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BBEJ EHHYE

Onpenenenne mecr nospexpenns (OMI1) sospyunwx auuuit (BJ)
Hanpsxenrem 110 «B u pwme ¢ momoumpw PuxcupyvumMx npnéopos (MH-
AMKATOPOBE) CTAJNO HEOTBEMNEMO# YaCTbD TEXHMUECKOro OOCHYXHBAHUSA
anexTpuueckux ceredt. llo namwm sxeprocucrem [I] , no cocrommuo
Ha I auaps 1988 r. ocHawenHocrs Bl Hanpsxenuem 110 «B u sume
VKa3aHHEMK NPUOOpaMy B GONBUMHCTEE M3 HUX cocTaBuia Gonee 90%
nporsxkeHsocTy B mnunofi 20 xM » Goabme. [ipyro#f noxkassrens -
cpelHee JNvHelHOe OTKIOHEHMe Ha paccMaTpuBaeMul Nepuol COCTapui
oxoro S% mmmmw Bll. SfdexrTusHOCTL noKcka mecT nospexperns Bl
MpM HeycTORuMBEX KOPOTKMX 3aMuxannax (K3) cocraswra oxomo 40%
MpoBepeHHX npu ofxope Bl ¢ TaxyuM NOBpEeXnEHMEM.

Hacroaume Meromyueckue yKal3aHus ABAADTCA lepepal oTaHHEM
¥ AONOXHEHHEM U3gsHVeM DaHee BHIIYUECHHHX MeTofrueckux yKasanuih
[2] , B KOTOPOM yuTeHH 3aMeYaHus M TpennoxeHus Bexopycckoit,
bpaucroit, JonGacckolt, Kapeabckoit, Knesckot, KyaGacexoit, Kyp-
ckoit, JenuHrpanckoit, Juroscxko#t, Mockosckoit, Pocrosckoit, Yeng-
OyHcko#t ¥ YaGexckoft aneprocucrem, a Taxke (Y CepepHoro Kap-
Ka3a.

MeTOAKYECKMMU YKA3BHUAMM NPEAYCMaTDUBAETCA IIPHMEHEHUe
duxcHpyourx npuéopop (MHAMKATOPOB) M ZPYrux ycrpoitcTe, Ccepuil-
HO BHNyCckaeMmuXx 3aBoilamu Copercxoro Comsa. OnucaHue $UKCHpYyDUMX
npuoopor B MeTONMUECKHX yKa3aHMAX He NPUBOUMTCSH, TaK KAK OHO
NODPOOHO U3NAr8eTCA P TEeXHUUECKOR IOKYMEHTaUMK 3aBODS-H3IOTO-
BUTENR, & Taxxe B JurTeparype [3:5)] . He orpaxesn Taxxe monpoch
oprakusanmy pabor ang OMIl ¢ nomombo PUKCHPYDEMX MPUOGOPOB, KO-
TOPHE MANOBEHH B [6] .

Meronw OMIl, paccmaTpuBaeMme B HacTogumx MeTopuuecKux yka-
38HHAX, OCHOBA&HH HA HCHOXbBSOBAHHH NapaMeTpOB 8BAPHAHOrO pexH-
M3, M3MEepAEMHX ¥ 33NOMMHAeMHX B YCTAHOBHHIEMCH PeXuMe KOPOTKO-
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ro sampkalug Bl 10 ee oTkapueHus or ycrpoiticrsa P3A [7,8] . K
TaKMM NapaMeTpaM OTHOCHATCA (a3HHe TOKM M HalpDAXeHUA, HX CHMMeT-
pHUHEE COCTaBIADIME, (Pa30BHE YI'JAH H Apyrue, KOTOPHe K3MepPADTCHA
M 38NOMMHSDTCA CHENMANbHBMK (HKCHPYDIMMY NPHG opaMy ( MHOMKATOpDA -
my) [4,5] , npy aToM n3IMepeHHe ¥ PUKCAUMA NAPAMETPOB &E&DPHITHOrO
peXuMa MOTYT NPOUCXORMT NPU WX K3MEHEeHKAX BO BPEMEHU. LI8 MUHK-
MH3all¥ BOSMOXHHX NOrpeliHOCTeR H3MEPEeHMA 38 cuyeT HecTaluoHap-
HOCTH IIpouecca HeOOXOOMMO TNPOU3BOAWTD M3MEPEHME BCeX NapaMeTposn
8BapPHIHOT'O pexpMa Nno KoHIaM BJl B OAMH ¥ TOT Xe OrpaHHueHHWH
NPOMEXYTOK BPEMEHH. OTOT NPOMEXYTOK NOMKEH PaclofaraThCHd BO3MOK-
HO OJiRe K KOHIy hepexomHoro npouecca. (neposaTenbHO, NpH Bpe-
MEHM palOTH NYCKOBOI'O OpPraHa, PaBHOM HECKOJNbKMM MUIAIKUCEKYHAAM,
BPEMEHKM OTCTpPORKM oT anepuopuueckoit casrapmeft rToxa H3 - 20-
60 mMc ¥ BpemeHM 3anommHaHua - 15-30 mc mMoxHO oGecneuwTh HHK-
cauypn KMIMEPAECMHX BEeJWUWH IJIA BO3AYWHHX JHUHUA, 00O0DPYAOBaHHLX
YCTpoicTBaMK DpeNeHHOi 3aumTH ¢ JNGsM BpeMeHeM ReficTeua (B Upe-
ngenax or 90 mo 150 mc). Paccmorpendas cTpyKTypa M3MmepeHuit nmapa-
METPOB aBapHiiHOIO pexuma o0 ecneunBaeTCA, B UACTHOCTH, (PHKCHUDPY-
vivy rHOvKaTopami JHRIl, QIT w QlH. Ha posnymHux JHHHAX 3XEKT-
ponepenayn, 00OPYAOBAHHEX OHCTPOLEACTBYDIMMM 3aIMTAMM HS MHKDO-
3JEKTPOHHOR 3JJeMeKTHO! Oa3le, BpeMAa PUKCAUMK ITHUX HMHIKKATOPOB
BONXHO OuTh Ly = 50 mc. Pusckuit onwrue#t sasofl "OHeproapTOMA-
TYKA" M3rOTABNUBAET MHOWMKATODH C YKE3aHHEM BpeMexeM ¢ukcaiuy,
YTO HBOMXHO OHTh OMOBOPEHO B 3axa3€ MNMOTPeSUTENd. 3TO BPEMS MO-
XeT OHTh OTPErYJMPOBAHO HECJIOXHOR mepefeskod 3JeKTPHUeCKOR cxe-
M MHAMKaTOpE [9) .

[lpy mcooap3opanum ana OMIl cumMeTpHMUHBX COCTaBAADEMX TOKA
¥ HampAXeHMs W3MEpEeHUs IPOU3BOAATCH, K&K IpaBUNO, Ha ABYX KOH-
uax Bl ¢ nocienynmsv pacueToM paccToAgHMA B0 Mecta H3 BpyuHy®
nu6o ¢ noMoupnw IBM. B 3TOM cayuyae mng pacuera, KpoMe TOro, Tpe-
OyeTCcA 3HaHWe rapaMeTpOB CHCTEMH, K KOTOPEHM OTHOCATCHA NOJHHE,
AKTUBHHE M DESKTHUBHHE CONPOTHBACHMA, NMPOBOAMMOCTH 3JEMEHTOR
anekTpuueckoit cetu ¥ np. IllapaMerpy MOryT OHTh NOAYUEHH pacue-
TOM ¢ Mcnoab3opaHueM 9BM  auGo onmrHuM nyrem [10-14] . Pexomen-
JalK¥y N0 OIpellesIeHUD NapaMeTpos BCSAYUHHX JMHME K TpaHchopMa-
TOPOB NpHBEeIdEeHH B npuiaokeHuu 1.

B Meronmueckux yxKa3aHHAX NPUBOAATCHA peKoMmeHiyemue mMeronw OMII
AIf Haubonee pacnpocTpaHeHHHX BUUOB BJl: ofHonenHuwx, AByXieNHHX C
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OTBeTBACHMAMY ¥ 6e3 HUX, TPAH3UTHHX C CTBETERJIEHHeM 110 CXeMe 3a-
X0lla, C BJAEKTPOMAI'HUTHON CBA3BD HA YACTH TPACCH ¥ ILJIKHHL JAHUMR,
[lpypefieHHNe B HKUX pacueTHHe GOpMyJH ofecrneuyBanT C AOCTaTOUHOH
TOUHOCTBD onpenencHue MecT K3 Kak ¢ MCMOAb30BaHUEM NpocTelmux
BHUUCTUTENbHEX CPEncTE (CUeTHO-KNaBMUHHE MamuHe), Tak u SBM.
llpy 2ToM ucnoab3cpakyue pacueTHux HOPMYN B PALE CAYUaeB fpenyc-
MaTpPUEaeT MNpeHeOpexeHue HEKOTOPEMK BIMAgLUMMK dakropaMmu. B MeTo-
IMUECKHX VKAa3aHUSX L8DTCH TakXe PEeKOMeHNallMM NO OleHKe norpem-
HOCTH OT HeyueTa BTHX (AaKTOPOB C YKa3aHMEM MX KOJNUECTBEHHHX
nokasareneit. PacueTHue dopMyaw pns OMIl ¢ npumeHeH¥eM npocTei-
WYX BHUMCAUTENbHHX CPEeNCTB MOI'YT NPUMEHATHBCA B KaueCcTBe [LOMOJ-
HEHUA K ONpejelIeHND MecT IOBPEXIEeHMS Ha OCHORe YHMBEPCANbHBLX &ali-
ropuT™OR (MporpamMm) Mpy¥ HEBOZMOXHOCTHM MCnoab3opaHus OBM. Kpome
TOI'0, MX NPUMEHEeHVe 1enecool0pasHO B MHUKPONPOUECCOPHHX YyCTPORCT-
B&X onpejejieHusa mect H3.

Bonpocu npumeHenus 9BM  paa OMII paccMOTpeRH B OTHEABHOM
pasnene, IPAe J8€TCA KPAaTKAA XaPaKTEPHCTHKA CYUEeCTBYDUMX Npo-
I'DAMM pacueTa ¥ NPUBOLATCH PEKOMEHUAIUM N0 MX NPUMEHEHKD.

B npunoxeHuAX K MeTOLMUECKUM YKasaHMAM NPUBOLATCHA NPUMEPH
pacyeros OMI nxg orneabHux Bunop Bll.

Pacuernue meronw OMIl ¢ menonp3opaHueM NapaMeTpoOB RyJNEBOH
[ICCNEAOBATENIRHOCTH BO MHOI'MX CAYUafAX MOI'YT MCHOAbROBATHCH M
IpUMEHUTENLHO K IapumMeTpaM O0paTHOM mnocsienoBaTeNbHOCTHM. B npu-
BEJlIEHHBX PaCUeTHEX BHPAXEHUAX ¥ COOTBETCTRYDUMX CXeMax B 0003-
HayeHuAX NapaMeTpoB Hyiepol nociaemoraTenpHocTy pHuexce "O" onyc-
KaeTca. B O003HAUEHUAX NapaMeTpoB o0paTHOV NMOCAEeNOBATENbHOCTH
crapuTcH MHOekc "2. OTcueT MckoMOro paccTosHma 1o mecr K3 £(n)
B KuaoMeTpax (OTHOCHTENBHVX eNMHUIEX) NPOM3BOLUTCH OT JIONACTAaH-
u¥y A, pacnojsioxeHHo#l Ha Jesom (OT MecTa NOBPeXNeHHMA) KOHIE BO3-
nymHoit npHuu. C Opyrorc KOHNa HaXOZUTCHA NoicTaHuus b, a nmoicTaH-
IMM H& OTBETBIEHMAX OT Bl 0603HauabTcA Nocrenyoiumu GyKBaMy pyc-
ckoro angamura (B,I',i # T.A.). llapamMeTps, OTHOCAUMECH K NOACTaH-
usm A ¥ B, wMewnT wmHpexcw coorpercrTsesHo "!" u "/" (Hanpwumep,
TOKH.IIH;Z"); IJS OTBETBUTEJbHEX MNOLCTaHIMA MCHNOJbB3YROTCH COOT-
BeTCTBRYNIME Gyken (Hampumep, Tomn‘ga,_grln T.0.). YOeJbHHE Ia-
pamerpn Bll ofozHauamTes CTPOUHEMM OYKBaMK, & NapaMeTpy — Ipo-~
NUCHEMKM (HanpuMep, yoeNbHOEe MHLYKTHBHOE M HHIYKTHMBHOE CONPOTUB-
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nenuss Bl oSosuswanrcs coorpercTBeHHO X ¥ X,). PacuetHwe $opmynu
oig OMIl B GonpmyHCTBE CAYUaeB NGNTCA B OKOHUATEAHLHOM BHILE CO
CCHAKOR Ha COOTEETCTBYDIME HNEPBONCTOUHWKH.

Hacroamie MeronuueCKne yKal3aHHA OCA38TEABHH AAA NPHUMEHEHHd
cayxCaMyu P3A nmpeanprmiruit sxexTpUuecKyx cervell, palkOHHEX BHepreTH-
YecKMX yrnpaBieruit (NPOM3IBOACTBEHHHX BHEPreTMYECKuX OFBbelUHeHMl)
¥ OOBEIMHEHHHX 3JHepreryueckux ynpasieHué. Ony woryr Ourh TaKkxe
HCNOMB30OBAHN OPIEHM3aLMAMY, SaHUMADIMMHCS NIDOEKTHPOBAHHEM M
HaJnagxkoh dukcupyoumx npubopos mnsa Bl nmanpaxesuem 110 xB u sume.

C BReneHueM HacTogupx MeTouwuyeckMx ykasl3aHuit yTrpaguMpanT CH-
ny' ‘MeTopnueckue yxasaHus IO KCNONH3OBAHKD PasAMUHEX CcnocofoB oOrn-
peledeHUs MecT NOBPeXleHUS BO3NVIHHX JWHMA INEKTPOoNepeiauy Ha-
npsxenneM 110 xB u swme ¢ noMompkd frxcupypmmx npudapoa" [2] .

1. KIACCHRMKALIMA METQIOB
OIPEL BIERAA MECT IIOBPEMAEHMA Bl

Cymecrpynume Metronw OMIl 116 napameTpsM apapufiHOroO pexmma C
YYETOM Da3JNHUHWX NPHSHAKOB NONpa3ieXfgnTCH Ha:

METOLE HA OCHOBE JIBYCTODOHHMX (MHOI'GCTODOHHMX) M OLHOCTO-
POHHHX H3MEepEeHui NapaMeTpOB;

METOLH H& OCHOBE U3SMEPEeHHH CYMMEeTPHUHBX COCTABNADIYX TO-
KOB M HanpaxeHwd ¥ UX CcOoyeTaHui.

Kaaccupmxaima meronos OMIl noxesana wa pme.l1.1.

Onpenenenue MECT INOBPEXIeMMA Ha OCHOBE ABYCTODOHHHX ¥43-
MEPEHUR BHTIONHSETCA pacueTHEM IMyreM aubo rpadmueckn. Pacuer
NPOM3BOAMTCH BPYUHYD C HCHOAb3OBAHMEM NMPOCTENUMX BHUMCAKTEJNbHRHX
cpefcTB AKOO Ha Oase JBM. B nocxenHem cryyse NpuMeHADTCH Cheny-
allbHHE WIM YHHBEpCaJbHHEe NMPOrpaMMH. DO3MOXHO TakXe OnpeneNeHue
MecT K3 ¢ nomoupp Tabauil, COCTABAEHKHX H& OCHOBE NPELBAPHUTENLHO
BHITONHEHHHX PACUeTOB ANA OoTaneabHux Bll.

[lpy opHOCTOpPOHHEM M3MepeHMM napaMmeTpor HauGonee ddHeKTUs-
HEM ABIACTCA WCIIONb30BaHVE (PUKCHPYDIMX OMMETPOB, IIOKAa3aHMA EO-
TOPHX COOTBETCTBYDT DACCTOAHMD 10 MecTa K3. UHM uM3MepawT pac-
CTOfIHME NIpu Bcex BMAax K3 B kuwioMerpax. Mcroab3osaHye OBHOCTO-
POHHWX ¥M3MepeHuit Toka (HanmpsXeHus) BOSMOXHO B Ka4eCcTBe JONON-
HHTEXbHOI'O METOLS8 Ha JMHMAX C NABYCTOPOHHMM NHTa&HHEM IPH OTCYT-



C ABYCTOPOHHWM C OAHOCTOPOHHMM
u3MepeHneM H3MEepeHHeM

NOAHOTO
{ MO VK THBHO-

TOKOB U Hall-
pPAXeHHUR

TOKOB M Hall-

o C UMM TPHUHEIX

') CONPOTHB~ COCTa BAADIMX

JACHMA

o0 paTHOH
nocaenoea—
TeAbHOCTH

HyaAeBoH
nocaenosa-
TeAbHOCTH

TOKOB
{ HarTpsmeHyit)

Puc.1.1. Hnaccupuxamus merogor OMII
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CTBHK JAHHHX M3MEpEeHMI Ha OJHOM M3 KOMIOB, &8 TAKXEe Ha TYINIKMKOBHX
Bl npu orcyTeTEMiM QUKCHPYDUMX OMMETDOSB.

B aHeprocycreMax mupoko npumeHsprcs Meroaw OMI ¢ mcnons-
30BaHHEM COCTSBIAADUKX TOK& M HANDAKEHUA HYNEBOH nocllenoparTelb-
HocTH. Pexe MCNONB3yDTCA TOKM M HanpaxeHus o6paTHOR mocienopa-
TEeJIHLHOCTH.

llupoxoe pacnpOCTpaHEeHHEe METOLOB C MCINONbIOBAHMEM MapaMer-
POB HYJEeBOH NOCAENOBATENBHOCTH OOBACHAETCSH BHCOKMM VRENbHEM Be-
COM BCeX BHIOB KOPOTKMX 3aMHKaHM# Ha 3€miIn, MPOCTOTOA H3amepe-
HUA TOKOB ¥ HANpAXEHUNR Hyxnesol NocnReNOBS&TENBHOCTH, HE348BUCH-
MOCTbD CONPOTHBAEHUA cerelt, npyMpKapaux ¥ Bll, or Harpysxu. Hpo-
Me TOr'0, NpHU ycpelHeHMH TapaMeTpoB B oflleM cClyuae HeCHMMEeTpHY-
Ho#t BJl morpemrocTe OMIl Ha ocHOBE cocTaBIARUMX Hynesofl nmocaeno-
BATENBHOCTH He npesmmaeT 1,5-2% DAMHE JMHUMK ['?] .

Meronw OMIl, ocHOBaHHWE Ha M3MepEeHHM NapaMeTpOoB O0paTHON
NOoCAEeNOBaTENbHOCTH, HECMOTPS Ha 0ONee BHCOKYD NOIPERHOCTL pac-
vera (4-6% pamuuw BJI [7,15] ), caenyer NpUMEHSTb B OINTHMANbHOM
coueTaHMM C NpyIr'MMH MeTofdaMy. OHM NO3BONALT ONPENENATH MECTO
NOBpEXLEHHA KaK MpH OSHODA3HHX, TaK ¥ NP ABYXPa3HHX KOPOTKMX
samukaHuax. Merogw OMI Ha oOcHOBe KaMepeHuit napameTpop oGpaTHOM!
ITOCNEN OBaTENAbHOCTH HEOOXOAMMO NPUMEHATh B CAEAYOUMX CAVUaAX:

1. Ha BO3nVEHEX JAMHUAX CO CIAOXHOR 2JeKTPOMAIrHUTHON CBA3BYD
NpyM pacueTe PACCTCHAHMA BPYURYD. llpnMeHenue napamerpos OGpaTHON
NOCNEN0BaTENBHOCTH 11eN1ecOofpasHo M MpK MCNoab3oBaHuK OBM B ne-
AfX ynpomeHusa aaropurva MIIL.

2. Ha BO3NYEDHHX JUHHAAX C TICACTAHIIUAMM H2 OTBETBJEHUAX OT
HUX TIp¥ OTCYTCTBUM Ha DTHX MNOJCTAHUUAX (UKCHPYLIUMX NPUOOPOB,
KOrpa npeHefpexeHye TOKaMy HYJEeBOR NocaefoBaTeJbHOCTH OTBETBIE-
HUIt TIDMBOLMT K HegomycTyMoi norpemsocru CMII (Gonee 2%). B 1o
Xe BpeMf nreHe(pexeHWe TOKaMM o0paTHOR MOCAENOBATEABHOCTH IIPaK-
TUYECKM He CHWXaeT TOUHOCTY pacuyeTa. bojee nogpofHoe ONMCaHUEe -
B N.4.2 HacTosuux MeromruyeckuMx ykasaHWil.

3. lipy HeOGXOAMMOCTH ONpeleJIeHUs MECT ITOBPEeXAEHUA Ha OCHO-
BE OJHOCTOPOHHMX H3MepeHuit, a TaKXe ¥ B COYETaHMM C [ EYCTOPCHHHA-
M} W3MEDEHWAMM NapaMeTPOB HYNEBOH [1OCHENOBATEJIBHOCTY JHHO Ge3
Hux (cM. 10.2.2.2).
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4. B pononxHeHue K DPYyIrIM MeTOASM LIA NOBHBEHUA LOCTOBED-
Hoctu ¥ TouyHoctu OMIl pns Bcex smpop Bl

YenonbaosaHue Tex mnm uHwx meTopor OMII B xampmoM xoHKpeT-
HOM Clyuae BOJNRHO OWTh ¥ OCOCHOBaAHO PACUETHEM NYyTEM B [SNAX
o0 ecneueHUs MaKCHMaJbHON adderTHBHOCTH ONpEleleHUs MeCT KOpoT-
KOO 3aMHKaHKA C YUeTOM BHMES BO3LYIHOR JMHHMYK ¥ €€ BACKTpCOMar-
HUTHON M BHEKTpMUECKO CBASK C INpPYyTuMMU diemeHTaMk cerTd. [pen-
noyTeHUe crelyeT CTHaBaTb TEM METONaM, KOTOPHE OOecNeudBapnT
IR HaHHEX QUKCHPYOUMX MPHOOPOB M MMEDLMXCR CPEACTB BHUMCHAK-
TeRbHOX TEXHHMKM BHCOKYEK TOUNHOCTH ¥ LOCTOBEPHOCTb pacyera. Hpo-
MEé TOI'C, CHAERYET CTPEMHUTHBCS K MAKCHMMAJLHO BO3MOXHOR aBTOMATH-
3alliK IMpouecca ONpeNeNIeHHMs MeCT NOBPEeXAeHKA.

2. OMPEEIEHME MECT IIOBPEMEHWA
BOJUVIIHEX JIHMA BE3 OTBETBJEHIH

2.1. LBycTOpOHHKE M3MepeHus

PaccuaTpupapTcs pasnvunpe iy Bll (MHOIOnenHwe, OmnHOUen-
HHEe M OBYXUENHWe), CXeMH KOTOpHX TOKadaHu Ha pyc.2.1. Buauane
NPUMBOAATCHA BHPAXEHNS [Ig onpepesieHus MecT K3 MHOPOUENHLEX AMHMIA,

a 3aTeM M3 HHX NOoAyuapTca pacueTHue (JopMyaw aas (Ml Gonee npo-
crux BMAOBR Bll.

2.XY.1. PacuerHye dopMyar LAs MHOrouenHwx Bll

AR o0wero ciyuaf f SJLEKTPOMarHATCOCEABAHHLX MO pcedl Tpac-
ce ouHoponHex BI (cem.puc.2,1,a) paccrosguue no mecra K3 caenyer
eruncnath [16) pemennem cucremy ns p  JIVHSHHEX aNredpauuecKyX
YpaBueHHl ¢ [ HEU3BECTHLME.
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Puc.2.1. Cxemu BJl 6e3 oTeeTBISHWA:

a —-MHorougnHaﬂ'Bﬂ.c B3aMMOMHIYVKIMeR; O - onHouemHas Bll; b -

asyxuenHas BJ ¢ paspenbHoO# padoToil no KOHuaMm; 2 - AByxuendas Bl

¢ paGoroil nened Ha ofuve myHy; 0 - gByxuensasg Bl ¢ opHOK OTKID-
UEHHOK yenpm
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rpe Nr - OTHOCHTEJNbHOE PACCTOAHRE OT HOACTAH-
wm A no mect K3 {n,=£,/L,);
{; - alccawTHOe paCCTOAHRe OT TORCTAHIMK A
no mect K3, xM;
. ) ’ LI" ~ nporaxenHocTs BI W, xm;
Ir U‘I Ur,... Up ,Up - HanpaxeHus HyXesoll 10CHeA0BSTENBHOCTH,
n3MepseMwe Ha KOHuax Juuuit Wi ,Wrq,...,
WP :
! H / ]
I I, Ip,..., I, ~ ToXu HyneBoit mocrencsaTenbHOCTH, HaMe-
pAeMHe Tay Xe;
p — TIOJHOE CONpOTHBIEHWE HYJNEeBO# NOCJeno-

BaTEAbHOCTH BOSAYEHHX JHHMA W, , Wiyee.,
W,
p

1N

Z, 2y -

9

A ""’-pr’-Zﬂf' Zzp, sz- CONPOTURIEHUE B3AUMOMHAYKIIMKE MEXLY JK-
Husu Wo= Wy, W= Wp, ..., Wp— W, ,

WP_WI y V/E-Wﬂ g Wﬂ‘WH' .

PaccrosHue n; pas noBpexnNeHHON JMHMM W1 DOJNXHO ompepne-

JNATBCA 0 BHPAREHHND
DnI

i, Ty (2n2)

nr=

Z(I L) Zipeo- Zyp
rae D=|Z,,(I;+1') Zg-.. g - ONpPEfe]UTEAb CHCTEMH ypaBHeHui;
]

-------------

91"91@111 Lig-- Lyp
D,;=| Uy UE+Z;_,,I er' L,p| - ONpeneRMTENb, NoAyJanuMics u3

H - V4

| Up=Up*2p, 1] Zpye--Z,

cnpepenurens II nyTeMm 3ameBH CTOH0HA, COCTABAEHHOrO W3 KoadhddK-~
EHTOB IIPH HEU3BECTHOM /1, , CTONOIIOM, COCTABJNCHHEM M3 CBOOONHHX
uneHop ypasHenuit (2.1).

Hns onpepenenna mecTa K3 wa amnmm Wy LONKHH OWTb V3MEDEHH
TOK¥ Ha KOHilaX IIOBDERAEHHOR NUHWKM M HaNpAXEeHds Ha Kownax ecex Bl,
MMeDHY 3NEKTPOMaTHUTHYRD CBA3b C NOoBpeXneHHON. lIpu pafoTe BCeX



- 13 .

BJ Ha ofume cexuxM (MMHH) KOAMUYECTBO M3MEpEHH!t yMeHbmaeTcs M
pHpageHue (2.2) ynpoupercs.

AHAJIOPHYHO OnMpelieNIRETCA MeCTO NOBPEXLEHMA HA OCTAXBHHX
SAEKTPOMATHUTOCBA3AHHEX JMHHUAX.

Ha ocHoeanmum ypapHenwit (2.1) u swpamenrs (2.2) moryr Gurh
NOJYYEHH pacueThHe OPMYJIH ZAXA oTuelabHsx sMRoB BJ 6e3 ormersne-
HWHA.

2.1.2. PacuerHne dOpMynH mag OQHONEMHNX M LByXuenswx Bl

OpgsouendHag auHug. Cxema Ttaxoft Bl mpr ofiHoba3HOM KOPOTKOM
3aMHKaMHM Toxka3aMa Ha puc.2.1,46 , n mns Hee onpefenutenn D u Dy
COCTBETCTBEHHO COCTOAT TONABKO U3 NEPBOrO YNleHa MNepBO# CTPOKM
ypasHenyit (2.1). Torna popmyna ans BruMcCHIeHNMA PACCTOAHMA RO MeCT
3 vMeer BN

l=nlL=

LI tJ
7 T L, (2.3)

II--| IN

e
")

roe U, U" u I I" - COOTBETCTBEHHO HATPAKEHNA ¥ TOKM IO KOHLIAM
nospexueHHor Bl;
L, - noanoe conporusnenue Bl.
OcpMyna (2.3) AefCTBMTENbHA NPH MCNONB3OBAHVHK NAPAMETPOB
KaK Hv.neaoﬂ TaK M oﬁfa'rnoﬁ NOCNELOBATENbHOCTH,

T

enHasn . Cxema Takoit BJl uacGpakens Ha puc.2.1,8.
B ~oorpercTBUM C BhpameHMeM \R.1) noayuasem cucTeMy Y3 LRYX JM-

HeHHEX aaredfpanuecKUX YPaBHEHME ¢ AByMA HeuspecTHrMM. (COOTBET-
CTBEHHO onpeneauteau [ u D, cocroar u3 Asyx cTpecK. Pemenve

3TOM CKCTEMH ypPABHEHM! OTHOCUTENbHO DACCTOSHWSA /1; C YYeTOM pa-
BEHCTBA Lgp = L,y MABET PACUETHYD GOpMyJy ANS ONpefesicHMA MecT

K3:

: L (U" ) ’z(d” H') (ZZ fz).l;',- (5 4)
=n :""_"""—"'*""'“"""' —-—T—! 7 )
7=l (227 25) (I+1]) I

1ﬂon LBVXUEIHO! JuKnel NosMMapTca TaxXe U Are Bll, pacncno-
XcHHHE H8 Pal3HHX Olopax M Ipoxonsune odueit Tpaccodl Ha BCeM MX
POTAREHHN .
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rre Zs, - CONDOTHBIEHHE B3anMMOMHAYKUMM HyXesolt nocirenoBaTeXb-
HOCTH MeXny JuHumauy Wr B Wy .

Sopmysna (2.4) apnserca oOmeil, Ha OCHOBAHMM KoTcpof B 3aBM-
CHMOCTH OT pexvma paborw BJ, a Taxxe cxemu BRATMEHAS GHURCHDPYD-
UMX SMIepMeTDOB MOryT OWTh MNOJYUeHH Apyrse pacuerHne GOPMYIIH.
OTK Hauboyee ymorpebureabEue GopMyaH npuseneHw B Tabx.2.1, rae
YUTEeHH PeXmMH paGoTH ofeux ueneil no koHuaM Ha oSumue muHue {cM.
puc.2.1,2). 910 ¥MeeT MecTO B GONBWMHCTE® CHYYAEB MX PaGOTH B
3HeprocucTeMax. A pexmmMs pasnesbHO# padoTu uenef HHOraa He-
o0X00MMO (PMKCHPORATH 3HAK HalmpsXeHui 10 KOHLAM HenoOBpexneHHOH
uenu. lloaTomy nas onedHkyu soamoxHocTu OMIl mns yxasanroro cayuasd
CAEAYSBT EWIIONHUTEL NPeLBAPHTENbHEIl pacueT TOKOB M HalpsXeHW! apa-
puitioro pexmMa. I[lo ¢opuyne (2.4) mecro H3 ompemensercs mpu or-
CYTCTBMA ABYyX NEepPBUUHEX OOMOTOK BXORAHOI'O TpsHcHOpMaTOpa aMnep-
merpa (Hanpusep, OV, OMII-I, QUI-2).

{Ipy onpenenennu mecT nospexpeHMs neyxuenkux BJ cxenyer
IV NOBHIEHHA KOCTOBEPHOCTH OLHOBPEMEHHO MCNOJNb30BATH ITOKA33HUA
OMKCUDYDIMX SMIIEPMETPOB, BKANUEHHHX Ha cymMy ( £ ) wm pa3HOCTB
( & ) roxos ofeux ueneit {(dopmymu (3) u (4) ra6a.2.1), uro
ofecrieynBaeTCs TONBKO QHKCHpyDIMM MHBuxaTopoM JIRII-A. [lpmvesenue
duKcupyDamx uHAukaTopoB JVRII-A Gnaropaps HaAVMUKD ABYX HEe3aBUCH-
MHX TEePBMYHLX OOMOTOK BXOAHOI'O TpaHChHopMaTOpa oO6ecreyuBaeT pea-
IA3ALMD YKa3aHHHX CXeM BKIDUEHWA. B 3TOM clyuae HKOAMUECTBO UH-
auxaropoe gasg OMI He yseamuywBaercs. COOTBETCTBYDUME CXEMH BEJID-
YeHVAa TNOKa3aHW Ha PHC.L.2. (JlefyeT NP BTOM YUMTHBATH, UTO CYyM-
MEpPOBaHME IBYX TOKOB, NOOKJAONAEMHX He3aBMCHMC ¥ 3axymMaM 8-9 u
J10-11, pomyckaercAa TONBKO Yy MHAMKAaTOpPOB ¢ Auana3oHom 2-200
(0,4-40) A, s HamGoxbumee 3HaWEHHE CYMMH TOKOB He LCJHKHO NpeDPH-
wath 200(40)A. PacueTHoe paccTofMme H0 McKoMoroc mecta H3 npm-
KMMaSTCA KaX cpefiHee aprdumeTMyecKoe 3HAWGHNE DACCTOMHKA, BHUNCAEH-
Hax no gopmyaaM (3) u (4) ra6an.2.1, ecan MX 3HauEHMA pasinua-
pTCA MeXny coboit He Gonee wem Ha R20% nporsaxexwocTu BJ. llpu
gorblieM 3HaueHuy phg o6xona Bl cregver yKadweaTh 003 3HAUEHWA
PACYETHOI'0 PacCTOAHMA, OJHO M3 KOTOPHX MOXeT OHTb AOCTOBEPHHM
6o o6a HemocTosepHu. lLlenecooGpasHo McnounbaosaHue ¥ dopmyaw (5),
yTO HO3BOJAET TaKEke IOBHCHTH LOCTOBEPHOCTb pacueTa, OMpeness
paccTossue A0 Mecra K3 EHayane OT nogcTaHLMM A, a 3aTeM OT OG-

cTaHuMKn b.
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Tad6awvpa 2.1

PacyeTHre hopMyaw fnd OnpelieleHUs pacCCTOAHMA
L0 MeCT nospexneHus ApyxuenHux Bl

Pexyu paGoTu B
M napgug'rpu Le-
e

Hamepsemue

1a paMe TP
Py Henu

Pacuertine $opMynH

PaGora ofenx
nenet Ha oONMe
WHHN

2 !
(Z35Zi2)(U ~U)H larlagLez )l;
Lo ¥ g

L (X)
(Zor ZomZe2 I3 417)

PaGora ofeux

et e - e T
Zar =L =2, a*Ze2)(I1+11)
T xe I I T
Z(U“Q)*(.Z.n"‘Zfz)_zL (3)
(ZatZp)Is+1z) 1
e
i Ly (4)
- (5)

Pa6ora neny W
npu OTHHDHEHﬂgﬁ;
¥ 3a3eMJeHHON ¢
O0OUX KOHLIOB
neny Wy ;

! 2
Log(Uy =y )42, 2,7 25)1)
77 7 72y L
Zn1 Zag Lo NI -Z:I)

Padora uenu Wy

' I
u oTmouen- - | U . U, o\ (72— 72 Y
glojﬁ nﬁaasg- I' Zﬂ(g [:-:) ZZJI ;Z!ZH)II LI
ﬁiﬂggﬂuga ﬂg: =17 (Z,-Z 12 )(lr ;)

nu WII :
ar=2,n=1%,

p=—— —ﬂ

(7)
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Puc.2.2. Cxema BKADNMEHMA uHAMkaTopce JIMPI-A
Ha AByxuerxsx Bl

B cayuae BmBOga M3 paGoTH OaHOM u3 neneft (4 mpu 3TOM OHa
He 3a3emnserca) Mecto H3 ocrapmefics B pafore ueny CJeAveT enpe-
renate no dopmyne (2.3). B arom cayuse rox Iz ROTKEH GuTh
NPaKTUYECKN paBeH TOKY Ia . a TOK Ig - Toky I, , Aas

NOBHMEHMA TOUHOCTH pacueTa clenyeT B dopmyay (2.3) momcTasurs
CpefHee apudMeTHUyecKoe 3HaueHME TOKOB C KamNOoro KoHua BJ, ecau
CTHOWEHHE UX TIONYPa3HOCTH K CPEJHEeMy 3HaueHuD He npeppmaeT 15%.
B nporvsHOM ciyuae no dopmyne (2.3) BHUMCHADT OBA pPaCCTOAHUA
KeK MO Toxam [y , Tax u 10 TOkam [, , KOTOpHE OINPELeTIADT
30HY 0O0X0Hna JMHMM. LCIM Xe BHBENEeHHas U3 pPabGoTH ilelb OTKINUEHa
M 3a3emnieda ¢ OBYX KCHIIOB, KaK DTO NOKa3aHO Ha puc.2.X,d |, ro

MecTo 13 svuucngercs mo dopmyae (7) ra6n.2.1.

<.1.50. PacuerHue hopmysnn, yurTHRaDIME ONEDPEUHYD pPEaKTUB~
HYD (EMKOCTHYL) nporomsMocTh Bl

Ha puc.<.C noxa3aHa cxema 3aMeweHMa OpHOuenHo#t BJ ¢ pac-
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npefeReHHEMM TIapaMeTpaMH, Ha KoTopoit ofo3HaueHw N oDEeMeHTap-
HHX Y49S8CTKOB, KSXOHI M3 KOTOPHX MMEeT NapaMeTpH

Ly =Z4L;
_ 1
Z Z yﬂ [ ?
rne Z,Y - norHwe ymeJbHWEe COOTBETCTBEHHO ITPCROJAbHOE COI-

POTHBIERKE M IONepevHas NMPOBOAMMOCTD ;
Z=r+fwL; Yy =g+juC;
r,L,9,C - COOTBETCTBEHHO SKTHBHOE CONPOTHBIECHHE, MRAYK-

TKBHOCTB , IPOBORAMMOCTD H3OXAIMMY H E€MKOCTh JWHMH,
OTHECEHHHE K eNWHHMIe LIUHH;

(J - xpyrosas uyacrora (npk uwacrore 50 I'y W = 314);

AL - gnavHa 3EEMEHTapHOr'O YYaCTKa CXeMH 3aMmemedus Bl,
KOTOP&A ONpeneNdeTcs NPOTAREHHOCTHD JAMHMU L W
yucroM sneMeHrapunx yuactkos N (AL = L/IN ).

Puc.2.3. Cxema sameweHus Bll ¢ pacnpejieneHHEMHM IapaMeTpamm

Yem Gombme uymcao N , Tem TOUHee CXeMa 3aMeleHUA PacCMaT=
puBaemoit auHuM. Taxas Bl xapaxkTepusyercs TaxXe ¥ BTCPHUHEMY Na-

paMeTpaMH: BOXHOBEM CONPOTHBEEHMEM L, M KOBdpMIMEHTOM pacmpocT-
PSHEHMR [ , KOTODHE COOTBETCTBEHHO D&BMH

[z _ r|jwtl
‘ZB_VF = V W , (2.5)

1-\zy = (7L g i) (2.6)
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Mecro K3 nuHyMp c pacnpefieneHHbMM NapaMeTpady clefiyeT BHUKHC-
JATh N0 HOPMYINE

U'chyl~U'+]"Zg sh L
-_=.i arcfh.:_"__!—:’_;_:%_-_-&_ . (2.7)
P UTShy LT 25+ 1 Zg chyl

L2a Bospymuo#t amnuyu 63 noreph runeplolkyeckie GyHKUMY DpeBps-—
WBDTCA B TPUMOHOMeTpHuecKue, ¥ dopmyna (2.7) mpeoGpasosunaeTcs

. U"cosyl - U'+1"Zg sinyL | (2.8)
r I'25=U" sinyL +1"Z5 cospL

C nomompnd fopmya €2.7) u (2.8) suumcnserca paccrosmue 1o MecT K3
no MapameTpaM Hynesoit (oGpaTHolt) nmocrefopaTelbHOCTH. B 2ToM cay-
yae UeNeCOoo6pa3HO NOXb30BATHCA CHETHO-KIABMEHEMK MallMHaMM. Aad

o6nerverra CMI no dopuyne (2.8) mMoEHO BOCTIONB3OBATHCA IPUBENEH-
Hot Ha puc.2.4 xapaxkrepuctuxoit £ = f(tgyl), nocrpoennot pus
PasHHX 3HavyeHMi! BEIMUMHH ) INDUMEHHTERbHO K napaMeTpaM obpaT-
Hot W Hynesolt nocaenosarTeasHocre Bl 110-500 xB [7] .

B pape ciyuaer HeT HeOOXODMMOCTH B yueTe DPEaKTHMBHOR IMpoBO-~
AMMOCTH, UTO, OFGHAKO, AOJIXHO OHTh NMpeABAPHTENBHO oLeHeHOo. llpe-
HeGpexeHue STOA NPOBORMMOCTHD (B OCOGEHHOCTH MPHM pacueTax Bpy-
YHYD) LAOMYCTHMO, €CJAH¥ BO3HMKADEAA M3-3a 3TONO NOMpEmHOCTH pac-
yeTa pacCTOARYA He npessmiaeT 2%. [lorpewHoCTb OT NpeHelpexeHus
PeaKTHBHON NPOBOAMMOCTBD 3aBHCHT OT nporsxewHocTH BJ u conpo-
TUBJEHUS NPVMEKaDIMX K Heil cerelt. Ha puc.2.0 noxaszaHu xapakre-
PHCTHKM, MNO3BOAADUME OLUESHUTP MNOIPEmMHOCTb OT NpeHeOpeXeHKA pe-
aKTHBHO! mpoBopmocTsd [7 ] . CooTBeTcTByDIME pacueTH BHIIONHEHH
B0 BHMMO Ha IBM Ha ocHOBe cpasHeHust peayabTaTos OMII no ¢opmy-
xad (2.8) n (2.3). Lus nuxuil ¢ IBYCTODOHHVM MMUTS8HHEM B KadecTse
conpoTueienns X, NpuHyMaeTcA CpefHee apufmernyeckoe ero 3Haue-
HYe no KoHnaM Bi, T.e,

! i
X c tXp

Xo= —



& xm

J60
F4l

320
300

01 9z 03 04 05 06 07 08 a9ig¥e

Puc.2.4. Ipadux £ =f(tg)€):
I-),=1.10"° 1/ku;
2 -1, =15+ 107° 1/ku;
3-7,=2 107 1/xu

Ha oOCHOBE BHNOJHEHHHX PACYETOR M NPKBENEHHHX XSPaKTEPUCTHK
MOXHO IaTE CHEAYDLMEe ITpaKTHYEeCKHe PEKOMeHAallM¥ LJNA OLEeHKN Heol-
XOBMMOCTH yueTa pesKTHmHOI nposoamvocTr jasg OMII Bll. [lpm wenons-
30BaHWM MapPaMeTPOBR HYJNEBOR INOCHENOBATEIbHOCTH HBONYCTHMMC NpeHed-
pexenne sToif nposoammMocThb Jis Bl nporamenrocThr po 100 xM,

Py ACMNONBb30OBaHKM NapaMeTpPOB 00PpaThOR MOCHeLOBATEABKOCTH - L0
120-150 xm. Ass BJ Gonbmuit MPOTHREHHOCTH, INE OCHOBHOE 3HAaUueHue
npModpeTaeT OTHOTEHUE CONPOTHBAGHVH NpuMwxavwmeid cery u B, no-
IyCKaeTCA Hé YUUTHBATL PEGKTHEHYD NPOBOAMMOCTH LIS JMuMHUR giaunHoil
10 <00-200 xM, ecam 3TO OTHOWEHME HaXOnMTCcH B AManasone C,1-C,0.
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Puc.2.5. Xapakrepucrurn AL/L=F(L):

10™° X /)um;

Xﬂ = 1,5 OM/KH; Zﬂg‘:‘ 700 Om

] -J'Z=I . Ioﬂa ‘I/ICH; Xz= 0'4 O‘H/m; ZBZ = 400 OH; b - J‘o = {,5'{0—3 I/m; X0= {12 Ou/fm;
Zgp= 800 Ou; O-1.= R -
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Ras asyxuenHo# AMHHMM, OpMMHKaDEE! K CHCTEMBM C AHKYKTHEB-
Ho#t Harpysko# (cm.puc.2.1,0), npr opsodaznom K3 uenn W; pac-

CTOSHME A0 MecTa NMOBpeXNeHMs cXeRyeT ewaucaath [7, I7] no aeym
HEe3aBHCHMEM QOPMYAaM:

o (U= U )cos k LH(I e, 1) 2, sink, L-(u}-n, Uy)

= ?,amtg (I~ 1,17)Z, (I 1,1, ) Z, cos k, L~(Uf =, Uy ) sin kL (2.9)

oot g ) syt (0gn)
c—qrelg—————
K 7 (II}*Q,I;)ZB +(IE+7,I}')25 cos kL= (Ug=n,Uy)sink,L ’

2\ 2 2 e =
2 B8 e I R (Fd ckcl

4 (2.10)

2 ’

62 d\z ' , '

1= T ; ’72=J‘“‘“‘z_ﬁz; Fi=Xbi=X58155 7= X8, =%, 8,55
1 Z f 2

2 . 02 _ X~y %42 . X2™ 132 %4.

X, X, - YAR€NbHOE HHIYKTHBHO® CONPOTHBAEHHE HyAeBO# nociae-
AOBaTEAbHOCTH CCOTBETCTBEHHO neme#t Wp u Wy

B,, b, - ynemvmas peaxtusnas (emxocTHas) NMPOBORMMOCTD Hy-
Jepolf MOCAGROBATERLHOCTH COOTBETCTBERHO LCNelt
WI u W,

X9, 89~ yReNbHHE COOTBETCTBEHHO MMAYKTHMBHOE CONPOTHBAGHHE
BOSAVMMOHHAYKRIIHE ¥ €MKOCTHasa TIPOBOURMOCTL HyxepoR
NOCAGAOBAT €IBHOCTH MEXLY LICIaMM.

Sopuyrn (2.9) » (2.10) spnswrca ocHOpHEMM, Ha MX 683€ MO-
ryT Ourb NOXYWeHW Apyrie GOPMYAH LAS Pa3XWUHHX DPEXUMOB palOTH
ueneit Bll. PexoueHgyemue HODMYAH NpURemeHH B Ta6n.2.2. Iockonb-
KXY B HeNOBPEXNEHHOR 1eNM HaNpPSBiICHME TOKOB ¥ HanpsXeHu! Hynermoft
[IOCAGNOBATEXbHOCTH MOKET MSMEHATHCH B 33BHCMMOCTH OT MecTa K3,
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Tab6annpna 2.2

PacueTHne HOpMynn RIA OnpefeNneHHUs pPacCTOSHUA
1O MecT NOBpeXieHus AByxuenHmx Bll
C YYeTOM PESKTHBHOU NPOBOAMAOCTH

Pexn paloTH Hiamepaemue
Bl » napamerpn |napaMerpu PacyeTHwe GOPMYAH

i

uene npu K3 1ienu Wy

q J i no_.
PaGora o0erx ne- I [ [, sink,L
neit Ba obuwe IIﬁIH a4 "8 —{-ﬂf‘Etg -¢—-T—1-iz- (I)
HE K, [,+I,cosk,ly
ZnI “Lan = zﬂ '

i

| ok LI sinkL=2U!
To xe U'r U" y ?ﬂ"df] i " . (2)

g 2 Iz Zﬁ'*IZZEmSKZLf‘ZU SinK,Ly
IR A
PaGora 11ellK IIPK U:; ’ U", i / _'._Iﬂ , [ - !
OTKANUSHHOR ¥ Urcosk, L1y 2, SinK, Ly~ Uy
383EMIIGHHOR ¢ I' 1'” --arcfg-—,—-——-;;—-—-—-——-ﬁ—_-——-—-m (3)
oﬁoﬂxﬁoﬂuag A *A Kf IAZa"‘IdCM\'K,LI‘UI .SIHK,,LI
Lenu I ’
Lo1= Lo =Z,
U’ U” T " . ’

| I' Y1 |y U cosk,l 1o Zg SinK,L,~U, .

To xe : " ;;ﬂrcfy'r“' ., (4)

clenyeT YUMTHBATH elje ux dasHoe cooTHomeRue. B TO ®e Bpems uc-
NONb30OBAHKE B PACUPTHEX QOpPMYyJaX TOJbKO PEeaKTHBHHX COIPOTHBIC-
HWl No3BONAET 3aMEHMTh PeOMEeTpUUEcKOe CYMMUpOBaHMe allebpanue-
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CKVMM, UTO TpefyeT OnmpefleleHKA 3HAKa TOKOB M HanpaxeHnit. llpw
BEJOUEHNN (OUKCUDPYDEMX aMIepPMETPOB B COOTBETCTBMU C PHC.L.Z
NMPOM3BOOUTCH HEeNoCPeNCTBEHHOe MaMepeHne JayHelHolt KomOvHauuy
TOKOB, C COXPSHEHMEM 3HaKa TOKA IIOBpeXIeHHON 11eNU. SHaK JMHel-
HO KOMOMHALMYM HalpAXeHWH MOXeT M3MeHAThCH. lakK, HampuMep, NpH
OTKJNUEHMM C OLHOrO KoHna memu Wy (cM.puc.2.1,6) nanpaxenue
Ha OTKJIDueHHOM koHue { Uy ) MoXeT oxasaTbecs NPOTHBONOICAHEM

710 3HAKY M NPEeBHUaDLMM 10 3HAUEHUD HanpaXeHMe TOr'o Xe KOHIa Mo-
spexentolt nenu ( Uy ). B pesyabrate numeiiHas KOMOMHauus Ha-
NMpAXEHRA NPUHYMaSET OTPULIATENbHOE 3HAUEBUE.

B CoapmuHCTBE CayuaerR o0e 1eny paboTapT Ha ofiupe WHHH U
pacueT PacCTOAHMA 00 MecT H3 BHITOAHASTCH B COOTBETCTBMM ¢ HOp-
myaamy (2.9) u (2.10), ilna caoxuex cliyuaer HeOGXOUMMO BHIIONHATH
pacyeTH M0 cHeuualdbHHEM [pPOrpaMmaM C MCIONb3OBaHMeM JIBM.

Hax ¥ pxs opnHouenHo#t BJl, B paAne cayuaeB BO3MOXHO NpeHelpe-
XeHKMe peakTupHO#l nposogmmocted npu OMI peyxuenHo#t avuuu. llpu pa-
gore oO0eux ueneft Ha ofumMe WMHH ¢ IBYX KOHuoB B pias Hux crnpasen-
JUBH PEXOMEHZalui, OpMBeleHHHE BHEE BJIF ORHOLENHOA JauHuu.

Hax noxasweaeT aHaaus [7] , DU BKIDUEHUM PMKCHPYOUMX NPU-
GOpPOB Ha P&3HOCTh TOKOB O0eMX leled NOrpemHOCTh PacueTa pacCTofA-
HUA K3-32 NpeHeOpPeXcHUA PEaKTHBHOW NPOBOLYMOCTBE HE 38BUCUT OT
CONPOTUBNEHUS NpMMuKabuKx K Bl cereff. dta norpemHocTh paBHa Hy-
Jn NO KOHIlaM ¥ B cepenrHe JuHMM. UHa MakcyMaJtJbHa ¢ Pa3HBMKH 3Ha-
Kamyu npy K3 Ha pacerosuum 20% or xoHuor BJd. [Ipy namepeduy pasHoOC-
TH TOKOB 00eux ueneit s ciayuae H3 BO6AM3KM WHH IIPOTHBONOJOXHOTO
koHua Bl nokasaums duxcupyvgero npubopa OAXMSKKM K Hynn Jaudo OH
He cpabaTupaeT. LN UCKIAWUEHUA JOXHOW paborTs npudopa NpH Kac-
KalHOM OTKJINUEHWM HOBPERAEHHON IIENy OH OJOKUPYETCA NpPH TEePBCM
cpaGaTHBaHuK OT (PUKCUpyOLero npubopa . BKIKUEHHOI'C H2 CyMMY TO-
KOB O0e¥X ueneil. B cayyae HYJEBrX TOKa3aHWil B PacueTHCA dopMyse
clelyeT MCHOAb30BATh 3HAUEHME HUEHEI'C npenefa NprGOpa, BRKIDUEH-
HOPO Ha Pa3HOCTb TOKOB.

lipy BxaDUeHUK PUKCUDYDLMX APVOCPOB H2a CYMMy TOKOB NoOT'pem--
HOCTh PacueTa PaCCTOAHUA V3-3a NPEHeODeXEHMA PEaKTHBHON NPOBROLU-
MOCTBHID 3aBUCHT OT COMPOTHBJIECHMA NpUMHHARUMX cerTeit. llpn oTHOCH-
TENbHO GOJLEOM CONPOTHMRIERMM IIDUMEKAaDLE! CeTW MOReT OXa3aTbhes

HEeOGXOAMMEM YUeT PeaKTHBRHONM NPOBOOAVMMOCTH A ABYXUENHyX BJ npo-
TAXeHHOC T Oolee 100 kM.
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2.1.4. PacuerHue popMyan, yQUTHBEADEME SKTHBHOE CONPOTHBIE-~
ure nposopos Bl

Aas Bl, roe tpefyeTca yUMTHBATS SKTHBAOE CONPOTHRIAEHHE NPO-
BOROB, MecTo K3 HeoSxommMo swuMcasTs |7 ] no dopmyxe

XHEZA) (€207
S R e

E='—'——_‘_'——'__°T_~___'“_'“—__—'—_____L’ °
E=1) (1+17) (2.11)

rne ﬁ__x_é_. P_xé'_ 1""‘"
"X, 0 J2T Xy T

Bag oueHku uexecoobpasHocTH mpuMeHeHus dopmyru (2.11) cxe-
Lyer NpeiBapUTENbHO ONPefeXMTh OTHOCHTEALHYD DOI'PeSHOCTDh OF
npeHeOpPeXCHUA AKTHBHEM CONPOTHBAGHMEM, KOTOpasg BHUNCARETCSH MO

dopuyne
B xz { j%-f'gﬂ'
Ae*__sz (ﬂz-‘gﬂr) T:g_ZS(j-,’,'Pﬂz'l'!'!'Z : (2.12)

Ecxy 3HaueHue norpemsoc™ A, He npessmaeT 2%, TO ep
MOXHO NpeHeGpeyb, M PaCUeT PACCTOMHMA B0 MecT H3 BHIOAKAETCH MO
sdopuyze (2.3). Hax npesn®o, yweT aKTHBHOI'O CONPOTHBIGHHA JONKEH
npoussonuThes ang Bl HanpaxeHued 110 xB cewenmnem 70 muz.

LonycTHMo MCnoab30BaHMe ynpomeMHux ¢opmyn mas OMIl, npuee-
nennnx B [18] .

2.1.5. Pacuernue fopuyau nas BE, nuenumux cOnykeHMe Ha uac-
TH TPACCH

Huxe npupopsrcs pacuerHwe gopyxrs mias OMIl [19-2![] , CXEeMH
KOTOPHX IOKA3aHH Ha pHc. 2.0.

[lp¥ KOPOTKOM 3aMHKAHMH Ha 3eMAD BOSAymHOR ammuy W; npora-
xeHHOCTBD [, , MMemuel BACKTPOMAPHHTHYD MHAYRLMD C aminet Wy
mporaxenHocTsy L, Ha ywacrtke L,, (cu.pmc.2.6,2), paccTosHKe
or nofcTaHuMK A no Mecra K3 caepyer onpefexaTh no popuyxe

Uy -y'+ Zﬂlz" +Zo 17

p =L = "SI =271, (2.43)
1 Zor (Ip+Ly) 17



- 25 -

roe Z,, = CONMPOTHBIEHKE B3aMMOMHAYKUMM HYJEeBO! MOCJIeAOBa-
TEAbHOCTH MeXLy avHuaMu Wr u Wp,

B popmyne (2.13) craeurca sHak "mme" nepen Z,, I; npw
YKa3aHHOM Ha PHC.2.0,d HamnpaBileHuM TOKOB JuHWA, llpu nporuso-
MOJICKHOM HanpaBlE€HMM TOKa B AMHWM Wy 3HaK NONEEeH MEHATbCH Ha
"MUHYC".

BoamoxeHn ppyro#t criocof onpepeneHus mecT H3 [16] , 8BTOM&-
THUECKM YUUTHBADIMA H BHPBBJIEHHE TOKa HenoBpexneHuo#t Bll. B aTom
Cyuse BMECTO TOKa I auuun Wy uaMmepaprca HanpsaxeHus U ' H
U 10 ee KOHIaM, a paccTosHKe 10 MecT K3 ¢ yueToM BHDaxeHKA
(2 1) caenyer onpe;uenm'b o bopmyne

-nzr( U')-Zpo(Ug=Y')* (Zp1 Zag- sz _Z_fz)I: ,
(ZﬂI =) L12 -12) (I I )

AHajoruuHo# gopmysoil ¢ coorpercTeypUell 3aMeHOR KHEEKCOB
onpeaeinserca Mecro K3 aunmm Wo .

B cnyuyae HeCKOAbKKX 3nexTpoMarHuTOCEA3aHHMX Bl pacuer pac-
CTOAHKA 1eNlecOO0PA3HO BHIIOAHATL ¢ nomompbn OBM no cneumanbHo# mnpo-
rpaMMe. llpu 2TOM, MOCKOJBKY NOKA3aHUR (UKCHDYDIMX BOAbLTMETDOB
LOMXHE OWTh INOAYUEHH ¢ HECKOJNbKMX NOgcTAaHuUMN, HeOOXOHLMMO nNprMe-
HeHUEe CPEICTB TEeAEMEeXaHWKH.

AJNA opHOUeNnroff TPaH3IUTHOK AMHUM ¢ MPOoXOAHOH nopcrannue#t B
(cM.puc.2.6,0) npu onHopasHoM K3 Ha yuacTKe C yKa3aHHHM HamnpaBb-
JNeHWEeM TOKOB B CcOOTBEeTCTBMH ¢ dopmysnoirt (2.413) paccrosHme oT
noacTaBusy B 10 MecTa NOBpexnesus HeoOXOnyMO ONpenenaTs no hop-

MyJe

(2.14)

.- g:-u3+;ﬂ11 +Z,,17

L (2.15)
’ 2, (I+17) T

rae Zq4 — NONHOE COMPOTHBJIEHWE HYJEBO! NOCIENOBATEJNBHOCTH
AvHvH W,
Z,» - NOJHOE CONPOTHBJIEHNE B3aVMOMHAYKuMM Mexuy Bl W,
MW, Ha yyacTke BauHOR L, .
HeoO0x0onMMOCTh yueTa HanpaBAEHUA TOKS HENOBPEXNEHHOX JIVHUM
YCACXHAET onpeleleHue mecra HJ3.
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i
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=
a} odcmarqur bz
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(&) x  Munusn Wy Aurua Wz Y
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ffodcmaruus A flodcmarnuur b

Modemaryus 8

5) flodcmonuus B .

FA
{4

flodcmanyun 6

flodemanyur I

§)
Pruc.2.6. Cxemu avuuft, mvepmmx cOJWKeHME HAa YaCTH TPACCH:

d - §Be JuHMM C uacTHuHO# B3auMouHmykuue#; O - onHouenHas
TPAH3UTHAA JNHHMA C NMpOXopHoN nomcraHuueh; & ~ ppyxuenHas
TPAHIUTHAA AWHMA C MPOXOLHEMM IIOACTAHLIMAMM
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Tokx nospexnenHo# u HenospexpenHo# Bl Ha nopcTasumm B mox-
HO BHPa3MTh B BHIe aaredpaMuecKodl NOAYCYMMH I'éOMETPHUECKOH CYMMH
¥ PEOMeTPHUECKOR pPa3HOCTHM TOKOR o0eux avHui. Torja noxyusew:

s L. Ii I +I) 13-13
{

. I
Z77" 32 f (2.16)
12 18418 12-10

2 2 T _2_

lopcraBuR 3HAUYBHUA TOKOB _I_,B u I 23 B dopmyay (2.15), mo-
JYIHM .

IB
8 =¥
ly== -

C2U-u )2z, 122, (131, )

Ly - (2.17)
1 Zpy (I5+1, +21') !

B cooreercTern ¢ dopsyao#t (2.17) mas ompenexneHns wecr K3
Ha avHuM W, Ha nopcrarumy B NMPOMSBORMTCH ONHOBPEMEHHOE M3Mepe-
HHE DeOMeTDHUECKOR CYMMH ¥ 'éOMETPHUYECKOH pa3HOCTH TOKOB O0eyX
AIMHUE, WIYDMX K IpomexyrouHoit nopcramumu [22] . lpe TakoM cro-
cote OMIl dukcupypnimpe aMiiepMeTpH EXKANMSHTCH, KAK 2TO IOKA3AHO HA
pUC.2.2, M KX KOJMYECTBO OCTSOTCH TAKMM Xe, WT0 M ITPH H3IMEPeHuH
TOKA B KARAOH M3 NBYX AMHMIA,

lipn xoporxoM 3aMuKaHKu Ha yuactke W, TtpaHauTHOA aummn (c
YUEeTOM COOTBETCTBYDWEro HamnpapiaeHus TOKOB Bl) noayuaseM aHalxo-
IPMUHYD GOPMyRy RIS PacYeTa DacCTOAHMA OT noacraHime B no mecr K3:

“QB*Zanl""'ZZfz (Ig_l.:)l' (2.18)
Z,,(18+18+21") 2

AnA RBYXIenHOR TPAH3KHTHOR JAMHMM C NDOXONHHEMK IONCTAHIIMAME
BuTl (cu.puc.2.6,8) dopuynu nng OMI ycaoauswres. Paccmorpmns
npumep ofHopasHoro K3 B Touke X, Ha yvacTke W, . C yuerom yka-
3aHHOrO Ha puc.2.6,5 HampasuzeHus TOKOB O akamorum ¢ dopumynod

(2.15) paccrosHue or nopcTaHuMM A Ao MecTa K3 craeiyer BHUMCAATH
10 BHPaXEHHD

£, =

U U"'Zm 'ZfzI""'gfz_I;; +§ML:,
Zas(1/417)

Ly - (2.19)
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Bxogsupe B dopmuyny (2.19) TOKM B NHMHMAX MOTYT 6HTH BHpaxe-
HH yepe3 IeOMETPHUECKYD CYMMY ¥ I'eOMETPHUECKYD Pa3HOCTh TOKOB
LBYX CMEXHHX YUACTKOB JIMHMU IO OpMyNaM:

SRR "I U
e 2 T T _3"' A "=

] 2" 12-" 2" % (2-20)
e e "7 "7

g I I
I = =X _ =A
=17 V4

[opcrapue 3HaAuEHHMA TOKOB M3 BupaxeHuit (2.20) B GopMyxny

(2.19), nonyumm $opMyny LJIs pacuyeTa pPacCTOAHMA OT IOACTaHUMK A
Do MecT K3 Ha yuyacTe W, HOBYXUENHHX TP8H3UTHHX JMHMIA:

.. (2.21)
Zo(Ig+1y+1g +1,) ’

2

Qopmyna (2.21) neficTBHTENBHA NpPH ANGOM HANPABAEHUM TOKOB
H& yuaCTKaxX JNHKKN, UMenmed JJIeKTPOMAIHHUTHYD CBA3R C NOBPEeXHEeH-

HM yuacTkoM W, .
Huxe npusopsaTcs pacueTHwe dopuyaw fas OMI wa yuacrkax W,

W3 H We , KOTODHE NMOMYUEHH 8HAJAOIHUHHM IMyTeM.
lipy opHodasHoM K3 Ha yuacTke W, pacueTHas dopmyna wmeer
BMI, -
B ,,u B .8 | pf N M
_ =y )42,y 0y~ 15 )12, (=1, )42, (1, - 15 )
bty=—rrmrmeoe————————+——— L, - (2.22)
-Z-ﬂ2 (Iz +i, +1, "lz )

Urcyer pacCTOSHMA BEUETCA OT NOACTAHUMKM E.
B cayuae omHopasHoro H3 Ha yuacTke W, paccToAHWe OT MOA-

CTaHUMK A [0 MecTa JNOBPEXLEHUA ClelyeT ONpelenAaTh No GopMyne
r ! royr I 1!\ _ r_qr
- 200U 2y5(Ig 1y )+ 25, (115 ) =25, (15 L)

- . (2.23)
E 7 (LT I+ ;

PaccrosHMe oT nopcTaHuUMM b 1o Mecra opHodasHoro H3 Ha yuacT-
xe W, caedyer onpeRensTh no popmyiae



_ 9y o

2(U-u" Nz, (I-1 I+ (I =12 )=2,5 (LT
f"__ nta( ) ( ) =42 z} 43 )L,,.(2.24)

ﬂq (IH H +;[ﬂ _:Tz)

AH3JMOMMUHC MOTYT OHTh [IOAy4eHH QOPMyAn LA OnpelesyeHns
MECT TIOBPEXIEHNA I BYXUEIHNX TPAHIUTHHEX JMHUIR nipy OONbueM uuche
OTXOOAWMX OT Kamiof 1eny NPOMeXYTOYHHX MO[C PAHUMK 110 cxeMme 3a-~
xofna. B 3TOM CAyuae yBenVuyaseTC8 KOJMUECTBO HEOOGXOLMMOR OIS
OMIl mHpopMaLMK, noaToMy 3mech LeNecO06pPa3HO NPUMEHEHME NpyIuX
meTofios UMll Ha ocHOBe pacueToB mo nporpaemmMe Ha Gaze IBM.

£.2. UOHOCTODOHHWE M3MEpPeHMs
2.<.1. Yamepenue comporyeaeHus yuacTka Bl no mecrta K3

PaccMaTprBaeTca KM3MEepeHMe C HCIONb30BaHHEM CEPHIHO BHIIYC-
KaeMCcI'0 PyXCKMM ONHTHEHM 32BOAOM "OHeproapToMaTHKa" GHKCHMPYDUEro
MHIMKaTOpa conporusnenng SUC [4] . C noMoupw 3TOr0 MHIMKE TODA
OCYUWecTBIASTCA HENOCpeACTBEHHOE M3MEepeHWe PacCCTOAHKS 10 MeCT
noBpeAfieHNA Np¥ scex supax H3. Paccrosume namepseTcs B KUIOMET-
pPaX He OCHOBE aHaJOro-uuppoBOro NpPeofpa3OBaHUA BXOLHHX I8paMeT-
POB aBapWHWHOI'O peXMa B COOTBETCTBMM C HOpMyXNoOh

K, Usiny
1
N = ""'““"I E— =Knx1p; ’ (2.25)
TLLe N - uucno, duxcHpyeMOe MHAMKSTODOM, COOTBETCTBYDIEE

paccrosHuo O MmMecT H3;
Kp - KnafduuMeHT Ipeobpa30BaHMA, ONpejenseMuit napaMer-
PaMy aBapuilHOI'O pexMMa BJA KOoHTpoaupyemort BJl;
U # I - cooTBETCTBEHHO HAaNpSXeHHEe ¥ TOK, HOPMMDYEMHE B
HHIVKaTOpe B 3aBMCHMMOCTH OT Byua K3;

P - yron ciewra Mexny HanpsxeHueM U u rokom I

X, — WHOLYKTHBHOE COMPOTMBJEHME NPAMOA MOCHEL0BaTENb-
HocTy yuacTka BJ no mecra Ka3.
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Hak suoHO u3 ¢dopmynn (2.20), ¢ nomompro MHuMkaTopa OUC uame-
pAETCA YHOLYKTHBHOE CONPOTHBJIEHME, NO3TOMY HHIMIIWpPYEMoe pacCcTOfA-
HMEe NMPaKTHUYECKM He LOJXHO 33BMCETb OT IEPEXONHOI'O COIPOTHBIEHMA
B MecTe noppexueHuda. UNHaKO B peXuMe A BYCTOPOHHEI'o NUTAaHMA BO3-
MOXHH JOMOJHUTENbHHE MOIPEMHOCTH M3MEDEHMA NPH HaAWYMK¥ COCTABIA-
DUMX Halpy30UHOI'O peXmMa ¥ 3HAUYMTENHHOI'O MePEeXOAHOI'0 CONMpOTHBIE-
HHA B MecTe ofHodasHoro K3. Pwxckmult onuTHmit 3aBop "JHeproasToMa-
THKa" HayaJ BHITYCK MOAEPHH3WPOBAHHOI'O MHOMKATOPA CONPOTHBIEHMA
OUC, ofecneyuBapuero MOBHUEHHYD TOWHOCTH H3MepeHysa npu K3 Bl
110-220 kB ¢ ABYCTOPOHHMM NMTaHMEM B CIyJae YCTONUKHBOI'O KOPOT-
KOro 3aMukaHva. lipy Heycroiiqupux K3 MOryT BOSHMKATD NOIPEWHOC—
T u3MepeHna. COOTBEeTCTBYDUME M3MEHEHWS B CXeMe BHJINUeHMA MHAM-
KaTopa PUC oTpaxeHH B 3aBOACKOR MHCTPYKUMM IO BKCIUTyaTaLMM [23]

Buwoop ycraBok saeMeHTOB MHauxartopa QHC, llepen pxamouexuem
MHOMKATOps RWC B IKCIIAyaTAUMD LOJMXHH OHTb OTPEr'YJIMPOBAHH YCTEB-
KA OTAEJAbHHX er0 2JeMeHTOB. UHY PaCcCUMTHBADTCH NPELBAPNTEIbHO
Ha OCHOBE COOTBETCTBYDUMX [LSHHHX M NapaMeTpoB KOHTpoaupyemo#t Bl
¥ CeTH.

K nanHeM Bl oTHOcATCA: npoTaxeHHocTh L, KM; HOMHHaJIbHHE
COOTBETCTBEHHO fasHoe HanpameHue Uyyp oB(xB)u Tox Iypy A (KA)S
MaKCHMaJbHu# TOX Harpysku I, .. A (¥A); koadduumeHTH TpaHC-

hopmaL ¥y TPAHCPODMATOPOB COOTBETCTBEHHO TOKA Ky W HANDAKEHHA
K
U

liapamMeTpu BJl: ynesJbHHEe MHOYKTHBHHE CONPOTHBIEHMA COOTBET-
CTBEHHO NpsMOit X, ¥ HymeBo# X, mnocienosaTeabHocTelt, Om/kM (uH-
LYKTMBHOE CONPOTMBIEHHE COOTBETCTBEHHO NpsMok X,, # Hymesoit
X,p TnocnenosaTenpHocTeit, UM); ylelabHOe MHLYKTMBHOE CONPOTHB-
JeHue BIaMMOMHDYKU®M X,, , OM/KM (MHLYKTHMBHOE CONDOTHBIEHHE B3&-
vMOMHAYKUMM X, , OM)- LA NByXUENHHX BOSAYNHHX JMHWMIA.

Kpome TOro, 0Js BHOOpPA YCTABOK, MCXOLA M3 PA3JWUHBX DEXHMMOB
palOTH BHEPrOCHCTEMH, AOJKHH OHTE P3CCUNTAHH MAKCHMAJBHHE Y MU-
HAMaJIbHLEe 3HaUeHusda NnapaMeTpos apapuHOI'O pefMMa, K KOTOPEM OT-
HOCATCA: ¢a3HHE TOKY Y JMHEWHHe HalpAXeHVs NOBPEeXieHHHX (a3 B

MecTe ycTaHCBKM MHAMEaTopa ®MC coorpercTBEeHHO Npy dRyXda3HOM
(2) (2) (2) (2) (3) (3)

Icp max Iqo min " Yy max » Up min ¥ TREXGaSHOM Iy oy s Ty i
(3) (3) .
MU, noxs Us min KODPOTKMX 3aMHKaHMAX; (a3HHE TOKH MOBPEXIEHHON
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(1) (1) (1) (1) (1)
“{':)EHOBPMEHM $83 Iy max > dg max s Le max ¥ Lo min Ig min s
It min » TOXM Hyneso# mocxefosaTensHocry 3157w 311 . mpu on-

HOP23HOM KODPOTKOM 3aMuKaHMM; I8 Asyxuensoit Bl monoxHuTesbHO
MPUBORATCA TOKM HYJNIeBO# NOCNeNOoBaTEJbHOCTH HENOBPEXLEeHHOH ueny

1 f
310( I%mm " 3.75 zi)r mine JKA3aHHHE BaHHHE M NAapaMEeTPH 1e]eco00pas-
HO NPEACTABIATD B BHOE OTHENbHHX TabJMI.

MAajlee BHIIONHAETCA pacueT W BHWOOL YCTABOK WMHIMKATODPS M €ro
3XEMEHTOB.

Unpepenenve pa6oyero fuana3oHa M NOANMANA30HA TOKOB. [Ipous-
BOLAUTCA HA OCHOBE€ CPaBHEHNA MaKCHMMAJIbHHX 3HayeHU! BTOPUYHHIX TO-
KOB NpM pasinuHeX Byiax H3, KoTopwe clelyeT BHUMCAATL 1O Gopmy-

L EVYE (3)
. (3) - ﬁltp max
ch max = "_K'I_r
(2)
. (2) 21m max _
[ 'max = _..%_...__ , (2.26)
(1) (1)
i(f) _ Iq;max+Kg JIU ma X
[pmﬂ'x - KI y

rne K, - KoohdMUMEHT KOMIEHCaLMM TOKa HyJeBOil MocnefoBaTEeNb-
Xo=Xy  Xgp—Xpq ‘

Ix, 3Xm,>

B xauecTBe PAaCUETHOI'O TOKS BJAA BHOOpa NHUANA30HA BXOIHHX TOKOB
NPUHMMAETCA TOJOBMHA HaMOOJBEEro M3 MAKCHMMaJbHHX 3HaueHMit (2,20),

T.€.

HOCTM OgHouenHo#t Bl (KO‘—'

ip = 0,5 0x - (2.27)
VICXODA M3 3aBOACKMX TEXHUUYECKUX HaHHuX MHnukaropa QUC [4 ], B-
GMpaeTCs TaKO/ BEpXHMAA Npefes paGoyero LManu3OHa TOKOB Lg 3
KOTOpHE NpeBHuaeT TOK ip . 3HaueHue BepxHeroc npenena pa6oue-
IC NONAMANa3OHa TOKOB (g .7 NPUHWMAETCH PaBHEM PaCUETHOMY,

€CA¥ BHIOAHANTCA YCAOBUS
- { . { .

kean Ep <(,5ig 3 » TO TOK ip .7 NPUHVMBETCA PaBHEM MNOJNOBUHE

3HauUeHKs TOKa (g 7 , T.e.

iﬁ, nd — U,Slﬁia . (2.%)
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C yuerom S0-kpaTHOr'O M3MEeHEHWA pabouMX TOKOB MHOMKaTopa $MC Hux-
HRR npegea padowero NOALMaNa3OHa fu,nﬁ paBeH

iH,H[? = 0,02 LB, na (2.29}

Unpefieflenve pa6ouero AuvanasoHa M NOGAKaNa3oHa HalpsXeHud.
CrenyeT YuMTHBATb, UTCO MHOMKaTOop DUC mMeeT Bcero ammbp OOUH LM~
SNa30H C BEPXHHMM TpeleloM, PaBHHM ug g = 100 b, Bepxuuit mpe-
nen pabouero nojnuana3oHa OCHYHO npuHuMaerca Ha 10% Goarme Max-
CMMS8JbHOI'O PaCUEeTHOI'0 3HAUEHUR JHHEeNHUrO HalpAXEeHHA NpH AByXDad~
BHoM K3, r.e.

1,102

max

U — — )
B, ng KU (2.30)

COOTBETCTBEHHO 3HAUSHHE HUKHErO npenesia padoyerc NONAMANASOHA

paBHO
Uy ng=0,02 ug ng - (R.31)

JeTaBKa TOKOBOI'O M36MpaTens rnospexieHHuX $a3. B nmepeuuHHx

BEJIMUMHaX OHa ONpelieIAETCA, MCXOLA M3 OTCTPOMKK OT MAKCHMAJIbHOIO
TOK& HAI'DY3KM M TOKa HenospexieHHHX ¢a3 npr onHohasHmx H3 no

popMyne

- (1) 1
I%” = Kyq Lur max+kHZIHen max * ({2.32)
rae K¢ - KO3pPMUINEHT HAAEXHOCTH, YUMUTHBADUMA BO3MOKHOCTD

ypeauueHua Herpvaxy Bl ( A= 1,1-1,3);
Kyo = KOBGOUIIMEHT HaAEXHOCTH. YUMTHB3WWLMA NOIrpemHOCTH
pacwera Tokop K3 ( K,, = 1,1-1,2).
BuGpaHHa® yCcTaBKa IOMKHa O0eCIeuynTb UyBCTBUTENIbHOCTh M30K-~
paTens npu pcex pumax H3 Bo Bcex pexymax. CoorpeTcTeyoum# Kood-

GMUMEHT YWYBCTBHTEJIHLHOCTHM BHUMCIAETCH IO §opMyne

[
Lo rmn
Ky = T ?’kq, don (2.33)
AR
PRe Ig min - MHHHMBIbHOE 3HaueH#e TOKa MORDERUEHHO has3y NpH OJHO-

da3rom (apyxpasHom) H3;
kq,ion — IONYCTHMHA KO3GOHUMEHT UYBCTSUTSIBHOCTH (ikq,a?an = 2,
3aTeM BHUMCJIAETCH BTODMUHOE 3HaueHMe yCTaBKM U3OHpaTens

. Iyu
by‘H-—-—k% ’ (2-34‘]

KOTOpOe LOAXHO OWTb OTperylIMporaHO B wuHUMKaTOope QHC.
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PaGounit KO3hPHUMEHT Npeoclpa30BaHUA M 3HAaUEHME MHIMUMPYEMOI'O

upcya. ONpemenaAnTCcs Ha OCHOBE MAKCHMAJIbHOI'O 3HaUeHMA KoaddHuiIneHTA
npeod pa30BaHKA, KOTOPHI BHUMCIIAETCA NO dopMmyJe

7 max —W ’ (2.35)

riae 30 - nocToaHHu! KodGPMIMEHT, onpeifenseMult NapaMeTpaMM 3Je-
MEHTOB VWHAuKaTopa O¥C.

Aajlee HaXOmuTca Haubonbmee uucio N,y Ha Tablo GJOKa WHAMKALIMHK,
koTopoe coorsercTeyeT K3 B xoHue BJ, no dopmyne

K

N _ K max K1 Xa 1 (2.36)
max R *
U
Ha ocHope nosyueHdoro N, onpenenseTcs Noxa3aHWe WHIMKETODA
/
N, , koropoe Goabwe uycia N, , COOTBETCTBYDUEI'O JJHHE KCHT-
ponupyemot Bl B xkuxomerpax, B 1, 410 i 100 pas. Ilpym arom nepe-
f

xof oT yucaa N, K urcny N, npOMSBORKTCH YCTAHOBKOH BTHDS
LECATHYHON METKK B NoNOXeHKe cooTreTcTpeHHo "x 1", "x O,I" wam
"x 0,0I". Hcrombayemuit xooddmiimeHT npeolpasoBaHUA CHELYET BHUMNC-

IATh NO opmyde

K YL (2.37)

A

JCTaBKa pelle COMPOTHMBIEHUA OJNOKKpOBKM. UHa onpenensercsa B
COOTBETCTBHK C QOopMynoit

kﬁﬂ’ﬂrxﬂf
Yon= g (2.38)

rne  Kgp - xoaddmumeHT HaleXHOCTH, mpuHumaemwit 1,<-1,3.

{lpn vcnoab3oBaHuK MHpHMKaTopa ®NC Ha meyxuenmsx Bl (pwuc.
2.7,0) B mpouecce ero Halalky HeOGXOLMMO YUMTHBATb KOSMOUIIMEHT
KOMIIEHCALIMK TOKa HYNEBOW NOCHENOBATENBHOCTY HENOBPEXLEHHON 1enu,
KOTOPHE clefyeT BHUKUCIATH NO dopmyne

Xy Xp
= oL = T (2.39)

2.2.2., Hamepenye Toxa (HanpsxeHus)

Leau QMKCHMpYDWLKe MHOVKATODH CONpPOTHMBAEHMS He 00ecleuyBalT
IOCTATOYHOR UYBCTBUTEIBHOCTH, LeNecCo0pa3so MCNOJb30BaHNEe DUKCH-
PYyDUMX MHIMKaTODPOB TOK& M HamlpsmeHus Hyiaesoft (o6paTHoit) mocneno-
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llodcmawyun &

Puc.2.7. Cxemu npymeHedus munyxatopa IMC Ha Bl pasapymmx smpos:

a - OfHOueDHaa Tynmkopas Bi; 0 -hnu.aymermaa rynuxopes Bll; & -
OfHCUeNHaA TpaH3uTHas Bl ¢ oTseTsieHMeM
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paTeNbHOCTH, Hanpisep, JURI-A » JVRI-B (QIT u 3MH), a Takxe pa-
Hee BHITycKapmmxca duxcxpyouMx npubopor &Hll, M-I n OMI-2. OpHo-
CTOpPOHHEE W3MEPEeHHe TOKa (HaNPAXEeHHs) MOXEeT MCIOJb3OBATHCHA KAK
LONONHHTENbHEA cnoco6 mAsg Onpemelenyss MecT nNospexneHMs Bl npy
OTCYTCTBKMH QACTH MSMepeHw# (HampyMep, OTKa3 QMKCUPYDEMX NMPHEO-
POB), & TaKke NpH ONPO6OBaHMM JMHMK B CIyuse ee OJHOCTOPOHHEIro
BKADYEHHA noche HeycnemHoro Allb.

OnHouenHas JuHKs. lipn onpeneasHuy MecT NOBpeXNEHHs paccMaT-
PUBSEMEM METOIOM HaHHWE KM3MepeHuit (MKCHpYIMX NpMOOPOB CPaBHM-
BADTCA C NPefBAPUTENBHO PACCUMTAHHEMM 3HAUGHMAMYA TOKOB (HanpsA-
zeuuit) K3 xonrpormpyemoit BJl. Ha ocHOre pacueToB nOXyYaeTCs Xa-
DaKTEPUCTHXA 3aBHUCYMOCTH TOKa (HanpsXeH#ss) OT MecTa KOPOTKOI'O
3aMHKaHKA, X0TOpPas MOXeT OWTb IipefcTaBlieHa rpadHyeckr aubo B

T T T[] L ]
4500 | —— 1
4000 IR —
3500 ! ! T
3000 R m— *
2500 1 ]
2000 w I T
1500 —1 1-
1000 * I ma—
500 t

J 10 20 J0 40 50 € ku

Puc.2.8. XapaxrepucTura £ =f (1')

BULe TabiauMH. Ha puc.2.8 MoKasaH2 pacueTHas Xapakrephcerura £ =
f(I'), U3 KOTOPO# BHUIHO, UTO € KPYTV3Ha MaKCUMallbHa B Havyalie
BJl ¥ MMHMMaANBHA B KOHUEe JWHMK. [IOCKOJbKY XapaKTepUCTHKa I10CTPO-
eHa IJA MeTalmuecxoro K3, HeyueT MepexoiHOro CONpPOTHUBAEHKUS
MOXe™ NMPHEBOAXTE K yBeauueHHmM norpemydoctsM CMII npu nospexpenusx
Ha yuacTKe, NDUMHKADWEM K NPOTUBCICHAOXHOMY koHuy Bl. B 10 xe
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BpeMs npy Oamakux K3 norpemsxocts OMIl npaxThuecky yepeamxa. Toy-
HocTb onucaHHoro MmeTona OMIl moxeT OHTR HECKONBXO NMOBHIEHa, €CAY
npy BHIIONHEHMM pacueros TOKOB (Hanpaxewnmit) K3 yunTwsaTh nepe-
XOHO€ COINpOTHBIEHHE., LI'0 11enecOo06pal3HO NPHHKMATL PaBHHM ChElHe-
My 3HaueHND CCIPOTHMBIIEHMA onop naHHOW BJl, a nas auuuit, roe rpo-
303aATHHA TPOC 3a3eMiIAeTCH Ha Kaxupoil oncpe, INEepexonHoe COMNpo-
THBJEHHE CNeNyeT ONpelelsaTb C YUETOM WLYHTUDYDLUEI'0 BAMSHMUS TPOCA.

Ilpn onpefeneHun mecT H3 Ha OCHOBE OULHOCTOPOHHMX H3MEpEHHH
TOKa (HaANPAXEeHWA) PACYETHHE XaPAaKTEPUCTHKM f“if(I') BHITOJHANTCSA
LNA HantoJiee XapaKTEPHHX DPEeXMMOB DHEPrOCUCTEMH, 3HAUUTENBHO BIU-
AVUMX Ha KM3MeHeHHe a0CONPTHHX 3HaueHH? IapaMeTpOor apapuiHOIO
pexyMa. HOAMyecTBO DeXMMOP LOJEHO OHTh ABa-TPY, & B PARE CIYyua-
€B LeJeCc000pa3HO cocTaBleHKe OLHOR ycpelHeHHO¥ XapaKTE€PHUCTHKH,
XOTH B 2@TOM clyyae norpemHocTh OMI momer 6Gurh prme. llpn sTOM
clelyeT yBeawuuTh 30HY obxoga BJ nocae K3 no cpasHeHuo ¢ yxkasaH-
HeM [ © ]

C yueTOM M3JIOXEHHOIO DPACCMOTPEHHHM BHEME CNOCO0 chepyeT Ke-
[ONAB30BaTh B OCHOBHOM LJA OTHOCHTENBHO XOPOTKEX AuHuit (He Gosee
o0 KM), OTXOLAWUMX OT WyH MOUHHX DJEKTPOCTAHUMA K NOACTaHUWA.

llpn opHodaspux H3 BO3MOXHO OnpelieNeHVe MECT TOBPEXMEHMA
Ha OCHOBE OBHOBPEMEHHOI'0 M3MepeHMs TOKOB (HanpsmeHul) Hynepol
1 06paTHOM nocaenosaTenbHocret [7] . B arom cayuae (yuuTHsaercs
TOJIbKC VHLYKTUMBHOe conpoTvsideHue BJl 4 ceTw) paccTosHMe RO MecCT
K3 onpepenseTcsa no gopmyne

) (x.,* x" )><_,:,:.,,—6(x‘,:ﬂ Xon *Xea) Xe
g""‘ i_ E(X ) X X” ) L y (2-40)
EG 82 2 c2
I U X]
rne €= —1 = ——
I2 UZ XCU

o dopmyan (2.40° BUIHO, UTC paccToAHMEe L0 MecT H3 He 3aBuCHT
OT TICPEXOMHOrO CONPOTHBRJIECHUA B MeCTE IOBPEXNEHUA, ONHAKO ero
TOYHOCThL OMNpelelIAeTCH COOTHOmEeHMeM NapeMerTpos Bl ¥ cueTemu B
CXEMAX 3aMEWeHVS HYJIeBOH ¥ 00paTHOV NocAeloBaTeJdbHOCTEN.,
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Hak nokaswpaeT aHanu3 [ 7] , addeKTUBHOCTb AAHHOr'C crocoba
CHMXaeTCH Ha KODOTKMX JIMHMAX, Ilie oTHomeHue Xg, /X , > 10, u na
navHHEXx BJ, roe XE'Z/XM < 0,20, llpy 3TOM Ha KOPOTKHMX JMHMAX IO~
rpemyHocth OMI] Beayka pas Bcex Touexk K3, a Ha OLJMHHNX JHMHHUAX OHa
3HaYUTEJbHO CHWKaeTcA Npd noppexneHusax B koHue bll. lloaTomy Ha
DJIMHHEX JUBUAX 1ejlecO00pasHO coyeTanue AByx cnocobos OMII: Ha oc-
HOBE M3MePeHHA abCONNTHHEX 3HaueHu! Toxka (HanpsxeHWs) HyZneno#t mo-
cllefopaTeNbHOCTH npH Oanskmx K3 M no OTHOWEHHD IL /1 ; npy yaa-
neHswx K3.

K HegocraTkam nocienHero cnocofa cJlELyeT OTHECTH HeOOXOnHK-
MOCTh yueTa CONpPOTHBJEHMA ceTe?t X., M X., , NDUMHKADIHX K MO~
BpeXneHHON NHHUU. BCAM CONPOTHBAEHHE CETHM, NPUMHKab@iel K Haualy
BJ, suHuKcaseTcAa NO JoHHEM MaMepeHult HanmpsmeHult B Toxop ( Xéﬂ =
UE, /I:; . Xc.fz = Ué /I; )y TO MCHOAL3YVTCA PACUETHHE 3HAUECHHA
CONPOTHBACHAA CETH C NPOTHBOIONOXHOPC KOHIAa. Ecau CONpOTHBRAECHHE
Xcp ~ MOXeT GWThb OTHOCHTENBHO CTAGWIBHO, TO CONPOTHBIEHUE X, ,

B 3HAYUTEABHOR CTeNeHW 3aBUCHT OT HAI'DYy3KM ¥ pexuma pPaloTH reHe-
paTopa.

[lpuMeHeHe TaHHOI'O cIOco0a8 UeAecO00PaszHO Ha BOSAYENHHEX JUHU-
X, The CONpOTHBIeHWe X., NPAKTHUECKY He U3MEHAEeTCH WIM ero
MeMeHeHre 3apaHee KM3BeCTHO. JTOT Cnocol He MCXeT CHTH MCNOJL3O-
pad Aag OMII npu cnpoGomanum.

PaccemorpyM crniocof onpenenenus MecT ApyxdasHoro K3 na ochobe
W3MepeHui NapaMeTpOB 06paTHOM ncciedosaTensHocTw (7] . B »Tom cay-
yae, ecly InpeHebpeub IePEeXOAHHM CONPOTHMBJAEHMEM B MecTe IoBpexie-
BAS, HalpsXeHHe OOGPaTHON nocaenosaTeabHoCTH B MecTe H3 cocrapas-
€T NONOBKRY (a3HOI'O HanpsxeHusa. Mexons 3 2Toro, HanpsmeHue 00-

paTHO!l nocaenoBaTeNbHOCTH, H3MepsemMOe B Hauane BJll, pasHO
r_ . I__ _ !
.L_}z_!'-lz,l{ ‘_.zrflz"QQ/z .“_312:.[2 ;
OTKyHna IoJyuaeM pacueTHyD (opmyny LA ONpelejeHHs MecT ABYX(pa3-
Hux K3:

Ug = 2U,
! = _E____}_Z_ y (2.41)
2z,1,
rne Qh, - (as3HOe HaNmpAKkeHMe Ha MWMHAX NOLCTAHIMM, OTKYHA

BEETCH OTCUET DPACCTOAHMA L0 Mecr K3 (npuumma-~
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ETCA PSBHHEM HaNPAKEHWD, K3IMEPASMOMY THTOBHM
BOJNbTMETDOM ) ;
1y;,r;; -~ COOTBETCTBEHHO HalpAREeHMEe M TOK O0paTHOU mo-
CJefoBaTeJbHOCTH B Hayaje Bil;
Z, = YAEeXbHOE NOJHOE CONMPOTHRIEHKWE OPAMON nocieno-
BaTeapHOCTH Bl

AaHHbl cnocob crelyeT NDUMEHATD Ha BOSAVIHHX JHHHAX, I'ie
BEJIMKa [0NA MexiydasSHEX KOPOTKMX 3aMuKaRuii. llepexopHmmM compo-
THENICHNEM B MeCTe IOBpeXneHHs MOXHO npeHeGpeus [7] .

AByxuenHag avHug. Ha rakoit Bl (cm.pre.R.1,2) crenyer npu-
MEHATb TE€ Xe CIIOCOOH OolpeneNeHMa MeCT KOPOTKOI'O 3aMHKAHMA, KO-
TOpPHE ONUCAHH EHle NPMMEHWTEeIbHO K ofHouenno#t Bl. Cuenyer TOb-~
KO oCpaTHTh BHUMAHKE Ha TO, uTO mpu CMI mo OTHOmEHMD TOKOB Io/I,
wiy Hanpsxewu#t U, /U, BMecTo conpoTusieHMs JuHuM X, HCIIONB3Y-
eTCA PacueTHoe conpownnneune Xﬁ , PaBHOE
X = Kot Xyp

P

{lpw BRMOYEHNH PUKCHPYDIHX aMIIeDMeVPOs Ha CYMMY TOKOB ABYX

nene#t (E=Iys /1,5 ) dopmyna (2.40) npeoGpasosmsaerca:

2[(Xf +X ‘f‘X” )XH ‘E(Xéﬂ*'x Xﬂ’ )X.'l ]

E: f-— --—-———-———-—-—-—-—-—-——————-—-————-——-—-—————-———-T——
E (Xcg"'xpg +X ﬂ)xﬂz Xﬂ0+xf2(a))(x62+xﬂ2+xcz

L.(2.42)

Opu wenonb3osanuy dopMysn (2.42) crefyeT N0 BO3MOXHOCTH YCTAHAB-
JVMBaTh M30MpaTeay NOBPEXNEeHHHX da3, YTOOH OTJAMUATH ABYXDha3HHEe
H3 Ha 3emMap OT ORHOPABHEX.

AR paccMaTpHBaeMEX AByxuenHwx BJ mMOoxer npuueHaTbca cno-
co6 OMIl, ocHOBaHHMI Ha ONHOBPEMEHHOM OLHOCTOPOHHEM H3MEpPEeHKH
CYMMH M pPa3HOCTHM TOKOB HyJesok (oGpaTHO#) nocienosaTeIbHOCTH
ofeux uyemneid. B aTOM ClIyyae paccTOAHME [0 MecT H3 caegyeT onpe-
nLeJaTb no JgopMmyne

(zx;+2x;’+xﬂ+x,,2)1; "(ZXé"+Xﬂ+X,2)I;

O XX X V(X X ) T

L. (2.43)

TounocTh paccMaTPUBAEMOrO cliocofa 3aBHCUT OT COOTHONEHMA Iapa-
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ueTpoB Bl ¥ nmpumukapuMx X He#t cerell. JHauureabHOE BJIVSHUE INpK
aTOM OKasHBaeT comporusieHme X. . lpu X; = O cnocoS oxasupaer-
cf HelpHeMIeMEM, Tak Kak gyHxkuua (2.43) umeer Bun € =L . AHanua
norpemxocreit OMII [7 | noxasuBaeT, uro naHHHA CnOCOS ¥MeeT ONTH-
MallbHOe INpMMEHEeHME TOJbKO MJIs OonpefeieHum MecTa K3 npu sxianue-
HUK ofHo#t M3 yene#f Ha omHofaszHoe WIM AByXPas3Hoe H3 Ha 3semam.

3. CIPELENCHUAE MECT [COBPEMEEHUA
BOJLYLHHX Wl C OTBETBJEHAAMH

3.1. Meronn OMII Ha ocHOBe ABYCTODOHHHX K3MepeHMit

[Ipy NpPOEKTHPOBAHKK OTBETBUTEAbHHX IONCTAHUMA B ceTH 30-
220 kB pomyckaerca [24, 8] npucoenvienue He Gonee NATH NOHWKa-
DUMX TPaHCHOPMATOPOB IO CXeMe OTBeTBIeHMs (MAM 8axopa) ¢ OTHe-
auTeneM 6e3 BHKADUATEAER K YUacTKy OOHOUENHOM JIMHMM, He CeKIHO-
HYPOBaHHOMY BHKJDWATEHEM, M He 6oJee yeTwpex - K ONHOR uenu
ABYXIEITHON JIMHKH.

EcJIM y4acTOK JMHUM OTBeTBIEHMA He NpepnBaeT 20 KM, yCTaHOB~
Ka QUKCHpYOIMX NpuOOPOB Ha NONCTAHIKKM OTBEeTBIEHUs He TpebyeTCH.
[lpy Oonpmelt NMPOTAXEHHOCTH JAUHMKM OTBETBIEHMA ANA ONpPEleNeHUA MeCT
K3 Ha Helt ycTaHaBaMBaDTCA PMKCHpYDIME aMmnepMeTpH ( BOXBTMETDH) .

3.1.1. MeTon maccHMBHOPO MHOT'CHOJADCHMKA

Pacyer paccrosuusa no Mecrta K3 nng ofwero ciayuas MHOrouemn-
Ho#! smHMM ¢ orTpeThiaeHuamu (puc.3.1,a) pumonHseTcs peleHMeM MaT-
PYUHHX YpaBHeHHA, uTO TpefyeT IpMMeHeHHMs JBM.

OnHouenHas auHus. Pacemarpusaerca BJ ¢ maTbo OTBeTBIEHUA-
mu (cm.puc.3.1,0) ¢ onHopasHum K3 Ha TpeTheM yuacTke. B coorser-
CTBUM C METOHLOM I&CCHBHOI'O MHOTONOJDCHUKA CXEMa 3aMeljeHns Takol
BJl npencrapndeTcs GBYMs NACCHBHEMM YETHDEXIIOJIDCHUKAMHM, K&K 3TO
NOKa3aHO HA PHC.3.4,0. OTH YETHPEXHOMDCHUKH xapaxmepnavnmca no—
CTOAHHEMI [13paMeTpaMH (Koe@mnemamu) COOTBETCTBEHHO A3 aa (83),
HsaB(B ) » -35a(c ) » Az (D; )“ﬂzaa(ﬂ")r 3a5 (B3 )s B384 C")’

288 (D5) . B ofuem ciyuse paccTOfHMe OT Hauala [ -I'0O YUacCTKa
fo mecra K3 cxepnyer onpenenasTs no dopmylne
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c’ne.d.1. CxemMy BJ ¢ OTBETBACHRAMU:

0 - MHOrouenHas BJl ¢ oreeTrJeHMAMU; 0 - OlNOUENHas By ¢ OTBET-
BlIeHUsMHu: O - OByxuenHas Bl ¢ oTReTBIASHHUAMU
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(8] +L;zC)U"- AU (8 +L;z 07 ) 1" B; I'

l. =
: Z(¢/ u'+c}U"+ D1+ D' T")

1 =

J (3-{)

roe L; - NpoTAEeHHOCTb ( -T'O yuyacTKa;

BE,_SE , g},p} Hﬂﬂ_&f’,_ﬁf’,p‘!’— NOCTOAHHEE KOOGMPMIMEHTH UeTHPEXNIONDCHUKOB,
9KBUBAJIEHTHHX yacTH BJ cooTBeTCTBEHHO IO
B nocae L ~P0 YYaCTKa;

I ,U ' wl ""U" - Toxm ¥ Hanpsmemwns, MOMEpSEMHE COOTBETCTBEH-
HO Ha ONOPHHX (KOHNeBWX) noacraBumax A u B.

Puc.3.2. OKBMBaJIEHTHHE cXeMe BJ B BHAe IBYX NaCCHBHHX MHOIOINO-
JOCHKUKOB:

d - cxema ogHouenuwoft Bl ¢ NATED OTBETBNIEHHAMM B BMile LBYX Nac-
CHMBHBX YETHPEXNOIDCHMKOB; § - cxXeMa Ipyxuenwo#t Bil ¢ onHwM oOT-

BETRJIEHUEM B BRJi€ ILBYX IIACCHEBHHX WMeCTHNOANCHUKOE

PaccerogHue po MecTa K3 Ha [ -M yuacTKe B OTHOCHTEIbHHX Be-
THuMHaX noxyyaerca u3 gopmyan (3.I), ecam ofe ee wvacTy pasneanTh



Ha L; . Torma nosmyyaewm:

{ﬂ" Zni C)U'-A;U'+(B;+2,; D) 1"-58; 1 (
. = ——m——— B S By BTy T e ey pter ey T 3-2)
f 2y (CjU+C 0"+ D10/ 1")

== ==

Dopuynas (3.2) npmMenurenpHo x H3 xaxporo yuacrxa BJ cocrasna-
eTCH NpPeABaPHTENbHO C YUETOM COOTBETCTBYDUMX PACYETHHX 3Haue-
Huit kosgpuumenros A; , B; , L; n D; , xoropuwe onpeneiswTCs
CrOCOGOM XOXOCTOTO XOfla ¥ KOPOTKOro 3aMmuxamus [8 ] .

B KauecTee WANDCTpalLVM HWRe NPUBELEHH 3HAUEHWS DTHX X090~

fwmenToR maa BJl ¢ opHvM oreeTBieHueM. lipn K3 Ha neproM ywacT-
K€ OHM DaBHH

(3.3)

. f ) . ) =
.61:1! §;=Zﬂ21 Qr':—B-! Q, = B ’

rae Z,7 - NOJHOE CONPOTHBIEHME BTOPOro yuacTka Bl;
Z8 - noaHoe compoTHBIEHHE OTBETBJIEHHKA.

lpy K3 Ha BTOPOM yuacTKe COCTBETCTBEHHO 2TH KOIPPUIIMEHTH DPABHH

B
g - r_ . (o r__Zﬂi"".Z ]
62_ 1? 5 "'_Zj”r g EE ’ ‘.Z_)z '_' ZE »

ﬂ"""f ' BH___U . C”_ 0 . DH_ 4 - (3-4)
=2 'y 27 Mo L2 — U, o~

rne Z,; - NONHOE CONPOTMBIEHMEe NepBoro yvacrxa Bl

Ha 6a3e 3Hauenuit KO3GIUIIMEHTOR BJEMEHTAPHOI'0 YeTHPEXICADCHUKA
3 dopMyn (3.3) u (3.4) MOryr GuThb LOJAYUEHH COOTBETCTBYDUME
Ko3hdULMeHT LI Bl ¢ nBYME KM 60Jee OTBEYBIECHUAMMU.
OrHocUTENbHOE paccToAHMe /1; 10 Mecra K3 B mnpepelax Kax-
10I'0 VU4ACTKA M3MEeHseTcs OT HyJA LO eauHyuw. lloaToMy paceTos-

HUe, BHUMCHeHHoe no popmyie (3.2), GyLeT COOTBETCTBOBATL MECTY
noppexnerus |25 | Npy BHOONHEHMM YCIOBHA

0 =sn <. (3.5)

Mg onpenenedus Mecta H3 Bil ¢ OTBeTBIEHHAMM B COOTBETCTBHMK
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c dopmyxnoft (3.2), HauvHas ¢ MepPBOr0 YYaCTKA, BHUMCAAETCH SHa-
uerne n; . [lpu prumonnenmm ycnoeus (3.5) pacuer sakaHuMBaeTcs.
lockoabky uMcAO nofcTaHuMit Ha orperTsaeHusx OT Bl ¢ sasemneHHOM
HeATpaJbow TPaHCHOPMATOPOB B NOJaBJAVEEM COABWUMHCTBE CAY4YS€eBR CO-
cTapigeT 1-2, HiXe NPUBOLATCA COOTBETCTBYDIHME (POPMYNHN OIS TAKMX
JINHUA.

JLIs NMHUM ¢ OLHMM OTBETBJIEHMEM ,NOKaSaHHOM Ha puc.2.7, 8,

pacuyetHne dopMyan aas OMIl Ha nepsoM ¥ BTOPOM YUYaCTKaX CCOTBET-
CTBEHHO MMELT BHI:

(23 +Z°5)U"-Z50'"+ [2,, 25 24y (2,0 *2°)| 1"

{, = ;
' z[u"+ 2 +(Z,,+28) 1]
nf - F’/L, y |
B (3.6)
- (UH_Q.') 7 -Z-J+-.-ﬂ2 ZBI " |
2 z[us(z,+28) 128"
n2= fZ /LZ

llocne 3aMeHW NOCTOAHBHX IApaMeTPOB X YHCHSHHEMM 3HAYEHUA-
MM dopmynH (3.6) 3HaUMTENbHO YNPOURLTCH: OCTANTCH YETHpe Nnapa-
MeTpa apapHitHOI'C pexyMa C COOTBETCTBYDIMMM LIMPPOBHMH KO3IGPHUIIN-
CHTaMH.

[Ilpmep cocTapieBus pacueTHo# dopmyaw nias (MI Bl ¢ omHpmM
OTBETBIEeHHEM MeTONOM IIACCHBHOI'O MHOI'OIIOJNCHMKE NpPHBENEH B IIPWIO~
xXeHyx 2.

LNA JAMHEK C JBYMs OTBETBIEHMAMM pacyeTHHe dopmysu Axa OMII
He INPUBORATCA M3-32 MX I'POMO3RKOCTH. UHM MOPYT OHTh NOAYYEHHW Ha
ocHoe dopmyar (3.1) myrem noncraHopkyu B Hee mapaMeTpor A;
COOTBETCTBYDIMX YETHPEXTOJDCHHKaM Npu K3 Ha nepsOM, BTOPOM M
TpeTheM yuacTkax Bll. Qopmysaw ANA pacueTa 3THX flapaMeTpPOB NPHEe-
neHn B Taba.3.1. llocse 3aMeHm B pacueTHHX GopMyJaX MapaMeTpoB
A; MX YNCAEHHEMY 3HAUEHUAMM NOJYUYSDTCHA TPH OTHENbHHE GOPMYJH,
KaXlafg U3 KOTOPHX ¥MeeT (Kak v B ciyuae Bl ¢ ONHMM OTBETBIEHYVEM)
UCTHpEe [apaMeTpa apapHHOI'O pexuMa ¢ COOTBETCTBYDUMMH IIMPPOBHMK



Ta6awvwuyua 3.1

[lapamMeTpy UETHPEXNONNCHMKOB Npy K3 JMHMM ¢ LBYMA OTBETBJIEHMAMK

KopoTkoe 3aMuxaHMe Ha yuacTke Bll

NepBoM BTOPOM TPETbEM

B
{ f Zpo*t L
ZB
Zp1 Zpa Y2y L7+ 2,5 Z°
] ; -lef Sni=ng =al - n2
0 - Zip2tZ°+2'
A 787"
Znt +ZB Lo an*ZMZB*ZMgr*_az _ZB*ZBZr
f ) _Z_B ZB Zr
r
an +Z 1 f
Zﬂz .‘.ZM +_ﬂ2_ r+-ﬂ3:.zr 7 0
"_"___"2—!‘_““__" &n3
-ﬂz+ZB+Zr ]
77 I I,
s B r.o8~r r
an Zﬂ3+zn2-zz ;'Zzﬂr._ig +Zﬂ3Z +Z Z- -Zﬂz +Z {
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xoaddmmmenramu, B 1a6n.3.1 Z - NOAHOe CONDOTHBAEHWE OTBET-
pAeHMs K uopcraHnmu I', Z,; - noaHoe cCONpPOTHBAEHME 3-T'0 yuacT-
ks Bl. YacTHoe pemenue nag Bl ¢ aByms K Oonee OTBETRIGHMAMM
6uro noxyweHo pasee [26] .

AHANOI'MUHO, MCNOAB3YH MB3BecTHHE [ 8] cooTHOmEHNMs, MOXHO NO-
JYUKTh SHAUCHHUS [ISPAMETPOB WEeTHPEXIIOAPCHHKOB M pacuyeTHHe dopMy-
A6 ORA BHUMCHEHUS PaccTosHMs 10 Mecr K3 nam auumit ¢ Ttpems ¥ Goxee
oTserTBIeHHAMK. Mecro K3 onpenexserTcs B COOTBETCYBHMM C COOTHOmME-

HueM (3.95).

AByxnenHas AmHudA. Aas omero cayuas raxux Bl, paforapmpx
no KoHuaM pasgexbHo (cw.puc.3.1,0) gopuyas mas OMII noayuanres
Ha OCHOBE M3BecTHHX [8] Marprunnx ypasHesuA. [lpn sToM cxema 3a-
weneHMs Bl mpepfcTapifgercs ABYMA NACCHBHMMN WeCTUIONDCHKKAMMH,
NMPUMMKADIJIMM CAGBA M CHPaEa K NOBPEXKECHHOMY ywacTKy. PacyerT-
Hue dopmyau axs OMIl rpedynr npmeHenns JBM.

[IprdennTexpHO XK asyxuenxo# Bl c oilnmM orTBeTBIEHMEM OT Kax-
ROR tenM SKBMBANECHTHEA CXeéMa B BHlle ABVX MECTHIOXDCHMKOB IOKE-
3aH8 Ha DpHC.3.2,0. lapamerpu A wmecTmnoamcHuxor npm K3 e 2-m

YQACTKE CHAefyeT onperelnATs No dopMynad:

8
f Iyt L Z
: —5 ] ﬂZBI 'E’Eg‘
.&25& = }I 1 ' ﬂ"z” = =1 =I . y
?&- L2 a1t *Zp
Z'B "“"'B_Z (3.7)
~J =II
{ 01 1,
.ﬂ;na =[U 1]' ﬂ;aﬂ =[D 3]:
0 0 0 { 0
ﬂ" - ' _ﬂ a '
=2ba [0 0 } 286 [o f ]
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Aaa pecemarprsaemux Bl npy onpenedenyM MeCT HOBDERGEHMS
HeOOXONMMO 3HaTh HaNpaBAGHKE TOKOB ¥ HAanpaxeHME NO KomaM ueneft,
uyTO TpeOyeT YCTAHOBEM COOTBOTCTBYDMMX ycrpoiicTs. PacuerHue su-

paxenia nxa OMI ynpomamres mua B, ofe nenm xoropux paoTapT IO
KOHLIAM Ha ofupie mIniH.

Taxms ofGpasom npu orTcyrersny OBM MeTon NACCHMBHOIO MHOI'O-

NOANCHUKA cAelyeT NPUKeHATh INAABHEM 00Pa3’3OM HA OJHOLENHHX XBHN~
AX C OTBETBACHMAMM.

3.1.2. MeTop axTHMBHONO MHOI'OLNOARCHMKA

B orawume oT MeToma, onmucaHHoro B n.3.1.1, paccmarpupaemuit
MEeTO OCHOBAH Ha NPeNCTABIEHMM cXeMu 3ameweHus Bl B BMie axTun~
HOro MHoronoymcHuka [8] . 3nech Taxke pacyeT PacCTOSHKA RO MeC-
Ta K3 B ofuem caywae MHOrOuenHO#A JMHUE C OTBETBJIEHMAMH BHIIOAHA~
erTcs Ha OCHOBE pEmleHMA COOTBOTCTBYDIMX MATPHUHHX YPABHEHMA C McC-
noab3opaHueM OB, Huxe paccmaTpMBaeTCHd METON SKTHBHOT'O MHOIOIO-
JOCHUKS MNPMMEOHUTENbHO K BO3NYWHEM JMMHMSM, I'Le NaHHMA MeTOol He

TpefyeT WMCHONb30BaHMA JBM HpK BHITIOAHEHWH ONEPATHBHHX P8CYETOR
g OMII.

OnHouenHaa JuHMs. Cxema 3aMeijeHMs Taxoft Bl npefcramnsercs
OOHMM SKTHBHEM yeTHpexnompcHuroM (prc.3.3,0). Mecro H3 paccomar-
DMBAEMEM METOLOM CAEIYeT ONpefelATh HA OCHOBE M3BecTHHX [8] co-
OTHOMEHMUH ;

2 _f(L); (3.8)



Yri (Zxi)Ex

)

Puc.3.3. OxsHpaJeHTHHEe cXemu Bl B BHIE QKTHMBHRX MHOI'ONOIDCHMKOB:

0 - cxeMa onHouernHo# Bl ¢ orsereneHUMAMM B BHIE AKTHBHOIO YETH-
PEXNOADCHMKA; O - cxeMa AByxuennc# Bl c oTeBeTBiIeHMAMH B BHEE
aKTHRHOI'O WEeCTHIIOADCHUKA

K K=~£’—

Ke - f =f, ({), (3.9)
[

L9 ,__! _ Ill

rae J, , J, , €, £, - aBTOHOMHHE NADAMETDH AKTUBHOI'O YeTHPEX-
TIIONDCHMKA .

Bupaxeunus (3.8) u (3.9) 2KBMBEIEHTHR ¥ COOTBETCTBYDT OLHO-
My M TOMY Xe MecTy H3.

LAs ollpeleIeHHAs MECT NOBPEXNEeHVS MeTOAOM SKTHBHOI'O MHOIO-
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NORDCHMKA B AONOJHeHMe K cooTHomeHnsM (3.8) u (3.9) mpensapi-
TEABHO BHIONHASTCH PaCYeT OTHOCHTENbHHX 3HAYSHMN aBTOHOMHHX Ia-
paMeTpor npy K3 B TOURaX, papHOMEPHO pachpefnexeHHux sunoab Bl.
Pacyer MOXeT BMIIOXHATBECA ¢ nomMompn OBM xmbo mopeny. PesyabraTw
pacyeTa aBTOHOMHHX MNAPaMeTPOB NPEACTABAAKT B BUe rpadHuecKoit
X3PAKTEPHCTHKH (CeTusTO HOMOIDaMMH WIM HOMOTDSMMH M3 BHp3B-~
HEHHHX TOUeK) Jm0o B Tabauuno#t dopme. Yem Goxbme pPACTOTHHX TO-
wex Bl, Tem meHbme norpewrocrs (Mll, o6ycanopneHHas HHTEPINORAIH-
ei. B npunoxennu 2 nan npmuep mevopuxn OMII opmonenxo# Bl Ha oc-
HOBE 8KTHBHOI'O MHOT'ONOJDCHHKS .

JsyxuenHas xumma. Axs Taxoit aunmm (cM.prc.3.3,8) cremyer uc-
NOAL3OBATH OTHOMEHWA ABTOHOMHHX NapaMeTpoB J M £ IIPAMEHATEXLHO
k penu Wy K nenw Wy ¢

I L= (Y Y )U' - (Yist Y U _

Koo = =— == T e .
—H Jz Isﬂ(YM"'_Ysz)yl_{YBS +Y3'|)y f’( )

| ) (3.10)
v B2 _ ;I,;-(Y_“M_!Eiy_=f (£);
-0 I Ly Yo+ Yoo JU'= (Y + Y0 JU" 2
3 ...Ef.. _ U'".z:,':f.l.f'grzgz"gf-’f-l "Lt =F (¢}
- - - T ’
1e Es Q"“-sf-i"_zz-z'gsx-a "3l (3.11)
) ] ) ) .
€, U2, 1,751 2p5157£4p4d, = F,(¢)

Kpowe dopmyn (3.10) u (3.11), nna asyxuenHux BA moryr Gurs
[IOAYUEeHH ApyTrHe QOPMyXH, OCHOBGHHHE HA DPASRHUHHX COYETaHMAX OT-
HOWEHMR aBTOHOMHMX NapaMeTpoer J ¥ € , apnapgnxcs GyHKuue# pac-

crosnus R¢ Mect K3 [8] . 3ro mosmoxser moBHCHTE ROCTOBEPHOCTD
OMLI,



llaccupHNe napaMeTpH Y.; ¥ Z,.; ChefiyeT BHUMCAATD no ¢op-
MYyJIaM:

Y ==K -
TP (3.12)
ZKE ="'£'.1.—K‘ y

o,

rpe x — TOK B K -M MoJnce ApW YCAOBHHM, UTO BCE INOJNCH,
KpoMe | =IO, COeIMHeHN HAKOPOTKO C COOTBETCTBYD-
M Oa3KCHLEM [OJIDCOM;

; - HanpskeHHe Mexny ! -M NOJNCOM M COOTBETCTBYD-

MM Oa3KCHEM IOJICOM IPH TeX Xe YCIOBHAX,

HanpsaXeHre Mexpy K -M U Ga3KCHbM IOJNCOM NPH

YCAOBHM, UTO BCE MNONDCH, KpoMe [ -ro, Pa3OMK-

L; -~ TOK B L -M MOJ®CE IpPH TE€X Xe YCIOBHMAX.

llapamerpn Y, ; ¥ Z,; PaCCUMTHBADTCA C nomoupn OBM nmGo mo-
DLeJH.

PacueTHwe supaxeHus (3.8)-(3.11) u cooTsBeTcTByDUHE XapaK-
repucrikn £ =f(K;) wu €=F(x,) cocrapnaprcs pns xaxuoit Bl. Yuu-
THBAH OTHOCHTENBHYD NPOCTOTY PACUETHHX BupaxXeHu#d (oHM aHajOrMy-
Hu dopmyaam piasg OMII BJl Gez oreermiennit), onpemenenHmne mecT K3 me-
TOAOM AKTHBHOIO MHOT'ONONOCHMKA BHIOJHAETCA C WCIOAb30BaKRMEM Npo-
cTefuyUX BHUMCAMTENbHHX CPencTB. lipyMeHeHue OBM MoxeT oxasarThes
HeOOXOAMMEM JIMUb NPH pacueTe NaCCUBHEX NapaMeTpoB B fopMyJax
oag OMII,

llpy srIDUEHMY DUKCUDPYDUMX aMNepMeTPOR ABYXUENHHX Bl Ha

CYMMY TOKOB o6enx uene#t ans onpenenedus mecT H3 Moryr OwTh Me-
NOAb30BaHH cooTHomedus (3.8) ¥ (3.9), nockciabky cxeMma 3aMeuleHUd
Bl B 3aTOoM ciayuae NpeicTaBIAETCA AKTHBHEM YETHPEXNOIDCHHKOM.

Takum o6pa3oM METOL S&KTHMBHOI'O MHOPOIOJNCHMKA CJAELYEeT NpuMe-
HaTh s OMIl kax onHouenHmx, Tak ¥ AByxuenHwx BJl ¢ orseTBieHMs-
MU C KCNOJNBb30OBaAHMEM COOTRBETCTBYDEMX I'DAadUUECKMX XapaKTeEpPUCTUK
Wy Tabamy. PacueT aBTOHOMHEX IapaMeTpPOB MOXeT BHNOJIHATLCSH INpel-
BAPUTENbHO Ha MOLeJK JuHMKM JHOO ¢ WChoab3opaHveM JBM.

L

=
P
i
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3.1.3. Meron, OCHOBaHHHE Ha pPeWeHHMM CHCTeMH JAXHeNHHX aArel-
paryecKkux ypaBHeHHHA

B pafge ciydses nexecooOpa3HO AONONHUTENLHOE H3MEPeHHEe TOKA
Ha NORCTAHUWK OTBOTBAGHHA [27] . JT0 MOXeT MMeTh MeCTO, B USCT-
HOCTHM, NDK K3MEHEeHNM pexyMa PaGOTH CHMAOBHX TPaHCHODPMATOPOR OT-
BeTBUTEABHEX NCONCTAHIMIA, QTO NPUBOAUT K IepPeMEHHOMY 3HAUEHUD
CONNPOTMBAECHNA OTBOTBICHHA B CXeMe 3aMeUeH¥s. Huxe paccuarTpnpaeT-
CA 9TOT MeTOon mIpMMeHKTenpHoO K Bl pasauuHux BMUIOB.

MHOPOUEnHAR AMHMA. Aaa TakoRt auHuu cnpapeiampa [8 ] cucrema
ypaBHeHUN

Z (LI g+ L I 2 [Ty +(1-m ) Ig+. ¥ my Iy .t

N-{ L i B N-1] .
+Z,p[1;+(f-m,)_1:+ Myl } Up=UptZ, [II +m, Iy +(1-my) I; ] ’
e e e e e e e e e e e e e e e e e 3.13)

pr (54-2-;-;.11.31#. _ _-t-gIN"f)n +-Zp2[‘11;' +{f——m,)g;+.“ +m~lg—7+' o+

o[t (t-my) It tmy L [ = Uy gp+prﬁ;"”’rlza*(’*’"~)ff7r
r'ne. m,...,m,~"nong yaacrtxa Bl mexny orsersae-

HAAMM L, .o0y Ly OT npo-rmlennocm
nemu (m=L fL, ... , My=Ly[L);

_I_f’,IHB, Ip, W,I;",...,_I_:"- TOKM Ha MONCTAHIIMAX OTBETRIC—
Hit B,...y, N <1 cooTeeTcTBEHHO
or uyenet 1, II, ..., p.
UTHOCHTENIbHOE pPacCTOsHKe N, BN TOBPEKNEHHOU AMHUM ClEnyeT
ONpEnenaTh N0 BHDAKEHUD

N Dnr ,,
HI- D y (8-’14f
N-T }
(II +11 ) 2 2y
rae J)= . B RPN ~ OnpelesnTensd
H =
£py (II "‘I ) Lpa - Lp

CHCTEMH YPaBHEHMU#;
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u;r_u;-l-zr[l;-;-m’l;-l-...+(f-m~)1 ] !.? Z’ﬂ]

Dy = : J ~ OnpefenuTeNs,

] "
Up U [I mI t, "‘{ f-m” ]
noxyvapyuwics us omnpepeaurens ) nyrem saMeHm croafua, cocras-

JACHHOT'O M3 KOB(QPMIIHEHTOB IDH HEH3BECTHOM /M; , CTOAGLIOM, COCTAB-
JeHHHEM M3 CBOCOGLHHX UXeHOB ypamHenwit (3.13).

AHaJIOPMUHO ONpeRenAeTCA MecTO K3 Ha OCTaNbHEX JAUHNAX.

UnHouenHag auHMA. PacueTHuwe popmyaw axs OMI moryyawres M3
nepeoro ypapHenma (3.13) B sarucHMMOCTH OT yMena OTBETBIEHMH.

Tak, pua pauGonee pacHpOCTPAHEHHHX BO3NYEHHX JMHUA C ONHMM OT-
BETBIEHHEM pacuyeTRas POpMYyIa ¥MeeT B

Uy~ U'+Z 7% m, I8
b= nL= — / :{ 8 = )L
Zﬂll+l +.1..- )

(3.15)

ABYXuelHad JWHKA. 3Hechb Takke pacyeTHHe GOPMYJH NOJAYUSDTCH
PemeHueM CHCTeMH M3 ABYX Nepeux ypasHena#t (3.13). Ipumennreabno

K AByxuenHuM BJi ¢ OnHMM OTBETBAEHMEM OT Kaxnoil uenu, paboTapmuw
Ha ofupe WMHH C XBYX KOHIIOB, paccTosHMe Bo mect K3, Hanpumer,
uenu W, caegyer ompeneastb no gopMmyne

U™-U+(z,+2,,) (1} +m, 1)
( Latd 12)(11{ "'.1.1{'jr +lf )

— - (3.16)
b=n,L, L; . ©

B Uenax NOBHIEHMA TOYHOCTH M JOCTOBEPHOCTH pacueTa pPacCTO-
AHKMA 11€JIeCO00Pa3HO OAHOBPEMEHHOE Ji3MEPeHKe I'eOMEeTPHMUECKOA CyMMH
M pasHOCTM TOKOB oOewx ueneit [28] . B aToM ciyuse npH paspesib-
HO# paboTe ueneil 110 KoHUaM NoOJyuaewm:

- U MY )* (2 2) (g +m )

p = e
(_Zjﬁépz)(lg’ig lz)

?

| B (3.17)
(U ) (Ut )4 (2572,) (I medy )

(2,2,,) (1 + 1))

L,
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rhe _u; , QI" # l_lﬁ,_l_l; ~ HalpAXEeHus Hylesolt {o6paTHO#) mocnepo-
BATEJIbHOCTH IO KOHUAM MNepBOX U BTOpOR ue-
nett BJ Ha KOHIEBHX NOLCTAHUMAXS
5:' - reOMeTpHuecKasg cyMMa 1 pa3HOCTb TOKOB
Hysnepo#t (o6paTHoil) nocnenosaTeabHOCTH
ofenx uene#;
1; , 1 : - PeOMeTPHUECKas CYMMa ¥ Pa3HOCTb TOKOB
HyJnesot ( o6paTHO) roclenoBaTelbHOCTH
o6eux gene#t JMHUM Ha OTBETBUTEABHHX
NOACTaHUNAX .
dopmynw (3.17) caenyer riapHEM 00pasOM NPVMEHATh, €CNM Ha
NOLCTAHUKA OTBETBIEHNA YCTAHOBNEHH TPaHcHOpMaTOPH C OUHHAKOBHMH
CONMPOTHBAEHNAMK. llpy B3TOM B ciayuae OTHJANUEHMA TpaHcHOpMaTOpa
uenu Wy nng onpepenenus mecta H3 Ha Hell Bo sTOpoit dopmyne (3.17)
nepen .Lf 3HaK "minc" nosKeH OHTbL 3aMeHeH Ha "MuHyc". Ecnu

Xe COIPOTHBIEHHUA OTBETBJNEHMI He DaBHW MeXiy co0o#, TO B paue

fol ;
Isy Iy n Iy,

B
ClyyaeB TaKxe MOXeT W3MEHATbCA HanpaBleHue TokKa I, , YyTO TPe-
6veT YCTaHOBKY DeJsle HallpasleHWAs MOUHMOCTH.
B
L8 UCHINUYEHHA KOHTDONA HanpaplieHMs Toxka [, cJlegiyeT Ha

MMOLCTAHURAX OTBETBIEHKI M3MEepATh TOKK KaXxporo M3 OTBETBIAESHWHA
[29] . B aTomM cnywyae B nepso#t dopmyne (3.17) mmecto TOH&,{?
NOOCTaBAAETCHA CyMMa TOKOB (_lf +j§ ), a BO BTOpO# dOpPMyJEe BMEC~
TO TOKA ,_T: -~ pa3HocTs TOKOB ( I7 - _{1? ).

PacuyeTHne $OPMYyNH pacCcMaTPHMBAEMOrO METONa CPpaBHUTEJNDbHO
NPOCTH ¥ He TPpeOyrT NpU onpeleseHUM MeCT NOBPEeRAEHUA HCHOJIb30~

paHus OBM.
S.&. CIHOCTOPOHHVE N3MepeHHHA

3.2.1. vismMepenre compoTuBieHMs yuacTka Bii po Mecra H3

uJig Bi ¢ orBeTBIEHMAMU TaKXe HCHONb3YETCA (DUKCHDYDWMA HH-
pukatop @nC, yKasaHMA [0 NPVMEHEHVD KOTOPOro M3NOXeHH B M.Z.<2.1.
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Huxe uajaraprTcas OCO0EHHOCTH BROCPE YCTa&BOK MHIMKATOpPa LJIA TaKuX
BJl, oCyclnoBlreHHHE HaJWUMEeM Ha NOACTSHUMM OTBETBAEHHA TpaHChopMa-
TOpa C 3a3eMyieHHOfl HeliTpaJbp. B LONOJNHEHME K YCTaBKAM, PACCUK-
ruBaeMsM 1Jig Bl 6e3 orpermnenuit (cM. n.2.2.1), 3meck Heo6xonmmmo
OONOJHUTENBHO OHNPELENATh KO3PGHUIMEHT KOPPEKLIMH.

lzpecTHo [8] , uro mns paccMaTpuBaeMux Bll npy CMIl B crnywae
K3 3a MecTOM OTBETBIEHMA HeOOXOLMMO VUWTHBATH NOPPENHOCTb M3Me-
peHuA. LNA ee cHyXeHua MHAMKaTop PUC cHabGxeH y3JOM KODPeKUMM NO-
rpemHoCTH. lIpMMEHUTENbHO K OfHouenHon BJ ¢ orseTsieHMEM BHUKC-

NAETCH COOTBETCTBYLWMA KOdGIUIIMEHT xOoppexuuu R, dopMyna LS
KOTOPOr'0 HMeeT BHI

B 8
I,;, + 3k, 1,

KK:T&;""SKE 3 (3-18)

roe [ > , I‘P -~ TOKJM IIOBPeXILEeHHON da3H COOTBETCTBEHHO B OTBET-
BJIEHWM U B MECTE€ YCTAHOBKM MHIUKATOPA;
I[f , Iy - TOKV HyJneBO MOCHENOBATENBHOCTH.

RoadduiimesTH KOPPEeKLWN PacCUMTHBADTCA LIS MAaKCUMAJBHOIC M
MUHHUMAJIBHOD'O pPeX¥MOB paCOTH JHEPrOCHCTEMH, a LIS HACTPOAKK ¥H-
LMKaTOpa ONpefesIAeTCA cpelHee apHiMeThUecKOoe 3HaueHue KOo3G(hu-—
[IMEHT3 . LCIM YUaCTOK JMBUM OTBETBJIEHMS VMeeT NPOTAREHHOCTh 00—
Jee 20 KM, BOJHHKaeT HeOOXOAMMOCTB ONpefelieHus MecTa NOBpPeXIE—
HWA Ha 37TOM ydacTKe. B 3TOM Ciayuyae PacCUMTHBALTCH ILB3 KOBDDULIM-
eHTa Xoppexuur no dopmyne (3.418): oOMHE AJs HOPMAJNBHONA CXEMH pa-
6otn BJ, a gpyro#t - pxg ciayuas, KOrja yYacTOK JMHMM C TYIMKO-
BOW ropcTadnMed nNpuHYMaeTcA B KauecTBe JIKHUMKM OTBETBNEHUA. LIS
PErVAYMEDOBKY yCTaBKM "HRopperuus' MCHONb3yeTcs cpeiHee apydme-
TUYECKOE 3HaUeHWe PACUETHHX KO9JPMIMEeHTOE N8 LBYX clyuaes H3:
Ha OCHGBHOM uwacTy Bl » Ha NMHUKM CTBETBICHUA.

B npunoxeHuy 2 IpyselieH Np¥Mep ppOCPa YCTABOK MHODMK2TOPS
il par BJ ¢ OTBETBIEHHUEM.

3.2.2. ¥viamepeHye Toxka (HanpaXeHus)

lpy HeBO3BMOXRHOCTK NpUMeHeHWA uHuauxaTopor will png Cilli Bl
C OTBETBIAEHUSMY LeJeco00Da3HO B PALE CAYU2E€B MCNONb3C0BGHKE OLHO-
CTOPOHHMX M3MepeHu#t Toka (HallpsmeHVs). B OCHOBHOM Takue K3mepe-
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HUA He ofecneunsabT aocraTouHo# ToynocTu (MIl, nmoaromy oMM He-
NIONL3YOTCA JNOO NPY OTCYTCTBUM IO TeM WIM WHEM IPUYKHAM CPELCTE
M3MEPEeHMA Ha OfnHOM ¥3 KOHUOB Bl, am6o mig NpoBepKM LOCTOBEPHOC-
- TH OcHOBHOro mMerona MIl Ha ocHOBE NBYCTODOHHMX M3MepeHMit.

Aag Bl ¢ oTBEeTBIEHMAMM NPaKTHYECKH MOXET WCHOAB30BaTBCA
TOJbBKO X3aPaKTEDHCTHKA 3aBHCHMOCTM TOKa (Hampsswenus) or mecra K3,
Kax 3TO OMNKCAHO B M.Z.R.Z. llpn 2TOM Takaa xapaKTepHMcTHKa MOReT
OuTh OpefcTaBlieHa I'paduuyeckd au6o B Tadamuxmo dopue. Pacuer TO-
KoB (HanpaReHMN) BuNONHAeTCH ¢ nomoumpp SBM,

ACIONb30BAHNE MBMepeHWs ToKa (HampsxeHMs) IAA APYTUX CNOCO-
6op OMIl, msaoxeHHEX B N.2.4.2, NEvMeHuTenbHo K Bl ¢ OTBeTBREHW-
AMH CBA3SHO C DIPOMO3AKMMM PacyeTaMy ¥ 6e3 JBM He onpasgaHo.

4, OUEHHA [OI'PEIHOCTW ONPELRIEHWMA MECT HOBPRALEHWSA Bl
W3-3A HEYYETA BUHUAOuWX PAKTOPOB

B pane ciyuyaes pacyeT paccTOgHMA OO MecT H3 MOEeT BHIIOJN-
HATbCH 0e3 ydeTa OTAEJNbHHX BAHADIMX PaKTOPOB, UTO 3HAUNTENBHO
ynpomaer OMIl » nossongeT WMCNOAB30BaTh lNpocTelmue BHUMCAUTENbHHE
cpencrea. K TakmM BAMADM PaKTOpaM OTHOCATCHA: UACTHUHAA B3aK-
MOMHIVKIIMA 2JEKTPOMAI'HUTOCBA3AHHHX JAWHME, TOKH OTBETEBHTEIbHHX
nopgcTaluuit, HETOUHOCTD 3aU8HHA CONPOTHBICHMA CHMIOBHX TpaHChOp-
MaTOPOB TYNHKOBHX NOBcTaHukit, HeogHopomHocTh BJl, OmHako mpenel-
pexeHre BANADUKMKM (QIKTOpaMM OPWBOOKT K NOTPEWHOCTH pacueTa pac-—
CTOAHUA, KOTOPaA KMHOIAa MOXeT INOCTUIaTh HEeDONYCTVMHX 3HaueHi,
MOXHO cuuTaTh NPAKTHYECKH HEILONYCTHMONA IOrpemHOCTb, €CHK TPH
HeyueTe OTAeNbHOT'O BIMADLErNO PaKTOpas OHa He NpeswmaeT 2%. B or-
NEeNbHHX CAYyUafgxX 3T0 3HaucHHE MOXeT ONTh NPUHATO IPYTMM C yUue-
ToM Oco6eHHOCTelt paloTH xaxuoil BJl m ee nporaxeHHocrdH. Hwxe npu-
BOOATCA pacueTHHEe QOPMYJIH MJIA OLEHKM pacCMaTp¥BaeMHX NOrpemHOC-
refi [20, 21] .

4,1. Heyuer yacTHunOf B33MMOMHAYKIIMK
LA NVHAK WI , VMepUe#l UYACTHUHYD BIaMMOMHAYKUMD Z,, C

Bl Wy (cm.puc.2.6,a), norpemsocts Ml or Heyuera aTOM B3auMo-
MHLYKLMK NPY VKa3aHHOM HalpaBJ€HMM TOKOB clleyeT OnpefeiaTh MO



- 00 -

popuyne
ZipIy
An=-s—F——m - .
AHAJIOPMYHO CJAERAYEeT ONpefedsaTh NOI'PEmHOCTd M BJIs AMHKK Wy .
[IpuMeHNTEenbHO K NATH 9JeKTpoMarHuMTOCcBA3aHHEM Bl BHpameHKe
(4.1) npeoGpasopuBaeTcs:

ZooIptZisIn*tZ, Iy *Zsly

An,= — — (4.2)
' Zor (I L)

[Ipy HeyueTe B3aMMOMHAYKIMM C OJHOA M3 INGKTPOMATIHHTOCBASAHHHX
nvHuit popmyna (4.1) npuoSperaer Bun:

!
Zyi1; (4.3)
An£= "'Z If"'I ’
spl\=1 =I

rme

1N

4 — TONHOE CONPOTHBJIEHNE B3aMMOMHAYKLIMK MeXNy JuHMeN W
moamner W; (0 =10, I, 1Y, ¥).

AHaJIOI'MYHO CcleNyeT ONnpefesATh IOI'PelHOCTh IIPK [OBPEeRIEHNH
OCTAJIbHHX BJICHTPOMAT'HMTOCBA3AHHHX JMHMI 3JeKTponepenayy.

hs pupaxeHns (4.2) pwaHO, yTo nmorpemHoctb OMII 3aBMCHT OT
IJAVMHN YUYSCTKOB COJMeHMA BJl, MOLyas ¥ 3HaKa TOKOB BCO BCEX He-
NOBPEeXNEHHHX JNVMHUAX, DAEKTPOMAI'HMTOCBASAHHHX C NOBpeRIEHHOH.
OTH IAaPaMETPH aBaPHMIAHOI'O pexuMa 3aBHCAT OT MeCTa KOPOTKOI'O 3a~
MHKAHVA NOBpeXIeHHON JauHuM. ClefoBaTeNbHO, MOT'DENKOCTL OT MNpe-
HeOpeXeHMA B3aVMMOMHAVKLKe MOXeT NpPUH¥MATh KaK MONOXUTENbHOE,
TaK M OTpHUATENbHOE 3HaueHWe, a MHOI'a PaBHATBCH HYAD.

B peanbHON cxeme 3NEKTPOMAarHHWTOCBA3AHHEX JIMHHUIA I OJNXKEH BhH-
NOJHATBCH pacueT ToxkoB H3 nag rpaHvuHnx Touexk BJ B OTLEAbHBEX pe-
X¥MaX paGoTH JMHMI M IpVvMpKabumx ceTel. TakyMy TOUKaMM ABAADTCA
KOHUN IOBPEXTEHHO! BJl, HauajJO ¥ KOHen ee yuacTxa cOauxeHus. Ha
Ga3e BTHX PacueTOR ONpenenseTCA MaKCHMaJbHAA NOrpemHoCcTh. llpu
3TOM OlleHKY [OI'PemHOCTHM CJeZYEeT NPOM3BOLHTL KaK AJNA clyuas npe-
He0peXEeHVA SJNEKTPOMArHWTHEM BIUAHMEM BCEX JUHUA, Tax ¥ OTLENb-
Hex BJl. B noclepHeM ciyuae NOSBIAETCHS BO3SMOKHOCTE MCHAWUEHUSA
LOTIONHKMTEJIbHEX M3aMepeHMil. LciM pacueTHas MaKcHMallbHas MOI'pell-
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HOCTb He NpEeRHmaeT 3apaHee 3aflaHHOrO 3HaueHus (Hanpwmsep, 2%),
€0 MOXHO npeHelpeub.

(LeHKY BOSMORHOCTY NpeHeOpexeHMs BceMy (UEeTHPbMA) WIH
YaCTbD BJEKTPOMAIHUTOCBA38HHKX B/l npy nospexneHuy, HanpuMep, JH-
HUH \N& clelyeT NPOU3BOLUTL B Clenymie# IocienosaTelbHOCTH.

OnpepenseTcs HOrpPemHOCTh pacueTs PacCTOAHMA B0 MecT H3 BO
BCEX I'DAHMYHHX TOUKaX IIOBpEexIeHHONR B npy npeHeSpexeRuy EBCEMH
3JEKTPOMATHATOCBA3GHHEMY JIMHMAMYM Ha OCHOBe BHpaxeHns (4.2).

/3 NONyueHHHX 3HaYeHWR NOIPEemHOCTH HaXOAUTCHA MaKCHUMaJbHOE
3HAUEHMe, ecJM OHO He IpepsmaeT 2% MJVHH NospemnenHol BJ, pac-
yeT Ha 3TOM 3aKaHuMpaeTcd. (Taxo#t nOrpemHocThY MOXHO IpeHedpeub,
UTO MO3BOJAET ONPELEeNATh MECTO NOBPeXieHMa 0e3 yueTa DJIEKTPO-
Mar'HMTHOIO BIMAHMA BCeX HenospemneHHmx Bll).

Leay no LaHHEM pacueTa MaKCHMaJbHadg NOrPelHOCTh IpespumaeT
2%, To 1o gopuyne (4.2) swuucaseTcs norpemHocrs npu K3 B rpa-
HUUHBX TOUKaX TNoppexieHHol Bll mz-3a npeHeOpeXeHUsA TOKOM HKaxpioit
JIVHUK, DJIEKTPOMArHATOCBA3aHHOM C NCOBPEXDEHHOH, ¥ ONpeledsanTCSH
KX MaKCHMallbHHE 3HaUeHWA NOrpemHOCTH.

Ha OcHOBe flaHHHX pacueTa IPOM2IBONMUTCA PaclnpelelieHMe MaKCH-
M8JIbHHX 3HaueHM! norpemHocTy B NOpsAiKe KX yOHBaHMg 110 MOOYAR IJSA
OGOMX BHAKOR (MOJORKTENBHOMO ¥ OTPUUATEABHOIO).

13 MoJyYeHHHX MAKCHMMaNbHEX 3HaUEHKH IOrPENHOCTH olpenens-—
eTCH WX HauboJibllee 3HAUEHHE, ¥ eclIM OHO MeHee %, BIUAHHEM COOT-
BETCTRYDWEH JUHUM MOXKHO IpeHelpeub.

keny norpemHocTs NpeBwmaeT <&k, TO GepeTcs ciaenypiee N0 MO-
LYJD 3HaueHYe MaKCHMMalbHOW NOrpEemHOCTH, KOTOPOE€ He HONKHO IIDEeBH-
waTh <%, M B pPacyeTe PACCTORHWSA IO MECT IOBPERLEHMA BIMAHUEM CO-
OTBETCTBYDUWEHA ANHMY MOXHO NpeHelbpeyb.

ke HauboJbliee 3HaUEHHe MAaKCHMaJbHHX TNOTPEWHBOCTEN HAMHOI'O
mMeHblie 2%, TO ONpefeNdeTcCd CyMMa MAKCHMaJNbHHX 3HaueHull norpem-
HOCTH OLHOI'O 3HaKa OTHEeJbHEX JUHMA, KOTOPaA HE LOJIXKH2 MPEBHINaTh
2%. B aTOM clyuae MOXHO NpeHeOpEUb DJIEKTDOMANHMTHEM BIMSHUEM JM-
HUA, MOrpemHOCTH KOTOPHX ABIAKTCA CIaraeMbMM 3TOH CyMMAPHOA 1O-
rpemHocT. PacueT INOrpemHOCTM Ha DTOM 3aKaHUWBAETCH.

AHaJOI'MUHO cliefyeT onpenensaTs norpemHocTs Wi gasg npyrux
DJIECKTPOMarHUTOCBASAHHEX JWHKHA.

B apuaoxXeHuH 3 JaH IpuMep pacueTa TaKoi NOrpellHOCTH.
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4.2. Heyuer TOKOB OTBETBHTENbHWX IOACTAHLIMA

PaccMatTpupaprcs norpemHocty UMII npy uenoab3CBaHMK NapaMerT-
poB Hyaepo# M o6paTHOR noclelopaTelbHOCTER HAa OCHOBE IBYCTOPOH-
HUX M3MepeHMi (aXTHBHEM CONMPOTHBIACHMEM MOXHO IIpeHeGpeus).
[lapaMeTpy HyJZleBOl NOcnefoBaTeNbHOCTH. LJA Hawubonee pac-
NPOCTPaHEHHOrC cayuadA onHouernHot Bl ¢ 3a3eMiGHHEM OTBETEJEHNEM
(cM.puc.2.7,8) norpemnocrs OMI Ha yuacTke pawHo# L, , ¥3-3a Npe-
HeOpeXeHKsa TOKOM OTBETBJICHMA OyneT OTpMUaTeNbHON ¥ HOJXHA OIpe-
nenstsen [8] no gopmyne

X/ f
n2-{m,— }L)n—m,ﬁc—
An,=— ... X{+ (4.4)
1= n+m+t;, ’ !
Xet Xt X
X, - xB
rae t;= — .
! X Xﬂ
=+ (1-m)

Xp

[ipy pacueTe NOI'PEHHOCTH JJIA CAYyUadA NOBPEeXNEeHWA Ha yyaCcTKe ANK-~
Hott L, HeOGXOLMMO MCMONb3OBATH GHOPMyJy (4.4), npvHAB NOACTaH-
uMp B 3a Hauajo oTcueTa paccToaHus A0 mecT H3. licrpemnocTh vmMe-
eT ITOJIOXUTENbHOE 3HaueHUe. JSHaueHHe MAaKCHMMaJIbHOW morpewlHocTy KH3-

38 HeyueTa TOKa OTBETBJIEHMA clielyeT CNPEleNAaTh MO YIpOuweHHO!

popmye X! \2
m +—L
An ___( f Xﬂ ) _
max- 3(3 ....).‘;fr-.'..)#n; | (4.4a)
' X.;‘T f

Lya onxouenHoit Bi ¢ nByMs 3a3eMJIEHHEMM OTBETBIEHMAMW DPac-
CMaTPUBAETCH TOMBKO NOrpemHOCT: Npy K3 Ha yuacTkax mauHO# L, ¥
L, , T8K KaK XapaXTep ee M3MEeHEeHWs Ha yuacTKe AJauHO# L. TOT
Xe, YyTO ¥ OJig yuacTka mamHo#t L, . llpw aTom B cayyae H3 Ha yuacT-
ke pauHoit L, ( Lz ) Heo6XopumoO cxemy 3aMeweHus Mpec6pa3oBaTh
B 3KBUBAJEHTHYD C OINHMM 3a3eMieHHbM OTBETBJIEHMEM, a IOTPElHOCTH

onpeleaATh Mo dopmyaaMm (4.4) u (4.4a).



- 58 -

[lpu K3 Ba yuacTxe pamHoi L, (B OTHOCHTENBHEX E€AMHMIIAX BE-
JAURHA 1, HM3MEHRETCA OT O no I) k nmpeneCpexeHuy TOXOM OTBET-
prenu# norpemsocTs OMIl caenyer swuncasTe no dopmyle

nZ+an.+c
—_ 2 T2
Aﬂz-—- n2+3—— ’ (4.5)
X'x"(x%+ x")

rge a =

X, (XX'-Xx8x")
- XBXF(XFJ'X”)-PXH (Xr"‘X" |
X, (X"X'-X°X")

xthxll
X, (XX'-X%")

_ i . n_ it

B ortauune or BJ ¢ onnum ovreeTsiaeHueM norpemrocth OMI pac-
cMaTpiBaenoit Bll nonoxurenbra npu K3 B Havale yyacTKa ¥ OTpHIa-
TeJkLHa B €I'0 KCHIle. MakcuMarbHOE 3HayeHHe IIOPpemHOCTH crhefyer
ompenensTs no dopmyne (4.0) noxcraHoekolf B Hee OBKOr'0 M3 3Haue-
HUi 1, , PABHHX HYJAD JHOO eLHMHHUE.

ilapameTDH OCpaTHON NOCNEROBATEABHOCTIHM. BAMsAHKE OTBETBIEHHMA
Ha pachpefenenne TOoxop H3 MeHbme, ueM IIPM KCIIOAL3OBAHMK IIAapaMeT-
pOB Hylesofl mociefopaTeNsHOCTY [8] . OTO OfBAcHAETCH TeM, HTO
CONPOTHBAEHYE OTBETHEIEHMs O0paTHON NOcHAer OBaTeNMbHOCTH onpenelsd-
€TCA He TOJbKO COIPOTHBJIEHWEM CKIAOBOI'o TpPaHCHOPMATOPa, HO K Ha-
rpy3gy. ConporusieHye o0paTHOR MOCNENOBATENbHOCTH H&I'PY3KM X, .,
O0HYHO MPELCTABASETCA SKBMBAJEHTHO! PEeaKTHMBHOCTHD, er'c 3HaueHKe
chenyeTr NPMHMMATbL PaBHEM 30-45% M OTHOCUTBD K NOJNHOK pabouyeit
MCWHOCTHM HaT'PY3KKM ¥ TOMYy HallpAKeHHN, PIe OHa MOAKIWUeHa. Pacuer
norpemHocTy OMIl goskeH BHIIONHATHCSH MO TeM Xe (POPMyJaM, UTO K
TP MCNOAB30OBAHMM NapaMeTpPCB HYJAEBOH NOCNeNOBATSNBHCCTH. HaK MNo-
kasany pacyeT [ 8 ] , NOrpemHoCTb JiiA PaCCMATPMBAEMEX Map: ;€TPOB
B HECKOJIbKO pa3 MeHbue.

B npuaoseHun & JaH npyMmep oueHky norpempocrn UMl ma-za He-
yueTa TOKE OTBETRMTEJBHON TIONCTAaHIIMM.
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4.3. HeyueT n3MeHeHMH CONMPOTHMBICHMA CHAOBRX TpaHchOpMaTOpOB
TYIMKOBHX [NOHCTaHIIHA

Paccmarpusaercs Bil, rie mecro K3 onpenensercsa no TOKy M
HAIlDAXEHKD HYAEBONK NMOCASHORATENBHCCTHE HA NUTADNER NOLCTaHIWHK U
TOABKO MO TOKY Ha TYNMKOBOX IOKCTaAHIIKKH, PHe YCTAHOBJIEH CHACBOH
TPAHCPOPMATOP ¢ PeryarpOBaHHEM HalpAXeHMs MO Harpysxoft. Ero co-
[IPOTHBIEHUE 3aBUCHT OT NONOKEHNA NepexaAryaTells OTBETBIEHMA pery-
A¥pymiged OGMOTEM M, KaK NMOKa3aHO B NMpuiaoxeHwK 1, uaMeHseTcCs B
EMPOKOM AMana3oHe. Heyuer 9Poro MaMeHeHHs MCOXeT INPHBOAMTL K He-
JONYCTHMO! INOIPEMHOCTH PACYeTa PacCTOMMMA N0 MecT K3 [12] . 970
TaKEEe OTHOCHTCHA M IIPK HECOOTBETCTBHM PACUETHOIO COIPOTHBAECHHUA
HYJA€EOH NOoCcCIenoBaTenbHOCTH TpaHchopMarTopa ero mpefcBUTEILHOMY
SHaUeHHND.

lHorpemHocTp pacueTa clefyeT ONPENENsTh B COOTBETCTBHE C

dopmyxont

Ang= ——- PAX,, , {4.6)

Us ¢opmyan (4.6) BMmHO, WTO NpM RaHHEX SHaueHuax O u £ 1no-
rpemHocTh Ally; MMHMMAJIBHA B Hauaje JMEMK M BOCTHIEEeT MaKCH-
MaJIbHOrO 3HaweHrMsA Ipu K3 B xoune Bll. MakcrManbHas norpemeocThb
COOTBETCTBEHHO pPaBHA

1+06
ANt max = '1_‘_6_,_}) PAX,, - {4.7)

UIA BOSAYMHHX AMHMA, NPUMHKADINX CO CTOPOHH NMUTBHUA K OT-
!
HOCHTEJBbHO MOWHOM cuereme ( X p<<X , ), semmumior G  momHO
npeHeGpeub. lorpa gopuyns (4.7) npeoGpa3OBHBAETCH

{
ANyt max = }:.“)‘o“ﬁﬁxm : (4.8)

YeM kopoue BOSAYUHARg AUHKA, TeM OOnblie MaKCUMaIbHaR NOrPEmHOCTD.



- 60 -

UHa TakXe BO3pacTaeT INpH yBeAMUeHHN PacXOXNeHMA MexXny IelcrTny-
TeNbHEM M pPacyeTHHM 3HaUeHMAMM CONDOTMBJAEHMS TpaHchopMaTOpa.
Hcxops w3 M3NM0XEeHHOr'o, B cJiyuae HelONyCTYMEX IIOIPemHocTell
NPy ¥3MeHEeHUy NOJOXeHMAa INepeKIruaTeNs OTBETBAEHHMHA TpsHchHoOpMa-
TOpa LONXHH OHTh COCTSBJEHW pacueTHne gopMyan pas (MIl pias gpyx-
TPEX I'DYIUl NONCXEeHMI NepewapuyaTeld. D npeperax Kaxinoi rpynnu
norpemHocTd UM Ke noirxna nNpepnWaTH HOMyCTHMOrO SHAUEHHSA.

4.4. HeyueT HeOLHOPOAHOCTH BOILYWHON JHHUH

B psue ciayuaeB BOSQVEHHE JMHUM COCTOAT K3 MPOBOMAOB Pa3HHX
MapOK, MONBEMeHHHX Ha Onopax pPasl/MuHBX THNOB, IPH 3TOM Tpacca
Bil npoxoguT 1nO MeCTHOCTH C OTAMUADWMMUCA XBPAKTEPHCTHKaMW TPYH-
TOB. B pe3ynbTaTe NMHUA CTAHOBUTCA HEOLHODPORHOK, cocTosmell y3 OT-
HEeJbHHX YUACTKOB CO CBOMMM YLENbHEMM COINPOTHBIEHVWAMY. LCJIM Ipe-
HeO0peub TaKOl HEOLHOPODHOCTBHL, TO MOXET BO3HMKHYTH NOI'PEUHOCTH
OMIl. Huxe npuBodsATcs GOpMyAn, IIO3BOJALOME OLECHUTH KOAMYECTBEHHO
3Ty NOIPENHOCTH; M, €clyu OHa Heseauks (%), MJA ONpeReJeHUs MecT
K3 MOXHO WCIIONB3OBATH pPacyeTHHe GOPMYNH AAs OLHOPORHHX JwHu# [30],
(LJIg ynpouweHus aHalu3a aKTHBHOe conporusieHue Bl He yuuTupaeTcs).

Ans omHouennoit BJl, cocroguedl w3 JIBYX HEORHQPOAHMHX YUACTHKOB
padHORt AMHH L, ¥ L, C COOTBETCTBEHHO YLENbHEMY WHILYKTHBHHMHU
conporupieHusmMn X, ¥ X,{(uHnexc "C" onyckaerca), cxema 3ameumeHUd
HyJeBO! NMOCAENOBaTEAbHOCTH M NOTEHIMaJbHHE pAuarpaMvMH npu K3 Ha
[iEpBOM yyacTKe NIOKa33aHW Ha puc.4.1.

oClK npeHefpeub HEOLHOPOJHOCTHY YyUacTKOB BJ, TC NOrpemHOCTH
pacuera paccToddua A0 MecT H3 Ha yyacTke namuHoOt L, chenyeT ofl-

penenaTsh o popMmyle

sn,= (X-1)n, (4.9)

rpe X=X, /m,+XxX,m,.
MakcHmalbHOE 3SHaueHMe NOrpPewHOCTH uMeeT MecTo Ipw K3 B KOHnE
YUACTK3 ¥ JOJMKHO ONPEeleJAThCH 10 dopMyne

(X1=Xp)myt X0

ANy max= " - (4.10)




Puc.4.1. Cxema HeomHopophoR BJ ¢ ABYMA yuaCTKaMK:

0 - CXeMa 3aMelleHMA HyJeBO! IOCHeROBaTeNbHOCTH; § -
NIOTEeHIIMaIBHA A AMarpamMa npu X=X, — NOTeHUHaNb-
Haf LuarpaMMa Npu X, <X,

§+an /

?HEMEJ
- iy e

Y-4n

"uc.4.2. Xapakrepucruka An = f(n):

1 -~ ofusA NMOrpeMlHOCTh; & - COCTABAANURS IOIrPENHOCTH
OT BTOPOI'0 YUaCTKA
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[lpy K3 Ha BTOpPOM yuyacTKe NOIPEmHOCTh CJASHyeT ONpenesiaTh
no dopmyie

X~ X X,— X
An2= -J—X——me T zx Il . (4.1{)

llpy K3 B KOHUe BTOpOro yuactka ( /1, =/M, ) MOXHO NMOJYUMTH GOPMY~
Jy BJA OnpeleseHNA MaKCHMaJbHOI'O 3HayeHUs 3TOH NOIpPEemHOCTH.

Kak punHo u3 dopmyauw (4.9), norpemHocTb H3MEHAETCH NO JH~-
HeiHOMY 3aKOHYy. IlOCKOJBKY ylledbHOE€ CONPOTHUBJNEHNE X, MOXeT OHTb
Cospme Wiy MeHbme X, , TO NMOrPEmHOCTh pacyeTa PacCTORHMA RO
MecT K3 MOXeT NPUMHUMATE IONOXWTENbHOE M OTPHLATENbHOEe 3HAUEHMA
(puc.4.1,0ud). Vamenenue norpemrocTs pnonp Bl ¢ ZByMA HEORHOPOR-
HHMHM YYaCTKaMH ILAs cayuyag X, > X, NOKa3aHo Ha puc.4.2. 3peck
MaKCUMalbHOE 3HaueHVe NOIPemHOCTH MMeeT MeCTO B KOHIle NEPBOrO
(Haualle BTOPOr'o) yyacTKa.

Aasg obuero ciayuas Bl, cocrosuwei w3 N HeOMOPOAHHX yuaCT-
KoB, $OpMyla LNA pacueTa norpemHocTy npu K3 Ha N -M yuacTke
yMeeT BUA:

Xy— X X, X X, =X
An,, —i—f——”'m,+———)—(——5mz+...+ N—n . (4.12)

[Ipn oueHxe MakCUMAJbHON NOIPEWHOCTH HEeOOXOoMMO paccMmaTpueaTh H3
B KOHIIE KaXgor0 y4YyaCTKa ¥ BHOMPATh HaulonbWee M3 HUX, KOTODOE

M onpelenseT ILOMYCTMMOCThL NpeHelSpeXeHUA HeodHOpomHocThk BJl. 3Ha-
yeHVe MaKCHMAJIbHOW norpemHOCTH Ha N -M yuaCTKe clepyeT onpefe-
JATH MO DOPMYIJE

Xf-x XZ“X X, —X
An~ max_ X'_ mf+'_x_—"'nz+ . » -+ X N " (4-{3)

AHBJIOPHYHO CJHIeLYEeT ONpPEeLeNATh IMOTPEWHOCTH pPacyeTa PAacCTOA-
H¥A 00 MecT i3 K3-32 HeyueTa HEORHOPORHOCTM Bl npy venoabL3csa-
HUKM napamMeTios 00paTHOM MOCHENOBaTENbHCCTH.
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o, IIPMMEHBEHVE oBM JJIS OlFRuEJEHVSA MECT HOBPEXLEHKA Bl

o.1. JlocToBEepHOCTD MapaMeTpOB ¥ TPeGOBaHUA K DACUETHHM &aN-
POpUTMaM onpeneneHus Mect H3

JOPEeKTHBHOCTDE AUCTAHIMOHHOT'O ONpEeneieHys MecT NOBPEXLEeHNS
BJl 3aBucuT 0T MHOrMXx PaKTOPOB, CPelM KOTOPHX 0cO60€ MEecTO 3aHH-
MaeT HafleRHOCTb PaOOTH (PMKCHDYDUMX NPUGOPOB (MHAMKAaTOPOB), & TaK-
Xe AOCTOBEPHOCTEL HX IOKa3aHUNM M RapaMeTpPOoB CUCTEMH, WCIOJNb3ye-
MHX IIpH pacueTaX. JBIAACE JaTuMKaMy onepaTBHOR MHPOpMaLIMKM ©
3HaUEeHUAX MapaMeTpOB aBapHMHOrO DeXnMa, (UKCHDYDUEME ITPHOODH B
SHaYHTEJIbHO® CTeNeHH ONpeledarT pPe3yAbTHPYDUyD NOr'pelHOCTh pacye-
T8 PACCTOAHKMA.

[IpyuMHamMy HelOCTOBEPHHX (JIOXHHX) M3MEpPEeHM ABIASOTCH 3aBOH-
Ckue jedexTh, HU3KAU ypOBEHb TEXHUUECKOI'O M OflepaTMBHOIrO O0CHy-
XUEAHMA QUKCHPYOUMX NPUGOPOB, NOBHIEHHAA IOMPENIHOCTb M3MEePHUTEJNb-
HEX TpaHCHOPMaTOPOR, KaCKajHoe CpalaTHBAHKE NMPUOOPOB, CHOXHHE
BUOH ITOBpexpeHut, OOpHBH IIPOBOLOB M AP. ['7] .

L, OCTOBEDHNM M3MEpeHMeM lapaMeTpa aBapuitHOro pexmMa (TOx,
HallpskeHNe) MOXHO CYUTATh TAKOe M3MepeHKue, KOTOpoe HeNpPeMeXHO
GyneT MCTMHHEM (C DpakTHUeCKM SOMycTMMOM norpeumdocTbi)[31] .
BeposTHOCTDL NOABIEHMA KOCTOBEPHOI'O M3MEDEHMA PaBHA ELMHMLIE. LDY-
I'e M3MEpeHMs (BO3MOXHHE, HO HE LOCTOBEpPHHE) K¥MENT BEePOATHOCTE
MeHblle eiMHMIIN. UORUHO BEPOATHOCTb LOCTOBEPHOI'O COOHTHS GJN3KA
K efuHMIe.

K uMcay HemocTOBepHHX M3amepenult B TexHuke OMIl Mo®HO OTHec-
TU CJAyyay OllpelieJIeHHs PacCTORHMA JO MECT NOBPeXIEHMA C MNMorpel-
HOcTb Gonee I0%, a Tamme oTHasw B padoTe PUKCHMDYDILHMX NPMEOPOE.
AHAJIN3 ATHUX CJHAYUaSB B TeueHMe PANa JieT NOKA3HBAET, UTO M0 BCEM
aHeprocucreMam CoperTckoro Comsa ux OTHOCUTENbHOE 3HaueHue CO-
cTapige? B cpeiHem oxono 10% ofuwero xoluuecTea BeeX ciayuaes K3,
KOrpa MOI' OHTb BHIIOJHEH PacueT HCKOMOI'O PaCCTOAHUSA.

[lapaMeTpn cucTeMu (IOJNHHE, SKTYBHWE ¥ DEaXTMBHHE CONPOTHB-
JIeHUSA, IPOBOONMMOCTHM BJIeMEHTOB JJeKTpuuecKolt ceTy, COOCTBEHHHE ¥V
B3SUMHHLIE COIMPOTHMBJIEHMS M LP.) OTHOCHTCA K NOCTOAHHONA Heonepa-
THBHON WHpOPMarI¥K ¥ ONPENEeNAUTCHA PACUYETHHM IIyTEeM C TON WM WHCH
CTereHbr norpemHocTii. Ha OCHOBE M3BECTHHX 3a8BHCHMOCTe!l MeXny Ila-
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paMeTpaMy aBapUHOI'C pexXyMa ¥ NapaMeTpDaMM CHCTEMH IIPOK3BOAMTCH
OLIeHKAa W3MEePEeHHHX 3HaueHuWR TOKOB M Hanpakenuit npu K3 Ha nuuwpy.

[Ipy BHIIONHEHMM OTlepaTMBHEM NEPCOHAJNOM DACUETOB PAaCCTOAHMA
L0 MecT H3 Bpyvuny® mpoBepka ROCTOBEPHOCTH (HKCHPYDEUX NPHUOODOR
ABNAETCA OTHOCHTENbHO Tpynoemko#t onepaumeft. Ilpw aToM 3pech rak-
Xe BO3MOXHH OmMMOKM, YTO, B CBOD Ouyepelh, MOXET CHE3HTb TOUHOCTH
UMll, llosToMy mpoBepky LOCTOBEPHOCTH, K&K M pacuer pacCTOMHUA
00 MecT K3, caenyer, KaK npPaBUAO, IPOM3BOLHTD C NOMOILL JBM
[0 clleuMaJbHEM MpOoI'paMMaM.

CYWecTBYyOT PA3NMUHHE AATCPHUTMH MPOBEPKM LOCTOBEPHOCTH, OC-
HOBAHHHE Ha M3OHTOYHOCTHM WHPODMALIMM O IapaMeTpax peXyMa ¥ cuc-
Teum'[T, 32} . llpy 2TOM OHM MOr'YT 3aBMceTb OT BHMma B, Haauumns
OLHO- WJAM JBYCTOPOHHMX M3MEPEHMH NapaMeTPOB aPADPHIUHOIO pexmuMa
HyJleBod Wik O0paTHON nocyaenceaTelbHocTell ANO0 OGOMX BMECTe M
op. Tax, B UaCTHOCTM, IR BCE€X BHICOB BO3ILYMHWX JUHUA BO3MOXHO
[IoJyyeHHe MICHTOUHON MHPOpMauuM NpH M3MEpPEeHMM HaIpAReHKA Ha
KaxioM KoHue BJl, rue, Kak NpaBwiIo, AR Kamnolh cucremu (cexuum)
wMH nofcraHuuu HanpsXeHueM 110 xB w myume ycranasnupaercs o
OLHOMY BOJbTMETPY [6] .

[iposepka pocToBepHOCTH Ang AByXuenHux BJl MoxeT GuTh Bh-
[OJIHEHA Np¥ M3MEPEeHMH CYMMH ¥ Pa3HOCTH TOKOB O0ewX uened, kax
yKkas3aHo B II.Z.1.4. Kpome Toro, RocTOBEepHOCTD MOXeT OwTb O0ec-
IeueHa IIpy¥ WCNOAb3OBAHWMHM METONA AKTHMBHOI'O MHOI'ONOJWCHHKA Ha
Bl ¢ oreersnenysmu (cMm. 1n.3.1.2). B npyrex cayuasx [32] 1,0-
CTOBEPHOCTP DE3YJbTaTa PacYeTa PaCCTOAHMA Lo Mect H3 noiayyaser-
CA 3a cyeT Oojee INOJHOIO WMCHNOJbIOBaHUA MHOOpMaluKy O0 BASKTPH-~
YeCcKOl ceTy Ha OCHOBE peaJM3anuy aleKBaTHHX 3ajaue aJropyT-
MOB, OOJanabUMX YBeJHyeHHHM o0BeMOM olepauuit no o0padoTKe yMe-
puerhca WHOOPMALIMMU.

llocsie nposepky AOCTOBEPHOCTH NAPAMETPOB BHIIONHAETCRA pac-
yeT PaCCTOAHMA B0 MecTa K3 M onpegelseTcA ydaCToK o6xoma Bl
LNg NOUCKa HEeWCIPABHHX 3JEeMeHTOB.

O.<. CpapHUTENbHAR XaPaKTEPMCTHKa NPOr'paMM OIpefesieHus
MECT [IOBpPERIEHKUA U PEKOMEHOAUMK MO0 MX IMPHMEHEeHUD

llepsne NporpaMMu ONEePATHBHOIO pacyeTa PacCTOAMMA 0 MecT
KOPOTKOrO 3aMHKaHug BJi 110 NapaMeTpaM apapiHOI'O pexXuma, Hamen -
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n@e IPaKTHUYecKOe NpUMEeHEHWe B SHeprocucremax, GwiIM pa3paloTaHH
BHMMO-BL I'TY, Hapemsrepro u MocaHepro. llporpammel, CO3HAHHWE BO
BHUVO-BL| I'TY, nmeppoHaualbHO MOIIHM OHTb MCIIONb3OBAHH TONBKC RIS
ODHO- K LBYXUENHHX ODHOPOOHHX JHMHMA, HEe KMMEeDUMX CTBeTBIEHHMHE K
[IONCTAHIKAM C 3a3eMIEeHHEMY HeATpalaMy CWIOBHX TPaHCHOPMaTOpPOB.
OTO OPpaHMuUMBAJIO OOJSCTh NPMMEHEHMA TaKKX NPOIpPaMM, NOCKOJbKY

B DHEPrOCUCTEMAEX MMEeTCH 3HAUYUTEAbHOE KOJMUECTBO BO3AVUHHX K-
HM{l IpyruX BMLOB. B najbHefimeM 3T NMpOrpaMMH COBEPHIEHCTBOBAJMCH
[33] , Telepb OHM MOryT pemaTb 3apauy OMIl nNpMMEHUTENBHO K BO3-
OYOHEM JVHUAM DPA3JIMUYHHX BHAOB B 3JNEKTPHUECHKHX ceTAX JoOo# KOH-
durypauum [ 32, '7] .

B MBL MocaHepro pa3paboTaH KOMIJIKC NPOrpsMM ONEpPaTVBHOIO
(MIl pna onpenenenus Mecr noppexpenyus pospymewx JauHuik 110-500 «B
[34] . B rauecTse pacueTHO! CxemH MCHIONB3YETCR ONEpaTHBHASA
sleKTpHuecKas ceTh MOCIHepro (Ta Xe, UTO W IJH PACUETOB TOKOB
K3). C6meHue onepaTops C KOMIUIEKCOM IIDOI'PaMM OCYNECTBIAETCH B
Avanoropo dopme, npu 2ToM peaiausyercda meron OMI mo orHOmeHuD
HanpaXeHUMt ¥ TOKOB HYyJIeBO# MOCIefoBaTEJILHOCTHM IO KOHuaM Bll.

B JnToBCKON 2HEprocucreme nporpamma onepatTusHoro CMII Bl
110-330 kB peanmsosana Ha OBM EC-I0I0 [35] . lins mcex Bl cospua-
eTcs MHPOPMaliMOHHas Oa3a, KOTOpas BKJAKUSeT lapaMeTpPs BO3JYWHOHA
JVHMM ¥ ND¥MHKSD@eH! ceTH, TeXHWYyecKue IaHHHEe (UKCHPYDUMX Ipubo-
POB, KOBOPUIIMEHTH TPaHCHOPMAIIMK H3MEPUTENBHHX TPaHCHOPMATOPOR
TOK& ¥ HaNpskeHUs ¥ np. 3apaua OMIl pemaercsa B guasnorosoit gopme
aag Bll pasauubix BMOOB C NPOBEPKON ROCTOBEPHOCTH HLSHHBX H3Me-
pPenui.

HeoOXxonMMOCTb NEPHOIMUECKOI'0 KOHTPOJNA COOTBETCTBHA 3aN0-
xeHHux B nporpammve (MIl McxooHBX HaHHHX KM NapaMeTPOB 3JEMEHTOB
9JIEK TPUUECKONX ceTH NelcTBUTENbHHM KX 3HaueHusM TpefyeT OTBIE-
YeHHA KBaaudHIIMPOBAHHOI'C NepcOHalia, YTO He BCerna YA2eTCHA B
VCJIOBHAX BKCIUIyaTauuM. l[lpy 3HAUUTENBHOM HECOOTBETCTBMM JaHHEX
BO3MOXHH HEROMYyCTHMHE NOI'DEWHOCTH pacueTa PACCTOAHMA Ho MecT H3.
OoHOK M3 BOSMOXHHX NPHUMH OONORHWTENbHON norpeuwHoctu (MII npwm
MCIIOAb3OBSHUM TaKO# IIPOPpaMMH PacueTa SBARETCH Takxe HeoOXOomu-
MOCTb yueTa peXiMa ceTelt, NPYMHKADUVX K IOBPeXNeHHON JWHWUA, Bb-
NONHAEMOI'0 BPYUHYD LEXYPHHM LUcleTyepoM (NpelNnpUaTHS 3JNeKTphue-
CKMX ceTell, DHEProcHCTEMH WIN OOBENMHEHHOR DHEpProCHUCTEMH). OTH
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O0CTOATENLCTRBA INPHBEIHM K TOMY, 4YTO B HacTOsmee BpeMs YCTAHOB-
JeHHHe B aHeprocHcereMmax JBM nig onepaTHBHOIO ONpEREAEHHA MeCT
nospexneHus Bl nmpaxTHyecky He UCNONbIYRTCSH [36] .

YKa3aHHHX HeLOCTATKOE JAMEEH KoMInexc nporpamd Y-YI-40 u
Y-Y1-50, paspaGoranHu#t KuepckvM uHCTHTyTOM 3xexrponuHaMukn (KU )
AH YCCP, ofecneumpabumit pemerue 3amaun OMIl oneparTmsHEM nyTeM
137] , rxoropuit crepyer B nepsyD Ouepenb MDUMEHAT B BHEPrOCHC-
TeMaX. B Hero BXONAT TakXe NPOrpaMMH pa3JIMYHHX BapHMAHTOB pac-
yeTOBR TOKOB K3, HenoaHoPa3HHMX OTKANUEHMHE, CROXHHX HeCKHMMeTpuit
M Ip. B cocrape KoMiUlekca nporpamM mMeercsa ¥ Monvxip OMII, ocHomaH-
HHt Ha HeomepaTHMBHOM (NpPeNpaPUTENBHOM) BHUMCIEHMH NAPAMETPOB
ABAPHAHONO pEXMMa, NDEACTABIAEMHX B BHie TabiMil. OTOT MOAYJAbL HB-
XAETCH BCOOMOraTeNbHuM (IpM OTCYTCTBMM onepaTHpHOro meropna OMII
C MCnonb3osaHueM JBM), OH peaan3oBaH B paHee Pa3paCOTAHHHX PO~
rpamsax (KUSL) Y-YI-20 u Y-YI-38 u Hamen uypoKoe NPUMEHEHHe B
sueprocucremax |37 .

HoMnueke nporpaMM pemaeT Bce 3afayy Ha OCHORe enrHoX $a30-
BO/ MaTeMaTHwecKoR MomlenH adexTpuueckod ceru (BMC), mpu sTOoM
B PACUETHHX NOAPEXVMMaX MOI'YT pealu30BNBaThCH Andwe TpelyeMmue
KOMMYTAIIMOHHEE W3MEHEHMs ceTH. PacueT paccTOsHuA MOReT OHTH Bu-
[IOAHEH C HCIOJAb30BaHMEM NapaMeTpOB Kak HyJeBo#, Tax M oOpaTHON
NMocAENOBaTeIbHOCTH. B 1ensx nosumeHus oneparurHocTn OMII B go-
noiHeHne X bMC cospaercs Gasosag Monens JAMHMA. OnucaHHut Komn-
AEKC NporpaMd ROMNOAHAETCA NPOrpaMMHeM OJNOKOM aBTOMBTH3KPOBEHHOH
[IpOBEePKH JOCTOBEPHOCTH INOKa3aHui PMKCHPYDIMX NPHOOPOB.

OG6ecneuenne coorsercreus EMC nellcrBUTENBHOMY COCTOAHMD
anexTpuueckoit ceru (mposefeHHe HEOOXONMMEX KOMMYTALMA MORENH)
LOJXHO OHTb IOPYUEHO TNepcoHany cayxlu P3A, BHIIONHADHEMY pacue-
v ToxoB H3 ¢ nomompp xomrutexkca nporpams Hildl. Bosmoxww u gpy-
rye cnocofu ofecreueHUs ONEepPaTHBHONO COCTOAHMN 6al30BONR MaTeMma-
THYEeCKOR MomesM.

obbeKTUBHOCTE Hcenoab3opaHus OBM nng onepaTusHoro OMI mo-
XeT OuTb 3HAUKTENbHO MOBMIEHA B clyuae OfecleyeHKs Nepefaun No-
Ka3aHKR QUKCUPYDUMX NPHOOPOB TEJeMeTPHUECKH ¢ NOCAeLYDHMM MX aB-
TOMATHUECKHM BBOLOM B JBM. B peaynbTaTe NOABMTCA BO3MOKHOCTD CO-

3M8HHA 8BTOMATHUIHPOBAHHON CHCTEMH OlpefedeHUA MeCT NOBPexXieHHUSN
Bd.
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[Ipy BHenpeHKr¥ nporpamd, pemapaux 3anawy MIl Bl rampsxeHu-
e 110 kB ¥ simie, IjelecOO0PASHO MCXOMWTL M3 IABYX noiomenuth:
nporpemda OMIl spigercsa YacThD KOMIVIEKCS NPOrpaMM LIS peleHHSs
COBOKYIIHOCTH 3JEeKTPOTeXHMYeCKHX 3ajlay, JAKOO0 Toabro nag OMII,

D nmepeOM cAyuse KOMIJAEKC NpOorpaMM HMeeT enuHY® HHGOpMaIIU-
OHHYD CGasy (Hampwmep, BMC) ¥ BHIONHAET NO COOTBETCTBYDUMM IpO-
PPAMMHEM MOLYAAM pasnuyHue pacuerw nas uexneft OMII BJ, pexeftuoft 3a-
UMTH, BHOOPa 3JAEKTPOOGOPYAOBAHMA K Lp. BO BTOPOM clywae KHCOOIb-
3YETCH CaMOCTOATENbHASR NMpPOrpaMMa pacyeTa paccTosHMa B0 Mect H3.
HHOrDa Takas NnporpaMMa AONOAHAGTCH MOLYJeM pacueTa NapaMeTposB
Bll. 3nech ucnoabsyerca He3aBMcHMES HHPOPMALMOHHAA Ga3a.

B sHeprocucTeMax, Piae BIAEKTPUUSCKAA CETb COCTOWUT ¥3 CONBmMO-
Iro xoakuecTBa BJl pasauuHuX BHLOB, MMEDUMX CHOXHHE BJEKTPOMAI-
HUTHHE CBA3M, Ang oneparusHoro OMII Bl HeoOxommMo npuMeHeHHe KOMN--
Jexca NporpeMd HWeBCKOrC MHCTHTYTa SAEKTPOLNHAMMKH.

B HEeKOTODHX CHCTEMAX IIP¥ OTHOCHTENbHO HpocTOol KOHPMI'ypauuM
BJIEKTPHYECKO ceTH ¢ HeOoabmMM KOnMyecTBOM BJl HamnmpaxeHueM
110 kB » BHile BOSMOXHO KCIIONBb30OBSHKE NPOIPAMM, OCHOBAHHHX HA IIPO-
CTHX aJropuTMaXx (B YACTHOCTH, OTLENbHHX PACUETHHX BHPaXeHMH ).

U6 A3aTeNbHEM YCJIOBMEM IPMMEHEHVS TeX WIK MHMX nporpamd OMII mormx-
HO OHTb HaJiMyMe B MX COCTaRe NPOIPAMMHOI'O MOLVAA NPOBEDKK LO-
CTOBEPHOCTH MNOKA38HMA (MKCHPYODIKX NpuOCOpPOB.

lpuaoxenune I

PrHOMHUALA [I0 OlPeLkJIEHAD [APAMETPOB
BOJUYUHEX JI/HMA ¥ TPAHCOOPMATOP(B

TousocTy onpeneneHus uecT noppexneHus Bl B 3HaunrTenbHof
CTElleHY 3aBHUCHUT OT TOYHOCTH HCXOLHHX NAPaMeTpOB JJEMEHTOB 3JEeKT-
pPUuUecKoOl ceTy, K KOTOPEM B IIepBYD ouepelb clelyeT OTHECTH¥ BO3-
AYWOHHE JUHWY BJEKTponepelauy ¥ CWIOBHE TPaHCHOPMaTOPH OINOPHHX
¥ OTBETBUTENBHHX NOACTAHLMA. OTH NapaMeTpPH MOI'YT OGHTH TONYUEHE
pacueTHEM NyTeM JUOO BKCIepHMEHTENBHO,
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1. PacuerHoe oOlpenenelie MNapaMeTpos

[lapaMeTpn sospyuHux JuRuit Hanpsxennem 110 kB ¥ sume He 3a-
BMCAT OT 3HaueHWH NpoTeKanuux NO HYM TOKOB M IIPKIOXEeHHRX HalOpA-
XeHnil, TaK Kak B YCTaHOBMBIEMCH pPeXyMe ITPOMHIJIEHHON uacTOTH Ta-
Kue BJ MOXHO cuuTaTb JMHEHAHEMM CHCTeMaMH. LJIA pacuera pacCcTosf-
HMA 0,0 MecT H3 O0WuHO MCHOJALIYDTCH NPONONBHHE YHeJbHHE COSCTBEH-
HOE ¥ B3ayMHOEe CONPOTHBIEHUA M Pexe NOoNEepeyHHe NPOBOAMMOCTH.

PacueT ymeJbHHX MNapaMeTPOB MHOTI'ONPOBOAHHX ORHOpOmHHX BJl,
KaK [paBMAC, BHIIOAHAETCH C MCHOAb30RaHMeM JBM no choeunalbHEM
nporpamMMaM. [lpakTHueckoe pacnpocTpaHeHue noxmyumnyu smerTonn OMII,
VCNIONb3yDWKe NapaMeTPpH HyJNepo# #u ofpaTHOR noclenomaTenbHOCTENR.
LA BHUMCHEHMS ynedbHHX napameTrpoB Bl B nensx nonyuvesus COOTBReT-
CTBYDUMX conpoTusieHul ¥ nposopiMocTelt o BHHMO-BL I'TY paspado-
TaHN aJA'OPUTM ¥ NpOrpaMMa NPHMEHUTENbHO K TpeX(a3HhM BO3MAYERHLM
AVHAAM BJA Ap0Or0 uKcia NapalieNbHuHX lienefl Npu BaluunK U OTCYT-
CTBUM PPO303almTHOrO Tpoca [7] .

[IpyMeHVTEAbHO K NPOMHRNIEHHOR uacTOTE NNA PEeaNbHHX PacCTOof-
Huit I, u D,; ¢ yueToM TOro, uTo pauMycu Bcex nposogos Bl omu-
HaKOBH, & TaKXe C NPWJINKEHHEM YVUEeTOM BJAMAHMA YAEJABHOr'0 CONPOTYHB-
JEHKA 3eMiy yieJbHHe NapaMeTpn ¢ AOCTATOYHOA TOYHOCTHED Ompene-
JASAOTCA 1O POPMYJIaM:

Zix = R+0,05+j 0145692 ;
Lui = 005 +j U,”f5£'g -a- y
rae Z,, W Z,; - COOTBETCTBEHHC YHeJbHmE COOCTBEHHOE ¥ B3a-

WMHOE CONMpOTHBAGHHE, OM/KM;

R - aKkT¥pHOE CONpOTHMBJIEHME NPOBODA, UM/KM;

D = 93,24/ V@}_ - QMKTHBHAA PAyOMHaA [POTEKaHuMf OO0paTHOI'O TO-

Ka B 3eMIe, M;

6} - npopoayMocTh seman, 1/(Omem);

0 - pauMyc NpoBOLa, M;

d -~ cpejHereoMeTpruecKoe PacCTOSHHE MexiLy Npo-
BoaMy Bil, M.



- 69 -

[lpn pemennn sapaup OMIl B GosbmMHCTBE Clyuser MCNOAL3YDTCH
HapaMeTPH B CHMMMETPHYHHX KoOpaMHaTaX. COOTBETCTBEHHO YIeNbHHE CO=-
nporupieHnd Tpexpasuoit Bl B cxemax samemenus npswoit (1), oSpar-
Hot (2) u Hymepo#t (0) cyMMETDPHGHHX COCTABAADEMX BHUMCAADTCH IO

dopuyxanm: .
Zf=-Z2=ZKK_—KE ’

Zo=Zux T2Zyi - {.2)

B crydae KCIOOAb3OBAHMA COCTABIADELX O0paTHO# noclegoBaTelb-
HOCTH KaxXpag yenb Bl paccMaTprBaeTcA OTHENbHO, 8 B3aMMHOE BJIHA-
Hie renel! He ywnTHBaeTcsA. oapolHOe MHIOXEHHEe METOROB pacyera
napamerpor BJ npusegeno B [10] .

K mapaMeTpaMm TpaHchopMaTOpPoB (aBTOTPaHCHOPMATOPOB) OTHOCAT-
CA MX aKTHBHOE M MHAYKTHEHOE COIIPOTHERAEHVS. AKTHBHEHM COIPOTHBIE-
HHUeM MOXHO npeHelpeur Lna scex 3afau OMI no napamerpam amapuitHOTO
pexuMa ,[IOCKONbKY OTHOmMEHHe aKTHBHOI'O COINPOTHBIEHHA K MHIYKTHMBHO-
MY AAS CANOBHX TPAHCHOPMATOPOB BC MHOI'O pa3 MeHble, ueM IJIA BO3-
Byarux avHul nanpsmenues 110 xB u smme. lloarToMy TpaschopMaTOpH
H aBTOTPaK2()OPMATOPH MOI'YyT PacCMaTpHBATBCHA KAK COCPEROTCUEHHHE
MHLVKTHBHOCTH.

B cxeMax 3amemeHns NpsMo#t (o6paTHO!) NMOCIENOBATENBHOCTH
TpaHchopMaTop (aBTOTPAHCHOPMATOPH) BBORATCH MHALYKTMBHEM CONDO-
THBIGHH{EM, 3HAYEHHE KOTOPOI0O OnpeleNAercR HanpsXeHHeM KODOTKOIO
samukaHug U, . Ecan HanpsxeHue K3 ¥ MHAYKTMBHOE CONpPOTUBIEHME
TPEHCPOPMATOPE BHPA3HTD B OTHOCHUTENBHHX €LHMHMLAX, TO MX 3Haye-
Hug GyAyT paBHH, T.e. X;,, = U, (111, Uugyxrussoe comporusnenve
B MMEHOBAHHHX SLHHMIAX COOTBETGTBEHHO PAaBHO

2
Ar1= % ¢
HOM
rge Uyomy — HOMMHAJBHOE HaNnpSKEHHE CETH, K KOTOPOMY ITDH-

BORMTCS CONpPOTHBAEHME TpaHchopmaropa (sHcmee
HanpaxeHue TpaHchopMarTopa), KB;
Jyom - HOMMHAaJNBHAS MOUHOCTb TpaHcdopMaTopa, MBeA.
O0wuHo B pacuerax TOKOB K3, a Taxkxe Npy ONpeueeHHM MECT
nospexnerns Bl 1o napaMerpaM aBapMAHOrO pexyma CONPOTHBICHME
HyZeBo# nocaenoBaTelbHOCTH TPaHCHOPMaTOpOBR X;, TPUHMMaETCH
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PABHEM CONPOTHBIEHMD NPAMO# MocAenosaTenbHocTH X, . Omwaxo [11]
CONPOTHRAEHNE Xm LJig HaKGoNee PaCnPOCTPEHEHHHX TpexXcTrepXHe-
BHX TPaHCHOPMATOPOB ¢ coenuHeHHeM o6MOTOK Y, /A  HeckombKO
MeHblle COMpOTHBJAEHMA X.. , UTO MOXET B Paie CIYYaeB IPHBO-
OINTHb K HEJOMyCTVvMOA MOrpemHOCTH PacueTOB.

ConpoTHpNeHne HyJepoll NOcHeNOBaTENBHOCTH TPaHchODPMATOPOE
cocrapiger 80-91% conmpoTMBmeHua Npavoft MNOCKENOBATENBHOCTH.
Upy OTCYTCTBMM [AAHHHX CAERyeT NDPUMHMMETHE IIA TPexdas3HHX TpaHC-
dopmaTopos Xy, = (0,85-0,9) Xy »  a pns apTOTpaHCcHOPMATODPOE
sHauenne X, AOIKHO yTOUHATbCS BkcnepuMeHrTaisHo [I0] .

2. OKCIepVMEHTaXbHOe ONpefelieHUe apaMeTPOB

[lpy aKCIepHMEHTAJILHOM ONIpeleNeHrMM IMOJHOIC COIPOTHBIEHMS
npamoit (oGpaTHO#) NOCNENOBATENBHOCTH ORHOUENHON BOIRYMHOA JK-
Hu LauHoit He 60nee 120-170 km Hanpagesne MpOMMIVICHHOR YaCTOTH
caefyeT NoouepelHO NORaBaTh ¢ OnHOro xoHua Bl Ha use dasw (A-B,
B-C u C-A). 3HaueHMe HanpaxeHus oO6wuHO He npesmmaeT 380 B, npwu
3TOM MUCHONb3yeTCs pas3felvTellbHH TpaHcdopMaTop. Ha ppyroM xoHne
JMHUY BCe TPH $83H HeoOXOonuMO O0BenyBUTL M cOoeluHMTE ¢ "3emneli”,
Bo BpeMs onuTa HeOOXOMMMO M3MEPATh HaANpXeHHe, TOK M SKTUBHYD
MOUWHOCTE, YTOC IIO3BOJRET ONPELENNTb MOAYAL ¥ YIOJd CONPOTHUBIEHHSA
BJl.

ilpy onpepeneHny CONPOTHBJIEHKMA HyleBO# MNOCIENOBETENLHOCTH
avunit pavno# nHe Gonee 100-ID0 kM Bce Tpy dasH crenyeT OCBEAUHUTDH
¢ O0OMX KOHIOB, & HalpsAXeHWE NONapaTh MERNy COBefuHeHHuMU dala-
My M 3emraell. HeoGxOUyMO M3MEPATE Te Xe BENNUMHH, UTO ¥ OPKH Of-
pelesienyuy CONPOTHRIEHHMS NPSAMOA NOCJAELOBATENBHOCTH.

[l jaKHEM WCHHTaHuA OWIM YTOUHEHH NOJHHE yAejbHHE CONpO-
TvBlenus Hyiepoit ( Z, ) u mpamoit ( Z, ) mocrenosarensrocredl B,
4 TAKKe CONPOTUBIEHMA BIAVMOMHAYKUWM AEyXuenso# Bl Z,, . Oke-
nepyMeHTaJbHNE 3HaUeHWsA Z, PpPasIMuarTCA B SaBHCHMMOCTH OT paif-
oHa npoXxoxueHua B Ha 8-20%, BuA sHaueHMM Z, B8TO DA3jMuKe HE
npepslaer 0%, a 3HayeHMe Z,, He 3aBUCHT OT palioHa M MeHbmE

pacuyeTHOro Ha U%. (OHOBpEMEHHO GRIN BHUMCJIEHH 3HAUEHUR (UKTMB-
HOW rAYOUHH 3aleraHus o0paTHOrO TOKa B 3eMiae I} , KOTOpaA 33BHUCHT

oT pafioHa npoxoxpneHus Bl B npegenax onHoit aHepPOCHCTeMH:[IE:].
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ANa NBYXUENHHX JMHWA comporusienus Z,, ®W Z,, caefyeT
ONpEeReJATE N0 JaHHHM HM3MEPEHHV, BHIIONHAEMHX TaKHMM Xe 00pa3oM,
KaKk KM Iaa ofHonerHo#t xnvHuM. CraenyeTr MNpU 2TOM YUNTHBATH, UTO
Ip¥ nNpoBeneHuM KH3MepeHul Ha onHO! M3 uenell ppyrasg MOXeT GHThH
3a3eMJIeHa TOJIBKO B OOHOA Touxe. UJs orpelesNeHNs CONPOTUBICHUA
B3AVMOMHILYKIIMK Z,» MeXDY ABYMA LENAMM B CXEMe 3aMeueHHs Hyle-
BOV NOCHENOBATENPHOCTH HEOOXONMMO IPOUBBOLKTH TE Xe K3MEepeHus,
YTO IPH ONpeleNeHud CONpoTuBAEHKR Z,, . llpy 2TOM BCce Tpu a3y
BTOPO# Uerny DONXHE OWTh OOBEAVHEHW M 3a3eMJeHH ¢ O0OUX KOHIOB.
OnpeneneHHOe TaKMM O0pa30M CONMPOTHBRIEHHE HYJNEeBOit NnocienoBaTeNb-
HOCTH OILHON Uely OTAMYaeTCA OT COIPOTHMBIEHMS, NOJYUEHHOTrO IIDH
OTHJIDYEHHO! ¥ He 3al3eMJEeHHOIl ¢ IByX KOHIOB gpyroil nenu. Mexny
HYMY CYUWeCTBYET COOTHOmEeHKEe, YUMTHBaDuee BJIMAHVE B3aUMOVHIYK-
¥y, N0 BHPAXERKD

Z’ =/ o - _Z_é..
&np na 7 y
&ng

OTKYL8 CONPOTHMBAEHME B3AMMOMHLVKUMM PABHO

.
Z12=\\Zao~ZaoZan \1.4)

ruoe Zpp - CONPOTHBIEHWE HyJeBOH MNOCIENOBATENBHOCTH Of-
HON Henyn Npy OTKIADUEHHON M He 3a3eMIeHHO! ¢
LBYX KOHIIOB APYTON;
Z},g — CONpPOTHBIIEHKE HyJNeBOi IOCAENOBATEABHOCTH OB -
HOR 1eny Npy OTKANUEHHON M 3a3eMIeHHON ¢ ABYX
KOHLIOB LpYI'ofi.

BoamoxeH ¥ Apyroft criocol SKCHNePUMEHTAJBHOI'O ONpejenieHus
CONPOTHBRIEHNS B3aHMOMHIVKUMM. B 5TOM CJly4Yae NIDM IOfaue Halpd-
XeHusa Ha OO0BbeOMHEeHHHe MeXny cobo# dasm ¥ "semab" oOnHOR 1ernu
(KaK ¥ B NpeippylieM Cayuae) CJAENYeT M3MEeDATh HaBeLEeHHOe Halps-
XeHue Mexny ofHo#t dasoit n "semned” ppyro# nenu. ConpoTvsieHUE
Ly,  HEOOXOLUMO ONpeiesATb 1O (opMyJe

Unm
Zip= 53 ([1.5)
[
=@
rne U, - HaBeleHHOe (a3HOe HanpskeHue, B;

l#, - TOK B (a3HOM IPOBOLE, IGe WU3MepAIoCh HABENEHHOE
Hanpagerne, A.
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HuaoyxkeusHoe commporunienyne mpawmol (o6paTHot) nocaenosa-
TENLHOCTH TPaHCHOPMATODOB M ABTOTPAHCHOPMATOPOB, IDHHMMREMOE
paBHEM HanpaxeHHD K3 B OTHOCHTENbHMX €AMHMIAX, ONDENeAReTCHA R3-
BeCTHEMM crniocoGamy [11] . B ycrosusx SHeprocucTeM COMPOTHREGHUSN
HyneBOH NOCAEROBATEALHOCTH HHOI'ME MORHO onpenenutTh IO AaHHBM
H3MEPeHHR npM HckyccrTeBeHHOM H3 $a3H Ha 3eMED cO CTOPOHH OOMOTKH,
HellTpasp KOTOpOA 3alemieHa. HeOoOXOnMMO M3MEPAYh 3HaUEHMA Hanpd-
XEeHUs ¥ TOKA HyAeBOU NocneilopaTelIbHOCTH C IOMOEBLND ocnMRuorpagos
win duKcupyparx hpwbopos, YacTHOE OT RENEHMSN IIEPBOR BERXMUMHH Ha
BTOPYD ¥ €CTh 3HauelNe CONpPOTHMBAEHMH. WAsMepeHua clenyeT Npous-
BOAYTh Ha CTOPOHe OOMOTHKM BHCHMEr0O HaNpAKeH¥s TPaHchoOpMaTepa,
KOTOps# OJis YAOOcTRa u3MepeHuft paloraeT NOCAEROBATEALHO ¢ BO3-
LYWRHOK JuHMe! B TYNMKOBOM DeRKMe.

L " ~022/038x8

Puc.ll1.1. Cxema usmeperull npn MCOHTSHUSX

Aasg onpenescHus CONPOTHBACGHUA HYJAEROM NOCAELOBATENBHOCTH
COoNbmWoro yueAs TpaHcHOPMaTOPCE MOXeT OWTh MCNOAR30B2H CHOCO0
H3MEPeHUR Ha OTHINYEHHOM OT ceTH TpaHchoOpMaTOpe [12] . Conpo-
THBNEHHEe X, CHGLYeT ONPEeleNATL, Ha OCHOBE LaHHLX H3MepeHuH,
TIPOBOMMMHX 110 cxeme, noKa3asuoff va puc.ld.i.

HaMepeHHA HeOOXOAVMO BRIIOMHATL IR KAXROIO NOJCKEHHA ne-
PeRJINUATENd OTBETRISHKIA IIPY HECKCHBKMX 3HaueHUsX TOKA OT CeTH
0,22/0,38 kB peryaupyedoro HanpaxeHus. [OCKCAbKY AKTHBHEM CO-
NPOTHBREHNEM OOMOTOK TpaHcdOpMaTopa MOEHO NpeHelfpeyb, HONHOE
CONPOTHBAGHHUE (PAKTUUECKN DABHO €I'0 MHIYKTUBHOMY COMNPOTHBASHUD,
KOTOpOe MOKeT OWTb PACCYMTAHC 10 $opMmyre
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3,
I, ’

rge U, w I, - #3MepmeMue NpH ONMWTAX COOTBETCTBEHHO HaNpAKe-
HKe, B ¥ ToK, A.
B xayecreBe ReNCTBHTENBHOrO CONPOTHBAEGHHA CAERYET IIPUHMMATD
cpefiHee 3HaYeHHe NO HaHMEM M3MEpPEeHMM IIpH Pa3HHX TOKaX.
Mg NPOBEPEHHHX TPAHCPOIMATODOB C JHANA30HOM pPeryAMpOBaHHA
Ha cropoHe 110 xB + 4x2,5% conpoTHsieHHe HyReBol NOCHEROBATENb-
HOCTH B 38BMCHMOCTH OT NOJOXEHHMA NEepeXNOuUaTeNf OTBETBREHHM Cle-

LyeT OnpenedfsTh Ho ¢gopMyne

+ 0,002 (5 -N)
Xrg =

1_ 0’042 (N-— 5) ] xTﬂr cp ) (HI.'?)
C RMANa30HOM peryauposamns + 9xI1,76%

X = + 0,048 (10 N ) X
07| 1 oot - 1) Kt

rae 0,002; 0,042; 0,048 u 0,036 - nmocTosHHHe KOBHIMIIMEHTH;
N - nopapkopuit HOMED MONOXEHMA Ne-
pPerRIANUATEN OTBETBJIEHUA
T0,cp — COMPOTHBIEHME Hyaeso# nociaeno-
BATEAbHOCTH NPH CPEfHeM o0~
XeHH) IlepPeKNIpuaTela OTBEeTBle-
HUH .
B rabxn.ll.1 npuBeneHn HaHHHE DKCINEPVMEHTAJIBHOI'O onpefelie-
HHS CONDOTHBAEHHWA HYJEEROH NOCAENOBATERLHOCTH TpaHcGopMaTOpDa
momHocrbp 15 MB-A (11549x1,78% / 38,542x2,5% / 11 xB, Uk gy =
17,28%) mim Bcex NOJOXeHM! NepeKAVYaTeNs OTBETBAGHMHA M COOT-
BETCTRYDUMEe 3HAUEHHA CONPOTHBAEHHUR, IIOAYYEHHHE H2 OCHOBAHMH
supaxeHns ([1.8). PacueTHwe 3HauUeHHA GAM3KM K SKCNEDPUMEHTANb-
HEHM, IPY OTOM MaKCHMalbHaf NOI'PEmHOCTh He npeswmaer +3,8%. Kpo-
M@ TOI0, NOUPEemMHOCTH pacueTa ILIA ABYX KpalHUX MOJOXEHMRA Neperin-

yaTeNa NPAKTHYECKM ORMHAKOBH.

Xrp = (I1.6)

X
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Ta6awvua I[AX

ConpoTURIeH)e HYAEBO! NOCNEUOB2TENBHOCTH TPaHchHOPMATOPA

llopankosuit | Conporusaexue Hynesoit nocnego- | llorpemHocTs
HOMED I10J10- BATEJALHOCTH Xyp , OM cyera IO
XeHiA nepe- | aue pentoe ggsigoe 1o %%ff ?? q

N ([11.8)

i 134,5 129,6 ~3,6

P v I126,8 125,3 1,1

3 123 120,9 ~1,7

4 116,8 116,6 -0,1

5 114 112,2 1,5

6 108 107,9 0,08

7 103 103,95 +0,4

8 98,7 9% ,2 +0,0

G $94,5 94,8 +0,3

10 90,5 | 90,5 0

11 88,2 | 87,2 1,1

I2 83 .8 | 84,0 +0,2

{3 | 7,5 80,7 +1,5

14 | 70,3 77,5 +2,9

15 71,5 74,2 +3,7

16 68,3 70,9 +3,8

17 65,4 67,7 +3,0

1 02,0 04,4 +3,9

I 59,2 61,2 | 43,3

fpvnrnoxedHue 2

[IPIMEPY PACYRTUB K PARL.3

fipmmep 1. fina opHouenso#t BJ 110 kB ¢ omnvwm orBeTmneHuem
COCTABUTh PacUeTHHE POpMyXss Liasg UMil MeToLOM LaccHBHOI'C MHOI'O-
HOMDCHUKE . LGHHHE ¥ TapaMETpH 3JIeMEeHTOB 3JeKTpHueckKol cxemy (aK-

TUBHHM COMNPOTHUEJIEHWEM NpeHefperaem):

L, =20 xm: L, = 10 wmy L =30 xM; x =1,4 Om/wm; X = <8 (m;
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X,, = 22,4 Ou; 5; = 10 MB-A; Uy = 12%; X, = X" = 145 Ou.
PaccuuraeM npefpapuTeNbHO MOCTOAHHHE KOIPOULIMEHTH YeTHpeX-
LONPCHUKOB AAA caywaep K3 Ha NepBOM ¥ BTOpPOM YUS8CTKAX B COOT-
BeTcTBUMK ¢ dopmyaamn (3.3) ¥ (3.4). PesynbraTn pacuera mpyBe-
oeHH B Ttata.lll.l.
Ta6annga IR.J

Peayapraru pacuera ROSOIUIIHEHTOB HETHPEXNIOXDCHHKOR

llocrogHHue KOpOTKOEe 3aMHKaHKE HA Y4YaCTKe
oo
!

ﬂ} i
B (Oum 8
C: {/OM 0100?
1{' 1,19
A 1
B" Om 0
c" 1/0m 0
D" 1

[loncraBKB yKCReHHHe 3HauYeHMA KoddgdMuMeHTOB M3 Tabx.ll2.1

B popMyi (3.6), moayurM pacueTHyw dopmyny mns OMI B orHocH-
TEAbHHX BEJWUMHAX:

0 - §284145)U" - 145U's [22,4-145428 (22,44145)]1" _
’ 1,4[U"+ 1451" + (22,44145)I"] 20

" f + M
_6,2U" - 5,2U + 283,4i. (02.1)

U+ 15T 4 167,41"

n,- 10 WU ) - 281401 + 22,4-1401 _

1,4 [UT + (BB + 18617 16

_9, 1 W'-u' ) 181,21 + 1451
U' + 1731' + 1451"

C yueTOoM NOJyueHHHX pacueTHHX ¢opMyxn MecTo H3 clpefensercsa Ha
OCHOBE COOTHOmEHMR (3.D) myTeM nmocsaenoBaTeNbHOIC pacyeTa IO

gopmyaam I12.1 u 12.2.

(I2.2)
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[lpmsep 2. Cocrappry meronvry OMIl meronoM axTHBHOrO MHO-
rononwchauka A opHouenHoR Bl 110 xB ¢ rTpeMa orsermaeHnsMM coO
clepybI¥My NAHHEMM K NapaMeTpaMM cxeuMu §e3 ydeTa AKTHMBHOIO CO-
npoTueieHns: nepewt ywacroxk Bl L, = 20 mM; X, =28 Om; pro-
poit yuacrox L, =16 xM; X, = 22,4 Ou; TperTuht ywacrox L, =
12 wu; X,z = 16,8 Ou; vermepruft ywacrox L, = 24 xm; X,, = 33,6 Ou;
TpaHCHOPMATOPH Ha MONCTAHUMAX oTBeTmiaeHmiA: B - o, =10 MB°A;

U =12%; X° =145 Ow; =5, = 75 MB-A; U, = 17%; X" = 28 Ou;
L - S, =20 MB-A; Uy =17%; X% = 103 Ou.

Ras OMII paHHEM ue'ro.uou NMPEeABAPHTEABHO ONPENSXANTCH &BTOHOM~
HHe NapaMeTPH SKTMBHOI'O YETHPEXNONDCHHKA, PHBHUBAIEHTHOI'O PACCMAT-
prBaeMoit Bll. BocnompsyeMcg OTHOWEHHeM napaMeTpoB € (SagapmHMK
HaIIpSAKEHUAMY ), KOTOPHE MOI'YT OHTH ONpPefeNeHH NO NAHHEM H3MepeHuit
Ha monean Bl B coorsercTeiM ¢ puc.l2.1. [as aroh yeam » mecro K3
OT CTAOUAHIHPOBAHHOI'O HCTOUHMKA HaNpAXSHMA NOCTORHHOI'O TOKa NO-
JaeTcs ELMHMYHOe HalpsXeHHe €, HEeW3MEHHOI'0 SHaueHHsa (B HameM
npvMepe €4 = 10 B) » Ha pPasOMKHYTHX 38XMMAX YETHPEXNOINCHUKA
BHCOKOOMHEM BOJbTMETDOM H3MEDADTCA HANDAREHMS £, M e, . Pesyab-
TaTH KM3MepeHuAA ¥ pacuera K, uDMBeleHH B Tabia.llk.<.

Puc.[i2.1. Cxema namepeHuil 3amapumx HanpsEeHuit €, u &,

B cooTpercTeun ¢ Ta6x.l2.2 CTpOMTCHE XapaKTepUCTHMKa (cerTua-
A Homerpamma) £ = f(x,) , noxasswmss Ha prc.llR.2.

Jaliee ONpereXaAnTcH KODQPMIIMEHTH AKTHMEBHOI'O YETHPEXNONDCHMKA ,
ropwe COOTBETCTBEHHO paBHH: A = 4,87; B = 208,2 Om; C =
©7 1/0m; D = 4,3. llogcrasus sHaueHHs KOS(GPMIMEHTOB B BHpaKe-

(3.9), nonryum pacuerHy® popMmyny axs OMI:



Ta6apwya [2.2

JiaHHWe KoMepeHH! HanpsxeHMlt €, u €,
K pacyera KOdGPHIIMEHTa K,

{ ¥ e, B e, B K,
0 10 R4y3 4,35
6 10 i Rs7 3,70
12 10 3,8 3,13
20 10 l 4,2 R 338
24 9,6 4,8 2,00
30 9,1 6,8 1,47
36 8,6 8,5 X,01
42 0,4 9,1 i 0,70
48. 5,1 10 0,91
o4 3,9 10 0,39
60 3,& 10 l 0,32
66 Q47 10 0,27
72 2,4 A 0,24

Ut + é_jg_?_ Il _ i 7"
K. = 0,067 G, 067 -
()" - : [+ iiﬁé——-lm
0,067 0,067
_U+e63,71 - 14,91" - f(8). ([12.3)

U'- 14.91' + 64,21"

MecTo nospexfeHus onpefeldeTch cAenybuyM odpasoM. llonyuus
NaHHHE M3MepeHuil OUMKCHDYRUWMX aMlIepMeTpPOB W BOJNbTMETPOB C KOHUEe-
X ( cnopusx) nopcrtaHuMit A ¥ B no dopuyne [12.3, BruucnseM 3Ha-
yeHue K, . 3aTem no xapakrepuctuxe £=f(r,) Haxonmm coorser-
CTBYRUEEE pPacCcTodH¥e OT noucTasuxMuM A No Mecta KH3. Ha puc.lll.2
NIYHKTHPOM IOK238HO onpejelsieHne MecTa N3 no JaHHeM Kameperuit
puKcupyoupx npudopos: U' = 48 kB, U" =70 xB; I' = 4,8 xA;
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o\ || R
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Puc.[12.2. Xapakrepucruka £=f(Kg)

I1"= 3,5 xA. lloncrapus 3Ty 3Havenus B popMmyry (I12.3), momyuwims:

=B+ 63,7 48-149 3,5 g o5
70 - 14,9 ¢« 4,8 + 64,2 * 3,0

3wavenmo K, = 1,25 coorsercTsyer paccrosime f = 31,5 mm ot
nopcTaHUuM A nc mecra K3,

llppvep 3. BHOOIHMTD DAacUeT yCTaBOK VHOMKAaTODa COMPOTHBIIC-
Hug OUC mas onmonenso#t B 110 xB ¢ oTperenervem (cM.puc.R.7,8).
MaHHHE M napaMmeTph Bl nprBegenn B Tabi.ll2.3.

PacyeTHH! LMana3oH NapaMeTPOs 8BAPMAHOIO pEXKMMa B MECTE
yCcTaHOBKM MHAMKaTopa @HC. PacueTHHe MUHMMaJbHHE ¥ MaKCYMAJIDbHHE
3HaUEHKA TOKOB M HanpsXeHu! MNpusefieHn B TalX.ill.4.




Ta6annga 2.3

JaHHHe ¥ napamerpw Bl

Bl H B

Tadannuna I12.4

PacueTHHe MaKCMMAJbHHE ¥ MUHYMaJbHHE 3HAUCHNS TOKOB M HanpsxeHuMid B Hayaje Bl

Tpexgasnoe H3 ki syxpasHoe K3 UnnodesHoe K3
Ge3 3eMim

S 15 |s s |8 |85 elsls]aslels s |§]F 5 | &
B | Bl Bl Twx| S| (9 E< | f<| En| Ewl E<«| E<| & £ < <| S<| S<! E

X x| Ex x| 2x| @x « | E ol Eof E<| E< q: ¥ (23|, Px%lnEs]l S lwo<|we T
:m :;.g : @ :? :Jn: :._, ﬁxlfxﬁqx'h_?xfx me: @ ;x ; ?.quE::; ::;;::
74 0_’12,6 I,BI,? 68 0 | I3 20,38510,399 { IS5 | 2,1 | 1,6} 0,2|1,5 | 0,2

’ - l ’ l 1_ 1- : ’ ’ ’

U‘P;HBMi Lyom Zurmax | *a1 Xa111) xﬁf(z) Xno X”U(’-’ A10f2)
kB KA KA O | Om Om Om Om OM
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(npefeXieHne RUATIA30HOB M palCuMX MOAAMANABOHOB. DBhiloNHAET-
CA PaCYEeT MAKCHMAJBHHX 3HaueHWl BTOPMUHHX TOKOB MO QOPMYyJIaMm

(2.26):

: (3) V3 . 12600 i (2) 2 + 11250 .

L =M = 181,060 A o = 2 = 187,0

¢ max 500/5 @ max 000/5

(1) _ 13000 + 0,680 . 15000 = X095 .2 A *;K =b - 18‘8 = (0.695
‘g max’ 600/5 T 0T 3. 18,8 '

PacueTHoe 2HAUEHME® MaKCHMMaJbHOrO Toka Io dopmyne (2.27) cocras-

nAET
Lp=0C,0 * 195,2 =97,6 A.

B coOTBEeTCTBHY C 34aBOUCKMM TeXHUUECKHM ONHCAHHEM K HH-
CTPYKUKEX No aKcryaTauMK MHouxatopa QHC mns mHoKkaTOpa MCnoa-
HeHKHa O BwOMpaeTcs auanasoH Toxkop 1-I00 A. 3HaueHve BepxHero
npefeia padouero NOAAMANA30HA NPHHMMAETCS HECKOJbKO OOJbuiMM
PACUETHOr'O M paBHHM BepXHeMy NpeflerNy AMana30HA, T.e€.

(g ng = 100 A. CoorpercTBeMHO ([, ,3=0,02 < 100 =2 A,

MakcrMaZibHOE 3HaYyeHHe JHHEAHOrO BTOPMYHOI'O HaNPAXEHUA

P&BHO
a — 20000 g5 48,

u
be max = 110000 / 100
V3 V3
SHaueHue Up .7 TpuHMMaerca (c 3anacou) Ug ,3 = 100 B u
COOTBETCTBEHHO U, g = 0,02 - 100 =2 B,

PacuyeT ycTaBKM TOKOBOI'O M3OMpaTeNs NUBPERREHHLX fad. Co-
raacHo gopmyde (2.32), nNpmH¥Mas KOBGOMIMEHTH HAJEXKHOCTH DPaBHH-
MK K, = Ky, = 1,1, nonyuaewm:

Iy n=7%1° 260 +1,1¢ 399 =714 A,

RO9PPULIMEHT YYBCTBHTENBHOCTH DaBEH K, = '13"1" 040 = 2,4. SHaueHMe
. 714
BTOPHUYHOIO TOKA VCTaBKM M3GMpaATEIfs PaBHO ([, , = = 5,90 A,

Ipuiiasa em iy’ y =6 A,

(npepenenne KosddbuMeHTa MpeoSpa30BAHMA M BHOOD 3HAYEHMS
HHoMUMpyemMoro urcra. llo ¢opayne (2.35) noayuaew:
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30 * 2 * 100
Knmux — -—-——-I-E)—-O———-—- :701
HauGonbmee umcno N, = 2010 - 18,8 _ 143,56.
1100
CayGuHa peryiauMpoBaHMA COCTaBiIAST K = -1-%-1-4-53767- = 3,2.

BRI NojyueBMs MHEMUMpyemoro uucaa 44,7 HeoOXOAMMO yMEHbEUTB

eMKOoCcTh KoHmeHcaTopa (4 BUJI B yermpe pasa. Torgma ucnonb3ayemuit
KOa(hPHLUIKEHT Ipeobpa3oBaHUf DaBeH

& 18,8 « 120

PacyeT yCTABKW peJsie CONDOTHMBJIEHM GIOKMPOBKM. B cooTreTCT-
BuM ¢ gopMyaoRt (2.38) npu K5, = 1,2 nomyuaem:

xﬁ:n _ I:E » 120 ° 18’8 :2'5 On: .
1100

PacueT KO3(PPMIMeHTa KOPPEeKIMK BHIIONHAETCH B COOTBETCTBHU
¢ dopmyaoit (3.16) naa MBKCHMAABHOI'O DeXyMa, IOCKONbKY MUHHMaJb-
Huit pexuM LIMTCS KpPaTKOBPEMEHHO. \B mpoTupHOM ciayuae HeOGXODUMO
BHUMCAATD KOOPPMIMEHTH K, ANA 000MX DEXVMOB, 8 B KauecTBe
PacUeTHOr'O MPHYHMMATD WX CpefiHee apuMeTHNUeCKoe 3HaueHue).

C yyeTOM NnapaMeTpOB, IPHBELEHHHX B TalN.ll2.4, noayuaewm:

KH’ — I + 1600 + 0,6% . I500 —_ I,II.
13000 + 0,695 - I5000

Hlpuaoxenne 3
[IFVMEP PACYETA K PAJL .4

{lpumep 1. Bumonnutb pacuer norpemdocty (M us~-sa npeHeGpe-
XEeHUS OJIGKTPOMSI'HHTHHM BIWAHMEM CCCelHMX JUHKi Npy cpHOoPasHOM H3

Bl 220 kB. CxeMa yuscTKe dJNeKTpUUecKO#t CSTH C paccMaTprBaemod

avHueit Wr  noxasaHa Ha phc.l3.1. AoHHHe ¥ MapaMeTpH BCEX BJIEKT-
POMATHKTOGBASAHHHX JuHMA: L, = 40,30 mM; X,y = 60,68 Ow;
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Ilg’ i
Nunus WH T—— UI
L o =
gl li— - Ly, o
[[ I
- K2 Surus Wr Kz K> Ky
SUZ
N [T s = = =
A
I ¥/ ﬂaﬂmaﬁam /] 7
— Surus WE

flodemanuus A

fodcmanyus by

Puc.ll3.1. CxemMa yyacrka 3jekrpuuyeckoif ceTH

Lﬂ': Lm"-"-' 34,7 KM, Xﬂﬂ'm Xnm = 45,9 C‘M; Lm: 123,6 KM,
Xomp= 160,06 vy L= Lz = 19 mm; Xpp= 11,71 Oum; Xi3=
10,87 Cu;  Xpz= 48,31 Om; Ly, =14,58 um; X, = 12,3 OM, 3na-
ueHus TOKOB M Hanpsxenuit npy K3 B rpasmuHux rouxax Bl W, (K, ,

K, , K3 n K4 ) npueeieHn 3 Taba.lls.l.

llepsoHauanbHo No fopmyte (4.2) NPUMEHMTENIBHO K UETHPEM
SJIEKTPOMArHMTOCBA3AHHEM Bl onpepensercs nOrpemHoCTbh M3-3a Npe-
HeOPEXECHUS BAEKTPOMArHWTHEM BausHuem B Wy | Wy u Wy . C
Y4eTOM LEUCTBUTEJIbHCIO0 HAaNpPaBJEHUS TOKOB B JUHUAX IONYUAEM:

XL +x_ 1l -x, 1!
240 " i3t Mty
An = — . ([12.1)
() xﬂI([i‘aFII’)




Ta6anvua B0

SHAUEeHUsT TOKOB M Hanpsmenmit mpy 13

Toxku B GHGRTgomaPHHTOCBHSEHHHX [lorpemHocTs NII, %
Touka A, A
K3
[ H f ! it
Ky |1230 | 40020| 328 | 269 | 386 | -0,08|-0,15|-0,12+0,I9 | -0,27 +0,07
Ho |43 l IO&S?i 830 | 029 | 884 -6,63 | -1,07 { 0,75 | +1,19 | -1,82 +0,44
Hy |0604 | 6154 | 1252| 937 | 515 -2,39 | -1,890|-1,32|+40,82 | 3,241 -C,5
i
K, 113940 ! 2780 | 1157| 1200| 252 <,41 |1 -1,33}|-1,33| 40,31 | -2,60 -1,02
BRI et Miathee Mel
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Haxonue norpeumHocTs npy K3 B pasznuunux Touxax Bl:
B TOUKE K,

11 .71°328+410.87.209-12.3°3,380
An = - mmals Tyl ety Pl = -(0,00081 = - 0,08%;
IE) 60,68 (1230+40020) P

B TOUKe :"(2

__iI !71'835-1-10!8'7'6%-12,3'884____0’0%3 — —0,63%;

ANpgy = 60 ,68( 4325+10087 )

B TOUYKEe KJ

11,71-1252+10,87-937-12,3.015 :
2 60, 68(6604+6154) ’

B TOWYKe K,'

Alte sy = — 12, 71-3107410,87.1280-12,3-252 _ _ 0241 = -2,41%.
1(z) 60 . 081394042766 ) ’

{aK BWEHO M3 pacuera, norpemdoctb OMI npu K3 Ra Bcex yuacT-
KaX C 3JEKTPOMArHMTHO cBA3b® ¢ ApyrMy Bl npepwmser &b, noaTo-
MY NP OMpeLeleHUM MectT RJ BINAHMEM BLAMMOMHAYXUAWK BCEX JIMHMR
npesebperaTb HelbJdfA. llepefineM ¥ OueHxe JOIPENHOCTH K3-3a Iperel-
pPeXEHUA BJIMIHMEM B OTHEJBHOCTH KaxXnofl U3 5JeKTPOMalHWTOCBH38HHHX
L. B cooTeercTeuM c dopmyaod (4.3). IlpuMenurennno x Bl Wp  dop-
MyJta (4.3) Npeolpa30BHBACTCA:

X1y
AnIH - f f (113-2)
m) Xor '{IIJ'II’)

WIF PpasuuHEX Touex K3 wns-58 npeHeOpeXewus BausHueM Bil Wy
NOTPEWHOCTD DaABHA !
B TOUKE K,

II ?1'328 Y P gy e
k2, ATOCC oo, 00I5 =0, I0E;
AMtm) =7 750, 08(1220+40020)
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B TOUYKE KZ
11 .71.835 _ .
e ILTI8 0 0107 = 1,078
V@™ 760,68(4325+10687) '
B TOYKEe Ks
11 711252
Aftpiey =— ke 721202 __0 0189 = -1,89%:
M) =™ 50 . 68(6604+6154)
B TOUKE A,
11 711157
Afrym = ——a32?3°1157 o 0133 = -1,33%.
I =~ 60 68(13940+2786)

PacueTr norpemsocTu #3-3a npeHeCpexeHus BiausHueM Bl Wi

BHIIONIHAETCA II0 GOpMyIe

aAseT.

Ay (I13.3)
NI X, (I +17) '
ilpn K3 B rpanmunmx touxkax Bl W; norpemmocts OMil cocran-
B TOuKe K,
ANpppy=m o8008 __0.0012 = -0,12%;
)=~ 60, 68(1230+40020)
B TOYKE KZ
Angp = -10.87 - 629 . _0,007% = -0,75%;
60,68 (4325+10687)
B TOUKE K3
Anp) =-3280 2937 _ _0,0132 =1,3%;
60,68 (6604+6154)
B TOUKE K,
10,87 - 1290
Aty =-2080 = 2090 _ _0 0133=-1,33%.
I = 60,08(139404+2786)

FacueT nOrpemHOCTH K3-3a IlipeHeOpeReHMA BJAMAHKeM Bl WE BRI10JI—

HageTcsa No dopMyne

An =-....._£E'._IL {IB 4)
I{E) xﬂI(I;.PI;r) . "

B coorsercreum ¢ gopmynoit ([13.4) norpomivers OMI mpu K3

B pasJMyHHX TOuKax BJ W, paBHa:



B TOUKE K,
An _ . =123 -38 _ _ +0,0019 = +0,19%:
1(mo) 60,68 (1230+40020) %%;
B TOYKEe KZ
12,3 - 884
= et e = 40,0119 = +1,19%;
A () 60,68 (4325+10687) +1,19%
B TOUKe K3
_12.3 « 515
Moy = — =328 25816 _ .0 0082 = +0,8%%;
A7y (m) 60.68 (6604:6154) +0,82%
B TOYKe Kl'
Anp = - =23 ° 2 _ 40,0031 = +0,31%.

60,68 (13940+2786)

Kax smuHOo M3 Talx.ll3.1, npeHeCpexeHue BAXAHWEM B OTAENAb-
HOCTM Kaxfoff M3 SJeKTPOMaIHHTOCBA3aHHNX BJ NPMBOAKMT K HOr'pemiHOC-
TH, MAKCHMMAJbHOE 3HaueHWe KOTOpoi He NpepwuaeT %. OTO MOSBONA~
er B pacyerax CMI Bl W, npexneGpeur anSoit us arTux aumHuit. HKpome
TOr0, pacueTH NOKAa3aJH, UTO MOXHO Takke NpeHelfpeyb BAMSHMUEM Of-
HOBPEMEHHO IByX JAuHuit: Wy ¥ Wy wmm Wp u Wiy . B srou cay-
yae MaKcHMalbHag NOUPEWHOCTb NPSKTHYECKM He npesmmaeT 1% ¥ OHa
¥MeeT MeCcTO NpM NoBpexneHMax Ha yuacTke BJI W;  maumot 19 xum.
[Ipy KOPOTKHUX 3aMHKAHMAX Ha ocTaJdbHOM uwscrTH BJl MakcyManbHas IO-
rpemHocTh OyneT 3HaunTenbHo MeHbme (oxoao 0,1%).

lpymdep 2. HaiTy HamOoibmee 3HaueHue norpemHocTd MII BlI
220 xB ¢ omm¥M oTmersieHueM (cm.puc.2.7,8) no napamerpam Hyneso#
NocHeloBaTeNbHOCTH M3-3a HeyuyeTa TOKAa OTBETBHTEIbBHOM NOACTSH-
uuu. JaxHne ¥ napameTpu Bl ¢ oTsermiensem: L, = 67,0 xM; [,=
47 w; L = 114,05 w3 X,y = 88,4 Om; X,, = 61,6 Om; X, = 150 Om;

X% = 239,25 Om; X/ = 11,2 Ou; X = 43,5 Ou.

OnpepeamM MakcHMaAbHY®R norpemHocTh mpy K3 Ha xaxpoM 3
yuacTrop B,

[leppuit_yuacTok. B coorsercTsuu ¢ ¢opmynoit (4.4) 3Hauenue

fh PaBHO
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11,2 + I50 + 43,0 ) 39 , 25

- 250 150 _ 37

8,0 , (X ~0,59)
150

MaxcuMaZbHa s IOrpPemHOCTb onpejeasercs no dopdyne (4.4a):

(0,59 + 11,2y

Ang o w200 0,028(-2,8%).
2¢3-059 -2y .4 3,1
150

Bropo# yvacTOK. 3uech CAelyeT BOCHONb30BATHCA AHAJOIMUHEMH
GopMynaMM, IPMHSB NOACTaHUMO B 8a Hawano oTcueTa paceTOAHMA RO
mecr K3. Torpa mns g, HOMyuaeM:

43,5 + 150 + 11,2 ' 239 , 20

150 150
g, = g = 3,27,

11,2 . (1 - 0,41)
150

MakcymalbHa s NOrpeRHOCTh Ha YUYaCTKe pPaBHA
(0,41 + .;!.3-:5’-)2

50 .
Aﬂ — = ( 030 (3 3%)-
9 9
2mIt = 9 (3 . 0,41 "’"125505) + 4 3,27

Taxum o0pa3oM Hamboapmas norpemHocTs OMII npy K3 pacemarTpu-
BAEMON JIMHVM M3-3a HeyueTa TOKa OTBETBASHMA He nNpepsmaeT 3,3%.
[ipy Takolft NOrpemHOCTM pacuyeT PACCTOSHMA HEOOXOAVMO ITPOH3BORUTEH
¢ YHOTOM BAMAHUSA TOKS OTBETBMTENBHOM NONCTAHLIMEK.
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