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(57) Hexortopsie BapuaHTBI OCYIIECTBICHHS MOTYT
OTHOCHTHECSI K CITOCOOY HCITOIB30BAaHUS yCTpOICTBa
JUTSI I3MEPEHUsT TIOTPeOICHHsST SHEPTUH. YCTPOHUCTBO
JUTSI U3MEpPEHUsT TIOTPEOICHNsT YHEPTHH MOXKET OBITh
MEXaHMYECKU CBA3aHO C IMOBEPXHOCTHIO KOPOOKH aB-
TOMAaTUYECKOTO BBIKIIFOUATENIS, PACIIONOKEHHON II0-
BEpX M0 MEHBIIEH Mepe YaCTH OTHOTO WIJIM HECKOJb-
KHX IJIaBHBIX IIPOBOOB AJICKTPOCHAOKEHHS TSI DIICK-
TpudecKoii MHMPacTpyKTypsl coopyxkeHus. Crocob
MOXKET BKJIIOYATh PabOdyr0 OMeparuio, Ha KOTOPOH
OTIPEIEIISIOT OTHO MIJTH HECKOJIBKO MEPBHIX MIOKa3aHIH
MarHuTHOTO TOJS OT OZHOTO WJIM HECKOJIBKUX IJIaB-
HBIX TPOBOJIOB AJIEKTPOCHAOKEHHS MTPH MOMOIIH O~
HOTO HMJIM HECKOJIBKUX JaTYNKOB B yCTPOHCTBE IS M3~
MepEeHUs MOTPEOICHISI SHEPTHH;, pab0oUdyI0 OIIEPaITHIio,
Ha KOTOPOH MOCIIE OTIPEeIICHISI OAHOTO HITH HECKOIb-
KHX TEpPBBIX MMOKa3aHWA MarHUTHOTO IOJS AIIEKTPHU-
YECKH CBA3BIBAIOT MEPBYIO KaTHOPOBOYHYIO HATPY3KY
C CHJIOBOH 3JIEKTpHYECKOI HHPACTPYKTYpoii; pabdo-
YyI0 OIepanuio, Ha KOTOPOH, ITOKa mepBasi Kaarnopo-
BOYHAs HArpy3Ka OCTACTCS IEKTPHUECKU CBI3aHHOM
C CHJIOBOH 3JIEKTPHYECKOI MHPPACTPYKTYpOii, ompe-
JEIISIOT OTHO FUTH HECKOJIBKO BTOPBIX IIOKa3aHUH Mar-
HUTHOTO TOJSI OT OJHOTO WJIM HECKOJBKUX TIIaBHBIX

MIPOBOJIOB BIIEKTPOCHAOKEHUS! TIPH MOMOIIU OIHOTO
WJIN HECKOJBKHX JAaTYMKOB B YCTPOMCTBE AJISI M3Me-
peHHs TIOTpPEeONIeHUsT YHEPTHUH; PadOIyI0 OIEepaIuio,
Ha KOTOPOIl KaIMOpYIOT YCTPOHCTBO AJIST M3MEPEHHUS
MOTPEOIEHHsT YHEPTHH, UCIIONIB3Ys, IT0 MECHBIIEH Me-
pe, 9aCTU4HO, OTHO MM HECKOJIBKO NMEPBBIX MOKa3a-
HUA MarHUTHOTO TIOJSI M OJHO WIJIM HECKOJIBKO BTO-
PBIX MOKa3aHWH MArHWTHOTO MOJIS; pabouyio orepa-
U0, Ha KOTOPOIl IOCIIe KaInOPOBKH YCTPOMCTBA IS
M3MEPEHUs] OTPEOICHNS SHEPTUH OIIPEACIIAIOT OTHO
VI HECKOJIBKO TPEThUX ITOKa3aHUI MarHUTHOTO OIS
OT OZHOTO WJIM HECKOJIBKMX ITIaBHBIX MTPOBOJIOB JJIEK-
TPOCHAOKEHUSI P MTOMOIIN OTHOTO MM HECKOIBKHUX
JIATYNKOB B YCTPOMCTBE AJISI N3MEPEHUS MTOTPEOICHUS
SHEPTUH; ¥ pabodyro OIEepaIiio, Ha KOTOPOH ompese-
JSIFOT IEKTPUUECKYIO SHEPTHIO, MOTPEOISIEMYIO CH-
JIOBOH BIEKTpUYecKoi MH(PPACTPYKTYpOH coopyxe-
HUSI, HCHIOJIB3Ysl, IO MEHBIIECH Mepe, YaCTHIHO, OTHO
VI HECKOJIBKO TPEThUX ITOKa3aHUH MarHUTHOTO OIS
1 OJIFH WJIF HECKOJIBKO KAIHOPOBOYHBIX KOA(PPHUIIHEH-
ToB. KanmmbpoBka ycTpoiicTBa It H3MEpEeHHUs MOTpeo-
JICHUS SHEPTUH MOXET BKIIIOUATh OMPEJIENICHNE OTHO-
T'O MITH HECKOJBKHX MEePBIX KATHOPOBOYHEIX KOA(hHH-
IIUEHTOB U yCTPOMCTBA ISl M3MEpEeHHs MoTpedie-
HUSI 9HEPTHH, UCIIONb3Ys, T0 MEHBIIEH Mepe, YacTHd-
HO, OJTHO WJT HECKOJIBKO TIEPBBIX ITOKa3aHUH MarHuT-
HOTO TOJISI M OHO WJIM HECKOJBKO BTOPBIX IOKa3a-
HHUH MarHUTHOTO 1T0JIs1. PacKpBITHI 1 ApyTHE BAPHAHTEI
OCYIIECTBICHHS.

M-

197

1Zr16610C

v



CHUCTEMBI U CIOCOBbI U3MEPEHUA MMOTPEBJIEHUA JIEKTPHUECKOM
SHEPI'HA B COOPYKEHHUHU U CUCTEMBI U CITIOCOBbI UX KAJIUBPOBKH

HNEPEKPECTHASA CCBIJIKA HA POACTBEHHBIE 3AABKH
Hacrosmas 3asiBka NpPUTS3a€T HAa MPUOPUTET, 3apE3€pPBUPOBAHHBIN IPEIBAPUTEIBHON
3asiroii CLITA Ne 61/361 296, nogannoii 2 nronst 2010 roxa, u npensapurensHoi 3asBkoit CIIIA
Ne 61/380 174, monmanHoii 3 ceHtsa0Ops 2010 roma. Hacrosmas 3asBka Takke SBISIETCS
gacTHIHbIM TipoposnkeHueM 3asiBku CIIIA Ne 12/567 561, noganno# 25 centsiops 2009 rona.
Omnumcanus nzoOperenuit u3 npeasaputenpHbix 3asBok CIIA NeNe 61/361 296 u 61/380 174 u

3asiBku CIIIA Ne 12/567 561 BKIIIOYArOTCS B TaHHBIN JJOKYMEHT IO CCHLIKE.

OBJIACTHh TEXHUKH, K KOTOPOIM OTHOCHUTCA N30OBPETEHUE
Hacrosimee n3obperenne oTHOCUTCS, B 00IIeM, K IPHOOpaM, yCTPOHCTBAM, CUCTEMaM U
crocobamM KOHTPOJIS HJIEKTPUYECKOW SHEPTUU U, B YaCTHOCTH, OTHOCUTCS K TaKHM Ipudopam,
yCTPOMCTBAM, CHCTEMaM H CHOCo0aM, KOTOPbIE KOHTPOJHMPYIOT 3JIEKTPUYECKYI0 SHEPTUI0 B
OZTHOM HJIM HECKOJIbKHX IJIABHBIX CHJIOBBIX HJIEKTPUUECKHX MPOBOIOB HA IIUTE aBTOMATHYECKUX

OJCKTPUIECKUX BBIKJIFOUATEJICH COOPYKCHUS.

NPEJIECTBYIOIIMUI YPOBEHb TEXHUKHU

Coopyskenue (Harmpumep, KHUJIO€ WIA aJMUHHUCTPATHBHOE 3IaHHE) MOXKET UMETh OIUH
WIH HECKOJBbKO TJIABHBIX CHJIOBBIX JJIEKTPUYECKHX MPOBOMIOB, MOAAKOIIUX 3JIEKTPUIECKYIO
SHEPrHI0 B DBJIEKTpUYeCKHe MNpuoOopbl (T.e., Ha HArpy3Ky) B COOpY)XeHMH. Bo MHOrmx
COOPY’KEHHSIX UCTIONB3YETCS CUCTEMa PACIPEAETICHHsSI SJIEKTPHUUECKON YHEPTUH C pacIleTIEHHON
(az3oii ¢ rIaBHBIMU CHUJIOBBIMU 3JIEKTPUYECKUMH TMPOBOJAMH B KOJHYECTBE A0 TpeX. | naBHbIe
CUJIOBBbIE 3JIEKTPUYECKHE TPOBOJAA BXOMSIT B COOPY)KEHHE uepe3 IIUT aBTOMATHYECKUX
ANIEKTPUYECKUX BbIKIrouarened. [T aBTOMATHUECKHX 3JEKTPUUECKHX  BBIKJIOYATENEH
SIBJISIETCSI TJIABHBIM PACIPENEIUTEbHBIM MYHKTOM 3JIEKTPUYECKOW JHEPTHH B COOPYKEHHH.
Kpome Toro, muThl aBTOMATHYECKHIX 3JIEKTPUUECKUX BBIKJIFOYATENEH 00eCeunBalOT 3aIUTy OT
CBEPXTOKOB, KOTOpbIE B MPOTHBHOM Clly4ae MOIJIM Obl BbI3BATh MOKAp HWJIM IOBPEIUTDH
JNIEKTpUYecKue Tpubopel B coopykeHud. IIlUThI  aBTOMATHYECKHX  3JIEKTPHUYECKHX
BBIKJIFOUATEIed MOTYT MOJAKIIYATECS K U PACHOJaraThCsi MOBEPX MO MEHbLICH Mepe 4acTH H3
TpeX INIABHBIX CUJIOBBIX MTPOBOAOB.

PazniuHble MpeanpUsSTUS-M3TOTOBUTENIM INMUTOB ABTOMATHYECKHUX 3JIEKTPUYECKUX
BBIKJTFOUATEJICH, BKJItOUasi, Hampumep, kommanuu Square-D, Eaton, Cutler-Hammer, General

Electric, Siemens u Murray, BbpIOpaid IJjisi CBOMX IIUTOB ABTOMATUYECKUX JJIEKTPUYECKHIX
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BBIKJIFOUATEJIel pa3HbIe PACCTOSIHUSI MEXKIY MPOBOAAMH U KOHCTPYKTHUBHbBIE HCTOMHEHHs. Kpome
TOrO, Ka)J0€ MPeANpHUsITHE-U3TOTOBUTENb BBIYCKAET pa3Hble KOHCTPYKTHUBHBIC HCIIOJHEHUSI
IIUTOB ABTOMATHYECKHX 3JIEKTPUUECKHX BBIKJIIOYATENEH [Jisl BHYTPEHHEH YCTAHOBKH, VIS
HAPY’)KHOW YCTAaHOBKM M I Pa3HbIX CYMMAapHbIX HOMHHAJIBHBIX TOKOB, H3 KOTOPBIX
snekrpocHaOxenns  BenmuunHOM 100 ammep (A) w200 A sBisrores  HamOolsee
pacnpoCTpaHEHHBIMH.

PasHble cxeMbl pAacrHONOKeHHs TMPOBOJOB BO MHOTHMX pA3MYHbIX THIAX LIMTOB
ABTOMATHYECKHX 3JICKTPHYECKHX BBIKIIOYATENeil OOyCIOBMIM pa3Hble MPO(UIM MAarHUTHBIX
nojefi Ha  METAUIMYECKUX MOBEPXHOCTSAX IIUTOB  aBTOMATHUYECKUX  DJEKTPUYECKUX
BbIKJIFOUaTenel. Kpome TOro, cxema pacrojiOXKeHUsl BHYTPEHHUX IPOBOJOB (Hampumep,
IJIABHBIX CHJIOBBIX 3JIEKTPUYECKUX MPOBOJOB) HE BUIAHA 0€3 OTKPBITHS LIMTA BBIKJIFOYATENEH, U
TO, KAKMM OOpa3oM CXeMa paclOJIOKEHUS BHYTPEHHUX MPOBOJOB TPAHCIMPYETCS B MPOQHIb
MAarHUTHOTO TOJIS HA TMOBEPXHOCTH IIUTA ABTOMATHYECKUX SJEKTPUUYECKHUX BBIKIIOUYATENEH,
TpeOyer il TPaBIIIBHOH HMHTEpHpeTallii W MOAENHPOBaHHMA MIIyOOKOro  3HAHUS
AJIEKTPOMArHUTHOH Teopuu. I103TOMy TpyIHO TOYHO M3MEPHUTh MArHUTHOE IOJE OJHOTO I
HECKOJIbKUX TIJIABHBIX CHJIOBBIX  JJIEKTPUYECKHX IPOBOJOB HA TIOBEPXHOCTH  LINUTA
ABTOMATHYECKHX 3JIEKTPHYECKHX BBIKIIouarened. Ecnu Obl MarHMTHOE TmOJNE OJHOTO WM
HECKOJIbKUX TIJIABHBIX CHJIOBBIX  JJIEKTPUYECKHX IPOBOJOB HA IIOBEPXHOCTH  LINUTA
ABTOMATHYECKHX JJIEKTPUYECKHUX BBIKJIFOYATENEH MOKHO ObLIO TOYHO OMpPEIeUTh, MOKHO ObLIO
ObI OMPeNeNUTh HJIEKTPUUECKHI TOK H SHEPTHIO, MOTPeOIsieMble HArPY3KOH B COOPYKEHHH.

COOTBETCTBEHHO, LENbI0 HACTOSINEr0 HM300peTeHHs SIBISETCS CO3JaHUE YCTPOKCTBA,
cucteMbl U (WiH) cnocoda, MO3BOJSIFOIIMX HECTEUATUCTY B OOJIACTH 3JIEKTPUYECTBA TOYHO
OIpeessiTh MAarHUTHOE MOJie W JPYrHe MapaMeTpbl, CBSI3aHHbIE C OXHUM HIIH HECKOJbKUMHU
IJIABHBIMH CHJIOBBIMU 3JIEKTPHYECKUMH IMPOBOAAMH HAa MOBEPXHOCTU LIUTA aBTOMATHYECKUX

SJIEKTPUICCKUX BBIKJIFOUATEJIEH.

CYIHIIHOCTDH U3OBPETEHUA

Jlnst obnerdeHust MOCNEAYIOUEro OMHMCAHWS BAPHAHTOB OCYIIECTBJIEHUS HACTOSIIErO
M300peTeHNsI MPUBOASTCS TpaUUecKre MaTepUabl, HA KOTOPBIX:

Ha ¢ur. 1 npommmrocTpupoBaH BUI NPUMEPHOH CHUCTEMBI KOHTPOJIS 3JIEKTPHUECKON
SHEPIuH, MOAKIOYEHHON K IMUTY 3JIEKTPUYECKUX BBIKJIIOYATENIeH, B COOTBETCTBUHU C IEPBBIM
BaPUAHTOM OCYILIECTBIICHUS,

Ha ¢ur. 2 npomwmmoctpupoBaHa OJIOK-CXeMa CHCTEMbI KOHTPOJS 3JIEKTPUYECKON

SHEPIHH, OKA3aHHOW Ha (Ur. 1, B COOTBETCTBUH C IEPBBIM BAPHAHTOM OCYIIECTBIICHHS,



Ha ¢ur. 3 nponnmrocTpupoBas paspes3 muTa aBTOMATHUECKUX BbIKIIIOUaTenei no ¢ur. 1
IO JINHUHU 3-3 B COOTBETCTBUHU C MEPBLIM BAPUAHTOM OCYIIECTBIICHHUS],

Ha ¢wur. 4 npowurrocTpupoBaH mHpuUMeEpP NPOBOAOB MArHUTHOIO IIOJISA, CO3JaBAEMbIX
OIHUM MPOBOAOM,

Ha ¢ur. 5 mpowurrocTpupoBaH mpumep NPOBOAOB MAarHUTHOTO TIIOJISA, CO3JaBAEMbIX
TJIABHBIMH CHUJIOBBIMH 3JIEKTPUYECKIMHU MTPOBOJAMH B aBTOMATHUECKOM BBIKIIIOUaTene no ¢ur. 1,
B COOTBETCTBHUU C MEPBBIM BAPUAHTOM OCYLIECTBIICHHUS,

Ha ¢ur. 6 npowntrocTpupoBaH mNpuUMEp CEHCOPHOrO ycrpoiictBa mno ¢ur.2 B
COOTBETCTBUH C MEPBBIM BAPUAHTOM OCYLIECTBIICHHUS,

Ha ¢ur. 7 nponnmocTpupoBaHO MPUMEPHOE PACHOI0KEHHE CEHCOPHOIO YCTPONUCTBA MO
¢ur. 2 Haa TIABHBIM CHJIOBBIM 3JIEKTPUYECKHM MPOBOJOM aBTOMATHYECKOTO BBIKJIFOYATENS IO
¢ur. 1 B COOTBETCTBHUM C MIEPBBIM BAPUAHTOM OCYLIECTBIICHHUS,

Ha ¢ur. 8 npommmoctpupoBad npuMepHbIii TpadhyuKk NU3MEHEHUs] HANPSKEHUs] TaTUUKOB
3JIEKTPUYECKOrO TOKA BO BPEMEHU B COOTBETCTBUU C OJJHUM U3 BAPUAHTOB OCYLIECTBICHUS,

Ha ¢ur. 9 mpomurocTpupoBaH mpuMep CEHCOPHOTO YCTPOHCTBA B COOTBETCTBHH CO
BTOPBIM BaPUAHTOM OCYLIECTBIICHHUS,

Ha ¢wur. 10 nporsurocTpupoBaH MpUMep CEHCOPHOTO ycTpoiicTBa ¢ur. 9 Haj riaBHBIMU
CUJIOBBIMH  3JIEKTPHYECKMMH TPOBOJAMM  ABTOMAaTHYECKOro  BbIKJrouarenst ¢ur. 1 B
COOTBETCTBUH CO BTOPBIM BAPUAHTOM OCYILECTBIICHUS,

Ha ¢wur. 11 npowutnocTpupoBaH mpuMep KaauOpPOBOYHOro ycrpoiictBa ¢ur. 1 B
COOTBETCTBUH C MEPBBIM BAPUAHTOM OCYLLIECTBIIECHUS,

Ha ¢ur. 12 npownmrocTpupoBaH NPUMEPHbIH TrpaduK MOTEHIHAIBHOTO BXOJISLIETO
CHTHAJIa HU3KOTO HANpsDKeHUst B KOHTpoJuiep ¢wur. 11 u3 Tpancmaropa ypoeHs ¢ur. 11 B
COOTBETCTBUH C OJHUM U3 BAPUAHTOB OCYILECTBJICHMUS,

Ha ¢wur. 13 npowumocTpupoBaHbl NpuUMepHbIe  TrpadUKH, HIUIOCTPUPYIOLIHE
COOTHOILIEHHE MPSMOYTOJIBHOTO HHU3KOBOJBTHOTO CHTHAJA, HCIOJIB3YEMOro sl pa3padoTKu
OMOPHOM (pa3pl, U HU3KOBOJIBTHOIO CUTHaJa Ha ¢ur. 12 B COOTBETCTBUH C OJTHUM U3 BAPUAHTOB
OCYILECTBJICHMUS,

Ha ¢ur. 14 npousurrocTpupoBaH mpuMep KOMMYTHPYEMOH HAarpy3KH B COOTBETCTBUU C
TPETBUM BAPUAHTOM OCYLECTBJICHUS,

Ha ¢ur. 15 npousurrocTpupoBaH nmpuMep KOMMYTHPYEMOH HAarpy3kH B COOTBETCTBUU C
YETBEPTBIM BAPUAHTOM OCYILIECTBIICHHUS,

Ha ¢ur. 16 nmpousurrocTpupoBaH mpuMep KOMMYTHPYEMOH HAarpy3kH B COOTBETCTBUU C

MATBIM BapUaHTOM OCYIIECCTBIJICHUS,
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Ha ¢ur. 17 npousurrocTpupoBaH mpuMep KOMMYTHPYEMOH HAarpy3kH B COOTBETCTBUU C
LIECTHIM BApUAHTOM OCYLLIECTBIICHUS;

Ha ¢ur. 18 mpommmocTpupoBana mapipyTHas Kapra crocoda KaauOpOBKH CHCTEMBI
KOHTPOJISl 3JIEKTPUYECKON SHEPTUU B COOTBETCTBUU C OJJHUM U3 BAPUAHTOB OCYILECTBIICHMUS,

Ha ¢wur. 19 mnpowumtocTpupoBaHa MapIIpyTHas KapTa crocoda — OmnpeneseHust
KaTMOPOBOYHBIX KO3(P(PHUINEHTOB B COOTBETCTBUU C OHUM M3 BAPUAHTOB OCYLIECTBICHMUS,

Ha ¢ur. 20 nmpommmoctpupoBana 0J10k-cxema criocoda onpeneneHns MPOrHO3HOrO TOKa
B IJIaBHBIX CHJIOBBIX DJJIEKTPUYECKHUX IIPOBOAAX B COOTBETCTBMM C OAHMM U3 BAapUAHTOB
OCYILECTBJICHMUS],

Ha ¢ur. 21 npousmocTpupoBaH HpuUMep IMEPBOrO MECTOIOJOKEHHs JABYX JaTUYHUKOB
3JIEKTPUYECKOTO TOKA OTHOCUTENBbHO TJIABHBIX CHJIOBBIX 3JIEKTPUYECKHX IPOBOAOB B
NPUMEPHOM CEHCOPHOM yCTPOMCTBE B COOTBETCTBUU C OJJHUM U3 BAPUAHTOB OCYIIECTBIICHMUS,

Ha ¢wur. 22 mnpomwumocTpupoBaH rpaduk, CpaBHUBAKOLIMN MPOTHO3HBI TOK IO
CPaBHEHUIO C I3MEPEHHBIMH TOKAMH JUIS JATYUKOB HJIEKTPUYECKOro ToKa 1o ¢ur. 21;

Ha ¢wur. 23 npomunocTpupoBaH MpUMEpP BTOPOrO MECTOIOJIOXKEHHUS! ABYX IaTYHKOB
3JIEKTPUYECKOTO TOKA OTHOCUTENBHO TJIABHBIX CHJIOBBIX 3JIEKTPUYECKMX IPOBOAOB B
INPUMEPHOM CEHCOPHOM YCTPOMCTBE B COOTBETCTBUU C OJHUM U3 BAPUAHTOB OCYILECTBICHHUS, U

Ha ¢wur. 24 npowmumroctpupoBaH rpaduK, CPaBHUBAIOIIMK MPOTHO3HBIH TOK IO
CPaBHEHHIO ¢ U3MEPEHHBIMH TOKaMH Il JATYMKOB 3JIEKTPHUECKOTO TOKA 1O (ur. 23,

JUIsi IpOCTOTHI M HATISIAHOCTH WUIFOCTPAlMM Ha Qurypax rpad@uyeckux MaTepuasioB
WUTIOCTPUPYIOT OOIIMK TPUHLMIT TOCTPOCHHUS, a OMHCAHUS M JETAJId XOPOIIO H3BECTHBIX
NPU3HAKOB M METOAMK MOTYT OBITh YHYILIEHbI BO HM30€KaHWE HEHY)KHOTO YCIOKHEHHS MJIst
noHuMaHusi u3odpereHusi. Kpome Toro, sneMeHTHl Ha (GuUrypax rpadUuyecKux MaTephajioB He
o0si3aTeNbHO HauepyeHbl B Macmrabe. Hampumep, pasmepbl HEKOTOPBIX W3 3JIEMEHTOB Ha
¢durypax MoryTt ObITh NpPEYBENMYEHHBIMH OTHOCHTEIBHO IPYTHUX 3JEMEHTOB, YTOOBI MOMOYb
NIOHUMAHUIO BAPUAHTOB OCYLIECTBICHHS HAacTOsIEero n3odperenus. OQUHAKOBBIC 3JIEMEHTHI Ha
pazHbIX Ppurypax 0003Ha4E€HbI OJUHAKOBBIMH MTO3ULHSIMU.

Breipaxkenus «nepBblil», KBTOPON», KTPETUI», «YE€TBEPTHII» U T.II. B COOTBETCTBYIOIIMX
qHcie, pole U Majeke B ONMUCAaHUHM U (PopMmysie M300pETEHHs], €ClId TaKOBBIE BCTPEUAIOTCH,
UCTIONIb3YIOTCS JUTsI TIPOBENEHHSI PA3INursl MEXIY MOJOOHBIMHU 3JIEMEHTAMHU U HE 00s3aTeNbHO
IUIs ONMCaHUs KOHKPETHOIO IOCIENOBAaTENbHOIO WIM XpOHOJoruueckoro mnopsiaka. Crenyer
NOHUMATh, YTO BBIPAKEHHs, HCIIONb3yeMble TaKHM O0pa3oM, B  COOTBETCTBYIOLIHX
OOCTOSITENBCTBAX ~ SIBJSIFOTCS  B3aWMO3AMEHSIEMBIMU, TaK YTO BAapUAHTBl OCYIIECTBJICHUS,
ONMHMCAaHHbIE B JAaHHOM JOKYMEHTE, MOTYT, Hampumep, ObITb B COCTOSHHHM paboTarh B

NOCJICAOBATCIIBHOCTAX, OTJIMYHBIX OT MPOUJIJIFOCTPUPOBAHHBIX NJIM NHBIM o6pa30M ONNUCaHHBIX B



JAHHOM JIOKyMeHTe. Kpome TOro, BbIpaK€HHsI «COAEPKATb» U KUMETH» B COOTBETCTBYIOLIMX
YUCJIE, POAE U TNaJeKe NpeIHA3HA4YeHbl OXBATHIBATH HEHUCKJIOYAKOLIEE BKJIIOYEHUE, Tak,
HaTpuUMep, MPOLece, Crocod, cucreMa, U3NeNnne, YCTPOMUCTBO MITH amnmapar, KOTOpbiid (KOTopasi
WIA KOTOPOE) COIEPKUT HEKOTOPBIN IMepeueHb 3JIEMEHTOB, He O0S3aTeNIbHO OTPaHUYHBACTCS
STUMH 3JIEMEHTAMH, a MOXKeT COIEep’KaThb APYTHE 3JIEMEHTBI, ONpEIeJIeHHBIM O0pa3oM He
MePEYNCIICHHBIC WK MPUCYIIHE 3TOMY MPOIIECCy, Coco0y, CHCTeMe, U3ENUI0, YCTPONCTBY WIIH
amnrmnapary.

Bripakenust «I€BBII», «IPaBblil», «HEPEIHUNY, «3aTHUNY, «BEPXHUI», «HWKHUNY,
«Hamy», «IMOA» W T.II. B COOTBETCTBYIOIIMX YHCJE, POAE U Taaeke B ONMUCAHUH U (popmytie
U300peTeHns, €ClIM TAaKOBbIe BCTPEYAIOTCS, UCTIONB3YIOTCSI B OMUCATENIbHBIX LIEJISIX U BOBCE HE
00513aTeNIbHO /AJIs1 OMTUCAHMSI TTOCTOSIHHBIX OTHOCUTENIbHBIX NOJIockeHui. CrenyeT moHuMarh, 4To
BBIPAKEHHSI, MCIIOJb3yeMble TAKUM 00pa3oM, B COOTBETCTBYIOIIUX OOCTOSTEIbCTBAX SIBJISIOTCS
B3aMMO3aMEHSIEMBbIMHY, TAK YTO BAPUAHTHI OCYLIECTBJICHHUS, ONMCAHHBIE B JaHHOM JOKYMEHTE,
MOTYT, Hampumep, ObITb B COCTOSHUU paboTaTh B HMHBIX OPHEHTALUSX, HEXKEIn
MPOMJUTFOCTPUPOBAHO MUJIM UHBIM 00Pa30M OMHCAHO B JAHHOM JOKYMEHTE.

BripaxkeHuss  «CBSI3bIBaTb», «CBSI3aHHBIN», «CBA3BIBAET», «CBSI3b» W T B
COOTBETCTBYIOIIMX 4YHCIE, POAE€ U MaAexe ClaeAyeT NMOHMMATh IIMPOKO, U OHU OTHOCSITCS K
COEIMHEHUIO ABYX WU OOJiee 3JIEMEHTOB WJIM CUTHAJIOB DJIEKTPUUYECKH, MEXAHUYECKU U (MJIH)
uHbIM oOpasoM. JIBa wuiau Oojiee 3JIEKTPUYECKHX JJIEMEHTa MOTYT OBbITh CBSI3aHHBIMH
JJIEKTPUYECKH, HO HE MEXaHWYEeCKH WJIM WHbIM 00pa3oM; nBa wind Oojiee MeXaHUYECKUX
3JIEMEHTa MOTYT OBbITh CBSI3aHHBIMH MEXaHUYECKHU, HO HE 3JIEKTPUYECKH UJTH HHBIM 00pa3oM; J1Ba
win Ooyiee DJIEKTPUYECKUX JJIEMEHTA MOTYT OBITh CBS3aHHBIMU MEXAHMYECKU, HO He
SJIEKTPUYECKU WIJIM WHBIM 00pa3oM. CBsi3b MOkeT ObITh JFOOOW MPOJOJIKUTENIBHOCTH TIO
BPEMEHHU, HAIpUMep, MOCTOSHHOM, WJIM MOJYNOCTOSIHHOMW, WX JIMIIb HA MTHOBEHUE.

«INEKTPUYECKYIO CBSI3b» U T.I. CJIEAYyeT MOHMMATh IIHPOKO, U OHA COHEPKUT CBSI3b,
BKJTFOYAIOIIYIO JIFOOOH 3JIeKTpUYeCKUil CUTHAJ, OyIb TO CHUTHAJI MOINMHOCTH, CHTHAJ JaHHBIX W
(wnn) opyrue THUIMbI WM KOMOWHAIINH 3JIEKTPUYECKUX CUTHANIOB. «MexXaHuuecKas CBS3b» W T.II.
clieAyeT NOHUMATh [IUPOKO, U OHA COAEPKUT MEXAHUUECKYIO CBSI3b BCEX THUIIOB.

OTcyTCTBHE CIIOBA «PAa3bEMHO», PA3bEMHBINY W T.I. BO3JIE CIIOBA «CBSI3AHHBIN» U T.II.

HE O3HAYaACT, UTO JAHHOC COCAUHCHUNE U T.I1. ABJIACTCA UJIN HE ABJIACTCA PA3BEMHBIM.

CBEJAEHNSA, HOATBEPKJIAIOIMUE BO3SMOKHOCTSH OCYIECTBJIEHUSA
N30BPETEHUA

HekoTopble BapuaHTBl OCYIIECTBJIEHUS MOTYT OTHOCHTBCS K CHOCOOY HCIIOJIB30BAHMS

YCTPONCTBA ISl M3MEPEHUs] TOTPEOJICHHsI SHEPTUH. Y CTPOMCTBO ISl H3MEPEHHSI TTOTPEOIeHHS
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SHEPTHMH MOXET OBITh MEXaHHYECKH CBSI3aHO C IOBEPXHOCTHIO KOPOOKH aBTOMATHYECKOTO
BBIKJIOYATENISI, PACIIOJNIOKEHHONW IOBEPX,II0 MEHbIIEH Mepe HYacTH OJHOTO WM HECKOJIBbKHX
IJIABHBIX TPOBOJOB 3JIEKTPOCHAOXKEHUS JUIA S3JIEKTPUUECKON HHQPACTPYKTYPbI COOPYIKEHHUS.
Crioco® MoOkeT conmepkaTh. OINpeNeJeHWe OIHOTO WJIM HECKOJNbKHUX IEePBBIX IOKa3aHHH
MarHUTHOTO TIOJII OT OJHOTO WJIM HECKOJBKHX TJIABHBIX IPOBOIOB 3JIEKTPOCHAOKEHUS TPU
NOMOIIM OJHOTO HJIM HECKOJBbKUX JAaTYMKOB B YCTPOHCTBE Ui W3MEPEHUs NOTpeOseHus
SHEPIUH; CBS3BIBAHME HJIEKTPUUYECKUM IyT€M NEepBO KaJUOPOBOYHOH HArpy3KH C CHIIOBOH
ANEKTPUUECKON HWH(PACTPYKTYpOIl MOCHEe ONpEeAeNeHHUs OJHOIO HJIM HECKOJNBKHX IEePBBIX
NOKa3aHUH MAarHUTHOTO TIOJISA;, OINpeNeNieHHe OJHOTO WJIM HECKOJNbKHUX BTOPBIX IOKa3aHUH
MarHUTHOTO TOJIA OT OJHOTO WJIM HECKOJBKHX TJIABHBIX MPOBOJOB 3JIEKTPOCHAOXKEHUS IpPU
IOMOIIM OFHOTO HJIM HECKOJbKUX JAaTYMKOB B YCTPONCTBE Uil H3MEPEHUs NOTpeOseHus
SHEPIuH, MoKa neppas KaIuOpPOBOYHASL HArpy3Ka OCTAETCs 3JIEKTPUUECKU CBS3aHHOH C CHUIIOBOM
ANIEKTPUUECKON HH(PPACTPYKTYPO; KaJIMOPOBKY YCTPOWCTBA AJIsi M3MEpEeHHs MOTpeOseHMs
SHEPrUU C HCIMOJIb30BAaHHEM IO MEHbIIEH Mepe YaCTMYHO OAHOTO MM HECKOJBKHX IMEepBBIX
MOKa3aHUH MAarHUTHOTO TOJIE U OHOTO WJIM HECKOJIBKUX BTOPBIX MOKa3aHUI MarHUTHOTO IO,
OTpeJIeJIeHNe OJTHOTO MJIM HECKOJIBKUX TPEThHX IMOKA3aHUII MarHUTHOIO IOJI OT OJHOTO WU
HECKOJIbKUX TJIABHBIX IMPOBOJOB 3JIEKTPOCHAOKEHHs] MPH MOMOIIMA OJHOTO HJIM HECKOJBKHX
JAaTYNKOB B YCTPONCTBE IJisi MU3MEPEHUs MOTPeOeHHs SHEPTUN TI0CHe KaTMOPOBKU YCTPOICTBA
111 U3MEPEHUs OTPeOIEHHUs] SHEPTUH, U OTPeNIeJICHUE 3JIEKTPUYECKON SHEPTUH, MOTpedisieMoi
CHJIOBOH 3JIEKTPUYECKOH MHPPACTPYKTYPOH COOPYIKEHUS, C CIIOJIb30BAHHEM IO MEHbIIEH Mepe
YaCTUYHO OJHOTO WJIM HECKOJIbKMX TPEThUX IOKA3aHUH MArHUTHOTO MOJII W OJHOTO WJIH
HECKOJIBKUX KaMuOpoBOYHBIX KO3(duumenToB. KamubpoBka ycTpoWCTBA it H3MEPEHUs
NOTPeOJIEHUs] SHEPTUU MOXKET COAepKaTh OMNPEAENICHHE OIHOTO MM HECKOJbKHX TMEepPBbIX
KaauOPOBOYHBIX KO3(PPUIIMEHTOB IJisi yCTPOWCTBA ISl U3MEPEHUs MOTPEOJIEHUsT SHEPTUU C
UCIIOJIb30BAHMEM TI0 MEHbIIEH Mepe YaCTUYHO OJIHOTO HJIM HECKOJBKUX TEPBBIX MOKA3aHUH
MarHUTHOTO TOJISI U OAHOTO UJIH HECKOJIBKUX BTOPBIX MMOKA3aHUI MArHUTHOTO TIOJISL.

Jlpyrue BapuaHTbl OCYINECTBJICHHS MOTYT OTHOCHUTBCS K Crocody KaiuOpOBKH
CEHCOPHOTO YCTPOHCTBa MAarHUTHOTO NoJisi. CEHCOPHOE YCTPONCTBO MArHUTHOTO TTOJIS CBSI3AHO C
NePBOI MOBEPXHOCTHIO KOPOOKM aBTOMATHYECKOro BbIKIIOYaTeNss. KopoOka aBroMaTrnyeckoro
BBIKJIFOYATENS] PACIIOJIOKEHA TIOBEPX CHJIOBOM 3JIEKTPHUUECKON WHQPPACTPYKTYPHl 3IaHMUS.
CunoBast snexTpuueckas HHPPACTPYKTypa MMeeT MepBYr (a3oBYHO BETBb M BTOPYIO (a30ByIO
BeTBb. CEHCOPHOE YCTPOMCTBO MAarHUTHOTO TOJS MOXKET COAEpP’KaTh 1B WM OOJiee NaTYUKOB
MarHuTHOTrO mojsi. Crocod MOXeT ConmepskaTh: OINpeNeseHHue MEePBOW aMIUIMTYAbl U MEPBOTO
yrina casura (a3 mepBOro MarHUTHOTO MOJST B JIBYX WM Oojiee JaT4MKax MAarHUTHOTO TOJS

CEHCOPHOT'O YCTPOMCTBA MATHUTHOTO TOJIST; MOJTy4YeHUe COOOIIEHU O TOM, UTO TepBasi Harpy3ka
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CBsi3aHa C TMepBOH (Pa30BOI BETBBIO CHIIOBOW 3JIEKTPHUECKOW MH(PPACTPYKTYPHL,, ONpeneIeHne
BTOPOH aMILTUTY/bl U BTOPOTO yria caBUra (a3 BTOPOro MarHUTHOTO TOJSI B ABYX MK Oolee
JaTYMKAaX MAarHUTHOTO IMOJII CEHCOPHOI'O YCTPOWMCTBa MAarHUTHOIO MOJs, MOKA MepBas Harpyska
CBsi3aHa C TepBOd (ha30BOH BETBBIO, NMOJY4YEHHE COOOLIEHWH O TOM, YTO BTOpas Harpyska
CBSI3aHA CO BTOPOW (ha30BOH BETBBIO CHJIOBOW 3JIEKTPUYECKON HH(PPACTPYKTYPHI, ONpeneieHHe
TpeTbeil aMILUTUTY/IbI 1 TPETHETO yIJila cABUTa (a3 TPEThEro MarHUTHOTO TOJIS B ABYX MK OoJjiee
JATYUKAX MArHUTHOTO IOJII CEHCOPHOTO YCTPOMCTBa MAarHUTHOIO MOJIS, MIOKA BTOpasl Harpyska
CBsI3aHa CO BTOPOI (ha30BOM BETBBIO, U ONPEAEIEHHE OJHOIO UM HECKOJBbKUX KaJIUOPOBOYHBIX
K03((PULIMEHTOB 111 CEHCOPHOTO YCTPOMCTBA MArHUTHOTO MOJIsl IO MEHBLIEH Mepe YaCTUYHO C
UCTIOJIb30BAaHMEM NEPBOM aMILTUTYABI U MEPBOro yria cABHUra (a3 mepBoro MarHUTHOTO TOJISI B
IBYX MiH OoJjiee aTYMKaX MAarHUTHOTO IOJIsl, BTOPOH aMIUTUTYIbl U BTOPOTO yria casura ¢as
BTOPOTO MAarHUTHOTO TOJS B JBYX WM OOjiee AaTYMKaX MAarHUTHOTO NOJs, M TPETbel
AMIUTMTYAbl W TPEeThero yria casura (a3 TPeThero MAarHUTHOTO IOJIsT B ABYX WM Oosee
AATYUKAX MAarHUTHOTO MOJIS.

JIOMOTHUTEIbHBIE BapHAHTBl MOTYT OTHOCHTBCS K CHCTEME KOHTPOJSI MOTpelseHHs
HJIEKTPUYECKON SHEPTUH B CUIIOBOW 3JIEKTPUUECKOH MHPPACTPYKTYpE 3MaHUS. 3TaHUE COMEPIKUT
KOpOOKY aBTOMAaTHYECKOrO  BBIKJIFOYATENs] M INPOBOAA  OJIEKTPOCHAOKEHMS  CHIIOBOH
ANEKTPUUECKON WHPpacTpyKTypbl 3maHusi. CucTeMa MOXeT coaepkartb. (a) YCTPOWCTBO IJis
u3MepeHusi MnoTpeOJieHnsT SHEPTUH, MpeaHa3HAuYeHHOEe ISl CBS3M C IEPBOH MOBEPXHOCTHIO
KOPOOKH aBTOMAaTUYECKOTO BBIKJIIOUYATENS, MPUYeM KOpPOOKa aBTOMATHYECKOTO BBIKJIIOYATENIS
pacrioyio’keHa TMOBepX MO MEHbINEH Mepe YacTH TMPOBOAOB JJIEKTPOCHAOKEHUS CHIIOBOH
ANEKTPUUECKON MH(PACTPYKTYPHI, IPHYEM YCTPOHCTBO AJIsi U3MEPEHUsT MOTPEOJICHNsT SHEPTHU
UMeeT OIWH WM HECKOJbKO IaT4ukoB MarautHoro mnous; (b) mepBoe kamuOpoBOUHOE
YCTPOMCTBO, NPEAHA3HAYEHHOE I DBJEKTPUYECKOW CBSI3M C CHUJIOBOM 3JIEKTPUUYECKOMN
UH(PACTPYKTYpOH, MpUUeM MepPBbIi KATHOPOBOYHBIA MOIYJb COAEPXKHUT OAHY WIJIM HECKOJIbKO
NEPBBbIX KaJHMOPOBOYHBIX HArPY30K;, M (C) KAJIUOPOBOYHBI MOAYJb, NMpeIHA3HAUYEHHBIH IS
IIPOrOHa B MEPBOM IMpOLIECCOPE U MNPEAHA3HAYEHHBIH IO MEHbIIEH Mepe AJsl 4YaCTUYHON
KaJTMOPOBKH YCTPONCTBA IJIsl U3MEPEHHsI MOTPEOJIEHHsI SHEPTUH C HCIIOJNBb30BAHHEM IaHHBIX,
MOJYYEHHBIX OT OJHOTO WJIM HECKOJbKHX JaTYUKOB MArHUTHOIO IIONS YCTPOWMCTBA IS
U3MEpPEHUs] OTPeOJIEHUsI SHEPTUU. Y CTPONCTBO MU U3MEPEHUsI MOTPEOTICHUST SHEPTHHA MOXKET
KOHCTPYKTUBHO HCIOJHATBCS AJid MOJy4eHHUsl MO MeHbllel Mepe 4YacTU [aHHBIX, [OKa 10
MEHBIIEH Mepe OIHA UJIM HECKOJIbKO MEPBBIX KaJTHOPOBOUHBIX HAPY30K 3JIEKTPHUECKH CBS3aHbI
C CHJIOBOM 3JICKTPUUECKON MHPPACTPYKTYPOH, M TIOKA YCTPOHCTBO JJIsl U3MEPEHHsI TIOTPEOICHHSI

SHEPTHUHU CBSI3aHO C MIEPBON MOBEPXHOCTHIO KOPOOKH aBTOMATHYECKOTO BBIKITFOYATEJIS.



B eme onHUX MOMOJIHUTENIBHBIX BAapUAHTAaX OCYLIECTBJIEHUS CEHCOPHOE YCTPOMHCTBO
MarHUTHOTO TOJISI MOXKET COAep:kKaTh. (@) 1Mo MEeHbIIeW Mepe NBa JaTYWKa MArHUTHOTO IIOJIS,
NpeAHa3HaYeHHbIX Ui OOHAPYKEHUsI MATHUTHOTO TOJIsI B TOKOHeCyeM nposoze; (b) dhazoseiit
JETEKTOp, DJEKTPUUECKM CBSI3aHHBIM C BBIXOAAMM [0 MEHbLIEH Mepe [ByX MAaTYMKOB
MarHuTHOrO nojst, u (¢) QasoykasaTenb, 3JNEKTPUYECKH CBSI3aHHBIN C (PA30BBIM JETEKTOPOM.
da3zoykazaresnb MOXKET COAEPKATh AUCIUIEH, YKAa3bIBAOLIMK HA TO, KOrAa MO MEHbIIEH Mepe Ba
JaT4MKa MAarHUTHOTO TOJIsI HaXOAATCS B 33JaHHOM TOJIOXEHUH OTHOCUTENBHO TOKOHECYLIETro
MPOBOJA.

Ha ¢ur. | nmpomnmocTpupoBaH BHUA NPUMEPHONH CHUCTEMBI KOHTPOJIS 3JIEKTPHUECKON
sHepruu 100, MOAKIIOYEHHON K LIUTY aBTOMAaTHUYECKUX BhIKIIOYarenen 190, B cooTBeTCTBUHU C
NepBbIM BapuaHTOM ocyuecTBieHus. Ha ¢ur. 2 mpousuroctpupoBaHa OJOK-CXe€Ma CHCTEMBbI
KOHTPOJIA 3J1eKkTpudeckoi sHepruu 100 B COOTBETCTBUM € MEPBbIM BAPUAHTOM OCYILECTBIICHUS.
Ha ¢ur. 3 mpousutrocTpupoBaH paspes muTa aBTOMaTHYeCKuX BbiKitouareseii 190 no muanm 3-3
B COOTBETCTBHUHU C NEPBBIM BAPUAHTOM OCYIIECTBIICHUSI.

Cucremy KOHTpOJIS dJeKTpudeckoil s3Heprun 100 MOKHO paccMaTpuBaTh U Kak CUCTEMY
IUIsT KOHTPOJISA MOTPeOIeHUs SJIEKTPUUECKOH SHEPruu B coopykeHuu (T.e., 3manuu). Cucremy
KOHTPOJIA 3JeKTpudeckoil sHeprun 100 MOXHO Takke paccMaTpuBaTh Kak YCTPOICTBO M
CUCTEMY JUISl OTPENeNIeHHs] IPOTHO3UPYEMOro TOKA, MOTPeOIIsIeMOro OJHUM HIIM HECKOJIIbKUMHU
ANIEKTPUUECKUMHU yCTpOWCTBaMH (T.€., HArpy3kod) B coopyxkeHun. CuctemMa KOHTPOJIS
snexTpudeckoi sHeprun 100 sBisieTcs UL NIPUMEPHONW U HE OrPAHUYMBAETCS BapUAHTAMU
OCYILECTBJIEHUs, OMHCAHHBIMU B JaHHOM JOKyMeHTe. CucreMa KOHTPOJS BJIEKTPUYECKOU
sHepruu 100 MOKeT MCHOJB30BATHCS BO MHOTUX OTJIUYHBIX BapUAaHTaX OCYIIECTBIEHMS U
npUMepax, KOHKPETHO He NMOKa3aHHbIX UM HE OMMCAHHBIX B JAHHOM JIOKYMEHTE.

B HekOoTOpBIX NpuMepax CHUCTEMA KOHTPOJS 3yekTpuueckor sHepruu 100 moxer
comep:kaTh. (a) MO MEHbLIEH Mepe OJHO CeHCOopHoe ycrpoicTBo 110 (T.e., ycTpOHCTBO st
u3MepeHus norpedienus sHeprun), (b) Mo MeHbIel Mepe ONMH BBIYUCIUTENbHBIN 010K 120 1
(c) mo MeHbLIeH Mepe OTHO KATHOPOBOYHOE YCTPoitcTBO 180.

B Hekoropeix mpumepax cucreMy 100 MOXXHO NMPUMEHSTH Ha LIUTAaX BBIKIHOYATENEH OT
Pa3sHBIX MPENNPUATHH-U3rOTOBUTENEH M HAa PA3HBbIX TUIAX IIUTOB BBLIKIIOYATENEH OT OJHOIO
NpeaNpUATUA-U3roToBUTENs. Kpome Toro, B HeKOTOpbIX npumepax cucremy 100 moker jerko
YCTaHOBUTH HEMOATOTOBJIEHHOE JHIO (T.€., HE SJEKTPUK) Oe3 OTKPBITHS KOPOOKU INHTA
BBIKJIFOYATENIeH W OOHAKEHUs] HEM3OJUPOBAHHBIX CHJIOBBIX 3JIEKTPHUYECKUX IMPOBOJOB BHYTPHU
HEro.

Takxke, kak mnokazaHo Ha ¢ur. 1, oOblyHas kOpoOKa BBIKIFOYATENEH WM IIUT

aBTOMATHYECKHUX BbIKIrOUaTeneii 190 moxer comepkath: (a) ABa miu Ooee WHAMBUAYAIbHBIX
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aBTOMaTH4YeCKNX BbIKMouateneit 191, (b) nBa wnm Oojee TIJIaBHBIX aBTOMATHYECKHX
BeIKJtodarener 192, (c¢) mur 196 ¢ HapyxHOHl mnosepxHocThio U (d) nmBepuy 197,
o0ecreYnBaOIy0 JOCTYIl K aBTOMAaTHYECKUM BbIKIOUaTesnssiM 191 u 192, Bryrtpu muta
aBTOMAaTUYECKUX BbIKJIOUaTenaen 190 MoxkeT HaxOAuTbCS MO MEHbLIEW Mepe AOJsS TJIABHBIX
CUJIOBBIX 3JIEKTpUUeCKUX NMpoBoAOB 193, 194 u 195. «IIluT aBTOMATUYECKUX BBIKIKOYATENICH
MOXKET OTHOCHUTBHCS (M comepkaTh MX) K OJIOKaM IUIaBKUX MNpPENOXpPaHHUTENIEeH, KOTOpbIE MO-
NpeXKHEMY SIBIISIFOTCSI OOBIYHBIMH B 3/1aHUSX C 0OJiee CTapbIMU 3JIEKTPHUECKUMH CHCTEMAaMU.
CunoBas snekrpudeckass MHQPACTPYKTypa COOPYIKEHUS MOXKET COIEpKaTh MO MeHbIIEH Mepe
LIUT aBTOMATHYECKUX BbIKIrOUaTesned 190 u riaBHbBIE CHIIOBBIE 3JIEKTpUYECKHE mposona 193,
194 u 195. B HEKOTOpBIX IpUMEpax IUUTHl ABTOMATUYECKHUX BBIKJIIOYATENIEH MOTYT TaKXKe
OTHOCHUTBCS K JIIOOOMY THITy 3JIEKTPHUUYECKHX PACIPENEIUTENbHBIX LIUTOB, UCIONb3YEMBIX AJIS
3JIEKTPOCHAOKEHUS COOPY KEHUS.

I'maBHble cunosble 3nekTpudeckue nposoga 193, 194 u 195 snexTpuuecku CBA3aHbI C
IJIABHBIMM ABTOMATHUYECKUMHM BBIKIIOYATEISIMU 192 M MOAAIOT 3JEKTPUYECKYH0 SHEPrHI0 B
AJIEKTPUUECKHE YCTPOICTBA (T.€., Ha HArpy3Ky) B coopykeHun. LI{ut 196 HaxXoquTCs MOBEpX MO
MEHbIIEH Mepe 4YacTU TIJIaBHBIX CHJIOBBIX JJIEKTPUUECKHX NpoBoaoB 193, 194 u 195 u
COOTBETCTBYIOLIEH PAa3sBOAKU IMPOBOAOB AJSl 3ALUUTHI JIFOAEH OT CIIy4alHOrO KAacCaHWs OSTHUX
HAXOSIMXCS TOJ] HANpPsDKEHWEM CHJIOBBIX JJIEKTPUYECKHX MpoBomoB. OObyHO mur 196
COCTOUT U3 CTAJIU UM UHOTO MeTaJla.

JBepua 197 3akpbiBaeT aBTOMaTU4eckue BbIkIodarenu 191 m 192 u. kak mnpasuio,
3aKpbITa MO HCTETUYECKUM COOOPAKEHUSIM, HO MOKET OTKPBIBATHCS I O0ECTIeUeH s JOCTYIIA K
ppMaKKaM aBTOMAaTU4YECKUX BbIKJrouarenedn 191 wu 192 BHyTpum mmTa aBTOMATUYECKHX
BoeIKTIOUaTesieit 190. Kak mokasano Ha ¢ur. 3, korna asepua 197 3akpeita, 30Ha 398 mura umeer
rnyOuny 399 30Hbl muta. [nyOmHa 399 30HBI muTa, KAk TNPABHIIO. CcoOcTaByiseT 13-
20 MIJLTEMETPOB (MM), 4TO TO3BOJIsIeT nBepue 197 3akpbiBaThCs O€3 yaapeHHs! MO phIYakKaM
189 aBTOoMaTmyeckux BhIKIrOUaTenei. [yObuna 399 30HBI MIMTAa OTPAHUYHMBAET JOMYCTUMYIO
TOJIMHY CEeHCOpHOro ycrporcrea 110, ycraHoBiaeHHOro B 30He 398 murta. To ecTh, B
Pa3JIMYHBIX TIPUMEPaX CEHCOpHOe ycTpoiicTBO 110 MOkeT COOTBETCTBOBAThH rIyOuHE 399 30HBI
IIWUTa, U TPU 3TOM JBEPLY ILIUTA BBIKJIIOYATENEHl MOXKHO NepXKaThb 3aKpPbITOH, moka padoraer
cercopHoe ycrpoiictso 110. Bo MHOrMX mpumepax ceHcopHoe yctpoiictBo 110 umeer riayouny
MeHee 20 MM. B ofHMX M TeX k€ WIM Pa3HbIX NpUMepax CEHCOpHOe ycTpoucTso 110 moxer
UMETb TIyOnHY MeHee 13 Mm.

OneKTpOoCHAOKEHHE JKWIIBIX M HEOONBIIMX aJMHWHUCTPATHBHBIX 3JaHUNA OOBIMHO
npexacrasisier coboil sHeprocHadKeHHe Mo CXeMe C paclieruieHHOH (a3oil ¢ HampsuKeHHeM

240 BonbT. Peub uper o0 snekTpocucTeMe OOIIEro MoJIb30BaHMs, B KOTOPOH 00eCreunBaroTCs
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ZIBa MCXOSIIUX MTPOBOZIa epeMeHHoro Toka B 120 B (Hanpumep, cusosble nposoaa 193 u 194),
cnBuHYTHIE TI0 (aze Ha 180 rpagycoBs, HapsAAY ¢ HEHTPAIBHBIM IMPOBOAOM (HAPUMEp, CHIIOBBIM
npoBonoM 195), KOTOpBI MOKHO MPHUMEHSATH IJisi OOPAaTHOTO TOKa W3 JIIOOOTO M3 CHIIOBBIX
npoBoaos 193 mmn 194. Cunoseie nposoxaa 193, 194 u 195 — 310 «punepHbIe» UIN TIIABHBIEY
3NEKTPUUYECKHE CUJIOBBIE MTPOBOJA, HECYINE BXOJSAIIYIO SHEPTUIO U3 3JIEKTPOCHUCTEMBI 00IIero
MOJI30BAHUs Nepe] PACIIEIJICHHEM Ha OTBETBJICHMs], MOJAOLINE SHEPTUIO HA Pa3HbIC HATPY3KU.
CuuTbIBasi MATHUTHBIE TIOJIsI, CO3JJaBaeMble CUJIOBbIMU npoBoamu 193, 194 u 195, cuctema 100
MOXKET CUUTBIBATh OOIIMH TOK, MOTPEOIsIEMbIil BCEMH Harpy3KaMy M3 3JIEKTPOCUCTEMBI OOIIEro
MOJIb30BAHUs, MOCKOJIbKY BCE HArPy3KU B COOPYKEHUHU MOAKJIOYEHBI MapajlIeIbHO K CHUIIOBBIM
nposoaam 193, 194 u (unm) 195.

B CIIIA B coopykeHHHM € 5HeprocHaOkeHHEM IO CXeMe C paclIeryieHHOH (a3oil ¢
HanpspkeHneM B 240 B u3 snekTpocucTeMbl 0OIIEro MOb30BaHUS HAXOMUTCS MHOTO Pa3HbIX
THUIIOB 3JIEKTPUYECKUX HATPY30K. DJIEKTPUYECKHE HArpy3KH MOXKHO pa3OuUTh Ha JIBE KaTEeropuu
Harpy3ok: (a) Harpy3ku B 120 B u (b) Harpysku B 240 B.

Harpy3ku B 120 B moryT, rnmaBHbIM 00pa3oM, comepikaTb Harpy3ku Oojee HHU3KOH
MOLIHOCTH, T.€., HAIPy3KH, MOAKIIOYaeMble K CTAHAAPTHBIM 3-IITHIPbKOBBIM po3eTkaMm Ha 120 B
u 15A wim 120B u 20 A, u HeOoJbIIHE 3JIEKTPOOBITOBbIE MPUOOPHI C MOIIHOCTBIO MEHee
~2 kBt (xkunoBarra). DTH HArpy3kH CBSI3bIBAIOTCSI NMPOBOJAMU B OTAEJIBHBIE CXEMBI MEXKAY
napoi CUJIOBBIX MpoBoAoB 193 u 195 («mepBas ¢azoBast BeTBb» WiH «miiedo 193-195» cxembl
NPOBOJKM) WJIM TApOW CHJIOBBIX MPoBOAOB 194 u 195 («Bropas (pa3oBasi BETBbY WU «ILIEYO
194-195» cxembl ipoBoaky). I1py BBIMOJIHEHHUU MTPOBOAKU 3JIEKTPUKHU TMBITAIOTCS YPABHOBECUTD
0’KMJIa€MYI0 MOIIHOCTb HAarpy30K U PO3€TOK B KaXKAOM ILI€YEe, HO 3TOT IPOLIECC HETOUYHBIN, U
no3TOMy TOKH B miede 193-195 u nneue 194-195 nHaBepHsika HEypaBHOBEILIEHBI, MOCKOJBKY U3
KaXXI0# mapbl 0OBIMHO MOTpedIIsieTcst pa3Hast MOITHOCTh. [Ipu BKitoueHun Harpy3ku B 120 B ee
TOK TPOTEKAET M3 3JIEKTPOCHUCTEMbI OOIIEro MOJIb30BaHUS MO CUIIOBOMY mpoBoay 193 wim 194
yepe3 TIJIaBHBIM M WHAMBUAYAJbHBI aBTOMATHYECKHE BBIKJIIOYATENN K HArpyske, a 3aTeM
00paTHO B CHJIOBOM MpoBoA 195 1 00paTHO B 3JIEKTPOCUCTEMY OOIIETO MOJIH30BAHUS.

Harpysku B 240 B — 570, KaKk mpaBuIIo, KPyIHbIE 3JEKTPOOBITOBBIE IPUOOPHI (HAITPUMED,
SNEKTPOCYIIMIIKA,  TeYb, KOMIIPECCOpP  KOHOUIMOHEpAa,  JJIEKTPOHArpeBaTeNd  I0JIa),
notpebsromue Oonee 1Byx KBT (kmoBarTt). B 3TOM ciiydae TOK Harpy3Kd MPOTEKAET MEXKAY
CHUIOBBIMH IpoBogamMu 193 m 194 u HHMKaAkON TOK Harpy3Ku He MPOTEKAeT B CHUJIOBOM IMPOBOJ
195. U3-3a casura no ¢ase Ha 180 rpagycoB Mexay HaNpsDKEHUSIMH CHIIOBBIX MTPOBOIOB 193 u
194 oOmee HanpsikeHue pasHo 240 B.

IIpn ccbuike cHoBa Ha ¢ur. | m 2 BbuuCHIUTENbHBIA OMOK 120 MOXET comepKaTh:

(a) moxyinb cBsizu 221, (b) monynb obpaboTku 222, (¢) UCTOYHUK MUTAHUS 223 € 3JIEKTPUIECKUM
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pazsemom 128, (d) ycrpoiictBo cBsi3u ¢ momab3oBareneM 134, (e) konrposuep 225, (f)
3aroMHHAOLIee ycTpoiicTtBo 226, (g) moxmynp kanuOpoBouHoW Harpy3ku 227, (h) momyib
KaTMOpOBOYHBIX pacdeToB 229, (1) MexaHu3M ynpasieHus 132 u (j) JaTduK 3JEKTPUIECKOro
HanpsokeHus 228.

BoeraucnurenbHbiii  6mok 120 MOXKET KOHCTPYKTHBHO HCHOJHATBCA UL NIpHEMa
BBIXOJJHOTO CUTHaJIa U3 KanuOpoBouHoro ycrporictsa 180 u (unm) ceHcopHoro ycrpoiictea 110
yepe3 Monysb CBs3M 221 u 00paOOTKM BBIXOIHOTO CHUTHANIA IJIsi OMpPENEJICHHs] OIHOTO WU
HECKOJIbKUX IapaMeTPOB, CBSI3aHHBIX C MOTPEOIIEHNEM 3JIEKTPHUECKOH SHEPTUU B COOPYKEHUU
(HampuMep, SJEKTpUYecKas >Heprusi, norpedisieMas COOPYKEHHEM, M 3JIEKTPUYECKHH TOK B
IJIABHBIX CHJIOBBIX 3JIeKTpuueckux mnposoxax 193, 194 u 195). B HekoTOpbIX BapHaHTax
OCYILIECTBIIEHUSI BBIUUCIUTENBHBIM O510kOoM 120 MoxeT ObITh nepcoHanbHbli koMmnbioTep (I1IK).

Konrpomnepom 225 moxer ObITb MHKPOKOHTPOJUIEP, TaKOH Kak MHUKPOKOHTpPOJLIEP
MSP430, mnpousBoaumblii komnanued Texas Instruments, Inc. B npyrom Bapuanre
OCYIIECTBJICHUST KOHTpoOJulepoM 225 sBisieTcst mpoueccop 00paboTku LU(POBBIX CHUTHAJIOB
(ITIOLIC), TakoW kak mpomeccop oOpadoTku wmudpoBbXx curHajgoB TMS320VCS5505,
npousBoauMblil komnanuel Texas Instruments, Inc., wmm npoueccop obpabotku nuppoBBIX
curHanos Blackfin, npousBoaumbriii kommnanueit Analog Devices, Inc.

Monyne 00pabotku 222 MOXKET KOHCTPYKTHUBHO HCIOJHSTBCS I HMCIIOJIb30BAHMS
PE3yJIbTaTOB M3MEPEHUsI TOKa U3 CEHCOpHOro ycrtpoiictea 110 nys onpeneneHus OJHOTO WK
HECKOJIbKUX MAapaMeTpOB, CBSI3aHHBIX C MOTPEOJIEHHEM 3JIEKTPHUYECKOW SHEPTUU B COOPYKEHUU
(HarmpuMep, SNEKTPUUECKUN TOK U SJIEKTPUUECKAsT MOLUTHOCTh TJIABHBIX CHJIOBBIX 3JIEKTPHUYECKUX
npoBooB 193, 194 u 195). Kak Oynet oObsICHEHO HIKE, MOAYJIb KATHOPOBOYHBIX pacdyeToB 229
MO>KET KOHCTPYKTHUBHO HCIOJHATBCS ISl MCIOJb30BaHUS PE3YyJbTaTOB H3MEPEHUs TOKa U3
ceHcopHoro ycrporicta 110 mns kaauOpOBKU CHCTEMbI KOHTPOJIS dJIeKTpudeckoit sHepruu 100
(Hampumep, Ui pacueTa KaTuOpPOBOYHBIX KO3((ULIMEHTOB JJIsi CEHCOPHOTO ycTporicTea 110).

B HexoTopbIx mpuMepax MonyJsib 0b6pabotku 222 u MOAYJb KaTHOPOBOYHBIX PacUETOB
229 MOTyT XpaHUTBHCS B 3alIOMHMHAIOLIEM YCTPONCTBE 226 M KOHCTPYKTUBHO UCIOJHATHCS AJIA
nporoHa B koHTpoyuiepe 225. Korma seraucnurenpHbii Ojiok 120 HaxomgwTcss B JEHCTBUH,
KOHTpOJUIEp 225 BBIMONHAET KOMaHIbI IPOrpamMMbl (Harpumep, Moayib oopadboTku 222 u (uim)
MOJTYJIb KAJTMOPOBOYHBIX pacdyeToB 229), XpaHsIHuecs B 3aIOMUHAIOIIEM yCTpoiicTBe 226. Jlomns
KOMaHJ POrpaMMbl, XPAaHALIUXCS B 3alIOMUHAIOIEM YCTPONCTBE 220, MOXKET MOAXOAUTD AJIA
ocymectsiernst crnocodos 1800 u 2000 (¢wur. 18 u 20 COOTBETCTBEHHO), KaK OMHUCAHO HIKE.

Monyiap kanuOpoBOYHON Harpy3ku 227 MOXKET COIep:kKaTbh OIHY WM HECKOJIBKO
KaTMOpOBOYHBIX HAarpy3ok. Kak Oyzmer oOBsCHEHO HIDKE, OJJHA WM HECKOJIBKO KATMOPOBOYHBIX

HAarpy30K MOTYT OBITh BPEMEHHO 3JICKTPHUYECKH CBSI3aHHBIMH, HalpUMeEp, C MepBoil ¢a3oBoit
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BETBBIO CUJIOBOH 3JIEKTPUUECKON HHPPACTPYKTYPBI COOPYKEHHUSI, UTOOBI TOMOYb OTKaJIHOPOBATh
CUCTEMY KOHTPOJIs 3JIeKTpudeckoi sHepruu 100.

B HekoTOpBIX mpuMepax yCTPOWCTBO CBA3M C Noab3oBaTenemM 134 U MexaHusMm
yrpasieHus: 132 MOryT ObITh OTCOEIMHSEMBIMU OT OCTAJIbHOM YaCTH BBIYHCIUTEIBHOTO OJIOKa
120 u MoryT 6e3 MPOBOAOB COOOIIATHCS C OCTAIBHON YaCThIO BBIYUCIUTENBHOTO Ostoka 120.

JlaT4vK 3JIEKTPUYECKOTrO HANpsDKeHWs 228 MOXKHO MNPUMEHATHh ISl  ONPENENICHUs]
aMIUTUTYAbI U yria caBura (a3 HampsDKEHUsl M0 CHJIOBOM 3JIEKTPUUECKON HH(ppacTpykType.
OxBaTpiBatoLMii yron casura (a3 TOKa paBeH yriy ciaBura (a3, U3MEpEeHHOMY IaTYUKOM
3JNEKTPUUECKOro Toka 211, u3 KOTOpPOro BeIMUIM yroJ ciBura (pa3 HampspkeHUs, H3MEPEHHBIH ©
MOMOLIBIO IaTYMKA 3JIEKTpUUecKoro HampspkeHus 228. To ects, yron capura a3 Toka MOXKHO
paccuuTaTh OTHOCUTEIBHO TOYKHU MEPECEUCHUs] HYJISI HAIIPSIKEHUS.

B HekoTophIX mpuMepax ceHCOpHOe ycTpoicrBo 110 Moxker cooOwmarh pesysbTar
U3MEPEHUs] TOKA, BBITIOJIHEHHOTO JATYMKAMHU 3JIEKTPUYECKOro Toka 211, B OJIOK BBIYHMCICHUI
120, Tak 4YTrO MOXKET OBITh paccYMTaH yroJ casura ¢a3 Toka. B npyrux mnpumepax
BBIYUCJIUTENbHOE YCTpOiicTBO 120 MOkeT cooOImaTh pe3ysibTaT H3MEPEeHMs HAIPSKEHUs,
BBIMIOJIHEHHOTO ITATYUKOM 3JIEKTPUUYECKOro HampsbkeHus: 228, B ceHcopHoe ycTporicTso 110, Tak
YTO MOXET OBIThb paccuMTaH yroa casura ¢as Toka. B apyrux mnpumepax naT4wK
ANIEKTPUUECKOTO HANPsDKEHUs 228 MOXKET HaXOAUTHCS B KATHOpoBOUHOM ycTporicTse 180.

Hcrounuk nutaHus 223 MOXKET MOJABAaTh 3JEKTPUUECKYH) SHEPTrUI0 Ha MOIYJb CBSI3H
221, Ha MonyJsib 0OpaboTku 222, Ha YCTPOWCTBO CBSI3U C MOJib30oBaTeseM 134, Ha KOHTPOJUIEp
225, Ha 3aMoMUHAroIIee YCTPOUCTBO 226, HAa MOAYJIb KaTUOPOBOUHOM HArpy3ku 227 u (uin) Ha
MexaHu3M ynpasieHus 132. B HEKOTOpbIX mMpuMepax HCTOYHUK MHTaHHUs 223 MOXKET OBbITh
CBSI3aH C DJIGKTPUUECKUM pazbeMoM 128, KOTOpbIH MOXKeT ObITh CBsI3aH C 3JEKTPUYECKOH
HACTEHHOH PO3ETKOW CHJIOBOH 3JIEKTPUUECKON HHPPACTPYKTYPHL.

YCTpolCcTBO CBsI3U € moJab3oBareneM 134 MOKeT KOHCTPYKTHMBHO MCHOJHATHCS IS
oroOpakeHHs: MH(POPMALMU TOJNB30BATEII0. B OOHOM M3 NpPUMEPOB YCTPOWCTBOM CBSI3U C
nojp3oBareneM 134 MOryT ObITb MOHUTOpP, CEHCOPHBIH 3KpaH W (WJIM) OOUH WM HECKOJIbKO
CBETOMONOB (CBETOU3TYYAOIINX AHOIOB).

Mexannsm ympasiaeHuss 132 MoxkeT coaep:kaTb OJHY WM  HECKOJBKO KHOIOK,
KOHCTPYKTUBHO  WCIOJHEHHBbIX JUIsi 1O MeHblled Mepe YacTUYHOIO  YIIpPaBJIEHUs
BBIUUCTUTEIbHBIM OJIOKOM 120 Wi MO MeHbIIeld Mepe YCTPOWCTBOM CBSI3U C TMOJIb30BATEIEM
134. B onHOM U3 NPHUMEPOB MEXaHW3M ymnpasieHus 132 MoOeT comep:kaTb MEepeKIrodaTesib
SNEKTPONUTaHUA (T.€. TEPEeKNIIoYaTeNb «BKIIOYEHO-BBIKIIOUEHO») W/WIH MEePeKIIIYaTelb
OWCIUIes, TPEIHA3HAYCHHbIA I YIPaBJICHUS, YTO OTOOpPaKaeTCsl HAa YCTPOWMCTBE CBS3H C

noJjiL3oBareseM 134.
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ITpu ccputke mo-npeskaeMy Ha ¢ur. 1 u 2 cencopHoe ycrpoiictBo 110 MokeT conepskaTh:
(a) nBa nim Oonee MATYMKOB MArHUTHOTO TOJISL WJIM JaTYMKOB 3JieKTpuueckoro Toka 211, (b)
koHTpoJuiep 213, (c) moaynb cBsi3u ¢ nonb3oBateneM 214, (d) moxynb cBs3u 215, (€) HCTOYHHK
mutaHus 216 u (f) cessyromuit mexanusm 219. Kontpomnep 213 MOXHO NpPHUMEHSATH IS
YIOPaBJICHUs] AATYMKAMU DJIEKTPUYECKOro Toka 211, moxyneMm cBsi3u ¢ mosb3osareneMm 214,
MOAYJIEM CBsI3U 215 u uCTOUHMKOM nutaHus 216.

JlaT4MKy 5JIEKTpUYECKOro Toka 211 MoryT comepskaTb HHAYKTUBHBIN JAaT4YMK, JaTYUK HA
s¢pdexre Xosta, MArHUTOPE3UCTUBHBINA TATUUK WIIHU JTIOO0H MHOM THIT JATUMKA, KOHCTPYKTUBHO
UCIIOJIHEHHBIA JUI1  PEearupoBaHUsl Ha M3MEHSIOLIEeCss BO BPEMEHM MAarHUTHOE IIOJIE,
cO3/1aBaeMO€ MPOBOAAMHU BHYTPH LIIUTA aBTOMATHYECKUX BbIKIrOUarenei 190.

B pasnHpIx npumepax CEHCOpHOE YCTpOMCTBO 110 MOXKET KOHCTPYKTUBHO HCIOJIHATBCS
I CBSI3U C MOBEPXHOCTBHIO muTa 190 ¢ momoupro ces3yrouero Mexanusma 219. B HekoTopbix
HpUMepax CBS3YIOIUI MexaHu3M 219 MoxeT comepskarhb ke, Marepuan Velcro®, Maruur uiu
WHOW MEXaHU3M MPUKPEIICHUS.

Monynb cBsi3u 215 MOXKeT OBITh HJIEKTPUYECKH CBSA3aH C AATYMKAMH 3JIEKTPUYECKOTO
Toka 211 wm xoHTpoimepom 213. B HekoTOphIX mNpuMepax Moaynb cBsi3u 215 cooOmaer
HAINPSDKEHUS. WIK JPyTHe MapaMeTpbl, U3MEPEHHBIE ¢ TOMOLIBIO JATYUKOB 3JIEKTPUUECKOTO TOKA
211, B MonyJsib cBsizu 221 BermcauTeabHoro 6yoka 120. Bo MHOrMX mpuMepax MOAyJb CBSI3U
215 u moxyab cBsizu 221 MoryT ObITh O€CIPOBOIHBIMHU MPUEMOIIEPEAATYMKAMHA. B HEKOTOPBIX
MPUMEPAX dJIEKTPUYECKHE CUTHAJIBI MOTYT MEePEAaBaThCs C UCMONb30BaHUeM TexHojJoruun WI-FI
(Tounast OecrnpoBOmHAs Tepenada OaHHBIX), MpoTokojia OecrpoBomHoii cesizu 802.11 IEEE
(UHCTHTYTa WHXXEHEPOB 3JIEKTPOTEXHUYECKOH M 3JIEKTPOHHOW MPOMBIIIJICHHOCTH) WJIN
nporokosia OecripoBonHoi cBsizu Bluetooth 3.0+HS (High Speed - BwicOkast ckopocts). B
JOTOJHUTENBHBIX TMPUMEPAaX 3TH CHTHAJIBI MOTYT IEpPeNaBaThCsl C HCIOJIb3OBaHUEM Zigbee
(mporokona GecnpooxHoi ceszu IEEE 802.15.4), Z-Wave min NMaTeHTOBAHHOTO CTaHIApTa
OecnipoBogHON CBsi3M. B apyrux mpumepax moxaynb cBsisu 215 u monynb cBszu 221 moryT
NepenaBaTh 3JIEKTPUUECKUE CUTHAJIBI C UCIIOJIb30BAHUEM COTOBOM WM MMPOBOJHOMN CBS3U.

Mopnynb cBs3u ¢ nonb3oBareneM 214 MOXET KOHCTPYKTHBHO MCHOJHATBCS —JIs
otoOpakeHHs] WH(POPMALUK TIOJIb30BATENI0. B OOHOM M3 MPUMEPOB MOAYJIEM CBS3H C
nosb3osareneM 214 moxker ObiTh XKKJI (KUIKOKpHUCTATHUECKUH TUCTUeil) U (W) OIWH TN
HECKOJIBKO CBETOJTMOMIOB (CBETOM3TYHYAOIIUX THUOJIOB).

Kontponnep 213 MOXET KOHCTPYKTHMBHO HCIONHSTHCA IJI YOPABJICHUS NaTYUKAMHU
snekTpuueckoro Toka 211, moxynem cBsi3u 215, MoxyneM cBsi3H ¢ monb3oBareneM 214 u (unn)

UCTOYHUKOM nuTaHus 216.
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Kanmubposounoe yctporicteo 180 moker comepskath. (a) momynb cBszu 281, (b)
3NEeKTpHUEcKuil pazbeM 282, (¢) Moayib kanuOpoBouHOH Harpy3ku 283, (d) ycTpoicTBO CBS3H €
nosb3oBareneM 184, (e) koutpomnep 285 u (f) nctounnk nuranus 289. B HEKOTOPBIX MpUMepax
MOAYJb CBsA3H 281 MoxkeT ObITh MOAOOHBIM MM TAKUM K€, KaK MOAYJb CBsi3u 215 w/mnm 221.
DnexkTpudeckuii pazbeM 282 MOXET MPEACTaBJIATh COOOW 3JIEKTPUYECKYIO CHIIOBYIO BUJIKY B
HEKOTOpBIX MpUMepax. YCTPOMCTBO CBs3U C MOJb30BaTeneM 184 MOXET KOHCTPYKTHUBHO
UCTIOJIHATBCSL 11  OTOOpaskeHHss HH(OpMaluyM TOJNb30BaTeN0. B omHOM U3 mpuMepoB
YCTPOHCTBOM CBsI3U C IOJIb30BaTeneM 184 MOryT ObITh OMH MIJIM HECKOJIBKO CBETOHOMOB.

ITo 3axony Amnepa, TOKOHeCyILH€e IPOBOAA CO3/1at0T MAarHUTHBIE MOJISA, KaK MOKa3aHO Ha
¢ur. 4. To ecTp, MarHUTHOE IOJIE, CO3/]aBAEMOE MAHHBIM IIPOBOIOM, IPEACTABISET COOOH
TPEXMEPHOE BEKTOPHOE IOJIE, KOTOPOE MOXKHO Pa3JIOXKUTh HA COCTABJISIIOLIUE MO KaXIOH U3
oceil X, Y u Z. B cucreme nepeMeHHOr0 TOKa 3T MAarHUTHBIE TOJIs1 U3MEHSIOTCS BO BPEMEHH 10
BEJIMYMHE, HO MOAAEPKUBAIOT HEM3MEHHBIM YrOjl BEKTOpPa OTHOCUTEJIBHO Haydajga KOOPAWHAT.
Takum 0Opa3oM, mMpu CChUIKE HA OCb X, HAMpPUMEp, MOJiIe MOXKET B JIFOOOW MOMEHT BpeMEHHU
ObITh HamNpaBIICHHbIM B HAmpaBieHUH +X MM B HANpaBJIeHUH —X, KOTAA MEPEeMEHHBbIH TOK
MEHSIeT HalpaBjieHHe Ha 00paTHOe MpH JUHEHHOH yactore, Hanpumep, 60 I'u. Ilpeanonaraercs,
YTO COCTABJISAIOIIAS MATHUTHOTO IOJIsI B HAIIPABJIEHUU X MOXKET OTHOCHUTBCA JIHOO K +X, b0 K
-X B 3aBUCUMOCTH OT HaIPaBJI€HUs] IPOTEKAHUS TOKA B KOHKPETHBI MOMEHT BPEMEHU.

CunoBple JIMHUM MarHUTHOTO TOJS TMOAYUHSIOTCS «IPaBUJIy IMPaBOH PYyKH» 3aKOHA
Awmnepa; ecnu OOJBIIONW Tajel] MPaBOH PyKH UEJIOBEKA HAMPABUTh BAOJb HAIPABJICHUS
MPOTEKaHUsl TOKA B IPOBOJHUKE, CUJIOBBIE JIMHUU IOJIsSI 3aKPY4YMBAKOTCS BOKPYT NMPOBOJHMKA
NEPHEHANKYJIAPHO 3TOMY IPOBOAHUKY U B HAIIPABJIEHUH MAJbLEB PYKHU YEJIOBEKA.

HexkoTopble BapraHThI OCYLIECTBIEHHS OTHOCSATCS, TJIABHBIM 00pa3oM, K COCTaBIISFOIIEH
MAarHUTHOTO MOJsi, OPUEHTHUPOBAHHON MNEPNEHIUKYJSIPHO IUIOCKOCTHU INUTAa aBTOMATUYECKUX
BBIKJIFOYATeNeH (M0 OCH Z), MOCKOJBKY 3TO COCTABISIFOIIHME TMOJs, KOTOPBIE MOTYT JIETKO
CUUTBIBATHCS JATYUKOM MATHUTHOTO ToJisi (T.e, CEHCOpHBbIM ycTpoiictBoMm 110) cHapyxwu
METAJUIMYECKOrO MOKPBITUS IUTA ABTOMATUYECKUX BbIKIO4aTenen 190.

Kax nokaszano Ha ¢wur. 5, mockonbKy cuiioBble nposoaa 193 u 194 umerot yron casura
¢a3 B 180 rpamgycoB, HampapieHHE CHJIOBBIX JIMHUI MAarHUTHOTO MOJisi OOpa3yeT MeTI0 B
MPOTUBOIOJIOKHBIX HANPABIECHUSAX.

Takum 00pa3oM, B COOTBETCTBUHU C TIEPBbIM 3akOHOM Kupxroda CyMMapHBI TOK depe3
TAaHHBIA MUTAKOLINH poBox (T.€., cuitoBble poBoaa 193, 194 w/mnum 195) npencrasisier coboi
CYMMy BC€X TOKOB Harpy3ku, OTBOAMUMBIX U3 3Toro mnposoja. CienoBaTesnbHO, BeJIUYHHA
MArHHUTHOTO TIOJIs, CO3/1aBA€MOT0 KaXKIbIM M3 TIPOBOJIOB (T.€., CHIIOBBIM TpoBonoM 193, 194 umm

195), npsiMO mMpONOPLHOHATIbHA CYMME TOKOB, BBITEKAIOLIHMX IO BCEM BETBSIM, MOJCOSAMHEHHBIM
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K 3TOMy nposoay. HanpaBieHue cUIOBBIX JUHUI MarHUTHOTO MOJIS OT AAHHOTO IPOBOJA He
MEHSIETCsI, KaK TOKH B BETBSIX.

Cucrema 100 MOkeT KOHCTPYKTUBHO UCIIOJHSITBCS JIJIsi CUMTBIBAHHUSI MATHUTHBIX TOJIEH,
CO3/1aBa€MbIX MO MEHbIIEH Mepe CHIIOBBIMH NpoBomaMu 193 u 194, uToOwl paccMaTpuBaTh TpU
BO3MOXKHBIX CiTydast Harpy3ku: (a) Harpy3ka B 120 B B muteue 193-195, (b) narpy3ka B 120 B B
wiede 194-195 u (c) narpyska B 240 B B miede 193-194. B GONBIIMHCTBE CIy4aeB CUUTHIBATH
MAarHUTHOE TIOJIe, CO3[]aBa€MO€ CHJIOBBIM MPOBOAOM 195 (T.e. HEUTpaJdbHBIM MPOBOIOM), HE
TpeOyeTcs, MOCKONIbKY JFOOOMH TOK, BRITEKAIOIINN U3 CHIIOBOTO TpoBona 195, nporekaer BHavyaie
1o cuJI0BOMy nposoay 193 unm 194,

Ha ¢ur. 6 npowumocTpupoBaH npuUMep JaT4YWKa dJeKTpudeckoro Toka 211 B
COOTBETCTBUM C TMEPBbIM BapUAHTOM OCYLIECTBIECHUA. B [MaHHBIX mNpuMepax JaT4YMK
AJIEKTPUUYECKOTO TOKA MOXKET COAep:kKaTh. (@) OMUH MM HECKOJIbKO NaTiukoB 641 u 642, (b)
OJIMH WJIN HECKOJIbKO ycunuTeneit 647 u 648, (C) onuH Win HECKOJIbKO GuibTpoB 649 u 650, (d)
OOWH WM HECKONbKO (a3oBbIX jgerekTopoB 651, (e) mno MeHbmel Mepe OIMH
mupdepenimanbapiil yeuaurens 652 u (f) mo menbluel Mepe oguH auruTaizep 653.

B nexoropsix npumepax cuctema 100 MOXKET KOHCTPYKTUBHO MCIIOJIHSITHCS JIsl TOMOLIH
MOJIb30BATENI0 B IMPABUJIBHOM pa3MELIEHUH CEHCOPHOro ycrpoictsa 110 myrem ykazaHus
MPABUJIBHOTO Pa3MEILIEeHUs] C MOMOIIBK) MOAYJA CBA3U C moyb3oBaTteneMm 214. B HekoTOpbIX
npumepax cuctema 100 MOXKET OMpenessiTh MPAaBHIBHOE pa3MELIeHHE MyTeM OOHapy)KEeHUs
npubmusuTensHo 180-rpagycHoro casura ¢as mexay aardukamu 641 u 642, pacrnonokeHHbIMU
C TIPOTHBOIIOJIOKHBIX CTOPOH MPOBOJA (T.€., SJEKTPUUECKOrO CHIIOBOrO mposoaa 193 wiu 194).
B Takux ke WM OTJIIMYHBIX IPUMeEPax MOAYJb CBsI3U C NOJb30BaTeneM 214 MOKHO pacronaraTb
BMECTE€ C CEHCOPHBbIM ycTpoiicTBOM 110, umu k€ MOXHO NPUMEHSTh MOAYJb CBSI3U C
nojp3oBareneM 214, KOTOpbI MOXKET OBbITh JUCTAHIIMOHHBIM W CBS3aHHBIM C CEHCOPHBIM
ycrpoiictBoM 110 mo GecripoBOIHOM CETH.

Hartunk 641 wmoxer copepkats. (a) ¢eppomarHutHbii cepaedynuk 643 u  (b)
CUMTBIBAIOLIYIO KaTYIIKy 644, HAMOTaHHYIO Ha (PeppOMArHUTHBIN cepaeuHuk 643. Jlatunk 642
MOXeT copmep:kath. (a) GeppOMarHUTHBINA cepaedHuk 645 u (b) cuMThIBaOLIYIO KaTywKy 6460,
HAMOTaHHYIO0 Ha (pepPOMAarHUTHBIA cepredHHuK 645. B pasHbIx mpumepax natauku 641 u 642
MOTYT HMMEThb nuamerp ot 2,5 mo 12,7 muwumumerpos (MM). B npyrux npumepax maTamk
anekTpudeckoro Toka 211 comepxut Tonbko marumk 641 0Ge3 comepskaHusi martdynka 642,
yeunurens 647, ¢unetp 649, daszosblii gerekrop 651 wwnm nuddepeHInanbHbIN YCUITUTEND
652. B 3TOM anbTepHATUBHOM BapHaHTe ocymecTBieHus ¢unbTp 649 mmm 650 cBsizaH ¢
JUTUTAN3epoM 653. B NONONHUTENBHBIX BapUaHTaX OCYIUECTBJICHHUS NATYUK JJIEKTPUYECKOIO

ToKa 211 comepKuT 4eTpIpe, IeCTb, BOCEMb WU AECATh NATYUKOB.
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HasnaueHnue ¢geppoMarHuTHBIX CepAeYHUKOB 043 u 645 — COCPEenOTOYUTH MArHUTHOE
TI0JIE CO CUMTBIBAIOLINX KaTymek 644 u 646, uroObl NOIy4YnuTh OOJIbIIEe BEIXOJHOE HANPSIKEHNE
JATYMKa HA BBIXOAHBIX KJIEMMax CUMTBIBAKOIIMX KaTyuiek 644 u 646. HanpsokeHune Ha BbIXOAE
CUMTBHIBAIOLIMX KaTylmiek 644 u 646 3amaerca no 3akoHy Papanesa. To ectb, HampsiKeHUE
3aBHCUT OT MPHJIOKEHHOTO MAarHUTHOTO TOJs TMEPEMEHHOro TOKa, (PU3MYECKHX pPa3MepoB
KaTylIKA W MPOBOJA, YUCIAa BUTKOB NPOBOJA B KATYLIKE W MAarHUTHOW INPOHULIAEMOCTH
cepaeuHnka. B napyrux mnpumepax patunku 641 u 642 He uMEOT (PeppOMArHUTHBIX
CepAEYHUKOB 043 1 645 COOTBETCTBEHHO.

Kax mnokaszano Ha ¢ur. 7, Korga JaTduk 3JeKTpuyeckoro Ttoka 211 cBsizaH co muTOM
aBTOMaTU4eCKUX BbIKItouatesned 190, onun u3 patuukosB 641 u 642 MOXeT pacnosaratbecs ¢
KaXIOH CTOPOHBI IPOBOJA (T.€., SJIEKTPUIECKOro cuioBoro nposoxaa 193 wimu 194). B nannom
BapHaHTe OCYINECTBJICHHs HaBeeHHOE HamnpspbkeHue Ha natduke 641 cnBunyto mo ¢ase Ha 180
rpagycoB MO CPaBHEHHUIO C JATYMKOM 642, MOCKOJIbKY MarHUTHOE IMOJI€ BXOAUT B JAaTUUK 642
CHM3Y, B TO BpeMs KaK B JaT4MK 641 MarHUTHOE MOJe BXOAUT CBEPXY.

Ha ¢wur. 8 nokaszan rpaduk ($pa3oBoro COOTHOLIEHUS] MEXAY HANPSDKEHUEM Ha JAaTYUKaX
641 u 642. B ciydasx, Koraa ccbUtatoTcs Ha (GUr. 8, nepeMeHHbIH TOK, IPOTEKAIOIINN B TPOBOAE
(T.e., anMeKTpUYeCKOM cuioBoM mpoBone 193 wnm 194), maBogut HampspkeHue V(maTduk) B
CUMTBHIBAKOIIMX KaTymikax 644 u 646. Jto HampsbkeHue V(IaT4MK) MPOMOPLIUOHAIBHO TOKY
I(naT4mk), mepeHOCUMOMY TPOBOIOM (T.€., SJEKTPUYECKUM CHIIOBBIM MpoBoAoM 193 wmu 194),
T.e., V(marunk) = k*I(matumk). [ToCTOSIHHYIO MPOMOPLUOHANIBHOCTH Kk MOXKHO HAaWTH mMyTeM
NPOMYCKAaHKsI U3BECTHOTO TOKA IO MPOBOAY MyTEM BPEMEHHOIO MOAKJIIOYEHUS KaTHOPOBOYHON
Harpy3ku (T.e. MOAyJisl KanuOpoBoyHOW Harpy3ku 283 wmm 227 (dur. 2) x uenu, nuraeMoin
NPOBOZOM (T.€., JIEKTPHUYECKUM CHJIOBBIM MPOBOAOM 193 mim 194), u u3mepeHust HanpsiKeHusl,
HaBeIeHHOro B natuukax 641 u 642 (dur. 6). B HEKOTOpPBIX ciydasx UIsl YCTaHOBJICHUS
MHOTOTOYEUHOH KaJHMOPOBKHM IOCTOSIHHOM TPOMOPLUOHANIBHOCTH MOXHO OTBOAMTH OoJee
OZIHOTO U3BECTHOTIO TOKA.

IIpu ccbutke cHOBa Ha (Ur. 6 3TO KOHCTPYKTUBHOE HCIIOJHEHHE C JBYMS JaTYHKAMHU
(T.e., natunkamu 641 u 642) MOKHO HCTIONB30BATH JJIsl TIOJYYESHHsI CEHCOPHOTO ycTporicTea 110,
KOTOpOE€ aBTOMATHYECKH COOOIIAeT TOJb30BATENI0, YTO OHO MPABUIBHO PACIIONIOKEHO
OTHOCUTEJIBHO JAHHOT'O TOKOHECYILEro NPOBOJa C MOJABJIECHUEM NOMEX U3 IPYTruX UCTOYHHUKOB,
B TOM YHCJIE€ OT APYTUX COCENHHUX IMPOBOJAOB. DTa CIIOCOOHOCTh MPUTOIHA B 3JIEKTPHUUECKH
MOMEXOHACBIIIEHHON CpeAe, HaxXOAsIIeNCs B IIUTe aBTOMATUYECKUX BBIKJIFOYATENEH, I1e BO3JIe
KOHKPETHOI'O HHTEPECYEMOro NPOBOAA UMEETCsI MHOTO IIPOBOAOB.

B uwactHOCTH, B HEKOTOPOM BapHaHTE OCYLIECTBJEHUs BBIXOJHON CUTHAN KaXAOro W3

1aT4uKOB 641 u 642 MOXET yCUIIMBATHCs MPU NMOMOIIM ycunurtenen 648 u 647 COOTBETCTBEHHO
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u 3ateM QubTpoBarbes GunbTpamMu 650 U 649 cOOTBETCTBEHHO. BBIXOMHON cHrHaN (PUIBTPOB
650 u 649 moxer nomaBatbes B (pa3oBbIi neTekTop 651, ces3aHHBIA ¢ (asoykazarenem 619 B
MOJyJie CBSI3M C ToJib3oBaTeneM 214 (Harmpumep, OJUH WJIH HECKOJIBKO CBETONHUOAOB). Monayib
CBS3U C NoJsb30BaTeneM 214 npegHasHadeH AN yKa3aHWs MOJIb30BATENI0, YTO AaT4uKH 641 u
642 npaBUJIBHO pa3MeLIeHbl OTHOCUTEIBHO NAHHOIO TOKOHecyllero mnposopa. Ilomp3osarens
MOKET IMOJY4YUTb KOMaHAy MEPEMECTUThb NAaT4HUK IO 30HE, Il€ AOJDKHBI HaXOAWTHCS TJIaBHBIE
CHJIOBBIE 3JIEKTPUYECKHE TPOBOAA, U OCTAHOBUTH IEpPEMELIeHHEe, KaK TOJbKO (pa3oykasarennb
YKa)XXeT, 4TO CIBUT (pa3 MEXIy CUTHaJIaMHU AaT4HKOB 041 m 642 cocTaBisieT MpUONU3UTENBHO
180 rpanmycos. Hampumep, korma curHaibl OT AaTdyukoB 641 u 642 caBunyTel 1o (aze
npubnusutensHo Ha 180 rpamycoB, B BepxHeH 4acTu CEHCOpHOro ycrpoiicrsa 110 moker
3aropeThCsl 3€JIEHbIN CBETOAUO.

Veunurenu 648 u 647 u punbTpbl 650 1 649 SBISIFOTCSA HEOOSI3aTENbHBIME B HEKOTOPBIX
npumepax. Haznauenune ycunureneit 648 u 647 u ¢punbtpoB 650 u 649 COCTOUT B TOM, YTOOBI
MOBBLICUTh YPOBEHb CUTHAJA C MOAABIECHUEM IIOMEX IIPU HEXKEJIATEJIbHBIX YaCTOTAaX U TEM CaMbIM
HOBBICUTh OTHOLIEHHE CHTHAJ/IIYyM CUTHAJIOB NAaT4MKOB 041 m 642 B NMOMEXOHACHILIEHHBIX
cpenax. Ycunurenn 648 u 647 MOryt ObITb ONEpPAllMOHHBIMU YCHJIMTENSIMH, TaKHe KaK THIA
TLO82, nponssonumsle kommnanueii Texas Instruments, Inc. @unpTper 650 u 649 moryTt ObITH
aub0 TMACCUBHBIMM (UIBTPAMH HAa 3JIEMEHTAaX C COCPEJOTOYEHHBIMH Iapamerpamu, Jubo
AKTUBHBIMH (PUIBTPaMK, peaM30BAaHHBIMH C OMEPALMOHHBIMH ycuiuTeasiMu. Kak mpaBuio,
bunbTpel 650 M 649 SBISIOTCA TOJOCOBBIMH (PHIIBTPAMH, PACCYMTAHHBIMH Ha MPOIMYCK
JMHEHHON YacToThl mepeMeHHoro toka (Hampumep, 60 I'm B CIIIA u Kanane wim 50 I'mp B
EBpone u SInoHun) npu noiaBiIeHUN IIOMEX BHE MOJIOCHI MTPOITYCKAHUSI.

®azoBbiii gerekTop 651 MoxkeT ObITH OO aHAJNOrOBOW CXeMol (ha30BOTO JIETEKTOpa,
aubo uudpoBbiM (pazoBbiM geTekTopoM. LludpoBoii (hazoBbIA OETEKTOP MOXKET ObITh
peai30BaH MO KOMOWHATOPHOMW JIOTHKE, MO MPOrPaMMHUPYEMOMN JIOTUKE WM B MPOrPAMMHOM
o0ecriedeHUN B KOHTpoiepe. B OHOM W3 BapHaHTOB OCYLIECTBICHHS MOXKHO HCIIOJNb30BATh
(ha30BBIN AETEKTOP HAa MHTETPAJBHON CXeMe, TaKOi Kak (pa3oBbIi NETEKTOp, COmEp KAIIUIiCsS B
UHTErpabHBIX KOHTpoJutiepax tuma 4046 nnmn 74HC4046 ¢ cucremoii (ha3oBoit aBTOMaTHYECKOH
MOJACTPOMKH, NpOU3BOAUMBIX kommanued Texas Instruments, Inc. B ngpyrom Bapuante
ocyIecTByieHus (ha3oBbIil HeTekTop 651 peann3oBaH myTeM oUU(POBBIBAHKS CUTHAJIOB NATYHKA
C TIOMOIIBIO aHAJIOTO-LU(POBOrO Mpeodpa3zoBaTes, a 3aTeM MOATOHKH (YHKIIMH apKTAaHTeHCa K
BEKTOPY MPHHATHIX O00pasmoB OT natdyukoB 6041 u 642. B 1MOMONHUTENbHOM BapHaHTE
OCyIIeCTBJICHUs] (PYHKIUU (UIBTPOBAHUS U (Pa30BOTO NETEKTUPOBAHHS OOBEIUHEHBI MyTeM
UCIIOJIb30BAaHMsI OCHOBAHHOW HAa MNEPUOJOrPAMME OLEHKE MaKCHMAaJIbHOTO MPaBaONonoOus,

TaKOM KaK ajlropuT™M KOMIUIEKCHOTO ObicTporo nmpeodpasosanust @ypee (FFT), ans HaxoxneHus
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BEJINYMHBI CUTHAJA W yriia caBura (a3 TOJBKO MPH JHHEWHOW YacTOTE MEPEMEHHOrO TOKa C
MOJIaBJICHUEM LIyMa Ha IPYTHUX 4acCTOTax.

dazoykazatens 619 MoxkeT ObITh JFOOBIM YCTPOWCTBOM, YKA3bIBAIOLINM I10JIb30BATEIIO,
yTo Tpebyemoe (ha30BOE COOTHOLICHHE MEXIy BXONHBIMH CHTHAJIAMH JNAaTYUKOB 041 u 642
IOCTUTHYTO. B HEKOTOPBIX BapHaHTaxX OCYLIECTBIEHUs (pa3oykazaresieM MOKET ObITh OJUH WU
HECKOJIBKO CBETOAMONOB. B npyrux BapuaHTax ocymectieHus (asoykazarenem 619 moxer
ObITh rpaduueckuii Wi nUQPOBON AWCIUIEH, TAaKOH, KaK >KUAKOKPUCTAJUIMYECKUN IHUCIUIEH
(KK ), nnu 3ByKOBOH CUTHAJI, YKa3bIBAIOIIHH MTOJIb30BATENIO, YTO HANPSDKEHUS HaTYUKOB 641 u
642 cnBunyThI 110 (haze npumepHo Ha 180 rpaxycos.

Huddepenumansupiii  ycunurenb 652 MOXKET HCIONb30BaTbCS I OOBEIUHEHUS
CHUTHAJOB OT naTtyukoB 641 u 642, YToOBl MONYYUTH CHUTHAT TOKAa WM HANPSKEHUS,
MPONOPLUOHAIBHBIA TOKY B IVIABHOM CUJIOBOM JJIEKTPUYECKOM IIPOBOAE, MOCIE YCTAHOBIICHUS
NPABIJIBHOTO (pa30BOTO COOTHOIIEHHS. JTOT CHUTHAJ MOXKHO NPHMEHSTh B Ka4eCTBE BXOIHBIX
JNAHHBIX JUJIi PacueToB, BBINOJHSIEMBIX C IMOMOIIBK KOHTposuiepa 213. B Takom ke wunu
OTJIMYHOM IpUMEpPEe MOAYJIb CBA3HU 215 MOKHO NPUMEHATH [JIs NEePeJadd B BbIYMCIUTENbHBIN
OJIOK MaHHBIX, BKJIOYAs: (2) MPaBUIIbHOE PACIIONOKEHHE NaTYMKOB 641 m 642, KaK yKa3aHO Mo
(a30BOMY COOTHOLIEHUIO AATYUKOB, a Takke (b) nuddepeHUNnaNIbHO CYUTAHHBIA CUTHAJN OT
naT4uKoB 641 u 642.

ITpu obpawiennu K ApyroMy BapUaHTy OCYLIECTBICHHs Ha (Ur. 9 MpOWUIIOCTPUPOBAH
npumep patyrka 910 B COOTBETCTBHH CO BTOPBIM BapuUaHTOM ocyuiecteienus. Ha ¢ur. 10
MPOWJUTIOCTPUPOBAH npumep natuuka 910 Hax CUIOBBIMHU 3JICKTPUYECKUMU MpoBoxamu 193 u
194 B COOTBETCTBHMU CO BTOPbIM BAPUAHTOM OCYLIECTBIEHUs. B MaHHOM mnpumepe MOKHO
MPUMEHATh JIMHEWHYIO Ipynny AaTdukoB 9411, 941;, ..., 941N, roe N — uncno ot 2 go 10. B
apyrux npumepax N MOKeT ObITh APYTHUM YUCIIOM, TaKUM Kak 4, 6, 8, 20, 50 unu 100. Onso u3
HAa3HAYEHUI 3TON JIMHEWHOW TPyIIbl JATYUKOB COCTOUT B TOM, YTOOBI MO3BOJIUTh KOHTPOJLIEPY
213 aBTOMAaTHYeCKH BHIOMPATh OJTHY MJIH HECKOJIBKO Map HaT4ukoB 9411, 941,, ..., 941y, Tak 4To
MOJIb30BATENb HE BBIHYXKAECH BPY4YHYHO nomMemarth natduk 910 B mpasBuibHOE nojoxkeHue. B
HEKOTOPBIX BAPUAHTAX OCYLIECTBIEHUs AATYMK 910 MOXHO NPUMEHSATbH BMECTO CEHCOPHOIO
ycrpoiictea 110 B cucreme 100 no ¢wur. 1.

ITpu ccbuike Ha ¢ur. 9 u 10 B manHoM mpumepe natuuk 910 moxker comepkath: (a)
natauku 9411, 941z, ..., 941N, (b) yeuwnurenu 647 u 648, (¢) punbTpsr 649 u 650, (d) dasoseie
nerekTopel 651, (e) nuddepeHunanpHpii yeumurens 652, (f) nururaiizep 653 u (g) mo MeHbIIeH
Mepe OIUH MYJIbTUILIEKCOp 955 u 956.

Kax nokaszano Ha ¢ur. 10, nureliHas rpynna nataukoB 941y, 941, ..., 941N cBsi3anHa ¢

MyJbTHIUIEKCOpaMu 955 u 956, kotopble BbIOMparOT M3 matdyukoB 9411, 941z, ..., 941n mo
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MEHBbIIEH Mepe OAWH AAaTYMK AJI1 NPUMEHEHUs B KaueCTBE€ JAaTYMKA MArHUTHOIO MO JJIs
MOJIYYE€HUs] CUTHAJIA, IPONOPLMOHAIBHOIO TOKY B IJIABHBIX CHJIOBBIX 3JIEKTPUYECKUX MPOBOAAX
193 w/mmm 194,

B npyrom BapuanTte ocymectBieHHs 1aTduk 910 OMHOBpPEMEHHO CUUTHIBAET OOJee YeM
OIMH MNPOBOA H3 3JIEKTPUYECKUX CHJIOBBIX MNpoBonoB 193 u 194, B pganHOM BapuaHTe
OCyILIEeCTBIIEHUsT KOHTpoyutep 213 ympasisier myapTHILIEKCcopaMu 955 u 956 takum o0Opasom,
yro U3 npatyukoB 941y, 941, ..., 941n BBIOMpAOTCS JBa PA3TUYUTENBHBIX TaTYHKA,
PacIoJIOXKEHHBIE PAIOM C ABYMs Pa3HBIMU TOKOHECYLIMMU CHJIOBBIMU NpoBoaamu 193 u 194. B
JAHHOM BapUaHTE OCYLIECTBIIEHHs KOHTpoJuiep 213 ynpaBisieT MyJIbTUILIEKCOPAMH TakK, YTOObBI
BBIOMPATh JATUYMKU HA OCHOBAHUH aMIUIUTYABI UM yriia (a3bl CUrHalA JaTdyruka. B HEKOTOpPbIX
BApUAHTaX OCYINECTBJICHUs IO YIPaBJIEHUEM KOHTposuiepa 213 MyJIbTUIUIEKCUPYIOTCS
HECKOJIbKO JaTYUKOB U3 JaTuuKOB 9411, 9417, ..., 941 mi1st BBIOOpA pa3IMYUTEIbHBIX TaTYHKOB,
KQXKABIH M3 KOTOPbIX MMEET MPEANOYTUTENbHYK CBsi3b IO MAarHUTHOMY IIOJKO C
Pa3IMYUTENIbHBIM TOKOHECYLIIUM ITPOBOIOM.

IIpu ccbutke cHOBa Ha ¢ur. 1 B HEKOTOPBIX NpPUMEpax Uil JOCTHIKEHHS TOYHOTO
U3MEpPEHUsI TOKAa B JJIEKTPUYECKUX CUJIOBBIX mpoBoaax 193 u 194 B cucreme 100 moxer
NPUMEHATBCS KaTuOpoBKa. Bo3MoskHast HEOOXOIMMOCTD B KQITUOPOBKE MOXKET 00YCIaBINBAThCS
IUIOXO YNPAaBJIAEMON eOMETpUEeN MOHTa)ka, HalpuUMep, €ClIu CEeHCOpHOoe ycTpoicTBo 110 mmm
910 (¢ur. 9) ycraHaBIMBAETCS HEMOATOTOBJICHHBIM MOJIb30BATEIIEM.

Ha ¢ur. 11 npowumnocTpupoBan mpumMep KaauOpoBOYHOro ycrpoiictea 180 B
COOTBETCTBHHM C TE€PBbIM BapUAHTOM ocylnecTBieHus. KamubpoBouHoe ycrpoiictBo 180
nokazano ©Ha ¢ur. 11 kak oOgHOLEMHOe KaJIUOPOBOYHOE YCTPOHCTBO, KOHCTPYKTHBHO
UCIIOJIHEHHOE ISl TIOAKJIIOYEHHsT ONWHAPHOW KaJIHMOPOBOYHOW HArpy3KH K OJMHAPHOMY
BXOZSIIEMY TIPOBONY (T.€. 3JIEKTPUYECKOMY CHJIOBOMY TipoBoay 193 wnu 194) nnist 3amMbIKaHUsI
LEeMd MEXIy BXOISLIMM IPOBOAOM, OAMHAPHON KaJIMOPOBOYHON HArpy3KOH M HEUTpaJbHBIM
Wi OOpaTHBIM TPOBOAOM (T.€. JIEKTPHYECKUM CHJIOBBIM IpoBogoM 195). Jlnst BpemeHHOro
3aMbIKaHMs LeNU ¢ KaJIUOPOBOYHOHN HArpy3KOH, KOTOPYIO MPUMEHSIOT B COco0e KaTHMOpOBKU
1800 o ¢ur. 18, mpuMeHsieTCsl MePEKITIOYAOIIHA CUTHAI.

B HekoTOpBIX mMpHMepax MOAYJb KaJIUOPOBOYHOH Harpy3ku 283 MOKET comep:kath: (a)
KoMMyTHpYyeMyto Harpy3ky 1105, (b) tpancdopmarop 1171, (¢) ¢unerp 1172, (d) TpancuaTop
ypoBast 1173 wm (e) ycrpoiictBo (opMHUPOBaHUS TPSMOYTOJbHBIX HMIYJIbCOB 1174
KommyTtupyemass Harpy3ska 1105 wmoxer copepkats: (a) mnepexmouarens 1187 u (b)
kanudpoBouHyo Harpy3ky 1188. Kontpomnep 285 mosxker comepxkarth: (a) aHanoro-uudposoit

npeoOpazosatens 1177; (b) mudposoii Bxoxn 1176 u (¢) natuuk temneparypsl 1186.
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B Bapuanre ocymectsnenus no ¢ur. 11 Monynae xkanuOpoBoYHON Harpy3ku 283 mMoxer
NpeAHa3HAYaThCs sl KATMOPOBKM M3MEPEHHsI OJJMHAPHOTO TOKOHecyIero nposoaa (punepa B
OTBETBJICHHOW IIeTH), WU3MEPSEMOro C IOMOINBI0 CeHCOpHoro ycrpoiicta 110. B nmanHOM
BapMaHTE OCYINECTBJICHUs OAMHApHAs KajauOpoBouHast Harpy3ka 1188 mepeximouaercs
nepexmouateneM 1187 wmexny JIMHEHHBIM NPOBOAOM (HANpHMeEp, TJIABHBIMH CHIJIOBBIMH
3NEeKTpUUecKUMHU mposopaMu 193 u 194) u HeliTpanbHBIM HPOBOAOM (HANpPHUMEp, TNIABHBIM
CHJIOBBIM 3JIEKTPHUECKUM MpPOBOXOM 195) mox ympaBlieHHEM NEpPEeKIIOYAaIoLIero CHrHaua OT
koHTposiepa 285. B CIIIA xomMmyTupyemast Harpy3ka 1105 MokeT UCIoNb30BaThCsl C PO3ETKOM
Ha 120B. B papyrux crpaHax koMmMmyTtupyemas Harpy3ka 1105 MokeT HCHOab30BaThbCsl C
posetkamu Ha 240 B u npyroe HanpsikeHUE.

Cnenyer moHMMaTrbh, 4YTO XOTs KkanuOpoBouHas Harpy3ka 1188 u kxanuGpoBouHbIE
Harpy3ku Ha ¢ur. 14-17 HauepueHbl Kak pe3ncTop, KanuOpoBouHas Harpyska 1188 u npyrue
KanuOpOBOYHBIE HArPY3KH Ha ¢ur. 14-17 mMoryT ObITh 000 HArpy3KOH, BKIIIOUAsi PEAKTUBHYIO
HArpy3Ky, TaKkyl Kak ApPOCCeNb WM KOHIEHCATOp, C aKTMBHOW COCTaBIIIOLIeH Wiu Oe3 Hee.
Kpome Toro, xanuOpoBouHass Harpy3ka MOXKET OBITb HAarpy3koil ¢ IepeMEeHHBIM aKTHBHBIM
conporusyieHneM. Kpome Toro, cieayer moHMMAaThb, YTO XOTs nepekmodarendb 1187 u npyrue
nepexiouatenu Ha ¢ur. 14-17 HauepyeHbl KaKk MEXaHMYECKHE peJIeHHbIe MepeKI0YaTeNu,
NEePEKJIIOYATEeNId MOTYT OTHOCUTLCS K JPYTHMM BHAAM MEPEKIIOYA0INUX yCcTpoicTs. Hanpumep,
NEePEKIIOYaTeld  MOTYT OBITh  MOJYHNPOBOJHUKOBBIMH —MEPEKITIOUATENISIMH, TAKHUMH KAk
TBEPAOTENbHBIE peJie, CUMMETPUYHBIE TPUOAHBIE TUPUCTOPBI, TPAH3UCTOPBL, Takue kak FET
(mosnesbie TpaHzuctopbl), SCR (Tpuonmubie Tupucropsl), BJT (OunonsipHble MIOCKOCTHBIE
tpansuctopel), win IGBT (OumonspHble TPaH3UCTOPBI C M30JMPOBAHHBIM 3aTBOPOM), WJIH
ApyTrHUe yIpasisieMble NEPEeKI0Yarole yCTPONCTBA.

Kax mnokazano Ha ¢ur. 11, monyne cBsisu 281 cBsi3aH C KOHTpoJuiepoM 285 s
olecrieyeHus1 mepenavn KalMOpPOBAaHHBIX PE3YJIBTATOB HM3MEPEHHs TOKa M3 KaJHOPOBOYHOTO
ycrporicta 180 B BbumciuTenbHblid 00k 120. B HeKOTOpBIX mpumepax MoOnyJib cBsizu 281
MOJKET COep:KaTh MPUEMHUK U mepenardyuk. Moayib cBs3u 281 MoxkeT comepskaTh JIFOOOH BUA
YCTPOUMCTBA MPOBOTHOW M OECIIPOBOHON CBsI3M, padOTAOINEro Ha JIF0OOH 4acToTe U ¢ JIOBIM
MIPOTOKOJIOM KaHajla Nepefadn AaHHbIX. B OTHOM U3 BapHaHTOB OCYILIECTBJICHHS] MOAYJIb CBSA3H
281 comepxut mpuemonepenatdyuk Ha 2,4 [T ¢ Homepom pmeranmum CC2500, BbimycKkaemblid
xomnanuen Texas Instruments, Inc. B apyrom BapuanTe OCyLIeCTBIEHUS MOAYJb CBsizu 281
comepxut mnpuemonepenatdyuk Ha 900 MI'm ¢ Homepom neramu CC2010, BbImyCcKaeMblit
xomnanuen Texas Instruments, Inc. B HeKOTOpBIX BapuaHTax OCYILIECTBIEHUSI MOAYJb CBsA3U 281
MOJKET TiepefaBaThb COOOINEHUs, UCTONB3ys JTIOOOH U3 CIEAYIOIINX MPOTOKONOB CBs3u: WiFi

(IEEE 802.11), Zigbee (IEEE 802.15.4), ZWave wumu SimpliciTl. B ngpyrom Bapuanre
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OCYLIECTBJICHUSI MCIOJIb3YETCs MAaTEHTOBAHHBIM MPOTOKOJN Iepenadu AaHHbIX. B npyrom
BAPUAHTE OCYILIECTBJICHUs KaHAJ CBA3U MEXIAy MOAyJeM CBsi3u 215 m mopymsamu cesizu 281
w/umn 221 obecrneynBaeTcsi dYepe3 KOHTPOJHPYEeMbld MMPOBOA. B HaHHOM BapuaHTe
OCYIIECTBIICHHS KaHAJI CBS3H MPEICTABIISET COOON CBSA3b 10 CHIIOBOM JIMHUH, CO3JJAHHYIO MTyTEM
BBEJICHHs NEPEAAHHOIO CHUIHajla 10 MEHbLIEH Mepe B OJMH NPOBOJA OTBETBIEHHOM LENH, C
KOTOPOM CBSI3aHO KaJTMOPOBOYHOE YCTPOMCTRO.

B npumepe, nokazanHoM Ha ¢wur. 11, uctounmk nutaHus 289 MOXeT conepKaThb
UCTOYHUK nuraHusg 289. HMcTouHuk nutaHus 289 MOXKET COAEpKaTb pPa3BA3bIBAOLINN
TpaHcopMaTop U UCTOUHUK MHUTAHUS TIOCTOSTHHOTO TOoKa. Mcrounnk nuranus 289 npeoOpasyer
HaIPsDKEHUE BXOMSIUEH JIMHUU C HAINPSDKEHUs CUJIOBOM JIMHUM MEPEMEHHOrO TOKA, TAKOTO KakK
120 B B CIIIA u Kanane unu 220 B B EBpone, B HU3K0O€ HamnpsKeHHE NOCTOSIHHOTO TOKA, TAKOe
kak 3,3 B wnm 5B, mia nutanus koHTposviepa 213 M Apyrux 3J€MEHTOB KaJHOpPOBOYHOTO
ycTpotictea 180.

KonTponnep 285 mokeT nmpuHUMaTh 0Opas3el] HamnpsKeHUs BXOMSLICH CHIIOBON JIMHHU
NePEeMEHHOT0 TOKa, MpeoOpa3oBaHHOIO TPAHCISTOPOM ypoBHs 1173 B curHanm Gojee HU3KOTO
HAIpPsDKEHUs. IEPEMEHHOr0 TOKA, MPONOPLMOHATIbHBIN HANPSKEHUIO BXOIALIEH CUIIOBON JTUHUU
NEPEMEHHOr0 TOKa. B HEKOTOpBIX BapUaHTaX OCYLIECTBJICHUS] HANPSIKEHUE BXOJSALIEH CUIOBOM
JVHUU TIepeMeHHOro Toka paBHO 120 B, mpu sToM curHan Oosee HU3KOTO HAMPSKEHUS
MEPEMEHHOr0 TOKa Haxonurces B mpenenax 0-3,3 B. B HEKOTOpPBIX BapuUaHTax OCYIIECTBIICHUS
TpaHCcnATOp ypoBHsA 1173 wucnonb3yercs 1jsl NEPEKIHOYEHUsT HU3KOBOJBTHOIO CUTHAla €
OUIIONIIPHOTO CHUTHANA, MEPUOAWYECKH MEHsIoIerocs mexay +V u —V, Ha YHHUIOISIPHBIA
curHan mexay 0B u VDD unu Ha WHOW Auana3soH YHUIOJSIPHOTO CHUTHajda B Mpenenax
OUarna3oHa HanpspkeHus aHanoro-mudposoro mpeobpasosarens 1177. AHajoro-uugpoBoi
npeodpasoBatenb 1177 MoxkeT oTOMpaTh BXOISIINI HU3KOBOJBTHBIA CUTHAJ, KAaK IMOKA3aHO Ha
¢ur. 12. B ogHMX M TeX K€ MM Pa3HBIX BapHaHTax ocyuecTBieHus Guibtp 1172 mMoxer
OrpaHUYMBATh YaCTOTHBIN JUANA30H HU3KOBOJIBTHOIO CHUTHAJNIA YaCTOTOH JIMHUM NMEPEMEHHOTO
TOKA.

Bo wmHormx mnpumepax anajoro-uuppoBoii mpeodOpasosarens 1177 MoxkeT ObITh
OOBEIMHEHHBIM C KOHTPOJUIEpOM 285 WM MOXeT ObITh OTHENbHBIM OT KOHTposuiepa 213, HO
CBsI3aHHBIM C KOHTpoJuiepoM 285. OrtoOpaHHOE HANpsDKEHUE JWHUHM TEPEMEHHOrO TOKa
MO3BOJISIET KOHTpoyiepy 213 u3MepsATh HanpsoKeHHE BXOAALIECH JIMHUM MEPEMEHHOrO TOKa,
yroObl TOUHee KanmuOpoBaTh cucremy 100 myTem pacuera TOKa, B3SITOrO KaJHOPOBOYHOMN
Harpy3koii 1188, yuwnTeiBas OTOOpaHHBIM HHM3KOBOJBTHBIA CHTHAJ, MPONOPIMOHAIBHBINA

HATIPSDKEHUIO  BXONAIIEH JIMHUM TEPEeMEHHOro Toka. JIOMOJHWTENbHO, OTOOpaHHBIM
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HHU3KOBOJIBTHBIM CUTHAII MOXKET UCTIOIB30BATHCS IS pa3paboTKU OMOPHOH (ha3bl, CHHXPOHHOMU C
HaNpPsDKEHUEM JIMHUM IEPEMEHHOTO TOKA.

B HekoTOpBIX BapuaHTax OCYIIECTBIICHUs IJisi pa3paboTKU OMOPHOU (ha3bl KOHTPOJLIED
285 wucmonb3yeT HHU3KOBOJBTHBIA CHTHAJI MPSIMOYTONbHOH ¢(Gopmbel. B nmaHHBIX BapuaHTax
OCYILIECTBIICHUS] HU3KOBOJIbTHBI CHUTHAJ MPSIMOYTOJBbHOH (DOPMBI CO31AETCSI € TOMOIIBIO
yCcTpoiicTBa (POPMUPOBAHUS MPSIMOYTOJNIBHBIX HUMIYJIbCOB 1174, HHU3KOBOJNBTHBIA CHrHAI
IPSIMOYTOJIBHOM (hOPMBI MOKET MPEACTABISATH COOOH MPSAMOYTOJNIbHYIO BOJIHY, UMEIOIIYIO TaKHUe
K€ TMEePUOJ U BPEMsl NMPOXOKAECHUs 4Yepe3 HyJb, YTO U HU3KOBOJIBTHBIM CHUTHAJ MEPEMEHHOIO
TOKa. DTO COOTHOLIEHHE MEXAy CHTHAJIOM IMpPSAMOYroJbHON (OpMBI M HH3KOBOJBTHBIM
CHUTHajJoM ToOKa3aHo Ha ¢ur. 13. B HekoTopoM BapuaHTe OCYLIECTBJICHHS YCTPONHCTBO
dbopMupoBaHUs TPSAMOYTOJIbHBIX HMITYJIbCOB 1174 moxker copepxkare Tpurrep Llmmnra,
KOMITapaTop WiM LU(PPOBON JIOTMYECKHH BEHTHIIb, TaKOH, KaK HMHBEPTEp HJIM TPAH3UCTOPHAs
CXeMa CIIBUTa YPOBHS. AMIUINTY/A MPSIMOYTOJIbHOM BOJHBI BHIOMPAETCS JIOTHYECKUM YPOBHEM,
COBMECTUMbIM ¢ KOHTpoyulepoM 285. Cursana mnpsiMOYyrojbHOH (OpMBI HE COREPIKUT
nHpopMauny 00 aMIUIUTY/Ie HANpPSDKEHUS BXOASALIEH JIMHUM MEPEMEHHOrO TOKA, HO COAEPIKHUT
¢a3oByr0 HMHGOPMALMIO, TIOCKOJBbKY BOCXONSALIMA M HUCXOMIIUA (PPOHTHI CHrHaja
NPSIMOYTOJIBHOM ()OPMBI CHHXPOHHBI C MPOXOXKACHUSMHU HYJISI HANPSDKEHUs BXOASIIECH JTMHUN
MEPEMEHHOTO TOKA.

B HekOoTOpbIX BapHaHTaxX OCYLIECTBICHHs OMOpHas (asza, mMogydeHHas JHOO U3
HHU3KOBOJIBTHOTO CHTHAJa, JIMOO M3 €ro aHajora MpsIMOYTOJbHOH ()OPMbI, MPUMEHSIETCS ISt
U3MEPEHUs] OTHOCUTENILHOTO yIila CIBUTA (a3 MEXKIY KaTUOPOBAHHBIM PE3yJILTATOM U3MEPEHUs
TOKAa, MEPENaHHbIM CEHCOPHBIM YCTpONUCTBOM 110, U Hampsi>KeHUEM BXOASIEH CUJIOBOM JIMHUU.
DTOT pe3ysbTaT U3MEPEHHsI OTHOCUTEIBHOIO yria caBura (a3 MeXAy HampsoKeHHEeM U TOKOM
NPUMEHSIETCS ISl TOYHOrO ydera Ko3(p(UIMEHTa MOIIHOCTH pPEAKTUBHBIX HArpy30K,
MOJAKIIOYEHHBIX K CHJIOBOMY MPOBOAY, H3MEHSIEMOMY CEHCOPHBIM ycTpoicTBoM 110,
Koaddunmenr momuocTH — 3TO KOCHHYC yria ciueura (a3 mexay ¢GopMamMu KPHBBIX
HAINpPsDKEHUS U TOKa. DTOT KO3(PPHUIMEHT MOLUTHOCTH MOXKET PAaCCUUTHIBATHCS HETOCPEICTBEHHO
N0 OTOOPAaHHOMY HH3KOBOJIBTHOMY CHTHAQJy, HJIH B ClIy4ae HH3KOBOJBTHOTO CHTHaja
NPSIMOYTOJIbHOM  ()OPMBI  MOXKET PACCUUTBHIBATBCS KOCBEHHO ITyTEM IIOATOHKH CHHYCOHUJIBI
HY’KHOH 4aCTOTBI K TiepexosiaM ()pOHTOB B CUTHAJIE MPSIMOYTOJIBHOMN (POPMBL.

Koa(hduumeHT MOIHOCTH SIBJISIETCS] OTHOLIIEHHUEM aKTHBHOM MOIIIHOCTH, MPOTEKAIOIIEH B
NPOBOJE, K IMIOJHOW MOIIHOCTH, MPOTEKAIled B MNPOBOAE. B HEKOTOPBIX BapHUaHTax
OCYLIECTBIIEHHs] TOJb30BaTEMI0 cucteMbl 100 mMpeArnouTHUTENhHO COOOIIATh AKTHBHYIO
MOIIHOCTb, NPOTEKAOUIYIO B 3JEKTPUYECKUX CHIIOBBIX nposogax 193, 194 u 195, nna nyqmero

IIOHUMAaHUuA ITOKa3aHUuA CUCTUUKaA BHGKTqueCKOﬁ SHEPruM, yCTAHABJIIMBACMOI'O SJICKTPUKAMU. B
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TAHHBIX BapUAHTaX OCYLIeCTBIeHHs (pasoBas MHPpOpPMALUs, MPEAOCTABIsIEMAst HU3KOBOJIBTHBIM
CUTHAJIOM, SIBJIIETCS KPUTUYECKOU JJIs1 MPABUJIBHOTO pacyeTa NPOrHO3UPYEMON SHEPTHH.

ITockonpky kanmuOpoBouHass Harpyska 1188 mpu ee MOIKIFOYEHHWH C HCIIOJIB30BAHHEM
nepexmouatenss 1187 paccemBaer TOk, KamuOpoBouHash Harpy3ska 1188 monsepkeHa
HArPeBaHUIO. DJTO HArpeBaHHE MOXKET CO34aTh yrpo3y Oe3omacHoil padore KaIuOpPOBOYHOM
Harpy3ku 1188, BbI3bIBasi TEMJIOBOE MOBPEXKAEHUE caMOW KanuOpoBo4HOH Harpyske 1188 wmmm
APYTUM KOMITOHEHTaM B KOpIyce KatuOpoBOYHOro ycTpoiictsa 180 mim moasM uin nmpeamMeram
BOJIM3HM KanuOpoBOYHOrO ycTpoiicTea 180.

B HEKOTOpBIX BapuaHTax OCYIIECTBJICHUs KOHTpoJulep 285 COAEPKUT HaT4MK
temneparypsl 1186, Takoif kak OMMeTa/NIMYeCKUH  TEPMOCTAT, TEPMUCTOP  WJHU
MOJIYTIPOBOJHUKOBBIA JaTYMK TEMIIEPaTypbl. B HEKOTOPBIX BapuUaHTaxX OCYILECTBJICHUS! AATUYUK
TemrepaTypbl 1186 mpepblBaeT CHUrHAJI MOOKIIOYEHMS MAJIST OTKJIOYEHHUS KaluOpPOBOYHOM
Harpy3ku 1188, korna kaaubpoBouHast Harpyska 1188 mnm kopryc kaauOpoBOUHOrO yCTPOHCTBA
180 CTAaHOBUTCS CIMIIKOM TOPSTYUM.

B nononHUTENbHBIX BapUAHTAX OCYILIECTBJICHUs] KOHTPOJUIEep 285 mepen MOAKIIYEHuEM
KanuOpoBOUHON Harpy3ku 1188 mpoBepsier mokasaHue TeMIepaTypsl Ha JaTYHKE TeMIIepaTyphl
1186 nmnsi obecrnedeHuss TOro, 4roObl B Hayajie KaaHOPOBOUHOrO MpoLEecca KaTHOPOBOUHAs
Harpy3ka 1188 wim xopnyc kanubpoBodHoro ycrpoiictsa 180 He ObuIM CIMIIKOM ropsiynmu. B
elle OJHMX AOINOJHUTENbHBIX BAPUAHTAX OCYILIECTBJICHUs] KOHTPOJIep 285 MOXKET BBINIOIHAThH
SKCTPATOJISILUIO, YTOOBI OMpPENEeNUTh, BEPOSTHO JH TO, YTO KanuOpoBO4yHas Harpyska 1188
CTaHET CIHMIIKOM ropsiyel mocje 0ObIMHOrO BpeMEHHU paboThl KamMOpoBouHOW Harpy3ku 1188. B
JAHHOM BapHaHTe OCYIIECTBJICHUS] KOHTpoyuiep 285 neficTByeT Al OTCPOUKU KaJHOPOBOYHOTO
nporecca, MoKa JaHHBIA MPOLEeCC Heb3sl OyaeT 3aBepIiuTh Oe3 TOro, YToObl KamTuOpOBOUHAs
Harpy3ka 1188 wmim kopmyc kannOpoBoyHOro yctpoiictBa 180 HE CTaHOBWIIMCH CIIHIIKOM
TOPSIMUMHU.

B HeKOTOpBIX BapuaHTaX OCYINECTBJICHHUs €CTh [BA PAa3HbIX MEXAHU3Ma YyIIPaBJICHUS,
MOCPECTBOM KOTOPBIX KOHTPOJUIEP YINPABIAET CUTHAJIOM MOAKIHYEHUS K NEPEKIHYaTeNo
1187. Otu nBa cmoco0a COOTBETCTBYIOT IBYM pPa3HbIM MeCTaM TPOIECCOpa, B KOTOPBIX
OCYILIECTBIISIETCS MPOTOH IMpOoLecca KATHOPOBKU IJISl TOJYYEHUs] KAIMOPOBAHHOTO Pe3yJbTaTa
U3MEPEHHUsI TOKA.

B nepBom crniocobe koHTpOsuiep 285 pa3memaercs BMECTE ¢ MOIYJIEM KaJHOPOBOYHOU
Harpy3ku 283 u ynpasnsier uM. Kpome Toro, koHTposuiep 285 MOXET MoJydaTb MOKA3aHUs
IaTYNKOB OT CEHCOpHOro yctpoiictea 110 (yepe3 momynb cBsizu 281) u xoHTposepa 213. B
KOHTpoJiepe 285 BBIMOJHSETCS TPOLECC KaTHMOPOBKU (OMUCAHHBIA HIKE CO CChUIKAMH Ha

¢ur. 18) u monydaercss kKanMOPOBaHHBIN PE3yNbTAT M3MEPEHHS TOKa. B MaHHBIX NpuMepax
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MOYJIb KAJIMOPOBOYHBIX pacdyeToB 229 MOXKET pa3MeIaThcsl B KATHOPOBOYHOM ycTpoiicTse 180,
a He B BBIYHUCIUTENBHOM OJioke 120.

B nepBom crioco0e, ecu MporoH nporecca KaTnOPOBKH OCYIIECTBIISIETCS B C TIOMOIIBIO
KOHTpoJIIepa 285, MOAyJb CBsA3M 281 MpUHUMAET Pe3yibTaThl U3MEPEHUN BXOASIIETO CUTHANA
oT ceHcopHoro ycrporictea 110 w/umm BerunciurensHoro 0moka 120. Konrpostep 285 moxer
pacCcUMTHIBATh KAJMOPOBAHHBIC PE3YJbTAThl HM3MEPEHHs TOKa, HCMonb3ysi crocod 2000 mo
¢ur. 20. Ilocne pacyera KamUOPOBAHHBIX PE3yJbTATOB H3MEPEHHs] TOKAa KaJIUOPOBOYHOE
ycrpoiictBo 180 moxker cooOmare KanuOpOBaHHbIE pe3yJbTaTbl H3MEPEHUs TOKa B
BBIYHMCIUTENbHBIN 070K 120 ast oTOOpaskeHNs U MHBIX CIIOCOOOB MPUMEHEHMUS.

Bo Bropom crnoco0e AMCTaHIMOHHBIN MPOLECCOp, TaKOW Kak koHTpostep 225 (¢dur. 2)
win  KoHTtpoyutep 213 (dur. 2), BbmaeT KOMaHAY HA MOAKIIOYEHHE WM OTKJIIOYEHHE
kanuOpoBouHOH Harpy3ku 1188, u nanHbIil KOHTpOsUIEp (KOHTposuiep 225 uinu KoHTposuiep 213)
ocymecTsisier cnocod kamuOposku 1800 Ha ¢ur. 18 u monyuaer kanuOpPOBAaHHBIN pe3ysbTaT
U3MEPEeHNUs TOKa, Kak OmrcaHo B criocode 2000 mo ¢ur. 20.

Ecnu npu ynpasnennn xaauOpoOBKOH BTOPOH Coco0 MPUMEHSIOT ¢ KOHTPOJLIEpoM 225,
KOHTpoJutep 225 mpuHHUMaeT cooOLIeHne 1Mo KaHayly CBsI3U OT KOHTposiepa 285. B HexkoTophix
BapUAHTAX OCYLIECTBJIEHHUs] KOHTpoyuiep 225 TmochbUlaeT COOOIIeHHEe Ha TMOAKIYCHUE
KaTMOPOBOYHOW HArpy3Kd Ha OTrOBOPEHHBIM MEPUON BpeMEHH. B HEKOTOphIX BapuUaHTax
OCYLIECTBJICHHs TAHHBIA MEPUOJl BPEMEHH BBIOUPAETCS] M3 OIHOTO MJIM HECKOJIbKHMX 3aJaHHBIX
NEepUONOB BpeMeHU. B npyrux BapuaHTaxX OCYIIECTBIIEHHUS KaluOpoBouHas Harpy3ka 1188
MOJKJTIOYAETCSI IO TEX TMOP, MoKa KOHTpouiep 285 He MOJIy4duT coolrieHre 00 OTKITIOYSHUH, UITH
J0 UCTEYECHUS] MAKCHUMAJIBHOTO BPEMEHH OXHIAHUS M0 TalMepy WM CpadaThIBaHHs JaTUUKA
temneparypbl 1186, ykaseiBaromiero, 4ro kanuOpoBouHast Harpy3ka 1188 wmmu ee kopmyc
CJIMIIKOM TOpsiuue.

B 1OnomHUTENBHBIX BapuaHTax OCYLIECTBIEHUs KOHTpoJulep 285 HE3aBUCHUMO
NPUHUMAET PELICHNE TIOAKIIOYUTh KATHOPOBOUHYIO HATPY3Ky HA KOHKPETHBIN MEPHO BPEMEHH.
B HEkoTOpBIX puMepax KOHTposuiep 285 MOAKIIOYAET U OTKIIOYAET KAIMOPOBOYHYIO HArpy3Ky
1188 Ha KOHKpPETHBI MNEpPUOA BPEMEHH, OJHOBPEMEHHO, 3apaHee WU I03Ke IOoChbLIas
yBEIOMJICHHE KOHTpOJUIepy 225, yka3biBasi Ha MOAKJIIOYEHHE KaJTuOpOBOYHOU Harpy3ku 1188
MNOJKII0OYeHAa. B 1aHHOM BapuaHTe OCYIIECTBIICHUs B KOHTposiepe 213 nmpuMeHseTcss U3BECTHOE
CMELICHUE M0 BPEMEHH MEXAY COOOIIEHUSMH, TOJY4YeHHBIMH OT KOHTpoyutepa 285, nmns
CHHXPOHHM3ALUHN MTPOTEKAHHS MPOLIEAYPHI KAJIUOPOBKU CO BPEMEHEM MOIKIFOUEHUs/ OTKIIFOYESHUS
kaauOpoBoyHOM Harpy3ku 1188, ykazaHHBIM B COOOIIEHUH, MOJTYYEHHOM OT KOHTpoJuiepa 285

0 KaHaly CBsi3u. B gpyrux mnpumepax KOHTposulep 285 MNOAKIIOYAET W OTKIHOYAET
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KaauOpoBOYHYIO Harpy3ky 1188 B ompeneneHHON MNOCIENOBATEIHHOCTH, KOTOpash H3BECTHA
koHTpoJutepy 213 n/unm 225 (dwur. 2).

Ha ¢wur. 11 npommntrocTpupoBaH OfWH U3 MPUMEPOB KOMMyTHpPyeMoil Harpy3ku 1105 B
kanuOpoBouyHOM ycrpoiictBe 180. Jlpyrue BO3MOXKHBIE KOHCTPYKTHUBHBIE HCIOJHEHUS
KOMMYTHPYEMOH Harpy3KH Moka3aHel Ha ¢ur. 14-17.

B uactHocTH, Ha ¢ur. 14 nporwyuOCTPUPOBAH NPUMEpP KOMMYTHpPYeMoi Harpy3ku 1405 B
COOTBETCTBUM C TPETbUM BapHUaHTOM ocyliecTsieHus. Kommyrupyemas narpyska 1405 moxer
copepxxath: (a) nepexmouarenu 1187 u 1442 u (b) xanubposounsie Harpy3ku 1188 u 1441. B
JAHHOM BapHaHTe OCYLUECTBJIEHHUs] KOMMyTHUpyeMasi Harpyska 1405 3aMeHsieT KOMMYTHPY€EMYIO
Harpy3ky 1105 B xanmuOpoBouHoMm ycrpoiicrse 180 o ¢ur. 2 u 11.

B nanHOM BapuaHTe OCYyLIECTBICHHs KOMMyTuUpyemas Harpyska 1405 woxer
KOHCTPYKTUBHO HUCIIOJNHSTBCS U1 KaIUOPOBKM  pe3ysibTara H3MEpPeHHs OJMHOYHOTO
TOKOHecylero mnpoBoaa (¢uzmepa B OTBETBIEHHOH Lenmyd, OOO3HAYEHHOW KakK < JIUHUSY),
U3MEPSAEMOro ¢ MOMOUIBK CEHCOpHOro ycrpoiictsa 110. B naHHOM BapuaHTe OCYIIECTBJICHUS
KOHTpoJuIep 285 MOXET OCYIIECTBISTh MEPEKIIOUYEHHUs] MEKAY KaJMOpOBOUHBIMH HArpy3Kamu
1188 u 1441 nnsa obecnedeHus: ABYX pa3sHbIX HAOOPOB U3MEPEHMUS Ui IPUMEHEHUsI B MIPOLIecce
kanuOpoBku. B apyrux mpuMepax komMmyTupyemast Harpyska 1405 Moxer copepkaTh TPU HIIH
Oonee nepexmoyaTeneil Tpex wiu Ooyiee KaTHOPOBOYHBIX HATPY30K.

Ha ¢wur. 15 npowumocTpupoBaH mnpuMep KOMMYyTHpyeMo# Harpy3ku 1505 B
COOTBETCTBUM C YETBEPTHIM BapHaHTOM ocyiuecTtBieHus. KommyTtupyemass Harpyska 1505
MOXeT comepkath: (a) mepexiouatenu 1587 u 1542 u (b) xanuOpoBouHble Harpy3ku 1588 u
1541. B paHHOM BapuaHTe OCYLUECTBJIEHUs KOMMYyTHpyeMmas Harpy3ka 1505 3amenser
KOMMYTHpYyeMYyto Harpy3ky 1105 B kanubposounom ycrpoiictee 180 mo ¢ur. 2 u 11.

B nmanHOM BapuaHTe OCyLIECTBIEHMs KOMMyTuUpyemas Harpyska 1505 woxer
NpeAHa3HAYaThCs ISl KaJHMOPOBKM pe3ysibTaTa H3MEPEHHUs IBYX TOKOHECYIIHMX IPOBOJIOB
(unepoB B OTBETBJIEHHBIX HEMsIX, 0003HAYCHHBIX KaK «JTHHUS 1» U «JIHHUS 2%»), H3MEPSEMBbIX C
MOMOUIBI0  CeHCOpHOro ycrpoiictea 110, B pgaHHOM BapuaHTe OCYLIECTBJICHUS JBE
pa3u4HTEeNbHbIE KaMUOpoBOUHbIe Harpy3ku 1588 m 1541 MoOryr mnoOAKIFOYaThCS MEXKIY
OTIENbHBIMU JIMHENHBIMA MPOBOAAMH U HEUTPAIBHBIM IPOBOJAOM MOJ YNPABJIECHHEM CHUTHAJIA
MNOJKIIOYEHUs1 OT KoHTposuiepa 285. Konrtpomnep 285 MoOxeT ympaBiasTh CUTHajJaMu
NOAKITIOUEHHsI, YTOOBI SJEKTPUYECKHM IyTEM CBS3bIBaTh KaTHMOPOBOUHBIE HATrPy3KH, Kak

YKa3aHO HIKE:
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Hoakaro4yeHHbIE
3amkHyTBIH
Ka1u0poOBOYHbIE PesyabTat
nepexkJw4aTesb
HATPY3KH
3aMKHYT KanubpoBouHnas Bo3moskHa kanubpoBka
nepexaroJarens 1587 Harpy3ka 1541 pe3yJibTaTa U3MEPEHUs
¢unepa B OTBETBIIEHHOM LIETH,
0003HaueHHOH Kak JuHUA |
3aMKHYT Kanubposounas BosmoskHa kanubpoBka
nepexarovaTens 1542 Harpy3ka 1588 pe3yabTaTra U3MEpEeHUs
¢unepa B OTBETBIEHHOM LieNH,
0003HauEHHOH KaK JIMHUS 2
3aMKHYTbI KanubpoBouHbie BosmoxxHa kanmuOpoBka
nepexsirouatenu 1587 u Harpy3ku 1541 u 1588 (bunepoB B OTBETBIECHHBIX
1542 LeMnsIx, 0003HAUYEHHBIX KaK
nuHusA | u nunus 2
He 3amkHyT HI OTCyTCTBYIOT OrcytcTBYeT
nepexaroyarens 1587, vu
nepexaroyaTens 1542

Ha ¢wur. 16 npowumrocTpupoBaH mpuMep KOMMYyTHpyeMo# Harpy3ku 1605 B
COOTBETCTBUM C IATHIM BapUaHTOM ocyluecTsieHus. Kommytupyemas Harpyska 1605 moxer
comepkath:. (a) mepexmouarenu 1687, 1642 u 1643 u (b) xanubpoBounbie Harpy3ku 1588 u
1541. B paHHOM BapuaHTe OCYLUECTBJIEHUs KOMMYyTHpyeMas Harpy3ka 1605 3amenser
KOMMYTHpYyeMYyto Harpy3ky 1105 B kanubposounom ycrpoiictee 180 mo ¢ur. 2 u 11.

B nanHOM BapuaHTe OCYLIECTBIEHUS KOMMYyTHpyemas Harpy3ka 1605 mokeT Taxxke
KOHCTPYKTUBHO HCIIOJNIHATHCS ISl KaTUOPOBKH pe3yJibTaTa HM3MEpPeHHs Oojiee 4eM OIHOro
TOKOHeCyIIero npoBoaa ((puaepoB B OTBETBICHHBIX LEMsX, OOO3HAYEHHBIX KaK «JIHHUSA 1» U
«IMHHA 2»), U3MEPSEMBbIX C TMOMOINBIO CeHCOpHOro ycrpoiictea 110. B nanHOM BapmanTe
OCYINECTBJICHUS JIB€ pa3Hble KannOpoBouHbIe HArpy3ku 1588 u 1541 momkirouaroTcsi, 4ToObI
NO3BOJIMTh KaTUOpPOBOUHBIM Harpy3kam 1588 u 1541 moncoenussThess OO B OTAEIBHOCTH K
0o0OpaTHOMY HEWTpabHOMY MPOBOAY, JIUOO Mapod K mape JIUHUS |-TUHUS 2, YTO SIBJISIETCS
OOBIMHBIM B CHCTEME 3JIEKTpOocHaOxeHUus: ¢ pacuieruieHHoi (azoii. Kontpomiep 285 mosker
YIPaBJIATh CUTHAJIAMH TTOAKIIOYEHHS, YTOOBI 3JIEKTPUUECKUM ITyTEM CBSI3bIBATH KATMOPOBOYHBIE

Harpy3KH, KaK yKa3aHO HUXeE:
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3aMKHYTBII HoaxknwyeHHbie
PesyabTart
nepexkJjyaTesb KAJIHOpPOBOYHBIE HATPY3KH
3aMKHYTbI KanubpoBouHnas Bo3morkHa kannbpoBka

nepeknoyarenu 1643 u

1642

Harpy3ka 1541 ¢ obpaTHbIM

HENTPAJIbHBIM [TPOBOJOM

pe3yibTara u3mepeHus punepa
B OTBETBJICHHOH LIETH,

0003HaYeHHOI Kak jauHus 1

3aMKHYTbI
nepexoyarenu 1643 u

1687

KanubpoBouHnas
Harpyska 1588 oOparabiM

HENTPAJIbHBIM NIPOBOJIOM

Bo3moskHa kannbpoBka
pesyibTarta usmMepeHus punepa
B OTBETBJICHHOMW LI€TH,

0003HaYEeHHO! KaK JUHUS 2

3aMKHYTbI

nepexyroyarenu 1643,

KanubGpoBouHsle

Harpy3ku 1541 u 1588 ¢

Bo3moskHa kannbpoBka

(¢unepoB B OTBETBJIEHHBIX

1642 n 1687 oOpaTHBIM HEWTPaAJbHBIM LersiX, 0003HAUYEHHBIX KaK
IIPOBOAOM nuHusA 1 u nuHus 2
3aMKHYTbI KanuGpoBouHbie BosmoskHa kanmuOpoBka

nepekaroyaTenn 1642 u
1687, a BBIKJIIOYATETD

1643 He 3aMKHYT

Harpy3ku 1541 u 1588
BKJIFOUEHBI [IOCIIEIOBATEIBHO

Mexay JuHuen 1 u nuHuen 2

BJIEKTPUYECKON CUCTEMBI C
paciieryieHHo# (azoi u3

OIIMHAPHOTO KAJTHOPOBOYHOTO

yCTPOMCTBA C pacUIeNIEHHON

dazoi

Hu ogun u3 OTcyTCTBYIOT OTtcyTcTByeT
nepexioyarenen 1643,
1642 1 1687 ne

3aMKHYT

Ha ¢wur. 17 npowumocTpupoBaH mpuMep KOMMYyTHpyeMo# Harpy3kum 1705 B
COOTBETCTBUM C LIECTHIM BapuaHTOM ocyuiecTsineHuss. Kommyrupyemas narpyska 1705 moxer
comep:kath:. (a) nmepeximouarenu 1787, 1742 u 1743 u (b) xanubpoouHyro Harpy3ky 1788. B
JAHHOM BapHaHTe OCYILIECTBJIEHHs] KOMMyTHpyeMasi Harpy3ka 1705 3aMeHsieT KOMMYyTHPY€EMYIO
Harpy3ky 1105 B kamuOpoBouHoMm ycrpoiictse 180 mo ¢ur. 2 u 11.

B naHHOM BapuaHTe OCYyLIECTBIEHUs KOMMyTHpyemass Harpy3ka 1705 Taxke
KOHCTPYKTHUBHO HCIIOJIHAETCS I KaJHMOPOBKM pe3yJibTaTa HM3MEpeHHs Oojee 4eM OIHOro
TOKOHECyLIero npoBoaa ((puaepoB B OTBETBISHHBIX LEMsIX, OOO3HAYEHHBIX KaK «JIHHUA 1» U
«IMHHA 2»), U3MEPSEMBbIX C TMOMOINBI0 CeHCOpHOro ycrpoiictea 110. B nanHOoM BapmanTe

OCYINECTBJICHUS] ONHA KanuOpoBouHasi Harpy3ka 1788 moxkirouaercsi, 4toObl 0OecmeuuTh
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KaauOpPOBKY JBYX MPOBONIOB M BIOOABOK HEUTPAILHOTO, YTO SIBJISIETCS] OOBIYHBIM B CUCTEME

anekTpocHaOxkeHust ¢ pacmerieHHon (azoit. Ilepexmovyarenu 1787 m 1743 moryr ObITh

OIHOMONMOCHBIMU  1ByXNO3UIMOHHBIME (SPDT) mnepexmouarensmu. [lepexmouarenu 1787 u

1743 MOXHO TPUMEHSTh C KaTHMOpPOBOYHOH Harpy3kod 1788 nust CBS3BIBAaHHMS Pa3HbBIX

KOMOMHAIMK MPOBOJOB OTBETBIIEHHBIX Leneil. KommyTtupyemas Harpyszka 1705 moxer ObITh

Oonee nemeBoil B pealn3alyy 1o CPaBHEHHIO ¢ KOMMYTHPYeMOi Harpy3koit 1605 (¢ur. 16) uz-

32 HCIIONIB30BAHUS ONHOW KanmuOpoBOouHOW Harpysku. Kontpomnep 285 mokeT ympaBiaTh

CUTHAJIaMH ITOAKJIFOYCHMHA, Y4TOOBI QJICKTPUYICCKUM IMYyTEM CBA3BIBATH Ka.]'II/I6pOBOLIHbIe Harpy3ku,

KaK YKa3aHO HHUXKE!

1787 B monoxeHuu 1,
nepexaroyarTens 1743 B
noyioskeHuu 1 u
BBIKJIIOYaTEb 1742 B

OJIOKeHuu 1.

Harpy3ka 1788 ¢ oOpaTHbIM

HEHTpaJIbHBIM IIPOBOAOM

Hoaxk/royeHHbIE
3amkHyTBIH
KaJ1u0poBOYHbIE PesyabTatr
nepeKJIyaTe/b
HAIpy3KH
INepexmouarens KanubposouHast BosmoxHa kanmuOpoBka

pe3ysbTaTa u3MepeHus puaepa B
OTBETBJICHHOH IIEIH,

0003HAYEHHOMN KaK JIMHUS 2

Ilepexnrouarenn
1787 B monoxxennu O,
nepekovarens 1743 B
MOJIOKEeHnH 1,
BBIKJIIOHaTENb 1742 B

OJIOKEHUU 1.

KanubposouHas
Harpy3ka 1788 ¢ obpaTHbIM

HENUTPaJIbHBIM IIPOBOJIOM

Bo3moskHa kanubpoBKa
pe3yJiibTaTta u3MepeHus puaepa B
OTBETBJICHHOH IIEITH,

0003HaUYEeHHON KaK JIHusA |

Ilepexmrouarenn
1787 B nonoxennu O,
nepekoyarens 1743 B
nonoxennu 0,
BBIKJIIOUATENDb 1742 B

OJIOKEHUU 1.

KanubpoBouHnas
Harpy3ka 1788 BkiroueHa
MOCJIEIOBATENbHO MEXKITY
nuHUer 1 u muHuei 2 6e3
00paTHOrO HENTPAIBLHOTO

poBOAa

Bo3morkHa kanmubpoBka
3JIEKTPUYECKOU CUCTEMBI C
paciieryieHHo (a3oi u3
ONIMHAPHOTO KAJTUOPOBOYHOTO
YCTPOMCTBA C pacIleIeHHON

dazoii
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Ilepexnrouarens OTtcyTCTBYIOT OtcyTcTBYyeT
1787 B nonoxennu 0 unu 1,
nepekaoyarens 1743 B
nojoxenuu O unu 1, u
BBIKJTIOUATENDb 1742 B
nojoxennu O (T.e., B

PA30MKHYTOM ITOJIOKESHHH).

Bo MHoOrmx mpumepax HeoOXOAMMO KaauOpoBaTh 00€ (pa30Bble JIMHUU SJNEKTPUUECKON
uHppacTpykTrypbl. COOTBETCTBEHHO, OHO U3 KAIUOPOBOYHBIX yCTpoiicTB Ha ¢wur. 11 u 14-17
noTpeboBajioch Obl BCTABIATH B NEPBYIO (a30BYIO BETBb U BTOPYIO (pa3oByro BeTBb. B mpumepe,
NOKa3aHHOM Ha ¢wur. 2, kamuOpoBouHoe ycrporictBo 180 mpexacraBnsier coOOH mepBoe
KanuOpOBOYHOE yCTPOMCTBO, a BTOpPOE KaJMOPOBOYHOE YCTPOHCTBO COHNEPXKUTCS B
BbIMHMCIUTENbHOM Oyioke 120. B apyrux mpumepax OAMHApHOE KaTHOPOBOUHOE YCTPOMCTBO
(HampuMep, KaTMOPOBOYHOE YCTPOHCTBO C OMHOM U3 KOMMYTHPYeMbIX Harpy3ok 1505, 1605 wnu
1705) moxer moaxmouaTecsi K po3erke Ha 240 B, moaxirOdueHHOH Kak K IMEpBOH, Tak M KO
BTOpO#1 (ha30BOI1 BETBH.

B BapuaHTe OCYIIECTBIIEHUS, B KOTOPOM OIHO U3 KaJIMOPOBOYHBIX YCTPOMCTB Ha ¢ur. 11
u 14-17 BcraBnsieTcss B nepByro (a30BYIHO BETBb U BTOPYH (Da30BYIO BETBb, KaJHOPOBOUHBIE
YCTPONCTBA JOJKHBI OBITh CIIOCOOHBIMH CBSI3BIBATHCSI MEXKIY COOOM, C CEHCOPHBIM yCTPOWCTBOM
U BBIMUCIIUTEIbHBIM 0JIOKOM. MOKHO ObLTO ObI peajr30BaTh Ps PA3TMYHBIX CIIOCOOOB CBSI3U.
Hanpumep, Bce xanuOpoBOYHBIE YCTPOWCTBA MOTJIM Obl MPUHUMATh U TEPENaBaTh JaHHbIE. B
APYTUX MPUMEpax OAHO KaTHOPOBOYHOE YCTPOHMCTBO (HAMpHMEp, KAJTMOPOBOYHOE YCTPOHCTBO
180 mo ¢wur. 1) MoxkeT mepenaBaTh JaHHBIE, & BTOPOE KAJIMOPOBOYHOE YCTPONCTBO (HAmpuMep,
BBIMHUCIUTENbHBIN 070K 120 Ha dur. 2) MOKET MPUHUMATH TAHHBIE.

B HekoTOpBhIX BapWaHTaxX OCYLIECTBICHUS JBAa KAJIUOPOBOYHBIX YCTPOWCTBA MOTYT
coobmarecs mo paauo. Hampumep, monynb cesizu 281 u moayib cBsizu 221 Ha ¢ur. 2 MoryT
comep:kath paano. KamnOpoBouHbIE YCTPOICTBA KOHCTPYKTHBHO HCIIOJIHEHBI TAKHUM 00pas3oM,
9TOOBI ONpEneNsATh, HAXOAATCS JIU OHM HAa PA3HBbIX 3JIEKTPHUECKUX (PA3OBBIX BETBSX, MyTEM
cooOmeHus1 yriaa cneura a3z HaOmomaemoro mukna B 60 ['m apyrum kammOparopam. B
HEKOTOPBIX TPHUMeEpPax OJHO KaJHOpPOBOYHOE YCTPOHCTBO MOXeT Oe3 IMpOBOIOB COOOINATH
APYyroMy KaJuOpOBOYHOMY YCTPOHCTBY, KOTJa NPOHCXOOUT TNPOXOXKACHHE dYepe3 HYJb
3NEKTPUUECKOTO TOKAa WM HampspKeHus. llepekpbiTHe NPHUHATHIX paguocoodumeHnit Oyner
NPOUCXOAUTh B COOOIIEHHUX, KOraa 00a KaTuOpOBOYHBIX YCTPOICTBA YCTAHOBJICHBI B OHON U

TOW ke snekTpudeckod (a3oBoil BeTBU. Ecnmu umeercs cMelleHHe Mexay HaOJrogaeMbIM
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NPOXOKACHUEM HYJISI M MPUHSTHIM COOOIIEHUEM, KaTMOPOBOUHbIE YCTPONCTBA YCTAHOBJICHBI B
Pa3HBIX HJIEKTPHUUECKUX (Pa30BBIX BETBSX.

B onHOM M TOM k€ UM OTJIWYHOM NPUMEPE YCTPOMCTBO CBsI3U C MOJIb30BaTeneM 184 B
kanubposouHoM ycrpoiictBe 180 (dur. 1) MokeT comepkaTh OOWHAPHBIA KpPACHBIN/3EICHBIN
CBETOMOA. 3eJeHBbIi CBETOAMON MOJKET YyKa3blBaTh, YTO JBa KaJHMOPOBOYHBIX YCTPOHCTBA
YCTAHOBJIEHbl NPAaBWIBHO B JABYX pas3HbIX (asax. Hampumep, mnonp3oBaTens BHaudaie
yCTaHaBJIMBaeT KaJHMOpoBOouHOE ycTpoiicTBo 180 mo ¢ur. 1 (T.e. mepenaromee KaauOpOBOUHOE
YCTPONCTBO) B MPOU3BOJBHYIO SJIEKTPUUYECKYIO PO3ETKY. 3aTeM IOJIb30BATENb YCTAHABIUBAET
BbIMUCTUTENbHBINA 010K 120 mo ¢ur. 1 (T.e. mpuemMHOe KaIUOPOBOUYHOE YCTPOHCTBO) B IPYIYIO
SIEKTPUYECKYH0 po3eTky. (CBeToAMOn yCTpOWCTBAa CBsI3U C MoJib3oBaresieM 184 mosker
3aropatbCs KPaCHbIM IIBETOM, yKa3bIBasi, YTO 00a OHU B OJHOW U TOH ke (ase, WM 3€JCHbIM,
€CII OHU B pasHbIX (a30BbIX BeTBsX. [lonb30BaTeNb MOXKET MEPEHOCHTh BTOPOH KaiuOpaTop B
APyTUe PO3ETKH, NOKA HE MOKAKETCs 3€JEeHbI MHIUKATOP YCTPOICTBA CBSI3U C MOJIb30BaTENIEM
184.

B npyrux BapmaHTax OCyLIECTBJIEHUsI OECIPOBOAHAS CBSI3b MOXKET TAK)Ke CYIECTBOBATD
MEXKAYy KaKAbIM M3 CEeHCOpHOro yctpoiictBa 110, kamuOpoBounoro yctpoiictea 180 wu
BBIYUCIUTENBHOTO O10Ka 120. B naHHOM BapuaHTe OCYINECTBIICHHsI CEHCOpHOe ycTponcTBo 110
MOKeT OOHapyKMBaTh JB€ 3JEKTpuueckue (assl B muTe BbIKIIOUarenell. [Io mepe Toro kak
KaauOpoBoYHOE yCTpoiicTBO 180 coBepimaeT LMK MO CBOMM 3JIEKTPUYECKUM HArpyskam,
KaTuOpoBOYHOE yCTpoicTBO 180 MOXKET yBeIOMIISATH CEHCOpHOE ycTpoicTBo 110, a ceHcopHoe
ycrporictBo 110 MokeT onpenensiTh, K Kakod (aze MOAKIIOUEHO KaTUOPOBOYHOE YCTPOHCTBO
180. Boruucnurenbubiil 6710k 120 MOKeT Takke cooOImarTh CeHCOpHOMY ycTpoiicTBy 110, korna
OH HAauWHAaeT CBOW IMKJ No Harpy3kam. Cencoproe ycrporictBo 110 Habmromaer, mpu Kakux
yrnax casura (a3 MPOMCXOASAT 3TH HM3MEHEHHUs, 4YTOOBI 3aKJFOYHTh, YTO KaTHOpaTOphI
YCTAHOBJIEHBI B IBYX Pa3HbIX (ha3ax.

B eme omHOM mpumepe i CBA3M MEXKAY KaJIMOPOBOYHBIM ycTpoiicTBoM 180 u
BBIYUC/TUTEIbHBIM OJIOKOM 120 MOKHO NpPUMEHSITh HEOECTPOBOIHOMN croco0 CBsi3u. B maHHBIX
npumepax moxyiu cBsisu 221 w/mmm 281 MoryTt comepaTbh Te€HepaTop CHTHAJIOB /WA
NPUEMHHK CUTHAJIOB. B naHHOM mpumepe kannOpoBoyHOE yCTpocTBO 180 M BBIMHCIUTENBHBIN
6mok 120 MOryT mochUIaTh CHUTHAJ MO CHJIOBOH 3yeKkTpuueckol mHppacTpykType. Hampumep,
MOJKET IPUMEHSITBCS MTPOCTAsl TOHATbHASI MOChLTKA YactoTou 1 k[ '1 (kuyorepir). B Takux ke uim
OTJIIMYHBIX MIPUMEpPaxX CHIHAJ MPEACTABIsIET COOOH aMIUTUTYAHO-MOAYJIMPOBAHHOE HATPSIKEHHUE,
NOZIaBaeMO€ B OJUH WJIM HECKOJIBKO IMPOBOJOB CHJIOBOW 3JIEKTpUYECKON MHPpacTpykTyphl B
APyroM BapHaHTE OCYIIECTBICHHS CUTHAJ MPEACTaBIsieT COO0H aMIUTUTYAHO-MOAY TMPOBAHHBIN

TOK, B3SITBIH M3 CHJIOBOM 3JIEKTPHUECKON HHPPACTPYKTYphl. B 1pyrom BapmanTe oCyIeCcTBISHUS
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CHTHAJI TIPENICTABIIACT COOOH aMILTUTYIHO-MOYJIMPOBAHHOE HATPSDKEHUE WK TOK. B omHOM 13
BAPHAHTOB OCYINECTBJICHUS] BBIUUCIUTEIbHBIA OOK 120 MOXKeT mpenHa3HadaTbCsl B KAa4eCTBE
nepefaTinKa CUrHaja, Torjaa Kak KanuOpoBodHoe ycTpoiicTBo 180 MokeT mpenHa3HAdaThCs B
KadyecTBe mnpuemMHHKa. Ecnu kanmnOpoBodHoe ycTpoicTBO 180 BCTAaBIEHO B 3JIEKTPHUECKYHO
PO3€TKYy, B YCTPONCTBE CBA3U C MOJb30BaTeseM 184 MOXKET 3aroperbCsi 3€JIHBbI CBETOAUOM,
€CJIM OHO HE MOKET OOHAPYKUTh NMPUCYTCTBHE CUTHAJIA, TIEPENABAEMOTO IEPBBIM YCTPOHCTBOM.
Ecnn kamuOpoBounoe ycrpoiictBo 180 u BerumciurenpHbid 0ok 120 THOOKIFOYEHBI K
OTAeNbHBIM (Pa30BBIM BETBSM, KaTHOpoBOUHOE ycTpoiicTBo 180 u BerMmcauTENbHBIN 010K 120
HE MOTryT OOHApy>KUTb CHUTHAJbI, TEpPEeNaHHble N0 CHJIOBOM 3JIEKTpHUYECKONW HH(ppacTpykType
OPYTUM.

Ecnu xanubposounoe ycrpoiictBo 180 oOHapy:KMBaeT CHUTHaJ, TO KPACHbIM CBETOAMON
MOXET YKa3bIBaTh, YTO JBa KAIMOPOBOYHBIX YCTPOMCTBAa HaxXoaATcs B omgHOH dasze. Ilpu s3Ttom
HOJIb30BATEIb MOXET IOJYYUTh KOMAaHIYy MepeHeCTH KanuOpoBoyHOe ycrpoiictBo 180 wnim
BBIYUCIUTENbHBIN On0K 120 B JApYryr SJEKTPHUYECKYI0 pO3eTKy. B eme omHOM BapuaHTe
OCYLIECTBJIEHUS] BMECTO MOAyJiel cBszu 221 u 281, comeprKalux reHepaTtop W/HWiIM MPUEMHUK
CUTHAJIOB, MOAYJIU CBsA3HU 221 u 281 MOryT copepkaTb MOAYJIH CBA3HU MO JMHUAM 3JIEKTPOCETH
(PLC), uToObI MO3BONUTh KATUOPOBOYHOMY yCTpOoHCTBY 180 u BhrumMCaHTEIBHOMY OJIOKY 120
CBSI3bIBATBHCS 11O CHJIOBOH 3JIEKTPUYECKOH MHPPACTPYKTYpE.

ITpu obpalneHnu K IPpyroMy BapuaHTy OCYINECTBJIEHUsS Ha Gur. 18 mpomLIIOCTpHpOBaHa
MapuIpyTHasi KapTa BapuaHTa ocyiecTBieHus crnocoda 1800 xaauOpOBKM CHCTEMbI KOHTPOJIS
AJIEKTPUUECKON SHEPTHH B COOTBETCTBUHU C BapUaHTOM ocyuiecteienus. Crocod 1800 siBnsiercs
JUIIb TMPUMEPHBIM U HE OTPaHUYMBAETCS BapUAHTAMM OCYIIECTBJICHMs], MPEICTABIEHHbIMH B
naHHOM nokymeHTe. Croco® 1800 MOXHO MCHOSB30BaTh BO MHOTHX PAa3jIMYHBIX BapHAHTAX
OCYILECTBJIEHUS] WU MpHUMepax, KOHKPETHO HE€ MOKa3aHHBIX WM HEe OIUCAHHBIX B JaHHOM
IOKyMeHTe. B HEKOTOpBIX BapuaHTAaX OCYIIECTBICHUs padoOYHe Omepanyu, MpoLenypbl W/wim
npoueccel ciocoda 1800 MOKHO BBIMOJHSATH B MPEACTABIEHHOM MOpsiAke. B nmpyrux BapuaHTax
ocyInecTBNieHHs padodre omeparnuy, Tpoueaypbl w/miu mpouecchl crnocoda 1800 MokHO
BBITIOJTHATh B JIFOOOM MHOM MOIXOZSIIEM MOpsiAKe. B erne onHUX BapuaHTaX OCYIIECTBIICHHS
OITHY WJIM HECKOJIbKO pabo4ynx Omnepalui, mpouenyp W/ win npoueccoB B crnocode 1800 MOxKHO
OOBEIMHSTD WJIN TPOITYCKATh.

Croco6 1800 MokHO paccMaTpuBaTh Kak OOLIMI CHoOcO0 KaJIMOPOBKH CEHCOPHOTO
yCTPOHCTBA. IJTOT CHOCOO MOKET BKJOYATh ONPEACICHHE OJHOTO WM HECKOJBKUX
KaTMOPOBOYHBIX KO3(P(PHULINEHTOB, KOTOPbIE MOYKHO MPUMEHSATD ISl pacueTa MpOrHO3UPYyEMOro
TOKA B CHJIOBOW 3JIEKTPUUYECKOW HMHQPACTPYKType coopyxkeHus B crocodbe 2000 mo ¢wur. 20.

Crioco0®, OmMMCaHHBIA HIDKE, MOXXHO NPUMEHSTb sl TOYHOrO pacdera KaTuOpPOBOUHBIX
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k03 (PULIMEHTOB HE3aBUCHMO OT MOJIOXKEHHs CeHCOpHOTro ycTpoiicta 110 (¢pur. 1) Ha mure 196
(dur. 1) 3a uckirOYeHNEM CIEAYIOMUX MyHKTOB: () €CNIM JaTYUKHU 3JIEKTPUIecKoro Toka 211
(¢pur. 2) pacnonokeHb! HACTOJBKO AAJNEKO OT TJIABHBIX CHIIOBBIX MpoBOnOB 193 u 194 (¢wur. 1),
YTO U3MEPSETCS TIOYTH HEPA3IMUUMBIN CUTHAJ OT IJIABHBIX CHJIOBBIX MpoBoaoB 193 u 194, u (b)
€ClIi BCE NATYMKU 3JeKTpudeckoro toka 211 (dur. 2) pacmonoskeHbl CIUIIKOM OJU3KO K
HEUTPATBHOMY BJIESKTPHUECKOMY CHUJIOBOMY mpoBony 195 (¢ur. 1) u ganeko ot 3JaeKTpUYeCKux
CHJIOBBIX IPOBOAOB 193 n 194.

Croco6 1800 nHa ¢ur. 18 Brimowaer pabouyro onepaumto 1860 mnonmydeHus wu
3aIIOMHHAHUS OJTHOTO WMJIM HECKOJIbKUX MEPBBIX 0a3HCHBIX M3MepeHui. B HeKoTophIX mpumepax
ceHcopHoe yctpoiictBo 110 (¢ur. 2) MOKHO NPUMEHSTH Ui TOJYYEHHUS IMEPBBIX Oa3HCHBIX
U3MEPEHUIl C MOMOLIBIO AATYMKOB dJIeKTpruueckoro Toka 211 (¢ur. 2). tu nepsbie Oa3ucHbe
U3MEPEHUs] MOTYT COZIEPKaTh HOMUHAJIBHBINA TOK, MPOTEKAOLINI MO0 MEHbIIEH Mepe 110 OTHOMY
cunoBomy mnposony 193 wmm 194 (¢ur. 1) wu3-3a Hanmuuus SJIEKTPUYECKUX YCTPOWCTB,
3a0MpaOLINX JJIEKTPUUECKYI dHepruro. Kpome TOro, Ha KaXIoM Jartdyuke (HampuMep, Ha
narynkax 641 u 642 (¢ur. 6) unu garynkax 9411, 941,, ... 941N (ur. 9)) MOKHO BBITIOIHATH
U3MepeHne aMIuMTyAbl U ¢a3bl. Kaxxnoe nmokasanue aMmunTyabl L 3amoMHHAIOT O HA3BaHHUEM
Lerap-N, @ Kaxaoe mokasaHue ¢aspl ) 3alOMHUHAIOT NMOA HasBaHUEM Ocrap-N, rae N sBISIETCS
HOMEpOM JaT4MKa. B HEKOTOPBIX mpuMepax IepBble Oa3MCHBIE N3MEPEHMs BBINOJHSIOT KaK B
nepBoii (ha30BOI BETBH, TaK M BO BTOPOH (pa30BOil BETBU.

B Hekorophx mnpumepax pabodas omeparusi 1860 BKIIOYAET TaKKe OMpenesieHHe
aAMILTUTYAbI M yIJIa cABHUra (a3 HampsoKeHus. YTou cnBura (a3 HampsKeHUs: MOJKHO TPUMEHSTh
IJIE TOTO, YTOOBI MOMOYb PAacCUYHMTaTh yroi casura (a3 Toka. B HEKOTOpBIX mpuMepax s
ompeneneHusl yrina ciasura (a3 HampsoKeHHs MOXKHO TPUMEHSITh JaTYUK SJIEKTPUYECKOrO
HanpspkeHus 228 Ha ¢wur. 2.

Hanee, ciocod6 1800 mo ¢ur. 18 Bkmrodaer pabouyro omepauuto 1861 BpemeHHOro
NOAKJIIOUEHHsI TIEPBOH W3BECTHON KaJMOpPOBOYHOH HArpy3ku K mepBoil ¢a3oBodl BeTBu. B
HEKOTOpBIX NpuMepax kanudbpoouHoe ycrpoiictBo 180 (¢pur. 1 u 11) Moryt moumkiro4arh K
OIHOH U3 KaTMOPOBOUHBIX HArpy30K B KOMMYTHpPYeMbIX Harpyskax 1105, 1405, 1505, 1605 wm
1705 mo ¢wr. 11, 14, 15, 16 u 17 COOTBETCTBEHHO.

3arem, crocod 1800 mo ¢ur. 18 Bkimrowaer pabouyro omeparuro 1862 monydeHHs u
3aIIOMHHAHUS OJTHOTO HUTM HECKOJIbKUX TMEPBBIX KaJHOPOBOUYHBIX M3MEPEHUI B repBoi (a3oBoi
BETBH. B HEKOTOpBIX mpuMepax ceHcopHoe ycTpoiictBo 110 (¢ur. 2) MOXKHO HPUMEHSTH IS
TOJTYYEHUS] TEPBbIX KAJIUOPOBOYHBIX H3MEPEHHI OT JAaTYMKOB JJIEKTpU4YecKoro Toka 211
(¢ur. 2). B HEKOTOpBHIX HpuUMepax MNepBble KaTHOPOBOUHBIE W3MEPEHHUS BBIMONHAKT, KOTJa

U3BECTHAsI KAJIMOPOBOYHAS HArpy3ka u3 KOMMyTHpyeMoi Harpy3ku 1105, 1405, 1505, 1605 wmu
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1705 mo ¢ur. 11, 14, 15, 16 u 17 COOTBETCTBEHHO MOAKJIOYEHA K MepBOH (a30BOH BETBU
(marmpumep, x nuHUM 1 Ha Qur. 15-17). DTa nepsast u3BecTHast KaTMOPOBOUHAsS HArpy3Ka OyneT
oTOMpaTh M3BECTHBIH TOK Liar1. DTH NepBble KaIUOPOBOYHBIE M3MEPEHHS MOTYT COAEPIKATh
HOMHHAJIbHBIM TOK, NMPOTEKAIOLIUNI MO MEHbBIIEH Mepe MO OAHOMY M3 CHJIOBBIX NMPOBOAOB 193
wim 194 (pur. 1) u3-3a HaaUUUsA SJIEKTPUYECKUX MPUOOPOB, 3a0MPAIOIUX DJIEKTPUIECKYIO
SHEPIHIO, U MEePBON U3BECTHON KAINOPOBOYHON HATPY3KH.

Hanpumep, Ha xaxngoMm nartumke (Hampumep, Ha natdukax 641 u 642 (dur. 6) nmm
natunkax 9411, 941z, ... 941n (pur. 9)) BEINOTHIIOT U3MEPEHHNE aMIUIUTY/bI U yIiia caBura ¢as.
Kaxnoe NIOKa3aHHue AMILTUTY bl L 3aIIOMHUHAIOT 1oJ Ha3BaHUEM
Luos-N-1, @ K&KI0€ NMOKa3aHue yria casura ¢as ¢ 3alIOMHHAIOT IO HA3BAHUEM, TAKUM KaK Oxos-
N-1, I7ie N sBIIsieTCS HOMEPOM JIaT4HKA.

B Hekoropbx mpumepax pabodasi omepauusi 1862 BKIIOYAET TaKXKe  ONpeneNeHHe
AMILUIMTYbI U YIJIa CIBUTA (a3 HANPSDKEHHs. YTOoM ciBura (a3 HampspKeHHst MOJKHO MPUMEHSITh
IJI. TOrO, 4TOOBI NMOMOYb PACCUMTATh Yroj ciasura (a3 Toka. B HEKOTOpBIX mpumepax st
ompeneneHuss yria caBura (a3 HampsOKEHUsT MOXKHO TPHMEHSITh IAaTYMK SJIEKTPHYECKOrO
HarnpspkeHus 228 o ¢ur. 2.

Crnoco6 1800 mo ¢ur. 18 nmponomxkatot padoueit oneparpeii 1863, Ha KOTOPOH MEPBYIO
U3BECTHYIO KaJMOPOBOYHYIO HArpy3Ky OTKJIOHYAIOT M KO BTOPOH (ha30BOH BETBH BPEMEHHO
MOJKJIIOYAIOT BTOPYK) M3BECTHYIO KAJIUOPOBOYHYI HArpy3ky. B HEKOTOphIX mpuMmepax
kamuOpoBouHOoe ycTporicTBo 180 (dur. 1 u 11 MOryT moAK/IFOYATh K OJHOM U3 KATUOPOBOUHBIX
HArpy30K B KOMMYyTHpyeMbIX Harpy3kax 1405, 1505 wmm 1605 wa ¢ur. 14, 15 u 16
COOTBETCTBEHHO. B HEKOTOpBIX NpUMepax BTOPYHO H3BECTHYHO KaJHOPOBOUHYIO HArpy3Ky
MOJKJIFOYAKOT KO BTOPOH (ha30Boi BETBH (Hampumep, K JuHuH 2 Ha ¢ur. 15-17).

Hanee, cioco6 1800 mo ¢ur. 18 Brimouaer pabouyro omepanuro 1864 monydeHus u
3aTIOMUHAHUST BTOPBIX KaJHOPOBOYHBIX M3MEPEHHH BO BTOPOW (ha30BOW BETBH. B HEKOTOPBIX
npuMepax ceHcopHoe ycrpoicTBo 110 (¢ur. 2) MOXKHO NPUMEHSITH Ui TOJYYEHUS BTOPBIX
KaJMOPOBOYHBIX M3MEPEHHH OT JAaTYHKOB 3yiekTpuyeckoro Toka 211 (¢wur. 2). Dtu BTOpHIE
KaJHOPOBOYHBIE H3MEPEHHSI MOTYT COAEPKaTh HOMHUHAJIBHBIN TOK, MPOTEKAOIINH 10 MEHBIIEH
Mepe MO0 OAHOMY M3 CHJIOBBIX MpoBonoB 193 mmm 194 (dur. 1) u3-3a HaTMUUS 3JIEKTPUIECKUX
npuOOpOB, 3a0MPAIOLINX 3JIEKTPHUYECKYI0 SHEPTUI0, W BTOPOH H3BECTHOH KaJIHMOPOBOYHOMN
HAarpy3ku. B HEKOTOpBIX mpuMepax BTOpbIE KaJIUOPOBOYHBIE M3MEPEHUs BBIMONHSKT, KOTZA
U3BECTHAsI KaJMOPOBOYHAsI HArpy3ka MOAKIIOYEHa KO BTOPOH (ha3oBOW BETBH (Hampumep, K
auHuA 2 Ha ¢ur. 15-17). Jra BTOpasi M3BECTHasl KaJIMOPOBOUHAs Harpy3ka Oymer oTOupaThb

W3BECTHBIA TOK Lyan -2.
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Hanpumep, Ha xaxnoMm nartumke (Hampumep, Ha natdaukax 641 u 642 (dur. 6) nmm
natunkax 9411, 941z, ... 941n (¢pur. 9)) BEINOTHIIOT H3MEPEHUE aMIUIUTYbI U yIiia caBura ¢as.
Kaxnoe MOKa3aHue AMILIUTY 1bI L 3alIOMUHAIOT non Ha3BaHHEM
Lios-N-2, @ K&KIOE MOKa3aHUe yria capura a3 () 3alOMHHAIOT 11O HA3BAHUEM, TAKUM KaK Osos-
N-2, T N sBJIseTCs HOMEPOM AaTuuKa.

B HekoToprix npumepax pabouast onepanusi 1864 BKIIIOUAET ONMpENeIeHHe aMILTUTYIbI 1
yriaa casura a3 HanpspDKeHUs. YTon ciBura (pas HampspKeHHs MOXKHO NPHUMEHSTh Ui TOTO,
4TOOBI IOMOYb PACCUUTATh Yroi caBura a3 Toka. B HEKOTOPBIX mpumepax Uil ONpeAeseHHs
yria capura a3 HanpspKeHHs] MOKHO TIPUMEHATDh JAaTUUK 3JIEKTPUYECKOro HampsbkeHus 228 1o
¢ur. 2.

3arem, crocod 1800 mo ®UI'. 18 Bkmouaer pabouyro omepauuo 1865 oTkimroueHus
MOOBIX W3BECTHBIX KATMOPOBOYHBIX HArpy30K (T.e. BTOPOH KaaMOPOBOYHOW HArpy3Ku) OT
CHJIOBBIX MPoBOAOB 193, 194 u/umu 195 (¢ur. 1).

Cnoco6 1800 na ¢ur. 18 mnpomomxator paboueit omneparnuert 1860 monyueHus u
3aIIOMHUHAHUS OTHOTO MJIM HECKOJBKHMX BTOPBIX 0a3MCHBIX M3MEpEeHHH. B HEKOTOPBIX mpumepax
ceHcopHoe ycrpoiictBo 110 (¢wur. 2) MOXKHO NPUMEHSTh U MOJYYEHUsT BTOPBIX Oa3HCHBIX
U3MEpPEeHUH OT JaTYMKOB 3JIeKTpuueckoro Toka 211 (¢wur. 2). Otu Bropsle Oa3uCHbIE H3MEPEHUSI
MOTYT COZIep>KaTh HOMUHAJIbHBIN TOK, MPOTEKAIOIUN MO MEHbIIEH Mepe M0 OJJHOMY U3 CHUJIOBBIX
npoBogoB 193 wumu 194 (¢ur. 1) u3-3a HaaMUUS SIEKTPUYECKHX MPUOOPOB, 3a0MPAIOLIUX
SJIEKTPUYECKYI0 SHepruto. llemp 3Toro BTOporo Oa3MCHOrO TOKa3aHUs 3aKIIOYaeTCs B
obecrieyeHnn TOTro, YTOOBI OasuWcHAas Harpyska, KOTOpyK HabOmromanu Ha pabodeli omepanuu
1861, B mpomecce kamuOpPOBKM He H3MEHWIach. Ecimu pe3ynbpTaThl HM3MepeHuil B pabouei
onepauuu 1866 paBHBI pe3ynbTaTy H3MepeHus B paboueli onepaunu 1861 B mpenenax 3a1aHHON
BEJIMYMHBI, Pe3yJbTaThl H3MepeHwuil B padoueil omepauun 1866 moxkHo oTOpocuts. Ecmm
pe3ynbTaThl u3MepeHuil B pabodeli omeparuu 1866 HaXOASTCs BHE MpeNesioB 3aqaHHOU
BEJIMYMHBI, PE3yJIbTAT M3MEpeHus B paboueit omeparuu 1861 moxkHO oTOpocuTh. B nmpyrux
npuMepax padouyro onepanuo 1866 MOKHO MPOMYCKATh.

B HekoTopbix nmpumepax paboudas orepanus 1866 BKIOUAET TakKe padoOUyI0 OMEpaLnio
OTpENeNeHNs] aMIUTUTYAbl U yrila caBura Qa3 HampspkeHus. Yros cnsura (a3 HampspKeHUs
MO’KHO MPUMEHSITh JJISl TOTO, YTOOBI IOMOYb pacCYUTaTh yrou capura (a3 Toka. B HekoTopbIx
npuMepax sl OmpefeNieHus yria caBura (a3 HampspkeHHsT MOXKHO TPUMEHSITh JaT4hK
3JIEKTPUUECKOT0 Hanpspkerus 228 mo ¢wur. 2.

Hanee, cnoco0 1800 mo ¢ur. 18 Brimouaer pabouyro omnepaumto 1867 ompeneneHus
KaJTOpOBOUHBIX KO3 PHUIHEHTOB. B HekoTOpBIX MpuMepax pabodas omepauus 1867 Bkiovyaer

NPUMEHEHHEe KaJHMOpPOBOYHOIO ypaBHEHHs (YpaBHEHHH) AaTdyhka K Oa3MCHOMY H3MEPEHUI0 U
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KQXIOMY W3 KaJIUOPOBOUHBIX HM3MEPEHMH, YTOOBI BBIYHCIUTH KaTHOPOBOYHBIE MHOXKUTENN
ceHcoproro ycrpoiictea 110 (¢ur. 1) nis monydennst KaTuOpPOBAHHOTO PE3YJIbTaTa U3MEPEHUS
TOKAa M0 MEHBIIEH Mepe B OHOM MPOBOJAE, KOTOPBIN CUYUTBHIBAOT CEHCOPHBIM ycTporcTBoM 110.
B HekoTOphIX mpuMepax KamuOpoOBOYHBIE KO3(P(PHUIMEHTB MOXXHO ONPENEeNATbh C IMOMOIIBIO
MOZYJIs KATMOPOBOUHBIX pacueTos 229 (¢ur. 2), Kak OMHUCAHO HUXKE.

Ha ¢wur. 19 mnpomnmocTpupoBaHa MapuIpyTHas KapTa NPUMEPHOrO BapHaHTa
ocymectBieHust paboueii onepaunu 1867 onpeneneHuss KaiuOpPOBOYHBIX KO3((ULIMEHTOB B
COOTBETCTBHM C TIEPBBIM BapUAaHTOM OCYLIECTBIEHHs. B HeKoTOphIXx mnpumepax padouas
orepauust 1867 MOXeT BKJIIOUATh B IIMPOKOM CMBICJIE BBINOJIHEHHE pacdyeTa KaJIuOPOBOUHBIX
koo uumenroB v, Ki, Kz, Y1 u Y2, B pgpyrux npumepax MOXKHO OIpeneNnaTb Apyrue
KaITMOpOBOYHBIE KO (PUILIEHTHI.

IIpu ccbuike Ha ¢ur. 19 pabouass omepauus 1867 Briowaer mnpouenypy 1971
OTpeieIeHUs] MOTEHIUAJBHBIX KaTnOPOBOUHBIX K03 duimenToB mis nepsoii ha3osoii BeTBu. B
HEKOTOpBIX IpuMepax It kaxaoro aaruuka ot 1 1o N (rae N sBisercs 4UCIOM JaTYUKOB B
JaTYHKe 3JIEKTPUIECKOro ToKa) rnpouenypa 1971 MoxkeT BKIIOUATh BBIOJHEHHE pacyeTa XN-1 U
OM-N-1 € UCTIONB30BAHUEM Lerap-N, Ocrap-N, Liar-1, Luos-N-1 1 Qrop-N-1, THE:

XN-I:[\/{LCTap-NZ—’_LHOB-N-l2_2*LCTap-N * Luos-N-1*Cos (QCTap-N— QHOB-N-l)}]/LKaH-l
OmN-1 = Ouos-N-1 — Sin™ [ (Lerapn * Sin (DcrapN— Oroe-N-1 ) ) / (XN-1 * Licare1)].

Kpome Toro, B HEKOTOPBIX TIpuMepax, eciikd Omv.n-1> 180°, To
2 2> 2

OmN-1 = Ovna — 180°

XN-1 = XN * (-1).

PaGouyro omepaumto 1867 Ha ¢ur. 19 nponomxkaror mponenypoin 1972 onpeneneHus
NOTEHIMAJIBHBIX KAJIUOPOBOYHBIX KO3(HUIIMEHTOB AJIsi BTOPOH (a30oBol BeTBU. B HEKOTOPBIX
npumepax Ajs kaxnoro garduka ot 1 go N mpouenypa 1972 mokeT BKIIOYAaTh BBINOJHEHUE
pacueta XN-2 u OmM-N-2 c HCTIOJIb30BAHUEM Lerap-N,
Ocrap-N, Lran-2, Luos-N2 1 Quos-N-2 , THIE:

Xn2 = [V { LerapN® + LiogN-2> — 2 * Lerap-N * Lios-N2*C08 (QcrapN - Brios-N-2) } 1/ Lian-2

u

OMmN-2 = OrosN-2 — Sin™ [ (Lerapn * Sin (Qerap-N - Dros-N-2 ) ) / (Xn-2 * Lian2 ) |-

Kpowme Toro, B HeKOTOpbIX npumepax, eciau Om.n-2> 180°, To

Ovna = Omnao— 180°
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Xn2= Xna2 * (-1).

3arem pabouast omepauusi 1867 Ha ¢ur. 19 Bxmouaer nmpouenypy 1973, Ha koTOpoi
NPOBEPSIIOT AeHCTBUTENBbHOCTh M3MepeHuil. Ilpu mpouenype 1973, eciu Omng = Om-n2 B
npenenax 3ananHoro pomycka (Hampumep, 0,1%, 1%, 5%, 10% wumu 20%) [t Kaxka0ro JaTIuK
or 1 no N, pe3ynabraThl U3MEPEHUI IJIsl STOrO AarT4yvka coxpanstor. Ecau Omn-1 # Omn-2 B
npezenax 3aJaHHOTO JOIMYCKa yIiibl caBUra (a3 Al 3TOro JaTIYHUKa OTOPACHIBAOT.

3arem pabouast onepauus 1867 Ha ¢ur. 19 Bxmouaer npouenypy 1974, na kortopoit
OTIPENENAIOT CTATUCTHUYECKYI0 MOAY Omode AN OM.N-1 AN NAaTYUKOB, HE OTOPOIIEHHBIX HA
npouenype 1973. B HEKOTOpBIX NpUMepax CTATUCTHYECKass MOAAa — 3TO HauOoyee 4acTo
NOBTOPSIIOIIMICSA yroja ciasura (a3 B Ipenenax 3aJaHHOrO JOIMyCKa IJIsl JaTYUKOB, HE
oTOpoOLIeHHBIX Ha npouenype 1973.

PaGouyro omnepauuto 1867 Ha ¢ur. 19 mponosmxkaror mpouenypoit 1975, Ha xoropoi
OTPeeISIIOT TMEePBYI0 YacTh KaJIMOPOBOUHBIX Ko3(duumeHToB. B HEKoTOpBIX NpHMepax u3
OCTAIOIMXCsI TaTYUKOB Ha mpoueaype 1975 BpiOMparOT AaTYMK ¢ HAUOONBIIMM 3HAYEHHEM XN-1
n HazHadaroT Xn1 = Ki, Xno = Ko 1 Omna = Omk. Jlanee 3Tor BhIOpaHHBINH JaT4uk OymeT
umeHnoBatbes gatuukoM K. Jlns octanpHON yacTtu npouenypel 1867 natunk K MOryT uCKiro4arh
U3 TIepeyHs 1aTYUKOB-KaHIUIATOB.

3arem pabouasi onepauusi 1867 Ha ¢ur. 19 Bximrowaer mpouenypy 1976, Ha koTopoi
OMPENENAIOT BTOPYIO YacTh KadHOPOBOUHBIX KO3(duumeHTOB. B HEKOTOpBIX mpuMepax u3
OCTAIOLIMXCS JATYMKOB Ha Tiporienype 1976 BHIOMPAIOT NaTYMK ¢ HAMOOIBIIUM 3HAYEHUEM XN-2
¥ Ha3HA4aroT Xn2 = Y1, Xn2 = Y2 U Qv = Owmy. Jlanee 3Tor BhIOpaHHBINM AaTYUK OyneT
UMEHOBATbCS JATYUKOM Y.

3arem pabouasi onepauusi 1867 Ha ¢ur. 19 Brmowaer npouenypy 1977, Ha koTopoi
ONPENENAIOT TPEThI0 YacTh KaJIUOPOBOYHBIX KO3(duumeHToB. B HEKOTOpBIX mpuMepax
paccuuThIBAIOT DM, TAE:

Om=[ Omy + Omx ]/ 2

Bermenpusenernsie  GOpPMyJIbI, HCHOJB3YEMBbIE MJISI ONPENeNIeHUs] KaJIUuOPOBOYHBIX
K03(pPHULIMEHTOB, SBISIFOTCS BCErO JUIIb MPUMEPHBIMU. B 1pyrux npumepax Iuist pacuera TaKux
K€ WM WHBIX KaJTMOPOBOYHBIX KO3(PQPHUIMEHTOB MOTYT HUCHOJB30BaThCS Npyrue (Gopmysisl
(HarpuMep, THMHEHHbBIE, HETMHEHHbIE, KBAIPATUYHbIC W/WIIA UTEPATUBHbBIC YPABHEHHS).

Hampumep, ceHcOpHOe  yCTPOHCTBO  MOryT  KanmuOpoBaTh (M ONpENeNsTh
NPOTHO3UPYEMbI TOK) € TOMOLIBIO €JUHCTBEHHOrO JaT4yhka. B 3TOM mpumepe IaT4uK
pa3MeIarT B TAKOM MECTe, B KOTOPOM MarHUTHOE TI0JI€ OT TJIAaBHBIX CHIIOBBIX 3JIEKTPHUECKUX
npoBoaoB 193 u 194 (¢pur. 1) CHMMETPHYHO OTHOCUTENBHO JaT4MKa. TO €CTh, MArHUTHOE TI0JIe

OT TJIaBHBIX CHJIOBBIX D3JEKTpUYeCKHXx mnpoBomoB 193 u 194 (¢ur. 1) cummerpudsHO
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OTHOCHUTENBHO AaT4yuka. Kpome Toro, B 3TOM npumepe AaTuuK Z HaxXOIUTCS B MECTE, B KOTOPOM
MarHUTHOE TIOJ€ OT TIJIABHOTO CHJIOBOTO 3JIeKTpHdeckoro mposoma 195 (¢ur. 1),
MPEACTABJISIFOINEro HEUTPaIbHbIM OOpaTHBIN MPOBOJ, PEHEOPEKUMO MAJIO.

HasoBem paTtuuk B 3TOM MeCTe, I/ieé MAarHUTHbIE IOJIsI CUMMETPHUHBI, AaTdyukoM Z. B
5TOM IPUMEPE TOK, U3MEPEHHBIN B aTYUKE Z, paBEH

L,=Kz* Lr[pomos

rae L; — Tok, namepeHHbiil natuyukoM Z, K; - noctosiHHast, U Luporsos — IPOTHO3UPYEMBIN
0o0BeIMHEHHBIH TOK B 1epBOi (pa30BOIl BETBU U BTOPOil (pa3oBoil BETBU.

B stom mpumepe OasncHOe M3MepeHHE TOKa, BBIMOJIHEHHOE B Jaryuke Z Ha pabodueit
onepaunu 1860 mmm 1866, Moryt XpaHuTh Kak L;.gasuc. IlepBble KanumOpOBOUYHBIE M3MEPEHM,
BBINOJIHEHHBIE B JTATYHUKE Z, MOTYT XPAaHUTb KaK Lzxax, @ TOK IIEpBO N3BECTHON KaTMOPOBOYHOMN
Harpy3ku moxet ObiTb AP. B 3TOM npumepe MoskHO paccuurtath Kz, rae:

K;= (Lz-xan - Lz-633uc) / AP

B npyrux mnpumepax MOryT HCIOJNB30BATh JAPYrHe KaJlUOPOBOUHBIE YPaBHEHHS,
TpeOytrourre Oosiee NBYX KaquOpPOBOYHBIX M3MepeHuil. B sTux mpumepax pabouue omnepanuu
1861-1866 (¢ur. 18) MOryT HOBTOPSITH CTOJNBKO pPas, CKOJBKO MOTPeOyeTcst MpU pasHbIX
KaJnOPOBOYHBIX HArpy3Kax, YTOOBI MOJTYYUTh HYXKHOE YHCIIO KATHOPOBOYHBIX TOYEK.

IMocne 3aBepruenusi mpoueaypbl 1977 3aBepmaercs u pabouas omepauusi 1867,
KaJTMOPOBKU KOTOPOH PacCYMTHIBAIOT KATHOPOBOUHBIE KO3 HLIMEHTBI.

CuoBa BosBpamasice k ¢ur. 18, crmocod 1800 na ¢ur. 18 mponmomxkaroT padoueit
onepauueit 1868, Ha koTopol KanmuOpoBOo4HbIE KO3(dHIMEHTH COXpaHsOT. B HEKOTOpPbIX
npuMepax KajauOpoBOYHbIE KO3(P(ULMEHTHI MOTYT COXpPAHSITh B 3aIOMHHAIOIIEM YCTPOWCTBE
226 BbruucnuTenbHoro 6yoka 120 Ha ¢ur. 1 u 2. B Tex e uiu UHbIX pUMepax KaTuOpOBOYHbBIE
K03 (PULIMEHTBI MOTYT COXPaHSTh B 3AIIOMUHAIOIIEM YCTPOHCTBE CEHCOpPHOro ycrpoiicrea 110
w/wn kaauOpoBouHoro ycrporictea 180 Ha ¢ur. 1. B eme ogHMX BapuaHTax OCYIIECTBIICHHS
KaTHOpOoBOUYHBIE KO3()(ULIMEHTHI MOTYT MepenaBaTh B YAAJSHHBIH CepBep Ui XpPaHEHHS U
ucnonbs3oBanus. [Tocie padoueti oneparuu 1868 ciocod 1800 3aBepiieH.

Qur. 20 wurocTpUpyeT OJIOK-CXeMy Ui BapuUaHTa OCYyLIeCTBJeHHs crocoda 2000
OTIpeNesieHUs] MPOTHO3UPYEMOrO0 TOKAa B 3JIEKTPHUECKHX CHIIOBBIX mpoBoaax. Cmocod 2000
SIBIETCS UYHUCTO TPUMEPHBIM M HE OrPAHUYMBAETCS BapUaHTaAMM  OCYLIECTBJICHUS,
NPEeACTaBICHHbIMU B HacTosmeM nokymeHnte. Crocod 2000 MOKHO MCIOJIb30BAaTh BO MHOTHUX
pa3JMYHBIX BapUaHTaX OCYILIECTBJICHUs WJIM TNpPUMepax, KOHKPETHO HE MOKA3aHHbIX WM He
ONMCAHHBIX B HACTOSIIEM IOKyMeHTe. B HEKOTOpBIX BapHaHTaxX OCYINECTBJIEHUs paboune
omepaiyy, MpoUueaypsl u/ i nponecchl crmocoda 2000 MOTyT BBIMOJNHATHL B MPEICTABICHHOM

nopsinke. B mpyrux BapuaHTax OCYLIECTBIICHWs, padodre omepanuu, NpOUEAypbl W/UH
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nporecchl crocoda 2000 MOTYT BBIMOJNHATH B JIEOOOM HHOM MOAXOASINEM mopsiake. B erme
OJHUX BapHaHTaX OCYIIECTBJICHUS OIHA MM HECKOJBbKO pabodmx onepauui, mpounenyp w/wimm
npoueccos B criocode 2000 MOryT 00BEIUHATD UITH MTPOIMYCKATh.

Croco6 2000 mpencraBnsier coboif oOmmii crnoco0 OmpeneieHus MPOrHO3UPYEMO
SJICKTPUYECKON dHepruu (W/WiM SJEKTPUYECKOro TOKa), MOTPeOsieMOd B 3JIEKTPUYESCKHUX
CHJIOBBIX IPOBOJAX. JTOT CIOCOO BKIJIOYAET HCIIOJNIb30BAHHE HECKOJBKUX MPENONpeaeIeHHbIX
KaauOpoBOYHBIX KO3(pdummenToB (cm. cmocod 18 wHa d¢ur. 18) mmsa  omnpeneneHus
NPOTHO3MPYEMOr0 TOKa B CHJIOBOH 3JieKTpudeckoil uH(ppacTpykrype coopyskeHus. Croco0,
OMHUCBHIBAEMBIH HMXKE, MOXKET MHCIONB30BAaThCA [UIsI TOYHOTO pacdera KaJIuOPOBOYHBIX
k03¢ (PULIMEHTOB HE3aBUCUMO OT MOJIOXKEHHUs CeHCOpHOTro ycrpoiictBa 110 (pur. 1) Ha mure 196
(dur. 1) 3a uckmoueHnem cienyromero: (a) eciiu JaTYUKH dJeKTprueckoro Toka 211 (¢ur. 2)
PAacIIONIOKEHbl HACTOJIBKO IAlIeKO OT IJIABHBIX CHJIOBBIX MpoBoaoB 193 u 194 (¢wur. 1), uto
U3MEepSIeTCs] TIOYTH Hepa3JIM4YMMBIH CHTHaJ OT IJIABHBIX CHJIOBBIX mpoBonoB, u (b) ecnmu Bce
IaT4YUKH 3JeKTpudeckoro Toka 211 (dur. 2) pacrnonoxeHsl CIUIIKOM OJU3KO K HEHTPaJIbHOMY
ANIEKTPUUECKOMY CHJIOBOMY TipoBoAy 195 (dur. 1) u maneko OT 3IEKTPUYECKUX CHIIOBBIX
npoBonoB 193 u 194. B HekoTopbIx mpumepax crnocod 2000 Mosker, B 00IKX YepTax, BKIKOYATh
pabouyro onepanuio, Ha KOTOPOH PACCYUTHIBAIOT MPOTHO3UPYEMBIH TOK Li-nporsos ¥ La-nporsos (Kak
OOBIYHO COOOIIAETCS AJEKTPOCUCTEMOI OOLIEro MOIb30BAHMS, MOCTABIISIOMIEH SJIEKTPUUECKYIO
SHEPIHI0) B KaXKIOW BETBU CHJIOBOH 3JIEKTPUYECKON MHPPACTPYKTYpHI (HAIpUMep, B MEPBOM U
BTOPOH (pa30BBIX BETBSIX).

B nekotopsix npumepax crnocod 1800 Ha dur. 18 u cnocod 2000 MOTyT OOBEIUHSATD TSI
co3maHusi crnocoba HCMONMb30BaHUS YCTPOHCTBA ISl M3MEPEHHs MOTPEOJCHUs HSHEPrHH.
AnbrepHatuBHO, cnocod 1800 nHa ¢ur. 18, obObemuHeHHBI co crnocodom 2000, MOKHO
paccMarpuBaTh Kak CHoco0 OmpeneneHus MPOTHO3HPYEMOro TOKa (M/MIIH 3JIEKTPUYECKON
SHEPrHH) B SJIEKTPUYECKHX CHJIOBBIX MPOBOJAX. B 3THMX BapHaHTax OCYIIECTBICHHUS CIIOCOD
1800 MOKeT BBITIONHATHCS OAWH pa3 IJIsl ONpeNeNieHUs KaJTuOpOBOYHBIX KO3(D(UIMEHTOB, a
crioco0 2000 MokeT OBITh MOBTOPHO MEpea JJIsl ONpeNeNieHHs MPOTHO3UPYEMOro Toka (u/wimm
SNEKTPUUECKON HHEpPrur), noTpedasieMOro Harpy3KOM COOPY)KEHHSI B pa3Hble MOMEHTHI
BPEMEHM.

Obparumcs k ¢ur. 20. Crocod 2000 Bkirouaer pabouyro omnepanuio 2061, Ha KOTOPOI
BBITIOJTHSIFOT MEPBYIO CEPHI0 U3MEPEHUH, MCIIONb3Ys MEPBBIH AaTYUK 3JEKTPUYECKOro TOka. B
pa3HBIX BapUaHTaX OCYLIECTBICHHs [JIs1 BBIIOJHEHHWS TIEPBOH CEpPUM H3MEPEHHUH MOTYT
UCTIOJIb30BaTh OAMH U3 AATYMKOB 3JIeKTpryeckoro Toka 211 (¢wur. 2). B HEKOTOpBIX mpuMepax

pabouast oneparmst 2061 MOKeT BKJIIOYATh MPOLEAYPY, HA KOTOPOH HM3MEPSIIOT aMIUIUTYAY MU
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yroxn cnpura (a3 B natunke K. ITokazaHne aMIumMTy bl MOTYT 3alIOMHHATH MO Ha3BaHUEM Lk, a
NOKa3aHue yria casura a3 — nox Ha3BaHueM Ok.

B nexkoropeix mpumepax pabouas omeparmst 2001 BKIIOYaeT TakXke IMPOLEAypy, Ha
KOTOPOH ONpeneNsioT aMIUIUTYIy W yroa casura ¢a3 HanpspkeHus. Yron casura  (¢as
HaNpsDKEHUST MOTYT HCIOJB30BaTh, YTOOBI MOMOYB pacCUMTaTh yroi ciusura ¢as Ttoka. B
HEKOTOPBIX TNPHMEpax IJsl TOTO, YTOOBI ONPENeuTh Yroi cABHra (a3 HampspKeHHs, MOTYT
UCTIONIb30BAaTh JATUUK 3JIEKTPUUYECKOTro HanpspkeHust 228 Ha ¢wur. 2.

3arem crnoco0 2000 Ha ¢ur. 20 Bximovaer pabouyro omepaimo 2062, Ha KOTOpOH
BBITOJIHAIOT MEPBYK CEPUI0 U3MEPEHMM, UCIONb3Yysl MEPBbIA NAaTUUK 3JIEKTPUYECKOro Toka. B
pa3sHbIX BapUAHTaX OCYLUECTBJIECHUsS [JIs1 BbBINOJIHEHUS] IEPBOM CEPUM H3MEPEHUM MOTYT
UCTIONIBb30BaTh OAMH U3 AATYMKOB 3yeKTpuyeckoro Toka 211 (¢ur. 2). B HeKoTOpBIX npuMepax
pabouast oneparust 2063 MOKET BKIJIIOYATh NMPOLEAYPY, HA KOTOPOH M3MEPSIIOT aMIUIUTYAY U
yroia casura (a3 B narunke Y. [TokazaHue aMIiMTy sl MOTYT 3alIOMUHATH IO/ Ha3BaHUEM Ly, a
NOKa3aHKe yria capura a3 — nox HazeaHueM Oy.

B Hexoropeix mpumepax pabouast omepaumsi 2002 BKIIOYAET TaKXKe NPOLENypy, Ha
KOTOPOH ONpeneNsoT aMILUTUTYAy W Yrosl caBura ¢a3 HanpsbkeHust. Kak yke oTMedanocs, yroin
cnsura (a3 Toka paBeH yriy casura (as, U3MEpeHHOMY AATYMKOM, MHUHYC Yroj caBura ¢as
HalpsDKeHNsl. B HEKOTOpBIX mpuMepax Uil TOro, 4YTOObI ONpeneNuTb yroia casura ¢as
HAINpPsDKEHUS, MOTYT UCTIONIBb30BATh NATYHK 3JIEKTPHUECKOro Hanpsikenus 228 Ha ¢ur. 2.

3arem crnoco06 2000 Ha ¢ur. 20 BrirO4YaeT pabouyr omepaumo 2063, Ha KOTOPOH
OMPENENSAIOT MPOTHOZUPYEMYIO 3JIEKTPHUYECKYIO SHEPrHio, MmoTtpedisieMyro B mepBoi (ha3oBoi
BeTBH. B HEKOTOpBIX mpumepax pabouast omepaums 2063 MOXKET BKIOUYATh MPOLERypy, Ha
KOTOpO# onpenessifoT aMIuuTyay Li mepsol ¢a3oBoi BeTBU M yroa casura ¢a3 @, nepsoi
(ha30BOI1 BEeTBH, UCTIONB3YS KaauOpoBouHbie kKoaduumenTol O, Ki, Kz, Y1 u Y2, rae:

Li=[V{(Lg/K2)*+ (Ly / Y2)’ = 2%(Lx / K2)*(Ly / Y2)*Cos (Okx — @) } 1/ [(K1/K2)-
(Y1/Y2)]
u
01 =Tg! [{ (Lx/K2)*Sin(Qk - Om) - (Ly/Y2)*Sin(Qy - Om) } / { (Lx/K2)*Cos(Ok - Om) -
(Ly/Y2)*Cos(Qy - Om) } |

B HekoTOpbIX mpuMmepax MporHo3upyemast SHeprust Pl.mporsos B MEpBON (a30oBOH BETBU
MOXeET ObITh 3JIEKTPUYECKOH SHepruel B mepBoil (a3oBOM BETBH, Kakas OOBMHO coOOIIaeTcs
3NEKTPOCUCTEMO  00Imero TOJb30BaHMA. B  HEKOTOPBIX BapUaHTax  OCYIIECTBICHHUS
NPOTHO3UPYEMBIN TOK L1.mporsos B IEPBOIi (ha30BOI BETBU:

Pl-rrporHo:; = V*Ll*COS(@l)

rae V — HanpsDKeHHne, I3MEepPeHHoe Ha paboueii onepaunu 2062.
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Croco6 2000 nma ¢ur. 20 mnpomosmkatoT pabouell omepaumeit 2064, Ha KOTOPOM
OTIPENENSAIOT MPOTHO3UPYEMYIO SJIEKTPUUIECKYIO SHEPTHIO, TOTPeONIsieMy0 BO BTOPOHl (a3oBoit
BeTBH. B HeKoTOpBIX mpumepax pabodass omepaums 2064 MOKET BKIOYATh MPOLERYPY, Ha
KOTOPOH ompenensoT amiutyny L, BTopoii ¢asoBoii BeTBH u yron ciasura (a3 @» BTOpOH
¢a3oBoii BeTBH, UCTIONB3Ys KannbpoBouHble koaddunuentsl Om, K1, Ko, Y1 u Y2, rae:

Ly =[V{ (Lg/Ki)*+ (Ly / Y1)’ = 2%(Lx / Ki)*(Ly / Y1)*Cos (Okx — @y) } 1/ [(K2/K))-
(Y2/Y1)]
u
Q2 =Tg! [{ (Lx/K1)*Sin(Dk - Owm) - (Ly/Y1)*Sin(Qy - Om) } / { (Lx/K1)*Cos(Ok - Om) -
(Ly/Y1)*Cos(Qy - Om) } |

B HekoTOpBIX ImpUMepax MPOTHO3UpYyeMasl JJIEKTpUUecKast SHEPTUsl P2.npornos, BO BTOPOH
(a30BOil BETBH MOXKET OBITh 3JIEKTPUYECKOH dHEeprueil BTopod (a3oBOi BETBH, Kakash OOBIYHO
co00IaeTCs MEKTPOCUCTEMOH OOIIEro MONIb30BaHUS. B HEKOTOPBIX BapHaHTaX OCYIIECTBICHHSI
IPOTHO3UPYEMBIH TOK P2.iporsos, BO BTOPO#t (ha30BOi1 BETBU:

P2-rrporH03 = V*Lz*COS(@z)

rae V — HanpsbkeHue, u3MepeHHoe Ha paboueit oneparun 2062.

Bo BropoM mpumepe, B KOTOPOM B CEHCOPHOM YCTPOWCTBE MCIOJIB3YIOT JIMIIb OAWH
JAT4YMK Z, ONpeaeaeHrue NPOTHO3UPYEMOM SHEPTUH Prporros SIBISETCS OTHOCUTENBHO NPOCTHIM. B
5TOM IpUMEpPE NATUUK Z Pa3MELal0T B TAKOM MECTE, B KOTOPOM MAarHMTHOE IOJI€ OT IJIaBHBIX
CHJIOBBIX JJIEKTPHUYECKUX NPOBOAOB 193 1 194 (¢pur. 1) cCHMMETPUYHO OTHOCUTENILHO JaT4hKa Z,
U JaT4uk Z HaxXOAUTCS B MeECTe, B KOTOPOM MArHMTHOE IIOJI€ OT TJIABHOTO CUJIOBOTO
ajekTpudeckoro nposona 195 (¢ur. 1) npeHedpeskrmo mMano. B 3ToM mpuMepe 3JeKTPUYECKYIO
SHEPTHI0, U3MEPEHHYIO B IaTYHKE Z, MOJKHO PacCYUTATh MO (hopMmyIie:

PnporH03 =B*L,/Kz

#re V — HanpsDKeHne, u3MepeHHoe Ha paboueli onepaunu 2062, L, — TOK, U3MEpEHHbIH
nataukoM Z Ha paboueit omepaumu 2061, K, — moctosiHHast (yke omnpeneieHHas Ha pabouei
onepaunu 1867 Ha ¢ur. 18).

Croco6 2000 nma ¢ur. 20 mpomosmkatoT pabouell omepaumeit 2065, Ha KOTOpOI
NPOTHO3MPYEMBIH TOK B MEPBOH M BTOPOH (ha30BBIX BETBSIX HCIONB3YIOT W/WUIH COOOIIAOT.
CymmapHas nporHosupyemasi dJeKTpuueckas SHeprusl Puporsos — 3TO CyMMa MPOTHO3HUPYEMO
3NIEKTPUUECKON HEPTUU B MIEPBOH (a30BOH BETBU M MPOTHOHPYEMOH JEKTPUUECKON SHEPTHU
BO BTOPO (pa30BOM BETBH:

Pl‘[pOI‘H03 = P2-rrporH03 + Pl-r[pomos
B HexkoTOphIX mpHMepax SJEKTPUUECKYI0 JHEPruro, NOTPedNsieMyr0 Harpy3kod B

coopykeHrH (T.€., Pupormos), MOTYT OTOOpaXkaTh IMOJIb30BATEIO HA YCTPOMCTBE CBSI3H C
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nojp3oBareneM 134 BeruucaurensHoro Omoka 120 (pur. 1 m 2). B apyrux mnpumepax
noTpedIIeMyI0 3JIEKTPHYECKYIO SHEPTUro (W/WiIM MPOTHO3HPYEMbIH TOK) MOTYT COOOINATh B
3JIEKTPOCUCTEMY OOINEro MOJb30BAHMS, MOCTABIBIIOLIYIO 3JIEKTPUUECKYIO SHEPTHIO, WIH MOTYT
co00IIaTh APYTUM CYOBEKTaM.

B eme onHuX BapmaHTax OCYIIECTBJIEHHS MPOTHO3HPYEMBIH TOK MOTYT HCIIOJIb30BATh
NP J€3arperupoOBaHUM HArpy30K, OCHOBAHHOM Ha CTYIEHYaTOM M3MEHEHUH U yrie casura das
Meskay HaOJIF0aeMbIM TOKOM M HampspkeHueM. Berauciaurensablii 650k 120 MokeT onpenensith
U YCTAHABJIMBAThb CTYyNEHUYaTOE H3MEHEHHe (TIOBBIIICHHWE WM CHIDKEHHE TOKa) B OJHO HIIU
HECKOJIBKO 3JIEKTPUYECKUX YCTPOICTB B COOPY)KEHUH JJIs yKa3aHHs Ha €ro HMCIIOJIb30BaHHE.
HanpHelilee ae3arperupoBaHUE MOXKET OCYLIECTBIISATBCS IyTE€M HAONIONEHHs] MPUCYTCTBUS
anekTpoOrIToBbIX NpudopoB 120 B u 240 B mo nanHbIM 0 TOKe B kaxkaod (as3osoii BeTBu. B
JOTIOJTHEHNE K CTYINEHYaTbM H3MEHEHMsM CYMMapHOIO TOKA, CTYIEHYaTble H3MEHEHHUs B
KOKIOH OTAeNbHOH (ha30BO BETBM HASHTU(PUUMPYIOT TAKXKE HAJIUYHME WHOW HArpy3Kd HIIH
3eKTPOOBITOBOrO mpubopa (T.e., MOJOOHBIX HArPy30K, YCTAHOBJIEHHBIX B Pa3HBbIX MECTAaX B
3nanun). M3menenwe yrna cpasura a3, HaOmomaeMoe H3-3a BHYTPEHHErO0 PEaKTUBHOIO
COTNPOTHUBIIEHHsI YCTPOMCTBA, IO3BOJIIET MIACHTU(GHLUPOBATH PEAKTUBHbIE HArpy3ku (T.e.,
BEHTWJISATOPBI, 3JIEKTPOABHUIATENN, MHKPOBOJHOBBIE I€YH, KOMIpeccopsl). IIporaosupyemoe
pPEaKTUBHOE COMPOTHUBJICHUE He TPeOyeTcs: — OCTATOYHbBI HAOI01aeMble HeoOpaOOTaHHBIE YIJIbl
cnBura (a3, moka OHHM arpUOPH CBSI3aHBI C YCTPOHCTBOM. B HEKOTOPBIX MpHUMepax MrHOBEHHOE
U3MEHEHHEe MOTPeOJIEHUsI TOKA B CHUJIOBOM 3JIEKTPHYECKOW HMH(PPACTPYKTYpe MONKET OTPakaTh
NYCKOBYK) XapaKTEPUCTHKY YCTPOMCTBA, KOTOpass MOXKET XapaKTepH30BaThb ObITOBBIE
ANEKTPONPHOOPBL. DTOT CHOCOO BKIIOYAET UCIONb30BAHUE CpPaBHEHHUs ¢ [mAOJOHAMH B
U3BECTHON OMOJIMOTEKE MYCKOBBIX «MOAMHCENH» U KJIACCU(PHUKAIIMU HEM3BECTHBIX HArPy30K.
DTO MNPOCTPAHCTBO NPU3HAKOB HAMHOTO MEHEE UYBCTBHTEIBHO K MEPEKPBIBAIOIIUMCS
KaTeropusiM YCTPOHCTB M CIOCOOHO pa3iesiTh MHOTHE YCTPOHCTBA C AaHAJOTHYHBIMHU
HAarpy30YHbIMH XapakTepUCTUKaMu. Hampumep, [ABa 3JIEKTPOABHIaTedst € TMOAOOHBIM
NnoTpeOJIeHHeM aKTHBHOH M PEAKTUBHOW MOINHOCTH MOTYT MpPOSIBISITH BEChbMa Pa3HSIIHECS
NYCKOBBIE TPU3HAKA M, 3a CUET STOrO0, JAe3arperupoBaThCS. IJTOT MOAXOA MOXKET OBITh
NPUEMJIEMBIM JJISL 3JIEKTPUUYECKUX YCTPOKNCTB, MOTpeOssromue OONbIINe TOKOBbIE HArpy3KH
WK, TI0 MEHbLIeH Mepe, moTpedisonine OonblIie TOKUA MpHu nycke. Mcenone3ys stu paboune
OTIepaLiy, HAarPy3KH B CUJIIOBOH 3JIEKTPHUYECKON HHPPACTPYKTYPE MOXKHO J1€3arpEerHpOBaTh.

ITocne paboueii oneparuu 2065 ciocod 2000 3aBepiieH.

@ur. 21 wWuUIIOCTpUpPYEeT TMPUMEpP NEPBOrO MECTOMOJOKEHUS [IBYX JaTYMKOB
3JIEKTPUYECKOrO TOKA OTHOCHUTENIBHO IJIABHBIX CHJIOBBIX 3JIEKTPUYECKUX NMPOBOAOB 193, 194 un

195 (¢pur. 1) B COOTBETCTBUU C OJHMM BaPHAHTOM OCYIIECTBJICHUS. MECTOIONOKEHHE IBYX
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IAaTYNKOB 3JIEKTPUYECKOrO TOKa, MOKa3aHHOe Ha ¢ur. 21, MCToNb30BajoCh A TPOBEPKHU
ciocoba kanmuOpoBku 1800 ma ¢ur. 18 m cmocoda onpemenenus Toka 2000 Ha Qur. 20.
Harpy3ku, NOAKIIOYEHHBbIE K IVIABHBIM CUJIOBBIM 3JIEKTpHUYECKUM mnposojgaMm 193, 194 u 195
(¢pur. 1), mpoOU3BOIBHO BKIIFOYAIUCH U BBIKJIIOYAIUCH. [Ipy 3TUX MPOU3BOJIBHBIX BKIFOUEHHSX U
BBIKJIFOUEHUSAX HAarpy30K C TIIOMOLIBK) YCTPOMCTBA KOHTPOJIA TOKa KOHTPOJMPOBAJICS
¢akxTuueckuii Tok. Ilocne BbIMONHEHUS H3MEPEHHH C TOMOIIBIO ABYX JATUYUKOB 3JIEKTPUIECKOTO
TOKa ObUIM PacCYUTaHbI M IMPOTHO3UPYEMBIE TOKH € UCHONIb30BaHUEM criocobos 1800 u 2000 Ha
¢ur. 18 u 20 coorBerctBeHHO. Dur. 22 wuOCTpUPYeT TpaduK, CPABHUBAKOLINNA TOKH,
nporHo3upyemele cniocodbamu Ha ¢ur. 18 u 20, ¢ u3smepenHpIMu Tokamu. Kak nmokaszano Ha ¢wur.
22, IpOrHO3UpPYEMBbIE TOKU OJIM3KO OTPAKAIOT U3MEPEHHBIE TOKH.

Qur. 23 WUIOCTPUPYET TMPUMEP BTOPOrO MECTOMNOJIOKEHHUS] JBYX JaTYUKOB
3JIEKTPUYECKOrO TOKA OTHOCHUTEJIBHO TIJIABHBIX CHJIOBBIX 3JIEKTPUYECKUX NMPOBOAOB 193, 194 u
195 (¢ur. 1) B COOTBETCTBUH C OJHHM BapUAHTOM OCYLIECTBJICHHs. MeCTOIMOJOXKEHHE IBYX
IaTYUKOB 3JIEKTPHUYECKOTO TOKA, MOKa3aHHOE Ha (ur. 23, TaKKe HCHOIb30BAIOCH AJISI TPOBEPKH
ciocoba kamuOposku 1800 Ha ¢ur. 18 m cmocoba ompenenenust Toka 2000 Ha ¢ur. 20.
Harpysku, nogkiaro4deHHblEe K IJIaBHBIM CHJIOBBIM 3JIEKTpU4YeCKUM mposogam 193, 194 u 195
(¢bur. 1), TpOU3BONBHO BKJIFOYAINCH U BBIKIIOYAIUCH. [Ipy 3THX NPOU3BOIBHBIX BKIIOUEHUSX U
BBIKJIFOUEHUSAX HArpy30K C TIOMOINBIO YCTPOWCTBA KOHTPOJIsSl TOKA KOHTPOJUPOBAJIC
(akTudeckuii Tok. ITocie BbIMONTHEHUS] H3MEPEHHI ¢ TOMOLIBIO ABYX JATUYUKOB 3JIEKTPUIECKOTO
TOKa OBUIM PAacCYUTAHBbI M MPOTHO3HPYEMbIE TOKH C HUCHOJb30BaHUEM criocoboB 1800 u 2000.
@ur. 24 wnnroctpupyet rpaduk, CpaBHUBAKOLINI TOKH, TPOrHO3UpyeMble criocodamu Ha ¢ur. 18
u 20, ¢ w3mepeHHbIMU TOKamu. Kak moka3zaHo Ha ¢ur. 24, MpOrHO3UpPyeMble TOKH OJIM3KO
OTpa’karOT U3MEPEHHBIE TOKH.

XoTs n300peTeHne OMUCAHO CO CChUIKAMHM Ha KOHKPETHBIE BAPHAHTBI OCYINECTBJICHUS,
crienuaNIucTaM OyJeT sSICHO, YTO BO3MOJKHBI PA3JINYHbIE M3MEHEHHs B INpenesiax CYIIHOCTH U
oobema n3o0pereHusi. COOTBETCTBEHHO, PACKPHITHE BAPHAHTOB OCYIIECTBICHHS H300pETEHUS
NpeAHA3HAYeHO CIY)KUTh WUIOCTpalueld o0beMa H300peTeHHs, U He NpeJHa3HaueHO
orpaHnuuBaTh ero. Ilo HamepeHusiM aBTOPOB, 0OBEM H300PETEHUS NOJDKEH OrpPaHUYHBATHCS
Iue B Mepe, Tpebyemoi mputaraemoit ¢opmyiioli mzoOpereHus. Hampumep, cneuuanucty
Oyzer Jlerko MOHSATHO, 4To padoune onepanmu 1860, 1861, 1862, 1863, 1864, 1865, 1866, 1867
u 1868 na ¢ur. 18, mpouenypsr 1971, 1972, 1973, 1974, 1975, 1976 u 1977 wa ¢ur. 17 u
pabouue omeparuu 2061, 2062, 2063, 2064 u 2065 Ha dur. 20 MOTYT COCTOSITH U3 MHOTHX
pa3HBIX pPa0OYMX OMNepanuii W TPOUEAYP W MOTYT BBINOJHATBCS MHOTMMHU Pa3IMYHBIMU
MOZYJISIMHA, BO MHOTHX Pa3JIMYHBIX MOPS/KAX, YTO JIOOOH 3neMeHT Ha ¢ur. 1 Moxer ObITh

U3MCHCH, W UYTO BBILICTIPUBEACHHOC pPaCCMOTPECHHUE HEKOTOPBIX HW3 3STHUX BAPHUAHTOB
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OCYILECTBJICHUs] HE 00I3aTENIbHO MPECTABIISAET IIOJIHOE ONMHCAHHE BCEX BOSMOKHBIX BApPHAHTOB
OCYIIECTBIICHHUS.

Bce snementsl, 3asBiseMble B JTIOOOM KOHKPETHOM IMYHKTE (POpPMYJbI H300peTeHHs,
ABJIIOTCA CYIIECTBECHHBIMU IJIs1 BapUaHTAa OCYLICCTBJICHHS, 3asBJISICMOIO B 3TOM KOHKPETHOM
nyakre. ClenoBaTeNbHO, 3aMEHa OIHOTO HJIM HECKOJbKHX 3asBJIIEMBIX OSJIEMEHTOB SIBJISET
co0O PEKOHCTPYKINIO, a HEe peMOHT. KpoMe TOro, BBITObI, UHBIE MPEUMYIIECTBA U PELICHHS
npoOJieM ONMCaHbl MPUMEHHUTENbHO K KOHKPETHBIM BapHaHTOM ocyuiecTsieHus. Cruenyer,
OJTHAKO, OTMETHUTb, YTO 3TH BBITOJbI, IPEUMYLIECTBA, PEIIEHHs POOIeM U 000N 3JI€MEHT WIn
OJIEMCHTBI, KOTOPbLIE MOIYT BbI3BATb WJIHW YCHIIUTb J'[}06y}0 BbI'OAy, MNOPEHUMYLHECTBO WA
peICHUEC, HE NOJI’KHBI TOJIKOBATHCS KAK KPUTHYCCKUC, Tpe6yeMbIe HJIN CYHICCTBECHHBIC ITPU3HAKN
WJIA DJIEMEHTHI JIIOO0r0 MIIM BCEX IMYHKTOB, €CJIM 3TU BbIIOJbl, MPECUMYILICCTBA, PCHICHUA WA
HJIEMEHTBI HE YKa3aHbl B 5TOM ITyHKTE.

Kpome TOro, BapmaHThl OCYINECTBJIEHUS W OTPAHUUEHMsS, PACKPBITHIE B HACTOSLIEM
JNOKYMEHTe, He TIepefaroTcs B OOIIECTBEHHOE IIOJb30BAHUE II0 JOKTPUHE IIepefadd B
o0IIeCTBEHHOE IMOJIb30BAHUE, €CITU STH BAPHAHTBI OCYINECTBIICHMs W/Wiu orpanudeHus: (1) He
BBIPQKEHBI TIOJIOKUTENbHBIM o0Opa3soM B (Qopmyne wn3oOperenus, u (2) SBISIOTCA WIH
NOTEHIMABHO SIBJSIFOTCS SKBUBAJIEHTAMH IIOJIOXKHUTENBHO BBIPAXKEHHBIX JJIEMEHTOB H/HMIH

orpaHu4eHuil B popmyJiie n300peTeHns 0 TEOPHH (IOKTPHUHE) SKBHBAJIECHTOB.



POPMYVYJIA H3OBPETEHUA

1. Crioco6 xanmnOpPOBKU CEHCOPHOTO YCTPOMCTBA MAarHUTHOTO TOJISI, COEIUHEHHOTO C
NEPBOH MOBEPXHOCTHIO KOPOOKH aBTOMATHYECKOTO BBIKIIFOYATENSI, PACIIONIOKEHHON MOBEPX,
O MeHbIIEH Mepe, YacTH CHJIOBOH SJEKTPUYECKOH HWH(PACTPYKTYpbl 3HaHUS, HPUYEM
CHJIOBasE DJJIEKTPUUECKass HWHQPPACTPYKTYpa COAEPKUT OOUH WM HECKOJBKO TJIABHBIX
NPOBOJIOB 3JIEKTPOCHAOKEHHSI, TIEPBYIO (Pa30BYIO BETBb U BTOPYIO (ha30BYIO BETBb, IPU 3TOM
CEHCOPHOE YCTPOWCTBO MAarHUTHOTO TOJSI COAEPIKUT IBa WM Oojiee NaTUUKOB MarHUTHOTO
TOJIs, IPUYEM CIIoco0 IpeayCMaTPUBAET:

OmnpefeseHne NpU TMOMOLIM CEHCOPHOIO YCTPOMCTBA MArHUTHOIO IIOJsS MEPBOU
AMIUTMTYAbl M TEPBOr0O yria ciasura (a3 mepBOro MAarHUTHOTO MOJSI B JBYX WM Oosee
JATYUKAX MAarHUTHOTO MOJIsA, BXOAALIUX B COCTaB CEHCOPHOIO yCTPOMCTBA MarHUTHOTO MOJI,
IPU 5TOM CEHCOPHOE YCTPONCTBO MAarHUTHOTO MOJSI COEJUHEHO C MEePBOH MOBEPXHOCTBHIO
KOPOOKHM aBTOMATHYECKOTO BBIKIIFOUATEIIS,;

NOCJIe TOTO Kak MEPBYK HArpy3Ky COSIUHWIN C MEepBOM (ha30BOM BETBBIO CHIIOBOMU
JNEKTPUYECKOW HMHQPPACTPYKTYPBI, ONpelesieHne IpH IOMOIIM CEHCOPHOIO YCTPOHCTBA
MarHUTHOT'O TIOJIsi BTOPOM aMILTUTYABI M BTOPOTO yriia caBUra ()a3 BTOPOr0 MarHUTHOTO MOJIS
B IBYX WM OoJiee AaTYMKaX MArHUTHOTO TOJIs, BXOMSIIUX B COCTAB CEHCOPHOTO YCTPOMCTBA
MAarHUTHOTO MOJIs, IPU 3TOM CEHCOPHOE YCTPOWCTBO MAarHUTHOTO MOJIsi COEAUHEHO ¢ NEPBOU
MOBEPXHOCTHIO KOPOOKH aBTOMATHYECKOTO BBIKJIFOYATESI, M TepBasi Harpy3ka COEIMHEHa C
nepBoii (ha30BOI BETBBIO,

MOCJIe TOTO KaK MEePBYI HArpy3Ky OTCOEAMHMIIN OT MEepBOU (ha30BOI BETBH CUJIOBOMU
DIEKTPUUECKOH HMH(PPACTPYKTYPHl M BTOPYIO HArpy3Ky COEAMHWIM CO BTOpPOH (ha3oBOM
BETBBIO CHJIOBOH 3JIEKTPUUECKON MHPPACTPYKTYPHI, ONPEAESIeHHE MPU OMOIIU CEHCOPHOTO
YCTPOHCTBA MarHUTHOTO TIOJS TPEThEH aMIUIUTYABl U TPEThEro yriia CIBUTA (a3 TPETHEro
MAarHUTHOTO TIOJII B JBYX HJIM OoJjiee JAaTYMKAaX MAarHUTHOTO IOJIs, BXOMASIIUX B COCTaB
CEHCOPHOI'0 yCTPOMCTBA MArHUTHOIO MOJsi, IPU 3TOM CEHCOPHOE YCTPONCTBO MATHUTHOIO
NOJIsI COCAMHEHO C TMEePBOH IMOBEPXHOCTBIO KOPOOKHM aBTOMATUYECKOTrO BBIKIIOUATENS, U
BTOpAasi HArPy3Ka COeMHEHa CO BTOPOH (ha30BOM BETBBIO; U

omnpefeseHue MpHU MOMOILIM KOMIIBIOTEPHOIO MPOLIECCOpPa OJHOIO MM HECKOJIBKUX
KaTMOpOBOYHBIX KO3()(PULIMEHTOB IJIsI CEHCOPHOrO YCTPOMCTBA MArHUTHOTO TIONSL €
HCIIOJIb30BAHUEM, 110 MEHBLIEH Mepe, YaCTUYHO, NEPBOM aMIIJIMTY/bl U MEPBOro yria CABUra
(a3 mepBOro MAarHUTHOrO MOJISI B ABYX MM OoJee NaTYMKaX MArHUTHOTO TIOJsI, BTOPOH

aAMIUTUTYIbI ¥ BTOPOrO yria caBura (a3 BTOPOrO MarHUTHOTO TMOJNISL B JIBYX WiK Oosee



JaTYNKaxX MAarHUTHOTO TOJSI U TPETbeH aMIUIUTYIbl M TPEThEro yriia casura (a3 TPEThero
MarHUTHOTO TOJIS B IBYX WM O0JIee NaTYMKaX MArHUTHOTO TOJIs,

IPU 3TOM:

CEHCOPHOE YCTPONCTBO MAarHUTHOTO IMOJIsI 3JEKTPUYECKU IOCIENOBATENbHO WU
¢u3nueckn HEMOCPENCTBEHHO HE COEOUHEHO C OJHUM WM HECKOJIbKMMH TJIABHBIMU
NPOBOJAAMH  3JIEKTPOCHAOXKEHHUST B KOPOOKE aBTOMATHUYECKOTO BBIKJIIOUATENs, KOrza
CEHCOPHOE YCTPOWCTBO MAarHUTHOTO IIOJII COEJUHEHO C IEPBOIl MOBEPXHOCTBIO KOPOOKH

ABTOMATHYCCKOI'O BBIKJIFOYATEIIA.

2. Crioco0 1o 1. 1, ZOTOTHUTENBHO NPEayCMaTPHUBAFOIIIHIA:

MOCJIe TOTO KaK MEePBYI0 HArpy3Ky OTCOEAMHIUIA OT NepBo (a30BOI BETBH CUJIOBOU
ANIEKTPUUECKON HH(PPACTPYKTYpbl U BTOPYIO HArpy3Ky OTCOEIMHHJIM OT BTOpOHl (ha3oBoi
BETBH CHJIOBOW 3JIEKTPUYECKON HUH(PACTPYKTYpBI, ONpEAeSeHUEe MPU MOMOLIH CEHCOPHOTO
YCTPOWCTBA MArHUTHOTO TMOJiI YETBEPTON AaMIUTUTYAbl M YETBEPTOro yria casura ¢as
YeTBEPTOr0 MAarHUTHOTO TMOJI B IBYX WM 0OJiee JaT4yMKaX MArHUTHOTO MMOJIS, BXOMISLIMX B
COCTaB CEHCOPHOIO YCTPONCTBA MAarHUTHOIO IMOJIsA, HPU 3TOM CEHCOPHOE YCTPONCTBO
MAarHUTHOTO TOJII COEAMHEHO C TMepPBOW TOBEPXHOCTHEO KOPOOKHM aBTOMATUYECKOTO
BBIKJIFOUATENIS, U

ONpeneNeHue TOro, HaXOAUTCSA JIM YeTBepTash aMIUIUTyJa U YETBEPThIM yroj CIBUTA
(ha3 4eTBEPTOro MAarHUTHOTO MMOJIsI B ABYX HJIKM OOJiee NaTYMKaX MarHUTHOTO TOJIS B Mpeaeax
MPeIBAPUTENILHO ONPEEIEHHON BeJTMYMHBI TIEPBOI aMIIUTYAbI U TIEPBOTO yIia cABUra ¢as

MEPBOro MariuTHOrO MoOJId B ABYX UJIHU Oonee JaTYUKaX MAarHUTHOI'O I10JIA.

3. Crocod no modomy 13 . 1 Wi 1. 2, JONOJHHUTENBHO MPEyCMaTPUBAIO LIHIA:

AJIEKTPUYECKOE COSNMHEHUEe TMEPBONM HArpy3KH C TMepBO (ha30BOM BETBBIO CHIIOBOM
ANEKTPUUECKON HHPPACTPYKTYPHL,

ANEKTPUUECKOE OTCOCIUHEHHE TIEPBOM HArpy3KH OT MepBOil (Pa30BOI BETBU CHIIOBOM
ANEKTPUUECKOH HHQPACTPYKTYPBl IO TOrO, KaKk BTOpas Harpy3ka COEIMHEHa CO BTOPOH
(ha30BOI BETBBIO CUIIOBOH 3JIEKTPHUECKOH HHPPACTPYKTYPHI, H

BJIEKTPUYECKOE COSIUHEHHE BTOPOUM HATrPy3KH CO BTOPOU (ha30BOIl BETBBIO CHIIOBOM
3NEKTPUUECKOH MHPPACTPYKTYPHI IMOCHE TOTO, KaK MepBasi Harpy3ka OTCOEIUHEHA OT TepBOH

(a30BOI BETBH CHIIOBOM 3JIEKTPUUECKONH HHPPACTPYKTYPBL



4. Cnoco0 no mobomy u3 1. 1, m. 2 unu m. 3, B KOTOPOM OIpeaeNieHHe PU TTOMOLIH
KOMITBIOTEPHOTO TIPOLIECCOPa OAHOTO MM HECKOJIBKHUX KaTHOPOBOYHBIX KO3((PULIHMEHTOB AJIs
CEHCOPHOTO YCTPOHCTBA MArHUTHOTO TOJISI TPEyCMaTPUBAET:

OlpeneNieHue, AN KaXOIOro M3 IBYX WM Oojiee NaTYUKOB MArHUTHOTO TIOJIS,
KaTMOpOBOYHBIX KO3(PPHUIMEHTOB NEPBOIl BETBU /IS TEpBOH (Pa30BOI BETBH;

OlpeneNieHue, AN KaXOIOro M3 IBYX WM Ooiee NaTYUKOB MArHUTHOTO TIOJIS,
KaTMOPOBOYHBIX KO3(PHUIIMEHTOB BTOPOH BETBH Uil BTOPOH (pa30BOI BETBY;

OnpeneNieHue, AN KaXOIOro M3 IBYX WM Oojee NaTYUKOB MArHUTHOTO TIOJIS,
pe3yibTaTa CpaBHEHHUs, IO MEHbLIEH Mepe, YaCcTH KalIuOpPOBOYHBIX K03((PULIMEHTOB nepBoi
BETBHU U, 10 MEHBLIEH Mepe, 4acTH KaTUOPOBOYHBIX KO3(PHUIIMEHTOB BTOPOI BETBH;

OTpeNeNIeHNe CTATUCTHYECKOW MOIbI JJIsi OCTAIOLIMXCS AATYUKOB, KAKABIH U3
KOTOpBIX BbIOpAaH M3 ABYX WM Oojiee NaTYMKOB MAHUTHOTO TOJIS, TAE, Al KaKAOro W3
OCTAIOLINXCSl JaTYUKOB, PE3yJIbTAT CPABHEHUs], MO MEHbIIEH Mepe, YacTH KaJIHOPOBOYHBIX
k03 (pULMEeHTOB TepBO BETBM M, MO MEHbIIEH Mepe, 4YacTH KaJTuOPOBOYHBIX
k03¢ pULIHEHTOB BTOPOI BETBU HAXOIUTCS B Mpeeiax 3aJaHHOTO JIOMYyCKa; U

OlpefeJieHne TEepBOH 4YaCTH OFHOTO MM  HECKOJBKHX  KaJTHMOPOBOYHBIX
k03¢ PULIHEHTOB, BTOPOH YaCTH OAHOTO WJIM HECKOJBKUX KATUOPOBOYHBIX KO3()PHLIMEHTOB U
TpeTbeil 4YaCTH OJHOTO MJIM HECKOJIBbKHX KaTHOPOBOYHBIX KO3()(HULIMEHTOB HA OCHOBAHUH, TIO
MEHbLIEH Mepe, YaCTUYHO, KaJTuOpPOBOYHBIX KO3(P(PULMEHTOB TepBO BETBU U

KaJuOPOBOYHBIX KO3(D(PUIIMEHTOB BTOPOI BETBU OCTAIOIIUXCS TATYHKOB.

5. Cnocob o robomMy u3 1. 1, m. 2, m. 3 uin 1. 4, B KOTOPOM:

CEHCOPHOE YCTPONCTBO MArHUTHOTO TOJISI JIOMOJHUTENBHO CONEPKUT (Pa3OBBIH
JETEKTOp, JIEKTPUYECKH COSTMHEHHBIN ¢ BBIXONAMU JIBYX WJIHM 0OOJiee TaTYUKOB MArHUTHOT'O
TOJIST; U

(a30BbIil TETEKTOP BBIMOJHEH ¢ BO3MOXKHOCTBIO OIMpENesIeHHs], KOTAa Yrojl CIABUTa
(a3 mepBOro CUTHAjia B MEPBOM JAaTYMKE MATCHUTHOTO TOJISl M3 JIBYX WIH OoJiee NaTYUKOB
MArHUTHOTO TOJISI CABUHYT NpuOnmm3uTenibHO Ha 180 rpaaycoB OTHOCHTENBHO yrjia CIABUTA
(a3 BTOpPOro CHrHajga BO BTOPOM JaTYMKE MArHUTHOTO TMOJSI U3 JIBYX HJIM OOJiee JaTYUKOB

MarHuTHOT'O ITOJIA.
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