTM YNpaBrieHMs1 Harpy3kow, reHepupyemon npeobpasosaTtenem
MOCTOSIHHOrO ToKa. Tak, Hanpumep, MOXeT ObiTb WCMonb3oBaHa KOHUrypauyms
aHanornyHasa Tou, 4To nokasaHa Ha durype 2C, B koTOpon BTOpMYHas obmotka 202b
UMEEeT MHOXECTBO OTBETBNEHUA, W ana obecneyeHns BO3MOXHOCTU Bbibopa
OTBETBMEHUA MNPEAYCMOTPEH nepeknovatenb. Takonm nepeknovatens  MOXET
pacrnonaratbcs Mexay obmoTkamuM M BXo4oM B Bbinpamutens 209. B gpyrowm
anbTepHaTUBHOM BapuaHTe ANS LOCTWKEHWUS] TOrO e pesynbTata BMECTO MHOXeCTBa
OTBETBMEHUA MOryT ObiTb NPEAYCMOTPEHbI  OTAENbHbIE  BTOPUYHbIE  OOMOTKW.
Mepekntoyatenb MOXET ynpaBnsaTbCsl ONOKOM  ynpaBneHUsl, NPeACTaBMNEHHbIM B
KOHpurypauyum Ha durype 2C.

CnepyeTt OTMETUTDL, YTO B APYrUX BapuaHTax OCyL|eCTBNeHMs Mogynb 4 cbopa u
BHYTPUCKBAXXUHHBIN Jatynuk 5 (MNN  BHYTPUCKBaXKMHHbIA 6nok  4a) MOXeT ObiTb
pacrnonoXeH B JApPYyrom 3atpyObHOM MpOCTPaHCTBE B CKBaKMHHOW YCTaHOBKE, He
3atpybHom npocTpaHcTtBe A. bonee Toro, patusmk MOXeT ObiTb BbINOMHEH C
BO3MOXHOCTbIO M3MEPEHMS napameTpa B 3aTpybHOM MPOCTPaHCTBE, OTNUYaoLWEMCs OT
TOro, B KOTOPOM OH PacronOXeH.

K npumepy, Takne KOMMOHEHTbI MOTYT pacnonararbCcs B 3aTpybHOM NpoCTpaHCTBE
B vnu C, npn 3TOM agatumnk, pacrnonoXeHHbI, K npumepy, B 3atpybHOM npoctpaHcTee B
MOXET ObiTb BbINOMHEH C BO3MOXHOCTbIO M3MEPEHUS OAHOrO WM  HECKOMbKMX
napameTpoB B 3aTpybHOM npocTtpaHcTee A, B, C unun nobon mnx kombuHauyumn. Cnegyet
OTMETUTb, YTO 3TO YYaCTKM, HA KOTOPbIX, B LI&NTOM, HEBO3MOXHO, UM NO MEHbLUEN Mepe
HeXXenaTenbHO pPacrnonoXeHne MPSMbIX KabemnbHbIX COEAMHEHWA C MOBEPXHOCTLIO.
MoaToMy nNpenCTaBneHHbIE 34E€Chb PELLEHNS YBENNYMBAIOT BO3MOXHOCTM OCYLLIECTBMNEHUS
MOHWUTOPWHIa, Hanpumep, AaBreHns B 3aTpybHOM npoctpaHcTee B unmn C Ha NpoTskeHnm
BCEro nepuoaa UCronb30BaHUS CKB&KUHHOW YCTAHOBKW, YTO Oblno Obl CrIOXHLIM W/MnK
HEBO3MOXHbIM MPU  UCMOMNb30BaHUM  TPAAULMOHHBIX CMOCOBOB MOAA4YM MOLLHOCTM.
MpencTaBneHHblE 34ECb PELUEHUS He HYXZalTCA B MCMOMb30OBaHWM MNEHETPATOpPOB,
MPOXOASLUMX Yepe3 YCTbe CKBAXKMHbI, YTO CHWXKaeT pUCK M cToumocTb. OHM TaKke
npeanararT OTHOCUTENBHO NPOCTbIE, aKKypaTHbIE U NETKMEe PELLEHUS NO YCTaHOBKE.

Ha ®urype 3 nokasaHa CKBaXKWMHHAsi YCTaHOBKA, aHanorndHasi TOW, 4TO
npeacraeneHa Ha Purype 1, HO Bknovawowasa B ceba BHYTPUCKBAKUHHBIA CBS3HOW

NOBTOPUTENb 7 BMECTO BHYTPUCKBaXKMHHOIO Aatyuka. [oBTopuTenb 7 pacronoXxeH B
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3atpybHoM npocTpaHcTee B BmecTe ¢ mogynem 4 cbopa Toro e Tvna, Kak onucaH Bbille
B OTHOoWeHun duryp 1, 2A-2D. 3aech, onaTk Xe, Mogynb 4 cbopa cobnpaeT MOLHOCTb OT
TOKOB KaTOAHOW 3alyuTbl B METAaNMMYECKOM KOHCTPYKUMM 2 n obecrneymBaeT 3TOU
MOLLHOCTbIO BHYTPUCKBAXKMHHbIN CBSI3HOW NOBTOPUTESb 7.

KoHCTpyKuma 1 PyHKLUMOHUPOBAHNE CKBaXKMHHOW YCTaHOBKW, CUCTEMbl KaTOLHOM
3aWnTbl N CUCTEMbI NOAAYN MOLLHOCTM B KOHbUrypaumm, nokasaHHon Ha durype 3, no
CYTU Ta e, YTO WU B CUCTEME, OMUCaHHOW CO ccbinkon Ha durypbl 1, 2A-2D.
EAVHCTBEHHOE OTNUYME 3akni4aeTcss B TOM, YTO BHYTPUCKBAKMHHBIA KOMMOHEHT,
KOTOPOMY MNOAAETCA MOLYHOCTb OT CUCTEMbl MOAA4YM MOLUHOCTM, 3TO CBSA3HOM
NOBTOPUTENb 7, @ HE BHYTPUCKBAXKUHHBIN AaTumK 5.

B cBsa3n ¢ 3Tm nogpobHoe onucaHne CKBaKUHHOW YCTaHOBKU U CUCTEMbI NOAAUN
MOLLHOCTW 34eCb YMyCckaeTcsa B Uendx cobnojeHns KpatkocTu wusnoxenus. [ns
KOMMOHEHTOB, Ha KOTOpble JAaeTca CCbllka B OTHOLWEHWW 3TOr0 BapuaHTa
OCYLLECTBNEHNSA, ABMNSAIOLMXCA TEMU XE KOMMOHEHTaMn, 4To U Ha durype 1 n 2A-2D,
NCMNONb30BaHbI TE e CCbINIOYHbIE NO3ULUN.

BHYTPUCKBa@XUHHBIW  CBA3HOW MOBTOPUTENb 7 BbINONMHEH C BO3MOXHOCTbIO
ynasnvBaHWs CUrHanoB OT BHYTPUCKBXKMHHOW METanNNMYeCcKon KOHCTpYKUn 2 B obnactu
NOBTOPUTENS 7 U Nepeaadn peneBaHTHbIX AaHHbIX HAPYXKY, B HAanpaBneHUn NOBEPXHOCTH.
B aToM BapuaHTe OCYyLWECTBMNEHUA CUrHanbl MNOJATCA K BHYTPUCKBEXXMHHOW
MEeTann4Yeckon KOHCTPYKUMM 2 B BUAE 3MEKTPOMArHUTHbIX CUrHaNoOB WUHCTPYMEHTOM 71
nepeaayn, pacnonoXeHHbIM HUXKE B CKBaXKMHE, HaNpUMep, B 3KCrnyaTayMOHHOW KOMNOHHE
21. CoOOTBETCTBEHHO, MOBTOPUTENb 7 BbLINOMHEH C BO3MOXHOCTBIO YNaBnVBaHUSA
3MNEKTPOMArHUTHbIX CUrHanoB..

B anbTepHaTMBHbIX BapuaHTax Ans OTNPaBKM CUrHANoOB, YnNaBnMBaeMbIX
noBTOpUTENEM, MOXET ObITb NPELYCMOTPEH APYrOM TUM MHCTPYMEHTa nepejadyn. Takou
WHCTPYMEHT, MOXET, Hanpumep, ObiTb pasmeLleH CHapYXWN yKa3aHHOW KONOHHbI.

B anbTepHaTuBHbLIX BapMaHTax CBA3HOW MNOBTOPUTENb 7 MOXET ObiTb BbINOMTHEH C
BO3MOXHOCTbIO  YNaBNMBaHUA  aKyCTUYECKMX CWUrHaroB OT  BHYTPUCKBAXKMHHOW
MEeTannMYeCKon KOHCTPYKLMKN 2, KOTOPbIE BbINN NOAaHbl HXKE BHYTPU CKBaXKMHBbI.

AHanormyHbiMm 06pas3oM BHYTPUCKBAXKNHHBLIA CBSA3HOW MOBTOPUTENb 7 MOXET ObiTb
BbINOMIHEH C BO3MOXHOCTbIO MNOJAYMN aKyCTUHMECKMX CUrHaroB BHYTPUCKBAXKUHHON
KOHCTPYKUUM 2 Ans nepejayn B HanpasneHuM MNOBEPXHOCTM WU BbINOMHEH C
BO3MOXHOCTbIO nogauu 3NEKTPOMarHUTHbIX curHanos BHYTPUCKBXXNHHOW
MEeTannuM4Yeckon KOHCTPYKLUUKU 2 ANS nepejayn Ha NOBEPXHOCTb, UMM UCNONb3OBaHUS

cnocoba nogayn curHana nocpesCcTBoM MOAYNSALMA UMMNEAaHCa, PaCKPbITbIN BbiLLe.



10

15

20

25

30

35

52

K npumepy, CBA3HOW MNOBTOPUTENb 7 MOXET YynaBnuMBaTb CUrHanbl Ha CBOEM
y4yacTtke n nepegasaTb nx no kabento 42 mopynio 4 cbopa, nogasasd emy curHanbl u
OCYLLECTBNAS MOAYNALMIO Harpy3ku, KOTOPYIO OH NPUKNaabiBAaeT HA UCTOYHWUK NMUTAHUSA B
moayne 4 cbopa. AHanormyHbiMm obpasom moaynb 4 cbopa MOXET ObiTb BbINOMHEH C
BO3MOXHOCTbIO MOAAYN CUTHANoB METanfMYeckon KOHCTPYKUMM 2 Ans nepejayn B
HanpaBneHMM MNOBEPXHOCTU UMM BbINOMHEH C BO3MOXHOCTbIO MOAYNSAUUMA Harpysku,
KOTOPYKD OH TeHepupyeT Mexay OTCToAWMMKM coeauHeHusmmn  41a, 41b  ans
AETEKTUPOBAHNS Ha NOBEPXHOCTU BEPXHMM Bnokom 6 cBA3N.

Cnegyer OTMETUTb, YTO B Crfy4yae HanUums BHYTPUCKBAKUHHOIO CBSI3HOrO
NOBTOPUTENS 7 3MNEKTPOMAarHUTHbIE CUrHanbl MOTYT, HanpuMmep, ynaeBnuBaTtbCs W/unu
nojgaesaTbCs MOBTOPUTENEM 7 C MOMOLUbIO OTCTOSLUX KOHTAKTOB, OBpasoBaHHbIX C
METannnM4Yeckon KOHCTPYKUMEW, UMM C  MNOMOLUBbIO  WHAYKTUBHOIO  COEAUHEHMS,
COAEpKaLlero Topoua, Unu nojadyen curHana vepes U3onupyrowmn 3NeMeHT, eCnn OH
nveetca, u T.4. AHanNorMyHbiM 06pa3omM MOTyT MCMONb30BaTbCA TPALULMNOHHbIE CNOCODbI
ynasnvBaHs 1 Nogaymn akyCTUYECKUX CUrHaros.

B anbTepHaTmBHbIX BapuaHtax MoXeT ObITb NPesyCMOTPEHO OCYLLECTBREHne
CBSA3N C MOBEPXHOCTU BHYTPb CKBaXKWMHbI K BHYTPUCKBAKWHHBIM y4acTkam, U B obLiem
crniyyae, ABYCTOPOHHAA cBA3b. OnsATb Xe, ABa cnocoba OCyLeCTBMNEHUS CBA3W MOryT
MCNONb30BaATbCA NapannenbHo Mo MEeHbLUen Mepe Ha O4HOW BETBW KaHana Ans
obecneyvyeHnsa n3bbITOYHOCTH.

CnegyeT OTMETUTb, YTO BHYTPUCKBAXKMHHbBIA CBA3HOW NOBTOPUTENL 7 MOXET ObITb
pacrnonoXeH Tak, YTobbl HE HaxOAUTBLCS Ha NyTU ABWXKEHUSA MPOAYKTa, HE MPEensaTCTBYS
TEM CaMbIM OCYLLECTBMNEHMNIO CKBAXKMHHbIX Onepayuin.

Hwmxe npmBeaeHbl 4Ba KOHKPETHbLIX NpMMepa B OTHoLeHUN durypebl 3.

1. MoBTOpPUTENL 7 COAEPXKUT SNEKTPOMArHWTHbLIM MOBTOPUTEMDL, KOTOPOMY
NMOCTOSIHHO MOZAEeTCs MOLUHOCTb, M KOTOPbIM pacnonoxeH Ha rnybuHe 3-500 m,
yKkasaHHbIl noBTopuTEnb NMOO NPUHUMAET U AEKOAUPYET coobuleHns, nnubo MNpocTo
MOCTOSIHHO NepeHanpasnseT X, UCNONb3Ys MOAYNSALUMIO MMMNELaHCa Harpy3kn C BbICOKOW
4acTOTOW, UCXOAHbIE JaHHble/CUrHan Ana 4eKOAMPOBKM HA MOBEPXHOCTM.

2. MoBTOpUTENE 7 COAEPXKUT aKYCTMYECKUMWA MOBTOPUTENbL, KOTOPOMY
MOCTOSIHHO MOZAEeTCs MOLUHOCTb, M KOTOPbIM pacnonoxeH Ha rnybuHe 3-500 m,
yKa3aHHbIW  NOBTOPUTENb MPUHUMaET U  Aekoaupyer cooblieHns, un  3arem
nepeHanpasnseT JaHHble Ha NOBEPXHOCTb, UCNONb3ys MOAYNALMIO UMMNEAaHCa Harpy3Kku.

CnepyeT OTMETUTL, YTO B 0BOMX Cnyyasx NoBTOPUTENb 7 MOXET pacnonararbCa
BO BHYTPUCKBaXXMHHOM Ornoke BmecTe ¢ mogynem cbopa mnun otaensHo oT Hero. OnaTb

e, MOBTOPUTENb MOXET ObITb 4BYCTOPOHHUM MOBTOPUTENEM.
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B nobon us cnctem, npeacraBneHHON B HACTOSILLEM ONMMCaHUN, YCTPOUCTBA MOTYT
ObITb BbIMNOMHEHbI C BO3MOXHOCTBIO PEryrnvpoBaHuUA aHepreTundeckoro Grogxera, T.e. B
LieNloM, MEHbLLErO UCMOMb30BaHUA IHEPrUM 3a CYET NepeMeHHON paboTbl KOMMOHEHTOB,
TaKknx Kak 3NeKTPOMarHUTHbIE UM akyCTUYECKNE NPUEMHUKMA W/UNU NepeaaTymnku.

Ha durype 4 cxematmnyeckn NpeacTaBneHa CKBaxkMHHas yCTaHoBKa, BKMovaroLas
B cebs knanaH ¢ AUCTaHLUMOHHbIM yrNpaBneHNeEM N CUCTEMY NoAaqn MOLLUHOCTU, B LIENOM
aHanoOrM4yHyto TOW, YTO OMMcaHa BbiLLe.

Obwan KOHCTPYKUMS U (PYHKLMOHUPOBaAHUE CKBaXXMHHOMW YCTAHOBKN U CUCTEMbI
nojayn MOLUHOCTW, OMNSiTb >KE, MO CYTW aHanorMyHbiM TEM, YTO ONUCaHbl Bbille B
OTHOLLEHNN KOHUrypauuni, npeacTaBneHHbix Ha Pdurype 1, 2A-2D. lNoaTtomy 3aecb
yrnyckaeTcs jeTanbHoe OnucaHue 3Tmx obLyux 3nemeHTOB Ansa CcOOMaeHus KpaTkoCTU
N3MNOXEHWS, NMPU 3TOM Ans OOO3HAYEHUA 3TUX XapaKTEepPUCTMK UCMOMb3YHTCA TE Ke
CCbINOYHbIE NO3nLMK — oBLMe ANS 3TUX 4BYX BAPMAHTOB OCYLLECTBIIEHUS.

B aaHHOM BapuwaHTe OCyLeCTBNEHUS CKB&KMHHASA YCTaHOBKa COAEPXMUT NepBbln
NOA3EMHbIN MNpeaoxpaHuTenbHbIM knanaH (adrn. sub-surface safety valve, SSSV) c
rMApPaBnMYECcKMM MNPUBOAOM, PacCnoNIOKEHHbIA B  3KCMNyaTrauMoOHHOW KOMOHHe 21,
aHanornMyHo TPagMLUMOHHbBIM PELUEHUAM.

OpHako B JaHHOM crnyyae B 3KCMfyaTayMoOHHOW KOMOHHE 21, HWXKEe B CKBAXWUHE,
TalkKe pPacrosioXXeH JAOMONHUTENbHBLIN NOA3EMHbIA NPEeAOXpaHUTEnbHbIM knanaH 8. B
NPEeACTaBMEHHOM Criyyae yKkasaHHbIM NOA3EMHbIA NPefoXpaHuUTEenbHbIM  knanaH 8
npeaycMaTpuBaeTCs Kak [JOMOMHUTENbHOE, NPEeAOXPaHUTENbHOE WNu  aBapurHoe
cpeacteo. OpgHako B anbTEpPHATUBHbIX BapuaHTax MOA3EMHbIN MNPEeAOXPAHUTENbHbIN
knanaH SSSV ¢ ruapaBnnyecknm npuBogOM MOXET YNyCKaTbCS.

BTopon noasemHbii NpefoXpaHUTEnbHbIM KnanaH 8 nonyyaeT MOLWHOCTb U
PYHKUMOHUPYET 3a CYET WUCMOMb3OBaHUS CUCTEMbl Nojavn MOLYHOCTM. B uvactHocTwm,
MoAaynb 4 cbopa CoefUHSETCA CO BTOPbIM NOA3EMHbLIM NPESOXpaHUTENbHbIM KranaHom 8
yepes kabenb 42, npu 3ToM Moaynb cbopa obecneumBaeTca BO3MOXHOCTBIO Mogauun
MOLUHOCTU W YNpaBneHWst CurHanamu, HanpasfEeHHbIMW KO BTOPOMY MOA3EMHOMY
npeaoxpaHuTensHOMy knanaHy 8 4yepes kabenb 42. Tak, OT TOKOB KarO4HOW 3alUMThbl
cobumpatoT 3HEpPru, M OHa UCMONb3YETCH Kak ANS YNpaBneHWs BTOPbIM MOA3EMHbIM
NpeAoXpaHUTENbHbIM KnanaHom 8, Tak 1 Ans ero PyHKLMOHNPOBaHUS.

Takon Nog3eMHbIN NPeaOXPaHUTENbHbBIN KnanaH 8 MOXET pacnonaratbcsi rnybxe
B CKB&XWHE MO CPaBHEHWO C  TPAAWMUUOHHO  WUCMOMb3yeMbiM  MOA3EMHbIM
npeAoXpaHuTenbHbIM knanaH SSSV ¢ rugpasnmyeckum nNpuBoAoM. JTO CBA3AHO C TeEM,

YTO Ha HEro He HaknaablBadTCA Te XKe OrpaHnyeHnsa, 4To HaknaablBardTCA Ha CUCTEMbI C
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rMApaBnM4YecKMM NpUBOAOM — HET HeOoOXOAMMOCTb B Mojaye K Hemy rvapaBrnyeckoun
XNAKOCTW.

CnepyeT OTMETUTb, YTO B JAHHOM Criyyae curHanbl ynpasneHus ANA BTOPOro
NOA3EMHOro NPefoXpaHUTENbHOro knanaHa 8 mMoryT nepeaasaTbCsi BEPXHUM Griokom 6
CBA3N Yepe3 MEeTannMyeckyto KOHCTPYKLWUIO CKBaXWHbI 1, 2 ANA AEeTeKTUMPOBaHWS
Moaynem 4 cbopa n ganbHenwen nepegadm nog3eMHOMY NpeaoXpaHUTENbHOMY KranaHy
8. B HEKOTOPbIX BapuaHTax OCyLEeCTBMNEeHUs knanaH 8 MoXeT ObITb BbIHY»XAEH paboTaTb B
peXmnme COXPaHHOCTW, Tak 4YTO knanaH OyaeT 3akpblBaTbCA B OTCYTCTBME MOLLHOCTU
wwvnn curHanos ynpasneHus. Cneayer OTMETUTb, YTO B anbTEPHaTMBHOM BapuaHTe
knanaH 8 n moaynb cbopa MoryT ObiTb YaCTbio OBLLEro BHYTPUCKBAKUHHOIO MHCTPYMEHTA
4a. bornee TOro, B HEKOTOPbIX BapwaHTax OCYLLECTBNEHUS MOLLUHOCTb ANS 3aKpbiTUS
KnanaHa MOXeT MOoCTynarb OT APYroro WCTOYHWKA, NPW MOCTYMNNEHUA MOLLYHOCTM ANS
ynpasnexHns paboTon u/vnn ynpasneHnsa nyCKOBbIM MEXaHU3MOM OT BHYTPUCKBaKUHHOW
CUCTEMbI NOAa4YMN MOLLHOCTMN.

Ha ®urype 5 npeacraBneHa anbTepHaTUMBHAasi CKBaXKMHHasi YCTaHOBKa,
Bkrrovawas B cebs annapar MOHUTOPUHra CKBaXKWMHbI. 34eCb, ONSATb XE, UMEITCA
CXOZHble YepTbl C KOHUrypaumen, nokasaHHON Ha U ONMUCaHHOM CO CCbINKOU Ha durypol
1, 2A-2D. Onatb xe, npucyTtcTByeT mMogynb 4 cbopa, npeayCMOTPEHHbIN BO
BHYTPUCKB2XXMHHOWN METaNNMYEeCKON KOHCTPYKUMM 2 U COELUHEHHbIN C OTCTOALUMMU
yyacTkamMnm Ha  BHYTPUCKBKUHHOW  KOHCTPYKUMM 2, a Tawkke MpuUCYTCTBYET
BHYTPUCKBAXXUHHBIN Aatyunk 5, coeauHeHHbIn ¢ moaynem 4 cbopa. B gaHHOM crniyyae
mMoaynb 4 cbopa M BHYTPUCKBAXKWHHBLIM JaTynk 5, oba, pacnonoxeHbl B 3aTpyOHOM
npoctpaHcTee B gns obecneveHmns oCyLeCTBNEHNS MOHUTOPUHIA YCIOBUMA B YKa3aHHOM
3aTpybHOM NPOCTPaHCTBE. BHYTPUCKBAXKUHHBLIN AaTuMK 5 MOXET, Hanpumep, CoaepXaTb
CEHCOp AaBneHns W/unu Temnepartypsbl.

B paHHOM cnyvyae oTcrodwme yyactkm 41a, 41b pacnonoxeHbl Ha pasHbIX
CEeKUUSAX BHYTPUCKBAKMHHOW METaNNMYECKON KOHCTPYKUMM 2. B 4acTHOCTW, B Aa@HHOM
BapuaHTe OCYLLECTBMNEHUSI MEPBOE U3 coeamHeHnn 41a obpasoBaHo co BTopon obcagHoN
Tpybon 23, npu 3TOM gpyrue u3 coeguHeHun 41b obpasoBaHbl ¢ nepson ob6cagHOW
Tpybon 22. YkasaHHaa cuctema paboTaeT, crneays noxoxemy npuHUMny, YTO OnucaH
BblLLE, WU MO3TOMYy e€e paboTa OCHOBaHa Ha PasHOCTU MOTEHUWAanoB, MPUCYTCTBYHOLLEN
MeXay [ABYMS yKasaHHbIMM coeauHeHnamun 41a, 41b. B paHHOM BapuaHTte
OCYLLIECTBMNEHNS YKa3aHHas pasHOCTb NOTEHUWAaNoB peanusoBaHa 3a CYET N30NMPOBaHUS
ABYX CEKUUA METannMYeCcKkOn KOHCTPyKUMM 22, 23 apyr OT Apyra NO MeEHbLUEN Mepe B
obnacTn ykasaHHbIX COEAMHEHNW. 3TO 3HA4YUT, YTO AN TOKOB KaTrOAHOW 3alyuTbl

MUMEIOTCS pasHble NYTK K 3eMIe OT yKasdaHHbIX ABYX CEKLMUIN METanNM4YeCckorn KOHCTPYKLUA
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22, 23. B HacToswemM BapuaHTe OCYLLUECTBMEHUA CpeacTBa M30NSAUMM YKasaHHbIX ABYX
CeKUMA METannMYeCckon KOHCTpyKuum 22, 23 gpyr OT apyra BknoyawT B cebs
nsonupyrowiee nokpbitne 91, NpPegyCMOTPEHHOE Ha HapyXXHOW MNOBEPXHOCTU MNEepBOU
ob6cagHon TPyObl 22 1 MHOXECTBO U3ONUPYIOLMX LEeHTpaTopoB 92, NpeayCMOTPEHHbIX Ha
nepson obcagHon Tpybe 22 Ans yaep)aHusi ee Ha pacCTOsHUM OT BTOpon obcagHou
TpyObl 23.

MpeanoyTuTenbHO, YTobbl 3Ta nsonaumna 91 1 aTn LeHTpaTopbl 92 pacnonaranucb
Ha paccTosiHUKM No meHblien mepe 100 m Baonb nepson obcagHon TpyObl 22, a Gonee
BEPOATHO — Ha paccrosHum 300-500 m. Tam, rge 37O NPEeanoYTUTENBHO UMK
NMPaKkTUYECKN BbIFOAHO, Ha HAPYXHOW CEKUUN MEeTannuyeckon KOHCTPYKLMU MOryT ObITb
YyCTaHOBINEHbI M3onupyloLWme pasgenurenu, dpopmmpyrowme 3atpybHoe npocTpaHcTeo. K
npuMepy, OHM MOryT ObITb YCTaHOBMEHLI HA BTOpon ob6cagHon Tpybe 23 B NpuBeLEeHHOM
Bblle npumepe. Cneayetr OTMETUTb, YTO M3ondAuus He obsasaTenbHO AO0MmKHa ObITb
MOMNMHOCTLIO CMITOLWHON Ans obecneveHnsa nonoxutensHoro addexra. Llenbto sensercs
co3faHue ApYyron TpaekTopum K 3emne. HecmoTps Ha TO, YTO M3onAUUA MOXET ObiTb
npeaycMoTpeHa Ha pacctosiHum B 100 M, oHa MOXeT ObITb Kak HECMMOLUHOW, TaK U MOXET
obecneymBaTtb CNOLIHOE U3ONNPOBAHNE Ha NPOTSXKEHUN BCEW AUCTAHLMN.

MpenmyLecTBOM KOHUrypauum, nokasaHHon Ha durype 5, aBnseTcs oTCyTCTBME
Heobxogmmoctn B Oonblwmx anvHax kabena 41 wmexgy wmoaynem 4 cbopa wm
METanMMYeCKON KOHCTPYKLUMEN 2, HEOBXOANMbIX B KOHpUrypawmm, nokasaHHon Ha durype
1. 310 O3HayaeTt, 4yto cucTtema MoxeT ObiTb Gonee nNPoOCcToM B NNaHe YCTaHOBKW.
Hanpumep, ycTaHOBKa yka3aHHOW CUCTEMbl MOXET OCYLLECTBMSATLCS MOHTUPOBAHMEM
kopnyca wmoayna 4 cbopa Ha oTpeske MeTannuyeckon TpyObl, obecneyeHHoro
CKOMb3SALWMM KOHTakTOM ANsl CO3[4aHUSA KOHTakTa C APYrMM OTpe3koM TpyObl 4depes
3aTpybHOe npocTpaHcTBO. [ns  ganbHEenWero  ynpoweHUs  NO3ULUMOHUPOBaHUS
BHYTPUCKB2XXMHHbIN AaTyYMK 5 MOXET ynyckaTbCsl, @ CEHCOp MOXET pacnonararbcs
BMECTE C moaynem 4 cbopa BO BHYTPUCKBaXKMHHOM Onoke 4a. Takas koHdurypayms
MOXET COKPaTUTb BPEMSA MOHTaXKa, HeoBXo4UMOoe ANS YCTaHOBKM.

Tak, B HEKOTOPbIX OOCTOSATENBCTBAX Hanuune cpeacts 91, 92 msonsauum MOXeT
ObITb NPeAnoOYTUTENBHEN, YeM Hanuumne kabenen 41. Kakas cucrtema npeanodTutTensHen
ANSA KOHKPETHOW YCTAHOBKN MOXET ONPefendaTbCA BHELUHUMU dpakTopamm, KacaroLMMncs
YCTaHOBKM, UK, BO3MOXXHO, MOAENNPOBAHNEM KOHKPETHOW YCTaHOBKM.

B TunuyHom cnyyae, opHako, KOHurypauus, npeacrasneHHaa Ha durype 1,
BEpOATHO, OyaeT nyywe B paborte, yem npegcraBneHHan Ha durype 5, B criyyae, koraa

ee NpMMeHeHNe NpakTUHECKN OCYLLIECTBUMO.
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B koOHwurypaumm, aHanorm4yHon Ton, 4TO nokasaHa Ha durype 5, moaynb cbopa
MOXeET HabntogaTb OTHOCUTENLHO Bonee BbICOKMMA TOK, HO OTHOCUTENBLHO Bonee HU3KYHo
pasHOCTb noTeHymanos. Tak, B koHdurypauum Ha durype 5 pasHOCTb MNOTEHUManos
mMoxeT ObiTb, Hanpumep, 10-20 mB, a Tok, Hanpumep, coctaenate 1 A. C gpyrou
CTOPOHbI, B KOHUrypauumn Ha durype 1 pasHOCTb NOTEHLMaNoB MOXET ObITb, HAaNpUmep,
100-200 mB, a Tok, Hanpumep, coctasnate 100-150 mA. bonee BbiCOKOE 3Ha4YeHWe
pPasHOCTM MNOTEHUManoB AOCTUraeTcs 3a cyeT Oonbllero paccTtosiHus, ob6ecneyYeHHOoro
kabenem (kabensmn) 41 B koHdUrypauum Ha durype 1, a bonee HU3KOE 3HAYEHUE ToKa
BbI3BaHO CONMpOTUBEHUEM kabens (kabenen).

NMOMMMO yKasaHHOro OTNMuYMA B TOM, Kak COeauMHEeHus obpasoBaHbl U Kak
AOCTUraeTcs pPasHOCTb NOTEHUMAnNOoB, a Takke OTNMYUA B NPEUMYLLECTBAX N HegocTaTkax
NCMNONb30BaHNS, KOHCTPYKUMS W PYHKUMOHMPOBAHME CUCTEMbI, MNPEACTaBMEHHOMW Ha
durype 5, noxoxa Ha Ty, 4TO npeacrasneHa Ha durype 1. AHaANOrMM4YHO, pasfnyHble
anbTepHaTUBbI, OMMUCaHHbIE Bbilwe B OTHOWEHUN Puryp 1-4, Taioke NPUMEHUMbI Tam, rae
NCnonb3yeTca cucTtema, npeacrasneHHasn Ha durype 5.

Cnegyer OTMETUTb, UYTO  KOHurypayma  um3onayum Un COEAUHEHUN,
npeacraeneHHas Ha durype 5, MOXeT ObITb UCMOMb30BaHa B KaXKAOM W3 BapuaHTOB
OCYLLECTBNEHNSA, npeactasneHHom Ha durypax 1, 3 n 4. lpn 3TOM, aHanoruyHo,
pasnuyHble PopMbl Moayna 4 cbopa n BHYTPUCKBAKUHHOIO 6roka 4a, onnucaHHbIe BbILLe,
MOTyT ObITb MCMOMb30BaHbI B KOHUrypaLun, aHanormyHonm Tou, YTo nokasaHa Ha durype
5.

Cnegyer OTMETWUTb, 4TO B HEKOTOPbIX OBCTOATENbCTBAX MOXET ObITb
NPeAnOYTUTENbHLIM  UCNOMb30BaHNE MMEKLWUXCA CUCTEM MNoAaynM MOLUHOCTM AnS
CO3J,aHNSA CKBaXKWHHOW YCTaHOBKW, rOTOBOW Kk OECnpOBOAHON CBA3M, AaXe B OTCYTCTBUE
HamepeHMs Mcnonb3oBaTb 6eCrnpoBOAHbIE BO3MOXHOCTM MPU U3HAYaNbHOM MOHTaXe
YKa3aHHOW CKBaXKMHbI.

MoaTomy KOHUrypauus, nokasaHHas Ha durype 3, roe CBsI3HOW NOBTOPUTENDb 7 U
COOTBETCTBYIOLLAA CMCTEMA NOAAYN MOLLUHOCTU BKMNIOYEHbI B 3aTpybHOE nNpocTpaHcTeo B,
MOXeT ObITb obecneyeHa BO BPEMSA U3HAYaNbHOMO0 MOHTaXa CKBaXKWMHbI 4SS TOro, YTobbI
caenatb CKBaXWHy rotoBon k 6ecnposogHon cBA3n. 31O obecrneunt CBA3b C
MOBEPXHOCTbIO, €CNKN nosgHee ByaeT NPUHATO pelueHue o6 MCrnonb3oBaHUN, Hanpumep,
BHYTPUCKB2XXMHHOrO ©GECcnpoBOAHOrO WMHCTpyMeHTa 71 nogauyn curHana gna nogauu
curHana Ha nosepxHocTb. Crnefyetr Takke OTMETUTb, YTO TepMuH «BecnpoBogHOW»
NCMNONb3YeTCs B OTHOLLUEHUW MPOCTPaHCTB MEXAY BHYTPUCKBEKMHHBIM NPOCTPAHCTBOM U
Hapy>XHbIM NPOCTPAHCTBOM — T.€. KacaeTcsa OTCYTCTBUA kabenen/npoBoaoB, NMPOXOASALLMX

Yyepes yCTbe CKBaKMHbI.
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B apyrmx obcrosTtenbcTBax NpPeACTaBrieHHble 34eCb CUCTEeMbl MOryT ObiTb
yCTaHOBINEHbl NoCTakTym. Hanpumep, cuctema, aHanormyHo Ton, YTo npeacrasneHa Ha
durype 1, ycrtaHosrneHHasi B 3aTpyOHOM MpocTpaHcTBe A, MOXeT ObiTb YCTaHOBMEHa
NOCTMaKTyM Npu 3ameHe aKcnnyaTaynoHHOW KONOHHbI. B gpyrom cnyyae cucrema MoxeT
ObITb YCTAHOBMEHA B IMaBHOM CTBOME 3KCMNyaTauUoOHHOW KONOHHbI. Cnegyet OTMETUTb,
YTO KaxKaasi U3 KOHpUrypaumm n peLLeHnin, NPeACTaBNeHHbIX B HACTOSLEM ONMUCaHUK, He
Hy)xgaetca B kabene, Npoxoasawum yepes yctbe 1 CkBaXKMHbl. [103TOMY 3TU CUCTEMDI
MOTYT UCMONb30BaTbCS TaM, r4e HET AOCTYMHOro NeHeTparopa, Unu ero NCnonb3oBaHue
HenpeanoYTUTENBHO.

B TO Bpems kak KoOHdwurypauusi, npeacraBneHHas Ha durype 4, Unnoctpupyet
Hanuune AOMNOMNHUTENbHOrO MNOA3EMHOrO MNPEAOXPAHUTENBHOMO KrnanaHa 8, B Apyrux
obcToaTenbCcTBax MOXET ObiTb MPEefyCMOTPEH APYroM Tun (BO3MOXHO YNpaBnsieMbil
ANCTAHUMOHHO) KnanaHa unu KoMnoHeHTa. Hanpumep, koHduUrypaums, aHanormyHas Ton,
YTO nokasaHa Ha durype 4, MOXET NCNONb30BaTbCA C 3aTPYOHbIM LPEHEKHBIM KnanaHom,
NPEeAYCMOTPEHHbIM B CKBadKMHE Ana obecnedyeHns BO3MOXHOCTUM  perynvpyemomu
rMAPaBrMYECKOn CBA3UN UMN BEHTUNNPOBAHUS MEXAY OAHWMM 3aTPyOHbIM NPOCTPaHCTBOM
1 Apyrum 3atpyOHbIM NPOCTPAHCTBOM, UNKU MEXAY 3aTPyOHbIM NPOCTPAHCTBOM U CTBOSIOM
CKB@XXMHbI. YKa3aHHbIW KnanaH MOXEeT COAepKaTb KnanaH 3akayky rasnudTHoOro rasa Ans
obecnevyeHna BO3MOXHOCTM rasy MPOHUKHYTb B CTBOST 3KCMMyaTauMOHHOW KOMOHHbI U3
3aTpybHoro npoctpaHcTea A. AHaNOrM4yHo, KnanaH MoXeT ObITb NakepoM Urnu KnanaHom
yepes nakep, Unu knanaHom B obxog nakepa. Onatb e, AN obecnevyeHna BEHTUNALUK
KOHKpEeTHOro 3aTtpybHOro npocTpaHcTBa MOA  ynpaeneHuvem, nocTynawwmm
NMOBEPXHOCTU. B apyrom npumepe knanaH MOXET coaep)aTb KnanaH ynpasneHus
pacxo4oM, Hanpumep, ANS ynpaBneHus AONEen OT HEeKOTOPOW 30Hbl, NGO OH MOXET
npeaocTaBnATb CpeacTea Ansa obecneyeHmns BO3IMOXHOCTU YNy4dlleHHOro cbopa gaHHbIX
O pocTe faBneHus 3a cueT usbaesneHus ot apdpekta obvema cTeona ckBaxkuHbl. Cneagyet
OTMETUTb, YTO KramaH B KaXKAOM M3 cnyyaeB MoOXeT ObITb KnanaHom yrnpasneHus
pacxoAoM, KOTOPbIN He obecnedmBaeT BO3MOXHOCTb MOSHOMO NEPEKPbITUA MOTOKA, HO,
Hanpumep, MOXET PYHKLUMOHNPOBATD, Kak LUTYLlep NEPEMEHHOro gnameTpa.

KnanaH wunu KOMMNOHEHT B KaXaoM npuMepe MoxeT ObiTb KnanaHom unm
KOMMOHEHTOM, yNpasrsieMbIM C NOMOLLbIO 6€CnpoBOAHON CBA3W.

B Apyrom anbTepHaTMBHOM BapuaHTe NpeAcCTaBnEeHHble 34EeCb PELUEHUS MOTyT
NCNONb30BaTbCA ANA OCYLECTBNEHUS CBA3U C WHCTPYMEHTOM W/WNW  ynpasBneHus
WHCTPYMEHTOM, NOAAEPXKUBAEMbIM MPOBOLHON NMUHUEW/OAHOXMUITbHBIM MPOBOLOM, UMK
NPUKPENMEHHbIM K TMOKOW KOMOHHE TuUNa «KOMTOOMHM» B 3KCNNyaTauMOHHOW KOMOHHe 21.

Takon MHCTPYMEHT MOXEeT ObITb BbINOSTHEH C BO3MOXHOCTbIO MOAAYN CUrHanoB Ha W/unu



10

15

20

25

30

35

58

ynaenvBaHWs CUrHarnoB OT YKa3aHHOW KOSTOHHbI, MPU 3TOM YKa3aHHbIE€ CUrHarbl NPOXOAAT
yepes NoBTopUTESNDL 7.

C cuctemammn, aHanorMyHbIMU TOW, YTO onmucaHa 34ecb, MOXET ObITb obecneyeHa
BO3MOXHOCTb W3BMNEYEHUST MOLLHOCTM Ha BepodATHOM ypoBHe B 50 mBT. To ectb
KONMUYECTBO MOLLHOCTU, KOTOPOE MOXET ObiTb M3BMNEYEHO, He 0bs3aTenbHO ABMSETCS
6onbLUMM, HO, YTO B AAHHOM Crny4vae npeacTaBnseT UHTEPEC, 3TO TO, YTO 3Ta MOLUHOCTb
MOXET ObITb AOCTYNHa Ha MPOTSKEHMM BCEro MNepuoAa «KU3HW» CKBaXKUHbI, U €ro
AOCTaTOMHO  ANS  BLIMNOMHEHMS NONE3HbIX YHKUWA, Takumx Kak ynpasneHue
BHYTPUCKB2XXMHHBIMW YCTPOWUCTBAMMU, BbINONMHEHWE BaXKHbIX U3MEpeHMn 1 obecneveHue
BO3MOXXHOCTU Nepeayn ykasaHHbIX USMEPEHUI HA NOBEPXHOCTb.

CnepyeT OTMETUTb, YTO, B LIENOM, B BapuaHTax OCyL|eCTBrneHusa obujero tmna,
npeacTaBneHHbiX Ha Purypax 1-4, Hambonbliee BnMsHUE Ha 3PDEKTUBHOCTL cBopa
OyaeT MMeTb nnowaab NonepeydHoro ceveHus kabens (kabenen) 41, n 1o, YTO NMNEAAHC
NCTOYHMKA, OoDOecneYeHHbIn coegnHeHnsmn 41a u 41b, HU3KMA. DTO O3HA4YaET, YTO NMpU
BKITIOMEHMMN MHOXECTBEHHbIX cucTeM cbopa B O4HY CKBE&DKUHHYIO YCTaHOBKY, NPOUCXOAUT
HebonbLwoe cHmwkeHne B 3addekTmBHOCTM noboro M3 mogynen 4 cbopa. Cnepyer
OTMETUTb, YTO, B Uenom, nobas gononHuTencHas cuctema cbopa OygeTr MmeTb CBOMU
cobcTBeHHbIe kabenn 41, korga aTo yenecoobpasHo. JTo nonaraeTca Ha ToM akTe, YTo
notepn B kabene o3Ha4yawT, 4YTO Hanumuue Oonbwero konuyectea cuctem cbopa,
NUMEILLNX OAUH U TOT Xe kabenb, He NPUHOCAT BOMbLUYIO MOMb3y.

B uenom, B OOHOW CKB&XMHHOW YCTaHOBKE MOXET ObiTb NpeayCcMOTPEHO
Heckonbko moaynen cbopa noboro Tmuna u3 Tex, YTO OnMcCaHbl Bbile. Tak, Hanpumep,
AN OCYLLECTBMNEHNSI MOHUTOPUHIa YCIOBUA B 9KCMNyaTaUMOHHOW KONMOHHE MOXET OblITb
NPeayCMOTPEH OAMH AaTyuuK, OAWH JaTumk MoxeT ObiTb npeaycMoTpeH Ans
OCYLLECTBNEHNS MOHUTOPUHra 3atpybHOro NpoCTpaHCTBa, KPOME TOro MOXET ObiTb
NPeAYyCMOTPEH OAMH KranaH, Npu 3TOM BCE M3 NEePEeYUCNEHHbIX YCTPONUCTB NUTAKOTCA OT
OTAENbHOro, COOTBETCTBYIOLLEro, Moayns cbopa. AHanornyHo, nobon ns mogynen cbopa
MOXET MCNONb30BaTbCA ANS NOAa4M MOLLHOCTU HECKONbKUM yCTponcTBam. B HekoTopbix
npuMepax Kaxkgoe YCTPOMCTBO MOXET UMETb CrheynanbHO npegHasHayveHHbin kabenb,
nayLwmnm oT Takoro mogynsi cbopa. B gpyrux npumepax MOXeT ObiTb nNpeaycMOTpeHa
MHOroTO4eYHasi CUCTEMA, B KOTOPOM OAWH kabenb oT Moayns cbopa ucnonb3yeTcs Ans
COEAVHEHNS C HECKOSNbKUMU BHYTPUCKBAKUHHbIMK yCTponucTBamu. MHoroTouedHas
cuctema MoxeT ObiTb npegHasHayeHa ana obecnevyeHus BO3MOXHOCTM nojauu
MOLLIHOCTW N OCYLLIECTBIEHNS CBA3M C HECKOSTbKUMM BHYTPUCKBEXKMHHBIMU YCTPOUCTBaMM.

Tak, ykasaHHbI kabenb MOXET HECTU CUrHanbl MOLLUHOCTW, NepejaBaemMble AaHHble U
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afpecHyro nHdopmayuio. Takke moayne coopa MOXeT ObITb BbINOMHEH C BO3MOXHOCTBIO
aAMVHUCTPUPOBAHUSA MHOIOTOYEYHOW CUCTEMBI.

CnegyeTr OTMETUTb, YTO B TO BPEMA Kak B BapwaHTax OCYLLECTBMEHUS,
NPeACTaBneHHbIX Bbile, kabenu 41, 42 NpoxoasaT 4yepes He3aropoXKeHHble 3aTpyOHble
NPOCTPaHCTBa, B APYrMX Cry4yasx OAWH UNK HECKOmNbko kabenen 41, 42 MoryT NpoOXoauTb
yepes nakep (Bkntovas pasdbyxaroLun nakep), UeMeHT unu apyroe 3atpyoHoe yCTPOUCTBO
repmeTmsauuu.

CneayeT OTMETUTb, YTO NO MEHbLLEN MEPE B HEKOTOPbIX Cry4vasix XxapakTepuCTUKM
NPEeACTaBMEHHbIX 34eCb CUCTEM W annapaTtoB MOryT MPUHUMAaTbL pacnpeaerneHHyo
dopmy. 31O 03HAYaeT, 4YTO, Hanpumep, Moaynb cbopa MOXeT ObiTb NPEeACTaBeH B BUAe
HECKONMbKNX OTAEMbHbIX YacTeln, KOMMOHEHTOB, UMW NOAMOAYNEN, KOTOpble MOryT ObITb
pacnonoXeHbl Ha pa3HbIX y4acTkax.

Ha durype 6 npeacraeneHa anbTepHaTtMBHasa CKBaXKMHHas YCTaHOBKA, KoTopas
UMEET MOXOXMe 4YepTbl C YCTAHOBKOMW, NpeacTasBneHHon Ha durype 1, npuyem 3aechb
NCMNONb30BaHbl TE e CCbINOYHbIE NO3MLUUK ANA 0003HAYEHUA XapaKTEPUCTUK, obLmux C
durypon 1, npy 3TOM JeTanbHOE ONUCaHWe YKasaHHbIX OBLNX XapakTepUCTUK
yrnyckaeTcs.

CkBaXKMHHaa ycTaHoBKa, npeacTaeneHHas Ha durype 6, nomoraer OGonee
AeTanbHO NPOUNMIOCTPUPOBATL HEKOTOpPblE arnbTepHaTUBHbIE BapWaHTbl, OMUCaHHbIE
BblllEe, B OTHOLUEHMM CKB@XKMHHbIX YCTAHOBOK, MPEACTABMEHHbIX HA WM OMUCAaHHbIX B
oTHoweHnn duryp 1-5.

CkBaxvMHHas ycCTaHoBKa BkMNoyaeT B cebs annapar MOHUTOPUHra aHanoru4Ho
TOMY, 4YTO npeacTtasneH Ha durype 1. TllosTomy 3aecb ecTtb moaynb 4 cbopa,
COE€AUHEHHbIN nocpeacTBoM kabenenm 41 ¢ napon OTCTOAWMX y4vacTkoB 41a u 41b.
OpHako B AaHHOM criyyae nepBbl U3 Y4acTKOB 41a pacnonoXeH Ha 3KcnnyaTaumoHHON
KONMOHHe 21, 1 no3Tomy nepBbin M3 kabenen 41 coefuHSAETCS C 3KChnyaTauMOHHOW
KONMOHHOW, B TO BPEMS Kak BTOPOW U3 OTCTOSALMX yHacTkoB 41b pacnonoxeH Ha obcagHou
Tpybe 22. Tak, mexay coeguHeHnsammn 41a, 41b obecneunBaeTca pacCTostHME Kak Mo ocu,
Tak U pagnanbHO, 1 NO3TOMY MOAYINb 4 cbopa coeamHeEH Yepes 3aTpybHOe NpOCTPaHCTBO
A. bonee TOro, Ha akcnnyatauMoHHOM KOMOHHe 21 B obnactn BTOpPOro coeauHeHus 41b
pacnonoxeHa msonayma 91, npoxogsawas no ocm no obe CTopoHbl OT Hero. Cnegyer
OTMETUTb, YTO B APYrOM anbTEPHATUBHOM BapUaHTE O4HO COEANHEHNE BEPOATHEE MOXET
OblTb C MOPOAON, @ HEe C METaniNYEeCKOM KOHCTPYKUMEn. B HEKOTOpbIX cnyyasx Bce
annapaTbl CUCTEMbI MOAAYN MOLLUHOCTU MOTYT HaxoAWUTbCH CHapyxu obcagHon Tpybbl —
T.e. Mexgy obcagHom Tpybonm wu nopogon. Takom BapwaHT, B uUenom, Oyaet

HenpeanovYTuTesibHbiM C TOYKU 3PpEHUA pI/ICKa/CJ'IO)KHOCTI/I YCTaHOBKW, HO OH BO3MOXEH.
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Kpome TOro, B HacCTosiLeM BapuaHTe OCYLLECTBMEHMSA NPesyCMOTPEHbI BTOPOWN U
Tpeti  moaynm 4 un 4”7 cbopa (SBnsOWMecs  4acTbl0  COOTBETCTBYHOLLUX
BHYTPUCKBaXXWHHbIX BMNOKOB), pacnonoXeHHble B 3aTpybHOM npocTpaHcTBe A. B Takowm
BapuaHTe OCYLECTBMNEHMS KaXKAbIA W3 YKasaHHbIX Apyrnx moaynen 4, 4” cbopa
NCNONb3YyeT TOT e nepBbin kabenb 41. Tak, OAWH U3 TEPMMHANOB KaXXAoro U3 Mogynen
4’ 4” cbopa coeamHsieTcs ¢ nepBour Toukon 41a coeguHeHnsa. CnegyeTr OoTMETUTb, YTO B
APYIMX BapmaHTax OCyLLEeCTBMNEHUS AN CO34aHUSA TakMX COEAMHEHUN C NEPBOW TOYKOWU
COEAVHEHNS MOryT WCMNONb3oBaTbCsl OTAEnNbHble kabenu, M Takon BapuaHT Oyaer
NPeAnoOYTUTENbHLIM, Tak Kak OH nNPUMBEAEH K MOBbLIWEHUO  3PPEKTUBHOCTM.
Ncnonb3oBaHne efuHCTBEHHOrO BeEpXHEro kabens, Kak nokasaHo, HexenatenbHO, HO
nomoraeT ynpocTutb nsobpaxeHme. B HEKOTOPbIX Crydasx MOXeT ObiTb NPefyCMOTPEHO
HEeCKOInbKO Moaynen cbopa, pacnpeieneHHblX B pasHbix 3aTpybOHbIX MPOCTPaHCTBAaX.

B HacToswwem BapuaHTe ocyLLeCcTBNEeHNA NepBbii MoAYrb 4 cbopa coeamHAeTCa C
BHYTPUCKB&XXMHHbIM JaTynMkoM 5 nocpenctsBoM BTOpPUYHOro kabena 42, aHanornyHo
BapuaHTaMm OCyL|EeCTBNEHWs, npeactaBneHHoiM Ha durype 1. OpgHako 34echb
BHYTPUCKBaXXUHHBIN JaTumk 5 pacnonoxeH Hwke nakepa [P, a kabenb 42 npoxogut
yepe3 Hero. [latumk 5 B JaHHOM crnyyae BbINOMHEH C BO3MOXHOCTbIO OCYLLECTBMNEHUS
N3MEPEHWN YCrOBUA AaBNEHUs W/UNn TemnepaTtypbl BHYTPU 3KCMyaTayMOHHOW KONMOHHbI
21 vyepes nopT 21a, NPeayCMOTPEHHbLIA B CTEHKE 3KCMnyatayMoHHOM KOMOHHbI 21. To
€CTb, HECMOTPSl Ha TO, YTO BHYTPUCKBAKUHHBLIN AaTYMK 5 pacnonoxeH B 3aTpyOHOM
NpOCTpaHCTBE A, OH BbINOMHEH C BO3MOXHOCTBIO W3MEPEHWS napameTpoB BHYTPU
3KCNnyaTaLyMoOHHOWN KONOHHbI 21.

Bonee TOro, B ykasaHHOM BapuaHTe OCYLLECTBMNEHWSI NPEAYCMOTPEHbI BTOPON U
TPETUA BHYTPUCKBAXKUHHbIE AaTumMkn 5 n 5°. B ykasaHHOM BapuaHTe OCYLLEeCTBNEHUS
KaXKabll U3 BHYTPUCKBaXKUHHBIX AatyukoB 5, 5, 5” coeamHeH ¢ moaynem 4 cbGopa
NoCpPeACTBOM OfHOrO U TOro e BTOPUYHOro kabens 42. STOT BapuaHT npegcraBnseT
cobon MHOroTo4euHyto cuctemy, a kabenb 42 UCNONb3yeTcst ANs NepeHoca CUrHanoB
MOLLJHOCTW, CUrHanoB ynpasneHus, JaHHbIX O NapameTpax U agpecHon uHpopmaymm, ans
obecneyeHns BO3MOXHOCTM MOAaYN MOLLUHOCTU Kaxaomy M3 gatumkoB 5, 5, 57 un
N3BMNEYEHNS U3 HUX NOKa3aHWN.

Cnegyer OTMETUTb, 4YTO B anbTepPHaTUBHbIX BapwaHTax OCYLECTBNEHUS
HEKOTOPOE YUCNO BHYTPUCKBAKMHHBIX AaTYMKOB WM APYTUX  BHYTPUCKBAKMHHBIX
YCTPONCTB BeposiTHee OyaeT nutatbCa OT ogHoro moaynst 4 cbopa nocpencTsom
OTAEnNbHbIX, CneynansHo nNpeaHasHavyeHHblx, kabenen 42, yem eaUHCTBEHHbIM kabenem,
Kak MokasaHO B HacCTOSALEM BapwuaHTe ocyllecTtsrneHus. bonee Toro, kak ynoMuMHanochb

BblLLe, B TO BPEMSl KaKk B HaCTOSILLEM BapuaHTe OCYLLECTBIEHUS NpejycMaTpyBaeTcs
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HECKOMbKO AaTyuMKoB, OTXOAALMX OT OAHOro moayns cbopa, B ApPYyrux BapuaHtax
OCYLLECTBNEHNS OAUH MOAYNb cbopa MOXET UCMOoNb3oBaTbCA ANS MOAAYU MOLLHOCTU
pasHbIM TUNAM BHYTPUCKBAXXWHHbLIX YCTPOUCTB. Tak, oAWH moaynb cbopa, Hanpumep,
MOXET WCMOoNb30BarbCA ANA MOAAYNM MOLLUHOCTM  BHYTPUCKBKUHHOMY  AaTyuKy,
BHYTPUCKB2XXMHHOMY MOBTOPUTENIO U BHYTPUCKBAXNUHHOMY KnanaHy.

B HacTosLem BapuaHTe OCyLeCTBNEeHNs BTOpon moaynb 4° cbopa npeacraBnseT
cobon 4acTb BHYTPUCKBAXKUHHOIO WHCTPYMEHTA, KOTOPbIN COAepXUT oba anemeHTa:
mMoaynb cbopa n ceHcop. B HacTosiwem BapnaHTe OCYLLECTBIIEHUS CEHCOP BbINOMHEH C
BO3MOXHOCTbLIO M3MEPEHMSI NapaMeTpoB B 3aTpyOHOM npocTpaHcTBe B uepes nopt 223,
npeayCMOTPEHHbIN B nepBon obcagHon Tpybe 22. Tak, Hanpumep, CEHCOP BO BTOPOM
moayne 4’ cbopa MOXET ObITb BbINOMHEH C BO3MOXHOCTbIO U3MEPEHMS AaBNEHUS WUnu
Temnepartypbl B 3aTpybHOM npoctpaHcTee B.

Bonee TOro, B HacTosiLleM BapunaHTe OCYLLECTBREHMSI TPETU mMoaynb 4” cbopa
TOXE npegcraBnseT cobon YacTb BHYTPUCKBEXXMHHOIO MHCTPYMEHTA, KOTOPbIA B AaHHOM
crniyyae coaepXxut moayne cbopa n 6rnok CBSA3M ANA OCYLLECTBEHUSA CBA3N C CEHCOpamu
605, pacnonoxeHHbiMn B 3aTtpybHom npocTtpaHcTBe B u 3aTpybHom npoctpaHcTee C.
3aecb cBA3b Mexay ceHcopamu 605 n BTOpbiM Moaynem 47 cbopa obecneumBaeTcs C
nomowbto  BecnpoBogHbIX cpeacts. K npumepy, MoxeT ObiTb npefycMmoTpeHa
WHAYKTMBHAsA Mnojaya curHana wunu nojadva akyCTUYEeCKOro curHana mexzgy ceHcopamu
605 n moaynem 4” cbopa. CeHcopbl 605 moryT ObiTb (PU3NYECKM PACMONOXEHbI TaK
Orn3Ko, Kak 3TO BO3MOXHO, NO OTHOLLEHMIO K Moaynio 4” cbopa.

[omKHO BbITb MOHSATHO, YTO Kak TOMbKO AaHHble AOCTUralT BepxHero 6noka 6
CBSA3N, OHWM MOryT ObITb nepeaaHbl HapyXy, Ha HeoOXOAMMbIA Y4acTOK, WCMONb3ys
CTaH4apTHbIE METOAbI CBA3WN, TakMe Kak MeToAbl MOOUNbHOW CBSA3W, MHTEPHET U T.4., Ha
pabouyee mecto PM ans nocneaytowen ob6paboTkm wu/unm nsydeHusi. KOHEeYHO, Takke
MOryT ObITb NPEAYCMOTPEHbl MPOBOAHBLIE COEAMHEHUS Mexay paboumm MecTom U
BEPXHUM BNokom 6 cBSA3N.

Bonee Toro, gaHHble Takke MoOryT ObiTb OTApaBneHbl OT paboyero mecta PM
BEPXHEMY Yy3ny 6 CBA3W ANA NepeAauyn BHYTPb CKBa&KWHbI. Tak, Hanpumep, curHanbl
ynpaeneHms MoryT ObiTb nepegaHbl ¢ pabovero mecta PM yepes BepxHun 6ok 6 cBAsn
BHYTPb CKB&XMHbl Ans ynpaeneHus paboton mopynst cbopa, uMnM CeHcopa, Wnu
BHYTPUCKB&XXMHHOIO KnanaHa, Wnu noBTOpUTENS, W T.4., Takum o6pasom BHYTPb
CKB@XXMHbI MOTYT BbITb OTNpasneHbl Niobble HEOOXOAMMbIE AaHHbIE.

B apyrom anbTepHaTMBHOM BapuaHTe CHapyXuM camMon HapyHon obcagHoun
Tpybbl, Hanpumep, TpeTben obcagHonm Tpybbl 24 B BapuaHTe OCYLIECTBIEHMS,

npeacraesneHHoM Ha durype 6, B obnactm Okono yCTbsi 1 CKBaKMHbl MOXET ObITb
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npeaycmorpeHa wusonsaumsa. OHa MoxeT crnocobcTBoBaTb Mnojadvye  MakCUMarnbHO
oTpuUyarenbHOro noTeHuuana, BbI3BAHHOrO TOKaMW KaTOAHOW 3aluuTbl, rrybxe BHYTPb
CKB@XWHbI. JTO obecneymBaeTcs 3a CYET MUHUMMU3UPOBAHUA yTeyek B obnactm okoro
YCTbS1 CKBa&XMWHbl. [1O3TOMY Hanuume mM3onsuMnm Ha camon HapyxHou obcagHonm Tpybe
MOXET NOMOYb 06ecneynTb BO3MOXHOCTb PACronNOXKEHUS CaMOro BEPXHEro CoefnHEHNSs
41a Huxe, nsberas npu 3TOM 3HAYUTENBHOrO CHUKEHMS 3DEDEKTUBHOCTU CUCTEMBI. ECnin
MOCMOTPETb Ha KPUBYKD CHWDKEHUS MOTEHUMana, 3a CYEeT Hanuums u3onsauymm Ha camowu
Hapy>xHon obcagHon Tpybe 24 oTpuyaTenbHbIA MNOTEHUMan MOXET CHMKATbCs B
N30NMpPOBaHHOM OONacTM OKOMO YCTbSA CKBaXMHbl OYEHb MEANEHHO, a 3aTeM MOXET
HauyaTb CHMXaTbCA ObiCTpee nNocne JOCTUXEHNS HEN30NMPOBaHHOW obnacTu.

durypa 7 npeacraesnsieT cobon rpaduk, nokasbiBalOWMA MPUMEP TOro, Kak
onTMManbHas MOLYHOCTb, AOCTYNHas Ans cbopa B CKBaXKMHHOW YCTaHOBKE, U3MEHSETCA C
rnybuHON CkBaXKMHbI. Kak oTMe4anoch Bbille, U3-3a YBENNYEHNS PasHOCTU NOTEHUManos,
o6ecneyvyeHHoro yBenuyeHnemM pacCtoaHma Mexay COeAUHEHMAMU, C OAHOW CTOPOHbI, U
CONpOTMBIEHUA kabens, ¢ APYron CTOPOHbI, MMEET MECTO Hekas onTumanbHas rnybuHa
ANS HUXHEro coeauHeHns 41b, unn, uHade roBopsd, ONTUMAarbHOE PacCTOSHME MEXAY
ABYMS1 coeguHeHusimn 41a n 41b. padumk, nokasaHHbin Ha Purype 7, OTHOCUTCS K
pPacrnonoXeHUto, B KOTOPOM BEPXHEE COeAUHEHME 41a NPUMEPHO Ha 5 METPOB HMXKe
YCTbSl CKBXMHbI, TO €CTb HaxoAMTCA B obnacTu noaBecHOro yCTpoucTesa XsocTtosuka. B
3TOM npUMEPE MOXHO BUAETb, 4YTO ONTUManbHasa rnybuHa HWXKHEro CcoeauHeHUs
Haxogutca B panoHe 550 M BHYTpPU CkBaxKMHbl. O4HaKO MOXHO TaKKe 3amMeTUTb, YTO
3HauUTENbHas YacTb ONTUMANbHOW MOLLHOCTU MOXET ObITb Nony4eHa Ha rnybuHax okono
300 n 950 m. B obwem cnyyae Oyaet npeanodTUTENbHEN MUHUMU3UPOBATL ANUHY
kabens, pocturas cbop  ONTUMANbHOM  MOLUHOCTWU, YTO  MpejycmaTpuBaeT
MUHUMU3NPOBaHME rryOuHbI BTOPOro coegnHeHmns. OgHako moryT ObiTb 06CTOATENBLCTBA,
B KOTOPbIX MOXET NCMOMb30BaTbCA NPEUMYLLIECTBO pacrnonoxeHms moaynsa cbopa rnybxe
BHYTPUW CKBaXXMHbI.

OnTumanbHOE pacnonoOXeHne ANS BEePXHEro COEAUHEHMS MOXET 3aBUCETb OT
TOro, rAa€ BBOAUTCS TOK KarOAHOM 3awuTtbl (MU APYronM TOK), U A€ YKa3aHHbIA TOK
MaKkCUMarneH, iy NoTeHuuarn, Bbi3BaHHbI TOKOM, MakcumareH. [peacraBneHHble 34eCh
cnocoBbl N cuCTeMbl BKMOYaoT B ceba aTanbl, Ha KOTOPbIX CHayana onpeaenstoT, rae
nogasaemMblii TOK (MNM MOTEHUuan) MMeeT MakCumarbHOe 3HayeHwe, 1 BbibupatoT
y4YacToK ANSA BEPXHEro COEANHEHNSA B 3aBUCUMOCTW OT 3TOrO.

BepxHee coeanHeHue MOXeET Haxoautbcs B npegenax 100 m OT NOBEpPXHOCTH,
npeanoYTUTENBLHO, B Npeaenax 50 M, ecnu ckBaxkmHa npeacrasnseT cobon MaTepukoByHo

CKBaX)KUHY.
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BepxHee coeguHeHne MOXeT HaxoauTbca B npegenax 100 M OT ypoBHA AHa,
npeanoYTUTEnNBLHO, B npeaenax 50 M, ecnn ckBaxkuHa npeacrasnseT cobon NoABOAHYIO
CKBEXXVHY.

Kak oTmevanoch Bbilwe, XOTS NPMBEAEHHOE Bbille ONMCaHue ccbinaetcst Ha cbop
OT TOKOB KarOAHOW 3aLyuUThbl, U XOTS TAKOW BapuaHT SBNSETCA NPEeANOYTUTENbHBIM, MpU
HanUuun APYrux TOKOB B METaNNNYECKON KOHCTPYKLUUN OHW MOTYT ObiTb aHanormvHbIM
06pasom UCNONb30BaHbI.

Cnepyer OTMETUTb, 4TO, XOTS BbIWE NPUBEAEHbI HEKOTOPbIE KOHKPETHbIE
nNpUMEpbI, B LLeriom, Ntobon N3 KOMMOHEHTOB CUCTEMbI MOXET ObITb PaCNONOXeH B NOOOM
AOCTYNHOM 3aTpyOHOM NPOCTPaHCTBE.

Korga B onucaHuMM BbilWe YNOMMHAETCA ONTUMM3auusa MOLENUPOBAHNEM,
Hanpumep, B OTHOLUEHMN PacCTOSIHUSA, Ha KOTOPOE OTCTOAT COeAMHEHUS, NCMOMNb30BaHUSA
nsonsaymn, Bblibopa TOMbKO pagnanbHOro UMM akCUanbHOrO PacCTOSHWUA, Ha KOTOpoe
OTCTOSIT COeAMHEHUs, N Bbibopa 3agaHHOW Harpyskm cbopa, B TakOW MOLENN MOXET
NCNONb30BaTLCA MO MEHbLLEN MEPE OAUH U3 CreayIoWMX NapaMeTpoB:

1. CkopoCcTb 3aryxaHusi HaBepxy CKBaXKWHbl, BbIBEAEHHAA U3 pasmepos
o6cagHbIx TPYO 1 pasmepos Tpyb4aTbix 3IEMEHTOB, BECA, U TUNa Mmatepuana (yaenbHOoro
COMPOTUBIIEHNA) W  YAEMbHOrO COMPOTMBIEHUS MOKPbIBaOWENn Tonwm (cpeabl,

OKpY>KatoLLEN CKBaXKMHY).

2. PacnonoxeHne BepxHero coeuHeHuns.
3. PacnonoxeHne HUXHero coeanHeHns.
4, Mnowaab nNoOMepeyHoro cevyeHnss WM Tun  martepumana (yaenbHoe

CONPOTMBIIEHNE) BEPXHErO Kabens, NCnonb3yemoro Ha Bxogax k cobmpartento.

5. Yucno, pacnonoxeHuwe, matepuan (3nekTponoTeHuuan) n nnowaab
NMOBEPXHOCTN aHOA0B YCTbS CKBAXKUHbI.

6. [encrteytoLiee CONpoOTUBMNEHNE CKBAXKUHbI HA YPOBHE MOPCKOro AHAa/yCTbe
CKBa)XMHbI, TakKe BbIBEAEHHOE U3 pasmepoB obcagHbix TPyO M pasmepoB Tpyb4vaTbix
3MEeMEHTOB, Beca, U Tuna matepuana (YAEnbHOro COMNPOTUMBIEHUA) W YAENbHOro
COMNPOTUBIIEHNA MOKPbIBAKOLLEN TONWM (CPEAbl, OKPYXKAIOLLEN CKBaXKMHY), HO B 3TOT pas
ANA BCEN KOHCTPYKLMN CKBAXKUHbI.

B KOHKpEeTHbIX Nnpumepax npeacTaBneHHbIX Bbille cuctem kabenb nnu kabenn 41,
nucnonb3yemble ANA COeauHeHus mMogyns cbopa C  KOHCTPYKUMEW/ OKPY>KaOLMM
NMPOCTPaHCTBOM, MOIYT UMETb NNOLWajb NOMNEPEYHOro CeYeHnsa pasHylo, Hanpumep, 10-
140 Mm% 10 MM? MOXET CUUTaTbCsl HWKHEN rpaHuueil NpeAnouTUTENbHOro AMS
dyHKUMOHUpoBaHMA pa3mepa kabena. O6blMHO npeanouyTutensHon Oyaetr 6G6nbLias

Nnowaab nonepeyHoro ceyeHms. Kabenb 140Mm? MOXeT GbiTb MAockuMm kabernem Tuna
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Kerite (RTM) LTF3. OH cOOTBETCTBYET BEPXHEWN IPaHULe TOro, YTO B HACTOALUA MOMEHT
AOCTYMHO Ha pPblHKE, HO MOryT ObITb MCMOMb3oOBaHbl M 6ONbLUME pa3mMepbl, €CrN OHU
AOCTYMHbI.

durypa 8 npeacraBnser cobon Onok-cxemy, wmsoOpaxarowylo npouecc
onTumusaymm cbopa aHeprum mogyrnem cbopa, packpbITbIM BbILLE.

Ha atane 801 npeobpasoBarenb 44 NOCTOSAHHOrO TOKa 3anyckaeTcsl, UCNOomnb3ys
N3HavanbHble HACTPOMKU/KOHUIypauuio, U nNojaeT AOCTYMHYIO 3HEpruo cpeacrteam 45
HakoNneHns 3apsga.

Ha atane 802 onpenenaiT, MMEET N MECTO AOCTaTOvHOEe HarnpsiKeHue Ans
nogaym MOLLHOCTU MMKPOMPOLECCOopY B LeHTpanbHoM 6noke 46. Ecnn oTBET «HET», TO
atan 802 noBTOPSAT 4O TEX NOP, NOKa OTBET HE CTAHET «Aa», a Korga OTBET CTaHOBUTCS
«ga», npouecc nepexoant Ha atan 803, Ha KOTOPOM MUKPOMPOLECCOPY B LIEHTParbHOM
6roke 46 nogalT MOLLHOCTb.

3atem Ha oa3tane 804 wmMwukponpoueccop MW3MEPSET BbIXO4 MOLHOCTM OT
cobupatens 3Heprmm, M Ha atane 805 mukponpouecc MoanuUMpyeT HaCTOUKU
npeobpasoBartens 44 NOCTOAHHOrO Toka Anst HEOONbLUOro yBenuUeHnss Harpy3ku. danee,
Ha atane 806, onpefensioT, NPUBOAUT NN 3TO K YBENUYEHUNIO BbiIXxoga OT cobuparens.
Ecnn oteeT «aa», To npouecc Bo3spawjaetca obpartHo Ha ctaguio o stana 805, yTobbl
HacTpourkn npeobpasosatensa 44 nOCTOAHHOrO Toka Mornn ObiTb CHOBa WM3MEHEHLI ANS
HebOonbLIOro yBenu4yeHnsa Harpysku.

C apyroun cTopoHbl, ecrnin Ha atane 806 onpefenstoT, YTO BbIXOL HE YBEMNUYMIICS,
Torga npouecc nepexoaut k atany 807, HA KOTOPOM MUKponpoLueccop moaudbuympyet
HacTporku npeobpasoBatens 44 nNOCTOSHHOMO Toka Ha HebomnbLUoe YMEHbLUEHUE
Harpysks, U MNpoLecc BO3BpallaeTca Ha craguio o atana 806, ytobbl onpeaenuTsb,
MPVBESO NN 3TO K YBEMMYEHUIO BbIXOAa.

Mocne atoro atanbl 805, 806 1 807 nonepemeHHO NOBTOPSAIOTCS BO BpeMsi cOopa
SHEPrun, Tak YTO Harpyska NOCTENEHHO YBENMMYMBAETCA U YMEHbLLAETCA B 3aBUCUMOCTU
OT pesynbTara, nNonyyYyeHHoro Ha 3tane 806. 370 nNpMBOAUT K AMHAMWUYECKON
onTuMmmsaymm cbopa MOLLHOCTW.

Kak ynomumHanocb Bbiwe, korga npeobpasoBatens 44 MOCTOAHHOIO TOKa
NCNONb3yeT MOMEBON TPaAH3UCTOP M COMYTCTBYOLWMIA TpaHcopmarop, atan U3MeHeHUs
HacTpoek npeobpasoBaTens NOCTOSHHOrO Toka Ha stanax 805 n 807 moxeT cogepxaTtb
3Tan CMEHbl OTBETBMEHUS, WCMNOMNb3YEMOro Ha BTOPUYHOM TpaHcdopmaTope, AnNS
MOANDPULNPOBAHNS AOMKHBbIM 0Bpa3oMm Harpysku. 3TO Takke CnpaBeanuBo B criyvyae,

Korga nepemeHHbl TpaHchopmaTop ocHaweH H-mocTom, npeacrasBneHHbIM Ha durype



10

15

20

25

30

35

65

2D. B anbTepHaTUBHOM BapuaHTe B TakOM Crnydae ANA BApPbUPOBaHWA Harpysku MOXET
ObITb OTPErynMpoBaH pexunm paboTbl TpaH3ucTopos B H-mocTe.

Ha durype 9 npeacrasneHa 6nok-cxema, UNMOCTpUpylowas QyHKLUNOHNpOBaHME
BHYTPUCKBaXXMHHOrO 6noka 4a aHanornyHo TOMy, YTO OMUCaH BblLLE.

Ha stane 901 onpeaensioT, A4OCTATOMHO N MOLWWHOCTM AN NoAaqn MOLLYHOCTU
npoueccopy B LeHTpanbHOM Onoke 46. Ecnn OTBET «HET», TO NMPOLECC OCTAETCS Ha TOM
e aTtane A0 Tex Nop, Noka MOLLHOCTU He CTaHET AOCTaTOuHO.

Korga MOLHOCTU CTaHOBUTCHA AOCTaToO4vHO, npouecc nepexogut Ha atan 902, Ha
KOTOPOM OMPEAEensioT, nmnofyvYeHa nu komaHga wnu TpebyeTca nu  oTnpaska
3annaHnpoBaHHOro Habopa AaHHbIX. ECnu oTBET «HET», TO NPOLECC OCTAETCs B TOM Xe
COCTOSIHUWN OnpefeneHns Toro, TpebyeTcs N BbINOMHEHUE HEKOTOPOro AEWCTBUSA, MOKa
HEe HacTynUT MOMEHT, Ha KOTOPOM BbIMNOMNHEHWE AencTBUS noTpebyeTcs.

Korga pencrtemne tpebyeTtcs, npouecc nepexoguTt Ha atan 903, Ha KOTOpPOM B
COOTBETCTBUM C TpeboBaHMEM BOCCTaHaBNMBAOT JAaHHbIe OT CeHcopa WUnu
3anoMuHaroLWero yCTpOWUCTBA, a Harpyska, npeactasneHHas cobuparenem 3SHeprum
MEXAY COeanHEHUAMM 41a, MOAYNUPYETCA ANA KOAUPOBKM 3TUX AaHHbIX.

OTpenbHO, B yCTbe CkBaXWHbl Ha dTane 904 ocywecTBNAKT MOHUTOPUHT
noTeHymana HanpsXKeHUs YCTbA CKBa&XXWHbl, W [AaHHble AEKOAUPYIOT BO BTOPOM
Mukponpoueccope. 3aTtem, Ha JTtane 905, wu3BneYeHHble JaHHble MOryT ObITb
3KCNOPTUPOBAHbLI UMW 3aHOBO NMepeAaHbl KNUEHTY, Hanpumep, NocpescTBOM MOABOAHOW
aKyCTUYECKOW NUHUN NN KaHana KOMMYHUKaLuK.

®durypa 10 unnOCTPUPYET CKBAKUHHYKO YCTaHOBKY, BKMOYawowy B cebs
nnatgopmy 1000. Yctbe 1 CkBadkMHbI pacnonoxeHo Ha nnowagke 1001 nnatdopmbl
1000. B gaHHOM crnyyae meTtannuyeckas KOHCTPyKUMs BkrtovaeT B cebsa pansep 1002
MeXay ypoBHeM agHa u nnatdgopmon 1001. SkcnnyataynmoHHasa KOnoHHa 21 nNpoxoauT B
pansepe 1002 BHYTPb CKBaXKMHbl. BHYTpU CKBaKUHbI MpeaycMoTpeHbl obcagHble TPyObl
22, 23. Camasa BHYTpeHHAs obcagHas Tpyba 22 asnsetca npogormkeHnem pansepa 1002.
Ha nnatgopmeHHon koHCcTpykumm 1000 npeaycMoTpeHbl aHoabl 3B KaTtogHOM 3alymThbl.
Mexay nnatopMoOn U BHYTPUCKBAXKMHHOW KOHCTpykumen 2 (obcagHon Tpybon wu
3KCNyaTayMoHHOWN KONOHHOW) ByaeT MMEeTb MEeCTO 3nekTpudeckoe coeauHeHne. OHO
MOXeT obecneumBaTbcsa depes onopHyto nnmty 1003 ans OypeHus w/unm yepes yctbe
CKB@XXMHbI, pan3ep n Apyrne KOMMNOHEHTbI, Takne Kak Hanpasnswowue pansepa. B takux
crny4yasx MoxeT ObiTb CMOXHO y3HaTb, r4e caenatb BEPXHEE COEeAUHEHWE KOHCTPYKLMU
cbopa, aHanorM4HoO TOW, YTO npeacraeneHa Ha durypax 1, 3, 4 nnn 6, ans obecneyeHus
Haunydwen adgdekTnsHocTn. He Bcerga Oyaer M3BECTHO, r4e TOK KaTOAHOW 3aluThbl

OyneT BBeAeH B npoBoAsLlylo Tpyby (Cekymnm YANMHEHHbIX 3MEeMEHTOB), KoTopas
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NMPOXOAUT BHYTPb CKBaXKMHbI. Kak ynoMUHanochb Bbile, MOXET ObiTb NPEeAnoOYTUTENbHbLIM
co3faHne BEPXHEro COEAMHEHNS B HEMOCPEACTBEHHOW BNM30CTU K y4acTKy, HA KOTOPOM
BBOAUTCS TOK KaTOAHOW 3awutbl. [py CTpEemMneHunM K OnTMMM3aumMuM O4HOW U3 Onuyum
OypeT ynpaeBneHMe JTOW TOYKOW BBOAA — T.€. rapaHTMpoBaHWE ranbBaHUYECKOro
COeAVHEHNss B U3BECTHOW Touke. [pyron anbtepHatuBon OyaeTt obecrneyeHne cCUCcTeMbl
MHOXECTBOM anbTEePHaTMBHbIX TOYEK BEPXHEro COeAMHEeHVMs Ans moayns cbopa wu
obecneyeHne BO3MOXHOCTU BblOopa Hanbonee appekTMBHON TOUKN COEAUHEHMS NOocne
ycTaHoBk/. OBbIYHO B TAaKOM Criyyae cuctema nogayn MowHocTy byaeTt ycTaHoBneHa co
MHOXECTBOM BEpPXHUX KabenbHbIX COEAUHEHUA C MEeTaniN4yeCcKOM KOHCTPYKUMEN, npu
aTom Hambornee 3PPEKTUBHLIM BbIOUPAETCS, HaNpMMep, ynpaBreHneM NepeknovaTens

noA ynpasrieHuem LieHTpanbHoro 6roka.

AnbTepHaTMBLI ANs CUrHana, yCTpoucTsa U CeHcopa

Bbiwe onncaHbl pasHoobpasHbie KOHKPETHbIE pelleHusa Ana nogadym curHana. Bo
nsbexxaHne COMHEHUM crnegyeT 3amMeTuUTb, YTO OOMbLUON CMEKTP PELUEHMA Mo auu
curHana MoXeT UCMONb30BaTbCA Kak OTAENbHO, Tak U B KOMOUHaUuM ¢ pasHoobpasHbIMU
4YacTsIMWN CUrHarnbHOro KaHana B CUcTemax, aHanorMyHbiM TeM, YTO 34EeCb OnucaHbl. Tak,
6ecnpoBogHbIE CUrHanMbl MOTYT NepeaaBaTbCs NO MEHbLUEN MEPE B O4HOWN U3 CReayroLmX
POpM: 3MEKTPOMArHUTHOW, akyCTUYECKOW, 4Yepe3 WHAYKTUBHO CBA3aHHble TpybuaTtble
3MNEeMEHTbl U 3aKOAMPOBAHHLIMW UMMNYMbCaMW AaBIIEHUHA, MPU 3TOM CCbINKA Ha
6ecnpoBOAHON XapakTep nepefadyn OTHOCATCA K yKasaHHbIM doopmMam, B OTCYTCTBUE
yTBEpPXKAEHNS 06 obpaTHOM.

CurHanbl, B OTCYTCTBME YyTBEPXAEHUS 00 obpaTrHOM, MOryT Bknouvatb B cebs
CUrHanbl ynpaeneHusi U CcurHanbl AaHHbiX. CurHanbl ynpasneHus MOryT ynpasnsiTb
paboToN BHYTPUCKBAXKUHHBIX YCTPOWCTB, BKIIOYAS CEHCOpPLI. [JaHHble OT CEHCOPOB MOryT
nepeaasaTbCs B OTBET Ha CUrHan ynpasneHus. bonee Toro, nonyyYeHne AaHHbIX W/unu
nepegaya napameTpoB, Hanpumep, NonyvYeHne wwunum nepejada CKOpoCTM  Unu
paspeLleHns, MOXET MEHSATLCA COOTBETCTBYIOLMMW CUTHANamm ynpasneHus.

NUmnynbcbl aaBneHus Bkno4varwT B cebs cnocobbl OCyLECTBNEHNS CBA3WN OT/C
NPOCTPaHCTB(a/OM)  CKBaXKMHbLI/CTBON(a/OM) CKBaXXMHbl, MO MEHbLIEN Mepe OT/C
oaH(oro/um) ns 6onee rnyboko PacnONOXKEHHbIX YHACTKOB B CKBaXKMHE/CTBONE CKBaXKUHBI,
N MOBEPXHOCTbID CKBE&KMHbI/CTBOMNA CKBa&XMWHbI, WCMNOMNb3Ys MONOXUTENbHbIE W/UNK
oTpyyarenbHble WU3MEHEHUSA AaBnNeHus, WU U3MEHEHUS pacxoja MnoToka TeKy4yeu
cpeabl B TpybyaTom anemeHTe u/vnm 3atpybHoM NpOCTPaHCTBE.

3akoaupoBaHHble MMMYNbCbl  JaBrEeHUA nNpeacTaBnsaloT  cobon  MMNynbChbl

AaBleHnsa, Ana KOTopbix Oblna ucnonb3oBaHa cxema mMoaynauun ana KoOgupoBkK KOMaHA



10

15

20

25

30

35

67

Wvnn pJaHHbIX B W3MEHEHUAX JaBneHna wuunn pacxoga notoka. [lpym atom B
CKB2XXMHE/CTBOMNE CKBaXXWMHbI UCMonb3yeTca npeobpasosatens ANA AETEKTUPOBAHUS
WWNNU reHepupoBaHUA YKa3aHHbIX WU3MEHEHWW, W/WUNMU B CKBaKUHE/CTBONE CKBAXKUHbI
NCNONb3YEeTCH 3NEKTPOHHAas cucTema Ana KOAUPOBKU W/WNN AEKOAUPOBKA KOMaHA wWunu
JaHHbIX. Tak, WMNynbCbl AaBNEHWUs, WCMNOMb3yemMble BMECTE C  3NEKTPOHHbIM
BHYTPUCKBaXXMHHbIM/CTBOMNOBbLIM MHTEPMENCOM, OnpeaeneHbl 34eCb Kak 3aKo4UPOBaHHbIe
UMNYNbCbl  AaBneHusi. [peuMmyLiecTBOM 3aKOAMPOBaAHHbLIX WMMYNbCOB  AaBreHus,
aHanornyHoO TeM, YTO OMNpeaeneHbl 34eCh, IBMAETCA TO, YTO OHM MOryT ObiTb OTMNPaBNEHbI
Ha 3MEKTPOHHbIE MHTEPMENCHI N MOryT OBeCneunTb fyyLLy0 CKOPOCTb Nepeaayn wunu
AMNanasoH, Yem UMNYNbCbl 4aBMNEHUS, OTNPaBEHHbIE HA MEXaHNYECKNE NHTEPXENCHI.

Tam, rge ana nepegadn cUrHanoB ynpaBneHUs UCMONb3YKOTCH 3aKOAMPOBaHHbIE
UMNYNbCbl AABMNEHUS,, MOTYT UCMOMb30BaTbCA pasHoobpasHble Cxembl MOAYNAUMK AnS
KOAVPOBKM CUrHaroB YMNpPaBriEHUdA, K NPUMEPY, W3MEHEHUE AABMNEHWUS UMM CKOPOCTb
NU3MEHEHUS AaBneHus, amnnuTyaHas manunynagma (adrn. on/off keyed, OOK), dasoso-
uMnynecHaa moaynauma (adrn. pulse position modulation, PPM), moaynayvs LWMPUHBLI
umMmnyneca (adrn. pulse width modulation, PWM), manunynaums nytem casura 4actoTbl
(anrn. frequency shift keying, FSK), maHunynsayma nytem cpasura pasrneHusa (aHrn.
pressure shift keying, PSK), manunynayua nytem cgsura amnnutyabl (adrn. amplitude
shift keying, ASK), mMoryT ucnonb3oBaTtbCs KOMOMHaLMM CXeM MOAYNAUUW, Hanpumep,
OOK-PPM-PWM. CkopocTh nepegadm Cxem MOAYNSAUUM 3aKOAMPOBAHHOrO AaBMeHUs
O0BbIYHO HM3KKE, U 0BbIYHO cocTaBnsaloT MeHee 10 6ut/c, a moryT coctaenaTb MeHee 0,1
out/c.

3akoanpoBaHHble MMMYNbChl A4aBNeHns MOryT ObiTb MHAYLMPOBAHbI B CTaTUYHbIX
NN TEKYLLMX XUAKMX cpeaax, n MoryT ObiTb AETEKTUPOBaHbI HANPSMYK UMM KOCBEHHO
N3MEPEHMEM U3MEHEHNS AaBneHnsa n/unm pacxoga nortoka. XXuakue cpeabl BKMOYaoT B
cebs XKnAKOCTK, rasbl N MyrnbTUdA3HbIE XMUAKNE CPEeAbl, @ MOTYT ObITb XUAKMMN Cpeaamm
CTaTU4ECKOro ynpasneHus, Wunm XNagKMMn cpegamu, npovu3BefeHHbIMU CKBXKMHON Unu
BBEAEHHbLIMN B CKBaXKMHY.

BecnpoBogHble curHanbl MOryT 6biTb CNOCOOHLI NPOXOAUTE Yepes Bapbep, Takon
Kak 3arnywka unu 3atpybHoe yCTpOMCTBO repmeTmsanuun, Korga oHO (PUKCUPOBAHO Ha
mecte. lMoatomy 6ecnpoBogHble CUrHambl MOFYT nepefasaTbCs MO MEHbLUEN Mepe B
cneaywowmx dopmax: B (OpPME 3MEKTPOMArHUTHOrO, akyCTUYECKOro curHana unu
WHAYKTMBHO COEAUHEHHbIMU TPpyBYaTbiMU 3NEMEHTaMK.

OnekTpomarHuTHas/akycTuyeckasa nogada u nogavya 3akoampoBaHHbIX UMMYSbCOB
AaBMNEHUA UCMNOSMb3YIOT CKBaXXMHY, CTBON CKBaXWHbI U NOPOAY B KayecTBe cpenbl And

nepeaayn. ANeKTpPoOMarHUTHbLIN/akyCTUMECKUA CUTHan UM curHan AabneHnss MoryT ObiTb
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OTNpPaBfieHbl U3 CKB&XWHbI, WM C MOBEpXHOCTW. [lpu nogadye B CKBAXMHE
3NEKTPOMArHUTHbIA/akyCTUYECKUA cUrHan MoxeT ObiTb crnocobeH npoxoauTb 4Yepes
noboe 3aTpybHOE yYCTPOWUCTBO repMeTusauumn, XoTS B HEKOTOpbIX BapuaHTax
OCYLLIECTBINEHMS OH MOXET MpoxoauTb B 06xo4, Hanpumep, BOKpYr noboro 3arpybHoro
YCTPOWCTBA repmeTmnsanmn.

OnNeKTPOMarHUTHbIE N aKyCTUYEeCKME CUrHanbl MOMe3Hbl, Tak Kak OHU MOryT
OCYLLECTBNATL Nepegadvy 4vepes/CkBo3b 3aTpybHOE YCTPOWMCTBO repmetmsagum 6es
crneynanbHONM MHAPPACTPYKTYPbl MHAYKTUBHO COEAMHEHHbIX Tpyb4uaTbiX 3NEMEHTOB, a B
criydyae nepegadm faHHbIX KONMMYecTBO MHGOPMAaLUN, KOTOPOE MOXET ObiTb nepeaaHo,
06bl4HO OOMblUe B CpPaBHEHUM C nNojadven 3aKoAUPOBAaHHBIX WUMMNYMbLCOB AaBMNEHUS,
OCOBEHHO NP NOMYYEHUUN AaHHBIX N3 CKBAXKMHbI.

Mpn MCNONb30BaHUN WUHAYKTUBHO COEAWMHEHHbIX TpybuaTbiXx 3NeMeHTOB OObIYHO
npeaycMaTpuBaeTcsl MO MEHbLUEN MeEpe AecCATb, OObIYHO ropasgo 6onblue, OTAENbHbIX
OTPE3KOB MWHAYKTUBHO COEAWHEHHbIX TpybuaTbiX 3MEMEHTOB, KOTOpble BO BpPEMS
NCMNONb30BaHMUS COEAMHEHbl BMecTe Ang  (OPMUPOBAHWUS  KOMOHHbI  MHAYKTUBHO
COeAMHEHHbIX TpybuaTbix anemeHToB. OHM MMEIOT UernbHbIW NPOBOA M MOTYT UMETbL BUA
TpybuaTbiX SNMEMEHTOB, TakMX Kak 3JkchnyatauuoHHas Tpyba, OypunbHas Tpyba wnu
obcagHaa Tpyba. Ha kaxgom coeAuHEHWM COCefHUX OTPEe3KOB UMEET MeCTo
WHAYKTMBHOE coeauHeHne. Mcnonb3yemble WHAYKTUBHO COEAWHEHHble TpybuyaTtbie
anemeHTbl MoryT 6bITb NpegocTasneHsl komnaHnen NOV nog 6peHgom Intellipipe®.

Tak, anekTpomarHuTHble/akycTuyeckne unm 6ecnpoBofHbIE CUrHanbl AaBNeHUs
MOryT nepeaaBaTbCsi HA OTHOCUTENbHO OonbLUME paccTosiHUSA B Buae O6ecnpoBOAHbIX
CUrHanoB, OTMPAaBEHHbIX Ha pPaccToAHne no meHbluen mepe 200 M, onyMoHanbHO —
bonee yem Ha 400 m unn ganblue, YTO, OYEBUAHO, ABNAETCA MPEMMYLLECTBOM Nepes,
curHanamm manomn AanbHOCTU. MIHAYKTUBHO COeAUMHEHHbIe TpybyaTble 3NeMEHTbl UMEIOT
npeMMyLLecTBO/3pdeKT 3a CYeT KOMOMHAUMM LEenbHOro npoBoja WM MHAYKTUBHbIX
coeguHeHnn. MNpoxogumoe paccTosHne MoxeT ObITb ropasgo 6onblue B 3aBUCMMOCTU OT
ANNHBI CKB2XKMHBbI.

[aHHble N koMaHAbl B curHanax moryt ObiTb pPeTpaHCnMpOBaHbl UNW NepeaaHsbl
ApyrMMn cpeacteamun. Tak, 6ecnpoBofHble CurHanbl MOryT ObiTb KOHBEPTUPOBaHLI B
apyrme  Tunbl  6ecnpoBOAHbIX UMW MNPOBOAHbLIX  CUrHanoB,  OMNUWOHAaNbHO
PETPaHCNMPOBaHbI, TEMU XE& UNN ApYrMMn cnocobamn, Hanpumep, rmapasBinNyecKUMu,
3MNEKTPUYECKUMU N BONOKOHHO-ONTUYECKUMM NUHMAMUW. Hanpumep, curHansl MoryT ObiTb
nepegaHbl Yepes kabenb Ha MepBoOe paccTosiHue, Hanpumep, cebiwe 400 M, a 3aTtem
nepeaaHbl NOCPEACTBOM aKyCTMYECKOW WNU 3NEKTPOMarHUTHOW CBSA3M Ha MeHbluee

pacctosiHne, Hanpumep, 200 m. B agpyrom npumepe oHM moryT ObiTb nepegaHbl Ha
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pacctosHne B 500 M C NOMOLLbIO OTNPaBKu 3aKOAUPOBaHHbLIX UMMYNbLCOB AaBrfieHUd, a
3arem Ha 1000 M C NOMOLLbIO r’MAPAaBINYECKON NTUHWN.

B pononHeHne k ©GecnpoBogHbIM CpeacTBaM [ANA nepejadn curHana Moryr
MCNonNb30BaTbCA MPOBOAHbIE cpefcTBa. PaccTosiHue, NpoXoaMMOe CUrHanamu, 3aBuUCUT
OT rnybuHbl CKBaXWHbI, 3a4acTylo 6ecnpoBOAHOW CUrHan, BKMOYasi NOBTOPUTENWU, HO
ucknoyas nodyto He BecnpoBoaHY nepeaady, npoxoaut 6onee 1000 m, unn Gonee
2000 m.

PasnuyHble 6ecnpoBoOgHbIE CUTHaNbl MOFYT UCMONbL30BATLCA B O4HOM U TOW e
CKB@XXWMHE ANSA OCYLLECTBMNEHUSA CBSA3N N3 CKBAXKMHbI B HanpasfeHUN NOBEPXHOCTU, N ANS
OCYLLECTBMNEHNS CBA3N C MOBEPXHOCTUN B CKBAKMHY.

BecnpoBogHble curHanbl MoOryt ObiTb OTMpaBfeHbl CBA3HOMY YCTPOWCTBY
HaNPAMYKO WX HE HanpsMyto, Hanpumep, 3a CYET MCMOMb30BaHUA BHYTPUCKBaXKMHHbBIX
pene Hag wwvnn nog nobbim 3aTpyOHbIM YCTPOMCTBOM repmeTmsaumn. becnposogHou
curHan MoXeT ObITb OTNPaBMNEeH C MOBEPXHOCTU UNU C CEKLUMM MPOBOAHOW NNHNN/TNOKON
KOMOHHbI TUNA KKONTIOOUHM (M NogbeMHuMKa) B NIOOON TOUKE CKBAXKWUHbI, ONUNOHANBHO
— Bbiwe noboro 3aTpybHOro yCTponucTBa repMmetTmsayun.

AKyCTMYECKMEe curHanbl U CBA3b MOXET BkMnwo4yatb B cebs nepepgady uepes
BUOpaLUMIO KOHCTPYKUUN CKBaXKMHbI, BkNodas Tpybbl, obcagHyo Tpyby, XBOCTOBWK,
OypunbHyo Tpyby, BypunbHble MyddTbl, KOMOHHY, TMOKYID KOMOHHY TuMNa «KONMTHOOWMHM,
HACOCHYIO LUTAHry, BHYTPUCKBXKUHHbIE WHCTPYMEHTbI; nepejady 4yepes >XUAKYI cpeny
(Bkrovaa nepegady yepes ras), BKMNOYas nepegady depes XKUAKYI cpeay B CeKkuusx
CkBaXMHbl 6e3 obcagHonm TpyObl, BHYTPU Tpyb, BHYTPU 3aTpyOHbIX MPOCTPAHCTB;
nepegady 4yepes craTuyeckme UNn TeKylMe XUAKME Cpedbl; MEXaHUYECKYK nepepady
yepes MPOBOAHYK NUHUIO, OAHOXWIbHBLIM NPOBOA WM TMOKYD MPOBOMNOKY; nepegavy
yepes 3emMmnio; nepegady vepes obopyaoBaHme yCTbs CkBadkuHbl. OCyLLECTBNEHME CBA3M
yepes KOHCTPYKLMIO WU Yepes XUAKYI cpeqy ABNAeTCs NpesnoyTUTENbHbBIM.

AKycTuyeckas nepegada MOXeT ObiTb HU3kovacToTHom (<20 [u), MOXeT
HaxoAuTbCA B nNpejenax cnbliwmmoro aumanasoHa (20 My - 20 kly), n mnmetb
ynbTpassykoBble 4actotbl (20 klu— 2 MIy). lMNpeanodtutensHO, 4TOObI akycTnyeckas
nepegava Haxogunace B npegenax crbilwnmoro guanasona (20 'y — 20 k).

AKYCTMYECKME CUrHanbl U CBA3b MOryT BKMYaTb B cebs cnocobbl mogynayuum,
Takne Kak mMaHunynayms nytem casura vactotbl (aHrn. Frequency Shift Keying, FSK)
n/vnn madnnynayma nytem casura gasel (aHrn. Phase Shift Keying, PSK), n/wnn 6onee
NPOABUHYTbIE MNPOU3BOAHbIE  YKa3aHHbIX CMocoboB, TakMe Kak KsagparypHas
MaHunynauus nytem casura dasbl (aHrn. Quadrature Phase Shift Keying, QPSK) nnu

KBagpaTtypHas amnauTtygHas manunynaums (adrn. Quadrature Amplitude Modulation,



10

15

20

25

30

35

70

QAM), n npeanoyTUTENBHO BKMOYEHUE cnocoboB nepefayvn curHana C paclUMpPEHHbIM
cnektpom (aHrn. Spread Spectrum Techniques). OOGblMHO OHW aganTUpOBaHbl ANS
aBTOMaTUYECKOW HaCTPOWKM 4acToT nepegadnm curHana un cnocobosB Ans NpUBEAEHUS B
COOTBETCTBUE YCINOBUSAM B CKBAXKUHE.

AKyCTUYECKME CcurHanbl W CBA3b MOryT OblTb OAHOHAMPaBMEHHbIMU UMK
ABYHanpasneHHbIMU. [ns OTNpaBKM W/WNN NONYYEHUS CUrHana MoryT MCMNonb3oBaTbCs
NbE303NEKTPUYECKNN, WHAYKTUBHbIM npeobpasoBaTtent WNM  MarHUTOCTPUKLMOHHbIE
npeobpasoBarenn.

anekTpomMmarHuTHas (MHOrga HasbliBaemas KBasuctatudeckon (adrn. Quasi-Static,
QS) 6ecnpoBogHasa cBs3b OObIMHO HaxXOAMTbCA B CNEAYIOLMX YaCTOTHbIX AuanasoHax:
(BbIBPaAHHbIX HA OCHOBAHWW XapaKkTEPUCTUK pacrnpoCTpaHEeHUS)

ANanasoH HWKe CBEPXHU3Kon yacTtotbl (Hwke-CHY) (akcTpemanbHO Huskas
yacToTa) <3 'y (06bI14HO Bhiwe 0,01 w);

CHM (cBepxHuskaa yactota) 3 'y — 30 Iy;

cynepHuskas yactora 30 'y — 300 Iy;

YHUY (ynbTpaHuskasg yactota) 300 My — 3 kl'u; u,

OH\ (oyeHb Huskas vacrota) 3 kl'y — 30 kl'y.

NcknioyeHnem Ans BbILWEONUCaHHbBIX YacTOT ABMSETCA 3MEeKTPOMarHUTHas CBA3b,
ucnone3yowaa Tpydy, B BMAE BOMHOBOAA, B YACTHOCTU, HO HE OrpaHU4MBaAChH 3TUM,
korga Tpyba HanonHeHa rasom, npu 3ToM oBbIYHO MOTYT UCNONBb30BaTLCA YacToThl OT 30
k'y go 30 rly B 3aBMCUMOCTM OT pasmepoB TpyObl, Xngkonm cpegbl B Tpyde, n gnanasoHa
ces3n. XKuagkas cpega B Tpybe npegnodtTuTensHO SBnseTca Henposoaswen. MareHt US
5,831,549 packpbiBaeT CUCTEMY AMCTAHLUUOHHONO W3MEpPEHUs, BKMOYaoLWwyw B cebs
rurarepLoByto nepegady B HanoriHEHHOM rasom BorHoBoge Tpybuaton popmbl.

OunanasoHbl Hwke-CHY w/mnn CHY nonesHbl AN CBS3M U3 CKBaXXMHbl Ha
NOBEPXHOCTb (Hanpumep, Ha paccTosHue cebiwe 100 m). Ons 6onee nokanbHOW CBA3MW,
Hanpumep, Ha pacctosHun meHee 10 m, noneseH amanasoH OHY. TepmwuHonorus,
ucnonb3yemasi 3gecb AN YKasaHHbIX AManasoHoB, onpeaeneHa MexayHapoaHbIm
Corozom 3nektpocsasu (aHrn. International Telecommunication Union, ITU).

OnekTpomarHuTHas CBA3b MOXET Bknovatb B cebs nepegavy coobuyeHuin
NoCpPeACTBOM OAHOMO UMM HECKONbKUX CMOCOBOB: HaNOXEHUWEM MOAYNMPOBAHHOIO TOKa
Ha YANWHEHHbIA 3NEMEHT W UCMOMb30BaHWEM 3eMNU ANA  3aMblKaHUS  KOHTYpa,
nepegaden Toka B 0guH Tpyb4dartbid anemMeHT 1 obecneveHnemM TpaeKkTopum Bo3spara BO
BTOPOM Tpyb4arom 3neMeHTe; UCMOMb30BaHWEM BTOPOW CKBaXKUHbI B KaA4eCTBE 4acTu
TpaeKkTopuu TOKa, nepejadvyen Ha nnowagb OKONO MECTOPOXAEHUA WNWU YAANEHHYHO OT

MeCTOpOXAeHNA, co3aaBaa NeTnio ToKa B YacTun METanM4ecKomn KOHCTPYKUNUN CKBa>KUHbI
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ANA CO34aHna Pa3HOCTU NOTEHUUANoOB MeXay MeTanmyeckon KOHCTPYKUUEN N 3eMNen;
NUCNONb30BAHMEM OTCTOALUMX KOHTAKTOB ANA CO3[4aHUSA 3NEKTPUYECKOro AUMNONbHOro
nepeaarymka; UCnonb3oBaHMEM TOpoUAanbHOro TpaHcdopmaTopa ANs HanoXeHUa Toka
Ha MEeTanmnMyeckyld KOHCTPYKLMIO CKBaXKWMHbI; UCMONb3OBaHWEM u3onupyrowlero 6noka;
PaMOYHON @HTEHHbI ANSi CO34aHUS MOZAYNMPOBAHHOIO MArHUTHOrO MNOMsi, BapbUPYEMOro
BO BPEMEHU, NN MOCPEACTBOM Mnepeaadn yepes nopoay; nepeaaym B obcagHom Tpyde
CKB@XWHbI; WCMNOMNb30BaHMEM YANIMHEHHOrO 3feMeHTa U 3eMin B KadeCTBE COOCHOM
NVHUKM Nepejayn; UCMNonb3oBaHMeM TpybyaTtoro 3nemeHTa B KadecTBe BOMHOBOAQ;
nepegaden cHapyxum obcagHomn TPyObl CKBaXKUHbI.

OcoBeHHO nonesHbIM SABMSETCA  HanOXeHWe MOAYNMPOBAHHOIO TOKa Ha
YANMUHEHHbIA 3NIEMEHT N UCNONb30BaHNE 3EMNUN ANSA 3aMblKaHWS; CO34aHue NeTnm Toka B
4YacTh MEeTannMYeckon KOHCTPYKLUUU CKB&KMHbI ANSA CO34aHMA PasHOCTU MOTEHLUWanos
MEXAY METanNUYeCcKon KOHCTPYKUMEN N 3EeMMNEN; UCNONb30BAHME OTCTOALUMX KOHTaKTOB
ANA  CO34aHUA  3MEKTPUYECKOro  AMMNOMNBHOMO  nepejatyvka; W MCNONb30BaHWe
TOpouaanbHOro TpaHcopmaropa Ana HANOXEHNS TOKa Ha METaNIMYECKY KOHCTPYKLUIO
CKB@XXMHBbI.

Ona  adpdekTMBHOrO  ynpasfeHNMa TOKOM W €ro  HanpasneHust MOXET
NCNONb30BaTbCA MHOXECTBO pa3HOOOpas3HbIX pelleHnn. Hanpumep, 0g4HO NN HECKOMNbKO
M3 CnejyroLlmx: UCMOonb3OBaHWE U3ONUPYIOLWLEro MOKPbITUS WNW  pasgenurenen Ha
TpybyaTbIX 3NemMeHTax CKBaXKMHbI; BbIOOP XWAKUX Cpej YNpaBneHWss CKBAXKWMHbI WA
LEMEHTOB B WUMNWN CHapyu TpybuyaTbIX 3NEeMEeHTOB ANSA 3MEeKTPUYECKOro COeAMHEHUs C
TpybuaTbiMM ANemMeHTamMu unu  m3onsayuMu  TpybuyaTbiX 3NEMEHTOB; WCMONb3OBaHue
TOpOUAa BbICOKOW MAarHUTHON NPOHULAEMOCTU A4S CO3AaHNSA UHAYKLUUN U KaK CrieacTeune
UMnNegaHca; MUCMNonb3oBaHUE WM3ONMPOBAHHOrO NpoBoAa, kabens wvnn M30nMPOBAHHOMO
YANMWUHEHHOTO MNPOBOAHWKA, Kak 4acTb TpaekTopum nepejadn WM - aHTEHHbI;
ncnonb3oBaHMe TpybuaToro anemMeHTa B Ka4eCTBe Kpyrioro BONHOBOAA, UCMOMb30BaHue
AnanasoHoB CcBepXxBbICOKMX YacToT (3 rf'y — 30 rl'u) n ynbTpasbicokmnx YactoT (300 My —
3rlu).

Ona nonyyeHns nNepeAaHHOro curHamna MoryT WCMNOoNb3oBaTbCA pasfnuyHble
cnocoBbl, OHM MOryT BKMOYaTb B cebs AeTeKTUpOBaHMe MOoToKa TOKA; AETEeKTUPOBaHME
pPasHOCTM MNOTEHUManoB; WCMNOMNb3OBAHWE AUMOMNBbHOWM  aHTEHHbI; WCMONb30OBaHWE
PaMOYHOW aHTEHHbI; UCMOMb30BaHME TOPOUAANbHOro TpaHcopmMmaTopa; NCNoMb3oBaHne
atphekta Xonna wnNM aHanorMyHoOro AETEeKTopa MarHWTHOro Mnons; WUCMNOoNb3oOBaHWe
CeKLUN MEeTanNMYEeCKoN KOHCTPYKLUN CKBAXKMHbI KaK YacTb AUMNONbHOW aHTEHHbI.

Korga wucnonb3yerca TEePMUH  KYAMMHEHHbIA  3MEeMEHT» B OTHOLLUEHWUU

3NEKTPOMArHUTHON nepegayvn, OH MOXET O3HadaTb NoOON YANMUHEHHbIN (NPOTSXKEHHbLIN
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UNn NPOAONTrOBaTbLIN) 3MEKTPUYECKU MPOBOAHMK, BKIHOYANA: XBOCTOBUK, obcagHyo Tpyody;
KOMOHHY unu TpybuaTbln 3NEeMEHT; MOKYI0 KOMOHHY Tuna «KONMTHOOMHM», HAaCOCHYHO
LUTaHry; NpPoOBOAHYIO NMHMIO; BypoByto TPyOy; OAHOXUIbHBIA NPOBOA, UNU UHAYKUMOHHbIN
npoBoa.

Jdatynkn moryT cofgepXxatb OAWH WMNN HECKOIbKO PasfUyYHbIX TUMOB CEHCOPOB.
EOVHCTBEHHBIN UMW KaXablA N3 CEHCOPOB MOXET COeAUHATbCH (hU3NYECKN Unu
nocpeacTsom 6ecnpoBogHON CBA3N) ¢ 6EeCnpoBOAHbIM NEpeaaTYNKOM, U AaHHbIE MOTryT
nepeaasatbCs OT OeCcnpoBOAHOrO nepeaardMka K NPOCTPAHCTBY Bbiwe 3arpybHOro
YyCTPOWCTBa repmeTm3ayum unm, HaobopoT, B HanpaBneHnn NoBEPXHOCTU. [laHHble MoryT
nepegasaTbCsa MO MEHbLLUEN MEPE B OAHON M3 (DOPM: 3MNEKTPOMArHUTHOWN, aKyCTUYECKON
dopMe U  UHAYKTUBHO COEAMHEHHbIMM TpybuaTbiMM 3nemeHTamn, OCOBEeHHO B
aKyCTUHECKOW WM 3NEKTPOMAarHMTHON chopme, kak Bb1n10 ONMcaHo BbILLE.

Takne KOPOTKOAUCTAHLUMNOHHbIE BecnpoBoaHble COeANHEeHUs MOryT
obecneymBaTbCs 3NEKTPOMArHUTHOWN CBA3bIO B ANANAa3OHE OYEHb HU3KUX YacToT.

MNpeayCMOTPEHHbIE  CEHCOPbl  MOTYT  OCYLWECTBMNSATb U3MepeHue  noboro
napameTpa, 1 no3tomy ObiTb CEeHCopom nboro Tuna, BKMKOYasd, HO Heobsa3aTenbHO
OrpaHMYMBasCL 3TUM, TEMMEpaTypbl, YCKOpPEeHUd, Bubpauynm, MOMEHTa, NepemMeLleHus,
ABWXEHUSA, LEMNOCTHOCTM LUEMeHTa, AaBMNEHWs, Hanpasfi€HUS W HakroHa, Harpysku,
pasHoobpasHbix yrios Tpyb/o6cagHon Tpybbl, KOPPO3UM N 3PO3MK, pagumadum, Liyma,
MarHeTmama, CEeUCMUYECKMX MNEePEMELLUEHNN, HamnpskeHun u  gedopmaymin B
Tpybax/obcagHbix Tpybax, BKMYas Kpy4YeHue, CABUI, COXaTue, paclmpeHune, usrnb u
nodbyro  dopmy aedopmaumn; AESTEKTUPOBAHMSA  XMMUYECKUX W PagMoOaKTUBHbIX
WHAWKATOPOB; WAEHTUMUKALMN XKUAKOW Cpefbl, Hanpumep, AETEKTUPOBaHWUS rasa,;
AETEKTUPOBAHNS BOAbI; AETEKTMPOBAHUSA YIMEKMCNOro rasa; NpousBOACTBA MMAPOKCUAA,
napadpuHa 1 necka; n CBOWCTB XUAKOW cpeabl, Hanpumep (HO He OrpaHMYMBasiCb 3TUM)
pacxoaa, NroTHOCTU, o6bema BOAbI, YAENbHOrO CONPOTMBNEHNS, KUCIIOTHOCTU, BA3KOCTH,
TOYKM KWMEHUS!, OTHOLWIEHUS rasa/HedpTn, YrneBoAOPOLHOrO COCTaBa, LBETa >XMAKOW
cpeabl vnu dnopecyeHuun. CeHcopbl MOryT ObiTb yCTpoUCTBaMym (POpMUPOBAHUS
n3obpakeHnr, POPMMPOBAHNS KapT W/ CKAHUPYIOLWUMM YCTPOWUCTBaMN, TakMMN Kak,
HO He orpaHn4mnBasnCh 3TUM, kamepa, BUaEoKamepa, nHpakpacHoe,
MarHUTOPE30HAHCHOE, aKyCTUYeCKoe, YNbTPa3BYKOBOE, 3EKTPUYeckoe, ONTUYecKoe,
UMNEejaHCHOEe W eMKOCTHoe yctpouctBa. CeHCopbl MOMyT TakkKe OCyLeCTBNATb
MOHUTOPUHI 0BOPYAOBAHMS B CKBEXKMHE, HANPUMEP, NOSNOXEHNS KnanaHa, unmn BpaLleHuns
moTopa. bonee Toro, ceHcopbl MOryT ObITb aganTUpoOBaHbl HA POPMUPOBAHNE CUrHana
UnNn napameTpa, AETEKTUPOBAHHOIO UHKOPNOPUPOBaAHUEM NOAXOAALLMX NEepesaTynkoB U

MEeXaHU3MOB.
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Annapart, B 4aCTHOCTWU, CEHCOPbI, MOrYT COAEpKaTb 3anoMuHatoLiee yCTPOUCTBO,
KOTOpOE MOXET XpaHWTb JaHHble Ans uMx Oonee noO3gHEro BOCCTaHOBIEHUS.
3anomMmuHaroLLee yCTPOMUCTBO MOXET TakKe B HEKOTOPbIX OBCTOATENLCTBAX U3BMEKaTLCS,
W [JaHHble MOryT BOCCTaHaBnMBaTbCA MOCNe TOro, Kak YCTPOWCTBO W3BMEKYT.
3anomuHaioLiee yCTPOUCTBO MOXET ObiTb BbINONHEHO C BO3MOXHOCTbIO XPaHEHUS
MHOPMaLMM MO MEHbLUE Mepe B TeYEeHWEe OLHOM MUHYTbI, OMUMOHaNbHO — MO
MEHbLLEN Mepe B TEYEHME OAHOro Yaca, OonyMoHarbHO — B TEYEHME MO MEHbLLEN Mepe
OAHOW Heaenu, NPeanoYTUTENBHO NO MEHLLUEN Mepe B TeYEHMe O4HOro mecsua, bonee

npeanoyYTuTenbHO No MEHbLLEN Mepe B Te4eHne o4HOro roga nnum 6onee naTK neT.
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®OPMYIIA N3OBPETEHUA

1. BHYTpPUCKBaXXMHHbIN MOAYIb cOopa 3NEKTPUHECKON MOLLHOCTHU, BbINOSTHEHHbIN C
BO3MOXHOCTbIO 3IIEKTPUYECKOrO COEAUHEHUS MeXAY ABYMS OTCTOSALMMM y4yacTkamu B
CKBaXXMHHOW YCTaHOBKE W COAEpXKaLU 3NEKTPUYECKMN KOHTYP, BbIMNOMHEHHbIA C
BO3MOXHOCTbIO cOOpa 3MeKTPUYECKOW 3JHEPrnn, NPU WUCMONMb3OBaHMKU, OT Pa3HOCTU
NOTEHUMAnoB MeXAY YKasaHHbIMW OTCTOSILMMKW Yy4acTkamu, BbICTYNaloWen B pPOnu

BXOAHOIo HanpseHusa.

2. BHyTpucCKkBaXKUHHbIN MOAYNb cOopa 3MEeKTPMYecKon MowHOoCTM no n. 1, B
KOTOPOM MoAynb cOopa BbINOMHEH C BO3MOXHOCTBIO cOOpa 3MEKTPUYECKON 3HEeprum oT

NOCTOAHHbIX TOKOB.

3. BHyTpUCKBaXKUHHbBIN MOAynb cOopa aneKTPU4YECcKon MOLLHOCT No n. 1 unu n. 2,
cogepXawmni  CpeacTBO  ynpaBneHust ANS  U3MEHEHUS  BXOAHOrO  MMMejaHca
3MNEKTPUYECKOrO KOHTYpa ANS COOTBETCTBUSI WMMNEAAHCY WCTOYHMKA 3MEKTPUYECKOro

KOHTYpa ANs onTMMU3auum 3chPeKkTUBHOCTU NpeobpasoBaHms MOLLHOCTM.

4. BHYTPUCKBaXMNHHBIA MOAYINb cOopa 3neKTpU4eCckon MOLLUHOCTU No fobomy 13
NPeAbIaYLMX NMYHKTOB, B KOTOPOM 3MEKTPUYECKMIN KOHTYP CoAepuT npeobpasosaTenb

noctosiHHoro Toka (DC/DC-npeobpasosarerns).

5. BHYTPUCKBa&XMHHbIK MOAYNb cbopa 3NeKTPU4eCcKOM MOLYHOCTM no n. 4, B
KOTOpPOM npeobpasoBarternib MOCTOSAHHOrO TOKa BbIMNOMHEH C BO3MOXHOCTbIO paboTbl C
BXOAHbIMW  HanpsKeHUsSIMA  BbllUe MWHUMANbHOrO MNOPOrOBOrO  3HAYEHUs!, MpPUYEM
MUHUManbHOE noporoBoe 3Ha4veHne He npesblwaer 0,5 B, npeanoyvtuTenbHO
MUHMMAanbHOE NOPOroBoe 3HavyeHue He npesbiwaeT 0,25 B, a 6onee npeanoyTUTENBHO

MWHUManbHOe Noporosoe 3HavyeHmne He npesbiwaet 0,05 B.

6. BHYTPUCKBaXKMHHLIVM MOAYb cOopa 3NEKTPMHECKON MOLLUHOCTM MO M. 4 nnn n. 5,
B KOTOPOM npeobpasoBaTerilb MOCTOSTHHOrO TOKa COAEPKUT CPEACTBO camo3anycka Ans
obecneyeHnss BO3MOXHOCTM 3arnycka cbopa 3Hepruu, Korga [AOCTYMHOE BXO4HOE
HanpspKEHNE HMKE HaMpsKeHWs, COOTBETCTBYHOLLEro LUMPUHE MOMNyNpPOBOAHUKOBOM

3anpeLleHHON 30Hbl KOMMOHEHTOB B NpeoGpasoBartene NOCTOAHHOMO ToKa.

7. BHYTpPUCKBaXXMHHbBIN MOAynb cOopa anekTpu4eckom MOLLHOCTM No n. 4 unu n. 5,
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B KOTOPOM npeoGpasoBaTernb MOCTOAHHOIO TOKa COAEPXUT CPEACTBO camo3arnycka Ans
obecneyeHnss BO3MOXHOCTM 3anycka cbopa 3Hepruu, Korga [LOCTYMHOEe BXOAHOE

Hanps»keHune Huxe 0,5 B.

8. BHyTpMCKBaXUHHbIN MOAYNb cOopa 3NEeKTPUYECKON MOLLHOCTM no ftobomy m3
n.n. 4-7, B KOTOpOM npeobpasoBartenb MNOCTOSHHOMO TOKa COALEPXKWUT MOBbILLAIOLLMIA

TpaHchopmarop.

9. BHYTPUCKBaXKMHHbBIA MOAYNb cOOpa SNEKTPUYECKOM MOLYHOCTM Mo n. 8, B
KOTOPOM CpPEACTBO camo3arnycka COLEPXKWT MOMEBOM TPaH3UCTOP, CKOMMIIEKTOBAHHbIN
COBMECTHO C MOBbILAKLWMM TpaHcopmaTopom Ans o6pasoBaHUs pPE30HaHCHOro

NOBbILLIAKOLLIEr0 OCLUNNSTOpA.

10. BHYTPUCKBAXKUHHbIN MOAYNb cOopa 3NeKTPUYECKON MOLLHOCTM MO N. 7 WUnu n.
8, B KOTOpOM npeobpasoBaTenb NOCTOSIHHOrO TOKa COAEPXUT H-MOCT M3 TpaH3UCTOpOoB,
HaxOAsALMXCA Nof YnpaBneHWEM CpeacTBa ynpasneHus Ans obecneyvyeHns BXOLHOro
CMrHana nosbiaroLemy TpaHcopmaTopy, Npu 3TOM CPEACTBO camo3anycka COAEPXUT
BCMOMOraTenbHbIi UCTOMHUK MUTaHWS ANS CPeAcTBA ynpaBneHuss Ans obecneveHus

BO3MOXXHOCTU 3anycka.

11. BHYTPUCKBa)KUHHbBIN MOAYNb cOopa 3NEeKTPUYECKON MOLLHOCTU No nitobomy 13
n.n. 8-10, B kKOTOPOM MOAynb cbopa Coaep>KUT CPEeACTBO YNpPaBneHUs, BbIMNONTHEHHOE C
BO3MOHOCTbIO YNpaBreHNsi OTHOLLEHMEM BMTKOB MOBbILLAIOLLEro TpaHchopmaTopa Ans

U3MEHEHUsI Harpysku, reHepupyemon npeobpasosarenemM NoCTOAHHOrO ToKa.

12. BHYTPUCKBaXKUHHBIA MOAYMNb cOopa SMeKTPUYECKOM MOLLHOCTM no n. 11, B
KOTOPOM BTOpMYHasi oOMOTKa MOBbILAOWEro TpaHcopmMaTopa COAEPKUT MHOMXKECTBO
OTBETBMEHUNA, WWUNN MNOBbILLAKOLWMIA TPAHCHOPMATOP COAEPKUT MHOXECTBO BTOPUHYHbIX
oOMOTOK, MpU 3TOM CpPEACTBO YMPaBMEHUS BbINOMHEHO C BO3MOXHOCTbIO BbiboOpa

oOMOTOK U/UNn OTBETBMNEHM AN obecrnevyeHns HeoOXOAMMOro OTHOLLEHUSI BUTKOB.
13. BHYTPUCKBaXKUHHbBIN MOAYNb cOopa 3NEeKTPUYECKOM MOLLUHOCTU No nobomy 13
NpPeAbIAYLUMX MYHKTOB, COAEPXalUUA MO MEeHbLUE Mepe napy TePMUHANOB, OT KOTOPbIX

MOXeT ObITb 06pa3oBaHO coeUHEHNE C ABYMS OTCTOSLLMMU y4acTKamu.

14. BHYTPUCKBaXMHHBIN MOAYMb cbopa SnMeKkTPUYECKoOM MoLHOCTKM no n. 13, B
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KOTOpOM MoOAynb cbopa umeer 6Oonblle ABYX TEPMUHANOB, MNPUYEM KaXKabld U3
TEpPMUHaNoB NpegHa3HayeH Ans obecnevyeHnsi BO3MOXHOCTM 06pasoBaHUs CoOeaMHEHNS C
COOTBETCTBYIOLUMM Yy4acTKOM, Mpu 3TOM MOAYNb cOopa TakKe COLEPXUT CPenCcTBO
nepekntoyYeHns Ans BbIOOPOYHOrO 3MEKTPUYECKOrO MOACOEAUHEHUSA ABYX U3 yKa3aHHbIX
TEPMUHANOB K 3MEKTPUYECKOMY KOHTYpPY AnA obecrneveHuss BO3MOXHOCTU Bblibopa Toro,

MeXAy KakuMu U3 COOTBETCTBYIOLLMX YYACTKOB NOACOEANHUTL 3MEKTPUYECKUIA KOHTYP.

15. BHYTPUCKBAXKUHHbBIN MOAYNb cOOpa 3NeKTPUYECKOM MOLLUHOCTU No ntobomy 13
NPeabIaYLLMX NYHKTOB, COAEPXKALLMN YCTPOUCTBO HAKOMMEHUSI 3HEPTUM ANsi HAKOMNeHus

cobpaHHon aHeprnu.

16. BHYTPUCKBaXKMHHBIA MOAYMb cOopa SNeKTPUYECKOW MOLHOCTM no n. 15, B
KOTOPOM YCTPOWCTBO HaKOMMEHUSI SHEPrMN COAEPXKMUT YCTPONCTBO HAKOMMEHUS 3apsiaa,
KOTOpPOE MOXET COAepXaTb MO MEHbLIEW Mepe OAMH KOHAEHcaTop  WU/wnu

nepesapspkaemyto Garapeto.

17. BHYTPUCKBaXKXUHHbBIN MOAYNb cOopa 3NeKTPUYECKOM MOLLHOCTU No nitobomy 13
NPeAbIayLMX MYHKTOB, B KOTOPOM MOAynb cbopa COAepXUT CPEeaCcTBO MNEPEMEHHOrO

mMmnegaHca anga nSMeHeHUA Harpy3kn mexxay ykasaHHbiMn ABYyMA COeAUHEHNUAMMW.

18. BHYTPUCKBaXMHHBIN MOAYNb cbopa SMeKTPUYECKOM MOLLHOCTM no n. 17, B
KOTOPOM MPEAYCMOTPEHO yrnpaBrneHme CpeACcTBOM NEPEMEHHOrO NMneaaHca ¢ NoOMOLLbIO

MUKpOMpoLeccopa.

19. BHYTPUCKBaXKMHHbIN MOAYMb cOOpa 3NeKTPMHEeCcKon MOLHOCTY no n. 17 vnn n.
18, B KOTOPOM MOAynb cbopa BbLINOMHEH C BO3MOMXHOCTbIO MCMOMb30OBaHWUS CPEACTBA
MEPEMEHHOrO UMMNEAaHca AN M3MEHEHUs Harpysku, 4tobbl onTMMU3MpoBaTb cOOp

3Hepruun.

20. BHYTPUCKBaXKUHHbBIAN MOAYMNb cOopa 3NEeKTPUYECKOM MOLLHOCTU No nobomy 13
n.n. 17-19, B koTopom mMoaynb cOopa BbLINOMHEH C BO3MOXHOCTBK WCMONb30BaHUS
CPeAcCTBa NEPEMEHHOro nmMnegaHca a4ns MOAYNALUN Harpysku, YTobbl nepeaaTb AaHHbIE

oT mogyns cbopa.

21. BHYTPUCKBaXKNHHbBIN MOAYMNb cOopa 3NEeKTPUYECKOM MOLLHOCTU No nitobomy 13

npeabiaylmx MNyHKTOB, COAepXalmh nepBuYHyto Gartapelo, Takylo, 4TO Mpwu
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NCMONb30OBaHUN NPEAYCMOTPEHa BO3MOXHOCTb BbIOOPOYHOrO OT6Opa  MOLLHOCTH,

cobpaHHOM KOHTYPOM, U OT NepBu4HON BaTapewn.

22. BHYTPUCKBaXMWHHbIA annapar, coaepxawmi moaynb cbopa no nodomy m3
npeablaymx MyHKTOB, U BHYTPUCKBXKMHHOE YCTPOWCTBO ANsi NMpMemMa MOLUHOCTU OT

moayns coopa.

23. BHYTPUCKBaXKWHHbBIA annapat no n. 22, cogep)awmuin cpeacTBo HaKOMMeHUs
3apsga u CpeacTBO ynpasreHnst MOLHOCTBIO A4NS YNpaBneHns MOLHOCTBIO, NogaBaeMoun
BHYTPUCKBXXMHHOMY YCTPOWCTBY, Korga AOCTYMHO AOCTaTOMHO 3HEpPrMn Ans nojauyu

MOLLHOCTW YKa3aHHOMY YCTPOWCTBY.

24. BHYTPUCKBaXXWHHBIA annapaTt no n. 22 wunu n. 23, coaepXawmn Cpeacrso
MOAYNAUMM MMMNefaHca ANS U3MEHEHUs BXOAHOro wumnegaHca moayna cbopa ans
MOAYNALMM HArpy3kn ANs Nepesayn JaHHbIX N0 MEHbLUEW Mepe OT OAHOMO U3 3IEMEHTOB:

6roka cbopa 3NEKTPUHECKON MOLLHOCTM N BHYTPUCKBAXKNHHOIO YCTPOWCTBA.

25. BHYTpUCKB@XMHHbIA annapat no nwbomy wu3s n.n. 22-24, copepxxaliuu
CPeACTBO MOAYNAUUM NSt NOAAYN MOLYNUPOBAHHOMO HAarpsKEHUS Yepes yKasaHHble

OTCTOSAILME COEAUHEHNS ANSA Nepenaqn aaHHbIX.

26. BHyTpuCKBaXXMHHBLIM annapat no nwbomy u3 n.n. 22-25, coaepxalyunin
NepBUYHy0 GaTapeto, Takyl, YTO MPU UCMOMNb3OBaHUU MPEesyCMOTPEHA BO3MOXHOCTb

BbIOOPOYHOro oTbopa cobpaHHOM MOLLHOCTU 1 OT nepBu4Hon Bartapemn.

27. BHYTPUCKB&XMHHbIM annapat no nwbomy m3 n.n. 22-26, B KOTOPOM
BHYTPUCKBAXKMHHOE YCTPOUCTBO COLEPXKWT MO MEHbLUEW MEepe OAMH W3 CReayrLmnx
3NEMEHTOB:

BHYTPUCKBAXXMHHbIA CEHCOP;

BHYTPWUCKBAXMHHbIA UCMIOMHUTENbHBIN MEXAHWU3M;

3aTpybHOe YyCTPOMCTBO repMeTnsaunmn, HanpumMep nakep Unu NakepHbIA 3NEMEHT;

Knanaw;

BHYTPUCKBAXXMHHbIA ~ MOAYNb  CBSI3W, Hamnpuymep nNpueMonepeaartynk  unm

NOBTOPUTENb.

28. BHyTpuckBadKWHHbLIM annapat no n. 27, B KOTOPOM YKa3aHHbIW KnanaH
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20

COAEPXMNT MO MEHbLUEN MEpe OAUH N3 CNeaYIOLNX 31EMEHTOB:
NoA3EeMHbIN NPEAOXPaHUTENbHLIW KNanaH;
KnanaH ynpasneHus pacxogoM B CTBONE CKBaXKWUHbI;
KnanaH CTBON CKBaXXWHbl — 3aTpyOHOE NPOCTPaHCTBO;
knanaH 3aTtpybHOe NpOoCTPaHCTBO — 3aTpyOHOE NPOCTPaHCTBO;
KrnanaH CTBOIN CKBaXXWHbl — Kamepa KOMNEeHcaUun faBreHus;
KnanaH 3aTpyOHOe NPOCTPaHCTBO — Kamepa KOMMeHcaUum AaBneHus:;

KnanaH 4yepes nakep unu B 06xo nakepa.

29. BHyTpuCKBaXKMHHast cuctema cbopa anekTpuyeckon 3Heprm ans cbopa
3NEKTPUYECKOM 3HEPrUM B CKBAXKMHHOW YCTAHOBKE, WMEIOLLEN METaNNNYECKyH
KOHCTPYKLMIO, 0B6ecneunBartoLLyto BO3MOXHOCTb NPOTEKaHUSI B HEW 3MNEKTPUYECKOrO TOKa,
copepxawjas:

mMogynb cbopa no nbomy u3 NpeablayLLMX MYHKTOB, 3MEKTPUYECKN COELMHEHHbIN
C METannM4yeCckon KOHCTPYKLMEN Ha NEPBOM Y4YaCTKE U CO BTOPbIM Y4aCTKOM, OTCTOSLLMM
OT MEepBOro yvacrtka, MpU4eM MNEPBbIA M BTOPOW y4acTkm BbiOpaHbl Tak, 4TOObI Mpu
MCMONMb30BaHUN MEXAY HMMMK MNPUCYTCTBOBana pasHOCTb MNOTEHUMAanoB BCMEACTBME
MPOTEKAHNS B KOHCTPYKLMM 3MEKTPUYECKOrO TOKA;

npu 3TOM MOAYNb cOopa BbLINOMHEH C BO3MOXHOCTLIO cOopa anekTpu4ecKomn

SHEePrnn oT yKasaHHOro aneKTpn4eCcKoro Toka.
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